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Background

Hemoglobin A1c (HbA1c) variability may be a predictor of diabetic complications, but the predictive values of HbA1c trajectories remain unclear. We aimed to classify long-term HbA1c trajectories and to explore their effects on future clinical outcomes in a 10-year cohort with type 2 diabetes mellitus (T2DM).



Methods

A total of 2,161 participants with T2DM from the Beijing Community Diabetes Study were included. The 10-year follow-up was divided into two stages for the present data analysis. Stage I (from 2008 to 2014) was used to identify the HbA1c trajectories and to calculate the adjusted SD of HbA1c (HbA1c-adjSD), or the coefficient of variation of HbA1c (HbA1c-CV). Stage II (from 2014 to 2018) was used to collect the records of the new occurrence of diabetes-related clinical outcomes. Latent growth mixture models were used to identify HbA1c trajectories. Cox proportional hazards models were used to explore the relationship between HbA1c trajectories, HbA1c-adjSD, or HbA1c-CV and the future outcomes.



Results

Three HbA1c trajectories were identified, including low stable (88.34%), gradual decreasing (5.83%), and pre-stable and post-increase (5.83%). Either the risk of death or the chronic complications were significantly higher in the latter two groups compared to the low stable group after adjustment for average HbA1c and other traditional risk factors, the adjusted hazard ratios (HRs) for renal events, composite endpoint, and all-cause death for the pre-stable and post-increase group were 2.83 [95%CI: 1.25–6.41, p = 0.013], 1.85 (95%CI: 1.10–3.10, p = 0.020), and 3.01 (95%CI: 1.13–8.07, p = 0.028), respectively, and the adjusted HR for renal events for the gradual decreasing group was 2.37 (95%CI: 1.08–5.21, p = 0.032). In addition, both univariate and multivariate Cox HR models indicated that participants in the fourth and third quartiles of HbA1c-CV or HbA1c-adjSD were at higher risk of renal events compared to participants in the first quartile.



Conclusions

HbA1c trajectories, HbA1c-CV, and HbA1c-adjSD could all predict diabetes-related clinical outcomes. HbA1c trajectories could reflect long-term blood glucose fluctuation more intuitively, and non-stable HbA1c trajectories may predict increased risk of renal events, all-cause death, and composite endpoint events, independent of average HbA1c.





Keywords: clinical outcomes, HbA1c-adjSD, HbA1c-CV, HbA1c trajectories, HbA1c variability, type 2 diabetes mellitus



Introduction

With the development of the economy and the change of lifestyle, the prevalence of diabetes increased significantly from 0.67% in China in 1980 to 11.2% in 2015–2017 (1, 2), and 76.4% of diabetic individuals suffered from over one kind of complications (3), which are the main causes of death in diabetes patients and contribute to significant economic burdens (4). Thus, it is an urgent issue to identify risk factors of diabetic complications and to implement timely interventions to prevent them.

Mounting evidence indicates that high average blood glucose level, usually estimated by hemoglobin A1c (HbA1c), is closely associated with diabetic complications and clinical outcomes (5, 6). However, normal or close-to-normal HbA1c with higher glucose fluctuation may be even more dangerous due to inducing pathogenic mechanisms related to the occurrence of diabetic complications (7). Glycemic control or HbA1c value is changing over the process of diabetes due to different factors contributing to the shape of HbA1c trajectories, such as the change of lifestyle, different treatment, aging, and other concomitant diseases, while most studies focused on the value of HbA1c at one time point and ignored the long-term fluctuation of blood glucose. HbA1c variability, one of the indicators that could reflect the long-term glucose fluctuation, including the SD of HbA1c (HbA1c-SD) and the coefficient of variation of HbA1c (HbA1c-CV), may be associated with diabetic complications (8), but these simple indicators could not intuitively reflect the complicated fact of glucose varying with time, while HbA1c trajectories could make up this gap to some extent, but the clinical value of HbA1c trajectories did not get deserved concern. There were several HbA1c trajectories that have been identified in a few studies that may be associated with diabetes complications (9–11). However, related studies on the relationships between HbA1c trajectories and future clinical outcomes are limited, let alone the studies based on the Chinese diabetic population. Therefore, we aimed to identify the trajectories of long-term HbA1c values in a Chinese population with type 2 diabetes mellitus (T2DM) and to confirm the role of HbA1c trajectories on future diabetes-related clinical outcomes.



Materials and Methods


Study Population

Participants with T2DM from 14 communities in Beijing were recruited from Beijing Community Diabetes Study between August 2008 and July 2009, which has been described in detail previously (12). The participants enrolled in the study were followed up for 10 years (2008–2018). On account of most of the clinical outcomes (76%) that occurred after 2014, we divided the 10-year follow-up into two stages for the present data analysis to explore the effect of HbA1c trajectories on future clinical outcomes. Stage I (from 2008 to 2014) was used to identify the HbA1c trajectories and to calculate the HbA1c-SD and HbA1c-CV. Stage II (from 2014 to 2018) was used to collect the records of the occurrence of future diabetes-related clinical outcomes.

T2DM was defined according to the criteria of the WHO (1999) (13). A total of 4,525 T2DM participants without hemoglobin disease, anemia, or severe renal dysfunction were included in the initial study, while those with missing data of outcomes or who did not finish the 10-year follow-up were excluded (n = 630). Participants who had less than three measurements of HbA1c or with the clinical outcomes that occurred at stage I (from 2008 to 2014) were also excluded (n = 1,734). A final total of 2,161 participants were included (Figure 1).




Figure 1 | The flowchart of the study. T2DM, type 2 diabetes mellitus; BCDS, Beijing Community Diabetes Study.



All the T2DM patients were managed by the community doctors and specialists from Beijing Tongren Hospital. Patients were given health education, including individualized guidance on reasonable diet and exercise. During the annual follow-up, questionnaire survey, physical examination, and the biochemical indexes evaluation were conducted, and electrocardiogram and eye examination were also performed simultaneously.



Data Collection

The date of birth, gender, duration of diabetes, concomitant diseases, smoking habits, income, education, and medical history at baseline were collected using a questionnaire by trained interviewers. The income was divided into three categories: less than 2,000, 2,000 to 4,000, and over 4,000 yuan per month. Participant education was categorized into three groups, namely, primary education (illiterate and primary school graduates), secondary education (junior and senior high school graduates), and higher education (college graduates and above). Anti-hyperglycemic therapy was classified as non-drug therapy, oral anti-hyperglycemic drugs, insulin treatment, and oral anti-hyperglycemic drugs combined with insulin. Blood pressure, body mass index (BMI), and waist circumference (WC) were also collected using standard methods. Fasting blood samples were collected for measurements of HbA1c, blood glucose, serum creatinine, serum uric acid, alanine aminotransferase, and lipids. HbA1c was measured using a Bio-Rad Variant hemoglobin analyzer by a central endocrinology laboratory in Beijing Tongren Hospital.



Outcomes

Outcomes of interest included all-cause death, cardiovascular events (acute myocardial infarction, coronary artery bypass grafting, coronary stent, unstable angina pectoris, hospitalization for heart failure, and installation of cardiac pacemaker), cerebrovascular events (cerebral hemorrhage, cerebral infarction, transient ischemic attack, and subarachnoid hemorrhage), renal events (new-onset proteinuria, microalbuminuria turning into macroalbuminuria, doubling of the serum creatinine level, and dialysis), diabetic eye disease events (fundus laser and vitrectomy treatment), and composite endpoint events (all-cause death, cardiovascular events, cerebrovascular events, renal events, and diabetic eye disease events), which all occurred from 2014 to 2018. All outcomes were adjudicated by an independent committee, which was in charge of assignments on validation of data and events based on the outcome criteria.



Calculation of HbA1c-SD and HbA1c-CV

The HbA1c-SD and HbA1c-CV were calculated using HbA1c values measured in Stage I to evaluate HbA1c variability. As the number of HbA1c measurements would affect the SD value, the HbA1c-SD was adjusted for the number of HbA1c assessments according to the formula: adjusted SD of HbA1c   (14). Furthermore, the HbA1c-CV was calculated as the HbA1c-SD to HbA1c–MEAN ratio to correct for larger SDs resulting from higher absolute HbA1c–MEAN values (14).



Statistical Analysis

HbA1c trajectories were identified using the latent growth mixture model (LGMM) with Mplus 8.0 (11). We assumed that there were multiple potential growth trajectories in the population, and each potential trajectory represented a subclass that had different growth patterns. The model contains two kinds of latent variables, including continuous latent variables and classified latent variables. The former contains intercept and slope of growth characteristic parameters, while the latter refers to the mutually exclusive subgroups. We used potential subgroups in increasing order to fit linear and quadratic growth mixed models. The optimal model was selected through the information indexes, including the Lo–Mendell–Rubin fit index, bootstrapped likelihood ratio test, entropy, and the adjusted Bayesian information criterion. Each trajectory subgroup must be large enough to have clinical relevance, namely, containing a minimum of 1% of patients (11), and then we assigned patients to the subgroup where they had the highest posterior probability.

Normally distributed quantitative variables were expressed as the mean ± SD, whereas categorical variables were shown as numbers (percentages). Parameters that were not normally distributed were presented as the median [interquartile range (IQR)]. Comparison of variables among groups was performed using the Kruskal–Wallis and one-way ANOVA. Cox proportional hazards models were used to evaluate the relationship between HbA1c trajectories, HbA1c-CV, or HbA1c-adjSD, and future outcomes. SPSS (version 24.0) was used to perform all statistical analyses. p < 0.05 (two-sided) indicated statistical significance.




Results


Three Patterns of Hemoglobin A1c Trajectories and Their Baseline Characteristics

As shown in Figure 2, three patterns of HbA1c trajectories were identified by LGMM, including the low stable (88.34%), pre-stable and post-increase (5.83%), and gradual decreasing (5.83%) HbA1c trajectories. The low stable group had a relatively good glycemic control with the lowest levels of HbA1c. The pre-stable and post-increase group had higher than recommended but stable HbA1c initially and significantly increased at the later stage, while those in the gradual decreasing group had the highest levels of HbA1c in the first few years but gradually decreased over time.




Figure 2 | Three patterns of HbA1c trajectories. HbA1c, hemoglobin A1c.



Baseline characteristics of three patterns of HbA1c trajectories groups are shown in Table 1. The median baseline fasting plasma glucose (FPG) of individuals was 6.8 (IQR, 6.0–8.0), 8.4 (IQR, 7.0-10.9), and 11.2 mmol/L (IQR, 9.0-13.6), and the median baseline HbA1c was 6.7% (IQR, 6.2–7.4), 8.0% (IQR, 7.2-9.7), and 9.9% (IQR, 9.1-11.5) in the low stable, pre-stable and post-increase, and gradual decreasing groups, respectively. Although the glycemic control was significantly different among the three groups, there were no significant differences in gender, T2DM duration, anti-hyperglycemic therapy, high-density lipoprotein cholesterol (HDL-C), alanine aminotransferase, systolic blood pressure (SBP), smoking habits, and the prevalence of hypertension, stroke, and dyslipidemia at baseline. Compared with participants in the low stable group, those in the pre-stable and post-increase and gradual decreasing groups were more likely to be younger and had higher BMI, diastolic blood pressure (DBP), WC, triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) but had lower income and proportion of higher education. We also found that participants in the pre-stable and post-increase group had lower levels of uric acid, a lower proportion of angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) takers, and a lower prevalence of coronary heart disease at baseline as compared to those in the low stable group. In addition, participants in the pre-stable and post-increase group also had the lowest levels of serum creatinine among the three groups.


Table 1 | Baseline characteristics of three patterns of HbA1c trajectories.





Cumulative Incidence of Diabetes-Related Clinical Outcomes in Type 2 Diabetes Mellitus Patients From 2014 to 2018

From 2014 to 2018, 96 cardiovascular events, 70 cerebrovascular events, 125 renal events, 47 diabetic eye disease events, 356 composite endpoint events, and 94 cases of all-cause death occurred among 2,161 individuals with T2DM. As shown in Figure 3, compared to the low stable group, the incidence of renal events and composite endpoint events was significantly higher in the pre-stable and post-increase and gradual decreasing groups (both p < 0.001), and the prevalence of diabetic eye disease events was also significantly higher in the latter group (p < 0.05).




Figure 3 | Cumulative incidence of diabetes-related clinical outcomes in T2DM patients from 2014 to 2018. *Compared with the low stable group, a two-sided p < 0.05 was considered statistically significant. T2DM, type 2 diabetes mellitus.





Cox Proportional Hazards Models of the Hemoglobin A1c Trajectories With Future Diabetes-Related Clinical Outcomes

Cox proportional hazards models of the HbA1c trajectories with future clinical outcomes were shown in Table 2. In unadjusted analyses (Model 1), both the pre-stable and post-increase and gradual decreasing groups had a higher risk of renal events than the low stable group (both p < 0.001). After adjustment for gender, age, duration of T2DM, BMI, smoking habits, baseline concomitant diseases, TG, LDL-C, blood pressure, anti-hyperglycemic therapy, and ACEI or ARB treatment (Model 2), the increased risk of renal events remained statistically significant for the pre-stable and post-increase [hazard ratio (HR) = 2.91, 95%CI: 1.60–5.31, p < 0.001] and gradual decreasing (HR = 2.44, 95%CI: 1.37–4.34, p = 0.002) groups, respectively. In further adjustment for average HbA1c, the main trend of the risk of renal events for the pre-stable and post-increase (HR = 2.83, 95%CI: 1.25–6.41, p = 0.013) and gradual decreasing (HR = 2.37, 95%CI: 1.08–5.21, p = 0.032) groups remained significant (Model 3). The gradual decreasing group also had a higher risk of diabetic eye disease events (HR = 2.62, 95%CI: 1.10–6.22, p = 0.029) and composite endpoint events (HR = 2.00, 95%CI: 1.41–2.83, p < 0.001) than the low stable group in unadjusted analyses (Model 1). However, after adjustment for gender, age, duration of T2DM, BMI, smoking habits, baseline concomitant diseases, TG, LDL-C, blood pressure, anti-hyperglycemic therapy, ACEI or ARB treatment, and average HbA1c (Model 3), these differences were no longer significant (both p > 0.05). For macrovascular events, the association between cardiovascular events or cerebrovascular events and HbA1c trajectories did not reach a significant difference in the models without and with adjustments (all p > 0.05, Models 1 to 3). In addition, the pre-stable and post-increase group had a higher risk of all-cause death (HR = 3.02, 95%CI: 1.46–6.24 p = 0.003) and composite endpoint events (HR = 2.12, 95%CI: 1.42–3.15, p < 0.001) than the low stable group after adjustment for gender, age, duration of T2DM, BMI, smoking habits, baseline concomitant diseases, TG, LDL-C, blood pressure, anti-hyperglycemic therapy, and ACEI or ARB treatment (Model 2), and these associations remained statistically significant after additional adjustment for average HbA1c (both p < 0.05, Model 3).


Table 2 | Cox proportional hazards models of the HbA1c trajectories with future diabetes-related clinical outcomes.





Association of the HbA1c-adjSD and HbA1c-CV With Future Diabetes-Related Clinical Outcomes

We also explored the association of HbA1c-adjSD and HbA1c-CV quartiles with future clinical outcomes (Tables 3, 4). In unadjusted analysis (Model 1), using quartile1 of the HbA1c-adjSD as a reference, the HRs for renal events were 1.28 (95%CI: 0.68–2.40, p = 0.443), 2.28 (95%CI: 1.30–4.00, p = 0.004), and 2.89 (95%CI: 1.68–4.96, p < 0.001) for quartile2, quartile3, and quartile4, respectively, and p for trend<0.001 (Table 3). After adjustment for gender, age, duration of T2DM, BMI, smoking habits, baseline concomitant diseases, TG, LDL-C, blood pressure, anti-hyperglycemic therapy, and ACEI or ARB treatment, this trend remained significant (p for trend = 0.001, Model 2). In further adjustment for average HbA1c, the HRs were 1.32 (95%CI: 0.67–2.59, p = 0.417), 2.40 (95%CI: 1.29–4.46, p = 0.006), and 2.40 (95%CI: 1.23–4.66, p = 0.010) for quartile2, quartile3, and quartile4, respectively, and p for trend = 0.014 (Model 3). We also found that the risk of composite endpoint events was significantly higher in the third quartile than the first quartile of the HbA1c-adjSD after adjustment for average HbA1c and other variables (HR = 1.53, 95%CI: 1.09–2.15, p = 0.014, Model 3, Table 3). Similarly, both univariate and multivariate Cox HR models (all p for trend <0.05, Models 1–3) indicated that participants in the fourth and third quartiles of the HbA1c-CV were at higher risk of renal events compared to participants in the first quartile (Table 4). The risk of composite endpoint events was significantly higher in the third and fourth quartiles than in the first quartile of the HbA1c-CV after adjustment for gender, age, duration of T2DM, BMI, smoking habits, baseline concomitant diseases, TG, LDL-C, blood pressure, anti-hyperglycemic therapy, and ACEI or ARB treatment (p for trend = 0.012, Model 2); however, in further adjustment for average HbA1c, these associations were no longer significant (p for trend = 0.164, Model 3, Table 4).


Table 3 | Cox proportional hazards models of the HbA1c-adjSD with future diabetes-related clinical outcomes.




Table 4 | Cox proportional hazards models of the HbA1c-CV with future clinical outcome.






Discussion

This was the first study that focused on the effect of HbA1c trajectories on the future diabetes-related clinical outcomes in T2DM in China based on a 10-year follow-up cohort. HbA1c trajectories could reflect long-term HbA1c varying with time, which could be identified by several trajectory modeling techniques, such as LGMM, linear modeling, and latent group-based trajectory modeling (11, 15, 16). HbA1c trajectories groups referred to different clusters of individuals with an almost similar pattern of evolution of HbA1c and outcomes over time, and each subgroup must be large enough to ensure clinical relevance usually with a minimum of 1% of patients (11). Although HbA1c trajectories, HbA1c-adjSD, and HbA1c-CV could reflect long-term glucose fluctuation, the former is more easily understood due to intuitiveness. However, relative studies that involved HbA1c trajectories were limited. In our present study, three HbA1c trajectories were identified by LGMM, including low stable (88.34%), gradual decreasing (5.83%), and pre-stable and post-increase (5.83%). These findings suggested that most participants had well-controlled blood glucose, and several reasons could contribute to explaining this phenomenon. On the one hand, all the T2DM patients were regularly followed up by the community doctors to be given routine treatment and lifestyle guidance; on the other hand, specialists from Beijing Tongren hospital also made constructive suggestions for those with poor blood glucose control. Similarly, another study involved in HbA1c trajectories abroad also found that most participants were under good control of blood glucose in their cohort (17).

Although participants who had non-stable HbA1c trajectories also had higher HbA1c, and persistent hyperglycemia could directly affect renal function, Cox proportional HR models showed that participants who had non-stable HbA1c trajectories had a higher risk of renal events as compared to those who had the low stable pattern independent of average HbA1c, suggesting that the association between HbA1c trajectories and renal events did not depend absolutely on hyperglycemia. A Singapore study also demonstrated that participants with near-optimal stable trajectory had a lower risk of chronic kidney disease progression compared to those with moderate-stable or non-stable HbA1c trajectory independent of average HbA1c (9), but their sample size was smaller, and all the patients were from a diabetes center in a regional hospital. Nevertheless, our study further confirmed their findings with larger sample size and was more representative. Not only the pre-stable and post-increase but also the gradual decreasing trajectories had obviously blood glucose fluctuation compared to the low stable trajectory during the long-term glucose control progress, and glucose fluctuation was closely associated with diabetic complications. On the one hand, long-term glucose fluctuation could cause more oxidative stress and contribute to much severer endothelial dysfunction than hyperglycemia itself (7), which were important drivers of renal dysfunction. On the other hand, glucose fluctuation may cause renal injury via inducing inflammation damage and apoptosis injury in mouse glomerular mesangial cells (18). In addition, the gradual decreasing trajectory, started with high HbA1c but gradually decreased over time, had a higher risk of renal events, and this phenomenon may be partly due to the metabolic memory, namely, the risk of diabetic complications was strongly associated with previous glucose control (11). We also found the pre-stable and post-increase HbA1c trajectory had a higher risk of all-cause death and composite endpoint events. Despite the fact that more than 1/5 participants in the pre-stable and post-increase group began to use oral drugs combined with insulin to control blood glucose at baseline, they had HbA1c deterioration in the course of T2DM progress, indicating that the deterioration of HbA1c control is a potential risk factor for chronic comorbidities and death in T2DM patients. Our results indicated HbA1c trajectories may have additional effects on future clinical outcomes beyond average HbA1c, and low stable HbA1c trajectory may contribute to delaying complications in T2DM, so maintaining a sustained good glycemic control status was vital to preventing complications. Moreover, with the increasingly wide application of electronic medical records in clinical practice in China, it will be more available to plot a patient’s HbA1c trajectory, which may bring extra information for clinical decision-making and individualized treatment.

Although we found that the participants in the non-stable HbA1c trajectories groups had a higher risk of renal events, composite endpoint events, and all-cause death as compared to those in the low stable group, no significant association between HbA1c trajectories and macrovascular complications was shown. According to the United Kingdom Prospective Diabetes Study, the benefits of intensive glycemic control differed for the microvascular and macrovascular complications, which may be explained by time scale (11, 19–21). However, our follow-up period may be not long enough to discern different HbA1c trajectories’ effects on macrovascular complications, and therefore more longitude follow-up is needed. In addition, most participants had well-controlled blood glucose in our study, and participants with the clinical outcomes that occurred at stage I were also ruled out, which made the sample size of participants with macrovascular complications less.

Our study also found that higher HbA1c variability estimated by the HbA1c-adjSD and HbA1c-CV was associated with renal events and composite endpoint events in T2DM, which was in line with other studies (22, 23). However, the HbA1c-adjSD and HbA1c-CV could not intuitively reflect blood glucose change tendency, and its clinical value in prediction diabetic complications continued to be a debate due to summarizing complex, time-dependent phenomena into single measures (11, 24), while longitudinal HbA1c trajectories analyses can make up for this deficiency.

The present study has several strengths. First, our study introduced HbA1c trajectory as a newer indicator of glucose fluctuation to predict future clinical outcomes instead of exploring its association with other simple clinical indicators, and thus we provided more evidence for its values in clinical practice. Second, the present study covered 14 community service centers in 5 districts of Beijing, and the cohort was followed up for up to 10 years, making the follow-up data relatively complete and representative. Third, to better prove the predictive value of HbA1c trajectories, we divided the 10-year follow-up into two stages for the present data analysis to explore whether HbA1c trajectories could predict future clinical outcomes, while most studies could not clearly reflect the chronological order of them. The present study also had some limitations. First, the present study is not a random sampling survey based on a natural population, and the selection bias may exist to some extent. Second, it may take longer to observe the occurrence of macrovascular events, while the follow-up time was relatively short to observe the macrovascular events, and therefore more longitudinal studies are needed.



Conclusion

Both HbA1c trajectories and HbA1c variability estimated by the HbA1c-CV and HbA1c-adjSD could predict future diabetes-related clinical outcomes. HbA1c trajectories could reflect long-term blood glucose fluctuation more intuitively. Non-stable HbA1c trajectories may predict increased risk of renal events, all-cause death, and composite endpoint events, independent of average HbA1c, and thus identifying HbA1c trajectories could be helpful for clinical decision-making.
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Clinical outcomes Groups Model 1 Model 2 Model 3

HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P
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C 3.13 (1.89, 5.20) <0.001 2.44 (1.37, 4.34) 0.002 2.37(1.08,5.21) 0.032
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A Reference Reference Reference

B 2.30 (0.90, 5.86) 0.081 1.61(0.55, 4.73) 0.389 0.96 (0.23, 3.98) 0.957

C 2,62 (1.10, 6.22) 0.029 1.18 (0.36, 3.90) 0.790 0.71(0.15, 3.30) 0.659
Cardiovascular events 0.236 0171 0.708

A Reference Reference Reference

B 1.25 (0.55, 2.87) 0.593 1.86 (0.79, 4.41) 0.158 1.52(0.52, 4.48) 0.449

C 1.79 (0.90, 3.56) 0.098 1.76 (0.80, 3.88) 0.161 1.42(0.50, 4.08) 0.511
Cerebrovascular events 0.115 0.287 0.977

A Reference Reference Reference

B 1.78(0.77, 4.12) 0.181 1.83(0.71, 4.72) 0.214 1.08 (0.33, 3.47) 0.902

C 1.99 (0.91, 4.37) 0.085 1.69 (0.69, 4.14) 0.255 0.94(0.29,3.12) 0.923
All-cause death 0.120 0.005 0.087

A Reference Reference Reference

B 1.96 (0.98, 3.90) 0.056 3.02 (1.46, 6.24) 0.003 3.01(1.13,8.07) 0.028

C 1.45 (0.67, 3.15) 0.344 2.03(0.92, 4.48) 0.079 2.03(0.72, 5.69) 0.178
Composite endpoint events <0.001 <0.001 0.057

A Reference Reference Reference

B 1.89 (1.31, 2.73) 0.001 2,12 (1.42, 3.15) <0.001 1.85 (1.10, 3.10) 0.020

[} 2.00(1.41, 2.83) <0.001 1.77 (1.20, 2.61) 0.004 1.54(0.92, 2.59) 0.100

Group A (low stable) was regarded as the reference category. Group B: pre-stable and post-increase. Group C: gradual decreasing. Model 1 was a univariate analysis. Model 2
was adjusted for gender, age, duration of type 2 diabetes, body mass index, smoking habits, baseline concomitant disease, triglycerides, low-density lipoprotein cholesterol, blood
pressure, anti-hyperglycemic therapy, and angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker treatment. Model 3 was adjusted for the covariates of Model 2 plus
average HbATc.

HbA1c, hemoglobin Alc; HR, hazard ratio.
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Quartile4 2.58 (1.563-4.35) <0.001 2.57 (1.46-4.52) 0.001 2.13 (1.15-3.94) 0.016
p for trend 0.002 p for trend 0.003 p for trend 0.039
Diabetic eye disease events
Quartile Reference Reference Reference
Quartile2 0.70 (0.30-1.63) 0.410 0.64 (0.25-1.65) 0.358 0.63 (0.24-1.61) 0.329
Quartile3 0.73 (0.31-1.73) 0.470 0.75 (0.30-1.86) 0.529 0.70 (0.28-1.76) 0.442
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p for trend 0.268 p for trend 0.495 p for trend 0.653
Cardiovascular events
Quartile Reference Reference Reference
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Quartile3 0.88 (0.49-1.58) 0.658 0.68 (0.33-1.41) 0.291 0.62 (0.30-1.29) 0.198
Quartile4 1.09 (0.63-1.89) 0.763 1.18 (0.64-2.18) 0.597 0.93 (0.47-1.84) 0.834
p for trend 0.913 p for trend 0.487 p for trend 0.510
Cerebrovascular events
Quartile Reference Reference Reference
Quartile2 0.86 (0.42-1.79) 0.693 0.83 (0.37-1.89) 0.662 0.81(0.36-1.84) 0.616
Quartile3 1.69 (0.89-3.23) 0.109 1.38 (0.66-2.90) 0.395 1.27 (0.60-2.70) 0.530
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All-cause death
Quartile Reference Reference Reference
Quartile2 0.98 (0.54-1.76) 0.935 0.78 (0.40-1.53) 0.467 0.76 (0.39-1.50) 0.434
Quartile3 157 (0.91-2.71) 0.108 1.87 (1.03-3.39) 0.039 1.72 (0.94-3.14) 0.080
Quartile4 1.11 (0.62-2.01) 0.721 1.33 (0.71-2.49) 0.378 1.04 (0.51-2.09) 0.921
p for trend 0.286 p for trend 0.039 p for trend 0.069
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Quartile Reference Reference Reference
Quartile2 1.14 (0.84-1.55) 0.405 1.05 (0.75-1.47) 0.768 1.08 (0.74-1.45) 0.846
Quartile3 1,56 (1.16-2.09) 0.004 1.49 (1.07-2.06) 0018 1.39 (1.00-1.94) 0.051
Quartile4 1.52 (1.13-2.05) 0.006 1.53 (1.11-2.11) 0.010 1.27 (0.89-1.82) 0.180
p for trend 0.006 p for trend 0.012 p for trend 0.164

Note. Model 1 was a univariate analysis. Model 2 was adjusted for gender, age, duration of type 2 diabetes, body mass index, smoking, baseline concomitant disease, triglycerides, low-
density lipoprotein cholesterol, blood pressure, anti-hyperglycemic therapy, and angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker treatment. Model 3 was
adjusted for the covariates of Model 2 plus average HbATc.

HbA1c-CV. the coefficient of variation of HbA1c: HR, hazard ratio.
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Clinical outcomes HbA1c-adjSD Model 1 Model 2 Model 3

HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P
Renal events
Quartile1 Reference Reference Reference
Quartile2 1.28 (0.68-2.40) 0.443 1.34 (0.68-2.63) 0.393 1.32 (0.67-2.59) 0.417
Quartile3 2.28 (1.30-4.00) 0.004 2.51 (1.36-4.65) 0.003 2.40 (1.29-4.46) 0.006
Quartile4 2.89 (1.68-4.96) <0.001 2.86 (1.58-5.18) 0.001 2.40 (1.23-4.66) 0.010
p for trend <0.001 p for trend 0.001 p for trend 0.014
Diabetic eye disease events
Quartile1 Reference Reference Reference
Quartile2 0.72 (0.30-1.77) 0.476 0.77 (0.29-2.03) 0.594 0.76 (0.29-2.01) 0.580
Quartile3 0.72 (0.29-1.76) 0.471 0.69 (0.26-1.84) 0.460 0.67 (0.25-1.80) 0.429
Quartile4 1.65 (0.80-3.40) 0.175 1.47 (0.66-3.31) 0.348 1.31 (0.50-3.41) 0.584
p for trend 0.108 p for trend 0.306 p for trend 0.542
Cardiovascular events
Quartile Reference Reference Reference
Quartile2 1.20 (0.68-2.10) 0.526 1.14 (0.61-2.15) 0.683 1.12(0.569-2.11) 0.733
Quartile3 0.96 (0.53-1.74) 0.902 0.88 (0.44-1.74) 0.713 0.80 (0.40-1.60) 0.531
Quartile4 1.15 (0.66-2.02) 0.616 1.13 (0.60-2.14) 0.708 0.80 (0.38-1.69) 0.558
p for trend 0.847 p for trend 0.853 p for trend 0.735
Cerebrovascular events
Quartile Reference Reference Reference
Quartile2 0.75 (0.34-1.70) 0.494 0.77 (0.31-1.92) 0.575 0.75 (0.30-1.89) 0.546
Quartile3 1.86 (0.97-3.58) 0.063 1.69 (0.80-3.58) 0.171 1,57 (0.74-3.34) 0.245
Quartile4 1.62 (0.77-2.98) 0.228 1.67 (0.79-3.56) 0.183 1.22 (0.51-2.90) 0.654
p for trend 0.057 p for trend 0.159 p for trend 0.340
All-cause death
Quartile Reference Reference Reference
Quartile2 0.91 (0.49-1.71) 0.769 0.70 (0.33-1.45) 0.332 0.68 (0.33-1.42) 0.306
Quartile3 1.61(0.93-2.78) 0.092 1.86 (1.02-3.38) 0.042 1.72 (0.94-3.15) 0.080
Quartile4 1.12 (0.62-2.02) 0.718 1.38 (0.73-2.61) 0.315 1.01(0.48-2.12) 0.978
p for trend 0.181 p for trend 0.024 p for trend 0.037
Composite endpoint events
Quartile Reference Reference Reference
Quartile2 1.14 (0.82-1.58) 0.436 1.06 (0.74-1.53) 0.747 1.04 (0.73-1.50) 0.818
Quartile3 1.61(1.19-2.18) 0.002 1.62 (1.16-2.26) 0.005 1.563 (1.09-2.15) 0.014
Quartile4 1.67 (1.24-2.25) 0.001 1.64 (1.18-2.28) 0.003 1.33 (0.91-1.95) 0.141
p for trend 0.001 p for trend 0.002 p for trend 0.047

Model 1 was a univariate analysis. Model 2 was adjusted for gender, age, duration of type 2 diabetes, body mass index, smoking habits, baseline concomitant disease, triglycerides, low-
density lipoprotein cholesterol, blood pressure, anti-hyperglycemic therapy, and angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker treatment. Model 3 was
adjusted for the covariates of Model 2 plus average HbATc.

HbA1c-adjSD, adjusted SD of HbA1c; HR, hazard ratio.
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