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Abstract

Two studies were undertaken. Firstly, congenital heart defect (CHD) data from the Saudi
Arabian Congenital Heart Defects registry (CHD regisu'Y) were compared‘ to data
published by the Baltimore-Washington Infant Survey (BWIS) group and the European
Surveillance of Congenital Anomalies registry (EUROCAT). Distributions of CHD
diagnoses within the Saudi Arabian dataset (Riyadh region and Saudi Arabia as a whole)
were similar to those from these more comprehensive éffofts, providing evidence for the

completeness and éccuracy of the CHD registry, for Riyadh region in particular.

Secondly, an unmatched case-control study of risk factors for all structural congenital
heart defects in children resident in Riyadh, Saudi Arabia was undertaken. The primary
exposure of interest was consanguinity up to and including third cousins. Incident cases -
were identified from the CHD Registry from June 1, 2002 to December 31, 2004.

Controls were obtained from the Well Baby Clinic, Riyadh Armed Forces (Military)
Hospital. Using a detailed and reverse translated questionnaire, a face to face interview
was conducted with 235 case and 247 control mothers by research'assistants fluent in thé
local dialect. Mothers were asked to consider their exposure to risk factors within the
peﬁ_od of 3 months prior to and 3 months post conception. Consanguinity was collected
by phylogram method. The majority of mothers were interviewed when the infant was
less than one year of age. Analyses were conducted using four differeni case groups: all

cases, isolated cardiac cases, and embryological earliest and latest cases.

Twenty five percent of cases and controls were first cousins or closer. Sixteen percent of
casés versus 13 percent of controls were first cousins o)we removed or equivalent and 12
percent of both cases and controls were second or third cousins. Consanguinity was not
found to increase the risk of CHD in this population. The adjusted odds ratio for all cases
was 1.0 (Clgs=0.7-1.7) and for isolated cardiac cases it was 1.2 (Clgs=0.7-2.0). Statistically
significant associations were found for other exposures such as previous pregnancy
vlosses, matemnal age, multiplicity, maternal use of hair dyes and pesticides sprayed in the
house, confirming findings from previous studies. It is unlikely that the findings for
consanguinity can be explained by misclassification of exposure or, in the analysis of all

cases, low statistical power.
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286-291
292-294

205
296

297
298

- 299

300-302

303-309

- 310-332

333

Pedigree paper: Sandridge AL (2000). Collecting pedigree information in an epidemiological

context. Statistica — Anno LX - 2000, 4:745-751.
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Abbreviations

BMI
BWIS
CHD
CPP
DGS
DS
ECM
EPC '
EUROCAT
GD
ICD-9-CM
IDDM

'KFSH&RC
KSA
MACDP
NIDDM
PHCC
PSCC

Body mass index

Baltimore Washington Infant Survey

Congenital Heart Defects

Collaborative Perinatal Project

DiGeorge syndrome

Down syndrome

Extra-cardiac malformations ' _

European Paediatric Cardiac System for coding CHD |

European Surveillance of Congenital Anomalies registry

Gestational diabetes ,
International Classification of Diseases, 9th Revision, Clinical Modification
Insulin dependent diabetes

King Faisal Specialist Hospital and Research Centre, Riyadh, Saudl Arabia
Kingdom of Saudi Arabia

Metropolitan Atlanta Congenital Defects Progmm , ' T

Non-insulin dependent diabetes
Primary Health Care Centre -
Prince Sultan Cardiac Centre

Congenital Heart Defect Abbreviations

ASDII
AV
AVSD
BAV
COA
DCRV
DILV
HLHS
HRHS
IAA
PA
PAPVR
PDA
PV
TAPVR
TGA
TOF
VSD

~ Atrial septal defect, secundum

Aortic valve (as in AV stenosis)
Atrioventricular septal defect
Bicuspid aortic valve
Coarctation of the arota

Double chambered right ventricle
Double inlet left ventricle
Hypoplastic left-heart syndrome
Hypoplastic right-heart syndrome
Interruption of aortic arch

* Pulmonary artery (as in PA stenosis or PA atresia)

Partial anomalous pulmonary venous return
Patent arterial duct or Patent ductus arteriosus
Pulmonary valve (as in PV atresia or PV stenosis)
Total anomalous pulmonary venous return
Transposition of the great arteries

Tetralogy of Fallot

Ventricular septal defect
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Glossary

~ Abaya - Arabic, a long outer cloak, worn by women. Oﬁcn it is black or in a dark colour.

Coefficient of inbreeding - a measure of the degree of inbreeding in a population expressed as the
expected proportion of homozygous loci in an individual at which both alleles can be traced back to the
same ancestor called also inbreeding coefficient

DiGeorge syndrome - a congenital immunodeficiency characterized by abnormal facies; CHD
(conotruncal abnormalities); hypoparathyroidism; cognitive, behavnoral and psychiatric problems; and
increased susceptibility to infections.

Fus'hé (Arabic: >l pronounced "Fus-H4") - a collective term referring to the standard varieties of the
Arabic language, as opposed to vernacular varieties of Arabic.

Heterotaxia abnormal arrangement of organs or parts of the body in relauon to one another
Hiy' - Arablc, neighbourhood or local administrative area.

Homocysteine a sulfur-containing amino acid. As a consequcrice of the biochemical reactions in which
homocysteine is involved, deficiencies of the vitamins folic acid, pyridoxine (Be), or By, can lead to high
homocysteine levels.

Homocysteinemia - an elevation of homocysteine level in blood. This condition has also been referred to
as homocyst(e)inemia to reflect metabolites that may accumulate. It should not be confused with
“homocystinuria” which is a disorder of methionine metabolism, leading to an abnormal accumulation of
homocysteine and its metabolites in blood and urine where they are normally not found in appreciable
quantmes A mild elevation of plasma homocysteine may exist without homocystmuna

Hydramlnos an excess of amniotic flluid called also polyhydramnios.

Innominate artery -an artery that arises from the arch of the aorta and divides into the right subclavian
and right carotid arteries. Also called brachiocephalic artery, brachiocephalic trunk.

Ivemark syndrome - characterized by CHD, the absence of the spleen and heterotaxia.

Marfan syndrome — an inherited connective tissue disorder which affects many structures, including the
skeleton, lungs, eyes, heart and blood vessels with an estimated incidence between 1 in 5,000 and lin
10,000 live births. They have a high incidence of heart problems. ‘

McKusick codes - developed by Virginia McKusick and used to code birth defects.

Noonan syndrome - a genetic disorder that causes abnormal development of multiple parts of the body.
Frequently-seen abnormalities include webbing of the neck, changes in the sternum (usually a sunken
chest), facial abnormalities, and CHD, especially pulmonary stenosis. Noonan syndrome can be inherited
in an autosomal dominant manner although it can also appear sporadically as a presumably new mutation.
It affects at least 1 in 2,500 children.

Riyadh CHD Register — in this thesis, those 235 cases presented as the case control study

Saundi Arabian CHD Register — in this study, some of the data presented in Table 4.7 and Appendix 4C
including all relevant cases registered by the Saudi Arabian CHD registered housed at KFSH&RC.

Shari'a — (Arabic: &3 pronounced “Sha-rT‘ah™) refers to the body of Islamic law. The term means
"way" or "path"; it is the legal framework within which public and some private aspects of life are
regulated for those living in a legal system based on Muslim principles of jurisprudence. Shari‘a law is
based on the Qur’an and the life and words of Prophet Mohammed (the Sunnah).

Williams syndrome - estimated to occur in 1/20,000 births this genetic disorder causes medical and
developmental problems. Most children with Williams syndrome are described as having similar facial
features — often described as ‘elvin’. Blue and green-eyed children can have a prominent “starburst” or
white lacy pattern on their iris. These children often have a CHD, specifically supravalvular aortic stenosis.
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Conventions

Many of the congenital heart defect names and the categories that ane used for them are
| cumbersome. Where ﬁxey could not be abbreviated and where in the text ‘if, to the author,

it was felt as though they were ha:hpering the style then they were set off in italics to |
identify them. This principle holds for variable names as well. For the most part, in
Chapter 1, Section 1.3 this was not felt to be necessary and therefore it was not
performed. Foreign words are set off by italics. Quotes were only used to cite or as, on

page 23.
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CHAPTER 1 Introduction

This thesis reports a case control study designed and conducted between September 2000
and December 2004 in Riyadh, Saudi Arabia. The aim of the investigation was to explore

risk factors for congenital heart defects in a population of Saudi Arabian infants.

1.1 Background of Saudi Arabia and its people

1.1.1 Geography

The Kingdom of Saudi Arabia (KSA) occupies the majority of a peninsula directly to the
east of Africa in the Indian Ocean (Figure 1). It borders nine other Arabic countries

including the causeway link to Bahrain. Its primary exports are petrochemical.

Figure 1.1: Map of the Kingdom of Saudi Arabia showing location of Riyadh,
geographical position of Saudi Arabia in the Middle East

¥ iee
......

Riyadh

An arid, inland city, Riyadh rests on the Eastern edge of a plateau of altitude 2300 feet
which slopes upwards towards the west. It is the capital and largest city and in the last 10-
15 years has experienced tremendous migration of Saudi Arabians from the rural areas. A
study conducted by the Higher Authority for the Developmeni of Riyadh reported in 2005
that the growth rate between 1411-1417 Hejira (corresponding to 1990-1996 Gregorian)
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was 8 percent. In the 1960's the population of Riyadh is estimated to have been 50,000
but now it has grown to 4.3 million. The ratio of Saudi Arabians to temporary immigrants
who are brought in on all levels for industry is estimated to be 4.8:1 (CIA, 2006).

11.2 Polltical history

Saudi Arabia is a monarchy. The constitution is the rehgxous teachmgs of the Holy .
Islamic Shari‘a. There is no separation between mosque and state. It was established as
a nation -in 1750 by a regional ruler, Muhammad bin Saud and an Islamic cleric and
reformer, Muhammad Abd Al-Wahhab. Over the next 150 years there were external
conflicts with Egypt and the Ottoman Empire and internal conflicts between various
Arabian families for control of the peninsula. By 1902 however Abdulaziz Al Saud had
captured Riyadh and began a 30 year effort to unify the Arabian Peninsula. In his
struggles he united the two geographical areas, the Najd (the central region) and the Hijaz
(Jeddah, Mecca and Medina). In 1927 the United Kingdom recognized the independence
of Abdul Aziz's realm as the Kingdom of Hijaz and Najd. In 1932 the name was changed
- to the Kingdom of Saudi Arabia (Nyrop, 1977). |

Until the 1960's most of the population was nomadic or semi-nomadic (Bedouin) '
although there have always been urbanites residing in the villages, towns and cities. Since
the development of the petrochemical industry and government initiatives the inajority of
the population has become urbanized. Noncthelésé; many consider themselves ethnically

Bedouin (Nyrop, 1977).

Saudi Arabians belong to tribes. Only the descendents of some male slaves or other
unusual cases, like outlaws or unclaimed orphans, do not have a tribe. Some tribes are
primarily Bedouin while others are Urban and some are mixed. Tribes are patnlmeal in
nature. There has not been a comprehensive recent attempt to document the tribes of KSA
although the British Admiralty produced some detailed maps in 1946 (Naval Intelligence
Division, 1946). Tribe is relevant to this thesis as it may impact on risk faci_ors such as

consanguinity, ethnicity and socio-economic status.

1.1.3 Culture
Presently, all Saudi Arabians follow Islam which in its ideal form, is a way of life rather
than a religion. Some Islamic traditions are relevant to this thesis and will be described

below:
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Figure 1.2: Map of the Kingdom of Saudi Arabia showing roads and towns
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In KSA, the Hejira calendar is used (Muharram to Dhu Al Hijja) instead of the Gregorian
(January to December). The current year is 1427 Hejira which corresponds to 2006/07
Gregorian. The 354 day Hejira year has 12 months, reckoned lunarly. Converting from
Hejira to Gregorian and vice versa is possible by hand or by using printed calendars but

software programs are generally used for precision and speed.

Ramadan and other religious, non-Ramadan, fasting days

One of the five pillars of Islamic faith is the observation of Ramadan, the 9" month of the
Hejira year, with fasting. This is relevant to this thesis because one of the hypotheses
tested is that pregnant women with a high background prevalence of diabetes may be

more at risk to the wide variations in glycaemic control which occur during Ramadan.
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- During the 30 days of Ramadan adult Muslims abstain from all food and drink from dawn

to dusk. Muslims look forward to Ramadan as a montﬁ of religious unity and spiritual
renewal. Its purpose is to become more aware of God, of the poor and to devélob
discipline and self-restraint. Fasting is considered an honourable obligation. On the other
hand, if a Muslim residing in Saudi Arabia did not fast they might be reluctant to admit it,

-+ asitisa socmlly mediated mandatory requirement of the religion. *

Although the déﬁhition of "ill" would be self-deﬁned, the ill as well as meiistruating
women are exempted. The observance is so revered that patients with major chronic
disea#es have been repdrted fo endanger themselves rather than not participate (Aslam
and Wilson 1992). For prégnant women fasting is oj:tional but if it is not accomplished
each day missed must be made up before the next Ramadan. Therefore, many pregnant
women choose to fast. The woman herself decides whether she is able Credit is lost for
the entire day if the fast is broken prematurely, irrespective of reason '

The Ramadan day begins before sunrise with a heavy meal. At sunset the fast is broken
traditionally with Arabic coffee, dates and some laban (similar.to yoghurt). A second
meal is eaten after sunset prayers. For some, Ramadan nights are 30 Christmas Day-like
feasts in a row. Thirty nights of feasting with tremendous caloric intakes interspersed with
thirty days of “famine”, Of course, many have a more Spartan month where the variances
in blood sugar from hypoglycaemic to hyperglycaemic levels will not be as dramatic.
There are optional days of religious, non-Ramadan, fasting as well. Some Muslims
dayljght fast the thirtecnﬂl; fourteenth and fifteenth of the month as well as the Monday
and the Thursday of each week. There are also 6 days in Shawwal (the tenth month), the
first day of Ashurah (in Muharram, the first month) and the first day of Arafah (in Dhu al
Hijjah, the twelfth month). Some of these additional fasting days may be associated with
the more conservative Wahabi/Salafist sect of Sunni Islam and others are associated with
Shi’a Islam (Wright, 2006; Sharon Peterson, Diréctor; Palm Grove Bilingual School,
Riyadh, Saudi Arabia, unpublished communication, 2005).

Inward migrations

Throughout history, the Arabian Peninsula has experienced waves of migrations bringing
new blood into the population. The spice route cut north from the western most tip of the
peninsula, to the Sinai Peninsula bringing settlers and exposure to outside cultures. On the
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eastern coast, trade with the Persians is well documented throughout the last 2000 years.
More recently, the Gulf Cooperation Council established by Saudi Arabia in 1981 reflects -
the close ties between Saudi and the other 5 members. Branches of Saudi Arabian tribes
live across the peninsula and up into the Levant (Syria, Jordan, LeBanon) (Nyrop, 1984).

Marriage

Reproduction and production are fundamental components of a sustamable society.
Traditionally, socicties have controlled reproduction through the construction of
marriage. Marital mores, among other things, govem who may marry whom in terms of
sex, age, and biological relationship. In ancient Greek and Egyptian society, sisters could
marry brothers. In Jewish and Hindu society uncles have married nieces. In Saudi
Arabian society today, as in Europe and 19 states of the USA, the offspring of siblings

Endogamy is marrymg w1thm one s own group. Exogamy is marrying outside of one’s
own group In tribal societies the “onc s own” is usually within the tribe and may be
further restricted to matrilateral or patrilateral marriage. “Outside one’s group” would be
outside the tribe. In Saudi Arabia a preference for patrilateral marriage has been noticed,
but there is also matrilateral marriage and combinations thereof (e.g. a matnlateral first
cousin who is s1multnneously a patrilateral second cousin).

Juma’a

In Arabic, jum& ‘a means “tribe”. If a person marries someone from his or her juma a then
the couple is assumed to be dlstantly related but the exact connection is not known.
Therefore, it is possible that there is no relationship at all. The concept is similar to that of
bradari from the literature of Pakistani consanguinity (Bittles, Grant, Shami, 1993).
Generally people of the same tribe will share the same last name although there are some
tribes that are so large that there are clans with different last names within them.

The religious roots of marriage in Islam

Islam strongly advocates marriage. Unlike Christianity and Buddhism, chastity for
religious reasons is not recognized. Marriage is religious duty and considered moral
protection against fitna (anarchy and chaos). Within traditional Islam the family is
considered vthe fundamental unit of society and marriages are foremost strategic family
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aﬂiances. Through Prophet Mohammed it was revealed for Muslim men who they could

not marry:

Prohibited to you (for marriage) are: your mothers, daughters, sisters; father’s
- sisters, mother’s sisters; brother’s daughters, sister’s daughters; foster-mothers
(who breast-fed you), foster-sisters (who breast-fed from the same woman as
you); your wives’ mothers; your step-daughters under your guardianship, born of
your wives with whom you have consummated marriage, no prohibition if ye have
not consummated; (those who have been) wives of your sons proceeding from
your loins; and two sisters in wedlock at one and the same time, except for what is
past; for Allah is Oft-Forgiving, Most Merciful. (Chapter 4, Sura’ 23, the Qur’an)

As first cousin marriage was prevhlent befone Islam it continued afterwards although from
a religious point of view, Islam neither encourages nor discourages the practice. Instead,
Islam asks its followers to execute a thoughtful éhoice of a marital partner. The biological
technicalities of human sexuality and reproduction are well understood within this
formerly herding society. Parents are responsible for the genes transmitted to offspring.
Therefore, if it were proven that éonsanguinity contributed significantly to adversé

outcomes the practice would surely wane.

Arabic language | , .

Arabic is a language that is complicated by three factors. First of all, religious scholars
claim that the language of the Qur’an and the langﬁage that is spoken are similar.
However, others believe that there are three types of Arabic. There is classical Arabic in
which the Qur’an is written. It is sacred, inviolable and cannot be changed. The second is
Sus'ha anditis ﬁsed in the newspapers and formal situations. The third is the local spoken
dialect. In comparison with English, the classical Arabic is comparable to Chaucer
(except for the addition of the solemnity of ieligious connotations); the fus'hd is
comparable to the Queen’s English and should be known and spoken by all educated
persons; and the dialect is comparable to Dundonian or Cockney. While there is the
recognized dialect of “Gulf Arabic” which some consider at the third level, in truth there
are an unknown number of sub-dialects which may be speéiﬁc to individual tribes or parts
of the city. Possibly this phenomenon is exacerbated among some Saudi Arabian women
because they inay lead lives sheltered from non-family members and even from
television. Some women of this study were so sheltered that one of the questions, “In
what neighbourhood (hiy’) of the city do you live?” was difficult for them to answer

because they did not know the name of the administrative area.
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A second complication has to do with the »\"rittcn word. Although Saudi Arabians speak
fus'hd or dialect Arabic, only fus'hd and classical are written. The questionnaire was
_ written in fus'’hd. It is impossible to write in dialect because the words have not been
assigned a spelling. To some, because of the language’s close relatibnship io the Qu’ran it
would be blasphemous to misspell words that were revealed by God therefore control qf
writing is strictly maintained among Saudi Arabians. '

Thirdly, because fis'hd grammar is difficult and exacting, even university educated Saudi
Arabians, such as my research assistants, do ‘not read or write as a hobby. It is not
unusual to complete an Arabic secondary school without having read one entire Arabic
novel (Sharon Peterson, Director, Palm Grove Bilingual School, Riyadh, Saudi Arabia,
unpublished communication, 2005). My mseé,rch assistant confeésed to me that she had
never written a letter in Arabic instead employing a scribe when necessary to write on her
- behalf. In sum, the distance between these three levels of Arabic is considered to be
: comparable to but further than' the distance between the three English examples.

1.2 The Saudi Arablan hea!th care system

Saudi Arabia is a modern paradox: a wealthy-developing nation. On the one hand the
country has the largest proven oil reserves in the world. On the other hand they have an
infant mortality rate of 14 per 1000 compared to Costa Rica’s of 10 per 1000 or Jamaica’s
of 13 per 1000. The 2003 estimated literacy rate in Saudi Arabia was 71 percent for
females and 85 percent for males, compared to 99 percent in the United Kingdom. A
comparison of gross domestic product per capita reveals that Saudi Arabia is at $12,800
and Sri Lanka at $4,300 (CIA, 2006). The UK has a GDP of $30,300. As late as 1996
nine percent of births occurred outside a hospital or health facility (Khoja, Farid, 1996). A
more recent report found that in remote areas the number could be as high as 24 percent
(Khattab, 2000). There is large scale unemployment in Saudi Arabia and their economy is
dependent on foreign workers for basic services such as health care, transponétion and for
the petrochemical industry. In many ways, their economic and political systems have
more in common with feudalism rather than with the modern industrial nations (Nyrop,
1977).

Vital statistics for births and deaths are not routinely available even though birth
registration is mandatory. Despite the fact that a census was conducted in 2004 the results
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have yet to be released forcing reliance on estimates from the 1992 census. Death
registration is not required. Autopsies are forbidden under Shari'a law and only

performed in extremely unusual circumstances.

Despite the hurdles of a developing infrastructure Saudi Arabia has a robust national
health care system. This system, the Ministry of Health, provides free medical care for
nationals through the Primary Health Care Centres (PHCC). The PHCC refer cases as
required to tertiary care facilities such as the JCIA' King Faisal Specialist Hospital and
Research Centre (KFSH&RC). KFSH&RC is reputed to be the best health care famhty in
the Middle East outside of Israel.

Generally, the PHCC refers suspected cases of CHD to the KFSH&RC or to the Prince
Sultan Cardiac Centre (PSCC) at the Military Hospital befére birth or -as soon as
diagnosis is made. Foetal echocardiography is routinely performed between the 12" and
15™ weeks and the 18" and 22™ weeks of gestation (W. Kurdi, Char, Department of
Obstetrics and Gynecology, KFSH&RC, personal communication, 2004). Of course, most
of CHD is not detected pre-natally (Stumpflen et al., 1996). It is estimated that 50 percent
of all cases of CHD are referred to each of these two tertiary care centres in Riyadh. The
estimated prevalence of CHD in Riyadh in 1992 was 2.8 per 1000 for the one year old
population (Sandridge, 2002). '

The CHD Reglstry

To further develop the health care system the mesu'y of Health requested that reglstnes
be formed to track the prevalence of diseases. The Congenital Heart Defects Registry was
established in January 1998 with the goal of becoming a national registry by 2006. ALS
designed and supervised the running of the CHD Registry from 1998 to 2002 (Mitri et al.,
2002; Black and Sandridge, 2001; Molina and Sandridge, 2000, Molina and Sandridge,
1998). KFSH&RC was the first hospital to begin CHD registration and the PSCC was the
second. Inclusion of these two hospitals is estimated to provide registration for over 95
~ percent of the cases of CHD bom in the R:yadh region making this a regional based
registry rather than a hospital based effort.

! Joint Commission International Accredited
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1.3 Description of the normal and abhormal heart

The epidemiology of congenital heart defects requires caveats. The first is that it is not
~one disease but a spectrum of conditions which are often defined as any structural
abnormality of the heart. |

1.3.1 The normal heart S .
The normal heart, an organ little larger than the adult fist, comprises four chambers and
four valves. It develops between days 17 and 50 of gestation (O’Rahily, 2001). After the
primitive heart tube arises, this single tube folds, loops, rotates and differentiates into a
four-chambered heart with valves that control blood flow from the atria to the ventricles
and from the ventricles into the great arteries. The blood flows in only' one direction,
thanks to valves, by the pumping action of the coronary arteries which draw their blood
from the aorta. Half of the blood (the blood on the left side) is oxygenated having just
come from the lungs. The Qtixer'half (on the right side) is deoxygenated having just
circulated the body and then retured to the heart before going to the lungs. The
Children’s Heart Institute has good illustrations distinguishing the different heart defects.
In one senes, the heart is compared to a house with the chambers bemg rooms and the
valves being doors (Abdallah, 1999).

Figure 1.3 is a classic picture of the heart showing the flow of blood. Each of the valves,
except the mitral with two, has three flaps or leaflets. Heart defects are anomalies in this
design. These defects are éonsidered “congenital” when an infant is born with them and
- are considered “acquired” when the individual’s 'heart' was born structurally sound but
then a valve, such as the mitral valve, becomes prolapsed and begins to leak

Mitral valve prolapse is not genémlly “congenital” which demonstrates the imperfect
nature of how congenital defects are defined. Marfan syndrome babies have a congenital
anomaly manifested by a connective tissue disorder. Generally, these children acquire a
defect in the mitral valve leading to mitral valve prolapse, but unless they have other
specific heart defects they are not considered to have céngenital heart defect. Aortic
stenosis is another disease which can be acquired or congenital. When it is acquired it
usually followed severe strep throat which developed into rheumatic fever.
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Figure 1.3 The normal heart showing structures and flow of blood
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From the Children’s Heart Institute http://www.childrenheartinstitute.org/educate/heartwrk/bloodflw.htm

Three nosologies of the abnormal heart

Functionally, each abnormal heart defect can be classified as either acyanotic or cyanotic.
However, these are not mutual exclusive categories with acyanotic and cyanotic defects
existing simultaneously within the same infant’s heart. Traditionally, the abnormal heart
has been described in reference to the normal heart. Nosologies (systems of general
classification) have been developed for this task. These nosologies are descriptive: what
is seen by the describer is what the defect is called. There are three nosologies relevant to

this project.

1. International Classification of Diseases (ICD)

Despite the fact that it was not designed for research, this system is the one primarily used
in birth defects surveillance. ICD codes were originally developed to classify and code
mortality data from death certificates and to assist with hospital re-imbursement in the

USA.

This system has gone through several revisions since its creation. Some of the earliest
work in CHD research was done in ICD 7 and ICD 8 although for the last decade ICD 9
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has been used (USHHS, 1980) with certain mod:ﬁcatlons including ICD 9 CM which
includes the 5™ digit which was developed by the British Paediatric Associaition. The Sﬂ‘
digit is useful for specific entities such as transposition of the great vessels (745.10-12,
19) and coarctation of the aorta (147.10-11).

Table 1.1 List of ICD-9 diagnostic codes used in this study

“Standard”

ICD-9 Description of structural defect
Code | abbreviation
745.0 Common truncus truncus
745.01 Aortic septal defect -
745.10 Complete transposition of great vessels TGA
745.11 Double outlet right ventricle DORV
745.12 Corrected transposition of great vessels c-TGA
7452 Tetralogy of Fallot TOF
745.3 Common ventricle/Double inlet Ieft ventricle DILV
745.4 Ventricular septal defect VSD .
745.5 Ostium secundum type atrial septal defect ASDII
745.69 Endocardial cushion defects / atrioventricular septal defect AVSD
745.61 Atrial septal defect primum ASDI
745.8 Sinus ASD , . - _
746.01 Pulmonary valve atresia PV atresia
746.02 Pulmonary valve stenosis PV stenosis
746.1 Tricuspid valve atresia and stenosis TA
746.2 “Ebstein’s anomaly -
746.3 Aortic valve stenosis AV stenosis
746.4 Congenital insufficiency of aortic valve/Bicuspid aortic valve BAV
746.5 Congenital mitral stenosis -

[ 746.7 Hypoplastic left heart syndrome "HLHS
746.81 Subaortic stenosis -
746.83 Subvalvular pulmonic stenosis/Double chambered nght ventricle -

7746.87 Dextrocardia -
746.89 Mitral atresia -
746.9 Hypoplastic right heart syndrome HRHS
747.0 Patent ductus arteriosis PDA
747.1 Coarctation of the aorta COA
747.21 Interruption of aortic arch/Anomaly of aortic arch IAA
747.3 Anomalies of pulmonary artery/ Pulmonary artery hypoplasia/stenosis | PA stenosis / atresia
747.41 Total anomalous pulmonary venous return TAPVR
747.42 Partial anomalous pulmonary venous return PAPVR
747.49 Other anomalies of great veins -
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Although ICD 10 is available for use, and promoted by the European Surveillance of
Congenital Anomalies system (EUROCAT) most birth defects surveillance systems have
- remained with ICD 9 (CDC, 2001). Using ICD 9, including the sub-types, there are over
50 different diagnostic entities for CHD (ICD-9 745.0 to 747.9) however fdr the purposes
of this study only the 31 listed in table 1.1 were considered although as will be specified
in the methods no isolated cases of PDA were included. The 31 will be described in the -
section Abnormal Defects below. The approximately other 20 defects were either
considered non-structural problems of the heart or were so rare that they were not seen in
this live birth population. |

2. International Society for Cardiology (ISC)

The International Society for Cardioldgy (ISC, 1970) developed a systein of 800 codes
avaﬂable to describe the anatormc phenotypes. The system allocates a single three-digit
number to each anatomic malformation and to certain complexes as well such as
: transposmon with ventricular septal defect in situs solitus. Although it has not been
revised in over 35 years it was déveloped by some of the great names in paediatric
cardiology including V Rose and SC Mitchell. It was used to code the Baltimore
Washington Infant Survey data to be discussed in Section 1.4.2. One difficulty with this
system is that because of its fine distinctions it would be difficult for anyone except a
paediatric cardiologist to use it to code CHD directly from medical records.

3. European Paediatric Cardiac (EPC)

The Association for European Paediatric Cardiology developed the European Paediatric
Cardiac system (EPC) (Franklin et al. 1999; Stocker 2003). Its purpose is to facilitate
comparisons of results between individual cardiac units specifically in the UK but it will
allow international comparisons as well. The short list expands ICD 9 from 50+ codes
into 126 codes however these can be collapsed into 10 major categories. It codifies the
sequential segmental anatomy approach proposed by Tynan and co-workers in (1979).
This approach describes the abnormal connections and associated abnormalities which
require surgical treatment and may be ideal for stahdardizétion purposes. However, there
will need to be a process of validating it in terms of inter-rater reliability. Additionally, it
is currently only being used in a few centres in Europe ‘although the intention is to expand
its use internationally. It too is designed for paediatric cardiologists to determine codes.
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Tl

In Appendlx lA the three coding systems are compared for two defects: endocardial
cushion defect and single ventricle demonstmnng the importance of the choice of coding
system when interpreting results.

1.3.2 The abnormal defects

Using the ICD-9 nomenclature, 31 of the 50+ defects are described. Unlcss otherwise
noted, the descnptxons herein have been obtained from Anderson et al.’s Paediatric
Cardiology (2002). The pattern is dcscnpnve name, followed by “standard” abbreviation
and synonyms, and ICD-9 code.? '

1. Ventricular septal defects (VSD) (745.4)

A condition where there are one or more holes in the wall (septum) separating the right

ventricle from the left ventricle. A VSD or VSDs can heal spontaneously and it (they) can .

be so minor as to be undiagnosed. The septum is of two substances, membranous on the
side connecting to the atria and muscular on the posterior end. These two varieties of
VSD are not separated according to the ICD-9 classification; however, the EPC and ISC
do separate them and the Saudi Arabian CHD Registry has followed their lead. The terms
“restrictive” (little blood) and “non-restrictive” (significant blobd) can be used to indicate
the severity of the defect. Restrictive VSD can heal spontaneously. |

Ventricular septal defect, membranous (aka perimembranous) (745.4_7) -

A condition where the hole is located near the valves. The most common form of
VSD, it accounts for 80 percent of defects.

Ventricular septal defect, niuscular (745.4_8) — A condition where the hole is in
the muscular part of the wall. This type accounts for approximately 20 percent of
defects.

2. Atrial septal defect, secundum (aka as ASD Il, previously auricular septal‘
defect because the atria resembles the human ear) (745.5)

A condition where a hole exists between the heart’s two atria. Like VSD, this defect can
‘heal spontaneously and can go undiagnosed. Also, it may be more common at high
altitudes (Miao, Zuberbuhler, Zuberbuhler, 1988; Miao et al., 1988; Alzamora et al,
1953). They are termed secundum as opposed to primum defects bccause the defect is

present at the site of the secondary embryonic foramen.

2 Some defects do not have a “standard” abbreviation. These are marked with a “-” in Table 1.1.
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A minor form of this defect is called patent foramen ovale (PFO). The foramen ovale is a
' ’_ small hole located in the atrial septum that normally closes at birth when increased blood
pressure on the left side of the heart forces the opening to close.

3. Sinus venosus ASD (745.8)
A condition where the ASD involves the area of the atrial septum at the junction of the

superior vena cava and the right atrium.

4. Patent arterial duct (PDA) (747.0)

A condition where the normal cdmmunication between the left pulmonary artery and the
aorta does not close shortly after birth. During pregnancy although the foetal heart beats it
is not responsible for oxygenation of the blood. Oxygen is provided by the mater:ial
circulation via the placenm and the umbilical cord. Thls communication, the ductus
~ arteriosus, between these two arteries normally closes a few hours after birth. However, if
it does not close then it is said to be “patent” or still functioning. Clinically, PDA is

defined as the persistence 10 days after birth of a normal foetal structure. It is more
commonly found at high altitudes due to the ambient oxygen pteséure not beihg si_xfﬁcient

to close it naturally (Miao et al., 1988; Miao, Zuberbuhler, Zuberbuhler, 1988; Alzamora

et al., 1953, Penaloza et al., 1964). For research purposes generally the threshold for

* considering the defect h congenital defect is presence three months after birth.

5. Complete transposition (d-TGA for dextroposition, aka TGA or TGV
(transposition of the great arteries or ventricles)) (745.10) |

This condition is characterized by the aorta and the pulmonary artery being reversed
sending deoxygenated blood to the body and oxygenated blood to the lungs. The aorta
exits the right ventricle and the pulmonary artery exits the left ventricle. A VSD often
complicates this defect. .

6. Corrected complete transposition (-TGA for levo or to the left, aka c-TGA for
corrected) (745.12)

The alternate form to TGA where the aorta and the pulmonary artery are in the correct
place but the ventricles are reversed. The aorta exits from the right ventricle and the
pulmonary artery exits from the left ventricle. The left ventricle is below the right atrium
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with the right ventricle being below the left atnum Agam, deoxygenated blood is sent to
the body and oxygenated blood is sent to the lungs

7. Dextrocardia (746.87)
A condition where the primitive heart tube folds to the left instead of to the right. Usually

this defect is coupled with situs inversus where all the organ systems are reversed.

8. Tetralogy of Fallot (TOF) (745.2) .

A condition once thought to have four components (thus “tetralogy”). Now it has been
recognized that two of these are major (1.VSD and 2. constricted pulmonary vélve) and
twq are minor (3. the aorta lies directly over the VSD causing the 4. right ventricle to

develop thickened muscle making it larger in relation to the left ventricle). Kleinman

( 1997) has likened TOF to the top half of the heart not being set correctly on the bottom

9. Double outlet right ventricle (DORV) (745.11)
A condition where the pulmonary artery and the aorta aris¢ from the right ventricle.
Therefore only some of the deoxygenated blood flows to the lungs as it should while
some retumns to the body. |

10. Common truncus (truhcus) (745.0)

A condition similar to DORV where the one artery arises through a common arterial

valve and will give rise directly to the systemic, pulmonary and coronary circulations.
There i isa large VSD leaving a “trunk” in the heart between the four chambers.

11. Atrioventricular septal defect (AVSD) (aké endocardial cushion defect)
(745.69) often includes atrial septal defect, primum (ASD 1) (745.61) a
A condition characterized by deformities in the tricuspid and mitral valves combined with
a hole in the atrial septum (ASD) and a hole in the ventricular septum (VSD). The key to
‘their differentiation from other potentially related defects is the architecture of the
atrioventri_cular Jjunctions, including the stmcfurc of the fibrous skeleton of the heart. The
holes lead to mixing of oxygenated and deoxygenated blood. This defect can be partial or
complete. ASD I is considered to be one component of the partial form of AVSD.
Complete form ~ The complete form has three main components, a VSD, an ASD

and a common atrioventricular valve.
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Partial form — This form usually lack the VSD or the VSD is very small.

12. Double inlet left ventricle (DILV) (aka single ventricle or common ventricle)
(745.3) | ‘

A condition where both atriums are connected to the left ventricle. Usually there is a
hypoplastic right ventricle anci the arteries and aorta may arise from the right ventricle .
and the pulmonary artery from the left ventricle or the right ventricle may be absent.
Therefore, it is similar to the ¢-TGA because the right ventricle is on the opposite side of
the heart from expected. Pulmonary stenosis or atresia and coarctation of the aorta may
also be present (described below).

13. Aortic septal defect (aka aorticopulmonary window or'fenestration) ‘(745.01 )
A condition where there is a small opening between the aorta and pulménary artery just
above the semilunar valves. This defect is included by EUROCAT in the malformations
of cardiac septa group but noﬁ coded separately by the CHD Registry.

14. Total anomalous pulmonary venous return (TAPVR or TAPVC with “c” for
“connection” or TAPVD with “d" for “drainage”) (747.41) :

A condition where the four pulmonary veins which normally bring the oxygenated blood
from the lungs to the left atrium instead return the blood to the right atrium. There must
 therefore be an ASD II and possibly a VSD for the child to survive after birth.

15. Partial anomalous pulmonary venous return (PAPVR) (747.42)
A condition where less than four of the pulmonary veins lead to the right atrium.

16. Other anomalies of great veins: Scimitar Syndrome (747.49)

A condition of several components: TAPVR or PAPVR, hypoplasia and malformation of
the pulmonary arteries and lung. There will be aortic-pulmonary artery collateral arteries
to the hypoplastic lung. : |

17. Ebstein’s anomaly (746.2)

A condition where the tricuspid valve does not move normally and therefore the blood
leaks back into the right atria instead of progressing to the right ventricle. Often it is
accompanied by an ASD II and associated with Wolff-Parkinson-White syndrome (WPW)
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where there is an acéessory conduction pathway énd this in turn can lead to periods of

abnormal fast heart rate (supraventricular tachycardia (SVT)).

18. Tricuspid valve atresia and stenosis (TA) (746.1) '

A condition where there is no (or very little) connection between the right atrium and the
right ventricle and therefore the blGod is sent to the left atrium. The right ventricle is
usually hypoplastic and survival depends on an associated VSD or a _PDA; A single-

ventricle defect, it is considered one of the more serious conditions.

19. Pulmonary valve atresia (PV atresia) (746.01)
A condition where there is no valve between the right ventricle and the pulmonary artery

and therefore the blood is not able to flow to the lungs. The right ventricle is a cul de sac

where .d.exoxygenated blood collects. The tricuspid valve may also be poorly developed.
PV atresia will be accompanied by an ASD II allowing the blood to exit the right atrium
towards the left atrium. A PDA will also be present. The PDA remaining open is critical
to the infant’s survival.

20. Pulmonary valve stenosis (PV stenosis) (746.02)
A condition where one or more of the leaflets of the valye are malformed and the valve is

stenotic or leaky.

21. Pulmonary artery hypoplasia/stenosis (PA stenosis or PA atresia) (747.3)
A condmon where the pulmonary arteries narrow. The narrowmg may occur in the main
artery or in the left or right branches.

22. Hypoplastic right-heart syndrome (HRHS) (746.9)
A condition where the right side structures of the heart are underdeveloped. The major
problem is PV atresia. Additionally there is a hypoplastic right ventricle, a small tricuspid

valve and a hypoplastic pulmonary artery. The infant will be born with a PFO and a PDA. .

When the PV atresia exists with an intact ventricular septum then it is considered a
single-ventricle defect (The Heart Institute, 2006).>

* ICD - 9 code 746.9 is unspecified anomaly of heart but the CHD Registry uses that code for HRHS.
EUROCAT uses ICD-10 solely to code HRHS.
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23. Hypoplastic left heart syndrome (HLHS) (746.7)

~ A condition where the aorta is reduced in size, the aortic valve is underdeveloped, the
- mitral valve is closed and the left ventricle is small. It is another single-ventricle defect.
The blood flow from the lungs returns through an ASD II and the right ventricle pumps
the blood into the aorta through a PDA. |
24. Aortic valve stenosis (AV stenosis) (746.3)

A condition where the aortic valve is narrow preventmg the blood from flowing from the
left ventricle to the aorta and then to the body. It can occur congenitally or it can be
acquired (theumatic origin). Hypertrophic cardiomyopathy, (HCM) a heart condlt;on but
not a congenital heart defect because it is not structural, can be associated with AV
stenosis. A cardiomyopathy is a condition in ‘which the heart muscle does not function
normally. The most commonly described are HCM and dilated cardiomyopathies (DCM).
The main feature of the HCM is that the heart muscle is thickened. With DCM, the
- leading cause of sudden death in chlldren, the heart becomes enlarged and is not able to
pump efﬁclently

25. Coarctation of the aorta (COA) (747.1)
A condition where the aorta is constricted and blood flow to the lower body is obstructed

- 26. Bicuspid aortic valve (BAV) (746 4)

A condition where the aortic valve, which should have three flaps, only has two. The
valve becomes stenotic making it more difficult for blood to flow. This condition is
sometimes conflated with AV stenosis (above). It is rarely'problemat.ic at birth and is
often under diagnosed. However, by adulthood more cases appear. '

27. Inte@ption of aortic arch (aka anomaly of aortic arch) (IAA) (747.21)
A condition where part of the aortic arch is missing. There are three types:

Type A: the interruption occurs just beyond the left subclavian artery.
Approximately 33 percent of the defects are of this type. |
Type B: the interruption occurs between the left carotid artery and the left
subclavian artery. It is the most common type and accounts for 66 percent of the
~cases. It is often associated with the chromosomal abnormality DiGeorge

syndrome (DGS).
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Type C: the interruption occurs between the innominate artery and the left carotid
artery. It is the least common only occurring in 1 percent of the reported cases.

The defect is thougi:t to occur towards the end of gestation between days 35 and 49. The
defect is almest always associated with a lai'ge VSD. The PDA provides sufficient oxygen '
to the mfant but as it closes symptoms begm to appear (Loffredo et al., 2000; Chm, 2006
Gruber, Epstem, 2004) '

28. Sub-aortic stenosis (aka subvalvular aortic stenosis or sub-aort:c membrane)
(746.81) _ '

A condition where there is e membrane or obstruction immediately upstream, or prior to,
the aortic valve. It may occur spontaneously or as part of Williams syndrome (Singh, -
2006). o

29. Double chémibered right ventricle (746.83)

A condition where the right ventricle is divided into two: a high pressure inflow chamber
and a low pressure infundibular chamber. If a VSD is present it usually communicates
with the high pressure inflow chamber.

30. Mitral atresia (746.89)
A condition where the mitral valve is missing.*

31. Congenital mitral stenosis (746.5)
A condition where the m1tra1 valve is narrowed resmctmg blood ﬂow between the left
atrium and ventricle.

Meta-Nosologies used in research

In three years of data collection the CHD Registry recorded 855 unique combinations of

cardiac diagnoses among 4362 Saudi Arabian patients (Black and Sandridge, 2001). This

aspect of CHD, many unique combinations, is well known. In order to analyze sucha
" large number of categories, systems have been developed to group. Six of these systems,
the ones most commonly used in the literature, will be discussed here. No systematic
review has compared and contrasted these six systems clinically; nor are all of them well

4 ICD - 9 code 746.89 is “Other congenital anomalies of the heart/Other” but the CHD Registry codes
mitral atresia here.
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enough documented so that their use can be easily replicated. Nevertheless, the literature

provides some clues for their implementation.

1. Isolated versus parallel

This system has been used by some in order to present “pure” results (Martin, Adams,
Mortensen, (1990) for some analyses; McLaren,‘Lachman, Barlow (1979) and Ferencz et .
al, (1997)). Analyses are stratified by individual isolated diagnoses and parallel
diagnoseé (where there is more than one CHD simultaneoﬁsly) might be excluded. This
has merit in terms of purity of illness. Or, analyses of this type can take advantage of the
four manifestations of CHD and present the data either as four groups, or some
combination thereof, or some exclus:on thereof. However, as many as 41 percent of CHD
cases potentially suffer from parallel defects (Pradat, 1992a). Additionally, since some
defects are required for survival “isolated” must be defined as to whether it can include
that type of defect or not (as in mtermpted aortic arch with VSD). -

 The four manifestations of CHD’ :
1. in isolation - one CHD diagnosis. _ _
2. in parallel - at least two different CHD simultaneously neither of which are
required for the sustainability of life. '
3. in isolation, as'a_bove, with one or more extra-cardiac malformations (ECM).
4. in pai'allel, as above; with one or more ECM (chromosomal syndrbmes are often
found in this group). .It has been proposed that these infants always have an
~ underlying chromosomal anomaly evén if it is not yet identified (CA Moore,
Centers for Disease Control, unpublished communication, 2002).

In this thesis, an ECM is any malformation that is not a cardiac problem but is a
congenital problem.

2. Predominant lesion (aka clinically dominant, hemodynamically most serious)

This method is especially in use in the developing world with the exception of Laursen’s
work (1980) (Denmark); Scott et al. (1984 ) (UK) and Grech (1998) (Malta). None of the
studies have provided enough information for replication: Bannerman and Mahalu

Amtngmty exists as to whether this should include adaptative defects (ie., PFO, PDA, or
occasionally 8 VSD) without which the case would not be seen live born. These adaptative defects
sustain life and therefore might not be counted as defects if defect is defined as something which is a
deficiency.
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- (1998), Becker et al. (2001) Laursen (1980), Subramanyan et al. (2000), Grech (1998),
Sung et al. (1991); and Scott et al. (1984).

3. Lesion analysis

This well documented method (EUROCAT, 2005b) has been chosen by European _
Register of Congenital Anomalies (EUROCAT) among others. It compares groups of
lesions. The number of lesions, given that some cases have more than one, will be greater
than the number of cases. The data are presented by EUROCAT in two ways:

Firstly, the data are presented in four groups®:

1. malformations of cardiac septa (septa)

2. malformations of great arteries and veins (arteries and veins)
3. malformations of valves (valves)

4. ‘anomalies of cardiac chambers and connections (chambers)

Secondly, EUROCAT presents 6 individual defects: TGA, AVSD, COA, TOF, HLHS
and truncus. Please note that although an individual may be counted in more than one
group (i.e., septa and valves) the individual will not be counted twice within the same
group. Conversely, the category AVSD as defined by EUROCAT includes all patients
with ICD-9 745.6: (AVSD (745.69) and ASD I (745.61)).

4. New England Regional Infant Cardiac Program (NERICP) |

Each patient registered in the six New England states from 1969 until 1977 was included
for a total of 3626 infants in nine years. The live birth prevalence was 2.4. Each infant
was assigned a single diagnosis which best represented the patient. When a patient had
several diagnoses an arbitrary hierarchical system was devised to penﬁit assignment of a
diagnostic category (Fyler, 1980). This method has been used by Francannet et él.,
(1993), Zierler et al., (1988) and Kidd et al., (1993). o

5. Complex, significant, minor _
‘This method is described by Abu-Harb, Hey and Wren (1994). It was developed primarily
to study survival from CHD and to estimate how many deaths could be avoided for minor

defects Wlth improved intervention.

¢ The specific ICD-9 codes for these categories are specified in table 4.6
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6. Embryological

This method was used by BWIS (Ferencz et al., 1985; Ferencz et al., 1993; Ferencz et al.,
1997), Fixler et al. (1990) and Martin, Adams, Mortensen (1990) for some analyses. It
was developed using the ISC coding system which is more detailed than ICD-9. This |
method is alternatively referred to as “hierarchical” and ‘&nechamstlc” After reviewing
the New England Regional Infant Cardiac Program’s (NERICP) methodology the BWIS
paediatric cardiologists combined the current understanding of embryblogic development,
- teratogenic timing of cardiac malformations and a pilot of 719 infants.to develop a
hierarchical and embryological system. They worked closely with Clark (1987, 1990) to
develop a system where CHD was categorized by cellular and physiologic developmental
mechanisms. It has been particularly useful for dividing the largést phenotype (VSD) into
four distinct groups and identifying certain lesions which may be related to the abnormal
migration of cells from the primitive neural crest (Kirby, 1987). It is hoped that the
method orders the defects chronologically with those in category 1 arising earlier in

: gestatxon than those in category 6 or 7. If this method achieves this goal then it will be |
easier to restrict the timing of the specaﬁc insult which caused the defect thereby bringing
researchers closer to identifying the etiology of a particular CHD lesion or a particular
>group of CHD. | |

As described by BWIS (Ferencz et al., 1993) the embryologlcal system clasmﬁcatxon is as

follows:

.- Defects of laterality and cardiac looping

Defects of the ventricular outicts and arterial trunks
Extracellular matrix defects

Targeted growth defecfs

Cell death defects |

Hemodynamic défects

N wAw N~

Cardiomyopathies.

Further descriptions of these categories are found in Section 4.2 and table 4.4.

Pradat (1992a, b); Kallen (1999); Storch and Mannick (1992); Tikkanen and Heinonen
(1990) and Grabitz et al. (1988) have analysed their data using an embryological system.
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The embryological system, categories 1 to 6, has been used for parallel defects in this
research. Cardiomyopathies, category 7, are not included as they are not structural
defects. ’

Table 1.2 presents a review of 41 selected studies published from a ‘variety of
- geographical regions since 1985 comparing nosology, method of analysis for parallel
diagnoseé and isolated diagnoses, and prevalence. This table demonstmteé the poor
quality of the CHD literature. These studies were assessed on nosology, meta-nosology,
percent of ECM, percent isolated CHD (as opposed to in parallel or with an ECM), and
reported prevalence per 1000 live births. Only 2 of the studies (Pradat 1992a, 1997; Stoll
1989) reported data in all categories. Only slightly more than half of the studies reported
the nosology they used for classifying the defects (22 of 41). Only 63 percent reported the _
prevalexice of CHD in the population they were studying. Twenty-two percent did not
report the meta-nosology that they used. Only 4 of the 41 studies analyzed the data using

more than one meta-nosology.

Seven studies performed lesion analysis. Two analyzed by c<'>mplex, significant, minor.
Four compared isolatéd to parallel and/or syndromic. Four used the Fyler (1980) NERICP
system. Six used predonﬁinant lesion and eleven used an embryological system. One
reported all lesions individually instead of using a meta-nosology because the sample size
was so small (n=34) (Miao_,'Zuberbuhlcr, Zuberbuhler, 1988).

Summary of features which make CHD difficult to research
Features of CHD which make it particularly difficult to study are
o its varied manifestations
¢ naming conventions are inconsistent. Exainples include:
o VSDis often analyzed as one homogenous group rather than being divided
into 2 to 4 categories |
o the three types of ASD are not always differentiated (ASD II, sinus
~ venous, ASDI) '
- o ASD1is not always differentiated from AVSD
o VSD+ASD in some work appears synonymous with AVSD
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Chapter 1: Introduction

e the fact that some conditions (e.g., PDA and PFO) are normal features of the
foetal heart which disappear at or shortly after birth
o some of the defects such as ASD II and VSD can be sufficiently minor that they
- will heal themselves or :
o be missed until after chlldhood and
e some of the defects, such as a VSD found in truncus or an. ASD II found w:th |
TAPVR may be considered as “functional” defects rather than “congenital”
- defects. These functional defects are necessary for life given the “true” congenital
defect. This bemg the case there may be additional combinations of defects where
there is a functional component rather than congcmtal which have not yet been

recognized.

1.4 'Epidemiology of congenital heart defects
1.4.1 Prevalence at birth .
Although the frequency of congenital heart defects (CHD) was not the topic of thxs study |
some basic prevalence statistics will give an idea of the magnitude of this health problem.
CHD are one of the most common groups of birth defects affecting between 4 and 12 per
1000 live births (Hoffman, 2002). The EUROCAT system found CHD to be the most
common system defect with an overall prevalence (livé births, foetal deaths and induced
abortion) of 6 per 1000 (EUROCAT, 2005a). The UK Congemtal Malfonnauons
Registration Scheme (ONS, 2001) found it to be the third most common defect.”

In the Middle East, Alabdulgader (2001) reported an mcndenoe of 11 per 1000 live births
in the referral centre for the Al Hassa region, Saudi Arabxa One of the three major
hospitals of the Abu Dhabi Emirate in the United Arab meraves (UAE), a population
similar genetically to the KSA population, belongs to the International Clearinghouse for
Birth Defects Monitoring Systems. They purport to be a population based effort. Their
1998 data reported no cases of 7G4, rates of 2.67 per 10,000 live births for TOF and for
HLHS. The rate for COA was 1.33 per 10,000 live births (ICBD, 2000). In a separate
study they report an overall CHD iﬁcidcnce of 6 per 10,000 live births (Al-Gazali et al.
1995).

"Despite the fact that the passive reportingvsystem used by ONS results in serious under-ascertainment of
CHD.
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Chapter 1: Introduction

- In Oman, CHD was detected (using the clinically dominant lesion method in cases of

parallel defects) in 992 live births from 139,707 registered from 1994-96 (incidence
7/1000) (Subramanyan et al., 2000). In Qatar, Robida et al., (1997) found a prevalence af
live birth of 12.23 per 1000. |

1.4.2 Risk Factors for CHD

The literature review for risk factors for CHD was systematic. Using the search hlstory in
‘ table 1.3 the tltles, and abstracts where necessary, of the 991 articles were hand-searched

- for relevance. Additional articles were idéntiﬁed from the Balﬁmoré Washington Infant
Survey reference list of 288 references (Volume 4) and 462 references (Volume S) and
the two volume tome edited by Anderson et al. (2002).

Table 1.3 Search History for CHD prevalence and risk factor data

# | Search History Results

1 *Heart Defects, Congenital/cl di, ep [Classification, | 1435
Diagnosis, Epidemiology] :

2 | Limit to Human and English language 1991

From this initial set of references the reference lists of the relevant papers were also
searched. From this effort 140 risk factor articles on CHD and 41 articles with prevalence
data were reviewed (Appendix 1B and table 1.2, mspecﬁvely). The CHD literature on
diagnosis, treatment and survival was not considered in depth. Where possible only
articles with a primary fdcus on CHD were selected although some researchers studied
congenital malformations and then reported on CHD as a sub-type. |

This review indicated that the Baltimore Washington Infant Survey (1981-1989) was the
best, recent study (Ferencz et al., 1993; Ferencz et al., 1997). For the most part, studies
previous to the BWIS, while interesting historically, are not described here because the
BWIS built on their legacies. |

Baltimore Washington Infant Survey (BWIS)

The Baltimore Washington Infant Survey thoughtfully followed prévious studies building
on the successes of the Collaborative Perinatal Project (CPP) of 56,000 births (Mitchell et
al., 1971), the Toronto Heart Registry (Rose, Hewitt, Milner, 1972) and the New England
Regional Infant Cardiac Program (Fyler et al., 1980). The BWIS was a case control study
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drawing participants from a large regional population in the USA: the state of Maryland,
Washington, D.C. and six counties of northem Virginia. The area population was -
approximately 6 million with 100,736 annual live births (mean). All 53 local obstetric and
paediatric services were approached and all their live births were included. Cases were .
those for whom a CHD was confirmed before 1 year of age by echocardiography, cardiac
catheterization, surgery or dutopsy. The only cases of CHD not included were thosé '
premature infants (less than 38 weeks gestation) with PDA. The BWIS literature reports
on 4,390 cases and 3,572 controls, however, this ﬁguré includes cases of PDA and
cardiomyopathy which were not included in this Saudi Arabian study. Comparable to the
types of CHD analyzed for this project, there were 3,885 BWIS structural anomalies.

BWIS case ascertainment was thorough. With the exception of one region, all death
certificates of infants who died under 1 year of age were reviewed. Cases were coded by
the paediatric éardiologist for the participétihg centre from a wﬁtten}description of the
CHD and any ECMBCM were coded and heritable syndromes were assigned McKusick
codes (McKusick, 1998). Cases were reviewed by a second paediatric cardiologist to
resolve inconsistencies in diagnostic coding. One year after birth all cardiac and non-

‘cardiac diagnoses were confirmed using available data.

Control selection adhered to a strict random methodology. The number of infants chosen
from each hospital was determined proporﬁonally to ihe total number of annual regional
deliveries. One control was selected as well as four potential alternates. A reference “time
frame” of 6 months prior to and 9 months following the last menstrual period (LMP) and
a “critical period” of 3 months prior to the LMP and 3 months following LMP were
established. Interviews were conducted in the home of the respondents where possible.
Intensive interviewer tmmng ‘was conducted. For practical and ethical reasons, the
interviewers were not blinded to case-control status. One strength of the study was that all
case mothers were approached for interview even if the infant died previous to the

interview.

While the BWIS is the most comprehensive study and has advanced our understanding of
CHD, even it has limitations. Firstly, the authors failed to justify their use of the ISC
coding system, which is clearly less popular than ICD-9. In the 22 studies reviewed in
table 1.2 for which this data were reported ISC was used 23 percent of the time versus 59
percent for ICD-9. Secondly, the structure of the two BWIS volumes is not clear and the
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Chapter 1: Introduction -

1ndex is 1nadequate Whlle it succeeds in documentmg the findings of that partlcular
study, it does not provxde sufficient information to replicate the work. For example, the
distinctions between the hierarchical, embryological and mechanistic systems are not
clear. When to prefer one to the others is also not described. Some of the decisions for
grouping and exclusions of cases from particular analyses were not well justified. And
there are some mistakes, for example, in table 3.2 the numbers do not add up which
makes it difficult to compare (Ferencz et al., 1993).% Lastly, the book has vast numbers of
odds ratios and confidence limits and it is difficult to know which ones are preferred. The
summary chapter in Volume § (Ferencz et al., 1997), Risk Factor Anabzsis: a synthesis is
helpful but does not consistently present all the information. |

In large part, this study was an attempt to replicate Ferencz et al.’s work in Saudi Arabia.
During the planning stages ALS contacted Drs. Ferencz and Adolfo Correa-Villasenor for_'
advice especmlly regarding coding issues. Nevertheless, despwe these efforts to build on
the BWIS legacy the blueprints prov1ded were incomplete. Thereforc, the embryological
coding decisions used in this analysis may differ slightly from those of the BWIS.

Summary of results from BWIS and other studies .
Numerous results from the BWIS are reported in two volumes of the Perspectives in
Pediatn'c Cardiology Series (Ferencz et al., 1993; Ferencz et al., 1997). These results will
be described where they fit into the foilowing schema. The literature review is presentéd
according to broad categories which will generally be followed throughout the thesis:

e Consanguinity ,  Index pregnancy characteristics

o Infant characteristics e Previous pregnancy characteristics

o Maternal characteristics _ e FEnvironmental risk factors |

e Paternal characteristics e Socio-economic characteristics
CONSANGUNITY

- Consanguinity is the property of being related by blood from a common ancestor, near or
far. Marriage between people who are related is often referred fo as a consanginous
marriage. Descriptions of the levels of relatedness, and how these are measured, is
presented in section 1.5 |

* The numbers add up to 4157 but they should add up to 4065.
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Individuals who are related will share more of their genome than indivig:luals who are not

related. According to the Mendelian laws of inhéritance, when relatives reproduce, their

offspring are more likely to be hdmozygous for any given trait than the offspring of

unrelated parents Recessive alleles are only expressed phenotypically in the homozygous

condition, which increases the probability that recessive traits (either positive or negative)

will be present in the offspring of consanguineous, compared to non-consanguineous,

parents. Suéh reasoning applies 'also' to traits determined by more than one gene, the so-
called multi-factorial traits. |

Consanguinity is thus often used as a proxy measure for geneﬁc aetiology. Few studies
have been conducted on single gene aeﬁology diseases to explore the increased risk of the

~ condition in the offspring of consanguineous parents because such an outcome would be
expected according to Mendelian theory. Indeed, consanguineous populatmns are often
used as a source of rich matenal wnh which to identify the locus of the gene responsible
for a disease (Sundm et al., 2006; Oberti et al., 2004; Tlili et al., 2005) Recent work has
suggested that single gene mutations may cause a variety of rare cardiac défects, but the
aetiologies of more common conditions remain largely unknown (Ransom et al., 2007).

It is likely that the cause of most CHD will be a édmplex mixture of both environmental
and genetic factors. Care has to be taken when interpreting the results of studies using -
consanguinity to investigate disease actiology. Parents who are related may also be more
likely to share non-genetic behavioural and environmental exposures than parents who
are not. Theoretically at least, exposure from both the male and female may increase risk
through a “dose” effect. Alternatively, consanguineous parents may have different

patterns of behavioural and environmental exposures than parents who are un-related.

Consanguinity is a risk factor uniquely prevalent in the Middle East. It has been studied
extensively and a further review of it will be found in Section 1.5 below. Only the eight
studies of the effect of consanguinity on CHD are reviewed here.

Gev, Rdguin, Freundlich (1986) studied an Arab Israeli population and found an elevated
relative ratio of 2.6 associated with first cousin consanguinity. The relative ratio was
calculated by ALS but there was not enough detail to calculate confidence limits. It was

odd that this cohort study from a population of 1,546 reported no cases from diabetic
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" mothers and no cases of CHD in the parents. There was no sibling CHD and only one
case of Down syndrome (DS). The authors reported no CHD in parallel and they
collected consanguinity using the hard coded method which only allowed for first and

second cousins thus there is the possibility for misclassification of exposure.

Hassan, Haleem, Bhutta (1997) in a population of 8,331 Pakistani live births in a case
control study found no association between CHD without chromosomal abnormalities and
consanguinity (OR =1.0, Ciys=0.7-1.4). The research was conducted by medical record
review. However, their method of collection of consaﬁguinity was not defined and they

did not describe the degree of consanguinity in the cases.

Stoll et al. (1989) found no association between consanguinity and increased incidence of
CHD. Their analysis was conducted on a dataset collected under the auspices of the
Northeastern France Birth Defects Monitoring System. From a population of 105,374,
there were 801 cases of CHD. Nine cases of consanguinity were identified.

Bassili et al. (2000) found an association between CHD and consanguinity using the case
contrdl method with an adjusted odds ratio of 2.4 (Clys=1.9-3.0) in a case population of
894, They found that VSD was associated with consanguinity with an adjusted odds ratio
of 2.7 (Clss=2.0-3.5) and ASD II had an adjusted odds ratio of 2.4 (Clos=1.6-3.5). This
study found a variéty of other associations which will be discussed below. However, they
also included cousins more distantly related than second. Furthermore, they included
cases diagnosed from birth to 15 years of age which suggests that non-incident cases were
included which would contribute to bias (survivor). On the other hand, they used the
phylogram method and they carefully explained their method of data collection.

Nabulsi et al. (2003) studied 759 infants selected from the Children’s Cardiac Registry
Center (CCRC) in Beirut, Lebanon using the embryologic meta-nosology. They only
included cases of CHD that were structural and in paralle], excluding cases with ECM.
They compared these to those from the National Collaborative Perinatal Neonatal
Network. The proportion of first cousin marriage was 20 percent. This was statistically
significantly higher than the 13 percent in the background population (p<0.0001).
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Chapter 1: Introduction

Roodpeyma et al., (2002) studied CHD in a case control study w1th 346 cases and 346
controls collected between 1995 and 2000 in Tehran, Iran. They d1d not find an
assoclatlpn with consanguinity. They authors reported a remarkably low number of
maternal diabetes (2 cases and 3 controls). The authors did not state that they excluded
multiple siblings from the same family from the analysxs and they did not define their

method of ascettammg consanguinity, however.

Badaruddoza et al., (1994) performed a cross-sectional study of 1,721 ihfants in North |
. India and found that of the 37 cases of CHD, 3.4 percent were consmguineous. The
relative risk was 2.8. However, such an extremely high prevalence of CHD (21 per 1000)
suggests that possibly families with sick children were more likely to present than the

general population. The 95% confidence interval was not presented.

Becker and Al-Halees (1998) Whose study was a precursor to this one, reportéd on 891
cases of CHD abstracted from the Saudi Arabian CHD Registry. She and her colleagues
reported a significant associatioh between first cousin consanguinity and defects such as
ASD, VSD, AVSD, PV stenosis and PV atresia (Becker et al,, 2001'). However, the study
classified cases according to the predominant lesion method of categorization of parallel
defects which was not described by the authors and is thus unlikely to be replicable. They
did not collect a control population but compared the proportions of consanguinity in the |
predominant lesion categories to those proportions of consanguinity from one publication
by El-Hazmi (1995). Consanguinity was hard-coded and therefore at risk of
misclassiﬁcation. The interviewer was not a native Arabic speaker and the coding system
for rcgioh was embryonic and prone to misclassification bias (S. Becker, unpublished

communication, 1999).

INFANT CHARACTERISTICS

Familial history of cardiac malformations or extra-cardiac malformations
From the Baltimore-Washington Infant Survey data Loffredo et al. (2000) reported an
association between a familial history of extra-cardiac malformations (ECM) and Type B,
IAA with DGS (OR=7.2, Clgs=1.5-39.2). This strongly significant result was found
despite the fact that there were only 32 cases.
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| Tikkanen and Heinonen (1992) identiﬁwl that CHD in the father, mother’s mother,

'mother’s sister or mother’s brother were associated with ASD in the child. This 'team,
working with the Finnish births registry dataset, used the' embryologicall method for
classifying parallel diagnoses in one child. The results for the three risk factors were
robust with s1gmﬁcant albeit wide, confidence hrmts father - OR=10, (Clys=1 6-61),
maternal grandmother - OR=5, (Clys=1.6-16), maternal sister or brothcr - OR=2.5,
(Cly5=1.1-5.9). The results follow a dose Tesponse curve. ‘
Race

- Using the BWIS dataset, Correa-Villasenor et al. (1991b) found a positive association

between CHD and the white race for Ebsteiri’s anomaly, AV stenosis, PV atresia, COA,

~ dTGA and AVSD. For AV stenosis there was interaction between race énd SES.
. Addmonally, a posmve association was seen between CI-ID and the black race for PV

stenosis and heterotaxm.

Sex ,

One of the conclusions expressed by the investigators of the Toronto Heart Registry was

that sex was a potential determinate for etiological CHD studies (Rose, Hewitt, Milner

1972). Rotherman and Fyler (1976) found in a descriptive study using the NERICP

Registry that there was a differential sex ratio in PDA with 115 of 179 (63%, Clogs = 30-
42) girls affected. In boys, there were three defects that were more common: AV stenosis

(78%, Clgoy, = 66-87); COA (59%, Clooy, = 53-66), and TGA (66%, Cloow = 61-70) They

used the predommant lesion method for classxfymg parallel CHD.

Gensburg, Marshall, Druschel (1993) looked at data from the upstate New York
congenital malformation registry using an embryological methodology and found that
males tended to predominate in the earlier diagnostic groups. They used the BWIS
method for categorization and closely modelled their work on the BWIS efforts. The
latest diagnpstic group (septal defects) was pﬁmarily female. There was a relative excess

of females in the endocardial cushion defect group.

In a cohort study of 664,218 live births conducted in Bohemia, Czech Republic, Samanek
(1994) found a higher proportion of boys than girls with DORV, HLHS, TGA, AV
stenosis, PV atresia, TA, COA, and ¢-TGA. There were significantly more girls than boys
with PDA, Ebstein’s anomaly, truncus, AVSD and TOF.
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Birth weight

Rosenthal et al. (1991) using the BWIS data set, found that all case groups other than
TGA had greater percentages of births in the low birth weight category (< 2500 gm).
Tikkanen, Heinonen (1992) reported data from a case control study of 132,993 infants
born in Finland during 1982-83. The two national registries identified 408 cases of ASD
(defined as an opening in the atrial septum not covered by a valve). Birth weight was
found to be significantly assoclatod thh ASD (OR=2.5, Clps=1.1-5.9).

Gestational age Iess than 37 weeks and placental weight

~ Two other findings from the Tikkanen, Heinonen ASD study were that gcstaﬁonal age
less than or equal to 37 weeks was associated with an odds ratio of 2.9 (ClIgs=1.3-6.5) and
placental weight greater than 600 gm was associated with an odds ratio of 2.7 (C195=l.5-
© 4.9). Rosenthal et al. (1991), using the BWIS data set, analyzed each CHD type
separately and found that all of the defects had a higher percentage of infants born before
37 weeks of gestation than controls except for TGA and minor VSD.

Muitiplicity
Tikkanen, Heinonen (1992) in their case control study of 408 infants found the risk of -
twin birth for ASD to be elevated to an odds ratio of 7.8 (Closs = 1.4-44). Pradat (1992a)
reported twinning of 2.8 percent in his Swedish CHD population. Berg et al., (1989)
found, using the BWIS dataset, that there was an excess of case twins compared with -
control twins. However, the relative rates of monozygous and dizygous twins were as
expected. Looping abnormalities occurred in 4 (18.2%) of 22 ‘monozygotic twins, but
only 1 (2.5%) of 40 dizygotic twins. Among the co-twin pa:rs, only 6.2 percent had a co-
twin with CHD but when there was a co-twin the defect was mechanistically concordant.
However, this anaiysis is limited by the fact that there is naturally greater foetal loss in
one or more of the foetuses in a multiple gestation therefore there is a ‘likcly to be a
differential selection bias. Kuehl and Loffredo (2003), using the BWIS dataset, found an |
excess of twin 'gestations in c-TGA with odds ratio of 1.4, (Close=1.0-19.4) which
increased in strength after removing Ivemark syndrome infants to an odds ratio of 5.8
(Clgsy = 1.3-26.1). '
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MATERNAL CHARACTERISTICS

Maternal age

Using the NERICIP data, Rothman and Fyler (1976), after controlling for Down
syndrome, reported that TGA is associated with increasing maternal age. The study found
that mothers older than 30 years of age had 2.3 times greater likelihood of giving birth to
a child with TGA than mothers younger than 20. Tﬁey used the predominant method for
classifying the lesiOh Tikkanen and Heinonen (1992) in their Finnish case control study
of ASD demonstrated a borderlme maternal age effect i in crude analysis (OR-—I 8, Close,=
1.0-3.2) whlch disappeared i in adjusted analysns (OR=1.2, Clgsy, = 0.6-2.4). '

Pregnancy Complications _ \ .
(Pradat, 1992b) reported on 1,324 cases of CHD collected from 1981-1986 in Sweden
and 2,648 controls. He found that foetal-pelvic dlspropomon (OR=14, CIgs%—-l 1-1.9)
and hydrammos (OR- 8.0, Clgs%=3.8-17.0) were associated wnh CHD.

PATERNAL CHARACTERISTICS

Paternal age ,

| Lian, Zack and Erickson (1986) in a case control study using data selected from the
Metropolitan Atlanta Congenital Defects Program (MACDP) found an increased risk for
TGA if the father was older than 45 (OR=3.6) adjusted for maternal age and race.
However, confidence limits were not presented and the number of cases was only 117 ina
12 year period. TGA was hierarchically defined in the case of parallel defects. There
were more than 300,000 controls. Zhan et al,, (1991) reported that }pater}nal age of less
than 25 was independently associated with increased risk of CHD (OR=2.8, Close, = 2.2~
3.5) in a population of Chinese infants using the case control study design. However, they
accepted cases up to 5 years of age (non-incident caées), did not address the issue of
parallel CHD and the study was hospital based. |

‘Savitz, Schwing] and Keels (1991) investigated a population of live births collected from
the Kaiser Foundation Health Plan members who participated in the Child Health and
Development Studies between 1959 and 1966. The participants, from the San Francisco
area of the USA, were predominantly white (65%) although African-Americans were a
sizeable minority (24%). A range of socioeconomic levels were represented. Of the
20,530 eligible pregnancies 19,044 resulted in live births. These authors demonstrated
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that fathers aged 30-34 (OR=4.3, Clgsy, =1.1-16.1) and 35-39 (OR=7.5, Closy =1.6-36.3)
were at increased risk of having a child with PV stenosis after adjusting for mother’s age,

race, education and smoking.

Olshan, Schnitzer and Baird (1994) demonstrated an increased risk for ASD to fathers 45-
49 with an odds ratio of 2.7 (Close, = 1.3-5.8) and for PV stenosis to fathers 35-39 with an
odds ratio of 2.0 (Clyse,=1.0-4.0). ‘A total of 4,110 individual cases of CHD were
identified from the British Columbia Health Surveillance Registry born in the study
~ period 1952-1973. The data were analyzed as lesions. Cedergren, Selbing, Kallen,
(2002a) studied 277 cases of severe cardiac defect with two controls per case in Sweden
identified between 1982 and 1996. The cases were from a population of 175,768 live
births in the 8 year period for a prevalence of 1.6 per 1000. They found no effect for
matemal age on the risk of a céi‘diac defect in the infant but they did find that th: paternal
age group of 30-34 was protective (OR=0.7, Clsss;= 0.5-1.0).

-~ However, in Stoll et al., (1989) no association was found between advanced paternal age
and isolated CHD (OR=0.7, Clgs% = 0.5-1.2); CHD with ECM (OR=0.7, C195%=0.4-1.2)
or in recognized syndromes (OR=0.6, Clgs;=0.3-1.0). Similar odds ratios and 95%
confidence intervals were found when looking at isolated VSD or ASD. This study also
used the lésion analysis method. Bassili et al. (2000) performed a case control study' very
similar to this one in Alexandrié, Egypt. They found an increased adjusted odds ratio of
2.0 (Clyses=1.4- 2.7) for fathers greatei' than 40 ycafs of age. However as mentioned above
the study likely suffers from survivor bias. Pradat (1992c, 1992b) reported in a letter the
paternal age results from his Swedish case control study. After stratifying for maternal
age and parity he found no relationship.

INDEX PREGNANCY CHARACTERISTICS

Artificial reproductive technologies

In 2002, Anthony et al. demonstrated an increased risk for CHD (OR=1.6, Clyss, =1.1-2.2)
with artificial reproductive techniques (ART). However these results should be viewed
cautiously as there were concerns over multiple testing, the small numbers which made it
.impossible to control for confounding and the Hawthorne effect due to the increased

surveillance for ART conceptions.
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-

| Time to pregnancyllnvoluntary childlessness
~ Pradat (1992b) could not find a relatlonshlp between mvoluntary childlessness and CHD
~ (OR=1.1. Clgse, = 0.8-1.5) or a time to pregnancy of 6 months and CHD (OR=0.4, Closy, =
0.2-1.1). Cedergren, Selbing, Kallen (2002a) in their casé control study did not find an
elevated risk (OR=1 .3, CIgs% = (,7-2.4) for involuntary childlessness. |

High altitude

Although Alzamora made the observation in 1953 that both PDA and ASD were more
likely to be found in mfants born at high altitudes, only one analytxcal study has
investigated the relationship between birth at high altitude and CHD. Miao, Zuberbuhler,
Zuberbuhler (1988) (also, Miao et al., (1988)) feported that ASD and PDA were found -
more freqilently at high altitudes (OR of 4.6) but it is unlikely that this is congenitai.
Instead, these occurrences of the defect are hypothesized to be due to compensatory
placental mechanisms for pressure differentials which take longer to adjust in some
infants than others.

Vaginal bleeding |

 Using the BWIS dataset, Loffredo et al. (2000) found that vaginal bleeding during
pregnancy was higher in Type B IAA without DGS (OR=3.7, Closy, = 1.4-11.4) than in
- controls. Tikkanen and Heinonen (1992) found an increased risk associated with maternal
bleeding with an odds ratio of 1.9 (Closy, =l.3-2.8).

Use of female hormones (oral contraceptlves)

Although there has long been mterest ina relanonshlp between female hormones and
CHD, Ferencz et al. (1980) could not ﬁnd an association between maternal hormone
intake and CHD of the conotruncal type (TOF, DORV, and truncus) with a dataset
collected prior to BWIS. Although later, (Ferencz et al., 1997) using the BWIS dataset,
they reported an increased risk for progesterone use in a multivariate analysis for
transposition and normal great artery groups (OR=2.5, Clgsy, = 1.1-15.8). For TGA with
intact VSD and TOF with PV stenosis in multivariate analysis they also found an
association (OR=3.0, Clgse, = 1.0-8.6). Bassili et al. (2000) found a reiationship between
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female hormone exposure until the eighth week of gestation and the nsk of CHD with an
adJusted odds ratio of 1.7 (CIgs% =L 1-2 6)

Extra-cardiac malformations (ECM)
Overall the understandmg of extra-cardiac malformations is hampered by the fact that

they are not always well defined in the literature. While some. researchers separate v

chromosomal anomalies from other ECM and others do not state their methods clearly.

The most common ECM associated with CHD is Down syndrome (DS). 'The number of

children with CHD and DS hasv been reported to be as low as 5 percent (Kenna et al,
1975) and as high as 9 percent (Ferencz et al., 1993). -

CHD is also highly associated with DS. Gordon (1990) reported that 45 percent of DS
 infants have CHD although his was a non-incident population of 190 patxents In Dallas,
Texas, USA, Fixler and Threlkeld (1998) reported 52 percent of cases of DS had a CHD.
Their population was identified through various sources supporting infants w;th DS

including the two cytogenetic laboratories in the area. They found AVSD most commonly

in these infants, a result supported by others (Gordon, 1990; Samanek, 1999; Dickinson,
1981). This strong association of AVSD with trisomy 21 prompts the speculation that the
genes on chromosome 21 may determine some important function of growth or adhesion
of the endocardial cushions (Anderson et al., 2002). |

Kramer ét al., (1987) documen_ted the ECM found in 1016 German children with CHD up
to 16 years of age in 1981 to 1982. They found that in the non—syndrdmic patients (e.g.,
without Down, Noonan, Marfan, Williams, etc) 7 percent had a major ECM, 41 percent
had a minor ECM and 53 percenit had no ECM. TOF had significantly more ECM than
any other CHD. However, the cases were non-incident and they did not state their
nosology or how they classified in the case of i)arallel lesions. Pradat (1997) found 397
(15%) with ECM in 2,618 cases of cardiac anomalies.

Eskedal et al., (2004) reported results from 3,257 Norwegian live born infants registered
from 1990 to 1999 from a population of 450,000 live births in this period. The team found
a higher percentage of ECM in the CHD population. Thirteen percent had an ECM

? Heinonen et al., (1977b) reported an association in the CPP dataset, Wiseman and Dodds-Smith
(1984) later suggested that their study suffered from misclassification bias of the cases.
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excluding DS. Seven percent had DS alone. Three percent had DS and at least one other
- ECM. The BWIS group (Ferencz et al., 1989) reported that 28 percent had an ECM.

Maternal weight |
Watkins and Botto (2001) found that low pre-pregnancy weight (BMI <16.5) was
‘protective against a major isolated heart defect (OR = 0.6, Clgss, = 0.4-1.0). The odds ratio |
was elevated among overweight women (BMI > 26) although not statistically significant
(OR = 1.4, Clpsy, = 0.9-1.9). Although a strength of the study was that the data were from
the MACDP, a weakness was that weight was self-reported. Anothcf weakness was that
unrecognized diabetics may have been mcluded in the exposure group. On the other hand,
they used a hierarchical classification for CHD and they excluded syndromlc cases to
~ achieve greater homogeneity of cases. For specific types of CHD they found in adjusted

 analyses an increased risk for BMI of 16.5 to 19.8. For isolated septal defects (VSD, :
ASD) the édjustéd odds ratio was 1.5 (Closx = 1.0-2.3) and for isolated plus parallel
cardiac defects the adjusted odds ratio was 1.4 (Clgs% 1.0-2. O)

Ina hosp:tal based case control study from the Umversxty of Chicago, Mikhail, Walker,
- Mittendorf (2002) studied isolated cardiac malformations in infants bom to African-
American women and found an odds ratio of 6.5 (Clssy = 1.2-34.9) for infants born to
obese (BMI > 27) women. They excluded those with possible confounding exposures
such as maternal age greatcr than 35, all forms of clinical diabetes, multiple gestations,
maternal seizure or psychiatric disordm (to rule out exposure to teratogenic drugs),
maternal radiation, maternal TORCH'® infection and alcohol abuse. However, the sample
size was small (7 CHD and 144 controls) and measurement of pre-pregnancy weight was
not described. Cedergren, Selbing, Kallen (2002a) in their case control study found an
increased risk for women with BMI > 29 with an odds ratio of 1.5 (Closy, = 1.1-1.9).

Diabetes

This is one of the risk factors most consxstently found to be associated with congenital
anomalies in general and CHD in particular. In Macintosh et al., (2006) it was determined
that women who were diabetic pre-gestationally (overt diabetes Type 1 or Type 2) were
more likely to deliver an infant with CHD (prevalence ratio 2.7 (Closy = 2.5-4.6)). Their
population was 2,359 pregnancies to overt diabetic women delivered between March

' TORCH=toxoplasma, rubella, cytomegalovirus, herpes
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2002 and February 2003 in England, Wales and Norther Ireland. The data were collected

through the confidential Enquiry into Maternal and Child Health (CEMACH) and the
numbers compared to expected numbers obtained from EUROCAT based on 2002 age-
specific rates adjusted for the maternal age distribution. '

Other teams have researched diabetes’ relationship to the risk of CHD. Pradat (1992b)
found that the risk was increased with overt maternal diabetes (OR = 2.7, Clgsy, = 1.4-
5.0). Among patients w1th septum defects (ASD and VSD) the odds ratio increased t0 6.2
(Clgsy = 2.0-19.5). For truncus the odds ratio was 3.7 (Closy, = 1.9-7.4). Cedergren,
 Selbing, Kallen, (2002a) in their case control study found an increased odds ratio of 2.4,
(Closy = 1.4-4.2). - | |

~ Becerra et al. (1990) analyzed data from the MACDP dataset and found different results
for non-insulin dependent (NIDDM), insulin dependent (IDDM) and gestational diabetes
(GD) for CHD. For NIDDM they found a relative risk of 9.7 (Closw = 2.7-35.3),  For
IDDM mothers (n=28) they found a relative risk of 18 (Clgsy = 3.9-82.5). Relative risks
for specific defects (analysis by lcéion) for IDDM mothers were presented. For truncus
(n=2), the relative risk was 17.9 (Closy, = 2.4-132.6), for VSD (n=5) the relative risk was
20.2 (Clgsy = 3.8-108.1), for dextroéardia (n=1) the relative risk was 56.9 (Clgsy, = 4.1-
794.1) and for PA atresia the relative risk was 61.1 (Closy, = 4.7-791.3). For those with
GD (n=12) the relative risk for‘tru:zcus was 76.0 (Clgsy, = 6.8-843.9), TGA 57.1 (Close, =
'5.4-598.9) and VSD 32.6 (Clgsy, = 2.5-434.4). While the confidence limits are wide for all
the findings, these are strong point estimates with the lower bounds indicative of a risk.
However, the investigators took the lesion approach to CHD diagnosis. A second concern
is that with a case control study the exposure definition is retrospective and subjects may
have been misclassified. Additionally, if the mother did not report DM then her medical
record was not reviewed. The prevalence of GD was unexpectedly low. Additionally, the
authors could not measure metabolic control during the first trimester.

The BWIS group took great interest in this risk factor and studied it in a variety of
analyses. They reported results in 1990 which showed that overt maternal diabetes was
indicative for increased risk with odds ratio of 3.2 (Clssy; = 1.3-7.8) and in GD there was
‘an odds ratio of 1.5 (Clyge, = 0.9-2.2). For subgroups they found that for DORV there was
an odds ratio of 21.3 (Clgge = 3.3- 136.3), for truncus an odds ratio of 12.8 (Clgey = 1.4-
114.6), for TOF an odds ratio of 6.2 (Clgge, = 1.4;27.4) and for VSD an odds ratio of 3.5
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(Clggs, = 1.0-11.3). However, as they state in their limitations because of the rarity of
diabetes and the rarity of CHD especially by subgroup, the definitive study is very
difficult to conduct.

Loffredo, Wilson and Ferencz (2001c) reported more results of data analyzed
embryologically. They found that embryologically early CHD (defined as hierarchical
groups 1-3) was found to have an odds ratio of 4.7 (Clss, =2.8-7.9) associated with
diabetes. Laterality CHD had an increased odds ratio of 10 (Clgs, =3.7-27.0). An
association was also found between major cardiac outflow problems with TGA (OR=3.0,
Clssy, =1.1-8.7) and without TGA (OR=6.6, Cly,, =3.2-13.3). For complete AVSD the
association was 22.8 (Clgs, =7.4-70.5). On the other hand, Stoll et al., (1989) and Gev,
Roguin, Freundlich (1986) did not find an association between CHD and diabetes.

Prevalence of diabetes in females of reproductive age

Becarra et al., (1990) reported that the overall adjusted prevalence of IDDM in a
population of American women was 8 per 1000 and for GD it was 28 per 1000.
The CDC (1998) reported a prevalence of any diabetes during pregnancy for white
non-Hispanic women aged 20-24 of 17.8 per 1000 singleton live-born infants;
aged 25-29 of 24.5 per 1000 singleton live-born infants; aged 30-34 of 30.3 per
1000 singleton live-born infants; aged 35-39 of 41.3 per 1000 singleton live-born
infants and aged 40-49 of 56.1 per 1000 singleton live-born infants.

The overall diabetes prevalence in reproductive-aged women is necessary for later
comparisons. Warsy and El-Hazmi (1999) reported an estimated background
diabetes prevalence of 8 per 100 for reproductive-aged Saudi Arabian women
(table 1.4).

Table 1.4 Prevalence of diabetes mellitus in Saudi Arabian
women of re ro_ductlve age

b

3 .
AL
Sl

14-29 T 0.320 | 0.087 0.420
3044 0.265 5.030 1.552
Total 0.585 6.017 1.972

Maternal diet
Although the relationship between maternal diet and CHD would be an interesting area of

study, only one team has tried to look at it and their work is more than 40 years old. Pitt
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and Samson (1961) found that control infants had more grams of protein (72 gm as
compared with 59 gm) in the maternal diet than those of the CHD children and more

calories (2453 to 1989). Control mothers also consumed more mg of iron (10.7 mg
compared to 8.6 mg), more Vitamin C (86 mg compared to 57 mg) and more niacin (12
mg compared to 9 mg). However the sample size was very small with only 11 cases of
CHD out of a total of 99 congenital malformations and a control group of 99.

In 1976, Stein and Susser produced results from an ecologic study investiéating problems
of the central nervous system related to the famine of September, 1944 to May, 1945 in
Western Holland. During this penod of the war the pfﬁcial rations were as little as 4 to 5
hundred calories per day. They found a relative risk of 2.0 with eight cases of spina bifida
- and hydrocephalus where four were expected. It is likely that severe birth defects 'likc'
spina bifida and early embryological congenital heart defects are different manifestations
evolving from the same mechaniéms which could arise from early insults such as

inadequate diet.

The BWIS group collected data on maternal diet and promised in their 1993 effort to
analyze it. To date, only Scanlon et al.’s (1997) report lookmg at folic acid, described
below, has been published from the BWIS data source

Caffeine | o '

Rosenberg (1982) lboked unsuccessfully for an association between CHD and caffeine
containing beverages. However, they considered “use of caffeine—containing drugs” as a
confounder rather than adding it to the estimate of exposure. The BWIS group did not
find an association either (Ferencé et al., 1993).

Maternal multivitamin use o
Related to diet is the issue of mateinal multivitamin use. Botto et al. (2000) found that
maternal multivitamin use was protective against CHD. This study defined CHD
hierarchically. However, they did not attempt to control for background adequacy of the
mother’s diet. From a population of 113 mothers who used peri-conceptional multivitamins
and 1,179 mothers who did not, they found a reduced odds ratio for all heart defects of 0.8
(Closy =0.6-1.0), TGA 0.4 (0.2-1.0) and VSD 0.6 (0.4-1.0). In the same group’s 1996
publication they found a decreased risk with peri-bonceptional use for isolated truncus and
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 for those with TGA. They found in the earlier study that timing of use was essential with
“only peri-conceptional and early use being protective.

Folic acid , . .
Scanlon et al. (1997) in their analysis of the BWIS data found that if adequate diet was
provided then in defects of the outflow tract (hierarchical group 2) there was no difference
in those who consumed supplemental folic acid =400 mg per day and those who did not
1.0 (CI,,%=O 5-22).

Homocysteine _
- Kapusta et al. (1999) showed in a case control study among a population of 27 Dutch
mothers of 29 children with CHD recruited between June 1996 and September 1997 that
fasting hyper-homocysteineinia was more prevalent in CHD mothers 3 to 6 months aﬁer
delivery than in non-CHD mothers (OR = 5.1, Clys=1.8-14.4). However, horriocysteine
was measured after the CHD diagnosis in the infant. Since homocysteinemia levels are
stress related the mother of a child with CHD might be predicted to have a higher level.

" Ina study of avian embryos, Rosenquist, Ratashak and Selhub (1996) demonstrated that
an increase in homocysteme mcreased the risk of VSD. Twenty-three percent of embryos

suffered VSD aﬁer an exposurc toa teratogemc dose of homocysteine.

Nausea during pregnancy

Boneva et al. (1999) found that early onset, daily frcquency and long lasting nausea
during pregnancy were associated with a lower odds ratio for CHD (0.8, Clgsy%=0.7, | 1.0).
In fact, women with any nausea who took any medications, or Bendectin in particular,
were found to be protected against CHD. For Bendectin there was an odds ratio of 0.7
(Clgse=0.5, 0.9). '

PREVIOUS PREGNANCY CHARACTERISTICS

Pregnancy losses/spontaneous abortion

In a BWIS analysis, previous stillbirths and spontaneous abortion were found to be
associated in a population of infants with Type B IAA without DGS (Loffredo et al.,
2000) with an odds ratio of 9.4 (Clgsy=1.3-53.1). Pradat (1992b) however found no
associations except in the fruncus group with an odds ratio of 3.9 (Clesy=2.0-7.6) and an
overall odds ratio of 1.2 (Clgse, =1.0-1.5).
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Stillb!rths
Pradat (1992b) found an association between stillbirth and all CHD with an odds ratlo of

1.9 (Clgse 1.2-3.0). Loffredo et al., (2000) reported in their study of IAA that pnevmus
stillbirth was assoéiated with an OR of 4.6 (cxgg% =1.2-3.0) for all IAA (n=46) and an
odds ratio of 7.5 (Clssw =1.7-32.7) for Type B cases. Tikkanen and Heinonen (1992)
found a strong significant result with ASD of an ddds ratio of 265 (Clgsy=34-546).

ENVIRONMENTAL FACTORS

Hair treatments

Blackmore-Prince et al,, (1999) looked for a relatmnshlp between chemical hair
treatments and outcomes of pre-term dehvery and low birth weight and could find no
. association. The study was of 188 preterm infants and 156 low birth weight infants from .
123 mothers. Controls were 304 women who delivered term and normal birth weight
infants. The mothcrs were African-American who delivered in North Carolina, USA. In
analyzing the BWIS dataset Kueh! and Loffredo (2003) found that mothers who used hair |
dyes in the plus and mws 3 month window period had an odds ratio for ¢-TGA of 3.7
(Clgsss= 1.6-8.5). After the Ivemgrk syndrome  infants were removed the odds ratio
strengthened to 5.6 (Clgsy= 2.3-13.7). For severe PV stenosis an association was identified '
with an adjusted OR of 3.7 (Cloge = 1.5-9.0). |

Maternal iliness
Analyzing data from the Atlanta Birth Defects Case-Control Study conducted in 1982-83
(which is part of the MACDP) Botto, Lynberg, Erickson (2001) found an increase in the

_ risk of non-syndromic heart defects for any mspiratofy infection with fever with odds
ratio of 1.9 (Closs =1.4-2.6). The result for all heart defects was an odds ratio of 1.8 (Clasx
=1.4-2.4); and for all right obstructive defects 2.7 (Clos=1.2-4.2). For TA the odds ratio
was 5.2 (Closy=1.3-20.2); for 4 thenosis it was 6.9 (Closs=1.0-14.8), for COA it was 2‘7,
(Clos%=1.2-6.0) and for VSD it was 1.8 (Clgsy=1.1-2.9).

Influenza

Ferencz et al. (1997) found associations Bgtween influenza and CHD for a variety of
CHD sub-types. For right-sided outflow tracts they found an odds ratio of 2.7
(Cles%=1.2-6.0) and for PV stenosis the odd ratio was 2.5 (Clesw=1.3-4.6). Also, for
those with TA they found an odds ratio of 4.3 (Clgsy=1.9-9.8).
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Epilepsy
Although Ferencz et al. (1997) found associations between matemal epilepsy and

CHD for COA with an elevated odds ratio of 6.5 (Clgs% —1.8-23.0) the risk for
epilepﬁc mothers and the medications associated with that disease have been difficult
to assess because of the rareness of the disease. However, Pradat, (1992b) found 9
cases of CHD from 1,324 cases with epilepsy versus zero cases of 2,648 controls.
Cedergren, Selbing, Kallen (2002b) found an association between antiepileptic drugs.
and CHD with 3 of 269 cases'havi.ng exposure and none of the 524 referents having
exposure. But Stoll et al.,, (1989) found that 0.4 percent of case mothexs and 0.4
percent of control mothers had epllepsy

Thyroid disease

Similarly, thyrold dlsease is difficult to explore as a risk f&ctor Cedergren (2002)
found a suggesuon of elevated risk with 3 of 269 cases versus 2 of 524 controls
yielding an odds ratio of 2.9 with an insignificant confidence interval (Clss= 0.3-
35.4). Pradat (1992b) too found no association with thyroid disease but the case
numbers were extremeiy low: 3/1324 versus 1/2648. The BWIS group found that
thyroid disease was associated with an odds rétio of 3.0 (Clgsee= 1.2-2.7) for moderate

PV stenosis.

Medications
Ferencz et al. (1997) report several significant ﬁndmgs with nespect to medxcatxons
~ consumed in the critical pcnod

Benzodiazepines and Mea?onldazole

- These include an adjusted odds ratio of 3.3 (Clgs = 1.3-8.2) for TGA and an adjusted
odds ratio of 2.4 (Closy, = 1.1-5.3) for -TGA with use of benzodiazepines. For
metronidazole in 1-TGA they found an adjusted odds ratio of 5.5 (Closys = 1.1-26.8).
Similar significant results were found for VSD, TOF with PV stenosis, and left sided
obstructive defects.
Gastrointestinal medications
Gastrointestinal medications were associated with Ebstein’s anomaly in univariate
analysis with an odds ratio of 3.0 (1.1-8.5) (Ferencz et al., 1997).

67



Chapter 1: Introduction

. Antitussives , _ ‘ ‘

' For defects of laterality and looping Ferencz et al., (1997) reported an increased odds
ratio of 4.6 (Clssy, = 1.4-15.5). | |
Aspirin/ibuprophin
Loffredo et al., (2000), using the BWIS dataset, found that maternal exposure to aspmn
in Type B of IAA with DGS was significantly associated with CHD with an odds ratio
of 4.7 (Clgsy, = 1 .5-14.2). Ferencz et al. (1997) found that for TGA with intact VSD the |
odds ratio was 2.5 (CIgs%=1.2-4.S); for BAV they found an odds ratio of 3.8 (Clgsy, =
1.7-8.6), for membranous V8D they found an odds ratio‘ of 1.5 (Clgsy, = 1.0-2.3) and for
AVSD an odds ratio of 2.5 (Clysy = 1.4-4.3). Mothers in the AVSD group had taken the
ibuprophin for menstrual pain with their last menstrual period. '
Sulfonamide
In urmary tract infections treated with sulfonamxde Ferencz et al, (1997) found in
increased odds ratio for defects of laterality and looping of 7.5 (Closy = 2.1-26.6).

X-ray exposure-

Stoll et al. (1989) were not able to demonstrate an association between expdsure to x-rays
" and CHD. However, Bassili et al,, (2000) identified an association between maternal
irradiation until the eighth week of gestation and increased risk of CHD with an odds
ratio of 6.5 (Clysw = 1.4-44.0),

Maternal smoking | | |

Kallen (1999) identified maternal smoking during ﬁregnancy as having an association
with three sub-diagnoses: fruncus, with odds ratio of 1.2 (Clos=1.0-1.5); TGA with odds
-ratio of 1.3 (Clgs%=1.0-1.7); and ASD with odds ratio of 1.6 (Clys,=1.0-2.6) in a case
control study of 3,384 cases of CHD from a population of 1,413,811, She did not
demonstrate a dose response but the analysis was controlled for year of birth, maternal
age, parity and educational level. It was not controlled for maternal diabetes, epilepsy,
rubella infections or alcohol use. However, neither Stoll et al., (1989) nor Pradat (1992b)
were able to find an association between maternal smoking and an increased risk of any
type of CHD. |

Paternal smoking
Zhang et al. (1992) looking at birth defects in general found a modest effect for smoking '
between 1 and 20 cigarettes per day with an odds ratio of 1.2 (Clssy = 1.0- 1.5) in a case
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control study using data from the Shanghai Birth Defects Monitoring Program. From
1986 to 1987, 1,012 cases and 1,012 controls were recruited. They limited the time frame
of exposure from 28 weeks gestétion to 1 week postpartum and obtained exposure
information of paternal smoking from the mother. Savitz, Schwingl, Keels (1991)
- however could not demonstrate an association with paternal smbking (or alcohol

consumption).

Pesticides'! (includes insectcides, rodenticides, herbicides)
 Correa-Villasenor et al., (19913) found that pesticide use was associated with TAPVR
(OR=2.1, Clgo = 0.82-5.2); when coupled with fannhal ECM the odds ratio increased to
6.3 (Cloey = 2.2-18. l) and with famlhal cardiac disease it increased to an odds rano of
- 19.1 (Clogy, = 3.6-102.0). W;th both familial ECM and familial cardiac disease it

increased even further to an odds ratio of 58.3 (Clsew = 5.1-662.8). Loffredo et al (2001b)
analyzed the BWIS data and found that TGA was associated with the use of rodenticides
and herbicides. The odds ratio for any exposure to pesticides during the critical penod
was 2.0 (CI95% = 1.2-3.3). In multivariate analysis: herbicides were assocxated with TGA
with an odds ratio of 2.8 (Clos = 1.2-6.9) and rodenticides with an odds ratio of 4.7
(Clgsy, = 1.5-14.2), An earlier study by Adams et al., (1989) had used the agricultural
trades as a proxy for pesticidés use for truncus and found an odds ratio of 16 (Clgss, = 3.1-
85.5).

Maternal occupation

Interest has been raised in maternal occupational exposures. While Stoll et al., (1989)
could not find an association, the BWIS found several. Thcy found an assoclatxon for
TAPVR with maternal exposure to soldering (as a proxy for lead) of an odds ratio of 15.5
(Clgos, = 2.0-122.7) and maternal exposure to paint and paint stripping materials (as a
proxy for lead) with an odds ratio of 3.0 (Cloo = 1.1-7.7) (Correa-Villasenor et al.,
1991a). Exposure to organic solvents was found to increase the risk of TGA with an odds
ratio of 3.2 (Closx = 1.4-7.1). And maternal use of arts and crafts increased the risk of
IAA, type B without DGS to an odds ratio of 4.8 (Clysy = 1.3-17.4) (Loffredo et al,,
2000). Tikkanen and Heinonen (1990) investigated chemicals, dyes, lacquers and paints

"' Rodenticides (includes pellets, powders or food imitators but not traps). Herbicides kill weeds.
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| -and found associations with conal septal malformations (TOF, TGA, truncus, DORV and

- PV atresia) with an odds ratio of 2.9 (Clgsy, = 1.2-7.5). In a second publication in 1992
they showed an association with ASD II with an adjusted odds ratio of 1.9 (Closx = 1.1-
3.4). However, Cordier et al., (1997) could not demonstrate an association between
maternal exposure to glycol ethers and endocardial cushion defects, septal defects,
malformations of the cardiac outflow tract, HLHS or valve anomalies. However, their
analysis was lesion-based and they limited their cases to those identified within the first
week of life. Cornea-Vlllasenor et al. (1993) found an association between Jewcllcry}
making and ASD II with an odds ratio of 12.6 (Closy, =2.3-68.6).

Anesthetlc gases _

~ In an early study Pharoah et al., (1977) found that the prevalence of malformations of
the heart and great vessels reported for offspring of women anaesthetists was 13.8 per
1000 versus 3.6 per 1000 for other physicians and 6.6 per 1000 for the National Child

‘Development Study background population. The data were collected on the outcome
of 5,700 preghancies to women physicians first registered in England and Wales in
1950 or later. However, their exposure information was completely self-reported and
they used a reference control population. Furthermore, their response rate was only 72

percent. Nevertheless, the respondents were all medically trained and data on all
participants’ pregnancies were collected.

Paternal occupation | | ,
Olshan, Teschke and Baird (1990) reported an increased risk for certain CHD in children
whose fathers were ﬁre}-fighters as compared to controls or policemen although no
- hazardous exposure measurement was made. They used the Clark group “flow lesions”
and found an odds ratio of 4.0 for VSD (Clgsy =1.3-12.2) and 5.7 for ASD II (Clyss =1.2-
28.0). The study was a linkage effort and as such left many questions unanswered such as
the fact that there weré only 281 live births to firemen in 21 years and the policemen were
recorded as having had three times as many births. Also, since ASD II runs in families
(Bizarro et al., 1970) the authors should have noted that they only included one case per
parental pair. Additionally, there was no measurement of the hazardous exposure load.
Bassili et al., (2000) found an adjusted odds ratio of 1.2 but the confidence limit crossed
one for paternal occupational exposures to all CHD (Closy, =1.0-1.6). |
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Air pollution

Ritz et al. (2002) found in an ecologxcal study that matemal exposure to ambient air
pollution increased the risk of isolated aortic artery and valve defects with an odds ratio -
of 2.7 (CIgs% = 1.2-6.1). A dose response for VSD was found to exposure to carbon
monoxide in the second month. They found that at 1.1-1.6 ppm the odds ratio was 1.6
(Clysy=1.1- 2.5); at 1.6-2.4 ppm the odds ratio was 2.0 (Closy, = 1.1, 3.7) and >2.3 ppm
the odds ratio was 3.0 (Clssw=1.4, 6.1). In a multiple-pollutant model they found in the
group eip{)sed to greater than 2.9 pp:h of ozone an odds ratio of 2.9 (Clgs«=1.0, 8.7).

. These odds ratios were adjusted for decade of birth, infant sex, maternal race, maternal
age, single versus multiple birth, parity, prenatal care, maternal education and season of
conception. | - |

* Water contamination ,
Bove et al. (1995) identified an increased odds ratio of 2.8 (Clsw=1.4, 6.1) for major
~ cardiac defects and VSD in 6 cases where there was a level of 1,2-dichloroethane that was -
- above the contaminate level. Goldberg et al., (1990) found in an ecologic study in
Arizona in the south west of the United States that 35 percent of children with CHD
| (n=707) had exposure to water contaminated with trichloroethylene, dichloroethylene and
~ chromium versus 10 percent of the two control groups. Additionally, after the clean-up
the propomon of CHD in those areas reduced to the average for the area.

Environmental polmﬂon :

Abushaban et al., (2004) found that the annual incidence per 10,000 live births of CHD
inéreased, from 40 pre—ihvasion_ to 103 post-liberation (p<0.001) in Kuwait. They
attributed this increase to the oil fires that burned for 10 months in 1991 in that area.
However they were not able to distinguish between those moihers who remained in
Kuwait during the invasion by Iraq and those who left. They were also unable to identify
those babies with PDA of prematurity.

SOCIO-ECONOMIC CHARACTERISTICS

Residence ‘

Bassili et al. (2000) found that semiurban residence was associated with an adjusted odds
ratio of 1.5 (Closy =1.2-1.9). Rural residence was associated with an increased adjusted
odds ratio of 3.0 (2.3-4.0). Cedergren, Selbring, Kallen (2002b) found that rural residence
was associated with an increased adjusted odds ratio of 1.4 (Clgsy, =1.1-1.8) for one of the
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two groups studied however city residence showed elevated risk for the reference

counties (OR= 1.3, Clyso, =1.1-1.5).

1.5 Consanguinity and health

1.5.1 Consanguinity

This definition of consanguinity is the one geneticists use — marriage to a blood relative.
Using a schematic diagram, called a phylogram, consanguineous relationships can be
described without ambiguity. Anthropologists have used this method to describe the
general endogamous and exogamous marriages allowable within a society and geneticists
have used the phylogram (aka as a pedigree) to identify disease affected and unaffected
members of an extended family. This project has used the phylogram to help mothers

identify their relationship to their spouse to avoid misclassification bias.

Using the phylogram to document consanguinity

This first example (figure 1.4) uses the phylogram nomenclature to describe a non-
consanguineous partnering. X represents males and O represents females. Figure 1.5 is
of patrilineal first cousin marriage. Double cousins occur when a sibling pair marries a
sibling pair (figure 1.6). Figure 1.7 shows that two brothers (the X’s in Generation II)
have married two sisters (the O’s in Generation II). The double cousin marriage is as
close genetically (F=0.125) as uncle-niece marriage which is not seen in Saudi Arabia or
any Islamic society. Additionally, other marriages which are closer than first cousin are
allowed. For example, figure 1.7 presents a child whose parents are triply related: (1)
first cousin once removed (Oija3, Oura2, Xima2); (2) first cousin once removed (Oyps, Xy,
Ouira1); and the parents of Oyy, are first cousins (figure 1.7).

Figure 1.4 Example of a non-consanguineous relationship between Generation Ill X and O
with offspring in Generation IV

Generation Couple A Couple B
I Or + X, S0 Xz e Four couples: A-D.

e Each couple has at
I Xa Oy Oq4 least one offspring.

¢ X, marries Oy and X,
11 X e marries Oy
v Offspring e X is not related to O.

¢ Offspring of X and
O is the product of a
non-consanguineous
relationship.

Offspring has 8 biological great-grandparents (the maximum). (O, .X, Og+ Xz, Oc+ Xc. Op+ Xp)
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Figure 1.5 — Example of a first cousin relationship between Generation Ill X and O with
offspring in ion IV

Generation Couple A e Three couples: Couple A-C.
o= e Couple A has at least two offspring. X;
1 P Ox 0 Xy and X, (brothers).

e X, marries a non-relation O, and Xp
II 0] Xai Xa2 O, | marries a non-relation O.. (Couples A, B
and C may of course have other offspring.)

e X, a son of X;;+0, marries O, a daughter

III X O of Xaz+oc.
‘ e The parents of Offspring are patrilateral
v Offspring first cousins.

Instead of 8 great-grandparents (the maximum) Offspring (Generation IV) has 6: (O4 and X, Og and Xg and Oq
and Xc)

Figure 1.6 Example of a double first cousin relationship between Generation Ill X and O
with offspring in Generation IV

Generation Couple A e Two couples: Couple A and Couple B.
e Each couple has two children. In this example they are
I DAL @) brothers, but they could be sisters or one boy and one girl.

The two brothers (X,; and X,;) and two sisters (Oy; and
11 Xai Xa2  Opr Omw2 Oyp) marry one of the other pair. (Couple A and B may of
course have had other children. Additionally, as many as
30 years of age could separate X,; and X, (or Oy; and
Oy,) if O were 15 at the birth of X, and 45 at the birth of
Xa2)

e An offspring of X3 + Oy, marries an offspring of X, +
III X (@) Oz -

T i ins.
v Offspring e The parents of Offspring are double first cousins

Instead of 8 great-grandparents (the maximum) Offspring (Generation IV) has 4: (X, and O,) and (X3 and Og)

Figure 1.7 Example of a triple cousin relationship between Generation Ill X and Generation

IV O with offspring in Generation V

Couple A e Couple A has 3 (or more)
o o, children. Xja1, Onaz, Onas
I + X + o +2 +2 e They marry non-related Oy,

X, Xg, respectively.

. Offsprmg Olllal, Xmaz, Xirtas.

® Orvai is offspring of Oyai and
X2

I O + X a2 a3 ¢ O 1var marries Xpas
e The parents of Oy are
related in two ways and the

v Oval parents of Oy are first
cousins.

II Oy + X Om2 + Xe Oms + Xy

\Y Ovy

Instead of 16 great-great-grandparents (the maximum) Offspring (Generation V) has 8 (Generation I). Instead of 8
great-grandparents (the maximum) Offspring (Generation V) has 6. There are three relationships: 2 first cousins
once removed and mother’s parents are first cousins.
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Or, conversely, the relationship can be less close because of the acceptance of polygamy,
divorce and remarriage as in figure 1.8. X and O in generation III are half-first cousins.
The offspring has 7 rather than 6 great-grandparents. Half-first cousins once removed,

half-second cousins and so forth also exist.

The schematic development process was iterative. The four examples of full first cousins
and the two examples of full double first cousins were drawn firstly.'? Following this as
the phylograms were collected new patterns were added to the schematic. Whenever a
new phylogram was brought in it was compared with the old and assigned a number.
Figures 1.4 to 1.8 are therefore real patterns as well as theoretical. Over 3000 phylograms
have been collected as a consanguinity sub-project (Sandridge, 2005).

Some examples found in the sub-project helped avoid problems in collecting the data for
this project. For example, problems in translation where a couple defined themselves
verbally as “first cousins” but through the phylogram they revealed a different
relationship such as third cousin but the partner was the “first” born. Another example is
the “milk cousin” phenomenon referred to in the passage from the Qur’an quoted in

Section 1.1.3 where the persons are not related by blood but would describe themselves as

Figure 1.8 Example of a first half-cousin relationship between Generation Il X and O with
offspring in Generation IV

Marital Unit A
e Marital Units A-C. Marital Unit A is
one man who has been married twice

and has had children with both women:
Xa1 and X,,. They are half-brothers.

B OIS A e 8

II Op Xai Xa e X, marries a non-relation Oy, and X,
marries a non-relation O.. Unless
specifically asked, X,; and X, will not
mention that they have different
mothers.

111 X O e X, a son of X;+0O, marries O, a
daughter of X,+O..

vV Offspring e Offspring’s parents are patrilateral
half- first cousins.

Instead of 8 great-grandparents (the maximum) Offspring (Generation IV) has 7: (Oa;, Xa and Oa; Og and Xg and
Oc and X¢).

'2 First cousin 1) matrilateral, 2) patrilateral, 3) crossed, 4) crossed crossed; 5) double first cousin, and 6)
crossed double first cousin.
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h hsuch; Milk siblings are created when two beople are breastfed three times by the same
woman. This makes them siblings (unable to marry) and their children cousins (milk
_ cousins) who, naturally, are allowed to marry. Unless specifically asked, the milk cousins
would define themselves as consanguineous. |

The alternative to the phylogram - hard coding

The alternative to the vphylogram is hard-coding the response at the point of contact or
possibly even from the medical record. The question would be asked, “Are you related to
your spouse in any way besides marrié.ge,” and the response would then be coded to one

of the choices in figure 1.9.
Figure 1.9 Example of a hard coded consanguinity question
Consanguinity -
O Not-related | O Second Cousin
O First Cousin - O Other related

Other codes (such as first cousin once removed) could be included for more detail
however it appears that the onus is on the interviewee to relay to the intgrviéwer the
correct category. My research has indicated that Saudi Arabians, while they know they
are related to a relative, do not have the ;Srecise category in mind and therefore need an
instrument to describe the relationship accurately. The phylogram provides the assistance
 needed in identifying the category to which the couple belongs. |

Genetic studies _
Genetic studies are certainly also possible to determine the relationship between two
parents. However, in Saudi Arabia they are not culturally appropriate.

Interest In consanguinity as an epidemiological risk factor

Animal breeding indicates that inbreeding yields genetic strengths as well as genetic
weaknesses (Patterson, 1991; Pyle, Paterson, Chacko, 1976). In humah society marrying
- relatives was widespread until as recently as 120 years ago. In the United Kingdom, the
practice was accepted under Roman Catholic law until the eleventh century after which
time papal dispensations were required. After a period of prohibition, it was formally
approved shortly after the succession of Queen Elizabeth I in 1558, Currently, although it
is legal in the UK, it is not common practice (Ottenhiemer, 1996).
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In the United States inbreeding at least at the level of first cousin is prohibited in 31 of the

- 50 states (Ottenheimer, 1996). In Europe, though legal, the pracnce comes under pubhc
scrutiny. In Britain this may have been expressed by proposed changes in immigration
laws (BBC news, 2004). An advantage associated with marrying a relative found in the
Japanese culture (Schull, and Neel, 1972) and the Hindu society of Andhra Pradesh
(Dronamraju and Meera Khan, 1963; Govinda Reddy, 1988) was maintenance of family
property. Khlat et al, 1986 found psycho-social benefits mcludmg famlhal unity,
decreased pressures on the new wife in her new home, less abusc against women and a
stronger marital bon_d with less risk of divorce. Jaber, Shohat, Halpern (1996) reported
also that there was greater compaﬁbility of the bride with her husband’s family and found
that pmperty retention were also important reasons. However, consangunmty has also

been accused of preventing efforts of “national building” (Sailer, 2003) by enhancing '

‘ political unity among the family and the clan (Barth, 1954) rather than shifting the
strength of the alliance to the electé;d government. Ottenheimer argués that marriage .
between relatives allows the effective transmission of the culture of a group from
generation to generation thereby creating social stability (1996)'which in a period of
turmoil and change could have collateral bencﬁts No recent, comprehensive surveys
have been conducted to investigate the reasons for choosing to marry consanguineously.

* Nonetheless, concern has been raised over the practice in the Middle East. The main
genetic implication of inbreeding is that there could be an increase in the birth rate of
homozygotes for recessivély inherited Mendelian characteristics in relation to the gene
frequency which .could bring about a decrease in the overall fitness of the population
(Khoury, Beaty, Cohen, 1993), For the Middle East the concern has been expressed that
because they are isolated that they suffer greater from genetic diseases not only because
of genetic drift, but possibly founder‘cffect and inbreeding (Khoury, Beaty, Cohen, 1993).

1.5.2 Diseases studied | | |
‘The search for literature on consanguinity and health with specific reference to Saudi

Arabia was systematic. Using the key words “consanguinity” and “Saudi Arabia” 134
articles were identified. Of these, 16 were relevant, but many which were known to ALS
were missing. Searching by the keyword “consanguinity” returned 7268 articles.
Therefore it was decided to refer to a compendium by Bittles (1998), one of the experts in
the field of consanguinity, of relevant articles. From this collection of articles, 10 diseases
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‘(plus CHD) were identified as potentially.revealing information about consanguinity.
Once the 11 disease areas were identified each was searched individually

‘_ (“Consanguinity and CHD”, Consanguinity and reproductive wastage”, etc.) to identify
relevant articles. Table 1.5 reports the results of these searches. Please note that not all |
articles were identified through the search strategy. Additional articles found via other
sources, including Bittles, were included as appropriate. A detailed description of these '

studies can be found in Appcndi_x E.

Table 1.5 Searching strategy for literature concerning relationship
between consanguinlty and disease

Disease Search | Suspected to be relevant | Reviewed in
- | results | after review of abstract this Thesis
CHD _ 186 14 14
Reproductive wastage, fertility, stillbirth 10 8 14
Under 5 mortality 338 9 2
Hearing loss 288 8 5
Cognitive disability THE 4 5
Down syndrome 73 12 6
Sleep apnea - I 14 1 1
Malformations® : 560 10 10
Pre-Reproductive death - 17 2 4
Schizophrenia 47 4 3
Breast Cancer 16 3 -2

* Initial search returned 2206. After limits applied reduced to 560.

Reproductive wastage, fertility, stilibirth, infant mortality

In a cross-sectional study of 2007 couples randomly selected from the entire Jordanian
 population, Khoury and Massad (2000) found that stillbirth was more frequent in

consanguineous couples (contrdlled fdr year of marriage) than in non-consanguineous
~ couples with 11 per 1000 live births versus 6 per 1000 live births (p< 0.05). The
consanguinity data were well collected and the consanguinity itself was well-defined.

In a population collected by the Norwegian Registry, Stoltenberg et al., (1999) compared
629,888 non-consanguineous births to 3,466 births to related parents with the outcome of
recurrent stillbirth and infant death. The analysis was restricted to first cousin
consanguinity and the index case had to have a previous sibling bomn in Norway between
1967 and 1994. The method for determining the category of “first cousin” was not
described. For unrelated parents, the risk of still birth and infant death was 17 per 1000 if
the first child survived and 67 per 1000 if the previous child died before 1 year of age.
For first cousins the risk of early death was 29 per 1000 if the previous child survived and
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116 per 1000 if the previous child died. Analyées were adjusted for sibling number,
maternal age, mother and father’s educational level and year of birth. In an earlier study
Stoltenberg ét al., (1997) restricted the population to 7,494 children born to two parents of
Pakistani origin. These data were collected as part of a cross-sectional survey between
1967 and 1993 again in Norway. The authors found an adjusted elevated odds ratio of 1.4
(Closs=1.2-1.6) for birth defects in general.

In a study of perinatal, neonatal and post-neonatal mortality, Dorsten, Hofchkiss and King
(1999) found that among 1,777 singletons born from 1917 to 1988 to Amish families in
Pennsylvania, USA, that the more consanghineous the marriage the greater the chances of
dying during the first year for infants who survive the first week of life.

Jain et al., (1993) conducted a hospital based case control study in Pondicherry, India |
where they collected 400 cases and 1000 controls between 1988 to 1989 with the
endpoint of reproductive wastage. They found a relative risk of 2.0 but did not present
confidence intervals and their data were not independent as they accepted multiple
children from the same consanguineous union. Additionally; they did not define their
method for collécting consanguinity data.

Bittles, Grant and Shami (1993) performed a cross-sectional study of 9,250 families in
Punjab, Pakistan from 1979 to 1985. The stillbirth rate was 9 percent for double first
cousins, 4 percent for first bousins, 3 percent for first cousins once removed, 4 percent for
second cousins and 3 percent for those non-related. Their study was well conducted with
adequate exposure data. An earlier study by Shanﬁ. Schmitt and Bittles (1989) presented
dnté from 3,329 interviews conducted door to door in seven cities in the Punjab over the
period 1980 to 1983, It is not clear whether these data are a part of the later study. The
interviews collected information about labour and delivery. Using a regression equation
the authors were able to demonstrate that mortality under random mating was lower than
death ascribed to inbreeding measured as lethal equivalents per gamete (p<0.001). The
. authors were unable to control for SES and there was noticeable variation between the

seven cities.
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'A cross-sectional study of 5,007 randomly sélecmd women in Kuwait in 1983 (Al-Awadi
et al., 1986) was not able to demonstrate a significant difference between consanguineous

‘_ and non-consanguineous unions with respect to reproductive wastage.

Al-Abdulkareem and Ballal (1998) using a cross-sectional design of 944 ever married
female Saudis and 363 males found that there was no difference between consanguineous -
and non-consanguineous offspﬁng with the outcome reproductive v'vastagc. Looking at
pre-natal and post-natal mortality Al Husain and Al Bunyan (1997) could not demonstrate
a difference between consanguineous and ndn-consanguineous offspring in a cross-
sectional study of 2,001 women living in Riyadh married to Saudis aged 20 to 45 in 1993.
Bundey and Alam (1993) demonstrated in a prospective study of 4,934 children in
Pakistan an increased rate of post-neonatal deaths as compared to non-consanguineous
couples (1.85% versus 0.34%). ' '

Chitty and Winter (1989) demonstrated in a population identified from four hospitals in
the North West Thames region of the UK that Pakistanis had a peri-natal mortality
increased odds ratio of 1.39 (Clysy =1.1-1.8). The increase was due to a significantly
higher incidence of autosomal recessive disorders, neural tube defects and renal
malformations. In terms of prevalence it was a difference between 16 per 1000 in the
Pakistani population versus 11 per 1000 in the European population. However, only one
~ of the 4 hospitals collected data on consanguinity and the method of collection is not
discussed. '

Basaran et al,, (1989) in Turkey reporwd' increased rates of abortion, stillbirths, prenatal
losses and neonatal deaths in the consanguineous group compared to the non-
consanguineous. They studied 56,664 married couples collected from 1970 to 1988 in
three areas. In Iraq, Hamamy and Al-Hakkak (1989) reported on 233 families with
severely disturbed reprdductive bealth, 227 families with moderate levels of reproductive
wastage and 155 families with no reproductive disturbance and found that the inbreeding
coefficients of these three groups were 0.0358, 0.0241 and 0.0208, respectively.

In a case control study in Alexandria, Egypt, Mokhtar and Abdel-Fattah (2001) collected
data from 730 couples with a history of reproductive losses and 2,081 controls in the
period 1998 to 2000. In the 730 couples with reproductive losses, the proportion of
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consanguinity was 69 percent compared to 21 percent in the controls. However, this was a
particularly low rate as Basaran admits. Most studies from Egypt found a background
prevalence of consanguinity rangmg from 29 to 50 percent. In an adjusted analysis,
consanguinity between couples increased the relative risk of repeated abortion to odds
ratio 4.0 (Clysy =3.0-5.1); stillbirths to odds ratio 10.6 (Clgss, =6.7-17.0) and neonatal
death to odds ratio 17.2 (Clgss, =10.8-27.3).

Under § monallfy .

Hussain, Bittles and Sullivan (2001) performed a cross-sectional analysis from two
population surveys. Indian data of 5,447 infants from 1992-93 and Pakistani data of 3,993
infants collected from 1990 to 1991 looking at under S mortality. They found that there
was an increased risk for infants from consanguineous unions for early mortality. Only .
first cousm unions were analyzed, only singletons and only offspring from women |
married but one time were included. The rate for Indian infants was a relative risk of 1.2
(Clssy, =1.0-1.4) and for Pakistani infants it was 1.3 (Clgsy, =1.2-1.6). The method of
measuring consanguinity was not defined. |

Hearing loss

Hearing loss has been 'sﬁggeswd to be associated with consanguinity. Despite the
limitations of the studies conducted to date, the‘ preponderance of data suggests that some
proportion of sensori-neural hearihg loss is an autosomal recessive disorder. Its risk
therefore will be increased with consanguinity.

Zakzouk, El-Sayed and Bafageeh (1993) reported on results from Saudi Arabia. They
demonstrated in a random sample of 6,421 Saudis less than 12 years of age a relative risk
of 2.0 (no confidence limits presentéd) for sensori-neural hearing impairment associated
with consanguinity. The prevalence was 17 per 1000. However, the data were not
independent and multiple deaf children from the same consanguineous union were
“included. Additionally, the method for collecting data on consanguinity was not provided.
In a follow up study covering Saudi Arabia, Zakzouk (2002) tested 9,549 children up to
the age of 15 and found a prevalence of § per 1000. The second study found a lower
percent of children from first cousin marriages (19%). However, the study is again
hampered because independence of measurement was not discussed by the author.
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Bener, El Hakeem and Abdulhadi conducted a cross-sectional study of 2,277 newborns in’
Doha, Qatar in 2005 and determined that the overall hearing loss prevalence was 5.2
percent. Sixty-one percent of hearing loss cases were from consanguineous unions versus
only 25 percent consanguineous in the non-hearing loss group. However, the population ,
in Qatar is extremely mixed with less than 25 percent of the population being Qatari. The
other 75 percent are temporary and more permanent immigrants from across the globe but -
predominantly from other Arab countries (particularly Palestine) and Asia (particularly
the Philippines and India). Addmonally, hearing loss was not subdivided into congenital
versus environmental and results were not stratified by bilateral versus unilateral hearing
loss. Furthermore, this was a particularly low rate of consanguinity in the background
population. Bener and Hussain (2006) (and Bener and Alali, 2006) reported a background
prevalence of consanguinity of 54 percent (Clysy<52.3-55.7). |

Al Khébori (2004) reporwd on an Omani paediatric population; He collected data
retrospectively, from 1986 to 2000, on 1,400 Omani children who were suffering‘ severe
to profound deafness. The rate of consangmmty in the parents of the affected children
was 70 perccnt compared to a background prevalence of 53 perccnt

Ben Arab et al., (2004) performcd a cross-sectional study of 5,020 individuals in Northern
Tunisia and found 160 deaf children (3%). The risk associated with consanguinity was 10
. times with 62 percent of the children having parents who were first cousins or closer
~ versus 21 percent of the controls.

In the United Arab Emirates, Al-Gazali studied children attending classes for the deaf and
found that the level of consanguinity in the study group was 74 percent versus the
background rate of 51 percent

Serious cognitive and mild cognitive disablility

Ina cross-sectional, national household survey of childhood disability conducted from
1987 to 1988 in Bangladesh, Durkin et al. (2000) reported an odds ratio of 15.1 (Clysy,
=3.1-74.3). The method of consanguinity collection was not identified. The authors were
not able to distinguish between congenital serious / mild cognitive disability and acquired
cognitive disability. ‘
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Afzal (1988) measured cognitive behaviour using the Weschler’s Intelligence Scale for
Children in 566 randomly selected healthy 9 to 12 yeér old children from Bhagalpur,
India. The survey was conducted door to door and they found that consanguinity
(p<0.001) and locality (p< 0.001) independently affected IQ scores and locality interacted
with consanguinity (p< 0.05). However the IQ of the parents was not tested. In another
study conducted in India with 186 males, aged 13 to 15, the Raven matfices IQ test was
used (Agawal, Sinha, Jensen, 1984). The authors reported that there was more variance in
the first cousin grbup (p<0.01) thanv in the non-related group; The meaﬁ 1Q adjusted for
age and SES was 28 for first cousins and 34 for not related (p< 0.001). | '

In a cross-sectional study of 3,203 Arab children from grades 4 to 6 in Israel Bashi,
(1977) demonstrated that 12 year olds from double first cousin families showed higher '
variance in general intelligence tests, Arabic, Hebrew and Science. Outbred children
perforr’ned the best overall and offspring of double first cousins the worst.

Stein, Belmont, Durkm (1987) obtaincd frequencies of severe mental retardation (IQ less
than or equal to 55) (SMR) and mild mental retardation (IQ g{‘eater than 55 and less than
or equal to 70) from pilot surveys of severe childhood disability in eight under-developed
countries. Approximétely; 1,000 children aged 3 to 9 were surveyed in each location. The
study found that SMR children were mdre likeiy to be from consanguineous families and
that they had associated impairments. All mentally retarded children were from a lower
SES than comparison families.

‘Down syndrome

In 11,614 singleton births in Kuwait consanguinity was found to be significantly
~associated with Down syndrome (DS) after controlling for maternal age (Alfi, Chang,
Azen, 1‘980). The relative risk was 4.1 for consanguineous infants whose mothers were
less than 40 at birth and 5.0 for those consanguineous infants whose mothers were 40 or
older. Confidence intervals were not shown.

. Zlotogora (1997) reported that the rate of consanguinity in Palestinian Arabs was 44
percent with 23 percent between first cousins. His study was conducted on 2,000 families
who attended a genetic clinic catering to residents of Jerusalem and the West Bank. There
was not any significant difference between the rate of consanguinity in the population
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“with trisomy 21 (46%) versus the general population (44%). (Zletogora did not collect his
own background prevalence but relied on the theoretical data published three years earlier
" by Jaber et al., (1994)). The rate of consangmmty however in the populatlon with rare

autosomal recessive dlsorders was 93 percent.

Stoll et al., (1998) found a rate of 4.5 percent cdnsaﬁguinity in the cases of DS versus 1.2 .
percent in the controls (p < 0.01) indicating an association. The control population of

238,942 births were ascertained during the period 1979 to 1996 from the registry of

congenital malformations of the ‘Strasbourg area of France. The cases were 398 babies

delivered in Alsace, North-eastern France. |

In a study using data from the Latin-American Collaborative Study of Congenital
Malformations registry, a network of 114 reporting maternity hospitals distributed in nine
South American countries, Rittler et al., (2001) reported that congenital anomalies were
significantly associated with consanguinity. With respect to DS fhe effect appears to be

- confounded by maternal age. In Tui'key, Baéaran et _al., looked at 1,598 DS patients from
1,578 families. They found that the rate of coxisanguinity was lower among the parents of
the 21 trisomics than in the parents of the offspring without DS. In Bg&pt, Mokhtar and
Abdel-Fattah (2001) performed a case control study with 514 infants with DS collected
been 1995 and 2000. They found that in DS infants consanguinity greatly increased the
risk of CHD with an adjusted odds ratio of 7.5 (Clgsy=4.3-15.1).

: Apnea of prematurity

In a cross-sectional study of 597 newborns less than 37 weeks of gestation admitted to the
 ICU with apnea of pre-maturity Tamim et al., (2003) demonstrated that there was an
increased risk of 2.9 (Clysy, =1.3-6.4) for offspring from first degree consanguineous
relationships. Furthermore, they demonstrated that in multiple gestations in first degree
consanguinity the odds ratio was further increased to 4.4 (Clgsy =1.4-14.1). They
restricted their analysis to cases with no congenital malformations, sepsis or néurological
disorders. The data were collected from 1998 to 2001 in the Greater Beirut area of
Lebanon. The controls were not taken from the general population and the method of
pedigree collection was not described.
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All major malformations

Queisser-Luft et al. (2002) demonstrated with a populatlon based birth cohort of 30,940
from Mainz, German that the risk of all major malformauons, including chromosomal
was greater for those from consanguineous unions. They reported an odds ratio of 2.6
(Clssy% =1.7-4.0). The study considered all conceptions greater than the fifieenth week of
gestation, all induced abortions and all newborn infants. The study was thorough and the
data gathered from active surveillance however the method for collecting consanguinity

was not reported.

Shafi, Khan, Atiq (2003) reported that 29 percent of 123 Pakistani children with cleft lip
and/or palate (CL/CP) had a second major anbmaly. In this population, 74 percent of the
children were from a consanguineous union. By contrast, in the population of CL/CP
children without a second major anomaly only 40 percent were from a consanguineous
Sheiner et al., (1999) studied a pbpulatimi of 295 Bedouin Arabs mothers diagnosed with
a malformed foetus from the Negev Desert of Isracl from 1990 to 1996. Of these, 188 had
foetuses with severe defects and 107 had infants with mild defects. There was no
significant relationship between consanguinity and the severity of defects found in this
population. The method for pedigree collection however is not discussed and the authors
only used the “None”, “First cousins” “Other” categories.

Narchi and Kulaylat (1997) collected data on 18,146 live births occurring in one
institution in Al-Hasa, Saudi Arabia from 1987 to 1992. Of these, 607 infants had
congemtal malformations for a live birth prevalence of 33 per 1000. The prevalence of
consanguinity was 40 percent first cousins. Dcspxte the high prevalence of
consanguineous marriages the overall prevalence of congenital anomalies was not higher
than in other parts of thc world.

-In a cross-sectional survey of 2,033 married, parous residents of Dubai and Al Ain in the
United Arab Emirates, over 15 years of age, collected from October 1994 to March 1995
Abdulrazzaq et al., (1997) presented results on several outcomes including congenital
abnormalities. The authors did not state that the data were independent and the data
collection method for consanguinity was not defined. They found that congenital
abnormalities were more likely among the consanguineous with an odds ratio of 1.7
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(Clssy =1.5-1.9). They also presented odds ratios for mental retardatioq 1.5 (Clgsy, =1.2-
1.9), other neoplasms 1.5 (Closy =1.1-2.1) and chronic liver disease 1.7 (Closy; =1.3-2.1).
Consanguinity was pfotective for eye disease with an odds ratio of 0.6 (Clgse, =0.4-0.9).

Al-Gazah et al.,, (1995) pr&sented data on 16,219 consecutive live and stillbirths from
three hospxtals in Al Ain, UAE with the outcome of multiple congenital abnormahtxes
suspected or diagnosed up to 1 week. They found an elevated odds ratio of 1.7 (Closx
=].3-2.2) however again the data collection method was not defined and the data were not
~ stated to be independent.

Abu-Rezq et al. (1995) in Kuwait, reported in a letter his 'comparison' of 212 cases of

multiple congenital handicaps recruited from one tertiary.cafe hospital with 212 controls

- recruited from six general hb_spitals. They found that consanguinity was associated with
an increased risk of having multiple congenital handicaps (p<0.01). | g

- Sawardekar (2005) presented the profile of major congenital malformations in Oman.
There were 541 infants with major congenital malformations or éingle—system
abnormalities identified in the 10 year period from 1993 to 2002. The overall rate of
consanguinity was 53 'pergcnt but the consanguinity rate in those with major

malformations was 75 percent.

Pre-reproductive death

In another study of the Amish in the USA Khoury et al. (1987) conducted a case control
study of 211 cases of pie_-reproductive death ascertained between 1969 and 1980. These
early life deaths were compared with 213 live controls for differences in inbreeding
coefficients, congeniial malformations, and other factors. Data was obtained by linkage to
foetal death certifications obtained from the Health Department. Adjusted results showed
that offspring closer than second cousin were 2.4 times more likely to have a birth defect
recorded. Inbred offspring were 1.5 times likely to have a positive family history of a
sibling dying in the pre-reproductive period and inbred offspring were more at risk of
inter-uterine growth retardation. Of course, the results could be influenced by the
Hawthome effect whereby cases of pre-reproductive death are investigated more closely
for defects. |
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| ‘Govinda Reddy (1983) studied three socioeconomic levels in Andhra Pradesh, South
~ India. Members of the wealthier group mamed consangumeously more ﬁ'equently than
did the members of the poorer group. The consangumeous unions ‘were found to be more
fertile than were non-consanguineous unions. However, the child mortality was higher
among the offspring of consanguineous unions.
- One consequence of survival of inbred offspring to reproductive age is that more
recessive alleles could be released into the gene pool. Ober, Hyslop and Hauck (1999)
studied a population of Hutterites in the state of South Dakota, USA and found that there
was reduced fecundity in the more-inbred Hu.tterite' women indicating the presence of
recessive allcles that adversely affected either conception or peri-implantation loss rates -
in the population. However, completed family sizes were the same between the less
~ inbred and the more inbred women m the most recent cohort suggesting that there was
reproductive compensation among the more inbred women (probably due to cultural
expectations of family size). This reproductive pattern, the apthors suggest, results in the

maintenance of the recessive alleles in the populétion.

Breast cancer

Denic et al., (2005) looked for an aésociation between breast cancer and consanguinity
but were not able to find one. Over a 36 month period, consecutive female breast cancer
patients were recruited from the main cancer hospital in the UAE. These women were
compared to locally born Arab women without breast cancer matched by sex, age and
residence. The rate of consanguinity in both cases and controls was 29 percent. An earlier
study conducted in Pakistan (Shami, Qaisar, Bittles, 1991) reported that of a population of
20 patients with breast cancer, 15 of them were children of first cousins. However, there
was no control group, the sample was small and the data were collected opportunistically.

Schizophrenia

Ina group of schizophrenic patients at KFSH&RC, Chaleby and Tuma (1987) did not
show that consanguinity was a risk factor however the study was underpowered and the
control group was not tested to be free from disease. Also, the controls were chosen
because they accompanied the' patients to the hospital and were therefore assumed to be
of the same socio-economic status. Theoretically, it ié possible that in fact the

“companions” were household help and possibly not even Saudi Arabians.
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1.5.3 Prevalence of consanguinity

Table 1.6 presents a review of the literature of consangulmty prcvalence in Saudi Arabia.
In Appendlx 1D are further consangulmty studies that were reviewed to assess worldwide
prevalence, Bittles et al., (1998, 1994, 1993, 1991) have produced several comprehensive
reviews on the subject of consanguinity preva_lencé. There have been only 9 studies in
Saudi Arabia with the earliest one in 1987 and the most recent being this one. Estimates
of the prevélence in Saudi Arabia vary from 29 percent in a study of the companions or
visitors of people referred to KFSH&RC for schizophrenia (Chaleby and Tuma) to 52
percent identified in the Family Health Survey (Khoja and Farid, 2000).

Table 1.6 Review of the consan"gulnlty literature in Saudl Arabia with prevalence Indicators

Authors (Year) Region DC | FC |FC_1| SC DR | NC
% % _% % % %
‘1 [This study - | Riyadh: Cases S 23 12 7 5 48
' Controls 5 21 12 8 4 51
2 ja, Farid (2000) - {Riyadh 41 11 48
,894 women _ North 43 19 37
. South 38 10 . 52
East 48 9 51
West - 40 10 50
Total 4] 11 48
3 |Al-Abdulkareem, Ballal, (1998) Dammam 13 20 8 3 9 48
4 |Al Husain, Al Bunyan (1997) | Riyadh 1 27 11 2 10 49
|5 [El-Hazmi, Al-Swailem, Warsy, Al- | Saudi Arabia 26 15 16 57
Swailem, Sulaimani, Al-Meshari, Riyadh 30 13 18 61
(1995) Northern 18 17 17 52
' ' | North western 27 21 20 68
South western 26 12 12 sS4
- » Eastern - 4] 9 9 59
6 [Zazouk, (2002) . ‘
0540 children < 15 Saudi Arabia 22 23 b
Zakzouk, El-Sayed, Bafageeh (1993) Riyadh 19 28 53
6421 children < 12 from Rivadh
7 Ewdi-Wong, Al-Frayh, Wong (1989)| Riyadh 31 23 46
498 obstetric inpatients
I8 nius, Edressee, Swailem. (1988) Riyadh 52 3 11 34
=1,149 obstetric inpatients '
9 [Chaleby and Tuma (1987) All Saudi Arabia
143 schizophrenic patients ' 16 09 22 52
their companions 12 07 10 | 71

DC=Double first cousin, FC=First cousin, FC_l=First cousin once removed, SC=Second cousin,
DR=Distant Relation, NC=Non-Consanguineous.
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CHAPTER 2 Aims and Objectives

The two primary aims of this thesis are to describe, and to investigate risk factors for
congenital heart defects in a population of Saudi Arabian infants. Consanguinity is of
particular interest as a risk factor in this population.

To achieve these overall aims, my objectives are: ,
1. To use three of the six meta-nosologies to describe and analyie cases from the case-
cbntrol study and compare the results obtained in order to demonstrate that this
- Riyadh population of infants with CHD is comparable to other populations.

a.

Usmg the isolated versus parallel meta-nosology to describe Rlyadh
Registry data June 2002 to December 2004 '

Using the embryolog:cal meta-nosology the Riyadh Ragxstry data June 2002
to December 2004 will be compared to data published by the BWIS group.

~ Using the lesion analysis meta-nosology the Riyadh Registry data June 2002

to December 2004 will be compared to data published by EUROCAT.
Using the lesion analysis meta-nosology the Saudi Arabian Registry data
2001-2002 will be compared to data published by EUROCAT.

2. To estimate the rate of consanguinity in the control population by use of the
phylogram method. |
3. To conduct a well powered case control study to a high standard in Saudi Arabia,
4. To thoroughly document the results of the mvestlgatlon
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CHAPTER 3 Methods

3.1 Study design ,
The study was an interview-based unmatched case-control study of risk factors for all

structural congenital heart defects in Saudi Arabian children resident in Riyadh. The

primary exposure of interest was consanguinity (up to and including third cousin).

3.2 Study setting
- The study was conducted in Riyadh, the capital and largest city in Saudi Arabia.

3.3 Source of cases : .
Cases were recruited from a registry of CHD housed within the King Faisal Specialist
Hospital and Research Centre (KFSH&RC), a tertiary care 600 bed facility with, as of
2004, 9000 staff, Estabhshed in 1975 the mission of KFSH&RC is to provide specialized
medical care for Saud1 Arabian cmzens reducing the need for treatment abroad.

3.3.1 CHD Registry |

In 1998, the first step towards a national registry for congenital heart defects was
established at KFSH&RC and it was this registry which provided the cases for the study.
From 1999 until 2002 ALS was the registry’s epidemiologist and was responsible for
design and analysis of the data. When more than one member of an immediate family was
registetéd (two siblings or parent and sibling) a family number was assigned so that
independence of measurement could be guaranteed in research studies.

It was estimated that approximately half of all CHD cases in Riyadh were registered by
the CHD registry. Cases were registered actively by in-house trained native Arabic
speaking CHD registrars who visited the specific areas of the hospital to register cases
and interview families.

The registration process had five components: case finding, case interviewing, diagnosis,
subsequent treatment and follow-up.

Case finding
Registrars found cases through visits to the following areas of the hospital:
* Poly clinic - an outpatient clinic available freely to every Saudi Arabian.
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e Paediatric Section of the Cardiology Department — an outpatient clinic to which
one gains access either by referral from one of the PHCC in the country or by
direct admission. | |

e Wards — CHD cases were directly admitted to two wards (Al and C2).
Admissions occurred in the case of extremely sick infants, particularly newborns,
via the Social Services Department which has established links with Obstetric
Departments fhroughoxit the country or the Emergency Room.

o General Paediatric Department - some cases with minor defects were identified in
this way or cases with Down syndrome. |

. Neo-Intensive Care Unit - some infants were sent directly after birth prior to

surgcry or after surgery.
e Cardiac Surgery Ward - those cases immediately sent to surgery from admrssxon

Ona monthly basis registrars addltlonally reviewed the hospltal’s death file for potentlal
registrations. If a case was referred to the registry with a confirmed diagnosis of CHD and
died before contact then the case was registered. |

Case interviewing for the registry

After registration, the registrar would interview a parent of the case. Optimally, the
interview occurred at the same time as registration but sometimes a case was missed. This
interview consisted of approximately 20 questions relating to name, contact information,
nationality, sex, date of maternal birth, date of pat#mal birth, prematurity, diabetes,
family history of CHD (including inclusion of family number where applicable) presence
of maternal rubella during pregnancy, prenatal diagnosis, assisted conception and parental
consanguinity with phylogram.

Diagnosis

Diagnosis was recorded directly from medical records abstraction with the assistance of
the registryfs paediatric cardiologist, as required. Case records were not abstracted until 3
months following registration in order to allow definitive CHD diagnosis to be made.

Treatment
Registrars collected treatment data as the case returned to the hospital for surgery et
cetera, and then for follow-up on a 3, 6 or 12 monthly schedule.
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Follow-up | 4
For patients who did not return to clinic for three years a system of telephone follow-up

was instituted to document outcome (especially survival) from CHD.

Timing of interviews for the Case Control Study

The interview conducted by the CHD Registry was not detailed enough for this case
control study. Therefore the CHD registrar was rcsponmble for reporting to the research
assistant the medical record number of all cases who met the stud)} criteria (new

~ registration, age, nationality, and residency in Riyadh). Ideally case control interviews
were conducted at regxstratlon, or at least between thc case finding and diagnosis phases.
To minimize missed cases due to death interviews were conducted presupposing that the

initial diagnosis of a structural_ CHD was correct.

Some cases were not interviewed within the first three months following registration due
to logistical problenis. The primary lbgistical problem was that if the research assistant
was not available to conduct an interview it was difficult to convince mothers to retum to
clinic if they did not have a scheduled appointment with the physicién. Therefore, we had
to wait for their natural return which increased the risk of loss due to the infant’s death.
The second reason for a missed interview was that the research assistant was not available
to conduct interviews due to hef already interviewing a patient when the new registration
was made or she was sick or the CHD registrar failed to notify her.

For the stixdy, in order to confirm that no eligible cases were missed the research assistant
and ALS kept a log of potential cases (Appendix 3A). On a monthly basis the registration
forms, kept in a central location m the registry, were reviewed and compared to the log of
cases reported by the registrars. On a tri-monthly basis the data from the registry were
downloaded by ALS and the eligible cases were éompamd to the log. Any missing cases
were added to our list of active CHD cases to be recruited.

3.4 Definition of cases

The criteria for defining cases were:

Inclusions . ’ ,

1. A newly registered case (de novo) from the Saudi Arabian CHD registry
registered between 1 June 2002 and 31 December 2004
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2. Only Saudi Arabian infants with an Arabic speaking mother available for
~ interview. |
3. Structural congenital heart defect confirmed by echocardiogram, cardiac
| catheterization or surgery (ICD 9 codes 745.0 to 747.9).
4. Interview completed for this study prior to the child’s 4® birthday (Gregorian
reckoning). o
S. The father reporting current residence in Rlyadh region or the father reporting
that he was originally from Riyadh region.
All cases will have had to survive from birth to registration.
7. Interviews were conducted only for those cases alive at the time of interview.

The folloWing were excluded: .
1. The interview interrupted prior to the consanguinity question, (Question 71).
2. A second infant from the same mother. (Le., if a second child with CHD had
been_Bom prior to the study or during the study we interviewed the earliest
registration within the June 2002 to December 2004 timeframe.)
3. Isolated types of non-structural CHD where there was no structural defect:
isolated patent or persistent foramen ovale (PFO) (ICD-9 745.5)
isolated dilated or hypcnrophlc cardxomyopathy (DCM/HCM) (ICD-9 746.84)
isolated patent ductus arteriosus (PDA) (ICD-9 747.0)
, isolated Wolff-Parkinson-White syndrome (WPW) (ICD-9 426.7)
isolated supraventicular tachycardia (SVT) (ICD-9 427.89).

3.5 Source of controls

The source of controls was the Riyadh Al Kharj Armed Forces Hospital (RAFH)
Department of Family and Community Medicine’s Well Baby Clinic which operated as a
drop-in clinic Saturday to Wednesday from 4pm until 7pm (8pm to 11pm in the Holy
month of Ramadan). The population who visit the RAFH for Well Baby Services are all
connected to the Saudi Arabian military service in some way. Because the military is the
single largest employer of individuals in Saudi Arabia and the notion of the “military” is
broader in a country like Saudi Arabia than it would be in the UK for example this was
taken to be a random selection of controls. Unlike the PHCC which are specific to
particular neighbourhoods it gave access to a broad spectrum of the Riyadh population

similar to the case population.
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Five days a week mothers with their infants presented to registration for the Well Baby
Clinic. Visits were at 3 months, 6 months, 1 yeaf, 18 months and 2 yeérs. A few infants
presented at greater than 2 years. The registration receptionist would take the small
booklet for the infant brought in by the mother and place it in a holder in the nurse’s work
room. Following the order of registration nurses would triage the infants (weight, length
and head circumference measurements). After triage the nurse returned the infant’s
booklet to the holder in the nurse’s work room. The research assistant was ‘instructed to
take the bottom booklet from the stack in the holder (in order to reduce ‘;vaiting time for.
~ the mothers). After the study interview the infant (with the mother) was then seen by the
physician or the health visitor (foi' the hearing check). A formal randomization schedule
could not be put into place although three were attempted. The number of patients (and
physicians) per day who attended the clinic was erratic and ranged from 3 to over 80.

3.6 Definition of controls - | |
Controls could be any child attending the clinic for a Well Baby appointment. Exclusion

- criteria for controls were:
1. Non-Saudi Arabian citizens.
2. Mother not available for interview.
3. Residence outside of Riyadh defined in the same manner as the cases.
4. Theinterview interrupted prior to the consanguinity question, (Question 71).
5. A second sibling from a'previc')usly interviewed family.
6. Known or suspected CHD,

3.7 Questionnaire ,

The instrument was a 23 page questionnaire with a separate booklet for pregnancies (6,
12 or 18) and 5 possible supplemental sheets: consanguinity, diabetes, other major
illnesses, cardiac diseases (in self or family), non-cardiac diseases (in self or family). Not
all variables were to be analyzed in this thesis. The questionnaire covered demographics,
exposures and cbnfounders and comprised approximately 200 questions (depending on
the number of pregnancic's’ and associated conditions). It was completely designed and
drafted by ALS with the exception that the separate pregnancy booklet’s design was
suggested by her supervisor Pat Doyle, LSHTM and the idea of the cards was adapted
from the BWIS (Ferencz et al., 1993).

93



Chapter 3: Methods

~ The questionnaire was translated from English to Arabic and reverse translated by an
“official translation service recommended by the KFSH&RC Translation Department. The
development of the questionnaire went throﬁgh many iterations and was approved by the
LSHTM Upgrading Committee. It was administered in a face to face interview with the
mother by a trained bilingual, native speaking Arabic interviewer or research assistant.
Questions were taken in large part directly from the r)hblished literature in order to ensure
: comparability in the _analysis phase. Sources included the BWIS initiative (Ferencz et al.,
1993); Boneva et al., (1999); the Saudi Arabian Family Health Survey (Khoja, Farid,
2000); Strandberg et al., (2001); and Botto, Mulinare, Erickson (2000).

Consanguinity was collected by means of a phylogram which the research assistant used
to assist the mother in completely identifying the relationship between her and her spouse.
The consanguinity question was embedded about halfway through the body of the

questionnaire in order to

1. give the research assistant a chance to develop a rapport with the mother
2. give the mother a chance to get into the flow of the interview so that she would

- not realize that the phylogram was the salient question.

Some questions were intentionally duplicated. For example question 3 (In what month
and year was this child born?) and question 4 (How old is this child now?) were intended
to confirm reliability from the mother during the interview. The CHD registrar would
have completed a phylogram for the cases at registration but the case control research
assistant did not have access to this phylogram and completed a second one which was
later compared for reliability.

3.8 Interviews

Three research assistants were assigned the responsibility of interviewing the mothers.
They underwent thorough training (see Section 3.10). Data were collected on interview
quality, place of interview, method of capture of patient and privacy of interview for both
cases and controls. In general, case interviews took 35 to 60 minutes (average 43) and
control interviews 18 to 45 minutes (average 22). It was expected that control interviews
would be shorter as the BWIS group found less cardiac problems and less other
abnormalities with them. Over 90 percent of the interviews for both cases and controls
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were conducted in a private room. Less than 10 percent were conducted in a semi-private
area such as the women’s section of the patient waiting room. This occurred when there

were no private rooms available.

During the interview the mother was shown samples of skin lightening creams, kohl,
saoot, nogd, licorice, nausea xhedications and heart bum medieations available locally to
help her remember what she might have used during her pregnancy. There were two
samples kits with exactly the same materials:' one for the case interviews and one for the
control interviews as for approximately 3 months these interviews ~occurred
| simultaneously. The kohl was especially important to show to the mother as it was
important that she understand that our interest was in the natural potentially lead-based
kohl, available from local beauticians rather than the commerclal variety available from
' Revlon, Chmque or any other trademark

For the cases, ALS observed the firs’t 20 to 25 interviews of each of the three research
assistants in order to supervise the etyle and content of the interview and to be able to
answer any questions posed By the mothers. The most common question was why ALS,
an American, was interested in studying Saudi Arabians, It was explained that ALS was a
researcher employed by KFSH&RC (a well known institution) and that it was part of her
job to do this project. It was explained that it was hoped that this project would in some
measure contribute to a better uxiderstahding of CHD.

3.9 Pilot study _
It was difficult to pilot this study in the hospital because of the rareness of the disease. As
only two eligible cases per week were expected it was decided to conduct the pilot in two
stages: ' |
First, in September 2001, the lead research assietant and ALS tested the questionnaire on
16 consenting mothers of infants with CHD. The specific objectives of this first pilot
were .
* to develop a system for working in the three clinics and on the wards to
o identify patients
o find a quiet place for the interview

o to return the patient to normal patient flow

 to practice administering informed consent
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e to assess the acceptability of the questionnaire language
e to practice reading fusha Arabic (the language in which the questionnaire was
written) but speaking Saudi dialect | ‘ |
¢ to practice using the questionnaire’s supplemental forms and samples

e to determine if the questionnaire was too long to complete in a reasonable time.

In May 2002 a second, more formal attempt was made at a pilot however the project’s
lead research assistant was unexpectedly transferred to another section. It was therefore
decided that the effort that would have beén spent in a pilot should instead be spent to
recruit and train a new lead research assistant.

3.10 Training sessions o

~ From June to September, 2002 interviewing technique training sessions took place. In
addition there were two group trammg sessions in interviewing technique which were
facilitated by ALS, the former lead research assistant (AAH), and one of the co-
investigators (AAR). The following issues were covered:

e Questions were to be read to the mother from the questionnaire in fusha Arabic. If
the mother did not understand then the research assistant was allowed to rephrase
into the dialect which seemed most appropriate for the mother.

e The art of | “brobing” was distinguished from “bullying” for an answer. If the
mother responded that she “didn’t know” how old her infant’s father was, for
example, the research assistant was allowed to ask “Would you say that he is older

~ than you, or younger than you? Much older? Could you give me an approximate
age or can you estimate how many years older than you he is?” If the mother
however repeated that she “Didn’t know” the answer to a question then the
research assistant moved onto the next question. ‘

e The concept of the 6 month window was explained. For several exposures, the
three months prior to conception and the three months post conception were the
time of interest. The research assistant was to ask the mother to think back to
those 6 months. To help the mother identify this period of time, the research
assistant asked her for the date of conception (which was usually provided as a

'Hejira date) and then the research assistant calculatéd the window based on the
mimber of weeks of gestation. The mother was involved in the calculations to
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increase her understanding of the window concept. From this calculation the
research assistant knew whether or not the mother had had 2 Ramadan within her
window period. This was useful because as that is the first qixestion (question 65)
after the window determination the mother’s correct answer confirmed that she
understood the concept of the window. | |

Question 65: Thinking back to the 3 months before you got pregnant and the
three months after you got pregnant, did the holy month of Ramadan fall during
this period? Yes or No

For those instances where the mother could not remember the conception month ~
or if the mother reported a Gregorian month, a calendar (Appendix 3B) with
Hejira months was providéd to help the research assistaxit help the mother figure
out what her conception month for a delivery month would Ibc, given her weeks of
gestation. Throughout the questionnaire administration, the research assistant
reminded the mother as necessary of the window period.

All possible sensitive areas (such as ethnicity, smoking behaviour, divorce,
mother’s age, congenital and familial defects, income, skin lightening cream,
mother’s opinion of possible causes of CHD) were explored with the research
assistants in a round table format so that if any of them were uncomfortable with
the question they could discuss their feelings. Also, ALS wanted to confirm that
the research assistants understood the relevance of these questions.‘
o The concept of “Bedouin” was described. The research assistants were told
 to ask the question and then allow the mother to answer it as best she
could, but that if asked, to say that we were not restricting the answer of
“Bedouin” to include people who were currently nomadic. |
o Skin Lightening Creams — Research assistants were told that it was
pdssible that some skin lightening creams had mercury or other heavy
metals in them.
o The use of sacot and nogd was described by the lead research assistant and
a sample was shown to them. Traditional medicines were discussed. A
-speaker, Hassan El Bushra, consultant to the World Health Organization,
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described, in Arabic, traditional medicines and practices common in the
Gulf Region. |
e One of the co-investigators, Mansour Al Jufan described the language a mother
 might use for cardiac abnormalities and supplied his pager number in case
) questioris arose during the interview. | |
e One of the co-investigators, Wesam Al Kurdi described the language a mother
might use for obstetric problems and congenital abnormalities and supplied her
pager number in case questions arose during the interview.
o Research assistants were taught the phylogram method by the lead research
assistant (AH). AH had 3 years of experience in phylogram collection. One of the
| co-investigators, (AAR) who had expeﬁencc with collecting this information in
the 1992 Saudi census, also participated in this training. Firstly ALS explained m
English how to use the phylogram chart prior to conducting an interview, with
several sirhplc and more complex eXamples. Secondly AH explained in Arabic
prior to conducting an interview. Thirdly, after 3 to S ‘intérviews with patients the
research assistants were given an opportunity to discuss with AAR, in Arabic,
| their experiences with collecting data on consanguinity. Research assistants were
reminded regularly to ask if the relationship was the only blood relationship and if
the initial relationship was between half or full siblings.

3.11 Recruitment and accrual of cases :

Patients were identified by registrars of the KFSH&RC CHD registry (Mitri et al., 2002,
Appendix 3C) in one of the § hospital clinics or wards (Section 3.3.1) regularly monitored
by the registrars for new patients.  The registrar would complete a simple one page
registry form (example found in Appendix 3C', page 80). If the patient met the study
criteria of de novo, residency, age and nationality (and the mother was present) the
registrar would contact the research assistant via pager. The registrar would briefly
describe the study to the prospective participant and tell her that a research assistant
‘would likc'to interview her. When the research assistant arrived from the study office
(approximately 3 to S minutes away by foot) she would receive the completed registry
form from the registrar and approach the mother for informed consent. If the patient were
identified in one of the clinics (Outpatient or Polyclinic) given the logistics of the clinic

the mother would be interviewed immediately or between visits to the various stations of
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the hospital where the infant had to present (i.e., x-ray, laboratory for blood work,
echocardiogram or afternoon appointment with the physician). Hdwe\}er, if the patient
was identified by the registrar in the inpatient ward (A1 or C2) then the research assistant
fnight mtervxew the mother immediately in the patient’s room or make an appointment to
come back at a time convenient for her. Some patients were admitted directly to the
cardiac surgery ward or the neo-natal intensive cardiac care unit prior to or following
surgery. In the case of an infant immediately proceeding to surgery following registration
the mother was only gently approachéd if at all. The progress of that infant would be |
monitored by the research assistant on the hospital’s patient appointment system until
such time that the patient’s mothc_:f could be approached in the step-down unit.

In some cases, the resea_rch} assistant was unavailable when the infant was identified by -
~ the registrar. In this case the research assistant would be given the regwtnj form as soon
as possible and then she would be responsible for contacting the mother at home aild
inviting her to come to the hospital for interview or she, using the hospital’s appointment
system, would identify when the ihfant (or sometimes the mother hergclt) was next
scheduled to come into the hospital. The research assistant would then approach the
mother at the time of the appointment.

Data collection began 16 September 2002. By the end of December 2002 only 10 cases
had been collected. By this time, there were over 60 eligible cases on the log (the target
population was all those registered from June, 2002). By January 2003, after identifying
the problems with the reporting of cases by registry staff to the research assistant patients
began to be accrued at the expected rate. -

Interviews were performed for 28 months of registrations plus an additional initial three
month head start for a total of 31 months. As described (Section 3.3) a log of cases was
kept from the beginning of study (Appendix 3A). This log helped to identify which
patients would be expected to come for interview, which patients had been interviewed,

who had rcﬁJsed; who were deceased and who were otherwise non-eligible.

During the study period there were 337 infants reported by registry staff based on the
established criteria (de novo registration, structural defect, interview completed before 4
years of age, resident in Riyadh, Saudi Arabian and mother available for interview) (table

! Family number written in by hand. Boxes added to a later version of the registry form.
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3.1). Of the 337 reported infants, 40 were subsequently found to have only a non-
structural defect such as PDA, PFO, SVT or WPW and an additional 6 were excluded for

Des

Inclusions Case 233 69
Incomplete - after consanguinity question 2 1
Erroneously interviewed — 1 family from Dammam, 1 2 1
aunt interviewed rather than mother

Exclusions Siblings interviewed (excluded for independence of 2 1
measurement)
Refused mid-interview 1 0
Incomplete - before consanguinity question 1 0
Interviewed and excluded CHD - Type not included 33 10
Excluded prior to interview because they did not have 7 2
a structural defect

Eligible and missed | Missed/LTFU 44 13

interviews Known to have died prior to interview 12 4

Total | 337 | 100.0

other reasons. From the eligible population of 293 (table 3.2), a total of 58 infants were
not interviewed (n=56) or did not have complete interviews (n=2) for a capture rate of
80%. Of the 56, twelve died before the interview could be performed and another 44 were

lost to follow up. There were 235 interviews available for analysis.

Table 3.2: Overall Accral of C ses or ' Case Control Stud

2
Jan-Dec | 2003 131 128 6 109 85
Jun-Dec | 2002 83 65 gl 43 66
Total 337 293 12 235 80

Table 3.2 presents overall accrual of cases by year. The overall completion rate
(completed eligible interviews/number of eligible) varied from 66 percent in the first year
of study to 85 percent in the second year and dropping to 83 percent in the third year.

3.12 Recruitment and accrual of controls

The recruitment of controls was performed in two stages (September 20, 2003 to March
29, 2004 and May 1 to June 1, 2004). That year Ramadan fell from October 26 to
November 24. During this period interviewing moved from 4 to 7pm until 8 to 11pm.
The Haj holidays’ fell in February, 2004 and only five interviews were collected in that

? During the middle of the 12® month of the Hejira year, Dhu Al Hijjah, the Haj to Mecca is undertaken by
many Muslims. There are 10 days of official holidays at this time throughout Saudi Arabia.
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entire month. The research assistant resigned at the end of March and therefore no
interviews were collected in April, 2004 while a new research assistant was trained.

In November the control data were reviewed and stratum comparability between cases
and controls regarding age of child at interview was compared and found to appear
different. Therefore, from December 1 there was a special effort to include children over
1 year of age. It was difficult to monitor any other stratum (e.g., mother’s age, sex of the
child, parity of the mother and birth year of the child).

For the actual interview, the mother was approached by the research assistant and given a
brief introduction to the study. All communication between the research assistant and the
mothers was conducted in Arabic. The mother was assured that she would not lose her
place in the queue if she agreed to participate. If the mother initially agreed to participate
she and usually her infant (and possibly other children and occasionally a nanny or female
relative or husband) were then led to a private office where the full details of the informed
consent were explained (see pocket). After the 6 page informed consent was explained
and the mother given the opportunity to ask questions she was given a choice as to her
participation. If the mother indicated at any time that the control infant had a heart defect
or if s/he was suspected to have a heart defect that infant was excluded.

There were 272 mothers approached as controls (table 3.3). Of these, three were not
eligible according to inclusion and exclusion criteria. One infant was not Saudi Arabian
(Eritrean); one mother was not present — her sister had brought the infant in for the visit;
one infant was not resident in Riyadh — they were visiting from Dammam. Six infants
were known or suspected to have CHD. There were 15 mothers who were approached

and who refused to participate. There was one family who refused mid-interview. This

left a population of 247 control interviews (94%).

Refused prior to interview 15 5.7

Refused mid-interview 1 0.4

263 | 100.0
Not-eligible Excluded due to study criteria 9
Total Approached | 272
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3.13 Sample size

Sample size for the primary research objective of assessing consanguinity as a risk factor
was calculated prior to the commencement of the study, using the estimated proportion of
first cousin consanguinity in the background population (table 3.4). It was estimated that
the level of first cousin marriages would be 28 percent in the general population. With a §
percent level of significance and power of 92 percent, 220 cases and 220 controls were
required in order to detect a doubling. There was 100 percent power to detect an OR =
3.0. Given estimates of case accrual based on previous experience with the CHD registry

it was expected that two years would be required to collect sufficient data.

: Power Table for al uired

Consanguinity 28% 278 230 220 196 230
Consanguinity 25% 295 243 232 205 239
Diabetes 0.04% 12 462 9843 [ 9050 7535 8384
Ramadan Fasting 97.3% 2 802 2571 2691 2785 3701
Exposure to pesticides 13.6% 448 362 339 292 333
Use of skin creams 16.4% 853 316 297 153 295
Use of hair dyes 13.0 % 464 375 351 302 344
Khol 5.6% 961 766 710 599 673
Nogd or Saoot 1.0% 508 [ 3976 3659 3051 3398

There was little data on which to estimate power for other exposures a priori however,
based on the data collected in the controls the following estimates on some of the
additional exposures studied can be made. The sample sizes required to identify a risk

increase of 1.5 to 3.0 for various risk factors are presented in table 3.4.

In table 3.5 is presented the actual power achieved given the sample sizes in the four
analyses in Chapter 5 (n=235 for all sampled; n=151 for cardiac cases only, n=44 for
embryologically earliest (EE) and n=89 for embryologically latest (EL)). Each risk factor
is discussed separately following the table. The first risk factor, consanguinity is

described in some detail while the others follow the same model.
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Table 3.5: Actual Power achieved given number of cases = 235, 151, 44 and 89

Factor with prevalence in All Sampled n=235 Isolated and Parallel n=151 | EE n=44 EL n=89
background population OR B OR B OR B OR B OR (B) OR(B) ;
Consanguinity 25% 1.7 S8 1.9 | 88 20 |76 | 2.1 82 4.0 (83) 29090)
Diabetes 0.04% 2.7 S8i| 13.0 [B808 3.5 5 75 | 17.5 | 80 (90) 40 (90)
Ramadan Fasting 97.3% 25.0 [#5505 55.0 [#5S 50 31 | 50 31 50 (4) 50 (14) ‘
Exposure to pesticides 13.6% | 2.0 | 78 | 2.4 | 90 | 23 |78 | 2.6 | 90 4 (70) 2.3 (72)
Use of skin creams 16.4% 19 78 | 2.0 |8 | 22 [78] 23 83 3.8(70) 2.8(78)
Use of hair dyes 13.0 % 20 | 78 | 2.1 | 84 | 24 |80 | 25 85 4.7 (80) 3.1(81)
Khol 5.6% 28 | 8 | 3.0 | 90 | 33 |80 | 3.7 90 6 (65) 4.5 (81)
Nogd or Saoot 1.0% 6.5 [[8% 7.2 |85 9.0 |79 | 100 | 85 16 (50) 12 (70)

EE: Embryologically earliest; EL: Embryologically latest. To be defined in Chapter S.

Consanguinity

Power was adequate to detect an association for the sample sizes of 235 and 151. The two

additional analyses had inadequate power for a doubling of effect. For the sample size of

235 if the true odds ratio had been 1.7 there was 78 percent power to detect it. If the true

odds ratio had been higher, say 1.9 then there was 88 percent power to detect it. Of the

smaller group of cardiac only defects (isolated and parallel) we had 75 percent power to

detect a true odds ratio of 2.0 and 82% power to detect an odds ratio of 2.1.

Unfortunately, with the sample sizes for EE and EL quite strong true odds ratios were

necessary. For example, the study only had sufficient power (83%) to detect a true odds

ratio of 4.0 or more with a background prevalence of 25 percent.

Diabetes

Given that the prevalence of diabetes was so low in the background population (0.40 %)

the power to detect a difference of magnitude of OR 2.7 with 235 cases would have been

only 5 percent (table 3.4). There was even less power for the sub-analyses.

Ramadan fasting

As can be seen in table 3.5, given that the prevalence of Ramadan fasting was so high

there was inadequate power to detect odds ratios below 25.0 even for the all case group. It

would be nearly impossible to do a conclusive study with 235 people as the association

would have to be of a magnitude greater than 50. A false result would be hard to support

with a power of 55 percent. The power to look at Ramadan fasting for the sub-analyses

was extremely low.
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- Exposure to pesticides, skin creams, hair dyes

There was adequate power to study this type of risk factor with a background prevalence
- of 13 to 16 percent for the samples sizes of 235 and 151. Power became weak for the
smaller sub-analyses. |

Nogd/Saoot | |

If a risk factor such as nogd or saoot had a very strong association in excess of an OR of 6
this study might have been able to detect it with a sample size of 235. However the
smaller sub-analyses of 151, 89 and 44 were inadequately powered to detect even this

elevated measure of effect.

3.14 Data management and processihg

All data managemént and processing, if not done by her, was closely supcryised by ALS.

3.14.1 Classifying and coding diagnosis data

The specific congenital heart defect diagnosis or diagnoses yveré obtained for the most
part directly from the registry. Cases registered in 2002 and 2003 were abstracted by
- tramed regisu'ars and diagnoses available in mid-2004. However, the cases for 2004
would not be abstracted before mid-2005 which would have held up analysis. Therefore
ALS abstracted, according to the registry criteria, the 83 cases from 2004 as well as any
cases reported in 2004 Which had not been interviewed so that all cases with non-
structural defects could be excluded from the log. ALS also selected a random sample of
15 percent of cases from 2002 and 2003 and abstracted them. In the 15 percent, 4 cases
were found from 2002 that had been inaccurately diagnosed’. These 4 were reported to
the registrar and it was eicplained by her that there had been one coder who worked for
the registry for several months in 2003 when the coding for 2002 was being done. It was
later found she was not consistent in her coding. This affected a possible additional 39
cases which were re-coded by the registrar. No other errors were found.

Two syétems of classification were used to define diagnosis of the cases for the analysis.
As will be shown in Chapter 4, there were 855 unique combinations of disease and
therefore as described in Chapter 1 the cases were coded into groups. The first method

3 Patient 1: TOF but the registry had recorded her as only having VSD; Patient 2: AVSD but coded as ASD
and VSD; Patient 3: TGV but coded as AVSD; Patient 4: TGV coded as Aortic stenosis, common truncus
and VSD . ‘

104



Chapter 3: Methods

was inclusion of all cases according to the criteria outlined in section 3.12.5 where the
data were converted from ICD-9 parallel defect data to single lesion data as used by
EUROCAT (Chapter 4) and the second where the data were converted from ICD-9 to
embryologically coded data (Chapter 5).

3.14.2 Coding other components of the quostlonnaim
Consanguinlty |
~ The 47 categones identified by, the phylogram were collapsed in two diﬁ’crcnt ways.
" Firstly, a dichotomous type: “yes /no” was coded from the detailed data. “Yes,

Consanguinity” was defined as up‘ to and including all third cousin marriages. “No, not-
related” was any participant less closely related than.third cousin or those who stated that
- they were not relatéd to a relative. Juma'a were counted as non-consanguineous.
‘Secondly, phylograms were also categorized as follows: ' '

e first cousin or closer (includes double first cousins, multiple relationships where

at least one is a first cousin and full first cousins)
¢ all other (lesser) First Cousins (First cousins once removed, First half-cousins)
o all other cousin relationships less close than above

e .- non-consanguineous.

Pregnancy form data

Using a pregnancy form (see pocket), data were collected on the complete pregnancy
history of the mother. The number of pregnancies varied from 1 to 17. It was impossible
to distinguish between miscarriage and stilibirth in this population except at the far edges
(e.g.,3 mbnths versus 8 months). All pregnancies were collected on the pregnancy form
to enhance the capture of all pregnancy losses. At the beginning of the pregnancy form
section the research assistant said, “Now, I want you to tell me about all your
pregnancies.” At the end of the pregnancy form section she said, “I want to confirm that
you’ve told me about every time that you have been pregnant, including all miscarriages,
stillbirths and other pregnancy losses.” The third validation was counting. The mother had
been asked how many times she had been pregnant prior to the pregnancy section. The
research assistant would then count the number of pregnancies she had recorded and
compare that to the number previously stated by the mother.
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| These pregnancy data were entered into a separate record than that of the main
“questionnaire. At the beginning of the preliminary analysis phase the data elements from
the index pregnancy were merged with the main qﬁestionnaire dataset to maintain a
rectangular dataset. These data elements were: infant’s 56x, use of artificial reproductive
technologies, birth weight, gestational age, mother’s age, father’s age and problems
during index pregnancy. In a separate step an aggfegated number was created for the
following variables per infant:
e total number of pregnancy losses
e total number of neo-natal deaths
e total number of infant deaths
. total number of deceased children
e total number of pregnancies with bleeding lasting more than 1 day
e total number of pregnancies with a maternal health problemand
e total number of pregnancies while mother suffered from a major illness.

These 7 aggl'egated numbers per infant (reflecting the mother’s obstetric experience) were
then merged to the main questionnaire dataset again maintaining the rectangular nature of
the dataset.

A FORTRAN program, written by my colleague, William Greer, PhD, created aggregate
pregnancy data. This program was tested on 50 randomly selected cases. Errors were
found with the program. It was then re-written and checked again (Appendix 3D). The
third iteration showed 100% accuracy' in aggregating the pregnancies for total numbers.

Paternal age

Many mothers did not know the current age of the father of the infant at first asking.
However, if the research assistant could estimate his current age with the mother from
prdbing then this was accepted. As the results (Chapter 5) show however there was a high
number of missing data for this variable.

Extra cardiac malformations (ECM)

There were two ways to capture information on ECM from cases: the first was by asking
the mother herself, and the second was via the registry which routinely abstracted all
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medical records of patients registered. The registry procedure includes coding congenital
anomalies to ICD-9. However, to validate this information all ihe volumes of the 84
infants with reported congenital anomalies (either by registry or by mother) were -
reviewed by ALS. '

With respect to the controls, being a CHD registry, and given that there is no Saudi
Arabian birth defects registry, registi'y staff did not collect ECM for the control infants.
This information was collected only by the research assistant from thc‘ mother herself |

_ (shading in table 5.1¢). Ideally ALS would have gained permission from the control

hospital and would have reviewedA those medical records but there was no time to arrange

_ the permission for this exercisc.v However, as will be described in Section 3.14.3 some
~ control data were valid_a_tpd. |

Maternal weight and heighf

The research assistant collected the case mothers weight and height at the completion of
 the interview on a standard hospiial scale located near the interview room or in the wards
where the interviews occurred. Body mass index (BMI) was calculated using the formula:
BMI = (weight in kilograms) / (height in meters)®. The mother took off her shoes for
weight and height measurement but not her abaya and hijab (the outer garments usually
worn by Saudi Arabian women in public). Different scales were used and it was not

possible to calibrate them. For controls there was one scale which was used.

Pre-pregﬁancy weight (the weight of true interest as a potential risk factor) was
introduced four weeks after data collection had begun. It was estimated by asking the
mother how much weight she had lost or gained since prior to her conception with the
index pregnancy. This number was subtracted from or added to her current weight and
used in the BMI formula.

Major maternal health problems (index pregnancy)

While the best way to control for a variety of different problems simultaneously is to use
a multi-variate method of analysis, there was an interest to obtain a flavour of the data ata
more preliminary stage. During data collection it was observed that every mother had
something that stood out as an “explanation” for the CHD in the infant. Therefore, during
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preliminary analysis a variable was created to capture the aggregation of major health
* problems associated with the index pregnancy. This variable tabulated the occurrences of

e having a serious disease in pregnancy (details of diseases are included in table 5.9

e previous child with CHD or with Down syndrome or with any other serious birth defect
(e.g., congenital lung disease, hydrocephalus, shortened forearm, brain atrophy, cleft-lip
with or without cleft palate, or a neural tube dcfect) .

e previous miscarriages greater than 3

e any index pregnancy using IVF

e severe bleeding requiring mtervcntlon (pills or mjectxons) to maintain the pregnancy.

Matemal health problem (previous pregnancy)
Thxs variable is reported in table 5.1f. It was aggregated to create total number of

pregnancies with a maternal health problem.

Pregnancies while mother suffered from a major iliness
This variable is reported in table 5.1f. It was aggregated to create total number of

‘ pregnancies while mother suffered from a major illness.

Fasting variables

If Ramadan fell within the critical window for the mother then her fasting was relevant.
On the questionnaire there were questions about Ramadan fasting and other religious, non
Ramadan, fasting. The total number of days fasted in the window was summed from
those days fasted during Ramadan plus the other religious, non Ramadan fasting dayé.

Household income per capita excluding servants per month

In order to estimate socio-ecqnomic status several variables were collected. These
included household income, number of household members and number of servants.
‘Other variables including family land ownership, number of cars imd number of livestock
were also collected but were not found to be useful for creation of the SES composite
score as there was not enough variation (data not shown). A created variable was
calculated which computed the household income per capita excluding servants per

month.
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3.14.3 Validation of the data |
Much of the data for cases was able to be validated while less of the control data could be
validated because of the nature of the clinic and the question of access to the data.

Case validation |
The medical charts for all cases were available at KFSH&RC and any missing
information was collected where possible from them. Information which was not missing
but which could be validated from the medical record was validated and preferred. For
example, mothers were asked the‘birth weight of the infant however, if the birth weight
was recorded in the medical chart that information was used in the dataset in preference
to the mother’s memory. While not all case infants were born at KFSH&RC, most referral
notes included birth weight. Twenty-eight case mothers were not able to recall the index
| infant’s birth‘weight and the infonnation was not recorded in the chart.

Gestational age was collected as co_xitinuous data although many women with ‘normal’
gestations ébuld only report that it was “normal” which was assumed to be 37-40 weeks.
Even the medical record and the referral note were not always more precise. Women with
premature deliveries (defined as less than 37 weeks) were able to remember the number
of weeks but there was obvious confusion over the difference between weeks from last

menstrual period and weeks of gestation proper.

A second source of Validation was the registry itself which collected data on sex, father’s
region of birth, current residence, father’s age, mother’s age, nationality, consanguinity
(with phylogram), prematurity, use of assisted reproductive technologies (ART), diabetes,
date of diagnosis, date of birth. There was a high correspondence between mothers who
did not know the infant’s father’s age in the registry interview and thcﬁ again did not
know it when the research assistants conducted the in-depth case control interview.
However, the registry would also accept the data from the Saudi National ID for age of
father as well as region of father’s birth which this case control study did not accept
because of reliability.

‘Control validation
As mentioned above in Section 3.5 each control infant had a booklet associated with it.

This small booklet was brought in by the mother each visit and recorded vaccination dates
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~ as well as some basic data on the infant: date of birth, mother’s type of delivery and
complications, birth weight, gestational age at birth, general health of infant, maternal
age, maternal parity and gravidity. |

At the Well-Baby visit a blue form was completed and this was sent to medical records
where it was filed in the complete medical record.

3.14.4 Data procéssing

Case control data ,

All interviews were reviewed for completcnes;s by ALS. This included being entered into
an SPSS dataset so that data could be tabulated as necessary. Where information was -
found to be missing the research assistant was immediately contacted and asked to clarify.
Generally, missing data was limited (table 5.12). Consanguinity data was coded by ALS.
Other coding, such as problems with the pregnancy (type and quantity of bloedirig),
maternal health problems, and major maternal illnesses, was done using the method of a
running list. Many questions were pre-coded. From time to time it was necessary to have
~ meetings of the research assistant(s) and myself with the co-investigators (the paediatric
cardiologist, the paediatrician and the obstetrician) to clarify the description of the
condition affecting the mother or infant as documented in the open ended questions.

Using the SIR (Scientific Information Retrieval, Pty, Ltd), version 4.0, database package
a relational database was built. The data from the main form were double-data entered
(entered twice and then the two entries are compared by the software itself to identify
data-entry errofs) by a member of the Research Data Management Group (RDM) of the
Biostatistics, Epidemiology and Scientific Computing Department. The main form was in
a separate record from the pregnancy form and the MRN was the key. The data from the
pregnancy form was entered only once by a member of RDM. The supplemental pages,
with the exception of the consanguinity form, were kept separately and were entered into
EXCEL spreadsheets all at the same time by a recently graduated high school student in

~the months of September to December, 2004. The supplemental data were double-data
entered by ALS.

The first entry into SIR was done within the week of data collection and the second entry
was started in September, 2004, This was completed December 31, 2004. The data were
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transfei-red to SPSS where univariate frequencies were produced for all continuous and
categorical data by case or control status to look for outliers and data cntry errors. From
January 2005 until May 2005 the data were cleaned and checked. All inconsistencies in
the pregnancy form (whlch had only been single entered) were validated. Additionally,

these pregnancy data were processed as follows:

1. Where the date of birth of a non-index child was not rememberod in its
entu'ety (month, day and year) it was estimated at the time of the interview in
either Hejzra or Gregonan — whichever calendar the mother proposed.

2. Hejira given dates were converted to Gregonan dates using the KFSH&RC in-

 house des1gned software for that purpose.

3. Calculatlons were mplemented to confirm that all pregnancy dates were

reasonable within a woman,
4 Pregnancy dates corresponded to the age of the mother at the time of the
pregnancy and the current age.

As mentioned in Section 13.14.2 all pregnancies were documented. However, the analysis
was only interested in those pregnancies prior to the index pregnancy. Therefore, during
processing all subsequent pregnancies after the index pregnancy (unlessv it was a twin)
were excluded. There were 60 of these pregnancies.

Lesion data

Using the CHD reglstry data the 7,714 Saudi Arabian patzents reglstcred from 1998 to
2003 were selected. For these, using the stacking command in JMP, the dataset was
transformed from a dataset with irregular row lengths where the parallel diagnoses were
all on one row to a rectangular dataset where every row represents one lesion (one row
per individual versus possible multiple rows per individual) (table 3.6 and 3.7). The lesion
is made unique by the combination of the medical record number with the lesion number.
The 7,714 patients had 12,554 lesions.

The Riyadh registry data had to be handled with care as not all cases had been diagnosed
by the registry in time for analysis. Diagnoses for 83 of the cases had to be added to the
file (Section 3.12.1). These diagnoses were obtained from the case control data and were
entered in@o the lesion dataset and validated.
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' Table 3.6: Example of a dataset with irregular row lengths with parallel
diagnoses on single row

Medical | Sex Diagnosis | Diagnosis | Diagnosis | Diagnosis
Record 1 2 -3 4
Number '

1234 Female | Dextrocardia | AVSD

2345 Male TOF

3456 Female | VSD TAPVR PDA

4567 Female | Truncus IAA COA PDA

Table 3.7: Example of a rectangular datasot where evory
row reprasents one lesion

Medical Record | Sex Lesion Diagnosis
Number Number -
1234 , Female 1 Dextrocardia
1234 Female 2 AVSD

-1 2345 Male 1 TOF
3456 Female 11 VSD -
3456 Female 2 TAPVR
3456 : Female 3 PDA
4567 : Female 1 Truncus
4567 : Female 2 IAA
4567 Femnale 3 COA
4567 Female 4 PDA

After removing duplicate defects, according to EUROCAT procédures, the Riyadh data
for 2001 to 2002 were compared to the Saudi data for 2001 to 2002 (Chapter 4).

3.15 Analysis | ,

3.15.1 Analysis Qf'cas'e control data

Data were analyzed for associations between exposures and congenital heart defects.
Confounders were ultimately controlled for using 1ogistic regression for unmatched case
control studies. SPSS was used for the creation of variables and for initial univariate
presentations which are available upon request. Continuous variables were grouped using
percentile cut points wheré possible or natural categories.

" The endpoint 61‘ this analysis was an unconditional logistic regression model developed
with the dependent variable of Yes CHD/No CHD (Bagley, White, Golumb, 2001).
Logistic regression establishes the strength of an association between exposure variables
and disease while controlling for confounding. This multivariate technique uses the log
odds ratios and associations can be represented as an odds ratio with corresponding
confidence intervals (usually 95%). Odds ratios that are greater than the number *1° with
a confidence limit that does not include the number ‘1’ represent an increased risk of, in
this case, CHD compared to the baseline category. The significance of an association
between an exposure factor and CHD was assessed using the likelihood ratio test
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(Hosmer, Lemeshow, 1989). The baseline level is usually what is considered the category
with the least natural risk. In maternal age we expect that both older anci younger mothers
have an ihcreased risk of having an infant with a congenital anomaly therefore, with
matemal‘ age the middle category is accepted as baseline. In this case 21-28 years was the
middle category for mother’s age. Multiple logiSﬁc regression takes into account a
number of variables simultaneously, describing most efficiently the association between
the exposurés of interest and the disease (Kirkwood, Sterne 2003). The logistic regression
method has limitations however. The most significant one is that for a given analysis

. missing data is not allowable.

One main analysis and three sub-analyses were decided upon:

e All Sampled: 235 cases and 247 controls

e Cardiac only 1solated or parallel cardiac only cases (n=151) and 242 healthy
controls.

. Embryologlcally earhest (EE): Hlerarcmcal groups 1 and 2 (n=44) and 242
hcalthy controls.

e Embryologically latest (EL): Hierarchical group 6 (n=89) and 242 healthy
controls.

Statistical significance was set at p < 0.05.

From the stratified analyses, using STATA, estimates of odds ratios with 95% confidence
intervals were calculated. Stratum Speciﬁc chi-square statistics were used to examine the
statistical significance which was set at p<0.25. The likelihood ratio chi-square was used
to examine the overall effect of the variable on the dependent variable Yes CHD/No CHD.

After variables were identified by the criteria of statistical significance (set at p < 0.25 (or
biologically plausible)) correlations were generated and examined. Variables that are
highly correlated should not be introduced into thé logistic model (Hosmer, Lemeshow,
1989). Correlatiéns were assessed using the p-values associated with the Pearson product-
moment correlation procedure for continuous data, the Spearman’s rho for non-
parametric data or Kendal’s tau for nori-parametric ordinal data as appropriate. Please
note that Spearman’s approximates Pearson. P values associated with correlations less
than 0.05 were considered. Given a significant p value, data with a correlation result
greater than 0.2 were considered as correlated.
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Therefore, two criteria were set for possible inclusion into the model and four for
‘exclusion:
~ Possible inclusion:
1. p value in univariate analysis of 0.25

2. biological plausibility.
Possible exclusion:

1. correlation

2. grouping into categories

3. substantial missing data

4. biological non-plausibility.

All potentially influential variables were entered into the full model. This was followed

. by a second analysis using the forward stepwise procedure.

Once the relevant model had been identified by the forward stepwise procedure then
variables were entered and removed using the log likelihood ratio test. These variables
were chosen for testing on three criteria:

1. they were found to be significant in the model

2. they are of specific interest but could not be included for they had failed an

exclusion criterion.
3. they were of specific interest despite the fact that they had not been found
- significant in the univariate analysis.

As defined by the logistic regression procedure the dataset was required to be complete

-with no missing relevant variables. A master dataset was produced with no missing values
on the variables included in the model. Because these datasets excluded cases that had
been present in the univariate analyses the frequencies and percents were re-run using
SPSS. This explains why the numbers (and percents) in tables 5.1, 5.18 and 5.22 differ
from those in the adjusted tables 5.17, 5.22, 5.25 and 5.27.

3.15.2 Analysis of lesion data

Prevalence can only be estimated using the CHD registry data because no census data has
been released since 1996 (of the status in 1992) thus the denominator data is severely out
of date given the huge changes in the Saudi Arabian population pyramid in the last 10
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years. Therefore, the comparison to the EUROCAT data was limited. Data were grouped
as described on the EUROCAT website and then relative percentages were compared.

3.16 Software |

Patients were tracked on the KFSH&RC in-house patient information system. The data
were entered in SIR, (version 2000). Correlations were investigated using JMP (version
5.1., SAS, Inc.) Preliminary analysis was run in SPSS (version 10.0) and confirmed in
STATA“(version 14.0). The data were converted from SPSS to STATA 2.0 (or JMP
version 5.1) using DBMSCOPY version 8. Gregorian to Hejira (and vice versa)
| conversions were made using the KFSH&RC in-house software designed for that

purpose.

- 3.17  Ethics committee approval and informed consent

For this project ethical approval was obtained from the four ethics committees responsible

for the work:

¢ King Abdulaziz City for Science and Technology, Ethics Committee

¢ Research Advisory Committee, King Faisal Specialist Hospital and Research
Centre '

e Riyadh Al Kharj Armed Forces Military Hospital, Ethics Committee

¢ London School of Hygiene and Tropical Medicine, Ethics Committee

An informed consent form was prepared in English and translated into Arabic using the
back translations methodology as described for the questionnaire. According to Good
Clinical Practice the consent included the following points: |

1. A statement that the study involves research, an explanation of the purposes of the
research and the expected duration of the subject's participation, a description of
the procedures to be followed, and identification of any procedures which are
experimental;

2. A description of any reasonably foreseeable risks or discomforts to the subject;

3. A description of any benefits to the subject or to others which may reasonably be
expected from the research;

4. A statement describing the extent, if any, to which confidentiality of records
identifying the subject will be maintained;

5. An explanation of whom to contact for answers to pertinent questions about the

research and research subjects’ rights, and whom to contact in the event of a
research-related injury to the subject; and
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6. A statement that participation is .voluntax'y, refusal to participate will involve no
penalty or loss of benefits to which the subject is otherwise entitled, and the
subject may discontinue participation at any time without penalty or loss of
benefits to which the subject is otherwise entitled.

As requested by thé Research Advisory Committee of KFSH&RC, the study was
documented in the case infant’s chart and a copy of the informed consent was placed in
~ the chart. A second copy of the informed consent was handed to both the control and the
case mothers. ALS observed the explanation of informed consent, as well as the
interview, for 15% of the cases and the controls. A copy of the informed consent may be
found in the pocket of this thesis.
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CHAPTER 4 Results | - Description of cases and their
lesions | |

In this first set of results,. the cases are described using three of the available meta-
nosologies: isolated versus parallel, the embryological system and lesion analysis. The
first two meta-nosologies are case (person) based and the third is lesion based.

Chapter 5 presents an :.malysis‘ of | the total number of cases (n=235) and three sub-
~ analyses: (1) those with isolated and parallel defects (n=151); (2) the embryologically
earliest cases (n=44) and (3) the embryologically latest cases (n=83). ‘

4.1 Introduction to the data

Despite differences in cése definition, ascertainment and follow up the Saudi Arabian
- Congenital Heart Defects Registry is successfully compared to two other large datasets:
the one collected by the Baltimore Washington Infant Survey group and the one collected
through the auspices of EUROCAT.

4.1.1 BWIS case definition and ascertainment

As described in Section 1.4.2 the case definition for the BWIS allowed for a more
comprehensive range of CHD and a more exact description of CHD. All live born cases
~ of CHD obtained from the population‘ of one large region in the USA and diagnosed by 1
year were included. Diégnoses for both cardiac defects and ECM were initially coded by
one paediatric cardiologist and then reviewed by another. Additionally, all infants
enrolled could be followed and not only the survivors. All data that were compared to
Saudi Arabian CHD data were obtained from Ferencz et al., (1993) and Ferencz et al,,
(1997).

4.1.2 EUROCAT case definition and ascertainment

The EUROCAT population which was compared to the Saudi Arabian CHD population
was obtained from publicly available data (http: urocat.ulster.ac.uk/). While
.EUROCAT collects a wide range of data including live bxrths, stillbirths and foetal deaths
only data from live births were used in this analysis. Data from six of the 31 EUROCAT
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full members were compared to the Riyadh data. These were the six UK registries that
reported data on CHD in the period 2001-2002.and all reporting full members (table 4.1).

Table 4.1: All Full Member and UK registries that reported
CHD data for the period 2001-2002

Country City/Region/Area Maximum age at
diagnosis
Austria Styria 1 year
Belgium Antwerp 1 year
Hainaut 1 year
Croatia _Zagreb 1 year
Denmark Odense 7 years
France Paris 1 week
Auvergne/Strasbourg 210 5 years
Germany Mainz 1 week
Saxony-Anhalt 1 week
Ireland Cork and Kerry Not reported
Dublin 5 years
Southeast Not reported
Italy Campania No limit
Emilia Romagna No limit
South East Sicily 1 year
North East 3 years
Tuscany 1 year
Malta Entire coverage 1 year
Netherlands North No limit
Poland Wielkopolska Not reported
Portugal South 1 month
Spain Asturias 1 year
Barcelona Not reported
Basque Country 1 year
Switzerland Vaud No limit
United Kingdom Newcastle-upon-Tyne Not reported
North Thames 1 year
Oxford Not reported
Trent Not reported
Wales 1 year
Wessex Not reported

Source: Appendix 7, EUROCAT Registries: Population Definition, Geographical Area, Stillbirth Definition, Maximum Age at
Diagnosis: http://www.eurocat.ulster.ac.uk/pd{/Report%208%20Appendix%207.pdf

The registries which participate in EUROCAT define the populations from which they
accrue their cases in various ways. Registries are either hospital-based or population-
based. Hospital-based registries include pregnancies from all mothers delivering in
selected hospitals irrespective of place of residence. Population-based registries include
pregnancies from: (1) all mothers resident in a defined geographic area, (2) all mothers
delivering within a defined geographic area irrespective of place of residence, or (3) all

mothers delivering in a defined geographic area excluding non-residents of that area.

118



Chapter 4: Results |

The observed upper age of diagnosis for the Saudi Arabian CHD data included in this
study was two years of age although over 60 percent of the cases were ‘registcred by one
year (table 4.2). Thus, the EUROCAT and BWIS populations differ from that of the
Saudi Arabian Registry. Nevertheless, it could be argued that because of problems in
infrastructure in a developing nation that including infants who are diagnosed up to two
will not introduce a difference of case mixture. Additionally, the maximum upper age
limit was not reported for eight EUROCAT registries. It varied from 1 week to no limit in
the other 23 registries although the most common maximum age at diagnosis was 1 year

(11 registries) (table 4.1).

4.2 Description of cases

After exclusions, detailed in the methods, there were 235 cases and 247 controls for
analysis. Table 4.2 shows the ages of the infants at the time of initial CHD diagnosis as
well as the BWIS category into which they are classified. (The BWIS categories will be

discussed in Section 6.5 under Severity.)

N

d for age category tota 1 F

Laterality and Looping 1 8 (73) 0 0 2 0 11
Defects of Ventricular Outlets and
Arterial Trunks (DVOAT)
Mesenchymal cell 1 13(59) 3 2 2 1 22
Complete Transposition 0 18 (72) 4 1 2 0 25
Extracellular Matrix Defects 0 14 (70) 1 1 3 1 20
Targeted Growth Defects 0 4 (50) 3 0 0 1 8
Cell Death Defects 0| 13(76) 1 1 0 2 17
Hemodynamic defects (HD)
Right-sided flow lesions 0 12 (63) 3 1 1 2 19
Left-sided flow lesions 3| 17(61) 3 1 3 1 28
St ot 2| 47(55)| 10| 6| 5 15| 85
Total N 7 146 | 28 3 18 23| 235
(%) (3) (62)| (12)| (6 (8) (10) | (100)

The number and proportion of the four different types of disease status is presented in
table 4.3: (1) those with only 1 isolated defect and no other problems (29%); (2) those
with several congenital heart defects in parallel (35%); (3) those with an isolated CHD
and some other extra-cardiac malformation (ECM) (20%); and (4) those with parallel
CHD and ECM (15%). The severity of the ECM ranges from Down or William syndrome
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to dysmorphic features and minor defects such as polydactaly. Most commonly in the
Riyadh population parallel defects were found in an infant free from any ECM.

Isolated defict (29 T48(20)| 119
Paralle] defect 83 (35) 36(15) | 116
Total | 151 84| 235

Table 4.4 summarises the congenital defects of the 84 cases with ECM. A complete
description of the ECM in this population can be found in Chapter 5, tables 5.7 and 5.8.
Table 4.4 shows that by far the highest proportion of the ECM was for Down syndrome
infants (52%), although, anomalies of other organs were present in 33% of the cases. This

was most commonly a problem with the kidney (10%).

Chromosomal abnormalities | 45 (54) —(19)

Down syndrome* 44 | 524
Partial trisomy 11 1 1.2
Heritable syndromes 11(13) (5)
Alagille syndrome 1 1.2
Noonan syndrome 1 1.2
William syndrome 2 24
DiGeorge syndrome 2 24
Rubenstein Taybi syndrome 1 1.2
Other syndromes 4| 48
Anomalies of organs 28 (33) (12)
Cleft lip, cleft palate 2 24
Dysmorphic features 7 8.3
Congenital malformation of kidney 8| 95
Other organ anomalies 11] 13.1
Total | 84 (100
No ECM (N=151) “ (64)
Total 100

*1 also had cleft lip/cleft palate
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4.3 Description of cases according to the BWIS classification system and
comparison with BWIS results

The frequency and proportion of cases classified according to the meta-nosology of the
Baltimore Washington Infant Survey (BWIS) group is shown in Table 4.5 along with the
number of unique combinations and the ratio of number of patients to type. The table
presents the sub-categories within categories 2 (DVOAT) and 6 (HD). Also, a direct
comparison is made to the BWIS results. The BWIS methodology is described in Section
1.3.2. The details of the lesions within each group are shown in Appendix 4A. In short,

the earliest lesion manifested embryologically determines the category.

Table 4.5 shows that the laterality and looping categories and the DVOAT mesenchymal
cell categories have the lowest ratio of unique types to the number of cases found in the

Riyadh registry. The most common defect category was the septal defects where 7 types

[Table 4.5 Using BWIS Categories fo classify | Riy ,
‘and compare Riyadh data wi fBWlS da P N :
1 | Laterality and Looping 11 (4.7) 9 1.2 231 (5.5)
2 | Defects of Ventricular Outlets and Arterial Trunks
(DVOAT)
a Mesenchymal cell 22 (9.4) 17 13| 423(10.1)
b Complete Transposition 25 (10.6) 10 25 206 (4.9)
3 | Extracellular Matrix Defects 20 (8.5) 8 25 321 (7.6)
4 | Targeted Growth Defects 8 (3.4) 7 11 59 (1.4)
5 | Cell Death Defects 17 (7.2) 8 21| 474(11.3)
6 | Hemodynamic defects (HD)
a Right-sided flow lesions 19 (8.1) 12 16| 505(12.0)
b Left-sided flow lesions 28 (11.9) 16 18| 595(14.2)
c Septal defects 85 (36.2) 7 12.1 | 1383 (33.0)
Total 235 (100.0) 4197

*from table 3.2, Ferencz et al., 1993

**from tables 3.2 and 3.3, Ferencz et al., 1993

accounted for 85 infants, for a ratio of 12 infants for each type of defect combination. The
comparison to the BWIS data shows that the data appear comparable for all categories
except complete transposition where there were 10.6 percent found in the Riyadh data
versus 4.9 percent found in the BWIS data. The BWIS had a smaller proportion of
targeted growth defects than the Riyadh data (1.4% versus 3.4%) but as with the Riyadh
data it was the least frequently found. The BWIS data have a higher proportion of cell
death defects (11.3% versus 7.2%). This was also true for the right-sided flow lesions
(11.9% versus 8.1%) and the lefi sided flow lesions (14.2% versus 12.0%).
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Figure 4.1 presents the data from table 4.5 graphically. The majority of cases were
hemodynamic defects (56%) of which septal defects makes up the largest part.

Figure 4.1: Bar chart comparing proportion of cases within each of the 6 major categories
(by colour) and by the 9 sub-categories

40 N=235 =Laterality and Looping Defects
35 | 2a=DVOAT: Mesenchymal cell
2b=DVOAT: Complete Transposition
P 30 3 =Extracellular Matrix Defects
E 4 =Targeted Growth Defects
R 5 = Cell Death
c 257 6a=HD: Right-sided flow lesions
E 20 - 6b=HD: Left-sided flow lesions
T 6c=HD: Septal defects
e 15
E
10
5 —
0 -

1 2a 2b 3 4 1 6a 6b 6¢c
All Dataset: Detailed Category

g\é?}?:n:‘ ol?je;:::‘ izfd\;fe:cn;cular Outlets and Arterial Trunks

Table 4.6 and figure 4.2 also present the cases classified according to the BWIS system.
Table 4.6 is subdivided for cases with cardiac defects only (n=151), and cases with an
ECM (n=84)." While the proportion of DVOAT: mesenchymal cell patients in the
Cardiac only and ECM categories is the same, the proportion of DVOAT: complete
transposition is much lower for the ECM category (10.6% versus 3.6%). When the data
are combined in the All CHD dataset the difference between the two categories of
DVOAT is not apparent.

In the right-sided flow lesions we see a higher proportion of the cardiac only cases
compared to the ECM cases. With the left-sided flow lesions this is not the case and with
septal defects it is reversed with a higher proportion being present in the ECM category.
In figure 4.2 only six categories are presented; the two sub-categories of DVOAT and the
three sub-categories of HD have been merged. Because of the predominance of the

AVSD lesion, this figure shows the influence of the Down syndrome infants in the

" The All CHD data is shaded as it is already presented in table 4.5. It is presented again in table 4.6 for ease
of comparison.
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extracellular matrix defects category. The cardiac-only group has only a few in this

category whereas the ECM group has substantially more.

Table 4.6 Presentation of cases by BWIS Category stratified by
Cardiac only and those with an ECM

Cardiac only ECM
I N % | N %
1 Laterality and Looping 8 5.3 3 3.6
2 DVOAT: Mesenchymal cell > 14 9.3 8 9.5
2 DVOAT: Complete Transposition OE ) 2| 148 3 3.6
3 Extracellular Matrix Defects 4 26| 16 19.0
4 Targeted Growth Defects ‘ 7 46 1 1.2
5 Cell Death Defects 13 8.6 P 48
6 HD: Right-sided flow lesions o 17 113 2 24
6 HD: Left-sided flow lesions 2 19 } 12.6 9 107
6 HD: Septal defects 47 | 311/ 38 45.2
Total 23510 151 | 100.0 | 84 | 100.0

However, when the data are collapsed into one this difference is obfuscated. We also see

from this graph that there is a dearth of ECM infants in category 4 (targeted growth
defects) (1.2%) compared to the Cardiac only (4.6%).

Figure 4.2: Comparison of percentages of cases in the All, Cardiac only and ECM datasets
by embryological category
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4.4 Description of lesions and comparison of Saudi Arabian registry
data with EUROCAT data

There were 29 types of lesions coded to ICD-9 that were counted using the lesion analysis
method. 531 lesions were identified for the 235 cases. Table 4.7 presents the relative
frequency of these lesions. ASD II was the most common (23%) followed by VSD (20%)
and PDA (18%). The number of isolated cases of ASD II was 36 and coincidentally the
number of isolated cases of VSD was 36 (data not shown). VSD was not separated into
the two categories of muscular and membranous. Due to the exclusion criteria, there were
no isolated PDAs and PDA to premature infants was excluded. The fourth most common
lesion was TGV, (corrected or complete) followed by AVSD, COA, PV stenosis, DORV
and TOF.

Table 4.7 Relative frequency of CHD lesions found in a population of 235 Saudi infants

ICD 9
Defect or lesion Code N %
Atrial septal defect, secundum (ASD II) 7455 | 122 | 23.0
Ventricular septal defect (VSD) membranous and muscular 7454 | 105 | 19.8
Patent ductus arteriosus (PDA) 747.0 93| 17.5
Transposition of great vessels (d-TGV and I-TGV) 745.10 28 5.3
Atrioventricular septal defect (AVSD) 745.69 20 3.8
Coarctation of the aorta (COA) 747 1 19 3.6
Pulmonary valve stenosis 746.02 17 3.2
Double outlet right ventricle (DORV) 745.11 13 24
Tetralogy of Fallot (TOF) 745.2 13 24
Aortic valve stenosis 746.3 9 1.7
Dextrocardia 746.87 9 1.7
Pulmonary valve atresia 746.01 9 1.7
Bicuspid aortic valve 746.4 8 1.5
Pulmonary artery hypoplasia/stenosis 747.3 8 1.5
Ostium primum defect (ASD 1) 745.61 7 1.3
Double inlet left ventricle (DILV) 745.3 6 1.1
Hypoplastic left heart syndrome (HLHS) 746.7 6 %4
Total anomalous pulmonary venous return (TAPVR) 747.41 6 11
Partial anomalous pulmonary venous return (PAPVR) 747 .42 5 0.9
Interruption of aortic arch/Anomaly of aortic arch 747.21 5 0.9
Sub-aortic stenosis 746.81 5 0.9
Truncus 745.0 3 0.6
Double chambered right ventricle (DCRV) 746.83 3 0.6
Hypoplastic right heart syndrome (HRHS) 746.9 3 0.6
Tricuspid valve atresia 746.1 3 0.6
Sinus ASD 745.8 2 0.6
Mitral stenosis 748.5 2 0.4
Ebstein's anomaly 746.2 1 0.4
Other anomalies of great veins 747.49 1 0.2
Total defects 531 100
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Table 4.8 compares the distribution of lesions between the cases and EUROCAT
registered live births for 2001-2002 in two ways. Firstly, the 531 lesions described in
table 4.7 were grouped according to the method used by EUROCAT (Appendix 4B). Data
from the Saudi Arabian CHD registry from 1998 to 2003 were also analyzed in this way
(Appendix 4C). Data for 2001 and 2002 (Appendix 4C) from the Saudi CHD Registry

were summed for a comparison which is presented in table 4.8

The lesions from the EUROCAT data can be divided into four categories:
1. Malformations of cardiac septa (septa)
2. Malformations of great arteries and veins (arteries and veins)
3. Malformations of valves (valves)
4

. Anomalies of cardiac chambers and connections (chambers)

Secondly, EUROCAT presents six individual defects: TGV, AVSD, COA, TOF, HLHS
and common truncus. An individual may be counted in more than one group (i.e., septa
and valves) but not twice with the same group. Similarly, the category AVSD (as defined
by EUROCAT) includes all patients with ICD-9 745.6. This includes both AVSD
(745.69) and ASD I (745.61). Because of the detailed coding of the Saudi Arabian CHD
registry there were patients with both 745.69 and 745.61 however in the category of
“AVSD (745.6)” in table 4.8 they were only included once.

The topmost (orange) section of table 4.8 shows that within the cases there were 200
malformations of septa (52%), 88 of arteries and veins (23%), 56 of valves (14%) and 43
of chambers (11%). In comparison with the data from the entire Saudi Arabian registry
we see that a smaller proportion of 44 percent were registered with lesions of septa, 28
percent were registered with lesions of arteries and veins, 19 percent were registered with
lesions of valves and 9 percent were registered with lesions of the chambers. While the
proportions are different in magnitude we see that the order is the same with septa being
more common than arteries and veins, being more common than valves and chambers

being the least prevalent.
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The data were compared with data from the 6 UK registries which report cardiac
anomalies to EUROCAT and with all full EUROCAT members.”> Three of the six UK
registries follow the same pattern of septa, arteries and veins, valves and chambers.
NORCAS?®, Oxford and Wessex do not although in each registry there is only one

deviation which is marked in red.

Considering only the 6 registry groups which follow the same order of septa, arteries,
valves and chambers we see that the data range from 40 percent to 65 percent for the
septa category; 13 percent to 29 percent for the arteries category; 12 percent to 19 percent
for the valves category and 4 to 15 percent for the chambers. For all nine registries septa

lesions are most common, proportionally followed by arteries.

In the blue section of table 4.8 the individual defects which EUROCAT reports are
compared. At this individual lesion level there is more variability between the Saudi
Arabian registry data, the registry data of Riyadh only, the full member data and the 6 UK

registries. In fact, no pattern could be discerned.

Figure 4.3 Visual presentation and comparison of relative frequency data of lesions
registered in Saudi Arabian registry and EUROCAT
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7o%

60%

Percentage
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Saudi Riyadh Full CARIS, NORCAS, North Oxford, Trent, Wessex,
Arabian Registry Members, EUROCAT EUROCAT Thames, EUROCAT EUROCAT EUROCAT
Registry EUROCAT EUROCAT

Registries

? Full Members to EUROCAT must meet specific criteria. See the EUROCAT website:
http://www.eurocat.ulster.ac.uk/index.html. There are 31 Full Member registries which report on the
majority of cardiac defects.

* Northern Region, Newcastle-upon-Tyne (NORCAS)
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Figure 4.3 shows four of the six UK registries (CARIS, Oxford, Trent, Wessex) have
approximately 20 percent of their individually identified lesions béiné TGV. The Saudi
Arabian CHD Registry reported 16 percent and the Riyadh region reported 31 percent
(the highést number of TGV in this analysis). '

There is comparability between Riyadh and Saudi Arabia with regard to AVSD, but the
other registrics reported a smaller proportion of AVSD lesions. The range for registered
AVSD cases was zero* to 30 percent reported by the Saudi Arabian registry.

The range of COA was 20 percent to 34 percent with All Full Members reporting 24
perccﬁt compared to the Saudi Arabian Registry which reported 26 percent. The Riyadh
~ registry only reported 12 percent TOF whereas the Saudi Arabian registry reported 24
percent _which was more simila;‘ to the findings of the All Full Members (20%). '

Only one percent of cases were HLHS in the Saudi Arabian registry and this contrasts
with 16 percent of cases from North Thames, 18 percent of cases from Wessex and 33

percent of cases from Oxford.

In the green section of Table 4.8 are presented five lesions which EUROCAT does not
report: dextrocardia, sub-dbrtic stenosis, double chambered right ventricle, hypoplastic
right heart and mz’trjal atresia for both the 2001-2002 Saudi Arabian CHD data and for the
Riyadh sample. These were presented because of their seriousness and relative
commonness within both the Saudi CHD registry and the Riyadh sample. The Saudi
Arabian Registry found dextrocz_zfdia more than half as frequently as they found TGV.

Mitral atresia was found nearly twice as many times as HLHS.

* Oxford reported only 35 cases in all for 2001-2002. Zero cases of these were AVSD.
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Summary of results Chapter 4

1.

In the Riyadh registry population 62 percent of the defects were discovered at birth
which may indicate a high degree of severity of illness. 100% of these cases had been
diagnosed by 2 years of age. ,

Most comm'only'CHD was found in parallel without an ECM (35% of cases).’

In the Riyadh registry population the highest pfoportion of ECM were found to be
Down syndromé. Nineteen percent of the 235 cases (n=44) had Down syndrome.
Using the BWIS system of grouping defects the EMBRYOLOGICALLY EARLIEST defects
(laterality and looping ‘and DVOAT mcsenchyrhal céll) have the lowest ratio of
unique types to the number of indiv'iduails‘ found in the Riyadh registry. The most
common defect characterization was septal defects which also had the highest ratio of -
12 infants for each type of defect combination. The smallest proportion of cases are
those with targeted growth defects (3.4%). The majority of cases were hemodynamic
effects (56%) of which septal defects make up the largest part. ,
Using the BWIS system of grouping defects, we see 2.6 percent extracellular matrix
defects in CARDIAC ONLY versus 19 percent in the ECM group. This is driven by the
large number of Down syndrdme infants with AVSD (Figure 4.2). Also, there are
few infahts within the ECM group with targeted growth defects (1%) and many with
septal defect_s (45%). The propoftion of mesenchymal cell (DVOAT) infants is nearly

the same in both the CARDIAC ONLY and ECM datasets.

Using the lesion analysis method, we see that the Riyadh registry data is comparable
to the Saudi Arabian registry data. ASD II was the most commonly found defect
(23%) followed by VSD (20%) and non-isolated PDA (18%). Although the relative
frequency in combination with other defects was greater for ASD II than VSD, there
were equal numbers of patients (n=36) with either isolated ASD II or isolated VSD.
Using the lesion analysis method as defined by EUROCAT, in the Riyadh registry
septa defects were relatively most common (52%) followed by arteries and veins
(23%), valves (14%) and chambers (11%). The data follow the same order of
frequency as the group of All Full EUROCAT members and three of six UK
registries. However, the proportions for the individual defects does not appear to be
the same for Riyadh compared to All Full members nor does it appear to be the same
for the UK registries as a gfoup These differences may stem from the differing case
definitions and ascertainment procedures used by EUROCAT versus the Saudi
Arabian Reglstry
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CHAPTER 5 Resuilts Il - Case control study .

In this chapter the results from four analyses conducted on the case control data are .
'presented: |
° ALL CASES (all CHD cases)
e CARDIACONLY (isolated and parallel combined)
e EMBRYOLOGICALLY EARLIEST cases

e EMBRYOLOGICALLY LATEST cases

" Each analysis comprised a descriptive comparison of the characteristics of cases and
controls, followed by multivari_ate analysis using logistic regression. There are summary

tables of the models at the end of the relevant section.

5.1 Analysis of all cases | |
There were 235 cases and 247 controls after exclusions detail:d in the Methods.

5.1.1 Univariate results: 'description of cases and controls

The questionnaire included 238 data elements. In the preliminary analysis stage the data
set was increased to 278 variables as new variables were created (e.g., grouping
continuous data into categories). The final analysis is restricted to 83 variables of interest.
Univariate statistics are presented on these in table 5.1 (a-j). Table 5.13 shows a summary

of the number of missing values associated with each variable.

Consanguinity (table 5.1a)

The phylogram chart identified “forty-six categories of consanguinity (Appendix SB).
These forty-six were collapsed into “yes/no™ and four levels (table 5.1a). Although there
were a higher proportion of cases then controlé who were from consanguineous unions
(52% versus 49%) this difference was not statistically significant. When broken down by
category we see that the proportions of both the “First cousin or closer” and the “All other
cousin relationships less close than above” categories were virtually the same (25%
versus 25% and 12% versus 12% in cases and controls respectively). It was in the “All
other (lesser) First Cousins” where there was a higher proportion in cases than in controls
(16% versus 13%). However no statistically significant difference was found in the crude

odds ratio for being the product of a consanguineous relationship.
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Table 5.1 (a-j) Characteristics for all sampled n=482

5.1a Consanguinity

Characteristic Stratum Cases Controls Crudeoddsratio  p
value

Consanguinity Yes 123 52.3 122 49.4 1.2 (0.8-1.7) 0.90

No 112 47.7 125 40.6 1.0

Total 235 100.0 247 100.0
First Cousin or closer 58 247 62 25.1 1.0 (0.7-1.6) 0.78
All other (lesser) First Cousins 37 15.7 31 12.6 1.3 (0.8-2.3)
All Second and Third Cousins 28 11.9 29 11.7 1.0 (0.6-1.9)
Non-Consanguineous 112 47.7 125 50.6 1.0
Total 235 100.0 247 100.0

Cuzick Test for trend across ordered groups 0.6

Infant characteristics (table 5.1b)
Cases and controls had a similar sex ratio (table 5.1b). There was a significant difference

in the age of the case and control infants at the time the interview took place, the cases

5.1b Infant characteristics

Characteristic ~ Stratum Cases Controls Crude oddsratio  Chi” (LR)
TR " . N (%) N (%) (95% CTy i ue
Infant’s Sex Male 121 (51.5) 122 (49.4) 1.1 (0.8-1.6) 0.65
Female 114 (48.5) 125 (50.6) 0
Total 235 (100.0) 247 (100.0)
Infant’s Age at 15 days to 3 months 52 221 29 11.7 1O <0.001
Interview 3 to 6 months 41 17.4 73 29.6 0.3 (0.2-0.6)
6 months to 1 year 54 23.0 92 372 03 (0.2-0.6)
1 to 1.5 years 44 18.7 31 126 0.8 (0.4-1.5)
1.5 to 2 years 18 7.7 19 7.7 0.5 (0.2-1.2)
More than 2 years 26 11.1 3 1.2 48 (1.3-18.2)
Total 235 100.0 247 100.0
Infant’s Birth <1500 grams 9 43 0 0.0 - <0.001
weight 1500-2499 grams 53 25.6 22 9.2 37 (2.1-64)
2500-3499 grams 108 522 165 68.8 1.0
3500-3999 grams 28 13.5 44 183 1.0 (0.6-1.7)
> 4000 grams 9 4.3 9 3.8 1.5 (0.6-4.0)
Total* 207 100.0 240 100.0
Gestational Age 31 or less weeks 8 3.5 1 04 10.1 (1.2-83.0) <0.001
32 to 36 weeks 37 16.2 12 49 39 (1.9-7.8)
37 or more weeks 184 80.3 232 947 1.0
Total 229 100.0 245 100.0
Multiplicity Singleton 224 953 245 99.2 1.0 <0.001
Twins or higher 11 4.7 2 8 6.1 (1.3-27.8)
Total 235 100.0 247 100.0

* For details on missing see table 5.13.

being younger than controls. The mean age of cases was 11.3 months (s.d. 10.2 months)
and the mean age of controls was 8.3 months (s.d. 5.9 months) at interview (p< 0.001).
Both sex and age of infant at interview were monitored during data collection with the
aim of achieving a stratum matched sample of controls. However, the control hospital’s

immunization plan did not have many infants appearing naturally at more than two years.
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There was a statistically significant difference between the mean birth weight of cases
and controls. For cases it was 2.7 kg (s.d. 687 gms) and for controls 3.1 kgs (s.d. 619
gms) (p < 0.001). Descriptive statistics for cases and controls for age at interview and

birth weight are presented in table 5.2

Table 5.2: Descriptive statistics for age at interview and birth weight

Age at Interview Birth weight

Cases Controls Cases Controls

N (%) N (%) N (%) N (%)
IN 235 247 207 240
Missing 0 0 28 7
Mean 11.3 months| 8.3 months{ 2738 3129 gms
Median 8.4 months 6.8 months| 2900 %l 3128 gms|
Std. Deviation 10.2 months] 5.9 monthj 687 488 gms|
Minimum 15 day 29 dayj 600 ?rj 1500
Maximum 1528 dayzl 1634 days| 4500 4500 é:j

The highest gestational age for cases and for controls was 42 weeks except for two
controls with gestational ages of 43 weeks. A significantly higher proportion of cases
were born prematurely (20%) than controls (5%) (p < 0.001). There was a higher
proportion of multiple births among the cases (4.7%) than the controls (0.8%). For cases,
there were ten twin infants and one triplet infant. Among the controls there were two twin

infants.

Maternal characteristics (table 5.1c)

Nearly all (99.6%) case and control mothers were Saudi by birth and nationality (table
5.1c). There was one case mother who was a Saudi national although she and her husband
were originally from the Yemen. One case mother was Qatari and one control mother was
Syrian. With regards to ethnicity, a higher proportion of case mothers than control
mothers classified themselves as Bedouin (37% versus 21%) (p< 0.001). Case mothers
were significantly older than control mothers with the point estimate of the odds ratio for
greater than 38 years of age being 4.0 (Clgsy, = 1.9-8.3). The mean age for case mothers
was 30 years (s.d. 6.9) and for controls it was 27 years (s.d. 5.9). Figure 5.1 presents
histograms of maternal age in years at the birth of the infant. The case mothers had a
broader range of ages although both case and control curves approximate a normal

distribution.
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5.1c Maternal characteristics

Characteristic ~ Stratum Cases Controls Crude oddsratio ~ Chi~
N (%) N (%) (95% CI) (LR)
p value
Mother’s Saudi 234 99.6 246 99.6
Nationality Other Arab 1 0.4 1 0.4 -
Total 235 100.0 247 100.0
Mother’s Bedouin Ethnicity 87 372 52 21.1 22 (1.5-3.3) <0.001
Ethnicity Urban Ethnicity 147 62.8 194 789 1.0
Total* 234 100.0 246 100.0
Mother’s age 14-20 17 7.4 35 145 0.7 (0.4-1.4)
at infant’s 21-28 78 33.8 120 496 1.0
birth (years) 29-38 102 442 74 306 2.1 (1.4-3.2) <0.001
39+ 34 14.7 13 54 40 (1.9-8.3)
Total* 231 100.0 242 100.0
Mother’s age  14-19 75 325 91 378 0.8 (0.6-1.2)
at first birth 20-29 142 61.5 145 60.2 1.0 0.05
30+ 14 6.1 5 21 29 (1.0-8.2)
Total* 231 100.0 241 100.0
Marital Status  Married to baby's father 233 100.0 245 99.2
Separated/divorced 0 0 2 .8 -
Total* 233 100.0 247 100.0
Gravida 1 pregnancy 34 145 72 29.1 1.0 < 0.001
2-5 pregnancies 128 545 126 51.0 22 ([13-33)
6-8 pregnancies 58 247 36 146 34 (1.9-6.3)
9 or more pregnancies 15 6.4 13 53 24 (1.0-5.8)
Total 235 100.0 247 100.0
Parity 1 birth 44 190 82 332 1.0 <0.001
2-5 births 139 59.9 127 514 20 (1.3-3.2)
6 or more births 49 21.1 38 154 24 (1.4-43)
Total* 232 100.0 247 100.0

*For details on missing see table 5.13.

Figure 5.1 Histograms of maternal age at birth of infant (years) for cases and controls

Controls
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Mother's Age at Birth of infant Mother's Age at Birth of Infant

We stratified maternal ethnicity by consanguinity and found that the Bedouin cases do
have a higher proportion of first cousin or closer and all other (lesser) first cousin than the
urban cases (p, 0.003) (table 5.3). In the controls, there is a difference between the

proportion of all second and third cousins in the Bedouin cases versus the urban cases.
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Table 5.3 Ethnicity stratified by consanguinity

Characteristic Bedouin Urban

: N (%) N (%)

Cases Controls Cases Controls

First Cousin or closer 28 (32) 12 (23) 30 (20) 50 (26)
All other (lesser) First Cousins 17 (20) 6 (12) 20 (14) 25 (13)
All Second and Third Cousins 12 (14) 9(17) 15 (10) 20(10)
Non-Consanguineous 30 (35) 25 (48) 82 (56) 99 (51)
Total 87 (100) 52 (100) 147 (100) 194 (100)

The variable maternal age at first birth was also investigated but did not appear superior
to maternal age at infant’s birth. Nearly all of the case mothers and the control mothers
were currently married to the father of the baby. Two control mothers were divorced.
Marital information was unknown for two cases who discontinued the interview halfway
through. Increased gravida and increased parity were significantly associated with
increased odds of CHD in univariate analysis. Histograms for gravida and parity and
univariate statistics are presented in figures 5.2 and 5.3 and table 5.4, respectively. The
average gravidity for cases was 4 with a range of 1 to 17 whereas for cases it was 3 with a

range of 1 to 13. Parity shows similar if less remarkable differences.

Figure 5.2 Histograms for number of pregnancies (gravidity) for cases and controls
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Figure 5.3 Histograms of parity for cases and controls
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Table 5.4 Univariate statistics for gravida and parity

Number of Gravida Parity

 pregnancies Cases Controls Cases Controls
‘or births N (%) N (%) N (%) N (%)

1 34 145 | 72 29.1 | 44 19.0 | 82 33.2

2 45 19.1 | 48 19.4 | 45 194 | 48 19.4

3 25 10.6 | 35 142 | 30 129 | 33 134

4 26 11.1 | 26 10.5 | 29 125 29 11.7

5 32 13.6 | 17 69 | 35 15:1 17 6.9

6 23 9.8 | 15 6.1 18 7.8 10 4.0

7 25 10.6 | 15 6.1 13 5.6 | 11 4.5

8 10 43 6 24 8 34 8 32

9 7 3.0 4 1.6 4 17 4 1.6

10 S 2:1 2 .8 4 1.7

11 4 1.6 3 1.2

12 1 4 2 0.9

13 2 0.9 2 .8 2 0.8

14

15

16

17 1 0.4

235 100.0 | 247 100.0 | 232 100.0 | 247 100.0
Cases Controls Cases Controls

Missing 0 0 3 0
Mean 4.31 3.41 3.78 3.13
Median 4.00 3.00 3.00 2.00
Std. Deviation 2.68 2.62 2.40 2.44
Range 1-17 1-13 1-12 1-13

Paternal characteristics (table 5.1d)

The mothers were asked demographic questions about the father of the baby: paternal
age, nationality and ethnicity. With respect to paternal age at the time of the infant’s birth
there were 16 case mothers and 28 control mothers who did not know their husband’s age

(table 5.1d). Histograms for paternal age are presented in figure 5.4. Despite the missing

5.1d Paternal characteristics

Father’s age 19-24 16 73 14 6.4 1.9 (0.94.2) <0.001
at infant’s 25-34 81 370 126 575 1.0
birth (years) 35-44 90 411 60 274 23 (1.5-3.6)
45+ 32 14.6 19 8.7 2.6 (14-5.0)
Total* 219 100.0 219 100.0
Father’s Saudi 235 100.0 247 100.0
Nationality Other Arab 0 0.0 0 0.00 -
Total* 235 100.0 247 100.0
Father’s Bedouin Ethnicity 92 393 57 231 22 (14-32) <0.001
Ethnicity Urban Ethnicity 142 60.7 190 769 1.0
Total* 234 100.0 247 100.0

*For details on missing see table 5.13.
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data, older paternal age was clearly associated with a greater risk of having an infant with
CHD. Fifteen percent of case fathers were aged 45 or more compared to only 9 percent

of control fathers. All fathers were Saudi Arabian although one had originally been
Yemani as described above. Approximately, the same proportion of fathers as mothers
were Bedouin. These data were highly correlated r=0.8853; correlations are discussed

more fully in section 5.1.2.

Figure 5.4 Histograms of paternal age at birth of the infant for cases and controls

Cases Controls
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Both maternal ethnicity and paternal ethnicity were significantly associated with outcome
in univariate analyses and the two variables were highly correlated. Excluding those cases
and controls whose parents did not share the same ethnicity was considered (table 5.5
marked in red). However, despite the high correlation this would have excluded 23
infants (7% of the cases and 3% of the controls). Therefore, maternal ethnicity was
chosen for further analysis as it was considered to be more reliable. It was obtained from

the mother herself rather than the mother’s opinion of the father.

Table 5.5 Comparison of maternal and paternal ethnicity

- Characteristic ~ Stratum ~ Bedouin Father ~ Urban Father =~ Total
iy : N (O o NR) o DI %)
Cases Bedouin Mother 82 89 5 4 87 £

Urban Mother 10 11 137 96 147 63

Total 92 100 142 100 234 100

Controls Bedouin Mother 50 89 2 1 52 E2d
Urban Mother 6 11 188 99 194 = 79

Total 56 100 190 100 246 100
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Index pregnancy characteristics (table 5.1e)

Nine of the case mothers and three of the controls reported use artificial reproductive

technology (ART) in the conception of the index child (table 5.1¢). Four of the cases used

5.1e Index pregnancy characteristics

Characteristic Stratum Cases Controls Crude oddsratio ~ Chi” (LR)
ety N (%) N (%) (95%CI) pvalue
Did this Yes 9 3.8 3 1.2 33 (0.9-12.3) 0.06
pregnancy use No 223 94.9 243 984 1.0
ART? Total* 232 98.7 246 99.6
Was this Yes 102 44.0 82 333 10
pregnancy No 130 56.0 164 66.7 0.6 (0.4-0.9) 0.02
planned? Total* 232 100.0 246  100.0
How many weeks  Less than 3 months 25 26.0 28 354 10 <0.001
did it take to 3 to 6 months 10 10.4 23 29.1 0.5 (0.2-1.2)
become 7 to 12 months 8 8.3 6 76 1.5 (0.4-5.0)
pregnant?* 12 months + 53 55.2 22 27.8 2.7 (1.3-5.8)

Total* 96 100.0 79 100.0
Vaginal bleeding  Yes 25 10.8 10 40 29 (1.3-6.1) <0.001
for more than 1 No 207 89.2 237 96.0 1.0
day Total* 232 100.0 247 100.0
Severity of None 207 89.2 237 96.0 1.0 0.01
Vaginal bleeding ~ Mild/Moderate 20 8.6 7 28 3.3 (1.3-8.0)
Severe 5 2.2 3 1.2 19 (0.4-8.1)
Total* 232 100.0 247 100.0
Extra-cardiac None 183 79.0 242 98.0 1.0 <0.001
anomaly (ECM) ECM 49 21.0 5 20 129 (4.8-34.8)
(Mother) Total 232 100.0 247 100.0
Any ECM None 163 69.4 242 98.0 1.0
(Registry) ECM 72 30.6 5 20 214 (7.8-58.6) <0.001
Total 235 100.0 247 100.0
All ECM (Registry None 151 64.3 242 98.0 1.0 <0.001
or Mother) ECM 84 35.7 ) 2.0 269 (10.7-67.9)
Total 235 100.0 247 100.0
Mother’s BMI at Underweight (<18.5) 1 S 2 8 0.6 (0.1-6.5)
interview Normal (18.5 —24.9) 62 28.6 71 292 1.0 - 0.96
Overweight (25.0-29) 80 36.9 87 358 1.1 (0.7-1.7)
Obese (30+) 74 34.1 83 342 1.0 (0.6-1.6)
Total* 217 100.0 243 100.0
Estimate of Underweight (<18.5) 3 2.3 5 32 06 (0.1-2.9)
Mother’s BMI Normal (18.5 - 24.9) 45 34.1 48 306 1.0 - 0.60
pre-pregnancy Overweight (25.0-29) 49 37.1 52 33.1 1.0 (0.6-1.8)
Obese (30+) 35 26.5 52 33.1 0.7 (0.4-1.3)
Total* 132 100.0 157 100.0
Diabetes during Yes 42 17.9 33 134 14 (0.9-2.3) 0.20
index pregnancy No 193 82.1 214 86.6 1.0
Total 235 100.0 247 100.0
Diabetes No Diabetes 193 82.5 214 873 1.0
Gestational Diabetes 31 13.2 30 122 1.1 (0.6-2.0) 0.01
Overt 10 43 1 04 11.1 (1.4-894)
Total* 234 100.0 245  100.0
Major maternal Yes 63 272 34 138 23 (1.5-37) <0.001
health problem No 169 72.8 213 86.2 1.0
with index Total* 232 100.0 247 100.0
pregnancy

*For details on missing see table 5.13.

137



Chapter 5: Results IT

Clomid with hormonal injections alone, four cases reported gamete intra-fallopian
transfer (GIFT) or intra-cellular sperm insemination ( ICSI) and one used a traditional
remedy. The three controls availing themselves of ART used Clomid with hormonal
injections alone. Multiplicity does not appear to be associated with ART as shown in
table 5.6 although this could not be tested statistically (the expected count was less than
5). Eight of the thirteen multiple gestations (62%) did not report use of ART.

Table 5.6 Comparison of multiple births with artificial reproductive
technologies by case and control status

- Characteristic ~ Stratum ART Yes ART No Total
S N (%) N(%) N (%)
Cases Singletons 5 56 216 97 221 &89S
Twins 3 33 7 3 10 B
Triplets 1 11 0 0 1 0
Total 9 100 223 100 232 100
Controls Singleton 2 67 243 99 245 #5299
Twins 1 33 1 1 2 1
Total 3 100 244 100 247 100

Forty-four percent of the case mothers reported that the pregnancy was planned versus 33
percent of the control mothers (p<0.02). Of those who planned to become pregnant, 55
percent of case mothers versus 28 percent of control mothers found that they had to wait
more than one year to conceive. Vaginal bleeding for more than one day was significantly
more prevalent in the case pregnancies than the control pregnancies (OR=2.9, Clgse, =1.3-

6.1). Severe vaginal bleeding however was not found to be significantly different.

As described in the methods (Section 3.14.2) there were two ways to capture information
on extra-cardiac malformations (ECM) from cases. The reliability of these two sources
differed. Only 49 case mothers reported a problem at the time of the interview whereas 72
of the infants were registered with an associated diagnosis by the registry. In total there
were 84 infants with an associated diagnosis using both the mother’s report and the
registry (table 5.7).

Table 5.7 Comparison of source for
identification of extra-cardiac malformation

eV ALt s g e, N %
No defect reported 151 64.3
Mother reported, only 12 S:1
Registry reported, only 35 14.9
Mother and registry 37 1557
Total 235 100.0

The 35 examples (15% of all cases) where the ECM was reported only by the registry

includes 11 of the chromosomal cases, 6 of the heritable cases, 6 of the dysmorphic

138



Chapter 5: Results II

features and 12 of the other organ anomalies. The 12 examples where the ECM was only
reported by the mother includes 11 cases of Down syndrome and 4 cases of anomalies of
organs. The‘detailed description of the ECM anomalies is found in tables 5.8 (cases) and
5.9 (controls). Please note the ECM reported in the case infants have been categorized
into the groups described by the BWIS (Ferencz et al., 1993).

The only source of ECM information for control infants was from the mother although
theoretically this information should have been included on the Well Baby booklet. It was
not noted on any of the ones seen by the author although the author did not see them all.
This information is shaded in table 5.1e.

As can be seen from table 5.1e, ECM were highly associated with being a case with an
odds ratio of 27 and a 95% confidence limit of 11 to 68. It was decided therefore to

examine separately those cases without an ECM (Section 5.2).

In the all case analysis, no association was found between mother’s estimated pre-
pregnancy body mass index (BMI) and risk of CHD in the infant, or her BMI at interview
and risk of CHD. Thirty-four percent of cases and controls were obese at interview and
another 36 percent of cases and controls were overweight at interview. Only 56 percent of
cases and 64 percent of controls were able to estimate their pre-pregnancy weight.
Therefore, due to the paucity of data (and despite the fact that obesity has been shown to

be a risk factor for anomalies) this variable will not be considered in further analysis.

There were approximately the same proportion of gestational diabetics in each group, but

significantly more overt diabetics in the case group (OR 11.1, Clgse, =1.4-89.4).

As described in the methods section (Section 3.14.2) a variable was created to count the
major health problems affecting the index pregnancy. It was found to be significantly
associated with outcome (OR = 2.3, Clgsy, =1.5-3.7). There were 63 cases and 34 controls
with a major maternal health problem in the index pregnancy or in a previous pregnancy
that may have affected this index pregnancy. A listing of these major maternal health
problems is found in table 5.10 as well as the data for the 35 (of 151) CARDIAC ONLY
cases to be analyzed in Section 5.2.
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Previous pregnancy characteristics (table 5.1f)

There was increased risk associated with two previous pregnancy losses (OR = 2.5,
Closy, =1.3-5.0), with the increased risk for three or more previous losses being even
higher (OR= 6.1, Clos, =1.3-28.1) (table 5.1f). Vaginal bleeding lasting more than one
day in two previous pregnancies was associated with increased risk (OR=7.2, Clgsy, =2.1-

24.9). Three or more previous pregnancies while the mother suffered from a maternal

Table 5.8 Extra-cardiac malformations found in cases categorized according

to sxstem used in the BWIS

Abnormalities N %
No Non-CHD associated anomalies 151
Chromosomal abnormalities

Down syndrome 40  47.6
Down syndrome and duodenal atresia 1 1.2
Down syndrome and congenital hypothyroidism 2 24
Partial trisomy 11, sub glottic stenosis, inguinal hernia 1 1.2
Down syndrome and bilateral cleft lip, cleft palate 1 1.2
Heritable syndromes

Alagille syndrome 1 1.2
DiGeorge syndrome 2 24
Lactic Acidosis and micrognathia 1 1.2
Noonan syndrome 1 1.2
Polydactyly 1 1.2
Polydactyly and dysmorphic featrues 1 1.2
Rubenstein Taybi syndrome 1 1.2
Tuberous sclerosis (Rhabdemyoma) 1 1.2
Williams syndrome 2 24
Anomalies of organs

Cleft lip, cleft palate 1 1.2
Incomplete cleft lip, unilateral 1 1.2
Dysmorphic features 2 24
Dysmorphic features and undescended testes 1 1.2
Dysmorphic features: micrognathia, web neck, hemangioma, 1 1.2
depressed nasal bridge

Dysmorphic features: low set ears, hirsute, short neck, mild clubbing 1 1.2
Dysmorphic features: Facial asymmetry, micrognathia, widely 1 1.2
spaced nipples

Congenital malformation of kidney 3 3.6
Congenital hydronephresis Bl 4.8
Hyperplasia of kidney 1.2
Cloacal exstrophy, perforated anus, other serious defects 1.2

Omphalocele

Lumbosacral spine agenesis
Short bowel syndrome "twisted intestine" 1.2
Ectopic testes 1.2

1

1

2 24

1

1

1
Subglottic stenosis 2 2.4

1

1

1

1

4

1.2

Unidentified congenital abnormalities 1.2
Duodenal atresia 1.2
Craniosynthesis 1.2
Problem with endocrine gland 1.2

Total 84 100.0

B T ————
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Table 5.9 Extra-cardiac malformations found in controls

Abnormalities N %
Mental retardation 1 200
Kidney problem 2 400
Sickle cell trait 1 20.0
Small head for weight and length 1 20.0
Total 5 100.0

health problem was also indicated (OR=3.9, Clgsy, =1.4-10.8). The total number of
neonatal deaths, infant deaths, deceased children and total number of pregnancies while
the mother suffered from a major illness were not found to be significantly associated

with risk of CHD in the index pregnancy.

5.1f Previous pregnancy characteristics

Characteristic = Stratum Cases Controls Crude odds ratio Chi” (LR)
N (%) N (%) (95%CI)  pvalue
Total No losses 160 69.0 194 78.5 1.0 <0.001
pregnancy 1 loss 35 15.1 38 154 1.1 (0.7-1.8)
losses™ 2 losses 27 11.6 13 53 2.5 (1.3-5.0)
3 or more losses 10 4.3 2 .8 6.1 (1.3-28.1)
Total 232 100.0 247  100.0
Total neonatal No neonatal deaths 225 97.0 244 98.8 1.0
deaths 1+ neonatal deaths 7 3.0 3 1.2 25 (0.6-99) 0.16
(<30 days) Total 232 100.0 247  100.0
Total infant No infant deaths 226 97.4 243 984 1.0
deaths 1 or more deaths 6 2.6 4 1.6 1.6 (04-5.8) 0.55
(31 to 365 days) Total 232 100.0 247  100.0
Total lost No deaths 216 931 236 95.5 1.0
children 1 or more deaths 16 6.8 11 45 16 (0.7-3.5) 0.25
Total 232 100.0 247  100.0
Pregnancies No bleeding 177 76.3 213 862 1.0 <0.001
with vaginal 1 pregnancy 29 12.5 28 11.3 1.2 (0.7-2.2)
bleeding 2 pregnancies 18 7.8 3 1.2 7.2 (2.1-24.9)
> 1 day™ 3+ pregnancies 8 34 3 12 32 (0.8-12.3)
Total 232 100.0 247  100.0
Maternal None 151 65.1 182 73.7 1.0 0.01
health problem 1 pregnancy 56 24.1 46 18.6 1.5 (0.9-2.3)
2 pregnancies 9 39 14 5.7 0.7 (0.3-1.8)
3 pregnancies 16 6.9 5 20 39 (1.4-10.8)
Total 232 100.0 247  100.0
Pregnancies None 224 96.6 232 939 1.0 0.39
while mother 1 pregnancy 3 1.3 9 36 03 (0.1-1.3)
suffered froma 2 pregnancies 2 9 2 .8 1.0 (0.1-7.4)
major illness 3 pregnancies 3 1.3 - 1.6 0.7 (0.2-3.5)
Total 232 100.0 247  100.0

" Cuzick Test for Trend across ordered groups 0.01
*For details on missing see Table 5.13.

Table 5.11 presents the detailed results for diabetes by type and treatment. Of those with
diabetes a higher proportion of case mothers had type I diabetes than control mothers
(17% versus 3%). No control mothers had type II diabetes while 7 percent of cases had it.
Of the total sample (table 5.1¢) thirteen percent of cases had gestational diabetes versus

141



Chapter 5: Results II

12 percent of controls. The treatment of the gestational diabetes for the majority was diet
although a proportion of these mothers reported that they received insulin injections: 4 of

31 case mothers and 3 of 30 control mothers.

Table 5.10 Condition, iliness or previous history affecting this pregnancy

Health Problem All Cases | Controls | Cardiac Only
N (%) N (%) N (%)
Index pregnancy using Assisted Reproductive Therapy (ART)
ART, drugs only this pregnancy 2 32|11 29 1 29
ART, this pregnancy 3 48
ART, drugs only, this pregnancy and previous CHD child 1 1.6
ART, this pregnancy and previous CHD child 1 1.6 1 2.9
Having a serious disease in index pregnancy
Thalessemia in mother 1 29
Thalessemia in mother and previous CHD child 1 1.6 1 2.9
Thyroid disease in mother 2 32| 6 17.6 1 29
Thyroid disease and more than 3 previous pregnancy losses 1 29
Thyroid disease and ART, drugs only, this pregnancy 2 59
Thyroid disease and severe vaginal bleeding requiring
medications to prevent labour 1 16 1 29
Thyroid disease in mother and previous CHD child 1 1.6 1 29
Thyroid disease, severe bleeding requiring medications to
prevent labour and other major birth defect previous child 1 29
Appendectomy, week 4 gestation, in mother 1 1.6
Epilepsy in mother 1 16| 1 29 1 219
Hepatitis B virus in mother while pregnant 1 16| 2 59 1 29
Insulin diabetes type 1/2 in mother 9 143 Se 148
Insulin diabetes type 1/2 in mother and previous CHD child 1 29
Insulin diabetes type 1/2 in mother and more than 3 previous
pregnancy losses 1 1.6
More than 3 previous pregnancy losses
More than 3 previous pregnancy losses 6 95| 1 29 3 8.6
More than 3 previous pregnancy losses and ART, drugs only,
this pregnancy 1 1.6 1 29
More than 3 previous pregnancy losses and unknown
traditional remedy for infertility 1 1.6
More than 3 previous pregnancy losses, other major birth defect
previous child and previous CHD child 1 1.6
Severe vaginal bleeding requiring medications to prevent labour 4563172559 3 8.6
Previous child with CHD, Down syndrome or any serious birth defect
Previous CHD child 12 19.0| 10 294 9.5 72538
Two previous CHD children I d6]-1 29 1 29
Previous CHD and Down syndrome child 1 29
Previous Down syndrome child with other major birth defect 1 1.6 1 29
Previous CHD and Down syndrome child with an other major
birth defect 1 16
Previous child with major birth defect 10 159 3 838 4 114
Total 63 10034 100 35 100

If overt diabetes is excluded there was double the proportion of serious illness among
control mothers than case mothers (8 (3%) cases versus 14 (6%) controls). Ten control

mothers had thyroid disease compared with only four case mothers (table 5.12).
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Table 5.11 Comparison of cases and controls on diabetes type
and diabetes treatment

Stratum Cases Controls
N (%) N (%)
Diabetes Type I 7~ =470 1 3.2
Type Type II 3 73 0 0.0
Gestational 31 75.6 30 96.8
Total 41 100.0 31 100.0
Diabetes Diet 25 676 26 86.7
treatment Tablets 1 2.7 0 0.0
Insulin injections 11 19.7 4 133
Total 37 100.0 30 100.0

Table 5.12 Comparison of significant iliness in
control and case mothers any previous pregnancy

Stratum Cases Controls
ey N (%) N (%)
Epilepsy 1 5.6 1 6.7
Hepatitis virus B 1 5.6 2 13.3
Thyroid disease -+ 22.2 10 66.7
Thalessemia 1 5.6 1 6.7
Insulin Diabetes Type 1/2 10 55.6 1 6.7
Appendectomy week 4 gestation 1 5.6 0 0.0
Total 18 100.0 15 100.0

Fasting (table 5.1g)

Because of the unique opportunity to look at fasting and its relationship to pregnancy
events, a number of questions were asked on this nearly universal Saudi Arabian practice
(table 5.1g). Ramadan occurred within the three months prior to pregnancy and the three
months post pregnancy for approximately 60 percent of mothers. However Ramadan
fasting and other days of religious, non-Ramadan, fasting were not found to be associated

with increased risk in the population of 235.

5.1g Fasting
- Characteristic  Stratum
Ramadan fell ~ Occurred 151 643 149 60.3 1.8 0.8-1.7 0.40
within 3+/- Did not occur 84 357 98 39.7 1.0
window? Total 235 100.0 247 100.0
Ramadan Yes 143 947 145 97.3 0.5 0.1-1.7 0.30
fasting in No 8 53 4 2.7 1.0
window? Total 151 100.0 149 100.0
Other fasting**  Yes 146 62.1 146 59.3 1.2 0.8-1.7 0.40
days within No 86 36.6 100  40.7 1.0
3+/- window?  Tota]* 232 100.0 246  100.0
Days fasting Less than 1 week 77 328 .85 344 1.0 0.50
in window 1 to 3 weeks 17 72 21 8.5 0.9 (0.4-1.8)
3 to 5 weeks 77 328 88 35.6 1.0 (0.6-1.5)
More than 5 weeks 64 272 53 21.5 1.3 (0.8-2.2)
Total 235 100.0 247 100.0

*For details on missing see Table 5.13.
** Other religious, non-Ramadan, fasting
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Environmental factors (table 5.1h)

Skin lightening creams (which may contain mercury), khol (traditional eyeliner which
contains lead), nogd and saoot (traditional medicines which are inhaled) were not found
to be associated with increased risk although hair colouring (chemical dyes, peroxide and
henna) were (table 5.1h). Chemical hair dye use in the window was associated with a
doubling of effect (OR=2.0, Clgs=1.2-3.3) as was peroxide use in the window (OR=2.1,
Clgse, =1.1-3.8) and henna use (OR=2.2, Clgs¢,=1.4-3.3).

With respect to nogd, fifty-seven of the case mothers and 106 of the control mothers did
not know what nogd was and therefore were not sure if they had been exposed or not.

This was despite having a sample and having its use explained by the interviewer.

Maternal nausea was not found to be protective but mothers who suffered heartburn had
increased risk. Being ill with influenza or having a cold during the six month window, or
an illness that included a fever or medications in general were not found to be associated
with CHD risk. Neither was being exposed to cigarettes within the six month window nor
the consumption of caffeinated beverages. If the house was sprayed with pesticides or
rodenticides within the window there was an increased risk. For pesticides sprayed in the
house, an odds ratio of 3.3, (Closy%=2.1-5.3) was found. For rodenticides, the risk increased
8 fold (OR=8.4, Clys%=1.9-38.0). However, only two control families were exposed to
rodenticides. Exposure to an extremely high ambient temperature at least once during the

window period was not found to be associated with increased risk of CHD.

Socio-economic status characteristics (table 5.1i)

Variables were collected concerning various aspects of socioeconomic status
characteristics as described in Section 3.14.2. Location of house was not found to be
significant although income greater than 2500 SR monthly was significantly associated
with CHD (table 5.1i). Income was calculated on the basis of reported income divided by
the number of household members excluding servants. A higher proportion of the case
mothers (31%) had bachelor’s degrees or more versus 26 percent of the control mothers.
Conversely, a higher proportion of the case mothers were illiterate (OR=3.0, CI g5,=1.4-
6.8). Paid employment was found more frequently in the case mothers (OR=2.2, CI
95%=1.4-6.8). If someone besides her father was financially responsible for the mother

when she was a child this provided a protective effect (OR = 0.5, CI ¢5,=0.3-1.0, p<0.03).
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5.1h Environmental risk factors

Characteristic Stratum Cases Controls Crude odds ratio ~ Chi” (LR)
i N (%) N (%) (95%:CT) 8 pvalue
Skin lightening creams?  Yes 32 139 40 16.4 0.8 (0.5-1.4) 0.50
No 198  86.1 204 83.6 1.0
Total* 230 100.0 244 100.0
Chemical hair dye use in ~ Yes 54  23.1 32 13.0 2.0 (1.2-3.3) <0.001
window No 180 769 215 87.0 1.0
Total* 234 100.0 247 100.0
Peroxide use in window  Yes 35 15.0 19 7.7 2.1 (1.1-3.8) 0.01
No 199 85.0 228 923 1.0
Total* 234 100.0 247 100.0
Henna use in window Yes 79 338 47 19.0 2.2 (1.4-3.3) <0.001
No 155  66.2 200 81.0 1.0
Total* 234 100.0 247 100.0
Khol Bought from herbalist 11 46 14 5.6 1.3 (0.58-3.2) 0.50
Didn’t use or commercially obtained 224 953 233 943 1.0
Total 235 100.0 247 100.0
Nogd Yes 4 2.2 0 0 -
No 174 97.8 139 100.0
Total* 178 100.0 139 100.0
Saoot Yes - 17 2 .8 22 (04-11.7) 0.78
No 230 98.3 244 99.2 1.0
Total* 234 100.0 246 100.0
Vitamin use in window Yes 167 71.7 200 81.3 1.0
No 66 283 46 18.7 1.7 (1.1-2.6) 0.01
Total* 233 100.0 246 100.0
Folic acid use in window Yes 135 579 135 56.3 1.0 0.71
No 98 42.1 105 438 0.9 (0.6-1.3)
Total* 233 100.0 240 100.0
Nausea Yes 171 734 188 76.4 0.9 (0.6-1.3) 0.44
No 62 266 S8 23.6 1.0
Total* 233 100.0 246 100.0
Heartburn Yes 157 68.0 143 57.9 1.5 (1.1-2.2) 0.02
No 74 320 104 42.1 1.0
Total* 231  100.0 247 100.0
Illness during pregnancy  Yes 97 424 96  39.7 1.1 (0.8-1.6) 0.60
with a influenza or cold? No 132 57.6 146 60.3 0
Total* 229 100.0 242 100.0
Illness with fever Yes 72 75.0 63 65.6 1.6 (0.8-2.9) 0.20
No 24 25.0 33 344 1.0
Total* 96 100.0 96 100.0
Medications Yes 99 432 107 435 1.0 (0.7-1.4) 0.95
No 130 56.8 139 56.5 1.0
Total* 229  100.0 246 100.0
Passive cigarette smoke  Yes 92 39.7 82 332 1.3 (0.9-1.9) 0.10
exposure No 140 603 165 66.8 1.0
Total* 232 100.0 247 100.0
Consumption of Yes 219  94.0 222 89.9 1.8 (0.9-3.5) 0.10
caffeinated beveragesin ~ No 14 6.0 25 10.1 1.0
window Total* 233 100.0 247 100.0
House sprayed with Yes 78 343 33 13.6 33 (2.1-53) <0.001
pesticide in window No 149 656 210 864 1.0
Total* 227 100.0 243 100.0
House treated with Yes 15 6.4 2 8 84 (1.9-38) <0.001
rodenticides in window No 218 93.6 245 99.2 1.0
Total* 233 100.0 247 100.0
Hyperthermia in window  Yes 38 133 34 14.1 1.2 (0.8-2.0) 0.43
No 190 833 208 85.9 1.0
Total* 228 100.0 242 100.0

*For details on missing see table 5.13.
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Mothers who lived in a city or a town for the first 12 years of their lives were not found to

be significantly more at risk of having a baby with CHD than mothers who lived in the

5.1i Socioeconomic status characteristics

" Characteristic Stratum Cases Controls Crude odds ratio Cm{(%
R : N (%) N (%) (95%CI)  pvalue
Location of House On a busy street 35 14.9 27 11.0 1.5 (0.9-2.5)
Near an industry 5 2:1 1 4 57 (0.7-50.0)
In a residential area 186 791 7213 869 1.0 0.06
Rural ** 9 3.8 4 1.6 2.6 (0.8-8.5)
Total* 235 100.0 245 100.0
Household 500 or less 32 15.4 28 126 1.8 (0.9-3.4)
income/capita 501 to 1000 riyals 63 303 63 283 1.5 (0.1-0.9)
excluding servants 1001 to 1500 riyals 35 16.8 54 242 1.0 0.04
/month 1501 to 2499 riyals 44 21.2 59 26.5 12 (0.6-2.1)
2500 riyals or more 34 16.3 19 85 28 (1.35.7
Total* 208 100.0 223 100.0
Household Poor 32 154 28 126 14 (0.8-2.5)
(Collapsed) Middle 142 68.3 176 789 1.0 0.02
income/capita excl. Well off 34 16.3 19 85 22 (1.24.1)
servants /month Total* 208 100.0 223 100.0
Mother’s Education No schooling at all 24 10.3 9 3.7 24 (1.0-5.5)
Literate, no schooling 6 2.6 7 28 0.8 (0.2-24)
Adult Literacy class 2 .9 3 1.2 0.6 (0.1-3.7)
Primary School 23 9.9 33 134 0.6 (0.3-1.2) 0.03
Preparatory School 39 16.7 51 20.7 0.7 (0.4-1.2)
Secondary School 48 20.6 67 272 0.6 (0.4-1.1)
Diploma 20 8.6 13 53 1.4 (0.6-3.0)
University or more 71 30.5 63 25.6 1.0
Total* 233 100.0 246 100.0
Mother’s Education =~ None 24 10.3 9 3.7 3.0 (1.4-6.8) <0.001
Some (includes adult) 209 89.7 237 96.3 1.0
Total* 233 100.0 246 100.0
Has mother ever had Yes 63 27.0 35 142 22 (1.4-3.6) <0.001
paid employment? No 170 73.0 212 85.8 1.0
Total* 233 100.0 247 100.0
Mother’s Education 56 88.9 31 88.6 1.0 (0.1-4.2) 0.78
Occupational Field Business 2 32 2 5.7 0.6 (0.3-7.6)
Medical 5 7.9 2 57 14
Total 63 100.0 35 100.0
Mother’s early SES ~ Her father 218 93.6 217 879 1.0
Someone else 15 6.4 30 121 0.5 (0.3-1.0) 0.03
Total* 233 100.0 247 100.0
Mother’s residence ~ City/Town 165 70.2 190 772 14 (1.0-2.2) 0.08
birth to 12 Village/Desert 70 29.8 56 228 1.0
Total* 235 100.0 246 100.0
Mother’s Father’s No schooling at all 51 22.6 74 302 04 (0.2-0.9) <0.001
Education No school, but literate 47 20.8 15 6.1 1.7 (0.6-4.5)
(detailed) Literacy class 3 1.3 4 1.6 04 (0.1-2.2)
Primary 55 243 68 278 04 (0.2-1.0)
Preparatory 30 13.3 45 184 04 (0.1-0.9)
Secondary 18 8.0 24 98 04 (0.1-1.1)
Diploma 5 22 6 24 04 (0.1-1.9)
University 17 1.5 9 37 1.0
Total* 226 100.0 245 100.0
Mother’s Father’s None 90 38.6 83 336 12 (0.9-1.8) 0.30
Education Some (includes adult) 143 614 164 664 1.0
Total* 233 100.0 247 100.0
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Characteristic Stratum Cases Controls Crude odds ratio  Chi” (L
. EhL N (%) N (%) (95% CI) p valu
Mother’s Father Yes 208 89.7 222 90.25 1.0
Employed No 24 10.3 24 9.75 1.1 (0.6-1.9) 0.80
Total* 232 100.0 246 100.0
Mother’s Father’s Military 41 20.8 107 489 0.3 (0.1-0.5) <0.001
Occupation Education 9 4.6 8 3.7 0.8 (0.3-2.2)
Professional 40 20.3 27 123 1.0
Police/Security 5 2.5 2 9 1.7 (0.3-9.5)
Manual Labour 29 14.7 25 114 08 (0.4-1.6)
Office Work 43 21.8 33 15.1 09 (0.5-1.7)
Tradesman 24 12.2 14 64 12 (0.3-2.6)
Semi-professional 6 3.0 3 14 13 (0.3-5.9)
Total* 197 100.0 219 100.0
Mother’s Father’s Military 46 234 109 49.8 0.3 (0.2-0.5) <0.001
Occupational White Collar 98 49.7 71 324 1.0
Field Trade and Manual 53 26.9 39 178 09 (0.6-1.6)
Total* 197 100.0 219 100.0
Father’s Education No schooling at all 4 1.7 4 1.6 0.5 (0.1-2.3) <0.001
(detailed) No school, but literate 6 2.6 1 4 32 (04-28.1)
Literacy class 1 4 -
Primary 21 9.0 31 126 04 (0.2-0.7)
Preparatory 49 21.0 57 232 0.5 (0.3-0.8)
Secondary 61 26.2 102 41.5 0.3 (0.2-0.5)
Diploma 17 73 10 41 09 (04-2.2)
University 75 322 40 163 1.0
Total* 233 100.0 246 100.0
Father’s Education None 9 39 - 1.6 24 (0.7-8.1) 0.13
Some (includes adult) 224 96.1 243 984 1.0
Total 233 100.0 247 100.0
Has father ever had Yes 229 98.7 247 100.0
paid employment? No 3 1.3 0 0.0 -
Total* 232 100.0 247 100.0
Father’s Occupation ~ Military 77 33.8 220 89.1 1.0 <0.001
Education 17 75 5 20 9.7 (3.3-28.9)
Professional 37 16.2 3 1.2 352 (9.1-136.6)
(detailed) Police/Security 15 6.6 0 0.00 -
Manual Labour 10 4.4 0 0.00 -
Office Work 54 23.7 10 4.0 154 (6.8-34.9)
Tradesman 8 3.5 4 1.6 5.7 (1.6-19.9)
Semi-professional 10 44 5 20 5.7 (1.9-17.6)
Total* 228 100.0 247 100.0
Father’s Military 77 33.8 220 89.1 1.0
Occupational Field White Collar 118 51.8 23 9.3 14.7 (7.9-27.1)
Manual 33 14.5 4 1.6 23.6 (7.2-76.9) <0.001
Total* 228 100.0 247 100.0

*For details on missing see table 5.13.
** Rural = in a village, in the desert or on a farm

village or desert. There was no difference between the cases and controls for mother’s
paternal education or mother’s father’s employment. Father’s education was
not significantly different for cases and controls, although an association with father’s
occupational field was found (p<0.001). A lower proportion of case fathers (34%) worked
in the military compared to control fathers (89%). A higher proportion of case fathers
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(52%) than control fathers (9%) held white collar positions (OR=14.7, CI ¢55,=7.9-27.1). Those

who were manual labours had increased odds (OR=23.6, CI 9s50,=7.2-76.9).

Maternal beliefs of causes of CHD (table 5.1j)

At the completion of the interview session mothers were asked for their own beliefs of the
causes of CHD. Case mothers were less likely to believe that consanguinity was a risk
factor for CHD (OR = 0.3, CI 950,=0.2-0.5). Case mothers were also less likely to think
that exposure to environmental toxins was responsible for CHD (OR = 0.4, CI 9s0,=0.3-
0.7). However, feeling that exposure to video display terminals or feeling especially

angry within the six month window of exposure was neither protective nor harmful.

5.1j Maternal beliefs of causes of CHD

Characteristic Stratum Cases Controls Crude odds ratio Chi” (LR)
: N (%) N(%) ~ (95%CDH . pvalue
Exposure to video Yes 71 34.6 66 415 0.7 (0.5-1.14) 0.18
display terminals No 134 65.4 93 585 1.0

Total 205  100.0 159 100.0
Consanguinity is Yes 86 36.9 104 65.8 0.3 (0.2-0.5) <0.001
risky? No 147  63.1 54 342 1.0

Total 233 100.0 158 100.0
Feeling angry during Yes 76  36.9 51 20.6 1.2 (0.8-1.9) 0.36
the 6 month window?  No 130 63.1 107 433 1.0

Total 206 100.0 158 64.0
Exposure to Yes 104 44 .8 103 648 04 (0.3-0.7) <0.001
environmental toxins?  No 128 53.2 56 352 1.0

Total 232 100.0 159 100.0

*For details on missing see table 5.13.
Notes: Where more than 1 stratum are present stratum specific Chi square have been presented (i.e., not the
Wald statistics). The overall p value is a Chi square.

5.1.2 Multivariate analysis
Table 5.13 presents a summary of univariate results for all 83 characteristics studied in
the preliminary analysis and the number of missing values. This table will be useful in

discussing the selection of variables for the logistic regression.

Correlations

The data were first assessed for correlations between variables. These correlations were
compared within the entire data set and not examined for differences between cases and
controls. In Appendix SC you will find selected variables which were found to be
correlated to the level of p< 0.05 (r > 0.2). Also, you will find some variables which were
assessed for correlation and were found not to be correlated. The results of the correlation
examination were used in the next step of the analysis, where the 83 variables were

reduced to a smaller number for use in the multivariate analysis.
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Table 5.13 Summary table presenting 83 variables considered in preliminary analysis with
All Sampled (n=235 cases and 247 controls) baseline p value, number of missing by case
and control status and justification for multivariate decision selection of those 21 selected

Criteria(on)
Variable Baseline = Missing for selection
Consanguinity
1 | Consanguinity NS  None 81, S5
2 | Detailed consanguinity NS None N1, N2, N4
Infant Characteristics
3 | Infant's Sex NS ' None N9
4 | Infant’s Age at Interview (days) <0.001  None N1, N2, N3, N4
5 | Infant's Birth weight (grams) <0.001 | CASEs =28. CONTROLS =7. | N3, N6
6 | Infant's Gestational Age (weeks) <0.001 | CASES =6. CONTROLS=2. N3
7 | Multiple gestations <0.001  None S2, S3, S4, S5
Maternal Characteristics
8 | Maternal Nationality NS ' None N9
9 | Maternal Ethnicity <0.001  CASES = 1. CONTROLS = 1 S2
10 | Maternal Age at Infant's Birth <0.001  CASES = 4. CONTROLS = 3. S2, S4, S5
11 | Maternal Age at First Birth 0.05 | CASES = 4. CONTROLS = 3. N2
12 | Marital Status NV | CASES = 2. CONTROLS = 0. N9
13 | Gravida <0.001 | None N1, N2
CASES = 3 (Pregnancy form not
14 | Parity <0.001 | completed). N1, N2
Paternal Characteristics
15 | Paternal Age at Infant’s Birth <0.001 | CASES =16. CONTROLS=28. @ 82, S4, S5*
16 | Paternal Nationality NS | CASES = 1. CONTROLS = 0. N9
17 | Paternal Ethnicity <0.001 | CASES = 1. CONTROLS = 0. N1
Index Pregnancy Characteristics
18 | ART 0.06 | CASES s = 3. CONTROLS =1. | S2, S5
19 | Planned 0.02 | CASES = 3. CONTROLS = 1. S2, S5
20 | Pfanning time <0.001 | CASES = 6. CONTROLS = 3. N1, N2, N4
21 | Vaginal bleeding > 1 day < 0.001 | CASES = 3. CONTROLS = 0. N2
22 | Vaginal bleeding severity 0.01 | CASES = 3. CONTROLS = 0. N2
23 | Non-CHD anomaly (mother) <0.001  CASES = 3. CONTROLS = 0. N1, N5
24 | Non-CHD anomaly (registry) <0.001 | None N1, N5
25 | All non-CHD reported anomalies <0.001 | None S2
26 | BMI at interview NS | CASES = 18. CONTROLS =4. ' N9
27 | BMI pre-pregnancy (estimated) NS | CASES = 103.CONTROLS = 90.. N9
28 | All Diabetes 0.20 | None N1
29 | None, vs Gestational, vs Overt diabetes 0.01 | CASES = 1. CONTROLS = 2. S2, S4, S5
30 | Major maternal health prob (index preg) | < 0.001 | CASES = 3. CONTROLS = 0. S2, S3, S4, S5
Previous Pregnancy
31 | Total pregnancy losses <0.001 | CASES = 3. CONTROLS = 0. S2, S3, S4, S5
32 | Total neonatal losses 0.16 | CASES = 3. CONTROLS = 0. S2, S3, S4, S5
33 | Total infant losses NS | CASES = 3. CONTROLS = 0. N9
34 | Deceased children 0.25 | CASES = 3. CONTROLS = 0. N1, N2
35 | Vaginal bleeding (previous preg) < 0.001 | CASES = 3. CONTROLS = 0. N1, N2
36 | Maternal health problem (previous) 0.01 | CASES = 3. CONTROLS = 0. N1, N2
37 | Major iliness NS | CASES = 3. CONTROLS = 0. N1, N2
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Criteria(on)
Variable Baseline . Missing for selection
Fasting
Holy month of Ramadan fell in +/- 6
38  month window NS ' None N9
39 | Ramadan fasting NS | None N9
Other religious, non-Ramadan,
40 | fasting NS | CASES = 3. CONTROLS = 1. N9
41 | Total days fasting NS | None N9
Environmental
42 | Skin lightening cream NS | CASES = 5. CONTROLS = 3. N9
43 | Chemical hair dyes <0.001 | CASES = 1. CONTROLS = 0. S2, S5
44 | Peroxide 0.01 | CASES = 1. CONTROLS = 0. N1
45  Henna <0.001 | CASES = 1. CONTROLS = 0. N1
46 | Khol NS ' None N9
CASES 57, not sure.
47 ' Nogd NV | CONTROLS, 108, not sure, N6, N7, N9
48  Saoot NS ' CASES = 1. CONTROLS = 1. N9
49 | Vitamin use 0.01 | CASES = 2. CONTROLS = 1. S2, S4, S5
50 | Folic acid use NS | CASES = 2. CONTROLS = 7. N9
51 | Nausea NS | CASES = 2. CONTROLS = 1. N9
52  Heartburn 0.02 | CASES =4. CONTROLS = 0. N3
53 | lliness NS | CASES = 6. CONTROLS = 3. N9
54 | lliness with fever 0.20 | CASES = 1. CONTROLS = 0. S2, S4
55 | Medications NS | CASES = 6. CONTROLS = 1. N9
56 | Passive cigarette smoke exposure 0.10 | CASES = 3. CONTROLS = 0. S2, $4, S5
57 | Caffeine use 0.10 | CASES = 2. CONTROLS = 0. N1, N2
58 | House sprayed with pesticides < 0.001 | CASES = 8. CONTROLS = 4. S2, S4, S5
59 | Rodenticide use < 0.001 | CASES = 2. CONTROLS = 0. N7
60 | Hyperthermia NS | CASES = 7. CONTROLS = 3. N9
Socio Economic Status Characteristics
61 | Location of House 0.06 | CASES = 0. CONTROLS = 2. N3
CASES: REFUSED=15;
UNKNOWN=10. CONTROLS: 6
62 | Income/capita excl servants /month 0.04 | REFUSED=6; UNKNOWN=18. N4, N6
Income/capita excl servants /month
63 | (collapsed) 0.02 | Same as Q62 S3*
64 = Mother’s Education (detailed) 0.03 | CASES = 2. CONTROLS = 1. N2
65 | Mother’'s Education < 0.001 | CASES = 2. CONTROLS = 1. N1, N2
Has mother ever had paid
66 | employment? <0.001 | CASES = 2. CONTROLS = 0. N2
67 | Mother's Occupational Field NS | None N2
68 | Mother’s Early SES 0.03 | CASES = 2. CONTROLS = 0. S2
69 | Mother’s residence birth to 12 0.08 | CASES = 0. CONTROLS = 1. N2
Mother’s Father’'s Education CASES: 4, UNKNOWN; 5 NOT
70 | (detailed) < 0.001 | ASKED. CONTROLS: 2UNKNOWN. | N2
71 | Mother’s Father’s Education NS | CASES = 2. CONTROLS = 0. N2
72 | Mother's Father Employed NS | CASES = 3. CONTROLS = 1. N2
Mother’s Father’'s Occupation Cases 11 UNKNOWN.
73 | (detailed) < 0.001 | Controls 3 UNKNOWN. N2
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Criteria(on)

Variable Baseline = Missing for selection
Mother’s Father’s Occupational Cases 11 UNKNOWN.

74 | Field <0.001  Controls 3 UNKNOWN. S2, S3

75 | Father’s Education (detailed) <0.001 | CASES = 2. CONTROLS = 1. N2

76 | Father’'s Education 0.13  CASES =2.CONTROLS =0. | N2
Has father ever had paid

77 | employment? NV | CASES = 3. CONTROLS = 0. N2

78 | Father’s Occupation (detailed) | <0.001 | CASES = 1. CONTROLS = 0. N2

79 | Father’s Occupation Field | <0.001 | CASES =1.CONTROLS =0. | N2

Maternal beliefs of causes of CHD |

80 | Exposure to video display terminals 0.18 | CASES = 30.CONTROLS = 88. | N2

81 | Consanguinity (Belief) <0.001 | CASES =2. CONTROLS =89. @ S2, S3
Feeling angry within the 6 month

82 | window NS ' CASES = 29.CONTROLS 89. N9

83 | Exposure to environmental toxins <0.001 | CASES = 3. CONTROLS =88. | N2, N3

* Also N1, N6 (Maternal age)
** Also N1 (Maternal Ethnicity)

*** Also N6

NS=Not significant (p > 0.25 see Table 5.1 a-j)
NV=No variation (one cell is 0)

NB Variables selected are highlighted in orange

Decisions for Selection

S1=Primary end-point as defined in Upgrading
S2=Significant at < 0.25

S3=Best of category

S4=Biologically plausible

S5=lIdentified in the literature as associated

Decisions for Non-Selection

N1=Correlated with another variable to be used
N2=Already chose one from group (the "best")
N3=Descriptive, not causative

N4=Too many categories, chose simplest
N5=Chose more complete version

N6=Great quantities of missing data

N7=Small numbers
N9=Not significant

Selection of variables for multiple logistic regression

Eighty-three variables were considered in the univariate analyses (table 5.1 a-j). These

variables naturally fell into 10 categories: consanguinity, infant, maternal, paternal, index

pregnancy, previous pregnancy, fasting, environmental, socio-economic status (SES) and

maternal beliefs as presented above. Of the 83, 55 were significant at the level of 0.25.

However, some of the variables were derived in the same manner or measured the same

risk. Examples of these variables (from table 5.13) are summarized in table 5.14.

Other variables of the 83 were correlated, some had a large amount of missing data,

others were related to one another (being in the same category). Table 5.13 lists the

decision criteria(on) for selection or non-selection for each variable.
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Table 5.14 Summary of those variables collected descriptively but which
were derived from a principal variable or which estimated the same risk

Variable names Numberin Derived or

& table 5.13  Estimates same risk
Consanguinity 1 Derived
Consanguinity (detailed) 2
Maternal age at infant’s birth 10 Derived
Maternal age at first birth 11
Parity and Gravida 13, 14 Estimates same risk
Planned and Planning time 19, 20 Derived
Vaginal bleeding (index) 21 Derived
Vaginal bleeding severity (index) 22
Vaginal bleeding severity (dichtomous) 23
Non-CHD anomaly 24,25, 26 Estimates same risk
All Diabetes 29 Derived
None, versus Gestational, versus Overt diabetes 30
Income / capital excl servants/month detailed 63 Derived
and collapsed 64
Mother’s education detailed and collapsed 65, 66 Derived
Mother’s father’s occupation detailed and 74 Derived
collapsed 75
Father’s education detailed and collapsed 76, 77 Derived
Father’s occupation detailed and collapsed 79, 80 Derived

This process of variable selection reduced the variables under consideration from 83 to
22. These 21 variables (plus consanguinity) shaded in orange in table 5.13 were then

considered for further analysis — the full model of the logistic regression.

5.1.3 Multivariate results

Full model

Following the technique of Hosmer and Lemeshow (1989) and Kirkwood and Stone
(2003) all 22 variables as specified in table 5.13 were considered. One of the limitations
of logistic regression is that the dataset must not contain any missing values. Therefore,
the first model which included variables such as paternal age at infant’s birth and income
per capita only used 260 observations. With the exclusion of § variables (table 5.15) the

dataset increased to 455 observations. These remaining 17 variables were tested as the

Table 5.15 Justiﬁcation for exclusion of five variables from model

_Variablename : o : : _ Justification for exclusion
Father’s age at infant’s birth* Missing data, correlated with
Mother’s age
Mother’s father’s occupational field Missing data
Income per capita excluding servants per month Missing data
Maternal belief that consanguinity causes CHD Missing data, perhaps
Maternal belief that exposure to environmental toxins causes CHD unreliable, what does it mean?

* Descriptive statistics for cases and controls were paternal age is missing are presented in Appendix 5D.
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full model. The results (table 5.16, Full Model) showed that 6 of the 17 variables were
statistically significantly associated with risk of CHD: multiplicity, maternal ethnicity,

ECM, total pregnancy losses, hair dyes and house sprayed with pesticides.

Table 5.16 Summary table for adjusted odds ratio with 95% confidence intervals for all

sampled

Crude pvalue | Full Model | pvalue | Forward pvalue
n=482 n=455 Stepwise
n=455

Consanguinity : Yes 1.2 (0.8-1.7) 0.90 1.0 (0.7-1.7) 0.84
Multipicity: Twins + 6.1 (1.3-27.8) | <0.001 8.3 (1.3-54.9) 0.03 5.7 (1.1-29.6) 0.04
Maternal ethnicity: Bedouin 2.2 (1.5-3.3) | <0.001 2.1 (1.2-3.5) 0.01 2.2 (1.4-3.7) < 0.001
Maternal age at infant's birth 14-20 0.7 (0.4-1.4) | <0.001 0.7 (0.3-1.6) 0.41 -

21-28 - - B -

29-38 2.1 (1.4-3.2) 1.5 (0.9-2.5) 0.16 1.9 (1.2-3.1) < 0.001

39+ 4.0 (1.9-8.3) 2.4 (0.9-6.0) 0.07 3.1(1.3-7.2) <0.001
IVF: Yes 3.3 (0.9-12.3) 0.06 | 0.7 (0.07-6.1) 0.73
Planned: Yes 0.6 (0.4-0.9) 0.02 0.8 (0.5-1.3) 0.33
ECM: Other problem 12.9 (4.8- | <0.001 26.7 (10.1- | <0.001 28.0 (10.7-72.9) | < 0.001
34.8) 70.6)

None and gestational versus overt 9.9 (1.2-80.2) 0.01 | 5.5(0.5-57.6) 0.16
diabetes**: Diabetes
Major health concern during index 2.3(1.5-3.7) | <0.001 0.9 (0.5-1.9) 0.83
pregnancy: Yes
Total pregnancy losses** 2.8 (1.5-5.4) | <0.001 2.3 (1.1-5.2) 0.04
2 or more
Total neonatal losses 1.6 (0.4-5.8) 0.55 0.6 (0.1-4.6) 0.66
1 or more
Chemical hair dyes: Yes 2.0 (1.2-3.3) | <0.001 1.9 (1.1-3.5) 0.03 1.9 (1.1-3.4) 0.03
Vitamin use: Yes 1.7 (1.1-2.6) 0.01 1.1 (0.6-1.9) 0.68
Illness with fever: Yes 1.6 (0.8-2.9) 0.20 1.0 (0.6-1.7) 0.98
Passive cigarette smoke exposure: 1.3 (0.9-1.9) 0.10 1.3 (0.8-2.1) 0.35
Yes
House sprayed with pesticides: Yes 3.3(2.1-5.3) | <0.001 3.6 (2.1-6.3) | <0.001 3.8(2.3-6.5) | <0.001
Mother’s Early SES: Someone 0.05 (0.3-1.0) 0.03 0.5 (0.2-1.2) 0.12
besides father responsible

** Crude odds ratio re-calculated based on two categories

Stepwise procedure

Following the full model, a forward stepwise procedure was performed which again
indicated 6 significant variables. In this model, total pregnancy losses was replaced with

maternal age (table 5.16, Forward Stepwise).

Adjustment

The six variables identified through the forward stepwise procedure were used to adjust
all 17 variables that had been included in the full model using the likelihood ratio test as
the measure of improvement to the model (table 5.17). Ten additional variables of
specific interest that were significant in the crude analysis wére also examined. Once the
data were adjusted, parity was no longer a significant risk factor (p=0.41). However,
paternal age at infant’s birth remained significant (p=0.01). ART use lost significance

possibly because it was only borderline (p=0.06) in crude analysis and with the reduction
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Table 5.17 Comparison of crude and adjusted odds ratios from analysis of all sampled n=455

Characteristic ~ Stratum Cases Controls Crude OR Adjusted  p
N (%) N (%) (95% CI) OR (95% CI) value
Consanguinity Yes 112 50.7 117 50.0 1.0 (0.7-1.5) 1.0(0.7-1.6) 0.87
No 109 493 117 500 1.0
Total 221  100.0 234 100.0
First cousin or closer 52 23.5 59 25.2 0.9 (0.6-1.5) 1.1(0.6-2.4) 0.42
All other (lesser) first cousins 36 16.3 30 12.8 1.3 (0.7-2.2) 0.6 (0.2-1.3)
All second and third cousins 24 10.9 28 12.0 0.9 (0.5-1.7) 0.9 (0.5-1.6)
Non-consanguineous 109 493 117 50.0 1.0
Total 221 100.0 234 100.0
Remaining Infant, Maternal and Paternal Characteristics
Multiplicity Singleton 210 950 232 991 1.0 1.0 0.02
Twins or higher 11 5.0 2 9 6.1 (1.3-27.7) 5.8(1.1-29.9)
Total 221 100.0 234 100.0
Mother’s Bedouin Ethnicity 82 371 51 21.8 2.1 (14-3.2) 22(14-3.6) <0001
Ethnicity Urban Ethnicity 139 629 183 782 1.0 1.0
Total 221 100.0 234 100.0
Mother’s Age  14-20 17 7.7 35 150 0.8 (04-14) 0.8(0.4-1.7) 0.01
at Infant’s 21-28 75 339 116 496 1.0
Birth (years)  29-38 97 439 71 303 2.1 (14-32) 1.8(1.1-3.0)
39+ 32 145 12 51 41 (2.0-8.6) 3.0(1.3-6.9)
Total 221  100.0 234 100.0
Parity 1 birth 43 195 80 342 1.0 0.41
2-5 births 133 60.2 121 51.7 20 (1.3-32) 1.3 (0.7-2.4)
6 or more births 45 204 33 141 25 (1.4-45) 0.9 (0.3-2.3)
Total 221  100.0 234 100.0
Father’s Age  19-24 15 7.1 14 6.6 1.7 (0.8-3.7) 3.7(1.4-9.6) 0.01
at Infant’s 25-34 78 371 122 57:5 ., 10
Birth (years)  35-44 87 414 58 274 23 (1.5-3.6) 1.5 (0.8-3.0)
45+ 30 143 18 85 26 (1.4-5.0) 0.7 (0.2-2.0)
Total 210 100.0 212 100.0
Index Pregnancy Characteristics i
Did this Yes 8 36 3 13 29 (08110) 1.0 (0.1-74) 0.99
pregnancy No 213 96.4 231 98.7 1.0
use ART? Total 221  100.0 234 100.0
Was this Yes 100 452 79 33.8 1.0
pregnancy No 121 54.8 155 66.2 0.6 (0.4-09) 0.7(0.5-1.2) 0.19
planned? Total 221 100.0 234 100.0
Vaginal Yes 24 10.9 9 3.8 3.0 (1.4-6.7) 2.5(1.0-63) 0.06
bleeding No 197 89.1 225 96.2 1.0
more than 1 Total 221 100.0 234 100.0
day
ECM None 140 633 229 979 1.0
Other problem 81 36.7 5 2.1 26.5 (10.5-67.0) 28.1(10.8-73.4) <0.001
Total 221 100.0 234 100.0
Diabetes None or gest 212 959 233 99.6 0.12
diabetes
Overt 9 4.1 1 4 99 (1.2-80.1) 5.1(0.1-50.8)
Total 221 100.0 234 100.0
Major maternal Yes 55 249 33 14.1 20 (1.3-33) 1.1(0.6-2.1) 0.72
health problem No 166 75.1 201 85.9 1.0
(index preg) Total 221 100.0 234 100.0
Previous Pregnancy Characteristics
Pregnancy 1 or fewer losses 185 83.7 219 93.6 1.0 1.0
losses 2 or more losses 36 16.3 15 64 28 (1.5-54) 2.0(0.9-4.2) 0.07
Total 221 100.0 234 100.0
Total neonatal None 218  98.6 231 98.7 0.84
deaths 1+ neonatal deaths 3 1.4 3 1.3 (0.2-5.3) 0.8(0.1-4.7)
(<30 days) Total 221 100.0 234 100.0
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Characteristic = Stratum Cases Controls Crude OR Adjusted  p
N (%) N (%) (95% CI) OR (95% CI) value .
Environmental Risk Factors
Chemical hair  Yes 49 222 32 137 1.8 (1.1-29) 1.9(1.1-3.5) 0.03
dye use in No 172 77.8 202 86.3 1.0
window Total 221 100.0 234  100.0
Peroxide use  Yes 33 14.9 19 81 20 (1.1-3.6) 1.4 (0.7-3.0)0 0.26
in window No 188 85.1 215 919 1.0
Total 221 100.0 234 100.0
Hennausein  Yes 76 344 47 20.1 2.1 (14-32) 1.4(0.8-24) 0.19
window No 145 65.6 187 799 1.0
Total 221 100.0 234 100.0
Vitamin use Yes 157 71.0 188 80.3 1.0
in window No 64 29.0 46 19.7 1.7 (1.1-2.6) 1.1(0.7-2.0) 0.63
Total 221 100.0 234 100.0
Heartburn Yes 149 68.0 134 573 1.6 (1.1-2.3) 1.7(1.1-2.8) 0.02
No 70  32.0 100 427 1.0
Total 219 100.0 234 100.0
Illness with Yes 70 317 61 26.1 1.3 (0.9-2.0) 1.1(0.6-1.8) 0.80
fever No 151 68.3 173 739 1.0
Total 221 100.0 234 100.0
Passive Yes 88 39.8 76 325 1.4 (0.9-2.0) 1.3(0.8-2.1) 0.28
cigarette No 133 60.2 158 67.5 1.0
exposure Total* 221 100.0 234  100.
0
Consumption  Yes 207 937 212 90.6 1.5 (0.8-3.1) 1.9(0.8-4.6) 0.16
of caffeinated No 14 6.3 22 94 1.0
beveragesin  Total* 221 100.0 234 100.0
window
House Yes 17 348 33 141 33  (2.1-5.2) 3.8(2.3-6.5) <0.001
sprayed with  No 144 65.2 201 859
pesticide in Total* 221 100.0 234 100.0
window
Socioeconomic Status Characteristics
Household Poor 30 15.0 23 109 1.6 (0.9-29) 0.9(0.4-2.0) 0.10
income/capita Middle 136 680 169 80.1 1.0 1.0
excl. servants  Well off 34 17.0 19 9.0 2.2 (1.2-4.1) 2.2(1.1-4.5)
/month Total 200 100.0 211 100.0
Mother’s None 29 13.1 13 56 26 (1.3-5.1) 3.0(1.3-6.7) 0.01
education Some 192 869 221 944 1.0
Total 221 100.0 234 100.0
Has mother Yes 60  27.1 33 141 23 (1.4-3.6) 0.7(04-1.2) 0.17
ever had paid No 161 729 201 859 1.0
employment?  Total 221 100.0 234 100.0
Mother’s Her father 206 932 206 88.0 1.0
early SES Someone else 15 6.8 28 120 0.5 (0.3-1.0) 0.5(0.2-1.1) 0.07
Total 221 100.0 234 100.0
Mother’s Military 44 237 106 51.2 0.3 (0.2-0.5) 0.4 (0.2-0.7) <0.001
father’s White Collar 93 50.0 66 3109 1.0
occupational ~ Trade and Manual 49 263 35 169 1.0 (0.6-1.7) 0.7 (0.4-1.4)
field Total 186 100.0 207 100.0

- Adjusted for multiplicity, maternal ethnicity, ECM, maternal age, maternal use of hair dye and house sprayed with
pesticides. Where one of the 6 adjusting variables is being tested then that variable is NOT included in the model.

- p-value is from likelihood ratio test comparing the fit of the reduced model (as described above) plus v, (7 variables)
with the fit of the reduced model alone (6 variables). Or, in the case where one of the variables is an adjusting variable
then it is comparing 6 variables to 5 variables.
- v, - Variable to be tested (or confirmed) as not being relevant to model.
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of the dataset from 482 to 455 there was a loss of power. Similarly, planned pregnancy
was no long significant. Vaginal bleeding for more than one day did not add to the model
although it had borderline significance (p=0.06). The result for ECM after adjustment is
strong albeit with a wide 95 percent confidence interval (adj. OR =28.1, c1 95¢=10.8-73.4).

Diabetes was not shown as a significant risk factor nor was a major maternal health
problem with the index pregnancy. After adjustment, pregnancy losses did not contribute
to the model nor did total neonatal deaths. Chemical hair dye use in the window
contributed and this probably explains the reduced influence of peroxide and henna.
Vitamin use in the window was no longer significant. Heartburn continued to be
significant. Iliness with fever, passive cigarette smoke exposure and consumption of
caffeinated beverages no longer contributed to the model. However, the house being
sprayed with pesticides was a significant adjustor. The last category of interest were SES
variables. Mother’s education and mother’s father’s occupation continued to be

significant despite controlling for maternal ethnicity.

Given these results, the next step was to remove the cases with ECM to look at cardiac

only cases.

5.2 Analysis of cases without ECM, cardiac only
5.2.1 Univariate results: description of cases and controls

There were 151 cases and 242 controls without a known ECM. Univariate statistics are

presented on those cardiac only cases in table 5.18 a-i.

Consanguinity (table 5.18a)

There continued to be more cases than controls who were from consanguineous unions in
this analysis (56% versus 49%) however the difference remains statically non-statistically
significant although the p value dropped beneath a 0.25 threshold recommended by
Hosmer and Lemeshow (1998) for inclusion in the logistic regression (table 5.18a). When
stratified by category we see that both the closest and the least close categories continued
to be virtually the same in cases and controls (27% versus 25% and 12% versus 12%,
respectively). However in the “All other (lesser) first cousins™ the proportion of cases is

larger than for the controls (17% versus 12%).
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Table 5.18(a-i) Characteristics for cardiac only cases and controls n=393

5.18a Consanguinity

Characteristic ~ Stratum Cases Controls Crude oddsratio ~ Chi” (LR)
N (%) N (%) (95% CI) p value
Consanguinity Yes 84 55.6 119 492 13 (0.9-2.0) 020
No 67 444 123 50.8 1.0
Total 151 100.0 242 100.0
First Cousin or closer 40 26.5 60 248 1.2 (0.7-2.0) 0.49
All other (lesser) First Cousins 26 17.2 30 124 1.6 (0.9-2.9)
All Second and Third Cousins 18 11.9 29 12:0: 1.1 (0.6-2.2)
Non-Consanguineous 67 444 123 50.8 1.0
Total 151 100.0 242 100.0

Infant characteristics (table 5.18b)

There was no difference from the all cases analysis for infant’s sex, age at interview, birth
weight or gestational age (5.18b). In the cardiac only analysis infant’s age at interview
was collapsed from six to two categories and it remained significant (p<0.001).

Multiplicity continued to be significant with a wide confidence interval.

5.18b Infant characteristics

Characteristic ~ Stratum Cases Controls Crude oddsratio ~ Chi” (LR)
N (%) N (%) (95% CI) p value
Infant’s Sex Male 76 503 120 496 1.0 (0.7-1.5) 0.88
Female 75 49.7 122 504 1.0
Total 151 100.0 242  100.0
Infant’s age at 15 days to 3 months 39 25.8 29 120 1.0 < 0.001
interview 3 to 6 months 25 16.6 72 29.8 0.3 (0.1-0.5)
6 months to 1 year 27 17.9 90 372 0.2 (0.1-04)
1 to 1.5 years 29 19.2 30 124 0.7 (04-1.5)
1.5 to 2 years 14 9.3 18 74 0.6 (0.2-1.4)
More than 2 years 17 11.3 3 1.2 42 (1.1-16.5)
Total 151 100.0 242  100.0
Infant’s age at One year or less 91 60.3 191 78.9 .0
interview More than 1 to 4 years 60 39.7 51 21.1 ‘25 (1.6-3.9) < 0.001
(collapsed) Total 151 100.0 242 100.0
Infant’s Birth < 1500 grams 6 4.0 0 0.0 - <0.001
weight 1500-2499 grams 29 19.2 21 87 33 (1.7-6.2)
2500-3499 grams 69 457 163 674 1.0
3500-3999 grams 21 13.9 42 174 1.2 (0.7-2.1)
> 4000 grams 6 4.0 9 3.7 1.6 (0.5-4.6)
Total 131 86.8 235 97.1
Gestational 31 or less weeks 6 4.1 1 4 11.7 (1.3-101.5) <0.001
Age 32 to 36 weeks 24 16.4 12 50 39 (19-8.2)
37 or more weeks 116 79.5 227 946 1.0
Total 146 100.0 240 100.0
Multiplicity Singleton 144 954 240 992 1.0 0.01
Twins or higher 7 4.6 2 .8 5.8 (1.2-28.9)
Total 151 100.0 242 100.0
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Maternal characteristics (table 5.18c)

Since nearly all participants were Saudi, maternal nationality was dropped. Maternal
ethnicity remained elevated (table 5.18c). The association with maternal age at infant’s
birth decreased slightly which may be related to power and the removal of the Down
syndrome infants. To increase power, maternal age was collapsed from four categories to

three. The results for gravida and parity remain the same.

5.18c Maternal characteristics

Characteristic ~ Stratum Cases Controls  Crude odds ratio  Chi” (LR)
N (%) N (%) (95% CI) p value

Mother’s Bedouin Ethnicity 60 400 52 216 24 (1.5-3.8) <0.001
Ethnicity Urban Ethnicity 90 60.0 189 784 1.0

Total 150 100.0 241 100.0
Mother’s age  14-20 12 79 34 14.3 0.7 (0.4-1.5) <0.001
at infant’s 21-28 ST 37.7 118 498 1.0
birth (years) 29+ 80 53.0 85 359 1.9 (1.3-3.0)
3 Groups Total 149 98.7 235 100.0
Gravida 1 pregnancy 24 159 69 28.5 1.0 0.01

2-5 pregnancies 78 51.7 124 512 1.8 (1.0-3.1)

6-8 pregnancies 38 252 36 14.9 3.0 (1.5-6.0)

9 or more pregnancies 11 73 13 54 24 (0.9-6.3)

Total 151 100.0 242 100.0
Parity 1 birth 77 51.7 158 65.3 1.0 0.02

2-5 births 49 329 56 23.1 1.7 (1.0-2.8)

6 or more births 23 154 28 11.6 23 (1.2-43)

Total 149 100.0 242 100.0

Paternal characteristics (table 5.18d)

Paternal’s nationality was dropped because nearly all participants were Saudi. Paternal
age remained significant although a higher proportion of the most elderly fathers were
dropped when the ECM infants were excluded (table 5.18d). The proportion of fathers
over 45 years in the all cases analysis was 15 percent versus 11 percent in the Cardiac,
only analysis (data not shown). To increase power, paternal age was collapsed from four

categories to three. Similar results for paternal ethnicity were seen to the all case analysis.

5.18 d Paternal characteristics

Characteristic ~ Stratum Cases Controls
o LA : N (%) N (%) . ‘pvah
Father’s age 19-24 14 9.8 14 6.5 23 (1.0-5.3) <0.001
at infant’s 25-34 53 37.1 124 57.7 "

birth (years) 35+ 76 53.1 7 35.8. 23 (1.5-3.7)

3 Categories  Total 143 100.0 215 100.0

Father’s Bedouin Ethnicity 63 420 57 236 24 (1.5-3.7) <0.001
Ethnicity Urban Ethnicity 87 580 185 764 1.0

Total 150 100.0 242 100.0
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The influence of ART dropped by one half in the CARDIAC ONLY analysis and was no
longer significant at the level of 0.25 (table 5.18e). Planning the pregnancy is also no
longer protective with this reduced dataset although /2 months or more of trying

continues to be significantly associated with increased risk.

5.18e Index pregnancy characteristics

Characteristic ~ Stratum Cases Controls Crude odds ratio  Chi” (LR
R N (%) N (%) (95%CI)  pvalue
Did this Yes 3 2.0 3 1.2 1.6 (0.3-8.2) 0.40
pregnancy use No 146 98.0 239 988 1.0
ART? Total 149 100.0 242 100.0
Was this Yes 58 38.9 79 326 0.8 (0.5-1.1) 0.21
pregnancy No 91 61.1 163 674 1.0
planned? Total 149 100.0 242 100.0
How many Less than 3 months 13 23.6 27 355 1.0 0.01
weeks did it 3 to 6 months 6 10.9 22 289 0.6 (0.2-1.8)
take to 7 to 12 months 8 14.5 6 79 2.8 (0.8-10.1)
become 12 months + 28 50.9 21 276 2.8 (1.1-6.8)
pregnant?* Total 55 100.0 76 100.0
Severity of None 134 89.9 232 959 1.0 <0.001
vaginal Mild/Moderate 11 7.4 7 29 2.7 (1.0-7.2)
bleeding Severe 4 2.7 3 1.2 2.3 (0.5-10.5)
Total 149  100.0 232 100.0
Severity of None to Mild 134 89.9 232 959 1.0
vaginal Moderate to Severe 15 10.1 10 41 26 (1.1-5.9) 0.02
bleeding Total 149  100.0 242 100.0
Estimate of  Underweight (<18.5) 1 1.2 5 32 03 (0.0-3.1) 024
Mother’s Normal (18.5 - 24.9) 28 34.6 47 30.5 1.0
BMI pre- Overweight (25.0-29) 33 40.7 50 325 1.1 (0.6-2.1)
pregnancy Obese (30+) 19 23.5 52 33.8 0.6 (0.3-1.2)
Total 81 100.0 154  100.0
Diabetes None or gest diabetes 146  96.7 239 996 1.0
Overt diabetes 5 33 1 04 8.2 (0.9-70.1) 0.02
Total 151 100.0 240 100.0
Major maternal Yes 35 23.5 33 136 19 (1.1-3.3) 0.01
health problem No 114 76.5 209 86.4 1.0
Total 149  100.0 242 100.0

In order to increase power, the variable severity of vaginal bleeding was collapsed into
two categories. “Moderate to severe vaginal bleeding” had enough power to show
significance. The estimate of mother’s BMI pre-pregnancy was not significant. Overt
diabetes continued to be significant (p=0.02) although the odds ratio crossed one and the
confidence interval remained wide (8.2, Closy, = 0.9-70.1). Major maternal health

problem with index pregnancy continued to be significant (1.9, Clgsy, = 1.1-3.3).
Previous pregnancy characteristics (table 5.18f)

Total number of pregnancy losses was collapsed from 4 categories to 3 and “2 or more

losses” was significant (table 5.18f). With the reduction of numbers the total number of
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pregnancies with vaginal bleeding lasting more than 1 day was no longer significant but

pregnancies with a maternal health problem continued to be so (3.8, Clgsy, = 1.3-11.1).

5.18f Previous pregnancy characteristics

Characteristic  Stratum Cases Controls Crude odds ratio Chi” (LR)
s N (%) N(%) (95% CI) pvalue
Total No losses 108 725 190 78.5 1.0 0.01
pregnancy 1 loss 18 12:1 37 153 09 (0.5-1.6)
losses 2 or more losses 23 152 15 6.2 2.7 (13-54)

Total 149  100.0 242 100.0
Total neonatal ~ No neonatal deaths 145 97.3 239 98.8 1.0 0.31
deaths 1+ neonatal deaths - 2.7 3 1.2 2.2 (0.5-10.0)
(<30 days) Total 149 100.0 242 100.0
Total infant No infant deaths 144 96.6 238 983 1.0 0.29
deaths 1 or more deaths 5 34 4 1.7 2.1 (0.5-7.8)
(31 to 365 days) Total 149  100.0 242 100.0
Total deceased  No deaths 137 91.9 231 955 1.0 0.20
children 1 or more deaths 12 8.1 11 45 1.8 (0.8-4.3)

Total 149  100.0 242 100.0
Pregnancies w/  Bleeding in at most 1 143 96.0 239 98.8 1.0 0.08
vaginal bleeding Bleeding in 2 or more 6 4.0 3 1.2 33 (0.8-13.7)
> 1 day Total 149 100.0 242 100.0
Pregnancies None to 2 pregnancies 138 92.6 237 97.9 1.0 0.01
with maternal At least 3 pregnancies 11 7.4 S 2.1 3.8 (1.3-11.1)
health problem  Total 149  100.0 242 100.0
Total None 138 96.0 227 93.8 1.0 0.49
pregnancies 1 pregnancy 2 1.3 9 3.7 04 (0.7-1.7)
while mother 2 pregnancies 2 1.3 2 8 1.6 (0.2-11.4)
suffered froma 3 pregnancies 2 1.3 4 1.7 0.8 (0.1-4.4)
major illness Total 149  100.0 242 100.0

Fasting (table 5.18g)

Other religious, non-Ramadan, fasting within the 3+/- window drops under the 0.25
threshold for consideration in the logistic regression therefore will be included (table
5.18g). The proportion increased from 62 percent versus 59 percent (all cases) to a

proportion of 66 percent versus 59 percent (cardiac only).

Environmental factors (table 5.18h)

Skin lightening creams and kohl were not associated with CHD (table 5.18h). Nogd and
saoot were dropped from this sub-analysis of CARDIAC ONLY as the numbers were so low.
The odds ratio of chemical hair dye use increased slightly compared with the all cases
analysis with a commensurate increase in width of confidence limit (2.4, Closy, = 1.3-3.7).
Vitamin use within the window remained the same without the ECM infants. Lack of folic
acid still continued not to predict case / control status. Nausea, illness, fever and

medication use were non-significant.
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5.18g Fasting Concerns

Characteristic ~ Stratum Cases Controls Crude odds ratio  Chi” (LR)
: N (%) N (%) (95% CI)  pvalie
Ramadan fell  Occurred 95 629 148 61.2 1.1 (0.7-1.6) 0.70
within 3+/- Did not occur 56 37.1 94 38.8 1.0
window? Total 151 100.0 242 100.0
Ramadan Yes 92 968 144 973 09 (0.19-39) 0.83
fasting in No 3 3.2 4 2.7 1.0
window? Total 95 100.0 148 100.0
Other fasting* Yes 98 662 143 59.3 1.3 (0.9-2.1) 0.17
days within No 50 338 98 40.7 1.0
3+/- window? Total 148 100.0 241 100.0
Days fasting ~ Up to five weeks 110 72.8 189 78.1 1.0
in window More than five weeks 41 272 53 21.9 1.3 (0.8-2.1) 0.24
Total 151 100.0 242 100.0

*Other religious, non-Ramadan, fasting

Exposure to cigarette smoke had borderline significance and will thus be considered in
the logistic model. Consumption of caffeinated beverages decreased in importance. House
sprayed with pesticides and rodenticides continued to be associated with CHD although
the confidence limit for rodenticides becomes very wide (17.2, Closy, = 2.1-141.2).

Hyperthermia is not associated with increased risk of CHD in this sample.

Socio-economic status characteristics (table 5.18i)

The results concerning location of the house, household income and maternal education
remained consistent with the all case analysis as did mother’s employment. The proxy
variable for her early socio-economic status mother’s early SES became less significant
although her place of residence to age 12 remained the same. Mother’s father’s

occupational field remained significant.
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5.18h Environmental issues

 Characteristic Stratum Cases Controls Crude oddsratio  Chi” (LR)
- G N (%) N (%) (95%CI)  pvalue
Skin lightening creams?  Yes 20 13.7 39 16.3 0.8 (0.5-1.5) 0.49
No 126 863 200  83.7 1.0
Total 146 100.0 239 100.0
Chemical hair dye use in ~ Yes 36 24.0 31 12.8 24 (1.3-3.7) < 0.001
window No 114 76.0 211 87.2 1.0
Total 150 100.0 242 100.0
Peroxide use in window Yes 23 153 18 7.4 23 (1.2-4.4) 0.02
No 127 847 224 926 1.0
Total 150 100.0 242 100.0
Henna use in window Yes 45 30.0 46 19.0 1.8 (1.1-2.9) 0.01
No 105 70.0 196  81.0 1.0
Total 150 100.0 242 100.0
Khol Bought from herbalist 8 53 13 5.4 1.4 (0.5-3.8) 0.49
Didn’t use or commercially obtained 143  94.7 229 94.6 1.0
Total 151 100.0 242 100.0
Vitamin use within Yes 107 71.8 196 81.3 1.0 0.03
window No 42 282 45 18.7 1.7 (1.1-2.8)
Total 149 100.0 241 100.0
Folic Acid use within Yes 91 60.7 133 56.6 1.0
window No 59 393 102 434 0.8 (0.6-1.3) 0.42
Total 150 100.0 235 100.0
Nausea Yes 107 71.8 184 763 0.8 (0.5-1.3) 0.32
No 42 282 57 237 1.0
Total 149 100.0 241 100.0
Illness during pregnancy  Yes 61 415 93 39.2 1.1 (0.7-1.7) 0.66
with influenza or cold? No 86 58.5 144 60.8 1.0
Total 147 100.0 237 100.0
Illness with fever Yes 43 285 60 24.8 1.2 (0.8-1.9) 0.42
No 108 715 182 75.2 1.0
Total 151 100.0 242 100.0
Medications Yes 68 463 105 43.6 1.1 (0.7-1.7) 0.61
No 79 537 136 564
Total 147 100.0 241 100.0
Passive cigarette smoke Yes 63 423 80 33.1 14 (1.0-2.3) 0.07
exposure No 86 57.7 162  66.9 1.0
Total 149 100.0 242 100.0
Consumption of Yes 144 96.0 217 89.7 1.6 (0.2-11.6) 0.23
caffeinated beverages No 6 40 25 10.3 1.0
during the window Total 150 100.0 242 100.0
House sprayed with Yes 52 36.1 33 13.9 35 (2.1-5.9) < 0.001
pesticide during the No 92 639 205 86.1 1.0
window period Total 144 100.0 238 100.0
House treated with Yes 10 6.7 1 4 172 (2.1-141.2) <0.001
rodenticides during the No 140 933 241 99.6 1.0
window period Total 150 100.0 242 100.0
Hyperthermia during the ~ Yes 26 177 33 13.9 1.3 (0.8-2.3) 0.32
window period. No 121 823 204  86.1 1.0
Total 147 100.0 237 100.0

162



Chapter 5: Results II

5.18i Socioeconomic Status Characteristics

 Characteristic  Stratum Cases Controls Crude odds ratio  Chi” (LR)
; ot N (%) N (%) (95%CI) pvalue
Location of On a busy street 21 13.9 26 108 1.4 (0.8-2.6) 0.05
House Near an industry 4 2.6 1 4 7.0 (0.8-64.7)
In a residential area 119 78.8 209 8§7.1 1.0
Rural ** 7 4.6 4 1.7 3.1 (0.9-10.1)
Total 151 100.0 240 100.0
Household Poor 22 16.8 26 119 1.7 (0.9-3.1) 0.05
income/capita Middle 89 679 174 79.5 1.0
excluding Well off 20 15.3 19 87 2.1 (1.04.1)
servants /month  Total 131 100.0 219 100.0
Mother’s None 23 15.3 15 62 2.7 (14-5.4) <0.001
Education Some (includes adult) 127 84.7 227 93.8 1.0
Total 150 100.0 242 100.0
Has mother ever Yes 41 27.3 33 13.6 24 (1.4-4.0) <0.001
had paid No 109 72.7 209 864 1.0
employment? Total 150 100.0 242 100.0
Mother’s Early  Her father responsible 139 92.7 212 87.6 1.0
SES Someone else il 7.3 30 124 0.6 (0.3-1.2) 0.11
Total 150 100.0 242 100.0
Mother’s City/Town 105 69.5 186 772 0.7 (0.4-1.1) 0.09
residence birth ~ Village/Desert 46 30.5 55 228 1.0
to 12 Total 151 100.0 241 100.0
Mother’s Military 33 26.8 106 493 04 (0.2-0.6) <0.001
Father’s White Collar 60 48.8 70 326 1.0
Occupational Trade and Manual 30 244 39 18.1 0.9 (0.5-1.6)
Field Total 123 100.0 215 100.0

** Rural = in a village, in the desert or on a farm

Note: Where more than 1 stratum are present stratum specific Chi square have been presented (i.e., not the
Wald statistics). The overall p value is a Chi square.

5.2.2 Multivariate analysis

Correlations

In order to reduce the number of variables being considered the same method was used as
in the all cases analysis to consider correlations between the 53 variables presented in the

univariate analysis (data not presented).

Selection of variables for logistic regression
Of the 53 variables, 38 were significant at the level of 0.25. The following 19 variables in

table 5.19 were selected from them for further analysis.

In the full regression paternal age at infant’s birth was not considered because of the
quantity of missing data. Maternal ethnicity was replaced with maternal education based
on the cross tabulation of the two variables (table 5.20). Another difference with this

cardiac only analysis was that the variable infants " age at interview was included.
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Table 5.19 Variables considered for further analysis, cardiac only

Number Baseline
Table 5.13 | Variable p value
Dependent Variable
1 1 j Consanguinity (dichotomous) 0.20
Infant Characteristics
2 4 | Infant’s age at interview (2 groups) <0.001
3 7 | Multiplicity 0.01
Maternal Characteristics
" 10 ! Maternal age at infant's birth <0.001
Paternal Characteristics
15 ! Paternal age at infant’s birth <0.001
Index Pregnancy Characteristics
3 19 | Planned 0.21
6 22 | Severity of vaginal bleeding (2 groups) 0.02
7 30 | None, versus gestational, versus overt diabetes 0.02
8 31 | Major maternal health problem with index pregnancy 0.01
Previous Pregnancy
9 32 | Total pregnancy losses 0.01
10 33 | Total deceased children 0.20
1 36 | Vaginal bleeding (previous pregnancy) 0.08
12 37 | Maternal health problem (previous) 0.01
Fasting Concerns
13 42 | Total fasting days 0.24
Environmental issues
14 44 | Chemical hair dyes <0.001
15 50 | Vitamin use 0.03
16 57 | Passive cigarette smoke exposure 0.07
17 58 | Caffeine use 0.23
18 59 | House sprayed with pesticides <0.001
Socio-Economic Status Characteristics
19 66 | Mother's education <0.001

Bedouin ethnicity
Urban ethnicity
Total 126 100 23 100 149 100
Controls Bedouin ethnicity 46 20 6 40 52 =22
Urban ethnicity 180 80 9 60 189 78
Total 226 100 15 100 241 100
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5.2.3 Multivariate results

Full model

The 19 factors found to be important and with sufficient data in the univariate analysis

(table 5.19) were entered into a multivariate logistic regression model following the

method described in Chapter 3. The variables found to be significant from the full model

were infant’s age at interview, multiplicity, use of hair dye, house sprayed with pesticides

and maternal education (table 5.21).

Table 5.21 Summary table | Cardiac cases, only : i : _ R e
for adjusted odds ratio Crude pvalue | Full Model | pvalue | Forward | pvalue
with 95% confidence n=393 n=371 Stepwise P
intervals for cardiac only n=371
cases e
Consanguinity : Yes 1.3 (0.9-2.0) 0.20 1.2 (0.7-2.0) 0.44
Infant’s age at interview 2.1 (1.2-3.6) | <0.001 1.9 (1.2-3.2) 0.01
Multiplicity 5.8 (1.2-28.9) 0.01 | 7.3 (1.1-49.1) 0.04 5.5(1.0-31.2) 0.05
Maternal ethnicity: Bedouin 2.4 (1.5-3.8) | <0.001 -
Maternal age at infant's birth

14-20 0.7 (0.4-1.5) 0.29 0.6 (0.3-1.5) 0.30

21-28 -

29+ 1.9 (1.3-3.0) | <0.001 1.5 (0.9-2.6) 0.11 1.9 (1.2-3.1) | <0.001

Planned: Yes 0.8 (0.5-1.1) 0.21 0.7 (0.4-1.2) 0.24
All non-CHD reported anomalies: - - - -
Other problem
Bleeding: Moderate to Severe 2.2 (0.7-6.9) 0.16 2.7 (1.0-7.1) 0.04
None and gestational versus overt 8.2 (0.9-71.9) 0.20 | 5.4 (0.4-72.7) 0.21
diabetes**: Diabetes
Major health concern during index 1.9 (1.1-3.3) 0.01 0.6 (0.3-1.5) 0.33
pregnancy: Yes
Total pregnancy losses: 2 or more 2.8 (1.4-5.5) | <0.001 2.1 (0.9-5.0) 0.09
Total deceased children: 1 or more 0.9 (0.2-3.5) 0.90
Bleeding previous pregnancy: 2+ 1.3 (0.2-9.5) 0.79
3 + Maternal health problems 1.4 (0.4-5.1) 0.61
previous pregnancy
Chemical hair dyes: Yes 2.4 (1.3-3.7) | <0.001 2.1 (1.1-3.9) 0.02 2.2(1.2-3.9) 0.01
Days of fasting: > than 5 weeks 1.7 (0.9-2.9) 0.08
Vitamin use: Yes 1.7 (1.1-2.8) 0.03 1.3 (0.7-2.3) 0.38
Illness with fever: Yes 1.2 (0.8-1.9) 0.42 1.1 (0.6-1.9) 0.72
Passive cigarette smoke: Yes 1.4 (1.0-2.3) 0.07 1.6 (1.0-2.7) 0.06
Caffeine use: Yes 1.6 (0.2-11.6) 0.23 2.8 (1.0-7.8) 0.06
House sprayed with pesticides: Yes 3.5(2.1-5.9) | <0.001 3.2 (1.8-5.8) | <0.001 3.7 (2.2-6.4) | <0.001
Mother’s education: None 4.8 (2.0-11.3) | <0.001 4.3 (1.9-9.4) | <0.001

Stepwise procedure

Following the full model, a forward stepwise procedure was performed which indicated

seven significant variables. The stepwise cardiac only model found that the five variables

from the full model contributed, as well as two additional variables: maternal age at

infant’s birth and moderate to severe vaginal bleeding during the index pregnancy.
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Table 5.22 Comparison of crude and adjusted odds ratios from Cardiac only analysis n= 369

Characteristic Stratum Cases Controls Crude OR Adjusted ( OR. ¥ 93
N (%) N (%) (95% CI) (95%CI) vafue
Consanguinity Yes 75 53.6 114 49.8 1.2 (0.8-1.8) 1.2(0.7-1.9) 0.57
No 65 464 115 50.2 1.0
Total 140 100.0 229 100.0
First cousin or closer 35 25.0 57 249 1.1 (0.6-1.8) 1.0 (0.5-2.2) 031
All other (lesser) first cousins 25 17.9 29 12.7 1.5 (0.8-2.8) 0.5 (0.2-1.1)
All second and third cousins 15 10.7 28 122 0.9 (0.5-1.9) 0.8 (0.4-1.3)
Non-consanguineous 65 464 115 50.2 1.0
Total 140 100.0 229 100.0
Remaining Infant, Maternal and Paternal Characteristics
Multiplicity Singleton 133 95.0 227  99.1 1.0 1.0 0.03
Twins or higher 7 5.0 2 9 6.0(1.2-29.2) 5.7(1.0-33.0)
Total 140 100.0 229 100.0
Infant’s age at  One year or less 87 62.1 181 79.0 1.0 1.0 0.01
interview 1 to 4 years 53 379 48 21.0  23(1.4-3.7) 2.0(1.2-3.3)
(collapsed) Total 140 100.0 229 100.0
Maternal Bedouin Ethnicity 55 393 sl 223 2.3(1.4-3.6) 1.7 (1.0-2.8) 0.05
Ethnicity Urban Ethnicity 85 60.7 178 117 1.0 1.0
Total 140 100.0 229 100.0
Maternal Age  14-20 12 8.6 34 14.8 0.7 (0.4-1.6) 0.7 (0.3-1.5) <0.001
at Infant’s 21-28 54 386 114 498 1.0 1.0
Birth (years) 29+ 74 529 81 354  19(1.2-3.0) 1.8 (1.1-2.9)
Total 140 100.0 229 100.0
Paternal Age  19-24 13 96 14 6.7 22(1.0-5.1) 2.8(1.1-7.4) 0.08
at Infant’s 25-34 50 37.0 120 57.7 1.0 1.0
Birth (years) 35+ 72 533 74 356 2.3(.5-3.7) 1.5 (0.8-2.9)
Total 135 100.0 208 100.0
Index Pregnancy Characteristics
Was this Yes 57 407 76 332  0.7(0.5-1.1) 0.7(0.4-1.1) 0.12
pregnancy No 83 593 153 66.8 1.0 1.0
planned? Total 140 100.0 229 100.0
Severity of No bleedingtomild 126  90.0 220  96.1 1.0 1.0
Vaginal Moderate to severe 14 10.0 9 39  27(1.1-6.5) 2.6(1.0-6.8) 0.05
bleeding Total 140 100.0 229 100.0
Diabetes None or GDM 136 97.1 228 99.6 1.0 1.0
Overt + 29 1 4 6.7(0.7-61.6) 4.4(0.4-50.2) 0.20
Total 140 100.0 229 100.0
Major maternal Yes 29 20.7 32 140 1.6(0.9-2.8) 0.9(0.5-1.8) 0.79
health problem No 111 79.3 197  86.0 1.0
Total 140 100.0 229 100.0
Previous Pregnancy Characteristics
Pregnancy 1 or fewer losses 118 84.3 214 934 1.0 1.0 022
losses 2 or more losses 22 15.7 15 6.6 2.7(1.3-5.3) 1.6 (0.7-3.6)
140 100.0 229 100.0
Total No deaths 131 936 219 956 1.0 1.0 0.52
deceased 1 or more deaths 9 6.4 10 44 1.5(0.6-3.8) 0.7 (0.2-2.1)
children Total 140 100.0 229 100.0
Pregnancies Bleeding 0-1 126 90.0 223 974 1.0 1.0
with bleeding  Bleeding >1 14 10.0 6 26 4.1(1.5-11.0) 1.5(0.3-8.9) 0.65
> 1 day+ Total 140 100.0 229 100.0
Maternal None to 2 preg 129 92.1 224 97.8 1.0. 1.0
health At least 3 preg 11 7.9 5 2.2 3.8(1.3-11.2) 2.0 (0.6-6.6) 0.25
problem Total 140 100.0 229 100.0
| Fasting
Other fasting* 0-5 weeks 100 714 180 78.6 1.0 1.0
in window More than S weeks 40 286 49 214 3.8(1.3-11.2) 1.4 (0.8-2.5) 0.19
Total 140 100.0 229 100.0
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Characteristic Stratum Cases Controls Crude OR Adjusted OR pia
N (%) N (%) (95% CI) (95%CI)  value
Environmental Risk Factors
Chemical hair dye Yes 32 229 31 13.5 1.9(1.1-3.3) 2.2(1.2-4.0) <0.001
use in window No 108 77.1 198 86.5 1.0 1.0
Total 140 100.0 229 100.0
Vitamin use in Yes 100 714 184 80.3 1.0 1.0 0.53
window No 40 286 45 19.7 1.6 (1.0-2.7) 1.2 (0.7-2.1)
Total 140 100.0 229 100.0
Passive cigarette Yes 59 42.1 74 323 1.5(1.0-2.4) 1.6 (1.0-2.6) 0.08
smoke exposure No 81 579 155 67.7 1.0 1.0
Total 140 100.0 229 100.0
Consumption of Yes 134 95.7 207 904  2.4(0.9-6.0) 2.6 (0.9-7.2) 0.05
caffeinated No 6 43 22 9.6 1.0 1.0
beverages Total 140 100.0 229 100.0
House sprayed with  Yes 51 364 33 144  34(2.1-5.6) 3.7(2.1-6.3) <0.001
pesticide in No 89 63.6 196 85.6 1.0 1.0
window Total 140 100.0 229 100.0
Socioeconomic Status Characteristics
Household Poor 20 16.0 21 10.1 1.9 (1.0-3.6) 1.0 (0.5-2.3) 0.23
income Middle 85 68.0 167 80.7 1.0 1.0
/month Well off 20 16.0 19 9.2 2.1(1.0-4.1) 2.0 (0.7-5.5)
Total 125 100.0 207 100.0
Mother’s None 23 16.4 12 5.2 4.5(2.0-10.0) <0.001
Education Some 117 83.6 217 94.8 1.0
Total 140 100.0 229 100.0
Has mother Yes 38 27.1 31 13.5 1.0 1.0
ever had paid No 102 72.9 198 86.5 0.4 (0.2-0.7) 0.6 (0.3-1.1) 0.08
employment?  Total 140 100.0 229 100.0
Mother’s Her father 129 92.1 201 87.8 0.6 (0.3-1.3) 0.4 (0.2-1.0) 0.03
Early SES responsible
Someone else 11 79 28 122 1.0 1.0
Total 140 100.0 229 100.0
Mother’s City/Town 98 70.0 176 772 1.0 1.0 0.74
residence Village/Desert 42 30.0 52 22.8 1.5(0.9-2.3) 1.1 (0.6-1.9)
birth to 12 Total 140 100.0 228 100.0
Mother’s Military 31 27.2 103 50.7 0.3(0.2-0.6) 0.4 (0.2-0.7) 0.01
Father’s White Collar 56 49.1 65 320 1.0 1.0
Occupational ~ Trade and Manual 27 23.7 35 17.2 0.9(0.5-1.7) 0.7 (0.3-1.5)
Field Total 114 100.0 203 100.0

* Other religious, non-Ramadan, fasting

- Adjusted for maternal education, infant’s age at interview, maternal age, multiplicity, maternal use of hair dye, house
sprayed with pesticides, and moderate to severe vaginal bleeding during index pregnancy

- p-value is from likelihood ratio test comparing the fit of the reduced model (as described above) plus v, (8 variables)
with the fit of the reduced model alone (7 variables).

- v, = Variable to be tested / confirmed as not being relevant to model.

Adjustment

The seven variables identified through the forward stepwise procedure were used to
adjust all 19 variables that had been included in the full model using the likelihood ratio
test as the measure of improvement to the model (table 5.22). Seven variables of specific
interest (maternal ethnicity, paternal age and several SES factors) were also examined.
Maternal ethnicity continued to contribute (adj. OR = 1.7, ciesy, =1.0-2.8). Once the data
were adjusted, paternal age at infant’s birth ceased to be significant (p=0.08). Neither
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whether or not the pregnancy was planned nor diabetes achieved significance after
adjustment. Major maternal health problem with the index pregnancy did not contribute
after adjustment. Vaginal bleeding for more than one day continued to add to the model
(p=0.05).

After adjustment, pregnancy losses did not contribute to the model nor did total deceased
children. Chemical hair dye use and passive cigarette smoke exposure contributed to the
model. Vitamin use in the window was no longer significant. Consumption of caffeinated
beverages had borderline significance (p = 0.05) but a confidence interval that crossed 1
(adj. OR = 2.6, Closy, =0.09-7.2). Mother’s early SES (adj. OR = 0.4, I 45%=0.2-1.0) and
mother’s father's occupation in the military continued to be significant despite

controlling for mother's education (adj. OR = 0.4, cisy, =0.2-0.07).

Interactions

An interaction was considered although this investigation was limited by the size of the
dataset. Because both maternal ethnicity and maternal education were significant they
were tested for an interaction. This model removed the influence of maternal education

but did not affect any of the other variables (data not shown).

5.3 Analysis of embryologically earliest and latest cases

A third and fourth analysis were conducted with the data although there was very little
power in the third analysis with only 44 cases. Table 5.23 presents the data split into
embryological earliest and embryologically latest categories (see Chapter 1 and Chapter
4). There were 44 cases (embryologically early) that were classified as category 1
(Laterality and Looping) or category 2 (DVOAT) that did not have an associated ECM.
There were 83 cases in category 6 (HD) without an ECM (embryologically late).

5.3.1 Resuits: embryologically earliest cases

Maternal ethnicity and maternal education both were still significant in univariate
analysis, paternal ethnicity, three or more pregnancies with a maternal health problem,
other religious, non-Ramadan, fasting, within the window, vitamin use, maternal nausea,
house sprayed with pesticides and rodenticides were significantly associated with CHD.

Maternal age, paternal age, and household income were no longer significant.
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Chapter 5: Results II

Correlations
Correlations were considered between the 46 variables presented in univariate analysis
following the same method as for the entire dataset to assist in variable reduction (data

not shown).

Selection of variables for logistic regression

Of the 46 variables, 17 were significant at the level of 0.20. However, because of the
correlations and small numbers gravida, paternal ethnicity, henna use, folic acid,
rodenticides and household income were not considered. Dz’abete;s' was considered even
though it did not meet the new threshold. However it had to be discarded because of lack
of data. Similarly, multiplicity had to be discarded for lack of data. Consanguinity was
considered but as it was not significant in this data set either it was discarded. Also,
infant’s age at interview was no longer significant for the embryological early group.

There were therefore 10 variables entered into the full model.

Multivariate results

Full model and stepwise procedure

The model was reduced from 286 observations to 272. The results (table 5.24, Full
Model) show that 5 of the 10 variables were statistically significant: major maternal
health problem in a previous pregnancy, other religious, non-Ramadan, fasting, nausea,
house sprayed with pesticides and mother’s father’s occupation. The stepwise procedure

confirmed these results.

Adjustment

The five variables identified through the full model and the forward stepwise procedure
were used to adjust all 10 variables that had been used in the full model using the
likelihood ratio test as the measure of improvement to the model (table 5.24). The
adjusted odds ratio for maternal health problem in a previous pregnancy (adj. OR = 8.7,
Clysy, =1.8-42.9), for other religious, non-Ramadan, fasting, days within the window (adj.
OR = 3.7, cls=1.3-11.1), nausea (adj. OR = 0.3, Clys%=0.1-0.9), house sprayed with
pesticides (adj. OR = 3.7, cs%=1.5-9.2) and mother’s father’s occupation being in the
military (adj. OR = 0.3, Clgse, =0.1-0.8).
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Table 5.24 Summary table for | Embryologically Earliest n=286 , S
‘adjusted odds ratio with 95% | Crude pvalue | Full Model | pvalue | Forward [P
 confidence intervals for n=286 n=272 Stepwise - "‘"“f{
‘earliest embryological cases =272 es e

Maternal ethnicity: Bedouin 4.0 (2.0-7.8) | <0.001 | 2.5 (1.0-6.4) 0.06

Major maternal health problem 4.9 (1.3-18.9) 0.03 | 6.3(1.2-33.4) 0.03 | 8.1(1.7-39.5) | 0.01

(previous): 3 or more

Other religious, non-Ramadan, fasting 2.3(1.1-4.9) 0.02 | 4.7 (1.4-15.1) 0.01 | 3.7 (1.2-10.9) 0.02

Chemical hair dyes: Yes 1.8 (0.7-4.0) 0.19 2.1 (0.6-4.4) 0.17

Vitamin use 2.4 (1.2-5.0) 0.01 1.6 (0.6-4.5) 0.34

Nausea during pregnancy 0.5 (0.3-1.0) 0.04 0.3 (0.1-0.9) 0.03 0.4 (0.2-0.9) | 0.03

House sprayed with pesticides: Yes 3.5(1.7-7.3) | <0.001 3.1 (1.3-7.8) 0.01 3.7(1.5-9.2) | 0.01

Mother’s education 4.4 (1.8-10.9) | <0.001 1.8 (0.3-9.7) 0.52

Mother’s residence until 12 0.5 (0.3-1.0) 0.06 1.4 (0.5-4.0) 0.52

Mother’s father’s occupation:

Military 0.4 (0.2-1.0) 0.09 0.3 (0.1-0.8) 0.01 0.3 (0.1-0.8) | 0.01
Trade and manual 0.9 (0.4-2.3) 0.6 (0.2-1.7) 0.8 (0.3-2.5)

Table 5.25 Comparison of crude and adjusted odds ratios from analysis of

embryologically earliest cases n=272

Characteristic ~ Stratum Cases Controls Crude OR  Adjusted OR
N (%) N (%) (95% CI) 95%CI)

Maternal Bedouin Ethnicity 23 535 51 223 3.9(2.0-7.5) 2.5(1.0-6.2)
Ethnicity Urban Ethnicity 20 465 178 77.7 1.0 1.0

Total 43 100.0 229 100.0
Maternal None to 2 pregnancies 39  90.7 224  97.8 1.0 1.0 0.01
health At least 3 pregnancies E 93 5 22 47(1.2-184) 8.7(1.8-42.9)
problem Total 43 100.0 229 100.0
(previous)
Other fasting* Yes 34 79.1 138 60.3 2.3(1.1-4.8) 3.7 (1.3-1L.1) 0.01
days within No 9 209 91 39.7 1.0
window? Total 43 100.0 229 100.0
Chemical hair  Yes 9 209 31 13.5 1.7(0.7-39) 2.4 (0.9-6.8) 0.10
dye use in No 34 79.1 198 86.5 1.0 1.0
window Total 43 100.0 229 100.0
Vitamin use Yes 27 62.8 184 80.7 1.0 1.0 0.26
in window No 16 372 44 193 25(1.2-5.0) 1.8(0.7-4.7)

Total 43 100.0 228 100.0
Nausea Yes 26 605 174 763 0.5(0.3-1.0) 0.3 (0.1-0.9) 0.03

No 17 395 54 237 1.0 1.0

Total 43 1000 228 100.0
House Yes 15 349 33 144 3.5(1.7-7.3) 3.7(1.5-9.2) 0.01
sprayed with  No 28 65.1 196 85.6 1.0 1.0
pesticides Total 43  100.0 229 100.0
Mother’s None 33 767 217 948 43(1.8-104) 42(0.8-21.5) 0.10
Education Some (includes adult) 10 233 12 5.2 1.0 1.0

Total 43  100.0 229 100.0
Mother’s City/Town 27 62.8 175 76.8 1.0 1.0 0.18
residence Village/Desert 16 372 §3 232 1.6(1.0-2.5) 2.0(0.8-5.2)
birth to 12 Total 43  100.0 228 100.0
Mother’s Military 10 303 102 50.2 0.4(0.2-1.0) 0.3(0.1-0.8) 0.03
Father’s White Collar 16 485 66 32.5 1.0 1.0
Occupational ~ Trade and Manual 7 212 35 17.2 0.9 (0.4-2.3) 0.8 (0.3-2.5)
Field Total 33 100.0 203 100.0

- Adjusted for major maternal health problem (previous), other religious, non-Ramadan, fasting, house sprayed with
pesticides, nausea during pregnancy and mother’s father’s occupation.

- p-value is from likelihood ratio test comparing the fit of the reduced model (as described above) plus v, (6 variables)
with the fit of the reduced model alone (5 variables).

- v, = Variable to be tested / confirmed as not being relevant to model.

*Other religious, non-Ramadan, fasting
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5.3.2 Results: embryologically latest cases

Of the 46 variables (table 5.23), 29 were significant at the level of 0.20. Infant’s age at

interview was one of these.

Selection of variables for logistic regression
Due to correlations and small numbers only 11 of the 29 factors were considered for

entrance into the full model.

Multivariate results

Full model and stepwise procedure

After initial exclusions there were 311 observations available. The results (table 5.26, Full
Model) showed that 5 of the 11 variables were statistically significant: infant’s age at
interview, major maternal health problem in 3 or more previous pregnancies, use of
chemical hair dyes, house sprayed with pesticides and mother’s father’s occupation.
However, to fit this model there were an additional 43 observations excluded. The model

was therefore run again without mother’s father’s occupation since it was responsible for

Table 5.26 Summary table for | Embryologically Latest n—311
_'vadJusted odds ratio with 95% | Crude '; i pvalue :
‘-‘jconﬁdence intervals for latest |n=311 |
: embryologlcal cases b
Infant’s age at interview 3.2 (1.8-5.5) | <0.001 3.1(1.5-6.2) | <0.001 2.8 (1 5-5 1) <0.001
Multiplicity 4.7 (0.8-9.2) 0.10 | 2.2(0.2-23.1) 0.53 | 4.3 (0.6-29.7) 0.14
Mother’s ethnicity: Bedouin 2.0 (1.1-3.5) 0.02 0.9 (0.4-2.1) 0.88 1.1 (0.6-2.1) 0.75
Mother's age at infant's birth 14-20 0.6 (0.3-1.7) 0.34 0.6 (0.2-1.9) 0.37 0.6 (0.2-1.7) 0.35
21-28 1.0 1.0 1.0
29+ 1.7 (1.0-3.0) 0.03 1.2 (0.6-2.5) 0.61 1.2 (0.7-2.3) 0.52
Major maternal health problem with 2.9 (1.6-5.3) | <0.001 0.4 (0.2-0.9) 0.02 0.6 (0.3-1.2) 0.14
index pregnancy (Yes/No)
Pregnancy losses 2 or more 3.3(1.6-7.3) | <0.001 1.8 (0.7-4.9) 0.24 2.1(0.9-5.2) 0.10
3 or more previous pregnancies with 3.1 (0.9-10.9) 0.09 1.7 (0.3-8.3) 0.54 1.4 (0.3-5.7) 0.67
major maternal health problem
Chemical hair dyes: Yes 2.3 (1.3-44) 0.01 2.4 (1.0-5.3) 0.04 2.5(1.2-5.1) 0.01
House sprayed with pesticides: Yes 3.0 (1.7-5.6) | <0.001 2.5(1.2-5.2) 0.01 2.6 (1.3-5.0) | <0.001
Mother’s education 2.6 (1.2-5.8) 0.01 2.6 (0.7-9.0) 0.14 3.0 (1.1-7.8) 0.03
Mother’s father’s occupation : Military 0.4 (0.2-0.8) | <0.001 0.4 (0.2-0.9) 0.03 -
: Trade and manual 0.8 (0.4-1.7) 0.58 0.7 (0.3-1.7) 0.33
Forward pvalue | Forward pvalue
Stepwise Stepwise
n=268 n=308
Infant’s age at interview 3.3(1.7-6.2) | <0.001 2.9 (1.6-5.1) | <0.001
Major maternal health problem (index pregnancy) 0.3 (0.2-0.7) | <0.001
Pregnancy losses 2 or more 2.7 (1.2-6.3) 0.02
Chemical hair dyes: Yes 2.4 (1.2-4.8) 0.02
House sprayed with pesticides: Yes 2.7(1.4-5.5) | <0.001 2.8 (1.5-5.4) | <0.001
Mother’s education 3.1(1.2-7.9) 0.02
Mother’s father’s occupation : Military 2.0 (1.1-3.7) 0.03 -
: Trade and manual
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40 of the observations being excluded. With this full model three of the variables
remained significant, and judging by their p values more sti'ongly so, with the addition of
maternal education. The stepwise procedure was then run with both the smaller dataset
which included mother’s father’s occupation (n=268) and the larger dataset which did not
(n=308). With the forward step model including mother’s father’s occupation we see that
infant’s age at interview enters the model but that chemical hair dyes does not. In the
larger dataset we see that chemical hair dyes is significant but that also pregnancy losses
of 2 enters the model. Major maternal health problem with the index pregnancy is no

longer significant.

Adjustment

The five variables identified through the forward stepwise procedure with the larger
dataset were then used to adjust the 10 variables plus paternal age that had been used in
the full model using the likelihood ratio test as the measure of improvement to the model
(table 5.27). The adjusted odds ratio for infant’s age at interview was OR = 2.9,
(Closw=1.6-5.1), for pregnancy losses it was OR = 2.7, (Clssy, =1.2-6.3), for hair dyes OR =
2.4, (Clos=1.2-4.8), for house sprayed with pesticides OR = 2.8, (Clos=1.5-5.4) and for
maternal education OR = 3.1 (Clsy=1.2-7.9). Paternal age (35+) was significantly
associated with CHD in this model (adj. OR = 1.9, clsy =1.4-4.9) but young age was not.
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Table 5.27 Comparison of crude and adjusted odds ratios from analysis of

embryologically latest cases n=308

Stratum

Cases

Controls

Characteristic Crude OR Adjusted OR pA&:
N (%) N (%) (95% CI) (95% CI) value
Infant’s age at  One year or less 41 539 183 78.9 1.0 1.0 <0.001
interview 1 to 4 years 35 46.1 49 21.1 3.2 (1.8-5.5) 2.9(1.6-5.1)
Total 76  100.0 232 100.0
Multiplicity Singleton 73 96.1 230 99.1 4.7(0.8-29.2) 5.7(0.9-36.5) 0.06
Twins or higher 3 39 2 9 1.0 1.0
Total 76  100.0 232 100.0
Mother’s Bedouin 27 35.5 51 22.0 2.0(1.1-3.5) 1.2(0.6-2.3) 0.56
Ethnicity Urban 49 64.5 181 78.0 1.0 1.0
Total 76 100.0 232 100.0
Mother’s Age 14-20 6 7.9 34 14.7 0.6 (0.3-1.7) 0.6 (0.2-1.6) 0.20
at Infant’s 21-28 31 40.8 115 496 1.0 1.0
Birth (years) 29+ 39 513 83 35.8 1.7 (1.0-3.0) 1.4 (0.8-2.5)
Total 76  100.0 232  100.0
Father’s Age  19-24 8 10.7 14 6.6 3.2(1.2-8.4) 2.8(0.9-8.1) 0.01
25-34 22 293 122 57.8 1.0 1.0
35+ 45 60.0 75 355 1.9 (1.9-6.0) 1.9 (1.4-4.9)
Total 75 100.0 211 100.0
Index Pregnancy Characteristics S S
Major maternal Yes 22 289 32 13.8 2.5(1.4-4.7) 2.0(1.0-3.9) 0.06
health problem No 54 71.1 200 86.2 1.0 1.0
Total 76  100.0 232 100.0
Previous Pregnancy Characteristics e
Pregnancy lor< 61 80.3 217 93.5 1.0 1.0 0.02
losses 2+ 15 19.7 15 6.5 3.5(1.6-7.8) 2.7 (1.2-6.3)
Total 76  100.0 232 100.0
Maternal None to 2 71 934 227 978 1.0 1.0 0.37
health Atleast 3 5 6.6 5 22 3.2(09-11.3) 1.9 (0.5-7.7)
problem Total 76 100.0 232 100.0
Environmental Risk Factors : : Ta
Chemical hair dye usein ~ Yes 18 23.7 31 13.4 2.0(1.1-3.9) 24 (1.24.8) 0.02
window No 58 76.3 201 86.6 1.0 1.0
Total 76  100.0 232 100.0
House sprayed with Yes 25 329 33 14.2 3.0(1.6-5.4) 2.8 (1.5-5.4) <0.001
pesticide in window No 51 67.1 199 85.8 1.0 1.0
Total 76 100.0 232 100.0 -
Socioeconomic Status Characteristics i e =
Mother’s ~ None 64 842 220 948 3.5(1.5-8.0) 3.1(1.2-7.9) 0.02
Education = Some 12 15.8 12 5.2 1.0 1.0
Total 76  100.0 232 100.0

- Adjusted for Infant’s age at interview, house sprayed with pesticides, previous pregnancy losses, use of
chemical hair dyes and maternal education.

- p-value is from likelihood ratio test comparing the fit of the reduced model (as described above) plus v, (6
variables) with the fit of the reduced model alone (5 variables).

- v; - Variable to be tested / confirmed as not being relevant to model.
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8ummary of Results Chapter §

Consangulmty was not found to be associated with CHD in any of the analyses.
2. Diabetes was not found to be associated with CHD in any of the analyses.

In adjusted analysis of ALL CHD the following variables were found to be statistically

significantly associated with increased risk:

twins or higher multiplicity

maternal Bedouin ethnicity

high maternal age

low paternal age

presence of an extra-cardlac malformation

‘maternal use of chemical hair dye within the exposure wmdow

maternal heartburn .
house sprayed with pesticides within the exposure window

~ no maternal education

mother’s father’s occupational field being “white collar”

4 In adjusted analysis of CARDIAC ONLY cases the following variables were statlsncally

Slgmﬁcantly associated with increased risk:

twins or higher multiplicity

later infant’s age at interview

‘maternal Bedouin ethnicity

higher maternal age

moderate to severe vaginal bleeding

maternal use of chemical hair dye within the exposure window
dﬁrxking caffeinated beverages within the exposure window

house sprayed with pesticides within the exposure window

no maternal education ‘

mother’s early SES being other than the responsxblhty of her father

mother’s father’s occupation being “white collar”

5. In adjusted analysis of EMBRYOLOGICALLY EARLIEST cases the following variables

were found to be statistically significantly associated with increased risk:

major maternal health problem in 3 or more previous pregnancies

other religious, non-Ramadan, fasting within the exposure window
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maternal nausea |
house sprayed with pesticides within the'exposuré window

mother’s father’s occupation being “white collar”

6 In adjusted analysis of EMBRYOLOGICALLY LATEST cases the followmg variables
continued to be statistically significantly assocxatcd with increased risk: -

later infant’s age at interview

higher paternal age

two or more previous pregnancy losses

maternal use of chemical hair dyes within the exposure wmdow

house sprayed with pestundes within the exposure wmdcw

no maternal educatlon

181



Chapter 6: Discussion

“CHAPTER 6 DISCUSSION

6.1 Overview

The aims of this study were to describe live bomn cases registered w1th the Riyadh CHD
Registry, and to use these cases and conduct a case-control study within the Riyadh
population in Saudi Arabia to inveétigafe risk factoré'for CHD. Consanguinity, which is v
prevalent in this region, was of particular interest as a ﬁotential risk factor, and this was
extensively reviewed. A systématic review of t_hé literature describing risk factors for

CHD, was also conducted.

A high proportion of the Registry cases (62%) were diagnosed at birth, suggesting a high
degree of severe CHD conditions in this population. This compares to 30 percent for the
BWIS group (Ferencz et al,, 1993). Indeed in the total BWIS case group it was four

weeks before 60 percent of the cases had been diagnosed.

Classification bf the cases was made according to whether they had one or more than one
CHD diagnosis (i.e., isolated versus parallel defects) and whether or not they had other
non-CHD‘ extra-cardiac (ECM) defects. This stratification showed that thirty-five percent
had more than one CHD diagnosis without an ECM, and a minority (15%) had an isolated
defe;:t in the presence of an ECM. The implications of these findings are discussed in

" more depth in the following sections.

Considerable effort was spent investigating the various systems for the classification and

gmupirigl 6f CHD cases. Special attention was paid to the BWIS and EUROCAT systems, |
both of which were found to be useful methods for describing cases and allowing
comparisons with published information of these case-groups. In very general terms, the
distribution of study cases was similar to that found among the EUROCAT cases.
Howevér there were differences between the Riyadh registry data and the BWIS data.

These resuits are discussed further in the following section.
The case-control study using Registry cases did not confirm an association between

consanguinity and risk of CHD. Factors which were found to increase the risk of ALL

CHD in this population were multiplicity, maternal ethnicity, maternal age, presence of
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ECM, use of chemical hair dyes and house sprayed with pesticides In the first sub-
analysis, where the 151 CARDIAC ONLY cases were analyzed the nsk factors were
multzplzczty, use of chemzcal hair dyes, house sprayed with pestzczdes, maternal education
and mfant 's age at interview. The latter factor was not included in the ALL CHD analysis
and should be regarded as a consequence of the désign, rather than a 'true risk factor for
CHD. 1t is interesting' that the forward-stepwise procedure yielded two additional
variables: maternal age‘ and moderate to se\)ere vagihal bleeding. These results will be

discussed in more detail, later in this chapter.

Further analyses were conducted on cases deﬁned according to the methodology of the
BWIS group. The CARDIAC ONLY cases were divided into two groups: EMBRYOLOGICALLY

~ EARLIEST cases (n=44) and the EMBRYOLOGICALLY LATEST cases (n=83), leaving aside
- those 24 cases in the middle embryological categories. Several risk factors were identified
from the adjusted case-control Analyses of the EMBRYOLOGICALLY EARLIEST cases: major
maternal health problem in three or more previous pregnanczes, other relzgtous, non
Ramadan, Jasting; nausea during pregnancy; house sprayed with pestzczdes and mother’s
Jather's occupation. In the analyses using EMBRYOLOGICALLY LATEST cases, infant’s age
at interview,' pregnancy losses greater than two, chemical hair dyes, house sprayed with
Ppesticides, and mother’s educatz‘bn were identified as risk factors. There were
discrepancies in some of the findings of these sub-analyses aceording to the regression
method used, providing evidence that that these analyses, using small numbers of cases,

‘were unstable. The implications of low power are discussed in section 6.3.

6.2. DeScriptlon of cases and their lesions (Chapter 4) - Summary and
discussion of resulits

Oof the 235 cases, a minority (15%) had both a parallel CHD defect and an ECM (table
4.3). Thls could be explained by a relatively higher foetal mortality in this group. For
cases with no ECM, the presence of parallel defects is proportionally more common than
isolated defects. This could be due to the greater relative survival of cases with parallel
defects than those with isolated defects only. One explanation for the increased survival
in these apparently more diseased infants may be the example of the infant with TAPVR
‘whose “second” defect of VSD ensures post-term survival and registration. This would

mean there was a percentage of parallel cases who were more severely damaged and
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-others whose live birth status was attributable to the second defect. This later group, if

~ identifiable, might more sensibly be considered as “isolated” cases.

The finding that 19 percent of cases had Down syndrome and 36 percent had ECM (table
4.4) is an indication that the case population may be biased in some way towards a greatér
proportion of ECM referrals. The BWIS reported vonly 9 percent of cases with Down
syndrome (385 of 4390). Of course the total of 4390' in this denominator includes PDA
and cardiomyopathies which the Saudi Arabian study did not include.! The inclusion in
this study of a case-cbntrol_ analysis made up of CARDIAC CASES ONLY ensured that any
possible bias associated with the inclusion of Down syndrome cases (or indeed any other

ECM ) was eliminated.

Extra-cardiac malformations ' : .

While this study reported that 36 percent of all cases had an ECM, the BWIS study
reported 28 percent (Ferencz et al., 1993). The majority of this difference is explained by
the high proportion of chromosomal syndromes-in the current cases (19%) compared to
. that reportéd for the BWIS cases (Ferencz et al., 1993). Also, while this Saudi Arabian
study found 5 percent heritable syndromes in the case population, the BWIS found 7
percent. This study also found 12 percent anomalies of organs while the BWIS found 5
percent. Finally, this study found no toxic embryopathies, znfectzve embryopathies or
deformations, non-structural and miscellaneous anomalies whereas BWIS reported some

of these conditions (5 percent, <1 percent, < 1 percent respectively).

Three explanations for these reported differences are possible: (1) The findings reflect
bias given that KFSH&RC is a tertiary referral centre so the cases may not be
representative of all CHD cases in the Riyadh population; (2) The cases are representative
of all cases, but the Riyadh population has a higher proportion of ECM in the CHD
,popula:tion 'compared to the BWIS source ﬁopulation; (3) Since the time of the BWIS
effort 10 years ago, the ability to detect ECM has improved. Undoubtedly, the third
option is suspect, given that the ECM in question is Down syndrome. With the unique
facies associated with Down syndrome, it is unlikely that it would have been under-

diagnosed in the BWIS population.

' The BWIS data are not presented with sufficient detail to calculate the percentage of ECM for only the
3,885 structural defects.
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On the other hand, the two populations might look more similar if we could compare for
maternal age. The propornon of mothers aged 29 or more is greater for both the cases
and controls in the Riyadh populatlon than in the BWIS (59% and 36% versus 34% and
30%). This may partially explain the higher proportion of cases with ECM in the current
study compared to that in the BWIS registry although this difference would probably not

double the proportlon of Down syndrome cases.

A few oiher studies have reported the number of ECMs in their CHD population (table

1.2). Although Olshan, Schnitzer, Baird (1994) do not report the actual .chromosomal

aberrations, they did report that a large proport‘ior_l (%4 percent of cases) were free of

them. .This is comparable to Bassili et'al., (2000) who reported only 4 percent with ECM

~ and is far different from the Riyadh registry result. Although most studies did not report ’
the percentage of ECM, the 1 range of those which did was from a low of 4 percent to a

high of 28 percent (BWIS group). . '

BWIS classiﬂcation system for cases .

Using the BWIS “embryological” classification system, we were able to compare the
distribution of cases within the 6 groups (9 including subgroups) between the present
study and the BWIS study (see table 4. 5). The rank ordering of the proportxons of cases
by embryological category is presented in table 6.1. It is reassuring that despite the
differences in case definition there was comparability between the proportions in the
Riyadh registry data and the BWIS data in a number of embryological defect categories
including laterality and looping, mesenchymal cell and axtracellula}' matrix defects.
Given that mortality is higher in the embryologically-earlier cafegories perhaps even the
small difference between 4.7 percent and 5.5 percent in the laterality and looping
category can be explained by the BWIS’s superior ability to follow-up the cases —

especially those who were deceased.

It was also reassuring that the most common lesion in both datasets was septal defects and
the least common was targeted growth defects. The second most common category for
both datasets was left-sided flow lesions. These similarities indicate that the populations
‘of cases are comparable and that the method of classification was conducted similarly in

both studies. However, the differences between the data in the categories of complete
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transposition (2b), right sided flow lesions (6a) and cell death defects (5) raise

unanswered questions.

Table 6.1 Rank order comparing the Riyadh registry case data to the BWIS data

|_6c | HD: Septal defects 36.2 1 33.0 1
6b | HD: Left-sided flow lesions 11.9 2 14.2 2
2b | DVOAT: Complete transposition 10.6 3 4.9 8

| _2a | DVOAT: Mesenchymal cell 9.4 4 10.1 5
3 | Extracellular matrix defects 8.5 5 7.6 6
6a | HD: Right-sided flow lesions 8.1 6 12.0 3
5 | Cell death defects 7.2 7 11.3 4
1_| Laterality and looping 4.7 8 5.5 7
4 | Targeted growth defects 34 9 1.4 9

Total 100.0 100.0

The graphical depiction of the distribution of cases using the embryological meta-
nosology demonstrates how strongly the data are dominated by the hemodynamic
category (figure 4.1). This is to be expected due to the finding that septal defects (VSD
and ASD II) are the most common CHD. The Riyadh data were composed of 56 percent
hemodynamic defects which compares to 59 percent in the BWIS data.

Table 4.6 and figure 4.2 tell the same stories using different methods. It was expected that
the extracellular matrix defect category would be largely composed of the Down
syndrome infants with AVSD and this was the case. The possible explanation for the
dearth of ECM cases in the laterality category (and to a lesser extent the DVOAT
category) may be that in a live birth study these cases would not appear. It could be that
the excessive load of both an early embryological defect (such as those in categories 1, 2a
and 2b) coupled with an ECM, tips the balance of survival and leads to spontaneous
termination. Only further studies which are sophisticated enough to include spontaneous

terminations, can answer this question.

Lesion Analysis — comparison with other published studies

This study found 531 lesions in the 235 Registry cases described by 29 lesion groups
(table 4.7). These data show that ASD II is the most common lesion, making up almost
one quarter of all the diagnoses, followed by all VSD at one fifth. Together, septal defects

make up almost half of all lesions diagnosed in the 235 cases. One partial explanation for
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the deficit of VSD could be that when the registry code, VSD was not permitted in
combination with TOF. Another is that in lesion analysis, VSD is not actually the most

common defect after all. |

It is difﬁcﬁlt to compare the Saudi Registry data to other studies as there is very little
consistency in the published literature. Table 1.2 includes six studies which used the
method of lesion analysis. Unfortunately, upon closer inspéétion, the first of these studies
is not cdmparable. Lian et al,, (1’986)’ using the MACDP registry states that “[i]f a baby
had two or more defects, he or she was counted in each relevant defect group” — which is
the common principal of lesion énalysis. However detailed data are riot presented and
only 12 of the CHD lesions are included in the publication. The second possible
~ comparison would be with Bassili et al. (2000) who portended to present the types of
lesions in the 931 index patienfs. However, again, they do not present the detail necessary
fora cbinparison. The third lesion analysis study was by Olshan, Schnitzer, Baird (1994)

HSihg data from Bﬁtish Columbia, '.Canada investigating the effect of paternal age on
| CHD. Their dataset is not useful for comparison because they chose bnly to present data -
for those lesions where there were at least 100 cases thus restricting the number of cardiac
lesions analyzed to 8. More interestingly, they report no cases of AVSD in either the with

chromosomal aberration data or the without chromosomal aberration data. -

Pradat (1992a) presented a table listing his lesion analysis data. The 1,605 infants had
2,849 lesions providing a ratio of 1.8:1 lesions per case (versus the ratio of 2.3 per case
among the Riyadh data). However, Pradat used the ISC coding system rather than ICD-9.
After coxivening the lesion codes to two digits, the dataset reduced from 2,849 lesions to
2,063. A comparison between the EUROCAT data and that of Cordier et al., (1997) was
not possible because they did not present the data with sufficient detail.

Results from Pradat et al.’s 1992 study are presented in table 6.2 as a comparison to the
Riyadh data. Because there were so many ties among the Riyadh data after rank 9 but no
- ties among the Swedish data, it was decided only to compare those defects ranked 1 to 9.
This was deemed an acceptable adjustment because dextrocardia was not presented in the
‘Swedish data.
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Looking at ranks 1 to 9, we see that there are some correlations between the Swedish and
the Riyadh data if the rank of plus or minus 1 is used as the threshold. VSD is first in the
Swedish dataset and second in the Riyadh dataset. TGV is fourth for the Swedish dataset
and fifth for the Riyadh dataset. What Pradat refers to as endocardial cushion defects (and
this study refers to as AVSD and ASD 1) is sixth for both datasets. Lastly AV stenosis
(Pradat’s AV anomalies) is eighth for the Swedish dataset and ninth for the Riyadh

dataset. One intriguing difference was HLHS, one of the more severe and lethal defects,

which was seven times as prevalent in the live birth Swedish population.

Table 6.2 Rank ordering comparing Pradat’s Swedish data to the registry case data
' Wl R ‘
5 * 3 @ : g 20 ¢
_ASD |I 745.5 122 | 23.0 1 65| 3.2 10
| VSD 7454 | 105, 19.8 2| 276 | 134 1
| PDA 747.0 93| 175 3] 39| 19| 16
; 746.01/2
| PV anomalies 745.0 37| 70 4| 274 13.3 2
| d-TGV and I-TGV 745.10 28 5.3 5| 205 9.9 4
745.61
AVSD/ ASD | 74569 | 27| 51| 6| 178| 86| 6
| COA 747.1 19| 36 7] 212|103 3
DORV 745.11 13 2.5 8 44 2.1 14
AV stenosis 746.3 9 1.7 9 78 3.8 8
Dextrocardia 746.87 9 1.7 9 0 0 o
Bicuspid aortic valve (BAV) 746.4 8 1.5 10 0 0 -
| Pulmonary artery hypoplasia/stenosis 747.3 8 1.5 10 36| 1.7 17
DILV 745.3 6, 1.1 12| 63| 3.1 11
HLHS 746.7 6| 1.1 12| 130 7] 6.3
| TAPVR 747.41 6, 1.1 12 0 0 -
PAPVR 747.42 5 0.9 13 0 0 =
| 1AA 747.21 5 0.9 13 0 0 -
Sub-aortic stenosis 746.81 5 0.9 13 0 0 -
Truncus 745.0 3 0.6 14 51 2.5 13
| DCRV 746.83 3 0.6 14 0 0 =
HRHS 746.9 3 0.6 14 0 0 -
|_Tricuspid valve atresia 746.1 3| 06 14| 43| 21 15
_Sinus ASD 745.8 2| 06| 14 0 0 -
_Mitral stenosis 746.5 2 0.4 15 33| 16 18
_Ebstein's anomaly 746.2 1 0.4 15 18| 09 19
_Other anomalies of great veins 747.49 1 0.4 15 0 0 -
_Other truncus anomaly 0 0 - 3, 0.1 20
_ASD+VSD 0 0 - 73 3.5 9
Aortic malformations (except COA) 0 0 - 63| 3.1 12
Other malformations 0 0 -1 179 | 87 5

Pradat presented “endocardial cushion defect” rather than AVSD. TOF included in pulmonary valve

anomalies categories
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Lastly, we make a comparison with the Stoll et al., (1989) French dataset (table 6.3). The
authors report 949 anomalies in 801 children giving 1.2 lesions per caée. They found no
cases of DORV, BAV, PA anomalies, TAPVR, PAPVR, 1AA, sub-aortic stenosis,
truncus or DCRV; these were therefore excluded from the ranking. Like Pradat (1992a),
Stoll et al., (1989) used the ISC coding system.

PDA is third for both the French and Riyadh datasets, and Ebstein’s anomaly is the most

rare in both populations. Using the same criteria of plus or minus one, as in the Swedish
data, we see that ASDIIL, VSD, PDA, COA, AV stenosis, DILV, TV atresia and Ebstein’s

anomaly are comparable in frequency.

_Stollf_s F(ench dqtg to the registry case data

23.0 1 137 | 144 2
VSD 745.4 | 105 | 19.8 2 393 | 414 1
PDA 747.0 93| 175 3 73| 7.7 3
d-TGV and I-TGV 745.10 28 5.3 4 46| 4.8 6
AVSD 745.69 20 3.8 5 34 3.6 7
COA 7471 19 3.6 6 51 5.4 5
PV stenosis 746.02 17 3.2 7 71 7.5 4
TOF 745.2 11 2.1 8 23 24 1
AV stenosis 746.3 9 1.7 9 33| 35 8
Dextrocardia 746.87 9 1.7 10 11] 12 13
DILV/Single ventricle 745.3 6 1.1 1" 28| 3.0 10
HLHS 746.7 6 1.1 12 31 33 9
Tricuspid valve atresia 746.1 3 0.6 13 14| 15 12
Ebstein's anomaly 746.2 1 0.4 14 4| 0.4 14

Other Comparisons

Ideally, we would compare the study data with the two Saudi Arabian studies: Becker et
al., (2001) and Abbag (1998). Becker et al., (2001) should make a very useful comparison
as these data were also abstracted from the Saudi Arabian CHD registry. However, as
their results were classified by the predominant lesion — a method for which no evidence
exists that it is replicable — the comparison was impossible. We could also not compare
these data to Abbag (1998). Firstly his data were hospital-based rather than registry-based
and secondly although he does not declare his meta-nosology it is likely that he used the

predominant lesion method.
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 In table 4.8 the Saudi Arabian CHD data for 2001 to 2002 is compared with the Riyadh
- study data, and EUROCAT data. In the table’s orange section we see that for the meta-
categories of anomalies of sepra, arteries and veins, valves and chamber, the frequencies

| are comparable. All nine datasets have similar distributions, with the exception of

NORCAS, Oxford and Wessex which each have one category out of step.

In conclusion, the profile of cases obtained from the registry and used in the case-control
study was found to be comparable with other studies despite the differences in case

ascertainment and definition.

6.3 'Case-contrdl study (Chapter 5) - Summary and discussion of results
With the exception of multiplicity, the distribution of potential risk factors (exposure
data) in controls was as expected (table 5.1a-j). With regar»dv to multiplicity, we found
only one set of twins among the controls. The prevalence of twins is estimated to be 14
per 1000 in Saudi Arabia (Kurdi et al., 2004) therefore we expected 2 to 3 sets in a
sample of 247, Most likely this deficit is an effect of sampliné error.

Comparing the crude distributions of potential risk factors, maternal age was found to be
greater for case infants than for cohtrol infants, (as was maternal pah‘ty and gravidity).
Paternal age was higher for cases than controls, which was not surprising since this is
highly cqrrelated"with maternal age.‘ There were far more ECM in case infants than in
control infants. Most often these were Down syndrome cases. Not unexpectedly, we
found a low 2 percent of control infants with any ECM. This is due to the selection of
controls from a ‘Well-Baby Clinic’. For the same reason, there were no cases of Down
syndrome in the control population. The prevalence of Down syndrome in the Saudi
Arabian population has been estimated at 1.8 per 1000 live births (Niazi et al., 1995), so
Wwe would have been unlikely to find any cases in a population of 247 infants even if the

source was not a well-baby clinic.

Artificial reproductive therapies were more common in cases than in controls and it took
longer to conceive a case than a control. Cases also displayed a higher frequency of
reported vaginal bleeding lasting more than 1 day, and more maternal diabetes than
controls. Case mothers reported more major maternal health problems with the index

pregnancy than the control mothers.
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In summary, comparing the distributions of factors in cases and controls to those of other
researchers this study population looked reassuﬁngly similar with .rc?spe‘ct to the criteria of
gestatz'ondll age, birth weight, parity, gravida, paternal age and ECM (Rosenthal et al.,
1991; Tikkanen, Heinonen, 1992; Lian, Zack, Erickson, 1986; Savitz, Schwingl, Keels,
1991; Olshan,' Schnitzer, Baird, 1994; Anthony et al., 2002; Kramer et al., 1987; Eskedal
et al., 2004).

6.3.1 Consanguinity.

This study did not find an association between the independent variable of 'consanguinity
and risk of CHD and thus has not confirmed findings from previous studies which
reported an association (Gev ét al, 1986; Bassili et al.,. 2000; Nabulsi et al., 2003;
| Badaruddoza et al., 2004; Becker et al., 2001). This result is unlikely to be explained by
low statistical power since the‘study has good power to detect a 1.7 times increase in risk
or more, should it exist in the population. This study also took considerabie care to
develop a méthoddlogy for collection of consanguinity data. Data collection methods
~ were highiy structured and interviewers well-trained, ensuring that data were collected

from both cases and controls with equal precision and without bias.

Having said that, it could be that even the phylogram method is flawed. While it captures

the ‘relationship of the probaﬁd it does not capture the relatiohships of the proband’s
parents. Also, while some double and triple relationships were described perhaps not all

of them were identified. We do not know that it is reasonabie to assume that § percent of
the control population had a second i'elationship (data not shown) because the data have

not been presented at this level of detail in other studies (table 1.6). The phylogram

method would have to be adapted to include such previous relationships. As Bittles et al., |
(1991) wrote, “Manifestly, when considering the level of inbreeding cited for a
populétion, and especially one with a long tradition of consanguinity, the cumulative
depth of inbreeding would be expected to greatly exceed the F value calculated for a
single generation.” Ideally, a genetic study where DNA could be studied would answer
this question more precisely. Currently, however a genetic study is not possible in this
population. The Saudi Arabian is suspicious regarding the risks of having their genome
‘studied therefore the phylogram was the only method available (Personal communication,

William Greer, : Scientist, Biostatistics, Epidemiology and Scientific Computing
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| - Department, KFSH&RC and Brian Meyer, Scientist, Department of Medical Genetics
- Department, Research Centre, KFSH&RC, 2005).

One primarily methodological study from Kuwait sugge'sits' that consanguinity data at the
level of third cousins is not reliable (Radovanovic, Shah, Behbehani, 1998). This was a
cross-sectional random sample of 25 percent of all Kuwaiti national households which
compared an urban.'area with a rural area. More than 1400 individuals were interviewed
-with 959 current or previous marriages. These couples provided information about their
parental blood relationship in addition to their own -niarital consanguinity. The authors
defined collection of consanguinity data well and used phylograms. The methodological
point under investigation was the inter-observer variation after one year. The results
showed that there was indeed inter-observer variation-at the level of third cousins.
However, they do not explain exactly what is meant about the responses taken in the
second interview being “inconsistent”. Although inter-rater reliability is scored as if it
were a ‘test’ with right and wrong answers, in this instance we are interested rather in an
estimate of bias which Would influence the estimate of risk. There is inconsistency to
~ generation and inconsistency of exact relationship (i.e., the partner is a third cousin
. (consistent) but the informant does not report that is it the same great-greatégi'andparents
who are the siblings (inéonsistexit)). The authors explain the imcertainty of the
respondents by éaying that it has to do with the total number of family members and the
authors suggest that a respondent would have to keep track of 2,016 first cousins, first
cousins once removed and second cousins; 10,584 second cousins once removed; and
16,464 third cousins taking into consideration large family sizes and the potential for
polygamy. The logic in this is unclear because it would seem that one would only keep
track of the relatives considered for marriage. A society like Saudi Arabia has familial
specialists who have the task of researching this topic before a proposal of marriage is
made and therefore individual parents rely on obtaining this information from a

recogniz‘ed.infonned source (Nyrop, 1977). |

Marriage is entered into thoughtfully within Saudi Arabian society which again supports
the idea that the phylograms were accuratély collected. Marriages are arranged by elders
of the family after considering the blood relationship if it exists. The proposed marriage is
discussed in depth among the relations before the boy visits the girl’s house. These

factors suggest that the informant knows to whom she is married.
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However, if consanguinity studies of CHD are conducted in dlfferent populatlons and
they produce results which dlsagree, they could still all be correct. Consangulmty as arisk
factor for a genetic disease can be a different entity for each populatlon since it depends

on which genes are contained within the consanguineous group.

In conclusion, it is unlikely that the consanguinity result found here can be explained by
methodological limitations in the data collection methodj there may be some degree of
(non-diffei'ential) misclassification, but that is unlikely to explain the result. Using a
simple sensitivity analysis, the author has estimated that if the true odds ratio was 2.0,
then 50 percent random misclassiﬁeation in consanguinity would be required in order to
produce the finding reported here. This level of xhisclassiﬁcation using the phylogram
- method is highly unlikely. The sensitivity model also predicted that thirty percent
- misclassification _in either the case or the control exposure  status (differential
miscléséiﬁcation) could also eicplain a negative result (if the true odds ratio was 2.0) but

again this does hot seem likely eince there is no reason to expect a differential

measurement error in this study population.

Potential that SES was a confounder for consanguinity

Another item to consider as an explanation for this result is the presence of uncontrolled
confounding. If the study controls were from a lower SES sti'ata, then their rates of
consangumlty could have been unnaturally elevated which would have obfuscated the
relatlonshlp between consanguinity and CHD. We know that consanguunty has been
found to be associated with lower SES although these studies were mostly carried out
among sub-continent Indian peoples or in other Middle Eastern countries poorer than
Saudi Arabia (Shami Grant, Bittles, 1994; Bener et al., 1996; Bittles et al., 2002; Sallam,
Mahfouz, Dabbous, 2001; Tamim et al., 2003). The definition of socio-economic status is
difficult to validate even in countries such as the UK where efforts are regularly made to
quantify this factor (McLaren, Bain; 1998). There may be greater success looking at the
individual parts of SES (i.e., net income, paternal education, maternal education,
Ppaternal occupation, maternal occupation) until a composite can be developed for Saudi
Arabia.

One important component of SES is education. Khoury and Massad (1992) found a

negative correlation between education (categorized into six levels) and consanguinity in
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-Jordan. Illiterate males were more likely to marry consanguineously than the next three
~ levels of education. However, university educated mélés were also likely to marry
consanguineously. For females however, the university-educated were more likely not to
marry consanguineously. In this Saudi Arabian research, for the ALL CHD analysis we
found that a higher prdportion of the cases than controls had no education (13% versus
6%) and the levels of income were both poorer and richer among the cases compared to
the controls. For éonfounding to exist, the controls should be from a lower SES,
consanguinity should be associated with lower SES and consanguinity should be
associatéd with CHD. We found no evidence for confoﬁndihg associated with educational
level or income, a@d adjusting for these factbrs_ had no effect on the findings, although a

discussion of the problems of measuring SES in this society follows in section 6.6.

As a reminder of the difficulties in doing cross-cultural research, the fact that the women
covered themselves made it imposSible to obtain even a ﬂavour of any disparitiés
between the cases and controls in terms of SES. The advantage of the covering of course
(from the pérspeétive of the Study) was that the study was blinded from investigator bias

using visible clues to SES.

| 6.3.2 Infant characteristics

Infant’s age at Interviéw

The purpose of controlling for this variable, either by design or by analysis, was to protect
against information bias where the cases could have a fresher memory of exposures than
controls. Despite attempting to control for this factor in the desigh this was not successful
and the factor emerged as a significant predictor of case control status in the analysis,
- control infants being younger thaﬁ cases at time of interview. For consanguinity the
length of time from birth to interview would be unlikely to be influenced by recall since
mothers would know their status regardless. There were few divorces among either the
case or control parenté and the interviewers were careful to remind the mothers that they
‘were interested in the mother’s relationship to the father of the baby included in the study.
Use of specific time windows of exposure in the interview schedule may also have
reduced the possibility of bias. However there may have been some degree of recall bias
resulting from the differential age of the infant at interview. However, even where recall

bias‘may have been present, the tendency would have been for the bias to work agéinst
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finding a positive association with disease risk, should it exist (with controls recalling

exposure more accurately than cases) rather than finding one spuriously. -

Multiplicity

Because of the mechanisms of shared circulation in the womb, the reduced cell mass
divided between twins and disturbances of laterality (Burn, 2002), the finding that twins
were more at risk for CHD than the singleton birth was expected, well-established and
plausible (Doyle et al., 1991; Befg et'al., 1989; Hajdu et al., 2006; Caputo et al., 2005;
Burn, 2002; Kuehl, Loffredo, 2002; Karatza et al., 2002). We see the increased risk
associated with multiplicity even'after controlling for maternal age, moderate to severe
vagmal bleeding, maternal use of hair dye, house sprayed with pestzczdes, mother’s

~ education and infant’s age at mtervzew

Multiplicity and artificial reproductive therapies

Although an association between multlphclty and ART has been found previously, this
' was not the case here (Kozmszky et al, 2003; Beral et al, 1990). ‘Thl_s may be
confounded by the. fact thaf some proportion of twins with CHD die in utero - the
phenomenon of the ‘vanishing twin’ (Hajdu et al., 2006; Chasen et al., 2006).‘ Also, the
- numbers exposed were small, hence the analysis had low statistical power.

6.3.3 Maternal characteristics

Maternal age at infant’s birth _

It was expected that maternal age at infant’s birth would be a signi‘ﬁéant predictor of
increased risk of CHD, and this was confirmed here. This factor was also significant in
the analysis‘ without the ECM (CARDIAC ONLY) cases as was found by other researchers
(Rotherman, Fyler, 1976, McBride et al., 2005; Forrester, Merz, 2004).

Matei'nal ethnicity :

While it is recognized that it is difficult to define the coricept of ethnicity, and in this
study ethnicity was self-defined by the participants, other researchers may waht to pursue
this line of inquiry. A difference in consanguinity prévalence by ethnicity was observed
(table 5.3). It is difficult to gauge the influence of ethnicity given our current
‘understanding of this factor, although we surmise that it could be related to genetics, to
patterns of consanguinity (including tribal affiliations) or lifestyle choices (periods spent

in the outdoors, dietary habits and use of traditional medicines).
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6.3.4 Paternal characteristics

Father's occupation ;

~ Father’s occupation was of interest pﬁmaﬁly as an indicator of ‘socio-eco'nomic status,

although there are published reports that paternal occﬁpation has been linked to an

increased risk of CHD in the offspring of firemen (Olshan, Teschek, Baird, 1990) and

~ birth defects to the offspnng of some agncultural workers (Ronda et al., 2005). The major

~ contributor of risk 1n this instance could be through connection to the military (via

hazardous exposures) and exposure to the petrochemical industry. To date, the results of
studies iooking at various patefnal occupational exposures have not shown an increased

risk for CHD (Aschengx'au; Monson, 19‘90;"E1_'icksoh et al., 1984; Doyle, Maconochie,

Ryan, 2006; Oliveii'a et al, 2002; Bhopal et al., 1999). Of course, these types of studies
associating birth defects and generalized exposures are fundamentally difficult to do. |

In this study, despite the percentage o.f missing cases for father’s occupation being low (7
- cases and O controls) the usefulness of the information provided by the mothers was
limited. While we expected a high percentage' of the fatﬁers to be employed by the
military, we expected that the mothers would know what they actually did as a job. Since
they did not, the value for understanding socio-economic status diminished. One example
is the job of mutasabib which some translate as “business man”, “broker” or “trader” and
some translate as “itinerate worker”. The mothers could not or would not describe what -
was involved in this work therefore it was difficult to assign a SES category. A
_ comparisbh occupation, fajr, will illustrate this problem. The #ajr too is a “business man” ‘
who is an “entrepreneur”, “broker” or “trader”. Some of my Saudi Arabian colleagues
said that the tdjr was wealthy and the mutasabib was poor but there was not complete

consensus on this distinction.

6.3.5 Index pregnancy characteristics

Vaginal bleeding

The elevated risk found for vaginal bleeding was intriguing. Islam distinguishes between
menstruation (kaidh), bleeding after child birth (rifaas) and any other vaginal bleeding
(istihaada). There is controversy among scholars regarding the topic of vaginal bleeding
with some arguing that during Aaidh women must not pray, have sexual intercourse, fast
or even touch the Qur’an but during nifaas and istihaada they may engage in these

activities. Because of the religious rules which apply to the three different types of
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vaginal bleeding it is reasonable to assume that Saudi Arabian women would be good

informants regarding if and when it occurred.

In the ALL_CASES crude analysis, vaginal bleeding was found to be present for more than
one day in 11 perceht of cases versus 4 percent of controls with an odds ratio of 29
(CI 95=1.3-6.1). After adjustment for multiplicity, mother’s ethnicity, ECM, mother’s age,
maternal use of hair dye and maternal exposure to pesticides it was associated with a
borderline contribution with an odds ratio of 2.5 (CI 4s=1.0-6.3) (p-—O 06). Vaginal
- bleeding may be associated with the unknown contribution of the ‘vanishing twin® (Saidi,
1988). Up to 29 percent of twin pfegnancies include the loss of one foetus (Sampson, de
Crespigny, 1992). | |

Severity of vaginal bleeding
Moderate to severe vaginal bleedmg was found to influence the risk of CHD Other
| studies wh;ch have shown this effect are Loffredo et al., (2000) and Tikkanen, Heinonen,
(1992). - 1t is reasonable that thié would be a factor since vaginal bleeding may be the -
body’s natural way of sloughing off a foetus with a defect as a very early spontaneous
miscarriage. This idea was éxplored by Anderson (2002) who proposes that the reason
why we see more Down syndrome in older mothers may have to do with the body’s
weakened ability to miscai'ry rather than increased age of the egg as is more commonly

hypothesized.

Diabetes ,

No control mothers had type 2 diabetes while 7 percent of cases did. Thirteen percent of
cases had gestational diabetes versus 12 percent of controls. The treatment of the
gestational diabetes for the majority was diet although a large proportion of these mothers
also received insulin injections: 4 case mothers and 3 control mothers. This result was
Surprisirfé since gestational diabetes would not normally be treated with insulin injections
(Personal communication, Liam Smeeth, Reader in Clinical Epidemiology, LSHTM,
2006). This raises the concern that when the mothers were asked question number 70
“Have you ever been told that you had diabetes,” there may have been
‘miscommunication. When the response was, “Only when pregnant,” in the absence of
access to medical records we coded this as “gestational diabetes”. It is possible that some

“gestational” diabetics were truly diabetic. However, the prevalence of gestational
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diabetes in Saudi Arabia has been reported to be 12.5 percent (Ardawi et al., 2000). Since
we found a prevalence of 12.2 percent in the controls this criticism do;as not seem likely.
Neverthéless, because Saudi Arabian mothers have high fecundity itis possible that they -
‘may neQér have had a chance to be tested for the return to normal glucose levels, the
hallmark of the gestational diabetic. Because the test is never comﬁleted, the mother’s
understanding of the diagnosis is that she is “only diabetic when she is pregnant”.

The prev:ilence of diabetes in females of reproductive age is not easy to estimate with
precision because most studies include older ages and not necessarily thoée women who
are pregnant or planning pregnaﬁcies. In Chapter 1 we reported the figures collected by
Warsy and El-Hazmi (1999) that 6 to 7 percent of . Saudi Arabian females in the ages of
14-44 can be expecfed to have type 1 or type II diabetes. Compared to these figures, the
ﬁndings in this study indicate a low prevalence for both cases and controls. However, the
Warsy and El-Hazmi figures fnay'not be relevant to us because they are not from the
population of women having babxes Small numbers and samplmg error may have also
contributed to this finding of fewer diabetics than expected

After adjustment, diabetes was not found to be a risk factor for CHD in this study. This
con