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Abstract
Objective: The coexistence of underweight (UW) and overweight (OW)/obese
(OB) at the population level is known to affect iron deficiency (ID) anaemia
(IDA), but how the weight status affects erythropoiesis during pregnancy is less
clear at a population scale. This study investigated associations between the
pre-pregnancy BMI (pBMI) and erythropoiesis-related nutritional deficiencies.
Design: Anthropometry, blood biochemistry and 24-h dietary recall data were col-
lected during prenatal care visits. The weight status was defined based on the
pBMI. Mild nutrition deficiency-related erythropoiesis was defined if individuals
had an ID, folate depletion or a vitamin B12 deficiency.
Setting: The Nationwide Nutrition and Health Survey in Taiwan (Pregnant NAHSIT
2017–2019).
Participants: We included 1456 women aged 20 to 45 years with singleton
pregnancies.
Results: Among these pregnant women, 9·6 % were UW, and 29·2 % were either
OW (15·8 %) or OB (13·4 %). A U-shaped association between the pBMI and
IDA was observed, with decreased odds (OR; 95 % CI) for OW subjects (0·6;
95 % CI (0·4, 0·9)) but increased odds for UW (1·2; 95 % CI (0·8, 2·0)) and OB sub-
jects (1·2; 95 % CI (0·8, 1·8)). The pBMI was positively correlated with the preva-
lence of a mild nutritional deficiency. Compared to normal weight, OB pregnant
women had 3·4-fold (3·4; 95 % CI (1·4, 8·1)) higher odds for multiple mild nutri-
tional deficiencies, while UW individuals had lowest odds (0·3; 95 % CI (0·1,
1·2)). A dietary analysis showed negative relationships of pBMI with energy, car-
bohydrates, protein, Fe and folate intakes, but positive relationshipwith fat intakes.
Conclusion: The pre-pregnancy weight status can possibly serve as a good nutri-
tional screening tool for preventing IDA during pregnancy.
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The pre-pregnancy weight status of underweight (UW),
overweight (OW) and obese (OB) at the population level

is known to affect the nutritional status during pregnancy.
While the prevalence of an UW status has become stable in
affluent countries(1), the prevalence of OW/OB statuses has
sharply increased across the world(2). It is estimated that inNoor R Mayasari and Tzu-Yu Hu are contributed equally to this work.
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2025, more than 21 % of women will be OB and 9 % of
women will be severely OB(1).

Anaemia and iron deficiency (ID) anaemia (IDA) are
among the most common forms of nutritional disorders
affecting 56 million pregnant women worldwide(3).
During pregnancy, the demand for erythropoiesis-
related nutrients is increased to support fetoplacental
development(4,5). The pre-pregnancy BMI (pBMI) is an
indicator of the nutritional status of women before enter-
ing pregnancy. There is growing evidence suggesting
that pre-pregnancy OW/OB is associated with impaired
Fe(6–10), folate(10–12) and vitamin B12

(10,12) statuses during
pregnancy. The possible link between obesity and the Fe
status may be attributable to adiposity-mediated low-
grade inflammation that upregulates hepcidin synthesis
resulting in a decreased Fe absorption rate and lower sys-
temically bioavailable Fe(13). However, other studies
showed that pre-pregnancy UW women were more sus-
ceptible to maternal IDA or anaemia, and OW/OB
women the least susceptible(14,15), or that there was no
association between obesity and the maternal Fe
status(16).

Dietary factors are known to influence the relation-
ship between the pBMI and gestational IDA. In recent
years, several studies examined the risk between
pBMI/BMI and erythropoiesis-related nutritional defi-
ciencies(6–12,14–19); however, available data are inconclu-
sive. It is possible that one’s socio-economic status may
influence the relationship between pBMI and the mater-
nal nutritional status. In developed countries, the risks of
ID and IDA seem to increase among OB pregnant
women(6,10), but in developing countries, the risk of
IDA seems to be higher among UW women(14,19). Since
a pre-pregnancy UW status indicates that a women is
malnourished before entering pregnancy, insufficient
intake of calories, proteins and micronutrients as well
as a lack of stored nutrients (e.g. Fe) in the body are
thought to be responsible for gestational IDA among
UW women with a low socio-economic status(14,19,20).
However, in affluent countries like Taiwan, some pre-
pregnancy UW women are well educated with a good
income and dietary habits, but they tend to control their
body weight in order to maintain a slim figure(21). In con-
trast, obesity is frequently associated with poor dietary
habits and a preference for eating high-energy (e.g.
fat-containing) but low-micronutrient food (e.g. vitamins
and trace elements)(11,22).

Currently, how the pre-pregnancy weight status
affects erythropoiesis during pregnancy is less clear at
a population scale. By studying nationwide representa-
tive population data in Taiwan, the broad aim of
this study was to investigate associations between
the pBMI and erythropoiesis-related nutritional
deficiencies.

Methods

Study design and population
The Nationwide Nutrition and Health Survey in pregnant
women was conducted in Taiwan in 2017–2019.
Stratified probability sampling was used in this study
according to data of Urban and Regional Development sta-
tistics and sampling design of this nutrition and health sur-
vey in Taiwan(23). The sample population was stratified into
northern, central, southern and eastern regions. For each
stratum, medical facilities were divided into large and small
medical facilities according to the number of annual prena-
tal examinations. At least two medical facilities were
chosen from each stratum, and pregnant women were
recruited when they visited one of the prenatal care
centres. The inclusion criteria were (1) ≥15 years of age,
(2) Taiwanese residency and able to speak fluent
Chinese or Taiwanese, (3) had received thematernal health
checkout booklet and (4) provided signed written
informed consent or a copy of signedwritten informed con-
sent of a parent or legal guardian for those who were ≤19
years of age. The study protocol was approved by the
Taipei Medical University Institutional Review Board
(TMU-JIRB N201707039). In this study, we excluded 46
respondents who were≤19 years (n 6), with multiple preg-
nancies (n 33), and with missing data on body weight or
height (n 7). Pregnant women who were underage (<19
years) and with multiple pregnancies were excluded since
these conditions may influence the nutritional status or
nutritional needs of the women(24). In total, 1456 respon-
dents were included in the analysis.

Data collection
Trimester was defined according to the guideline of
Ministry of Health and Welfare, Taiwan: (1) the first trimes-
ter (T) 1 was defined as the first 17 weeks of pregnancy fol-
lowing the last normal menstrual period, (2) T2 as weeks 18
to 28 and (3) T3 as weeks 29 to 40. Blood sample, self-
reported questionnaire and dietary intake data were col-
lected during a prenatal care visit. A self-reported question-
naire was collected which included data on: (1) personal
information (e.g. age, trimester, anthropometric data, resi-
dence, educational level, household income and parity);
(2) health history before and during pregnancy; and (3)
use of prenatal dietary supplementation (e.g. multivita-
mins, vitamin B12, folate and Fe). Anthropometric data
were obtained from a self-reported questionnaire in which
woman reported their pre-pregnancy body height (pBH)
and body weight (pBW). Self-reported height and weight
are a valid measurement of the actual pBMI(25). The
pBMI was calculated using the formula of pBW divided
by pBH squared (kg/m2). The nutritional status of the preg-
nant women was defined based on the pBMI according to
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the WHO for the Asian-Pacific region’s recommendation
and the Ministry of Health and Welfare, Taiwan: UW is
defined as a pBMI of <18·5 kg/m2, normal weight (NW)
as a pBMI of 18·5–23·9 kg/m2, OW as a pBMI of 24–26·9
kg/m2 and OB as a pBMI of ≥27·0 kg/m2(26,27). Dietary
intake was assessed by a face-to-face interview using a
24-h dietary recall by an experienced dietitian. Detailed
dietary data, such as meal type, mealtime, food sources
(e.g. home-made food or eating out), food items and cook-
ing methods, were recorded to help estimate nutrient
intake levels. Dietary intake data were calculated based
on the Taiwan Food Nutrient Database using the online
software Cofit Pro (Cofit Healthcare, Taipei, Taiwan).
Dietary recommended intake (DRI) levels of pregnant
women were calculated according to guidelines of the
Ministry of Health and Welfare, Taiwan(28).

Blood biochemical analyses
Blood samples were drawn from peripheral venous blood
vessels during a prenatal care visit (first trimester: 13 or 17
weeks, second trimester: 22 or 26 weeks and third trimes-
ter: >29 weeks). Whole-blood samples were used to mea-
sure the Hb concentration with a hematology analyser
(Sysmex). Serum was used to analyse Fe biomarkers
(e.g. serum iron, transferrin saturation (TS), ferritin and
hepcidin), folate and vitamin B12. Serum iron was analysed
by a ferrozine-based colorimetric assay by a Beckman
Coulter Unicel DxC 800 (Beckman Coulter, Brea). Serum
ferritin was analysed by a chemiluminescence immuno-
assay by the Beckman Coulter Unicel DxC 800
(Beckman Coulter). The total iron-binding capacity
(TIBC) was assessed by an immunoturbidimetric method
by the Beckman Coulter Unicel DxC 800, and TS was cal-
culated as serum iron/TIBC× 100. Serum folate and vitamin
B12 were analysed by a RIA (MP, Biomedicals). Serum hep-
cidin levels were analysed by a human hepcidin DuoSet
ELISA (R&D Systems), according to the manufacturer’s
instructions.

Definitions of nutritional deficiencies related to
erythropoiesis
Erythropoiesis-related nutritional deficiencies include
anaemia, IDA, ID, folate depletion and a vitamin B12 defi-
ciency. According to the Central Disease Center (CDC),
Taiwan, anaemia in pregnancy is defined as an Hb level
of <11 g/dl in the first and third trimesters, and as <10·5
g/dl in the second trimester(29). According to the WHO,
ID is defined as TS of <16 %(30) and serum ferritin of <15
ng/ml(31). IDA is defined as: (1) an Hb level of <11 g/dl
in the first and third trimesters, and of <10·5 g/dl in the sec-
ond trimester; (2) TS of<16 %; and (3) serum ferritin of<15
ng/ml. Serum ferritin is a commonly used biomarker for
assessing the Fe status of healthy individuals. However,
ferritin is also regarded as an acute-phase reactant, as it
is sensitive to inflammation, and the inclusion of serum

ferritin may cause a ‘false-negative’ diagnosis of ID and
IDA among individuals who are OW or OB(32).
Therefore, we also defined ID and IDA in the absence of
serum ferritin to prevent ‘false-negative’ diagnoses among
women with chronic inflammation. IDA1 was defined
based on TS of <16 % and an Hb level of <11 g/dl in the
first and third trimesters, and <10·5 g/dl in the second tri-
mester; and ID1 was defined based on TS of<16 %, without
inclusion of serum ferritin(33). Folate depletion was defined
as serum folate of <6 ng/ml(34). A vitamin B12 deficiency
was diagnosed when the serum vitamin B12 concentration
was <203 pg/ml(35). A severe nutritional deficiency was
defined as anaemia or IDA. A mild nutritional deficiency
related to erythropoiesis was defined by the presence of
ID, folate depletion or a vitamin B12 deficiency.

Data analysis
Data were analysed using SPSS vers. 21 (IBM) and
GraphPad Prism 5 (GraphPad Prism 5, GraphPad
Software). A normal distribution was determined depend-
ing on the histograms and absolute values of skewness (≤2)
and/or absolute kurtosis (≤7) without considering Z-val-
ues(36). Continuous variables are presented as the mean
and standard deviation and categorical variables as number
(percentage). Variables with a skewed distribution were
reported as the median (interquartile range). A Pfor trend

was determined by a general linear trend model. For con-
tinuous variables, the Mann–Whitney U test was performed
to compare the difference between two groups. For cat-
egorical variables, a chi-squared test was performed for
two-group comparisons. A multivariate logistic regression
was performed to measure the OR of severe andmild nutri-
tional deficiencies related to erythropoiesis using the pBMI
as a factor. The significance level for the Pfor trend and P
value was defined as <0·05.

Results

General characteristics of study participants
according to the pBMI
Table 1 shows baseline characteristics of study participants
according to the pBMI. Among these pregnant women,
9·6 % were UW and 29·2 % were either OW (15·8 %) or
OB (13·4 %). When compared to OB pregnant women,
UW pregnant women were younger and had the highest
primiparous rate and highest levels of circulating folate,
vitamin B12, and TS %, but the lowest serum ferritin and
hepcidin levels (Table 1).

Prevalence rates of nutritional deficiencies
related to erythropoiesis
We next investigated prevalence rates of erythropoiesis-
related nutritional deficiencies according to the pBMI. In
general, U-shaped associations between the pBMI and
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Table 1 Maternal baseline characteristics stratified by the pre-pregnancy BMI (pBMI) (n 1456)

Variable

pBMI

UW (n 140) NW (n 891) OW (n 230) OB (n 195) P value† P value‡ P value§

n % n % n % n % Pfor trend* UW v. OB NW v. OB OW v. OB

Basic characteristic
Age (years)
Mean 31·6 32·6 32·8 33·0 0·005 0·009 0·272 0·557
SD 4·6 4·6 4·8 5·0

pBMI (kg/m2)
Mean 17·7 21·1 25·3 30·5 <0·001 <0·001 <0·001 <0·001
SD 0·6 1·5 0·9 3·1

Trimester
First trimester 32 22·9 226 25·4 56 24·3 48 24·6 0·562
Second trimester 45 32·1 286 32·1 85 37·0 55 28·2
Third trimester 63 45·0 379 42·5 89 38·7 92 47·2

Parity
Primiparous 87 62·1 518 58·3 112 48·7 78 40·0 <0·001

Blood biomarkers
Hb (g/dl)
Mean 11·4 11·7 12·1 11·7 0·067 0·043 0·284 0·275
SD 1·7 1·9 2·2 1·9

TS (%)
Mean 17·8 16·9 16·6 13·7 <0·001 0·013 <0·001 <0·001
SD 12·7 10·2 8·4 7·5

SF (ng/ml)‖ 11·6 7·6–26·3 13·1 7·9–27·5 15·1 8·8–31·5 14·8 7·8–32·4 0·032 0·133 0·29 0·727
Serum hepcidin (ng/ml)
Mean 20·1 23·3 26·1 27·7 0·02 0·002 0·037 0·37
SD 31·0 31·6 35·0 34·0

Folate (ng/ml)
Mean 13·0 13·0 12·8 11·8 0·018 0·014 <0·001 0·007
SD 7·5 7·1 7·4 7·3

Vitamin B12 (pg/ml)‖ 306 230–385 283 212–381 275 202–367 241 180–356 0·002 <0·001 <0·001 0·045
Erythropoiesis-related nutrition deficiencies
Anaemia 42 30·0 226 25·4 40 17·4 49 25·1 0·108 0·323 0·939 0·051
Anaemia non-ID1 9 6·4 66 7·4 13 5·7 4 2·1 0·017 0·041 0·006 0·059
Anaemia non-ID 11 7·9 77 8·7 21 9·1 14 7·2 0·769 0·816 0·502 0·466
IDA1 33 23·6 160 18·0 27 11·7 45 23·1 0·782 0·916 0·098 0·002
IDA 31 22·1 149 16·7 19 8·3 35 17·9 0·097 0·341 0·684 0·003
ID1 72 51·4 466 52·3 122 53·0 138 70·8 <0·001 <0·001 <0·001 <0·001
ID 60 42·9 384 43·1 82 35·7 89 45·6 0·853 0·613 0·525 0·036
Folate depletion 31 22·1 152 17·1 44 19·1 57 29·2 0·008 0·146 <0·001 0·015
Vit B12 deficiency 21 15·0 199 22·3 57 24·8 67 34·4 <0·001 <0·001 <0·001 0·03

UW, underweight; NW, normal weight; OW, overweight; OB, obese; TS, transferrin saturation; SF, serum ferritin; ID, iron deficiency; IDA, iron deficiency anaemia; Vit, vitamin; 1, no serum ferritin.
Continuous data are presented as the mean ± SD; categorical data are presented as the number (percentage of the same group).
UW, pBMI of <18·5 kg/m2; NW, pBMI of 18·5–23·9 kg/m2; OW, pBMI of 24–26·9 kg/m2; OB, pBMI of ≥27 kg/m2.
*Pfor trend was analysed by a general linear model/one-way ANOVA for continuous variables and chi-squared test for categorical variables (P< 0·05).
†P value (UW compared to OB).
‡P value (OW compared to OB).
§P value (NW compared to OB).
‖Median (interquartile range) is given because of the skewed distribution of the variable.
The P value was analysed by the Mann–Whitney U test for continuous variables and chi-squared test for categorical variables (P < 0·05).
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severe nutritional deficiencies such as anaemia (Fig. 1(a))
and IDA1 (Fig. 1(b)) were found (Table 1). In contrast, sig-
nificant positive linear trends were found between the
pBMI and the prevalence of ID1 (Fig. 1(c)), folate depletion
(Fig. 1(d)) and a vitamin B12 deficiency (Fig. 1(e)).
Notably, the linear trend association between the pBMI
and rates of ID1 were only observed when using TS of
<16 % alone and not the standard criteria of serum ferritin
of<15 ng/ml plus TS of<16 % (Table 1). Figure 1(f) shows
that in women with a normal Fe status, serum hepcidin lev-
els decreased across the trimesters, except in OB women
who had significantly higher hepcidin levels in the third tri-
mester compared to UW/NW/OW subjects. In womenwith
ID or IDA, although serum hepcidin decreased sharply
across the trimesters in all groups, serum hepcidin levels
of OB pregnant women remained significantly higher
across the three trimesters compared to the other weight
categories (Fig. 1(g)). We next evaluated relationships
between the pBMI and mild nutritional deficiencies related
to erythropoiesis. Figure 2 shows that UW pregnant
women had the highest rate of a normal nutritional status
compared to OB women. In contrast, OB pregnant women
had the highest rate of single, double and triple nutritional
deficiencies related to erythropoiesis (Fig. 2).

Socio-economic factors
Socio-demographic characteristics are shown in Table 2.
Compared to other weight groups, UW pregnant women
had the highest proportions of living in the northern
area (39·3 %) and had the highest (>3333 USD/month)
and the lowest (<1000 USD/month) household income
(all P < 0·05) (Table 2). In contrast, OB pregnant women
had the highest proportions of living in the eastern
area (32·3 %) and less than a college degree and had
the highest household income (all P < 0·05) (Table 2).

Daily nutrient intake
Table 3 shows significant inverse trends between the pBMI
and nutrient intake levels (total calories, carbohydrates,
protein, dietary fibre, Fe and folate) but positive trends
of the pBMI with percent fat and protein intake below
the DRI. Compared to UW women, OB pregnant women
had significantly lower intake levels of total calories, carbo-
hydrates, protein, percent carbohydrates, Fe, fibre and
folate but a higher rate of percent fat and less than the rec-
ommended intake for protein (all P< 0·05, except Fe at
P= 0·063) (Table 3). There were no differences in the
reported use of prenatal dietary supplements across the
pBMI categories. However, compared to UW women,
the OB group tended to have the lowest rates of using mul-
tivitamins/minerals (65·5 % v. 57·1 %) and Fe supplements
(11·0 % v. 8·4 %).

OR for severe and mild nutritional deficiencies
related to erythropoiesis
The multivariate linear regression analysis showed that
compared to NW subjects, OW women had 39 % and
42 % decreased odds of having severe nutritional deficien-
cies such as anaemia and IDA1, respectively, after adjusting
for covariates (age, trimester, parity, education, household
income, use of total supplements and % protein intake)
(Fig. 3). While there was no significant difference between
NW and OW women, OB pregnant women respectively
had (2·5; 95 % CI (1·6, 3·9)), (2·6; 95 % CI (1·4, 4·8)) and
3·4-fold (95 % CI (1·4, 8·1)) higher risks of developing sin-
gle, double and triple mild nutritional deficiencies related
to erythropoiesis compared to NWwomen (Fig. 4). In gen-
eral, UW pregnant women had the lowest risk of develop-
ing mild nutritional deficiencies related to erythropoiesis,
but this did not reach statistical significance (Fig. 4).

Discussion

To our best knowledge, this is the first study to investigate
the association between pre-pregnancy weight status
and erythropoiesis-related nutritional deficiencies in a
population-based format. The present study showed that:
(1) UW and OB pregnant women were most likely to
develop severe nutritional deficiencies (anaemia and
IDA) and OW women were the least likely; (2) OB preg-
nant women with ID/IDA had high serum hepcidin levels
across the three trimesters, indicating interference by
inflammation of gestational Fe metabolism and a possible
risk of functional ID/IDA; (3) OB pregnant women had the
poorest dietary intake and the highest risk for mild nutri-
tional deficiencies; and (4) although UW pregnant women
had the best dietary intake and lowest rate of mild nutri-
tional deficiencies, they had the same risk for gestational
anaemia/IDA as did OB pregnant women

The present study found that 65·5 % of gestational anae-
mia was caused by an ID. This finding is similar to that of a
meta-analysis study which analysed anaemia epidemiol-
ogy from 18 countries during 1990 to 2010, and those
authors reported that in several high-risk anaemia regions,
including Central Asia (64·7 %), South Asia (54·8 %) and
Andean Latin America (62·3 %), a very high proportion of
the anaemia burden was due to ID(37). Our study showed
that the prevalence of gestational IDA was 18·2 %, which is
similar to that in China (14 %) but lower than that in South
Korea (26 %)(38,39).

The current study found that UW and OB pregnant
women had the highest rate of severe nutritional deficien-
cies and OW the lowest. Cao and colleagues investigated
impacts of the pBMI and gestational weight gain on the
neonatal and maternal Fe statuses in 230 pregnant adoles-
cents, and those authors reported that UW (22·2 %) and OB
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(9·5 %) pregnant adolescents had higher prevalence rates
of anaemia in mid-gestation and OW the lowest (0 %).
However, those authors observed no negative impacts of

the pBMI or gestational weight on the maternal or neonatal
Fe status(16). Our study also found that OB pregnant women
had the highest rates of ID1, folate depletion and vitamin

Fig. 1 Prevalences of nutritional deficiencies related to erythropoiesis according to the pre-pregnancy BMI. (a) Anaemia; (b) iron
deficiency (ID) anaemia (IDA); (c) ID; (d) folate depletion and (e) vitamin (Vit) B12 deficiency for underweight (UW), normal weight
(NW), overweight (OW) and obese (OB) women
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B12 deficiency, but to our surprise, UW women had the
lowest rates of ID1 and vitamin B12 deficiency. Both folate
and vitamin B12 are essential vitamins required for success-
ful erythropoiesis, and an insufficient supply of those
nutrients may lead to gestational anaemia. Schooling et al.
also observed that compared to NW pregnant women, OB
women had a 3·26-fold (95 % CI 2·09, 5·08) higher risk of
ID, a 2·03-fold (95 % CI 1·35, 3·06) higher risk of folate defi-
ciency and a 2·05-fold (95 % CI 1·41, 2·99) higher risk of a
vitamin B12 deficiency in early-stage pregnancy(10). A study

in Amsterdam also observed inverse relationships of the
pBMI with serum iron, folate and vitamin B12 in pregnant
women(10). To our surprise, UW pregnant women seemed
to have a better status of erythropoiesis-related nutrients, as
they had the highest rate of a normal nutrition status related
to erythropoiesis compared to the other weight categories.
These results were unexpected and interesting, as these
findings contradict a study from a developing country
which showed that UW women were seven times more
likely to develop ID compared to non-UW women(19).

Fig. 2 Prevalences of mild nutritional deficiencies related to erythropoiesis according to the pre-pregnancy BMI. No nutritional defi-
ciency, single nutritional deficiency, two nutritional deficiencies and three nutritional deficiencies for underweight (UW), normal weight
(NW), overweight (OW) and obese (OB) women

Table 2 Socio-demographic characteristics stratified by the pre-pregnancy BMI (pBMI) (n 1456)

Variable

pBMI

UW
(n 140)

NW
(n 891)

OW
(n 230)

OB
(n 195) P value† P value‡ P value§

n % n % n % n % P value* UW v. OB NW v. OB OW v. OB

Region <0·001
Northern 55 39·3 316 35·5 70 30·4 40 20·5 <0·001 <0·001 <0·001 0·033
Central 31 22·1 207 23·2 55 23·9 49 25·1 0·921 0·492 0·519 0·725
Southern 30 21·4 168 18·9 55 24·3 43 22·1 0·268 0·919 0·326 0·547
Eastern 24 17·1 200 22·4 49 21·3 63 32·3 0·005 0·003 0·008 0·018

Educational level <0·001
Less than undergraduate 23 16·5 112 12·7 33 14·4 54 27·8 <0·001 0·018 <0·001 0·001
Undergraduate 93 67·0 619 69·9 165 72·1 122 62·9 0·169 0·518 0·076 0·058
Postgraduate 23 16·5 755 17·4 31 13·5 18 9·3 0·031 0·036 0·003 0·141

Household monthly income (US$) 0·006
<1000 26 18·6 117 13·3 28 12·6 33 17·4 0·188 0·68 0·2 0·215
1000–<2000 49 35·0 376 42·8 98 43·9 94 49·5 0·072 0·006 0·067 0·215
2000–<3333 42 30·0 265 30·2 70 31·4 53 27·9 0·892 0·624 0·466 0·39
≥3333 23 16·4 120 13·7 27 12·1 10 5·3 0·007 0·001 0·002 0·021

UW, underweight; NW, normal weight; OW, overweight; OB, obese.
Continuous data are presented as the mean ± SD; categorical data are presented as the number (percentage of the same group).
UW, pBMI of <18·5 kg/m2; NW, pBMI of 18·5–23·9 kg/m2; OW, pBMI of 24–26·9 kg/m2; OB, pBMI OF≥ 27 kg/m2.
*P value was analysed by chi-squared for categorical variables (P < 0·05).
†P value (UW compared to OB).
‡P value (NW compared to OB).
§P value (OW compared to OB).
In 2019, the average exchange rate was US$1.00≈New Taiwan (NT)$30.
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Table 3 Maternal dietary intake (unadjusted by calories) stratified by the pre-pregnancy BMI (pBMI) (n 1456)

Variable

pBMI

UW (n 140) NW (n 891) OW (n 230) OB (n 195) P value† P value‡ P value§

n % n % n % n % Pfor trend/P value* UW v. OB NW v. OB OW v. OB

Calories (kcal)
Mean 1905 1864 1842 1759 0·022 0·041 0·018 0·129
SD 628 580 593 580

CHO (g)
Mean 238·3 233·4 225·7 211·6 0·002 0·003 0·001 0·115
SD 83·6 82·1 86·3 76·5

Protein (g)
Mean 72·7 70·2 70·6 66·7 0·052 0·021 0·036 0·063
SD 30·8 26·3 26·1 26·5

Fat (g)
Mean 75·5 74·3 75·2 73·8 0·711 0·682 0·437 0·346
SD 34·6 31·6 31·8 35·7

CHO (%)
Mean 50·6 50·5 49·2 48·5 0·027 0·040 0·019 0·429
SD 9·8 9·5 10·0 10·3

Protein (%)
Mean 15·4 15·2 15·5 15·3 0·815 0·592 0·875 0·685
SD 3·8 3·7 3·8 3·9

Fat (%)
Mean 35·1 35·4 36·5 37·3 0·013 0·015 0·015 0·267
SD 9·1 8·7 9·2 9·3

Dietary fibre (g)‖ 13·9 9·1–19·8 13·6 9·4–19·7 12·2 7·6–17·8 11·4 8·3–16·3 0·011 0·014 0·001 0·478
Dietary Fe (mg)‖ 9·9 6·9–13·8 9·4 6·9–13·0 9·1 6·0–12·2 8·6 6·5–11·8 0·018 0·063 0·067 0·802
Dietary folate (μg)‖ 1·3 0·9–1·7 1·2 0·9–1·7 1·3 0·8–1·7 1·1 0·9–1·6 0·028 0·035 0·201 0·670
Dietary vitamin B12 (μg)‖ 3·1 1·7–7·2 2·9 1·8–5·1 2·9 1·7–5·9 2·9 1·7–5·1 0·859 0·363 0·868 0·605
Under DRI for protein 37 33·8 335 37·7 86 37·4 95 48·7 0·006 0·006 0·007 0·004
Under DRI for Fe 124 89·2 815 91·8 210 91·3 133 93·8 0·214 0·214 0·125 0·331
Under DRI for folate 130 93·5 854 96·2 222 96·5 188 96·4 0·312 0·312 0·224 0·874
Under DRI for B12 61 43·9 395 44·5 100 43·5 81 41·5 0·529 0·529 0·669 0·453

Reported use of prenatal dietary supplements
Total supplement use 115 82·1 752 85·8 196 85·2 150 78·1 0·098 0·368 0·007 0·059
Multivitamins-minerals 91 65·5 554 63·5 140 61·1 109 57·1 0·068 0·123 0·099 0·398
Vitamin B 23 16·9 161 18·5 41 18·1 32 16·7 0·764 0·953 0·545 0·692
Folate 62 45·3 407 46·6 108 48·0 81 42·4 0·575 0·608 0·296 0·254
Fe 15 11·0 90 10·3 31 13·7 16 8·4 0·81 0·42 0·419 0·086

UW, underweight; NW, normal weight; OW, overweight; OB, obese; CHO, carbohydrates; DRI, dietary recommended intake.
Continuous data are presented as the mean ± SD; categorical data are presented as number (percentage of same group).
UW, pBMI of <18·5 kg/m2; NW, pBMI of 18·5–23·9 kg/m2; OW, pBMI 24–26·9 of kg/m2; OB, pBMI of ≥27 kg/m2.
*Pfor trend was analysed by a general linear model/one-way ANOVA for continuous variables, and the P value was analysed by chi-squared for categorical variables (P< 0·05).
†P value (UW compared to OB).
‡P value (NW compared to OB).
§P value (OW compared to OB).
‖Median (interquartile range) is given because of the skewed distribution of the variable.
The P value was analysed by the Mann–Whitney U test for continuous variables and chi-squared test for categorical variables (P< 0·05).
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The pBMImay reflect a woman’s socio-economic status,
food preferences and dietary habits as well as the degree of
chronic inflammation. Those factors may affect the gesta-
tional nutritional status through influencing the storage of
nutrients (e.g. Fe and vitamin B12) in the body, nutrient
intake and metabolism. It is well known that women with
a higher socio-economic status are more likely to better
control their body weight(40). People in East Asian coun-
tries, like Taiwan, also admire slim figures, as a thin figure
in a woman is considered attractive(21). Our findings were
in agreement with 795 US pregnant women from the
National Health and Nutrition Examination Survey, 2003–
2012, which showed that UW women and women with a
normal pBMI had better dietary quality as measured by
the HEI-2010 compared to those with an OB pBMI(11).
During pregnancy, mothers are advised to increase their
DRI of Fe (trimesters 1 and 2: 10–15 mg/d; trimester 3:
40–45 mg/d), folate (600 μg/d) and vitamin B12 (2·6 μg/d)
to support fetal growth and development. However, the
current study found that most of the pregnant women

did not reach these DRI guidelines, with OBwomen having
the highest rates of deficiencies of DRI intake for protein
and Fe. It is possible that OB women try to control their
dietary intake to prevent gestational weight gain but still
maintain a preference for fatty foods and poor dietary
habits. Our previous population-based study found that
OW/OB women who tended to consume a high-fat, low-
carbohydrate diet were 10·1 (1·26–80·8) times more likely
to develop IDA(23).

Garcia-Valdes et al. investigated the relationship of the
pBMI with hepcidin levels in 158 pregnant women (NW:
90; OW: 37 and OB: 31), and those authors found that com-
pared to NW women, OB pregnant women had higher
hepcidin levels in the first and third trimesters, and hepcidin
levels were inversely correlated with maternal Fe levels(6,8).
Bah et al. reported a decline in the hepcidin concentration
at 20 weeks of gestation in 395 Gambian pregnant
women(41). The current study also observed a significant
positive trend between the pBMI and serum hepcidin lev-
els. However, a detailed analysis found that in women with

Fig. 3 Adjusted OR and 95%CI of severe nutritional deficiencies using the pre-pregnancy BMI as a factor. (a) Anaemia; and (b) iron
deficiency anaemia (IDA1). OR were adjusted for age, trimester, parity, educational level, income, total supplement and % dietary
protein intake

Fig. 4 Adjusted OR and 95% CI of mild nutritional deficiencies using the pre-pregnancy BMI (pBMI) as a factor. (a) Single nutrition
deficiency; (b) two nutrition deficiencies and (c) three nutrition deficiencies. OR were adjusted for age, trimester, parity, educational
level, income, total supplement and % dietary protein intake
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ID or IDA, serum hepcidin levels were the highest among
OB pregnant women. Our results also showed that OB
pregnant women had the highest serum ferritin levels.
Serum ferritin is also sensitive to the presence of inflamma-
tion and elevated serum ferritinmay cause a ‘false-negative’
diagnosis of ID and IDA among OB pregnant women(32).
Based on this evidence, it is tempting to hypothesise that
OB pregnant women may suffer from functional ID/IDA,
and not absolute ID/IDA as doUWwomen, due to the pres-
ence of adiposity-related inflammation that upregulates
ferritin and hepcidin levels(42). Decreased hepcidin levels
can increase the Fe absorption rate, facilitate the delivery
of bioavailable Fe to the fetus and prevent gestational
ID/IDA(5).

Our study had several strengths and limitations. First, we
included a sufficient number of pregnant participants with
a nationwide representative population in Taiwan. Second,
we provided population-scale data of serum hepcidin,
which may help clarify the role of hepcidin in functional
ID/IDA among OB pregnant women. Third, we included
various parameters which allowed us to adjust for a large
number of potentially influential variables that are known
to affect gestational IDA, such as age, trimester, parity, edu-
cational level, household income, use of prenatal supple-
ments and daily nutrient intake data. There are also
several limitations to this study which need to be taken into
account when interpreting the results. First, this studywas a
cross-sectional study and thus cannot explain causality
between the pBMI and gestational IDA. Second, dietary
intake data were obtained based on 1 d of a 24-h recall
which might be incapable of obtaining reliable daily intake
data due to an insufficient time period of the survey. The
literature shows that 3–6 d of dietary recall is a minimum
time period to obtain valid macronutrient and micronu-
trient data among pregnant women(43). Persson and
colleagues showed that inter-individual variability can
be minimised by increasing the sample size, but intra-
individual variability will persist even with a larger sample
size(43). Due to wide variations in geographical locations
and limitations in manpower and funding, the current
NAHSIT survey for dietary intake was limited to 24 h.
Third, under-reporting of energy intake among OW/OB
women during pregnancy may act as a potential bias of
nutrient–disease relationships. Moran et al. reported that
under-reporting of energy intake was present in over a
third of OW and OB pregnant women, and the rate of
under-reporting was higher in late compared to early preg-
nancy(44). Currently, we are unable to distinguish whether
under-reporting of dietary intake reflects misreporting or
true restriction of dietary intake to control gestational
weight gain.

In conclusion, our study showed that women who were
UW or OB before pregnancy had the highest risk of gesta-
tional anaemia and IDA; however, the aetiologies and
types of ID/IDA likely differ. Understanding how socio-
economic and dietary factors affect gestational IDA among

women with different pBMI values may help prenatal care-
givers, midwives and dietitians develop effective interven-
tion programmes for preventing gestational IDA.
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