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Abstract & Keywords

The obJectlve of thIS study was to |dent|fy the mdlvrdual and communlty IeveI
determlnants of diet quality during pregnancy Subjects mcluded 2282 pregnant women
.|n London Ontario who participated in the Prenatal Health PrOJect (PHP) Dletary lntake
was measured using a validated food frequency questlonnalre and dlet quallty was
assessed using the Diet Quality Index for Pregnancy Partucupants of the PHP were Ilnked
to a geographic dataset by home address to determine the communlty-level .varlables :
using a geographic information system. Insignificant variability at the community-level
resulted in an individual-level multivariable regression analysis instead of a muIti-Ievel.
Our findings indicated that pregnant women who;wereibor'n in Canada, unmarried,
nulhparous less physncally active, smokers, more anxmus and Iacklng famlly support
had Iower diet quality on average Presence of fast food restaurants, convenience
-stores, and supermarkets in relation to partrcrpants homes did not appear to be major

contributors to diet quallty in our cohort.

Keywords: Prenatal Health Project, diet quality,- diet quality index for pregnancy,
pregnancy, maternal health, geographic information system, food geography, fast food

restaurants
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Chapter 1: Background & Significance

' Maintaining a healthy.diet is important for all individuals, but it is especially crucial
for pregnant women since food and nutrient demands are increased to support a
healthy pregnancy. Unfortunately, pregnant women are consistently failing to meet the
food and nutrient recommendations for prégnancyﬁ A prospective American study of
diet quality in pregnancy found that the mean score on a dietary Ei‘ride'x was 61, where
the maximum score of 90 was not achieved by any participants(1). in New Zealand, it -
was found that fibre intake was below adequate levels in 81% of the pregnant women
studied(2). Women in Portugal increased nthrient inta[<e (Z:lg‘rin4g pregnancy b‘ut were still
not receiving adequate folate, iron, and vitamin E(3). In London, Ontario, 65% anrdvvaO% ]
of pregnant women in our cohort were not consuming thgﬁr_e_com‘me_nde'd Sgrving_s:for; :
the fruit and vegetable food group and grain food group, respectively;-according to
’r,ecomm‘end(a_twions of the 2007 Canada Food Guide(4). Nutrient intakes consumed
~ through food and supplements in our cohort were also found fo be low, where 31%,
| 18%, and 16% of pregnant women were below the Recommend Dietary Allowances

(RDA) for iron, zinc, and folate, respectively(5).

It is apparent from the abové findings that pregnant women are not consuming
adequate nutrition; this is concerning and it is important to determine why diet quality is
inadequate‘by assessing both individual- and community-level factors that may be
involved. The majority of studies that have assessed diet qUaIity in pregnancy focused
primarily on individual-level determinants. There is a lack of literature regarding
community-level determinants of pregnant women'’s diet quality, eSpecialIy with studies
combining community- and individual-level determinants. Furthermore, to our
knowledge there have been no Canadian studies that assess determinants of diet quality
during pregnancy by using a diet quality index; rather many studies only address
micronutrient deficiencies or food group consumption. This thesis aimed to advance the
knowledge of determinants of diet quality in pregnancy by focus}ing on both individual-

and community-level determinants and assessing overall diet quality using the Diet



Quality Index fordPregnancy (I\)QI,-P.) of a cohort of Canadian women. This research has
the potential to impact policy’regarding the targeting of interventions to improve diet
quality. If_individua-l-level factors dominate the findings, this will identify specific at-risk
groups of women who may beneflt from educatlonal programs regarding |
the lmportance of nutrition in pregnancy If dlet quality is found to be strongly
_associated with access to food stores, future restructuring of the food'landscape may be
implemented; specifically, through evidence-based urban planning, the number of fast
food restaurants could be reduced in certain areas and grdéery stores could be built in

areas with poor access to fresh'food.‘ B

The followmg ||terature rewew descrlbes the speC|f|c food and nutrlent |
recommendatlons for pregnancy, the tools that are commonly used in research to assess’
food mtake and dlet quallty, whether or not pregnant women are meetmg the food and
nutrlent recommendatlons, and summarlzes the avarlable research on both mdrvndual-

and commumty -level determmants of diet quahty in pregnancy



Chapter 2: Literature Review

2.1 Recommendations for Healthy Eating during Pregnancy
2.1.1 Canada’s Food Guide to Healthy Eating

) The 2007 Eating Well with Canada’s Food Guide i is an rmportant nutntlon pollcy
document that is avallable to the public. It has been revrsed since the 1992 versron to
include dlet recommendatlons based on age and sex. The food gurde mcludes specrfrc
examples to demonstrate serving sizes for various products wrthm each food group The
food gurde also provides extra guidance concernlng food quallty rather than jUSt '
quantrty, for example, it advises eating dark green and orange vegetables and to choose
whole graln products It is recommended that females between the ages of 19 and 50
should consume 7 8 servmgs of fruits and vegetables, 6- 7 servrngs of graln products 2
servrngs of milk and alternatlves and 2 servings of meat and alternatlves dally There are
further recommendatlons for women of child bearing age and pregnant women, .
specrflcally, it advises pregnant women to take a multrvrtamm contarnrng foI|c acrd and
iron. Women who are pregnant or breastfeeding requrre more calorles in thelr dlet and
therefore the food gwde recommends including 2 to 3 extra food gurde servmgs dally

The food guide provrdes specific examples of extra food rtems that could be consumed

from the fruits and vegetables, grain products, and mllk food groups(6)

The new food gurde recommendations were developed based on rlgorous screntlfrc
evrdence, whrch involved a two-step modeling procedure where dlets were s:mulated
that were in accordance wrth the food guide recommendatlons These srmulated dlets
_followed food lntake patterns, including specific recommendatron statements
concermng the qualrty of food choices, for example to eat whole grain foods Itwas
found that these simulated diets provided satrsfactory results for all nutrlents and
energy assessed Furthermore consumption of frurts vegetables, fish, and whole graln
foods were found to reduce the risk of cardrovascular dlsease where consumptron of

frwts and vegetables were found to reduce the r|sk of cancer. Therefore the ewdence



suggested that following the recommendations of the new food guide resulted in
consumption of necessary amounts of nutrients and energy, and subsequently may g

reduce the risk of acquiring certain chronic diseases(7). -

2.1.2 Nutrient Recommendations for Pregnancy: Folate, Iron, and Calcium .

Proper nutrition in pregnancy is essential for the health of the mother and the fetus.
With the emerging, and rapidly growing, body of literature in'the area of epigenetics, it
is recognized that the fetal environment may influence the lifetime health of the
individual, and perhaps even the offspring(8, 9).Three nutrients especially important in
pregnancy are folate, iron, and calcium. Low folate intake during the periconceptional
peribd, which is approximately one month prior to conception through to one month- .
following conception, is associated with increased risk of the fetus developing neural
tube deficits(10). A deficiency in iron can cause anemia. Maternal anemia hasnb‘een |
A shown:tvo_bé associated with other adverse outcomes such as premature birth, low birth
weighfc, and even infant mortality(11). Calcium supplements during pregnancy may be '
responsible for decreased risk of pregnancy-induced hypertension. During pregnancy,
especially the third trimester, 25-30 grams of calcium are transferred to the fétu\s; .
physiologically, f_he maternal intestinal absorption of calcium is increased to meet these

demands, rather than the mother requiring a greater intake of calcium(12). .. - .

It is difficult to accurately assess adequacy of nutrient intake within individuals or
groups of individuals but there are dietary reference standards called Dietary Reference
Intakes (DRIs) that can be used to estimate adequacy of nutrient intake. One such DRI is
the RDA, which is defined as “the average daily nutrient intake IeVeI sufficient to meet
the nutrient requirement of nearly all (97 to 98 percent) healthy.individuals in a
particular life stage or gender group”(13). A limitation of the RDA is that it is only
appropriate to assess intake at the individual-level and not at the group-level(13). The
Estimated Average Requirement (EAR), which is defined as “the average daily nutrient
intake level estimated to meet the requirement of half the healthy individuals in a

particular life stage and gender group®, is appropriate to use not only to assess intake



adequacy. at the individual level but also, to estimate the prevalence of inadequate
nutrie"ntiint_ake within a specific group of people(13). EARs have not begn established for
all nutriehts, such as for caléium, and so in this ca‘se‘:an‘A(‘i»equa»té klnv'};ake“(,Ayl) can be used
and is defined as “a recommended average dvaikly nljtrier’\t_iri’t—ake’ IeVe] bésed on observed
or expe‘rimevn‘tally determined approximatio“nslor estimates of nu.t(ight;‘intake b‘y a group
(,or,grquvps) of apparently healthy .people‘ ‘chat are:as’s‘u‘me’d to be édeq@ate”(13). A |
_ToIerabIeyUpper Intake I‘.‘eveli (UL) has also beén ‘e,sta:bli}shed:fo'r some nQ_trients a‘r\md is
defined as “the highest average déily nutrient intake Ie‘vely iil{ely to pose no risk 7of_
adver;e health effects to almost all individuals |n the gelnerall pobula’gion. Ars in’t_‘ak‘e'_ .

increases above the uL, the potential risk of adverse effects increases”(13).

" “EARs have been established for folate and iron where an'Al has been established for
calcium. The EAR for folate for females aged 14 and older is 320 pg/day and it is also
recommended that any woman that could possibly become pregnant should take a daily
supplement containing 400 pg of folate in addition to the amount of folate foundina
healthy diet. The EAR for folate for pregnant women is 520 pg/day and is 500 pg/day for
lactating women. The EAR for iron for menstruating females between the ages of 19 and
50 is 8.1 mg/day, where the EAR for pregnant women is increased to 22 mg/day. The Als
for calcium are the same for pregnant and non-pregnant women. It is recbmmended
that females 18 years of age or younger should consume 1300 mg/day and females aged

19-50 years of age should consume 1000 mg of calcium per day(14).

2.2 Measurements of Dietary Intake

" There are many options to consider when deciding on the best tool to use to assess
food intake in a research study. Three main measurement tools found in the literature

éfe food records, dietary recalls, and food frequency questidnnéires (FFQs) where each
of these methods has specific strengths‘and~Iimitation:s(}15)y. Table A.1in Appendix A |

summarizes the main strengths and limitations of these measurements.



2.2.1 Food Records

Food records, also called food diaries, are used to collect diet' information where an
~ individual is asked td keep a detailed list of all the food that they consumed duringa -
specific day(s). The use of a food record is advantageous to determine accurate «
consumption during the period of the record because it is not dependent on memor(y
since the subject directly measures the food quantity consumed. On the contrary, :
subjects may lack motivation to keep a detailed log of the type and quantity of all food
consumed, not to mention that participants may consciously alter their regular'diet
since they are aware that they are participating in a study. Food records are expensive
and can only capture diet on the day(s) tHat the record takes place and thus does not
specifically capture usual diet. Usual intake can be estimated if food records are
}conducted at multiple time points, such as six days, spaced out overa long period of .- -

time but this is usually not feasible in most epidemiological studies(15)- . .~

2.2.2 Dietary Recall
A 24-hour dietary recall is a detailed interview that is conducted by a trained dietary
expert to collect information on every item that the ‘béftitipéht‘récalls’ébh’édming during
a recent 24-hour pEriod: The position ofthe'skilyl‘e'dn interviewer is essential since fhéy
can probe the participant for additional food items and specific cooking techniques, as
well as phrasing the questions in a way that encourages the participant to recall the food
that they ate more accurately. The main advantages to using a dietary recall over food
records are the minimal response burden, the partfcipént does not need to be I:itéra;ce',”‘
and the participant is less likely to alter their diet if they are unaware of the study when
they are making diet choices. However, the main disadvantage of this method compared
to food vrécbrds is that it is dependent on memory since the subject is required to E

remember the type of food they consumed and especially the quantity(15).



. 2.2.3 Food Frequency Questionnaires (FFQ)

An FFQ s a survey that is used to determine individuals’ usual intake of food over a
specified period of tirne. It generally contains a list of food items and an.accompanying
frequency response key. The food items that are chosen to be in a specific FFQ are -
deterrmined based on the research objectives. It may be counter-productive to include
too many food items because the participants may be unwilling to complete a long -
survey and lose motivation. The food list should include foods that are consumed fairly
often by the majority of participants, contain a high percentage of the nutrient(s) of -
interest to the study objectives, and also heve variability of intake between the
population under study. The frequency re’sponse key will also vary depending on the

study, where some FFQs may opt to use an open-ended response option rather than

“specific frequency categories. The main advantage to using an FFQ to assess diet quality

~ compared to the othe‘r food collection methods is its ability to capture-diet intake over a

long periyod of time, especially if the time frame of interest is in the past. Food records
and dietery _reca_llls'are generally only conducted bas.ed'on‘a few days of food intake and
thus itis dlfflcult to assess usual mtake Other advantages |nclude its falrly low
respondent burden lt is mexpensuve, and itis generally ea5|er for people to remember
their usual _food mtake than.to remember specrfnc.ifoods eaten on one occasion thereby
Iimitin’g‘error due to memory. A‘disadvantage of the FFQ is that it is restricted to certain
food items, which may be an issue in culturally diverse populations. Also, some similar
food items may be grouped together in one"question, such as bread; bagels; and English
muffins, so it may not capture some speoificity of the diet. The FFQis also limited by the
frequency categories provided and may not determine the exact frequency of intake.
For this reason and because the FFQ measures usual intake and not actual intake, it is
generally not the best method to use to obtain accurate nutrient ‘intakee; however it is
approprlate to use when the study requires individuals to be ranked accordmg to’

dlet(15)



2.3 Measures of Diet Quality -

ihf“ardef to assess diet quality, the dietary intake rheaSUres mentioned above must
be used in combinatton with a diet quality tool. Two ot the'rino'st populvar rneasures of
dlet quallty mclude prmcupal component analyses (PCA) and diet indices. PCA is used to
descrlbe specific patterns of diet observed in a population; it is a data-driven
approach(16). Diet indices, including the Healthy Eating Index (HEI) and the Diet Quality
Index for Pregnancy (DQI P), are generally calculated from var:ous food and nutrlent
components where an overaII score is then assigned for each part|C|pant Table B 1 in
Appendlx B |I|ustrates the dlverS|ty of tools used to quantlfy diet qual:ty in various

studres, where these tools are described in more detall below

231 I»Dri’ncipalv Conﬁponent Analysis (PCA)

. PCAis an exploratory statistical procedure used to reduce the dirnensionality of a
dataset(16). It aims to uncover trends in the data and thus, is useful with datasets
involving food variables to determine the most common diet patterns(16). When PCA is
used to determme groups based on diet, these groups wnII depend on the study and the
dlet composrtlon of the partic:pants, therefore, because |t is data drlven the same dlet

patterns are not reproduable between studies(17).

~Three different studies conducted in New Zealand, United Kingdom,' and Finland all
assessed diet quality in pregnancy using PCA but found 3, 5 and, 7 different dietary
patterns respectively. The New Zealand study, conducted by Thompson and colleagues,'
discovered three dietary patterns in which they appropriately named junk; traditional,
and fusion. The ‘junk’ pattern was characterized by ice cream, sweet biscuits, cakes,
scones,'"pies; and chocolate. ‘Traditional’ was‘characterized by fruits (apples,'bananas,
citrus, etc.), green and root vegetables, dairy, and water. ‘Fusion’ was a mixture of
healthy and unhealthy food cho:ces, specrflcally it was. characterlzed by fruuts, frled rice
and noodles fISh milk, coffee and tea, and cheese(18) In the UK, Northstone and

colleagues |dent|faed f|ve unlque dletary patterns among pregnant women, Wthh they



called health conscious, traditional, processed, confectionary, and vegetarian(19). Lastly,’
‘Arkkola and team characterized seven dietary patterns among pregnant Finnish women
where these patterns were named healthy, fast food, traditional bread, traditional meat,

low-fat foods, coffee, and alcohol and butter.

pe

2 3 Z Australlan Recommended Food Score (ARFS)

| ARFS is a diet quallty mdex that is quantlfied based on the regular |ntake of food
items from the Dietary Questionnaire for Epidemiological Studies FFQ that complies with
both the Dietary Guidelines for Australian Adults and the Australian Guide to Healthy
Eating. The index consists of eight compOnent54 veghetables}'lfruits;“grains; dairy; nuts,
beans and soya, meat; fISh and fat. There is a maximum p055|ble score’of 72. Each
component score is weighted differently with vegetables havmg the greatest weight of

22 followed by fruits and grains each out of 14(20).

2.3.3 Healthy Eatmg Index (HEI)

7 The HEI isa dlet quallty index that is generally the gold standard to measure dlet |
quahty(21) The HEI is composed of 5 food groups 4 nutrients and a food varlety \
measure It has a totaI score out of 100, where each of the foIIowmg 10 components
contnbutes 10 pomts grains, vegetables, fruit, dalry, meat total fat, saturated fat
cholesterol, sodium, and variety of foods in diet(21). Since the original version of the HEI
wasdevelop‘ed, modifications to the measure have been produced. One modified
version of the HEI was name the HEl, where the components included total fruit
(including juice); whole fruit (not including;juice)'; totalévegetableS' dark green or orange
vegetables and legumes; total grams whole grains; milk; meat and beans, OllS, saturated

fat sodlum calories from solid fat alcohol and added sugar(22)
A prospective pi_lot study‘wa‘s_ conducted in the,United States in 2005 by Pick and
colleagues to compare diet quality of non-pregnant women with pregnant women based

on the HEI and these authors concluded that the HEl is not an appropriate measure for
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diet quality in pregnancy. The researchers found that macronutrient intakes were similar
for both pregnant and non-pregnant women except pregnant women consumed more’
calories overall. Subjects with an HEI score greater than 80 were still not meeting the
recommendations for.iron and folate intake especially among the pregnant group where
the recommendations for iron and folate are increased. The authors conclu.ded that the
HEI does not take into consideration the increased vitamin and mineral
recommendations during pregnancy and is therefore, not.an appropriate measure to use

to assess diet quality of pregnant women(23).

ln 2002, the Alternative Healthy Eatmg Index (AHEl) was developed based on the HEl
to mclude food and nutrient components that may better predlct chronlc dlseases(24)
The components of the AHEI includes: fruits; vegetables nuts and soy protem ratlo of
whlte to red meat; cereal fibre; trans fat; ratio of polyunsaturated to saturated fatty
| acids; duration of multivitamin use; and alcohol consumptlon(24) Based on the AHEI
the AHEI-P was developed for assessment of diet quallty specnflcally for pregnant |
women. The AHEI-P consists of nine components each worth ten pomts vegetables,
fru.its, ratio of white to red meat, fibre, trans fat, ratio of polyunsaturated to unsaturated
fatty acids, folate, calcium, and iron(i). The AHEl-P is a relatively new diet quality index
and has not yet been shown to be an accurate measure of diet quality in pregnancy, as it

was just constructed for the use in one American population(1).

2.3.4 Diet Quality index for Pregnancy (DQI-P) -

The Diet Quality Index for Pregnancy (DQI-P) was developed by the researchers from
the Pregnancy, Infection, and Nutrition (PIN) study in the United States to assess diet
qualityof pregnant women specifically(25). The DQI-P has eight components each out of
ten points: recommended servings of grains, vegetables, and fruit based on the Dietary
Guidelines for Americans and the Food Guide Pyramid; recommended folate, iron, and
calcium based onthe Recommended Dietary Allowance (RDA); percentage of energy

from fat based on the Dietary Guidelines for Americans; and a meal pattern score(25).
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- The DQI-P has been shown to be an accurate measure.of diet quality in a group of
pregnant American women. Specifically, it was found that with increasing overall DQI-P
score, there was a statlstlcally significant increasing trend for each ofthe ten
components(25) The DQI P was the first diet quallty |ndex composed of both food
groups and nutrlents to accurately assess diet quallty in pregnancy(zs) Furthermore, the
DQI P components are falrly easy to calculate using Canadlan food and nutrient .
recommendatlons The DaQl- P has been used frequently nn the I|terature to summarlze

| pregnant women s dlet quallty in the United States, where the AHEI P appears to be
used Iess frequently(25 30) The authors of the PIN study have used the DQI P to show
that pre pregnancy BMI is assocuated with diet quallty |n pregnancy and also that |
proxrmlty to supermarkets |s assocnated wnth dlet quahty(28 29) The DQI P has also '
been used by Harley and Eskena2| to show that social support is assomated W|th dlet |
quallty among Pregnant Mex1can Amerlcan women(27) Fmally, Watts and colleagues
assessed dtet quallty in a group of Iow income Natlve Amerlcan and Caucasran pregnant

women usmg the DQI P, where dlet quallty was found to be low in both groups(30).

2.4 Women’s Dietary Intake during Pregnancy -

Past studles have con5|stently demonstrated that women are not malntalnlng
: hea[thy dlets throughout the duratlon of thelr pregnancues Th|s observatlon has been
noted in vanous studxes that have used dlfferent methods to assess dlet quallty and also,
conducted in various developed countrles across the world mcludmg the Unlted States

and Canada(l 3 20 30, 31)

' 2.4.1 Dietary Intake Research froym‘Non-Canadian Studies

. Two American studies used dietary indices to quantify diet quality in pregnancy and
both studies found that diet quality was low on average. The one study used the AHEI-P
to quantify diet and found that the participants in their study had a mean AHEI-P score

of 61 out of a maximum possible score of 90(1). The other study used the DQI-P to

compare diet quality of pregnant Caucasian and Native American women. These authors
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concluded that overall mean DQI-P scores for both pregnant Native American and

Caucasian women were ow, wh‘ich indicated that they needed imp_rovement(30).

-Other research has shown that niitrient intakes, especially iron and folate, are below
the recommended intakes for the majority of pregnant women studied. Data from the
Third National Health and Nutrition Examination Survey (NHANES IIl; 1988-1994)
assessed the diet quality of pregnant American women with 24-hour dietary recalls. It
was found that the mean intake of dietary folate for pregnant women was well below
the 520 ug/d‘ay recommendatio_n at 288 pg/day. The mean _ir_\ta‘keg of iron.in pregnant,
women was 15.34 nrig/day consumed thrgugh diet iny, Which is belq\;/v.the ZVZMTm.g/‘dEa_‘y
recommendation for pregnancy(11). Furthermore, another study q‘s'i‘n‘g NHANES data to
assess adequacy of iron in pregnant American women by_measuting actual serum Iéygls _}
of iron indicated that overall prevalence of iron defi;:iencngf«these Wom_en,was:lsr‘w*/-‘ -
‘1._4%.4 Iron defi,ciency incrgased to approximately 30% ‘when f‘c‘)cus‘ingvéﬁjtonly women in

their third trimester of pregnancy(31).

A prospectiye study of pregnant women in Porf;ugal i»n_yes)t‘iga@gd di,et‘qualvity prior to
co_nception and throughout the duration o.f pregnancy ar(uq)fou.nd :that pregnant women
were not cqnsuming the recommended amounts of f_oiate .(9_0.18%1) anq irqn }({838%)_(3)._ A
!a‘rge study ‘conducted in Australia measured diet quality in women whd gave birth
within the past 12 months, who are currently pregnant, who are tryipg to c‘o’r;ce(ive, and
qther women. In this study cohort, overall intakes of nut‘rigr‘its‘were higher er pregnant
women but they were still not consuming recommended levels of iron(20). A cross-
sectional study conducted in Brazil investigated iron (ﬁ:pns)u;rrj\p@_iqn in pregnant and non-
pregnant hwom}en‘:ta!nd» found that the pregnant women were less »Iikelvy to have adequate
intake of iron, which was observed mainly because of the increased recommendations

for pregnancy(32).
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-..2.4.2 Dietary Intake Research from Canada '
~Overall adequacy of diet qualfit'y in pAregnahcy for Can’a'diafnApopulationsyl‘has’been
understudied since population based surveys in Canada on diet qualitygenerally
exclude pregnant women however, Canadian research of the general populatlon can
still be informative regarding dlet quallty of women durmg their reproductrve years.

Overall, non-pregnant and pregnant womenin Canada appear to have low dlet quallty

and are generally deficient in iron and folate(33 36)

. A 2009 report byHeaIth Canada has identiﬁed diet,qualit’ies of,Canadian men and

‘non-pregnant women based on data from the Canadlan Community Health Survey. The

mean HEl score was 58.8 out of a maximum score of 100 however, women'’s diet quallty
scores were generally higher than the men’s scores(33). A populatlon welghted Canadian
study was conducted to describe the nutrient and energy intake of Canadlans and it was
found that women consumed low levels of folate iron, and calcrum in thelr reproductlve

years(34)

A few smaller Canadian studies have focused on pregnancy but, specifilcall.y:__.,',
addressed nutrient adequacy rather than ove}ral[lgdi_et: qua_lity. A;sub-‘sample_of pregnant
women from the Canadian Community Health Survey was stu‘died' us.ing a 24-hour food |
recall measure. This study used the EA‘F‘_{for iron during pregnan‘c’y(ZZ mg/day) to
estimate adequate intake of iron and found that 85% of yvomen did not meet the EAR
from food sources alone(35). In another study, a sub-sample of pregnant Canadian
women was recrwted as part of a prospective randomlzed trlal The researchers
estimated dletary folate mtake from 3-day weighted food records and found that a
substantlal portlon of the pregnant women (36%) had dletary folate lntakes below the

EAR and none of the women had mtakes above the UL(36)

2.4.3 Dietary Intake Research from the Prenatal Health Project

Jennifer Fowler’s Masters thesis examined dietary intakes for the first 1300 women

in our study. Fowler compared the women'’s diets to the 1992 food guide to determine
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nutritional adequacy. She found that more than 75% of the women met the
recommendations for milk and alternatives, a_nd meatla‘nd alternatives; however, 65%
and 90% of the women were not consuming the recommended servings for. .
fruits/vegetables and grains respectively. Almost 5% of the women did not meet
recommendations for any of the four food groups. Furthermore, only 19% of the
preg'n‘ant women in this study met‘the‘retommendat’ions for all four food gr'oups
Women were more likely to meet the recommendatlons for all four of the food groups if
this was not their first pregnancy(4) Since this analysrs was completed Health Canada
publlshed a new food gulde which includes increases in the recommended number of

servmgs for fruits and vegetables, and grain products(6)

Amrita Roy’s Masters th_esis)studied_‘a,few aspelct:s of nutritionalintake,r inclu‘rding}_‘f
both dietary intakes and supplement use. It was found that 31%,} 18%, and 16% of
pregnant women were below the RDA for iron, zmc and folate respectively even when
consudermg nutrients received from supplements as well as food(s). Roy and coIIeagues
also mvest:gated the relatlonshlp between zinc mtake, stress, and depressuon and found
that participants who consumed hlgher dally Ievels of zinc were less likely to exhibit
symptoms of depressron and participants who expenenced more stress were more Ilkely
to show symptoms. Furthermore, a high average daily intake of zinc decreased the .
association between stress and symptoms of depresslon;therefore,{ zinc appeared to

buffer the association between stress and symptoms(37).. -

2.5 Indyi‘vi‘clual-leyel Determinants of Diet Quality in Pregnancy

Many indivldual-level factors have been identified in the literature that can have an
influence on diet quality during pregnancy (please see table C.1 in Appendix C). These

factors and their associations with diet quality during pregnancy are summarized below.
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- 2.5.1Age .
" There is general consensus found in the literature that age is positively associated
with diet quality in developed countries, independent of the methods used to assess

diet quality.

" A large prospective cohort study conducted by Rifas-Shiman and colleagues in the
United States found that pregnant women who were ‘younger“g\en;eral‘l‘y had lower AHEI-
P scores, in other words, women who were older generally had better diet quallty(l)
Another Iarge prospectlve cohort study assessed diet quallty in pregnant American
women usmg the DQJ-P. This study also found that women who were older had
sugnlflcantly higher DQI-P scores overall(25). A New Zealand study conducted by ‘Watson
and'McDonald used nutritional adequacy, food weight, and energy intake to determine
diet quality. Watson and McDonald found that older women generally;had better diet
quallty, partlcularly, women less than 30 years of age consumed Iess energy and a
smaller median welght of food, therefore less protem and flbre, among other nutrients
were consumed(2). Northstone and colleagues conducted a Ia'r_ge population-based
prospective study in the United Kingdom where they used PCA to determine various diet
types among pregnant women and the association between diet and sociodemographic
var_iables. These researchers vdiscovered that age tended to be positively associated with
a more healthy diet and negatively associated with an unhealthy diet, such as one

| characterized by sugars or high-fat foods(19). A large Finnish study conducted by Arkkola
and team also used PCA to determine characteristics that would be associated with diet
quality in pregnancy. The researchers found that diets characterized as ‘Healthy’ and
‘Low-Fat Food' diets were positively associated with age, where unhealthier diets such

as a ‘Fast Food’ diet were negatively associated with age(38).

2.5.2 Ethnicity

There are mixed results regarding the association between ethnicity and diet quality

in pregnancy. This stems partly from the heterogeneity of studies on ethnicity, where
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studies choose different comparison groups that focus on specific ethnicities, or more
broadly look at immigrants. Furthermore, ethnicity is such a difficult constructto.

accurately measure for research studies(39).

A'large American study compared DQI-P scores for pregnant Caucasian and Native
American women and found that both Caucasians and Native Americans had low DQI-P
scores and were not significantly different from oneanother(so)_. T,herertis some_evidence
that African Americans may have better diet quality overall compared to Caucasians. An
American study conducted by RifasfShim‘an' and colleagues did not discover a signiﬁcant
association between Caucasians and African Americans in regards‘ to }oveﬁ_rall‘ diet quality
during pregnancy after adjusting for education and age; however, African American
women tended to have some healthier dietary behaviours compared to Caucasian
women, such as a greater intake of fruit, higher ratio of white to red meat, and less trans
 fat consumptlon(l) Another American study d|d fund statnstlcally sugnlflcant results
where Afncan American women had higher mtakes of gram and frunt servmgs compared
to Caucasian women(25). In contrast, a study usmg NHANES data found Caucasran

women to have higher total body iron than African Amerlcan women(31).

A prospective cohort study of pregnant Mexrcan women who resuded in the Unlted
States found that women who had spent their chlldhoods in Mexnco rather than the
Umted States were twice as likely to have a htgh dlet quallty(27) A study by Northstone
and colleagues compared the diets of Caucasuan women to non Caucasuan women and
found that the “Health Conscious” diet type was negatrvely assouated wnth non-
CaucaS|an women and ”Confectlonary diet type was negatrvely assocuated with
Cauca5|an ethmcnty, WhICh |nd|cated that in th|s case CaucaSIan women generally had

better dlet quallty(19)
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~ 2.5.3 Marital Status

Most studies have not found an association between marital status and diet quality;
however, these studies did not include a separate category for common-law women or

women residing with a partner.

Two recent European studies found no association between marital status and diet
quality during pregnancy; however, they both used nutrient intakes or food items
consumed rather than a diet quality index(3, 19). An American study that used the DQl-pP
to assess diet quality in pregnancy found that women who were married hada.. .
significantly higher DQI-P than women who were single, separated, divorced, or

widowed(28).

2.5.4 Parity

There is a fairly consistent finding in the literature that lower parity, or nulliparity, is
associated with higher diet quality. Parity refers to the number of times a woman has

given birth; nulliparous, refers to a woman who has \n‘eve_r:giy_,en,biljth. :

“ Two large prospective cohort studies co‘nduct'ed in the United States came to similar
conclusions in regards to diet quality and parity but used different diet quality indices to
assess diet. Bodnar and Siega-Riz found that women who were nulliparous had
significantly higher DQJ-P scores overall(25). More recently, Rifas-Shiman and team
found that women with lower parity had higher AHEI-P scores(1). Watson and McDonald
found that women with a parity count of 2 or more consumed less energy and a smaller
median weight of food(2). It has also been found using NHANES data that a pafity of 2 or
mbre is associated with less total body iron compared to pregnant women with a parity
of 1 or 0(31). The research conducted by Northstone and colleagues found that a ‘Health
Conscious’ diet type was negatively associated with parity(19). Similakly, Arkkola and
team found that healthy diet patterns such as 'Healthy dlet and ’Low Fat Food’ d:et “
were negatlvely associated with parlty, however, unhealthxer diet types such aS ’Fast -

Food' dlet was also negatlvely assoaated wuth parlty(38)
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-~ 2.5.5 Planned Pregnancy

" There is some evidence in the literature that pianned'pregnancy may be posit'ivel\?/ h
associated wuth dlet quahty in pregnancy. The evudence also indicates that women who

plan thelr pregnancnes may increase their supplementatlon specuﬁcally of fohc acid.

A prospect_ive cohort study conducted} in Portugal fc‘:u\ndlthat women w‘ho‘v’planned
their pregnancies generally had more adequate vitamin E intake(3). A retrospective
study ccn.ducted in Turkey found that 37% of mothers with unwanted pregnancies,
29.1% of mothers with unplanned pregnancies and 157_,:2%_Qf mothers v‘yi’thplann'ed
pregnancies did not achieve the nutrient re.comrnenda.‘gions\for pvr_egnancy'. These
r_esearrchers also discovered that 24% of women with unyyanted_pregnancies reported N :
that they changec-i their diet to meet pregnancy reqnirements compared to 75% of
women with planned pregnancies(40). | |
" An American, prospective study assessed the association of intended pregnancy -
within the next year with positive or negative c‘hanges in health behaviours. The authors
| reported that women who were considering pregnancy within the next year were more
likely to report folic acid supplementation than women not considering pregnancy
within the next year.-However, pregnancy intention did not attain statistical significance
in the multivariable logistic regression models for each of the health behaviour -
outcomes(41). A study conducted in England assessed the self-reported perceived
barrlers to healthy eatlng dunng pregnancy The researchers found that women were

more Ilkely to take a folate supplement |fthe pregnancy was pIanned(42)

'~ 2.5.6 Education

- A consistent relationship between greater educational attainment and better diet
quality in pregnancy is generally found in the literature. -
"' Bodnar and Siega-Riz found that women who were more educated had significantly
greater DQJ-P scores(25). More recently, Rifas-Shiman and colleagues used the AHEI-P

index and also noted that pregnant women in the United States who were less educated
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had lower diet quality(1). Northstone and fellow researchers used PCA and found that

women who had healthier diets were more educated(19). Arkkola and team reached the

same conclusion as Northstone and colleagues using PCA where they concluded that

’Healthy’ and ‘Low-Fat Food’ diet types were positively associated with education,

where the ‘Fast Food’ diet type was negatively associatedt with education(38)_. The

~ association between diet and education is less consistent ~‘lV.h‘?", studies focus on specific
nutrients. In a New Zealand study, Watson and McDonald found that education was
associated with diet and accounted for the greatest amount of variance out of all the
predictors studied. In particular, among women with the same energy lntakes more
educated (25 years of high school or further e’du‘cation) women had higher intakes of

' |mportant micronutrients for pregnancy such as folate and znnc(2) Pinto and team found
that women wuth a greater education level were more Ilkely to have adequate iron

g mtake durlng pregnancy(3) Conversely, an Amerlcan study conducted usmg data from

NHANES did not find a significant association between educatron level and total body

|ron(31).

2.5.7 Occupation

There have only been a few studles in the llterature that have focused on the
association between occupation and diet quallty ln pregnancy, of these only one, to our

knowledge, found a significant association.

Watson and N‘chonaId found that occupation was;associat:ed with diet quality in
pregnancy mdependent of the education status; however few women in the study were
employed so the occupation of the partner was used mstead of the women. High |
occupatlon_ status, defined as hlgher professronaI/admmlstratuve, lower B
pro‘fes:'s\ionaI/technicaI, or clerical/highly skilled, was significantly associated with higher
intakes' of beta carotene,‘ magnesium and vitamin E compared tothe low occupation
group (skilled, semi- sk|IIed or unsk:lIed)(Z) A study conducted by Pinto and colleagues

measured occupatlon based on whether the women was employed, unemployed or a
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student and concluded that there was no statistically significant association between

occupational status and diet quality during pregnancy(3).

2.5.8 Income

Slmllarly to occupatlon, to our knowledge, there is only one study in the hterature
that has found a 5|gmflcant assocratlon between mcome and dlet qualrty in pregnancy,

where other studles d|d not come to thls conclu5|on

.Two different prospective cohort studies did not find a statistically significant .
association between income and diet quality during pregnancy(1, 3). Furthermore, a
study focusing on total body iron of pregnant women who participated in NHANES did
not find a statistically significant association between iron leveIS and income(31). One
- study conducted by Bodnar and Siega-Riz did find that women who had income levels
that_were greater than 3‘50% of the povertyllevel had:significantl_y gre;';trer bQl-P

scores(25).

2 5. 9 Nausea

There isno con5|stent relatlonshlp found for mormng 5|ckness and nausea in relation
to dlet quallty durlng pregnancy in the Ilterature There is some evudence that an

assocratron may exrst but the dlrectlon of th|s assocratlon is st|II questlonable

Research conducted by Watson and McDonald found that morning sickness was
associated with diet, where women who exoerienced emesis during pregnancy had.
significantly lower intakes of energy, protein, carbohydrates, and fibre(2). Contrarily,

Pinto and colleagues found that women who experienced nausea and vomiting during
| their first trimester were more likely to have sufficient iron intake than women who did
not experience these symptoms(3). Rifas-Shiman and team found no association
between_ morning sickness or nausea and diet quality within their prospect’ive cohort

st‘udy(l),A‘
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©~2.5.10 Physical Activity - -

 Afew studies i in the llterature have focused on physrcal actrvrty and its association

wrth dlet quallty in pregnancy and noted that there appears to be an association.

Larala and colleagues found that women who engaged in v1gorous leisure act|V|ty
before pregnancy had srgnlfrcantly hlgher DQI- P scores than women who did not engage
in vrgorous leisure activity prlor to pregnancy(28) Watson and McDonald found that
‘actlvrty Ievel was only mlnlmally associated with diet quality and explalned these
findings given that energy expenditure is only weakly associated vyith;energy' intake

except for high levels of energy expendlture and in this study energy expendrture among

the pregnant woman was not very high(2).

2.5.11 Smoking . .

T -

- "There is mostly a consistent finding in the literature that non-smoking pregnant -

women generally have better diet quality compared to pregnant women wh’o”smoke.n ‘

I the study by Wa‘tson‘ and McDonaId, smoking during pregnancy was found to be .
significantly associated with a lower energy intake and lower intakes of carbohydrates,
fat, and fibre(2). Northstone and colleagues found that a dietary pattern characterized
by the ‘Health Conscious’ diet was negatively associated with smoking among pregnant
women(19). Arkkola and team reached a similar conclusion where healthier diet patterns
such as ‘Healthy’ and ‘Low-Fat Food’ diets were negatively associated with smoking and
unhealthy diets such as, ‘Fast Food’ and ‘Coffee’ diet types were positively associated
with smoking during pregnancy(38). However, Pinto and colleagues found no ngniﬁcant

association between smoking during pregnancy and diet quality(3). =

2.5.12 Mental Health: Depression, Stress, and Anxiety

Many of the studies that have focused on mental health and diet quality in
pregnancy were interested in the effect that diet has on mental health, specifically

depression, rather than if mental health predicts diet; regardless of the direction of the
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association, some of these studies still suggest that an association exists. Furthermore,
* the majority of these studies are interested in post-partum depression rather than

depression status during pregnancy.

A Japanese study assessed the effect that overaII d|et may have on preventmg the
risk of post partum depression. This study used PCA to descrlbe dlet patterns observed
in the populatlon of women studied and found that of the three patterns observed -
Healthy, Japanese and Western diets —a negatlve assomatron wrth postpartum .
depressnon was observed between the second quartlle of the Western dlet compared to
the first quartile; however, these authors concluded that dlet d|d not appear tobea

major factor for preventing post-partum depression(43).

Other studies have focused on specific nutrients and their potential to impact mental
- health. Another study on preventing post-partum depression conduct_e_d a clinical trial
where pregnant women were randomized to receive either a calcium supplement or a
place'bo. This study found that at 12 weeks post—partum’, the calcium treated group had

significantly less evidence of depression(44).

One American study investigated the effects of anxiety, stress, and fatigue on diet
quality in pregnancy; however,jthey used a convenience isarnple of_wocmen vvho were
ée‘n\erally welt-educated, non-srnokers‘, married, and C.auca‘s’ian.: The researchers found
evidence to su’ggest that fatigue, stress, and anxiety vvere associated with unhealthy B
diets among their sample Women who were more fatrgued had hlgher energy,
carbohydrate, fat protem and zmc mtakes Stress was posrtlvely associated wuth greater
|ntakes of energy; fat protem |ron zinc; bread and the fats orls sweets, and snacks
food group. Slmllarly, anX|ety was posmvely assouated wrth greater mtakes of fats orls,

sweets, and snacks food group(45).

+2.5.13 S‘oci‘al Support

Studles found in the Ilterature tend to agree that greater socral support is assocnated

W|th better dlet quallty in pregnancy
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A small cross-sectional study conducted in the United States fo.und that social

- support positively affected nutrition among low-income pregnant women. Specifically,
social support received from everyone except from the partner increased health -
behaviours including nutrition(46). A small American nursing study found a positive
association between social support and positive health practices, including diet quality
among pregnant women(47). Harley and Eskenazi noted that social support may interact
with immigrant status to influence diet quality. The researchers found that perceived
social support increased diet quality among women who had spent their childhoods in
Mexico but this was not observed from women who spe_nt their childhoods in the United

States(27).

2.6 Community-level Determinants

2,6.,1 Access to Food Sources for the General Population - .

. 2.6.1.1 Food Deserts -

‘ ‘Fo:od des'er‘.ts have been defined as socioecono‘miciallv;de'prived\areas‘where healthy,
affordable food is not readlly access:ble(48) A recent ecologlcal study conducted by
Larsen and Gilliland compared accessnblllty of supermarkets in 1961 to accessibility in
2005 in London, Ontario. These researchers found that Iarge geographlc areas were not
wrthm walkrng distance to supermarkets and that food deserts appeared to exnst in
Central and East London. Furthermore, the average proportlon of the census tract
. population with easy supermarket access had decreased overtime from 45% in 1961 to

18.3% in 2005, where Central London was much better served in 1961 than in 2005(49).

; Food deserts may have developed in London, Ontarlo partly due to the dlstrlbutron
Shlft of fresh food sources over time where small grocery stores throughout the crty
were forced to close because large superstores Iocated inthe suburbs had prolrferated

and attracted customers Many wealthier resrdents had moved out of the crty to the
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suburbs where many poorer residents remained in the city, where there is less
availability of fresh food. This distribution shift of fresh food sources is especially
problematlc for the less wealthy re5|dents of urban London who may not have access to
a vehrcle(49) It has also been theorlzed that food deserts may exust in some cities as a
result of zoning laws. Zoning laws have also allowed fast food establlshments to
prollferate wrthout Ilmltmg the quantlty ina partlcular area, Wthh has Ied to certain

areas with a dense populatlon of fast food restaurants(SO)

2.6.1.2 Foodgwironmgnt versus Built Environment

Researchers conducted a study in Erie County, New York to assess whether the food
- environment or the built environment had a grea_ter impact on women'’s Body Mass
Index (BMI). In terms of the food environment, they found that the number of
restaurants avallable within a five minute walk of partlmpants homes was posmvely
related to BMl Furthermore, a greater dlstance from an unhealthy food source, such as
a convenlence store, relative to a healthy one was negatlvely related to BMl There was
a sugmflcant interaction between land use mix and the avallablllty of restaurants w1th|n a
flve minute walklng distance; although land use mix mcreases walkablllty, or physmal
actrvrty, |t may allow women to walk to restaurants more ea5|ly and result in an
mcreased BMI(51) This study found that the food envuronment can mfluence the BMI of
women, even women who reside in envnronments that promote physucal actnvnty This
alludes to the mechanism of mcreased BMI through unhealthy dlet rather than Iack of

phy5|cal actrvnty

'2.6.1.3 Determinants of Grocery Store Access

Associations between grocery store or supermarket access and neighbourhood-level
variables were found to vary depending on the area studied. In Detroit, Michigan high
residency African American communities were found to have poorer access to -
supermarkets(52). A study ’in the Unit‘ed‘Kingdom‘found that the most deprived

communities only had poorer access in rural areas but actually had better access in



25

urban areas(53). One study considered supermarket access throughout the United States

and noted that urban areas in general had better access(54).

“An ecoiogical study conducted by Zenk and colleagues in Detroit, Michigan assessed
which neighbourhood characteristics were assocrated with access to supermarkets and
found that in general the |mpoverlshed commumtres wrth hrgher proportlons of African
American residents had greater distances to the nearest supermarket; Nelghbourhoods
with medium and high African American reSidency had longer distances to travel to the
supermarket than low residency African American neighbourhoods even when
neighbourhood poverty levels were high. About a quarter of the residents in the
neighbourhoods with medium and high African American density did not own a car; this
fact combined with the further distances to supermarkets exacerbates the issue of poor

supermarket access(52).

| ; leferent results were obtamed ina 5|m|lar ecologlcal study that was conducted in
the Umted ngdom where it was found that poorer communltles had shorter dlstances
to supermarkets except in ruraI nelghbourhoods In general median travel tlmes to the
nearest grocery store were shorter for the most deprrved compared to the least
deprlved nelghbourhoods When stratlfled by type of neighbourhood, the same
relationship above was found to be significant only for urban neighbourhoods; however,
the opposite association was observed for rural neighbourhoods where the most
deprived neighbourhoods were found to have longer travel times to stores with fresh
produce. Therefore, the researchers concluded that it is not necessarily true that the
most deprived neighbourhoods in the UK have greater travel times to grocery stores;

rather, it seems to depend on the type.of neighbourhood(s3).

Recently, a Iarge study of the contermlnous Unlted States was conducted that
assessed supermarket proxumrty compared to fruit and vegetable consumptlon and
obesrty Metropolltan areas were found to have shorter distances to small, medium, and
Iarge superstores than non- metropolrtan areas. In metropolitan areas, obesrty was

positively assocrated with distance to supermarkets and fruit and vegetable "
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consumption was negatively associated with proximity to supermarkets. No significant
association was found in non-metropolitan areas between distance to supermarket with

obesity or fruit.and vegetable consumption(54). .- oo

2.6.2 Community-level Determinants of Diet Quality in Pregnancy

There appears to be a lack of literature regarding community-level determinants of
the diet quality of pregnant women. There is one study that was cbnducted in the
United States that used the DQJ-P to assess diet quality in pregnancy and any significant
associations there may be wit.h some community-level variables(29). This study assessed
the association between access to food sources and diet quality in pregnancy. On
average, participants lived within two miles of supermarkets, grocery stores, and
convenience stores. Density of food sources was not found to be associated with DQI-P;
hoWever, increased distances from supermarkets and convenience stores were found to
be significantly associated with lower average DQI-P scores, where there was no
association found for grocery stores. Women residing more than four miles from a
supermarket were more likely to be in the lowest compared to the highest quartile for

DQI-P even after controlling for grocery store and convenience store proximity(29).

2.7 Summary

Canada has specific nutrient and food recommendatibns for pregnancy, but it
appears that many pregnant women, including London, Ontario women from the PHP
cohort, are not meéting these criteria. Diet can be quantified in studies using different
measures, such as food fecords, dietary recall, or FFQ, where diet quality is generally
assessed in studies by using PCA or dietary indices. Diet quality in pregnancy appears to
be consistently associated with the‘following individual-level variables; agé,‘ parity,
éducation, social support, smoking, and physical activity. Inconsistent relationships
between diet quality in pregnancy and ethnicity, marital status, planned-pregnancy,

income, occupation, nausea, and mental health (stress, anxiety, and depression) are
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observed in the literature. Furthermore, there is a lack of literature regarding the effects
of community-level variables on diet quality in pregnancy but one study found that
proximity to, but not density of, supermarkets and convenience stores was significantly

associated with diet quality in pregnancy.
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Chapter 3: Objectives & Hypotheses

3.1 Objectives .

" The objective was to identify the individual- and community-level determinants of
diet quality during pregnancy, as measured by the DQI-P, in a Canadian cohort, and to

assess the relative contributions of determinants.

Based on the literature, some relationships are still inconsistent. The gap addressed
by this study is the lack of knowledge of the relative contributions of individual- and

community-level determinants of diet quality in pfegnancy.

~ Individual-level determinants‘ investigated include age, immigrant status, marital
status, parity, planned pregnancy, education level, workforce participation, household
inéome level, financial difficulties affording food, nausea severity during pregnancy,
exercise frequency/duration, smoking status during pregnancy, evidence of depression
symptoms, state-trait anxiety levels, stress levels, and social support received from the

- family, friends, and partnef.

The original community-level determinants to be investigated included proximity
and density of grocery stores, convenience stores, and fast food restaurants within 500
metres and 1000 metres of participants’ residences; and geographical residence,

specifically, urban or rural location of participants’ homes.

3.2 Hypotheses

These potential determinants of diet quality were selected from a literature review.
From this literature review we hypothesized a conceptual model (figure 3.1), which

underpinned the analyses in the study.

Further, we hypothesized that pregnant women would be at a greater risk of lower
diet quality if they were: Canadian-born, younger in age, unmarried, less educated,

employed full-time, a smoker, less physically active, had higher parity, an unplanned
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pregnancy, lower income, more financial difficulties affording food, severe morning

sickness, less social support, and greater evidence of anxiety, stress, and depression.

In regards to the community-level variables, we hypothesized that lower diet quality
would be associated with poor accessibility to grocery stores, greater accessibility to fast

food restaurants, and greater accessibility to convenience stores.
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Chapter 4: Methods

4.1 Study Design and Sample
4.1.1 Overview of Prenatal Health Project

The cohort of women in the present study were obtained from the Prenatal Health
Projeét (PHP), which was a prospective cohort study of pregnant women that was
originally déveloped fo investigate the psychosocial, nutritional, endocrine, and
infectious determinants of preterm birth. The PHP was funded by‘Cénad'ian Institutes of
Health Research (CIHR) in 2001 and approved by The University of Western Ontario
| Ethics Review Board for Health Sciences Research Involving Human Subjects (please see

“ Appendix D).

Pregnant women were recruited from seven of the ten ultrasoun.dtlinics across
London, Ontario between January 2002 and December 2005. These seven ul‘trasound
clinics were chosen for reasons of convenience and cost, since they were the highest
volume clinics in London and very few prenatal ultrasounds occurred in the other three.
Women were eligible to participate in the PHP if they were between 10-21 weeks of

’gestation, carrying a singleton pregnancy, living in London or Middlesex County, able to
understand and sign the consent form, and 16 years of age or older; women were
ineligible to participate in the study if they had any known fetal anomalies. Women who
agreed to participate in the PHP were provided with a docdment that included
(juestionnaire response keys and a copy of the FFQ, which were used to supplement the
telephone interview. During recruitmént an appointment was scheduled to conduct the
teIephohe interview approximately one week after recruitment. A cohort of 2357
pregnant women cbmpleted the prenatal study and also had availabte birth data (please

see figure 4.1).

The PHP questionnaire collected information on participants’ demographics,
previous pregnancies, health behaviours, social support, mental health, and usual diet

using an FFQ. Some extracted pages of the PHP questionnaire, including questions
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regarding income and the FFQ, can be found in Appendix E. The participants’ responses
were recorded on scantron sheets, which were later scanned onto the computer and

imported into the data management program, Microsoft Access, in an ASCII file type.

4.1.2 Linkage to Geographic Database

Participants of the PHP were linked to a geographic da;tabase by street address to
assess proximity to different food retailers listed in a comprehensive food inventory
database for the City of London and sUrroundingmf‘\/rliddIe'sex County(55, 56). Communities
were determined based on dissemination area (DA), Which isa sm~é|l' and éénerally
stable geographic unit composed of approximately one or two neighbodting blocks

containing approximately 400 to 700 individuals(57).



Figure 4.1: Sample Flow Diagram of PHP
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121 participants had no birth data available and 17 p'a’rticipahts‘eXperiehced a fetal death
2Duplicates refer to women who were enrolled in the study twice for two different pregnancies;.
there were actually 27 duplicates but one partnupant had no bll’th data avallable anyway and was

~ excluded for this purpose
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4.2 Data Collection/Coding
4.2.1 Food FreqUency Question’naire

The FFQ was a semn quantitative tool desngned to estimate usual food consumptlon
durmg the prewous month it can be found in Appendix E. The FFchat was developed
for the PHP was based on dietary recaIIs from Canadian women who were
breastfeeding(58). Some additional foods came from an FFQused in an American study

of pregnant women(59).

‘The PHP team validated theFFQ in a pilot study of 22 women residing in London, -
Ontario. The women in the pilot study recorded their consumption of food over three
days using food diaries. ;Validation' of the FFQ was conducted by calculating correlation
coefficients between nutrient values from the FFQ and from the food diaries. The .
following nutrients were analyzed in the validation s’tu‘dy: energy, protein, fat,
carbohydrate, vitamin.A, vitamin C, niacin, thiamine, riboflavin, folate, calcium, iron, and
zinc; the remaining nutrients were not analyzed: magnesium, selenium, copper, vitamin
B6, vitamin B12, vitamin E; and.vitamin D. Of the nutrients analyzed, all correlations
were statistically significant except for thiamine and iron, which indicated that overall
the FFQ was found to be an adequate measure of usual dletary intake. The FFQ was then
further modified in accordance with the results from the pilot study, to refiect the

eating habits of women in London Ontarlo

. The FFQ used in the PHP inquired about participants’ typical intake of specific food
items during the previousmonth and the quantity of food consumed by specifying
portion sizes. The FFQ consisted of 106 food items divided into 7 food categories: dairy;
fruits; vegetables eggs meats, flSh ‘and mixed dishes; breads cereals and starches,

beverages, and sweets, baked goods, and miscellaneous

. The participants described their frequency of consumption for each food item by
choosing one of the following responses: never, 1-3 times/month, once/week, 2-4

times/week, 5-6 times/week, once/day, 2-3 times/day, or 4 or more times/day. .. - -
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~Nutritional intake, such as kilocalories, macrohutrients, and micronutrients; were
quanti_ﬁed from the FFQ using the CANDAT Nutrient Calculation System(60), which was
based on the 2001 Canadian Nutrient File(61). Conversion into nutrient and energy
values involved multiplying the weight of the portion size for each food item assigned in

the FFQ by the food item’s nutritional content.

4 2 2 Outcome Varlable Modified Diet Quallty Index for Pregnancy |

The MOdlfled Diet Quality Index for Pregnancy (DQI Pm) is an index that is mtended
to assess overall diet quality of pregnant women. We constructed the DQI-Pr, which is a
modified version of the original DQI-P that was created and shown to be an accurate ‘
measure of diet quality in a population of pregnant women in the United States(25).
Specifically, each component of the DQI-P showed a statistically significant trend with
the overall DQI_-P.score; for example, an increasing grain vco‘mpo‘ne‘nt_ scorewas -
as'sociat‘ed‘witlh an increase in overall DQI-P score. The Ddl-P could also detect variations
in diet quality by different maternal sociodemographic factors: income l'eve_l_s greater
tha'n 350% of the poverty line, older, nulliparous, and more educated women had

statistically significant higher DQI-P scores(25).

The DQI-Py, is a ‘co‘ntinuo‘us measure that contains six fqod,,ngtrient,_,andwer]ergy

| co}mponents that are important for pregnancy: reco_mém.er}‘ded servings ‘of"grefinvs and
f_ruit/vegetables accerding to the 2007 Canada’s Fpod_(\_igidev; recqmmended intake of
folate, iron, and calcium based on DRIs; and recommended energy intake from fat

according to Health Canada(6, 14).

‘The DQJ-Pp, was modified from the original index to be used in our cohort of
Cahadian women. The original DQI-P index included another component, ‘the meal
patt_ern\scdre', which was not measured in our population and consequently was not.
included |n the DQI-Pm.vT_he American DQI-P had two vsepar.at‘e: ,‘componentsbf‘or’fruit and
vege;qple ‘food‘ groups where they were considered one component for the DQI-Pr,

following the guidelines for Canada’s Food Guide. The components of the original DQI-P



36

Were created based on the recommendations by the Food Guide Pyramid and the .~
Dietary Guidelines for Americans where the DQI-P, was based on recommendations in
the 2007 Canada’s Food Gwde and by Health Canada. The DQI-Pr, components along

wuth food and nutrlent recommendatlons for pregnancy are summarlzed in table 4 1.

" Participants were included in the DQI-P, creation only if they had all values for the
‘fruit’, ‘vegetable’ or ‘grain’ items in the FFQ. The different food items consumed by the
participants assessed by the FFQ were grouped into their respective food groups: -~
fruit/vegetables or grains according to Canada’s Food Guide. All the items of the ‘fruit’
and ‘vegetable’ categories in the FFQ were included in the fruit/vegetables food group
for the DQI-P,, except for red chili sauce, which is a condiment and tofu, which belongs
to the meat and alternatives food group according to Canada’s Food Guide. Potatoes, -
which were in the ‘breads, cereals and starches’ category in the FFQ, were included in
the creation of the fruit/vegetables food group, also in agreement witf Canada’s Food
Guide. All food items in the ‘bread, cereals and starches’ category in the FFQ ~ *
represented the grain food group except for potatoes, French fried potatoes, and potato

chips/corn chips.

Serving sizes used in the FFQ were adjusted to be in accordance with one serving size
in Canada’s Food Guide. FFQ serving sizes and Canada’s Food Guide serving sizes for
grains and fruit/vegetables are shown in teble 4.2and 4.3, respectively, albné with the
conversion factors. The frequency of consumption} of food items in the FFQ, which
included monthly and weekly intakes, were converted to daily intakes. The average
intake frequency was chosen for the intake frequencies in the FFQ that included a range

of values (table 4.4).

Daily intakes of Dietary Folate Equivalents (DFE), iron, and calcium ingested from
food only (not supplements) were used to create the three nutrient components. The
daily percentage of energy intake from fat was calculated using the daily energy
consumption and the daily intake of fat values. One gram of fat provides nine

kilocalories of energy, so fat consumption (in grams) was multiplied by nine to obtain
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the amount of energy provided from fat and then this value was divided by total energy

consumed per day and then multiplied by 100%.

| Component scores were created by using the daily intakes of each food or nutrient

and appi_ying the necessary component score calculation, which are provided in table
4.1.1tis recommended that pregnant women consume two to three extra food guide
servings per day, "s‘o the high end of the recommended servings for grfains and
fruit/vegetables food groups were chosen(6). The fruit/vegetablesicomponent w/as ’
weighted more heavily than the other components because it is constdering'two'
important types of food, where each had ascoreout of 10 m the ongmal DQl-P. In a
recent study, a rewsed Canadian healthy eating index also scored thelr fruut/vegetables
| component out of 20 where the remaining components were scored out of 10(62) The
/ component scores represented optimal consumption for each food group or nutnent
‘with 10 bemg a perfect score for each item (or 20 for frurt/vegetables component), In
other words women who consumed at or above the recommended Ievel for a food

f group/nutrrent recelved the maximum score of 10 or 20 for that component

The partlupants recenved a score for each of the six components WhICh were then
_summed to produce a total score out of 70. This score was then transformed to a
percentage score to produce a final DQI-Py, score out of 100 (please see table 4.1 for

A

scoring calculations).



Table 4.1: The 6 DQI-PmComponents: Recommended Daily Intakes & Score Calculations

Component Recommendation Score Calculation Max Score Max % Score
Grains 7 servings/day (# daily servings of grains/7)*10 10 10/70*100%
Fruit/Vegetables 8 servings/day (# daily servings of vegetables 20 20/70*100%

& fruit/8)*20
Dietary Folate Equivalents 520 pg/day (EAR) (pg/day of folate/520)*10 10 10/70*100%
Calcium 1000 mg/day ages > 19 (Al)  (mg/day of calcium/1000)*10 10 10/70*100%
1300 mg/day ages < 19 (Al) (mg/day of calcium/1300)*10
[ron 22 mg/day (EAR) (mg/day of iron/22)*10 10 10/70*100%
% Energy from Total Fat 20-35% >19.5 and <35.5 = 10 10 10/70*100%

<19.5and >35.5=0
Overall Diet All the above Sum of components 70 100%

Table 4.2: Food items included in Grains Component of DQI-Pm

Food Item in FFQ FFQ One Food FFQ Conversion
Category  Guide Serving Serving Factor

Bagel/English muffin Grains r 1 X2

Hot cereal Grains % cup 1cup X4/3

Cold cereal/bran flakes Grains 30g 1 cup X1
Pancakes/waffles Grains 1 2 X2
Muffin/biscuits Grains Vi 1 X2
Crackers Grains 30 g (10 crackers) 1 cracker X1/10
White/brown rice Grains Zicup 1cup X2

Pasta Grains Vicup lcup X2

Other grains (couscous) Grains Zicup 1cup X2

White/whole wheat bread Grains 1 slice 1 slice X1



Table 4.3: Food Items included in Fruit/Vegetables Component of DQI-Pm

Food Item in FFQ FFQ One Food FFQ Serving Conversion
Category  Guide Serving Factor
Spinach Vegetable 1 cup raw 3Acup cooked X1
Tomatoes Vegetable Acup 1 whole X1
Romaine lettuce Vegetable 1cup 1 serving X1
Celery Vegetable 1 medium stalk 4 inch stick X1
Mushrooms Vegetable JAcup 1 X 1/3
All other vegetables  Vegetable 3Acup 3HAcup X1
Potatoes Grains Acup 1cup X2
Raisins Fruit 2 0z (Acup) 1oz (small pack) XI/2
Cantaloupe Fruit 3Acup 3Amelon X1
Watermelon Fruit 3Acup 1slice X1
Grapefruit Fruit K A X1
Berries Fruit JAcup 3#A cup X1
All juices Fruit JAcup Small cup X1
All other fruit Fruit 1 1 X1

Table 4.4: Consumption Frequency in FFQ Converted to Daily Serving Sizes

Frequency in FFQ Daily Serving Size

Never 0

1-3 times per month 0.0667

Once per week 0.1429

2-4 times per week 0.4286

5-6 times per week 0.7857

Once per day 1

2-3 times per day 2.5

4 or more times perday 4
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~4.2.3 Predictor Variables: Prenatal Health Project Variables - -

The following variables were cho‘sen"tdbe'éxira'cted from the'bre“nétal survey,
according to the conceptual model, to be considered as predictors of the DQJ-P,,. The
categorization process is described below for each of the predictor variables, where this

process is summarized more succinctly intable45. =
Age

Mother’s age at time of recruitment was calculated by subtracting the date of the
mother’s‘birthday from the PHP study recruitment date. Age remained asa continuous

variable for the analyses.

Residency in Canada

Participants who reported having been born outside of Canada were asked what
year they moved to Canada. Time residing in Canada for immigrants was determined by
subtracting the year that the subject moved to Canada from the PHP study recruitment
year. One variable was created and categorized into three groups that represented time
in Canada: born in'Canada, resided in Canada greater than 5 years, or resided in Canada
S years or less. Five year time intervals were chosen because an American study
c\onduc‘:t‘e‘d based on pregnant women who were born in Mexico found differences in
health behaviours between women who were residing in the United States for 5 years or

less cofnpared to women who were living in the United States for more than 5 years(63).

Marital Status

CUrfent marital status in the PHP was captured from a question with the foAIIowing
response categories: married; common law (or living as married); single or never
marfied'; separated or divorced; or widowed. None dftﬁe participants reported being
widowed. Marital status was collapsed for the analyses into three categories: married;
common law; single, never married, separated, bf“divbréed.‘Thére is evidence in the
literature to support the decision to Cateéofiie’ marital status into the aforementioned

categories. Generally, the health status of adults residing with a partner more closely
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resembled the health status of divorced or separated adults than married adults, which
supported ‘our decis_ion to group common-law women i‘ndependenltly of married
women.(e‘tt).vlt has been found that women in these three oategories differ in respect to
health 'beha‘viours_during pregnancy as well; spec‘ificalvly, cor&nmon-la‘w women were
more Iikely to smoke and report feelings of depression and Iess,li‘k,ely‘to breastfeed
durlng pregnancy than marrled women(65) Although the Ilterature has demonstrated
that never marrled/smgle women dlffer from dlvorced/separated women in terms of
health status and health behavuour, these two groups of women were categonzed
together for the analyses because of the small sample 5|ze of women who cIa55|f|ed

themselves as divorced or separated.

Parity

- Participants’ self-reported their previous pregnancies {(not mcludmg their current
one), where this involved listing each year of pregnancy and whether thls pregnancy
resulted in a live birth, a ‘StI"bIrth, or a miscarriage. The numher of _Irve hvlrths (cou}ntrng
twins and triplets as 2 and 3 births, respectively) were us‘ed‘for: the parity count(ee).:

Parity was dichotomized for the analysis into nulliparous versus parity of one or more.

Planned Pregnancy '

Planned pregnancy was measured from partlcrpants responses to a questlon asklng
whether thelr current pregnancy was planned. Respondents gave a bmary yes or no

response

Education .

The prenatal survey solicited the highest level of c'om'pleted formal education in
oategories: elementary school, some high school, completéd high school, some college
or university, college diploma, university degree, trade'school, or other. For the analysis,
edu_cation was categorized into college o.r university; or other. The'var‘iable was
categorizedinto a binary variable based on sample size since a high proportion of our

population was college or university educated.
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Work Force Participation

Participants were aSked what best describes their current employment status where
responses included: employed full-time; employed part-time; temporarily laid off or
leave of absence lookmg for work homemaker; or other, (student self—employed etc.).
The responses, including other responses, were re- categonzed mto the followrng three
categorres not employed voluntarlly, student, employed part tlme lookmg for work on
dlsabllrty or sick leave or employed full time. These categortes were bel:eved to reflect
'amount of free time, for example, women who were employed full-trme mlght have had
less time avallable to prepare healthy meals compared to women who chose not to be |
employed Women who were occupied with school or Iookmg for a jOb may have also

had less_tlme avallable to prepare nutritious meals than women-who chose not to work.

Household Income

Participants were asked to report their best estimate of total household income
before taxes last year from all members of their household and from all sources. The |
household income question can be found in Appendlx E Partrcnpants were asked if thelr
mcome level was less than $30k or greater than or equal to $30k and then the questton v
became more specific to narrow down the income range Income levels were
determined in this manner to minimize mrssmg responses because some partlcnpants |
may have felt more comfortable dlsclosmg a broad income range rather than a specific
income. The income ranges were narrowed down to the following responses: less than
10k, 10k-1'4999, 15k-19999, 20k-29999, 30k-39999, 40k-59999, 60k-79999, 80k or
greater, no income, don’t know, refuse to answer. For the analysis, responses were
categorized into three categories: less than 30k, 30k-79999, or 280k, where women who
responded no-income, don’t know, or refuse to answer were Acoded as missing. The
lower income cut-off was chosen because $30k is around the poverty line for an average
Cana‘diani family during the time of the survey(67). A higher income category of $80k or

more was chosen because Canadian adults within this income category have been .
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shown to differ from Canadian adults belonging to all other income levels in regards to

physical health and self-reported health(68).

leflculty Affordmg Food

. W|th|n a fmanmal strain mdex, partucnpants were asked when you thmk of your
‘flnanmal sntuatlon overaII how difficult would you say itis to meet each ofthe foIIowmg
commltments?”. Ten financial situations were included in the index but the only one
that was included in this analysis was-food. Participants’ responses included: very
difficult, sdmeWhat'difﬁcult, not very difficult, or not at all difficult. The very difficult and
somewhat difficult categories were collapsed for the analysis and this decision was"
based on sample size since few participants chose ‘very difficult’ and ‘somewhat * -

difficult’ responses.
Nausea Severity | I L

. Severity of nausea was assessed by combining participants’ binary responses for two
questions: if they had changed their eating habits due to nausea or if they had visited a
doctor due to nausea or vomiting. Participants were categorized into three categories
based on nausea severity: did not change eating habits or visit the doctor due to nausea;

changed eating habits but did not visit the doctor due to nausea; and visited the doctor

due to nausea, regardless of whether or not they changed their eating habits:

Physucal Act|v1ty

Partncmants self-reported thelr exercise frequency and duratlon Responses for
exercise frequency included: never, once or twice a month, once or twuce a week, 3-4__
times a week, or 5 or more times a week. ResponSes for duration included:»less than 15
minutes, 15-29‘mfnut)es, 30-60 minutes, or more than 1 hour. Frequency‘and duration of
exerciselwere cv_o‘mtbinedjto create a variable that estimated whether;t’ne participants.
w.ere‘,within; _the recom,mended exercise guidelines. The Public Health Algency of ‘C_a:n’ada
recommends 30 minutes of moderate exercise for four days per week(69‘)_.:Part/icipants

were categorized as under-exercisers, optimal exercisers or over-exercisers based on the
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following: under-exercisers exercised twice a week or less for 60 minutes or less (also
includes never exercisers) or 3-4 times per week for 29 minutes or less; optimal
exereisers exercised 3-4 times a week for‘ 30-60 minutes each time and; over-exercisers
Vex’ercised for over an hour each time and/or 5 or more times a week. Our decision to
categorize exercise in this manner was based on two studies from the United States that
also categorized physical activity based on whether or not pregnant women met the

recommendations for physical activity(70, 71).

Smoklng Status durlng Pregnancy

Participants prowded data on whether they have ever smoked Ifthey responded no
then they were coded as a noyn—smoker. If the participant responﬂd‘e:d yes then they ‘were
asked how many cigarettes they typically smoked per day now (during_their pregnancy).
Participants who responded that they were not current_ly smoking any }cigarette‘s were
also coded as non-smo_kersand participants who,re}sponded that_they._were eurrently
smoking one or more cigarettes per day were classifi’ed‘ as smokers. Forthe:statisticai
analysis smoking status during pregnancywas a binary vtariabl\e.r . |
Depression’

The Centre for Epldemlologlcal Studies Depressron Scaie (CES D) 1s a 20 item mdex
used to assess depressnon symptoms(72) Partiapants were asked how often they felt a
certaln way over the past seven days, where most of the statements were feellngs or
symptoms assocrated wnth depressron and only 4 of the 16 statements referred to
posmve feellngs Responses to statements mcluded rarely or none of the tlme (Iess than
1 day), some or a little of the time (1-2 days), occasronally or a more moderate amount
| of trme (3 4 days), or most or aII the time (5-7 days) Pomts were assugned to each of the
responses from 0 for rarely or none of the time to 3 pomts for most or all of the time.
The foIIowmg 4 posmve statements were reverse scored: ’I fe!t that | was just as good as
other people’, ’I felt hopeful about the future’, ‘I was happy’, and ‘I enjoyed life’. The |
CES-D score totals were produced by summing the points received for each of the 20

items. This variable was coded as binary in the analysis where participants with scores
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greater than or equal to 16 were classified as having evidence of depressive

‘ symptoms(‘72).

Stress

Chrohic Strain

Tkher:e were six indices in the prenatal survey that ‘as_kses‘se‘dechrohic strain: family
stra)ih, general strain, relationship strain, caregiver str‘ailn, eeohpmie strain, arrd .
occupational strain. There were 29 items used to assess family, relationship, general,
and occupational strain, which were extracted from Wheaton'’s original scale consisting
of 51 items(73). For each item, respondents were asked how true the following
statements were and to respond with either not true, somewhat true, or very true.
Responses were scored as follows: not true = 0, somewhat true = 1,:and very true = 2.
Participants who were not in a relationship or who were not employed at the time of the
survey were assigned a score of 0 for the relationship strain scale or the occupational
strain scale, respectively. A 7-item scale was used to assess caregiver strain(74).
Respondents were asked how well e-ach statement described them and were given the
choices: completely, quite a bit, somewhat, or not at all. Responses were reverse scored
where completely =3 points quite a bit = 2, somewhat = 1, and not at all = 0. Five of the
questlons referred to bemg in a caregiver role in general where the other two questlons
referred directly to the partrcupants own children, thus participants wuthout chlldren
were assigned a score of 0 for those two |tems. Economic strain was assessed with a 10-
item scale(75). Participahts were asked what they thought of their financial situation,
how difficult it was for them to meet specn‘rc commltments Responses included: very
drfflcult somewhat dlffrcult not very dlfflcult or not at all difficult. Responses to
economic strain were reverse scored where very difficult = 3 points, somewhat difficult =
2, not Very difficult = 1, and not at all difficult = 0. Scores for the responses for each of

the 6 scales were summed.
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- Stressful Life Events

© Stressful life events that affected the participants within the previous 12 months

were assessed using a 40-item index. Stressful life events also occurring to their partner

“ or children were included for 19 of the items and 9 items assessed stressful life events

involving relatives or close friends as well(76-79). A number w‘as‘\assi'gné(d for each
stressful life event statement according to the number of ‘pe’eoplé affected by such event,
for example, if both the participant and her partner were affected by an event then the
parﬂcipant would receive a point of 2 for that item. All the pbiﬁtS'fof the 40 items were

summed to produce a total score for stressful life events.

. Total Stress Score

The scores for the chronic strain and the stressful life events were standardized then

these two variables were summed and the total was standardized to produce a total

‘composite stress score with a mean of 0 and a standard deviation of 1. This total

standardized, continuous variable was used in the analyses. Higher scores indicated

greater levels of perceived stress.

Anxiety

Anxiety was asséssed using an abridged 12-item scale of the Speilberger State Trait
Ahxiety Index (STAI)(80, 81). Participants were asked how often they felt a certain way
over the past week where responses included: not at all, somewhat, moderately so, or
very much so. Negative statements were coded from 1 for not at all to 4 for very much
so, where positive statements were reverse coded. Scores for each item were summed
to produce an overall STAI score where higher scores indicated greater levels of anxiety.
This index remained as a continuous variable for the analysis and was standardized to a

mean of 0 and a standard deviation of 1.

Social Support

~ Social support was measured using three scales that assessed social support received

from the parther, family (other than the partner), and friends. Social support from the
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partner was assessed with a sevenfitem scale; social sqpport from family and social

- support from friends were each assessed using an eigHt—item scale Participants.
responses to each item included: strongly agree, agree, neither agree nor dlsagree,
disagree, or strongly dlsagree Partlcrpants responses were assrgned pomts in
decreasing order from 4 points for strongly agree to 0 pomts for strongly disagree. The
points for all the |tems in each scale were summed to produce the three total socual
support scores for the partner, family, and frlends. lndlylduals without a;partner were
assigned a score of O for the partner social suppdrt scale' A higher score indicated
greater social support. Each social support variable was standardlzed to a mean ofO and
a standard deviation of 1 and these standard|zed contlnuous varlables were used for

the analysis(79).




Table 4.5: Prenatal Health Project Predictor Variables Creation and Coding

Variables
Age

Residency in
Canada

M arital
Status

Parity
Planned

Pregnancy
Education

Workforce
Participation

Household
Income

Questions Available in Dataset

Date of birth

What country were you born in?

What year did you come to
Canada?

What is your current marital status?

List of previous pregnancies
Outcomes of previous pregnancies
Was the current pregnancy
planned?

What is the highest level of formal
education you have completed?

What best describes your current
employment status?

What is the best estimate of total
household income before taxes last
year?

Original Coding in Dataset
Recruitment date, birth date

Canada, list of other countries

Numeric lists of years

Married, common-law, single/never
married, separated/divorced, or
widowed

Count variable

Live birth, stillbirth, or miscarriage
Yes or no

Elementary school, some high
school, high school, some
college/university, college,
university, trade school, or other
Employed full-time, employed part-
time, temporarily laid off/leave of
absence, looking for work,
homemaker, or other (students,
self-employed, etc.)

< 10k, 10k-14999, 15k-19999, 20k-
29999, 30k-39999, 40k-59999, 60k-
79999, or > 80k

Re-Coding for Analysis

Age = recruitment date - birth date
Continuous, rounded down to the year

Canada, other

Years in Canada = recruitment year - year came
to Canada

Three categories: born in Canada, > 5 years, <5
years

Three categories: Married; common-law;
single/never married, separated/divorced

Number of previous live births
Binary: 0, >1
Binary: yes, no

Binary: college/university, other

Three categories: not employed voluntarily;
employed part-time, student, not employed but
looking for job, disability/sick leave; employed
full-time

Three categories: < 30k, 30k-79999, >80k



Difficulty
Affording
Food
Nausea
Severity

Physical
Activity

Smoking

Depression

Stress

Anxiety
Social
Support

Extracted from a financial strain
index: perceived difficulty level
affording food

Have you changed your eating
habits due to nausea...?

Have you visited a doctor due to
nausea or vomiting?

How often do you currently
exercise?

What is the duration of your
exercise?

Have you ever smoked?

How many cigarettes do you
typically smoke now?

The Center for Epidemiological
Studies Depression Scale (CES-D)

Stress scales: chronic strain scales
(family strain, general strain,
relationship strain, caregiver strain,
economic strain, and occupational
strain) and stressful life events
scales

State Trait Anxiety Index (STAI)
Social support scales: perceived
social support from partner, family,
and friends

Very difficult, somewhat difficult,
not very difficult, or not at all
difficult

Yes or no

Yes or no

Never, once or twice a month, once
or twice a week, 3-4 times a week,
or 5 or more times a week

Less than 15 min, 15-29 min, 30-60
min, or more than 1 hour

Yes or no

Numeric response

Index with continuous data

Indices with continuous data

Index with continuous data
Indices with continuous data

Three categories: very/somewhat difficult, not
very difficult, not at all difficult

Three categories: did not change eating habits or
visit the doctor due to nausea; changed eating
habits but did not visit the doctor due to nausea;
visited the doctor due to nausea (regardless of
whether or not they changed their eating habits)
Three categories: under-exercisers (twice a week
or less for 60 minutes or less, 3-4 times/week for
29 min or less); optimal exercisers (3-4
times/week for 30-60 minutes); over-exercisers (
5 or more times a week and/or more than an
hour each time)

Binary: smoker (ever smoker who smokes at
least 1 cigarette now), non-smoker (never
smoker or ever smoker who smokes 0 cigarettes
now)

Binary: evidence of depressive symptoms (CES-D
> 16), lack of evidence of depressive symptoms
(CES-D < 16)

Sum of chronic strain and stressful life event
scales

Continuous, standardized

Continuous, standardized
Separate scores for partner, family, and friends
Continuous, standardized
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. '4.2.4 Predictor Variables: Geographic Variables

Food stores used in this study included convenience stores, fast food restaurants,
grocery stores, and grocery stores or local markets with fresh food. Food venues in
London and Middlesex were classified into these four categories based on a food

inventory database(55, 56).
Proximity Variables

There were four variab_les that described proximitu of food sources in re_Iation to
participants’ residences: distance to nearest convenience store, distance to nearest fast
food restaurant, distance to nearest grocery store, and distance to nearest grocery store
or local market with fresh food. These proximity variables were determined using the
street network file and the Network Analyst extension in the software, ArcGIS 9.3. These
variables represented the shortest pathWay along the street network from the
participants’ residences to the specific food venue. They were measured in metres but
converted to kilometres and retained as continuous variables for the analysis.
Density/Presence tliari’ables

There were erght densrty vanables that descrrbed food establrshments surroundmg
partrcrpants homes: number of convenlence stores, number of fast food restaurants,
number of grocery stores, and number of grocery stores or lo‘ca:l markets wrth" fresh
food. Each of these variables was assessed within 500 metresy(approximately a five
mlnute walk) and 1000 metres (approxrmately a ten mlnute walk) of partrcrpants
resrdences The density vanables were created using the Network Analyst extensron of
ArcGIS 9.3 to determine the number of food establlshments wrthln 500 metres and 1000
metres from participants' residences. The density variables were measured as count
varlables but were coded as bmary variables for the anaiysrs, where partrcrpants had
elther no food establlshments or any food establlshments within 500 or 1000 metres

from thelr resrdences These binary variables represented presence of food sources, in

contrast to the density variables, whlch measured number of food sources.
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Geographic Residence

Women were categorized as urban or rural where women residing in the suburban

areas were classified as rural, according to the classification by Statistics Canada(82).

4.3 Data Analysis

AII statistical analyses were conducted in SAS 9. 2 Partrclpants were excluded from
the analyses if they had an energy mtake value not wrthln two standard devratlons of the
sample mean, which would indicate implausible energy consumption (please see
Appendix F for calculation). Missing values for variables were dealt with using pairwise
deletion, where particip‘ants Were excluded from certain analyses if they had missing

data for the particular variable used in that analysis. 0

' 4.3.1 Descriptive

For the bmary and categoncal predrctor vanables the proportron of women wuthm
each category was calculated The means, medrans, and standard devratrons were
devratlons were also calculated for the overall DQI Pm scores and for each DQI Pm
component The frequency and percent of women who had suffrcrent mtake for overall
- DQI-P, and for each component with and wrthout consrdermg nutrients consumed
through supplements, were noted. Criteria used to determlne sufﬁcrency for each

component and overall DQI-P,, score can be found in table 4.1.

' 4.3.2 Univariable Regression

Univariable linear regression was conducted for all the variables on DQI-P,, and

regression coefficients, p-values, and confidence intervals were obtained.
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. 4.3.3 Consideration of a Multi-Level Analysis .

* An Intraclass Correlation coefficient (ICC) was calculated to determine the
proportion of the va}iance in DQI-Py, that may exist at the community-level using DA as a
proxy for community (see Appendix G). This analysis sUggested that the proportion of
the variation found at the community-level was not significant and that a multi-level
analysis may be unnecessary, since there would only be a small proportion of the
variance to explain. It was decided that the geographic variables Would be retained as
individual-level variables and that all analyses would be conducted at the individual-

level.

" 4.3.4 Multivariable Regres'sion'

Multivariabllev linear regression Wés conducted with the predictor variables on DQI-

Pm. Modeling was conducted as a stepwise procedure where variables were entered in
blocks according to the conceptual model (figure 3.1) with automated backwards
elimination at each step. Variables were entered into the multivariable regression if they
were significant (p-value less than 0.2) in the univariable anaylysis. The first block of
variables was entered into the analysis and the variable with the largest p-value (greater
than 0.2) was backward eliminated. Variable; were eliminated one by one until ali
variables in the model had p-values less than 0.2. Subsequently, the next block of
* variables was entered and the process was repeated until all variables were entered and
all p-values were less than 0.2. Three models were conducted from the three

accompanying blocks. The third model was trimmed using backward elimination to
| create a parsimonious model with only variables that were significant at a p-value less

than 0.05. Beta coefficients, p-values, and confidence intervals were calculated.

Two of the presence variables were found to be quite similar after re-coding from
ordinal to binary: presence of grocery stores and presence of grocery stores or local
markets. Thus, only one of these two variables could be used in the analysis, so the

presence of grocery stores or local markets with fresh food variable was chosen to be
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used in the analysis because it provided more detail regarding availability of fresh food

compared to only grocery stores.

-+ Adecision was reached to only include the number of food sources within 500
metres variables in the multivariable analysis and not include number of food sources.
within 1000 metres or distances to food sources variables since these‘ three variable -

categories measured similar constructs and were thus highly correlated.

Interactions between fast food restaurants W|th|n 500 metres of partncnpants homes
and specific social determinants (mcome level and marltal status) were mvestlgated A
two degree of freedom (DF) test for interaction was conducted for each interaction
separately within the parsimonious model. Interactions were considered statistically . .

significant at a p-value less than 0.05.

A Sensitivity analysis was conducted using backwards eiirriinat‘idh'*j'ratherthari o
stepW|se entry of variables with backwards elimination at each step, to determme if
Simllar results would have been achieved regardless of the model bundlng procedure

used
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Chapter 5: Results

5.1 Descriptive Results

:After exclusion of women outside of 2 SD for'energy i'ntake,th'e‘ total sample size was
2282 women. The 2282 women of the PHP resnded in 555 different communltles or DAs.
The average number of women per DA was 4 wrth a mode of 2 women per DA Number
of women per community ranged from 1to 40 women; however, 105 communities only
had one resident of the PHP where only one community had 40 residents (please see

table 5.1).

The characteristics of the sample are described in table 5.2 for categorical and binary
variables and table 5.3 for continuous variables. The variables with the most missing -
values were stress with 131 women missing and household income with 120 women
mlssmg The median age of the women in our cohort was 30 years old. A hlgh proportlon
of the sample was married (77%), college or umversrty educated (72%), and employed
fUII-time (63%). Half of the women in the sample were nulliparous and 73% planned
their pregnancies. Forty-seven percent of the women lived within 500 metres of at least
one convenience store, 33% lived within 500 metres of at least one fast food restaurant,
and only 11% lived within 500 metres of at least one grocery store or local market with
fresh food. Furthermore, the median distances to the nearest fast food restaurant and

grocery store were 477 metres and 931 metres, respectively.

. The descriptivestatistics‘for.the DQI-Py, score and each component are displayed in
table 5.4. The median DQI-P, score for our cohort was just below 80% where only 2.45%
of women were found to be sufficient for all the components and thus achleved the
maX|mum DQI -Pn score of 100% On average, women were not consumlng the o
recommended servmgs for grams and frwt/vegetables with median servmgs of 4 21 and
6. 93 respectlvely Also only 4. 73% of women in our cohort were found to have -

N sufflcrent iron mtake through dlet alone
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5.2 Univariable and Multivariable Regression Results °

Results for the unlvarlable and multlvarlable regresswns of DaQl- Pm on predlctor
variables are dlsplayed in table 5.5. Please note that dashed linesin the table represent
varlables that were entered and subsequently backward ellmlnated, or in the case of
-yariables that were insignificant in the univariable 'ana|ysi§j yyeré not entered into model
1. The shaded cells in the table represent variable blocks that have not yet been entered

into the model.

Among the geographic variables that were not included in the multivariable analysis,
only the variable measuring presence of convenience stores within 1000 metres was.
_significant; specifically, women residing within 1000 metres ofi_at least one convenience
store had 1.7% (95% Cl = -3.26%, -0.15%) lower DQI-P,, ,scoresthan women not residing
within 1000 metres of any convenience stores. Fast food restaurants and grocery stores
or local markets within 1000 metres, and distances to nearest convenlence stores, fast
food restaurants, and grocery stores were not found to be sngmflcant in the umvanable

analyses.

-~ All three variables assessing presence of food sources within 500 metres of
participants’ residences were significant in the univariable analyses at a p-value less than
0.2. Specifically, all three variables indicated that residing within 500 metres of at least

one compared to none of the particular food venues resulted in lower diet quality.

Workforce part|c1pat|on and geographlcal re5|dence were both msrgnlflcant (p20.2)
in the umvarlable analyses and subsequently, were not mcluded in the multlvarlable

analysrs

~ The following variables were significant at a p-value less than 0.2 in the univariable
analyses but did not retain significance after all the blocks were entered. Planned .
pregnancy was backward eliminated from the multivariable analysis when added in.
model one. Age retained statistical significance in model one but was no longer

significant in model two. Difficulty affording food did not retain significance in the
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multivariable model when added in model two. Household income level was significant
in model 2 but was backward eliminated in model 3. Depression, social support from the
-partner, presence of convenience stores wnthln 500 metres, and presence of grocery
stores or |ocal markets wnthm 500 metres were aII entered mto model three but dld not

retam sugnlflcance and were subsequently backward ellmlnated

Stress was significant in the univariable analysis and was entered in the multivariable
model but there were concerns wnth multlcollmearlty 50 stress was selectrvely removed

from the multlvarlable analysrs this is dlscussed in further detall in Appendlx H.

The following variables were significant in model three at a p-value of 0.2 but were
not at a significance level of 0.05 and as a result, were not included in the parsimonious
model: education level, nausea severity, friend social support score, and presence of fast

food restaurants within 500 metres of participants’ homes.

Residency in Canada, marital status, parity, physical activity, smoking, anxiety levels,
and social support from the family were the only variables that remained significant at a
p-_value less than 0.05 in the final parsimonious model. Recent immigrants who had
resided in Canada for five years or less were found to have a 3.31% (95% Ci=0.44%,
6.19%) increase in DQI-P,, score compared to women who were born in Canada.
Compared to married women, common-law women had a 3.07% (95% Cl=-4.97%, -
1.16%) decrease in DQI-P,,, score. Women with a parity of one or more were found to
have a 2.57% (95% CI=1.27%, 3.88%) increase in DQI-Py, score compared to nulliparous
~ women. Women who were classified as under-exercisers had a signrficantly lower DQI-
Pm score than women classified as optimal exercisers; specifically, on average scores
were 3.66% lower (95% Ci=-5.54%, -1.79%). Smokers compared to non-smokers had a
3.28% lower DQI-Py, score (95% Cl=-5.61%, -0.94%). For the relationship between
anxiety levels and diet qualrty, with each standard deviation increase in the STAI score,
DQI-Pr, decreased by'0.95% (95% CI=-1.64%, -0.26%). Greater perceived social support

from the family was found to be associated with an increase in DQI-Py, scores;
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specifically, one standard deviation increase in the family social support score was

associated with a 0.73% (95% Cl=0.05%, 1.42%) increase in DQI-Pr, score.

The interactions investigated of presence of fast food re's‘t}au’rahts within 500 metres
with marital status and with income wére‘both found to be ihsighificant a p-value of
0.05. Please refer to table 5.6. . B

The same results were obtained for the sensitivity analysis using backwards

elimination, where model 3 and the parsimonious model remained unchanged.



Table 5.1: Frequency of DAs with Specified Number of Women per DA ¢

1 105 18.92

2 113 20.36

3 84 15.14

4 72 1 12.97

5 59 10.63

6 42 7.57

7 119 3.42 ...
8 18 3.24 .

9 6 1.08 -
10 9 162 o
11 8 1.44 .
12 6 11.08
13 1 0.18
14 2 0.36 -

16 3 0.54 .
17 3 0.54 :
20 1 0.18 .
22 2 0.36
39 1 0.18 -+ -
40 1 1 0.18
TOTAL 555 100 ’
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Table 5.2: Descriptive Statistics for Sample: Binary & Categorical Variables (N = 2282)

59

728(32.00) -

o Y
Residency in Canada Lifetime (born in Canada) 2267 | 1931(85.18) 15
>5 years | 213(9.40) :
<5 years . 1 123{5.43)
Marital Status Married 2281 | 1759(77.12) 1
' Common-law - | 349(15.30)
Single/separated/divorced - ' 173(7.58)
Parity 0o . 2282 | 1131(49.56) 0
21 ° 1151(50.44)
Planned Pregnancy No 2282 | 626(27.43) 0
R Yes . |"1656(72.57) .
Education Level Completed university/college | 2279 | 1638 (71.87) 3
Other ' | 641(28.13)
Work Force Participation Employed full-time 2265 | 1425(62.91) - 17
Employed part-time® 528(23.31)
Not employed voluntarily 312(13.77)
Household Income < 30k 2162 | 246(11. 38) 120
‘ 30k-79,999 ‘ 1086(50.23) =
280k | 830(38.39)
Difficulty Affording Food Very/somewhat difficult 2279 [.177(5.13)." |3
~ Not very difficult - '|'596(26.15) .. |
Not at all difficult | 1566(68.71) -
Nausea Severity No diet change/doctor visit 2277 | 898(39.44) 5
Changed diet/no doctor visit 997(43.79)
Visited doctor’ _ 382(16.78)
Exercise Under-exercisers 2278 | 1570(68.92) = .| 4
Optimal | 328(14.40)
, Over-exercisers .1 380(16.68) |- -
Smoking during Pregnancy No 2266 | 2040(90.03)- - :{-16
: Yes 0 1226(9.97)
Depression {CES-D) No 2268 | 1851(81.61) 14
L © Yes | 417(18.39) -
Geographical Residence Rural 2275 | 132(5.80) - - 7
' ' Urban | 2143(94.20)
Presence of Convenience 0 2272 | 1192(52.46) 10
Stores within 500 m 21 -7 1080(47.54)
Presence of Fast Food 0o . 2273 | 1517(66.74) 9
Restaurants within 500 m 21 | 756 (33.26) . B
Presence of Grocery Storesor 0 2275 | 2032(89.32) 7
Local Markets within 500 m 21 | 243(10.68) .- '
Presence of Convenience 0 2272 | 510(22.45) 10
Stores within 1000 m 21 1+ 11762(77.55)
Presence of Fast Food 0 2273 | 674(29.65) 9.
Restaurants within 1000 m 21 | 1599(70.35) - -
Presence of Grocery Storesor O 2275 | 1547(68.00) 7.
Local Markets within 1000 m 21 o '

'Also includes students, unemployed but looking for job, and on disability/sick leave
“Subjects visited the doctor but may or may not have changed their diet due to nausea




Table 5.3: Descriptive Statistics for Sample: Continuous Variables (N = 2282)

Predictor Variables (Continuous)
Age (years)
Stress (standardized)
Anxiety (STAI; standardized)
Social Support from Partner (standardized)
Social Support from Family (standardized)
Social Support from Friends (standardized)
Proximity of Nearest Convenience Store (Km)
Proximity of Nearest Fast Food Restaurant (Km)
Proximity of Nearest Grocery Store (Km)

N
2282
2151
2277
2281
2278
2274
2275
2275
2275

Proximity of Nearest Grocery Store or Local Market (Km) 2275

Mean
29.61
0.00
0.00
0.00
0.00
0.00
0.58
0.71
1.24
1.05

Median
30.00
-0.16
-0.16
0.37
0.44
-0.12
0.36
0.48
0.93
0.89

SD
4.98
1.00
1.00
1.00
1.00
1.00
0.99
1.25
1.68
0.92

Missing
0
131

N N NN oA O

Table 5.4: DQI-PmComponents: Descriptive Statistics & Sufficient Intake (food only and food + supplements)

Variable Mean Median SD Missing # with Sufficient Intake:
food only
DQI-Pm(%) 77.07 79.65 15.73 15 56(2.47)
Grains (servings/day)  4.51 4.21 1.99 6 261(11.47)
Fruit/Vegetables 7.43 6.93 3.38 10 860(37.85)
(servings/day)
Fat Energy (%) 28.92 28.87 4.23 0 2107(92.33)
Calcium (mg/day) 1087.90 1122.27 431.09 0 1319(57.80)
Iron (mg/day) 13.13 12.65 4.61 0 108(4.73)
Dietary Folate 468.97 447.85 164.00 O 758(33.22)

Equivalents (pg/day)

*No quantitative variable for calcium supplement

# with Sufficient Intake:
food + supplements {%)
107(4.85)

N/A
N/A

N/A
N/A*

1575(69.02)
1913(83.83)

°9



Table 5.5: Univariable & Multivariable Linear Regression of Diet Quality (DQI-Pm) on Predictor Variables

Predictor Variables

Age3
Residency in Canada

Marital Status

Parity
Planned Pregnancy

Education Level

Work Force Participation

Household Income

Difficulty Affording Food

Nausea Severity

Lifetime (born in Canada)
> 5 years

<5years

Married

Common-law
Single/separated/divorced
0

>1

No

Yes

Completed university/college
Other

Employed full-time
Employed part-time

Not employed voluntarily

< 30k

30k-79,999

>80k

Very/somewhat difficult
Not very difficult

Not at all difficult

No diet change/doctor visit
Changed diet/no doctor visit
Visited doctor

Univariablel

0.27(<.0001)
Reference

-0.52(0.6489)
3.56(0.0153)

Reference
-4.73(<.0001)
-5.16(<.0001)

Reference
2.16(0.0011)

-2.49(0.0008)
Reference

Reference
-3.61(<.0001)

-1.22(0.2175)

-0.37(0.7420)
Reference

-4.45(<.0001)
-2.21(0.0021)
Reference

-3.42(0.0234)
-1.48(0.0504)
Reference

Reference
1.10(0.1294)
0.91(0.3434)

Model 1

N=2252

Rz=0.024
0.11(0.1164)
Reference
-0.88(0.4377)
2.98(0.0420)

Reference
-4.09(<.0001)
-4.29(0.0009)

Reference
1.56(0.0237)

Beta (p-value)

Model 2
N=2134
Rz=0.026

Reference
-0.80(0.4960)
3.71(0.0194)

Reference
-2.98(0.0034)
-2.26(0.1259)

Reference
2.17(0.0012)

eference
1.62(0.0542)

i i 8
H H B B

i

-2.51(0.0514)
-1.61(0.0294)
Reference

Model 3
N=2086
Rz=0.048

Reference
-0.99(0.4046)
3.79(0.0160)

Reference
-2.54(0.0142)
-1.27(0.3833)

Reference
2.61(0.0001)

Reference
-1.11(0.1844)

Reference
1.19(0.1072)
1.40(0.1582)

Parsimonious2
N=2209
R2=0.046

Reference
-0.89(0.4355)
3.31(0.0239)

Reference
-3.07(0.0016)
-2.42(0.0666)

Reference
2.57(0.0001)



Exercise

Smoking during Pregnancy

Depression (CES-D)

Stress’

Anxiety (STAI)

Social Support from Partner
Social Support from Family'
Social Support from Friends'
Geographical Residence

Presence of Convenience
Stores within 500 m
Presence of Fast Food
Restaurants within 500 m
Presence of Grocery Stores or
Local Markets within 500 m
Presence of Convenience
Stores within 1000 m
Presence of Fast Food
Restaurants within 1000 m
Presence of Grocery Stores or
Local Markets within 1000 m

Under-exercisers
Optimal
Over-exercisers
No

Yes

No

Yes

Rural
Urban
0
>1
0
>1
0
>1
0
>1
0
>1
0
>1

Proximity of Nearest Convenience Store (Km)'
Proximity of Nearest Fast Food Restaurant (Km)
Proximity of Nearest Grocery Store (Km)'

Proximity of Nearest Grocery Store or Local Market (Km)'

-3.88(<.0001)
Reference
-1.19(0.3131)

Reference
-5.79(<.0001)

Reference
-2.90(0.0007)
-0.63(0.0085)
-1.73(<.0001)
1.23(0.0002)
1.28(0.0001)
1.19(0.0003)
Reference
0.046(0.9740)
Reference
-1.83(0.0059)
Reference
-2.20(0.0018)
Reference
-1.52(0.1570)
Reference
-1.70(0.0317)
Reference
-0.89(0.2217)
Reference
-0.57(0.4196)
-0.049(0.8838)
-0.051(0.8473)
-0.005(0.9793)
0.46(0.1961)



1All predictor variables significant at p <0.2 in univariable were included in multivariable analyses

2Includes only predictor variables significant at p < 0.05

3Variables are continuous

4Stress was excluded from the analysis because there were concerns with multicollinearity (please see Appendix H)

Note: dashed lines represent variables that were entered and subsequently backward eliminated; or in the case of variables that were insignificant in the
univariable analysis, were not entered into model 1. The shaded cells in the table represent variable blocks that have not yet been entered into the model.



Table 5.6: Two Degree of Freedom F-Tests for Interaction Assessed within the
Parsimonious Model

Interaction F-value P-value
Marital status*Presence of fast food within 500 m 0.59 0.5535
Income*Presence of fast food within 500 m 1.28 0.2781

64
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Chapter 6: Discussion -

6.1 Main Findings<

The main objective of this study was to detefmine the individual-level and
community-level determinants of diet quality in pregnancy. The intuition was to
construct a multi-level model. A decision was made to not proceed with a multi-level
analysis since an insignificant ICC was calculgted, which indicated that a small proportion
of the variability in diet quality existed between communities. It would be unnecessary
to conduct a study to explain such a small proportion of the variance. A Canadian study
conducted in Hamilton also found that for health indicator variables, such as health
problems and health related quality of life, a small proportion of the variance was
explained based on the enumeration area or the comrﬁunity-leve} studieyd(83).“"

6.1.1 PHP Factors

in our study, the following variables retained 5|gn|f|cance in the multwarlable
parsimonious model and were considered to be the most |mportant determlnants of
diet quality in pregnancy: residency in Canada, parity, marltal status physncal actuwty,

smokmg, anxiety levels, and social support from the famzly

For the multivariable results, recent immigrants who resided in Canada for 5 years or

less were found to have a significant increase in DQI-P,, score compared to women who
were born in Canada. Similar results were found in an American study that assessed diet
quality of Mexican women who were born in the United States compared to immigrant
worﬁen who had spent 5 years or less, 6-10 years, or 11 years or greater in America.
These authors also found that the most recent immigranfs who had resided in the
United States for 5 years or less had significantly better diet quality than all other
women(27). These results from our cohort are interesting considering that the ‘recent

immigrant’ category consisted of a heterogeneous group of women who had |
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immigrated to Canada from all over the world and yet diet quality on average was still

found to be better than Canadian-born women.

The Ilterature is generally consistent in the fmdlng that nulllparous women have
better diet quality than women with greater parlty and thlS flndlng has been replicated
in many populations using different measures of dlet quahty(l 2 19 25, 38) In our study,
the effect of parity on diet quality was found to be the opposnte of what has been found
prewously in the literature, where a parity count of one or more was assocnated with
better diet quality. It has also been observed in a past study that women in our cohort
were more likely to meet Canada’s Food Gu:de recommendatlons for all four food .
groups if they had a parity of 1 or more compared to nulliparous women(4). Perhaps
these results were observed because the women in our cohort are unique in the fact
that the majority were highly educated, employed full-time, and married. Based on 2006
" Census data, 55% of Canadian women aged 15-44 had post-secondaryeducation

compared to about 72% of the women in our study(84). Perhaps these results are biased
as a result of our highly educated cohort. Another explanation is that these women may
be more likely to consume meals as a family, resulting in the observed association
between parity and diet quality. A small study of employed parents used cluster analysis
to identify a select group of participants who were consuming the majority of their
- meals as a family. Of all the clusters identified this ‘family meal’ cluster most resembled
the PHP cohort i in regards to the hlgh proportlon of women who were marned and
hlghly educated These researchers found that mdrvaduals belonglng to this cluster had
more chrldren than the other two cIusters and aIso had the hlghest HEI scores, which is
consnstent w:th our flndlngs regardmg parlty(85) Based on these results, our cohort may
have conS|sted of a greater proportlon of women who prepared home cooked meals,
where other studies that observed the opposite association between parity and diet -
quallty, may have had a lower proportion of this specific ‘meal pattern’ type, however,

we would require more information to substantiate this claim.

There IS no consensus ln the llterature on the assoc:atlon between mantal status and

diet qualrty One study that also used the DQI-P to assess dlet quallty found that diet
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qu‘ality;was significantly lower in separated, divorced, or widowed pregnant women
compared to married women in a univariable analysis(28). We also observed this
association in our univariable analysis but this association was not significant in the
parsimonious model. Furthermore, a consistent significant difference was observed -
between common-law women and married women in regards to DQI-Pp, score, where
married women had better diet quality. Past studies of marital status and diet quality in
pregnancy generally have not included a separate cornmon-lavy category for the marital
status‘variable; however, recent studies have shown that common-law women are more
similar to diyorced or separated women than married women in regards to some health

behaviours(64,‘6‘5)’.‘

A previous study has found that vigorous leisure activity prior to pregnancy was
significantly associated with better diet quality in pregnancy, which is consistent with .
better diet quality compared to women who exercise below the recommendations(28).
Smoking during pregnancy was found to be significantly related to DQI-P, scores in our
study where this finding is generally consistent with past studies(2, 19, 38). It is not:
surprising that both under-exercisers and smokers tended to exhibit lower diet quality
since individuals who demonstrate an unhealthy behaviour in one aspect of their lives

generally behave similarly for other aspects(86). o N

In our study, STAI scores were found to be significantly associated with diet quality in
pregnancy. Anxiety in pregnancy is generally an understudied area, but one study did
find similar results to ours where anxiety was positively associated with some unhealthy

dietary intakes; such as greater consumption of fats, oils, sweets, and snacks(45)."

The I|terature is generally |n agreement with our fmdrngs that greater socral support
is assocrated wrth better dlet quallty(27 46 47). The majorrty of studies have only
focused on soual support overaII and not speC|f|c sources of social support One small
study of Iow income pregnant women assessed percerved socual support from the v‘ N

partner and from others whlch mcluded famrly and close frlends These researchers
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found that social support from family and friends was significantly correlated with health
behaviours, such as adequate diet, where partner social support did not appear to be
correlated with diet quality(46). This is consistent with‘ our results where social support
from the family was found to be the most influential social support variable and social
support from the partner the least influential, since it was the first of the three to be

eliminated from the parsimonious model. .

Workforce part|C|pat|on was not found to be significant in the univariable analysis
and th|s could have been a result of the categorization of the variable; the ‘employed
part-time’ workforce participation category included a heterogeneous group of women
‘who classified themselves as students, working part-time, looking for work or on a leave
of absence. Furthermore, many of the women in our cohort were employed full-time,
which reduces the variability of the workforce participation variable. On the other hand,
there may not have been a true association between workforce participation and diet
quality in pregnancy. Another study also failed to find a significant association between
women who were employed compared to women who were not employed during
pregnancy and nutrient,inadequaCy(3). Furthermore, the only study that did find an
association betwe’en occupation and diet quality in pregnancy assessed the occupation

of the women’s partners rather than the women themselves(2).

Past studies in the ‘l’i‘terature have generally found that the most importa\nt
predictors of diet quality in pregnancy were age and education, yet these variables did
not retaln srgnlflcance in our fmal multlvanable model(l 3, 19, 25, 38). This was most
hkely observed because varrables in the conceptual model which are more proximal to
the outcome may have attenuated the effects of age and education since these variables
are con5|dered to be pathway varlables Ieadmg to some of the variables more proxumal
to the outcome Furthermore, the other studles that found significant assocrations ’

, between age and/or educatlon and dlet quahty in pregnancy employed drfferent
methods and used dlfferent predlctors than thrs study Two of the studles used PCA and
| two other studles Iooked at spec1f|c nutrlents rather than a diet quallty mdex as therr

outcome(z 3, 19 38) The study by Bodnar and Srega RIZ only reported a unrvarrable
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instead of a multivariable analysis. They found similar findings to ours where age and
education were both'sig’nificantlyvassociated with diet quality in pregnancy at the

- univariable level(25). Finally, Rifas-Shiman and colleagues did conduct a multivariable
analysis using a diet quality index and found age and education to still be significantly
associated with diet quality, albeit attenuated compared to the univariable analyses;

however, these authors used fewer predictors than this current study(1).

6.1;2 Geographic»Factor’s

To our knowledge, only one other study has focused on the effect of‘g’eogr“aph‘y on
diet quality in pregnancy and this study found that increased pr‘oximity,to grocery stores,
supermarkets, and convenience stores all increased diet quality(25). In this past study,
the finding that convenience store proximity increased diet quality seems counter-
intuitive since convenience stores generally have minimal healthy.fresh food choices(87).
Also, this study did not investigate the relationship between fast food restaurants and
diet quality, where our study did focus on fast food restaurants, convenience stores, and
grocery stores. In our study, the presence of at least one grocery store or local market
with fresh frunts and vegetables was found to decrease diet quality in pregnancy (atap-
value < 0. 2), even though this finding was not consistent with our hypothesis it is |
explainable since grocery stores and markets also provide access to a wide variety of
unhealthy food choices. Moreover, having at least one fast food restaurant or
convenience store within 500 metres of the participants’ homes significantly decreased
diet quality compared to not residing within 500 metres; however, these associations
were only ‘sig‘nifican‘t'at a p-value less than 0.05 in the univariable analyses. When
included in the multivariable analysis, the effect. of fast food ‘fest‘hutants within 500
metres on diet quality attenuated and only sh‘o‘t/vedv a ttend toward significance. Itis
ooSSibIe that this attenuation'of geo‘g‘raphic variables in: the ‘rnultivari‘ableanalysis was a
result of dlrected pathways between earller variables in the conceptual model and
geographlc varlables ‘A post- ‘hoc analysns conducted showed that a parsumonlous model

mcIudmg only the block three varlables and not any earller variables resulted in a
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statistically significant association between presence of fast food restaurants within 500
metres and diet quality (please see Appendix |). Another posSible explanation is that the
univariable analyses with geographic variables may have been confounded by various
factors such as marital status and parity, which could determine where an individual
resides and thus the availability c‘>f~food sources, which would indicate that access to

food sources may not play a major role in diet quality in pregnancy.

Other studies have investigated the associations between access to food outlets and
diet quality in the general population, rather than pregnant women specifically. Among
these studies there have been inconsistent results. A national multi-level study was
conducted in New Zealand to determine tﬁe associations between fruit and vegetable
consumption and distan;e to fast food outlets. Vegetable intake was found to be
significantly lower for individuals who resided in communities with better access to fast
food restaurants; however, no significant associations were obsgrved for fruit intake(88).
These same authors also assessed neighbourhoo’d access to supermarkets and
convenience_sfores and the relationship with fruit and vegetable intake and found a
significant negative association between vegetable intake and access to convenience
stores} similarly, no significant associafions were observed with fruit intake. Afso, no
significant associations were found betweén fruit or vegetable intake and accessibility of
supermarkets(89). The authors concluded that neighbourhood access to food sources -
may not be a major determmant of dlet-related health outcomes whlch is conStstent

W|th our flndlngs of pregnant women in London, Ontario.

~In the United States, there is some evidence that neighbourhood access to -
sup'ermarkets'may have an impact on diet quality for the general population of
Americans. Findings from the Atherosclerosis Risk in Communities Study indicated that
among African Americans, number of supermarkets within the census tract was
significantly associated with increased fruit and vegetable consumption, where this
association was not significant for Caucasian reSidents(SO). Another American study
focused on grocery store access and the.in-store shelf space devoted to fruits and . -

vegetables. This study also indicated that vegetable intake was significantly associated
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with access to a grocery store; furthermore, there was a significant dose-response

- relationship observed between fresh vegetable shelf space and servings of vegetables
consumed(91). Access to food sources may play a role in diet quality in some
populations, such as these American populations studied but it does not appear to be an

important factor in our population of London, Ontario pregnant women.

Contrary to the findings in the United States, a quasi-experimental study conducted
in the United Kingdom showed that fruit and vegetable consumption did not improve
after a new superstore was built in an economically deprived area compared to a control
town where there was no intervention. Rather, both the intervention and non-
intervention communities showed an‘increase in fr‘uit and vegetable consumption after
the new suberstore opened. The authors concluded that the introduction of the new
superstore in an area where fresh food sources were previously scarce, did not seem to

‘improve fruit and vegetable consumption(92). Another UK study was conducted with the
purpose of assessing attitudes and behaviours of low income 'men and-women in regards
to availabiliry and accessibility of fruits and vegetables. In the opinions of the -+
participants, accessibility was not a major issue preventing them from consuming the
recommended amounts of fruits and vegetables. Of the individuals who did not own a
vehicle, 71% did not find it difficult to visit a supermarket where only 10% of all the

participants did report difficulty accessing a supermarket(93)." =+

We did not find an association between urban end rural London areas and DQ-Pr.
There is a lack of evidence in the literature linking geogranhic‘area with diet quality in
pregnancy. A study in Finland compared diet patterns of pregnant women who resided
in the city of Tampere compared to the city of Oulu. Tampere is the larger of the two
and it is located in the South of Finland whereas Oulu is located in the North. When
comparing women'’s diet patterns between cities, tne authors found that women in the’
larger Southern city, Tampere, were significantly more likely to have a ‘Healthy’ diet
pattern than women resudmg in Oulu(38) In the United States, dret quahty was
compared between the general populatlon of mdlvrduals re5|d|ng in Maryland North

Carolina, and New York where New York re5|dents were found to have healthier drets
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than the other two regions(94). Perhaps women residing in Lond'on, Ontario are fairly
homogenous in regards to diet quality and we may have observed a difference in diet
quality if we compared women in London to women residing in another city in Ontario.’
Furthermore, there is not a lot of variability in the geographical residence variable in our

cohort, where the majority of the women resided in urban London.

6.2 Strengths and Li.mitations

One of the'rhajer.‘strengths of this study was the cohort of deen used Vforeanalysis '
since these women were recruited through the Prenatal Health Project, which was a
large prospective cbhert .s'txudy; The data for the PHP wtere ca tefully mputted i‘nfto the
database and cross- checked for errors, where mlssmg values were mlnlmlzed A |
limitation of the PHP is that the sample was a convenlence sample, which may |Imlt the
generalizability of the study to some extent, It has been noted that the partlclpants of
the PHP are more educated than the general Canadian populatlon, however, the general
birthing population of London has been found to be similar to the PHP in regards to age
distribution, marital status, height, pre-pregnant weight, and parity(84, 95). Furthermore,
women who did not receive an ultrasound within 10-21 weeks of gestation would not
have been sampled in this cohort} however, most women do receive an ultrasound

within this timeframe so the women excluded due to this would be negligible(96).

" Since the data coIIeCtibn fo'r‘the PEHP had already been completed prior to the
analysis for this study, there were some variables that could not be measured in the
conceptual model. These included fatigue during pregnancy and access to
transportation; however, fatigue was not frequently found in the literature to be a major
contributor to diet quality in pregnancy and since access to food sources were assessed
using walking distance and not by driving distances, access to transportation was not an

important factor(45).

There are strengths and Ilmltatlons to usmg FFQs. FFQs have been cr|t|C|zed for not

producmg vaI|d estlmates of food and nutrient intake. FFQs cannot p055|bly capture alI
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food items consumed by participants and may underestimate n'umber of servings.
Nutrient values calculated from an FFQ may also be inaccurate since actual food
consumption is not quantified. On the other hand, FFQs are appropriate to use in studies
for the purpose of ranking individuals according to intake and to capture usual
consumption, where this was the purpose of thrs study to be able to contrast sufficiency
of dlet in the partncupants based on various determlnants(ls) Furthermore, the FFQ used
in our study has been valldated for use in our cohort Usage of the DQI Pm isa major
strength of the study, since this measure alms to capture overall dlet quallty rather than
focusing on minor components of dlet or nutrltlon, Wthh has been done in prevnous
studies. As mentloned above, the mherent errors that may eX|st by usmg the FFQ could
result in measurement error in the DQl- Pm but th|s wnll most I|kely not sufﬁcuently affect
the results smce any error in the DQI Pm W|II be expected to be approxmately the same
among partrcnpants(lS) The orlglnal DQI P was developed and shown to be an accurate
measure of dlet quallty ina comparable populatlon of pregnant women resrdmg in the

Unlted States(25)

A further strength of this study was that a Geographic Information System (GIS) was
used to precisely measure the distance and number of food sources in relation to

participants’ homes(97).

6.3 Conclusions and Future Directions

This research was novel since it incorporated the effects of geographic as well as
sociodemographic factors, mental health, and other pregnancy-related variables to
predict diet quality in pregnancy. Overall, our findings indicated that pregnant women
who were born in Canada, common-law, nulliparous, less physically active, smokers,
more anxious, and perceiving less social support from their family were more likely to
have lower diet quality in relation to respective comparison groups. In our cohort,
presence of fast food restaurants, convenience stores, and grocery stores do not appear
to be major contributors of diet quality in pregnancy after controlling for other variables.

Our cohort is unique since the majority of the women are highly educated; food access
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could still play a role in diet quality in other populations. Perhaps a future population-
based study could investigate the impact that food access may have on the d|et quallty
of the more general Canadian populatlon rather than our cohort of highly educated

pregnant women

‘Dissemination of the study results witl prqceed through p(ubli’cat'ion ina péér,
reviewed journal and through presentations at relevant epidemiology and health
conferences. Our results may have implications for public health intervention..
Subgroups of pregnant women who may be at greater rlsk of low dlet quality, such as
women who are Canadian-born, nulhparous, unmarrled more anxious, and lacking
support from the family, could be targeted to recelve more information on the
importance of healthy eating durmg pregnancy and how to establish a healthy diet.

urthermore promotlon of health |n|tlat|ves such as lncreasmg phy5|cal actwrty and
quitting smoklng may be important since these behavnours were found'to be
significantly related to low diet quality and indicvative of clustering of unhealthy
behaviours among some pregnant women. It is impe‘r‘tant' for women to eat well,
exercise, and to avoid smoking during pregnancy for theiﬂr own benefit and especially for

the well-being of their infant.
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Appendix A: Comparisons of Dietary Intake Measures

Table A.1: Strengths and Limitations of Dietary Intake Measures(15)

| Strengths

-Can capture diet intake over a
long period of time: generally
studies of reproducublhty are falrly
good

-Approprlate when study requires

individuals to be ranked on diet
-Generally easier for people to
remember their usual food intake
than to remember specific food -
eaten on one occasion

-Generally inexpensive

-Fairly low respondent burden

-| -Based on actual data: can be used to measure -

absolute intake rather than an estimate

-Open ended: not limited by categories, allows
specificity of food type and quantity

-Sensitive to cultural differences in food not
limited to certain food

| eating

-Minimal response .
burden ‘
-Respondent does not
need to be literate
-Less likely to aIter
diet if unaware of-
study at the tlme of

-Is not dependent on
memory: subject can
measure food quantity
consumed

-Accurate portion sizes
can be obtained - - -

Limitations

-Restricted to certain food items:

‘may not be able to capture entire
diet, especially in culturally

diverse populations
-Specuﬂc food items are usually

- | grouped together in one question

-Portion sizes may be perceived
differently from person-to-person

-Limited by frequency categories: .

exact Lfrequ‘ency of intake is not
observed

-Generally not the best method to
use to obtain accurate nutrient
intakes: not based on actual data
SO respondents may not
remember exactly how often they
usually eat specific food

-One/a few days of food mtake is not going to be
representative of entire dlet overa perlod of
time BRI ,
-Part|C|pants are more Ilkely to become Iess

“motivated as the number of days reqmred are

increased
Inapproprlate for assessmg past dlets especnally
an issue for retrospectlve studles

-Expensnve .

‘type of food -

-‘Requires a great deal of
motivation for subjects:
could lead to low
response rates -
-Dependent on literacy
-Subjects may
consciously alter diet if
they are aware that they
are recording food

-Dependent on .
memory: subject is
required to remember

consumed and
especially the
quantity

intake for a study
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| Appendix B: Diet Quality Measures used in the Literature

Table B.1: Diet Quality Measures used in the Literature: Components of Measures and
Population Studied

Children aged 2-8 |

2009

Knol, 2005 Cluster analysis & principal components analysis (PCA)
to find eating patterns; validated using Healthy Eating
Index (HEI){98) | :

Kourlaba, HEI: recommendations for grains, vegetables, fruit, Children aged 2-5

2009 dairy, meat, total fat, saturated fat, cholesterol &
sodium intakes, variety of foods in diet(99)

Beydoun, HEI,: total fruit (includes juice); whole fruit (not juice); | Parents aged 20-

2009 total vegetables; dark green & orange vegetables & 65 and children

S legumes; total grains; whole grains; milk; meat & aged 2-18
beans; oils; saturated fat; sodlum, calories from SO|Id
fat, alcohol & added sugar(22)

Bodnar, 2002 | Diet Quality Index for Pregnancy (DQI-P): Pregnant women
recommendations for grains, vegetables, fruits, folate, |- '
iron, calcium, percentage of calorles from fat, and meal |
pattern score(25)

Laraia, 2004 DQI-P(29) Pregnant women

Laraia, 2007 DQI-P(28) Pregnant women

Harley, 2006 DQI-P: without meal pattern component(27) Pregnant women

Watts, 2007 DQI-P (modified): saturated fat and cholesterol Pregnant women
components were added and diet variety was assessed o

L rather than the meal pattern score(30) .

Rifas-Shiman, | Alternative Healthy Eating Index for Pregnancy (AHEI- | Pregnant women

P): vegetable, fruit, ratio of white to red meat, fibre,
trans fat, ratio of polyunsaturated to unsaturated fatty
acids, folate, calcium, and iron(1)

Hure, 2009 Australian Recommended Food Score (ARFS): Women (pregnant
vegetables, fruit, grain, dairy, nut & beans & soya, . & non-pregnant)
meat, fish, fat(20) o ;

Thompson, PCA(18) ' - - Pregnant women

2010 o -

Arkkola, 2008 | PCA(38) Pregnant women

Northstone, PCA(19) Pregnant women

2008
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Table C.1: Determinants of Pregnant Worhén's Dfét Quality Identified in the Literature

Age

Arkkola, 2008 Positive(38) -
Bodnar, 2002 Positive (25)°
Northstone, 2008 Positive (19)
Rifas-Shiman, 2009 Positive (1)
Watson, 2009 Positive (2) -
Ethnicity Bodnar, 2002 Black(25) White; Black
' Harley, 2006 Mexican Mexican immigrants;
; : immigrants(27) American Mexicans
Northstone, 2008 White; non-White
Watts, 2007 White(19) White; Native
Rifas-Shiman, 2009 White(30) White; Black
SRS “ Null(1)
Marital Status Laraia, 2007 Married(28) Married; single;
' divorced/separated/
' widowed
Northstone, 2008 Null{19) Currently has partner;
no partner
Pinto, 2009 Null(3) Married; not married
Parity Arkkola , 2008 Negative(38)
Bodnar, 2002 Negative (25)
Northstone, 2008 Negative (19)
Planned Pinto, 2009 Positive(3)
Pregnancy Arslan Ozkan, 2010 Positive (40)
Education Arkkola, 2008 Positive(38)
Bodnar, 2002 Positive (25)
Northstone, 2008 Positive (19)
Pinto, 2009 Positive (3)
Rifas-Shiman, 2009 Positive (1)
Watson, 2009 Positive (2)
Occupational Watson, 2009 Positive(2)
Status Pinto, 2009 Null(3)
Income Bodnar, 2002 Positive(25)
Pinto, 2009 Null(3)
Rifas-Shiman, 2009 Null{1)
Severity of Pinto, 2009 Positive(3)
Morning Watson, 2009 Negative(2)
Rifas-Shiman, 2009 Null(1)

Sickness
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Laraia, 2004

Physical Activity | Laraia, 2007 Positive(28)
Level Watson, 2009 Positive(2)
Smoking Arkkola , 2008 Negative(38)
Laraia, 2007 » Negative(28)
‘Northstone, 2008 Negative(19)
Watson, 2009 Negative(2)
Pinto, 2009 Nuli(3)
Depression Harrison-Hohner, 2001 | Negative(44)
‘ ‘ Okubo, 2011 Negative(43)
Stress’ Hurley, 2005 Negative(45)
Anxiety | Hurley, 2005 Negative(45)
Northstone, 2008 Negative(19)
Social Support Harley, 2006 Positive(27)
Schaffer, 1997 Positive (46) -
Canella, 2006 Positive (47)
Geographical Arkkola , 2008 Tampere(38) Tampere; Oulu (Two
Residence cities)
Proximity of Laraia, 2004 Positive(29)
Convenience | S o
Stores :
Proximity of Positive(29) -

Supermarkets
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Appendix E: Extracted Pages of Prenatal Health Project

Questionnaire

Thank you for providing us with some information about your lifestyle. It is
important for us to know something about your financial situation, I realize theee )
are extremely personal matters and I wish to assure you again that your responses
will be kept strictly confidential,

PARTICIPANTS MAY DECLINE TO RESPOND TO THIS QUESTION AS |
THEY FEEL IT IS TOO INVASIVE. YOU MAY NEED TO PROMPT SOME - - - i
RESPONDENTS AS TO SOURCES OF INCOME, WE ARE INTERESTED IN : :
ALL SOURCES INCLUDING MOTHER'S ALLOWANCE, WELFARE, -~ ni 0k

* DISABILITY, UNEMPLOYMENT INSURANCE, PENSION, ST UDENT R :

LOANS, LOTTERY WINNINGS, INHERITANCE : _ ' ) |

29. What is your best estimate of the total income Qj_aimgm%e_[% of your household from all ]

sources before taxes and deductions for the past P(g_a_[ otal’income | mean fotal gross . ¢
income from paid employment, government assistance, student foans or lnhentance c o

. Was the total household income:

: C) Less than $10 000 L

> Less than $15,000 —-. :

ip » lo , $10,00010 $14,999
<> Less than $30,000 .

Greater than or < $15 000 to $19 999 .

(=) equal to -

$?5,000 ) $20.000 to $29,999

o <> $30,000t0 $39,999

<> Less than $60,000 - , ’ —

Greater than or B © $40,000 to $59,999

$§0 000 Greater than or ¢>:$60,000 to $79,999
ual to —
50

0,000 < $80,000 of more -

o

<> NO INCOME
< DON’T KNOW
< REFUSE TO ANSWER

30. When you think of Pyour financial situation overall, how difficult would you say it Is to meet each of the following

commitments? (Please refer to the column iabelled A from your response option table.)

Would you say that tend(s) to be very difficult, somewhat difficult, not very difficult, or not at all difficuit.
Very somewhat Not very Nat ot pll - Not B
. diffteutt ditticult ditdicult «HHHHH gppl!uble
Housing &> @ (©] N ' N
e anG i inieiatn ol BraR Sl o B & mvs s
3 Children's clothing < @D Ci’)‘ ) N Qi
6?“3' HnarRersonal eXpR NS e s K I IR R
Transportation <o (2] D (@]

HukrChild caraior babysitting e B A [c1]
Child's recreational activities <D (&»] [« [} o
s NMedical expenses LI BRI R e

Dental expenses D @ LD @
B rOpticalaXpen SO s O R I I

Is there any other commitment that is difficult to meet financially? . - <> Yes = O No =
(Please spsclfy)

Thank you for telling me about your financial commitments, Now [ would like to know
a little bit about your energy level and the time it takes to do things on most days.
(Please refer to column B in your response option table.)
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Appendix F: Implausible Energy Intake Calculation

Calculation of cut-points to determine women who are outside of 2 standard

deviations (SD) for energy intake:

Mean of energy intake = 2022.225 kcal/day
sD of energy infake = 753.89423 kcal/day
.?.*SD = 2(753.89423) = 1507.78846 kcal/day

Cut-point of women greater than 2 SD of energy intake = 2022.225 + 1507.78846 =
3530.01346 kcal/day

Cut—point of women less than 2 SD of energy intake = 2022.25 —1507.78846 =
514.43654 kcal/day
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Appendix G: Intraclass Correlation Coefficient Calculation

Intraclass Correlation Coefficient (1CC) for my outcome variable, DQI-Pm, based on DA-

level:
Covariate Parameter: DA = 3.4392; p = 0;1429
Covariate Parameter: Residual = 244.43; p <0.0001 .~

ICC = Covariate Parameter: DA / (Covariate Parameter: DA + Covariate Parameter:

Residual)
ICC =3.4392 /(3.4392 +244.43)

ICC = 0.0139

- LVThe_fcovariatc‘e parameter DA’ explains the amount of variance at the community--
level. The variance is found to be statistically insignifieant_; in other words, there is no
significant variation between communities. The ICC explains the proportion of variation

at the community-level and at a value of 0.0139, it is not substantively large(100, 101).
Average number of women per DA

There were approxumately 4 women per DA on average and about 19% of the DAs
onIy had one re5|dent The small group size comblned wnth an In5|gn|f|cant ICC justlﬁes

the decnsmn to do an |nd|V|duaI level ana|y5|s rather than a mult| Ievel analysis(100, 101)
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Appendix H: Multicollinearity Issues with Stress Variable =

The stress variable, which had a significant negative association with DQI-Pr, in the .
univariable analysis, was found to be positively associated with DQI-Py, when included in
the multivariable analysis. One explanation for the observation of variables in the
multivariable analysis with signs in the opposite direction of expected is multicollinearity
within the model(102, 103). The potential for multicollinearity of the stress variable with
other similar variables in the model was further inspected. First, the betas and p-values
of the mode! 3 variables where compared to each other in two different models: when
stress is included and when stress is excluded from the model. The presence of the
stress variable appeared to affect the income, anxiety, and social support from the
partner variables specifically (Table H.1). The relationships/correlations between these
three variables with the stress vériable were explored. The stress variable appeared to
be highly correlated with both anxiety and social support from the partnef (Table H.2).
Stress also appeared to be significantly associated with income level in a generalized
linear modeIV(TabIe H.3). Furthermore, a multivariable model was constructed using all
the variables from model 3 (including stress) but exduding the anxiety, income and,
social support from the partner variables. When comparing the beté and p-values of this
model to the model 3 with stress in table H.1, it appears that the beta value attenuates
and the p-value becomes less significant to the point where stress is no longer significant
ata p-value of 0.2 when these three variables are not included in the same model as the
stress variable (Table H.4). Finally, the Variance Inflation Factors (VIFs) were calculated
for all model 3 variables including and excluding stress (Taﬁle H.5). According to Freund
et al, an appropriate cut-off for the VIFs to determine if multicollinearity is affecting the
estimates is 1/(1-R*)(102). Since the R? for both of the model threes is quite low
(approximately 0.05 for both), the appropriate cut-off for the VIFs would be only 1.05.
The majority of the variables are over this cut-off but one of highest VIFs is observed for
the stress variable. The high VIFs observed for the exercise variables are a result of the

reference category chosen and thus in this case, the multicollinearity of the exercise



95

variables does not affect the model estimates(io4). The majority of VIFs, and all of the

higher VIFs, attenuate when model 3 does not include stress.

Based on all the evidence illustrated above, it was decided that there was most likely
an issue of collinearity with the stress variable, so stress was selectively removed from

the final multivariable model.




_Table H.1: Comparing Effects of Stress Variable on Model 3 Variables
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Presence of Fast Food Restaurants within 500 m.

21

No Stre : ‘
Residency in Canada Lifetime (born in Canada) Reference Reference
> 5 years -0.89(0.4536) | -0.49(0.6850)
_ < S5years 4.05(0.0107) | 4.19(0.0101)
Marital Status ‘Married Reference Reference
Common-law -2,59(0.0112) | -2.77(0.0099)
Single/separated/divorced -1.15(0.4407) | 0.13(0.9432)
Parity 0 Reference Reference
>1 2.62(0.0001) | 2.50(0.0006)
Education Completed university/college , .Reference
Other N -1.34(0.1298)
Household Income < 30k -1.61(0.2131) | -1.76(0.2058)
30k-79,999 -1.28(0.0831) | -1.24(0.1078)
280k Reference Reference
Nausea Severity No diet change/doctor visit - - | Reference-—
" Changed diet/no doctor visit 1.20(0.1042) | --------nnnnnaee-
Visited doctor 1.40(0.1592)
Exercise Under-exercisers -3.33(0.0006) | -3.19(0.0015)
| Optimal Reference Reference
Over-exercisers -0.31(0.7962) | -0.26(0.8349)
Smoking during No Reference Reference
Pregnancy Yes '-2.24(0.0755) | -2.63(0.0419)
Stress (Continuous) Removed 0.82(0.0797)
Anxiety (STAI) {Continuous) -0.80(0.0334) | -0.95(0.0276)
Social Support from Partner (Continuous) | seeeeeccceemennen 0.95(0.0428)
Social Support from Family (Continuous) 0.56(0.1346) | -----------one---
Social Support from Friends (Continuous) 0.53(0.1506) | 0.70(0.0624)
Reference '

-1.17(0.1103)

Table H.2: Correlations of Stress with Anxiety and Social Support from the Partner

Anxiety

0.538(<0.0001)

Social Support Partner

-0.402(<0.0001) -
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Table H.3: Standardized Stress Score Based on Household Income Level

<30K 0.89(1.24)
30K-79999K 1028 | 0.006(0.96)
280K 793 -0.37(0.76)

Generalized Linear Model: stress = household income level

F-value (p-value): 169.18 (<0.0001)

Table H.4: Beta Value (p-value) of Stress Variable in Modelz3 with and without Anxiety,
Social Support from Partner and Income Variables :




Table H.5: Variance Inflation Factors (VIFS) for Models with/without Stress
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Residency in Canada

Lifetime (born in Canada)

1.02

> 5years 1.02
< 5years '1.06 1.06°
Marital Status Married | o
Common-law 1.19 1.25
Single/separated/divorced 1.26 1.68
Parity 0 ; S
21 1.05 1112
Household Income < 30k 1.52 1.61
30k-79,999 1.22 1.27
280k v '
Nausea Severity No diet change/doctor visit
Changed diet/no doctor visit | 1.21 = = | =eeemmcmmmeeeen
Visited doctor 121
Exercise Under-exercisers 1.84 1.85
Optimal
Over-exercisers 1.80 1.82:
Smoking during Pregnancy No , o .
| | Yes 123|124
Stress (Continuous) c -Removed 1.85
Anxiety (STAI) (Continuous) 1.24 1.54
Social Support from Partner (Continuous) | csmmeeeceemeeeeen 1.69
Social Support from Family (Continuous) 120 | emeemmeeeeeeeee-
Social Support from Friends (Continuous) 1.19 1.15
Presence of Fast Food 0
>1 .07 | 7T

Restaurants within 500 m
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Appendix I: Post-Hoc Analysis with only Block 3 Variables

Table I.1: Parsimonious Multivariable Linear Regression of Diet Quality (DQI-P,)) with
only Block 3 Predictor Variables

Under-exercisers | -3.50(0.0002)
~Optimal | Reference - =

‘ i Over-exercisers | -0.88(0.4583)

Smoking during Pregnancy B ~ No ‘ | Reference

S B A L , Yes ' -4.54(<.0001)

Anxiety (STAI1) (Continuous) -1.25(0.0002)
Presence of Fast Food Restaurants within500m 0 - - Reference

>1 -1.67(0.0172)

Theory: Geographic variables are pathway variables between earlier predictors and

outcome

When earlier va_riables are not included in the analysis, the number of fast food
restaurants within 500 metres of pa rti_cipant‘sf homes becomes statistically significant at
a p-value less than 005, where it was not in the final parsimonious model of the main
analysis. This may be evidence that it is a pathway variable and that the effect was
attenuatéd in the main analysis because earlier variables in the pathway were |

AN

controlled.
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