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Abstract 

Aims  The present study aimed to investigate the relationship between mean platelet volume (MPV) and the risk 
of type 2 diabetes mellitus (T2DM), among women with and without a history of gestational diabetes mellitus (GDM).

Methods  Eight thousand one hundred eighty-one parous women of the ‘2007–2018 National Health and Nutrition 
Examination Survey (NHANES)’ were classified into GDM and non-GDM groups based on self-reported GDM history. 
We investigated the independent association between the MPV and the risk of T2DM in these groups via multivari-
able regression analysis. A subgroup analysis was done for the GDM group.

Results  After comprehensive adjustment for potential covariates, a significant positive correlation was observed 
between MPV and the risk of T2DM in women with a history of GDM (OR = 1.50, 95% CI 1.13–2.01, P = 0.006). There 
was a linear relationship between MPV and T2DM among women with a history of GDM, with each unit increase 
in MPV increasing the risk of T2DM by 50%. Subgroup analysis and interaction tests revealed a stronger significant 
effect on women with GDM history who had HbA1c ≥ 7%.

Conclusions  MPV is strongly associated with the incidence of T2DM among U.S. parous women with prior GDM, 
indicating that MPV may be a potential biomarker of T2DM among women with a history of GDM.
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Introduction
Gestational diabetes mellitus (GDM) is defined as glu-
cose intolerance of varying severity when it is diagnosed 
in the second or third trimester of pregnancy and not 
overt diabetes before pregnancy [1]. The incidence of 
GDM is approximately 6% in the U.S. [2]. GDM often 
involves underlying β-cell defects that arise due to the 
inadequacy of compensatory responses. This dysfunction 
is a risk factor for the later development of prediabetes 
and type 2 diabetes mellitus (T2DM) [3, 4]. Specifically, 
β-cell defects in women with GDM still exist or worsen 
postpartum although their hyperglycemia typically 
resolves following delivery [5]. Over time, the progressive 
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worsening of β-cell function drives women who develop 
GDM progression from normal glucose tolerance to pre-
diabetes and ultimately to T2DM [3, 5, 6]. Thus, the link 
between GDM and T2DM is rooted in the progressive 
loss of β-cell insulin secretion in the context of insulin 
resistance. Women with prior GDM have a 7- to tenfold 
greater risk of developing T2DM [7, 8]. According to a 
systematic review and meta-analysis  published in 2020, 
approximately 26.2% of parous women were affected by 
T2DM after GDM [9]. As a result, women with a history 
of GDM should be given special clinical attention.

Assessment of risk factors is essential for the progres-
sion of T2DM in patients with a history of GDM. Gly-
cated hemoglobin (HbA1c) is a valuable indicator of 
glucose control, and an HbA1c ≥ 7% indicates unsatisfac-
tory control [10, 11]. Despite the increased availability of 
HbA1c, it is yet to be commonly employed to monitor 
diabetes mellitus in epidemiological or primary health 
care contexts.

The mean platelet volume (MPV), a measurement of 
the average size of platelets in the blood, reflects platelet 
function and activation [12]. Several findings have sug-
gested that women with GDM may have higher MPV [13, 
14]. Among 13,021 participants in the National Health 
and Nutrition Examination Survey (NHANES)  1999–
2004, MPV was positively associated with the severity of 
diabetes mellitus and was most pronounced in subjects 
with MPV levels ≥ 9.31 fL [15]. A report from Japanese 
subjects revealed that the MPV of prediabetic individu-
als was greater than that of control individuals [16]. How-
ever, another study reported that diabetes mellitus was 
not independently associated with increased platelet size 
[17]. In addition, the relationship between the MPV and 
T2DM after GDM has not been reported.

Thus, this study aimed to evaluate the association 
between MPV and the risk of T2DM among women with 
a history of GDM on the basis of the NHANES.

Methods
Study population
The NAHNES is a research project of the National Center 
for Health Statistics (NCHS) that is designed to assess the 
health and nutritional status of adults and children in the 
United States. The NCHS Research Ethics Review Board 
approved the survey protocols, and each participant pro-
vided informed consent.

We selected data from the 2007–2018 cycle of the 
NHANES because only those cycles included reproduc-
tive health questionnaires concerning GDM issues. Over-
all, 20,902 women were enrolled in this survey over that 
period. The exclusion criteria were as follows: (1) missing 
GDM data (n = 8139) and T2DM data (n = 311); (2) preg-
nant women (n = 312) and nullipara (n = 650); (3) missing 

glycohemoglobin (HbA1c) data (n = 411) and MPV data 
(n = 1084); and (4) missing data on body mass index 
(BMI) (n = 66), education (n = 10), marital status (n = 3), 
poverty-income ratio (PIR) (n = 817), sedentary duration 
(n = 29), smoking status (n = 6), alcohol use (n = 1139), 
direct HDL-cholesterol, or total cholesterol (n = 112). 
Thus, 8181 subjects were ultimately included in this anal-
ysis (Fig. 1).

Dependent variable
The GDM diagnosis data were measured on the basis of 
each woman’s self-reported answers to personal inter-
views: (1) item RHQ162, “During pregnancy, told you 
have diabetes?”; (2) item DIQ175S, “Whether GDM 
is your risk for diabetes or prediabetes?”. Women who 
answered “yes” to either of these two questions were 
considered to have a history of GDM. According to the 
American Diabetes Association (ADA)’ s diagnostic cri-
teria, diabetes was obtained via a self-report question-
naire (DIQ010), which inquired, “Other than during 
pregnancy, have you ever been told by a doctor or health 
professional that you have diabetes or sugar diabetes?” 
Women who answered “yes” to either of these two ques-
tions were defined as having been diagnosed with diabe-
tes; alternatively, individuals with an HbA1c level ≥ 6.5%, 
a fasting glucose level of ≥ 126 mg/dL, and a 2-h glucose 
level of ≥ 200 mg/dL were considered to have diabetes 
[18].

Independent variables
The mean platelet volume (MPV) was used as an expo-
sure variable in our research. To ensure accuracy and 
uniformity of blood testing procedures, NHANES health 
technicians strictly followed the manufacturer’s instruc-
tions. MPV was measured and reported as fL using the 
Beckman Coulter method of counting and sizing, auto-
matic diluting, and mixing.

Covariates
The demographic variables included age, race, educa-
tional level, marital status and PIR; the laboratory data 
included HbA1c (%), direct HDL cholesterol (mg/dL), 
and total cholesterol (mg/dL); the questionnaire data 
included smoking status (smoking at least 100 cigarettes 
over the lifetime), alcohol consumption status (had at 
least 12 alcohol drink/1  year), and sedentary duration 
(minutes/day); and diabetes status was defined as the 
reporting of a diabetic diagnosis.

Statistical analysis
Categorical variables are reported as numbers (per-
centages), and the chi-square test was adopted to com-
pare differences between the two groups. Continuous 



Page 3 of 10Wei et al. BMC Endocrine Disorders          (2024) 24:159 	

variables that did not satisfy the normal distribution 
criteria are presented as the medians and interquar-
tile ranges [M (Q1, Q3)], and the Wilcoxon rank-sum 
test was used to compare differences between the two 
groups. The associations of variables with T2DM with 
and without history of GDM were first evaluated via 
univariate logistic regression analysis. Covariates were 
included as potential confounders if they were statisti-
cally significant in the univariate analysis. The relation-
ships between MPV and T2DM in patients with and 
without history of GDM were investigated by using 
MPV data as a continuous variable and in quartiles. The 
associations were evaluated via odds ratios (ORs) and 
95% confidence intervals (CIs). The following strati-
fied multivariate logistic regression models were used 
to assess the effect of MPV on T2DM with and without 
history of GDM: Crude model: no adjustment; Model 
1: adjusted for age, race, education, and marital sta-
tus; Model 2: adjusted for the variables in Model 1 plus 

BMI, direct HDL-cholesterol, HbA1c, total cholesterol, 
alcohol consumption status, smoking status, and fam-
ily income to poverty. In addition, we evaluated the lin-
earity of the association between the MPV and T2DM 
with a history of GDM via a fully adjusted generalized 
additive model and smooth curve fitting. To investigate 
the relationship between the MPV and T2DM with a 
history of GDM in different subgroups, subgroup anal-
ysis was subsequently carried out. Stratification factors 
included age (< 50 years and ≥ 50 years), race (Mexican 
American, Hispanic, Non-Hispanic White, Non-His-
panic Black, and Others), BMI (< 25  kg/m2, 25–30  kg/
m2, ≥ 30 kg/m2), and HbA1c (< 7% and ≥ 7%), and inter-
action analysis was used to evaluate the heterogeneity 
of the associations between the subgroups.

In this study, R (http://​www.R-​proje​ct.​org) and 
EmpowerStat software were used for data analysis, and 
P < 0.05 was considered statistically significant.

Fig. 1  Flow chart for the selection of participants in the cohort study. NHANES, National Health and Nutrition Examination Survey; HbA1c, 
glycohemoglobin; MPV, mean platelet volume; direct HDL-cholesterol, direct high-density lipoprotein cholesterol; PIR, poverty income ratio; BMI, 
body mass index

http://www.R-project.org


Page 4 of 10Wei et al. BMC Endocrine Disorders          (2024) 24:159 

Results
Baseline characteristics
In total, 8181 parous women were included in the final 
analysis, of whom 1123 (13.73%) had T2DM (Table  1). 
The prevalence of T2DM in those with a history of GDM 
was significantly greater than that in the control group 
(27.37% vs. 12.58%, P < 0.001), suggesting that GDM his-
tory may be a risk factor for the morbidity of T2DM. 
Compared with those without a history of GDM, women 
with a history of GDM tended to be slightly younger; 
were more prone to be Mexican American (21.52%), mar-
ried/cohabiting (68.51%), and well educated (56.01%); 
and were more likely to have a higher BMI, HbA1c and 
MPV and lower direct HDL-cholesterol levels (P < 0.05). 
However, there were no significant differences among the 
groups with respect to the family poverty income ratio, 
smoking status, alcohol use, sedentary duration, or total 
cholesterol.

Univariate analyses of T2DM patients with and without 
a history of GDM
Univariate analyses were performed between prior 
GDM pregnancies and non-GDM pregnancies accord-
ing to the development of type 2 diabetes (Table  2). 
In summary, significant factors associated with higher 
odds of subsequent diagnosis of T2DM among women 
with GDM history included older age, being non-His-
panic white, having less education, and being widowed/
divorced/separated; they also had higher BMI, MPV, 
and HbA1c, but lower direct HDL cholesterol (Table 2). 
In addition to the above variables, non-Hispanic black, 
other race, family poverty income ratio, smoking status, 
alcohol consumption, sedentary time, and total choles-
terol were associated with a higher incidence of T2DM 
without a history of GDM.

Table 1  Basic characteristics and laboratory data for study population stratified by history of GDM

Median (interquartile range) for continuous variables, and P was calculated by the weighted linear regression. Percentage (%) for categorical variables, and P was 
calculated by weighted chi-square test

GDM Gestational diabetes mellitus, PIR Poverty income ratio, BMI Body mass index, T2DM Type 2 diabetes mellitus, HbA1c Glycohemoglobin, MPV Mean platelet 
volume, Direct HDL-cholesterol Direct high-density lipoprotein cholesterol

Overall
n = 8181

No GDM
n = 7549

Prior GDM
n = 632

P

Age (years) 52.00 (39.00, 66.00) 53.00 (40.00, 66.00) 44.00 (36.50, 54.00)  < 0.001

Race (%)  < 0.001

  Mexican American 16.24 15.80 21.52

  Non-Hispanic White 11.37 11.33 11.87

  Non-Hispanic Black 43.89 44.42 37.66

  Other Hispanic 20.23 20.52 16.77

  Other Race 8.26 7.93 12.18

Education (%) 0.016

  Less than high school 26.56 26.72 24.68

  High school or equivalent 22.75 23.04 19.30

  College or above 50.69 50.25 56.01

Marital status (%)  < 0.001

  Married/cohabiting 58.49 57.65 68.51

  Widowed/divorced/separated 32.55 33.36 22.94

  Never married 8.96 8.99 8.54

PIR 1.91 (1.03, 3.69) 1.91 (1.03, 3.69) 1.94 (1.04, 3.77) 0.905

BMI (kg/m2) 28.76 (24.56, 33.85) 28.60 (24.50, 33.70) 30.58 (25.70, 36.30)  < 0.001

T2DM (%) 13.73 12.58 27.37  < 0.001

Smoked at least 100 cigarettes in life 38.66 38.71 38.13 0.776

Had at least 12 alcohol drink/1 year 59.26 59.09 61.23 0.293

Sedentary duration (minutes/day) 300.00 (180.00, 480.00) 300.00 (180.00, 480.00) 300.00 (180.00, 480.00) 0.540

HbA1c (%) 5.60 (5.30, 5.90) 5.50 (5.30, 5.90) 5.70 (5.30, 6.40)  < 0.001

MPV (fL) 8.10 (7.50–8.80) 8.10 (7.50, 8.80) 8.20 (7.60, 8.90) 0.048

Direct HDL-cholesterol (mg/dL) 54.00 (45.00, 66.00) 55.00 (46.00, 66.00) 51.00 (41.00, 60.00)  < 0.001

Total cholesterol (mg/dL) 195.00 (169.00, 222.00) 195.00 (169.00, 223.00) 193.00 (168.75, 218.00) 0.228
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Association between MPV and T2DM
Table  3 shows a stratified analysis of the association 
between the MPV and T2DM based on GDM status. 
When we analyzed the MPV as a continuous variable, 
we found that the associations between T2DM with 
a history of GDM and the MPV were positive regard-
less of the type of adjusted covariate (P < 0.05). After 
converting MPV concentrations into categorical vari-
ables (quartiles) for sensitivity analysis, the risk of T2DM 
with a history of GDM showed a stepwise increase with 
the quartile of MPV (P for trend < 0.05) and was at the 
highest point in the highest MPV quartile group (Q4) 
(crude model: OR = 2.48, 95% CI: 1.42–4.33, P = 0.001; 
Model 1: OR = 2.91, 95% CI: 1.56–5.44, P < 0.001). In the 
unadjusted model and Model 1, we found that the MPV 
was associated with a risk of T2DM for women with-
out a history of GDM (P < 0.001). However, we found 

no significant association between MPV and the risk of 
T2DM without a history of GDM after adjusting for all 
covariates in Model 2.

Results of linear regression of T2DM and MVP
To verify the reliability and stability of the multivari-
ate regression analysis results, on the basis of the fully 
adjusted model (Model 2), we explored the possible lin-
ear relationship between MPV and T2DM with a his-
tory of GDM. The results indicated that the association 
between the MPV and T2DM was linear (Fig.  2). This 
finding agreed with the stepwise increased OR in the 
logistic regression analysis.

Subgroup analysis and interaction test
We found that the risk for T2DM in women with his-
tory of GDM was not consistently associated with 

Table 2  Univariate logistic regression assessing risk factors for a subsequent diabetes diagnosis among U.S. women with and without 
GDM history

GDM Gestational diabetes mellitus, PIR Poverty income ratio, BMI Body mass index, T2DM Type 2 diabetes mellitus, HbA1c Glycohemoglobin, MPV Mean platelet 
volume, Direct HDL-cholesterol Direct high-density lipoprotein cholesterol

without history of GDM
n = 7549

P with history of GDM
n = 632

P

Age (years) 1.05 (1.05, 1.06)  < 0.001 1.08 (1.06, 1.10)  < 0.001

Race (%)

  Mexican American Reference Reference

  Non-Hispanic White 0.75 (0.58, 0.97) 0.030 2.14 (1.19, 3.85) 0.011

  Non-Hispanic Black 0.59 (0.49, 0.72)  < 0.001 0.76 (0.46, 1.23) 0.257

  Other Hispanic 1.15 (0.93, 1.41) 0.189 1.12 (0.64, 1.95) 0.702

  Other Race 0.69 (0.51, 0.93) 0.015 0.62 (0.32, 1.23) 0.172

Education (%)

  Less than high school Reference Reference

  High school or equivalent 0.57 (0.48, 0.69)  < 0.001 1.05 (0.64, 1.73) 0.848

  College or above 0.41 (0.35, 0.48)  < 0.001 0.57 (0.38, 0.87) 0.009

Marital status (%)

  Married/cohabiting Reference Reference

  Widowed/divorced/separated 1.94 (1.68, 2.24)  < 0.001 1.77(1.18, 2.65) 0.006

  Never married 0.81 (0.61, 1.08) 0.159 1.45 (0.79, 2.69) 0.233

PIR 0.84 (0.80, 0.87)  < 0.001 0.91 (0.82, 1.02) 0.098

BMI (kg/m2) 1.07 (1.06, 1.08)  < 0.001 1.06 (1.04, 1.08)  < 0.001

Smoked at least 100 cigarettes in life

  NO Reference Reference

  Yes 1.19 (1.03, 1.36) 0.015 1.01 (0.70, 1.43) 0.996

Had at least 12 alcohol drink/1 year

  NO Reference Reference

  Yes 0.50 (0.43, 0.57)  < 0.001 0.85 (0.59, 1.21) 0.367

Sedentary duration (minutes/day) 1.00 (1.00, 1.00) 0.002 1.00 (1.00, 1.00) 0.392

HbA1c (%) 8.21 (6.32, 10.67)  < 0.001 4.22 (2.76, 6.45)  < 0.001

MPV (fL) 1.17 (1.09, 1.25)  < 0.001 1.39 (1.16, 1.68) 0.001

Direct HDL-cholesterol (mg/dL) 0.98 (0.97, 0.98)  < 0.001 0.99 (0.97, 1.00) 0.025

Total cholesterol (mg/dL) 0.99 (0.99, 1.00)  < 0.001 0.95 (0.80, 1.13) 0.554
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increased MPV in some subgroups (Fig.  3). A signifi-
cant association of the MPV with T2DM secondary to 
GDM was observed in the subgroup stratified by age 
(all p < 0.05). For the subgroup stratified by race, BMI, 
and HbA1c, a connection with statistical significance 

was observed only among those participants who were 
Mexican American and non-Hispanic white and had a 
BMI ≥ 30 kg/m2 and an HbA1c ≥ 7%. Furthermore, the 
interaction test revealed that an HbA1c level ≥ 7% may 
influence the positive association between the MPV and 
T2DM with a history of GDM (p for interaction < 0.05).

Table 3  Association between MPV and T2DM among women with or without GDM history

Model 1: adjusted for age, race, education, and marital status

Model 2: adjusted for: Model 1 + BMI + direct HDL-cholesterol + HbA1c + alcohol use + smoking status + triglyceride + PRI

Crude model: adjusted for none

GDM Gestational diabetes mellitus, T2DM type 2 diabetes mellitus, MPV mean platelet volume, OR Odds ratio, CI Confidence interval

With history of GDM (n = 632)
OR (95% CI), P

Without history of GDM (n = 7549)
OR (95% CI), P

Crude model Model 1 Model 2 Crude model Model 1 Model 2

MPV (continuous 
per one unit)

1.39 (1.16 1.68),
 < 0.001

1.58 (1.27, 1.98),
 < 0.001

1.50 (1.13, 2.01),
0.006

1.17 (1.09, 1.25),
 < 0.001

1.19 (1.11, 1.28),
 < 0.001

1.03 (0.94, 1.14),
0.476

MPV (quartiles)

Q1 (4.70–7.50) Reference Reference Reference Reference Reference Reference

Q2 (7.50–8.10) 1.58 (0.88, 2.85),
0.129

1.41 (0.73, 2.73),
0.300

0.93 (0.41, 2.11),
0.861

1.04 (0.84, 1.29),
0.694

1.06 (0.85, 1.33),
0.591

0.97 (0.74, 1.28),
0.835

Q3 (8.10–8.80) 1.58 (0.90, 2.78),
0.112

1.70 (0.90, 3.19),
0.099

1.42(0.66, 3.07),
0.371

1.22 (0.99, 1.49),
0.075

1.18 (0.95, 1.46),
0.130

0.98 (0.75, 1.27),
0.854

Q4 (8.80–15.10) 2.48 (1.42, 4.33),
0.001

2.91 (1.56, 5.44),
 < 0.001

2.85 (0.85, 4.05),
0.1223

1.48 (1.21, 1.80),
 < 0.001

1.50 (1.21, 1.85),
 < 0.001

1.04 (0.79, 1.35),
0.795

P for trend 0.002  < 0.001 0.047  < 0.001  < 0.001 0.771

Fig. 2  Relationships between the MPV and T2DM in patients with a history of GDM according to smooth curve fitting
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Discussion
To the best of our knowledge, this report is the first study 
on the independent association between the MPV and 
the risk of progression from GDM to T2DM, as meas-
ured by quantitative MPV levels, and is one of the most 
extensive cross-sectional studies to explore this relation-
ship. After adjusting for demographic data, lifestyle data, 
examination data, and laboratory data, we found that the 
MPV was not significantly associated with T2DM with-
out a history of GDM, but T2DM patients with a history 
of GDM had significantly higher MPV levels than non-
T2DM patients with a history of GDM. Additionally, 
subgroup analyses and interaction evaluations revealed 
significant moderating effects for HbA1c.

Many studies have examined risk factors or lifestyle 
behaviors among women in the U.S. with T2DM and a 
history of GDM [19–21]. As a potential indicator of ges-
tational diabetes mellitus, the MPV can predict GDM in 
early pregnancy [22–24]. A meta-analysis revealed that 
the MPV was significantly increased in pregnant women 
with GDM during the third trimester, which is consistent 
with the highest degree of insulin resistance. However, 
this difference was not observed in the second trimes-
ter [13]. These findings suggest that the MPV might vary 
depending on the trimester of pregnancy. Early diagnosis 
of GDM can greatly improve the prognosis of mothers 
and children. However, few studies have demonstrated 
the relationship between the MPV and GDM after 
delivery.

Our results are consistent with those of previous stud-
ies. The American study included two population-based 

cohorts, a longitudinal community-based cohort 
(n = 3,248) and a large population-based prospective 
study (n = 463,703), which reported that the MPV was 
strongly associated with an increased risk of T2DM 
[25]. A study conducted in Japan indicated that the MPV 
was positively correlated with the early stage of T2DM 
according to findings in the prediabetes mellitus group 
and could be altered by improving hyperglycemia [26]. 
In addition, another prospective cohort study involving 
14,009 participants reported that an MPV ≥ 9.80 fL was 
associated with a 92% increased incident risk of diabetes 
mellitus (95% CI 1.30–2.84) compared with those with an 
MPV < 7.50 fL in a middle-aged and older female Chinese 
population [27]. Nevertheless, our study was inconsist-
ent with another study in which MPV levels were lower 
in T2DM than in control subjects (9.7 (1.7) vs. 10.3 (1.5), 
P < 0.001) [28]; this study was conducted in all T2DM 
patients, and it is important to note that women who 
develop GDM have a chronic β-cell defect that ultimately 
drives the development of T2DM. Therefore, it is pru-
dent to investigate T2DM with and without prior GDM 
separately using larger sample sizes for further  poten-
tial  correlation analyses. Our study segmented the his-
tory of GDM and no history of GDM for risk prediction 
to T2DM. Potential confounders (including demographic 
data, lifestyle data, examination data, and laboratory 
data) were accounted for to confirm the accuracy and 
stability of the results. Similarly, our study demonstrated 
that the corrected MPV was positively associated with 
T2DM among parous women with a history of GDM in 
the general American population but not with T2DM 

Fig. 3  Subgroup analyses of the effect of the MPV on T2DM patients with a history of GDM. HbA1c, glycohemoglobin; BMI, body mass index
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among parous women without GDM. Therefore, our 
study results are more credible than those of previous 
studies.

In this study, all the included subjects were multipa-
rous women. After excluding the interference of preges-
tational diabetes, women with a history of GDM had an 
increased risk of developing T2DM. Interestingly, among 
women with T2DM but no history of GDM, the cor-
relation between the MPV and T2DM was found to be 
insignificant following adjustments for various poten-
tial confounding variables. These findings suggest that 
GDM significantly influences the development of T2DM 
and indicate a potential role for the MPV in this context. 
Several possible explanations for the positive associa-
tion between MPV and diabetes mellitus are as follows. 
Women with GDM exhibit deterioration of β-cell func-
tion before they develop T2DM, but their glucose tol-
erance may remain within the normal range [3]. The 
apoptosis of pancreatic β-cells leads to progressive insu-
lin deficiency. The ability of insulin to antagonize the 
effects of platelet agonists is mediated by activation of an 
inhibitory G protein by insulin receptor substrate (IRS)-
1. Thus, insulin resistance reflects impaired insulin sign-
aling and enhances platelet reactivity [29, 30]. Moreover, 
hyperglycemia can increase platelet reactivity via the 
osmotic effect of hyperglycemia and induce nonenzy-
matic glycation of surface proteins Ib and IIb/IIIa, which 
further decreases membrane fluidity [31, 32]. Diabetes 
is associated with inflammation and oxidative stress, 
which may result in increased platelet activation [33]. 
On the one hand, superoxide may increase platelet reac-
tivity by enhancing intraplatelet release of calcium after 
activation, impairing endothelial function to reduce the 
production of NO [34–36]. On the other hand, inflam-
mation can increase platelet reactivity by increasing the 
expression of proteins that activate platelets [37]. Women 
with a history of GDM are in a state of hyperglycemia, 
oxidative stress, and proinflammatory conditions at an 
earlier stage, and continued metabolic disturbances after 
pregnancy can lead to the development of T2DM. This 
imbalance may alter platelet function in the early stages 
of diabetes. In our study, the MPV interaction in T2DM 
patients with a history of GDM and HbA1c levels ≥ 7% 
was significantly greater than that in patients with 
HbA1c levels < 7%. Other researchers have also demon-
strated a relationship between poor glycemic control and 
increased platelet activity in T2DM patients and have 
suggested that improved glycemic control reduces plate-
let activation [16, 38, 39].

The current study has several advantages. This is the 
first study to explore the relationship between the MPV 
and T2DM after GDM on the basis of the large sample 
size of the NHANES database to ensure authenticity and 

objectivity. Furthermore, we conducted multiple logistic 
regression analysis and subgroup analyses, which made 
the results of this study more accurate and reliable. How-
ever, there were also several limitations. First, the cross-
sectional nature of the study did not allow us to ascertain 
temporality or causation. Second, we omitted the time of 
progression to T2DM from GDM because of the absence 
of data. While NHANES data are considered valuable 
for evaluating the prevalence of GDM in the general 
population [40–42], the identification of GDM women 
by self-reported GDM history and the possible impact 
of the GDM diagnostic criteria during the study period 
might have introduced some selection bias in this study. 
Third, the NHANES provides only a single measurement 
of MPV, which may not fully capture fluctuations in val-
ues. Finally, other potential confounding factors may not 
have been accounted for during the adjustment process.

Therefore, extensive prospective cohort studies are 
needed to collect evidence and determine potential 
mechanisms of action.

Conclusion
The measurement of MPV is both readily accessible 
and cost-effective within clinical practice. Our study 
revealed that MPV was positively associated with the risk 
of T2DM among women with a history of GDM in the 
American population. This finding implies that MPV may 
serve as a predictive marker for the progression from 
GDM to T2DM. However, it is crucial to investigate addi-
tional factors that may influence MPV and to monitor its 
temporal variations.
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