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Abstract

Objective  This study aimed to evaluate the associations of serum folate and/or vitamin B,
concentrations with obesity among Chinese children and adolescents.

Methods A cross-sectional study was conducted including 3,079 Chinese children and adolescents,
aged 6 to 17 years, from Jiangsu, China. Anthropometric indices, such as, children's body mass index
(BMI), BMI z-scores, waist circumference, and waist-to-height ratio were utilized. Multivariable linear
regression and generalized additive models were used to investigate the associations of serum folate
and vitamin By, levels with anthropometric indices and odds of obesity.

Results We observed that serum vitamin B;, concentrations were inversely associated with all
anthropometric indices and the odds of general obesity [odds ratio (OR) = 0.68; 95% confidence interval
(Cl) =0.59, 0.78] and abdominal obesity (OR = 0.68; 95% CI = 0.60, 0.77). When compared to participants
with both serum vitamin levels in the two middle quartiles, those with both serum folate and vitamin B,
levels in the highest quartile were less prone to general (OR = 0.31, 95% Cl = 0.19, 0.50) or abdominal
obesity (OR = 0.46, 95% Cl = 0.31, 0.67). Conversely, participants with vitamin B, levels in the lowest
quartile alongside folate levels in the highest quartile had higher odds of abdominal obesity (OR = 2.06,
95% Cl =1.09, 3.91).

Conclusion  Higher serum vitamin B;, concentrations, but not serum folate concentrations, were
associated with lower odds of childhood obesity. Children and adolescents with high levels of vitamin
B, and folate were less likely to be obese.
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INTRODUCTION among children and adolescents, aged 5-19 years,

has risen dramatically from 0.7% to 5.6% in girls and

besity among children and adolescents 0.9% to 7.8% in boys between 1975 and 2016". In

O has become a global public health China, the prevalence of obesity among children and
crisis™. The global prevalence of obesity adolescents, aged 6—17 years, nearly tripled after the
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millennium, from 2.2% in 2000 to 6.4% in 2014",
Obesity is related to a complex range of factors, of
which micronutrient status may be an etiological
cause and effect™”.

Folate and vitamin B;, are vital water-soluble
vitamins directly involved in one-carbon metabolism,
encompassing processes such as DNA methylation,
redox defense, protein and nucleic acid biosynthesis,
and other metabolic pathways[6’7]. Deficiency in
these vitamins can disrupt one-carbon metabolism,
resulting in increased reactive oxidant production
and insulin resistance, as well as inhibition of protein
synthesis and promotion of lipogenesis®™*".
Moreover, folate is associated with leptin secretion,
gut microbiota composition, and epigenetic gene
modifications related to fat and energy
metabolism™"*?. Vitamin B4, plays a significant role
in glucose, amino acid, and lipid metabolism through
the tricarboxylic acid cyclem. A study involving
pregnant and postnatal rats revealed that dietary
restriction of folate and vitamin B, results in
increased visceral and total body fat, respectively,
and altered lipid metabolism in the offspringsm].
These findings suggest that inadequate folate or
vitamin B,, status could be a potential risk factor for
obesity.

Several studies have examined the association
of serum folate and vitamin B, levels separately
with childhood obesity[”'m. A study conducted in
Austria revealed that serum folate concentrations
were inversely associated with body mass index
(BMI) and fat mass in children and adolescents with
obesity[“]. In  another cross-sectional study
involving Israeli children and adolescents, obesity
was associated with low serum vitamin B,
concentrations'™. According to findings from the
National Health and Nutrition Examination Survey
(NHANES) 2001-2004, an inverse association with
obesity risk was found only for serum vitamin B,
concentrations but not for serum folate
concentrations among Mexican American children
and adolescents"®. In contrast, neither folate nor
vitamin B, levels differed between teenagers with
and without obesity in Brazil'””!, These inconsistent
findings highlight the need for additional studies to
clarify the potential association between B vitamins
and obesity. Moreover, folate and vitamin By,
intrinsically related via methionine synthase, are
physiologically intertwined in one-carbon
metabolism!®. Epidemiological studies have
revealed that an imbalance, characterized by high
folate and low vitamin B, levels during pregnancy,
is related to insulin resistance and visceral obesity

in newborns™®. However, whether the balance

between these two vitamins is associated with
obesity in children and adolescents remains
unclear.

To address these research gaps, we examined
the associations of serum folate and vitamin B,
separately and in combination, with anthropometric
indices and obesity among participants, aged 6-17
years using data from a cross-sectional survey
conducted in China.

METHODS

Study Design and Participants

Data were obtained from the 2016—2017 National
Nutrition and Health Surveillance for Children and
Nursing Mothers in Jiangsu Province, Eastern China.
The sample was selected using the methods, including
population proportional to size, systematic sampling,
and simple random sampling, as detailed elsewhere®.
After in-house interviews, all participants were asked
to wundergo anthropometric measurements and
provide overnight fasting blood samples. A total of
3,321 school-aged children and adolescents were
surveyed. Participants aged < 6 or > 18 years (n = 32),
those without anthropometric (n = 15) or laboratory
measurements (n = 125), and with incomplete
guestionnaires (n = 6) were excluded from our
analysis. We further excluded 64 participants with
implausible energy intake (falling below the 1st
percentile or above the 99th percentile for energy
intake)m], resulting in a final sample size of 3,079
participants, as described in Figure 1. The Ethics
Committee of the Chinese Center for Disease Control
and Prevention authorized all experiments involving
human participants (No. 2016-14). Parents or
guardians of participants, aged 6-11 years, provided
written informed consent for them to participate.
Participants, aged 12-17 years, along with their legal
guardians, provided written informed consent for
participation.

Anthropometric Measurements

Trained nurses and physicians obtained
anthropometric measurements, including waist
circumference (WC), height, and weight, from all the
participants before breakfast, who were wearing
light clothes and no shoes. Body weight was
measured using calibrated electronic digital scales
with a 0.01 kg resolution, while height was measured
using height measuring bars with a 0.01 cm
resolution. BMI was computed as weight (kg)/height
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(m®) and sex- and age-specific BMI z-scores for
Chinese school-aged children and adolescents were
determined using reference data®™. WC was
measured using a non-elastic tape in a horizontal
plane halfway between the lowest rib edge and iliac
crest. The waist-to-height ratio (WHtR) was
determined by dividing the WC (cm) by height (cm).
General obesity was defined using sex- and age-
specific BMI cutoffs for children’s BMI[B], and
abdominal obesity was characterized using the
Chinese criterion of WHtR > 0.48"*.

Serum Folate and Vitamin B, Concentrations

Venous blood samples were obtained from all
participants after an overnight fast between 7:30
and 9:30 am. After a 30-minute standing period,
serum was collected after centrifuging the blood at
3,000 rpm and 4 °C for 15 minutes. The samples
were the cooled at 4 °C and transported to the
laboratory for analysis on the same day. Serum
folate and vitamin B;, concentrations were
determined using an automatic electrochemical
luminescence analyzer (Cobas E602, Roche,
Germany). The coefficient of variation for the
analytical techniques was 4.27% and 6.89% for
serum folate and 2.49% and 3.17% for vitamin B,,.

Assessment of Covariates

The socio-demographic indicators comprised

A total of 3,321 school
aged children and adolescents were
surveyed in Jiangsu Province in
2016-2017

age, sex, region (rural and urban areas), and
ethnicity (Han and non-Han groups). Lifestyle
variables included total energy intake, multivitamin
or B-vitamin supplement use, physical activity,
passive smoking, and alcohol consumption.
Participants’ dietary intake was evaluated using a
semi-quantitative food frequency questionnaire
(FFQ) that had been verified for validity and
reliability before the surveylzs]. Parents or guardians
answered food consumption questionnaires for
children < 12 years of age; children and adolescents
aged 12-17 vyears answered questions with
assistance from their caregivers. The FFQ consists of
57 food and beverage items consumed by Chinese
children and adolescents. Daily energy intake of
each participant was determined®®. Multivitamin or
B-vitamin supplement use by participants was
dichotomized into “used” and “not used” in the
month prior to the survey. Physical activity levels
were assessed using total moderate-to-vigorous
intensity  physical activity  (MVPA)  time,
encompassing housework, school and outside
physical activity, and active commute time,
including walking or biking[m. Passive smoking
status was defined based on exposure to tobacco
products and was classified into the following
groups: daily, not daily, and never. Alcohol
consumption status was categorized as never,
former (30 days ago), or current drinker (within the

Excluded (n =178)

Y ounger than 6 or older than 18 (n = 32)
Without anthropometric (n = 15) or laboratory
measures (n = 125)

Without complete questionnaires (n = 6)

Children and adolescents aged
6-17 with completed data on the survey
(n=3,143)

A final sample size of 3,079 participants
were included in the analysis

> percentile for energy intake) were further

Participants with implausible energy intake
(below the 1st percentile or above the 99th

excluded (n = 64)

Figure 1. Flow chart of study participants.
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past 30 days). Serum high-sensitive C-reactive
protein (hs-CRP) and creatinine concentrations were
determined using an automatic modular analyzer
(Cobas C701, Roche, Switzerland). The estimated
glomerular filtration rate (eGFR) was calculated
using the Chronic Kidney Disease Epidemiology
Collaboration formula from the serum creatinine
values®®.

Statistical Analysis

Continuous variables are presented as medians
[Interquartile range (IQR)], and categorical variables
are presented as numbers (percentages). The
Mann-Whitney U-test and chi-square test were used
to assess differences in basic features between
participants with and without obesity for continuous
and categorical variables, respectively. To address
non-normal distributions, serum folate and vitamin
Bi, concentrations were naturally log-transformed
before statistical analysis. The results were
interpreted as a 1% increase in concentrations of
serum folate or vitamin B;,, which translated to an
increase or decrease in outcome by units (coefficient
regression divided by 100). Multiple linear regression
models were constructed to explore the association
of serum folate and vitamin B, levels with
anthropometric indices, including BMI, BMI-z, WC,
and WHtR. Age and sex were included in the models
to account for differences in body fat between boys
and girls during childhood and adolescence™ and to
account for pubertal stages. Ethnicity, residential
area, MVPA time, total energy intake, passive
smoking status, and alcohol consumption status
were also included in the models to account for the
effects of different races, residential environments,
and lifestyles on childhood obesity[3°'33]. To consider
the possible effects of kidney function,
inflammation, and multivitamin or B-vitamin
supplements use on serum folate and/or vitamin B,,
levels, we also included eGFR, hs-CRP, and
multivitamin or B-vitamin supplements use in the
analysis®™****'. Categorical variables were converted
into dummy variables for analysis. Model 1 was
adjusted for age and sex. Model 2 was further
adjusted for region, ethnicity, total energy intake,
MVPA time, passive smoking status, alcohol
consumption status, hs-CRP level (log-transformed),
eGFR (log-transformed), and multivitamin and B-
vitamin supplementation use. In model 3, folate and
vitamin B,, levels were mutually adjusted to account
for any intercorrelation. Smoothed splines from
generalized additive models were used to show
potential nonlinear associations among serum folate

and vitamin B;, levels, BMI, and WC. Additionally,
logistic regression models were used to evaluate the
association of serum folate and vitamin B;, levels
with the odds of general obesity and abdominal
obesity, and 95% confidence intervals (Cl) were
calculated. Finally, we used the quartiles of serum
folate and vitamin B,, levels separately and defined
the first quartile as “low”, the fourth quartile as
“high”, and the two middle quartiles as “moderate”.
A combination of moderate folate and vitamin B;,
levels was chosen as the reference group. After
adjusting for all covariates, the joint association of
serum folate and vitamin B,, levels with general and
abdominal obesity was assessed using multivariable
logistic regression models. Two-sided P-values were
calculated, with significance defined as P < 0.05. All
statistical analyses were conducted using R software
(version 3.6.3, Auckland, New Zealand).

RESULTS

The characteristics of the study population are
summarized in Table 1. A total of 3,079 children and
adolescents with a median age of 11.4 years (IQR,
8.9-13.8 years) were included in our analysis, among
whom 49.1% were girls. The majority of the
participants was Han Chinese (97.7%) and lived in
urban areas (84.4%). Median serum folate and
vitamin B;, concentrations were 6.9 ng/mL (IQR,
4.7-9.7 ng/mL) and 554.4 pg/mL (IQR, 405.8-
729.1 pg/mL), respectively. General obesity was
observed in 405 participants (13.2%) and abdominal
obesity was observed in 607 participants (19.7%).
Generally, compared to participants without obesity,
those with obesity were more likely to be boys,
younger, urban residents, passive smokers, and
exhibited higher hs-CRP and eGFR levels but lower
vitamin B;, concentrations (Table 1).

Table 2 shows the linear associations of serum
folate and vitamin B4, levels with BMI, BMI-z, WC,
and WHtR assessed using linear regression models.
Serum vitamin B;, concentrations were inversely
associated with BMI (8 = -1.34, 95% Cl = -1.66,
-1.01, P < 0.001), BMI-z (8 = -0.38, 95% CI = -0.48,
-0.29, P < 0.001), WC (B = -4.50, 95% CI = -5.37,
-3.63, P < 0.001) and WHtR (8 = -0.023, 95% CI =
-0.023, -0.018, P < 0.001) across all models. The
generalized additive models demonstrated that the
inverse associations of serum vitamin B;, with BMI
and WC were almost roughly linear across the
distribution of vitamin By, values (Figure 2). No
significant associations of serum folate with BMI,
BMI-z, WC, and WHtR were identified in models 1
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Table 1. Characteristics of the participants residing in Jiangsu Province, China from 2016 to 2017

Total population

General obesity

Characteristics (n=3,079) No (n = 2,674, 86.8) Yes (n = 405, 13.2) Prvalue
Age (years) 11.4 (8.9, 13.8) 11.5 (8.9, 13.9) 10.4 (8.6, 13) <0.001
Sex, n (%) <0.001
Male 1,567 (50.9) 1,293 (48.4) 274 (67.7)
Female 1,512 (49.1) 1,381 (51.6) 131 (32.3)
Age group (years), n (%) 0.005
6-11 1,749 (56.8) 1,493 (55.8) 256 (63.2)
12-17 1,330 (43.2) 1,181 (44.2) 149 (36.8)
Region, n (%) 0.003
Urban 2,599 (84.4) 2,237 (83.7) 362 (89.4)
Rural 480 (15.6) 437 (16.3) 43 (10.6)
Ethnicity, n (%) 0.521
Han ethnicity 3,009 (97.7) 2,615 (97.8) 394 (97.3)
Ethnicity other than Han 70(2.3) 59 (2.2) 11 (2.7)
Lifestyle
Total energy intake (kcal/day) 1,884 (1439.7, 2548.9) 1880.6 (1441.1, 2547.8) 1907.7 (1429.4, 2572.2) 0.949
:{'}:g:‘;':;:'tz ‘(’;ez)":a;;;n 23(0.7) 22(0.8) 1(0.2) 0.210
MVPA (minutes/day) 20 (8.6, 40) 20 (8.6, 40) 20(7.9, 38.6) 0.350
Passive smoking, n (%) 0.046
Never 1,803 (58.6) 1,576 (58.9) 277 (56.0)
Not daily 1,023 (33.2) 891 (33.1) 132 (32.6)
Every day 253 (8.2) 207 (7.7) 46 (11.4)
Alcohol consumption, n (%) 0.425
Never 2,776 (90.2) 2,404 (89.9) 372(91.9)
Former 222(7.2) 199 (7.4) 23(5.7)
Current 81(2.6) 71(2.7) 10 (2.5)
Anthropometrics
Weight (kg) 42.0(30.1, 54.5) 40.1(29.1, 52.4) 56.7 (42, 74) <0.001
Height (cm) 150.1 (135.2, 162.1) 150 (134.9, 162) 150.5 (137.7, 162.5) 0.160
BMI (kg/m?) 18.3(16.0, 21.2) 17.6 (15.8, 20.0) 25.0 (22.0, 27.5) <0.001
BMI-z 0.3(-0.2, 1.0) 0.1(-0.3,0.7) 2.2(1.8,2.7) <0.001
WC (cm) 63.4 (56.6, 71.2) 62.1 (55.8, 68.5) 79.5(71.6, 88.1) <0.001
WHtR 0.4 (0.4, 0.5) 0.4 (0.4, 0.5) 0.5 (0.5, 0.6) <0.001
Abdominal obesity, n (%) 607 (19.7) 252 (9.4) 355 (87.7) <0.001
Biochemistry
Serum folate (ng/mL) 6.9 (4.7,9.7) 6.9 (4.7,9.8) 6.9 (5, 9.6) 0.812
Serum vitamin B, (pg/mL) 554.4 (405.8, 729.1) 560 (408.4, 742.9) 524.7 (394.6, 676.9) 0.026
hs-CRP (mg/L) 0.3(0.2,0.8) 0.3(0.2,0.7) 0.9(0.5,2.2) <0.001
eGFR (mL/min per 1.73 mz) 148.6 (135.2, 160.0) 148.0 (134.8, 159.3) 153.4 (139.1, 164) <0.001

Note. Values are presented as median (interquartile range [IQR]) for continuous variables and n (%) for
categorical variables. MVPA, total moderate-to-vigorous intensity physical activity; BMI, body mass index; BMI-
z, BMI z-score; WC, waist circumference; WHtR, waist-to-height ratio; hs-CRP, high-sensitivity C-reactive
protein; eGFR, estimated glomerular filtration rate. P-values were calculated using the Mann-Whitney U-test
for continuous variables and the chi-square test for categorical variables.
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and 2. After additionally adjusting for serum vitamin
B;, concentrations, serum folate was observed to be
positively associated with WC (8 = 0.80, 95% CI =
0.08, 1.52, P = 0.024) and WHtR (8 = 0.004, 95% CI =
0.000, 0.009, P = 0.044). Further, the general
additive model revealed a bell-shaped association
between serum folate levels and BMI and an almost
positive linear association between serum folate
levels and WC (Figure 2). Because the association of
vitamin By, and folate with BMI z-scores was similar
to that with BMI and the association with WHtR was
similar to that with WC, further graphs on BMI z-
scores and WHtR was not represented.

As shown in Table 3, serum vitamin B, levels
were inversely associated with general obesity (OR =
0.68, 95% Cl = 0.59, 0.78, P < 0.001) and abdominal
obesity (OR = 0.68, 95% CI = 0.60, 0.77, P < 0.001)
after adjusting for all potential confounding factors.
When compared with participants in the lowest
quartile, those in the highest quartile of serum
vitamin B;, concentration had 71% lower odds of
general obesity (OR = 0.29, 95% C/ = 0.20, 0.43, P <
0.001) and 64% lower odds of abdominal obesity
(OR = 0.36, 95% Cl = 0.26, 0.50, P <0.001). When
evaluated as continuous exposure, no associations
were observed between serum folate concentration
and the odds of general and abdominal obesity.

However, when compared with participants in the
lowest quartile, those in the second quartile of
serum folate concentration exhibited 44% higher
odds of general obesity (OR = 1.44, 95% CI = 1.03,
2.00, P = 0.032) after additionally adjusting for
serum vitamin B, concentrations.

We further evaluated the potential interaction
between serum concentrations of folate and vitamin
By, using logistic regression analysis (Table 4).
Participants with high concentrations of both folate
and vitamin B;, (the highest quartile for each
vitamin) had lower odds of general (OR = 0.31, 95%
Cl = 0.19, 0.50, P <0.001) and abdominal obesity
(OR =0.46, 95% CI = 0.31, 0.67, P <0.001) compared
with those with moderate levels of both vitamins.
Conversely, low serum vitamin By, concentrations in
combination with high serum folate concentrations
were positively associated with higher odds of
abdominal obesity (OR = 2.06, 95% CI = 1.09, 3.91,
P = 0.026). Higher odds of general obesity were
observed only for low serum vitamin B,
concentrations in combination with moderate serum
folate concentrations (OR = 1.63, 95% Cl = 1.11, 2.40,
P = 0.012). Additionally, we observed a trend
towards reduced odds of general (P-trend < 0.001)
and abdominal obesity (P-trend < 0.001) with
increased serum folate and vitamin B,, levels (data

Table 2. Associations of serum folate and vitamin B;, concentrations with anthropometric indices among
Chinese children and adolescents in Jiangsu Province, 2016—2017 (n = 3,079)

Model 1 Model 2 Model 3
Micronutrient
Coefficient 95% Cl Coefficient 95% Cl Coefficient 95% Cl

Serum folate (ng/mL)

BMI -0.19 -0.45, 0.07 -0.23 -0.49, 0.03 0.09 -0.18, 0.35

BMI-z -0.06 -0.14,0.01 -0.08 -0.15, 0.01 0.02 -0.06, 0.09

wC 0.39 -0.32,1.10 -0.26 -0.96, 0.44 0.80 0.08, 1.52

WHtR 0.003 -0.001, 0.007 -0.001 -0.005, 0.003 0.004 0,0.009
Serum vitamin By, (pg/mL)

BMI -0.83 -1.14,-0.53 -1.31 -1.61,-1.00 -1.34 -1.66,-1.01

BMI-z -0.24 -0.33,-0.15 -0.38 -0.47,-0.29 -0.38 -0.48,-0.29

wC -2.17 -3.00,-1.33 -4.23 -5.06, -3.39 -4.50 -5.37,-3.63

WHtR -0.011 -0.16, -0.006 -0.021 -0.026, -0.016 -0.023 -0.028, -0.018

Note. Model 1: adjusted for age, sex; Model 2:

additionally adjusted for region, ethnicity, total energy

intake, MVPA time, passive smoking status, alcohol consumption status, hs-CRP (log-transformed), eGFR (log-
transformed), and multivitamin or B-vitamin supplement use. Model 3: additionally adjusted for vitamin
B;,(log-transformed) or serum folate (log-transformed) concentrations. MVPA, total moderate-to-vigorous
intensity physical activity; BMI, Body mass index; BMI-z, BMI z-score; WC, waist circumference; WHtR, waist-to-
height ratio; hs-CR, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; Cl,confidence
interval. Serum folate and vitamin B, were log-transformed.
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not shown). Conversely, a trend toward indicating increased serum folate levels accompanied by low
high odds of abdominal obesity was observed with vitamin B, levels (P-trend = 0.001) (data not shown).
201 E : : 20 -

19 4

BMI
BMI

17 A
200 500 1,000 2 5 10
Serum Vitamin B,, concentration (pg-mL™) Serum folate concentration (ng-mL™)
70 . . . 704
68
66

WC (cm)
WC (cm)

60 -
58 58
200 500 1,000 2 5 10
Serum Vitamin B,, concentration (pg-mL™) Serum folate concentration (pg-mL™)

Figure 2. Dose-response curves with 95% confidence intervals (shaded areas) representing the
associations of serum folate and vitamin B;, with BMI and WC. Associations were modeled using
generalized additive models (n = 3,079). Models were adjusted for age, sex, region, ethnicity, total energy
intake, MVPA time, multivitamin or B-vitamin supplements use, hs-CRP (log-transformed), eGFR (log-
transformed), passive smoking status, alcohol consumption status, and vitamin B,, (log-transformed) or
serum folate (log-transformed) concentrations. Density plots and rug plots indicate the distributions and
density of log-transformed serum folate or vitamin B,, levels. Dotted lines denote the 10th, 50th, and
90th percentiles. MVPA, total moderate-to-vigorous intensity physical activity; BMI, body mass index;
WC, waist circumference; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular
filtration rate.
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Table 3. Multivariable associations of serum folate and vitamin B,, levels with odds of general obesity and

abdominal obesity among children and adolescents in Jiangsu Province, from 2016 to 2017 (n = 3,079)

Variables

Model 1

Model 2

Model 3

OR (95% ClI)

OR (95% CI)

OR (95% CI)

Serum folate

General obesity

Continuous 0.96 (0.85, 1.08) 0.92 (0.81, 1.05) 1.02 (0.89, 1.17)
Ql 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Q2 1.17 (0.86, 1.60) 1.26 (0.91, 1.72) 1.44 (1.03, 2.00)
Q3 1.00(0.72, 1.39) 1.03(0.73, 1.46) 1.22 (0.86, 1.74)
Q4 0.91 (0.64, 1.28) 0.84(0.58, 1.21) 1.08 (0.74, 1.59)
P-trend 0.348 0.163 0.941

Abdominal obesity

Abdominal obesity

Continuous 0.98 (0.88, 1.09) 0.90(0.81, 1.01) 1.00 (0.89, 1.13)
Ql 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Q2 1.06 (0.82, 1.38) 1.05 (0.80, 1.39) 1.21(0.91, 1.60)
Q3 0.90 (0.68, 1.18) 0.82(0.61, 1.10) 0.98(0.72, 1.32)
Q4 0.94 (0.71, 1.25) 0.79(0.58, 1.07) 1.02 (0.74, 1.40)
P-trend 0.426 0.047 0.685
Serum vitamin B12
General obesity
Continuous 0.82(0.73, 0.93) 0.68 (0.60, 0.78) 0.68 (0.59, 0.78)
Ql 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Q2 0.90(0.67, 1.21) 0.72(0.53, 0.99) 0.72 (0.52, 0.99)
Q3 0.79 (0.58, 1.08) 0.61(0.44, 0.86) 0.61(0.43, 0.85)
Q4 0.46 (0.32, 0.65) 0.29 (0.2, 0.43) 0.29(0.20, 0.43)
P-trend <0.001 <0.001 <0.001

Continuous 0.83(0.75, 0.92) 0.68 (0.61, 0.76) 0.68 (0.60, 0.77)
Q1 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Q2 0.86 (0.67, 1.11) 0.67 (0.51, 0.87) 0.67 (0.51, 0.88)
Q3 0.83 (0.64, 1.08) 0.63(0.47, 0.83) 0.63 (0.47, 0.85)
Q4 0.56 (0.42, 0.75) 0.36 (0.26, 0.49) 0.36 (0.26, 0.50)
P-trend <0.001 <0.001 <0.001

Note. The quartiles of serum folate concentration were as follows: < 4.7 ng/mL (Q1), 4.7-6.8 (Q2), 6.9-9.6
(Q3), and > 9.7 (Q4). The quartiles of serum vitamin B12 concentrations were as follows: < 405.4 pg/mL (Q1),
405.4-554.1 (Q2), 554.2-728.8 (Q3), and > 728.9 (Q4). Model 1: adjusted for age, sex; Model 2: additionally
adjusted for region, ethnicity, total energy intake, MVPA time, passive smoking status and alcohol consumption
status, hs-CRP (log-transformed), eGFR (log-transformed) and multivitamin or B-vitamin supplements use;
Model 3: additionally adjusted for vitamin B12 (log-transformed) or serum folate (log-transformed)
concentrations. MVPA, total moderate-to-vigorous intensity physical activity; hs-CRP, high-sensitivity C-reactive
protein; eGFR, estimated glomerular filtration rate; OR, odds ratio; C/, confidence interval. Serum folate and
vitamin B;, levels were log-transformed and standardized by subtracting the mean and dividing it by the
standard deviation.
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DISCUSSION

In the present study, we found that high
concentrations of vitamin B;,, but not folate, were
independently associated with a reduced likelihood
of both general and abdominal obesity. Participants
with high serum folate and vitamin By, levels
exhibited lower odds of general and abdominal
obesity than those of participants with moderate
concentrations of these vitamins. Our findings
provide new insights into the relationship of serum
folate and vitamin B, with childhood obesity.

Previous studies have also shown inverse
associations among vitamin Bi, levels,
anthropometric indices, and obesity risk across
different populations. The findings of the NHANES
2011-2014 indicated that serum vitamin B,
concentration is inversely and significantly
associated with general obesity in a dose-dependent
manner among American adults®®. Several studies
from the United Kingdom and India have observed
that decreased vitamin B;, concentrations during
pregnancy are associated with increased BMI and
general obesity risk among pregnant women®"*,
Identical outcomes have been reported in children
and adolescents. The risk of low vitamin B,, status is
more than 4-fold higher among children and
adolescents with obesity than among normal-weight
individuals™.  Furthermore, findings from the
2001-2004 NHANES indicated that serum vitamin
B4, levels are inversely associated with BMI, trunk fat

mass, total body fat mass, and the risk of general
and abdominal obesity among Mexican American
children™. Our study represents the first reporting
of such inverse associations of serum vitamin B,,
levels with anthropometric indices and the odds of
obesity among Chinese children and adolescents.

Several mechanisms may explain these results.
First, low serum vitamin B,, levels may interfere with
one-carbon metabolism, preventing the generation
of methionine from homocysteine, thereby reducing
protein synthesis and lean tissue deposition[m].
Second, as a critical cofactor for methylmalonyl-coa
mutase in the tricarboxylic acid cycle, low vitamin
B1, levels may affect caloric expenditure control and
energy availabilitym. Conversely, obesity could also
decrease the serum vitamin B, levels through
reduced dietary intake or absorption, increased
catabolism and sequestration in the adipose
tissue™, or through changes in gut microbiota
composition or function that could affect the
biosynthesis and metabolism of vitamin 512[31’32].
However, additional studies are required to confirm
the associated pathways.

In the present study, serum folate concentrations
showed a bell-shaped association with BMI but not
with obesity. Our results are partly consistent with
those of a recent meta-analysis of 16 studies that
demonstrated no inverse association between folate
levels and BMI“". Moreover, we observed that
serum folate concentration was positively associated
with WC and WHtR. However, these associations

Table 4. Joint association of serum folate and vitamin B, levels with general obesity and abdominal obesity
among Chinese children and adolescents in Jiangsu Province, from 2016 to 2017 (n = 3,079)

Serum vitamin B,,

Serum folate

Low Moderate High
General obesity Low 1.13(0.74,1.72) 0.80(0.53, 1.21) 0.63(0.27, 1.49)
Moderate 1.63(1.11, 2.40) 1.00 (ref.) 0.51(0.34,0.77)
High 1.60 (0.75, 3.41) 0.93 (0.65, 1.34) 0.31(0.19, 0.50)
Abdominal obesity Low 1.43(1.00, 2.03) 0.94 (0.66, 1.33) 0.77(0.37, 1.59)
Moderate 1.50 (1.07, 2.11) 1.00 (ref.) 0.60 (0.42, 0.85)
High 2.06 (1.09, 3.91) 0.96 (0.70, 1.32) 0.46 (0.31, 0.67)

»nou

Note. The categories “low” “moderate” and “high” serum folate levels were based to quartiles and
defined as follows: < 4.7 ng/mL (Q1), 4.8-9.7 ng/mL (Q2 and Q3) and > 9.8 ng/mL (Q4), respectively. The
categories “low” “moderate” and “high” serum vitamin B,, levels were based to quartiles (Q) and defined as
follows: < 405.4 pg/mL (Q1), 405.4-728.7 ng/mL (Q2 and Q3) and > 728.8 ng/mL (Q4), respectively. Model
adjusted for age, sex, region, ethnicity, total energy intake, MVPA time, multivitamin or B-vitamin supplement
use, hs-CRP level (log-transformed), eGFR (log-transformed), passive smoking status, and alcohol consumption
status.MVPA, total moderate-to-vigorous intensity physical activity; hs-CRP, high-sensitivity C-reactive protein;
eGFR, estimated glomerular filtration rate.
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were weak, albeit statistically significant, and were
observed only after adjusting for vitamin B;,
concentration. Several individual studies have
reported that lower serum folate levels are
associated with high BMI, overall fat accumulation,
and WC among postmenopausal women in the
United States and adults in New Zealand and
Poland™"*, Similarly, serum folate levels
demonstrate significant inverse correlation with BMI
and fat mass in Austrian children and adolescents
with obesityM. Our results suggested that the
association between serum folate levels and WC
could be confounded by serum vitamin By, levels,
which may partly explain the discrepancies between
our findings and those of other studies. Because folic
acid fortification is not practiced, folate levels in the
Chinese population may differ from those in some
Western countries, potentially contributing to these
inconsistent results".

We have further explored the joint association of
serum folate and vitamin B,, levels with childhood
obesity for the first time. We observed that
participants with high serum levels of both folate
and vitamin By, had low odds of developing general
and abdominal obesity. However, an increase in
serum folate levels in participants with low levels of
vitamin By, increased their probability of
experiencing abdominal obesity. Abdominal obesity
is strongly associated with insulin resistance. High
folate levels may mask and exacerbate the effects of
vitamin B;, deficiency, which in turn impairs DNA
synthesis, especially of mitochondrial DNA, leading
to the development of insulin resistance™*, A
study conducted in India reported that newborns of
mothers with high folate and low vitamin By,
concentrations exhibited elevated insulin resistant
and greater susceptibility to visceral obesity”‘c’].
Another study from France also revealed that
consecutive patients with obesity in the highest
tertile of red blood cell folate levels and the lowest
tertile of plasma By, levels exhibited high levels of
insulin resistance™. Therefore, we speculated that
insulin resistance might mediate the association
between the high folate and low vitamin B, levels
and abdominal obesity. In the current study, we also
found that participants in the upper By, quartile
exhibited decreased odds of developing general and
abdominal obesity as serum folate levels increased.
Folate levels in the body may affect the circulating
levels of active vitamin B;, and are related to its
availability in the body tissues*®. We posit that the
direct association between folate and obesity is
weak and that obesity may be primarily modified by

altering the active level and availability of vitamin
Bi,. The mechanism underlying the interaction of
folate and vitamin By, levels with obesity is not yet
fully understood and requires further investigation.

Our study has several strengths. First, to the best
of our knowledge, this is the largest study conducted
to date and the first in China. Second, we explored
the joint and independent associations of serum
folate and vitamin B, levels with childhood obesity,
offering new insights. Finally, as part of the China
National Nutrition and Health Surveillance Program,
the study’s standardized methods, data collection
processes, training, and stringent quality control for
all participants assured the credibility of the
findings"”.

This study had several limitations. First, owing to
the cross-sectional nature of the study, we could not
confirm a causal relationship among serum folate
and vitamin B,, levels, anthropometric indices, and
obesity. Despite this, our results emphasized the
importance of folate and vitamin B;, levels in
childhood obesity. Thus, the status of these two
vitamins could be potential risk factors for childhood
obesity. Moreover, our results suggested a possible
risk of vitamin B,, deficiency in children and
adolescents with obesity. Second, serum folate
levels, the earliest indicator of changes in folate
exposure, reflect recent dietary intake, but does not
reflect long-term folate status. Therefore,
erythrocyte folate levels should be analyzed in future
studies. Moreover, serum folate is measured as the
sum of the total pool of folate derivatives, and data
on individual folate derivatives, such as 5-
methyltetrahydrofolate, may provide relevant
insights. Finally, this study was limited to Chinese
children and adolescents. Thus, extrapolation of the
results to other populations should be performed
with caution.

CONCLUSION

In summary, we observed that serum vitamin
Bi,, but not folate, was inversely associated with
anthropometric indices, including BMI, BMI-z, WC,
and WHtR, and the odds of childhood obesity.

Children and adolescents with high levels of
vitamin B, and folate were less likely to be obese.
Children and adolescents with obesity may be at a
risk of vitamin By, deficiency.
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