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Abstract

Background—~Rapid development and westernisation in Kuwait and other Gulf states have been
accompanied by rising rates of obesity, diabetes, asthma, and other chronic conditions. Prenatal
experiences and exposures may be important targets for intervention. We undertook a prospective
pregnhancy-birth cohort study in Kuwait, the TRansgenerational Assessment of Children’s
Environmental Risk (TRACER) Study, to examine prenatal risk factors for early childhood
obesity. This article describes the methodology and results of follow-up through birth.

Methods—Women were recruited at antenatal clinical visits. Interviewers administered
questionnaires during the pregnancy and collected and banked biological samples. Children are
being followed up with quarterly maternal interviews, annual anthropometric measurements, and
periodic collection of biosamples. Frequencies of birth outcomes (i.e. stillbirth, preterm birth,
small and large for gestational age, and macrosomia) were calculated as a function of maternal
characteristics and behaviours.

Results—Two thousand four hundred seventy-eight women were enrolled, and 2254 women
were followed to delivery. Overall, frequencies of stillbirth (0.6%), preterm birth (9.3%), and small
for gestational age (7.4%) were comparable to other developed countries, but not strongly
associated with maternal characteristics or behaviours. Macrosomia (6.1%) and large for
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gestational age (23.0%) were higher than expected and positively associated with pre-pregnancy
maternal overweight/obesity.

Conclusions—A large birth cohort has been established in Kuwait. The collected risk factors
and banked biosamples will allow examination of the effects of prenatal exposures on the
development of chronic disease in children. Initial results suggest that maternal overweight/obesity
before pregnancy should be targeted to prevent macrosomia and its associated sequelae of
childhood overweight/obesity.
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Both developed and developing countries are experiencing a rise in complex chronic non-
communicable diseases.” 2 This is particularly evident in the Gulf Cooperation Council
(GCC) countries which have experienced dramatic economic and life style changes over the
last few generations, along with a dramatic rise in obesity, diabetes, asthma,
neurodevelopmental disorders, and cardiovascular disease. >

Lifestyle and personal behaviours have been suggested as important factors in this transition.
The diet in these countries has changed from the traditional high-fibre, low-fat Arab diet to a
western diet high in unhealthy fast food and sugar-sweetened beverages, with low intake of
fruits and vegetables.g"6 The rates of physical inactivity are very high.5'6 Cigarette smoking
rates are high among men, although not as frequent among women, but hookah (water pipe)
smoking is increasingly common.>’

Along with this rapid transition in lifestyle and behaviours, there is growing evidence that
these chronic diseases have roots early in the developmental process. Adverse health
trajectories established in early life may have long-term consequences, a notion grounded in
the theory of the early-life origins of chronic disease.” Characteristics of the /n utero
environment, independent of genetic susceptibility, influences fetal development that then
sets the stage for chronic disease expression across the life course.g‘12

The Jin utero and neonatal developmental periods are important “critical windows’ during
which the rapidly growing fetus and newborn are particularly susceptible to nutritional,
chemical, and psychosocial toxins.**14 Environmental exposures during these periods may
enhance vulnerability to a number of leading maternal and child health problems, including
adverse pregnancy outcomes, neurodevelopmental outcomes, allergic sensitisation,
respiratory disorders, and obesity and other metabolic disorders.

A number of environmental exposures linked to child health and developmental outcomes™
are prevalent in Kuwait and other GCC countries. These include dietary deficiencies (e.g.
vitamin D)16’17 and elevated body burdens of environmental contaminants, such as heavy
18 . . 195 L2123 o .
metals,” persistent organics, <" and pesticides. In addition, environmental exposures,
. 25 . .26 .
such as tobacco smoke,” " indoor aeroallergens,” outdoor air pollution,” and psychosocial
stress,27 are prevalent in Kuwait and have been linked to chronic conditions of adults and
children. Other environmental exposures of potential regional concern include chlorination
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disinfection byproducts (DBPs) and desalination of drinking water.”® All have the potential
to influence developmental processes beginning in pregnancy.

Numerous birth cohorts have been established in Europe and North America,zgv30 but in
Arab countries, despite increasing public health research,31 there are few, if any, such
studies. Yet, exposures unique to this region of the world, coupled with the dramatic increase
in chronic diseases, make it imperative to evaluate the impact of these environmental factors
on this increasingly high-risk population.

The TRansgenerational Assessment of Children’s Environmental Risk (TRACER) Study is a
longitudinal Kuwait-based prospective cohort study designed to examine the influence of
ongoing environmental exposures (including physical, chemical, and psychosocial factors)
on early-life programming of chronic disease risk. The study is a pregnancy-birth cohort
with data being gathered prospectively over the course of pregnancy with follow-up of
children up to age 3 years. The primary hypothesis is that prenatal exposures to
environmental contaminants are associated with increased risk of adiposity of infants at 3
years of age. Secondarily, we hypothesise that pre-natal environmental exposures are
associated with early phenotypes of allergy and asthma of infants at 3 years of age.
Environmental factors that are prevalent in Kuwait and have been previously implicated in
early-life programming of costly chronic diseases in other studies around the world include
environmental contaminants, such as methyl mercury, arsenic, and other metals, pesticides,
and persistent organics; dietary factors, including vitamin D deficiency; indoor and outdoor
air pollution; indoor allergens; and stress.

In this article, we describe the recruitment and follow-up of this pregnancy-birth cohort and
present the distribution of maternal characteristics and the prevalence of preterm birth and
low and high birthweight in during follow-up between May 2012 and August 2015.

Recruitment, prenatal evaluation, and follow-up

The TRACER study was open to both Kuwaiti and non-Kuwaiti women attending the
primary public health clinics in each of the six Kuwaiti governorates and three additional
private clinics/hospitals. In Kuwait, the government provides antenatal health care at primary
health care clinics in each governorate. Many Kuwaiti pregnant women elect to receive
antenatal health care at public clinics but give birth at private hospitals. Non-Kuwaiti
pregnhant women tend to utilise the public clinics and hospitals for both antenatal care and
delivery. Medical records may be kept by the health care clinic, but are often kept by the
patients. Medical records are generally not shared between clinics or between antenatal
clinics and delivery hospitals. Therefore, TRACER research assistants were placed in each
participating clinic and hospital to collect data from the participants and their medical
records.

Permission to recruit participants, to collect data, and to collect biological samples was
obtained from the administration and the obstetricians at each health centre. The study was
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reviewed and monitored by institutional review boards at both the Harvard T.H. Chan School
of Public Health and the Dasman Diabetes Institute.

Obstetric clinic staff provided a project brochure to women attending the antenatal clinics
and referred interested women to our onsite research assistant. The research assistant
explained the study, determined eligibility (pregnant, 18-45 years old, fluent in Arabic or
English, and willing to participate), and provided informed consent documents for the
pregnant woman and her husbhand. Upon completion of the informed consent by both the
woman and her hushand, the woman was enrolled, often at a following clinic visit, and
collection of data and biological samples would begin.

Prenatal risk factors were measured via interviewer-administered questionnaires, and
biological samples were collected at the participants’ regular clinical visits (Figure 1). On
enrolment, an interviewer administered a questionnaire, which obtained information about
demographics, socioeconomic status, family structure, household characteristics,
reproductive history, and medical history. Women reported their height and weight before
pregnancy. In addition, the mother’s current measured weight with clothes and standing
height were extracted from the medical record.

Personal smoking and exposure to environmental tobacco smoke during pregnancy were
assessed by a questionnaire. The participants were asked ‘Have you ever smoked tobacco
products?’ and ‘Do you currently smoke tobacco products’ to define past and current
smoking during pregnancy. Women were asked to quantify the number of hours of exposure
to environmental tobacco smoke exposure per week at home and outside of home separately
for cigarettes and hookah (also known as shisha, narghile, and hubble-bubble). We defined
home environmental tobacco smoke as 1 h or more exposure to cigarettes or hookah per
week.

At the second follow-up clinical visit (median 29 weeks’ gestation), participants completed a
Kuwait-specific food frequency questionnaire (Kuwait FFQ 2009, ©Hamilton Health
Sciences Corporation)”™ and a stress questionnaire that included four global and seven
pregnancy perceived stress questions.g'z'33

During the clinical visit for glucose tolerance testing (22—28 weeks), participants were
administered a structured questionnaire on their physical activity. Women were asked if they
regularly participated in specific exercises (slow to moderate walking, brisk walking,
jogging, running, aerobic exercise, sports, or lifting weights), including frequency and
duration per week. They were also asked if they were employed in a physically demanding
job and the intensity and duration per week.

At the third follow-up clinical visit (median 33 weeks’ gestation), participants completed a
questionnaire on vitamin supplements and Kuwait-specific fish consumption.

*Provided by Hamilton Health Sciences Corporation through its Population Health Research Institute. Adapted and reproduced with
permission of publisher, PHRI. All rights reserved.
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Multiple biological samples were collected during pregnancy and banked for future analyses
at the Dasman Diabetes Institute (Figure 1). Blood spots were collected at enrolment and at
the third follow-up clinic visits. Venous blood collected during the glucose tolerance test
(22-28 weeks) was separated, aliquoted, and stored at —80°C for future analyses. Lead
exposure was measured with a spot blood sample (LeadCare® 11 Blood Lead Test). A
maternal hair sample was collected during the third trimester visit.

On the morning of the second and third follow-up visits, participants collected first void
urine samples at home which they brought to the clinic. These urine samples were aliquoted
and stored at -80°C.

During the clinic visit for glucose tolerance testing, participants were instructed on the
collection of repeated saliva samples (upon waking up, 45 min, 4 h, and 10 h after waking
up, and before retiring to bed) on two separate days. These samples were stored in the home
freezer until picked up by the study staff and then stored at —80°C.

The status of the pregnancy was recorded at each follow-up encounter. Weeks of gestation at
each encounter were estimated using the interview date and date of last menstrual cycle.
Stillbirth was defined as pregnancy loss after 20 weeks and preterm birth as birth before 37
weeks of gestation.

Postnatal follow-up

Within 3 months following the expected delivery, the mother was called to obtain the baby’s
birth date, birthweight and length, and mode of delivery. The mother was asked to recall her
last measured weight at the end of her pregnancy and any diagnosis and treatment for
gestational diabetes and gestational hypertension.

Babies were excluded from follow-up if a fetal chromosomal abnormality was reported,
which may influence outcomes being studied or if the baby required care in the neonatal
intensive care unit (NICU) which included mechanical ventilation or high-level oxygen

therapy at the time of birth.

The mother and newborn were visited at home within 3 months of delivery, where blood
spot, hair, and anthropometric measures of the child were collected. A repeat maternal saliva
sample was collected as described above.

The World Health Organization (WHO) birthweight percentile for gestational week
calculator was used to define small for gestational age (below the 10th percentile, SGA) and
large for gestational age (above the 90th percentile, LGA). Babies with a birthweight of
4000 g or more were classified as high birthweight (macrosomia).

In continuing follow-up, the mother and newborn are being interviewed periodically (by
phone or home visit) quarterly from birth to age 3 years (Figure 1), to ascertain respiratory
symptoms (e.g. wheezing, eczema, allergic rhinitis), and the child’s diet (transition from
breast milk or formula to solid food). Each postnatal telephone interview includes
administration of the Edinburgh Postnatal Depression Scale (EPDS) to the mother.*
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Annual in-person follow-up includes interviews to obtain interval exposure assessments (e.g.
parental and child diet and behavioural assessments) and outcomes of interest, as well as
anthropometric measurement of the child (Figure 1). Blood spot and hair samples from the
child also are collected. During the child’s first annual visit, mothers again provide repeated
saliva samples (five over one day) on two separate days. Blood lead of the child (LeadCare®
I1 Blood Lead) is measured at the child’s first and second annual visits.

Statistical analysis

Results

We examined the frequency of maternal characteristics (nationality, age, parity, income, and
education), maternal risk factors (pre-pregnancy overweight/ obesity, smoking,
environmental tobacco smoke exposure, and physical activity), and the frequency and
associations with birth outcomes (preterm birth, SGA, LGA, and macrosomia). Continuous
characteristics with symmetric distributions are presented as mean (xSD) and those with
non-symmetric distributions are presented as median (lower—upper quartile). Categorical
variables are presented as frequencies (%). Characteristics are presented overall and by
nationality and by birth outcomes and compared using the chi-square test. We further used
the Cochran—Armitage test to evaluate trends in ordinal variables. We calculated the 95%
confidence interval (95% CI) for the prevalence of preterm birth: macrosomia, large for
gestational age, and small for gestational age. Analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).

Study population

A total of 15 469 women were approached at the maternity clinics between May 2012 and
May 2015 (Figure 2) out of whom 10 982 (71%) were eligible. Of these, 2723 (25%)
women agreed to participate and 91% of those (2478 women) were enrolled and completed
the baseline questionnaire. The women who agreed to participate were similar in age
distribution to the ones eligible who did not agree to participate (Table 1); however, they
were more likely to be non-Kuwaiti, with a greater proportion recruited at public clinics
rather than private clinics (Table 1). In our study, 32% of Kuwaiti women attended public
antenatal clinics, but 86% gave birth in private hospitals, while 91% of non-Kuwait women
attended public antenatal clinics, but only 9% gave birth in private hospitals.

Most women were enrolled in the second trimester (1112 women, 48%), with 387 women
(17%) enrolled in the first trimester and 832 (36%) in the third trimester. In addition, 147
women completed the baseline questionnaire after delivery and had missing gestational age
information. There were 2254 (83%) women followed through August 2015. Of the women
who dropped out, the most common reasons given were ‘does not wish to participate’
(51%), ‘husband refused’ (17%), and ‘unavailable’ (14%). During this pregnancy follow-up,
there were 91 pregnancy losses (miscarriages or stillbirth), 19 twin pregnancies, and one
maternal death which excluded participants from further follow-up. Through August 2015,
there were 2254 deliveries and birth data were collected on 2245 children. In postnatal
follow-up, 37 infants have been dropped for neonatal intensive care unit admissions, eight
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for congenital abnormalities, six for child deaths, and one for maternal death after birth of
the child.

Table 2 presents the numbers of questionnaire and biological samples collected for the
participating women during their follow-up visits while pregnant, through birth as of the end
of August 2015.

Maternal characteristics

The majority of women enrolled (70%) were non-Kuwaiti (7= 1739), while 30% were
Kuwaiti nationals (7= 739). The mean age of the women was 28.4 years (+5.0), and the
median parity was 1.0 (interquartile range 0 to 2). The average pre-pregnancy BMI was 26.4
(+5.1) kg/m2. Age at enrolment, active smoking, and home exposure to ETS were similar in
Kuwaiti and non-Kuwaiti women (Table 3). However, a higher proportion of Kuwaitis
compared with non-Kuwaitis had three or more children, higher monthly income, and
education beyond high school.

Overall, more than half of the women were overweight (33%) or obese (22%) before they
became pregnant (Table 3). Only 6% (7= 143) of the participants reported smoking before
becoming pregnant. Current smoking during this pregnancy was very rare (2%); however,
exposure to home ETS was common (30%, Table 3). Only 26% of women reported any type
of regular exercise (slow walking or more) and only 12% reported regular exercise as
strenuous as brisk walking or vigorous work (Table 3).

Stillbirth and preterm deliveries

Birthweight

Among women recruited before 20 weeks of gestation (7= 1275), the frequency of stillbirth
was 0.6% (95% CI 0.2, 0.8). The proportion of women with pre-term deliveries was 9.3%
(95% ClI 8.1, 10.5). Preterm birth was more frequent among Kuwaiti women (12.6%)
compared with non-Kuwaitis (8.0%, Table 4). Preterm births were more frequent among
women who were active smokers (19.2%) compared with non-smokers (9.1%, Table 4).
There was no difference in preterm delivery by maternal age, parity, weight, physical
activity, or home ETS exposure (Table 3).

Small for gestational age (SGA) was reported for 7.4% (95% CI 6.4, 8.6) of births. There
was no difference in the frequency of SGA among Kuwaiti and non-Kuwaiti mothers, by
age, or parity (Table 4). Overweight and obese women had lower frequencies of SGA
babies.

Large for their gestational age (LGA) was reported in 23.0% (95% CI 21.1, 24.8) of births
and macrosomia in 6.1% (95% CI1 5.1, 7.1, Table 4). LGA and macrosomia were more
frequent among non-Kuwaitis, mothers who were older, who were overweight or obese prior
to pregnancy, and for second and later (parity 1+) births (Table 4).
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Discussion

The TRACER study successfully recruited a large number of pregnant women into a
prospective pregnancy-birth cohort in Kuwait. TRACER is one of the largest pregnancy—
birth cohorts in the region and the only one, to our knowledge, in the Arabian Gulf
countries. While more Kuwaitis were approached than non-Kuwaitis, we had higher
recruitment among non-Kuwaitis leading to a final distribution of nationalities similar to the
Kuwaiti general population. Long-term retention until delivery was fairly good among the
non-Kuwaitis and Kuwaitis (76% and 89%, respectively). The reasons most commonly
stated for dropping from the study were lack of interest, lack of time, or husband refusal.
Dropping out of the study is not unexpected as the Kuwait population is not accustomed to
prospective research studies. However, the fairly high retention rates suggest that this is
changing, and the value of local scientific studies is being appreciated. The value of this
study will grow as follow-up of these children continues.

Comparing the frequency of birth outcomes in this sample to regional and international data
is useful in understanding the comparability of the TRACER sample to other populations
and cohorts. Stillbirth rate was 6 per 1000 births, which is higher than but consistent with the
2009 estimated rate of 5 per 1000 births for Kuwait.*® The 9.3% proportion of preterm birth
from our study was slightly lower than the 9.7% among singleton births in the US in 2013.36
The 7.4% proportion of SGA was similar to the 6.3% among singleton births in the US in
2013.% However, LGA was found in about 23% of infants which is higher than the expected
10% using WHO standards, or rates among whites in the US (11.7%) in the late 1990s.”’

We found higher frequencies of preterm birth among Kuwaiti women, and higher
frequencies of macrosomia and LGA among non-Kuwaiti women. Kuwaiti women had a
higher socioeconomic status and more children than non-Kuwaiti women. The non-Kuwaiti
women are predominantly from other Arab and Asian countries. The maternal age
distribution was similar for Kuwaiti and non-Kuwaiti women. The frequency of pre-
pregnancy obesity was also similar, although non-Kuwaiti women were more frequently
overweight or obese than Kuwaiti women. Maternal age, especially being >35 years, was
associated with increased adverse pregnancy outcomes, such as macrosomia, which is
consistent with the literature.*® We found that pre-pregnancy overweight/ obesity was
associated with an increased risk of high birthweight.

The majority of women were recruited in the second trimester (48%) and a significant
proportion (35%) in the third. This limits our ability to evaluate pregnancy outcomes, such
as miscarriage and stillbirth, which may have occurred before a woman enrolled. For
outcomes assessed later in pregnancy or post-delivery, such as preterm birth and birthweight,
this is less of a concern. Compared with Kuwaiti women, non-Kuwaitis were less likely to
be recruited earlier in the pregnancy, but when we compared some of the baseline
characteristics by trimester of recruitment, we did not find any differences. Another concern
is the response rate of only 23% overall and only 13% among Kuwaitis. This response rate is
lower than other birth cohort studies such as 45% in the Norwegian Mother and Child
(MoBa)39 and 64% in the VIVA cohorts.40 The low response rate in our study may affect the
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external generalisability of our results, but is less likely to affect the internal validity of our
future analyses if confounders are adjusted for adequately.

Strengths of the TRACER study include the relatively large sample size for a prospective
birth and the unique ability to evaluate environmental health questions and pregnancy, as
well as child health outcomes, using urine, blood, saliva, and hair samples collected at
multiple time points across pregnancy in the understudied population of the Gulf countries.
We have collected detailed information about birthweight and pregnancy conditions within 3
months of delivery. The interviewer-administered questionnaire provides consistency and
clarity in the administration and understanding of questions by our participants, unlike self-
administered questionnaires. The TRACER design and measurements are consistent with
that of many other pregnancy cohorts in the US and European populations. To the extent that
common design elements facilitate comparisons across and within these studies, the power
to detect environmental risk factors will be significantly improved.

In conclusion, our study provides baseline maternal characteristics for a prospective
pregnancy-birth cohort that has the potential for a unique contribution to the environmental
risk factors of maternal and child health outcomes. The present findings suggest that LGA
and macrosomia are relatively common adverse pregnancy outcomes, with implications for
future maternal and child risk of chronic diseases, including type 2 diabetes and
cardiovascular disease. The prospective collection of maternal behaviours and biospecimens
during pregnancy in this population sample allows TRACER to evaluate environmental
factors unique to this region of the world that could be contributing to the increasing
prevalence of chronic diseases in Kuwait and other Arab countries. As such, TRACER can
fill a major research gap and has the potential to provide needed information about
pregnancy and early-life environmental risk factors of chronic diseases.
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Figure 1.

Schematic representation of data collection activities. Baby F-Up is home visit or phone
check. During phone checks, the mother is asked about her child’s symptoms of upper
respiratory tract infections, diagnosed lower respiratory tract infections (pneumonia and
bronchitis), asthma and wheezing, and eczema along with physician visits, hospital stay, and
list of medications used for each condition. In addition, we inquired about maternal
smoking, the child’s environmental tobacco smoke exposure, maternal stress, the child’s
feeding history, and the child’s day care.

Stress Q
PostNatal Check

Saliva Specimen
Collection
Hair Specimen

Anthropometry
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Figure2.
Flow chart showing the participation in the TRACER study.
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Comparison of pregnant women approached, eligible, and enrolled (% of eligible) into the TRACER study

Characteristic ~ Approached Eligible Enrolled (% Eligible)
Total 15 469 10 982 2478 23
Age group
<25 3362 2414 577 24
25-30 5281 3590 930 26
30-35 3579 2426 641 26
35+ 1827 1288 314 24
Missing 1420 1264 16 1
Nationality
Kuwaiti 8791 5723 739 13
Non- Kuwaiti 6573 5168 1739 34
Missing 105 91 0 -
Clinic
Private 5045 4210 585 14
Public 7762 6287 1740 28
Other 2657 485 153 32
Missing 5 0 0 -
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Counts of measures and biological samples at each study encounter

Prenatal maternal follow-up

Measures Timing Count %
Questionnaires
Baseline questionnaire  Enrolment 2478 100
Food frequency 2nd trimester 2161 878
Stress questionnaire 2nd trimester 2080 84
Fish, vitamin, exercise ~ 3rd trimester 2121 86
Biosamples
Mother blood spot 2nd trimester 1250 50
3rd trimester 2060 83
Mother venous blood 24-28 weeks 1465 59
Mother hair 3rd trimester 1826 74
Mother urine 2nd trimester 1222 49
3rd trimester 1680 68
Mother blood lead 3rd trimester 1577 64
Mother saliva 24-28 weeks 1006 41
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