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Introduction: Hypertension (HTN) is a significant risk factor for cardiovascular disease. Identifying new risk factors for hypertension 
is crucial. This study aims to determine the predictive value of fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c) in the 
development of hypertension.
Methods: In this study, we examined 16,026 individuals without diabetes and other cardiovascular risk factors who were underwent 
annual screening at the People’s Hospital of Yuxi, Yunnan, China from 2013 to 2016. The participants were divided into two groups: 
normoglycemic and prediabetic. Normoglycemia was defined as having an HbA1c level of less than 5.7% and an FPG level of less 
than 5.6 mmol/ L. Prediabetes was defined according to the ADA criteria, which includes having an HbA1c level between 5.7% and 
6.5%, or an impaired fasting glucose level between 5.6 mmol/L and 7.0 mmol/L. The participants were further divided into four 
subgroups based on their FPG and HbA1c levels: normoglycemia, impaired HbA1c only, FPG only, and both parameters impaired.
Results: The cohort study was conducted on 16,026 participants from Yunnan, China, consisting of 60.6% males and 39.4% females, 
with a mean age of 44.6 ± 12.5 years. The study revealed that prediabetes was independently associated with an increased risk for 
HTN (OR 1.53, 95% CI 1.41~1.67, P < 0.001). The analysis of different subgroups of HbA1c and FPG showed that FPG was a better 
predictor of HTN than HbA1c, regardless of the group.
Conclusion: FPG and HbA1c were significantly associated with the future development of HTN in individuals with prediabetes.
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Introduction
Hypertension (HTN) is a significant risk factor for cardiovascular disease,1 and it remains a major health concern 
globally. Approximately 40% of adults worldwide are affected by HTN, which leads to over 9.4 million deaths annually.2 

Therefore, identifying new risk factors for HTN is crucial in promoting preventive treatment for cardiovascular diseases. 
Research has shown that up to one-third of hypertensive individuals have insulin resistance, which meets the diagnostic 
criteria for metabolic syndrome.3 Insulin resistance is a key indicator of prediabetes and diabetes,4 conditions that are 
strongly associated with the development of HTN.5

Previous research has demonstrated a correlation between glycated hemoglobin (HbA1c) and fasting plasma glucose 
(FPG) tests and hypertension and cardiovascular disease.6–8 Furthermore, FPG and HbA1c tests are straightforward 
methods for determining insulin resistance.9 The American Diabetes Association (ADA) 2003 diagnostic criteria,10 

which defined impaired fasting glucose (IFG) as blood glucose between 6.1 and 7.0 mmol/ L, and impaired glucose 
tolerance (IGT) as a 2-hour postprandial blood glucose of between 7.8 and 11.1 mmol/ L, are predictors for the future 
development of diabetes and diabetes-related complications, including HTN. However, due to confounding factors, it 
remains unclear whether FPG and HbA1c tests serve as independent risk factors for hypertension development.
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Although increased concentrations of FPG or HbA1c have been reported to have predictive power for the develop-
ment of hypertension, it is unclear whether there is an association between elevated FPG levels or HbA1c in non-diabetic 
patients at the increased risk of hypertension. In this study, we aimed to determine the predictive value of FPG and 
HbA1c for the development of hypertension in a group of participants who had not been previously diagnosed with 
hypertension and diabetes at baseline.

Methods
Study Design and Participants
This single-center, retrospective cohort study was conducted at People’s Hospital of Yuxi, Yunnan, China and included 
a cohort of 31,180 apparently healthy employees who underwent annual medical examinations between 2013 and 2016. 
All participants underwent anthropometric measurements and biochemical tests, while trained professionals performed 
standardized measurements according to a working protocol. Participants’ height and weight were measured and 
recorded while wearing light clothing and no shoes. Blood pressure (BP) was measured after resting for 5 minutes in 
a seated position with a standard sphygmomanometer. Body mass index (BMI) was calculated as weight in Kg divided by 
the height in m2. Furthermore, medical histories were collected, including diseases and surgeries. Laboratory tests 
including blood count and a comprehensive metabolic panel were conducted on all participants using fresh samples 
analyzed by Roche automatic biochemical analyzer Cobas 8000 and its supporting reagents at People’s Hospital of Yuxi. 
This study was approved by the ethics committee of the Sixth Affiliated Hospital of Kunming Medical University 
(No. 2023kmykdx6f23) and conformed with the Declaration of Helsinki. Participant identifying information was not 
collected, and patient data was kept confidential.

Exclusion Criteria
The study excluded participants with prior diagnoses of HTN or diabetes (DM) as determined by either medical records or the 
primary care physician’s diagnosis at baseline. Additionally, participants with FPG ≥ 7.0 mmol/L or HbA1c ≥ 6.5% were 
excluded. However, participants without a previous HTN diagnosis but presenting with systolic blood pressure (SBP) ≥ 140 
mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg were included in our measurement. We also excluded participants with 
chronic comorbidities associated with HTN such as ischemic heart disease (IHD), chronic kidney disease (CKD), and 
cerebrovascular events (CVA). Participants with missing data in laboratory tests or disease history were excluded. Finally, 
a total of 16,026 patients were analyzed (Figure 1).

Definitions of HTN and Prediabetes
In this study, participants with SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, who were referred for further evaluation by 
their primary care physician, were defined as having HTN.11 Prediabetes was defined according to the modified ADA 
criteria as following: HbA1c ≥ 5.7% and < 6.5%, or FPG ≥ 5.6 mmol/L and < 7.0 mmol/L. Normoglycemia was defined 
as HbA1c < 5.7% and FPG < 5.6 mmol/L.

Statistical Analysis
Continuous variables were described using mean ± the standard deviation (SD) or median and the interquartile range (IQR). 
Categorical variables were presented as numbers and percentages. To compare continuous variables, we used the Student’s t-test 
or Mann–Whitney U-test, whereas chi-square analysis was utilized to compare categorical variables. Univariate and multi-
variate logistic regression analyses were conducted to investigate the association of independent clinical variables. Multivariate 
logistic regression models were used to determine regression coefficients odd ratios (OR) and 95% confidence interval (CI) to 
evaluate the association between HTN and FPG or between HTN and HbA1c. We estimated three separate models: Model 1, 
which did not adjust any confounders. Model 2, which adjusted for gender, age, and BMI. Model 3, which additionally adjusted 
gender, age, BMI, TG, HDL-C, and LDL-C. Logistic regression models were also used to conduct subgroup analyses based on 
four groups: group 1 (HbA1c < 5.7% and FPG < 5.6 mmol/L), group 2 (HbA1c < 5.7% and 5.6 ≤ FPG < 7.0 mmol/L), group 3 
(5.7% ≤ HbA1c < 6.5% and FPG < 5.6 mmol/L), and group 4 (5.7% ≤ HbA1c < 6.5% and 5.6 ≤ FPG < 7.0 mmol/L). In our 
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analysis, P-values less than 0.05 was considered statistically significant. All the analyses were performed with the statistical 
software packages R (http://www.R-project.org, The R Foundation) and Free Statistics software version 1.7.

Results
The cohort study included 16,026 participants from Yunnan, China, with a male-to-female ratio of 60.6% to 39.4%, and 
a mean age of 44.6 ± 12.5 years. Among these participants, 7151 were normoglycemic, while 8875 had prediabetes. 
Prediabetic participants were predominantly male and older than the normoglycemic group, with higher BMI, SBP, DBP, 
LDL, TG, FPG, and HbA1c levels (Table 1).

Prediabetes is an Independent Risk Factor for HTN
In the univariate logistic regression analysis for HTN, prediabetes was found to be independently associated with an 
increased risk for HTN (OR 1.53, 95% CI 1.41~1.67, P < 0.001) (Table 2). Additionally, other factors were identified for 
HTN. FPG was the highest risk factor for HTN, with every 1 mmol/L increment associated with a 135% increased risk 
(Table 2). After multivariate regression analysis of FPG and HbA1c, we found that FPG was a better predictor of HTN 
than HbA1c, as observed in both model 1 (confounders factors: gender, age, BMI) and model 2 (confounders factors: 
gender, age, BMI, TG, HDL, LDL) (Table 3).

The Association of Different Measures of Glycemic Control and Their Association 
with HTN
We classified the participants into four categories based on their FPG and HbA1c levels. Group 1 consisted of individuals with 
normal FPG and HbA1c levels (HbA1c < 5.7% and FPG < 5.6 mmol/L) (n = 7151). Group 2 included those with normal HbA1c 

Figure 1 Flowchart of study participants. *No known DM, fasting plasma glucose > 7.0 mmol/L or HbA1c ≥ 6.5%. 
Abbreviations: HTN, hypertension; DM, diabetes mellitus; IHD, ischemic heart disease; CKD, chronic kidney disease; CVA, cerebrovascular accident.
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but impaired FPG levels (HbA1c < 5.7% and 5.6 ≤ FPG < 7.0 mmol/L) (n = 817). Group 3 involved people with normal FPG 
but elevated HbA1c levels (5.7% ≤ HbA1c < 6.5% and FPG < 5.6 mmol/L) (n = 6225). Finally, group 4 consisted of individuals 
with elevated FPG and HbA1c levels (5.7% ≤ HbA1c < 6.5% and 5.6 ≤ FPG < 7.0 mmol/L) (n = 1833) (Figure 2). The baseline 
characteristics for the various sub-analysis groups are presented in Table 4. When examining the subgroups based on HbA1c and 
FPG, we discovered that FPG was a superior predictor of HTN risk than HbA1c regardless of the subgroup.

Table 1 Baseline Characteristics of Study Participants

Variables Total  
(n = 16,026)

Normoglycemic  
(n = 7151)

Prediabetes  
(n = 8875)

P value

Gender, n (%) < 0.001

Female 6319 (39.4) 2949 (41.2) 3370 (38)

Male 9707 (60.6) 4202 (58.8) 5505 (62)
Age (years) 44.6 ± 12.5 41.3 ± 11.4 47.2 ± 12.8 < 0.001

Height (cm) 163.6 ± 7.8 164.0 ± 7.8 163.4 ± 7.8 < 0.001

Weight (kg) 63.6 ± 11.6 62.5 ± 11.3 64.5 ± 11.7 < 0.001
BMI (kg/m2) 23.7 ± 3.3 23.2 ± 3.2 24.1 ± 3.3 < 0.001

SBP (mm Hg) 115.8 ± 16.0 113.4 ± 14.9 117.8 ± 16.5 < 0.001
DBP (mm Hg) 77.3 ± 10.3 76.4 ± 10.2 78.1 ± 10.3 < 0.001

HDL (mmol/L) 1.4 ± 0.4 1.4 ± 0.4 1.4 ± 0.4 0.071

LDL(mmol/L) 2.7 ± 0.8 2.7 ± 0.8 2.8 ± 0.8 < 0.001
FPG(mmol/L) 5.1 ± 0.5 4.9 ± 0.4 5.2 ± 0.5 < 0.001

HBA1c % 5.6 ± 0.4 5.2 ± 0.3 5.9 ± 0.3 < 0.001

TG* (mmol/L) 1.5 (1.1, 2.3) 1.4 (1.0, 2.1) 1.6 (1.1, 2.4) < 0.001

Notes: *Data are the median and the interquartile range. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HDL, high density lipoprotein; LDL, low-density lipoprotein; FPG, fasting plasma glucose; TG, 
triglycerides.

Table 2 Univariate Logistic Regression Analysis for Hypertension

Variable OR (95% CI) P value

Gender

Female Ref.
Male 1.96 (1.79~2.15) <0.001

Age (years) 1.05 (1.04~1.05) <0.001

Height (cm) 1.01 (1~1.02) <0.001
Weight (kg) 1.05 (1.04~1.05) <0.001

BMI (kg/m2) 1.22 (1.2~1.23) <0.001
SBP (mm Hg) 1.24 (1.23~1.25) <0.001

DBP (mm Hg) 1.55 (1.53~1.58) <0.001

TG (mmol/L) 1.2 (1.17~1.22) <0.001
HDL (mmol/L) 0.48 (0.42~0.54) <0.001

LDL (mmol/L) 1.16 (1.1~1.22) <0.001

FPG (mmol/L) 2.35 (2.17~2.54) <0.001
HBA1c % 1.57 (1.43~1.74) <0.001

Prediabetes vs normoglycemic 1.53 (1.41~1.67) <0.001

Abbreviations: OR, odd ratios; CI, confidence interval; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; 
HDL, high density lipoprotein; LDL, low-density lipoprotein; FPG, fasting plasma 
glucose.
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Discussion
Our analysis revealed that higher FPG and HbA1c levels in non-diabetic individuals in a generally healthy population, 
after excluding individuals with diabetes or HTN at baseline, were identified as HTN risk factors. These findings 
highlight the role of insulin resistance in HTN development, which shares several risk factors with diabetes, such as 
endothelial dysfunction, vascular inflammation, arterial remodeling, atherosclerosis, dyslipidemia, obesity, and hyper-
glycemia on the microcirculation.12–15 Additionally, insulin resistance and hyperglycemia in the microcirculation should 
not be ignored.16 FPG is dependent on increased hepatic glucose production during fasting, while HbA1c reflects 
glycemic control during fasting and postprandial periods.17 Thus, we evaluated the varying risk of developing HTN 
among participants with prediabetes diagnosed by either isolated HbA1C or FPG. Our results showed that both FPG and 
HbA1c were independently linked to a heightened risk of HTN. Nevertheless, additional adjustments revealed that 
HbA1c was not associated with hypertension development. This lack of association may be due to the limitations of 
HbA1c as a measure of blood glucose control, as it may reflect a broad range of glucose levels.18

Table 3 Multivariate Logistic Regression Analysis for Hypertension

Variable Non-adjusted Model Model I Model II

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

FPG 2.35 (2.17~2.54) <0.001 1.49 (1.37~1.62) <0.001 1.44 (1.32~1.57) <0.001

HBA1c 1.57 (1.43~1.74) <0.001 0.93 (0.84~1.03) 0.16 0.92 (0.83~1.02) 0.115

Notes: Model I: Adjusted for gender + age +BMI, Model II: adjusted for Model I+ TG + HDL + LDL. 
Abbreviations: OR, odd ratios; CI, confidence interval; FPG, fasting plasma glucose.

Figure 2 The association of different measures of glycemic control and their association with HTN.
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A community study of Korean individuals, comprising 4039 participants without diabetes or hypertension, found no 
significant correlation between the incidence of hypertension and either FPG or HbA1c.19 Conversely, a rural Chinese 
cohort study in females established FPG as an independent risk factor for hypertension. Another investigation of four 
communities in the United States revealed the association between HbA1c and cardiovascular risk may be partially 
mediated by the development of hypertension.20 Similarly, a study conducted at the Toranomon Hospital Health 
Management Center in Japan identified higher FPG levels, rather than HbA1c, as a strong predictor for future 
hypertension among Japanese.21 Britton et al22 found no significant association between HbA1c levels and an increased 
risk of HTN after adjusting for BMI in women without diabetes. Boyko et al23 observed a relationship between 2-hour 
postprandial glucose levels and hypertension occurrence over 5 years, but this relationship did not persist over an overall 
11-year prospective study in Mauritius aimed at assessing risk factors for hypertension. These results regarding the 
association between the development of HTN and FPG and HbA1c reveal conflicting results. The role of HbA1c as 
a prognosticator for the incidence of cardiovascular morbidity and mortality is currently not clear, potentially due to 
confounding risk factors.24 However, our findings align with previous research in identifying an increased risk for 
hypertension associated with both FPG and HbA1c.

However, there are several limitations to our study. First, this retrospective cohort study consisted of only 
middle-aged men and women from a single area, most of whom worked in similar professions. Consequently, our 
findings may not be generalizable to the wider multi-ethnic population of China. Second, 24-hour ambulatory blood 
pressure monitoring is considered one of the best methods for blood pressure evaluation. Since we only measured 
blood pressure in the hospital, our study could not rule out the possibility of white-coat hypertension or home 
hypertension. Additionally, due to incomplete baseline data, we were unable to adjust for several potential 
confounding variables, such as smoking, drinking, and other laboratory measurements during risk analysis. 
Finally, the exact time of hypertension onset could not be accurately determined, as newly developed hypertension 
was assessed during clinical examination. As a result, Cox regression analysis could not be conducted, and the 
hazard ratio could not be obtained.

Table 4 Baseline Characteristics of Group

Variables Total  
(n = 16,026)

Group 1  
(n = 7151)

Group 2  
(n = 817)

Group 3  
(n = 6225)

Group 4  
(n = 1833)

P-value

Gender, n (%) < 0.001

Female 6319 (39.4) 2949 (41.2) 221 (27.1) 2587 (41.6) 562 (30.7)

Male 9707 (60.6) 4202 (58.8) 596 (72.9) 3638 (58.4) 1271 (69.3)
Age (years) 44.6 ± 12.5 41.3 ± 11.4 48.6 ± 12.4 46.0 ± 12.7 50.7 ± 12.7 < 0.001

Height (cm) 163.6 ± 7.8 164.0 ± 7.8 164.4 ± 7.9 163.1 ± 7.9 163.8 ± 7.4 < 0.001

Weight (kg) 63.6 ± 11.6 62.5 ± 11.3 66.4 ± 11.2 63.4 ± 11.7 67.4 ± 11.4 < 0.001
BMI (kg/m2) 23.7 ± 3.3 23.2 ± 3.2 24.5 ± 3.1 23.7 ± 3.4 25.0 ± 3.2 < 0.001

SBP (mm Hg) 115.8 ± 16.0 113.4 ± 14.9 122.7 ± 16.7 115.5 ± 15.9 123.5 ± 16.5 < 0.001
DBP (mm Hg) 77.3 ± 10.3 76.4 ± 10.2 81.0 ± 10.5 76.8 ± 10.1 81.2 ± 10.1 < 0.001

HDL (mmol/L) 1.4 ± 0.4 1.4 ± 0.4 1.3 ± 0.4 1.4 ± 0.4 1.3 ± 0.4 < 0.001

LDL(mmol/L) 2.7 ± 0.8 2.7 ± 0.8 2.7 ± 0.9 2.8 ± 0.8 2.8 ± 0.9 < 0.001
FPG(mmol/L) 5.1 ± 0.5 4.9 ± 0.4 5.9 ± 0.3 5.0 ± 0.3 5.9 ± 0.3 < 0.001

HBA1c % 5.6 ± 0.4 5.2 ± 0.3 5.3 ± 0.3 5.9 ± 0.2 6.0 ± 0.2 < 0.001

HTN, n (%) < 0.001
Normal 13,353 (83.3) 6188 (86.5) 599 (73.3) 5252 (84.4) 1314 (71.7)

Hypertension 2673 (16.7) 963 (13.5) 218 (26.7) 973 (15.6) 519 (28.3)

TG* (mmol/L) 1.5 (1.1, 2.3) 1.4 (1.0, 2.1) 1.8 (1.3, 2.9) 1.5 (1.0, 2.2) 1.9 (1.3, 2.8) < 0.001

Note: *Data are the median and the interquartile range. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; 
LDL, low-density lipoprotein; FPG, fasting plasma glucose; HTN, hypertension; TG, triglycerides.
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Conclusion
In summary, our study found that FPG and HbA1c were independent predictors of future HTN development in the 
prediabetes range. However, our results showed FPG was a stronger predictor than HbA1c.
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