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Abstract
The aim of the present study is to examine whether overweight or obese people in Taiwan have an inadequate intake of selected micronutrients. A popu-
lation-based study was conducted using data from the Nutrition and Health Survey in Taiwan (NAHSIT) 2013–2016. We evaluated fourteen nutrient
intakes using the 24 h dietary recall method. The dietary reference intake (DRI) adherence was estimated by the prevalence of participants whose intake
was lower than the recommended dietary allowance (RDA) or adequate intakes (AIs) for selected micronutrients. Body mass index (BMI)≥ 27 kg/m2 and
waist circumference (WC), with men having WC≥ 90 cm or women having WC≥ 80 cm, were defined as obesity. A total of 3075 participants aged 19
years and above were included. After adjusting for confounders, we found that obese women have a lower DRI adherence of vitamin C (odds ratio (OR)
0⋅73, 95 % confidence interval (CI) 0⋅56, 0⋅95) and magnesium (OR 0⋅72, 95 % CI 0⋅54, 0⋅95), compared with normal-weight women. Obese men have a
higher DRI adherence of vitamin B3 (OR 1⋅70, 95 % CI 1⋅29, 2⋅23), iron (OR 1⋅46, 95 % CI 1⋅06, 2⋅00) and zinc (OR 1⋅41, 95 % CI 1⋅07, 1⋅85), com-
pared with normal-weight men. Similar findings were found using WC to define obesity. We conclude that obese women may have insufficient intakes of
vitamin A, vitamin C and magnesium.
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Introduction

Obesity is a significant global public health concern, with the
prevalence increasing from less than 3 % in 1975 to 11 % in
2016 among men and from 6 to 15 % among women(1,2).
It is associated with several chronic diseases, including can-
cer(3), diabetes(4,5), heart disease(6) and respiratory diseases(7).
To address the consequences of the global obesity epidemic,
it is crucial to understand how obesity leads to chronic diseases
and develops effective prevention and treatment strategies.
The reasons behind obesity-related micronutrient deficiency

remain unclear. Studies have suggested that overweight or obesity
might affect micronutrient concentrations through imbalanced

dietary intake, absorption, distribution, metabolism or excre-
tion(8–12). Overweight and obese adults have been found to
have higher odds of low serum concentrations of micronutrients
such as alpha-carotene, beta-carotene, beta-cryptoxanthin,
lutein/zeaxanthin, total carotenoids, vitamin C, selenium and fol-
ate compared with normal-weight adults(13). A study in Australia
found that BMI was negatively correlated with serum concentra-
tions of vitamin D, folate, magnesium and potassium(14). Other
studies have also reported varying levels of micronutrient defi-
ciency among obese individuals(15–19). Some studies have focused
on micronutrient intake in overweight or obese individuals, with
one finding no correlation between BMI and intake of
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micronutrients in both men and women(14). Another study using
the US National Health and Nutrition Examination Survey data
found that vitamins A, B1, B2, B12 and D were negatively asso-
ciated with the risk of obesity(20).
Studies have indicated that obesity can cause imbalanced

concentrations of micronutrients, potentially due to altered
dietary intake, absorption, distribution, metabolism or excre-
tion(8–12). Prioritising dietary intake as the most modifiable fac-
tor from a public health perspective, we conducted a study
using NAHSIT data to investigate the relationship between
overweight/obesity and adherence to dietary reference intake
(DRI) for selected micronutrients. Our hypothesis was that
overweight/obese individuals might exhibit varied levels of
adherence to DRI for these micronutrients.

Methods

Participants

The Nutrition and Health Survey in Taiwan (NAHSIT) was a
population-representative survey in Taiwan investigating the
nutritional status of the general population. We conducted a
cross-sectional study using data from the NAHSIT 2013–
2016. The survey method has been described elsewhere(21).
Briefly, a three-stage probability sampling strategy was used to
achieve a representative sample for NAHSIT. The first stage
was the selection of eight primary sampling units (townships
and city districts) using probability proportional to size sampling
methods. A total of 160 townships or city districts were chosen.
The second stage was to randomly select several starting house-
holds to construct sampling clusters within each selected pri-
mary sampling unit. In the third stage, door-to-door visits
were conducted to carry out interviews until the required num-
ber of the age and sex groups was reached. The Latin square
design was used to allocate data collection times evenly over
the four seasons to avoid seasonal variations that may affect
dietary consumption and nutritional status.
The study population of NAHSIT was non-institutionalized

Taiwanese nationals. NAHSIT also collected demographic data
including age, sex, education, marital status and family income
through face-to-face interviews. All participants attended a phys-
ical examination at a temporary health examination station, where
body mass index (BMI) and waist circumference (WC) data were
collected by either nurses or trained staff.
The diagram of the sample selection process is shown in

Supplementary Figure S1. The number of participants in the
NAHSIT surveywas 11 072. The study participants in the present
study were restricted to adults aged 19 and above according to the
definition of adults adapted from the newest version of daily food
guides (n 5770). Participants with complete demographic data,
BMI and WC data, and 24 h dietary recall data were included in
the final analysis, resulting in a total of 3075 study participants.

Definition of overweight and obesity

Overweight or obesity was defined using BMI or WC according
to the criteria of the Ministry of Health and Welfare in
Taiwan(22–24). Study participants were grouped into four groups:
underweight (BMI < 18⋅5 kg/m2), normal (18⋅5≤ BMI <

24 kg/m2), overweight (24≤ BMI < 27 kg/m2) and obese
(BMI≥ 27 kg/m2). Moreover, we also used WC to define obes-
ity and examine if similar results were observed. WC≥ 90 cm
for men and WC≥ 80 cm for women were defined as obesity.

Assessments of nutrient intakes

A validated 24 h dietary recall method was used to estimate the
intakes of selected nutrients of study participants(25–27).
To address the potential intra-individual variance in estimating
usual daily intakes using the 24 h recall data, repeated surveys
were conducted for adjustment of the data. The NAHSIT ran-
domly selected participants among different age groups (0–6,
7–12, 13–18, 19–64 and ≥65) from each sampling unit and
conducted a repeated 24 h recall survey one week after the
first survey. The correlations between two 24 h recall surveys
were used to adjust the variance of daily dietary intakes(27).
Fourteen nutrient intakes, including vitamins A, C, D, E, B1,

B2, B3, B6 and B12, iron, magnesium, zinc, calcium and phos-
phorus were evaluated in NAHSIT. We did not evaluate the
other nutrients was because that only these nutrient intake data
were available in the NAHSIT dataset. In the present study, we
examined the associations of overweight or obesity with the
chance of adherence to the DRIs (8th edition in Taiwan). The
DRIs were established by the Taiwan Food and Drug
Administration (FDA) of the Ministry of Health and Welfare
and were publicly accessible(28). The DRIs for selected nutrients
are shown in Supplementary Table S1. The DRI adherence was
estimated by the prevalence of participants whose intake was
lower than the recommended dietary allowance (RDA) or
adequate intakes (AIs) for selected micronutrients.

Statistical analysis

We categorised BMI into four groups (underweight, normal
weight, overweight and obesity) based on standard definitions.
We used the χ2 or Fisher’s Exact test to examine the associa-
tions between different BMI categories and personal character-
istics and conducted stratified analyses by sex. Confounding
factors were selected based on prior knowledge and their poten-
tial influence on the exposures and outcomes. Finally, we fitted
logistic regression models to assess the associations between
BMI categories and inadequate intakes of micronutrients,
adjusting for age (19≤ age≤ 30, 31≤ age≤ 50, 51≤ age≤ 70
and age≥ 71), education level (elementary school, junior high
and high school, college or above), marital status (single, mar-
ried or lived together, divorced, separated, widowed or refused
to answer) and family income (income <NT $40 000, NT $40
000≤ income <NT $80 000, income≥NT $80 000, don’t
know or refuse to answer). All analyses were performed using
SAS 9⋅4 (SAS Institute, Cary, NC).

Results

A total of 3075 participants aged 19 and above were included in
the final analysis (Table 1). Compared with normal-weight men,
men with BMI of 27 kg/m2 and above were more likely to be
older and to be married or lived together. Compared with
normal-weight women, women with BMI of 27 kg/m2 and
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above were more likely to be older, tended to be less educated,
more likely to be divorced, separated, widowed or refused to
state marital status, and to have less family income. The median
and interquartile range of micronutrient intakes among men and
women are shown in Supplementary Table S2.
After adjusting for age, education level, marital status and

family income, we found that obese men have a higher DRI
adherence for vitamin B3 (odds ratio (OR) 1⋅70, 95 % confi-
dence interval (CI) 1⋅29, 2⋅23; P-value < 0⋅001), Fe (OR 1⋅46,
95 % CI 1⋅06, 2⋅00; P-value = 0⋅02) and Zn (OR 1⋅41, 95 %
CI 1⋅07, 1⋅85; P-value = 0⋅01), compared with normal-weight
men. However, compared with normal-weight women, obese
women have lower DRI adherences for vitamin C (OR
0⋅73, 95 % CI 0⋅56, 0⋅95; P-value = 0⋅02) and Mg (OR 0⋅72,

95 % CI 0⋅54, 0⋅95; P-value = 0⋅02). For the most micronu-
trient intakes, we found no difference between obese and
normal-weight people in DRI adherence (Table 2).
Table 3 shows similar findings using WC to define obesity.

After adjusting for potential confounding factors, men with
WC≥ 90 cm had higher DRI adherences of vitamin B3 (OR
1⋅22, 95 % CI 1⋅01, 1⋅47; P-value = 0⋅04), vitamin B12 (OR
1⋅29, 95 % CI 1⋅07, 1⋅57; P-value < 0⋅01) and Fe (OR 1⋅33,
95 % CI 1⋅07, 1⋅65; P-value = 0⋅01). In contrast, women
with WC≥ 80 cm had lower DRI adherences of vitamin A
(OR 0⋅82, 95 % CI 0⋅68, 1⋅00; P-value = 0⋅05) and Mg (OR
0⋅78, 95 % CI 0⋅64, 0⋅97; P-value = 0⋅02). For the other
micronutrient intakes, we found no difference between
obese and non-obese people in DRI adherence.

Table 1. Demographic descriptions of included study participants from the Nutrition and Health Survey in Taiwan (NAHSIT) 2013–2016 (n 3075)

Variables

Men

P-value
Total BMI < 18⋅5 18⋅5 ≤ BMI < 24 24 ≤BMI < 27 BMI ≥ 27

n 1495 n 46 n 631 n 439 n 379

Age

19 ≤ age ≤ 30 196 (13⋅11) 15 (32⋅61) 104 (16⋅48) 37 (8⋅43) 40 (10⋅55) <0⋅0001
31 ≤ age ≤ 50 354 (23⋅68) 12 (26⋅09) 145 (22⋅98) 93 (21⋅18) 104 (27⋅44)
51 ≤ age ≤ 70 618 (41⋅34) 6 (13⋅04) 219 (34⋅71) 214 (48⋅75) 179 (47⋅23)
Age ≥ 71 327 (21⋅87) 13 (28⋅26) 163 (25⋅83) 95 (21⋅64) 56 (14⋅78)

Education

Elementary school 805 (53⋅85) 25 (54⋅35) 316 (50⋅08) 256 (58⋅31) 208 (54⋅88) 0⋅07
Junior high and high school 341 (22⋅81) 8 (17⋅39) 148 (23⋅45) 90 (20⋅50) 95 (25⋅07)
College or above 349 (23⋅34) 13 (28⋅26) 167 (26⋅47) 93 (21⋅19) 76 (20⋅05)

Marital status

Single 261 (17⋅46) 24 (52⋅17) 131 (20⋅76) 45 (10⋅25) 61 (16⋅09) <0⋅0001
Married or lived together 1076 (71⋅97) 16 (34⋅78) 431 (68⋅30) 341 (77⋅68) 288 (75⋅99)
Divorced, separated, widowed or

refused to answer

158 (10⋅57) 6 (13⋅05) 69 (10⋅94) 53 (12⋅07) 30 (7⋅92)

Family income

Income <NT $40 000 452 (30⋅23) 14 (30⋅43) 194 (30⋅74) 136 (39⋅98) 108 (28⋅50) 0⋅52
NT $40 000 ≤ income < NT $80 000 381 (25⋅48) 14 (30⋅43) 166 (26⋅31) 105 (23⋅92) 96 (25⋅33)
Income ≥NT $80 000 350 (23⋅41) 6 (13⋅04) 147 (23⋅30) 110 (25⋅06) 87 (22⋅96)
Don’t know or refuse to answer 312 (20⋅88) 12 (26⋅10) 124 (19⋅65) 88 (20⋅04) 88 (23⋅21)

Variables

Women

P-value
Total BMI < 18⋅5 18⋅5 ≤ BMI < 24 24 ≤BMI < 27 BMI ≥ 27

n 1580 n 89 n 809 n 332 n 350

Age

19 ≤ age ≤ 30 249 (15⋅76) 38 (42⋅70) 151 (18⋅67) 22 (6⋅63) 38 (10⋅86) <0⋅0001
31 ≤ age ≤ 50 410 (25⋅95) 25 (28⋅09) 247 (30⋅53) 70 (21⋅08) 68 (19⋅43)
51 ≤ age ≤ 70 642 (40⋅63) 15 (16⋅85) 293 (36⋅22) 168 (50⋅60) 166 (47⋅43)
Age ≥ 71 279 (17⋅66) 11 (12⋅36) 118 (14⋅59) 72 (21⋅69) 78 (22⋅29)

Education

Elementary school 734 (46⋅46) 47 (52⋅81) 383 (47⋅34) 162 (48⋅80) 142 (40⋅57) <0⋅0001
Junior high and high school 535 (33⋅86) 15 (16⋅85) 214 (26⋅45) 132 (39⋅76) 174 (49⋅71)
College or above 311 (19⋅68) 27 (30⋅34) 212 (26⋅21) 38 (11⋅45) 34 (9⋅71)

Marital status

Single 255 (16⋅14) 34 (38⋅20) 153 (18⋅91) 28 (8⋅43) 40 (11⋅43) <0⋅0001
Married or lived together 1008 (63⋅80) 43 (48⋅31) 518 (64⋅03) 233 (70⋅18) 214 (61⋅14)
Divorced, separated, widowed or

refused to answer

317 (20⋅06) 12 (13⋅48) 138 (17⋅06) 71 (21⋅39) 96 (27⋅43)

Family income

Income <NT $40 000 457 (28⋅92) 25 (28⋅09) 204 (25⋅22) 97 (29⋅22) 131 (37⋅43) <0⋅01
NT $40 000 ≤ income < NT $80 000 362 (22⋅91) 27 (30⋅34) 183 (22⋅62) 84 (25⋅30) 68 (19⋅43)
Income ≥NT $80 000 355 (22⋅47) 22 (24⋅72) 220 (27⋅19) 68 (20⋅48) 45 (12⋅86)
Don’t know or refuse to answer 406 (25⋅70) 15 (16⋅85) 202 (24⋅97) 83 (25⋅00) 106 (30⋅28)

NT, the New Taiwan dollars; BMI, body mass index.

The associations of baseline personal characteristics with different BMI groups were evaluated using χ2 or Fisher’s Exact tests.
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Discussion

In the present study, we found that men who were obese or over-
weight had a higher chance of adhering to the DRIs for vitamin
B3, vitamin B12, iron and zinc, but not for most of the other
selected nutrients. In contrast, obese women had a higher chance
of having insufficient intakes of vitamin A, vitamin C and mag-
nesium compared with normal-weight women. Similar findings
were observed using WC as an indicator of obesity. One possible
explanation is that obese individuals are more likely to consume
high-energy foods that are usually nutritionally poor(29). The
most important contribution of our study is that we did not
merely examine the associations between micronutrient intakes
and obesity. Instead, we examined the associations between the
chance of adherence to the official DRIs and obesity and
found insufficient intakes of some micronutrients among
obese women. We argue that this approach is superior because
a simple negative association between specific micronutrient
intakes and obesity cannot determine whether a deficiency exists.
Overweight and obesity have been linked to micronutrient

deficiencies in previous studies, which typically proposed pos-
sible explanations from a biological mechanism standpoint(30).
For instance, research has found that iron and vitamin D are

sequestered in adipose tissues in obese individuals because
iron is redistributed to different tissues(30–32). Obesity may
also lead to adipocyte dysfunction, which impairs adipose tis-
sue functionality, sequestering fat-soluble vitamins in the adi-
pocyte and reducing micronutrient concentrations in
blood(30,33). Many studies have focused on serum concentra-
tions of micronutrients and their associations with obesity.
In China, a study found that obese individuals had lower
serum concentrations of vitamin A(34). García et al. reported
that serum concentrations of vitamin C were negatively asso-
ciated with BMI and waist-to-height ratio(35). Several studies
have also found that serum magnesium was lower in obese
or overweight children(36–39), adolescents(40) and women(41).
Other studies have shown varying levels of micronutrient defi-
ciency among obese individuals concerning different micronu-
trients(14–19). However, relatively few studies have examined
micronutrient intakes among overweight or obese individuals.
For example, one study assessed correlations between BMI
and dietary intakes of micronutrients and found no linear cor-
relation between BMI and intake of micronutrients among
both men and women(14), which contrasts with our findings.
Another study found that obese individuals may develop

Table 2. The associations between BMI groups and DRI adherence of selected micronutrients using data from the Nutrition and Health Survey in Taiwan

(NAHSIT) 2013–2016

Nutrient intakes

Men (n 1495)

BMI < 18⋅5 18⋅5 ≤BMI < 24 24 ≤BMI < 27 BMI ≥ 27 BMI ≥ 24

Vitamin A 0⋅62 (0⋅33–1⋅15) 1 0⋅83 (0⋅65–1⋅06) 0⋅88 (0⋅68–1⋅14) 0⋅85 (0⋅69–1⋅05)
Vitamin C 0⋅95 (0⋅51–1⋅76) 1 1⋅00 (0⋅78–1⋅29) 0⋅97 (0⋅74–1⋅26) 0⋅98 (0⋅79–1⋅22)
Vitamin D 0⋅54 (0⋅19–1⋅57) 1 0⋅97 (0⋅69–1⋅37) 0⋅77 (0⋅53–1⋅12) 0⋅88 (0⋅65–1⋅18)
Vitamin E 0⋅68 (0⋅26–1⋅80) 1 0⋅96 (0⋅68–1⋅34) 0⋅96 (0⋅67–1⋅38) 0⋅96 (0⋅72–1⋅28)
Vitamin B1 0⋅86 (0⋅46–1⋅59) 1 1⋅11 (0⋅86–1⋅43) 1⋅22 (0⋅93–1⋅59) 1⋅16 (0⋅93–1⋅44)
Vitamin B2 0⋅86 (0⋅46–1⋅61) 1 0⋅92 (0⋅71–1⋅19) 1⋅00 (0⋅77–1⋅30) 0⋅96 (0⋅77–1⋅19)
Vitamin B6 1⋅20 (0⋅62–2⋅33) 1 1⋅11 (0⋅84–1⋅45) 1⋅10 (0⋅83–1⋅45) 1⋅10 (0⋅88–1⋅39)
Vitamin B12 1⋅05 (0⋅55–2⋅00) 1 0⋅96 (0⋅74–1⋅24) 1⋅21 (0⋅92–1⋅59) 1⋅06 (0⋅85–1⋅33)
Vitamin B3 1⋅41 (0⋅74–2⋅66) 1 1⋅27 (0⋅98–1⋅64) 1⋅70 (1⋅29–2⋅23) 1⋅45 (1⋅16–1⋅80)
Iron 0⋅81 (0⋅42–1⋅56) 1 1⋅41 (1⋅04–1⋅90) 1⋅46 (1⋅06–2⋅00) 1⋅43 (1⋅11–1⋅84)
Magnesium 0⋅65 (0⋅32–1⋅33) 1 1⋅11 (0⋅86–1⋅44) 1⋅12 (0⋅85–1⋅47) 1⋅11 (0⋅89–1⋅39)
Zinc 1⋅28 (0⋅67–2⋅43) 1 1⋅09 (0⋅83–1⋅42) 1⋅41 (1⋅07–1⋅85) 1⋅23 (0⋅98–1⋅54)
Calcium 0⋅72 (0⋅27–1⋅90) 1 0⋅89 (0⋅61–1⋅28) 1⋅02 (0⋅69–1⋅50) 0⋅94 (0⋅69–1⋅29)
Phosphorus 0⋅98 (0⋅48–2⋅02) 1 1⋅26 (0⋅92–1⋅73) 1⋅32 (0⋅94–1⋅83) 1⋅29 (0⋅99–1⋅68)

Nutrient intakes

Women (n 1580)

BMI < 18⋅5 18⋅5 ≤BMI < 24 24 ≤BMI < 27 BMI ≥ 27 BMI ≥ 24

Vitamin A 1⋅11 (0⋅70–1⋅75) 1 0⋅65 (0⋅50–0⋅85) 0⋅86 (0⋅66–1⋅12) 0⋅75 (0⋅61–0⋅93)
Vitamin C 0⋅59 (0⋅37–0⋅93) 1 0⋅91 (0⋅70–1⋅19) 0⋅73 (0⋅56–0⋅95) 0⋅81 (0⋅65–1⋅01)
Vitamin D 0⋅85 (0⋅41–1⋅76) 1 1⋅09 (0⋅72–1⋅66) 0⋅99 (0⋅64–1⋅52) 1⋅04 (0⋅74–1⋅46)
Vitamin E 1⋅01 (0⋅50–2⋅05) 1 1⋅16 (0⋅79–1⋅70) 0⋅93 (0⋅62–1⋅40) 1⋅05 (0⋅76–1⋅44)
Vitamin B1 0⋅86 (0⋅54–1⋅37) 1 0⋅90 (0⋅69–1⋅18) 1⋅04 (0⋅79–1⋅36) 0⋅97 (0⋅78–1⋅20)
Vitamin B2 0⋅62 (0⋅39–0⋅98) 1 0⋅89 (0⋅68–1⋅16) 0⋅93 (0⋅72–1⋅21) 0⋅91 (0⋅74–1⋅13)
Vitamin B3 0⋅81 (0⋅52–1⋅27) 1 0⋅91 (0⋅70–1⋅19) 1⋅00 (0⋅77–1⋅30) 0⋅95 (0⋅77–1⋅18)
Vitamin B6 0⋅62 (0⋅39–0⋅97) 1 0⋅96 (0⋅73–1⋅25) 0⋅80 (0⋅62–1⋅04) 0⋅87 (0⋅71–1⋅08)
Vitamin B12 0⋅67 (0⋅43–1⋅06) 1 0⋅99 (0⋅76–1⋅29) 1⋅14 (0⋅88–1⋅49) 1⋅06 (0⋅86–1⋅32)
Iron 0⋅95 (0⋅59–1⋅52) 1 0⋅89 (0⋅68–1⋅17) 1⋅01 (0⋅77–1⋅33) 0⋅95 (0⋅76–1⋅18)
Magnesium 0⋅87 (0⋅53–1⋅43) 1 0⋅98 (0⋅75–1⋅29) 0⋅72 (0⋅54–0⋅95) 0⋅84 (0⋅67–1⋅06)
Zinc 0⋅53 (0⋅30–0⋅95) 1 1⋅23 (0⋅92–1⋅65) 1⋅02 (0⋅76–1⋅38) 1⋅12 (0⋅88–1⋅43)
Calcium 0⋅97 (0⋅42–2⋅19) 1 0⋅94 (0⋅60–1⋅47) 0⋅80 (0⋅50–1⋅30) 0⋅87 (0⋅60–1⋅26)
Phosphorus 0⋅71 (0⋅44–1⋅14) 1 0⋅82 (0⋅62–1⋅08) 0⋅96 (0⋅73–1⋅27) 0⋅89 (0⋅71–1⋅11)

BMI, body mass index. Exposure variable: BMI groups; Outcome variable: DRI adherence. All the logistic regression models were adjusted for age, education level, marital status

and family income. The values were presented as odds ratio (95 % confidence interval).

Bold values are statistically significant.
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hypoferremia due to inadequate iron intake relative to their
body weight(31), which contradicts our findings in men,
where we found that obese men had a higher chance of adher-
ing to the DRIs for iron. A recent study that used data from
the US National Health and Nutrition Examination Survey
found that vitamins A, B1, B2, B12 and D were negatively
associated with the risk of obesity. Furthermore, when the
concentrations of all nine vitamins (A, B1, B2, B6, B12, C,
D, E and K) were at or above the 55th percentile, the com-
bined intake of them might reduce the risk of obesity in
both children and adolescents compared with the median
values(20). Studies on the associations between magnesium
intake and obesity have been inconsistent. A cohort study of
American young adults found a negative correlation between
magnesium intake and obesity incidence(42). Another study
using data from the National Health and Nutrition
Examination Survey also found that magnesium intake was
negatively correlated with BMI and WC(43). In contrast,
another study found no association in magnesium intake
between obese women and healthy controls(44), which

contrasts with our findings. However, as we have mentioned,
although previous studies have found negative associations
between certain micronutrient intake and obesity, it does not
necessarily mean that micronutrient deficiency is more preva-
lent among obese individuals. Our study provides further evi-
dence that obese women have insufficient intakes of vitamins
A, C and magnesium according to the official DRIs.
Our findings indicate that obese men and women exhibit

different patterns of DRI adherence, although the underlying
reason is not clear. It is possible that men and women have
distinct dietary choices, as suggested by previous studies(45,46).
For instance, one study found that women were more likely to
consume legumes, vegetables, fruits, eggs, milk, vegetable oils
and added sugar. In contrast, men may consume more starchy
foods, soft drinks and alcoholic beverages(45). Our study fur-
ther demonstrates that obesity status may also impact the diet-
ary choices of men and women, resulting in varying patterns of
micronutrient intake. Thus, when conducting dietary interven-
tion trials, obesity status should be considered.
Our study has both strengths and limitations. The strengths of

the study include a fair sample size to assess the potential asso-
ciation between obesity and the chance of adherence to the
DRIs. Furthermore, the population-based design allows for gen-
eralisation of our findings to the public. However, the study also
has limitations. Firstly, the cross-sectional design does not allow
for establishing causality. Secondly, we only had a one-time diet-
ary assessment, which may introduce misclassification of nutri-
ent intakes. Non-differential misclassification might favour the
null hypothesis. However, the NAHSIT performed repeated
surveys to adjust the 24 h recall data and minimise potential
bias. Thirdly, we did not examine the associations of blood or
urinary biomarkers of nutrients with obesity status. One reason
for this is that the concentrations of nutrient biomarkers are
affected not only by the individual’s intake of nutrients but
also by their absorption, distribution, metabolism or excretion
of micronutrients. An association found between concentrations
of certain nutrient biomarkers and obesity might not allow for
any conclusion due to the complicated mechanisms.
Additionally, many studies have already examined the serum
concentrations of nutrient biomarkers among obese individuals,
while studies on the role of dietary intake remain limited. We
believe that our study contributes to filling this knowledge gap.
In conclusion, our study found that Taiwanese women with

overweight or obesity may experience insufficient intake of
some micronutrients. Further prospective studies are needed
to confirm our findings. Moreover, future research could exam-
ine the intakes of both micronutrients and nutrient biomarkers
simultaneously among overweight or obese individuals.
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Table 3. The associations between WC groups and DRI adherence of

selected micronutrients using data from the Nutrition and Health Survey

in Taiwan (NAHSIT) 2013–2016

Nutrient intakes

Men (n 1495)

WC < 90 WC ≥ 90

Vitamin A 1 0⋅92 (0⋅76–1⋅10)
Vitamin C 1 0⋅93 (0⋅77–1⋅12)
Vitamin D 1 0⋅89 (0⋅69–1⋅17)
Vitamin E 1 0⋅97 (0⋅75–1⋅26)
Vitamin B1 1 1⋅16 (0⋅96–1⋅40)
Vitamin B2 1 1⋅01 (0⋅84–1⋅23)
Vitamin B6 1 1⋅08 (0⋅89–1⋅31)
Vitamin B12 1 1⋅29 (1⋅07–1⋅57)
Vitamin B3 1 1⋅22 (1⋅01–1⋅47)
Iron 1 1⋅33 (1⋅07–1⋅65)
Magnesium 1 1⋅04 (0⋅85–1⋅26)
Zinc 1 1⋅05 (0⋅86–1⋅28)
Calcium 1 0⋅82 (0⋅61–1⋅09)
Phosphorus 1 1⋅12 (0⋅90–1⋅40)

Nutrient intakes

Women (n 1580)

WC < 80 WC ≥ 80

Vitamin A 1 0⋅82 (0⋅68–1⋅00)
Vitamin C 1 0⋅84 (0⋅69–1⋅02)
Vitamin D 1 0⋅86 (0⋅63–1⋅19)
Vitamin E 1 0⋅77 (0⋅57–1⋅05)
Vitamin B1 1 0⋅93 (0⋅76–1⋅13)
Vitamin B2 1 1⋅02 (0⋅84–1⋅24)
Vitamin B3 1 0⋅95 (0⋅78–1⋅15)
Vitamin B6 1 0⋅89 (0⋅73–1⋅07)
Vitamin B12 1 0⋅98 (0⋅81–1⋅19)
Iron 1 0⋅93 (0⋅76–1⋅14)
Magnesium 1 0⋅78 (0⋅64–0⋅97)
Zinc 1 0⋅97 (0⋅78–1⋅21)
Calcium 1 0⋅76 (0⋅54–1⋅08)
Phosphorus 1 0⋅83 (0⋅68–1⋅02)

WC, waist circumference. Exposure variable: BMI groups; Outcome variable: DRI

adherence. All the logistic regression models were adjusted for age, education

level, marital status and family income. The values were presented as odds ratio

(95 % confidence interval).

Bold values are statistically significant.
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