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In this analysis, the association of baseline glycated hemoglobin (HbA1c) levels with all-cause mortality 
in cardiovascular disease (CVD) patients with diabetes was investigated using data from NHANES 
1999–2014. Under examination were 845 CVD patients who had diabetes and were followed for a 
median follow-up of 7.3 years, and an all-cause mortality rate of 22.60% was observed. To examine the 
association between HbA1c and mortality, multivariable Cox proportional hazard models using spline 
models determined the non-linear association. HbA1c as a continuous variable was not associated 
with mortality. However, a significant association was observed when HbA1c was classified according 
to quartiles. Particularly, after adjustment for potential confounders, in comparison to participants 
with HbA1c levels below 6.2%, patients with HbA1c levels of 6.2–6.8% and 6.9–7.6% had lower risks 
of all-cause mortality (hazard ratio: 0.49, 95% CI: 0.30–0.80 and hazard ratio: 0.64, 95% CI: 0.39–1.03, 
respectively). Using restricted cubic splines, further testing confirmed the lack of a linear association 
and instead suggested a U-shaped relationship between HbA1c and mortality, with an optimal HbA1c 
target value of 6.9%. A 1-unit increase in HbA1c with HbA1c less than or equal to 6.9% was predictive 
of a 55% reduction in all-cause mortality compared to HbA1c levels above 6.9%, which exhibited 
an elevation in risk. All told, these data suggest that the relationship between HbA1c and all-cause 
mortality in CVD patients with diabetes is non-linear and U-shaped, and therefore may suggest that 
individualization of glycemic control may be beneficial for this patient population.

Diabetes mellitus (DM) is a burgeoning global health issue, with an adult prevalence of 8.8% in 2017, projected 
to rise to 9.9% by 2045 1. Individuals with diabetes face a significantly higher risk of cardiovascular disease 
(CVD) compared to those without diabetes2, and approximately 25% of patients with type 2 diabetes are also 
diagnosed with CVD3. Given the high mortality rate associated with cardiovascular disease, which remains one 
of the leading causes of death worldwide4–6, it is essential to understand the relationship between diabetes and 
CVD to inform prevention and management strategies.

Hemoglobin A1c (HbA1c) is the most widely used marker for monitoring blood glucose control in patients 
with diabetes. It reflects average blood glucose levels over the past 2–3 months and is a key biomarker in 
diabetes management. Beyond its role in managing diabetes, HbA1c is associated with various outcomes in 
diabetic patients, including cognitive decline7 and cancer8. Numerous studies have investigated the relationship 
between HbA1c and cardiovascular events9,10, highlighting its potential as a predictor for cardiovascular risk. 
The United Kingdom Prospective Diabetes Study (UKPDS) emphasized the importance of intensive glycemic 
control in reducing microvascular complications11, while recent research has shown that both very low and 
very high HbA1c levels are associated with increased all-cause mortality12. Although CVD is the most common 
comorbidity in diabetic patients13, the relationship between HbA1c levels and all-cause mortality in patients 
with both diabetes and CVD remains unclear. Some studies14,15 suggest a nonlinear association between HbA1c 
and mortality, with both extremes of HbA1c linked to higher risks.

We hypothesize that there is a nonlinear relationship between HbA1c levels and all-cause mortality in 
patients with both diabetes and CVD, with an optimal HbA1c target value that minimizes mortality risk. This 
retrospective cohort study aims to evaluate this relationship and contribute to the personalized management of 
glycemic control in this patient population.

Materials and methods
Participants
Participants for this study were selected from the 1999–2014 National Health and Nutrition Examination Survey 
(NHANES), a continuous, multistage probability sample, cross-sectional survey designed to assess the health and 
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well-being of the civilian, non-institutionalized population in the United States16. Mortality data were obtained 
from the Centers for Disease Control and Prevention’s National Death Index (NDI) database, covering the 
period from enrollment through December 31, 2015. Participants were followed from the time of the NHANES 
physical examination until December 31, 2015 or at the time of death. The National Center for Health Statistics 
Research Ethics Review Board approved all the NHANES protocols. Informed consent was obtained from all the 
participants before they participated in the NHANES examination, and this research was conducted according 
to relevant guidelines/regulations. The detailed data collection information is published and available at ​h​t​t​p​s​:​/​/​
w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​a​n​e​s​​​​​. Diabetes mellitus was defined as a self-reported diagnosis with fasting blood glucose 
(FBG) ≥ 126 mg/dL or HbA1c level ≥ 6.5%, with insulin or oral hypoglycemic medications, according to the 
American Diabetes Association (ADA) diagnostic criteria. The diagnosis of cardiovascular disease (CVD) was 
determined by a self-reported physician diagnosis obtained during a personal interview using a standardized 
medical status questionnaire. Participants were asked whether a medical professional had ever informed them 
that they had congestive heart failure (CHF), coronary heart disease, angina, myocardial infarction, or stroke. 
Those who responded affirmatively to any of these conditions were deemed to have CVD.

A total of 1,684 adults (aged 20 to 85 years) with cardiovascular disease (CVD) and diabetes mellitus were 
included in the investigation. After excluding participants with missing HbA1c data (n = 344) or missing all-
cause mortality data (n = 495) at follow up, the study comprised 845 participants (Fig. 1).

Clinical and experimental data
The NHANES Household Interviews collected a variety of demographic and health-related factors, including, 
but not limited to, age, sex, race/ethnicity, education level, household income, smoking status, disease status, 
and substance use. Smoking status was categorized as never smoked (defined as less than 100 cigarettes in a 
lifetime) or smoked (defined as more than 100 cigarettes in a lifetime). Alcohol consumption was categorized 
as never drinking (fewer than 12 alcoholic beverages of any type in a year) or drinking (more than 12 alcoholic 
beverages of any type in a year). The household income to poverty ratio (PIR) was categorized as low (PIR < 1), 
medium (PIR ≥ 1 and < 3) and high (PIR ≥ 3). The calculation of Body Mass Index (BMI) utilized weight in 
kilograms divided by height in meters squared and was categorized as normal (BMI < 25 kg/m²) or overweight/
obese (BMI ≥ 25 kg/m²). The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI 
equation17. HbAlc was assayed on a Primus CLC330 GHb analyzer (Primus, Kansas City, MO), which employs 
a high-performance liquid chromatography (HPLC) method for rapid separation of glycosylated and non-
glycosylated hemoglobins using a short borate affinity resin column. Complete blood count, biochemical 
indices, lipids, and more were measured at NHANES. Clinical information was derived from participants’ self-
reported personal interview data and included a history of heart failure, coronary heart disease, angina pectoris, 
myocardial infarction, stroke, hypertension, emphysema, liver disease, cancer, and high cholesterol.

Statistical analysis
Statistical analysis involved the use of R software (version 4.0.2; https://www.r-project.org). Continuous variables 
were presented as either mean (standard deviation) or median (interquartile), while categorical variables were 
expressed as frequency (percentage). To assess the normality of the variables, the Kolmogorov-Smirnov test 
was used. For normally distributed variables, t-tests or F-tests were used to compare different groups. Non-
normally distributed variables were compared by the Mann-Whitney U test or Kruskal-Wallis H test. Kruskal-
Wallis H test was used for comparisons among groups in count data, while chi-square tests or Fisher’s exact tests 
were applied. Multiple estimation was performed for covariates with missing values. HbA1c was categorized 
into four quartiles (Q1, Q2, Q3, Q4), with the first quartile (Q1) designated as the reference quartile. To assess 

Fig. 1.  Flow chart of study participants.
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the association between HbA1c and all-cause mortality, we performed multivariate Cox proportional hazards 
regression modeling. To screen out confounding variables in the association between CVD patients with 
diabetes mellitus and HbA1c and to eliminate covariance between different variables, we used a least absolute 
shrinkage and selection operator (LASSO) regression model. We also applied a restricted cubic spline curve 
(RCS) regression of the nonlinear relationship between HbA1c and all-cause mortality, which was divided into 3 
parts (10th, 50th, and 90th percentiles). If the relationship was nonlinear, we estimated the critical value by trying 
all possible values and selecting the most probable tipping point. Then we used two-piece Cox proportional risk 
models on either side of the inflection point to examine the relationship between HbA1c and the risk of all-cause 
mortality. P values less than 0.05 were considered significant for all analyses.

Results
Baseline characteristics of participants
The average age of the participants was 68.70 ± 10.63 years, and 57.2% were male. The median follow-up period 
was 7.3 years (range 1-201 months). As of December 31, 2015, 191 participants (22.60%) had passed away. 
When compared to the survivors, those who had passed away tended to be older, higher levels of total protein 
(TP), alkaline phosphatase (ALP), blood urea nitrogen (BUN), triglycerides (TG), total cholesterol (TC), and 
lactate dehydrogenase (LDH), and were less likely to have high levels of education, be married, have a higher 
family income to poverty ratio (PIR), body mass index (BMI), waist circumference, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), and be diagnosed with emphysema (Table 1). 
Table  2 summarizes the baseline features of the participants in each HbA1c subgroup. Compared to the 
participants in the lowest quartile HbA1c group, those in the highest quartile had a higher body mass index 
(BMI), waist circumference, white blood cell count (WBC), red blood cell count (RBC), total protein (TP), 
alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), fasting glucose (GLU), triglycerides (TG), 
total cholesterol (TC), and were less likely to be older, have a high level of education, have a higher creatinine 
(CREA), a liver disease diagnosis, or a cancer diagnosis.

Relationships of HbA1c concentration with mortality
In univariate analysis, all-cause mortality increased slightly with increasing HbA1c (continuous), with an 
HR (95% CI) of 1.02 (0.94, 1.11). However, after adequate adjustment for potential confounders, the results 
were reversed, with an HR (95% CI) of 0.93 (0.80, 1.07) (model 3). Yet ultimately when categorized, HbA1c 
did associate with all-cause mortality. Individuals with HbA1c (Q2) faced the least risk of all-cause mortality, 
compared to those with the lowest HbA1c quartile (Q1) (HR = 0.59, 95% CI: 0.39–0.89, p = 0.013). After 
adjusting for potential confounding variables, the HRs and 95% CIs for quartiles 2, 3, and 4 were 0.49 (0.30, 
0.80), 0.64 (0.39, 1.03), and 0.72 (0.44, 1.18), respectively, compared with the lowest HbA1c quartile (Table 3).

Analysis of the nonlinear relationship
Given that the relationship between HbA1c and all-cause mortality was found to be nonlinear, we employed 
restricted cubic spline analysis. A nonlinear relationship was found between HbA1c levels and all-cause 
mortality among patients with diabetes mellitus after adjustment for potential confounding variables (Poverall 
= 0.006, Pnon−linear = 0.006), with an optimal threshold value of 6.9% for HbA1c. For every 1 unit of HbA1c 
increase below 6.9%, all-cause mortality was decreased by 55% (P < 0.001). However, above a value of 6.9%, all-
cause mortality slightly increased (HR: 1.05, P = 0.670) (Fig. 2; Table 4).

Discussion
This research attempted to better comprehend glycated hemoglobin (HbA1c) and its association with all-cause 
mortality in cardiovascular disease (CVD) patients with diabetes mellitus by evaluating the National Health and 
Nutrition Examination Survey (NHANES) data from 1999 to 2014. The findings demonstrated a non-linear 
association between HbA1c and all-cause mortality in diabetic CVD patients with a median observation time 
of 7.3 years.

Both the American Diabetes Association (ADA) and the European Association for the Study of Diabetes 
(EASD) provide guidelines for glycemic control in adults with type 2 diabetes. The EASD generally recommends 
a target HbA1c level of < 7% for the average adult with diabetes, while the ADA suggests that target HbA1c levels 
may vary and emphasizes a more individualized approach based on patient-specific factors. While HbA1c < 7% 
has traditionally been a common target, the ADA acknowledges that less stringent targets might be appropriate 
for some individuals based on their health status and treatment goals18,19. The variability of this recommendation 
reflects the recognition that the optimal glycated hemoglobin concentration for glycemic control may vary 
among patients with different disease states. In chronic kidney disease (CKD) patients20 and in end-stage renal 
disease patients being treated with hemodialysis21, poor glycemic control results in increased mortality rates and 
all-cause mortality rises as HbA1c levels escalate. However, Baechle22 et al. have argued that HbA1c does not 
accurately portray all-cause mortality prognosis in type 2 diabetes.

In the current study, we analyzed a retrospective study using NHANES and NDI databases, which found no 
meaningful link between HbA1c and all-cause mortality as a continuous variable in CVD patients with diabetes 
mellitus. However, after classification by glycated hemoglobin quartiles, HRs were characterized by a decrease 
and then an increase with increasing quartiles. Further nonlinear relationship evaluation demonstrated that 
the relationship between HbA1c and all-cause mortality for CVD patients with diabetes mellitus followed a 
approximately “U” shaped association, with the lowest mortality observed at an HbA1c level of approximately 
6.9%. Li23et al. reported similar findings in diabetic patients. Other studies have shown comparable findings 
in patients with high blood pressure24, critically ill non-diabetics25, cognitively impaired elderly individuals26, 
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Variable Still alive, N = 654 Deceased, N = 191 P- value

Age (years) 68.18 (10.81) 70.50 (9.78) 0.008

Male [n (%)] 373 (57.03%) 111 (58.12%) 0.790

Race [n (%)] 0.414

Mexican American 121 (18.50%) 45 (23.56%)

Other Hispanic 22 (3.36%) 8 (4.19%)

Non-Hispanic White 325 (49.69%) 87 (45.55%)

Non-Hispanic Black 157 (24.01%) 46 (24.08%)

Other, Including Multi-Racial 29 (4.43%) 5 (2.62%)

Smoker[n (%)] 389 (59.48%) 104 (54.45%) 0.215

Drinker[n (%)] 372 (61.59%) 98 (54.75%) 0.101

Education [n (%)] 0.021

Level 1 147 (22.48%) 63 (32.98%)

Level 2 154 (23.55%) 50 (26.18%)

Level 3 145 (22.17%) 30 (15.71%)

Level 4 133 (20.34%) 34 (17.80%)

Level 5 72 (11.01%) 14 (7.33%)

Missing 3 (0.46%) 0 (0.00%)

Marital status [n (%)] < 0.001

Married 356 (54.43%) 87 (45.55%)

Widowed 140 (21.41%) 54 (28.27%)

Divorced 78 (11.93%) 22 (11.52%)

Separated 16 (2.45%) 8 (4.19%)

Never married 38 (5.81%) 5 (2.62%)

Living with partner 19 (2.91%) 5 (2.62%)

Missing 7 (1.07%) 10 (5.24%)

PIR [n (%)] < 0.001

0−0.99 143 (21.87%) 46 (24.08%)

1.00−2.99 311 (47.55%) 83 (43.46%)

>= 3.00 159 (24.31%) 30 (15.71%)

Missing 41 (6.27%) 32 (16.75%)

Body mass index (kg/m2) 32.64 (7.86) 30.23 (5.89) < 0.001

Waist circumference (cm) 109.99 (15.47) 106.02 (13.64) 0.003

WBC (×109/L) 7.54 (2.04) 7.84 (2.48) 0.091

RBC (×1012/L) 4.55 (0.57) 4.56 (0.57) 0.811

Hemoglobin concentration (mg/dL) 13.78 (1.65) 13.80 (1.63) 0.880

Platelet count (×109/L) 243.33 (74.93) 242.41 (67.78) 0.879

Total protein (g/L) 72.09 (5.34) 73.69 (5.72) < 0.001

Albumin (g/L) 40.78 (3.53) 41.17 (3.77) 0.189

Alanine aminotransferase (U/L) 21.00 (16.00–28.00) 19.50 (15.00–25.00) 0.004

Aspartate aminotransferase (U/L) 23.00 (19.00–27.00) 21.00 (18.00–25.00) < 0.001

Alkaline phosphatase (U/L) 78.66 (30.67) 90.21 (40.18) < 0.001

Gamma glutamyl transferase (U/L) 25.00 (18.00–44.00) 27.00 (19.00−42.25) 0.359

Total bilirubin (µmol/L) 11.97 (10.26–15.39) 10.26 (6.80−13.68) < 0.001

Blood urea nitrogen (mmol/L) 6.07 (4.64–7.85) 6.43 (5.36–8.90) 0.006

Creatinine (µmol/L) 88.40 (70.72−111.38) 88.40 (70.70−114.91) 0.654

Uric acid (µmol/L) 362.92 (107.56) 366.19 (98.38) 0.711

Fasting blood glucose (mmol/L) 7.33 (5.94–9.27) 7.16 (5.66–10.99) 0.999

Triglycerides (mmol/L) 1.85 (1.20–2.66) 1.93 (1.34–2.99) 0.042

Total cholesterol (mmol/L) 4.83 (1.27) 5.24 (1.31) < 0.001

Lactate dehydrogenase (U/L) 143.67 (37.50) 159.02 (37.04) < 0.001

eGFR (mL/min/1.73 m2) 82.73 (24.72) 79.93 (29.66) 0.190

Glycated hemoglobin (%) 7.19 (1.52) 7.34 (1.81) 0.271

Glycated hemoglobin group 0.011

Quartile 1 137 (20.95%) 54 (28.27%)

Quartile 2 187 (28.59%) 39 (20.42%)

Quartile 3 162 (24.77%) 37 (19.37%)

Continued
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and diabetics in the community27. The potential mechanisms for the association of lower HbA1c and 
increased mortality are general poor health due to malnutrition, abnormalities in erythrocyte-associated 
factors, inflammatory responses, and decreased liver function28. Hypoglycemia has an impact on sympathetic 
nerve function, inflammation, and vascular endothelial function, which can increase the risk of chronic and 
cardiometabolic events29,30. Hypoglycemia can induce an increased amount of counter-regulatory hormones 
like epinephrine, which causes vasoconstriction and platelet aggregation, causing more cardiovascular and 
cerebrovascular events31. Low HbA1c does not necessarily represent good glycemic control, and there may be 
a discrepancy between HbA1c and actual blood glucose levels 32,33. Therefore, a personalized treatment plan is 
important for diabetic CVD patients.

The strengths of this study should be noted as follows: the use of the large-scale NHANES database, which 
enabled a high sample size to be obtained, the fact that the results were adjusted for several potential confounders, 
and the utilization of the restricted cubic spline analyses to explicate the non-linear relationship between HbA1c 
and all-cause mortality. However, the following limitations should be mentioned: Clinical information such as 
CVD was derived from participant self-reported interview data, which could potentially cause selection bias due 
to incorrect participant recall; an additional source of confounding variables is that residual confounding may 
be distorting the prognosis of the study despite efforts to control for confounding variables through the use of 
multivariate adjustments and subgroup analyses, since HbA1c is only measured at one-time point, which may 
not necessarily reflect the long-run glycemic control, and there are no interventional studies that can be used to 
make causal inferences. In the future, larger prospective cohort studies could provide more reliable evidence of 
the relationship between HbA1c and mortality in CVD patients with .diabetes mellitus.

Conclusion
The relationship between HbA1c in cardiovascular disease (CVD) patients with diabetes mellitus and all-cause 
mortality risk is non-linear and approximately “U” shaped, where the optimal target for HbA1c control in 
these patients is 6.9%, and suggest that individualization of glycemic control may be beneficial for this patient 
population.

Variable Still alive, N = 654 Deceased, N = 191 P- value

Quartile 4 168 (25.69%) 61 (31.94%)

Hypertension [n (%)] 545 (83.33%) 161 (84.29%) 0.753

Emphysema [n (%)] 54 (8.26%) 8 (4.19%) 0.041

Hepatopathy [n (%)] 43 (6.57%) 12 (6.28%) 0.885

Cancer [n (%)] 130 (19.88%) 29 (15.18%) 0.144

High cholesterol level [n (%)] 391 (64.42%) 100 (58.48%) 0.155

Table 1.  Baseline characteristics of participants who were still alive vs. those who were deceased by December 
31, 2015. Abbreviations: PIR, ratio of family income to poverty; WBC, white blood cell count; RBC, red blood 
cell count.
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Variable

Q1 (n = 191) Q2 (n = 226) Q3 (199) Q4 (n = 229)

P-valueHbA1c < 6.2% 6.2% <= HbA1c < 6.9% 6.9% <= HbA1c < 7.7% HbA1C > = 7.7%

Age (years) 69.08 (12.66) 71.00 (9.54) 69.86 (9.64) 65.12 (9.73) < 0.001

Male [n (%)] 105 (54.97%) 137 (60.62%) 105 (52.76%) 137 (59.83%) 0.295

Race [n (%)] < 0.001

Mexican American 29 (15.18%) 33 (14.60%) 50 (25.13%) 54 (23.58%)

Other Hispanic 5 (2.62%) 7 (3.10%) 7 (3.52%) 11 (4.80%)

Non-Hispanic White 103 (53.93%) 133 (58.85%) 90 (45.23%) 86 (37.55%)

Non-Hispanic Black 45 (23.56%) 43 (19.03%) 43 (21.61%) 72 (31.44%)

Other, Including Multi-Racial 9 (4.71%) 10 (4.42%) 9 (4.52%) 6 (2.62%)

Smoker[n (%)] (58.64%) 137 (60.62%) 114 (57.29%) 130 (56.77%) 0.846

Drinker[n (%)] 104 (54.45%) 126 (55.75%) 103 (51.76%) 137 (59.83%) 0.339

Education [n (%)] < 0.001

Level 1 42 (21.99%) 52 (23.01%) 50 (25.13%) 66 (28.82%)

Level 2 33 (17.28%) 39 (17.26%) 58 (29.15%) 74 (32.31%)

Level 3 41 (21.47%) 68 (30.09%) 29 (14.57%) 37 (16.16%)

Level 4 55 (28.80%) 41 (18.14%) 36 (18.09%) 35 (15.28%)

Level 5 20 (10.47%) 26 (11.50%) 23 (11.56%) 17 (7.42%)

Missing 0 (0.00%) 0 (0.00%) 3 (1.51%) 0 (0.00%)

Marital status [n (%)] < 0.001

Married 96 (50.26%) 132 (58.41%) 91 (45.73%) 124 (54.15%)

Widowed 50 (26.18%) 55 (24.34%) 61 (30.65%) 28 (12.23%)

Divorced 24 (12.57%) 17 (7.52%) 25 (12.56%) 34 (14.85%)

Separated 1 (0.52%) 5 (2.21%) 7 (3.52%) 11 (4.80%)

Never married 7 (3.66%) 11 (4.87%) 11 (5.53%) 14 (6.11%)

Living with partner 9 (4.71%) 4 (1.77%) 1 (0.50%) 10 (4.37%)

Missing 4 (2.09%) 2 (0.88%) 3 (1.51%) 8 (3.49%)

PIR [n (%)] 0.393

0−0.99 34 (17.80%) 50 (22.12%) 41 (20.60%) 64 (27.95%)

1.00−2.99 96 (50.26%) 111 (49.12%) 91 (45.73%) 96 (41.92%)

>= 3.00 43 (22.51%) 50 (22.12%) 49 (24.62%) 47 (20.52%)

Missing 18 (9.42%) 15 (6.64%) 18 (9.05%) 22 (9.61%)

Body mass index (kg/m2) 31.16 (8.30) 31.33 (6.63) 32.91 (7.35) 32.88 (7.74) 0.023

Waist circumference (cm) 106.01 (15.68) 108.49 (13.77) 110.43 (14.82) 110.96 (15.90) 0.007

WBC (×109/L) 7.25 (2.20) 7.84 (2.35) 7.69 (1.97) 7.61 (2.02) 0.043

RBC (×1012/L) 4.48 (0.59) 4.54 (0.54) 4.51 (0.55) 4.65 (0.58) 0.010

Hemoglobin concentration (mg/
dL) 13.79 (1.76) 13.85 (1.62) 13.59 (1.56) 13.87 (1.65) 0.281

Platelet count (×109/L) 233.97 (64.60) 239.12 (75.01) 251.38 (77.69) 247.48 (73.99) 0.072

Total protein (g/L) 71.78 (5.94) 72.30 (5.37) 71.90 (5.04) 73.63 (5.33) 0.001

Albumin (g/L) 41.03 (3.60) 41.29 (3.82) 40.74 (3.53) 40.42 (3.33) 0.065

Alanine aminotransferase (U/L) 23.33 (13.10) 23.41 (12.09) 27.75 (58.76) 24.81 (12.35) 0.441

Aspartate aminotransferase (U/L) 26.04 (11.08) 25.09 (9.94) 27.25 (29.00) 23.92 (10.05) 0.220

Alkaline phosphatase (U/L) 79.48 (34.44) 76.47 (29.96) 76.52 (31.72) 91.63 (34.99) < 0.001

Gamma glutamyl transferase (U/L) 24.00 (15.00–44.00) 24.00 (18.00–38.00) 24.00 (17.00–40.00) 32.00 (21.00–54.00) < 0.001

Total bilirubin (µmol/L) 12.54 (4.89) 12.76 (6.27) 12.14 (4.91) 11.86 (5.12) 0.304

Blood urea nitrogen (mmol/L) 6.07 (4.64–8.20) 6.43 (5.00−8.12) 6.43 (4.64–8.21) 6.10 (5.00−8.20) 0.682

Creatinine (µmol/L) 88.40 (70.72–110.50) 90.17 (78.01−114.92) 88.40 (70.72−106.08) 81.33 (64.53−114.92) 0.031

eGFR (mL/min/1.73 m2) 81.49 (26.70) 77.73 (24.40) 82.53 (24.04) 86.54 (27.67) 0.004

Uric acid (µmol/L) 367.01 (106.04) 373.94 (104.26) 362.55 (96.90) 351.47 (112.67) 0.153

Fasting blood glucose (mmol/L) 24.00 (15.00–44.00) 24.00 (18.00–38.00) 24.00 (17.00–40.00) 32.00 (21.00–54.00) < 0.001

Triglycerides (mmol/L) 1.51 (1.00−2.10) 1.48 (1.12–2.19) 2.04 (1.36–2.45) 1.94 (1.30–3.18) 0.001

Total cholesterol (mmol/L) 4.73 (4.04–5.48) 4.52 (3.96–5.59) 4.42 (4.11–5.46) 5.08 (4.32–5.95) < 0.001

Lactate dehydrogenase (U/L) 147.10 (34.89) 144.98 (34.92) 149.51 (38.72) 147.19 (42.41) 0.693

Hypertension [n (%)] 166 (86.91%) 184 (81.42%) 161 (80.90%) 195 (85.15%) 0.289

Emphysema [n (%)] 12 (6.28%) 24 (10.62%) 14 (7.04%) 12 (5.24%) 0.145

Hepatopathy [n (%)] 18 (9.42%) 14 (6.19%) 5 (2.51%) 18 (7.86%) 0.035
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Fig. 2.  Association between HbA1c and all-cause mortality in CVD patients with diabetes. Adjusted for 
age, gender, race, ratio of family income to poverty group, education, marital status, smoking status, alcohol 
consumption status, albumin, aspartate aminotransferase, alkaline phosphatase, total cholesterol, body mass 
index group, fasting glucose, lactate dehydrogenase, total bilirubin, total protein, triglycerides, uric acid, eGFR, 
white blood cell count, platelet count, emphysema, cancer, and high cholesterol level. Abbreviation : CVD: 
cardiovascular disease.

 

Categories

Model1 Model2 Model3

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

All-cause mortality

Glycated hemoglobin 1.02 (0.94, 1.11) 0.592 1.07 (0.98, 1.17) 0.181 0.93 (0.80, 1.07) 0.294

Glycated hemoglobin 
group

< 6.2% (Q1) Reference Reference Reference

6.2%~ 6.8% (Q2) 0.59 (0.39, 0.89) 0.013 0.55 (0.36, 0.84) 0.005 0.49 (0.30, 0.80) 0.004

6.9%~7.6% (Q3) 0.67 (0.44, 1.02) 0.062 0.65 (0.43, 0.99) 0.045 0.64 (0.39, 1.03) 0.066

≥ 7.7% (Q4) 0.86 (0.60, 1.24) 0.420 0.98 (0.67, 1.44) 0.912 0.72 (0.44, 1.18) 0.189

P for tend 0.695 0.848 0.310

Table 3.  HRs (95% CIs) for mortality according to glycated hemoglobin. Abbreviations: HR, hazard ratio; CI, 
confidence interval. Model 1: Non-adjusted. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for 
age, gender, race, ratio of family income to poverty group, education, marital status, smoking status, alcohol 
consumption status, albumin, aspartate aminotransferase, alkaline phosphatase, total cholesterol, body mass 
index group, fasting glucose, lactate dehydrogenase, total bilirubin, total protein, triglycerides, uric acid, eGFR, 
white blood cell count, platelet count, emphysema, cancer, and high cholesterol level.

 

Variable

Q1 (n = 191) Q2 (n = 226) Q3 (199) Q4 (n = 229)

P-valueHbA1c < 6.2% 6.2% <= HbA1c < 6.9% 6.9% <= HbA1c < 7.7% HbA1C > = 7.7%

Cancer [n (%)] 47 (24.61%) 50 (22.12%) 33 (16.58%) 29 (12.66%) 0.007

High cholesterol level [n (%)] 101 (61.96%) 132 (60.55%) 130 (68.78%) 128 (61.54%) 0.316

Number of deaths [n (%)] 54 (28.27%) 39 (17.26%) 37 (18.59%) 61 (26.64%) 0.011

Follow-up time (months) 85.00 (41.00−143.00) 82.50 (44.75−139.75) 94.00 (61.00−130.50) 95.00 (61.00−147.00) 0.853

Table 2.  Baseline characteristics of participants according to the HbA1c group. Abbreviations: PIR, ratio of 
family income to poverty; WBC, white blood cell count; RBC, red blood cell count.
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Data availability
Publicly available datasets were analyzed in this study. These data can be found at: ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​
a​n​e​s​​​​​. For further needs contact corresponding author in the data availability statement.
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