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Abstract

Zn is an essential element for human growth. The nutritional adequacy of dietary Zn depends not only on the total Zn intake, but also on
the type of food source (i.e. of plant or animal origin). We investigated the association between maternal dietary Zn intake from animal and
plant food sources and fetal growth. A total of 918 pregnant women at 12—-28 weeks of gestation were selected from the Mothers and
Children’s Environmental Health study in Korea. Dietary intakes in mid-pregnancy were estimated by a 24 h recall method, and subsequent
birth weight and height were obtained from medical records. Multiple regression analysis showed that maternal Zn intake from animal food
sources and their proportions relative to total Zn intake were positively associated with birth weight (P=0-034 and 0-045, respectively) and
height (P=0-020 and 0-032, respectively). Conversely, the percentage of Zn intake from plant food sources relative to total Zn intake was
negatively associated with birth height (P=0-026) after adjustment for covariates that may affect fetal growth. The molar ratio of phytate:Zn
was negatively associated with birth weight (P=0-037). In conclusion, we found that the absolute amounts of Zn from different food
sources (e.g. animal or plant) and their proportions relative to total Zn intake were significantly associated with birth weight and
height. A sufficient amount of Zn intake from animal food sources of a relatively higher Zn bioavailability is thus encouraged for
women during pregnancy.
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Zn is an essential mineral for normal growth and development,
by participating in many enzyme reactions and biological
functions including the synthesis of proteins and nucleic
acids”, bone growthm, and the initiation of transcription
processes, gene expression and cell division”. The require-
ment for Zn is increased during periods of rapid growth,
such as pregnancy(4) . Earlier studies have reported that Zn is
one of the most important nutrients for pregnancy*=®;
maternal Zn deficiency during pregnancy causes fetal
growth retardation, pre-term delivery, low birth weight and
effects on postnatal growth and development~1.

It is well established that both the total intake of Zn and
its bioavailability, usually measured by the molar ratio of
phytate:Zn'?, are important contributing factors to Zn
nutrition". Zn present in animal foods is known to exhibit
a greater degree of bioavailability than that in plants

because of the possible presence of phytate, which inhibits
Zn absorption in the intestine"*'?. However, a high amount
of phytate is present in cereals, legumes and nuts, which are
often staple foods in Asian countries*>®, including Korea;
approximately 80% of the total food consumed is of plant
origin, the majority being from foods with a relatively low
bioavailability, such as white rice, grain products, legumes
and vegetables'”. Although processing, such as milling
and/or cooking methods that remove both phytate and Zn
from grain products, can improve Zn bioavailability, the
total amount of Zn in the foods may be very low>'®.
Despite the well-known variability in the bioavailability of
dietary Zn and the importance of maternal Zn nutrition for
fetal growth, there have been very limited studies. Velie
et al™ have reported the positive relationship between

maternal Zn intake from animal sources and the risk of
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neural tube defects; however, they did not include anthropo-
metric measurements, which is a major indicator of fetal
growth. Yokoi et al.*® have reported that consumption of
beef and other red meats measured by qualitative food fre-
quency was positively associated with Zn pool size in preme-
nopausal women.

We hypothesised that the food source of maternal Zn intake
and the molar ratio of phytate:Zn during pregnancy are associ-
ated with fetal growth, and the positive association may exist
in animal sources only. Moreover, to test this hypothesis, we
evaluated the relationship between maternal dietary Zn
intake from different food sources (namely plant and
animal) and fetal growth using a large sample from the
Mothers and Children’s Environmental Health study®.

Subjects and methods
Subjects

The Mothers and Children’s Environmental Health study is a
prospective cohort study designed to investigate the effect of
pre- and postnatal environmental exposures on growth, devel-
opment and health from early fetal life to young adulthood.
The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all subjects pro-
vided a written informed consent. The study was reviewed
and approved by three institutional review boards at Ewha
Womans University School of Medicine, Dankook University
Hospital and Ulsan University Hospital, and informed consent
for participation was obtained from all subjects. The present
investigation formed part of a multicentre prospective cohort
study of women in mid-pregnancy (12—28 weeks of gestation)
conducted in Seoul (a metropolitan area), Ulsan (an industrial
area) and Cheonan (a medium-sized urban area), Republic of
Korea, as described previously?"*?. Of the 1610 women who
participated in the Mothers and Children’s Environmental
Health study between August 2006 and October 2009, we
excluded twenty-five women who were pregnant with
twins, twenty-two with spontaneous abortion, twenty-six
with pregnancy complications (hypertension and/or diabetes),
sixty-six whose pregnancy lasted less than 37 or greater than
42 weeks, 106 without dietary intake data and 447 who had
not delivered babies at the time of this analysis. Among the
remaining 918 subjects, fifty-six were excluded because they
had insufficient data for the covariates that may affect fetal
growth. Thus, 862 and 784 subjects were eligible for inclusion
in birth-weight and -height analyses, respectively (since birth-
height data were missing from seventy-eight subjects).

Using a structured questionnaire, trained personnel
interviewed the participants to obtain demographic and
socio-economic data, including local centres (Seoul, Ulsan or
Cheonan), age (years), weight (kg), height (cm), education
(less than high school, less than university or university
or higher), family income (<US$2000, US$2000-4000 or
>US$4000; median monthly household income per two or
more persons in Korea is approximately 3400000 Korean
won = approximately US$2900 in 2009), exercise (yes or
no), ever smoked (yes or no), current smoking (yes or no),

alcohol consumption (current or none) and parity (n).
Pre-pregnancy BMI was calculated using self-reported height
and weight. Gestational age at delivery (weeks) was estimated
on the basis of the self-reported date of the last menstrual
period. Birth weight (g) and height (cm) at delivery were
measured by trained nurses, and neonatal sex (girl or boy)
was obtained from medical records.

Dietary assessment

Dietary intake data were obtained from participants by a
well-trained dietary interviewer using the 24 h recall method.
Dietary intakes of food groups and nutrients were analysed
using a computerised nutrient-intake assessment software pro-
gram (CAN-Pro 3.0; Korean Nutrition Society, Seoul, Korea).
Zn intakes from animal (meat, fish, eggs and dairy products),
plant (grains, potatoes, legumes, mushrooms, fruit and veg-
etables, seaweeds, and nuts) and other (sweets, carbonated
beverages, fats and oils, and condiments) food sources were
calculated. Percentages of Zn intake from animal or plant
foods were defined as (Zn intake from animal or plant
foods/total dietary Zn intake) X 100. To estimate Zn intake
from supplements, information on self-reported supplement
use was collected by asking the type (vitamins, minerals
and others) and brand name of the supplements, and the
amount and frequency of their use.

Phytate intakes were calculated using the phytate content of
each food component from the literature* 152 Adjustments
were made, when necessary, to take into account any known
changes in phytate content arising from food processing and
preparation methods. The molar ratio of phytate:Zn was calcu-
lated as the mole of phytate intake (molecular weight, 660-1)
divided by the mole of Zn intake (molecular weight, 65-4).
We covered 80-5% (range 42:9—-100%) of phytate intake of
the subjects.

Statistical analysis

Statistical analyses were performed using the SAS statistical
package (SAS 9.1; SAS Institute, Cary, NC, USA). Nutrient
intake data were logarithmically transformed in order to nor-
malise their distributions. Sociodemographic and behavioural
characteristics are expressed as means and standard deviations
(continuous variables) or as numbers and percentages (categ-
orical variables). Total Zn intake from food and supplements,
total dietary Zn intake and Zn intake from animal and plant
food sources, individually, were divided into quartiles. For
the trend test, the categorical variables (i.e. quartiles of Zn
and phytate intakes, and phytate:Zn ratio) were treated as
continuous variables assigned with the median value within
each category, after adjustment for covariates, such as
maternal age, pre-pregnancy BMI, neonatal sex, gestational
age at delivery, parity, level of education, local centres and
interaction between level of education and local centres,
that may affect fetal growth®. Multiple regression analysis
was used to examine the relationship between maternal Zn
intakes from animal and plant sources and fetal growth.
Differences were considered significant at the 5% level.
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Results

Our subjects were 30'1 (sp 3'7) years old and had a pre-
pregnancy BMI of 21-7 (sp 3-3)kg/m? (Table 1). Approxi-
mately, 70% of the subjects had a university or higher
education, and about 56 % were primiparous. Gestational age
at delivery was 39-3 (sp 1'1) weeks, and birth weight and
height were 3297 (sp 385) g and 50-7 (sD 2-3) cm, respectively.

Energy intake during pregnancy was 1775 (sp 482) kcal/d
(7421 (sp 2016)kJ/d; Table 2). Total Zn intake was 9-9 (sD
5:6)mg/d (84 (sp 3-5) mg/d from foods and 1-5 (sp 4-4) mg/d
from supplements). Zn intakes from animal and plant food
sources (% total Zn intake) were 3-4 (sp 3-0) mg/d (37-1%)
and 4-8 (sp 1-8) mg/d (60-2%), respectively. Average phytate
intake was 626:0 (sp 331-8)mg/d, and the molar ratio of
phytate:Zn was 7-7 (sD 3-8).

As shown in Table 3, multiple regression analysis indicated
that maternal Zn intake from animal food sources and their
proportions relative to total Zn intake were positively associ-
ated with birth weight (P=0-034 and 0-045, respectively) and
height (P=0-020 and 0-032, respectively), whereas the percen-
tage of Zn intake from plant food sources was negatively
associated with birth height (P=0-026). Phytate intake was
not associated with birth weight and height, but the molar
ratio of phytate:Zn was negatively associated with birth
weight (P=0-037).

A general linear model adjusted for covariates revealed that
birth weight increased from the lowest to the highest quartiles

Table 1. General characteristics of mothers and newborns

of total Zn intake from foods (P for trend=0-039), as did that
from animal sources (P for trend=0-002) and their proportion
(%) to total Zn intake (P for trend=0-026; Table 4). Birth
height increased from the lowest to the highest quartiles of
Zn from animal sources (P for trend=0-002) and their pro-
portion to total Zn intake (P for trend=0-002), whereas it
decreased with proportions of Zn from plant sources (P for
trend=0-006). Birth weight and height increased from the
lowest to the highest quartiles of the molar ratio of phytate:Zn
(P for trend=0-001 and 0-021, respectively).

Discussion

We found that maternal Zn intake from animal food sources
was positively associated with birth weight and height, but
the percentage of Zn intake from plant food sources was
negatively associated with birth height. The phytate:Zn ratio
was negatively associated with birth weight in the present
study.

Such beneficial effects of Zn from animal sources on fetal
growth can be explained by the bioavailability of Zn differing
with its food sources***?. Zn present in animal foods such as
meat, fish, eggs and milk is generally known to have a greater
bioavailability than that found in plants because of the poss-
ible presence of phytate, a chelator of Zn that decreases its
availability for absorption in the intestine**?>. Since diets
that comprise mostly plant foods with a high phytate:Zn
ratio result in low Zn absorption in humans“?2>%9 | the

(Mean values, standard deviations, number of subjects and percentages)

Subjects within category

Subjects (n) Mean sD n %
Mothers
Age (years) 915 30-1 3.7
Height (cm) 895 161-0 4.8
Pre-pregnancy weight (kg) 905 56-1 89
Pre-pregnancy BMI (kg/m?) 893 21.7 33
Local centres 918
Seoul 256 279
Ulsan 343 374
Cheonan 319 34.7
Education 879
= High school 255 291
< University 151 17.2
= University 473 53-8
Family income (US$/month) 876
< 2000 246 28-8
2000-4000 451 529
> 4000 156 18-3
Current alcohol drinkers 522 58 111
Ever smokers 866 99 11.4
Current smokers 915 0 0-0
Parity (n) 905 0-5 0.7
Newborns
Gestational age at birth (weeks) 918 39-3 11
Birth weight (g) 918 3297 385
Birth height (cm) 839 50-7 2.3
Neonatal sex 915
Girls 450 49.2
Boys 465 50-8
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Table 2. Daily energy and zinc intake of pregnant women

(Mean values, standard deviations, medians and ranges, n 918)

Mean SD Median Range
Energy (kJ/d) 7419-6 20165 72129 2518-7-16738-3
Carbohydrate (% energy) 61-0 99 60-7 24.3-87-2
Protein (% energy) 15-8 4.2 15.2 6-6-43-5
Fat (% energy) 24.7 85 234 3.9-55-6
Total Zn intake (mg/d)* 99 5.6 8-4 2.6-44.7
From foods (mg/d) 84 35 7-8 2-5-40-5
Animal (mg/d)t 34 3.0 1.5 0-7-20-0
Plant (mg/d)t 4.8 1-8 1.0 0-0-37-2
Others (mg/d)§ 0-2 0-3 0-2 0-0-7-3
Animal (% total Zn) 371 17-4 355 0-0-90-9
Plant (% total Zn) 60-2 17-3 61-8 9-0-100
Phytate intake (mg/d) 626-0 331-8 570-4 20-3—-3017-3
Phytate:Zn molar ratiol| 77 3-8 7-2 0-3 — 337

* Includes food and supplements.
1 Includes meat, fish, eggs and dairy products.

1 Includes grains, potatoes, legumes, fruit and vegetables, mushrooms, seaweeds, and nuts.
§ Includes sweets, carbonated beverages, fats and oils, and condiments.
|| Phytate:Zn molar ratio = (phytate/phytate molecular weight (660-1))/(Zn/Zn molecular weight (65-4)).

issue of Zn bioavailability is important for populations with
plant-dominated diets. The bioavailability of Zn is influenced
by different foods, and Zn from animal foods is believed to
be most bioavailable. Yokoi er al.*” reported that consump-
tion of beef and other red meat measured by qualitative
food frequency was positively associated with Zn pool size,
and Velie et al"” found that increased total Zn intake and
Zn intake from animal products were associated with a
reduced risk for neural tube defects, suggesting that dietary
Zn exerts differential effects on pregnancy outcome depend-
ing on the food source. It becomes even more important for
pregnant women, because during pregnancy, the requirement
for Zn is increased for the demands by fetal growth®%27.
Another possible mechanism for the positive association
between the high consumption of Zn from animal food
sources and fetal growth is the high consumption of animal
food itself, because of its protein content and an enhancing
role of animal protein on Zn absorption. Zn absorption is
reported to increase in a linear fashion with increasing protein
D)

consumption*”. Animal protein with a higher content of

been shown to counteract the inhibitory effects of phytate

2 ~ .
@2 However, we found no association

on Zn absorption
between the intakes of either total or animal protein and
fetal growth (data not shown).

In the present study, no association was observed between
fetal growth and either total Zn intake from food only or that
from food and supplements together, a finding that is consist-
ent with the Glover & Hogstrand study®”, but contrasts with
others who found a positive association'>*". Our finding of
no association between total Zn intake from food and
supplements on fetal growth might be due to only a small
proportion (15%) of our subjects taking dietary supplements
containing Zn, rendering the contribution of Zn from sup-
plements negligible (1-5mg/d). The results of prenatal Zn
supplementation trials on fetal growth have been equivocal.
Garg et al.®? found that Zn supplementation exhibited positive
effects on birth weight and gestational age. However, Golden-
berg et al.” found a positive effect of Zn supplementation on
fetal growth only for women with a BMI of <26 kg/m?.

The likelihood of mild-to-moderate Zn deficiency®®
(34

and

amino acids, such as histidine, cysteine and methionine, has

lower plasma levels of Zn

is higher in pregnant women

Table 3. Multiple regression analysis for the association between maternal zinc and phytate intakes, and
birth weight and height* (B8 Coefficients with their standard errors)

Birth weight (n 862)

Birth height (n 784)

B SE P B SE P

Zn intake
Total (mg/d) 46277 27658 0-095 0-174 0-170 0-306
From foods (mg/d) 57289 35332 0-105 0-165 0-217 0-447
Animal (mg/d) 35043 16501 0-034 0-236 0-101 0-020
Plant (mg/d) 13424 33391 0-688 —0-070 0-207 0-735
Animal (% total Zn) 1.437 0-715 0-045 0-009 0-004 0-032
Plant (% total Zn) —1.205 0-717 0-093 —0.010 0-004 0-026
Phytate intake (mg/d) —22.755 22.143 0-304 —0-140 0-139 0-313
Phytate:Zn molar ratio —0-677 0-324 0.-037 —0-004 0-002 0.068

* Multiple regression analysis adjusted for maternal age, pre-pregnancy BMI, neonatal sex, gestational age at delivery,
parity, level of education, local centres and level of education X local centres.

ssa.d Ansseniun abpriquie) Aq auljuo paysiignd 88500015t L L£000S/ZL0L 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114510005878

MS British Journal of Nutrition

Maternal dietary zinc intake and fetal growth 241

Table 4. Birth weight and height according to the quartiles of zinc and
phytate intakes of pregnant women*

(Mean values and standard deviations)

Birth weight (g) Birth height
(n 862) (cm) (n 784)
Mean sD Mean SD

Total Zn intake (mg/d)
Lowest (=6-53) 3280 377 50.-0 23
Second (6-54—8-35) 3255 392 50-0 2.5
Third (8-36—11-45) 3320 378 50-0 22
Highest (>11.49) 3300 392 51-0 2.0
P for trend 0-234 0-276

Zn intake from foods (mg/d)
Lowest (=6-27) 3280 377 50-0 2.3
Second (6-28—7-85) 3215 385 50-0 24
Third (7-86—-9-79) 3320 388 50-5 2.3
Highest (>9-79) 3320 389 51.0 21
P for trend 0-039 0-202

Zn intake from animal foods (mg/d)
Lowest (=1-67) 3250 383 50.-0 22
Second (1-68—2-69) 3230 376 50.-0 2.5
Third (2-70—-4-17) 3265 368 50-9 2.3
Highest (>4-18) 3400 406 51.0 21
P for trend 0-002 0-002

Zn intake from plant foods (mg/d)
Lowest (=3-72) 3290 375 50-5 24
Second (3-73-4-68) 3340 395 510 2.3
Third (4-69-5-67) 3200 403 50-5 22
Highest (>5-67) 3290 367 50.-0 21
P for trend 0-861 0-307

Zn intake from aniaml foods (% total Zn)
Lowest (=24-6) 3260 384 50.-0 22
Second (24-6—35-5) 3220 358 50-0 2:2
Third (35-6—-49-4) 3300 403 51.0 24
Highest (>49-5) 3340 393 51.0 22
P for trend 0-026 0-002

Zn intake from plant foods (% total Zn)
Lowest (=47-8) 3320 387 51-0 22
Second (47-9-61-8) 3300 405 51.0 2.3
Third (61-9-72-6) 3224 365 50-5 2.3
Highest (>72.7) 3250 383 50.-0 2.3
P for trend 0-115 0-006

Phytate intake (mg/d)
Lowest (=404-6) 3298 379 51-0 2.3
Second (404-7—-570-4) 3324 393 51.0 2.3
Third (570-5-787-9) 3283 390 51.0 2.3
Highest (>788-0) 3281 378 50-4 23
P for trend 0-613 0-292

Phytate:Zn molar ratio
Lowest (=5-06) 3340 419 51-0 2:2
Second (5-07-7-19) 3305 367 51.0 2.3
Third (7-20—-9-80) 3281 352 50-5 21
Highest (>9-81) 3260 386 50-4 2.3
P for trend 0-013 0-021

* General linear models adjusted for maternal age, pre-pregnancy BMI, neonatal
sex, gestational age at delivery, parity, level of education, local centres and level
of education x local centres.

than in non-pregnant women. Despite a recent increasing
trend of animal food consumption and a subsequent improve-
ment in overall Zn bioavailability®>

the Korean population has an inadequate Zn intake due
14)

, approximately 54% of

to the traditionally high intake of white rice and vegetables*
The situation could be more critical for pregnant women,
because the nutritional requirement for Zn is increased
during pregnancy to meet the demands of fetal growth and

the maintenance of maternal health. The mean dietary Zn
intake from foods was 84mg/d in our subjects, which is
comparable with that among pregnant women in both
China®® and England®”, but lower than that reported in
the USA®® and New Zealand®®. The estimated mean Zn
intakes from animal and plant food sources of our subjects
were 34 and 4-:8mg/d, respectively, indicating that about
40% of the dietary Zn was derived from animal foods.
Although several studies have found that both the total
amount of Zn intake and its bioavailability are important for
fetal growth during pregnancy~'> our findings suggest
that fetal growth is influenced more by the bioavailability of
Zn than by the absolute amount of Zn intake.

The present study has a few limitations. We did not measure
plasma Zn concentrations that are considered to be a more
objective means to assess Zn status than dietary Zn intake
data alone, and a 1d, 24h recall may not be sufficient to
assess usual daily intake due to large intra-individual variabil-
ity in food and nutrient intake, but trained dietitians using
standard protocols were employed to help the subjects reflect
on their daily diet to minimise variation if it existed. There are
other possible mechanisms of a positive effect of a higher con-
sumption of animal foods for better fetal growth. These
include the increased intakes of other amino acids (methion-
ine, etc.), of which adequate intakes are known to be import-
ant for fetal growth(40); however, we were not able to
distinguish such a possibility. Further studies are warranted
to clarify these issues. Nonetheless, to our knowledge, this is
the first study involving a large prospective cohort to investi-
gate the relationship between maternal intake of Zn from
different food sources and fetal growth among pregnant
women in Korea, where the food source is predominantly of
plant origin with high phytate content.

In conclusion, we found that the maternal dietary Zn intake
from animal foods may have a positive effect on fetal growth.
Therefore, an adequate Zn intake from animal foods that are
particularly rich sources of Zn should be recommended for
pregnant women to promote optimal fetal growth. The find-
ings of the present study could help in the further develop-
ment of public health policies to improve nutritional status
of Zn during pregnancy.
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