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Total cholesterol mediates the association
between history of gestational diabetes
mellitus and bone mineral density in US
women aged 20-49 years

Yan Zeng'?'®, Li Yin'!, Xiaoping Yin' and Danging Zhao'"

Abstract

Objective The aim of this study is to investigate the potential association between a history of gestational diabetes
mellitus (GDM) and lumbar bone mineral density (BMD) among premenopausal women, with an additional
examination of the mediating role of serum total cholesterol (TC).

Methods In this cross-sectional study, 1809 women aged 20-49 years with at least one live birth between 2011
and 2018, drawn from the NHANES dataset, were analyzed. GDM history was identified through questionnaires.
Using weighted multiple linear regression, we assessed the relationship between GDM history and lumbar BMD.
Additionally, mediation analysis was performed to investigate the potential mediating role of TC.

Results The fully adjusted linear regression model revealed a negative association between a history of GDM
and lumbar BMD, indicating a reduction in lumbar BMD (3 = -0.023, 95% Cl: -0.043, -0.003, P=0.0275). Subgroup
analysis highlighted a more pronounced trend in individuals aged > 35 years and with a body mass index > 30 kg/
m?’. Furthermore, mediation analysis demonstrated a significant direct effect of a history of GDM on lumbar BMD
(P<0.0001), with serum TC playing a partial mediating role in this interaction (5.33%, P=0.028).

Conclusions In women aged 20-49 years within the United States, a history of GDM was associated with diminished
lumbar BMD, potentially mediated through serum TC.
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Introduction

Gestational diabetes mellitus (GDM), often character-
ized by abnormal glucose tolerance that emerges or is
initially identified during pregnancy [1], stands as a prev-
alent medical complication encountered during gesta-
tion. The prevalence of GDM within the Hyperglycemia
and Adverse Pregnancy Outcomes (HAPO) study cohort,
utilizing the diagnostic criteria endorsed by the Interna-
tional Association of the Diabetes and Pregnancy Study
Groups (IADPSG), varied between 9.3% and 25.5% [2].
The age-adjusted prevalence of a history of GDM was
7.6% in this U.S. women’s sample, representative of the
years 2007 to 2014 [3]. GDM is associated with obstetric
and neonatal complications, as well as persistent effects
on maternal and offspring health. Notably, individuals
with a history of GDM exhibit an elevated predisposition
to the development of type 2 diabetes mellitus (T2DM),
obesity, dyslipidemia, and cardiovascular disease [4—8].

Bone mineral density (BMD) serves as a valuable
parameter for osteoporosis assessment [9], and the
enduring interest in understanding the relationship
between chronic diseases and bone health in women
remains a focus of investigation. T2DM has been recog-
nized as one of the risk factors for osteoporotic fractures.
Prolonged duration of T2DM, impaired glucose regula-
tion, and persistence of inflammation have been reported
to contribute to alterations in BMD related to diabetes
[10, 11]. In addition, a cohort study identified a correla-
tion between dyslipidemia and BMD in women, empha-
sizing a substantial inverse relationship between overall
cholesterol levels and lumbar BMD [12]. Given the long-
term impact of GDM on women’s health, recognizing the
association between a history of GDM and BMD holds
significance for predicting and preventing osteoporo-
sis. A Norfolk cohort analysis based on the European
Prospective Investigation into Cancer (EPIC-Norfolk)
study of people aged 39-79 years showed that a history
of GDM increased the risk of hip fracture and falls, and
that reduced bone mineral density may be responsible for
the increased risk of fracture in women with a history of
GDM [13].

Postmenopausal women are acknowledged as being at
heightened risk for osteoporosis, and a history of GDM
is linked to an increased osteoporotic risk in this group
[14]. Under the influence of estrogen deficiency in post-
menopausal women, discerning a plausible association
between a history of GDM, lipid profile, and bone min-
eral density remains challenging. However, there are few
investigations of bone health in premenopausal women
with a history of GDM. Overall, the average age of nat-
ural menopause for women in the United States from
2015 to 2018 was 49.9 years [15]. Therefore, we explored
the relationship between historical instances of GDM
and lumbar BMD in women aged 20-49 years based on
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samples collected from the National Health and Nutri-
tion Examination Surveys (NHANES) from 2011 to 2018
and further analyzed to quantify the role of serum total
cholesterol (TC) in mediating the relationship between a
history of GDM and lumbar BMD.

Materials and methods

Study population and design

The NHANES serves as a comprehensive cross-sectional
study of national representation, meticulously crafted to
evaluate the health and nutritional profiles of both adult
and pediatric populations within the United States [16].
The survey encompasses queries related to demograph-
ics, socioeconomic status, dietary habits, and health-
related aspects. The survey’s structure, methodologies,
and resultant data are accessible to the public. The pro-
tocols governing the NHANES receive endorsement
from the National Center for Health Statistics, an entity
functioning within the Centers for Disease Control and
Prevention. In this context, the engagement of all partici-
pants mandates their conscientious and well-informed
agreement.

In the 2011-2018 NHANES study, a total of 39,156
individuals participated, including a female cohort of
19,848. Following the application of specific exclusion
criteria, the final study cohort comprised 1809 partici-
pants, as visually demonstrated in Fig. 1.

A history of GDM, assessment of lumbar BMD and
measurement of TC

The exposure for the analysis was the response to the
reproductive health questionnaire question RHQ162,
women affirming this query were categorized as possess-
ing a GDM history.

The outcome of the present study is lumbar BMD. As a
clinical metric, lumbar BMD measurement stands pivotal
in the assessment and management of osteoporosis [17].
BMD measurements within NHANES were obtained
using dual-energy X-ray absorptiometry (DXA) scanning,
which is the most widely accepted method. DXA scans in
the NHANES program were performed using a Hologic
Discovery Model A densitometer (Hologic, Inc., Bedford,
Massachusetts), excluding participants who were preg-
nant or had a history of radiographic (barium) use within
the past 7 days or whose body size exceeded the DXA
table limit. Testing was performed by trained and certi-
fied radiologic technologists. Data were analyzed using
Hologic APEX (version 4.0) software. The detailed infor-
mation on the DXA inspection program were available
on the NHANES website.

Following an overnight fast lasting 8-12 h, venous
blood specimens were obtained in the early morning for
the measurement of TC. The collected serum specimens
underwent processing, storage, and were subsequently
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NHANES 2011-2018
n=39156
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Excluded:

»-Male (n=19308)
‘Women age <20 or >49 (n=13989)

Female (n=5859)

Excluded:

\ 4

‘Never given birth (PHQ166/169) (n=3173)

-‘Missing data for lumbar BMD (n=606)

-Missing data for GDM history (RHQ162) (n=22)

-Missing data for total cholesterol/25-hydroxyvitamin (n=74)
-Self-reported menopause/use of female hormones (n=175)

In the final analysis
(n=1809)

Fig. 1 Flowchart of participants selection from the NHANES 2011-2018. NHANES, National Health and Nutrition Examination Survey; BMD, bone mineral

density; GDM, gestational diabetes mellitus

shipped to the University of Minnesota in Minneapolis
for analysis. Total cholesterol measurement was carried
out utilizing an enzymatic method on a Roche/Hitachi
Cobas 6000 analyzer.

Covariates

Data were acquired through questionnaires, physical
examinations, and laboratory tests. Standardized ques-
tionnaires provided insights into the demographic traits
of each participant, encompassing including age, race,
education, poverty-to-income ratio (PIR), alcohol con-
sumption, smoking status, history of hypertension, his-
tory of diabetes mellitus, as well as a history of delivering
an infant weighing 9 pounds or more. The body mass
index (BMI) data were extracted from the extensive array
of metrics derived from thorough physical examina-
tions. Additionally, concentrations of 25-hydroxyvitamin

D (250HD) were measured from laboratory analysis of
blood samples.

Statistical analysis

Participants were divided into two groups based on their
history of GDM. Categorical variables are expressed
in terms of numbers (percentage), whereas continuous
variables are presented as means and standard devia-
tions (meantSD). Profiling the distribution patterns of
continuous variables, stratified according to diverse par-
ticipant characteristics, involved the implementation of
either the Wilcoxon rank sum test or the Kruskal-Wallis
test. Assessment of statistical significance for categori-
cal variables was executed using chi-square tests. Uti-
lization of weighted multiple linear regression models
served as the foundation for analyzing the relationship
between GDM history and lumbar BMD. Furthermore,
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the association between GDM history and TC was also
explored, as well as between TC and lumbar BMD. Sup-
plementary stratified analyses were executed, classifying
participants based on distinct characteristics such as age,
race, BMI, and the occurrence of delivering a baby weigh-
ing 9 pounds or more. Three models were assessed: (1)
Model I: adjusted none; (2) Model II: adjusted for age and
race data only; and (3) Model III: covariate adjustments

Table 1 Characteristics of the study population

No History  History of Pvalue
of GDM GDM
(n=1588) (n=221)
(Mean=+ SD)
Age 3701+798  3802+6.79  0.0841
LumbarBMD(g/cmZ) 1.07+£0.14 1.04+0.12 0.0113
250HD (nmol/L) 64.73+£2553  6442+2244 0.8660
TC (mg/dL) 4.73+091 496+0.84 0.0006
[N (%)]
Race 0.3673
Mexican American 204 (12.87) 36 (16.22)
Other Hispanic 26 (7.95) 13 (6.06)
Non-Hispanic White 898 (56.56) 124 (56.29)
Non-Hispanic Black 215(13.55) 23 (10.51)
Other Race 44(9.07) 24(10.91)
Education level 04785
< High school 260 (16.39) 41(18.35)
> High school 1328 (83.61) 180 (81.65)
PIR 0.4634
<1 340 (21.38) 52 (23.63)
>1 1248 (78.62) 169 (76.37)
BMI (kg/m?) <0.0001
<25 538(33.89) 43(19.25)
>25,<30 447 (28.14) 56 (25.39)
>30 603 (37.97) 122 (55.36)
Diabetes history <0.0001
No 1498 (94.31) 161 (72.98)
Yes 90 (5.69) 60 (27.02)
Hypertension history 0.6832
No 1331 (83.82) 183 (82.69)
Yes 257(16.18) 38(17.31)
Alcohol use 0.9367
Moderate 544 (34.27) 74 (33.40)
Heavy 782 (49.24) 107 (48.39)
No-drinking 95 (12.25) 30(13.76)
Unclear 67 (4.24) 10 (4.45)
Smoking 04474
Current 340 (21.471) 46 (20.83)
Former 233 (14.65) 40 (18.01)
No-smoking 1015 (63.94) 135(61.16)
Delivered baby 9 Ibs or more <0.0001
No 1366 (86.02) 167 (75.65)
Yes 222 (13.98) 54 (24.35)

GDM, gestational diabetes mellitus; BMD, bone mineral density; 250HD,
25-hydroxyvitamin D; TC, total cholesterol; PIR, poverty income ratio; BMI, body
mass index
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encompassed age; race; education level; PIR; BMI; diabe-
tes history; hypertension history; alcohol use; smoking;
250HD and a history of delivering an infant weighing 9
pounds or more.

To evaluate the degree of mediation exerted by TC in
the association between GDM history and lumbar BMD,
causal mediator analyses were undertaken. We utilized
the “mediator” R software package to quantify direct,
mediation, and total effects. It’s imperative that media-
tors exhibit associations with both the exposure and the
outcome [18]. Within our investigation, the indepen-
dent, outcome, and mediating variables were respectively
represented by GDM history, lumbar BMD, and TC.
This methodology aligns with a causal mediator analysis
framework, serving to dissect the comprehensive impact
of GDM history into a direct influence on lumbar BMD
and an intermediary influence mediated by TC [19]. The
PROCESS program facilitated the mediation analyses,
employing 5,000 bootstrap resamples and adjustments
mirroring those of Model III. All analytical processes
were conducted utilizing R package version 3.4.3 and
EmpowerStats version 4.1. A significance threshold
of P<0.05 guided the determination of statistical sig-
nificance. Weight calculation for the 4 survey cycles
was accomplished by dividing the MEC exam weights
(WTMEC2YR) by 4.

Results

Baseline characteristics of study participants

The study enrolled a cohort of 1809 female participants,
exhibiting an average age of 36.9%7.6 years, and this
cohort was categorized into two distinct groups based on
self-reported GDM history. Among these women, 12.2%
had a history of GDM. A comprehensive overview of the
baseline characteristics is presented in Table 1. Women
with a history of GDM were more likely to be obese
(BMI230 kg/m?), have diabetes and have delivered a
baby of 9 pounds or more. Moreover, this group demon-
strated a noteworthy reduction in lumbar BMD alongside
a significantly elevated serum TC level in comparison to
those without a GDM history.

Results of multiple linear regression analysis
The results of the multiple linear regression analysis
are shown in Table 2. We found a significant difference
in lumbar BMD between respondents without and with
a history of GDM (B=-0.026, 95% CI: -0.046, -0.006,
P=0.0113). The robustness of this discrepancy persisted
when applying Model III, characterized by comprehen-
sive adjustment for all relevant covariates (p=-0.023, 95%
CI: -0.043, -0.003, P=0.0275).

Stratified analyses were thoughtfully employed, parti-
tioning participants based on factors encompassing age,
race, BMI, and a history of delivering a neonate weighing
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Table 2 Weighted linear regression results for relationship
between GDM history and lumbar BMD.

Modell  Modelll Model Il
B B(95%Cl) B
(95%Cl) P value (95%Cl)
Pvalue P value

No History of GDM 0 0 0

History of GDM -0.026 -0.024 -0.023
(-0.046, (-0.044, (-0.043,
-0.006) -0.004) -0.003)
00113 0.0179 0.0275

Model I adjust for: none
Model Il adjust for: age; race

Model Il adjust for: age; race; education level; PIR; BMI; diabetes history;
hypertension history; alcohol use; smoking; 250HD; delivered baby 9 Ibs or
more

GDM, gestational diabetes mellitus; BMD, bone mineral density; PIR, poverty
income ratio; BMI, body mass index; 250HD, 25-hydroxyvitamin D
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9 pounds or more. As demonstrated in Table 3, subse-
quent to a comprehensive covariate adjustment, a note-
worthy dissimilarity in lumbar BMD persisted between
individuals without a history of GDM and those with
such history in the subgroup categorized by age>35
years (p=-0.028, 95% CIL -0.053, -0.004, P=0.0249),
the non-Hispanic white population (p=-0.039, 95% CI:
-0.074, -0.004, P=0.0313), and those with a BMI>30 kg/
m?® (B=-0.034, 95% CI: -0.061, -0.008, P=0.0116). How-
ever, the subgroup defined by “Delivered baby 9 lbs or
more” exhibited no significant difference between the
two subject groups.

Our analysis also encompassed a comprehensive
examination of the relationship between TC and lumbar
BMD, alongside the interrelationship between a histori-
cal occurrence of GDM and TC concentrations. Notably,
Model III revealed a notable adverse association between
TC and lumbar BMD ($=-0.008, 95% CI: -0.015, -0.001,
P=0.0318), as well as a significant difference in the level
of TC between respondents without and with a history

Table 3 Stratified analyses of lumbar BMD in respondents, according to age, race, BMI, and delivered baby 9 Ibs or more

Model |
B (95%Cl) P value

Model Il
B (95%Cl) P value

Model I
B (95%Cl) P value

No His-  History of GDM No His-  History of GDM No His-  History of GDM
tory of tory of tory of
GDM GDM GDM
Age
<35y 0 -0.011(-0.046,0.023) 0.5317 0 -0.009 (-0.043, 0.025) 0.5991 -0.016 (-0.051,0.019)
0.3827
>35y 0 -0.034 (-0.060, -0.009) 0.0073 0 -0.030 (-0.055, -0.006) 0.0155 -0.028 (-0.053,-0.004)
0.0249
Race
Mexican American 0 0.003 (-0.034, 0.040) 0.8908 0 0.002 (-0.035, 0.040) 0.9106 0.008 (-0.031, 0.048) 0.6824
Other Hispanic 0 0.053 (-0.006,0.113) 0.0797 0 0.052 (-0.007,0.112) 0.0856 0.058 (-0.010, 0.125) 0.0955
Non-Hispanic White 0 -0.042 (-0.077,-0.007) 0.0175 0 -0.042 (-0.077,-0.008) 0.0174 -0.039 (-0.074, -0.004)
0.0313
Non-Hispanic Black 0 0.025 (-0.026,0.075) 0.3403 0 0.019 (-0.032,0.070) 0.4618 0.027 (-0.024,0.079) 0.3011
Other Race 0 -0.050 (-0.097,-0.003) 0.0382 0 -0.053 (-0.100, -0.006) 0.0295 -0.054 (-0.102, -0.007)
0.0251
BMI
<25 kg/m? 0 -0.047 (-0.097,0.003) 0.0659 0 -0.043 (-0.092, 0.007) 0.0914 -0.045 (-0.093, 0.003)
0.0666
25-29 kg/m’ 0 0.020 (-0.016,0.057) 0.2682 0 0.020 (-0.016, 0.055) 0.2834 0.020 (-0.017,0.057) 0.2929
>30 kg/m’ 0 -0.038 (-0.065,-0.011) 0.0063 0 -0.033 (-0.059, -0.006) 0.0150 -0.034 (-0.061, -0.008)
00116
Delivered baby 9 Ibs or more
No 0 -0.025 (-0.048,-0.002) 0.0352 0 -0.025 (-0.047,-0.002) 0.0338 -0.018 (-0.041,0.005)
0.1253
Yes 0 -0.055 (-0.095,-0.015) 0.0073 0 -0.039 (-0.077,-0.000) 0.0482 -0.027 (-0.069, 0.015)
02115

Model I adjust for: none
Model Il adjust for: age; race

Model IIl adjust for: age; race; education level; PIR; BMI; diabetes history; hypertension history; alcohol use; smoking; 250HD; delivered baby 9 Ibs or more.
Stratification variables were not involved in the adjustment of the respective stratification analysis

GDM, gestational diabetes mellitus; BMD, bone mineral density; PIR, poverty income ratio; BMI, body mass index; 250HD, 25-hydroxyvitamin D
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Table 4 Weighted linear regression results for relationship
between TC and lumbar BMD, GDM history and TC.

Modell Modelll Model Il
B B (95%Cl) B
(95%Cl) P value (95%Cl)
Pvalue P value

TC and lumbar BMD

Total Cholesterol (mg/dL) -0.008 -0.008 -0.008
(-0.015,  (-0.015, (-0.015,
-0.001) -0.001) -0.001)
0.0289 0.0228 0.0318

GDM history and TC

No History of GDM 0 0 0

History of GDM 0.230 0.196 0.163
(0.099, (0.068, (0.033,
0.362) 0.323) 0.293)
0.0006 0.0027 00142

Model | adjust for: none
Model Il adjust for: age; race

Model IIl adjust for: age; race; education level; PIR; BMI; diabetes history;
hypertension history; alcohol use; smoking; 250HD; delivered baby 9 lbs or
more

TC, total cholesterol; GDM, gestational diabetes mellitus; BMD, bone
mineral density; PIR, poverty income ratio; BMI, body mass index; 250HD,
25-hydroxyvitamin D

of GDM (B=0.163, 95% CIL 0.033, 0.293, P=0.0142)
(Table 4).

Mediation analysis

Mediation analyses were executed to quantify the degree
to which TC served as a mediator in the relationship
linking a history of GDM with lumbar BMD. Following
adjustments encompassed in Model III, our investiga-
tion unveiled a compelling revelation: GDM history had
a significant direct effect on lumbar BMD (P<0.0001),
whereas TC partially mediated the mediation effect of
GDM history on lumbar BMD (P=0.0280). Importantly,
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our estimations indicate that TC elucidates 5.33% of the
multifaceted association connecting GDM history and
lumbar BMD, visually depicted in Fig. 2.

Discussion

The study conducted a cross-sectional analysis utilizing
data extracted from the NHANES database spanning
2011 to 2018, comprising a cohort of 1809 women aged
20 to 49 years. We investigated the association between
the GDM history and lumbar BMD, while concurrently
assessing the potential mediating function attributed to
total cholesterol. Upon executing comprehensive adjust-
ments, our findings unveiled those women with a history
of GDM exhibited a 2.6% reduction in lumbar BMD com-
pared to those without such history. An evident positive
association was discerned between the GDM history and
TC levels, whereas a negative association was observed
between TC and lumbar BMD. Notably, TC exhib-
ited partial mediation, contributing to the relationship
between the GDM history and lumbar BMD.

The state of pregnancy induces substantial physiologi-
cal changes in the maternal organism. Concurrently,
pregnant women experience heightened susceptibility to
bone loss, a phenomenon attributed to the physiologi-
cal utilization of maternal bone mass for fetal skeletal
development. This process may be exacerbated by dis-
turbances in glucose metabolism during pregnancy [20].
In the investigation conducted by Wong et al. [21], BMD
changes in pregnant women with GDM were assessed
using quantitative ultrasonographic measurements of the
Achilles bone. The findings indicated higher BMD loss
in women with GDM compared to those without GDM.
Additionally, Han et al. [22] employed ultrasound bone
densitometry in conjunction with vitamin D assessment
to evaluate BMD in GDM patients. The study revealed

Mediation effect = -0.0012 ( P=0.0280)

TG (mediator)

Total effect = -0.0226 (P<0.0001)

Proportion mediated = 5.33%

GDM history J

Direct effect = -0.0214 (P<0.0001)

>{ Lumbar BMD

Fig. 2 Effect of the TC (mediators) on the relationship between a history of GDM (exposure) and lumbar BMD (outcome). TC, total cholesterol; GDM,

gestational diabetes mellitus; BMD, bone mineral density
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lower BMD and 25-hydroxyvitamin levels in GDM
patients compared to normal pregnant women.

While some individuals with GDM may experience
natural regression post-delivery, it cannot be ignored that
that women with a GDM history exhibit a heightened
likelihood of developing T2DM. A systematic review
and meta-analysis have revealed an aggregate prevalence
of T2DM reaching 16.46% within this cohort, alongside
a concomitant 9.91% prevalence evident in Caucasian
women [23]. T2DM is a risk factor for osteoporosis, and
in contrast to non-diabetic patients, diabetic Patients
have an increased relative risk (RR) of fracture compared
to non-diabetic patients [24, 25]. However, multiple
investigations have discerned that individuals afflicted
with T2DM frequently manifest normal or elevated lev-
els of bone mineral density [26—28]. Plausible rationales
for this disparity emerge from structural modifications
within bone microarchitecture induced by diabetes,
entailing deviations in osteoblastic function, matrix com-
position, osteoclastic apoptosis, osteoclastic differentia-
tion, and osteoclast-mediated bone resorptive processes.
Collectively, these disturbances culminate in bone mate-
rial of heightened fragility, rendering it predisposed to
fractures in the presence of reduced mechanical loading
or compromised biomechanical attributes [29, 30].

Age-related alterations in women’s estrogen levels
contribute to accelerated bone turnover and subsequent
bone loss [31]. To minimize the potential confounding
influence of estrogen levels, women over the age of 50
and estrogen users were excluded from our study cohort,
focusing the analysis on the association between a his-
tory of GDM and women’s bone health. Notably, bone
growth reaches its maximum and strongest size between
the ages of 30 to 35 years, followed by a decline in bone
mineral content after 35 years [32]. Accordingly, our sub-
group analysis utilized a cutoff age of 35 years, reveal-
ing a 2.8% lower lumbar bone mineral density (BMD)
in women aged>35 years with a history of GDM com-
pared to those without such a history in a fully adjusted
model. This finding may suggest that women aged>35
years with a history of GDM should be more concerned
about bone health. Furthermore, in the BMI subgroup,
women with a previous history of gestational diabetes
and a BMI230 kg/m?* exhibited a notable reduction of
3.4% in lumbar BMD contrast to their counterparts lack-
ing such medical history. It has been demonstrated that
women with obesity exhibit a diminished relative BMD
compared to women with normal weight, potentially
heightening the susceptibility to fractures [33]. Intrigu-
ingly, some studies have advanced the concept that obe-
sity may impart a protective effect against osteoporosis in
middle-aged and elderly women [34, 35].

GDM is associated with an increased risk of dyslip-
idemia in women postpartum. Studies indicate that
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individuals with GDM and those with a history of GDM
exhibit significant abnormalities in their lipid profile
compared to the healthy population, including elevated
serum total cholesterol levels [36, 37]. Insulin resistance
is one of the pathogenic mechanisms of GDM and con-
tributes to dyslipidemia in pregnant women with GDM
and in the postpartum period [38]. Dyslipidemia is also
significantly associated with bone health in women, but
most of such studies have focused on postmenopausal
women [39, 40]. Notably, our results showed that there
was still a negative correlation between TC and lum-
bar BMD in the premenopausal female population, and
mediation analysis revealed that TC partially mediated
the correlation between a history of prior gestational dia-
betes and lumbar BMD. This phenomenon may be due to
the fact that elevated cholesterol inhibits osteoblast dif-
ferentiation while enhancing osteoclast production and
activity [41]. These interconnected processes collectively
contribute to a decrease in bone mineral density. Con-
sidering this relationship, premenopausal women with a
history of GDM may have the opportunity to modulate
their cholesterol levels through dietary or lifestyle inter-
ventions, thereby enhancing bone health and averting
prospective osteoporosis.

In this study, our attention was not only directed
towards investigating the association between a history
of GDM and lumbar BMD in the premenopausal female
population but also extended to the exploration of poten-
tial mechanisms through mediation analyses. These anal-
yses, to a certain extent, yield insights into strategies for
enhancing the skeletal health of this demographic. Sev-
eral noteworthy limitations warrant consideration in this
study. Firstly, the cross-sectional design of our study pre-
vents the determination of a causal relationship between
history of GDM and lumbar BMD, and further valida-
tion through prospective cohort studies or randomized
controlled trials is necessary. Secondly, it is crucial to
recognize that unmeasured confounding variables may
continue to exert influence on the association between
a history of GDM and lumbar BMD. Despite the indis-
pensable role of mediation analysis, it is vital to empha-
size that the results within the cross-sectional framework
persistently maintain a correlative nature and lack causal-
ity. In addition, GDM history was based on self-report
and misclassification may be of concern. Nevertheless,
data from NHANES are considered valid for assessing
the prevalence of GDM in the general population [42—
44]. Finally, because the current study focused on women
aged 20—49 years in the United States, the results cannot
be generalized to all age groups.
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Conclusion

Among women aged 20-49 with GDM history, lumbar
BMD is reduced compared to non-GDM peers. Total
cholesterol is an important moderator of the observed
relationship between a history of GDM and lumbar
BMD. Prospective and mechanistic studies are needed to
validate and extend these findings.
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BMD bone mineral density

TC total cholesterol

HAPO Hyperglycemia and Adverse Pregnancy Outcomes
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