Chen et al. BMC Public Health (2023 23:2423 BMC Public Health
https://doi.org/10.1186/512889-023-17344-6

. . . ®
The dynamic nexus: exploring the interplay =

of BMI before, during, and after pregnancy
with Metabolic Syndrome (MetS) risk in Chinese
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Abstract

Background and aim The health implications of BMI and MetS in lactating women are significant. This study aims
to investigate the relationship between risk of Mets in lactation and BMI in four stages: pre-pregnancy, prenatal
period, 42 days postpartum, and current lactation.

Methods and results A total of 1870 Lactating Women within 2 years after delivery were included from "China Child
and Lactating Mother Nutrition Health Surveillance (2016-2017)". Logistic regression model and Restricted cubic
spline (RCS) were used to estimate the relationship between BMI and risk of MetS. ROC analysis was used to deter-
mine the threshold for the risk of MetS. Chain mediating effect analysis was used to verify the mediating effect. BMI
of MetS group in all stages were higher than non-MetS group (P<0.0001). There were significant positive correlations
between BMI in each stage and ORs of MetS during lactation (P < 0.05). The best cut-off values for BMI in the four
stages were 23.47, 30.49, 26.04 and 25.47 kg/m?. The non-linear spline test at BMI in 42 days postpartum, current

and MetS in lactation was statistically significant (P non-linear=0.0223, 0.0003). The mediation effect of all chains have
to work through lactation BMI. The total indirect effect accounted for 80.95% of the total effect.

Conclusions The risk of MetS in lactating women is due to a high BMI base before pregnancy and postpartum. High
BMI in all stages of pregnancy and postpartum were risk factors for MetS in lactation. BMI during lactation plays a key
role in the risk of MetS.
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only strongly linked to pregnancy [4] but also to various
chronic diseases. It is now firmly established that being
overweight or obese increases the susceptibility to meta-
bolic conditions such as dyslipidemia, hypertension, and
type 2 diabetes, and is also closely associated with meta-
bolic syndrome (MetS) [5, 6].

MetS is a complex group of metabolic disorders
including abdominal obesity, hypertension, hypertri-
glyceridemia, low HDL cholesterol, and elevated fasting
glucose. The prevalence of MetS is steadily increasing
worldwide [7]. Also MetS is very common in overweight
and obese individuals [8]. Maternal obesity can be con-
sidered as a risk factor for poor breastfeeding outcomes
[9]. Pre-pregnancy body mass index (BMI) and weight
gain during pregnancy are strongly associated [10].
BMI is the simplest, practical and commonly used tool
to assess overweight and obesity. Studies have shown a
strong relationship between waist circumference (WC)
and BMI in women, and BMI is more clinically available
and commonly used in the assessment of MetS compared
to WC [11, 12]. According to a previous study, MetS was
more common in women than in men [13]. The impact
of childbirth on maternal metabolism is significant. For
example, the resulting increased risk of central obesity
and the higher the number of births causes a higher risk
of MetS [14]. Lactation is a transitional phase for women
to return from pregnancy to normal physiological sta-
tus. However, not only is there a paucity of research on
MetS during pregnancy [15], but studies on the relation-
ship between BMI at various stages of pregnancy and
MetS in lactating women have not been reported. BMI
has the potential to induce disturbances in inflammation
and the immune system, both of which are pivotal factors
contributing to the pathogenesis of Metabolic Syndrome
(MetS) [14].

In previous research, it has been unequivocally estab-
lished that overweight and obesity play pivotal roles as
risk factors for the development of metabolic syndrome
(MetS). However, it is worth noting that there is cur-
rently a conspicuous dearth of studies that specifically
address the validation and in-depth exploration of this
relationship in lactating women, a population charac-
terized by unique physiological conditions. A significant
knowledge gap persists in this area, necessitating further
investigations to elucidate the association between over-
weight and obesity and MetS in lactating women. Such
endeavors hold promise for the development of targeted
strategies and interventions to enhance the health man-
agement of this specific population, contributing to the
advancement of women’s health during the lactation
period. Therefore, this study intends to investigate the
relationship between BMI changes and the risk of devel-
oping Mets during lactation, starting from the four stages
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of BMI: pre-pregnancy, prenatal period, 42 days postpar-
tum, and lactation, to explore new ideas for the preven-
tion and control of MetS in women of childbearing age.

Methods

Study population

A total of 1870 lactating women within 2 years after
delivery were included in this study. Data for this study
were obtained from the "China Child and Lactating
Mother Nutrition Health Surveillance (2016-2017)"
approved by the Chinese Center for Disease Control and
Prevention (CDC). Three provinces, Shandong, Hebei
and Guizhou, located in East China, Central China and
West China, were selected for the sample survey.The data
is from monitoring database. The purpose of the survey
was to understand the health status of lactating women,
to take into account the comprehensive health problems
of the respondents. In the absence of authoritative data
regarding the prevalence of Metabolic Syndrome (MetS),
the calculation of sample size relied upon the anemia rate
as a reference standard. Chinese lactating mother anemia
rate of 9.3% in 2013 was taken as the calculated marker
to determine the sample size [16]. The relative standard
error was controlled to be within 15% by taking r=15%
and 8 = 15%%9.3% to ensure a precision of 1.395%.
The confidence level was taken as 95% (two-sided), i.e.
p=1.96. Sample size calculation formula,

3o *p(1 = p)
n=—~- "
§2

Accordingly, the sample size of the survey should not
be less than 1665 people. Thirty-five districts or counties
were randomly selected based on geographic location.
Two townships (streets) were selected from each dis-
trict or county, two village (neighborhood) committees
were selected from each township (street), and at least
10 lactating women aged 18-50 years with breastfeeding
children under 2 years old were selected from each vil-
lage (neighborhood) committee. Subjects with major dis-
eases such as hypertension, diabetes and oncology were
excluded from the study. The survey process used a tablet
with a quality control program to administer the ques-
tionnaire. Figure 1 displays the flow chart illustrating the
process of subject inclusion and exclusion.

Inclusion criteria
1. Lactating Women Aged >18 Years: we included lac-

tating women who were 18 years of age or older to
ensure that the subjects were adults.
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2016-2017 CNHS
n=23301

Lactating Women
n=3570

e age=18 years old

e BMI at current<40 kg/m2

e Less than 24 months postpartum

¢ No hypertension or hyperglycemia before
pregnancy

Excluded 1275 subjects

Missing information on covariates and blood index;
n=425

Current drinking status: n=1
Current smoking status: n=1

BMI at current: n=2

BMI at prepregnancy: n=131

BMI before labor: n=124

BMI at 42 days postpartum: n=223
Physical activity level:n=32
Breastfeeding child age (months): n=9
Serum zinc: n=78

Serum vitamin B12: n=34

Serum folic acid: n=23

Serum vitamin A: n=77

Serum vitamin D: n=78

Blood pressure: n=5

Waistline: n=5

Y

Study population in the analysis
n=1870

Fig. 1 Flowchart of study selection



Chen et al. BMC Public Health (2023) 23:2423

2. Duration of Lactation <24 Months: Lactating women
with a lactation duration less than 24 months were
included to focus on the early stages of lactation.

3. BMI<40 kg/m? we considered lactating women with
a body mass index (BMI) below 40 kg/m? to maintain
a range of BMI values within reasonable limits for the
study.

4. Having Complete Information on MetS Compo-
nents, BMI, and Covariates: Subjects needed to have
comprehensive data on Metabolic Syndrome (MetS)
components, BMI, and other relevant covariates for
the study. This ensured the availability of essential
data for a thorough analysis.

Exclusion criteria

1. Clinically Significant Disease or Disability: We
excluded individuals with clinically significant dis-
eases or disabilities to maintain a sample of partici-
pants without confounding health issues that could
influence the study’s outcomes.

2. Individuals with pre-pregnancy hyperglycemia and
hypertension were also excluded based on question-
naires.

This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the the
Ethics Committee of the National Institute for Nutrition
and Health, Chinese Center for Disease Control and Pre-
vention, and the ethical approval number obtained was
201,614. Written informed consent was obtained from all
subjects.

Data collection

The data sources collected for this survey included ques-
tionnaires, physical examinations and laboratory tests. In
order to ensure the precision and uniformity of our data,
we employed a questionnaire meticulously curated by
experts from the Chinese Center for Disease Control and
Prevention. This questionnaire was administered through
one-on-one, face-to-face interviews conducted by pro-
fessional surveyors. This comprehensive survey encom-
passed the collection of demographic data, physical
activity patterns, dietary habits, smoking and alcohol sta-
tus, as well as an in-depth exploration of the participants’
medical histories. This methodological approach guaran-
tees the acquisition of exhaustive and detailed informa-
tion, facilitating a more profound comprehension of the
participants’ backgrounds and potential influencing vari-
ables. The national and provincial working groups were
responsible for quality control of the survey. District and
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county CDC staff trained by the local CDC were respon-
sible for fasting blood sample collection, interviews and
questionnaires. To ensure the quality of the data, subjects
were informed in advance to perform the physical exam-
ination in the early morning of the second day after an
overnight fast while avoiding heavy clothing and shoes.
The current BMI of lactating women was calculated after
the survey with the formula weight (kg)/square of height
(m?). Also, physical measurement instruments were pur-
chased and calibrated uniformly at all survey sites: an
electronic weight scale (G&G TC-200 K) and an elec-
tronic sphygmomanometer (OMRON HBP1300) with a
measurement accuracy of 0.1 cm, 0.1 kg and 1 mmHg,
respectively.

The pre-pregnancy weight was obtained from the
medical examination card within six months prior to
pregnancy or within 1-2 months of pregnancy, or from
your own recollection to the nearest 0.1 kg. The prenatal
weight was obtained from the health care card or from
recollection of the prenatal weight to the nearest 0.1 kg.
The post-pregnancy weight at 42 days was obtained from
the health care card or from recollection of the post-
pregnancy weight at 42 days to the nearest 0.1 kg.

Staff collected fasting venous blood samples from sub-
jects early in the morning, separated the plasma within
1 h, and sent it to the laboratory via cold chain, refriger-
ated at -80 °C. Fasting blood glucose, hemoglobin, serum
vitamin B12, zinc, vitamin A, vitamin D, hs-CRP, trans-
ferrin receptor, ferritin, albumin, and total protein were
measured using a Hitachi Autoanalyzer 7600 (Hitachi,
Tokyo, Japan). All measurements are performed by pro-
fessional laboratory personnel and under strict quality
control in the laboratory.

The definition of MetS is based on the International
Diabetes Federation (IDF) Task Force on Epidemiol-
ogy and Prevention Guidelines [17]: Abdominal obe-
sity: Chinese women are defined by the cut-off point
by WC>80 cm or BMI>30 kg/m?% and the presence
of two or more of the following clinical features: (1)
TG >1.7 mmol/L; (2) HDL-C<1.29 mmol/L; (3) Systolic
blood pressure > 130 mmHg and/or diastolic blood pres-
sure > 85 mmHg; (4) FPG > 5.6 mmol/L.

Covariates
The covariates involved in the analysis of this study
included age, parity, breastfeeding child age (months),
current smoking status, current drinking status, physical
activity level, FPG, history of gestational diabetes, his-
tory of gestational hypertension and hemoglobin. These
covariates were collected using a standardized question-
naire and physical examination of a uniform design.

Also, to address possible bias in the analysis, models
were used in the study to correct for the corresponding
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covariates. Models were adjusted for age, age of children
(months), physical activity level and current smoking sta-
tus. current alcohol drinking status, parity, history of ges-
tational diabetes, history of gestational hypertension, and
hemoglobin.

Statistical analysis

The chi-square test (categorical variable) and t-test (con-
tinuous variable) were used to assess the differences
between MetS and non-MetS groups in basic charac-
teristics and blood biochemical indices. Heat maps and
hierarchical clustering were used to describe the relation-
ship between BMI and blood biochemical indicators at
different time periods. Multiple logistic regression mod-
els were used to estimate the relationship between BMI
and the risk of developing MetS and its components at
different periods. Also logistic regression models were
adjusted for potential confounders including age, age of
children (month), physical activity level, current smok-
ing status, current alcohol drinking status, parity, history
of gestational diabetes, history of gestational hyperten-
sion, and hemoglobin. According to the central limit
theorem, the distribution of each variable tended to be
normally distributed in this study because of its large
sample data. For sensitivity analysis, we stratified the data
by age, age of children (months), parity, physical activity
level, and hemoglobin. Multiplicative interaction analy-
ses were also performed to assess the effect of stratifi-
cation factors on the relationship between BMI and the
risk of MetS at each stage. In addition, restricted cubic
spline (RCS) was used to explore the nonlinear relation-
ship between BMI and ORs of MetS at each stage, and
three nodes were selected for curve fitting based on the
AIC optimality principle. Meanwhile, ROC analysis was
used to determine the minimum threshold for the risk of
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MetS prevalence due to each stage of BMI, and the cutoff
value for differentiating MetS by each stage of BMI was
selected using the Youden index criterion [18]. In addi-
tion, chain mediating effect analysis was used to verify
the mediating effect of pre-pregnancy, prenatal, 42 days
postpartum and lactation periods contributing to the
risk of MetS due to BMI. Statistical analysis was per-
formed using R 4.1.2. P<0.05 (two-tailed) was considered
significant.

Results

The mean age of the 1870 lactating women was
29.86 years with a pre-pregnancy BMI of 22.36 + 3.33 kg/
m?, a pre-partum BMI of 28.10+3.79 kg/m? 42 days
postpartum BMI of 24.81 +3.58 kg/m? and a current lac-
tation BMI of 24.27 + 3.89 kg/m? The changes in BMI of
the MetS and non-MetS groups during pregnancy and
lactation are shown in Fig. 2(A), and there was a sta-
tistical difference in BMI at all stages between the two
groups (P<0.0001) (Table 1). The mean age of lactating
children was 7.92 + 5.01 months. There were 660 (35.29%)
participants with 1 parity and 1124 (60.11%) with 2 pari-
ties. Light manual workers accounted for 1822 (81.39%),
medium manual laborers 340 (18.18%). There were 251
subjects with MetS, while 983 subjects with abdominal
obesity, 292 with high BP, 243 with high TG, 555 with low
HDL, and 188 with elevated FG.

Table 1 listed the demographic and clinical characteris-
tics of the MetS and non-MetS groups. Compared to the
non-MetS group, the MetS group had a higher age, BMI
by stage, parity, history of gestational diabetes (%), his-
tory of gestational hypertension (%), TC, TG, LDL, blood
glucose, serum ferritin, hemoglobin, Hs-CRP, vitamin A,
systolic pressure and diastolic pressure (P<0.05). Also,
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Fig.2 A Change in BMI with different stage for MetS and Non-MetS groups. B Receiver operator characteristic (ROC) curves for BMI

at prepregnancy, BMI before labor, BMI at 42 days postpartum, BMI at current to predict Metabolic Syndrome. Area under ROC curve=0.724,
0.706, 0.728,0.806 (P<0.0001). The best cut-off value for BMI at prepregnancy, BMI before labor, BMI at 42 days postpartum, BMI at current were
23.47,30.49, 26.04, 2547 kg/m? according to the Youden Index standard. C Clustering and correlation heat map between BMI stage and blood

biochemical indexes
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Table 1 Demographic and clinical characteristics of MetS and Non-MetS groups
MetS Non-MetS t/x? P-value
(n=251) (n=1619)

Age (years) 31.75(5.72) 29.57(5.14) 5.70 <0.0001
BMI at prepregnancy 24.86(3.77) 21.97(3.08) 11.54 <0.0001
BMI before labor 30.58(4.51) 27.71(3.51) 9.61 <0.0001
BMI at 42 days postpartum 27.33(3.78) 24.42(3.39) 11.54 <0.0001
BMI at current 28.07(3.85) 23.68(3.54) 18.07 <0.0001
Parity numbers 1.81(0.65) 1.68(0.56) 2.90 0.0040
Age of children (mouths) 8.36(5.24) 7.85(4.99) 1.50 0.1332
Drinker (%) 5(1.99) 33 (2.04) 0.0023 09614
Smoker (%) 2(0.80) 10(0.62) 0.1094 0.7408
Physical activity level (%)

Light 206(10.97) 1316(70.07) 1.2671 0.5307

Moderate 45(2.40) 295(15.71)

Vigorous 0 8(0.43)
History of gestational diabetes (%) 19(7.57) 63(3.89) 7.0130 0.0081
History of gestational hypertension (%) 18(7.17) 37(2.29) 18.1728 <0.0001
TC (mmol/L) 4.65(0.97) 4. 28(0 84) 563 <0.0001
TG (mmol/L) 2., 07(1 14) 91(0.48) 15.80 <0.0001
HDL (mmol/L) 15(0.23) 1 56(0 34) -24.25 <0.0001
LDL (mmol/L) 2. 76(0 89) 2.45(0.75) 5.19 <0.0001
Serum zinc (ug/dL) 3.93(14.55) 291(12.12) 1.05 0.2939
Blood glucose (mmol/L) 5.38(1.29) 481(0.59) 6.85 <0.0001
Ferritin (ng/mL) 63.75(49.55) 48.42(38.99) 468 <0.0001
Transferrin receptor (mg/L) 3.43(1.34) 3.3(1.5) 142 0.1551
Hemoglobin (g/L) 135.39(11.83) 131.47(13.39) 4.80 <0.0001
Serum Vitamin B12 (pg/mL) 454.72(200.44) 462.3(235.21) -0.54 0.5867
Serum folic acid (ng/mL) 7.75(23.76) 24.92(106.02) -5.66 <0.0001
Hs-CRP (mg/L) 249(3.03) 1.65(4.36) 383 <0.0001
Albumin (g/L) 46.97(3.16) 47.64(341) -2.92 0.0036
Total protein (g/L) 75.64(5.26) 76.06(5.14) -1.22 0.2243
Serum Vitamin A (umol/L)) 0.52(0.16) 0.48(0.27) 3.80 0.0002
Serum Vitamin D (ng/mL) 17.28(5.52) 17.25(6.28) 0.08 0.9336
Systolic pressure (mmHg) 127.07(14.14) 115.51(10.72) 1241 <0.0001
Diastolic pressure (mmHg) 78.79(11) 71.05(8.72) 10.64 <0.0001

Note: Data were presented as mean (SD) or n (%)

HDL, serum folic acid and albumin were lower in the
MetS group than in the non-MetS group (P<0.05).

Table 2 presented the logistic regression results for
the association between BMI at different stages and the
risk of current MetS lactation. The model found a sig-
nificant positive association between increasing BMI at
each stage and the ORs of both MetS and its components
after several adjustments for confounders (P<0.05). The
same positive correlation was also found for the differ-
ence value between BMI at current and BMI at 42 days
postpartum as independent variables (P<0.05). The sen-
sitivity analysis of BMI at each stage on the current risk
of MetS prevalence in lactating women was concentrated

in Table 3. The results showed that the positive associa-
tion between BMI at all stages and MetS risk in lactation
was almost consistent in all stratified analyses. And there
was an interaction of maternal age on the relationship
between BMI at 42 days postpartum and MetS risk in lac-
tating women (P=0.0230).

Using ROC curve analysis, the cut-off values for differ-
entiating MetS at each stage of pregnancy and lactation
were obtained based on sensitivity, specificity and Youden
Index standard (Fig. 2B). The best cut-off values for BMI
at pre-pregnancy, BMI before labor, BMI at 42 days post-
partum, BMI in lactation were 23.47, 30.49, 26.04 and
25.47 kg/m? according to the Youden Index standard.
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Table 2 Association of BMI stage and the prevalence of MetS and its components
Abdominal obesity High BP High TG Low HDL Elevated FG MetS

BMI at prepregnancy
Crude OR (95% Cl)

Adjusted OR? (95%
cl)

Adjusted OR (95%
(@)

BMI before labor
Crude OR (95% Cl)

Adjusted OR? (95%
ql)

Adjusted ORP (95%
(@)

1.459 (1.399, 1.520)
1449 (1.389,1.511)

1452 (1.391,1.515)

1.324 (1.280, 1.369)
1.318 (1.274,1.364)

1.321(1.276, 1.368)

BMI at 42 days postpartum

Crude OR (95% Cl)

Adjusted OR? (95%
ql)

Adjusted OR® (95%
(@)

BMI at current
Crude OR (95% Cl)

Adjusted OR? (95%
cl)

Adjusted OR (95%
(@)

1435 (1.380, 1.492)
1428 (1.373,1.486)

1432 (1.375,1.491)

1.818(1.720,1.921)
1.810(1.713,1.913)

1.813(1.715,1.916)

ABMI before labor—BMI at prepregnancy

Crude OR (95% Cl)

Adjusted OR? (95%
ql)

Adjusted ORP (95%
(@)

ABMI at 42 days postpartum—BMI before labor

Crude OR (95% Cl)
Adjusted OR? (95%
(@)
Adjusted OR® (95%
(@)

0.993 (0.960, 1.028)

1.002 (0.967, 1.038)

1.006 (0.971, 1.043)

1.097 (1.042, 1.154)
1.083 (1.029, 1.141)

1.082 (1.028, 1.140)

ABMI at current -BMI at 42 days postpartum

Crude OR (95% Cl)

Adjusted OR? (95%
cl)

Adjusted OR (95%
(@)]

1.273 (1.219,1.330)
1.276 (1.220, 1.334)

1.279(1.223,1.337)

1.171(1.130,1.214)
1.161 (1.119, 1.205)

1.141 (1.098, 1.186)

1.118 (1.081, 1.155)
1.111 (1.074,1.149)

1.092 (1.055,1.131)

1.129 (1.091, 1.168)
1.119(1.080, 1.158)

1.100 (1.061, 1.140)

1.178(1.141,1.216)
1.173 (1.136, 1.211)

1.165 (1.127,1.204)

0.969 (0.921, 1.021)
0.979 (0.931, 1.030)

0.972(0.921,1.027)

0.988 (0.923, 1.058)
0.974(0.910, 1.043)

0.980(0.912,1.052)

1.133 (1.083,1.185)
1.140 (1.088, 1.193)

1.160 (1.106, 1.216)

1.149 (1.106, 1.193)
1.133(1.090, 1.178)

1.132(1.087,1.178)

1.108 (1.071,1.148)
1.099 (1.061, 1.139)

1.098 (1.059, 1.139)

1.133(1.092, 1.174)
1.120(1.079,1.162)

1.117 (1,076, 1.160)

1.179(1.140,1.219)
1.172(1.133,1.213)

1.172(1.132,1.213)

0.990 (0.939, 1.044)
1.001 (0.951, 1.053)

1.002 (0.952, 1.054)

1.035(0.961,1.116)
1.022 (0.947,1.102)

1.017(0.942,1.098)

1.129(1.076,1.184)
1.136 (1.082, 1.193)

1.139(1.084,1.197)

1.133(1.099, 1.167)
139(1.104,1.175)

138(1.102,1.174)

101 (1.071,1.131)
102 (1.072,1.133)

101 (1.071,1.133)

111(1.080, 1.144)
115(1.083,1.147)

112 (1.080, 1.146)

o o
AN
w W
K
© ©
X w

oY
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w
EN
©
*

0.993 (0.956, 1.032)
0.994 (0.956, 1.032)

0.995 (0.958, 1.034)

1.000 (0.947, 1.056)
0.999 (0.946, 1.055)

0.996 (0.943, 1.052)

1.127(1.084,1.171)
1.129 (1.086, 1.174)

1.131(1.088, 1.176)

1.141 (1.094, 1.189)
1.125(1.078, 1.175)

1.109 (1.061, 1.160)

1.090 (1.050, 1.131)
1.082 (1.042,1.124)

1.071 (1.030, 1.114)

1.110(1.068, 1.155)
1.101 (1.057, 1.146)

1.088 (1.043,1.134)

1.150(1.109, 1.192)
1.143 (1.101, 1.186)

1.133(1.091, 1.176)

0.966 (0.908, 1.029)
0.978(0.919, 1.040)

0.984 (0.927, 1.044)

1.025 (0.943, 1.114)
1.013 (0.930, 1.103)

1.010 (0.928, 1.099)

1.110(1.053, 1.169)
1.117 (1.060, 1.178)

1.122 (1.064, 1.184)

1.270(1.221,1.321)
1.256 (1.206, 1.308)

1.243(1.192, 1.296)

1.215(1.171,1.262)
1.208 (1.162, 1.255)

1.201 (1.155, 1.249)

1.245(1.197,1.294)
1.233(1.185,1.283)

1222 (1.173,1.272)

1.331(1.281,1.383)
1.330(1.279, 1.383)

1.323(1.271,1.376)

0.997 (0.947, 1.049)
1.010 (0.962, 1.060)

1.012 (0.965, 1.063)

1.017 (0.945, 1.094)
1.000 (0.928, 1.077)

0.995 (0.923,1.072)

1.208 (1.150, 1.268)
1.222 (1.163, 1.284)

1.236 (1.174, 1.300)

2 Model 1, adjusted for age, age of children (month), physical activity level, current smoking status, current alcohol drinking status. "Model 2, adjusted for Model 1,
parity numbers, history of gestational diabetes, history of gestational hypertension, hemoglobin

The heat map and hierarchical clustering of BMI and
blood indicators for women at each stage of pregnancy
and lactation are shown in Fig. 2C. Serum vitamin B12,
folic acid, albumin, and vitamin D were grouped together
with each stage of BMI. Transferrin receptor, hs-CRP, fer-
ritin, vitamin A, serum zinc, hemoglobin, and total pro-
tein were grouped together. Transferrin receptor, hs-CRP,
ferritin, vitamin A, serum zinc, hemoglobin, and total

protein were grouped into one category. Fasting blood
glucose was grouped into one category. The different
stages of BMI, BMI at pre-pregnancy, BMI before labor,
and BMI at 42 days postpartum were grouped into one
category, and BMI at current was a separate category. In
the logistic regression model-based RCS, ORs for MetS
increased significantly with increasing BMI in women
of reproductive age at all stages (Fig. 3). The non-linear
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spline test for BMI at 42 days postpartum, current BMI
and MetS during lactation was statistically significant (P
non-linear =0.0223, 0.0003).

Figure 4 demonstrates the chain mediation effect and
path coefficients of BMI at pre-pregnancy on the rela-
tionship between BMI at pre-pregnancy and MetS
during pregnancy and lactation. The mediation effect
arises through three chains of mediation: first, the indi-
rect effect consisting of BMI at pre-pregnancy — BMI
before labor —BMI at 42 days postpartum—BMI at
current— MetS with Bootstrap 95% confidence inter-
val [0.0501,0.0931], indicating that the chain mediating
effect of BMI before labor, BMI at 42 days postpartum,
and BMI at current was significant; second, the indi-
rect effect consisting of BMI at pre-pregnancy — BMI
at 42 days postpartum — BMI at current — MetS effect,
Bootstrap 95% confidence interval [0.0223,0.0507], indi-
cating that the chain mediated effect of BMI at 42 days
postpartum, BMI at current was significant; third, the
indirect effect composed of BMI at pre-pregnancy — BMI
at current— MetS, Bootstrap 95% confidence interval
[0.0845,0.1558], indicating a significant mediating effect
of BMI at current. The total indirect effect accounted for
80.95% of the total effect.

Discussion

This study demonstrates that the BMI of MetS group in
all stages was higher than the non-MetS group. There
were significant positive correlations between BMI in
each stage and ORs of MetS during lactation (P<0.05).
The best cut-off values for BMI in the four stages were
23.47, 30.49, 26.04 and 25.47 kg/mz. The mediation effect
of all chains have to work through lactation BMI. BMI
during lactation plays a key role in the risk of MetS. This
study has theoretical and practical implications for guid-
ing women of childbearing age to maintain a healthy BMI
and prevent MetS.

Elevated body mass index (BMI) throughout preg-
nancy has been identified as an autonomous determi-
nant for the emergence of metabolic syndrome (MetS)
in lactating women. Li’s investigation [19] revealed that
pre-pregnancy BMI and weight gain during pregnancy
were associated with an increased risk of MetS during
pregnancy. Additionally, Zhang’s research [20, 21] dem-
onstrated that advanced maternal age heightened the
likelihood of adverse pregnancy outcomes, underscor-
ing the significance of weight management during preg-
nancy for elderly parturient women. Notably, excessive
BMI constitutes a crucial independent risk factor for
metabolic disorders [22, 23], and weight reduction has
the potential to mitigate this risk. Previous studies have
shown that the prevalence of MetS in mid-pregnancy
women was about 12% [24]. However, compared to
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the general adult population, studies on MetS in preg-
nant women are still scarce [25-27]. Previous studies
have shown that continuous childbearing would lead to
the development of obesity [28-30]. It was found that
increased risk of MetS in people with multiple births
[31-36]. In this study, we found that elevated BMI dur-
ing pre-pregnancy, prenatal period, 42 days postpartum,
and current lactation stage were independent risk factors
for MetS during lactation, and elevated BMI during the
current lactation stage had the most harmful effect on
MetS during lactation. In addition, we present the BMI
cut-off values at each stage for prevention of MetS during
lactation.

The risk of developing Metabolic Syndrome (MetS)
in lactating women can be attributed to a high body
mass index (BMI) both before pregnancy and during
the postpartum period. Previous research has indicated
that obesity may serve as a triggering factor for MetS,
which aligns with the findings of this study [37]. Our
investigation revealed that the BMI of individuals with
MetS was consistently higher than that of those with-
out MetS across all stages: pre-pregnancy, pre-labor,
42 days postpartum, and during lactation. This suggests
that an increased BMI at any of these stages poses a risk
for developing MetS during lactation. Consequently, it
is crucial to provide heightened attention and encour-
age lifestyle modifications for women of reproduc-
tive age who have an elevated BMI. Also, the difference
value between current BMI and BMI at 42 days postpar-
tum is an independent risk factor for developing MetS.
Although BMI as an indicator of obesity was closely
related to the development of MetS, a one-time measure-
ment did not represent the change in BMI over time. In
our study, tracking different periods of BMI more com-
prehensively reflected the relationship between BMI and
MetS in lactating women.

The role of BMI during lactation in the risk of MetS
is of paramount importance. This study highlights the
substantial influence of pre-pregnancy BMI on MetS,
which is primarily mediated by BMI during lactation.
While being overweight before and during pregnancy is
associated with the development of MetS, maintaining
a controlled BMI during lactation effectively prevents
its occurrence, thus emphasizing the significant impact
of lactation BMI on MetS. Although the precise mecha-
nisms underlying the relationship between BMI changes
and MetS remain incompletely elucidated, it is widely
believed that insulin resistance plays a central role in
the development of MetS [38—40]. The levels of ferritin
in women undergo significant fluctuations during pre-
pregnancy, prenatal, 42 days postpartum, and current
lactation. Excessive iron accumulation has been found to
be linked to diminished insulin secretion and the onset
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Fig. 3 Representation of restricted cubic spline (RCS) logistic regression models. Red Solid line, OR as a function of BMI adjusted for age, age

of children (month), physical activity level, current smoking status, current alcohol drinking status, parity numbers, history of gestational diabetes,
history of gestational hypertension, and hemoglobin; dashed lines, 95% Cls. A RCS logistic regression models for BMI at prepregnancy and OR of
Metabolic Syndrome (P for nonlinear trend =0.7354). B RCS logistic regression models for BMI before labor and OR of Metabolic Syndrome (P

for nonlinear trend=0.1517). C RCS logistic regression models for BMI at 42 days postpartum and OR of Metabolic Syndrome (P for nonlinear
trend=0.0223). D RCS logistic regression models for BMI at current and OR of Metabolic Syndrome (P for nonlinear trend =0.0003)

of type 2 diabetes [41], although the impact of meta-
bolic disorders on serum ferritin levels remains a subject
of debate [42]. BMI trajectories not only signify altera-
tions in body dimensions, but more significantly indicate
modifications in diverse nutritional metabolic pathways
within the body, which are intricately associated with the
development of MetS.

The association between BMI and metabolic syndrome
(MetS) in lactating women may involve diverse mecha-
nisms. Firstly, the elevation of BMI in lactating women
may induce endocrine disruptions, perturbing hormonal

balance and precipitating further metabolic aberrations,
thereby augmenting the risk of MetS [43, 44]. Secondly,
hormonal fluctuations during lactation could play a piv-
otal role, given that alterations in hormone levels during
lactation may contribute to changes in metabolic rate and
fat distribution [45]. Simultaneously, lactating women
may experience alterations in diet and lifestyle, result-
ing in an imbalance between energy intake and expendi-
ture, influencing the association between BMI and MetS
[46]. Furthermore, lactation may modulate MetS-related
physiological processes by impacting insulin sensitivity,
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Fig. 4 Hypothesis and results of chain mediation effect of pre-pregnancy, pregnancy and lactation BMI on MetS

adipocyte function, and inflammatory levels, thereby fur-
ther influencing the interplay with BMI [14, 47].

Our study has significant public health implications.
Based on the incidence of MetS in lactating women, we
explore the relationship between pre-pregnancy, prena-
tal and 42 days postpartum, current lactation BMI and
the risk of MetS in lactating women and provide data to
clarify the risk factors associated with MetS in lactating
women and to develop prevention strategies.

Our research has made significant breakthroughs in
several key areas: Firstly, in contrast to previous studies
that typically focused on a single time point, our research
has investigated the relationship between Metabolic Syn-
drome (MetS) risk and BMI across four pivotal stages:
pre-pregnancy, pregnancy, 42 days postpartum, and lac-
tation. This comprehensive time-series analysis provides
a more intricate understanding of the dynamic inter-
play between BMI and MetS risk during the lactation
period. Secondly, we have underscored the critical role of
BMI during lactation in modulating MetS risk. This is a
novel insight that aids in a deeper comprehension of the
underlying mechanisms connecting lactation, BMI, and
MetS. Finally, we have included data from 1,870 lactat-
ing women from the "China Child and Lactating Mother
Nutrition Health Surveillance (2016-2017)" database,
providing us with a robust and diverse sample, thereby
enhancing the applicability of our research findings to a
broader population. These novel aspects collectively con-
tribute to the advancement of knowledge in the field of
lactation-related MetS risk assessment and offer valu-
able insights for both clinical practice and future research
endeavors.

There are also some limitations in this study. On the
one hand, the study used a questionnaire design, and
the conclusions of the study are subject to selection bias.

Second, the study population had less lifestyle infor-
mation, and more accurate sample information will
be needed in the future to fully validate the association
between BMI and MetS and it is necessary to determine
its molecular mechanisms.Third, it’s important to note
that we lacked specific data on participants’ daily energy
intake, which limits our ability to consider it as a covari-
ate in our analysis. Additionally, Since pre-pregnancy
health status was mainly obtained through question-
naires, the data we collected were not enough to support
the clinical determination of MetS before pregnancy,
although pre-pregnancy hyperglycemia and hypertension
were also excluded. However, according to the observa-
tion of a large sample, the prevalence rate of MetS before
pregnancy was extremely low. Therefore, after discus-
sion by the expert group, The absence of information on
whether preconception was MetS was a limitation in our
study, but had limited impact on overall results. Finally,
this study’s findings are limited to a specific population
of Chinese women, and future research should explore
broader populations for generalizability. Longitudinal
investigations spanning various lactation and postpartum
stages would provide a more comprehensive understand-
ing of the dynamic relationship between BMI and MetS
risk.

Conclusion

Our findings suggest that the BMI of the MetS group in
all stages was higher than the non-MetS group. High BMI
in all stages of pregnancy and postpartum were risk fac-
tors for MetS in lactation. The best cut-off values for BMI
in the four stages were 23.47, 30.49, 26.04 and 25.47 kg/
m?. The risk of MetS in lactating women is due to a high
BMI before pregnancy and postpartum. BMI during lac-
tation plays a key role in the risk of MetS.
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