View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by University of East Anglia digital repository

Abstract

Introduction; It is well established that there is a strong association between Perthes’
disease and worsening socioeconomic deprivation. It has been suggested that the
primary determinant driving this association is exposure to tobacco smoke. This
study aimed to examine this hypothesis.

Method: A hospital case-control study (n=149/146) examined the association
between tobacco smoke and Perthes’ disease, adjusting for area-level socioeconomic
deprivation. Tobacco smoke exposure was assessed by parental questionnaire of
smoking habits during pregnancy, and by quantitative assay of current exposure;
urinary cotinine-creatinine ratio — a widely used and validated measure of tobacco
smoke exposure.

Results: The odds of Perthes’ disease significantly increased with reported in-utero
exposure after adjustment for socioeconomic deprivation (maternal smoking odds
ratio (OR) 2.06 (95% CI 1.17 — 3.63), paternal smoking - OR 2.09 (95% CI 1.26 —
3.46). The cotinine-creatinine ratio was significantly greater in cases (OR 1.63 (1.09 —
2.43)), suggesting a greater ‘dose’ of current tobacco exposure.

Conclusion: An association exists between tobacco smoke exposure and Perthes’
disease, however we remain unable to disentangle the association with socioeconomic
deprivation.

Take Home Message: Perthes’ Disease is associated with tobacco smoke exposure,
but we are unable to determine if this is causal; it may be the result of residual

confounding.
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Introduction

Perthes’ disease is one of the most common diseases presenting to children’s
orthopaedic surgeons, with a nationwide study suggesting a lifetime incidence of
approximately 1:850. Internationally, children of white ancestry and residing at
higher latitudes have an increased risk of disease?. There is strong evidence of a major
association with socioeconomic deprivation®’ with disease incidence rates in the
most deprived communities consistently greater than in the most affluent. There are
few other diseases in children with such a strong association with deprivation, yet the

underlying explanatory determinant remains elusive.

In much of the world, and particularly the UK, a strong association is known to exist
between socioeconomic deprivation and tobacco smoke exposure®®. This has led to
the hypothesis that tobacco smoke may be one explanatory ‘link’ between
socioeconomic deprivation and Perthes’ disease. This hypothesis was first suggested
because early studies of Perthes’ disease identified a possible association between low
birth weight and Perthes’ disease!®, and children of smokers were known to have
significantly reduced birth weightst!. There is increasing evidence to suggest that no
association exists between birth weight and Perthes’ disease®!3, however tobacco
smoke exposure continues to be of significant aetiological interest as it may exert an
effect in the early postnatal period. One currently proposed mechanism includes the
development of tobacco smoke-related vessel wall damage leading to arterial

infarction in the femoral epiphysist?.

Studies of tobacco smoke exposure are difficult to perform. Parental smoking

questionnaires are vulnerable to both recall and guilt/concealment bias. An



alternative, objective means of quantifying tobacco smoke exposure is the
measurement of cotinine (a metabolite of nicotine) within body fluids (saliva/ serum/
urine). Cotinine is a widely used validated, quantitative measure of tobacco smoke
exposure that offers a ‘snapshot’ of recent tobacco smoke exposure. It has
demonstrated associations between passive smoking and middle ear infections®,
asthma®1® and respiratory syncytial virus'’. Urinary cotinine is non-invasive and

quantifies tobacco exposure over the previous 3 to 4 days®-2°,

This study is the first to begin to quantify the association between environmental
tobacco smoke and Perthes disease using a parent-reported tobacco smoke exposure
questionnaire to capture exposure during the life of the child, and urinary cotinine as a

biological measure of current tobacco smoke exposure.

Methods

A case-control study was undertaken at a large tertiary referral centre and the sole

provider of care for children with Perthes’ disease within a wide geographic
area. The study was part of a broader study, some of which has been described
previously?'-?2. Cases were drawn from a regional Perthes’ register. Cases were aged 5
— 16 years and were undergoing observation following a diagnosis of Perthes’ disease,
with exclusions made for multiple epiphyseal dysplasia (MED), cerebral palsy and

developmental hip dysplasia (DDH) owing to a known independent association with

avascular necrosis of the hip. No cases were actively being treated with

immobilisation, and all were at least 4 months following the last surgical intervention,

to try to ensure that measures of ‘current exposure’ to tobacco smoke were as

representative as possible of normal exposure.



The protocol for managing Perthes’ disease at the centre, and the justification for this
approach, is documented elsewhere?. In brief, patients with a marked restriction of
hip abduction (>20 degrees), undergo surgical containment of the hip, and patients
without such restriction undergo active observation without the use of any

immobilisation device.

Controls were an age and sex stratified sample of the orthopaedic outpatient

population, frequency matched on a 1:1 basis. Frequency matching is a technigue to

match patient characteristics of the groups broadly, rather than trying to match

patients on a 1:1 basis, this is simpler to perform and the analysis generally becomes

less complex enabling different statistical technigues (i.e. unconditional regression vs.

conditional regression). Age matching occurred within 2 groups: 5 — 10 years old, 11

— 16 years old. Controls were drawn from a number of children’s orthopaedic

outpatients clinics at the study centre, including knee clinic, general orthopaedic

clinic, normal variants clinic and trauma clinic. Any controls with a restriction in hip
movement, unless a clear alternative diagnosis was apparent, were excluded. On each
sampling day all eligible controls were approached for inclusion. Controls with MED,
cerebral palsy and DDH were excluded, as were patients actively immobilised

(irrespective of site of pathology) and those within 4 months of surgery.

We assessed current and in-utero tobacco smoke exposure using two complimentary
approaches. Firstly, a parental smoking questionnaire was administered which
included questions from the ‘Environmental Health Surveys in Merseyside’?*. This is

a previously developed questionnaire that details current and prenatal tobacco smoke



exposure in children. For children actively exposed to tobacco smoke at home, it
sought an estimate of the quantity of cigarettes consumed per day by the mother and

father. The questionnaire was completed by whichever parent attended the hospital

visit with the child. In-utero exposure was determined based on a bivariable response

(yes/no) to the question “Did the mother/father of the child smoke during this child’s
pregnancy?” — information for each parent was asked separately. Parents were also

asked to recall their child’s birthweight.

In addition to the questionnaire, each child was asked to provide a urine sample for
urinary cotinine measurement. Urine samples were refrigerated immediately after
donation and frozen within 6 hours at -20 °C. Cotinine was measured on all samples
en masse using Tandem Mass Spectrometry (TMS). Cotinine values are typically
expressed as a ratio of the urinary creatinine concentration to overcome any dilutional

effect.

A measure of deprivation was included in the analysis because deprivation is the only
consistently reported risk factor for Perthes’ disease. This was assessed using the
2007 index of multiple deprivation (IMD-2007) score®. The IMD Score is a UK
national tool for measuring deprivation, which is based upon routinely collected
national data that is applied to a local geographic area. This is broadly based on seven
domains of information, namely (1) household income, (2) employment status, (3)
health deprivation and disability (4) education, skills & training, (5) barriers to
housing and services (6) crime, and (7) the living environment®®. Addresses are
assigned a score based on their postal code (akin to zip code) which quantifies the

degree of area deprivation. England and Wales is divided into 34,378 Lower Super



Output Area (LSOA) with approximately 400 households or 1,500 residents for each

area. The IMD has undergone several iterations since 2007, but the IMD-2007 was

the most temporally well-matched version of the score for the period of the study.

This study received research ethical approval (REC-09/H1001/71).

Statistical Analysis
Analysis was conducted using bivariable analyses, and then a multivariable model.
Logistic regression analysis was conducted adjusting for age at the time of the study

as a continuous variable and sex. Adjustment for socioeconomic deprivation was

made within a separate logistic model based on the area deprivation score derived

from the postcode. All data analysis was conducted using Stata 10 (Statacorp, College

Station, TX, USA).

The distribution of urinary cotinine-creatinine ratio (CCR) was positively skewed, and

a log transformation was used for analyses. P values less than 0.05 (two tailed) were

considered statistically significant.

Results



Two hundred and ninety five individuals participated (149 cases and 146 controls).
63% percent (149 of 235 individuals) of cases approached agreed to participate. There
was no difference in the age and sex distribution of non-participants, but they were
typically from more deprived areas compared to participants based upon postcode
deprivation score (Case IMD Score 31.62 (95% CI 28.3 — 34.9), Controls IMD Score

37.6 (95% CI 34.1 — 41.1), non-participants IMD Score 46.9 (95% CI1 41.1 — 52.8)).

The demographic composition of cases and controls is illustrated in table 1. The
composition of controls by region of pathology and the nature of the aetiology

(trauma/ elective) is also detailed.

Table 1 - Characteristics of the study population.

Demographics

Age, years. (95% CI) 10.7 (10.1-11.2) 11.2 (10.7 - 11.7) 0.2
Sex (M:F) 41:1 48:1 0.6
Side of Disease

Right 67 (45%) - -
Left 57 (38%) - -
Bilateral 25 (17%) - -

Time Since Diagnosis 4.7 years (4.1 — - -
(95% CI) 5.29)

Source of Control Population

Trauma Patients - 49 (33%) -
Anterior Knee Pain - 35 (24%) -
Physiological Foot - 35 (24%) -
Deformities

‘General Orthopaedic’ - 27 (18%) -

The smoking questionnaire was omitted or only partially completed in 7 individuals

(4 cases and 3 controls). Cotinine was available in 139 cases and 135 controls. One



sample (case) leaked prior to analysis and was therefore unavailable. The remainder
of children declined to donate a sample. One child (14-years-old) was a notable
outlier with a cotinine level of 4845 pg/L (laboratory qualitative guides define an
active heavy smoker >2500 ng/L?") and was therefore excluded. Urinary cotinine
(>5ug/L) was detected in 54% of children whose parents reported home tobacco
exposure, and 9% of children whose parents denied exposure. The cotinine-creatinine
ratio correlated closely with self-reported cigarette smoke exposure in the mother

(p<0.001), but not the father (p=0.20) - see Table 2.

Table 2 — Relationship between reported tobacco exposure and cotinine-
creatinine ratio.

0 0.8 0.8 1.1 1.1 1.0 1.0
0-10 6.7 12.7 0.8 6.1 3.4 9.7
10-20 9.12 7.0 1.1 0.9 6.0 4.7

> 20 11.8 1.7 8.1 1.2 10.4 1.5

Bivariable analysis (Table 3) revealed an association between Perthes’ disease and

self-reported paternal tobacco smoking in pregnancy. Maternal smoking showed a

similar association, though this failed to reach statistical significance. There was no

difference in current self-reported tobacco smoke exposure between cases and
controls. The number of children with detectable cotinine within the urine was not
significantly different between cases and controls, although the cotinine-creatinine

ratio was significantly higher amongst cases (Table 3, Figure 1).



Table 3 — Bivariable analisis of tobacco smoke exiosure.

Self Reported
Questionnaire *
Current Smoke Exposure

Any Smoking at Home 61 (42%) 51 (36%) 0.27
Mother (cigarettes per day) 0.22
0 99 (66%) 110 (75%)

0-10 7 (5%) 9 (6%)

10-20 21 (14%) 13 (9%)

> 20 22 (15%) 14 (10%)

Father (cigarettes per day) 0.28
0 85 (57%) 98 (67 %)

0-10 22 (15%) 19 (13%)

10-20 26 (17%) 16 (11%)

> 20 16 (11%) 13 (9%)

In-Utero Exposure

Paternal  Smoking in 67 (46%) 47 (32%) 0.02
Pregnancy

Maternal ~ Smoking in 47 (32%) 22 (23%) 0.07
Pregnancy

Cotinine Assay

Detected, >5ug/L 38 (27.3%) 37 (27.4%) 0.93
Log (Cotinine-Creatinine 1.36 (0.87 — 1.85) 0.51 (0.61-0.97) 0.01
Ratio, g/mmol (95% CI)

*as a percentage of individuals completing question. Part completed in 4 cases and 3
controls.



Figure 1 - Cotinine-creatinine ratio amongst cases and controls
Adjustment for area deprivation strengthened the association with reported current
tobacco smoke exposure. The risk of Perthes’ disease was greater in those reporting

higher levels of tobacco smoke exposure (dose-response) (Table 4). Tobacco use by

either the mother or father in pregnancy was associated with an increased risk of
Perthes’ disease, the magnitude and significance of which strengthened after

adjustment for deprivation.

The proportion of individuals with detectable urinary cotinine did not differ between
cases or controls, even after adjustment for deprivation. However, the magnitude of
cotinine (cotinine-creatinine ratio) detected was significantly greater in cases,

suggesting greater current exposure to tobacco smoke.

Table 4 — Multivariable model of cigarette smoke exposure.

Self Reported Questionnaire

Current Smoke Exposure

Any Smoking at Home 1.35(0.84 — 2.18) 1.71* (1.02 — 2.86)

Mother (cigarettes per day)

0 1 (Ref) 1 (Ref)

1-10 0.86 (0.31—2.41) 0.80 (0.28 — 2.30)
10-20 1.86 (0.88 — 3.93) 2.73* (1.23 - 6.06)
> 20 1.84 (0.89 — 3.83) 2.79* (1.26 — 6.16)
Father (cigarettes per day)

0 1 (Ref) 1 (Ref)

1-10 1.41 (0.71 - 2.80) 1.75 (0.86 — 3.57)
10-20 1.95 (0.98 — 3.90) 2.62* (1.26 — 5.46)
> 20 1.36 (0.62 — 3.01) 1.73 (0.76 — 3.95)

Maternal Smoking
in Pregnancy

1.62 (0.96 — 2.74)

2.06* (1.17 — 3.63)

Paternal Smoking
in Pregnancy

1.76* (1.09 - 2.85)

2.09* (1.26 — 3.46)



Cotinine Measures

Cotinine (>5ug/L) Detected 0.98 (0.58 — 1.68) 1.19 (0.68 — 2.08)
(Yes/ No)

Log [Cotinine-Creatinine 1.56 (1.07 —2.27)* 1.63 (1.09 — 2.43)*
Ratio (g/mmol)]

1 All are adjusted for current age and sex.

* indicates statistical significance (p<0.05)

Area - adjustment for IMD-2007

Birth History

There was no evidence that those affected with Perthes’ disease (cases) or controls
differed in terms of birth weight or prematurity (Table 5). However, as expected there

was a significant negative association between birth weight and maternal smoking

during pregnancy (p=0.002) and paternal smoking during pregnancy (p=0.04).

Table 5 - Birth weight and prematurity

Mean Birth Weight, Kg 3.4 (3.3-3.4) 3.4(3.3-35) 0.98
Percentage of Premature 8.7(5.2-14.3) 10.2 (6.4 - 16.3) 0.65
Individuals (<37 weeks)

Discussion

This study adds support to an increasing body of literature identifying an association
between tobacco smoke and Perthes’ disease 12282°, For the first time, this study used
a biologically validated questionnaire to demonstrate an association with tobacco
smoke. No association was identified between Perthes’ disease and either birth weight

or prematurity.

The ideal means by which to investigate the effects of tobacco exposure would be a
prospectively collected and biologically validated exposure assay. This would include

sampling from the prenatal period through birth and until disease onset. However,



such data is unavailable. Parental recall of smoking habits, and biological assays of
current tobacco exposure are the best-available methods by which to quantify

exposure in this population.

The most robust evidence for an association between Perthes' and tobacco smoke
comes from a large case control study within the Swedish inpatient register, with
linkage to prospectively acquired maternal smoking data'?. This study eliminated
recall bias by collecting data prior to disease onset, and adjusted for socioeconomic
deprivation (by occupational category), demonstrating a dose-response relationship
with a greater risk of Perthes’ disease corresponding to a greater degree of maternal
tobacco smoke exposure (1-9 cigarettes, OR 1.36 (95% CI 1.10 — 1.68). >10
cigarettes, OR 2.02 (95% CI 1.59 — 2.58). These results are very supportive of the
association, with a similar magnitude and direction of association to that

demonstrated within this study.

The proportion of children with detectable urinary cotinine was no different between
the two groups, though the ‘tobacco dose’ (as measured using both the questionnaire
and cotinine-creatinine ratio) was significantly greater amongst cases. The increased
risk of Perthes’ disease with ‘high dose’ exposure gives credibility to the observed
association being influential in the disease aetiology — in terms of Hill’s criteria for
causation®. However, a key difficulty in establishing a causal association is the
absence of an accepted and plausible biological mechanism by which tobacco smoke
exposure might initiate Perthes’ disease. The most commonly proposed mechanism,
with biological and clinical plausibility, is that Perthes’ disease develops as the result

of an arterial infarction. Bahmanyar et al. hypothesised that smoking may precipitate



Perthes’ disease through vessel wall damage, similar to other forms of vascular
disease!?. Bahmanyar et al. demonstrated that young adults who had Perthes’ disease

in infancy also had an increased risk of cardiovascular disease in adulthood3!.

Given the association between tobacco use and low birth weight, it appears
contradictory that smoking during the antenatal period may predispose to Perthes’
disease, yet children with Perthes’ disease do not appear to have a reduced birth
weight. This may therefore suggest that tobacco smoke exerts an effect in the post-

natal period.

Understanding the relationship between disease and tobacco smoke exposure can be
difficult owing to confounding, bias (recall bias and guilt/ concealment bias) and
recall error. Confounding is one of the most difficult factors to overcome, owing to
the shared strong associations of both Perthes’ disease and tobacco smoke with
deprivation %932 The effects of smoking were strengthened after adjusting for
socioeconomic deprivation. Studies often poorly adjust for deprivation, and it is
unclear if the observed association is merely a proxy marker of unmeasured
deprivation. Criticism may be made of the use of an area measure of deprivation
rather than an individual deprivation measure, with the potential for ecological errors
introduced by area assumption. However measures of individual deprivation
introduce other difficulties that are overcome by area IMD, such as categorical data
with few categories, and coding difficulties perpetuated by subjective occupation

titles 33-34,

Recall bias and guilt bias are both important considerations when examining the



association with tobacco smoke. The use of a hospital control group may partially
control for such biases as both groups have children who have, or are perceived to

have, a ‘disease’, and therefore recall bias is likely to be a non-differential

misclassification bias. The extent to which this was controlled is
unquantifiable. Recall error is a further important consideration, particularly when
asking individuals to recall details of a period (i.e. pregnancy), which may have
occurred many years ago. Previous studies have demonstrated that maternal smoking
recall is still high many years after pregnancy. Studies from the Netherlands and
Cardiff demonstrated very good agreement (kappa of 0.77 and 0.80 respectively)
between a dichotomised response (yes/no) to a question regarding tobacco exposure
in pregnancy, at up to 10 years after birth when compared to data prospectively
collected during pregnancy *°¢. Similarly, parental recall of birth weight up to 16
years after birth has been demonstrated to be a good measure in epidemiology, with
studies suggesting 75%-90% accuracy within 80z (227g) 8. There may be a modest
reduction in accuracy in those of lower social educational attainment, however even
in manual workers the overall accuracy remains >75%. This therefore suggests that
parental recall is sufficient to identify large differences in birth weight or tobacco

smoke exposure in pregnancy between cases and controls.

This study, like previous studies, has demonstrated that the urinary cotinine-creatinine
ratio is more closely correlated with maternal, rather than paternal tobacco use®.
Within this study 54% of children whose parents reported home tobacco use tested
positive for cotinine, and only 9% of those who did not report home tobacco use
tested positive. Detectable cotinine in children without a history of home exposure

may reflect exposure from another caregiver, a peer or active cigarette smoking in the



child. Likewise, undetectable cotinine levels in children whose parents reported

smoking may reflect, for instance, an environment in which smoking at home only

occurred outdoors. Only one child had a disproportionately elevated cotinine-

creatinine ratio consistent with active smoking.

Conclusion

This study has demonstrated an association between Perthes disease and tobacco
smoke using a biologically validated smoking questionnaire. The greatest risk of
Perthes’ disease appeared in those with the greatest exposure to tobacco smoke.
Exposure in the early life of the child appeared to have a stronger association than
with current tobacco smoke exposure, which supports suggestions that the key disease
determinant acts early in the development of the child. We remain unable to ensure
that the association is not the result of residual confounding, and the biological

plausibility of the association remains unclear.

References

1 Perry DC, Bruce CE, Pope D, Dangerfield P, Platt MJ, Hall AJ. Legg-Calvé-
Perthes disease in the UK: geographic and temporal trends in incidence reflecting
differences in degree of deprivation in childhood. Arthritis Rheum. 2012; 64(5):1673-
79.

z Perry DC, Machin DMG, Pope D, Bruce CE, Dangerfield P, Platt MJ. Racial
and geographic factors in the incidence of Legg-Calvé-Perthes' disease: a systematic
review. Am J Epidemiol. 2012; 175(3):159-66.

3 Perry DC, Bruce CE, Pope D, Dangerfield P, Platt MJ, Hall AJ. Perthes' disease:
deprivation and decline. Arch Dis Child. 2011; 96(12):1124-28

4 Perry DC, Bruce CE, Pope D, Platt MJ, Hall AJ. Perthes' disease of the hip:
socioeconomic inequalities and the urban environment. Arch Dis Child. 2012,
97(12):1053-7.

5 Hall AJ, Barker DJ. Perthes' disease in Yorkshire. J Bone Joint Surg Br. 1989;
71(2):229-33.



6 Hall AJ, Barker DJ, Dangerfield PH, Taylor JF. Perthes' disease of the hip in
Liverpool. BMJ. 1983; 287(6407):1757-59.

7 Margetts BM, Perry CA, Taylor JF, Dangerfield PH. The incidence and
distribution of Legg-Calvé-Perthes' disease in Liverpool, 1982-95. Arch Dis Child.
2001; 84(4):351-54.

8 Robinson S, Harris H. Smoking and drinking among adults, 2009: A report on the
2009 General Lifestyle Survey. London, UK: HM Stationery Office. 2011.

9 Robinson S, Lader D. Smoking and drinking among adults. General Household
Survey. London, UK: HM Stationery Office. 2007.

10 Molloy MK, Macmahon B. Birth weight and Legg-Perthes disease. J Bone Joint
Surg Am. 1967; 49(3):498-506.

111 owe CR. Effect of mothers' smoking habits on birth weight of their children. Br
Med J. 1959; 2(5153):673-76.

12 Bahmanyar S, Montgomery SM, Weiss RJ, Ekbom A. Maternal smoking during
pregnancy, other prenatal and perinatal factors, and the risk of Legg-Calvé-Perthes
disease. Pediatrics. 2008; 122(2):e459-64.

13 Wiig O, Terjesen T, Svenningsen S, Lie SA. The epidemiology and aetiology of
Perthes' disease in Norway. A nationwide study of 425 patients. J Bone Joint Surg Br.
2006; 88(9):1217-23.

14 Strachan DP, Jarvis MJ, Feyerabend C. Passive smoking, salivary cotinine
concentrations, and middle ear effusion in 7 year old children. BMJ. 1989;
298(6687):1549-52.

15 Chilmonczyk BA, Salmun LM, Megathlin KN, Neveux LM, Palomaki GE,
Knight GJ. Association between exposure to environmental tobacco smoke and
exacerbations of asthma in children. N Engl J Med. 1993; 328(23):1665-69.

16 Ogborn CJ, Duggan AK, DeAngelis C. Urinary cotinine as a measure of passive
smoke exposure in asthmatic children. Clin Pediatr (Phila). 1994; 33(4):220-26.

17 Giirkan F, Kiral A, Dagli E, Karakoc F. The effect of passive smoking on the
development of respiratory syncytial virus bronchiolitis. Eur J Epidemiol. 2000;
16(5):465-68.

18] eong JW, Dore ND, Shelley K, Holt EJ, Laing IA, Palmer LJ et al. The
elimination half-life of urinary cotinine in children of tobacco-smoking mothers. Pulm
Pharmacol Ther. 1998; 11(4):287-90.

19 Benowitz NL. Biomarkers of environmental tobacco smoke exposure. Environ
Health Perspect. 1999; 107 Suppl 2:349-55.

20 Scherer G, Meger-Kossien I, Riedel K, Renner T, Meger M. Assessment of the



exposure of children to environmental tobacco smoke (ETS) by different methods.
Hum Exp Toxicol. 1999; 18(4):297-301.

21 perry DC, Green DJ, Bruce CE, Pope D, Dangerfield P, Platt MJ.
Abnormalities of vascular structure and function in children with Perthes
disease Pediatrics, 2012 Jul;e126-31

22 Perry DC, Pope D, Bruce CE, Dangerfield P, Hall AJ, Platt MJ. Hyperactivity
and the psychological burden of Perthes disease: a case-control study. J Pediatric
Orthop. 2013 Sep;33(6):644-9

23 Perry D, Bruce C. Hip disorders in childhood. Surgery (Oxford), Vol 32, Issue 1,
January 2014, pp24-29

24 Koshy G, Delpisheh A, Brabin BJ. Trends in prevalence of childhood and
parental asthma in Merseyside, 1991-2006. J Public Health (Bangkok). 2010;
32(4):488-95.

25 No authors listed. Office for National Statistics. (2007). Index of Deprivation
2007, June 2007 London: Office for National Statistics.

26 Domain 7 consists of two sub-domains: the 'indoors' living environment which
measures the quality of housing and the 'outdoors' living environment which includes
measures of air quality and road traffic accidents.

27 Cotinine. IBT Laboratories. (Accessed 24/07/2011)(Available from:
http://www.ibtreflab.com/library/PDF/Cotinine_rev_051106.pdf).

28 Gordon JE, Schoenecker PL, Osland JD, Dobbs MB, Szymanski DA,
Luhmann SJ. Smoking and socio-economic status in the etiology and severity of
Legg-Calvé-Perthes' disease. J Pediatr Orthop B. 2004; 13(6):367-70

29 Garcia Mata S, Ardanaz Aicua E, Hidalgo Ovejero A, Martinez Grande M.
Legg-Calvé-Perthes disease and passive smoking. J Pediatr Orthop. 2000; 20(3):326-
30.

30 Hjll A. The environment and disease: Association or causation? Proc R Soc Med.
1965; 58:295-300.

31Hailer YD, Montgomery SM, Ekbom A, Nilsson OS, Bahmanyer S. Legg-
Calve-Perthes disease and risks for cardiovascular diseases and blood diseases.
Pediatrics. 2010; 125(6):e1308-15.

3z Kealey WD, Moore AJ, Cook S, Cosgrove AP. Deprivation, urbanisation and
Perthes' disease in Northern Ireland. J Bone Joint Surg Br. 2000; 82(2):167-71.

33 Mathiowetz N. Errors in reports of occupation. Public Opin Q. 1992; 56(3):352-55.

34Shaw GM, Malcoe LH, Croen LA, Smith DF. An assessment of error in parental
occupation from the birth certificate. Am J Epidemiol. 1990; 131(6):1072-79.



35 Jaspers M, de Meer G, Verhulst FC, Ormel J, Reijneveld SA. Limited validity
of parental recall on pregnancy, birth, and early childhood at child age 10 years. J
Clin Epidemiol. 2010; 63(2):185-91.

36Rice F, Lewis A, Harold G, van den Bree M, Boivin J, Hay DF. Agreement
between maternal report and antenatal records for a range of pre and peri-natal
factors: the influence of maternal and child characteristics. Early Hum Dev. 2007;
83(8):497-504.

370"Sullivan JJ, Pearce MS, Parker L, et al. Parental recall of birth weight: how
accurate is it? Arch Dis Child. 2000; 82(3):202-03.

38\Walton KA, Murray LJ, Gallagher AM, Cran GW, Savage MJ, Boreham C.
Parental recall of birthweight: a good proxy for recorded birthweight? Eur J
Epidemiol. 2000; 16(9):793-96.

39Fried PA, Perkins SL,Watkinson B, McCartney JS. Association between
creatinine-adjusted and unadjusted urine cotinine values in children and the mother's
report of exposure to environmental tobacco smoke. Clin Biochem. 1995; 28(4):415-
20.



