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Abstract

Adequate nutrient intake during pregnancy is important to fetal and maternal health. The purpose of this study was to investigate the factors
affecting birth weight and gestational age and to provide basic data to promote more favorable pregnancy outcomes. Data were collected from
234 pregnant women at two hospitals in Seoul. Demographic characteristics, anthropometric measurements and health related habits were obtained
using a questionnaire at the hospital visit during the second trimester. Dietary intakes were estimated by 24 hour recall at the hospital visit during
the second trimester. Data on pregnancy outcomes, including birth weights and gestational ages, were obtained from hospital records after delivery.
Birth weights were divided into a low birth weight group (birth weight<3.1 kg), a normal birth weight group (3.1-3.6 kg) and a high birth weight
group (>3.6 kg). Gestational ages were divided into tertiles according to the gestational age of the subjects: group 1 (<38.53 weeks), group 2 (38.53-40.00
weeks) and group 3 (>40.00 weeks). The number of family members was significantly lower in the low birth weight group than in the normal
birth weight group (p<0.05). In the low birth weight group, pregnancy weight was significantly lower than in the high birth weight group (p<0.05).
Health related habits were not significantly different among any of the groups. Intakes of fiber, phosphorous, iron, vitamin Bs and folic acid were
significantly higher in the high birth weight group than the low birth weight group (p<0.05). Gestational age was not significantly affected by
nutrient intakes, but birth weight was affected by nutrient intake in the results of this study. Therefore, the adequacy of nutrient intake is important

for the improvement of pregnancy outcomes.
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Introduction

Maternal nutrition is an important factor responsible not only
for the health of the baby, but also for the baby’s long term
growth (Jackson & Robinson, 2001). Pregnancy outcomes are
affected by other factors as well as nutrient intake. These factors
are age, occupation, family, pregnancy experiences and morning
sickness (Freisling et al., 2006; Laraia ef al., 2006). Maternal
anthropometric measurements, smoking, alcohol consumption,
coffee consumption, stress and physical activity are also factors
affecting pregnancy outcome (Anahita er al., 1998; Haste ef al.,
1990; Kramer et al., 2000).

Previously, research was performed addressing fetal
programming which results from the adaptive changes in gene
expression patterns that occur in response to stressors such as
poor maternal nutritional status, leading to the altered growth
of specific organs and systems during their most critical time
of development (Barker, 1998). Indeed, the prenatal environment
exerts profound influences on the development of an organism,
and stressful events during pregnancy can induce alterations in
the fetal environment resulting in early and long-term structural
and functional consequences (Maccari et al., 2003; Wadhwa et

al., 2001; Weinstock, 1997).

Therefore, nutrition is an important health determinant that can
affect the course of pregnancy and its outcomes. Optimal
nutritional status during pregnancy is reflected not only in the
improved health of the mother but also in the improved health
of the baby (Rush, 2004; Siega-Riz et al., 2001).

In Korea, the available information on pregnancy outcomes
related to nutrient intake is not sufficient.

The purpose of this study was to investigate the factors
affecting birth weight and gestational age and to provide basic
data to promote more favorable pregnancy outcomes.

Subjects and Methods

Subjects and Methods

Four hundred and three pregnant women in second trimester
(20-36 week) participated in this follow-up study, but only 234
pregnant women who could provide information on birth weight
and gestational age were included in the analyses. The data
collection was initiated in April 2006 and was completed in
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August 2008. Women who consented to participate were
recruited from their visits to the Ewha Women’s University
Hospital and the Miz-Medi Hospital in Seoul, Korea.

Demographic characteristics, anthropometric measurements
and health related habits were collected by individual interviews
using a questionnaire at the hospitals visit during the second
trimester. The demographic characteristics were age, occupation
status, number of family members, pregnancy experiences and
morning sickness. Weight-gain during pregnancy was calculated
by subtracting the pre-pregnancy weight from the pregnancy
weight at the second trimester. The pre-pregnancy BMI was
calculated using the measured height and self reported
pre-pregnancy weight. The health related habits surveyed were
smoking, alcohol consumption, coffee consumption, stress, and
level of physical activity. The level of stress was measured with
a questionnaire developed by Holemes and Rache (1967). Out
of a total score of 41, scores above 12 were classified as the
high stress group and scores below 12 were classified as the
low stress group (Choi er al., 2001; Kim & Lee, 2008).

Dietary intakes were estimated by the 24-hour recall method
for 1 day and were conducted by trained field workers with the
help of food models to estimate portion size at the second
trimester. Nutrient intakes were calculated using CAN-PRO
version 3.0 (Korean Nutrition Society, Seoul, Korea). The
consumption of dietary supplements was not investigated.

Information on birth weight and gestational age was obtained
from hospital records after delivery. The birth weights were
divided into three groups according to the WHO standard
(Bulletin of the World Health Organization, 1995): a low birth
weight group (birth weight<3.1 kg), a normal birth weight group
(3.1-3.6 kg), and a high birth weight group (>3.6 kg). Gestational
age was divided into tertiles according to the gestational age of
the subjects: group 1 (<38.53 week), group 2 (38.53-40.00 week)
and group 3 (>40.00 week).

Statistical analysis

The statistical analysis of data was conducted using SPSS for
Windows version 12.0. The statistical differences among the three
groups were analyzed by ANOVA, and when significant, they
were verified through the Scheffe's test. The results presented
arc the mean with standard deviations. The Chi-square test was
used to test the significance of the distribution rate within the
groups and the results presented are the percentages. Results were
considered significant if p<0.05.

Results

Factors affecting birth weight

Based on the WHO standards (3.1-3.6 kg), birth weight was
divided into three groups: the low birth weight group (birth

Table 1. The demographic characteristics of three groups according to birth
weight

Low Normai High

Variable (n=88) (n=108) (n=38) Significance
Age (years) 31.9+32" 317:40 32245 NS?
Occupation status
Employed 31 (352 38 (352) 12 (31.6) NS
Unemployed 57 (64.8) 70 (64.8) 26 (68.4)
Number of family — 2.6+0.7° 29+1.0° 2.9+0.9% *
members (person)
Morning sickness
Yes 31 (35.2) 55 (50.9) 17 (44.7) NS
No 57 (64.8) 53 (49.1) 21 (55.3)
Pregnancy 1.9+11 22+13 2313 NS
experiences

low birth weight group (birth weight<3.1 kg), normal birth weight group (3.1-3.6 kg)

and high birth weight group (>3.6 kg)

" Mean = SD

? Not significant

9N (%)

“ Values with different superscriots within a row are significantly different according
to Scheffe's test.

*p<0.05

Table 2. The anthropometric measurements of the three groups according to
the birth weight

Variable (rl;:gé) (’: gqrggl) (:zl%g) Significance

Height (cm) 160.9+42" 161547 1622+54 Ns?
Pre-pregnancy weight 529+7.2 55.0x7.8 55.6+8.1 NS
(kg)
Pregnancy weight (kg) 60.0£7.6° 624+7.4™ 63566 *
Weight gain during 71+£31 74137 7943 NS

pregnancy (kg)
Pre-pregnancy BMI 205+27 211+ 28 212%35 NS
(kg/m®)
" Mean + SD

% Not significant

¥ Values with different superscripts within a row are significantly different according
to Scheffe's test.

*p<0.05

weight <3.1 kg), the normal birth weight group (3.1-3.6 kg) and
the high birth weight group (>3.6 kg) (Bulletin of the World
Health Organization, 1995). The subjects' ages were between 24
and 38 years. No significant differences were found in age,
occupation status, morning sickness and pregnancy experiences
among the groups (Table 1). The number of family members
were 2.6 0.7 persons in the low birth weight group, 2.9+ 1.0
persons in the normal birth weight group and 2.9 + 0.9 persons
in the high birth weight group. The low birth weight group had
significantly fewer family members than the normal birth weight
group (p<0.05).

The results of the anthropometric measurements are listed in
Table 2. Height and pre-pregnancy weight were not significantly
different among the groups. The pregnancy weight of the low
birth weight group, normal birth weight group and high birth
weight group was 60.0+7.6 kg, 624+74 kg and 63.5+6.6
kg, respectively. The pregnancy weight was significantly higher
in the high birth weight group than the low birth weight group
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Table 3. The health-related habits of the three groups according to birth weight

Table 4. The nutrient intake of three groups according to the birth weight

Variable (r']fé"’s) (':Zr{gg') (:zigag) Significance

Smoking

Non-smoker 80 (90.9)" 98 (30.7) 33 (86.8) NS?
Ex-smoker 8 (9.1) 10 (9.3) 5 (13.2)
Alcohol consumption

Non-drinker 55 (62.5) 65 (60.2) 25 (65.8) NS
Ex-drinker 33 (37.5) 43 (39.8) 13 (34.2)

Coffee consumption

No 49 (55.7) 36 (33.3) 16 (42.1) NS
1-2/wk 18 (20.5) 36 (33.3) 11 (28.9)

3-4/wk 15 (17.0) 25 (23.1) 6 (15.8)

>5/wk 6 (6.8) 11 (10.2) 5 (13.2)

Stress®

Low 72 (81.8) 87 (80.6) 27 (71.1) NS
High 16 (18.2) 21 (19.4) 11 (28.9)

Physical activity

Light 65 (73.9) 81 (75.0) 22 (57.9) NS
Moderate 20 (227) 22 (204) 15 (39.5)

Heavy 3 (34) 5 (4.6) 1(2.6)

Regular exercise

Yes 13 (14.8) 20 (18.5) 10 (26.3) NS
No 75 (85.2) 88 (81.5) 28 (73.7)

YN (%)

 Not significant
9 low<12, high=12

(p<0.05). No significant differences were found in weight gain
during pregnancy and pre-pregnancy BMI.

Health related habits such as smoking, alcohol consumption,
coffee consumption, stress, level of physical activity and regular
exercise were not significantly different among the groups (Table 3).

The nutrient intakes of each group are shown in Table 4. No
significant difference was found in nutrient intake except for
fiber, phosphorous, iron, vitamin Bs and folic acid. The fiber
intake of the low birth weight group, normal birth weight group
and high birth weight group were 19.7+£6.6 g, 21.2+63 g and
23.0+73 g, respectively. The fiber intake was significantly
higher in the high birth weight group than in the low birth weight
group (p<0.05). The phosphorous intake was 1027.1 +324.9 mg,
1123.2+£292.9 mg and 1207.5+322.5 mg, in the low, normal
and high birth weight groups, respectively. Thus the phosphorous
intake was significantly higher in the high birth weight group
than the low birth weight group (p<0.05). Iron intake was 12.8
+3.1 mg, 14.745.1 mg and 15.3+5.0 mg in the low, normal
and high birth weight groups, respectively. Iron intake was
significantly higher in the high birth weight group than the low
birth weight group (p<0.05). Vitamin Bs intake was 2.1 0.7
mg, 23+0.7 mg and 2.5+0.9 mg in the low, normal and high
birth weight groups, respectively. Thus the vitamin Be intake
was significantly higher in the high birth weight group than the
low birth weight group (p<0.05). Folic acid intake was 236.9
+96.7 1gDFE, 289.2 + 108.4 1gDFE and 307.5+139.5 ygDFE
in the low, normal and high birth weight groups, respectively.

Nutrients Low (n=88) Normal (n=108) High (n=38) Significance
Energy (kcal) 1774.3+401.47 1881.7+341.0 1922.0+4287 NS?
Protein (g) 71.6£24.0 75.6 £20.4 80.3£21.0 NS
Fat (g) 52.1+21.1 54.0+17.4 55.0+21.4 NS
Carbohydrate 261.3+61.2 278.9+59.2 2845+ 69.7 NS
(@

Dietary fiber ~ 19.7 +6.6° 212463 230273 *
(@

Calcium (mg) 555912408 634.4:227.0 671.9+262.1 NS
Phosphorous 1027.1+324.9° 1123.2+292.9% 1207.5+322.5° -
(mg)

Iron (mg) 12.8+3.1° 147 £51%° 153£5.0° *
Sodium (mg) 4069.8 + 1600.9 4476.2 + 1561.2 4401.0 £ 1397.9 NS
Potassium  2779.9+967.7 2989.4801.2 3157.9+9464 NS
(mg)

Zinc (mg) 85124 9.4+35 95:29 NS
Vitamin A 749314066 867.6+436.3 971.3:5332 NS
(ugRE)

Vitamin B+ 12+05 1.3+04 14£05 NS
(mg)

Vitamin B, 1104 14+0.8 14404 NS
(mg)

Vitamin Bs 210.7° 23207% 25109 *
(mg)

Niacin 16.8+7.8 17.2+6.6 174466 NS
(mgNE)

Vitamin C 12751126 1149+ 64.1 127.8176.2 NS
(mg)

Vitamin E 147165 16.1£7.6 173174 NS
(mga-TE)

Folic acid 236.9+96.7°  2892:1084™ 307.5+139.5° *
(ngDFE)

¥ Mean + SD

% Not significant

¥ Values with different superscripts within a row are significantly different according
to Scheffe's test,

*p<0,05, ** p<0.01

Table 5. The demographic characteristics of tertiles according to the gestational
age

Variable 1 (n=78) 2 (n=79) 3 (h=77) Significance

Age (years) 321+33" 315+38 31944 NS?
Occupation status

Employed 28 (35.9)) 30 (38.0) 23 (20.9) NS
Unemployed 50 (64.1) 49 (62.0) 54 (70.1)

Number of family 2707 28109 28+1.0 NS
members

Morning sickness

Yes 30 (385) 39 (494) 34 (442 NS
No 48 (61.5) 40 (50.8) 43 (55.8)
Pregnancy experiences 22113 2011 20+£12 NS

group 1 (<3853 week), group 2 (38,53-40,00 week) and group 3 (>40.00 week)
¥ Mean + SD

2 Not significant

N (%)

The folic acid intake of the high birth weight group was
significantly higher than the low birth weight group (p<0.05).
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Table 6. The anthropometric measurements of tertiles according to gestational
age

Variabie 1(n=78) 2 (n=79) 3 (n=77) Significance
Height (cm) 161.3+4.5" 1612£4.2 161652 NS?
Pre-pregnancy weight (kg) 55.2+84 546+84 532%58 NS

Pregnancy weight (kg) 628+84 615+79 60956 NS

Weight gain during 75+38 69+£38 7.7+32 NS
pregnancy (kg)

Pre-pregnancy BMI 21.2+33 21031 204+22 NS

(kg/im®)

¥ Mean + SD

2 Not significant

Table 7. The health-related habits of tertiles according to gestational age

Variable 1 (n=78) 2 (n=79) 3 (n=77) Significance

Smoking

Non-smoker 69 (88.5)" 71 (89.9) 71 (90.2) NS?
Ex-smoker 9 (11.5) 8 (10.1) 6 (7.8)
Alcohol consumption

Non-drinker 46 (59.0) 52 (65.8) 47 (61.0) NS
Ex-drinker 32 (41.0) 27 (34.2) 30 (39.0)

Coffee consumption

No 35 (44.9) 35 (44.3) 31 (40.3) NS
1-2/wk 18 (23.1) 23 (29.1) 24 (31.2)

3-4/wk 17 (21.8) 13 (16.5) 16 (20.8)

>5/wk 8 (10.3) 8 (10.1) 6 (7.8)

Stress”

Low 60 (76.9) 63 (79.7) 63 (81.8) NS
High 18 (23.1) 16 (20.3) 14 (18.2)

Physical activity

Light 56 (71.8) 56 (70.9) 56 (72.7) NS
Moderate 21 (26.9) 16 (20.3) 20 (26.0)

Heavy 1(1.3) 7 (8.9) 1(1.3)

Regular exercise

Yes 12 (15.4) 17 (21.5) 14 (18.2) NS
No 66 (84.6) 62 (78.5) 63 (81.8)

YN (%)

2 Not significant
¥ low<12, high=12

Factors affecting gestational age

Normal gestational age is 38-42 week (Park et al., 2004).
Because most of the subject's gestational age was within the
normal range, the subjects were divided into tertiles according
to gestational age: group 1 (<38.53 weeks), group 2 (38.53-40.00
weeks) and group 3 (>40.00 weeks). The three gestational age
groups showed no significant difference in demographic
characteristics (Table 5), anthropometric measurements (Table 6),
health related habits (Table 7) and nutrient intakes (Table ).

Discussion

Birth weight and gestational age (especially pre-term birth)
cause prenatal mortality. Some studies have reported that age,

Table 8. The nutrient intake of tertiles according to gestational age

Nutrients 1 (n=78) 2 (n=79) 3 (n=77) Significance
Energy (kcal)  1877.4+3715" 18864+4055 1874.3+389.3 NS?
Protein (g) 77.1£19.5 768+ 232 7631214 NS
Fat (g) 52.9+20.1 54.5+18.0 5494207 NS
Carbohydrate (g) 280.3+59.5 2791665  275.0+66.1 NS
Dietary fiber (g)  22.0+6.2 221+7.0 207+7.2 NS
Calcium (mg) 649942881 633.8+2087 623.4%2390 NS
Phosphorous 11554 #3115 1134243069 1128.2+328.5 NS
(mg)

Iron {mg) 146+43 150457 142444 NS
Sodium (mg) 4458514196 4327.2+1691.6 4360.6+1410.6 NS
Potassium (mg) 3080.2+9433 30404+8631 2934.21871.6 NS
Zinc (mg) 92126 9.1+24 97441 NS
Vitamin A (ugRE) 8418+517.1  980.0+4521 83854449 NS
Vitamin B (mg)  1.3+04 13£05 13404 NS
Vitamin B; (mg) ~ 1.3:04 14209 13404 NS
Vitamin Be (mg) ~ 24+09 23+08 22+07 NS
Niacin (mgNE) 16.9+6.1 177475 17.046.9 NS
Vitamin C (mg)  111.1£61.8  1235%787  130.8+91.1 NS
Vitamin E 16.7+7.9 16967 153475 NS
(mgo-TE)

Folic acid 2936+117.3 295641305 27331157 NS
(ugDFE)

¥ Mean + SD

2 Not significant

occupation, family, pregnancy experiences and morning sickness,
maternal  anthropometric measurements, smoking, alcohol
consumption, coffee consumption, stress and physical activity,
nutrient intake are risk factors for both birth weight and
gestational age (Anahita et al., 1998; Freisling ef al., 2006; Haste
et al., 1990; Kramer er al., 2000; Laraia et al., 2006). The goal
of this study was. to investigate the demographic, anthropometric,
health related habits and nutrient intake of pregnant women and
find factors affecting pregnancy outcomes such as birth weight
and gestational age.

We found that one demographic characteristic and the number
of family members affected birth weight. We thought that the
greater number of family members might increase maternal stress,
but instead, it seems that pregnant women benefit from their
family members’ assistance.

Morning sickness did not affect pregnancy outcomes. Yu and
Yoon (2007) reported that nutrient intakes in early pregnancy
are reduced as a result of morning sickness. Coad et al. (2005)
found significantly lower energy and fat intakes in women who
suffered from morning sickness, and women who experienced
morning sickness during pregnancy had significantly lower
intakes of protein, carbohydrates, fiber, vitamin E and D, B
vitamins (excluding folic acid), iron and zinc. They suggest,
therefore, that interventions are needed to alleviate the symptoms
in pregnant women who suffer from morning sickness.

One of the anthropometric measurements, pregnancy weight,
also affected birth weight. In most studies, being overweight is
an important risk factor indicating possible pregnancy
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complications (Galtier-Dereure & Boulot, 1994; Galtier-Dereure
et al., 2000), the greater the weight gain, the greater the risks
(Kajantie, 2005). Women who are underweight may also be at
risk for adverse pregnancy outcomes (Conti et al., 1998; Micali
et al., 2007; Stewart et al., 1987, Treasure, 1988). Thus, it is
especially important to follow the weight gain recommendations.
Pregnant women should seek counseling and extra support to
ensure appropriate weight gain.

Health related habits play an important role in food choice
(Saba & Di Natale, 1999). Fortunately, there were no current
smokers or alcohol drinkers in this study. About 10% of the
subjects were ex-smokers and about 35% were ex-drinkers.
Maternal smoking reduces birth weight and fertility, and it
increases the risk of abnormal placentation, spontaneous abortion,
preterm delivery and perinatal mortality. Smoking during
pregnancy is also known to be strongly associated with sudden
infant death syndrome (SIDS) (Mitchell er al., 1993). Alcohol
use during pregnancy can cause fetal alcohol syndrome (FAS)
or fetal alcohol effects (FAE), characterized by both pre- and
post-natal growth retardation, facial deformity, and central
nervous system abnormalities (Chiriboga, 2003). Longitudinal
research suggests that prenatal alcohol exposure is associated
with alcohol disorders in early adulthood (Alati et al., 2006).
In this study, about 10% of the subjects consumed more than
five cups of coffee per day. Some studies have found high
caffeine intake (6-8 cups of coffee per day) to be associated with
decreased fertility, increased incidence of spontaneous abortion
and low birth weight (Lechat et al., 1980). It was reported that
intravillous placental blood flow decreased but fetal umbilical
blood flow was unchanged by maternal coffee consumption
(Kirkinen et al, 1983). We thought that women who are
pregnant, or may become pregnant, should be advised to avoid
smoking, alcohol drinking and coffee consumption.

Prenatal stress is associated with a number of adult diseases,
including cardiovascular and related disorders. The mechanism
underlying this relationship is thought to be exposure of the fetus
to components of the stress response (Gale & Martyn, 2004,
Kajantie et al., 2005). According to Kim and Lee (2008), stress
management is important for pregnant women because stress may
lead to reduced nutrient intakes.

Women who exercise during pregnancy have reduced risks of
gestational diabetes, hypertensive disease, preeclampsia and
preterm birth (Chasan-Taber er al., 2004; Weissgerber er al.,
2004), and no study has found any negative effects of moderate
exercise on pregnancy outcomes in a healthy pregnancy (Bell
et al., 1995; Lokey et al., 1991; Sternfeld et al., 1995). In the
results of this study, stress and physical activity did not affect
pregnancy outcomes. We think, however, that increasing physical
activity levels and finding ways to eliminate stress are important
for pregnant women. This may increase the consumption of
foods.

Regarding nutrient intake, our results show that fiber and
phosphorous intake influenced birth weight. A comparison of

fiber and phosphorous in our study with the Korean DRIs (The
Korean Nutrition Society, 2005) show that fiber intake was below
the Korean DRIs of 29 g and phosphorous intake was above
the Korean DRIs of 700 mg. The higher fiber intake of pregnant
women is explained by the higher fruit and vegetable
consumption. In order to reduce phosphorous intake, we would
suggest limiting the amount of processed foods and restaurant
foods (Choi et al., 2006).

Comparison of nutrient intakes in our study with the Korean
DRIs show that intakes of iron and folic acid in almost all
subjects were below their respective Korean DRIs of 24 mg and
600u¢DFE. The total intakes of iron and folic acid were not
determined because the dietary supplements consumed by the
subjects were not investigated in this study. Iron and folic acid
affected birth weight in this and other studies. These micronutrients
are particularly important to the normal outcome of pregnancy
(Caulfield ez al., 1998; Green, 2002; Gulson et al., 2001; Steer,
2000). These results lead to the conclusion that the supplementary
intake of iron and folic acid should be recommended to pregnant
women. It should be remembered, however, that excessive intake
of micronutrient supplements causes side effects, and often these
supplements interact with specific nutritious elements (Kafatos
et al., 1991).

In this study, most of the subjects were included in normal
gestational age (38-42 week), so the gestational age was divided
into tertiles according to the gestational age of the subjects. As
a result, we thought that gestational age was not affected by all
factors, however, several studies have reported that preterm
delivery (before 37 weeks gestation) is a major contributor to
infant morbidity and mortality (Dietz et al., 2006; Wilcox &
Skjaerven, 1992).

This study has several limitations. First, respondents were not
randomly selected, and were taken from a limited number of
geographical areas. Second, dietary intake was analyzed for only
one day, which may not reflect the ordinary diet of the subjects.

In conclusion, the present results indicate that adequacy of
weight gain and nutrient intake, especially dietary fiber, iron,
vitamin Bg, and folic acid, are important for the improvement
of pregnancy outcomes. The results also suggest that dietary
intervention or education should be provided for pregnant
women.
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