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Introduction

The systemic immune-inflammation index (SII) and systemic inflammation response index (SIRI) have recently been reported as novel inflammatory markers of diabetes. However, the associations of SII and SIRI with the risk of gestational diabetes mellitus (GDM) are unclear. In our study, we explored the association between the SII and SIRI in early pregnancy and the risk of GDM in pregnant women.





Methods

A prospective cohort of 1,505 pregnant women were recruited at 6–13 weeks of gestation in 2019 and 2020 in Shenzhen, China. SII and SIRI were determined by calculating the composite inflammation indicators from routine blood test results at 6–13 weeks of gestation, and an oral glucose tolerance test was conducted at 24–28 weeks of gestation to diagnose GDM. Logistic regression was used to analyse the correlations between the incidence of GDM and SII and SIRI. Using a restriction cubic spline with baseline SII and SIRI as continuous variables, the dose–response associations between the incidence of GDM and SII and SIRI were explored.





Results

Following Ln-transformation of the SII and SIRI, multivariate models showed that Ln (SII) (odds ratio [OR] = 1.759; 95% confidence interval [CI]: 1.272–2.432) and Ln (SIRI) (OR = 1.556; 95% CI: 1.187–2.042) were positively associated with the risk of GDM in a dose-dependent manner. The OR for the highest quartile of SII compared with the lowest quartile for the risk of GDM was 2.080 (95% CI: 1.447–2.990), and the OR for the highest quartile of SIRI compared with the lowest quartile was 1.694 (95% CI: 1.170–2.452). The restricted cubic spline model confirmed a linear association between Ln (SII) and Ln (SIRI) with the risk of GDM (p-nonlinear > 0.05).





Discussion

Higher SII and SIRI in early pregnancy are associated with an increased risk of GDM. As novel, valuable, and convenient indicators of inflammation, SII and SIRI could be used to a potential predictor for GDM in early pregnancy.
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1 Introduction

As a common complication of pregnancy, GDM is characterised by an inadequate pancreatic response to insulin (1). GDM affects 14% of pregnancies globally (2), and the prevalence of GDM in China is 14.8% (3). GDM poses immediate and long-term health risks for both mother and child, such as pre-eclampsia, premature membrane rupture, shoulder dystocia, macrosomia, perinatal death, and future risks of hyperglycemia, diabetes, obesity, and cardiovascular disease (4–6). Adverse metabolic programmes in the offspring may exist prior to the diagnosis of GDM (7, 8). Therefore, there is a need for more effective indicators to predict GDM and control the risk factors.

Tumor necrosis factor (TNF) levels in pregnant women have been reported to be significantly and negatively correlated with insulin sensitivity (9, 10). Several inflammatory markers, such as interleukins, C-reactive protein, tumour necrosis factor-α, leukocytes, neutrophils, and monocytes, were associated with GDM (11–13). Considering the inherent susceptibility of inflammatory parameters to other factors, the neutrophil-to-lymphocyte ratio (NLR), platelet-to-neutrophil ratio, platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR) could be used in combination as theoretically more reliable markers for assessing inflammatory status than individual cells. Wenhua Liu et al. found that increased PLR and NLR were independent predictors of GDM (14). A systematic review and meta-analysis also reported higher NLR in GDM pregnancies than in normoglycemic controls recently (15). However, the progression of gestational diabetes is a complex biological process, and there is limitation to analyze the relationship between single biomarkers and the risk of GDM. Therefore, integrating more biomarker data for analysis could make up for the data problems caused by data loss, noise and other factors in single data analysis, and reduce the false positive caused by single biomarker analysis.

The Systemic Immune-Inflammation Index (SII) and the Systemic Inflammation Response Index (SIRI) are emerging biomarkers that are derived from the counts of platelets, neutrophils, lymphocytes, and monocytes. These indices have been validated for their ability to offer a comprehensive assessment of an individual’s inflammatory and immune status (16, 17). The SII and SIRI have been found to more reliably predict disease progression and prognosis in certain inflammation-related diseases, such as cardiovascular disease (18, 19) and cancer (20, 21). Recently SII and SIRI as straightforward and cost-effective indexs identifying individuals with insulin resistance, diabetes and its complications have been reported (22, 23). However, few studies focused on the association between SII and SIRI and GDM, and those that have been published have reported ambiguous conclusions. Only a few retrospective or observational studies reported higher SIRI and SII in the GDM group than the non-GDM group (24–26) from which causal inference could not be performed.

In this study, a prospective cohort was designed to explore the association of serum inflammatory markers in early-pregnancy with the risk for gestational diabetes mellitus in Shenzhen city, in which migrants account for more than 70% of urban residents, ranking first among the top ten immigrant cities in China.




2 Materials and methods



2.1 Study population

Our study was conducted from 2019 to 2020 at Shenzhen Nanshan People’s Hospital, Shenzhen, China. Pregnant women were followed from their first antenatal visit until delivery. A cohort of pregnant women was established based on the following inclusion criteria: 1) age ≥ 18 years; 2) singleton pregnancy; and 3) availability of complete medical records. Potential participants were excluded if they had: 1) twin or multiple pregnancies (n = 9); 2) pre-conceptional diabetes (n = 6); 3) hepatitis or impaired liver function (n = 74); 4) nephritis or impaired renal function (n = 9); 5) cardiovascular disease (n = 3); 6) autoimmune disease (n = 1); or 7) an acute or chronic inflammatory condition during pregnancy or an infectious disease (n = 73). We restricted the study sample to pregnant women who underwent routine blood measurements from 6 to 13 weeks of gestation and three glucose measurements using the oral glucose tolerance test (OGTT), resulting in 1,505 pregnant women included in the analysis. Clinical information was obtained from the hospital record information system and was analysed anonymously. Baseline characteristics were obtained either through a standardised self-report questionnaire or a face-to-face interview. Ethical approval for this cohort was granted by the Ethics Committee of Shenzhen Nanshan People’s Hospital. All subjects provided informed consent. The study was conducted in accordance with the guidelines of the Declaration of Helsinki, as set forth by the World Medical Association.




2.2 Data collection and clinical measurements

A structured questionnaire and review of the hospital information system records were used to collect information on maternal age, weight, height, educational level, smoking status, alcohol consumption, family history, and pregnancy history. Maternal body mass index (BMI, kg/m2) was calculated as the weight (kg) divided by the square of the height (m2). A BMI > 24 kg/m2 was defined as overweight. Smokers were defined as those who smoked one or more cigarettes per day, and alcohol consumption was defined as drinking at least one alcoholic beverage per week. Educational attainment was classified as primary, secondary, or college and above. Parity was defined as the number of live or stillborn infants prior to the current pregnancy.

At 6–13 weeks of gestation, peripheral venous blood was drawn for biochemical index testing. The participants were asked to fast the night before the blood was drawn. All samples were immediately centrifuged after standing for laboratory measurements. The neutrophil count, lymphocyte count, platelet count, white blood cell count, and monocyte count were measured using a haematology analyser (Sysmex XN90000; Sysmex, Kobe, Japan). SII and SIRI are derived from blood cell counts in samples that have been stringently tested using standardized protocols. These indices offer valuable insights into systemic inflammation and immune status.




2.3 SII/SIRI and covariates

SII was calculated using the formula (platelet count (×109/L)× neutrophil count (×109/L))/lymphocyte count (×109/L), and SIRI was calculated using the formula (monocyte count (×109/L) × neutrophil count (×109/L)/lymphocyte count (×109/L). The analyses included potential confounding factors associated with the SII, SIRI, and GDM, based on previous studies. The covariates were age, BMI, educational level, smoking status, alcohol consumption, family history of hypertension, family history of diabetes mellitus, number of pregnancies, parity, and history of miscarriage.




2.4 Assessment of GDM

Participants underwent a 75 g oral glucose tolerance test (OGTT) during the 24-28th week of pregnancy. 75 g of glucose was given and maternal blood samples were taken at 0, 1, and 2 h to measure serum glucose concentration. According to the recommendations of the International Association of the Diabetes and Pregnancy Study Groups Consensus Panel, all pregnant women receiving a 75-g OGTT at 24–28 weeks of gestation were diagnosed with GDM when one of the following criteria was met: fasting plasma glucose concentration ≥ 5.1 mmol/L; 1-h plasma glucose concentration ≥ 10.0 mmol/L; or 2-h plasma glucose concentration ≥ 8.5 mmol/L.




2.5 Statistical analysis

The Kolmogorov-Smirnov test was used to determine whether continuous variables conformed to normal distribution. The independent samples t-test was used for normally distributed variables and the Mann-Whitney U-test was used for non-normally distributed variables. And the chi-square test was used for categorical variables. To investigate the association of SII and SIRI with the risk of GDM, we performed a multivariate logistic regression analysis. Model 1 had no covariates; Model 2 included age and BMI as covariates; and Model 3 included age, BMI, educational level, smoking status, alcohol consumption, family history of diabetes mellitus, family history of hypertension, number of pregnancies, parity, and history of miscarriages. The associations of SII and SIRI with the risk of GDM were assessed using odds ratios (ORs) and 95% confidence intervals (CIs). The dose–response association between GDM and SII was explored using restricted cubic spline (RCS) curves adjusted for potential confounders, with the SII as the continuous variable. Subgroup analyses were performed according to age and BMI. Data were analysed using R software version 3.0.3 (The R Foundation for Statistical Computing, Vienna, Austria) and SPSS 24.0 software (SPSS Inc., Chicago, IL, USA). A two-tailed p-value < 0.05 was defined as statistically significant.





3 Results



3.1 Baseline characteristics

We conducted a prospective study of 1,505 pregnant Chinese women (Table 1). Compared with those without GDM, those with GDM were older, had a higher BMI, and had a greater frequency of multiparity (p < 0.001). Those with GDM also had higher fasting plasma glucose, 1-hour post-load glucose, and 2-hour post-load glucose concentrations and higher blood pressure (p < 0.05). Furthermore, the patients with GDM had higher platelet counts, neutrophil counts, white blood cell counts, SII and SIRI than those without GDM (p < 0.05). No significant differences between groups were observed for the other indicators (all p > 0.05).


Table 1 | Baseline characteristics.






3.2 Association between GDM and SII

Following established methods, we logarithmically transformed SII and SIRI to normalize distributions and better detect associations with GDM risk (27–29). As presented in Table 2, the Ln (SII) was positively associated with GDM in the crude model and in Model 2 (adjusted for age and BMI). In Model 3 (adjusted for all variables), this positive association remained stable (OR = 1.759; 95% CI: 1.272-2.432; p = 0.001). Similar results were obtained when the data were analysed according to SII quartiles. After adjustment for multiple variables, the OR for the highest quartile of the SII compared with the lowest quartile was 2.080 (95% CI: 1.447–2.990). Moreover, the p-values for the trend of the three models were all less than 0.05. Further analysis using RCS confirmed a linear association between the SII and the risk of GDM (p for non-linearity = 0.147, Figure 1). The RCS regression model revealed that higher SII were associated with an increased risk of GDM.


Table 2 | ORs (95%CI) for GDM according to the quartiles of SII.






Figure 1 | Restricted cubic spline (RCS) regression analysis including (A) SII (p-nonlinear=0.147) (B) SIRI (p-nonlinear=0.015) with GDM risk. The median of SII 800.81, SIRI 1.65 was selected as the reference levels, respectively. The lines indicate estimated ORs, and the light-blue–shaded areas represent 95% CI.



Analyses stratified by age showed that, among participants aged < 35 years, the risk of GDM was 2.13-fold higher among those in the highest quartile of SII than among those in the lowest quartile (95% CI: 1.25–3.63). Moreover, among participants aged ≥ 35 years, the OR for the highest quartile of SII as compared with the lowest quartile was 1.97 (95% CI: 1.19–3.25). A similar analysis for the subgroup of women with a pre-pregnancy BMI < 24 kg/m2 yielded an OR of 2.33 (95% CI: 1.57-3.46). We did not find significant interactions between the SII, age, or BMI and GDM (p for interaction > 0.05, Figure 2).




Figure 2 | Subgroup analysis of the association of systemic immune-inflammation index and systemic inflammation response index with GDM (A) association of SII and GDM stratified by age, (B) association of SII and GDM stratified by BMI, (C) association of SIRI and GDM stratified by age, (D) association of SIRI and GDM stratified by BMI. The model was adjusted for age, BMI, education, smoking status, alcohol consumption, family history of diabetes mellitus, family history of hypertension, number of pregnancies, parity, and history of miscarriage. BMI, body mass index.






3.3 Relationship between GDM and SIRI

The association between SIRI and the risk of developing GDM is depicted in Table 3. A positive association between the Ln (SIRI) and the risk of GDM was observed in the crude model. After adjusting for confounding factors, these associations were largely similar to those observed in the crude models (OR = 1.556; 95% CI: 1.187-2.042; p = 0.001). Sensitivity analyses using the SIRI quartile as a categorical variable were consistent with the results of the main analysis. In Model 3, the ORs (95% CI) were 1.543 (1.064–2.239), 1.606 (1.104–2.335), and 1.694 (1.170–2.452) for SIRI in quartiles 2, 3 and 4, respectively, compared with quartile 1. In addition, the p-values for the trends in GDM risk were significant in all models. There was a significant linear association between the Ln(SIRI) and the risk of GDM (p for non-linearity>0.05, Figure 1).


Table 3 | ORs (95%CI) for GDM according to the quartiles of SIRI.



For participants aged ≥ 35 years, the risk of developing GDM was 2.00 times higher (95% CI: 1.19–3.37) for those in the top quartile of SIRI than for those in the bottom quartile. Moreover, among participants with a BMI < 24 kg/m2, the OR for the highest quartile of SIRI compared with the lowest quartile was 1.90 (95% CI: 1.27–2.83). Figure 2 shows that neither age nor BMI significantly modified this positive correlation (p for interaction > 0.05).





4 Discussion

To the best of our knowledge, this is the first study to assess the association between SII and SIRI and the risk of GDM prospectively in a large cohort. We found that among pregnant women, a high SII or SIRI was strongly associated with an increased risk of GDM. This association remained significant after adjusting for confounders. In conclusion, SII and SIRI can be used as effective and relatively inexpensive predictors for assessing the risk of GDM in pregnant women.

Recently, there has been increasing evidence that the development of GDM may be associated with a low-grade systemic inflammatory state and placental inflammation during pregnancy (30–32). The inhibition of insulin secretion occurs due to the secretion of pro-inflammatory cytokines and the mediation of pro-inflammatory signalling pathways (33). For example, pro-inflammatory cytokines, such as TNF - α, cause insulin resistance by promoting adipocyte catabolism and increasing serine/threonine phosphorylation of insulin receptor substrate-1 (IRS-1) through a variety of signalling pathways, including the IKKβ/NF-κB pathway (34). Some immune-related genes have been found to be highly expressed in the placentas of patients with GDM, and the proportion of M1 macrophages is higher in these placentas than in control placentas (35). Increased M1 macrophages secrete pro-inflammatory mediators such as TNF-α, IL-1β and resistin, which act on adipocytes to induce a state of insulin resistance, leading to a positive feedback loop of inflammation and insulin resistance (36). In addition, excess adipose tissue enhances circulating monocyte recruitment and increases the production of pro-inflammatory cytokines (37). Inflammatory cytokines stimulate an increase in insulin secretion, and excess insulin secretion further impairs pancreatic islet function, leading to glucose metabolism disorders (38).

There are a few studies reported inflammatory markers as predictor for the risk of diabetes (39, 40). However limited evidence is reported to explore the association between inflammation and GDM in retrospective and cross-sectional studies. Yildiz et al. found that SIRI and SII in the first trimester were significantly higher in the GDM group than in the non-GDM group in a prospective observational study of 201 pregnancies (24). In a retrospective study of 467 pregnancies, Ergani et al. found that SII were higher in the GDM group than the non-GDM group in the late stages of pregnancy. Moreover, SII significantly increased from early to late pregnancy in patients with GDM (25). However, causal inference could not be performed from these retrospective and cross-sectional studies, Moreover, the effects of confounding factors were not evaluated and subgroup analyses were not conducted. Xiaoyan Xiu et al. found in a retrospective study that higher levels of SII and SIRI were associated with pregnancy outcomes in patients with GDM (26). However, the relationship between inflammation index and gestational diabetes mellitus was not investigated. Our study used a different study design, sample size, biomarker assessment time, diagnostic criteria or grading level compared to previous studies. We extended these findings to a relatively large prospective cohort study of pregnant Chinese women and observed that those in the second quartile of SII had a 49.9% higher risk of developing GDM in early pregnancy, while those in the fourth quartile had a 2.08 times higher the risk of developing GDM in early pregnancy, compared with those in the first quartile. We also found that pregnant women with SIRI in the second, third, and fourth quartile had a 54.3%, 60.6%, and 69.4% higher risk, respectively, of GDM in early pregnancy than those with SIRI in the first quartile. To the best of our knowledge, this is the first prospective large cohort study to assess the association between SII and SIRI and the risk of GDM.

According to Huang et al., platelet counts were significantly higher in the GDM group than the non-GDM group (41). Moreover, Ye et al. found that white blood cells, neutrophils, lymphocytes, monocytes, and the NLR in early pregnancy were positively associated with the risk of GDM (13). Similarly, we found that platelet counts, neutrophil counts, and white blood cell counts were higher in the GDM group than the non-GDM group. A meta-analysis found that the NLR was significantly elevated in patients with GDM but was not significantly correlated with the PLR, which is also a component of the SII (42). A case-control study suggested that an increased white blood cells, PLR, and NLR may be causally associated with an increased risk of GDM (14). The SII and SIRI selected for use in this study included the platelet count, neutrophil count, lymphocyte count, and monocyte count, while the PLR and NLR were components of the SII and SIRI, respectively. The experimental results truly reflected the burden of inflammation and accurately reflected the associations of SII and SIRI with GDM.

Excess adipose tissue has been found to lead to enhanced recruitment of circulating monocytes and increased production of pro-inflammatory cytokines, thus affecting insulin resistance (33). In addition, as humans age, the number and activity of cells change, and the body’s balance changes, increasing susceptibility to related diseases (43). Age and obesity are also strongly associated with GDM (44–46). Considering that both age and obesity affect the risk of GDM and inflammation, we attempted, for the first time, to analyse the association between SII and SIRI and the risk of GDM using subgroups according to age and BMI. Neither age nor BMI had a significant effect on the associations of SII and SIRI with GDM in subgroup analyses. This suggests that the associations between higher SII or SIRI and the risk of GDM remain reliable, regardless of age or BMI.

Currently, the SII and SIRI are used as reliable indicators of inflammatory status to predict certain diseases, such as cardiovascular disease (18, 19) and cancer (20, 21),. Routine blood tests are widely used in clinical practice. SII and SIRI can be obtained through such tests. Blood samples are easy to obtain, and the routine tests are simple to operate, minimally invasive, and inexpensive. SII and SIRI contain measurements for three inflammatory cell types, which may better characterise the complex inflammatory mechanisms associated with GDM than indices comprising single or dual inflammatory cell types. In clinical practice, the SII and SIRI are expected to serve as biomarkers for the early identification and risk assessment of GDM.

Our study has several strengths and limitations. First, to the best of our knowledge, this is the first prospective large-sample cohort study to assess the associations of SII and SIRI with GDM in a population of pregnant Chinese women. Second, our study included confounding factors in the analyses, as much as possible, to investigate the utility of the SII and SIRI for the prediction of GDM. SII and SIRI were transformed into categorical variables to obtain consistent results and improve the stability of the data. RCS was used to analyse possible nonlinear associations between SII and SIRI and the risk of GDM. In addition, stratified analyses were performed to assess the effects of SII and SIRI. The measurement of SII and SIRI will help to stratify the risk of GDM and provide personalised guidance for its clinical management. Notably, there are some limitations of this study. First, we adjusted for a number of potential covariates. However, we could not completely exclude the effects of other unmeasured or residual confounders. Second, we performed subgroup analyses based only on age and BMI, and these analyses had limited statistical power. Finally, all study participants were from Shenzhen, China, and this relatively limited population source may have introduced selection bias.




5 Conclusions

The present study suggests that higher SII and SIRI increase the risk of GDM, and that SII and SIRI may serve as a direct and economical tool for predicting GDM in early pregnancy. Further studies are needed to confirm our findings.
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