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Objectives

Available evidence suggests that type 2 diabetes (T2D) may be associated with inflammation and that leukocytes are a topical clinical, biological indicator of inflammation. This study investigates the associations between peripheral blood leukocyte and subtypes levels with T2D.





Methods

A total of 5,475 individuals were included in the baseline examination from January 2018 to April 2020, with incidence data updated to April 30, 2021, and follow-up to 5,362 individuals. T2D was defined according to the Chinese guidelines for preventing and treating type 2 diabetes. Physiological and biochemical indicators, including leukocyte and subtypes, were obtained from the physical examination results of the tertiary care hospitals relied on at the cohort sites. Covariates such as demographic characteristics and lifestyle were collected by questionnaire. Binary logistic regression and Cox proportional hazard models were used to explore the correlations. Receiver Operating Characteristic (ROC) curves and time-dependent ROC curves were used to estimate the predictive diagnosis of T2D across the subtype of leukocytes.





Results

The mean follow-up time was 12 months, and the cumulative incidence density of T2D was 4.0/1000 person-years. Cross-sectional results at baseline showed that the levels of peripheral blood leukocyte and its subtypes were higher in the T2D group than in the non-T2D group. Total leukocyte count and subtypes levels were grouped by quintile. After adjusting for age, sex, family history of diabetes, lifestyle score, and triglyceride levels, all were compared with the lowest quintile of each group. Logistic regression model results showed that the corrected OR for those with the highest quintile level of leukocyte was 2.01 (95% CI: 1.02-3.98). The longitudinal analysis showed that the adjusted HR was 8.43 (95%CI: 1.06-66.92) for those with the highest quintile level of leukocytes at baseline after controlling for the effects of the above covariates. For those with the highest quintile level of neutrophils at baseline, the adjusted HR was 5.05 (95%CI: 1.01-25.29). The leukocyte and subtypes had predictive values for T2D.





Conclusion

Patients with T2D have a higher level of peripheral blood leukocyte and subtypes than those without the disease. Elevated leukocyte and neutrophil counts may link to a higher risk of T2D.
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1 Introduction

According to the 9th edition of the IDF Atlas of Diabetes published in 2019, diabetes has developed into a global pandemic non-communicable epidemic, with 90% of people with diabetes having T2D. In 2019, the number of people with diabetes in China exceeded 100 million, which is the highest number of people with diabetes in the world (1). Numerous previous studies have demonstrated the heavy disease burden, many complications, and poor prognosis of diabetes, which significantly negatively impact human health and social development (2–4). It is worth noting that the incidence of T2D among children and adolescents in China is also on a significant rise (5), which means that the burden of T2D and related diseases among adults in China will gradually increase. Therefore, active prevention, early diagnosis, and treatment are effective measures to control the prevalence of diabetes and improve people’s quality of life.

T2D is a multi-causal metabolic disease, with lifestyle, genetic factors, aging, obesity, oxidative stress, and inflammation as risk factors (6–9). Additionally, a mutually reinforcing relationship between cellular stress and local inflammation forms a vicious circle of inflammation (10). Previous studies have also illustrated the association between lifestyle factors such as tobacco, alcohol, diet, physical activity, and inflammation and T2D (11). Moreover, lifestyle is a modifiable risk factor and a pivotal point in our efforts to combat T2D (6, 12, 13). Leukocytes are a recognized indicator of subclinical low-grade inflammation. There is growing evidence that subclinical low-grade inflammation plays an important role in the pathogenesis of T2D (14, 15). It has been proposed that many inflammatory markers change with the progression of T2D, such as white blood cell counts, neutrophils, lymphocytes, monocytes, and C-reactive protein. Healthcare providers can determine the progression of each clinical stage of diabetes and complications based on the changes in these inflammatory markers (16, 17). Notably, evidence suggests that a high peripheral blood leukocyte count level in patients with T2D is typical of their clinical inflammation (18, 19). Leukocyte count can also predict the incidence of T2D. Leukocyte subtypes, such as elevated neutrophils and lymphocytes in peripheral blood, increase the risk of T2D in people (20, 21). Meanwhile, research evidence suggests that various anti-inflammatory drugs can treat T2D (22). Metformin, the first-line medication for treating T2D worldwide, improves chronic inflammation by improving metabolic parameters and has direct anti-inflammatory effects (23). Therefore, healthcare providers may be able to use these simple and reliable inflammatory biomarkers to screen high-risk populations and monitor clinical progress and the effectiveness of interventions. However, to our knowledge, these studies used parts of behavioral patterns or dietary habits to represent a lifestyle. Therefore, it was necessary to generate a composite indicator, including body shape, behavioral habits, and dietary habits: we created a composite score based on each participant’s smoking status, alcohol consumption, physical activity, dietary habits, and body shape. At a holistic level, the lifestyle of each participant was assessed. This newly established index was controlled as a covariate. Then, the effect of lifestyle on leukocytes could be controlled more scientifically.

In conclusion, more research evidence suggests that inflammation may be involved in the pathophysiological process of diabetes and that various anti-inflammatory drugs can be used to treat T2D. Moreover, some hypoglycemic drugs have been shown to improve chronic inflammation. However, the shortcomings of existing studies, including the need for more evidence from prospective cohort studies and poor control of the effects of numerous potential confounders, leave this evidence open to further validation. In this study, we selected a representative sample from the cohort of Chinese governmental employees. The relationship between peripheral blood leukocytes and its subtypes levels and T2D was explored, adjusting for classical diabetes risk factors: age, sex, dietary habits, lifestyle behavioral habits, body shape, and fasting triglyceride levels.




2 Methods



2.1 Study population

This study was based on a cohort study of chronic diseases in Chinese government employees conducted in four major cities in Hunan Province, China (Changsha, Zhuzhou, Xiangtan, and Huaihua). An earlier study provided a detailed description of the cohort study design (24). Briefly, a representative sample from January 2018 to April 2020 was obtained through multi-stage sampling, and incidence data were updated to April 30, 2021. First, four cities in Hunan Province were selected based on their economic development level and geographical location. Second, A random selection of governmental employee units from those that volunteered to participate in our study. Third, a whole-group sampling method was used to include all staff members of these sampled units in our study. After fully informed consent, participants filled out an electronic self-report questionnaire using electronic devices such as cell phones. Exclusion criteria: 1) Participants aged >60 years old or <18 years old at baseline, 2) Participants with missing information on lifestyle factors and other covariate questionnaires at baseline, participants who did not complete the physical examination items involved in the study, 3) Participants with cancer at baseline.

Accordingly, the current study included 10,746 baseline participants, with 5,271 non-eligible individuals excluded. In total, 5,475 participants were eligible for follow-up analysis (Figure 1). The Ethics Committee approved the study of Xiangya School of Public Health, Central South University, and informed consent was obtained from all participants.




Figure 1 | Study design flow diagram.






2.2 Assessment of covariates

We constructed a lifestyle score to assess lifestyle factors’ impact (25). Lifestyle factors in this study consisted of three components: behavioral habits, dietary habits, and body shape; of which behavioral habits and dietary habits were obtained through a structured questionnaire and included smoking, alcohol consumption, physical activity, and diet. Non-smoking was identified as a low-risk lifestyle, defined in the questionnaire as smoking less than 100 cigarettes in a lifetime. Not drinking alcohol was identified as a low-risk lifestyle, defined in the questionnaire as consuming alcohol no more than once per week. Physical activity was defined as exercising more than once a week for a low-risk lifestyle. The dietary habits score was calculated based on weekly intake of vegetables, fruits, red meat, soybean products, and fish: a low-risk lifestyle was defined as eating vegetables and fruits daily; red meat one to six days per week; soybean products four or more days per week; and fish one or more days per week. Each of the above five items scored 1 point, and a score of 4 to 5 was defined as a low-risk lifestyle. The body shape was assessed based on Body Mass Index (BMI) and waist circumference. In this study, participants whose BMI matched the Chinese standard for “normal” and “overweight” (18.5-27.9 kg/m²) and whose waist circumferences also met the normal range of the Chinese standard (<90 cm for men and <85 cm for women) were considered low risk and scored 1 point (26). Then, we added scores for these five areas together. The total score ranges from 0 to 5, and scores positively correlated with lifestyle health.

The questionnaire obtained covariates and included age, sex, and family history of diabetes. Height, weight, waist circumference, and triglycerides were measured at the baseline examination, and BMI was calculated: weight/height² (kg/m²).




2.3 Outcome ascertainment

At baseline and follow-up, routine blood tests, fasting glucose, fasting plasma total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides were measured, relying on the health management centers of each third-class hospital at our cohort sites. Information on the history of T2D and hypoglycemic drugs was collected in a structured questionnaire. According to the Chinese guidelines for preventing and treating type 2 diabetes (2020) (27), participants were defined as having T2D if they met one of the following criteria: 1) those with fasting glucose≥7.0 mmol/L, 2) patients diagnosed with T2D by a hospital, and 3)those taking hypoglycemic drugs.




2.4 Statistical analysis

According to the Chinese guidelines for preventing and treating type 2 diabetes (2020), the population was divided into two groups at baseline, whether or not they had the disease (n=5,475). To describe the baseline characteristics of the two groups, we used the Wilcoxon rank sum test and the Kruskal-Wallis H test for continuous variables that did not conform to a normal distribution. We used the Pearson chi-square test, or Fisher’s exact test for categorical variables to test for group differences. We adjusted age, sex, family history of diabetes, lifestyle score, and triglyceride levels. We used binary logistic regression to estimate odd ratio (OR) and 95% confidence intervals (CI) between peripheral blood leukocyte and subtypes levels and T2D at baseline cross-sectional. Cox proportional hazard models were used to estimate the risk of incidence of T2D using hazard ratio (HR) and its 95%CI.

We used four logistic regression models and four Cox regression models. Model 1 considered the effects of age and sex on the development of T2D. Model 2 was further adjusted for the effect of body shape based on model 1, a joint assessment of BMI and waist circumference. In Model 3, the body shape variable from the prior model (Model 2) was removed and substituted with a lifestyle score that took into account the five factors of smoking status, alcohol consumption, physical activity, dietary habits, and body shape. Model 3 was also expanded to include the family history of diabetes. Accordingly, model 4 was adjusted by including triglycerides as a continuous variable. Using univariate logistic regression and univariate Cox regression, we investigated the association of different leukocyte subtypes with T2D and selected the leukocyte subtypes with significant results (P values < 0.05). Then we constructed ROC curves by R-packet pROC and time-dependent ROC curves by R-packet timeROC (28). All analyses were performed using SPSS 26.0 and R Version 4.1.3. A two-sided P value < 0.05 was considered to be of statistical significance.





3 Results



3.1 Population characteristics

Table 1 shows the baseline characteristics of participants who underwent cross-sectional analysis. A total of 5,475 participants were included, with a median age of 33.0 years and 28.5% men. Among them, 113(2.06%) were of T2D, and 5,362(97.94%) had no T2D. Individuals with T2D were more likely to be male, older, less educated, divorced, or widowed than those without T2D. In this study, individuals with T2D were more likely to be male and older. These individuals were also more likely to have a history of smoking (current smoker or former smoker), a history of alcohol consumption, to be obese (central obesity, BMI ≥ 28.0 kg/m2; either or both), and a family history of diabetes mellitus. Moreover, the leukocyte count and leukocyte subtypes levels in the peripheral blood of these individuals were higher than in the non-diseased population (all P ≤ 0.05). Participants excluded from the current study due to missing information are shown in Supplementary Table 1.


Table 1 | Baseline characteristics of participants according to type 2 diabetes.






3.2 Association between peripheral blood leukocyte levels and T2D in a cross-sectional study

We grouped the 5,475 participants at baseline in quintiles for leukocyte count, lymphocyte count, monocyte count, neutrophil count, eosinophil count, and basophil count. The outcome was whether the T2D was present at baseline. We calculated the OR by binary logistic regression. Table 2 shows that in model 1, after adjusting for sex and age, the risk of prevalence T2D was 2.78 times higher (95% CI: 1.44-5.35) in those with leukocyte count with the highest quintile (Q5) than those with the lowest quintile (Q1). The risk of T2D was 2.42 times higher in people with a lymphocyte count of Q5 than in people with Q1 (95% CI: 1.29-4.55). The OR for T2D was 2.43 (95% CI: 1.30-4.53) for those with a neutrophil count of Q5 compared to those with Q1.


Table 2 | ORs and 95% CIs for diabetes according to leukocyte and its subsets quartiles at baseline.



Model 2 further adjusted for body shape: people with a leukocyte count of Q5 had 2.00 times (95% CI: 1.02-3.93) the risk of developing T2D than those with a leukocyte count of Q1. People with a lymphocyte count of Q5 had a 2.08 times higher risk of developing T2D than those with a lymphocyte count of Q1 (95% CI: 1.10-3.96).

Model 3 adjusted for a lifestyle score and added a family history of diabetes. The results showed that people with a leukocyte count at Q5 had a 2.43 times higher risk of developing T2D than those with a leukocyte at Q1 (95% CI: 1.24-4.75). The OR for T2D was 2.10 (95% CI: 1.11-3.97) for those with a lymphocyte count of Q5 compared to those with Q1. The OR for T2D was 2.16 (95% CI: 1.14-4.08) for those with a neutrophil count of Q5 compared to those with Q1.

Model 4 was adjusted by adding triglycerides as a continuous type variable to the model. The results showed that the OR for T2D was 2.01 (95% CI: 1.02-3.98) for those with Q5 compared to those with Q1 leukocyte count. Furthermore, the leukocyte count and neutrophils had a total P value < 0.05 in all four models.

We included the leukocyte count, lymphocyte count, monocyte count, neutrophil count, and basophil count of these 5,475 participants as quantitative variables in a logistic regression model. A univariate logistic regression analysis of the relationship between subtypes of leukocytes and T2D was then performed. The results showed that the results for leukocyte count, lymphocyte count, neutrophil count, and basophil count were significant (P-value < 0.05) (Table 3). Using ROC curves, we estimated the predictive diagnosis of T2D based on baseline leukocyte count, lymphocyte count, monocyte count, neutrophil count, and basophil count. We calculated the best thresholds for these four indicators (Figure 2). The corresponding AUCs are shown in Figure 3: the above four indicators have some predictive value for T2D with AUCs > 0.5, [AUC: (leukocyte count 0.63 > neutrophil count 0.62 > basophil count 0.59 > lymphocyte count 0.57)].


Table 3 | Univariate regression analysis.






Figure 2 | ROC curves and best thresholds for leukocyte, lymphocyte, neutrophil, and basophil.






Figure 3 | AUCs and confidence intervals of leukocyte, lymphocyte, neutrophil, and basophil.






3.3 Associations of different peripheral blood leukocytes exposure levels with incidence of T2D

Excluding the 113 individuals with the disease at baseline, the remaining 5,362 individuals were subjected to longitudinal analysis. Table 4 shows the baseline characteristics of participants who underwent longitudinal analysis with a median age of 32.9 years and 27.6% males. In this study, those in Q5 were likelier to be male and had a lower lifestyle score than those in Q1 of leukocyte count.


Table 4 | Baseline characteristics of people without type 2 diabetes at baseline across leukocyte quintiles.



The average follow-up time was 12 months, and 5,013 people were followed up, with a missing rate of 6.51% (349/5362). Of these, the incidence proportion of T2D was 0.58% (29/5013), and information on follow-up outcomes was missing for 355 individuals. Baseline information for these 5,013 individuals is described in detail in Supplementary Table 2. The results suggested that those with a new onset were likelier to have high levels of peripheral blood leukocyte and its subtypes at baseline.

We further grouped these 5,013 participants in quintiles of leukocyte and its subtypes at baseline, calculated the follow-up time for each individual, and used the presence or absence of T2D at follow-up as an outcome indicator. Using the Cox proportional hazard model, the hazard ratio (HR) of developing T2D was calculated for those who did not have T2D at baseline. The models were adjusted for variables consistent with the logistic regression described above.

The results showed that in model 1, people with a leukocyte count of Q5 had up to 10 times more risk of disease compared to those with a leukocyte count of Q1 (HR: 10.09, 95% CI: 1.30-78.23). The HR for T2D was 5.73 (95% CI: 1.19-27.72) in people with a neutrophil count of Q5 compared to those with a neutrophil count of Q1.

In model 3, people with a leukocyte count of Q5 had a risk of the disease up to 8.32 times higher (HR: 8.32, 95% CI: 1.05-65.73) compared to people with a leukocyte count of Q1. People with a neutrophil count of Q5 had up to 4 times more risk of disease than those with a neutrophil count of Q1 (HR: 4.95, 95% CI: 1.00-24.45).

In model 4, those with a leukocyte count of Q5 had a more than 8-fold increased risk of disease compared to those with a leukocyte count of Q1 (HR: 8.43, 95% CI: 1.06-66.92). Those with a neutrophil count of Q5 had a more than 5-fold increased risk of disease compared to those with a neutrophil count of Q1 (HR: 5.05, 95% CI: 1.01-25.29) (Table 5).


Table 5 | HR for developing diabetes in nondiabetes patients across leukocyte and its subsets quintiles.



We included the leukocyte count, lymphocyte count, monocyte count, neutrophil count, and basophil count of these 5013 participants as quantitative variables in the Cox regression model. Using univariate Cox regression, we investigated the association between different leukocyte subtypes and T2D. We selected the leukocyte subtypes with significant results (P values < 0.05): leukocyte count, neutrophil count, monocyte count, and basophil count (Table 3). Time-dependent ROC curves were plotted according to different follow-up times to estimate the predictive diagnosis of T2D by the four indicators mentioned above. The analysis revealed that the follow-up time of these 4658 (5013-355) participants ranged from 4 months to 36 months, with a mean follow-up time of 12 months, with new cases occurring in the follow-up population from 10 months to 36 months. The corresponding AUCs are shown in Table 6: the above four indicators had some predictive value for T2D, except for 10 and 36 months, where the time points of AUCs were >0.5. Notably, in predicting the occurrence of T2D at follow-up, the AUC for eosinophil count was the same as the leukocyte count at month 23 (AUC=0.60); the AUC for eosinophil count was higher than the AUC for the other four metrics at all other time points. The specific time-dependent ROC curves are shown in the Supplementary File (Supplementary Figure 1).


Table 6 | Best threshold, areas under the time-dependent receiver operating characteristic curves for leukocyte, neutrophil, monocyte, and eosinophil predicting future diabetes risk.



Based on the time-dependent ROC curves, we also calculated the best thresholds for the above four indicators (Figure 4). We found that the best thresholds for leukocyte count and neutrophil count fluctuated widely (range of best thresholds for leukocyte count: 5.21-7.53 and neutrophil count: 2.54-4.65). In contrast, the best thresholds for monocyte count and eosinophil count were more stable (range of best thresholds for monocyte count: 0.57-0.67 and eosinophil count: 0.59-0.73). The 355 participants excluded as censored items from the Cox proportion hazard model due to missing information on follow-up outcomes are shown in the Supplementary File (Supplementary Table 3).




Figure 4 | Best thresholds for timeROC of leukocyte, neutrophil, eosinophil, and basophil.







4 Discussion

In this longitudinal study, the prevalence of T2D was 2.06% at baseline, and the cumulative incidence density of T2D was 4.0/1000 person-years after a mean follow-up of 12 months. Cross-sectional results showed that sex, age, unhealthy lifestyle, and body shape were associated with T2D and that all patients had higher levels of leukocytes in peripheral blood than those in the non-diabetic population. After adjusting for the effects of these covariates, individuals with a leukocyte count in the highest quintile (Q5) had more than twice the risk of incidence of T2D than those with a leukocyte count in the lowest quintile (Q1). The results of the follow-up study corroborated that people in the highest quintile of leukocyte count and neutrophil count had more than five times the risk of incident T2D than others. Notably, the higher the quintile of leukocyte count, the more likely these people were to have smoking, alcohol consumption, lack of physical activity, and obesity. Overall, the higher the level of the leukocyte count quintile, the more likely these individuals were to have a lower lifestyle score (11). In summary, an increase in leukocytes and subsets was associated with an increased risk of incident T2D, which is generally consistent with previous studies (18, 19).

Peripheral blood is the blood in the body other than the bone marrow. Peripheral blood is mainly composed of 3 types of cells, namely leukocytes, red blood cells, and platelets, referred to as peripheral blood cells. The five peripheral blood leukocytes are neutrophils, basophils, eosinophils, monocytes, and lymphocytes. Neutrophils are the most numerous white blood cells with chemotactic and phagocytic functions. Basophils can initiate an inflammatory response, which has the same function as the secretions of mast cells. Eosinophils are lysosomes with many eosinophilic granules in their cytoplasm. Monocytes are the largest leukocytes in volume and can further differentiate into cells with phagocytic functions. Lymphocytes can be divided into thymus-dependent lymphocytes, bone marrow-dependent lymphocytes, and natural killer cells (29).

Available research evidence suggests that T2D is a chronic disease characterized by hyperglycemia, pancreatic β-cell dysfunction, and insulin resistance that is associated with cellular stress responses, including endoplasmic reticulum stress, lipotoxicity, and glucotoxicity (30). Instead, all these cellular stress responses induce a chronic low-grade inflammatory state and an innate immune response (31). Animal evidence suggests that neutrophils secrete a serine protease that causes insulin resistance. Deleting this protease reduces adipose tissue inflammation and improves glucose tolerance and insulin sensitivity (32). The research found that lymphocytes play an important role in inflammation associated with obesity. Two lymphocyte populations, B cells and T cells, are the source of inflammation associated with obesity and/or T2D (33, 34). Pro-inflammatory lymphocytes can mediate macrophage polarization in obese patients with adipose tissue (35). One reason for this is due to increased expression of chemokine CXCR3 on T cells, which causes an increase in adipose tissue lymphocytes due to the recruitment of T cells in adipose tissue (36). The results of the cellular experiments suggest that T2D may also be associated with an autoimmune component: fat individuals have a small diversity of T-cell receptor pools (TCRs), and the limited TCRs are in turn combined with increased autoimmune antibodies in B cells of insulin-resistant subjects (37).

The results of our study largely support these points. According to our cross-sectional study, the results of univariate logistic regression of both neutrophils and lymphocytes with T2D were significant (P-value < 0.05). After further adjustment for other covariates, the relationship between lymphocytes and T2D was significant in logistic regression model 1, model 2, and model 3. People with a lymphocyte count of Q5 have more than twice the risk of developing T2D than those with Q1. The relationship between neutrophils and T2D has significance in model 1 and model 3. People with a neutrophil count of Q5 have more than twice the risk of developing T2D as people with Q1. The ROC curve results also indicate that neutrophils and lymphocytes have some predictive values for T2D. The results of the longitudinal analysis showed that the results of the univariate Cox regression of the relationship between neutrophils and T2D were significant (P-value < 0.05). After adjusting for other covariates, the relationship between neutrophils and T2D was significant in model 3 and model 4. People with a neutrophil count of Q5 had more than four times the HR for T2D compared to those with Q1. The results of the time-dependent ROC curve also showed its predictive value for T2D. However, we have not yet found positive results for lymphocytes and the risk of developing T2D in a longitudinal analysis. It may be related to the fact that there is currently only one follow-up data from this study. Therefore, we will increase the follow-up time in future studies and further investigate the association between leukocyte subtypes and the risk of developing T2D.

Regarding the mechanisms of leukocyte changes in T2D patients, previous studies have suggested that this may be due to cellular stress. This cellular molecular process has been described in detail in reference 10 (10). Oxidative stress and lipotoxicity are linked to T2D, which can further lead to insulin resistance, islet dysfunction, and inflammatory reactions (3). Previous research has shown that T2D, an inflammatory disease, is characterized by inflammation in the form of a more significant number of leukocytes in the peripheral blood of patients with T2D compared to patients with type 1 diabetes and healthy individuals (18). It has also been proposed that the mechanism of leukocyte changes in the body of T2D patients may be related to obesity. Obesity may raise the risk of other chronic diseases incidence (38–41). Triglycerides are the main component of lipids and are stored in adipose tissue (42). Adipose tissue has a variety of functions (8, 43, 44), and obesity causes adipocyte hypertrophy, thereby increasing insulin resistance and promoting inflammation (42, 45, 46). This claim was corroborated in another prospective cohort study (47): Leukocyte counts can predict the risk of developing T2D in obese people. Similarly, our findings support the differential nature of leukocyte counts in T2D patients versus those without the disease. Furthermore, our study considered the effect of dietary habits on T2D and controlled for it as a covariate. Instead of including BMI and waist circumference as two separate variables in the model, we combined them into a new variable, “body shape,” and considered them together.

T2D may spread to other body systems as a chronic disease if effective preventive and intervention measures are not. It causes complications, including cardiovascular disease (48, 49), diabetic nephropathy (50–52), and diabetic retinopathy (53). It creates a serious disease burden that can affect the patient’s quality of life and life expectancy. A cross-sectional study showed that The prevalence of metabolic syndrome in the Korean population was positively correlated with peripheral blood levels of leukocyte count, eosinophils, monocyte count, and basophils (54). However, in our cross-sectional study, only differences in leukocyte count and subsets levels were found between the two groups of people with and without T2D. A positive correlation between T2D and the three subsets mentioned above could not yet be indicated. Another cross-sectional study in Chinese adults showed that eosinophil levels in peripheral blood were negatively associated with the risk of T2D (55). The following are some potential causes for this occurrence: 1) Changes in inflammatory factor levels in the organism during the one-year follow-up may not only be related to changes in T2D but also influenced by colds or other diseases. 2) Participants in this study came from Hunan Province in China. While the sample size was massive, the study’s results may not be generalizable to other regions of China.

Current studies on the relationship between the risk of T2D and environmental-lifestyle factors suggest that energy intake and metabolic imbalance are the leading causes of the increased incidence of T2D (4, 56). These are generally consistent with our findings: People with T2D and those with the incidence of the disease are more likely to have high peripheral blood leukocyte levels and low lifestyle scores. Another research proposed that the relationship between alcohol and the incidence of T2D was primarily related to alcohol intake: moderate intake was negatively associated with incidence, and the association between heavy alcohol intake and incidence was unclear (57). Furthermore, in the results of this study, it was found that among those with normal blood glucose at baseline, those with total peripheral blood leukocyte counts in the highest quintile were more likely to have a history of smoking and alcohol consumption. The primary strategy for reducing the risk of T2D remains weight reduction, i.e., eating and moving in balance, as suggested by the pilot study on lifestyle changes to prevent diabetes (56). That can effectively reduce the incidence of diabetes. Our findings are generally consistent with this view.

The strength of this study is the large sample size obtained from an established representative cohort of Chinese public employees. In addition, we assessed the association between peripheral blood leukocyte levels and T2D by controlling for general demographic characteristics, lifestyles, and other covariates. However, there are still some potential limitations of the present study. Firstly, the information on lifestyle was mainly self-reported, which allowed us to assess only over a certain period, so information bias was inevitable. Secondly, participants in this study came from Hunan Province in China. While the sample size was massive, the study’s results may not be generalizable to other regions of China. Future multi-province or multi-country studies are needed to validate our findings further. Thirdly, plasma leukocyte levels may be affected by other health conditions (such as colds or other diseases that have not been measured or considered). Finally, this study resulted in fewer positive outcomes, possibly related to only one follow-up examination and the unfavorable long-term course of T2D. In subsequent studies, our group will continue researching the association between leukocyte subtypes and T2D.




5 Conclusion

In the present study, elevated peripheral blood leukocyte counts and neutrophil levels were risk factors for developing T2D. In people with normal blood glucose at baseline, those with lower lifestyle scores were likelier to have a high peripheral blood leukocyte count. In addition to monitoring fasting blood glucose levels, the total number of leukocytes and their subgroup cell levels in the body should be monitored when working on T2D secondary and tertiary prevention.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving human participants were reviewed and approved by The Ethics Committee of Xiangya School of Public Health, Central South University, China (No. XYGW-2016-10). The patients/participants provided their written informed consent to participate in this study.





Author contributions

LL came up with the idea for the paper. RL, LL, and SX were responsible for the study design. RL was responsible for the data analyses and interpretation, manuscript writing, and revision. RL, BL, and LL were responsible for the data acquisition. RL and LL were responsible for the manuscript revision. DL was responsible for work arrangements at the cohort study sites. SX was responsible for the study conceptualization, data acquisition and interpretation, and manuscript revision. All of the authors contributed to the article and approved the submitted version.





Funding

This work was supported by the Ministry of Science and Technology of China (Grant No. 2016YFC0900802).




Acknowledgments

This is a short text to acknowledge the contributions of specific colleagues, institutions, or agencies that aided the efforts of the authors.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1094022/full#supplementary-material




References

1. Saeedi, P, Petersohn, I, Salpea, P, Malanda, B, Karuranga, S, Unwin, N, et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the international diabetes federation diabetes atlas, 9(th) edition. Diabetes Res Clin Pract (2019) 157:107843. doi: 10.1016/j.diabres.2019.107843

2. Seuring, T, Archangelidi, O, and Suhrcke, M. The economic costs of type 2 diabetes: A global systematic review. Pharmacoeconomics (2015) 33:811–31. doi: 10.1007/s40273-015-0268-9

3. Stumvoll, M, Goldstein, BJ, and van Haeften, TW. Type 2 diabetes: principles of pathogenesis and therapy. Lancet (2005) 365:1333–46. doi: 10.1016/S0140-6736(05)61032-X

4. Chatterjee, S, Khunti, K, and Davies, MJ. Type 2 diabetes. Lancet (2017) 389:2239–51. doi: 10.1016/S0140-6736(17)30058-2

5. Wu, H, Patterson, CC, Zhang, X, Ghani, RBA, Magliano, DJ, Boyko, EJ, et al. Worldwide estimates of incidence of type 2 diabetes in children and adolescents in 2021. Diabetes Res Clin Pract (2022) 185:109785. doi: 10.1016/j.diabres.2022.109785

6. Ley, SH, Ardisson Korat, AV, Sun, Q, Tobias, DK, Zhang, C, Qi, L, et al. Contribution of the nurses' health studies to uncovering risk factors for type 2 diabetes: Diet, lifestyle, biomarkers, and genetics. Am J Public Health (2016) 106:1624–30. doi: 10.2105/AJPH.2016.303314

7. Zhou, Y, Ning, Z, Lee, Y, Hambly, BD, and McLachlan, CS. Shortened leukocyte telomere length in type 2 diabetes mellitus: genetic polymorphisms in mitochondrial uncoupling proteins and telomeric pathways. Clin Transl Med (2016) 5:8. doi: 10.1186/s40169-016-0089-2

8. Zorena, K, Jachimowicz-Duda, O, Ślęzak, D, Robakowska, M, and Mrugacz, M. Adipokines and obesity. potential link to metabolic disorders and chronic complications. Int J Mol Sci (2020) 21(10). doi: 10.3390/ijms21103570

9. Halim, M, and Halim, A. The effects of inflammation, aging and oxidative stress on the pathogenesis of diabetes mellitus (type 2 diabetes). Diabetes Metab Syndr (2019) 13:1165–72. doi: 10.1016/j.dsx.2019.01.040

10. Pezhman, L, Tahrani, A, and Chimen, M. Dysregulation of leukocyte trafficking in type 2 diabetes: Mechanisms and potential therapeutic avenues. Front Cell Dev Biol (2021) 9:624184. doi: 10.3389/fcell.2021.624184

11. Furman, D, Campisi, J, Verdin, E, Carrera-Bastos, P, Targ, S, Franceschi, C, et al. Chronic inflammation in the etiology of disease across the life span. Nat Med (2019) 25:1822–32. doi: 10.1038/s41591-019-0675-0

12. O'Connor, MF, and Irwin, MR. Links between behavioral factors and inflammation. Clin Pharmacol Ther (2010) 87:479–82. doi: 10.1038/clpt.2009.255

13. Kolb, H, and Mandrup-Poulsen, T. The global diabetes epidemic as a consequence of lifestyle-induced low-grade inflammation. Diabetologia (2010) 53:10–20. doi: 10.1007/s00125-009-1573-7

14. Shoelson, SE, Lee, J, and Goldfine, AB. Inflammation and insulin resistance. J Clin Invest (2006) 116:1793–801. doi: 10.1172/JCI29069

15. Calle, MC, and Fernandez, ML. Inflammation and type 2 diabetes. Diabetes Metab (2012) 38:183–91. doi: 10.1016/j.diabet.2011.11.006

16. Grossmann, V, Schmitt, VH, Zeller, T, Panova-Noeva, M, Schulz, A, Laubert-Reh, D, et al. Profile of the immune and inflammatory response in individuals with prediabetes and type 2 diabetes. Diabetes Care (2015) 38:1356–64. doi: 10.2337/dc14-3008

17. Taniguchi, A, Fukushima, M, Seino, Y, Sakai, M, Yoshii, S, Nagasaka, S, et al. Platelet count is independently associated with insulin resistance in non-obese Japanese type 2 diabetic patients. Metabolism (2003) 52:1246–9. doi: 10.1016/S0026-0495(03)00099-4

18. Menart-Houtermans, B, Rütter, R, Nowotny, B, Rosenbauer, J, Koliaki, C, Kahl, S, et al. Leukocyte profiles differ between type 1 and type 2 diabetes and are associated with metabolic phenotypes: results from the German diabetes study (GDS). Diabetes Care (2014) 37:2326–33. doi: 10.2337/dc14-0316

19. Gkrania-Klotsas, E, Ye, Z, Cooper, AJ, Sharp, SJ, Luben, R, Biggs, ML, et al. Differential white blood cell count and type 2 diabetes: systematic review and meta-analysis of cross-sectional and prospective studies. PloS One (2010) 5:e13405. doi: 10.1371/journal.pone.0013405

20. Twig, G, Afek, A, Shamiss, A, Derazne, E, Tzur, D, Gordon, B, et al. White blood cells count and incidence of type 2 diabetes in young men. Diabetes Care (2013) 36:276–82. doi: 10.2337/dc11-2298

21. Zhang, H, Yang, Z, Zhang, W, Niu, Y, Li, X, Qin, L, et al. White blood cell subtypes and risk of type 2 diabetes. J Diabetes Complications (2017) 31:31–7. doi: 10.1016/j.jdiacomp.2016.10.029

22. Donath, MY. Multiple benefits of targeting inflammation in the treatment of type 2 diabetes. Diabetologia (2016) 59:679–82. doi: 10.1007/s00125-016-3873-z

23. Bharath, LP, and Nikolajczyk, BS. The intersection of metformin and inflammation. Am J Physiol Cell Physiol (2021) 320:C873–c879. doi: 10.1152/ajpcell.00604.2020

24. Li, L, He, J, Ouyang, F, Qiu, D, Li, Y, Luo, D, et al. Sociodemographic disparity in health-related behaviours and dietary habits among public workers in China: a cross-sectional study. BMJ Open (2021) 11:e047462. doi: 10.1136/bmjopen-2020-047462

25. Sun, Q, Yu, D, Fan, J, Yu, C, Guo, Y, Pei, P, et al. Healthy lifestyle and life expectancy at age 30 years in the Chinese population: an observational study. Lancet Public Health (2022) 7(12):e994–e1004. doi: 10.1016/S2468-2667(22)00110-4

26. Youfa, W. Expert consensus on the prevention and treatment of obesity in the Chinese population. Chin J Prev Med (2022) 1–19. doi: 10.16506/j.1009-6639.2022.05.001

27. Society, C. D. Chinese Guidelines for preventing and treating type 2 diabetes (Book One). Chinese Journal of Practical Internal Medicine (2021) 41:668–95. doi: 10.19538/j.nk2021080106

28. Sheng, G, Qiu, J, Kuang, M, Peng, N, Xie, G, Chen, Y, et al. Assessing temporal differences of baseline body mass index, waist circumference, and waist-height ratio in predicting future diabetes. Front Endocrinol (Lausanne) (2022) 13:1020253. doi: 10.3389/fendo.2022.1020253

29. Carrick, JB, and Begg, AP. Peripheral blood leukocytes. Vet Clin North Am Equine Pract (2008) 24:239–59. doi: 10.1016/j.cveq.2008.05.003

30. Morino, K, Petersen, KF, and Shulman, GI. Molecular mechanisms of insulin resistance in humans and their potential links with mitochondrial dysfunction. Diabetes (2006) 55(Suppl 2):S9–s15. doi: 10.2337/db06-S002

31. Donath, MY, and Shoelson, SE. Type 2 diabetes as an inflammatory disease. Nat Rev Immunol (2011) 11:98–107. doi: 10.1038/nri2925

32. Talukdar, S, Oh, DY, Bandyopadhyay, G, Li, D, Xu, J, McNelis, J, et al. Neutrophils mediate insulin resistance in mice fed a high-fat diet through secreted elastase. Nat Med (2012) 18:1407–12. doi: 10.1038/nm.2885

33. Wu, H, Ghosh, S, Perrard, XD, Feng, L, Garcia, GE, Perrard, JL, et al. T-Cell accumulation and regulated on activation, normal T cell expressed and secreted upregulation in adipose tissue in obesity. Circulation (2007) 115:1029–38. doi: 10.1161/CIRCULATIONAHA.106.638379

34. Yang, H, Youm, YH, Vandanmagsar, B, Ravussin, A, Gimble, JM, Greenway, F, et al. Obesity increases the production of proinflammatory mediators from adipose tissue T cells and compromises TCR repertoire diversity: implications for systemic inflammation and insulin resistance. J Immunol (2010) 185:1836–45. doi: 10.4049/jimmunol.1000021

35. Winer, S, Chan, Y, Paltser, G, Truong, D, Tsui, H, Bahrami, J, et al. Normalization of obesity-associated insulin resistance through immunotherapy. Nat Med (2009) 15:921–9. doi: 10.1038/nm.2001

36. Rocha, VZ, Folco, EJ, Ozdemir, C, Sheikine, Y, Christen, T, Sukhova, GK, et al. CXCR3 controls T-cell accumulation in fat inflammation. Arterioscler Thromb Vasc Biol (2014) 34:1374–81. doi: 10.1161/ATVBAHA.113.303133

37. Ip, BC, Hogan, AE, and Nikolajczyk, BS. Lymphocyte roles in metabolic dysfunction: of men and mice. Trends Endocrinol Metab (2015) 26:91–100. doi: 10.1016/j.tem.2014.12.001

38. Bray, GA, Kim, KK, and Wilding, JPH. Obesity: a chronic relapsing progressive disease process. a position statement of the world obesity federation. Obes Rev (2017) 18:715–23. doi: 10.1111/obr.12551

39. Seravalle, G, and Grassi, G. Obesity and hypertension. Pharmacol Res (2017) 122:1–7. doi: 10.1016/j.phrs.2017.05.013

40. Szepietowska, B, Polonsky, B, Sherazi, S, Biton, Y, Kutyifa, V, McNitt, S, et al. Effect of obesity on the effectiveness of cardiac resynchronization to reduce the risk of first and recurrent ventricular tachyarrhythmia events. Cardiovasc Diabetol (2016) 15:93. doi: 10.1186/s12933-016-0401-x

41. Zheng, Y, Ley, SH, and Hu, FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat Rev Endocrinol (2018) 14:88–98. doi: 10.1038/nrendo.2017.151

42. Lopez-Perez, D, Redruello-Romero, A, Garcia-Rubio, J, Arana, C, Garcia-Escudero, LA, Tamayo, F, et al. In patients with obesity, the number of adipose tissue mast cells is significantly lower in subjects with type 2 diabetes. Front Immunol (2021) 12:664576. doi: 10.3389/fimmu.2021.664576

43. Herrada, AA, Olate-Briones, A, Rojas, A, Liu, C, Escobedo, N, and Piesche, M. Adipose tissue macrophages as a therapeutic target in obesity-associated diseases. Obes Rev (2021) 22:e13200. doi: 10.1111/obr.13200

44. Shoelson, SE, Herrero, L, and Naaz, A. Obesity, inflammation, and insulin resistance. Gastroenterology (2007) 132:2169–80. doi: 10.1053/j.gastro.2007.03.059

45. Choe, SS, Huh, JY, Hwang, IJ, Kim, JI, and Kim, JB. Adipose tissue remodeling: Its role in energy metabolism and metabolic disorders. Front Endocrinol (Lausanne) (2016) 7:30. doi: 10.3389/fendo.2016.00030

46. Burhans, MS, Hagman, DK, Kuzma, JN, Schmidt, KA, and Kratz, M. Contribution of adipose tissue inflammation to the development of type 2 diabetes mellitus. Compr Physiol (2018) 9:1–58. doi: 10.1002/cphy.c170040

47. Gu, Y, Hu, K, Huang, Y, Zhang, Q, Liu, L, Meng, G, et al. White blood cells count as an indicator to identify whether obesity leads to increased risk of type 2 diabetes. Diabetes Res Clin Pract (2018) 141:140–7. doi: 10.1016/j.diabres.2018.04.041

48. Olivieri, F, Lorenzi, M, Antonicelli, R, Testa, R, Sirolla, C, Cardelli, M, et al. Leukocyte telomere shortening in elderly Type2DM patients with previous myocardial infarction. Atherosclerosis (2009) 206:588–93. doi: 10.1016/j.atherosclerosis.2009.03.034

49. Cavalot, F, Massucco, P, Perna, P, Traversa, M, Anfossi, G, and Trovati, M. White blood cell count is positively correlated with albumin excretion rate in subjects with type 2 diabetes. Diabetes Care (2002) 25:2354–5. doi: 10.2337/diacare.25.12.2354-a

50. Wheelock, KM, Saulnier, PJ, Tanamas, SK, Vijayakumar, P, Weil, EJ, Looker, HC, et al. White blood cell fractions correlate with lesions of diabetic kidney disease and predict loss of kidney function in type 2 diabetes. Nephrol Dial Transplant (2018) 33:1001–9. doi: 10.1093/ndt/gfx231

51. Rodrigues, KF, Pietrani, NT, Fernandes, AP, Bosco, AA, de Sousa, MCR, de Fátima Oliveira Silva, I, et al. Circulating microparticles levels are increased in patients with diabetic kidney disease: A case-control research. Clin Chim Acta (2018) 479:48–55. doi: 10.1016/j.cca.2017.12.048

52. Chung, FM, Tsai, JC, Chang, DM, Shin, SJ, and Lee, YJ. Peripheral total and differential leukocyte count in diabetic nephropathy: the relationship of plasma leptin to leukocytosis. Diabetes Care (2005) 28:1710–7. doi: 10.2337/diacare.28.7.1710

53. Moradi, S, Kerman, SR, Rohani, F, and Salari, F. Association between diabetes complications and leukocyte counts in Iranian patients. J Inflammation Res (2012) 5:7–11. doi: 10.2147/JIR.S26917

54. Kim, DJ, Noh, JH, Lee, BW, Choi, YH, Chung, JH, Min, YK, et al. The associations of total and differential white blood cell counts with obesity, hypertension, dyslipidemia and glucose intolerance in a Korean population. J Korean Med Sci (2008) 23:193–8. doi: 10.3346/jkms.2008.23.2.193

55. Zhu, L, Su, T, Xu, M, Xu, Y, Li, M, Wang, T, et al. Eosinophil inversely associates with type 2 diabetes and insulin resistance in Chinese adults. PloS One (2013) 8:e67613. doi: 10.1371/journal.pone.0067613

56. Kolb, H, and Martin, S. Environmental/lifestyle factors in the pathogenesis and prevention of type 2 diabetes. BMC Med (2017) 15:131. doi: 10.1186/s12916-017-0901-x

57. Neuenschwander, M, Ballon, A, Weber, KS, Norat, T, Aune, D, Schwingshackl, L, et al. Role of diet in type 2 diabetes incidence: umbrella review of meta-analyses of prospective observational studies. Bmj (2019) 366:l2368. doi: 10.1136/bmj.l2368




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Li, Li, Liu, Luo and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2023.1094022_cover.jpg
& frontiers | Frontiers in Endocrinology

Associations of levels of peripheral blood
leukocyte and subtypes with type 2
diabetes: A longitudinal study of Chinese
government employees





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Associations of levels of peripheral blood leukocyte and subtypes with type 2 diabetes: A longitudinal study of Chinese government employees

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study population

          



          		

            2.2 Assessment of covariates

          



          		

            2.3 Outcome ascertainment

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Population characteristics

          



          		

            3.2 Association between peripheral blood leukocyte levels and T2D in a cross-sectional study

          



          		

            3.3 Associations of different peripheral blood leukocytes exposure levels with incidence of T2D

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Leukocyte Neutrophil Monocyte Eosinophil

Time
(MONEE) S fest uc AUCOs%CI fest AUC AUCS%CI AUC 2 AUC | AUCS%CI
threshold threshold threshold

10 5/530 753 NA NA 4.65 NA NA 0.4 NA NA 027 NA NA
[ an7s9 7.5 059 024:0.95) 425 059 026093) 048 057 (025:088) 016 065 | (033.098)
I 12 6/1240 7.53 0.65 (0.41-0.88) 378 0.64 (0.41-0.86) 048 0.58 (0.38-0.79) 0.16 0.70 (0.52-0.89)
|

13 3/459 7.53 059 (0.43-0.76) 378 0.60 (0.46-0.75) 033 0.55 (0.37-0.72) 0.15 0.69 (0.55-0.83)
| 14 41312 7.27 057 (0.43-0.71) 2.56 0.62 (0.49-0.74) 043 0.63 (0.48-0.78) 0.11 059 (0.41-0.77)
‘ 23 229 | 6.84 0.60 (0.43-0.76) 441 0.53 (0.35-0.70) 041 0.68 (0.52-0.84) 0.14 | 0.60 (0.47-0.74)
I 25 2/41 553 065 (0.49-0.80) 351 0.64 (0.48-0.80) 036 0.60 (0.40-0.81) 0.19 0.73 (058-0.87
| 27 219 545 0.68 (0.39-0.96) 318 0.67 (0.36-097) 029 0.63 (0.32-0.94) 0.16 0.68 (0.33-1.02)

36 172 521 NA | NA 254 NA NA 029 NA NA 0.05 NA NA






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1094022-g001.jpg
147 people excluded
due to age
discrepancy or
missing information

]

A total of 10,746
participants were
recruited at baseline

v

10,599 participants
remaining

2,349 people excluded

due to missing basic €——

demographic information

A 4
8,250 participants
remaining
67 people excluded
due to cancer at [ €————
baseline
A 4
8,183 participants
remaining
98 people were excluded
due to missing
information in the L —
questionnaire related to
"lifestyle"
A 4
8,085 participants
remaining
2,611 people excluded
due to missing
: : ]
information of BMI,
WAIST, WBC, FPG, etc.
A 4

Final inclusion of
5,475 individuals for
analysis

113 people had type 2|
diabetes at baseline

5,362 individuals without
type 2 diabetes at
baseline, included in
follow-up longitudinal
analysis






OEBPS/Images/table2.jpg
Leukocyte (*10

ORs(95%Cl)

Q2 Q3 Q4
(4.91-5.70) (5.71-6.47) (6.48-7.52)

DM/nonDM 13/1084 12/1082 23/1077 24/1067 41/1052

Model 1* 1 0.77 156 1.54 278 0.001
(0.34-1.72) (0.78-3.16) (0.77-3.11) (1.44-5.35)

Model 2° 1 0.71 142 116 2.00 0.027
(0.32-1.60) (0.70-2.88) (0.56-2.37) (1.02-3.93)

Model 3¢ 1 0.76 142 141 243 0.006
(0.34-1.71) (0.70-2.90) (0.69-2.89) (1.24-4.75)

Model 4¢ 1 0.73 122 121 201 0.035
(0.32-1.64) (0.59-2.52) (0.58-2.49) (1.02-3.98)

Lymphocyte (*107/L) Q1 Q2 Q3 Q4 Q5 P

(<1.63) (1.64-1.93) (1.94-2.21) (2.22-2.60) (=2.61) value

DM/nonDM 15/1114 22/1066 21/1054 20/1074 35/1054

Model 1* 1 163 1.68 1.58 242 0.096
(0.83-3.20) (0.85-3.34) (0.79-3.15) (1.29-4.55)

Model 2° 1 1.55 1.68 131 2.08 0211
(0.78-3.08) (0.84-3.35) (0.65-2.64) (1.10-3.96)

Model 3° 1 1.47 151 141 2.10 0234
(0.74-2.90) (0.76-3.02) (0.70-2.83) (1.11-3.97)

Model 4 1 139 138 134 175 0.573
(0.70-2.78) (0.68-2.78) (0.66-2.71) (0.91-3.36)

Monocyte Q1 Q2 Q3 Q4 Q5 2

(*10°/L) (<0.25) (0.26-0.31) (0.32-0.37) (0.38-0.45) (=0.46) value

DM/nonDM 14/1123 14/1160 26/1086 24/1046 35/947

Model 1* 1 0.85 153 117 142 0.399
(0.40-1.82) (0.78-3.00) (0.58-2.35) (0.72-2.80)

Model 2° 1 0.85 138 091 098 0.576
(0.39-1.82) (0.70-2.74) (0.45-1.87) (0.49-1.98)

Model 3 1 0.84 152 1.00 123 0417
(0.39-1.80) (0.77-3.00) (0.49-2.04) (0.61-2.46)

Model 4! 1 0.89 147 0.96 129 0.490
(0.41-1.93) (0.73-2.96) (0.46-1.99) (0.64-2.61)

Neutrophil (*10%/L) Q1 Q2 Q3 Q4 Q5 P

(<2.60) (2.61-3.17) (3.18-3.72) (3.73-4.48) (=4.49) value

DM/nonDM 15/1098 13/1078 24/1079 21/1066 40/1041

Model 1* 1 0.68 139 118 243 0.001
(0.32-145) (0.71-2.71) (0.59-2.35) (1.30-4.53)

Model 2° 1 0.66 119 0.90 177 0.024
(0.30-1.41) (0.60-2.34) (0.44-1.81) (0.93-3.36)

Model 3 1 0.63 138 1.04 216 0.002
(0.29-1.36) (0.70-2.71) (0.52-2.10) (1.14-4.08)

Model 4 1 0.56 L15 0.81 1.80 0.005
(0.26-1.23) (0.56-2.29) (0.39-1.67) (0.95-3.44)

Eosinophil Q1 Q2 Q3 Q4 Q5 P

(*10°/L) (<0.06) (0.07-0.09) (0.10-0.13) (0.14-0.20) (20.21) value

DM/nonDM 17/1325 19/1004 23/1068 24/989 30/976






OEBPS/Images/fendo-14-1094022-g003.jpg
y (%)
60

100

80

40

20

100

80

o
S

Leukocyte

'AUC: 62.7% (57.5%—68.0%)

T T T
100 50 [

Specificity (%)

Neutrophil

AUC: 62.2% (57.0%-67.4%)

T T T
100 50 0

Specificity (%)

5
>

80 100

60

Sensitivity (%)

40

20

80 100

60

20

Lymphocyte

%uc: 57.4% (51.8%-62.9%)

/

T T T
100 50 0

Specificity (%)

Basophil

AUC: 58.9% (53.6%—64.3%)

T T T
100 50 0

Specificity (%)






OEBPS/Images/table4.jpg
Leukocyte(*10°

Characteristics Q2 Q3 Q4 Q5 P value
(4.90-5.69) (5.70-6.46) (6.57-7.50) (27.51)
Location, n(%) 0.003
Huaihua 340(6.3) 67 62 78 74 59
(19.7) (18.2) (22.9) (21.8) (17.4)
Changsha 2314 496 490 482 435 411
(432) (21.4) (212) (20.8) (18.8) (17.8)
Zhuzhou 1222 223 240 242 237 280
(22.8) (18.2) (19.6) (19.8) (19.4) (22.9)
Xiangtan 1486 288 286 273 322 317
27.7) (19.4) (19.2) (18.4) (217) (21.3)
Sex, n(%) <0.001
male 1482 186 260 305 342 389
(27.6) (12.6) (17.5) (20.6) (23.1) (26.2)
female 3880 888 818 770 726 678
(724) (22,9 (21.1) (19.8) (187) (17.5)
Age, median(IQR) 32.90 34.00 33.00 33.00 82005 32.00 <0.001
(11.50) (12.00) (12.02) (11.50) (11.27) (10.20)
Education level, n(%) ‘ 0.902 ‘
High school or below 200 12 39 39 33 47
37 (21.0) (19.5) (19.5) (16.5) (23.5)
college 3754 751 750 760 758 735
(70.0) (20.0) (20.0) (20.2) (20.2) (19.6)
Graduate or beyond 1408 281 289 276 277 285
(263) (20.0) (20.5) (19.6) (19.7) (202)
Marital, n(%) 0246
Spinsterhood 1249 222 252 239 277 259
(233) (17.8) (20.2) (19.1) (222) (20.7)
Married 4007 826 805 812 772 792
(74.7) (20.6) (20.1) (20.3) (19.3) (19.8)
Divorced or widowed 102 25 19 23 19 16
(1.9) (24.5) (18.6) (22.5) (18.6) (15.7)
others 4 1 2 1 0 0
(0.1) (25.0) (50.0) (25.0) (0.0) (0.0)
Family history of dia- ‘ 0619
betes mellitus, n(%)
Yes 849 157 166 169 180 177
(15.8) (18.5) (19.6) (19.9) (21.2) (20.8)
No 4513 917 912 906 888 890
(84.2) (20.3) (20.2) (20.1) (19.7) (19.7)
Smoke status, n(%) <0.001
Current smoker 540 32 68 106 134 200
(10.1) (5.9) (12.6) (19.6) (24.8) (37.0)
Former smoker 61 5 11 17 13 15
(11 (82) (18.0) (27.9) (213) (24.6)
Never smoker 4544 995 957 907 876 809
(84.7) (21.9) (2L1) (20.0) (19.3) (17.8)
Passive smoking 217 42 42 45 45 43
(4.0) (19.4) (19.4) (20.7) (207) (19.8)
Drinking status, n(%) <0.001
Current drinker 740 101 142 150 172 175
(13.8) (13.6) (19.2) (20.3) (23.2) (23.6)
Former drinker 32 2 5 9 8 8
0.6) (6.3) (15.6) (28.1) (25.0) (25.0)
Never drinker 4590 971 931 916 888 884
(85.6) (21.2) (20.3) (20.0) (19.3) (19.3)
Exercise, n(%) 0.004
Yes 2477 516 536 483 494 448
(46.2) (20.8) (21.6) (19.5) (19.9) (18.1)
No 2885 558 542 592 574 619
(53.8) (19.3) (18.8) (20.5) (19.9) (21.5)
Body shape, n(%) <0.001
No.1 shape® 4142 892 875 833 797 745
(77.2) (21.5) (21.1) (20.1) (19.2) (18.0)
No.2 shape” 405 109 100 85 64 47
(7.6) (26.9) (24.7) (21.0) (15.8) (11.6)
No.3 shape® 389 37 56 85 98 113
(7.3) 9.5) (14.4) (219 (252) (29.0)
No.4 shape? 152 23 23 33 34 39
2.8) (15.1) (15.1) (2L7) (22.4) (25.7)
No.5 shape® 274 13 24 39 75 123
(5.1) (4.7) (8.8) (14.2) (27.4) (54.5)
Diet score, n(%) 0.264
0 292 50 57 70 62 53
(5.4) (17.1) (19.5) (24.0) (21.2) (18.2)
1 1226 220 251 246 257 252
(229) (17.9) (20.5) (20.1) (21.0) (20.6)
2 1650 334 326 344 325 321
(30.8) (20.2) (19.8) (20.8) (19.7) (19.5)
3 1325 296 270 243 251 265
(247) (22.3) (20.4) (18.3) (18.9) (20.0)
4 754 159 146 143 156 150
(14.1) (21.1) (19.4) (19.0) (20.7) (19.9)
5 115 15 28 29 17 26
1) (13.0) (24.3) (25.2) (14.8) (22.6)
Lifestyle score, n(%) <0.001
0 65 0 6 16 16 27
(1.2) (0.0) 9.2) (24.6) (24.6) (41.5)
1 271 19 46 53 66 87
5.1) (7.0) (17.0) (19.6) (24.4) (32.1)
2 925 157 144 194 207 223
17.3) 17.0) (15.6) (21.0) (22.4) (24.1)
3 2226 449 465 441 431 440
(41.5) (20.2) (20.9) (19.8) (19.4) (19.8)
4 1552 377 341 308 285 241
(28.9) (24.3) (22.0) (19.8) (18.4) (15.5)
5 323 72 76 63 63 49
(6.0) (22.3) (23.5) (19.5) (19.5) (15.2)
Lymphocyte, median 2.06 1.61 1.90 2.10 231 2.63 <0.001
(IQR) (0.80) (0.44) (0.52) (0.57) (0.68) (0.90)
Monocyte, median(IQR) 033 0.25 0.30 0.34 0.38 0.46 <0.001
(0.15) (0.08) (0.10) (0.11) (0.12) (0.15)
‘ Neutrophil, median(IQR) 341 2.32 294 3.46 4.00 5.14 <0.001
(1.49) (0.62) (0.59) (0.61) (0.76) (1.36)
Eosinophil, median(IQR) 0.11 0.07 0.10 0.11 0.12 0.15 <0.001
(0.10) (0.07) (0.08) (0.11) (0.12) (0.14)
Basophil, median(IQR) 0.02 0.02 0.02 0.02 0.02 0.03 <0.001
(0.02) (0.01) (0.02) (0.02) (0.03) (0.03)
TC, median(IQR)" 448 4.46 4.39 4.49 4.51 4.55 0.002
(111) (1.10) (1.14) (1.06) (1.12) (1.11)
TG, median(IQR)® 0.96 0.79 0.87 0.97 1.06 1.23 <0.001
(0.79) 0.52) (0.53) 0.77) (0.93) (1.11)
HDL, median(IQR)" 1.46 1.58 151 145 1.40 1.33 <0.001
(0.45) (0.41) (0.42) (0.44) (0.40) (0.45)
LDL, median(IQR)" 2.59 2.57 249 2.58 2.65 2.68 <0.001
(0.95) (0.93) (0.96) (0.96) (1.00) (0.95)
Q. quintile.

“body shape 1: BMI 18.5-27.9(kg/m?), waist circumference < 90 cm of men or < 85 cm of women.
®body shape 2:BMI<18.5(kg/m?).

“body shape 3: BMI 18.5-27.9(kg/m?), waist circumference = 90 cm of men or = 85 cm of women.
9body shape 4: BMI > 28.0(kg/m?), waist circumference < 90 cm of men or < 85 cm of women.
“body shape 5: BMI 2 28.0(kg/m?), waist circumference = 90 cm of men or 2 85 cm of women.
“Total cholesterol.

®Triglycerides.

"High-density lipoprotein.

*Low-density lipoprotein.
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DM/nonDM
Subtype 113/5362

of lekocytes

95%0R 95%HR
Leukocyte 127 (1.15-1.40) <0.001 127 (1.04-1.54) 0017
Lymphocyte v 153 (1.16-2.03) 0.003 129 (0.73-2.26) 0.385
Neutrophil 129 (1.14-1.45) <0.001 131 (1.03-1.67) 0.027
Monocyte 093 (0.65-1.34) 0.698 39.80 (3.44-460.34) 0.003
Eosinophil 285 (0.69-11.82) 0.149 1141 (1.46-89.27) 0.02

Basophil 1.73E+8 (2.13E+4-1.40E+12) <0.001 20.67 (2.61E-8-1.64E+10) 0.772
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Total

Type 2 diabetes

Characteristics Population
475) 113) No(n=5362)
Location, n(%) <0.001
Huaihua 361(6.6) 21(5.8) 340(94.2)
Changsha 2358(43.1) 44(1.9) 2314(98.1)
Zhuzhou 1243(22.7) 21(1.7) 1222(98.3)
Xiangtan 1513(27.6) 27(1.8) 1486(98.2)
Sex, n(%) » <0.001
male 1560(28.5) V 78(5.0) 1482(95.0)
female 3915(71.5) 35(0.9) 3880(99.1)
Age, median(IQR) 33.00(11.80) 48.10(11.65) 32.90(11.50) <0.001
Education level, n(%) <0.001
High school or below 221(4.0) 21(9.5) 200(90.5)
college 3825(69.9) 71(1.9) 3754(98.1)
Graduate or beyond 1429(26.1) 21(1.5) 1408(98.5)
Marital, n(%) <0.001
Spinsterhood 1256(22.9) 7(0.6) 1249(99.4)
Married 4101(74.9) 94(2.3) 4007(97.7)
Divorced or widowed 114(2.1) 12(10.5) 102(89.5)
others 4(0.1) 0(0.0) 4(100.0)
Family history of diabetes mellitus, n(%) <0.001
Yes 882(16.1) 33(3.7) 849(96.3)
No 4593(83.9) 80(1.7) 4513(98.3)
Smoke status, n(%) <0.001
Current smoker 573(10.5) 33(5.8) 540(94.2)
Former smoker 65(1.2) 4(6.2) 61(93.8)
Never smoker 4615(84.3) 71(1.5) 4544(98.5)
Passive smoking 222(4.1) 5(23) 217(97.7)
Drinking status, n(%) <0.001
Current drinker 779(14.2) 39(5.0) 740(95.0)
Former drinker 35(0.6) 3(8.6) 32(91.4)
Never drinker 4661(85.1) 71(1.5) 4590(98.5)
Exercise, n(%) 0.006
Yes 2544(46.5) 67(2.6) 2477(97.4)
No 2931(53.5) 46(1.6) 2885(98.4)
Body shape, n(%) <0.001
No.1 shape® 4195(76.6) 52(1.2) 4143(98.8)
No.2 shapeb 401(7.3) 0(0.0) 401(100.0)
No.3 shape® 421(7.7) | 29(6.9) | 392(93.1)
No.4 shape? 154(2.8) 2(1.3) 152(98.7)
No.5 shape® 304(5.6) 30(9.9) 274(90.1)
Diet score, n(%) 0.450
0 297(5.4) 5(1.7) 292(98.3)
1. 1254(22.9) 28(2.2) 1226(97.8)
2 1693(30.9) 43(2.5) 1650(97.5)
3 1346(24.6) 21(1.6) 1325(98.4)
4 767(14.0) 13(1.7) 754(98.3)
5 118(2.2) 3(25) 115(97.5)
Lifestyle score, n(%) <0.001
0 71(1.3) 6(8.5) 65(91.5)
1 286(5.2) 14(4.9) 272(95.1)
2 970(17.7) 43(4.4) 927(95.6)
3 2255(41.2) 27(1.2) 2228(98.8)
4 1567(28.6) 19(1.2) 1548(98.8)
5 326(6.0) 4(12) 322(98.8)
leukocyte, median(IQR) 6.10(2.08) 6.82(2.12) 6.08(2.06) <0.001
Lymphocyte, median(IQR) 2.07(0.80) 2.20(0.88) 2.06(0.80) 0.007
Monocyte, median(IQR) 0.34(0.15) 0.38(0.16) 0.33(0.15) <0.001
Neutrophil, median(IQR) 3.43(1.50) 3.91(1.67) 3.41(1.49) <0.001
Eosinophil, median(IQR) 0.11(0.11) 0.13(0.12) 0.11(0.10) 0.003
Basophil, median(IQR) 0.02(0.02) 0.03(0.03) 0.02(0.02) v 0.001
TC, median(IQR)" 4.49(1.12) 5.02(1.23) 4.48(1.11) <0.001
TG, median(IQR)® 0.97(0.82) 2.41(2.60) 0.96(0.79) <0.001
HDL, median(IQR)" 1.46(0.45) 1.12(0.34) 1.46(0.45) <0.001
LDL, median(IQR)" 2.60(0.96) 3.03(1.09) 2.59(0.95) <0.001

“body shape 1: BMI 18.5-27.9(kg/m?), waist circumference < 90 cm of men or < 85 cm of women.
®body shape 2:BMI<18.5(kg/m?).

“body shape 3: BMI 18.5-27.9(kg/m?), waist circumference = 90 cm of men or = 85 cm of women.
9body shape 4: BMI > 28.0(kg/m?), waist circumference < 90 cm of men or < 85 cm of women.
“body shape 5: BMI 2 28.0(kg/m?), waist circumference = 90 cm of men or 2 85 cm of women.
“Total cholesterol.

®Triglycerides.

"High-density lipoprotein.

‘Low-density lipoprotein.
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HR(95%Cl)

*
Leukocyte (*10 Q2 Q3 Q4 P value
(4.88-5.67) (5.68-6.44) (6.45-7.46)
DM/nonDM 1/943 8/930 3/943 41912 13/901
Model 1° 1 6.14 263 272 10.09 0026
(0.76-49.66) (0.27-25.41) (0.30-24.62) (1.30-78.23)
Model 2° 1 5.09 217 173 577 0.100
(0.63-41.25) (0.22-21.10) (0.19-15.98) (0.72-46.18)
Model 3¢ 1 5.00 222 2.37 8.32 0.047
(0.61-41.19) (0.23-21.74) (0.26-21.67) (1.05-65.73)
Model 4¢ 1 5.00 222 239 8.43 0.047
(0.61-41.19) (023-21.79) (0.26-21.87) (1.06-66.92)
Lymphocyte (¥107/L) Q1 Q2 Q3 Q4 Q5 P
(<1.62) (1.63-1.91) (1.92-2.20) (2.21-2.60) (=2.61) value
DM/nonDM 5/966 8/908 4/943 4/945 8/867
Model 1* 1 1.65 0.87 0.71 145 0.607
(0.54-5.06) (0.23-3.26) (0.18-2.72) (0.47-4.52)
Model 2° 1 1Y 0.90 0.61 118 0.837
(0.37-3.70) (024-3.35) (0.16-2.30) (0.37-3.76)
Model 3¢ 1 1.40 079 0.59 1.30 0643
(0.45-4.39) (021-2.97) (0.15-2.32) (0.41-4.10)
Model 4 1 140 0.79 0.59 1.30 0.647
(0.44-4.41) (021-2.97) (0.15-2.32) (0.41-4.14)
Monocyte Q1 Q2 Q3 Q4 Q5 P
(*10°/L) (0.25) (0.26-0.31) (0.32-0.36) (0.37-0.44) (20.45) value
DM/nonDM 2/1031 5/1033 3/814 8/946 11/805
Model 1* 1 365 250 3.76 4.19 0488
(0.64-20.72) (0.38-16.65) (0.72-19.69) (0.84-21.03)
Model 2° 1 263 178 215 2.08 0.856
(0.48-14.28) (0.28-11.34) (0.43-10.82) (0.42-10.37)
Model 3¢ 1 3.98 239 3.93 3.94 0515
(0.67-23.53) (0.35-16.38) (0.72-21.52) (0.74-20.94)
Model 4¢ 1 398 238 3.92 3.92 0.517
(0.67-23.52) (0.35-16.33) (0.72-21.46) (0.73-20.90)
Neutrophil Q1 Q Q3 Q4 Qs P
(*10°/L) (<2.59) (2.60-3.15) (3.16-3.69) (3.70-4.44) (2445) value
DM/nonDM 2/948 5/925 5/923 6/923 11/910
Model 1* 1 3.06 254 322 573 0.182
(0.54-17.23) (0.45-14.34) (0.59-17.57) (1.19-27.72)
Model 2° 1 225 153 178 3.01 0561
(0.42-12.15) (0.28-8.445) (0.33-9.54) (0.62-14.68)
Model 3° 1 296 222 3.06 4.95 0270
(0.52-16.87) (0.39-12.64) (0.55-16.97) (1.00-24.45)
Model 4¢ 1 299 226 311 5.05 0269
(0.52-17.10) (0.39-12.99) (0.55-17.45) (1.01-25.29)
Eosinophil Q1 Q2 Q3 Q4 Qs P
(*10°/L) (0.06) (0.07-0.09) (0.10-0.13) (0.14-0.19) (20.20) value
DM/nonDM 4/1184 2/885 3/921 71748 13/891
Model 1* 1 0.45 0.52 1.62 2.08 0.123
(0.08-2.49) (0.11-2.56) (0.47-5.57) (0.67-6.48)
Model 2° 1 0.31 047 117 147 0.228
(0.05-1.85) (0.10-2.20) (0.34-4.09) (0.46-4.66)
Model 3¢ 1 039 0.44 1.57 1.86 0.123
(0.07-2.20) (0.09-2.21) (0.45-5.48) (0.58-5.93)
Model 4¢ 1 0.39 0.44 1.56 1.86 0.124
(0.07-2.20) (0.09-2.21) (0.45-5.48) (0.58-5.93)
Basophil (*10°/L) Q1 Q Q3 Q Qs P
(<0.010) (0.011-0.020) (0.021-0.030) (0.031-0.040) (20.041) value
DM/nonDM 8/1574 5/1187 7/921 4/483 5/464
Model 1* 1 0.42 0.79 0.70 0.72 0.706
(0.13-1.37) (0.28-2.25) (0.20-2.43) (0.23-2.28)
Model 2° 1 0.44 0.61 0.64 0.62 0.712
(0.14-1.38) (0.21-1.82) (0.19-2.19) (0.20-1.94)
Model 3¢ 1 041 078 0.70 075 0694
(0.13-1.35) (027-2.25) (0.20-2.40) (0.24-2.39)
Model 4¢ 1 041 078 0.69 075 0696
(0.13-1.35) (027-2.25) (0.20-2.40) (0.23-2.39)
Q, quintile.

*Model 1 adjusted for age and sex.

®Model 2 adjusted for age, sex, and body shape.

Model 3 adjusted for age, sex, lifestyle score, and family history of diabetes.

“Model 4 adjusted for age, sex, lifestyle score, family history of diabetes, and triglycerides.
* multiplication sign.





