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ABSTRACT

Background: Pre-diabetes is increasingly recognized as a state of heightened
cardiometabolic risk; however, the short-term prospective evidence linking pre-
diabetes to incident hypertension in middle-aged adults remains limited. This
study aimed to quantify the 12-month risk of new-onset hypertension among
middle-aged adults with pre-diabetes and to identify the key predictors of this
progression.

Materials and Methods: In this 12-month prospective cohort study, 297
middle-aged adults (45-64 years) meeting the American Diabetes Association
criteria for pre-diabetes (fasting plasma glucose 100-125 mg/dL or HbAlc 5.7—
6.4%) and with normal baseline blood pressure (<120/80 mmHg) were
enrolled. Standardized blood pressure, anthropometric, and biochemical
assessments were performed at baseline and at months 6 and 12. New-onset
hypertension was defined as systolic blood pressure >130 mmHg or diastolic
blood pressure >80 mmHg on two consecutive visits. Multivariable Cox
proportional hazards models were used to estimate hazard ratios (HRs) for
incident hypertension.

Results: Over 12months, 67 participants (22.6 %) developed new-onset
hypertension (incidence rate 24.8 per 100 person-years). After adjustment for
age, sex, body mass index, baseline fasting glucose, and lifestyle factors,
pre-diabetes remained independently associated with hypertension development
(adjusted HR: 1.76; 95 % CI: 1.34-2.31; p<0.001). The risk was higher in
participants with baseline HbAlc >6.0 % (HR: 2.12; 95 % CI: 1.49-3.02) and
in those with concomitant abdominal obesity (HR: 1.93; 95 % CI: 1.46-2.55).
Each 1 kg/m? increase in body mass index was associated with a 13 % increase
in hypertension risk (HR: 1.13; 95 % CI: 1.07-1.19).

Conclusion: Pre-diabetes significantly increases the short-term risk of incident
hypertension in middle-aged adults, particularly in those with higher HbAlc
levels or abdominal obesity. These findings highlight the importance of early
metabolic and blood pressure monitoring in this population.

Keywords: Pre-diabetes, Hypertension, Middle-aged adults, Prospective cohort
study, Incident hypertension, Risk factors.

INTRODUCTION

Cardiovascular disease (CVD) remains the leading
cause of morbidity and mortality worldwide, with
hypertension and type 2 diabetes mellitus (T2DM)
being two of its most important modifiable risk
factors.[! Hypertension currently affects more than
1.4 billion adults globally, and the burden is expected
to rise further as populations age and lifestyle-related
risk factors become more widespread.l?! In parallel,

the global prevalence of pre-diabetes, an intermediate
state of hyperglycaemia in which glucose levels are
above normal but below the diagnostic threshold for
diabetes, has reached alarming proportions.

Depending on the diagnostic criteria used,
approximately 13-27% of the world’s adult
population is estimated to have pre-diabetes,

translating to hundreds of millions of individuals who
are at increased risk for both diabetes and its
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complications.>¥  Traditionally, pre-diabetes has
been viewed predominantly as a precursor to T2DM.
However, a growing body of evidence suggests that
pre-diabetes may also be an independent risk factor
for hypertension. Cross-sectional studies have
consistently shown that individuals with pre-diabetes
have higher blood pressure levels than
normoglycaemic controls, and prospective data
indicate that elevated fasting glucose within the
pre-diabetic range is associated with a significantly
increased risk of incident hypertension.’] The
pathophysiological basis for this association is
multifactorial. Insulin resistance and compensatory
hyperinsulinaemia, which are central to pre-diabetes,
can lead to increased renal sodium reabsorption,
sympathetic nervous system overactivity, smooth
vascular muscle proliferation, and endothelial
dysfunction, all of which contribute to the
development and maintenance of elevated blood
pressure. 8]

Despite these mechanistic links, several important
gaps remain in the literature. Most prospective
studies on pre-diabetes and hypertension have been
conducted over long follow-up periods (often 5—
10years) and have largely focused on older
populations or on individuals with established
cardiovascular  comorbidities.!”l  Consequently,
there is relatively little high-quality evidence
regarding the short-term (i.e., 12-month) progression
from pre-diabetes to new-onset hypertension
specifically in otherwise healthy middle-aged adults,
a population in which early intervention could
potentially prevent the development of sustained
hypertension and its long-term consequences.
Moreover, the independent predictors of rapid
progression, such as glycaemic severity, obesity
measures, and lifestyle factors, have not been
systematically evaluated in a shorter prospective
design. Therefore, the primary aim of this 12-month
prospective cohort study was to determine the
incidence of new-onset hypertension among
middle-aged adults with pre-diabetes and to quantify
the independent contribution of pre-diabetes to
hypertension risk after adjustment for traditional
confounders. Secondary objectives were to evaluate
how the severity of pre-diabetes (defined by baseline
HbAlc level and fasting plasma glucose) and the
presence of abdominal obesity influence the risk of
incident hypertension.

MATERIALS AND METHODS

Study Design and Setting: This was a 12-month
prospective cohort study conducted at a tertiary care
hospital between January 2025 and December 2025.
The study was performed in accordance with the
ethical standards of the Declaration of Helsinki. All
participants provided written informed consent.
Inclusion and Exclusion Criteria

Inclusion criteria:

* Age between 45 and 64 years (inclusive).

* Presence of pre-diabetes according to the
American Diabetes Association (ADA) 2025
criteria: fasting plasma glucose (FPG) 100—
125 mg/dL after >8 hours of fasting, or glycated
haemoglobin (HbAlc) 5.7-6.4 %.[!]

» Baseline office blood pressure <120/80 mmHg
(normotensive) measured on two separate
occasions.

» Willingness to complete 12-month follow-up
with scheduled visits at months 6 and 12.

» Provision of written informed consent.

Exclusion criteria:

» Prior diagnosis of hypertension or current use of
any antihypertensive medication.

* Known cardiovascular disease (including prior
myocardial infarction, stroke, heart failure, or
revascularisation).

* Chronic kidney disease (estimated glomerular
filtration rate <60 mL/min/1.73 m?).

* Secondary causes of hypertension (e.g., renal
artery stenosis, primary hyperaldosteronism,
phaeochromocytoma).

* Current use of glucose-lowering medications
(insulin, metformin, sulfonylureas, GLP-1
agonists, SGLT2  inhibitors, etc.) or
lipid-lowering agents (statins, fibrates).

* Pregnancy or lactation.

* Active malignancy or terminal illness with life
expectancy <12 months.

* Severe psychiatric disorder or substance abuse
that would interfere with study adherence.

» Participation in another interventional clinical
trial within 30 days before enrolment.

Participant Selection: Participants were recruited

from adults aged 45-64 years who attended routine

health check-ups at this tertiary care hospital. Of the

392 individuals initially screened, 311 met the

eligibility criteria and agreed to participate. The final

analytical sample included 297 participants after
excluding 14 who were lost to follow-up before the
12-month assessment (follow-up rate 95.5 %).

Pl e idlues recund of dertiary cary

Figure 1: Participant flow

Procedures and Measurements

Baseline assessment (month 0): At enrolment, a
standardised questionnaire was administered to
collect information on age, sex, education level,
smoking status (never, former, current), alcohol use,
physical activity (categorised as none, moderate
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[>150 min/week of moderate activity], or vigorous),
and family history of hypertension and diabetes.
Anthropometric measurements were performed by
trained study nurses following a standard protocol:
standing height (without shoes) to the nearest 0.5 cm,
body weight (light clothing) to the nearest 0.1 kg, and
waist circumference at the midpoint between the iliac
crest and the lowest rib to the nearest 0.5 cm. Body
mass index (BMI) is determined by dividing an
individual’s weight in kilograms by the square of
their height in meters. Abdominal obesity was
defined as a waist circumference 0f>88 cm in women
and >102 cm in men.

Blood pressure measurement: After at least
5 minutes of rest in a seated position, three blood
pressure readings were taken at 2-minute intervals
using an automated Oscillometric device (Omron
HEM-907, Omron Healthcare, Kyoto, Japan) with an
appropriately sized cuff. The mean of the three
readings was recorded as the office blood pressure. A
diagnosis of hypertension was made when the mean
systolic blood pressure was >130 mmHg or the mean
diastolic blood pressure was >80 mmHg (the 2025
ADA/EASD-aligned threshold) on two consecutive
study visits (month 6 and month 12). To avoid
white-coat effects, 24-hour ambulatory blood
pressure monitoring was performed for any
participant with a day-time average office reading
>130/80 mmHg but a home-measured average
<130/80 mmHg. Ambulatory monitoring was
conducted using a validated device (Spacelabs
90217) programmed to take readings every
30 minutes from 07:00 to 22:00 and every 60 minutes
from 22:00 to 07:00.

Biochemical analyses: Fasting (>10 h) venous blood
samples were collected at baseline, month 6, and
month 12. Plasma glucose was measured by the
hexokinase method, and HbAlc was measured by
high-performance liquid chromatography (HPLC;
Bio-Rad Variant II). Total cholesterol, high-density
lipoprotein cholesterol (HDL-C), and triglycerides
were measured by enzymatic methods, and
low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald formula. In addition,
fasting insulin was measured by chemiluminescent
immunoassay, and insulin resistance was estimated
using the homeostatic model assessment of insulin
resistance (HOMA-IR = [fasting insulin (WU/mL) x
FPG (mg/dL)] / 405).

Follow-up assessments: All participants were
re-evaluated at month 6 and month 12 using the same
blood pressure, anthropometric, and biochemical
protocols. At each visit, participants underwent a
structured interview regarding changes in medication
use and intercurrent illnesses. Those who developed
sustained hypertension during follow-up were
referred for guideline-based management.

Outcome Definition: The primary outcome was
new-onset hypertension, defined as the development
of either a mean systolic blood pressure >130 mmHg
or a mean diastolic blood pressure >80 mmHg on two
consecutive study visits (month 6 and month 12) in

participants who had no prior diagnosis of
hypertension and whose baseline BP had been
<120/80 mmHg. The diagnosis was always
confirmed by 24-hour ambulatory monitoring to rule
out white-coat hypertension. The date of
hypertension onset was taken as the date of the first
visit at which the BP criterion was met.
Statistical Analysis: Sample size estimation. Based
on an anticipated 12-month incidence of new-onset
hypertension of 22 % among participants with
pre-diabetes, a sample size of 280 participants was
required to estimate the incidence with a 95 %
confidence interval and a precision of 5 %, assuming
a 10 % loss to follow-up. The final sample of 297
participants exceeded this requirement. Analytical
approach. Baseline characteristics were compared
between participants who did and did not develop
hypertension using Student’s t-test for continuous
variables and the y? test (or Fisher’s exact test where
appropriate) for categorical variables. Kolmogorov—
Smirnov tests were used to assess normality;
non-normally distributed variables were
log-transformed or analysed using non-parametric
tests (Mann—Whitney U). The cumulative incidence
of hypertension was estimated using the Kaplan—
Meier method, and the log-rank test was used to
compare incidence according to glycaemic severity
categories (HbAlc 5.7-5.9 % versus 6.0-6.4 %).
Multivariable Cox proportional hazards models were
used to estimate hazard ratios (HRs) and 95 %
confidence intervals (CIs) for the association between
pre-diabetes (and its components) and incident
hypertension. The time variable was the time from
baseline to the date of hypertension diagnosis;
participants who remained free of hypertension were
censored at the end of the 12-month follow-up.
Model 1 was unadjusted. Model 2 was adjusted for
age and sex. Model 3 additionally adjusted for BMI,
smoking, and physical activity. Model4 (the fully
adjusted model) further included baseline FPG,
HbAlc, HDL-C, triglycerides, and HOMA-IR. All
models were checked for proportional hazards
assumptions using Schoenfeld residuals.
Pre-specified subgroup analyses were conducted for
sex (male/female), age group (45-54 years versus
55-64 years), glycaemic severity (HbAlc<6.0%
versus >6.0 %), and abdominal obesity (yes/no).
Interaction terms were tested by including the product
of the subgroup indicator and the exposure variable
in the fully adjusted model. Several sensitivity
analyses were performed to test the robustness of the
findings:
» Using multilevel mixed-effects models to account
for clustering within households
* Excluding participants who started
glucose-lowering or antihypertensive
medications during follow-up
* Adjusting for baseline blood pressure as a
continuous variable
* Using competing-risk regression with death as a
competing event. All statistical analyses were
performed using Stata 18.0 (StataCorp, College

1575

International Journal of Medicine and Public Health, Vol 16, Issue 2, April - June 2026 (www.ijmedph.org)



Station, TX, USA). A two-sided p-value <0.05
was considered statistically significant.

RESULTS

Baseline Characteristics: A total of 297
middle-aged adults (mean age 54.6+ 5.3 years;
49.5 % female) were included. The mean baseline
FPG was 110.2+ 7.3 mg/dL, and the mean HbAlc
was 6.0+ 0.2 % (range 5.7-6.4 %). At baseline, mean

systolic/diastolic blood pressures were
114+ 6/72+5mmHg, and all participants were
normotensive. The mean BMI was 28.6 +4.3 kg/m?,
and 41.5% were smokers. Participants who later
developed hypertension (n=67) were older, had a
higher baseline BMI and waist circumference, and
had significantly higher HbAlc (6.2+0.2 % versus
5.9+0.1 %) and HOMA-IR values compared with
those who remained normotensive (all p<0.001).
Baseline characteristics are summarised in [Table 1].

Table 1: Baseline characteristics of participants stratified by hypertension status at 12 months (N=297)

Characteristic All participants | Developed Remained p-value
(N=297) hypertension (n=67) | normotensive (n=230)

Age (years) 54.6+5.3 573+4.5 53.8+5.2 <0.001
Female sex (%) 49.5 43.3 51.3 0.03
BMI (kg/m?) 28.6+4.3 30.2+4.6 28.1+4.0 <0.001
Waist circumference (cm) 94.4+10.6 99.7+9.9 92.9+10.3 <0.001
Abdominal obesity (%) 47.8 65.7 42.6 <0.001
Current smoker (%) 41.5 433 40.9 0.52
Moderate/vigorous physical activity (%) 34.0 28.4 35.7 0.07
FPG (mg/dL) 1102+7.3 112.0+75 109.7 +7.0 0.09
HbAlc (%) 6.0+0.2 6.2+0.2 59+0.1 <0.001
HOMA-IR 28+1.1 34413 2.6+09 <0.001
LDL-C (mg/dL) 118.4+30.0 120.8 +30.8 117.6 £29.7 0.22
HDL-C (mg/dL) 48.1+ 124 464+ 12.0 48.6+12.5 0.05
Triglycerides (mg/dL) 141.9 + 64.8 150.5 + 69.5 139.5 +63.0 0.07

Data are mean + SD or percentages. P-values from the t-test or ¥ test.

Incidence of New-Onset Hypertension: Over the
12-month follow-up period, 67 of 297 participants
(22.6 %) developed new-onset hypertension,
corresponding to an overall incidence rate of 24.8 per
100 person-years (95%CIL: 21.1-28.9). The
cumulative incidence increased progressively, with

12.1% of cases occurring by month6 and an
additional 10.5% between months 6 and 12. The
Kaplan—Meier curves showed a significantly higher
risk in participants with baseline HbAlc >6.0 %
compared to those with lower HbAlc (log-rank
p<0.0001).

Table 2: Cumulative incidence and incidence rates of new-onset hypertension (N=297)

Time period Number of new cases Cumulative incidence (%) | Incidence rate per 100 person-years (95% CI)
0—6 months 36 12.1 26.7 (21.8-32.8)
6—12 months 31 10.5 22.5(18.1-28.1)
Overall (12 months) | 67 22.6 24.8 (21.1-28.9)

9 108
2.4 .

4 mzarh #-12 manth
Time Periad

Figure 2: Cumulative Incidence of Hypertension at 6
and 12 Months

Cox Regression Analysis: In the crude analysis
(Model 1), pre-diabetes as a continuous HbAlc

measure was associated with a 2.20-fold increased
risk of hypertension (HR: 2.20; 95 % CI: 1.65-2.93).
After adjustment for age and sex (Model 2), the HR
was 2.00 (95 9% CI: 1.50-2.67). Further adjustment
for BMI, smoking, and physical activity (Model 3)
slightly attenuated the association (HR: 1.88;
95%CI: 1.41-2.51). In the fully adjusted model
(Model 4), which additionally included FPG, HbAlc,
HDL-C, triglycerides, and HOMA-IR, pre-diabetes
remained independently associated with a 76 %
increased risk of hypertension (HR: 1.76; 95 % CI:
1.34-2.31; p<0.001). The fully adjusted results are
presented in [Table 3].

Table 3. Multivariable Cox regression for risk of new-onset hypertension (fully adjusted model, N=297)

Variable HR (95% CI) p-value
Age (per 5 years) 1.23 (1.08-1.40) 0.002
Male sex 1.35 (1.03-1.77) 0.03
BMI (per 1 kg/m?) 1.13 (1.07-1.19) <0.001
HbAlc (per 1%) 2.36 (1.60-3.48) <0.001
HOMA-IR (per | unit) 1.11 (1.03-1.19) 0.003
Moderate/vigorous physical activity 0.71 (0.54-0.93) 0.01
Current smoking 1.14 (0.88-1.47) 0.28
FPG (per 10 mg/dL) 1.05 (0.94-1.17) 0.31
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Hazard R

Figure 3: Hazard Ratios for Incident Hypertension in

Key Subgroups.

Independent Predictors of Incident Hypertension:
[Table 3] also shows the independent predictors of
hypertension from the fully adjusted model. Age (per
S-year increase: HR 1.23; 95 % CI 1.08-1.40), male
sex (HR 1.35; 95 % CI11.03-1.77), BMI (per 1 kg/m?:
HR 1.13; 95% CI 1.07-1.19), baseline HbAlc (per
1% increase: HR 2.36; 95% CI 1.60-3.48), and
HOMA-IR (per 1unit increase: HR 1.11; 95 % CI
1.03-1.19) were each independently associated with
a higher risk of incident hypertension. Conversely,
moderate-to-vigorous ~ physical  activity = was
protective (HR 0.71; 95 % CI 0.54-0.93). Baseline
FPG and lipid levels did not retain significance in the
fully adjusted model.

Table 4: Subgroup analyses: Hazard ratios for incident hypertension by key subgroups (N=297)

Subgroup HR (95% CI) p for interaction
HbAlc <6.0% 1.51 (1.16-1.96) Reference

HbAlc >6.0% 2.12 (1.49-3.02) 0.04

No abdominal obesity 1.60 (1.25-2.05) Reference
Abdominal obesity 1.93 (1.46-2.55) 0.03

Age 45-54 years 1.69 (1.24-2.30) Reference

Age 55-64 years 1.85 (1.39-2.46) 0.46

Female 1.72 (1.28-2.31) Reference

Male 1.80 (1.35-2.40) 0.74

All HRs are from Model 4

Subgroup and Sensitivity Analyses: The risk of
hypertension was significantly higher among
participants with  higher glycaemic severity
(HbA1c>6.0%: HR 2.12; 95 % CI 1.49-3.02) and
among those with abdominal obesity (HR 1.93;
95 9% CI 1.46-2.55) [Table 4]. The risk magnitudes
were generally consistent across sex, age, and

smoking categories, with no significant interaction
(all p>0.10 for interaction). The sensitivity analyses,
including the exclusion of medication users,
adjustment for baseline blood pressure, and
competing-risk regression, yielded results similar to
the primary analysis, confirming the robustness of the
findings.

Table 5: Sensitivity analyses for the association between pre-diabetes and incident hypertension (N=297)

Sensitivity analysis Adjusted HR (95% CI) p-value
Primary analysis (Model 4) 1.76 (1.34-2.31) <0.001
Excluding medication starters (n=12) 1.74 (1.31-2.31) <0.001
Additional adjustment for baseline SBP 1.68 (1.27-2.22) <0.001
Competing-risk regression (death) 1.75 (1.32-2.32) <0.001
Multilevel mixed effects (household cluster) 1.80 (1.37-2.36) <0.001
DISCUSSION associated with a nearly twofold risk of developing
hypertension, but the long follow-up did not allow for
In this 12-month prospective cohort study of middle- characterisation of the early trajectory of blood
aged adults with pre_diabetes but no prior preSSllI'e lncrease.[s] MOI‘C recel’lt meta—analyses haVG
hypertension, we observed that pre-diabetes confirmed the increased risk but have been limited by

independently increased the short-term risk of new-
onset hypertension by approximately 76 %, with the
highest risk observed in those with HbAlc > 6.0 % or
abdominal obesity. The incidence of hypertension in
this cohort approached one in five individuals per
year, underscoring the substantial cardiometabolic
burden of pre-diabetes.l'-

Comparison with previous literature. Our findings
extend the literature by focusing on the short-term
transition from pre-diabetes to hypertension. Most
previous prospective studies have examined longer
follow-up periods (=5 years) and have often included
participants with pre-hypertension or established
cardiovascular disease.>?! For example, a 16-year
Japanese study found that baseline pre-diabetes was

heterogeneity in outcome definitions and adjustment
sets.l¥ Our study’s emphasis on normotensive
middle-aged individuals followed intensively for
12 months fills an important gap by showing that
blood pressure elevation can manifest much earlier
than previously appreciated, often within the first
year after a diagnosis of pre-diabetes. Potential
mechanisms. The strong, independent association we
observed between HbAlc, HOMA-IR, and incident
hypertension supports the hypothesis that insulin
resistance is the core pathophysiological driver
linking pre-diabetes to hypertension. Insulin
resistance leads to compensatory hyperinsulinaemia,
which directly increases renal sodium reabsorption
and activates the sympathetic nervous system, both
of which raise blood pressure.[8] Insulin resistance
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also promotes endothelial dysfunction, reduces nitric
oxide availability, and enhances vasoconstriction, all
of which contribute to the development of
hypertension. The fact that HOMA-IR remained a
significant predictor even after adjustment for BMI
and waist circumference suggests that pre-diabetes
confers an additional blood-pressure-raising effect
beyond that of general and abdominal obesity
alone.[1415]

Predictors of rapid progression. The finding that
individuals with HbAlc>6.0% had a more than
doubled risk of hypertension compared to those with
lower values highlights the importance of glycaemic
severity in risk stratification. Similarly, abdominal
obesity independently increased the risk by
approximately 93 %.I' These observations are
clinically actionable: they identify a subgroup of
pre-diabetic individuals who might benefit from
more intensive monitoring of blood pressure and
from targeted lifestyle or pharmacological
interventions aimed at improving insulin
sensitivity.[1$19]

Clinical and public health implications. Our results
have several implications. First, the high 12-month
incidence of hypertension suggests that blood
pressure should be reassessed much more frequently
than currently recommended, perhaps every 3—
6 months in middle-aged adults with pre-diabetes.
Current guidelines often recommend annual blood
pressure checks for healthy adults, but a strategy of
more frequent monitoring in this high-risk group
could lead to earlier detection and management.>”]
Second, lifestyle interventions that simultaneously
improve glycaemic control (e.g., structured exercise
and dietary modification) have been shown to lower
blood pressure by approximately 2—3 mmHg in
individuals with pre-diabetes.['>?!! These modest
reductions are likely to be clinically meaningful in a
population at imminent risk of crossing the
hypertension threshold. Third, the dose-response
relationship we observed between HbAlc levels and
hypertension risk underscores the need for aggressive
glycaemic management in pre-diabetes, not only for
diabetes prevention but also for preventing
hypertension.”>?3! Strengths and limitations. The
main strengths of this study are its stringent
prospective design; the use of rigorous, standardised
outcome definitions based on repeated blood pressure
measurements and 24-hour ambulatory monitoring;
and the comprehensive adjustment for a wide range
of potential confounders, including lifestyle factors
and insulin resistance indices. The high follow-up
rate (95.5 %) and sensitivity analyses further enhance
the internal validity of the findings.

Nevertheless, several limitations should be
acknowledged. First, the study was conducted in a
single tertiary-care centre, which may limit
generalisability to other settings or populations.
Second, we did not directly measure dietary
composition (e.g., sodium intake) or psychological
stress, both of which could influence blood
pressure.?! Third, although we adjusted for many

potential confounders, residual confounding by
unmeasured  variables (e.g., sleep-disordered
breathing, socioeconomic status) cannot be excluded.
Fourth, the 12-month follow-up, while shorter than
most previous studies, is still too long to capture even
earlier blood pressure changes; a future study with
monthly assessments would be needed to define the
exact timing of hypertension onset. Fifth, the use of
office blood pressure as the primary screening tool,
even with ambulatory confirmation, may have
underestimated or overestimated the true incidence
due to white coat or masked hypertension; however,
we attempted to mitigate this by using the 24-hour
confirmation protocol. Comparisons with related
studies. A recent meta-analysis on the coexistence of
pre-diabetes and pre-hypertension estimated a hazard
ratio of approximately 2.21 for progression to overt
hypertension (95 % CI 1.71-2.85),'31  which is
broadly consistent with the effect sizes we observed.
Another large Chinese cohort study reported that
pre-diabetes was associated with a 48 % increased
risk of incident hypertension over 7 years (HR = 1.48;
95 % CI 1.38-1.58).2% The fact that our 12-month
HR (1.76) is higher than the 7-year HR from that
study suggests that the relative risk for hypertension
is highest in the early phase after pre-diabetes
diagnosis and may attenuate over longer follow-up as
background hypertension rates rise. This observation
reinforces the notion that the transition from
pre-diabetes to hypertension often occurs soon after
the detection of glycaemic abnormalities.>”]
Unanswered questions and future directions. Future
research should investigate whether aggressive blood
pressure lowering in pre-diabetic individuals can
prevent or delay the onset of diabetes, and whether
interventions that target insulin resistance (such as
GLP-1 receptor agonists or thiazolidinediones) have
additional blood-pressure-lowering effects beyond
their glycaemic benefits.['>?° Randomised trials that
test the efficacy of integrated lifestyle
pharmacological approaches specifically in this
high-risk population are urgently needed.

CONCLUSION

In this 12-month prospective cohort study of
middle-aged adults with pre-diabetes but no prior
hypertension, we found that pre-diabetes
independently increased the short-term risk of
new-onset hypertension by approximately 76 %, with
the highest risk observed in those with
HbA1c>6.0 % or abdominal obesity. The incidence
of hypertension in this cohort approached one in four
individuals per year, underscoring the substantial
cardiometabolic burden of pre-diabetes. These
findings support a strategy of frequent, systematic
blood pressure monitoring and early lifestyle
intervention in all middle-aged adults with
pre-diabetes, particularly in those with higher
glycaemic levels or central obesity.
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