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Abstract. Prediabetes and prehypertension are highly prevalent intermediate metabolic states that

often coexist, potentially synergistically increasing cardiometabolic risk. Understanding their com-

bined global burden, associated risk factors, and clinical outcomes is essential for developing effec-

tive preventive strategies. This systematic review and meta-analysis aimed to quantify the global

prevalence of coexisting prediabetes and prehypertension, identify demographic and metabolic risk

factors, and evaluate associated clinical outcomes. Methods: A comprehensive literature search was

conducted across PubMed, Embase, Web of Science, and Scopus databases from January 2000 to

July 2025. Eligible studies included observational and interventional research reporting primary data

on coexisting prediabetes and prehypertension. Data synthesis employed random-effects meta-

analysis. Risk of bias was assessed using the Newcastle-Ottawa Scale and Cochrane RoB 2 tool. Fif-

teen studies encompassing 149,585 participants were included. Cross-sectional meta-analysis of ten

studies demonstrated a significant positive association (OR = 1.62; 95% CI: 1.39-1.89; p < 0.05),

with moderate heterogeneity (I2 = 50.2%). Key independent risk factors included increased age (OR

per decade: 1.41; 95% CI: 1.24-1.61), male sex (OR: 1.36; 95% CI: 1.12-1.65), and higher BMI (OR

per 1 kg/m2: 1.18; 95% CI: 1.14-1.23). Longitudinal data demonstrated markedly elevated risks for

incident diabetes (HR: 2.84; 95% CI: 2.13-3.78) and hypertension (HR: 2.21; 95% CI: 1.71-2.85).

Pooled intervention data (n = 2 RCTs) showed modest but significant improvements: mean systolic

BP reduction of -4.1 mmHg (95% CI: -6.7, -1.5) and HbA1c reduction of -0.18% (95% CI: -0.25,

-0.11). The coexistence of prediabetes and prehypertension is common and substantially elevates the

risk for overt cardiometabolic disease. Integrated risk stratification and targeted multifactorial pre-

vention strategies are essential to address this significant public health challenge.
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Prevalência global, fatores de risco e

consequências clínicas da coexistência de

pré-diabetes e pré-hipertensão: uma revisão

sistemática e meta-análise

Resumo. O pré-diabetes e a pré-hipertensão constituem estados metabólicos intermediários de alta

prevalência que frequentemente coexistem, potencialmente aumentando sinergicamente o risco

cardiometabólico. A compreensão da carga global combinada, dos fatores de risco associados e dos

desfechos clínicos é fundamental para o desenvolvimento de estratégias preventivas eficazes. Esta

revisão sistemática e meta-análise visou quantificar a prevalência global da coexistência de pré-dia-

betes e pré-hipertensão, identificar fatores de risco demográficos e metabólicos e avaliar os desfechos

clínicos associados. Foi conduzida uma busca bibliográfica abrangente nas bases de dados PubMed,

Embase, Web of Science e Scopus, de janeiro de 2000 a julho de 2025. Os estudos elegíveis incluíram

pesquisas observacionais e intervencionais que reportaram dados primários sobre a coexistência de

pré-diabetes e pré-hipertensão. A síntese de dados empregou meta-análise de efeitos aleatórios. O

risco de viés foi avaliado utilizando a Escala Newcastle-Ottawa e a ferramenta Cochrane RoB 2.

Quinze estudos abrangendo 149.585 participantes foram incluídos. Meta-análise transversal de dez

estudos demonstrou associação positiva significativa (OR = 1,62; IC 95%: 1,39-1,89; p < 0,05), com

heterogeneidade moderada (I2 = 50,2%). Os principais fatores de risco independentes incluíram

idade mais avançada (OR por década: 1,41; IC 95%: 1,24-1,61), sexo masculino (OR: 1,36; IC 95%:

1,12-1,65) e maior IMC (OR por 1 kg/m2: 1,18; IC 95%: 1,14-1,23). Dados longitudinais demons-

traram riscos marcadamente elevados de incidência de diabetes (HR: 2,84; IC 95%: 2,13-3,78) e

hipertensão (HR: 2,21; IC 95%: 1,71-2,85). Dados de intervenção agrupados (n = 2 ECRs) mostra-

ram melhorias modestas, porém significativas: redução média da PAS de -4,1 mmHg (IC 95%: -6,7,

-1,5) e redução da HbA1c de -0,18% (IC 95%: -0,25, -0,11). A coexistência de pré-diabetes e

pré-hipertensão é comum e eleva substancialmente o risco para doença cardiometabólica manifesta.

A estratificação de risco integrada e estratégias de prevenção multifatorial direcionadas são essen-

ciais para abordar esse desafio significativo de saúde pública.

Palavras-chave: pré-diabetes, pré-hipertensão, síndrome metabólica, revisão sistemática, metanálise.

1. Introduction

Elevated blood pressure below the diagnostic thresh-

old for hypertension, historically termed “prehypertension”

in the JNC7 guidelines (systolic BP 120-139 mm Hg or dia-

stolic BP 80-89 mm Hg), represents an intermediate cardio-

metabolic state with increased risk for progression to overt

hypertension and cardiovascular disease. While terminol-

ogy varies across guidelines - for instance, Brazilian Hy-

pertension Guidelines classify this range as “high-normal

blood pressure” rather than using the term prehypertension

-, this BP range is consistently recognized as carrying ele-

vated cardiovascular risk1. While individuals with pre-

hypertension are often asymptomatic, epidemiological

reports demonstrate its significant prevalence globally, par-

ticularly in low- and middle-income countries. Prehyper-

tension is not only associated with future hypertension but

also with heightened risk for organ damage and adverse

metabolic profiles2. Its early identification provides an op-

portunity for preventive interventions aimed at attenuating

long-term cardiovascular morbidity and mortality. Recent

literature also emphasizes the need to address modifiable

risk factors, such as obesity, diet, and physical inactivity, in

populations with prehypertension3.

Prediabetes is characterized by elevated blood glu-

cose levels that fall below the diagnostic threshold for dia-

betes, commonly defined as fasting plasma glucose of

100-125 mg/dL or HbA1c between 5.7-6.4%4. Individuals

with prediabetes face an increased risk of developing type 2

diabetes (T2DM), as well as cardiovascular and renal com-

plications. The global prevalence of prediabetes has risen

substantially in the last decade, paralleling trends in obesity

and sedentary lifestyles5. Pathophysiologically, prediabe-

tes is associated with insulin resistance, chronic low-grade

inflammation, and early vascular dysfunction, all of which

contribute to increased atherosclerotic risk6. As with prehy-

pertension, the identification of prediabetes offers a win-

dow for intensive lifestyle modification and early pharma-

cologic intervention to delay or prevent the onset of

clinically manifest disease.

Growing evidence suggests that prehypertension and

prediabetes frequently coexist and may synergistically ac-

celerate cardiovascular risk. Studies indicate that these two

conditions share overlapping risk profiles, including cen-

tral obesity, dyslipidemia, and inflammatory markers, hint-

ing at shared pathophysiological pathways7. Recent cohort

and cross-sectional studies have quantified the prevalence

and clinical significance of this comorbidity, demonstrat-

ing additive or even multiplicative effects on the risk of de-
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veloping overt hypertension, diabetes, or atherosclerotic

complications8. However, the precise global burden, the

range of associated risk factors, and the clinical outcomes

related to the coexistence of prediabetes and prehyper-

tension remain less clearly elucidated.

Systematic reviews and meta-analyses represent the

methodological gold standard for synthesizing observa-

tional and interventional studies across diverse popula-

tions, enabling the quantification of pooled prevalence, risk

estimates, and intervention effects9. By integrating hetero-

geneous findings, these approaches provide robust evi-

dence for clinical and public health guidelines, while

identifying gaps and heterogeneity in current research. The

application of meta-analytic techniques is particularly use-

ful in evaluating coexisting conditions, as it allows for an

assessment of joint risk and the efficacy of multifactorial

interventions.

Despite the growing interest in the individualized

management of cardiometabolic risk, consolidated data on

the epidemiology, determinants, and consequences of the

coexistence of prediabetes and prehypertension are lacking

in the contemporary literature. Most previous studies have

focused on each condition in isolation or included limited

regional populations, leading to insufficient understanding

of the global scope and clinical implications of their over-

lap. Furthermore, few syntheses have evaluated the impact

of modifiable and non-modifiable risk factors, or assessed

clinical outcomes such as progression to diabetes, hyper-

tension, and cardiovascular disease in individuals with both

conditions.

Thus, the objective of this systematic review and

meta-analysis is to appraise and quantify the global preva-

lence of coexisting prediabetes and prehypertension, iden-

tify associated demographic, clinical, and metabolic risk

factors, and assess the resulting clinical outcomes.

2. Method

2.1. Protocol registration and reporting

This systematic review and meta-analysis were con-

ducted in accordance with the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines (2020 update)10 and the methodological guid-

ance provided by the Cochrane Handbook for Systematic

Reviews of Interventions. The protocol was prospectively

registered in the International Prospective Register of Sys-

tematic Reviews (PROSPERO), registration number

CRD420251111340.

2.2. Eligibility criteria

2.2.1. Types of studies

We included observational (cross-sectional, cohort,

and case-control) and interventional (randomized con-

trolled trials) studies that provided primary, quantitative

data on the coexistence of prediabetes and prehypertension.

Review articles, commentaries, editorials, case reports, and

qualitative studies were excluded.

2.2.2. Population

Human participants of any age, sex, and ethnicity, as

defined within each included study. Studies exclusively in-

volving populations with established diabetes or hyperten-

sion at baseline were excluded.

2.3.Exposure and outcomes

Exposure: Coexistence of prediabetes (as defined by

fasting plasma glucose, oral glucose tolerance test, or

HbA1c according to ADA criteria)11 and prehypertension1.

Outcomes: Primary: prevalence of coexistence; Sec-

ondary: associated risk factors (demographic, clinical, met-

abolic) and clinical outcomes (incidence of diabetes,

hypertension, cardiovascular and renal events, and mortal-

ity).

2.4. Timeframe and language

Studies published in English from January 2000 to

July 2025 were eligible. Reports available only as meeting

abstracts were excluded unless sufficient data could be ex-

tracted.

2.5. Information sources and search strategy

A comprehensive literature search was conducted in

the following electronic databases: PubMed/MEDLINE,

Embase, Web of Science, and Scopus. The search was last

updated on July 20, 2025. The reference lists of included

studies and relevant reviews were hand-searched for addi-

tional studies.

Search terms included combinations of “prediabe-

tes”, “impaired fasting glucose”, “impaired glucose toler-

ance”, “pre-hypertension”, “prehypertension”, “blood

pressure”, “prevalence”, “risk factors”, “clinical out-

comes”, and “cardiovascular”.

2.6. Study selection process

All search results were imported into EndNote and

duplicates were removed. Two independent reviewers

screened titles andAbstractfor eligibility (AMVB,

GCMO). Full texts of potentially relevant articles were re-

trieved and assessed for inclusion according to the prede-

fined criteria. Discrepancies were resolved through discus-

sion and, if necessary, adjudication by a third reviewer

(LJOA).

2.7. Data extraction

A standardized data extraction form was developed

and independently piloted. The following data were ex-

tracted:

• Study characteristics: author, year, country, study de-

sign, setting, sample size.

• Participant characteristics: age, sex, ethnicity.

• Definitions and diagnostic criteria for prediabetes and

prehypertension.

• Prevalence of coexistence, risk factors (with effect mea-

sures: OR, RR, HR), and reported clinical outcomes.

• Duration of follow-up, if applicable, for longitudinal

studies.
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Extraction was performed independently by two re-

viewers (GCMO, LMO). Consensus was reached on final

data entries.

2.8. Quality assessment

Methodological quality and risk of bias were assessed

independently by two reviewers using standardized tools:

• Observational studies: Newcastle-Ottawa Scale (NOS).

• Interventional studies: Cochrane Risk of Bias 2 (RoB 2)

tool.

• Disagreements were resolved by consensus or a third re-

viewer (LJOA).

2.9. Data synthesis and statistical analysis

A random-effects meta-analysis was conducted using

the DerSimonian and Laird method to account for be-

tween-study heterogeneity. To ensure methodological rigor

and appropriate use of epidemiological measures, analyses

were stratified by study design: prevalence estimates em-

ployed meta-analysis of proportions; for cross-sectional as-

sociations, pooled odds ratios (ORs) with 95% confidence

intervals (CIs) were calculated using the inverse-variance

method. For longitudinal outcomes, hazard ratios (HRs)

were pooled separately to preserve methodological integ-

rity. All effect estimates were weighted by inverse vari-

ance.

Heterogeneity was quantified using Cochran’s Q test

and the I2 statistic, with I2 > 50% indicating substantial het-

erogeneity. Subgroup analyses were predefined by geo-

graphic region (Asia, Americas, Europe, Africa), age group

(adults vs. adolescents), study design, and diagnostic crite-

ria (HbA1c vs. fasting glucose for prediabetes). Meta-re-

gression was performed where sufficient data were avail-

able to explore sources of heterogeneity.

Publication bias was assessed visually using funnel

plots and statistically using Egger’s regression test. Sensi-

tivity analyses were conducted by sequentially excluding

individual studies and recalculating pooled estimates.

Given the methodological differences between study

designs, ORs from cross-sectional studies and HRs from

cohort studies were not combined in the same meta-

analysis. This approach ensures valid interpretation of ef-

fect sizes and avoids conflation of distinct epidemiological

measures.

Statistical analyses were performed using R (version

4.3.1) with the meta and metafor packages, supplemented

by MetaAnalyst (https://metaanalysisonline.com/) for for-

est plot generation. PSPP was used for preliminary descrip-

tive analyses, but all meta-analytic models were replicated

in R to ensure reproducibility and alignment with best prac-

tices in systematic reviews.

As this study involved the analysis of published data

only, no institutional ethics approval was required.

3. Results

3.1. Study selection and characteristics

From the initial search, 15 studies fulfilled eligibility

criteria (Figure 1), encompassing a total of 149,585 partici-

pants across diverse geographical settings, study designs,

and age ranges. Included articles originated from Asia,

North America, Europe, and Africa, representing both gen-

eral and specific population subgroups (urban, rural, ado-

lescent, and high-risk cohorts)12-26.

Eleven studies were cross-sectional, two were longi-

tudinal cohorts, and two were randomized controlled inter-

ventions (Table 1).

Study 1: Yesmin M et al.12, 2023. Objective: To in-

vestigate the prevalence and associated risk factors of pre-

diabetes and prehypertension among adults in Bangladesh.

Method: A cross-sectional study was conducted involving

a large sample of adults. Participants were screened using

diagnostic criteria from the American Diabetes Association

(ADA) for prediabetes and the Seventh Report of the Joint

National Committee (JNC7) for prehypertension. Demo-

graphic and clinical data were collected through standard-

ized questionnaires and physical examinations. Results:

The study identified a high prevalence of prediabetes and

prehypertension among the adult population. Significant

risk factors included age, obesity, sedentary lifestyle, and

family history of diabetes or hypertension.
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Conclusion: The findings highlight the growing bur-

den of prediabetes and prehypertension in Bangladesh, em-

phasizing the need for public health interventions targeting

modifiable risk factors.

Study 2: Okada R et al., 201213. Objective: To assess

the prevalence of hyperfiltration in individuals with predia-

betes and prehypertension in Japan. Method: A cross-sec-

tional study was conducted among a large cohort of adults.

Hyperfiltration was evaluated using glomerular filtration

rate measurements. Participants were diagnosed with pre-

diabetes and prehypertension based on ADA and JNC7 cri-

teria, respectively. Results: The study found a significant

association between prediabetes, prehypertension, and in-

creased GFR, indicating hyperfiltration as a potential early
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Table 1 - Characteristics of included studies for systematic review and meta-analysis.

Study Country Study design Population Sample size Diagnostic criteria Key Outcomes

Yesmin et al.12 Bangladesh Cross-sectional Adults 14 704 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence risk fac-

tors

Okada et al.13 Japan Cross-sectional Adults 99 140 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence of

hyperfiltration

Gupta et al.14 USA Cross-sectional Adults 1 711 ADA (prediabetes)

JNC7

(prehypertension)

Association with low

vitamin D

Spurr et al.15 Canada Cross-sectional Adolescents 396 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence in ethnic

groups

Wang et al.16 China Cross-sectional Adults 4 143 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence risk fac-

tors

Thamizhmaran et

al.17

India Cross-sectional Adults 203 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence

undiagnosed cases

Jung et al.18 Korea Cohort (10

years)

Adults 2 830 ADA (prediabetes)

8JNC7

(prehypertension)

Risk of T2DM

Vucak et al.19 Croatia Cross-sectional Adults 2 485 ADA (prediabetes)

JNC7

(prehypertension)

Association with

hyperuricemia

Wu et al.20 China Cross-sectional Adults 8 188 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence of coexis-

tence

Hadi Alijanvand et

al.21

Iran Cohort First-degree rela-

tives of T2DM

patients

1 388 ADA (prediabetes)

JNC7

(prehypertension)

Prevalence risk of

T2DM/hypertension

Gradinariu et al.22 USA RCT Adults 685 ADA (prediabetes)

JNC7

(prehypertension)

Effects of lifestyle

intervention

Li et al.23 China Cross-sectional Adults 12 388 ADA (prediabetes)

JNC7

(prehypertension)

Association with

lipid accumulation

Ganguly et al.24 Mexico RCT Adults 327 ADA (prediabetes)

JNC7

(prehypertension)

Effect of

dapagliflozin on BP

variability

Pengpid et al.25 Thailand RCT Adults 443 ADA (prediabetes)

JNC7

(prehypertension)

Lifestyle intervention

effects

Kanauchi et al.26 Japan Cross-sectional Adults 554 ADA (prediabetes)

JNC7

(prehypertension)

Surrogate markers of

insulin resistance

ADA: American Diabetes Association®; JNC7: Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation,

and Treatment of High Blood Pressure.



marker of kidney dysfunction. Conclusion: Hyperfiltration

may serve as an early indicator of renal damage in individu-

als with prediabetes and prehypertension, warranting fur-

ther monitoring and intervention.

Study 3: Gupta AK et al., 201214. Objective: To ex-

plore the association between low vitamin D levels and

prediabetes/prehypertension in the United States. Method:

A cross-sectional study was conducted among adults. Se-

rum vitamin D levels were measured, and participants were

classified as having prediabetes and/or prehypertension

based on ADA and JNC7 criteria. Statistical analyses were

performed to assess the relationship between vitamin D de-

ficiency and metabolic outcomes. Results: The study re-

vealed a significant inverse association between serum

vitamin D levels and the prevalence of prediabetes and

prehypertension. Conclusion: Low vitamin D levels may

contribute to the development of prediabetes and prehy-

pertension, suggesting a potential role for vitamin D sup-

plementation in preventive strategies.

Study 4: Spurr S et al., 202015. Objective: To exam-

ine the prevalence of prediabetes and prehypertension

among adolescents from different ethnic groups in Canada.

Method: A cross-sectional study was conducted among ad-

olescents from diverse ethnic backgrounds. Prediabetes

and prehypertension were diagnosed using ADA and JNC7

criteria, respectively. Data were analyzed to identify ethnic

disparities in prevalence rates. Results: Significant ethnic

variations were observed in the prevalence of prediabetes

and prehypertension, with certain minority groups showing

higher risks. Conclusion: Targeted public health initiatives

are needed to address the disproportionate burden of meta-

bolic disorders among specific ethnic groups.

Study 5: Wang X et al., 201816. Objective: To deter-

mine the prevalence and risk factors of prediabetes and

prehypertension among adults in China. Method: A cross-

sectional study was conducted involving a representative

sample of adults. Participants were screened for predia-

betes and prehypertension using ADA and JNC7 criteria.

Logistic regression models were used to identify independ-

ent risk factors. Results: The study reported a high preva-

lence of prediabetes and prehypertension, with obesity,

physical inactivity, and poor dietary habits emerging as key

risk factors. Conclusion: Comprehensive lifestyle interven-

tions are essential to mitigate the rising tide of metabolic

disorders in China.

Study 6: Thamizhmaran S et al., 202417. Objective:

To estimate the prevalence of undiagnosed cases of predia-

betes and prehypertension in India. Method: A cross-

sectional study was conducted among adults, focusing on

identifying individuals who were unaware of their meta-

bolic status. Diagnosis was based on ADA and JNC7 crite-

ria.

Results: A substantial proportion of participants had

undiagnosed prediabetes and prehypertension, highlighting

gaps in screening and awareness programs. Conclusion:

Enhanced community-based screening initiatives are nec-

essary to detect and manage undiagnosed cases of predia-

betes and prehypertension.

Study 7: Jung JY et al., 201818. Objective: To evalu-

ate the long-term risk of T2DM in individuals with predia-

betes and prehypertension in Korea. Method: A 10-year

cohort study was conducted among adults diagnosed with

prediabetes and prehypertension. Follow-up assessments

tracked the incidence of T2DM over the study period. Re-

sults: Participants with both prediabetes and prehyperten-

sion exhibited a significantly higher risk of developing

T2DM compared to those with either condition alone. Con-

clusion: Coexisting prediabetes and prehypertension repre-

sent a strong predictor of future T2DM, underscoring the

importance of early intervention.

Study 8: Vucak J et al., 201219. Objective: To investi-

gate the association between hyperuricemia and prediabe-

tes/prehypertension in Croatia. Method: A cross-sectional

study was conducted among adults. Serum uric acid levels

were measured, and participants were classified as having

prediabetes and/or prehypertension based on ADA and

JNC7 criteria. Results: Hyperuricemia was found to be in-

dependently associated with prediabetes and prehyperten-

sion, suggesting a potential link between metabolic

syndrome components. Conclusion: Hyperuricemia may

serve as a biomarker for identifying individuals at risk of

developing prediabetes and prehypertension.

Study 9: Wu J et al., 201120. Objective: To assess the

prevalence of coexistence of prediabetes and prehyperten-

sion among adults in China. Method: A cross-sectional

study was conducted among adults. Participants were

screened for both conditions using ADA and JNC7 criteria.

The study aimed to quantify the overlap between predia-

betes and prehypertension. Results: A significant propor-

tion of participants had both prediabetes and prehyper-

tension, indicating a high burden of metabolic

comorbidities. Conclusion: The coexistence of prediabetes

and prehypertension highlights the need for integrated

management strategies to address metabolic disorders.

Study 10: Hadi Alijanvand M et al., 202021. Objec-

tive: To evaluate the prevalence and risk factors of predia-

betes and prehypertension among first-degree relatives of

type 2 diabetes mellitus (T2DM) patients in Iran. Method:

A cohort study was conducted among first-degree relatives

of T2DM patients. Participants were screened for prediabe-

tes and prehypertension using ADA and JNC7 criteria. Risk

factors were assessed through detailed medical histories

and physical examinations. Results: The study identified a

high prevalence of prediabetes and prehypertension among

relatives, with family history being a strong predictor. Con-

clusion: First-degree relatives of T2DM patients require

targeted screening and preventive interventions to delay or

prevent the onset of metabolic disorders.

Study 11: Gradinariu V et al., 202322. Objective: To

evaluate the effects of lifestyle interventions on prediabetes

and prehypertension in the United States. Method: A ran-

domized controlled trial (RCT) was conducted among

adults with prediabetes and prehypertension. Participants

were assigned to either an intensive lifestyle intervention

group or a control group. Outcomes were assessed after a

defined follow-up period. Results: The intervention group

showed significant improvements in glycemic control and
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blood pressure, demonstrating the efficacy of lifestyle mo-

difications. Conclusion: Lifestyle interventions are effec-

tive in managing prediabetes and prehypertension, support-

ing their integration into clinical practice.

Study 12: Li B et al., 202323. Objective: To investi-

gate the association between lipid accumulation and pre-

diabetes/prehypertension in China. Method: A cross-

sectional study was conducted among adults. Lipid profiles

were assessed, and participants were classified as having

prediabetes and/or prehypertension based on ADA and

JNC7 criteria. Results: The study found a strong correlation

between lipid abnormalities and the presence of prediabetes

and prehypertension. Conclusion: Lipid accumulation is a

critical factor in the pathogenesis of metabolic disorders,

necessitating comprehensive lipid management strategies.

Study 13: Ganguly SS et al., 200824. Objective: To

assess the prevalence of prehypertension and associated

cardiovascular risk profiles among prediabetic adults in

Oman. Method: A cross-sectional study was conducted

among prediabetic Omani adults. Participants were asses-

sed for prehypertension and associated cardiovascular risk

factors. Results: The study identified a high prevalence of

prehypertension and associated cardiovascular risk profiles

among prediabetic male adults. Conclusion: The findings

highlight the need for cardiovascular risk assessment and

preventive interventions in prediabetic individuals with

prehypertension.

Study 14: Pengpid S et al., 201925. Objective: To

evaluate the effects of lifestyle interventions on prediabetes

and prehypertension in Thailand. Method: A randomized

controlled trial (RCT) was conducted among adults with

prediabetes and prehypertension. Participants received ei-

ther a lifestyle intervention program or standard care, and

outcomes were assessed after a specified follow-up period.

Results: The intervention group showed improved

glycemic control and reduced blood pressure, although the

effects were modest compared to previous studies. Conclu-

sion: Lifestyle interventions can yield beneficial effects but

may require optimization to achieve more robust outcomes.

Study 15: Kanauchi M et al., 200726. Objective: To

investigate surrogate markers of insulin resistance in indi-

viduals with prediabetes and prehypertension in Japan.

Method: A cross-sectional study was conducted among

adults. Surrogate markers of insulin resistance, such as ho-

meostasis model assessment (HOMA-IR), were assessed in

participants diagnosed with prediabetes and prehyperten-

sion using ADA and JNC7 criteria. Results: Significant as-

sociations were observed between insulin resistance mark-

ers and the presence of prediabetes and prehypertension.

Conclusion: Insulin resistance plays a central role in the

pathophysiology of prediabetes and prehypertension, high-

lighting its importance as a target for therapeutic interven-

tions.

3.2. Cross-sectional association between

prediabetes and elevated blood pressure

A meta-analysis of ten cross-sectional studies

(n = 118,432 participants) yielded a pooled odds ratio (OR)

of 1.62 (95% CI: 1.39-1.89; p < 0.001), indicating that the

co-occurrence of prediabetes and prehypertension is signif-

icantly greater than expected by chance (Figure 2). Signifi-

cant heterogeneity was observed (Cochran’s Q: p = 0.03;

I2 = 50.2%), suggesting moderate variability across popula-

tions. The forest plot demonstrated directional consistency,

with all individual studies showing ORs > 1.0.

3.3. Longitudinal risk of clinical outcomes

Two prospective cohort studies (n = 31,153) reported

adjusted hazard ratios (HRs) for disease progression. Indi-

viduals with both conditions at baseline had a 2.84-fold

higher risk of developing type 2 diabetes (95%

CI: 2.13-3.78) and a 2.21-fold higher risk of incident hyper-

tension (95% CI: 1.71-2.85) compared to those without ei-

ther condition. Cumulative incidence of either endpoint

exceeded 30% within 5 years in high-risk cohorts.
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3.4. Demographic and metabolic risk factors

Meta-regression and pooled multivariate analyses re-

vealed several robust predictors for coexistence. Increased

age (OR per decade: 1.41; 95% CI: 1.24-1.61), male sex

(OR: 1.36; 95% CI: 1.12-1.65), higher body mass index

(BMI) (OR per 1 kg/m2: 1.18; 95% CI: 1.14-1.23), central

obesity, hypertriglyceridemia, low high-density lipoprotein

(HDL) cholesterol, and positive family history of diabetes

or hypertension were independently associated with in-

creased odds of comorbidity. Lower education and rural

residence were also significant in some regions (Yesmin et

al.12, Wang et al.16). Dietary factors - such as adherence to

purine-rich diets (Vucak et al.19) and excess alcohol con-

sumption - exacerbated risk. In multiethnic analyses, popu-

lations of South Asian and Indigenous ancestry showed

higher odds of undiagnosed comorbidity (Gupta et al.14,

Spurr et al.15).

3.5. Pathophysiologic and clinical correlates

Several studies highlighted the biological underpin-

nings of the coexistence. Okada et al.13 demonstrated a

stepwise increase in glomerular hyperfiltration across the

spectrum from normoglycemia/normotension to coexisting

prediabetes and prehypertension (OR: 1.33; 95% CI:

1.08-1.64 for coexistent status versus normoglycemia/nor-

motension). Elevated serum uric acid and markers of sys-

temic inflammation (CRP, fibrinogen) were consistently

higher in affected individuals (Vucak et al.19, Gupta et

al.14). Gupta et al.14 and Li et al.23 noted that lower serum vi-

tamin D, higher lipid accumulation product, and an exacer-

bated proinflammatory state were all independently

correlated with the coexistence phenotype.

3.6. Clinical outcomes and longitudinal risk

Prospective findings from two large cohorts (Jung et

al.18; Hadi Alijanvand et al.21) indicated that individuals

with both prediabetes and prehypertension had substan-

tially greater risk of incident type 2 diabetes or overt hyper-

tension compared to those with either condition alone

(adjusted HR for incident hypertension: 2.21; 95% CI:

1.71-2.85; for diabetes: 2.84; 95% CI: 2.13-3.78). Progres-

sion to overt cardiometabolic endpoints was accelerated,

and cumulative incidence at 5 years was over 30% for ei-

ther endpoint when both conditions were present at base-

line.

3.7. Intervention effects

Pooled results from two randomized controlled trials

demonstrated that both pharmacologic and community-

based lifestyle interventions (Gradinariu et al.22, Pengpid et

al.25) produced modest but statistically significant improve-

ments in glucose regulation and blood pressure control

among participants with coexisting prediabetes and prehy-

pertension. In meta-analysis, intervention arms achieved a

mean reduction in systolic BP of -4.1 mmHg (95% CI: -6.7,

-1.5) and HbA1c of -0.18% (95% CI: -0.25, -0.11) com-

pared to controls over 6 to 24 months. No significant im-

pact on incident major cardiovascular events was observed

in short-term follow-up.

3.8. Sensitivity, heterogeneity, and publication bias

Sensitivity analyses excluding adolescent and sin-

gle-center studies did not materially alter pooled preva-

lence or effect estimates. Moderate heterogeneity persisted,

partially explained by differences in diagnostic criteria, un-

derlying population risk, and intervention protocols. The

funnel plot indicates a potential publication bias. Egger’s

test supports the presence of funnel plot asymmetry (inter-

cept: 1.61, 95% CI: 0.32-2.9, t: 2.44, p-value: 0.041) (Figu-

re 3).

Fifteen studies comprising 149,585 participants

across diverse regions and designs met inclusion criteria,

with data from ten studies pooled in a random-effects

meta-analysis revealing statistically significantly increased

odds (OR = 1.62; 95% CI: 1.39-1.89; p < 0.05) for coexist-

ing prediabetes and prehypertension, albeit with moderate

heterogeneity (I2 = 50%). Meta-regression identified age,

male sex, BMI, central obesity, dyslipidemia, and family

history as significant predictors, alongside lifestyle factors

such as diet and alcohol intake, with ethnic disparities

noted. Pathophysiological correlates included glomerular

hyperfiltration, elevated uric acid, inflammatory markers,

vitamin D deficiency, and lipid accumulation. Longitudinal

cohort data demonstrated that individuals with both condi-

tions had markedly higher risks for progression to overt di-

abetes and hypertension (HRs up to 2.84), while pooled

RCT data indicated modest but significant improvements

in blood pressure and glycemic control following pharma-

cologic and lifestyle interventions; publication bias was

suggested by funnel plot asymmetry and Egger’s test

(p = 0.041) (Figure 4).

Summarizing, the fifteen evaluated studies encom-

passing 149,585 participants across diverse regions and

heterogeneous study designs demonstrated a significant as-

sociation between coexisting prediabetes and prehyperten-

sion. Meta-analysis revealed a pooled OR of 1.62 (95% CI:
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1.39-1.89; p < 0.001), with substantial demographic, meta-

bolic, and ethnic predictors identified. Prospective data in-

dicated elevated risks for incident diabetes and hyperten-

sion, whereas interventions yielded improvements in

glycemic and blood pressure control.

4. Discussion

The present systematic review and meta-analysis syn-

thesize global evidence, highlighting the significant epide-

miological and clinical implications of coexisting predia-

betes and prehypertension. These intertwined metabolic

disturbances amplify cardiometabolic risk, underscoring

the necessity for integrated screening and intervention stra-

tegies. By consolidating heterogeneous data, this study re-

inforces the clinical urgency to address combined patho-

physiological pathways contributing to escalating disease

burden worldwide.

The pathophysiology of prediabetes involves pro-

gressive insulin resistance in peripheral tissues, accompa-

nied by compensatory pancreatic �-cell hyperfunction and

eventual dysfunction, leading to impaired glucose toler-

ance27. Simultaneously, prehypertension manifests through

enhanced sympathetic nervous system activity, endothelial

dysfunction, increased vascular resistance, and dysregu-

lated renin-angiotensin-aldosterone system activation,

collectively promoting subclinical cardiovascular remodel-

ing28. Both conditions share common mechanisms contrib-

uting to metabolic and vascular alterations29. Our findings

of elevated uric acid and glomerular hyperfiltration in indi-

viduals with both conditions further support the presence of

a unified cardiometabolic phenotype.

The coexistence of prediabetes and elevated blood

pressure appears to be common, though prevalence esti-

mates vary substantially across populations. One included

study reported a combined prevalence of 11.2 � 0.6% in

North American disease-free adults30. This dual condition

necessitates integrated screening approaches and early the-

rapeutic intervention strategies. Our meta-analysis of ten of

the included studies revealed a statistically significant

pooled OR for the coexistence of these two conditions, in-

dicating that the joint occurrence of prediabetes and prehy-

pertension is significantly greater than would be expected

by chance. Furthermore, meta-analysis results demons-

trated significantly higher incidence associated with coex-

istence, as reflected in the corresponding HRs. Notably, the

study by Hadi et al.21 included in our analysis demonstrated

a 29.8% prevalence of coexisting prediabetes and prehy-

pertension.

Several studies demonstrate that prediabetes and pre-

hypertension frequently coexist, representing a significant

public health problem31. Global pooled estimates reveal

substantially increased odds of this dual metabolic condi-

tion, with consistent associations across diverse popula-

tions32. Our pooled prevalence findings align with existing

literature demonstrating the frequent co-occurrence of pre-

diabetes and prehypertension. The consistent association

across different populations reinforces the biological plau-

sibility of shared underlying mechanisms. The moderate

heterogeneity observed reflects real-world variations in

study populations and diagnostic approaches. Our results

corroborate previous research showing that individuals

with both conditions experience significantly elevated risks

compared to those with either condition alone, supporting

the clinical importance of recognizing this metabolic

comorbidity.

The coexistence of prediabetes and prehypertension

demonstrates distinct demographic patterns and metabolic

risk profiles33. Older age, male predominance, and elevated

body mass index consistently emerge as primary risk fac-
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tors across diverse populations34. Central adiposity, dysli-

pidemic patterns including hypertriglyceridemia and re-

duced HDL cholesterol, along with positive family history,

significantly contribute to increased susceptibility35. These

interconnected metabolic abnormalities often cluster with

unhealthy dietary habits and lifestyle factors, particularly in

vulnerable ethnic populations. Our results align with exist-

ing literature demonstrating that advancing age represents a

fundamental risk factor for the coexistence of these meta-

bolic conditions. The consistent male predilection observed

in our study corroborates previous findings, suggesting po-

tential hormonal influences on metabolic dysfunction. The

strong association with adiposity markers, particularly cen-

tral obesity, reinforces the pathophysiological link between

insulin resistance and vascular dysfunction. Our findings

regarding dyslipidemia and familial clustering mirror es-

tablished research, emphasizing the polygenic nature of

this comorbidity. The multiethnic analysis reveals impor-

tant disparities, with certain populations exhibiting height-

ened vulnerability, consistent with global epidemiological

patterns.

Therapeutic interventions targeting coexisting pre-

diabetes and prehypertension demonstrate clinically mean-

ingful benefits36. Both pharmacological approaches and

lifestyle modifications significantly improve glycemic con-

trol and blood pressure parameters37. These interventions

offer promising strategies for preventing progression to

overt cardiometabolic disease. However, long-term cardio-

vascular outcome data remain limited38. Our findings cor-

roborate evidence that combined therapeutic approaches

yield meaningful clinical improvements in individuals with

coexisting metabolic abnormalities. The consistent benefi-

cial effects on glycemic and blood pressure parameters re-

inforce the biological plausibility of targeting intercon-

nected pathways simultaneously. The modest magnitude of

improvements aligns with previous research, suggesting

that while interventions are effective, more intensive or

prolonged strategies may be needed for substantial risk re-

duction. The absence of significant cardiovascular event re-

duction in shorter-term follow-up periods mirrors current

literature limitations, highlighting the need for extended

prospective studies to establish definitive outcome bene-

fits. Our results emphasize that early intervention during

predisease stages offers a valuable opportunity for cardio-

metabolic risk modification, supporting the clinical rele-

vance of addressing these conditions concurrently rather

than in isolation.

Sensitivity analyses are fundamental for assessing the

robustness of meta-analytic findings by excluding specific

study subgroups to test result stability. Heterogeneity often

arises from variations in study design, populations, and

measurement methods, complicating synthesis. Publication

bias, identified through funnel plot asymmetry and statisti-

cal tests, may skew meta-analytic conclusions by overre-

presenting significant results39. Our results align with

existing literature, demonstrating that excluding particular

subsets did not meaningfully influence prevalence esti-

mates or effect sizes, reinforcing result reliability. How-

ever, significant heterogeneity remained, attributable to

variability in diagnostic criteria, population risk profiles,

and intervention approaches across studies. Evidence of

publication bias from funnel plot inspection and supporting

statistical tests underscores the necessity for cautious inter-

pretation and the importance of comprehensive literature

inclusion.

This systematic review and meta-analysis contribute

significant insights into the epidemiology and multifac-

torial risk architecture underlying the coexistence of pre-

diabetes and prehypertension. The synthesis highlights

complex interplay between demographic factors, metabolic

dysfunctions, and socioenvironmental influences exacer-

bating cardiometabolic vulnerability. Consistent with

emerging evidence, integrated approaches addressing mod-

ifiable lifestyle components alongside genetic predisposi-

tion are paramount to attenuate the risk of progression and

adverse outcomes40,41. Our results underscore the impera-

tive for tailored, population-specific intervention strategies

and heightened clinical vigilance in early risk detection to

curb escalating global cardiometabolic disease burden.

5. Conclusion

The coexistence of prediabetes and elevated blood

pressure represents a clinically important cardiometabolic

phenotype. While cross-sectional data demonstrate a sig-

nificant positive association and suggest these conditions

frequently co-occur, methodological limitations in preva-

lence estimation warrant cautious interpretation of the pre-

cise global burden. However, longitudinal cohort evidence

consistently demonstrates that individuals with both condi-

tions face markedly elevated risks for progression to overt

diabetes and hypertension. Key risk factors include age,

male sex, and elevated BMI. These findings support the

clinical value of integrated screening approaches and tar-

geted multifactorial prevention strategies to address this

high-risk phenotype and prevent progression to overt

cardiometabolic disease.
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