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Purpose: To characterize longitudinal changes in routine blood count-derived inflammatory indices throughout pregnancy and the 
early postpartum period in women with diet-controlled gestational diabetes mellitus (GDM A1) compared with normoglycemic 
controls.
Methods: This retrospective cohort study included 366 pregnant women, comprising 170 women with GDM A1 and 196 normogly
cemic controls, who received antenatal care at Beijing Friendship Hospital. Routine complete blood count parameters were collected at 
seven clinically relevant time windows: 8–12, 16–20, 24–28, 28–32, and 36 weeks of gestation, immediately before delivery, and 
postpartum. The aggregate index of systemic inflammation (AISI), systemic inflammation response index (SIRI), systemic immune- 
inflammation index (SII), lymphocyte-to-monocyte ratio (LMR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte 
ratio (PLR) were calculated. Exploratory unadjusted between-group comparisons were performed using Mann–Whitney U-tests. 
Adjusted linear mixed-effects models were used to evaluate group-by-time interactions while accounting for within-subject correlation 
and baseline covariates.
Results: Women with GDM A1 were older and had higher early-pregnancy BMI than normoglycemic controls. After adjustment for 
maternal age, early-pregnancy BMI, gravidity, parity, and history of macrosomia, significant group-by-time interactions were observed 
for all six inflammatory indices, including AISI (P < 0.001), SIRI (P < 0.001), SII (P = 0.017), LMR (P = 0.011), MLR (P = 0.011), 
and PLR (P = 0.022). In Holm-adjusted post hoc comparisons, SIRI was higher in the GDM A1 group during the postpartum period 
(adjusted ratio = 1.204, 95% CI: 1.066–1.360, P = 0.020), and PLR was higher immediately before delivery (adjusted ratio = 1.123, 
95% CI: 1.036–1.217, P = 0.032).
Conclusion: Women with GDM A1 showed altered longitudinal trajectories of CBC-derived inflammatory indices, with the most 
robust adjusted time-specific differences involving postpartum SIRI and pre-delivery PLR. These indices may provide accessible 
research markers for characterizing stage-specific inflammatory patterns in diet-controlled GDM, but prospective studies incorporating 
direct inflammatory and metabolic measurements are required to establish clinical utility.
Keywords: gestational diabetes mellitus, inflammatory indices, pregnancy, lymphocyte-to-monocyte ratio, platelet-to-lymphocyte 
ratio, systemic immune-inflammation index

Introduction
Gestational diabetes mellitus (GDM) affects approximately 7–25% of pregnancies worldwide, depending on the 
population and diagnostic criteria used, and is associated with increased risks of hypertensive disorders of pregnancy, 
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cesarean delivery, fetal macrosomia, and neonatal metabolic complications.1–3 Its pathophysiology extends beyond 
glucose intolerance and involves insulin resistance, dyslipidemia, placental dysfunction, oxidative stress, and chronic 
low-grade inflammation.4–6 Pro-inflammatory cytokines, maternal adipose tissue inflammation, and altered placental 
immune signaling may impair insulin signaling, aggravate peripheral insulin resistance, and contribute to adverse 
maternal and neonatal outcomes.5–8

Pregnancy is accompanied by dynamic changes in maternal immune and inflammatory status, and in GDM this 
response may be amplified into pathological low-grade inflammation, accompanied by altered adipose tissue and 
placental inflammatory signaling.6,8 GDM can be clinically classified as diet-controlled GDM (GDM A1) or 
medication-treated GDM (GDM A2). Women with GDM A1 generally have more favorable maternal and neonatal 
outcomes than those requiring pharmacological treatment, possibly reflecting better glycemic control and a lower 
metabolic and inflammatory burden.9 Nevertheless, subtle inflammatory abnormalities may remain detectable even 
in women whose glucose levels are controlled through diet and exercise alone.

Conventional inflammatory biomarkers, including cytokines and adipokines, require specialized assays and are not 
routinely available in clinical practice. In contrast, inflammatory indices derived from routine complete blood count 
parameters are inexpensive, reproducible, and widely accessible. PLR reflects the balance between platelet activation and 
lymphocyte-mediated immune regulation and has been used as an inflammatory marker in several clinical conditions.10,11 

LMR and its reciprocal MLR reflect the balance between lymphocyte-mediated adaptive immunity and monocyte-driven 
innate inflammation; altered monocyte–lymphocyte balance has been associated with insulin resistance, inflammatory 
diseases, and subsequent GDM development.12–14 SII integrates platelet, neutrophil, and lymphocyte counts, whereas 
SIRI combines neutrophil, monocyte, and lymphocyte counts, thereby reflecting overlapping but partially distinct 
systemic and myeloid inflammatory responses.15–18 AISI further incorporates platelets, neutrophils, monocytes, and 
lymphocytes and may provide a broader estimate of systemic inflammatory burden.19 GDM-specific studies have also 
suggested potential clinical relevance for MLR, LMR, SII, SIRI, and AISI in identifying women at increased risk of 
GDM or related metabolic abnormalities.12,20,21

However, most previous studies evaluated these indices at a single time point, particularly during early 
pregnancy or around the 24–28-week oral glucose tolerance test window. Consequently, their longitudinal 
trajectories from early pregnancy through delivery and the postpartum period remain poorly characterized. 
Moreover, systematic comparisons of multiple complete blood count–derived indices are limited, particularly in 
women with GDM A1, whose inflammatory abnormalities may be subtler than those observed in medication- 
treated GDM. Therefore, we conducted a retrospective longitudinal study comparing women with GDM A1 and 
normoglycemic controls at seven clinically relevant time points. Our objective was to characterize the temporal 
evolution of AISI, SIRI, SII, LMR, MLR, and PLR and to identify stage-specific inflammatory patterns in diet- 
controlled GDM.

Methods
Study Design and Participants
We conducted a retrospective cohort study of pregnant women who received antenatal care at Beijing Friendship 
Hospital, Capital Medical University, between January and June 2025. Women were classified into two groups: 
diet-controlled gestational diabetes (GDM A1) and normoglycemic control. GDM A1 was diagnosed based on 75- 
g oral glucose tolerance test (OGTT) results at 24–28 weeks of gestation and the absence of pharmacological 
therapy throughout pregnancy. Normoglycemic controls were women who delivered at the same institution and 
had no history of diabetes before or during pregnancy. A total of 393 potentially eligible women were initially 
identified; after applying the eligibility criteria and data-completeness requirements, 366 women were included in 
the final analysis, comprising 170 women with GDM A1 and 196 normoglycemic controls. This dataset was 
previously used in a study examining insulin resistance-related indices in women with GDM A1 and healthy 
pregnancy.22
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Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) singleton pregnancy; (2) complete demographic records; (3) complete blood 
count (CBC) data available for at least five of the seven predetermined time windows; and (4) definitive classification as 
GDM A1 or normoglycemic based on medical records.

The exclusion criteria were as follows: (1) pre-existing diabetes mellitus; (2) acute or chronic infectious disease; (3) 
autoimmune disease, hematologic disorder, malignancy, or severe hepatic or renal dysfunction; (4) exposure to systemic 
corticosteroids, immunosuppressants, or other medications that could substantially affect inflammatory markers during 
pregnancy; (5) insufficient clinical or laboratory data for analysis; and (6) insulin- or medication-treated GDM.

Diagnostic Criteria and Group Assignment
GDM was diagnosed at 24–28 weeks of gestation using a 75-g OGTT with the following thresholds: fasting glucose 
≥5.1 mmol/L, 1-hour glucose ≥10.0 mmol/L, or 2-hour glucose ≥8.5 mmol/L.23 Women meeting these criteria who 
achieved glycemic targets through diet and exercise alone were classified as having GDM A1. Controls included women 
with normal OGTT results and no insulin use throughout pregnancy.

Assessment Schedule
CBC results were not collected specifically for research purposes but were obtained from routine antenatal care, GDM 
screening, peripartum assessment, and postpartum management. For longitudinal analysis, available CBC results were 
assigned to seven predefined clinical time windows according to the routine antenatal care schedule and recommended 
pregnancy follow-up points in China: 8–12 weeks, 16–20 weeks, 24–28 weeks, 28–32 weeks, 36 weeks, immediately 
before delivery, and postpartum. The 8–12-week window represented the early-pregnancy baseline and early maternal 
immune adaptation; 16–20 weeks represented the early-to-mid-pregnancy transition; 24–28 weeks corresponded to the 
routine GDM screening window and a period of increased insulin resistance; 28–32 and 36 weeks were used to evaluate 
inflammatory changes after GDM diagnosis and during late pregnancy; the pre-delivery window reflected peripartum 
physiological stress; and the postpartum window was used to assess early immune and metabolic recovery after 
pregnancy.

Data Collection and Inflammatory Index Calculations
Demographic and laboratory variables included maternal age, early-pregnancy body mass index (BMI), gravidity, parity, 
history of macrosomia, and CBC-derived parameters, including white blood cell count, platelet count, lymphocyte count, 
monocyte count, and neutrophil count. Six inflammation-associated indices were calculated as follows: LMR = 
lymphocyte count / monocyte count; MLR = monocyte count / lymphocyte count; PLR = platelet count / lymphocyte 
count; SII = platelet count x neutrophil count / lymphocyte count; SIRI = monocyte count x neutrophil count / 
lymphocyte count; and AISI = platelet count x monocyte count x neutrophil count / lymphocyte count.

Statistical Analysis
Continuous variables are presented as median (interquartile range [IQR]) unless otherwise specified, and categorical 
variables are presented as n (%). Baseline characteristics were compared between groups using Mann–Whitney U-tests 
for continuous variables and chi-square or Fisher exact tests for categorical variables, as appropriate. Exploratory 
unadjusted between-group comparisons of inflammatory indices at each time point were performed using Mann– 
Whitney U-tests.

To account for repeated measurements within participants and potential confounding, adjusted linear mixed-effects 
models were fitted for each CBC-derived inflammatory index. Because the inflammatory indices were right-skewed, 
model estimates were obtained from log-transformed outcomes and back-transformed to adjusted ratios. Fixed effects 
included group, time, the group-by-time interaction, maternal age, early-pregnancy BMI, gravidity, parity, and history of 
macrosomia. A participant-specific random intercept was included to account for within-subject correlation. Post hoc 
between-group comparisons at each time point were performed when the group-by-time interaction was significant, and 
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multiplicity was controlled using the Holm method. Adjusted ratios greater than 1 indicate higher values in the GDM A1 
group. Spearman correlation analyses were considered exploratory and were interpreted with caution because several 
indices share mathematical components. All tests were two-tailed, and statistical significance was set at P < 0.05.

Results
A total of 366 women were included in the final analysis, comprising 170 women with diet-controlled GDM (GDM A1) 
and 196 normoglycemic controls. Baseline characteristics are summarized in Table 1. Women with GDM A1 were older 
than normoglycemic controls [33.0 (31.0–36.0) vs 32.0 (30.0–34.5) years, P = 0.01] and had a higher early-pregnancy 
BMI [22.27 (20.70–24.89) vs 20.95 (19.71–23.33) kg/m2, P < 0.01]. Gravidity and parity were also modestly higher in 
the GDM A1 group (P = 0.025 and P = 0.038, respectively). A previous history of macrosomia was more frequent among 
women with GDM A1 than among controls [7/170 (4.1%) vs 1/196 (0.5%), P = 0.03]. These baseline differences were 
considered in the subsequent adjusted longitudinal analyses. Longitudinal complete blood count parameters across the 
seven time windows are provided in Supplementary Table S1. The unadjusted distributions of CBC-derived inflammatory 
indices are shown in Supplementary Table S2, and the corresponding exploratory between-group P values are summar
ized in Supplementary Table S9.

Adjusted linear mixed-effects models were further used to evaluate whether the longitudinal trajectories of CBC- 
derived inflammatory indices differed between women with GDM A1 and normoglycemic controls after accounting for 
potential confounders. After adjustment for maternal age, early-pregnancy BMI, gravidity, parity, and history of 
macrosomia, significant group-by-time interactions were observed for AISI, SIRI, SII, LMR, MLR, and PLR 
(Table 2). In Holm-adjusted post hoc comparisons, SIRI remained significantly higher in the GDM A1 group during 
the postpartum period, whereas PLR was significantly higher immediately before delivery. Other indices showed 
significant overall group-by-time interaction effects, but no individual time-point comparison remained statistically 
significant after multiplicity correction.

Descriptive longitudinal patterns are shown in Supplementary Tables 3–8. In general, composite inflammatory 
indices, particularly AISI, SIRI, and SII, tended to increase during mid-pregnancy, whereas LMR declined progressively 
and MLR increased toward the postpartum period. PLR showed a less consistent longitudinal pattern, with the clearest 
between-group difference observed immediately before delivery. Correlation patterns among CBC-derived inflammatory 
indices are provided in Supplementary Table 10. Composite indices showed moderate-to-strong positive correlations, 
whereas LMR and MLR were inversely correlated, consistent with their reciprocal mathematical relationship. These 
correlation findings were considered exploratory and were not used as the primary basis for statistical inference.

Table 1 Baseline Characteristics of Women with GDM A1 and Normoglycemic Controls

Characteristic GDM A1  
Group (n = 170)

Normoglycemic  
Control Group (n = 196)

P Value

Age, years 33.00 (31.00, 36.00) 32.00 (30.00, 34.50) 0.01

Early-pregnancy BMI, kg/m2 22.27 (20.70, 24.89) 20.95 (19.71, 23.33) <0.01

Gravidity, n (%) 0.03
1 95 (55.9) 132 (67.3)

2 45 (26.5) 41 (20.9)

3 26 (15.3) 17 (8.7)
4 3 (1.8) 4 (2.0)

5 1 (0.6) 2 (1.0)

Parity, n (%) 0.04
0 125 (73.5) 162 (82.7)

1 44 (25.9) 32 (16.3)
2 1 (0.6) 2 (1.0)

History of macrosomia, n (%) 7 (4.1) 1(0.5) 0.03

Notes: Data are presented as median (interquartile range) or n (%). BMI, body mass index; GDM A1, diet-controlled 
gestational diabetes mellitus.
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Discussion
In this retrospective longitudinal study of women with diet-controlled GDM and normoglycemic controls, we found that CBC- 
derived inflammatory indices followed different trajectories across pregnancy and the early postpartum period. After adjustment 
for maternal age, early-pregnancy BMI, gravidity, parity, and history of macrosomia, all six indices showed significant group-by- 
time interactions, suggesting that GDM A1 was associated with altered temporal patterns of systemic inflammatory surrogates. 
However, after Holm correction for post hoc comparisons, only two time-specific between-group differences remained statisti
cally significant: higher SIRI in women with GDM A1 during the postpartum period and higher PLR immediately before delivery. 
These findings support the presence of stage-specific hematological differences in GDM A1, while also emphasizing the need for 
cautious interpretation of individual time-point comparisons.

Exploratory unadjusted analyses suggested that between-group differences were concentrated in mid-pregnancy and 
postpartum. Higher AISI and SIRI values at 16–20 weeks, and higher AISI and SII values at 24–28 weeks, are consistent 
with the concept that metabolic and inflammatory differences may become more apparent as pregnancy-related insulin 
resistance increases. Nevertheless, these unadjusted differences should not be interpreted as independent biomarkers after 
confounder adjustment and multiplicity correction. Rather, they indicate time windows in which CBC-derived inflam
matory patterns may be more likely to differ between women with GDM A1 and normoglycemic controls.

The adjusted post hoc finding of higher postpartum SIRI in the GDM A1 group may reflect persistent differences in 
neutrophil-, monocyte-, and lymphocyte-related hematological patterns after pregnancy. Because SIRI is calculated from 
routine blood cell counts, it cannot directly demonstrate myeloid activation or specific inflammatory pathway involve
ment. However, this finding is clinically relevant because women with a history of GDM have an elevated long-term risk 
of type 2 diabetes,24 and postpartum inflammatory or metabolic differences may represent an important area for future 
follow-up studies. Prospective research incorporating direct measures of insulin resistance, cytokines, and immune cell 
phenotypes is required to determine whether postpartum SIRI is associated with later metabolic risk.

The adjusted pre-delivery elevation in PLR may reflect differences in platelet-lymphocyte balance during the 
peripartum period. Platelet activation, coagulation-inflammatory crosstalk, oxidative stress, and systemic physiological 
stress are all prominent near delivery.10,25,26 The fact that PLR remained significantly different after adjustment and 
Holm correction suggests that platelet-related inflammatory surrogates may be particularly sensitive to peripartum 
differences in women with GDM A1. However, platelet activation markers and coagulation parameters were not 
measured in this study; therefore, the biological basis of this association remains speculative.

Previous studies have evaluated CBC-derived inflammatory indices in GDM at different gestational stages, but the reported 
dominant markers have varied. Yildiz et al found that first-trimester SII and SIRI were higher in women who subsequently 
developed GDM,27 whereas Bozbay et al reported higher first-trimester SII and LMR in the GDM group, without significant 
differences in PLR or NLR.28 Baki Yildirim et al reported that early second-trimester MLR predicted subsequent GDM.12 Karatas 
et al found that first-trimester AISI and SII had predictive value for subsequent GDM and obstetric outcomes,20 and Hashemipour 
et al observed higher early-pregnancy NLR, SII, SIRI, and AISI among women who later developed GDM, although some 
associations attenuated after adjustment for insulin resistance and other confounders.21 Xie et al further reported positive 

Table 2 Adjusted Linear Mixed-Effects Model Results for CBC-Derived Inflammatory Indices

Index Group × Time  
Interaction P Value

Significant Adjusted  
Between-Group Comparison

Adjusted  
Ratio (95% CI)

Adjusted  
P Value

AISI <0.001 None after Holm adjustment — —

SIRI <0.001 Postpartum: GDM A1 vs control 1.20 (1.07–1.36) 0.02

SII 0.02 None after Holm adjustment — —
LMR 0.01 None after Holm adjustment — —

MLR 0.01 None after Holm adjustment — —

PLR 0.02 Before delivery: GDM A1 vs control 1.12 (1.04–1.22) 0.03

Notes: Values were derived from adjusted linear mixed-effects models. Models included group, time, group-by-time interaction, 
maternal age, early-pregnancy BMI, gravidity, parity, and history of macrosomia as fixed effects, with a participant-specific random 
intercept. Outcomes were log-transformed, and estimates were back-transformed to adjusted ratios. Adjusted ratios greater than 1 
indicate higher values in the GDM A1 group. Post hoc comparisons were adjusted using the Holm method.
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associations of SII and SIRI with incident GDM in a prospective birth cohort,29 while Ergani et al suggested that SII differences 
may depend on gestational stage.30

Studies of platelet-related indices have also produced inconsistent results. Zhao et al reported that first-trimester PLR 
and NLR were elevated in women who subsequently developed GDM and were positively correlated with OGTT glucose 
values at 24–28 weeks.31 In contrast, Sargin et al found limited screening utility for NLR and PLR,32 and meta-analytic 
evidence has suggested substantial heterogeneity across studies evaluating neutrophil-to-lymphocyte ratio in GDM.33 

Differences in sampling time, GDM phenotype, disease severity, participant characteristics, and statistical adjustment 
may explain these discrepancies. Our findings add to this literature by showing that inflammatory indices may have time- 
dependent associations in the specific context of diet-controlled GDM.

Several of the evaluated indices share mathematical components, and this should guide interpretation. LMR is the 
reciprocal of MLR; SII is mathematically related to PLR multiplied by the neutrophil count; SIRI is related to MLR multiplied 
by the neutrophil count; and AISI can be expressed as SII multiplied by the monocyte count or as SIRI multiplied by the 
platelet count. Therefore, correlations among these indices are expected and should not be interpreted as evidence of 
synchronized biological activation. Future studies should avoid treating these indices as independent biomarkers without 
assessing collinearity and should consider whether simpler component counts provide comparable information.

A strength of this study is the longitudinal assessment of multiple CBC-derived inflammatory indices across seven clinically 
relevant time windows from early pregnancy to postpartum. In addition, the analysis focused specifically on women with GDM 
A1, a group in whom inflammatory abnormalities may be subtler than in medication-treated GDM. The use of adjusted linear 
mixed-effects models allowed us to account for repeated measurements and important baseline differences between groups.

Limitations
This study has several limitations. First, its retrospective observational design precludes causal inference, and reverse causation 
cannot be excluded. Differences in CBC-derived indices may precede GDM, result from metabolic dysregulation after GDM 
development, or arise from shared determinants such as maternal age, adiposity, insulin resistance, and other metabolic 
characteristics. Although we adjusted for several baseline covariates, residual confounding remains possible. Second, CBC 
data were obtained from routine clinical care rather than from a prospective fixed-interval sampling protocol. Therefore, sampling 
density and the number of available observations differed across time windows, and missing data may have affected longitudinal 
estimates. Third, we did not measure C-reactive protein, IL-6, TNF-alpha, adipokines, insulin resistance indices at each time point, 
immune cell phenotypes, leukocyte activation states, platelet activation markers, or molecular inflammatory pathways. 
Consequently, the observed hematological associations cannot be interpreted as direct evidence of activation of specific immune 
mechanisms. Fourth, several indices share formula components, leading to expected statistical interdependence and limiting their 
interpretation as independent biomarkers. Finally, this was a single-center study, and the findings may not be generalizable to other 
populations, different diagnostic criteria, or women with medication-treated GDM. External validation in prospective multicenter 
cohorts is required.

Conclusions
Women with diet-controlled GDM showed altered longitudinal trajectories of CBC-derived inflammatory indices from pregnancy 
to the early postpartum period. After adjustment for baseline covariates and within-subject correlation, all six indices showed 
significant group-by-time interactions, while postpartum SIRI and pre-delivery PLR remained significant in Holm-adjusted post 
hoc comparisons. These findings suggest that CBC-derived indices may help characterize stage-specific inflammatory patterns in 
GDM A1, but their clinical utility and mechanistic significance require confirmation in prospective studies incorporating direct 
inflammatory and metabolic measurements.
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