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Abstract

Background: Maternal nutritional requirements change with each trimester, making it crucial to provide appropriate vitamin supple-
mentation tailored to each stage. In this study, we investigated the trimester-specific patterns of various vitamin supplements in pregnant
women. Methods: In this multicenter cross-sectional study, we analyzed a total of 816 singleton pregnant women who visited hospitals
for prenatal care from April 2023 to December 2023. Participants were grouped by trimester, with 140 in the first trimester, 365 in the
second, and 311 in the third trimester. A stratified analysis by trimester was performed using multiple linear regression and logistic re-
gression models to examine trimester-specific differences in vitamin supplement intake. A one-way analysis of variance was conducted
to compare the total vitamin supplement intake across trimesters. Results: Among the 816 pregnant women, 98.16% (801/816) reported
taking at least one supplement, with the mean number of supplements increasing from 2.92± 1.27 in the first trimester to 4.04± 1.63 in
the second and 4.37 ± 1.52 in the third trimester. Notably, iron supplementation increased significantly across trimesters. Stratification
analysis revealed that maternal age significantly influenced calcium intake (p-value for interaction = 0.03), with women aged≥35 years
exhibiting higher intake in the third trimester. However, parity and body mass index (BMI) did not show significant interactions with any
supplement type. Vitamin D and folic acid intake remained consistently high across trimesters, indicating widespread awareness of their
importance. These findings suggest that supplementation practices vary based on pregnancy stage and maternal characteristics. Conclu-
sions: Our study examined the patterns of vitamin supplement intake among pregnant women in Republic of Korea across trimesters. We
anticipate that this research will serve as a foundational study, providing valuable insights for future investigations into trimester-specific
supplement use among pregnant women.
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1. Introduction
Interest in micronutrient intake during pregnancy has

increased, as maternal nutrition is crucial to fetal growth
and development. In several developing countries, national
antenatal programs have been implemented to emphasize
the importance of vitamin supplements during pregnancy
[1]. Leading organizations such as the American College of
Obstetricians and Gynecologists (ACOG) [2] recommends
antenatal vitamin supplements. For these reasons, many
pregnant women today are taking a variety of supplements.
Studies have shown that vitamin supplement use ranges
from 78% to 98% in pregnancy cohorts across various coun-
tries, including theUnited States, Canada, andAustralia [3],
and 88% in Republic of Korea [4].

As in other countries, pregnant women in Republic of
Korea can easily purchase various supplements from on-
line markets, as prescriptions are generally not required.
However, the effectiveness and quality of these supple-
ments cannot be guaranteed, with some containing nutrient
levels either too low or too high, or exceeding the recom-

mended daily intake. A domestic study found that iron in
73 products (39.5%) and folic acid in 14 products (8.0%)
were likely to be consumed at amounts greater than the tol-
erable upper intake levels [5]. Additionally, ACOG found
significant differences in nutrient levels and prices among
prenatal vitamins sold over-the-counter in the USA, calling
for more regulatory action on nutritional supplements [2].
Inappropriate vitamin supplement or nutrition during preg-
nancy can lead to numerous deficiencies, which, in turn, can
negatively affect pregnancy outcomes and infant growth
[1].

Comprehensive nutritional supplementation (multi-
ple micronutrients plus balanced protein energy) among
women with inadequate nutrition has been associated with
improved birth outcomes, including decreased rates of low
birthweight [6]. Moreover, specific vitamin supplements
play distinct roles across different pregnancy trimesters. A
Cochrane review revealed that oral folate supplementation
prior to conception and up to 12 weeks of pregnancy is ef-
fective in preventing the occurrence of neural tube defects
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Fig. 1. Study flow diagram. Flow diagram of the study population selection process. A total of 6592 subjects were assessed for
eligibility, and 816 were included in the final analysis. BMI, body mass index.

(NTDs) [7]. Docosahexaenoic acid and eicosapentaenoic
acid during pregnancy had beneficial effects on the neuro-
logical development of the fetus and infant by improving
language, memory, attention, hand coordination, affecting
sleep patterns, and improving visual acuity. It is recom-
mended that supplementation with omega-3 fatty acids is
initiated before 20 weeks of pregnancy [8].

In Republic of Korea, the Ministry of Health andWel-
fare and the Korean Nutrition Society provide dietary ref-
erence intakes (DRIs) for various nutrients [9]. However,
these are merely recommendations, leading many preg-
nant women to rely on market trends and popular supple-
ments rather than scientific evidence or professional advice.
Given this context, understanding the current patterns of vi-
tamin supplement intake by pregnant women and the factors
influencing these choices have become increasingly rele-
vant. Gaining insight into these patterns not only provides
valuable information on common practices but can also help
in assessing gaps in knowledge and support the develop-
ment of evidence-based guidelines. This study aims to ex-
amine the trimester-specific patterns of vitamin supplement
intake among pregnant women.

2. Materials and Methods
2.1 Participants

The study was conducted in accordance with the
guidelines of the Declaration of Helsinki and was approved
by the Institutional Review Board (IRB) of Inje Univer-
sity Ilsan Paik Hospital (IRB No.: 2023-04-036-001). The
study population included singleton pregnant women visit-
ing obstetric clinics at Inje University Ilsan Paik Hospital,
MizWomen’s Hospital, Daejeon andMam’sWomen’s Hos-
pital from April 2023 to December 2023.

2.2 Data Collection
This cross-sectional study collected data from preg-

nant women visiting the described hospitals. Information
on vitamin supplement usage, demographic factors, socioe-
conomic status, obstetric history, and health status was
gathered through a structured questionnaire. The survey
was self-administered, and participants were asked about
their overall supplement intake. Participants with incom-
plete survey responses or those with multiple pregnancies
were excluded from the analysis. The covariates considered
in the models were maternal age, gravidity, parity, body
mass index (BMI), education level, income level, mother’s
occupation, drinking status, and smoking status. Pregnancy
trimester was defined as follows: the first trimester from
week 1 to week 13, the second trimester from week 14 to
week 27, and the third trimester from week 28 to week 40.
As this study subjects are all Koreans, BMI was categorized
as <23 kg/m2 and ≥23 kg/m2, following the Korean Soci-
ety for the Study of Obesity’s classification, which defines
overweight as BMI ≥23 kg/m2 based on an increased risk
of obesity-related diseases in the Korean population [10].

2.3 Statistical Analysis
This study was conducted using data that were ini-

tially cleansed and analyzed with SAS 9.4 software package
(SAS Institute Inc., Cary, NC, USA). Figures were gener-
ated using R software version 4.3.3 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

The Kolmogorov-Smirnov test was applied to as-
sess the normality of continuous variables. Based on the
data distribution, one-way analysis of variance (ANOVA),
Kruskal-Wallis, Chi-squared, or Fisher’s exact tests were
utilized as appropriate. Continuous variables were pre-
sented as means ± standard deviation or medians (Quar-
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Table 1. Demographic characteristics of the participants (N = 816).

Variables
Pregnant women

1st trimester 2nd trimester 3rd trimester
χ2 p-value

N = 140 (17.16%) N = 365 (44.73%) N = 311 (38.11%)

Age (years)

mean (SD) 32.06 (3.61) 32.81 (4.11) 33.19 (3.59)

11.31a) 0.0035**
median (Q1–Q3) 32 (30–34) 32 (30–35) 33 (31–35)

minimum 23 18 22
maximum 43 47 45

BMI (kg/m2)

mean (SD) 23.02 (4.00) 24.37 (3.96) 26.33 (4.32)

72.36a) <0.0001****
median (Q1–Q3) 22.01 (19.99–25.71) 23.63 (21.57–26.61) 25.52 (22.89–29.29)

minimum 16.90 13.32 16.03
maximum 38.20 37.13 38.16

Materanl age (years)
<35 111 (79.29%) 255 (69.86%) 189 (60.77%)

16.25b) 0.0003***
≥35 29 (20.71%) 110 (30.14%) 122 (39.23%)

Gravida
1 (Primigravida) 85 (60.71%) 223 (61.10%) 180 (57.88%)

0.78b) 0.6765
≥2 (Multigravida) 55 (39.29%) 142 (38.90%) 131 (42.12%)

Parity
0 (Nullipara) 84 (60.00%) 238 (65.21%) 194 (62.38%)

1.34b) 0.5123
≥1 (Multipara) 56 (40.00%) 127 (34.79%) 117 (37.62%)

BMI (kg/m2)

<18.5 11 (7.86%) 12 (3.29%) 2 (0.64%)

62.82c) <0.0001****
18.5–22.9 70 (50.00%) 142 (38.90%) 77 (24.76%)
23–24.9 20 (14.29%) 81 (22.19%) 60 (19.29%)
≥25 39 (27.86%) 130 (35.62%) 172 (55.31%)

Education
<High school 26 (18.57%) 77 (21.10%) 65 (20.90%)

0.42b) 0.8088
≥University 114 (81.43%) 288 (78.90%) 246 (79.10%)

Income (dollar)
<$3500 92 (65.71%) 258 (70.41%) 217 (69.77%)

1.09b) 0.5797
≥$3500 48 (34.29%) 108 (29.59%) 94 (30.23%)

Occupation
House wife 52 (37.14%) 164 (44.93%) 144 (46.30%)

3.46b) 0.1771
Employed 88 (62.86%) 201 (55.07%) 167 (53.70%)

Drinking status
No 48 (34.29%) 132 (36.16%) 117 (37.62%)

0.48b) 0.7869
Yes 92 (65.71%) 233 (63.84%) 194 (62.38%)

Smoking status
No 128 (91.43%) 318 (87.12%) 273 (87.78%)

1.84b) 0.3979
Yes 12 (8.57%) 47 (12.88%) 38 (12.22%)

Abbreviations: Q1–Q3, first quartile to third quartile (interquartile range); SD, standard deviation; BMI, body mass index.
a) one-way analysis of variance (ANOVA) test, b) Chi-squared test, c) Fisher’s exact test.
** Indicate significant difference between trimester groups; p < 0.01.
*** Indicate significant difference between trimester groups; p < 0.001.
**** Indicate significant difference between trimester groups; p < 0.0001.

tile 1–Quartile 3). Multiple logistic regression analysis was
performed to assess the association between supplement in-
take and maternal characteristics, adjusting for confounders
such as age, BMI, education level, income, occupation,
drinking status, and smoking status. To determine the most
appropriate model fit, the Akaike Information Criterion
(AIC) was assessed. To compare differences in total num-
ber of vitamin supplements consumed across trimesters,
Kruskal-Wallis test with post-hoc Wilcoxon rank-sum test
was applied. The statistical significance level was set at p
< 0.05.

3. Results
Among the total of 6592 participants, those with miss-

ing values in maternal age, gravidity, parity, BMI, educa-
tion level, income level, mother’s occupation, drinking sta-
tus, smoking status, and type of vitamin supplement were
excluded from the study. Consequently, a total of 816 par-
ticipants were included in this research (Fig. 1).

The demographic, obstetric characteristics, and so-
cioeconomic status of the participants by each trimester
are shown in Table 1. Out of a total of 816 participants,
140 (17.16%) were in the first trimester of pregnancy, 365
(44.73%) in the second trimester, and 311 (38.11%) in the
third trimester. The median age of the participants was
32 years (Quartile 1: 30, Quartile 3: 35), and the me-
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Table 2. Supplement type use during pregnancy by each trimester of the participants (N = 816).

Variables
Pregnancy women

1st trimester (N, %) 2nd trimester (N, %) 3rd trimester (N, %)
χ2 p-value

N = 140 (17.16) N = 365 (44.73) N = 311 (38.11)

Vitamin D
No 38 (27.14) 101 (27.67) 74 (23.79)

1.40a) 0.4958
Yes 102 (72.86) 264 (72.33) 237 (76.21)

Iron
No 116 (82.86) 101 (27.67) 29 (9.32)

249.80a) <0.0001****
Yes 24 (17.14) 264 (72.33) 282 (90.68)

Folic acid
No 2 (1.43) 12 (3.29) 15 (4.82)

3.38b) 0.2000
Yes 138 (98.57) 353 (96.71) 296 (95.18)

Probiotics
No 73 (52.14) 182 (49.86) 130 (41.80)

6.05a) 0.0486*
Yes 67 (47.86) 183 (50.14) 181 (58.20)

Multivitamin
No 107 (76.43) 214 (58.63) 190 (61.09)

14.20a) 0.0008***
Yes 33 (23.57) 151 (41.37) 121 (38.91)

Omega-3
No 112 (80.00) 211 (57.81) 185 (59.49)

22.85a) <0.0001****
Yes 28 (20.00) 154 (42.19) 126 (40.51)

Calcium
No 122 (87.14) 257 (70.41) 192 (61.74)

29.72a) <0.0001****
Yes 18 (12.86) 108 (29.59) 119 (38.26)

Magnesium
No 126 (90.00) 294 (80.55) 237 (76.21)

11.71a) 0.0029**
Yes 14 (10.00) 71 (19.45) 74 (23.79)

a) Chi-squared test, b) Fisher’s exact test.
* Indicate significant difference between trimester groups; p < 0.05.
** Indicate significant difference between trimester groups; p < 0.01.
*** Indicate significant difference between trimester groups; p < 0.001.
**** Indicate significant difference between trimester groups; p < 0.0001.

Table 3. Comparisons of AIC.
Model Vitamin D Iron Folic acid Probiotics Multivitamin Omega-3 Calcium Magnesium

Crude 941.57 757.66 252.74* 1128.56 1069.68* 1063.05 970.63 797.99*
Model 1 940.90 753.07* 255.15 1129.09 1070.94 1062.00 972.26 800.33
Model 2 939.78 756.87 258.84 1126.31 1073.93 1057.80 975.34 803.66
Model 3 939.18* 761.69 263.47 1098.59* 1077.37 1038.58* 970.39* 800.83
Model 1: maternal age, BMI.
Model 2: maternal age, BMI, education, income.
Model 3: maternal age, gravidity, parity, BMI, education, income, mother’s occupation, drinking status, smoking status.
* Indicates model with the lowest AIC value. AIC, Akaike Information Criterion.

dian BMI during pregnancy was 24.04 kg/m2 (Quartile 1:
21.77, Quartile 3: 27.82). Maternal age and BMI during
pregnancy were statistically significant between trimester
groups. When analyzed with categorical variables, there
were significant differences in maternal age and BMI dur-
ing pregnancy across trimesters (p = 0.0003, p < 0.0001,
respectively). No statistically significant differences were
observed for the variables of gravidity, parity, education
level, income level, mother’s occupation, drinking status,
and smoking status.

Table 2 summarizes 8 types of vitamin supplement
use during pregnancy by trimester. A total of 98.16%
(801/816) of participants took at least one supplement
across trimesters. When analyzed with the Chi-square and
Fisher’s exact test, significant differences were observed

for the variables of iron, probiotics, multivitamins, omega-
3, calcium, and magnesium (p < 0.0001, p = 0.0486, p =
0.0008, p < 0.0001, p < 0.0001, p = 0.0029, respectively).
Vitamin D supplementation was consistently high across
trimesters, with no significant variation: 72.86% in the first
trimester, 72.33% in the second trimester, and 76.21% in
the third trimester (p = 0.4958). Folic acid also showed
widespread use across all trimesters, but no significant dif-
ferences were observed (p = 0.2000).

AIC values were calculated to identify the most appro-
priate model specification for the analysis (Table 3). The re-
sults indicated thatmodel 3 consistently achieved the lowest
AIC values for a majority of the supplements examined, so
it was ultimately chosen as the final model specification.
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Table 4. Adjusted OR and 95% CI of each vitamin
supplement use by trimester.

Supplement
Comparison
(trimester)

OR (95% CI) p-value

Vitamin D
1st vs. 2nd 0.96 (0.61–1.50) 0.6058
1st vs. 3rd 1.09 (0.68–1.77) 0.5468
2nd vs. 3rd 1.15 (0.80–1.64) 0.5565

Iron
1st vs. 2nd 13.03 (7.83–21.69) 0.0005***
1st vs. 3rd 44.42 (24.34–81.03) <0.0001****
2nd vs. 3rd 3.32 (2.11–5.23) <0.0001****

Folic acid
1st vs. 2nd 0.45 (0.10–2.08) 0.7111
1st vs. 3rd 0.29 (0.06–1.35) 0.0871
2nd vs. 3rd 0.61 (0.28–1.35) 0.0540

Probiotics
1st vs. 2nd 1.06 (0.71–1.58) 0.4321
1st vs. 3rd 1.42 (0.92–2.17) 0.0490*
2nd vs. 3rd 1.33 (0.96–1.83) 0.0694

Multivitamin
1st vs. 2nd 2.33 (1.49–3.66) 0.0023**
1st vs. 3rd 2.07 (1.29–3.31) 0.0745
2nd vs. 3rd 0.89 (0.65–1.23) 0.0793

Omega-3
1st vs. 2nd 2.99 (1.85–4.82) 0.0002***
1st vs. 3rd 2.52 (1.53–4.13) 0.0323*
2nd vs. 3rd 0.86 (0.62–1.19) 0.0316*

Calcium
1st vs. 2nd 2.87 (1.65–4.99) 0.0642
1st vs. 3rd 4.20 (2.39–7.39) <0.0001****
2nd vs. 3rd 1.45 (1.04–2.02) <0.0001****

Magnesium
1st vs. 2nd 2.19 (1.18–4.07) 0.2077
1st vs. 3rd 2.85 (1.51–5.37) 0.0024**
2nd vs. 3rd 1.31 (0.89–1.92) 0.0029**

Abbreviation: OR, odds ratio; CI, confidence interval.
Adjusted model: maternal age, gravidity, parity, BMI, education
level, income level, mother’s occupation, drinking status, smoking
status.
* Indicate significant difference between trimester groups; p< 0.05.
** Indicate significant difference between trimester groups; p <

0.01.
*** Indicate significant difference between trimester groups; p <

0.001.
**** Indicate significant difference between trimester groups; p <

0.0001.

Table 4 presents the odds ratios (OR) and 95% confi-
dence intervals (CI) for the comparison of supplement use
across trimesters. Significant differences were observed in
the use of iron, omega-3, and calcium, with higher odds
of use in later trimesters compared to the first trimester.
Specifically, iron intake significantly increased between the
first and second (OR = 13.03, p = 0.0005) and first and third
trimesters (OR = 44.42, p < 0.0001). Similarly, omega-3
(1st vs. 2nd: OR = 2.99, p = 0.0001; 1st vs. 3rd: OR =
2.52, p = 0.0323) and calcium (1st vs. 3rd: OR = 4.20,
p < 0.0001) showed significant increases. Folic acid and
vitamin D did not show consistent significant differences,
while multivitamin andmagnesium showed varying results,

with multivitamins exhibiting higher odds in the first ver-
sus second trimester comparison (OR = 2.33, p = 0.0023),
and magnesium showing a significant increase in the first
versus third trimester (OR = 2.85, p = 0.0024).

Stratification analysis was performed based on mater-
nal age (<35 years old,≥35 years old), parity (0: nullipara,
≥1: multipara) and BMI during pregnancy (<23 kg/m2,
≥23 kg/m2) (Table 5). In the stratification analysis based
on age, parity, and BMI, significant findings were observed
for calcium supplementation across trimesters. The p-value
for interaction for calcium was significant (p = 0.03), in-
dicating that the effect of calcium supplementation varied
between women aged <35 and those aged ≥35. Specif-
ically, calcium supplementation significantly increased in
the third trimester for women aged ≥35, with an odds ra-
tio of 6.54 (95% CI = 2.01–21.25). This suggests a more
pronounced increase in calcium use for women aged ≥35
compared to those under 35. Similarly, iron supplementa-
tion showed significant increases across all stratified vari-
ables. The odds ratio for iron supplementation was notably
higher in the third trimester. This significant increase was
observed in the third trimester across all stratified variables
(age, parity and BMI), with p-values below 0.001. In con-
trast, no significant differences were found in the interac-
tion for other supplements, including vitamin D, iron, folic
acid, probiotics, omega-3, multivitamins, and magnesium,
across the stratified variables.

Table 6 and Fig. 2 showed the percentage of supple-
ment intake across trimesters by maternal age groups. The
analysis of supplement intake by age group and trimester
showed a distinct pattern. In the first trimester, women
above 35 had higher intake rates for all supplements ex-
cept vitamin D. However, in the second trimester, younger
women showed a temporary increase in supplement in-
take, narrowing the gap with the older group. By the third
trimester, younger women had lower intake rates than the
older group for all supplements except vitamin D. Unlike
other supplements, vitamin Dwas the only supplement with
consistently higher intake among younger women across all
trimesters.

The total vitamin supplement count significantly dif-
fered across pregnancy trimesters, as confirmed by the
Kruskal-wallis test (χ2 = 85.23, p < 0.0001, Fig. 3). The
mean ± SD supplement count was 2.92 ± 1.27 in the first
trimester, 4.04 ± 1.63 in the second trimester, and 4.37 ±
1.52 in the third trimester. Post-hoc Wilcoxon rank-sum
tests revealed significant differences between the first and
second trimesters (p< 0.0001), the first and third trimesters
(p < 0.0001), and the second and third trimesters (p =
0.0085).
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Table 5. Stratification by age group, parity and BMI during pregnancy (adjusted OR and 95% CI), with 1st trimester as the reference.
Vitamin D Iron Folic acid Probiotics

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

Age
(years)

<35 0.86 (0.51–1.47) 1.08 (0.61–1.92) 0.97 17.62 (9.51–32.65)**** 44.17 (21.67–90.02)**** 0.06 0.14 (0.01–1.81) 0.07 (0.01–0.95)* 0.42 1.03 (0.64–1.64) 1.40 (0.85–2.30) 0.85
≥35 1.25 (0.51–3.06) 1.05 (0.42–2.65) 6.84 (2.58–18.10) 49.44 (14.68–166.53)**** 2.76 (0.59–12.99) 2.35 (0.48–11.59) 1.01 (0.42–2.42) 1.13 (0.46–2.77)

Parity
0 0.79 (0.43–1.46) 0.99 (0.51–1.94) 0.40 18.02 (8.65–37.54)*** 53.33 (23.28–122.14)**** 0.81 0.27 (0.02–3.37) 0.12 (0.01–1.48) 0.20 1.38 (0.82–2.32) 1.98 (1.13–3.49)* 0.68
≥1 1.23 (0.62–2.45) 1.24 (0.61–2.54) 8.23 (3.92–17.47) 35.87 (13.77–93.47)**** 1.66 (0.37–7.43) 1.76 (0.34–8.98) 0.63 (0.32–1.25) 0.84 (0.42–1.68)

BMI
(kg/m2)

<23 1.13 (0.61–2.12) 0.77 (0.38–1.56) 0.14 13.54 (6.55–28.01)** 40.32 (15.89–102.34)**** 0.64 0.88 (0.22–3.65) 0.33 (0.08–1.37) 0.52 1.45 (0.81–2.60) 1.87 (0.94–3.73) 0.63
≥23 0.99 (0.50–1.95) 1.44 (0.72–2.87) 13.95 (6.64–29.33)* 49.98 (21.91–114.01)**** 0.30 (0.02–4.18) 0.28 (0.02–3.95) 0.77 (0.42–1.42) 1.11 (0.61–2.04)

Multivitamin Omega-3 Calcium Magnesium

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

2nd trimester 3rd trimester p-value for
interaction

Age
(years)

<35 3.07 (1.78–5.29)** 2.34 (1.31–4.15) 0.90 3.70 (2.13–6.45)*** 2.11 (1.17–3.81) 0.73 3.07 (1.64–5.75)* 3.22 (1.67–6.18)** 0.03* 2.45 (1.18–5.08) 2.83 (1.33–6.04)* 0.84
≥35 1.11 (0.47–2.59) 1.35 (0.57–3.22) 1.47 (0.54–3.97) 3.11 (1.14–8.46) 2.23 (0.69–7.23) 6.54 (2.01–21.25)*** 1.27 (0.38–4.26) 2.44 (0.72–8.22)

Parity
0 2.25 (1.28–3.98)* 2.03 (1.11–3.72) 0.99 2.80 (1.57–5.01)* 2.98 (1.61–5.51)** 0.31 3.04 (1.50–6.14) 5.46 (2.64–11.29)**** 0.19 2.02 (0.96–4.27) 2.94 (1.35–6.37)** 0.85
≥1 2.54 (1.20–5.38)* 2.17 (1.00–4.68) 3.42 (1.47–7.98)** 2.09 (0.87–4.99) 2.61 (1.07–6.37) 2.58 (1.04–6.40) 2.62 (0.84–8.17) 2.93 (0.93–9.23)

BMI
(kg/m2)

<23 2.75 (1.43–5.29) 3.48 (1.65–7.36)* 0.28 3.68 (1.81–7.51)* 3.61 (1.60–8.17) 0.53 2.87 (1.30–6.32) 4.64 (1.96–10.96)** 0.72 2.00 (0.85–4.69) 2.82 (1.10–7.21) 0.88
≥23 1.93 (1.01–3.69)* 1.48 (0.78–2.83) 2.68 (1.37–5.23)* 2.27 (1.17–4.42) 2.60 (1.18–5.70) 3.66 (1.68–7.97)** 2.15 (0.85–5.42) 2.69 (1.08–6.72)*

* Indicate significant difference with the first trimester as a reference; p < 0.05.
** Indicate significant difference with the first trimester as a reference; p < 0.01.
*** Indicate significant difference with the first trimester as a reference; p < 0.001.
**** Indicate significant difference with the first trimester as a reference; p < 0.0001.
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Table 6. Percentage of supplement intake across trimesters by age group.
Supplements Age group 1st trimester (%) 2nd trimester (%) 3rd trimester (%)

Vitamin D Under 35 75.23 73.73 78.71
Above 35 64.52 69.09 71.56

Iron Under 35 14.68 74.51 89.11
Above 35 25.81 67.27 93.58

Folic acid Under 35 98.17 97.25 93.56
Above 35 100.00 95.45 98.17

Probiotics Under 35 47.71 49.80 57.43
Above 35 48.39 50.91 59.63

Multivitamin Under 35 19.27 41.96 35.15
Above 35 38.71 40.00 45.87

Omega-3 Under 35 19.27 46.67 36.63
Above 35 22.58 31.82 47.71

Calcium Under 35 12.84 31.37 33.66
Above 35 12.90 25.45 46.79

Magnesium Under 35 9.17 20.00 22.77
Above 35 12.90 18.18 25.69

4. Discussion
In this study, we investigated the patterns of vita-

min supplementation use among pregnant women in Re-
public of Korea, providing a cross-sectional comparison
across trimesters. The findings revealed a high preva-
lence of vitamin supplement use among pregnant women,
with 98.16% of participants taking at least one supplement
across trimesters, a rate exceeding the previously reported
72.9% in the United States [11] and 88% in Republic of
Korea [4]. Since this study was conducted among pregnant
women receiving hospital care, the participants are likely to
have a higher interest in maternal and fetal health and may
have already received nutritional guidance from healthcare
providers. The increased intake of vitamin supplements
among pregnant women is likely due to the expanding mar-
ket for these products and the growing awareness of per-
sonal health and well-being, reflecting a broader consumer
trend toward foods that enhance health, including vitamin
supplements [12].

Supplementation with vitamins such as iron, probi-
otics, multivitamins, omega-3, calcium, and magnesium
significantly varied across trimesters. In contrast, vitamin
D and folic acid showed no significant differences across
trimesters (p = 0.4958, p = 0.20, respectively), suggesting
consistent use throughout pregnancy.

While folic acid intake was reported as 98.57% in the
first trimester, 96.71% in the second trimester, 95.18% in
the third trimester, a relatively lower intake was observed
in later trimesters, possibly reflecting longstanding recom-
mendations that prioritize folic acid consumption during
early pregnancy. According to previous study, folic acid
use also showed a pattern similar to our results, signif-
icantly decreasing as pregnancy progressed, with 93.1%
in the first trimester, 43.7% in the second trimester, and

34.8% in the third trimester (p< 0.001) [13]. This emphasis
on early pregnancy intake aligns with global recommenda-
tions, as folic acid plays a crucial role in fetal development.
It is essential for DNA replication, amino acid synthesis,
and vitamin metabolism, and its increased demand during
pregnancy supports fetal growth and neural tube formation.
Folate deficiency has been associated with NTDs, neural
crest disorders, fetal growth restriction, low birth weight,
preterm delivery, and neonatal folate deficiency [14]. Rec-
ognizing these risks, several countries, including the United
States, the United Kingdom, the European Union, Canada,
NewZealand, and China, began recommending daily intake
of 400 µg of folic acid for women planning pregnancy in the
early 1990s to reduce NTD risk [3]. Similarly, the World
Health Organization (WHO) advises daily folic acid intake
from the preconception period until 12 weeks of pregnancy
to prevent fetal developmental issues [15]. However, cur-
rent guidelines do not recommend folic acid supplementa-
tion beyond 12 weeks, which may explain the lower intake
observed in younger women during the third trimester in
age-stratification analysis.

In this study, vitamin D intake remained consis-
tent across all trimesters, suggesting a growing awareness
among pregnant women of its potential benefits during
pregnancy. This trend is particularly relevant given that
approximately 89% pregnant women in Republic of Ko-
rea have been reported to be vitamin D deficient. Research
has shown that gestational vitamin D deficiency is associ-
ated with fetal intrauterine growth restriction and various
adverse fetal and neonatal health outcomes, including an in-
creased risk of preterm birth, miscarriage, low birth weight,
and neonatal hypocalcemia [16].

In this study, statistically significant differences in
iron supplement were observed across trimesters, with odds
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Fig. 2. Percentage of supplement intake across trimesters by age group. The figure displays the percentage of pregnant women
consuming various nutrients across three trimesters (TR1, TR2, and TR3), stratified by maternal age groups: “Under 35” (red line) and
“Above 35” (blue line). Cal, calcium; vitD, vitamin D; Mg, magnesium; multivit, multivitamin.

ratios appearing to increase in later pregnancy. According
to previous study, iron use exhibited a trend consistent with
our findings, increasing as pregnancy advanced, with 7.9%
in the first trimester, 23.6% in the second trimester, and
61.7% in the third trimester [13]. This trend aligns with
the rising iron demands during pregnancy, as approximately
1000 mg of iron is required to support maternal and fetal
needs. Hallberg [17] reported a total iron requirement of
1040 mg, accounting for 350 mg transferred to the fetus
and placenta, 250 mg lost during delivery, 450 mg needed
for increased maternal red blood cell mass, and 240 mg lost
through basal iron losses. Clinical guidelines recommend

30mg/day of iron from the second trimester [18], when iron
needs increase, which may explain this pattern , suggesting
that pregnant women are following physician recommenda-
tions based on clinical evidence.

The stratified analysis was performed using de-
mographic variables that showed significance across
trimesters, such as age and BMI during pregnancy, as well
as parity, which is considered an important variable [13].
Our findings highlight the significant roles of age, BMI,
and parity in vitamin supplement intake during pregnancy.
p-value for interaction was statistically significant in cal-
cium intake, indicating that older women consume more
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Fig. 3. Comparison of the number of vitamin supplements used based on the trimester of pregnancy. The boxplot illustrates the
distribution of total vitamin supplement counts during the first, second, and third trimesters of pregnancy.

calcium than younger women in the third trimester. This
may reflect a greater awareness of overall maternal nutri-
tion among older pregnant women, as evidenced by their
higher intake of dietary fiber, vegetables, and fruits dur-
ing pregnancy [19]. Additionally, given the crucial role of
calcium in supporting both maternal and fetal bone health,
this heightened awareness may contribute to their increased
calcium intake [19,20]. The World Health Organization
strongly recommends routine calcium supplementation to
prevent preeclampsia [21] as well as gestational diabetes
mellitus [22]. These facts may help explain the higher in-
take rate of calcium during pregnancy among older women,
who are more vulnerable to negative pregnancy outcomes.
However, no significant interaction effects were observed
for parity or BMI across any supplement types, including
calcium. In previous stratified study on parity, folic acid
compliance was found to be negatively correlated with par-
ity [23]. However, our stratified analysis of parity showed
no significant results, highlighting the need for further in-
vestigation. This lack of significance may suggest that, be-
yond age, other unmeasured factors could be influencing
supplement intake patterns during pregnancy. Potential un-

measured variables may include dietary habits, socioeco-
nomic status, awareness of nutritional guidelines, or health-
care provider recommendations, which could play a role
in shaping individual supplement consumption behaviors.
Future research should explore these potential contributing
factors to better understand the complex determinants of
prenatal supplement intake.

The total number of supplements used varied by
trimester, with the mean increasing from 2.92± 1.27 in the
first trimester to 4.04 ± 1.63 in the second trimester and
4.37 ±1.52 in the third trimester. According to previous
study, similar to our findings, the mean± SD values for the
total number of supplement types were 1.644± 0.982 in the
first trimester, 2.244 ± 1.216 in the second trimester, and
2.583 ± 1.311 in the third trimester, showing a significant
decrease (p < 0.001) [13]. While our study does not assess
changes over time, these differences suggest that supple-
mentation practices may be influenced by pregnancy stage,
with women in later trimesters more likely to take multiple
supplements [13].

There are several limitations in this study. First, the
data were originally based on a study focusing on urinary
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incontinence, resulting in the exclusion of a majority of par-
ticipants who did not have vitamin supplement data. Sec-
ond, because vitamin supplement use was assessed exclu-
sively through yes/no questions, the specific dosages and
administration details were not taken into account. Con-
sequently, we could not calculate the actual intake of sup-
plements and food sources, making it impossible to com-
pare with dietary recommendations. Moreover, as a cross-
sectional study, causation cannot be inferred, and poten-
tial biases—such as selection bias and recall bias—may
impact the results. The study was conducted on pregnant
women who visited hospitals, which may not fully repre-
sent the broader population of pregnant women, especially
those who have limited access to healthcare or do not attend
medical facilities. This limitation should be addressed, as it
may affect the generalizability of the findings to the broader
population of pregnant women. Additionally, the generaliz-
ability of the findings may also be limited to Korean preg-
nant women due to specific cultural factors that influence
dietary habits and supplement use. Future research should
involve a larger population and include more comprehen-
sive assessments. Also, a case-control study design instead
of cross-sectional study could be considered as a future di-
rection for research. This design could provide more robust
evidence regarding the factors influencing vitamin supple-
ments used during pregnancy, especially when comparing
women with different pregnancy outcomes. Lastly, the in-
vestigation of vitamin supplement use prior to conception
was not addressed in this study. Despite these limitations,
this study remains meaningful for exploring trends in sup-
plement use throughout pregnancy among Korean pregnant
women. Its multicenter design enhances generalizability,
providing useful information on the optimal use of supple-
ments by trimester and serves as a worthy foundation for
future research.

5. Conclusions
In conclusion, this study highlights the distinct pat-

terns of vitamin supplement use among pregnant women in
Republic of Korea, revealing a significant overall increase
in supplement intake in the later stages of pregnancy. The
findings demonstrate variations in supplementation based
on maternal age, BMI, and parity, emphasizing the need
for individualized nutritional strategies and regular assess-
ments by healthcare providers to ensure optimal maternal
and fetal health. Despite some limitations, this study pro-
vides a valuable foundation for future research and the de-
velopment of tailored recommendations to optimize prena-
tal nutrition and pregnancy outcomes.
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