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Abstract 	239 words (max. 250)
Aims: Subclinical systemic inflammation may contribute to the development of type 2 diabetes, but its association with early progression of glycemic deterioration in persons without diabetes has not been fully investigated. Our primary aim was to assess longitudinal associations of changes in pro- (leukocytes, high-sensitivity C-reactive protein (hsCRP)) and anti-inflammatory (adiponectin) markers with changes in markers that assessed glycemia, insulin resistance and secretion (HbA1c, HOMA-IR, HOMA-ß). Furthermore, we aimed to directly compare longitudinal with cross-sectional associations. 
Materials and methods: This study includes 819 initially non-diabetic individuals with repeated measurements from the KORA S4/F4 cohort study (median follow-up: 7.1 years). Longitudinal and cross-sectional associations were simultaneously examined using linear mixed growth models. Changes in markers of inflammation were used as independent and changes in markers of glycemia/insulin resistance/insulin secretion as dependent variables. Models were adjusted for age, sex and major lifestyle and metabolic risk factors for diabetes using time-varying variables in the final model. 
Results: Changes of leukocyte count were positively associated with changes in HbA1c and HOMA-ß while changes in adiponectin were inversely associated with changes in HbA1c. All examined cross-sectional associations were statistically significant; they were generally stronger and mostly directionally consistent to the longitudinal association estimates.
Conclusions: Adverse changes in low-grade systemic inflammation go along with glycemic deterioration and increased insulin secretion independently of changes in other risk factors, suggesting that low-grade inflammation may contribute to the development of hyperglycemia and a compensatory increase in insulin secretion. 

Introduction
Elevated concentrations of markers of low-grade systemic inflammation and decreased concentrations of the anti-inflammatory adipokine, adiponectin, have consistently been associated with the development of type 2 diabetes1-3. However, whether the observed associations are causal remains to be elucidated, as Mendelian randomization studies yielded mixed results4-8. Most prospective studies on inflammatory biomarkers focused on incident type 2 diabetes, whereas only few studies addressed associations between inflammatory biomarkers and changes in markers of glycemia such as HbA1c, and insulin resistance or secretion such as homeostasis model assessment-insulin resistance (HOMA-IR) and HOMA-ß in initially non-diabetic persons9-12. Particularly studies examining the association between changes in low-grade systemic inflammation over time and concomitant changes in glycemia, insulin resistance or insulin secretion are scarce. We are aware of only one study which assessed the longitudinal association between changes in hsCRP and changes in HbA1c13, while similar studies regarding markers of insulin resistance or secretion as the outcome or addressing associations for other markers than hsCRP are lacking. These data are important to better understand the temporal sequence of metabolic changes before the onset of type 2 diabetes. Furthermore, as higher HbA1c and HOMA-IR have been shown to be predictors of microvascular and macrovascular outcomes in people with prediabetes14-17 and have even been linked to higher risk of cardiovascular disease and all-cause mortality in non-diabetic individuals18-20, it is important to identify the determinants of early adverse changes in glycemia, insulin resistance and secretion as this may open new avenues for early prevention.
Therefore, the primary aim of the present study was to investigate longitudinal associations between changes in the proinflammatory markers leukocyte count and hsCRP as well as the anti-inflammatory adipokine adiponectin with glycemic deterioration and changes in insulin resistance and secretion, measured by levels of HbA1c, HOMA-IR and HOMA-β, respectively, in participants without diabetes from a prospective, population-based cohort study. In order to directly compare longitudinal and cross-sectional effect estimates we aimed to simultaneously assess corresponding cross-sectional associations using linear mixed growth models. 
Materials and Methods
Study population and methods
The Cooperative Health Research in the Region of Augsburg (KORA) Study S4 is a prospective population-based study with baseline examination in 1999-2001 (n=4,261), including individuals aged 25 to 74 years from the city of Augsburg and the two adjacent counties located in the state of Bavaria in Southern Germany. Individuals were re-investigated in the follow-up study KORA F4 in 2006-2008 (n=3,080; response: 80% of eligible persons). The median follow-up time was 7.1 years (25th percentile: 7.0; 75th percentile: 7.1).
At baseline and at follow-up glucose tolerance status was determined by performing 75 g oral glucose tolerance tests (OGTT) in all individuals without known type 2 diabetes after an overnight fasting period of ≥8 h. Normal glucose metabolism (i.e. fasting glucose <6.1 mmol/l and 2 h glucose <7.8 mmol/l), prediabetes (fasting glucose ≥6.1 mmol/l but <7.0mmol/l, and 2 h glucose <7.8 mmol/l [isolated impaired fasting glucose (IFG)] or fasting glucose <6.1 mmol/l and 2 h glucose ≥7.8 mmol/l but <11.1 mmol/l [isolated impaired glucose tolerance (IGT)], or both [IFG and IGT]), and newly diagnosed diabetes (fasting glucose ≥7.0 mmol/l or 2 h glucose ≥11.1 mmol/l) were defined using the 1999 WHO diagnostic criteria for fasting and 2 h glucose levels 21, 22. HbA1c was measured using a turbidimetric immunological method (Tinaquant; Roche Diagnostics, Mannheim, Germany) with a Hitachi 717 analyzer in KORA S4 and with a reverse-phase cation-exchange HPLC method using the Menarini–Arkray analyzer HA-8160 (Menarini Diagnostics, Florence, Italy) in KORA F4. Fasting glucose was determined using a hexokinase method (KORA S4: Gluco-quant, Roche Diagnostics, Mannheim, Germany; KORA F4: GLU Flex, Dade Behring, Marburg, Germany). In KORA S4, fasting insulin was measured using a microparticle enzyme immunoassay (Abbott Laboratories, Ludwigshafen, Germany) and in KORA F4 using an electrochemiluminescence immunoassay (ECLIA) on a COBAS system (Roche Diagnostics, Mannheim, Germany). Using the HOMA model23, 24, insulin resistance and insulin secretion were calculated as follows: HOMA-IR = fasting glucose (mmol⁄ l) * fasting insulin (µU⁄ l) ⁄ 22.5; HOMA-β = (20 * fasting insulin (µU⁄ l)) / (fasting glucose (mmol⁄ l) - 3.5).
Inflammatory variables were measured as follows: Leukocyte count was determined using a Coulter STKS Hematology analyzer in KORA S4 and a Coulter LH750 Hematology analyzer in KORA F4, respectively (both analyzers were from Block Scientific, New York, NY, USA). Plasma concentrations of hsCRP were assessed using a high-sensitivity latex-enhanced nephelometric assay on a BN II System analyzer (Siemens, Erlangen, Germany)25 in KORA S4 and F4. Serum levels of adiponectin were assessed using the human adiponectin RIA from Linco Research (St. Charles, MO, USA)26 in KORA S4 and the Human Total Adiponectin/Acrp30 Quantikine ELISA from R&D Systems (Wiesbaden, Germany) in KORA F427.
Detailed information on the assessment of anthropometric and lifestyle variables has been published elsewhere10, 22, 28. Briefly, alcohol intake was categorized as no (0 g/day), moderate (men 0.1–39.9 g/day; women 0.1–19.9 g/day) and high (men ≥40 g/day; women ≥20 g/day) alcohol consumption. Individuals were considered to be physically active if they participated in leisure time physical activity in summer and in winter and if they were active for at least one hour per week in either season. Smoking status was categorized as never, former or current smoking, where smoking was defined as smoking at least one cigarette per day. Parental history was defined as positive (at least one parent with diabetes), negative (both parents without diabetes) or unknown diabetes status of mother and/or father. 
Study protocols have been approved by the local Ethics Committee of the Bavarian Medical Association. All investigations were performed in accordance with the Declaration of Helsinki, including obtaining written informed consent from all participants.
Exclusions
Since fasting measurements of glucose and insulin were only available for KORA S4 individuals aged 55-74 years, all individuals outside this age range were excluded (n=2,608). After further exclusions as described in Figure 1, 819 individuals without diabetes at baseline were included in the present analysis. As missing values varied by parameter, the number of participants used in the final models varied slightly. In total, n=492 participants within the age range 55-74 years were lost-to-follow-up. After applying the same exclusion criteria as for the main analysis, n=371 of these were used for an attrition analysis.
Statistical analysis
Characteristics of the study participants are presented as percentages (number) for categorical variables and as median (25th, 75th percentiles) for continuous variables. 
To model change in markers of glycemic deterioration, we used a two-level growth model, where observation times nested within individuals represent level 1 and individuals represent level 229. We applied a specific approach to discriminate between cross-sectional (between-subject) and longitudinal (within-subject) effects of the inflammatory markers29, 30. Markers of inflammation were the independent and markers of glycemia/insulin resistance/insulin secretion the dependent variables. Thus, the between-subject effect estimate refers to the cross-sectional association between an inflammatory marker and HbA1c, HOMA-IR or HOMA-β, whereas the within-subject effect estimate (longitudinal effect) represents the association between changes in inflammatory markers and changes in markers of glycemia/insulin resistance/insulin secretion over time. For the growth models, all inflammatory markers, HOMA-IR, HOMA-β, and triglycerides were loge-transformed to approximate normality. We estimated effects for a one unit change in markers of inflammation on the loge-scale which corresponds to a one percent change on the original scale. Thus, for instance, longitudinal effect estimates can be interpreted as follows: A one percent increase in markers of inflammation from baseline to follow-up is associated with a (ß/100) unit increase in HbA1c and a ß percent increase in HOMA-IR or HOMA-ß, respectively. Since follow-up time was almost identical for all subjects, we created a binary dummy variable (baseline=0, follow-up=1) to represent observation period. All regression models were adjusted for sex and age at baseline (model 1). Model 2 also included baseline information about smoking status, alcohol intake, physical inactivity and parental history of diabetes. Model 3 extended model 2 by additionally adjusting for baseline levels of waist circumference, ratio of total and HDL cholesterol, loge-transformed triglycerides and systolic blood pressure. In model 4, we included all covariates of model 3 as time-varying variables, except for parental history of diabetes, where we only used the follow-up information in this model. 
In sensitivity analyses, we replaced waist circumference in models 3 and 4 with body mass index (BMI). Furthermore, we included interaction terms between categorized baseline levels of inflammation markers (<76%/≥76% of the data (hsCRP <3.1 (reference) / ≥3.1 mg/l; adiponectin <6.2 / ≥6.2 (reference) µg/ml; leukocyte count <6.7 (reference) / ≥6.7 /nl) and longitudinal effect estimates. For hsCRP and leukocyte count, persons with low values and for adiponectin persons with high values were set as reference group. In further sensitivity analyses, we adjusted the results in model 3 for use of drugs potentially affecting inflammation and/or glucose metabolism and insulin secretion/action: i.e. regular use of steroids, regular use of acetylsalicylic acid, use of thiazide diuretics, use of beta-blockers and use of statins as well as use of antineoplastic/anti-inflammatory drugs. A two-tailed p-value of < 0.05 was considered statistically significant without correction for multiple testing as outcome markers are highly correlated. Statistical analysis was conducted with R version 3.4.1 (2017-06-30). For the two-level regression models, we used the R-package nlme31, 32.
Results 
Characteristics of the study populations 
Table 1 shows the characteristics of the study participants at baseline and follow-up. At baseline, median age was 63 years (IQR: 9), most participants were overweight or obese and 26% were prediabetic. A comparison of baseline characteristics (where available) of those with and without follow-up information is shown in Supplementary Table S1. Participants without follow-up information were somewhat older, had higher levels of markers of inflammation and tended to have a more adverse metabolic risk factor profile.
Two-level growth models
Results of the two-level growth models for the association of inflammatory markers with HbA1c, HOMA-IR and HOMA-β are depicted in Table 2. Figure 2 illustrates longitudinal and cross-sectional effect estimates from model 4, adjusted for changes in metabolic or lifestyle factors. 
Regarding longitudinal changes, we showed that increases in leukocyte count between baseline and follow-up were significantly associated with increased levels of all outcomes, i.e. HbA1c, HOMA-IR and HOMA-ß after adjustment for baseline covariates (model 3). Further adjustment for time-varying covariates (model 4) attenuated the effect estimates somewhat and associations remained significant for HbA1c and HOMA-ß only. For instance, a doubling of leukocyte count from baseline to follow-up (i.e. an increase by 100%) was associated with a 0.168 unit increase in HbA1c , i.e. an increase of 0.168 % HbA1c and a 23.4% increase in insulin secretion (HOMA-ß) between baseline and follow-up. Increases in hsCRP were associated with increased HOMA-IR in model 3, but associations became non-significant after adjustment for time-varying covariates (model 4). Increases in adiponectin were significantly associated with decreased HbA1c levels and decreased HOMA-IR after adjustment for baseline covariates (model 3). After further adjustment for time-varying covariates (model 4) associations remained significant for HbA1c only. 
Cross-sectional associations were directionally consistent and generally stronger compared to longitudinal associations. For instance, a doubling of leukocyte count was associated with a 0.187 unit higher HbA1c level and a 25.3% higher insulin secretion (HOMA-ß). The only exception was the association between adiponectin and HbA1c, where the longitudinal ß-estimate was higher (i.e. in this case more negative: -0.165) than the cross-sectional ß-estimate (-0.103). 
Sensitivity analyses
The sensitivity analysis, in which we replaced waist circumference adjustment with BMI adjustment, showed very similar results to the main analyses with respect to effect sizes and p-values (Supplementary Table S2). Further sensitivity analyses regarding interactions between categories of baseline markers of inflammation and longitudinal effect estimates (Supplementary Table S3) demonstrated that longitudinal effect estimates were mainly independent of baseline inflammatory status. Only for the association of hsCRP with HbA1c, we observed a significant interaction demonstrating that change in hsCRP was less strongly associated with change in HbA1c in persons who had higher hsCRP concentrations at baseline.
[bookmark: _GoBack]Adjustment for use of drugs potentially affecting inflammation and/or glucose metabolism and insulin secretion/action had virtually no effect on the observed results (data not shown).
Discussion
This study primarily aimed to investigate the relationship between changes in systemic inflammation and concomitant changes in glycemia and insulin resistance and insulin secretion in order to better understand the temporal sequence of metabolic derangements in the development towards type 2 diabetes. We identified significant longitudinal associations of changes in markers of systemic inflammation with glycemic deterioration and changes in HOMA-IR and HOMA-ß in initially non-diabetic participants followed up for a time period of 7 years. Associations were generally stronger for leukocyte count and adiponectin than for hsCRP. After adjustment for changes in other type 2 diabetes risk factors, changes in leukocyte count and adiponectin remained significantly associated with glycemic deterioration. Furthermore, changes in leukocyte count additionally remained significantly associated with changes in HOMA-ß. Overall, longitudinal associations were weaker than cross-sectional associations, except for adiponectin where we observed larger longitudinal effect estimates regarding changes in HbA1c.
As described above, few other studies have investigated associations between inflammatory markers and changes in glycemia and insulin resistance and secretion9-13, and only one of them addressed longitudinal associations between changes in markers of inflammation and changes in glycemic traits13. The latter study specifically analyzed associations between changes in hsCRP and changes in HbA1c levels. In contrast to our results, an increase in hsCRP over 13 years of follow-up was associated with a significant increase in HbA1c, even after adjusting for changes in other covariates13. The reasons for the discrepant findings are not entirely clear, but the shorter follow-up time and smaller sample size of our study could have contributed to the diverging results. Previous studies which analyzed associations of baseline hsCRP with changes in HbA1c over time also yielded conflicting results: While in our own analyses of data from the KORA S4/F4 study10 baseline hsCRP significantly predicted change in HbA1c over 7 years after multivariable adjustment, there was no evidence for association in the Whitehall II study 12, the European Prospective Investigation into Cancer (EPIC) Norfolk study13 and the Anglo-Danish-Dutch study of Intensive Treatment In PeOple with ScreeN-detected Diabetes in Primary Care (ADDITION-PRO) cohort11 after multivariable adjustment.
We are not aware of any other study which analysed associations between changes in markers of low-grade inflammation and concomitant changes in insulin resistance or insulin secretion. Thus, our finding that changes in low-grade inflammation, particularly in leukocyte count, not only go along with glycemic deterioration but are also associated with increased HOMA-ß over time is novel. At first sight, this observation may seem counterintuitive, since one expects increased ß-cell function and insulin secretion to go along with lower glucose and HbA1c concentrations. However, our findings have to be interpreted in the light of the positive longitudinal association observed between leucocyte count and HOMA-IR. Thus, our results support the notion that in a non-diabetic population insulin secretion is increased to compensate an increased peripheral insulin resistance. If this compensatory increase in ß-cell function is not sufficient to overcome the increasing insulin resistance, glycemic deterioration will occur as seen in the present study. To better understand the present findings, it would have been interesting to also look at the disposition index as an integrated measure of ß-cell compensation33 or similar measures. Unfortunately, the data that were available in the present study preclude the assessment of dynamic ß-cell function. 
Other prospective studies which assessed associations between baseline measures of low-grade inflammation and changes in insulin secretion observed significant positive associations for interleukin (IL)-612, soluble CD163, a specific monocyte/macrophage-derived biomarker relecting macrophage activation during inflammation11, hsCRP11 and significant inverse associations for adiponectin11, 12 further supporting a link of systemic low-grade inflammation and adipocyte metabolism with ß-cell function.
In line with our results, Ahmadi-Abhari et al.13 also observed stronger cross-sectional than longitudinal associations. This difference can presumamby be explained by the fact, that cross-sectional analyses are more prone to reverse causality than longitudinal analyses and points towards the importance of longitudinal studies to estalish the temporal sequence of metablic changes. Nonetheless, due to the observational nature of our study, it remains to be elucidated whether the observed associations are causal. While experimental and animal studies clearly point towards insulin-sensitizing properties of adiponectin34, Mendelian randomization (MR) studies yielded mixed evidence regarding a causal role of adiponectin in the development of insulin resistance and type 2 diabetes5-7. In line with the weak associations seen for hsCRP in the present analysis, a large previous MR study concluded that associations between CRP and insulin resistance, glycemia and diabetes are most likely non-causal4. With regard to leukocyte count, results of another MR study also suggested that the association with diabetes incidence is most likely non-causal8. However, the actions of various pro-inflammatory cytokines which are released by leukocytes may explain the observed associations: Besides total leukocyte count, particularly neutrophils and lymphocytes are predictors of type 2 diabetes35. Human neutrophils secrete tumor necrosis factor α (TNFα) which may contribute to diabetes development through its interaction with insulin signaling pathways and beta-cell function36, 37. Higher total leukocyte as well as neutrophil and lymphocyte counts have also been found to be associated with a polymorphism in the IL6 gene which results in elevated IL-6 concentrations38. Hence, IL-6 could be another cytokine explaining the mechanistic link between leukocyte count and glycemic deterioration.
Thus, further research is necessary to confirm or refute a direct causal link between the examined pro- or anti-inflammatory markers and changes in glycemic deterioration and insulin secretion/resistance. Therefore, at this point, it cannot be recommended to target specific inflammatory markers with medical treatment in order to prevent glycemic deterioration in healthy persons. However, as the results from the present study and the wealth of available data generally support the idea that subclinical inflammation is related to the development of type 2 diabetes, lifestyle habits that are associated with an overall lower inflammatory state should be promoted. These include the maintenance of normal body weight, healthy dietary habits (e.g. high fiber intake, low alcohol consumption, avoidance of excess caloric intake, a “prudent” dietary pattern), regular physical activity, non-smoking and avoidance of sleep deprivation39, 40.
Strengths and Limitations
The strengths of this study are the large sample size and the population-based longitudinal design with repeated measurements which enabled us to take into account changes in risk factors for type 2 diabetes over time as potential confounders. Nevertheless, inclusion of more than two time points would have enriched our analysis, e.g. by enabling us to look at trajectories in more detail. Another limitation is the observational design of our study due to which we were only able to establish temporal but not causal relationships. Furthermore, we were only able to adjust for BMI and waist circumference as markers of obesity and body fat distribution and used a relatively crude measure of physical activity. Therefore, residual confounding by body fat distribution or physical activity cannot be excluded. Additionally, we restricted our analysis to individuals who participated in both the baseline and follow-up examination which resulted in a study sample which was slightly younger and healthier than the original KORA S4 study population. Furthermore, HOMA-IR and HOMA-ß are rather crude estimates of insulin resistance and ß-cell function. Moreover, these estimates do not differentiate between hepatic and peripheral insulin resistance. Furthermore, the available data precluded assessment of ß-cell function in relation to insulin resistance such as the disposition index. Finally, we cannot rule out a potential bias by using different measurement methods at baseline and follow-up, particularly regarding the measurement of HbA1c, insulin and adiponectin.
Conclusion
Our results support the hypothesis that low-grade inflammation is associated with glycemic deterioration. Furthermore, they provide evidence that increased compensatory insulin secretion to counterbalance increased insulin resistance is an early step linking inflammation with glycemic deterioration. If the observed associations are confirmed to be causal, low-grade inflammation may provide a potential target to prevent early glycemic deterioration and ultimately the onset of type 2 diabetes mellitus and diabetic complications. 
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Figure Legends

Figure 1: Flowchart showing the final study population after applying exclusion criteria

Figure 2: Beta coefficients with 95% CI for longitudinal (solid line) and cross-sectional (dashed line) association of inflammatory markers with HbA1c (unit=%) (A), loge-transformed HOMA-IR (B) and loge-transformed HOMA-β (C). Adjustments for age, sex, smoking, alcohol intake, physical inactivity, parental history of diabetes (follow-up only), waist circumference, ratio of total and HDL cholesterol, loge-transformed triglycerides and systolic blood pressure (model 4).


Table 1: Description of characteristics of study population
	
	KORA F4
N = 819

	
	Baseline
	Follow-Up

	Sex, male
	49.9 (409)
	49.9 (409)

	Age (years)
	63 (58, 67)
	70 (65, 74)

	Waist circumference (cm)
	94.4 (86.7, 101.4)
	97.1 (89.6, 104.9)

	BMI (kg/m2)
	27.7 (25.5, 30.1)
	27.9 (25.5, 30.8)

	Systolic blood pressure (mm Hg)
	131.0 (119.5, 145.0)
	128.0 (115.2, 138.5)

	Ratio total/HDL-cholesterol
	4.3 (3.4, 5.3)
	4.1 (3.3, 4.9)

	Triglycerides (mg/dl)
	110.0 (80.0, 154.0)
	111.0 (81.0, 154.0)

	Smoking Status:
	
	

	Never
	51.8 (424)
	51.5 (422)

	Former
	36.8 (301)
	41.8 (342)

	Current
	11.5 (94)
	6.7 (55)

	Parental history of diabetes:
	
	

	No
	57.8 (473)
	55.6 (455)

	Positive
	24.1 (197)
	25.3 (207)

	Unknown
	18.2 (149)
	19.2 (157)

	Alcohol consumption:
	
	

	No consumption
	24.1 (197)
	30.8 (252)

	Moderate consumption
	55.6 (455)
	51.9 (425)

	High consumption
	20.4 (167)
	17.3 (142)

	Physical inactivity
	52.0 (426)
	47.4 (388)

	hsCRP (mg/l)
	1.5 (0.8, 3.0)
	1.5 (0.8, 3.1)

	Adiponectin (µg/ml)
	9.1 (6.3, 12.3)
	10.4 (7.0, 15.7)

	Leukocyte count (/nl)
	5.7 (5.0, 6.6)
	5.7 (4.8, 6.6)

	Glucose tolerance status:
	
	

	Normoglycemic
	74.0 (606)
	61.1 (500)

	Prediabetic
	26.0 (213)
	29.7 (243)

	Diabetic
	0 (0)
	9.3 (76)

	Fasting glucose (mmol/l)
	5.4 (5.1, 5.8)
	5.4 (5.1, 5.8)

	Fasting insulin (µU/ml)
	9.8 (6.9, 13.9)
	9.8 (7.1, 14.0)

	HbA1c (%)
	5.6 (5.4, 5.8)
	5.6 (5.4, 5.8)

	HbA1c (mmol/mol)
	37.7 (35.5, 39.9)
	37.7 (35.5, 39.9)

	HOMA-IR 
	2.3 (1.6, 3.5)
	2.3 (1.7, 3.5)

	HOMA-β 
	101.9 (75.2, 140.0)
	105.3 (75.2, 142.1)



BMI, body mass index; HDL, high density lipoprotein; hsCRP, high sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-ß, beta-cell function 
Characteristics of the study participants are presented as percentages (number) for categorical variables and as median (25th, 75th percentiles) for continuous variables. 
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Table 2: Shown are regression coefficients (95% CI) per one percent change of inflammation markers for cross-sectional and longitudinal associations with changes in HbA1c (unit=%), loge-transformed HOMA-IR and loge-transformed HOMA-β, respectively.

	
	
	Model  1
	Model 2
	Model 3
	Model 4

	HbA1c
	
	
	
	
	

	Leukocyte count
	
	
	
	
	

	N = 819
	cross-sectional
	0.235 (0.144;0.325)***
	0.232 (0.137;0.327)***
	0.202 (0.107;0.297)***
	0.187 (0.093;0.280)***

	
	longitudinal
	0.191 (0.056;0.325)**
	0.191 (0.056;0.325)**
	0.191 (0.056;0.325)**
	0.168 (0.033;0.303)*

	hsCRP
	
	
	
	
	

	N = 808
	cross-sectional
	0.055 (0.033;0.077)***
	0.056 (0.034;0.078)***
	0.047 (0.024;0.070)***
	0.038 (0.015;0.061)**

	
	longitudinal
	0.020 (-0.011;0.050)
	0.020 (-0.011;0.050)
	0.020 (-0.011;0.050)
	0.017 (-0.013;0.047)

	Adiponectin
	
	
	
	
	

	N = 809
	cross-sectional
	-0.140 (-0.185;-0.095)***
	-0.136 (-0.181;-0.092)***
	-0.111 (-0.159;-0.063)***
	-0.103 (-0.150;-0.056)***

	
	longitudinal
	-0.177 (-0.254;-0.099)***
	-0.177 (-0.254;-0.099)***
	-0.177 (-0.254;-0.099)***
	-0.165 (-0.243;-0.087)***

	HOMA-IR
	
	
	
	
	

	Leukocyte count
	
	
	
	
	

	N = 809
	cross-sectional
	0.453 (0.285;0.621)***
	0.478 (0.304;0.653)***
	0.289 (0.145;0.432)***
	0.280 (0.144;0.416)***

	
	longitudinal
	0.233 (0.055;0.411)*
	0.233 (0.055;0.411)*
	0.233 (0.055;0.411)*
	0.167 (-0.005;0.339)

	hsCRP
	
	
	
	
	

	N = 799
	cross-sectional
	0.170 (0.130;0.210)***
	0.166 (0.125;0.206)***
	0.063 (0.027;0.099)***
	0.058 (0.024;0.092)***

	
	longitudinal
	0.039 (0.000;0.079)*
	0.039 (0.000;0.079)*
	0.039 (0.000;0.079)*
	0.024 (-0.014;0.062)

	Adiponectin
	
	
	
	
	

	N = 802
	cross-sectional
	-0.423 (-0.502;-0.343)***
	-0.425 (-0.503;-0.346)***
	-0.250 (-0.321;-0.180)***
	-0.231 (-0.298;-0.164)***

	
	longitudinal
	-0.179 (-0.282;-0.076)***
	-0.179 (-0.282;-0.076)***
	-0.179 (-0.282;-0.076)***
	-0.075 (-0.174;0.024)

	HOMA-β
	
	
	
	
	

	Leukocyte count
	
	
	
	
	

	N = 809
	cross-sectional
	0.369 (0.223;0.515)***
	0.349 (0.198;0.499)***
	0.233 (0.096;0.370)***
	0.253 (0.119;0.387)***

	
	longitudinal
	0.289 (0.122;0.456)***
	0.289 (0.122;0.456)***
	0.289 (0.122;0.456)***
	0.234 (0.067;0.402)**

	hsCRP
	
	
	
	
	

	N = 799
	cross-sectional
	0.115 (0.080;0.150)***
	0.107 (0.071;0.143)***
	0.042 (0.007;0.076)*
	0.048 (0.015;0.082)**

	
	longitudinal
	0.005 (-0.032;0.042)
	0.005 (-0.032;0.042)
	0.005 (-0.032;0.042)
	-0.003 (-0.041;0.034)

	Adiponectin
	
	
	
	
	

	N = 802
	cross-sectional
	-0.247 (-0.318;-0.176)***
	-0.248 (-0.318;-0.178)***
	-0.136 (-0.205;-0.068)***
	-0.134 (-0.201;-0.067)***

	
	longitudinal
	-0.049 (-0.146;0.048)
	-0.049 (-0.146;0.048)
	-0.049 (-0.146;0.048)
	0.022 (-0.075;0.119)



hsCRP, high sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-ß, beta-cell function
Adjustments: Model 1: age + sex; Model 2: M1 + smoking + alcohol intake + physical inactivity + parental history of diabetes; Model 3: M2 + waist circumference + ratio of total and HDL cholesterol + loge(triglycerides) + systolic blood pressure; Model 4: M3 + all adjusted covariates time-dependent (parental history of diabetes only from follow-up); * p<0.05, ** p<0.01; *** p<0.001 
