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Background: Thyroid hormones regulate fetal growth and differentiation of several tissues. Maternal dietary patterns may be
correlated with changes in the level of neonatal thyroid-stimulating hormone (TSH). We hypothesized that since maternal
nutrition affects birth weight and offspring growth, it may also impact endocrine patterns in offspring. This study is aimed at
assessing the relationship between maternal dietary phytochemical index (DPI) in the first trimester of pregnancy and neonatal
cord blood thyroid hormone levels.

Methods: This cross-sectional study is a substudy of a birth cohort. Overall, 216 mothers, aged 16-45 years, were recruited in their
first trimester of pregnancy. To calculate DPI, the daily energy percentage of phytochemical-rich foods was divided by the total
daily energy intake. At delivery time, TSH and free thyroxine (FT4) levels were measured in cord blood samples using
chemiluminescence immunoassay.

Results: The mean (standard deviation (SD)) age of mothers was 29.56 (5.50) years, and 47% of newborns were girls. The mean
(SD) of DPI in the first, second, third, and fourth quartiles was 25.03 +4.67, 33.87 +2.18, 40.64 +2.10, and 51.17 +4.98,
respectively. There was not any significant correlation between DPI score with cord serum TSH and FT4 levels in crude and
adjusted analysis.

Conclusion: No significant relationship between maternal DPI with cord serum TSH and FT4 levels was shown. Limited
experience exists about the effect of maternal diet quality indices on neonatal thyroid function, and further studies are needed
in this regard.
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1. Introduction

Thyroid hormones regulate the growth of fetal and differen-
tiation of several tissues, such as brain, adipose tissue, and
bone. The physiology of thyroid significantly changes during
pregnancy and provides adequate hormones for the mother
and fetus. During early pregnancy, the growth and develop-
ment of fetus depend on the maternal thyroxine because the
fetal thyroid gland is entirely mature after 20 weeks of gesta-
tion [1].

Several factors including maternal thyroid diseases, some
drugs, type of delivery, dietary pattern, and birth conditions
are associated with changes in the neonatal thyroid-
stimulating hormone (TSH) concentration. Diet is one of
the lifestyle factors that influence the risk of thyroid disor-
ders [2, 3]. The neonatal thyroid is very sensitive to varia-
tions in maternal dietary intake. Neonatal TSH levels could
show the intake of some nutrients including iodine during
pregnancy. A healthy diet includes fruits, vegetables, nuts,
and fish and contains useful micronutrients that are impor-
tant for thyroid function [4]. These findings showed the
importance of maternal diet during pregnancy on neonatal
TSH levels [5, 6]. Proper nutrition and healthy dietary
pattern may improve maternal thyroid function. Studies
showed that fruits, vegetables, nuts, legumes, soya, whole
grains, and olive oil that contain phytochemical compounds
could reduce the risk of thyroid disorders [7, 8]. An easy and
practical method for investigation of phytochemical intake is
the calculation of dietary phytochemical index (DPI). DPI is
defined as daily energy percentage of phytochemical-rich
foods [9, 10].

The thyroid health of neonates has a significant effect on
brain development. Maternal and infant factors affect infant
TSH and thyroid hormone levels. However, conflicting find-
ings have been reported [11].

We hypothesized that since maternal nutrition affects
birth weight and offspring growth, it may also impact endo-
crine patterns in offspring. There is some evidence related to
single nutrients and thyroid function. However, there is few
evidence related to specific dietary patterns and thyroid
function. In fact, no studies have yet assessed the possible
impact of maternal DPI on neonatal thyroid function. Thus,
this study is aimed at investigating the association between
maternal DPI on neonatal cord blood thyroid hormone
levels.

2. Methods

2.1. Study Design and Participants. This cross-sectional
study is a substudy of the Prospective Epidemiological
Research Studies in IrAN (PERSIAN) Birth Cohort in Isfa-
han Center titled “Isfahan Birth Cohort” (IBC). The study
information was published previously [12].

Considering a significance level of 5% (z = 1.96), statisti-
cal power of 80% (z = 0.84), TSH variance of 4.84 [13], and
d=0.59, the sample size was calculated to be 228 subjects.
Due to the lack of completed data and the impossibility of
TSH measurement in some samples, the data of 216 subjects
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were finally analyzed. Written informed consent was
obtained from all participants.

According to inclusion and exclusion criteria, 216
mothers aged 16-45 years were selected for the present
study. The study protocol was explained to all participants.
A random table number was used to randomly select the
participants.

All questionnaires were asked by trained interviewers,
and their information was entered into the software for
analysis.

2.2. Inclusion Criteria. At least 1 year of living in Isfahan, no
history of infertility, birth in Isfahan hospitals, and no active
smoking before and during pregnancy are inclusion criteria.

Because we wanted to evaluate dietary intakes in the first
trimester, so we only include those who were in their first
trimester of pregnancy. In addition, the present study is a
substudy of PERSIAN Birth Cohort. In the birth cohort
study, several questionnaires were asked and blood samples
were taken in the first trimester of pregnancy.

2.3. Exclusion Criteria. Major risk of small for gestational age
(SGA) and intrauterine growth retardation (IUGR); medical
complications including hypertension, diabetes, or kidney
disease; cerclage until 24 weeks of pregnancy; and history
of stillbirth or preterm labor are exclusion criteria. Those
who were under thyroid disorder treatment, anemic, and
malnourished mothers were excluded from the study. Salt
restriction during pregnancy, maternal smoking, and anti-
thyroid drug usage were considered exclusion criteria.

The IUGR is diagnosed when the estimated fetal weight
is < 10% percentile for gestational age (GA) as calculated by
biometric measurements.

2.4. DPI Calculation. A validated semiquantitative food fre-
quency questionnaire (FFQ) with 90 items was used for the
estimation of phytochemical intake [12]. A face-to-face
questionnaire interview was conducted by trained inter-
viewers. Data was collected in the first trimester of preg-
nancy. Grams of household-defined portion sizes of food
items were calculated by Nutritionist IV software. The
method proposed by McCarty was used to calculate DPI
[14] by using the below formula:

[daily energy derived from phytochemical-rich foods (Kcal)]
[total daily calorie intake (Kcal))

DPI=

x 100

Fruits, vegetables, legumes, whole grains, nuts, soy prod-
ucts, olives, and olive oil were used for the calculation of the
DPI score.

2.5. Thyroid Function Measurement. A trained person
obtained cord blood samples. Samples were centrifuged
and were stored at —80°C. Chemiluminescence immunoas-
say with diagnostic kits of Bayer Company (Bayer
Healthcare, Siemens, Berlin, Germany) was used to measure
TSH and T4 concentrations (Vitros ECI; Ortho Clinical
Diagnostics).
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2.6. Statistical Analysis. Continuous quantitative and cate-
gorical variables were expressed as means + SD or standard
errors (SE) and numbers and percentages, respectively.
Bell-shaped curve and Kolmogorov-Smirnov test were used
to assess the normality of the data.

One-way analysis of variance (ANOVA) test was used to
compare the means of continuous quantitative variables in
different DPI quartiles. Analysis of covariance (ANCOVA)
test was used to compare the mean of adjusted dietary
intakes of macro- and micronutrients and food groups by
age, gender, and total energy between different DPI quartiles.
Frequencies of categorical variables among DPI quartiles
were assessed by the Chi-square test. The correlation between
DPI score (as continuous and quartiles) with LnTSH and
FT4 was evaluated using multiple linear regression model
adjusted with age, gender, educational level, income, physical
activity (PA), GA, body mass index (BMI), and total energy.
STATA 12.0 software (STATA Corp, College Station, Texas,
USA) was used for all statistical analyses. Statistically signifi-
cant was defined as P value less than 0.05.

3. Results

The data of 216 mothers aged 16-45 years old was analyzed.
The mean (SD) age of mothers was 29.56 (5.50) years. Forty-
seven percent of infants were girls. DPI scores in the first,
second, third, and fourth quartiles were < 29.84, 29.84-
37.25, 37.25-44.43, and > 44.43, and the mean DPIs were
25.03 +4.67, 33.87 +£2.18, 40.64 +2.10, and 51.17 +4.98,
respectively. The median (interquartile range (IQR)) for
TSH and FT4 was 6.85 (4.58, 12.35) and 1 (0.90, 1.10),
respectively. Table 1 shows the characteristics of participants
across various DPI quartiles. Participants in the higher DPI
quartile in comparison with lower quartiles have higher
BMI. However, differences in TSH, FT4, age, gender, and
total energy according to quartiles of DPI quartiles were
not significant (P > 0.05). Adjusted macro- and micronutri-
ents and food groups across DPI quartiles are present in
Table 2. Participants in Quartile 4 had higher adjusted
means of protein (%), carbohydrate (%), fiber, iron, and
magnesium and had higher intakes of whole grains and
fruits in comparison with Quartile 1 (P < 0.05). Participants
in Quartile 4 had lower adjusted mean fat (%) in comparison
with Quartile 1 (P < 0.05).

Table 3 shows the results of regression analysis between
DPI score (as continuous and quartiles) with LnTSH (TSH
had no normal distribution, so the LnTSH was used in the
analysis) and FT4 levels in crude and adjusted model with
age, gender, educational level, income, PA, GA, energy
intake, and BMI. There was not any significant relationship
between the DPI score with LnTSH and FT4 in crude and
adjusted models (P >0.05). The adjusted mean FT4 for
Quartile 2 was significantly more than Quartile 1 (Beta (SE) =
0.10 (0.04); P = 0.027).

4. Discussion

In the present study, the DPI score was not associated with
neonatal TSH and FT4 levels. So, no significant association

between neonatal thyroid function and maternal diet quality
index was shown in the present study. In previous studies,
no association was observed between diet and weight gain
during pregnancy with cord blood TSH levels [15].

Maternal nutrition during pregnancy may impact endo-
crine patterns in the offspring. Several studies suggested that
some dietary patterns and lifestyle were associated with the
risk of chronic diseases; however, there is not sufficient
information about the effects of the DPI on thyroid function,
particularly among pregnant women. Neonatal TSH is a sen-
sitive indicator that may be associated with nutritional status
of pregnant women [7].

Evidence has shown that some noncommunicable dis-
eases (NCDs) are correlated to utero and maternal factors
that influence fetal metabolism and development. It can be
considered the most important public health issue [16].
Maternal thyroid hormones especially during early preg-
nancy have an essential role in pre- and postnatal growth.
Proper maternal and neonatal thyroid hormones are needed
for neuropsychological development of the offspring [17].

Maternal thyroid hormones affect the development of
the fetal brain until the production of thyroid hormone
begins in the fetus at about 16-20 weeks of gestation. How-
ever, some nutrients such as iodine during whole pregnancy
affect fetal thyroid function [18].

A normal diet and healthy diet are essential for a healthy
pregnancy and optimal fetal and child development. A nor-
mal diet requires a balance of macronutrients (proteins, fats,
carbohydrates, and fiber) and micronutrients (vitamins and
trace elements). Deficiencies in micronutrients and macro-
nutrients during pregnancy are correlated with poor preg-
nancy outcomes. These deficiencies enhance the risk of
developing chronic disorders including endocrine disorders,
insulin resistance, and metabolic dysfunction in children
[19, 20]. Synthesis of thyroid hormones depends on suffi-
cient dietary micronutrients. Several studies assessed the
effects of single nutrients or foods during pregnancy on fetal
development, thyroid hormone levels, and thyroid distur-
bances [19, 20]. Studies showed that iodine deficiency, soy
products and cruciferous vegetable intake, selenium, zinc,
vitamin D, and calcium levels can have an effect on thyroid
function and thyroid hormone levels. The novel findings
showed that deficiency of some nutrients during pregnancy
led to sexually dimorphic changes particularly those related
to thyroid function [21-23]. Unlike the evidence related to
single nutrients, there is no definite information about the
impact of specific dietary patterns on thyroid function espe-
cially during pregnancy. A study on an overweight and obese
adult showed that the production of thyroid hormones
slightly was inhibited by the Mediterranean diet, as an over-
all healthy diet. However, thyroid function did not change
significantly [7].

Investigation of overall diet can show better diet-disease
associations. The specific consequences of maternal DPI on
neonatal thyroid function have not previously been investi-
gated [19]. An animal study showed that a maternal high-
fat diet could change the fetal thyroid levels in the third tri-
mester [24]. Maternal high-fat diets change the hepatic his-
tone code and transcriptional and epigenetic of the fetal
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TaBLE 1: Characteristics of participants in the study across quartiles of dietary phytochemical index.

Total Q1 (n=54) Q2 (n=54) Q3 (n=54) Q4 (n=54)

Mean SD Mean SD Mean SD Mean SD Mean SD P
DPI 37.68 10.27 25.03 4.67 33.87 2.18 40.64 2.10 51.17 4.98 <0.001
Age 29.56 5.50 28.85 5.14 29.43 5.58 30.07 5.61 29.87 5.74 0.272
BMI 25.07 4.96 23.25 4.37 25.50 6.04 25.31 321 26.18 5.54 0.010
Energy 571.56  284.23  562.74 198.43 587.56 44371 54720 189.06 588.72  233.41 0.525

Gestational age (week) 38.86 1.06 38.98 1.08 38.83 1.07 38.83 1.11 38.80 1.00 0.688

Total physical activity

. 1143.88 1092.97 1066.29 1058.75 1276.64 121548 1158.25 1265.19 1073.68 800.65 0.296
(MET-min/week)

9.08 6.85 9.86 7.30 10.08 8.64 7.06 3.31 9.33 6.77

TSH median (IQR 0.399
M es 05w Bl s 00 es U s (50
1.01 0.19 1.00 0.17 1.04 0.20 1.00 0.21 0.99 0.17
FT4 median (IQR 0.525
R BRI T B
Gender n % n % n % n % n %
Girls 102 47% 25 24.5% 32 31.4% 24 23.5% 21 20.6% 0.192
Boys 113 53% 29 25.7% 22 19.5% 29 25.7% 33 29.2%
Income
Low 45 19.6 15.00 0.34 12.00 0.27 9 20.5% 8 18.2%
Moderate 161 70.0 36.00 0.24 36.00 0.24 39 25.8% 40 26.5% 0.55
High 10 4.3 1.00 0.10 3.00 0.30 2 20.0% 4 40.0%
Education
No or primary 15 6.5 6 0.46 3 0.23 3 23.1% 1 7.7%
ye:;escondaryless than 12 ), 530 2700 023 2500 022 31 267% 33 84%
Bachelors 73 31.7 16.00 0.23 22.00 0.31 16 22.9% 16 22.9%
Master or Doctorate 6 2.6 3.00 0.50 1.00 0.17 0 0.0% 2 33.3%

Abbreviations: BMI, body mass index; DPI, dietary phytochemical index; FT4, free thyroxine; IQR, interquartile range; TSH, thyroid-stimulating hormone.

TaBLE 2: Adjusted maternal dietary intakes in the first trimester of pregnancy across quartiles of dietary phytochemical index.

Q1 @ e Q4 »
Mean SE Mean SE Mean SE Mean SE

Protein (%) 0.11 0.002 0.11 0.002 0.11 0.002 0.12 0.002 0.009
Carbohydrate (%) 0.57 0.01 0.59 0.01 0.61 0.01 0.64 0.01 < 0.001
Fat (%) 0.34 0.01 0.32 0.01 0.31 0.01 0.27 0.01 < 0.001
Total fiber 5.38 0.23 6.49 0.23 7.18 0.23 8.59 0.23 < 0.001
Calcium 202.92 9.78 230.32 9.92 227.50 9.89 215.30 9.99 0.184
Iron 223 0.06 2.39 0.06 2.51 0.06 2.78 0.06 < 0.001
Magnesium 67.20 1.39 74.68 141 77.30 1.41 79.44 1.42 < 0.001
Sodium 836.04 36.40 946.40 36.94 851.36 36.82 932.83 37.18 0.077
Zinc 1.87 0.04 1.95 0.04 2.01 0.04 1.99 0.04 0.075
Selenium 11.50 0.53 11.56 0.53 11.64 0.53 11.68 0.54 0.996
Whole grains 13.37 2.58 19.86 2.62 27.69 2.61 42.82 2.63 < 0.001
Legumes 7.21 0.84 6.37 0.85 8.50 0.85 9.28 0.86 0.079
Vegetables 83.17 5.67 98.53 5.75 87.41 5.73 89.41 5.79 0.282
Fruits 93.31 11.72 139.86 11.90 167.03 11.86 186.69 11.97 < 0.001

Nuts 1.74 0.37 2.63 0.37 2.63 0.37 3.03 0.38 0.094
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TaBLE 3: Association between DPI and cord blood thyroid
hormones.

LnTSH FT4
Beta SE p Beta SE P

DPI

Crude -0.04 0.44 0.92 -0.02 0.13 0.888

Adjusted* 0.41 0.51 0417 -0.16 0.16 0.319
DPI quartiles

Q1 Ref. Ref.

Q2 -0.05 0.16 0.749 0.10 0.04 0.027

Q3 -0.11 0.15 0478 0.05 0.04 0.251

Q4 0.07 0.15 0.624 0.04 0.04 0.332

Abbreviations: DPI, dietary phytochemical index; FT4, free thyroxine; TSH,
thyroid-stimulating hormone.

"Adjusted with age, gender, educational level, income, physical activity,
gestational age, BMI, and total energy.

thyroid axis. Thus, exposure to a high-fat diet in utero may
disturb the fetal thyroid homeostasis [25]. Unhealthy dietary
patterns with high fat lead to hyperleptinaemia that is corre-
lated with high circulating thyroid hormones [26].

Plant-based diets contain fresh fruits, legumes, and veg-
etables and they include several useful nutrients such as vita-
mins, minerals, antioxidants, phytochemicals, and fiber.
Plant foods may reduce chronic diseases and endocrine dis-
orders. Diets rich in fruit, vegetables, and legumes that con-
tain complex carbohydrates are fermented by healthy gut
microbiota. They produce short-chain fatty including buty-
rate, propionate, and acetate that are beneficial for human
health, including thyroid function [27, 28].

In addition, fatty red meats, processed meats, processed
foods, and heavily salted and pickled foods may increase endo-
crine disorders. Phytochemicals can ameliorate the adverse
effects of unhealthy dietary patterns [3].

Phytochemicals have antioxidant and anti-inflammatory
properties, and they have beneficial effects on health. They
influence on cell cycle regulation and hormones. DPI is a
quantitative index for assessing the effects of phytochemicals
on health [29, 30]. It may have high practical and clinical use
and can provide important information about diet [31].

Foods rich in phytochemicals decrease oxidative stress
significantly. Phytochemicals are mainly found in fruits,
vegetables, cereals, and tea. Several studies indicated that
DPI was inversely associated with several NCDs [30, 31].
These findings showed that diets with a high proportion
of phytochemical-rich plant foods may affect health status.
Significantly decreased levels of antioxidants were reported
in thyroid dysfunction and thyroid cancer [32-34].

The present study was done in a nationally represen-
tative sample of pregnant women that increases the gener-
alizability of our findings. In addition, dietary intake was
collected by train questionnaire, and the data was not based
on self-report data.

Maternal thyroid function may affect neonatal thyroid
function. We suggest that the level of maternal thyroid hor-
mones, autoantibody levels, and maternal iodine status can
be evaluated in future studies. More studies with larger sam-

ple sizes are needed to find more results related to nutrition
and thyroid hormones.

Our study has some advantages. First, data of a population-
based prospective cohort study was used to evaluate the
correlation between maternal DPI and levels of neonatal
thyroid hormone, and it might provide clues to establish
causality. Second, no studies have assessed the effect of
maternal DPI on neonatal thyroid function.

Our study also had a limitation. We did not measure uri-
nary iodine concentration, which may be related to thyroid
function. In addition, potential unmeasured confounders
might affect results.

5. Conclusion

The present study reports no significant relationship between
maternal DPI with neonatal TSH and FT4 levels. The amount
of foods rich in phytochemical compound consumption can
be important, and their beneficial effects may be shown with
high consumption. There is little information about the
impact of maternal DPI on fetal and neonatal thyroid func-
tion. It highlights the need for further studies to investigate
the impacts of maternal quality of diet on neonatal thyroid
dysfunction.
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