
Page 1 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(23):1580 | http://dx.doi.org/10.21037/atm-20-1155

Prediabetes and risk for all-cause and cardiovascular mortality 
based on hypertension status

Yu-Qing Huang#, Lin Liu#, Jia-Yi Huang, Chao-Lei Chen, Yu-Ling Yu, Kenneth Lo, Ying-Qing Feng

Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical 

Sciences, Guangzhou, China

Contributions: (I) Conception and design: YQ Huang, L Liu, K Lo, YQ Feng; (II) Administrative support: YQ Feng; (III) Provision of study materials 

or patients: YQ Huang, K Lo; (IV) Collection and assembly of data: YQ Huang, L Liu, JY Huang, CL Chen, YL Yu, K Lo; (V) Data analysis and 

interpretation: YQ Huang, L Liu, K Lo; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work. 

Correspondence to: Kenneth Lo; Ying-Qing Feng. Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial People’s 

Hospital, Guangdong Academy of Medical Sciences, No. 106, Zhongshan two Road, Yuexiu District, Guangzhou 510080, China.  

Email: kenneth_lo@brown.edu; 651792209@qq.com.

Background: Current recommendations suggest prediabetes testing for overweight or obese adults with 
at least one cardiovascular risk factor. However, it is important to understand whether testing should be 
conducted in adults with hypertension regardless of their cardiovascular risk factors. 
Methods: Participants from the 1999–2014 National Health and Nutrition Examination Surveys 
(NHANES) aged at least 18 years and without diabetes were enrolled in the study. Participants were 
classified according to their prediabetes and hypertension status and followed up to track cardiovascular and 
all-cause mortality until December 31, 2015. Cox proportional hazards models were built to estimate the 
hazard ratios (HRs). Results were stratified by age, sex, ethnicity, body mass index, and cardiovascular disease 
history. 
Results: At baseline, 5,011 (14.72%) out of 34,047 participants had combined prediabetes and hypertension. 
Prediabetes alone was not associated with all-cause or cardiovascular mortality. Hypertension alone was 
significantly associated with all-cause (HR: 1.30) and cardiovascular (HR: 1.89) mortality, and combined 
prediabetes and hypertension were significantly associated with all-cause (HR: 1.37) and cardiovascular (HR: 
2.11) mortality. Age and ethnicity were significantly associated with combined prediabetes and hypertension 
and all-cause mortality, where the association was stronger among people aged <60 years (HR: 1.94 vs. 1.22) 
and White (HR: 1.50 vs. 1.21).
Conclusions: Prediabetes might elevate the risk of all-cause and cardiovascular mortality among people 
with hypertension. This relationship is more evident among younger and White individuals.
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Introduction

Hypertension is one of the most common chronic diseases 

and is an important modifiable risk factor for cardiovascular 

metabolic diseases, including diabetes, stroke, and coronary 

heart disease. It is also a major risk factor for mortality 

worldwide (1,2). While diabetes has well-established 
associations with coronary heart disease, ischemic stroke, 
and hemorrhagic stroke (3), the role of prediabetes in 
hypertension and cardiovascular disease (CVD) has only 
recently been receiving increased attention. Prediabetes is 
defined as an intermediate state between normal glycemia 
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and diabetes (4), while its prevalence in the United States 
has greatly increased over the past decades (5,6). Previous 
studies have found that prediabetes is associated with 
hypertension (7). The associations between prediabetes and 
cardiovascular mortality might differ due to hypertension 
status. Two Chinese cohorts have indicated that participants 
with combined prediabetes and hypertension had a higher 
risk for CVD events compared to their counterparts who 
were free from these conditions (8,9). However, prediabetes 
alone did not have a significant association with CVD. 
Similar findings were demonstrated in the Jackson Heart 
Study, in which prediabetes alone was not associated with 
an increased risk for CVD events in Black adults without a 
history of diabetes or CVD at baseline, while an elevated 
risk was observed in those with both prediabetes and 
hypertension (10). Given that hypertension is a major risk 
factor for CVD (1,2), hypertension may cluster with other 
CVD risk factors including impaired glucose metabolism to 
influence cardio-metabolic health (11,12). According to the 
current American Diabetes Association recommendation, 
testing should be considered for overweight or obese adults 
with at least one risk factor, such as hypertension, history of 
CVD, and dyslipidemia (13). Given the detrimental effects 
of combined prediabetes and hypertension on CVD events, 
it is important to understand whether testing should be 
conducted in adults with hypertension regardless of their 
cardiovascular risk profile. To answer this research question, 
the association between prediabetes and cardiovascular 
and all-cause mortality based on hypertension status was 
analyzed using the data from the National Health and 
Nutrition Examination Surveys (NHANES). 

We present the following article in accordance with the 

STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1155).

Methods

Study population

All included participants were from the 1999–2014 
NHANES, an ongoing national representative survey 
of civilian, non-institutionalized population conducted 
by the Centers for Disease Control and Prevention (14). 
There were 82,091 participants between 1999 and 2014. 
Participants with prediabetes and hypertension who aged at 
least 18 were enrolled. Participants who were younger than 
18, those with missing diabetes history, hemoglobin A1C 
(HbA1C) or fasting blood glucose (FBG), blood pressure, or 
mortality history data, and patients diagnosed with diabetes 
at baseline were excluded. A total of 34,047 participants were 
included in the final data analysis (Figure 1). The survey 
protocol was approved by the Institutional Review Board of 
the Centers for Disease Control and Prevention (Protocol 
#98-12, Protocol #2005-06, Continuation of Protocol 
#2005-06, Protocol #2011-17, Continuation of Protocol 
#2011-17), and this study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). All 
participants have provided written informed consent.

Data collection and covariates

Demographic characteristics, smoking habits, history 
of hypertension, diabetes, CVD (any prior diagnosed 
congestive heart failure, coronary heart disease, angina/
angina pectoris, heart attack, or stroke), or cancer, use of 
antihypertensive drugs (antiplatelet or anti-dyslipidemia 
drugs), blood pressure, body mass index (BMI), FBG, total 
cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), and HbA1C at baseline visit were evaluated 
through questionnaires or physical examination. Dietary 
energy was assessed using dietary recall. Diabetes was 
defined as having FBG ≥126 mg/dL, taking hypoglycemic 
agents, or having HbA1C ≥6.5%. Prediabetes was defined 
as having FBG at 100–125 mg/dL or HbA1c between 5.7% 
and 6.4% (13). Hypertension was defined according to the 
2018 European Society of Cardiology/European Society of 
Hypertension (ESC/ESH) Guidelines for the Management 
of Arterial Hypertension as having blood pressure ≥ 
140/90 mmHg or taking antihypertensive drugs (15). 
Estimated glomerular filtration rate (eGFR) was calculated 

82,091 NHANES participants

34,735 aged <18 years old

6,204 diabetes at baseline

36 missing diabetes history 
4,648 missing HbA1C
5,265 missing fasting blood glucose
4,417 missing blood pressure
77 missing mortality data

N=47,356

N=40,251

N=34,047 for data analysis

Figure 1 Research flowchart. NHANES, National Health and 
Nutrition Examination Surveys; HbA1C, hemoglobin A1C.
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using Modification of Diet in Renal Disease formula (16). 

Outcome definitions

Participants were followed up until the final outcomes of 
all-cause and cardiovascular mortality or drop out. Mortality 
data were extracted from the NHANES public use linked 
mortality files, which captured the vital status and causes 
of death in a survey of participants from baseline until 
December 31, 2015. Cardiovascular mortality was defined 
by International Classification of Diseases, 10th Edition, 
Clinical Modification System codes (I00–I09, I11, I13, I20–
I51) derived from death certificate data. 

Statistical analyses

Baseline characteristics are presented as mean ± standard 
deviation (continuous variables) or percentage (categorical 
variables) as appropriate. One-way analysis of variance, 
Kruskal-Whallis H test, and chi-squared test were used for 
identifying differences between groups. Participants were 
categorized into four groups as follows: free from prediabetes 
and hypertension, prediabetes alone, hypertension alone, 
and combined prediabetes and hypertension. Survival 
analysis was performed using Kaplan-Meier curves, and log-
rank test was performed to examine differences between 
groups. Cox proportional hazards regression models were 
used to estimate hazard ratios (HRs) and 95% confidence 
interval (CI) for all-cause and cardiovascular mortality. 
Several regressions models were constructed to test for the 
robustness of findings. Model 1 was not adjusted for any 
confounders, model 2 was adjusted for age and sex, model 
3 was further adjusted for smoking, education, race, BMI, 
CVD at baseline, cancer at baseline, TC, HDL-C, dietary 
energy, eGFR, and use of statin or antiplatelet drugs. For 
subgroup analysis, results were stratified by age (<60 or 
≥60 years), sex (male or female), BMI (<25 or ≥25 kg/m2), 
CVD at baseline (“yes” or “no”), or race (White or non-
White) for interaction analysis. A two-sided P value <0.05 
was considered statistically significant. All statistical analyses 
were performed using R version 3.3.2 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Participant characteristics

The baseline characteristics of 34,047 participants are 

summarized in Table 1. At baseline, 18,451 (54.19%) 
participants did not have prediabetes or hypertension, 
5,714 (16.78%) had prediabetes alone, 4,871 (14.31%) had 
hypertension alone, and 5,011 (14.72%) had combined 
prediabetes and hypertension. On average, participants with 
combined prediabetes and hypertension were older, had 
higher BMI, received less education, had lower eGFR, were 
more likely to smoke, had a history of CVD and cancer, 
and were more likely to use statin, antiplatelet drugs, or 
antihypertensive drugs compared to the remaining three 
groups. 

Risk for incident CVD and all-cause mortality

A total of 3,350 (9.84%) participants died during a median 
follow-up of 8.4 years, of whom 530 (1.56%) were deceased 
due to cardiovascular mortality (Table 2). Across all 
combinations of prediabetes or hypertension status, male 
participants had significantly higher mortality rates than 
females (Table 2). The reduction in survival probability 
for cardiovascular (Figure 2A) and all-cause (Figure 2B) 
mortality (both P for log-rank test <0.001) differed 
significantly based on prediabetes and hypertension status. 
The survival rate decreased more rapidly in participants 
with combined prediabetes and hypertension.

When participants without prediabetes or hypertension 
were used as a reference (Table 3), prediabetes alone was 
associated with all-cause (model 1 HR: 2.33, 95% CI: 2.07, 
2.63) and cardiovascular (model 1 HR: 2.95, 95% CI: 2.03, 
4.30) mortality in model 1. Associations with all-cause 
(model 2 HR: 0.94, 95% CI: 0.83, 1.06) and cardiovascular 
(model 2 HR: 1.01, 95% CI: 0.69, 1.48) mortality were 
attenuated after adjusting for age and sex. After full 
adjustments (model 3), hypertension alone was significantly 
associated with all-cause (HR: 1.30, 95% CI: 1.16, 1.45) and 
cardiovascular (HR: 1.89, 95% CI: 1.36, 2.61) mortality, 
while combined prediabetes and hypertension was 
associated with all-cause (model 3 HR: 1.37, 95% CI: 1.22, 
1.54) and cardiovascular (model 3 HR: 2.11, 95% CI: 1.52, 
2.92) mortality.

Subgroup analyses

According to the subgroup analysis (Table 4), age and race 
were significantly associated with prediabetes/hypertension 
status and all-cause mortality (both P for interaction <0.05). 
Participants with hypertension alone (HR: 1.74 vs. 1.17) 
and combined prediabetes and hypertension had a higher 
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Table 1 Baseline characteristics of the participants

Characteristics
Overall  

(n=34,047)

No hypertension Hypertension

P valueNo pre-diabetes 
(n=18,451)

Pre-diabetes 
(n=5,714)

No pre-diabetes 
(n=4,871)

Pre-diabetes 
(n=5,011)

Age (years) 44.6±19.1 34.9±14.6 46.3±16.4 59.5±16.2 64.0±14.0 <0.001

Male (n, %) 16,434 (48.3) 8,357 (45.3) 3,182 (55.7) 2,355 (48.3) 2,540 (50.7) <0.001

Non-Hispanic White (n, %) 16,169 (47.5) 8,441 (45.7) 2,267 (39.7) 2,865 (58.8) 2,596 (51.8) <0.001

Smoking (n, %) 14,263 (41.9) 6,761 (36.6) 2,586 (45.3) 2,379 (48.8) 2,537 (50.6) <0.001

Less than high school education (n, %) 8,054 (23.7) 3,537 (19.2) 1,619 (28.3) 1,344 (27.6) 1,554 (31.0) <0.001

BMI (kg/m²) 27.9±6.28 26.7±5.79 29.2±6.44 28.5±6.09 30.2±6.97 <0.001

SBP (mmHg) 122±18.7 114±10.8 119±10.9 140±21.7 139±21.5 <0.001

DBP (mmHg) 69.5±13.1 67.4±10.9 69.6±10.7 75.0±16.5 72.1±16.9 <0.001

TC (mg/dL) 196±41.9 190±41.1 202±40.8 204±41.4 202±43.2 <0.001

HDL-C (mg/dL) 53.6±15.9 54.4±15.6 50.3±14.9 55.8±17.5 52.5±16.1 <0.001

Dietary energy (kcal) 2,190±1,040 2,300±1,090 2,220±1,020 2,000±933 1,930±872 <0.001

eGFR (mL/min/1.73 m²) 92.1±29.9 101.0±30.9 90.6±23.8 79.2±26.1 75.2±23.5 <0.001

CVD at baseline, n (%) 2,520 (7.4) 338 (1.8) 205 (3.6) 873 (17.9) 1,104 (22.0) <0.001

Cancer at baseline, n (%) 2,505 (7.4) 674 (3.7) 393 (6.9) 670 (13.8) 768 (15.3) <0.001

Statin use, n (%) 2,875 (8.4) 348 (1.9) 350 (6.1) 880 (18.1) 1,297 (25.9) <0.001

Antiplatelet drug use, n (%) 403 (1.2) 17 (0.1) 22 (0.4) 148 (3.0) 216 (4.3) <0.001

Antihypertensive drug use, n (%) 6,582 (19.3) 0 (0.0) 0 (0.0) 2,994 (61.5) 3,588 (71.6) <0.001

Data are mean ± standard deviation or percentage. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
CVD, cardiovascular disease; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.  

Table 2 Mortality rate by genders, status of pre-diabetes and hypertension

Groups
All-cause mortality Cardiovascular mortality

Case/total Male Female P value Case/total Male Female P value

PreDM(−) & HTN(−) 747/18,451 451 (60.4) 296 (39.6) <0.001 66/18,451 46 (69.7) 20 (30.3) <0.001

PreDM(+) & HTN(−) 405/5,714 272 (67.2) 133 (32.8) <0.001 47/5,714 32 (68.1) 15 (31.9) 0.116

PreDM(−) & HTN(+) 1,083/4,871 552 (51.0) 531 (49.0) <0.001 190/4,871 115 (60.5) 75 (39.5) <0.001

PreDM(+) &HTN(+) 1,115/5,011 635 (57.0) 480 (43.0) 0.05 227/5,011 138 (60.8) 89 (39.2) 0.002

Overall 3,350/34,047 1,910 (57.0) 1,440 (43.0) <0.001 530/34,047 331 (62.5) 199 (37.5) <0.001

DM, diabetes mellitus; HTN, hypertension.

risk of all-cause mortality among those aged <60 years (HR: 
1.94 vs. 1.22) compared to those aged ≥60 years. Combined 
prediabetes and hypertension had stronger association with 
all-cause mortality among White individuals (HR: 1.50 vs. 
1.21) compared to non-White, while hypertension alone 

was associated with all-cause mortality (HR: 1.43 vs. 1.16). 
Combined prediabetes and hypertension had a similar 
association with all-cause mortality when stratified by sex 
(HR: 1.41 for males vs. 1.29 for females), BMI (HR: 1.35 
for BMI ≥25 kg/m2 vs. 1.40 for BMI <25 kg/m2), and CVD 
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Figure 2 Kaplan-Meier curves for survival in different groups on pre-diabetes and hypertension status. (A) All-cause mortality; (B) 
cardiovascular mortality. DM, diabetes mellitus; HTN, hypertension.

history (HR: 1.43 for “yes” vs. 1.36 for “no”). When using 
cardiovascular mortality as the outcome, participants with 
both prediabetes and hypertension had a higher mortality 
risk among those aged <60 years (2.30 vs. 1.91), female 
patients (2.28 vs. 1.96), White individuals (2.47 vs. 1.64), 
and those with BMI ≥25 kg/m2 (2.09 vs. 2.08) or with CVD 
at baseline (2.70 vs. 2.05). However, none of the interactions 
were significant. 

Discussion

In the present study, prediabetes alone was not significantly 
associated with all-cause or cardiovascular mortality, 
although a relationship between hypertension and all-
cause or cardiovascular mortality might exist. According to 

subgroup analysis, age and race were significantly associated 
with prediabetes/hypertension status and mortality. The 
impact of combined prediabetes and hypertension on all-
cause mortality might be stronger among participants 
aged <60 years and White individuals. Although the 
interactions were not statistically significant, combined 
prediabetes and hypertension were associated with all-cause 
and cardiovascular mortality among younger and White 
participants.

These findings are consistent with those of some of 
the previous studies. A cohort study from Iran showed 
that prediabetes status did not predict any CVD events 
after adjusting for sex and age (17). The Innovation to 
Reduce Cardiovascular Complications of Diabetes at the 
Intersection Study (ARTEMIS) showed that among patients 
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Table 3 Associations between pre-diabetes and mortality by hypertension status

Groups Case/total Model 1 (N=34,047) Model 2 (N=34,047) Model 3 (N=29,413)

HR for all-cause mortality (95% CI)

PreDM(−) & HTN(−) 747/18,451 Ref. Ref. Ref.

PreDM(+) & HTN(−) 405/5,714 2.33 (2.07, 2.63)** 0.94 (0.83, 1.06) 1.05 (0.92, 1.20)

PreDM(−) & HTN(+) 1083/4,871 6.09 (5.55, 6.68)** 1.24 (1.12, 1.37)** 1.30 (1.16, 1.45)**

PreDM(+) & HTN(+) 1115/5,011 7.61 (6.94, 8.36)** 1.24 (1.12, 1.38)** 1.37 (1.22, 1.54)**

P for trend <0.001 <0.001 <0.001

HR for cardiovascular mortality (95% CI)

PreDM(−) & HTN(−) 66/18,451 Ref. Ref. Ref.

PreDM(+) & HTN(−) 47/5,714 2.95 (2.03, 4.30)** 1.01 (0.69, 1.48) 1.24 (0.83, 1.84)

PreDM(−) & HTN(+) 190/4,871 11.92 (9.01, 15.77)** 1.87 (1.39, 2.51)** 1.89 (1.36, 2.61)**

PreDM(+) & HTN(+) 227/5,011 16.84 (12.79, 22.17)** 2.08 (1.55, 2.78)** 2.11 (1.52, 2.92)**

P for trend <0.001 <0.001 <0.001

**, P<0.01. Model 1: unadjusted; Model 2: adjusted for age and gender; Model 3: adjusted for age, gender, smoking, education, race, body 
mass index, cardiovascular disease at baseline, cancer at baseline, total cholesterol, high-density-lipoprotein cholesterol, dietary energy 
intake, estimated glomerular filtration rate, the use of statin or antiplatelet drugs. DM, diabetes mellitus; HTN, hypertension; HR, hazard 
ratio; CI, confidence interval.

with coronary artery disease, prediabetes was not associated 
with the risk of cardiovascular and all-cause mortality (18). 
In contrast, Zhang et al. have demonstrated that impaired 
glucose tolerance or impaired fasting glucose greatly 
increased the CVD risk in a pre-hypertensive population, 
which was free from hypertension and CVD at baseline (19).  
Moreover, a meta-analysis of 53 prospective cohort 
studies has demonstrated that prediabetes was significantly 
associated with an increased risk of cardiovascular and 
all-cause mortality (20), although this analysis treated 
hypertension as a confounder instead of examining its 
combined effect with diabetes. Hypertension is a well-
established risk factor for CVD events and cardiovascular 
and all-cause mortality (21-24) and might be significantly 
associated with CVD and mortality regardless of glucose 
tolerance status (25). Given the strong relationship between 
hypertension and CVD, prediabetes is probably linked with 
CVD only when combined with other metabolic disorders 
including hypertension (26). The mortality risk for people 
with prediabetes alone might not be elevated as much as 
in those with hypertension alone. These explanations were 
also supported by our findings and those of some previous 
studies (8,9). 

Subgroup analysis revealed that the predictive power 
of prediabetes or hypertension status for the mortality 

risk appeared to be stronger among low-risk populations 
(younger and White participants). One possible explanation 
was that the high-risk population was already susceptible 
to a lower survival rate. Therefore, the prediabetes 
or hypertension status did not substantially elevate 
the risk. However, hypertension was associated with a 
higher mortality risk among populations with a lower 
cardiovascular risk. This risk was even higher when 
combined with prediabetes.

Currently, several clinical guidelines have provided 
suggestions for diabetes or prediabetes screening with 
subtle differences. The American Diabetes Association 
recommends prediabetes screening for overweight or 
obese individuals with at least one risk factor, including 
high risk race (such as African American, Latino, Native 
American, and Asian American) and history of CVD (13). 
The ESC recommends diabetes screening for patients 
with CVD. Individuals with prediabetes but without CVD 
are not necessarily at elevated cardiovascular risk, but 
still warrant risk scoring for CVD in the same way as the 
general population does (27). The National Institute for 
Health and Clinical Excellence Guidelines on Hypertension 
also suggested that hypertensive patients should take a 
blood test to measure HbA1C for potential diabetes (28). 
In addition, hypertension rarely occurs in isolation and is 



Annals of Translational Medicine, Vol 8, No 23 December 2020 Page 7 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(23):1580 | http://dx.doi.org/10.21037/atm-20-1155

Table 4 Subgroup analysis for the associations between pre-diabetes and mortality by hypertension status

Variables Cases/total PreDM(−) & HTN(−) PreDM(+) & HTN(−) PreDM(−) & HTN(+) PreDM(+) & HTN(+) P-interaction

HR for all-cause mortality (95% CI)

Age (years) 0.001

≥60 2,537/8,761 Ref. 0.98 (0.82, 1.16) 1.17 (1.02, 1.34) 1.22 (1.07, 1.41)

<60 813/25,286 Ref. 1.23 (0.99, 1.53) 1.74 (1.40, 2.15) 1.94 (1.51, 2.49)

Gender 0.315

Male 1,910/16,434 Ref. 1.02 (0.87, 1.21) 1.26 (1.09, 1.46) 1.41 (1.21, 1.63)

Female 1,440/17,613 Ref. 1.10 (0.87, 1.38) 1.31 (1.09, 1.56) 1.29 (1.07, 1.56)

Race <0.001

Non-white 1,247/17,878 Ref. 0.82 (0.67, 1.01) 1.16 (0.97, 1.39) 1.21 (1.01, 1.46)

White 2,103/16,169 Ref. 1.28 (1.07, 1.53) 1.43 (1.23, 1.66) 1.50 (1.29, 1.75)

BMI (kg/m²) 0.880

≥25 1,973/19,710 Ref. 1.11 (0.94, 1.32) 1.28 (1.11, 1.48) 1.35 (1.16, 1.56)

<25 1,207/11,941 Ref. 0.89 (0.71, 1.12) 1.28 (1.07, 1.53) 1.40 (1.15, 1.69)

CVD at baseline 0.629

Yes 920/2,520 Ref. 0.92 (0.61, 1.40) 1.41 (1.06, 1.87) 1.43 (1.07, 1.90)

No 2,430/31,527 Ref. 1.06 (0.92, 1.23) 1.26 (1.11, 1.43) 1.36 (1.19, 1.55)

HR for cardiovascular mortality (95% CI)

Age (years) 0.300

≥60 456/8,761 Ref. 1.23 (0.77, 1.97) 1.62 (1.11, 2.37) 1.91 (1.31, 2.78)

<60 74/25,286 Ref. 1.10 (0.49, 2.46) 3.20 (1.69, 6.05) 2.30 (1.05, 5.01)

Gender 0.482

Male 331/16,434 Ref. 1.08 (0.67, 1.73) 1.81 (1.22, 2.67) 1.96 (1.32, 2.90)

Female 199/17,613 Ref. 1.66 (0.80, 3.46) 1.99 (1.09, 3.62) 2.28 (1.24, 4.20)

Race 0.291

Non-white 178/17,878 Ref. 0.68 (0.35, 1.32) 1.53 (0.93, 2.53) 1.64 (0.99, 2.71)

White 352/16,169 Ref. 1.81 (1.08, 3.04) 2.23 (1.44, 3.45) 2.47 (1.58, 3.86)

BMI (kg/m²) 0.133

≥25 322/19,710 Ref. 1.22 (0.73, 2.03) 1.93 (1.27, 2.94) 2.09 (1.37, 3.19)

<25 176/11,941 Ref. 1.20 (0.64, 2.27) 1.68 (1.01, 2.81) 2.08 (1.22, 3.53)

CVD at baseline 0.628

Yes 212/2,520 Ref. 1.42 (0.50, 4.05) 3.05 (1.40, 6.67) 2.70 (1.23, 5.94)

No 318/31,527 Ref. 1.18 (0.76, 1.81) 1.48 (1.01, 2.15) 2.05 (1.41, 2.98)

Adjusted for age, gender, smoking, education, race, body mass index, cardiovascular disease at baseline, cancer at baseline, total 
cholesterol, high-density-lipoprotein cholesterol, energy intake, estimated glomerular filtration rate, the use of statin, antiplatelet drugs. 
CVD, cardiovascular disease; DM, diabetes mellitus; HTN, hypertension; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; CI, 
confidence interval. 
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often clustered with other CVD risk factors, such as obesity 
and glucose intolerance. Metabolic risk factor clustering 
has a multiplicative effect on CVD risk (11,12). According 
to the 2018 ESC/ESH guidelines for the management of 
arterial hypertension, patients with hypertension should 
have a routine evaluation for multiple cardiovascular 
risk factors, including fasting glucose and HbA1C (15). 
However, American College of Cardiology/American 
Heart Association in 2019 did not recommend prediabetes 
screening in patients with hypertension (29). Instead, 
weight and hypertension management were advised for 
adults with diabetes (29). The present research findings 
have provided evidence to suggest routine monitoring of 
glycemic profile in patients with hypertension, while further 
stratification for high-risk populations may not be necessary. 
Although prediabetes alone may not predict the risk for a 
cardiovascular event, it may enhance the detrimental effect 
of hypertension on cardiovascular health. 

Despite providing evidence for hypertension-dependent 
association between prediabetes and mortality, several 
study limitations should be noted. First, the present study 
did not classify prediabetes using glucose tolerance data, 
which might underestimate the number of participants with 
prediabetes. Second, considering the cross-sectional nature 
of NHANES, the proportion of participants that progressed 
from prediabetes to diabetes was not assessed. Third, 
few cases of CVD death (1.56%) have occurred, which 
might reduce the statistical power. Furthermore, residual 
confounding occurred due to inaccurate measurement of 
some adjustment variables such as self-reported lifestyle 
factors.

To conclude, prediabetes might elevate the risk of 
all-cause and cardiovascular mortality among people 
with hypertension. This relationship was more evident 
among younger participants, males, and non-White 
individuals. Further studies should consider how the 
diabetes progression and hypertension status can influence 
the mortality risk. It is also worthwhile to explore the 
subpopulation with hypertension for prediabetes screening. 
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