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Association between changes in systolic blood pressure
and incident diabetes in a community-based cohort
study in Korea

Seung Won Lee1,2, Hyeon Chang Kim2,3, Ju-mi Lee3, Young Mi Yun2, Joo Young Lee3 and Il Suh3

An association between hypertension and diabetes has been reported; however, the temporal relationship of blood pressure

changes and incident diabetes has not been fully investigated in the general population. We examined whether increasing

blood pressure is associated with the risk of developing diabetes among community-dwelling Korean adults. This study included

2225 participants (859 men and 1366 women) aged 27–87 years from the Korean Genome Epidemiology Study. The

participants were free of diabetes and cardiovascular disease at baseline. Incident diabetes was defined as fasting blood

glucose⩾126 mg dl�1 or hemoglobin a1c ⩾6.5% (48 mmol mol �1) at follow-up examination and/or a physician’s diagnosis of

diabetes during the follow-up period. The effects of the baseline level and change in blood pressure on the risk of incident

diabetes were assessed by multivariate logistic regression analysis. During the mean follow-up of 2.6 years, new-onset diabetes

was observed in 5.0% (43/859) of the men and 3.4% (47/1366) of the women. In the multivariate model, the baseline systolic

blood pressure was not significantly associated with incident diabetes (adjusted odds ratio 0.93 per 10 mmHg, P=0.747).

However, an increase in systolic blood pressure during the follow-up period was independently associated with incident diabetes

(adjusted odds ratio 5.53 per 5 mmHg per year, P=0.002) after adjusting for the baseline blood pressure and other potential

confounders. Increasing blood pressure, but not a high baseline blood pressure, was independently associated with the risk of

diabetes in Korean adults.
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INTRODUCTION

Hypertension is the most important modifiable risk factor for
cardiovascular disease1–3 and is also associated with metabolic
abnormalities such as diabetes and dyslipidemia.4 Both hypertension
and diabetes mellitus are well-known common morbidities that affect
the general population and often coincide because there is substantial
overlap between hypertension and diabetes in terms of etiology.
Hypertension and diabetes mellitus interact with each other and share
common pathways that include obesity, inflammation, oxidative stress
and insulin resistance.5

A relationship between hypertension and diabetes has been reported
in several studies, primarily those regarding whether fasting glucose or
insulin level are independent risk factors for hypertension.4,6,7 The
Multi-Ethnic Study of Atherosclerosis cohort study reported that
higher levels of glucose and insulin may contribute to the development
of hypertension, partially by damaging the kidney and arterial walls.4

The effects of insulin and glucose on incident hypertension have also
been studied in French, Japanese and Iranian populations.6–8 These
studies reported that the insulin and glucose levels may be

independent risk factors for the development of hypertension.
However, the effects of blood pressure changes on incident diabetes
have not been fully investigated in the general population. Thus, we
examined whether increasing blood pressure is associated with the risk
of developing diabetes among rural community-dwelling adults
in Korea.

METHODS

Study participants
This study analyzed data from the Korean Genome Epidemiology Study
(KoGES)-Kangwha Study, which is a rural community-based prospective
cohort. A total of 4899 people over 40 years of age were enrolled between
2006 and 2011. The participants were all independently living on Kangwha
Island, Incheon, South Korea. Detailed methods for the KoGES-Kangwha study
have been reported elsewhere.9,10

For this study, according to the baseline characteristics, we excluded people
who had histories of stroke, angina pectoris or myocardial infarction (n= 202),
had fasting blood glucose⩾ 126 mg dl � 1, hemoglobin a1c (HbA1c)⩾ 6.5%,
those who were using oral antidiabetic drugs or insulin (n= 687), those who
were using antihypertensive or lipid-lowering drugs (n= 133) and those missing

1Department of Public Health, Yonsei University Graduate School, Seoul, Republic of Korea; 2Cardiovascular and Metabolic Diseases Etiology Research Center, Yonsei University
College of Medicine, Seoul, Republic of Korea and 3Department of Preventive Medicine, Yonsei University College of Medicine, Seoul, Republic of Korea
Correspondence: Professor HC Kim, Department of Preventive Medicine, Yonsei University College of Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea.
E-mail: hckim@yuhs.ac
Received 3 August 2016; revised 6 December 2016; accepted 1 January 2017; published online 2 March 2017

Hypertension Research (2017) 40, 710–716
& 2017 The Japanese Society of Hypertension All rights reserved 0916-9636/17

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2017.21
mailto:hckim@yuhs.ac
http://www.nature.com/hr


the key variables (n= 9). Among the remaining 3868 participants, a total
of 2225 participants (859 men and 1366 women) completed follow-up
health examinations and were enrolled in the current study. The participants
were followed up for 1–7 years (mean 2.6 years). All participants
provided written informed consent, and the study protocol was approved
by the Institutional Review Board of the Yonsei University Health System
(4-2004-0105, 4-2006-0101, 4-2008-0135, 4-2009-0270 and 4-2010-0272) and
was monitored by the Human Research Protection Center of Severance
Hospital, Yonsei University Health System.

Questionnaire data
Detailed methods for the measurements used in the KoGES-Kangwha study
have previously been reported elsewhere.9,10 All participants underwent an
individual interview using standardized questionnaires to obtain information
about their demographics, medical histories and lifestyles. All interviewers were
trained and performed the questionnaire surveys according to a prescribed
procedure. The participants were categorized according to smoking status as the
current smoking group and the current nonsmoking group (that is, ex-smokers
and non-smokers). Alcohol intake was also classified into the following two
groups: current alcohol drinkers and current nondrinkers (past alcohol drinkers
and never drinkers). Physical activity was classified into two groups:
regular exercise and non-regular exercise. Education level was categorized
into the following two groups: high (high school graduation or above) and low
(did not complete high school).

Physical examination
Standing height was measured with an accuracy of 0.1 cm using a stadiometer
(SECA 225; SECA, Hamburg, Germany), and body weight, without shoes, was
measured to within 0.1 kg accuracy using a digital scale (GL-60000-20;
CAS Korea, Seoul, Korea). Body mass index (BMI) was calculated as an
individual’s body weight in kilograms divided by their height in meters squared.
Waist circumference was assessed within an accuracy of 0.1 cm at the
intermediate spot between the lower borders of the rib cage and the iliac crest
with an ergonomic circumference-measuring tape (SECA 201; SECA). The
resting systolic and diastolic blood pressures (SBP and DBP) were measured
twice with an interval of at least 5 min using an automatic sphygmomanometer
(Dinamap 1846 SX/P; GE Healthcare, Waukesha, WI, USA). The average of the
two measurements was used for the analysis. Considering variation in the
follow-up period, the mean change in SBP per year was calculated.

Laboratory assays
After at least 8 h of fasting, blood samples were collected from the antecubital
vein in the morning. Fasting blood glucose levels were determined by
a colorimetry method (ADVIA 1800; Siemens Medical Solutions, Pleasanton,
CA, USA), and fasting insulin levels were determined using an immunoradio-
metric assay (SR-300; Stratec, Birkenfeld, Germany). Enzymatic methods were
used to measure the total cholesterol, high-density cholesterol (HDL) and
triglyceride levels (ADVIA 1800; Siemens Medical Solutions, Pleasanton, CA,
USA). Low-density lipoprotein cholesterol levels were calculated using the
Friedewald formula.11 C-reactive protein (CRP) concentration was assessed
with a turbidimetric immunoassay (ADVIA 1800, Wako, Japan). The home-
ostasis model assessment of insulin resistance (HOMA-IR) was used to evaluate
insulin resistance: HOMA-IR= fasting glucose (mg dl � 1) × fasting insulin
(μIU ml � 1)/405.12 Incident diabetes was defined by a fasting glucose
level⩾ 126 mg dl � 1 or an HbA1c⩾ 6.5% at the follow-up examination and/
or a physician’s diagnosis of diabetes during the follow-up period.

Statistical analysis
The analyses were performed separately for the men and women and for all of
the participants. Gender differences in the general characteristics were analyzed
using the independent t-test and the Wilcoxon rank-sum test for continuous
variables, and the Χ2-test was applied for categorical variables. Fasting insulin
levels, triglycerides, HOMA-IR and CRP were log-transformed for parametric
testing due to the right-skewed distributions of these variables.
We also evaluated the differences in the clinical and demographic character-

istics between three groups that were distinguished based on baseline blood
pressure, that is, normotensive, pre-hypertensive and hypertensive, to examine
whether there were nonlinear associations of baseline SBP with the other
variables. One-way analysis of variance was used for the continuous variables,
and the Χ2-statistical test was used for the categorical variables to compare the
baseline characteristics between the groups. We also evaluated the linear trends
and present the P-values for the trends according to the category of baseline
blood pressure. We used a contrast to test for linear trends to calculate the
P-values for the continuous variables. We also used the Cochran-Armitage test
and the Mantel–Haenszel test to examine the existence of linear trends in the
categorical variables.
The correlations of the baseline characteristics with the baseline SBP and the

increment in the SBP were evaluated using Pearson correlation analyses. Simple
and multiple logistic regression models were used to estimate the odds ratios of

Table 1 The general characteristics of study population

Variables Total (n=2225) Men (n=859) Women (n=1366) P-value

Age, year 55.3±8.2 56.8±8.4 54.3±7.9 o0.001

BMI, kg m �2 24.4±3.0 24.2±2.8 24.5±3.1 0.017

Waist circumference, cm 86.5±7.9 86.5±7.2 86.5±8.3 0.869

Systolic blood pressure, mm Hg 119.0±17.5 121.2±16.7 117.7±17.9 o0.001

Diastolic blood pressure, mm Hg 74.1±10.6 77.7±10.1 71.8±10.3 o0.001

Fasting glucose, mg dl�1 90.8±8.6 92.9±9.4 89.5±7.9 o0.001

Fasting insulin, mg dl �1 6.6 (5.3–8.3) 6.2 (5.0–7.9) 6.8 (5.5–8.6) o0.001

HbA1c, % 5.5±0.4 5.4±0.4 5.5±0.4 0.132

Total cholesterol, mg dl �1 195.3±33.6 189.5±31.2 198.9±34.6 o0.001

HDL cholesterol, mg dl �1 43.5±10.1 41.3±9.4 44.9±10.2 o0.001

Triglyceride, mg dl �1 114 (83–164) 126 (90–181) 108 (79–153) o0.001

HOMA-IR 1.5 (1.2–1.9) 1.4 (1.1–1.9) 1.5 (1.2–2.0) 0.002

C-reactive protein, mg l �1 0.7 (0.4–1.4) 0.7 (0.4–1.6) 0.6 (0.6–1.2) o0.001

Current smoker 612 (27.5) 564 (65.7) 48 (3.5) o0.001

Current drinker 1053 (47.4) 629 (73.2) 424 (31.1) o0.001

Higher education 840 (37.8) 425 (49.5) 415 (30.4) o0.001

Regular exercise 793 (35.7) 328 (38.2) 465 (34.1) 0.054

Incident diabetes mellitus 90 (4.0) 43 (5.0) 47 (3.4) 0.077

Follow-up, year 2.6±0.9 2.7±0.9 2.6±0.9 0.399

Abbreviations: BMI, body mass index; HbA1c, hemoglobin a1c; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance.
The data are expressed as mean± s.d., median (interquartile range) or number (%).
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incident diabetes and their 95% confidence intervals. A multiple regression
model that included the covariates of age, BMI, SBP, DBP, fasting glucose,
insulin, total cholesterol, HDL cholesterol, triglyceride, CRP, smoking and
alcohol intake at baseline was performed. All analyses were performed using
the SAS statistical software, version 9.4 (SAS Institute, Cary, NC, USA), and
statistical significance was defined as by a two-sided P-value of o0.05.

RESULTS

The general characteristics of the study population according to sex
are depicted in Table 1. This study included 859 men with a mean
age of 56.8 years and 1366 women with a mean age of 54.3 years.
The SBP and DBP values were significantly higher in the men than
in the women. Age, fasting blood glucose, triglyceride level, CRP,
smoking, alcohol intake and education level were also higher in the
men than in the women. In contrast, BMI, fasting blood insulin, total
cholesterol, HDL cholesterol, HOMA-IR and the frequency of regular
exercise were higher in the women than in the men. During

the follow-up period, 43 men (5.0%) and 47 women (3.4%) developed
diabetes.
Table 2 provides the baseline characteristics and incident diabetes

in the study population according to the categories of baseline
blood pressure level. Among the men, 18.2% were hypertensive and
36.1% were pre-hypertensive. Among the men, higher blood
pressure levels were associated with higher BMI and waist circumfer-
ence. The men with higher blood pressures had significantly higher
levels of fasting blood glucose, insulin, triglycerides and HOMA-IR.
The men with higher blood pressure were also more likely to
be current drinkers. There were 14 cases (3.6%) of incident diabetes
in normotensive men during the follow-up period. In contrast,
22 (7.1%) pre-hypertensive and 7 (4.5%) hypertensive persons
developed incident diabetes. Among the women, 14.2% were hyper-
tensive and 27.9% were pre-hypertensive. Women with higher blood
pressures were significantly older and had higher BMIs, waist
circumferences, fasting blood glucose levels, insulin levels, HbA1c

Table 2 Characteristics of study participants according to the categories of blood pressure in baseline

Variables Normotensive Pre-hypertensive Hypertensive P-trend

Men 393 (45.8) 310 (36.1) 156 (18.2)

Age, year 56.7±8.5 56.3±8.4 57.8±8.2 0.160

Body mass index, kg m �2 23.7±2.7 24.5±2.7 25.0±2.9 o0.001

Waist circumference, cm 84.8±7.2 87.7±6.8 88.1±6.9 o0.001

SBP, mm Hg 107.1±7.6 126.5±7.3 146.1±10.6 o0.001

DBP, mm Hg 69.8±6.2 81.6±5.1 89.9±8.4 o0.001

Fasting glucose, mg dl�1 91.4±8.9 94.2±9.4 94.5±10.0 o0.001

Fasting insulin, mg dl �1 5.8 (4.7–7.2) 6.7 (5.2–8.4) 6.8 (5.2–8.4) o0.001

HbA1c, % 5.4±0.4 5.5±0.4 5.5±0.4 0.482

Total cholesterol, mg dl �1 187.8±31.5 191.5±32.3 190.1±28.2 0.438

HDL cholesterol, mg dl �1 40.7±9.2 41.7±9.8 42.3±9.4 0.069

Triglyceride, mg dl �1 112 (82–160) 142 (96–201) 140 (99–208) o0.001

HOMA-IR 1.3 (0.9–1.4) 1.5 (1.2–2.0) 1.5 (1.1–1.9) o0.001

C-reactive protein, mg l �1 0.7 (0.4–1.5) 0.8 (0.4–1.6) 0.8 (0.5–1.8) 0.943

Current smoker 261 (66.4) 209 (67.4) 94 (60.7) 0.311

Current drinker 264 (67.2) 243 (78.4) 122 (78.2) 0.001

Higher education 196 (49.9) 145 (46.8) 84 (53.9) 0.633

Regular exercise 141 (35.9) 123 (39.7) 64 (41.0) 0.207

Incident diabetes mellitus 14 (3.6) 22 (7.1) 7 (4.5) 0.311

Women 791 (57.9) 391 (27.9) 194 (14.2)

Age, year 52.8±7.5 55.9±7.9 57.4±7.5 o0.001

Body mass index, kg m �2 23.9±2.9 25.4±3.2 25.2±3.4 o0.001

Waist circumference, cm 85.1±8.0 88.7±8.1 88.1±8.5 o0.001

SBP, mm Hg 105.3±8.3 127.5±6.5 148.9±10.3 o0.001

DBP, mm Hg 66.0±7.3 77.2±7.0 84.7±8.7 o0.001

Fasting glucose, mg dl �1 88.6±7.7 90.3±7.9 91.7±8.0 o0.001

Fasting insulin, mg dl �1 6.4 (5.4–8.1) 7.3 (5.9–9.3) 7.2 (5.7–9.0) 0.004

HbA1c, % 5.4±0.4 5.5±0.4 5.5±0.4 o0.001

Total cholesterol, mg dl �1 194.5±33.2 203.7±34.7 207.4±37.3 o0.001

HDL cholesterol, mg dl �1 45.2±10.1 44.6±10.7 44.1±9.7 0.164

Triglyceride, mg dl �1 98 (72–138) 122 (92–168) 116 (90–170) o0.001

HOMA-IR 1.4 (1.1–1.8) 1.6 (1.3–2.1) 1.6 (1.2–2.1) o0.001

C-reactive protein, mg l �1 0.5 (0.3–1.1) 0.8 (0.4–1.5) 0.6 (0.3–1.2) 0.773

Current smoker 30 (3.8) 14 (3.7) 4 (2.1) 0.312

Current drinker 259 (32.8) 112 (29.5) 53 (27.3) 0.096

Higher education 280 (35.4) 94 (24.7) 41 (21.1) o0.001

Regular exercise 273 (34.5) 123 (32.4) 69 (35.6) 0.961

Incident diabetes mellitus 32 (4.1) 9 (2.4) 6 (3.1) 0.266

Abbreviations: DBP, diastolic blood pressure; HbA1c, hemoglobin a1c; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; SBP, systolic blood pressure.
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levels, total cholesterol levels, triglyceride levels, HOMA-IR values and
CRP values. Women with higher blood pressure were also more likely
to be in the high education group.
Table 3 provides the correlations of the baseline characteristics

with the baseline SBPs and the increments of the SBPs during the
follow-up. Baseline SBP was significantly and positively associated with
BMI, waist circumference, DBP, fasting glucose, insulin, HOMA-IR
and triglyceride before and after adjusting for sex and age. The
increment in SBP was significantly and positively associated with the
total cholesterol, triglyceride, baseline SBP and baseline DBP values.
The significance of the association between the increment in SBP and
the fasting glucose level was borderline.
The baseline characteristics of the study population according to

the development of diabetes during the follow-up period are illustrated
in Supplementary Table S1. Among the men, the total cholesterol
and smoking status were higher among those who developed diabetes
than those who did not. Among the women, the age and CRP were
higher among those who developed diabetes than those who did
not develop diabetes. In contrast, among the women, the DBP and
HDL cholesterol were lower among those who developed diabetes
than those who did not. In both the men and women, the BMI, waist
circumference, fasting blood glucose, insulin, HbA1c, triglyceride
and HOMA-IR values were higher in those who developed diabetes
than those who did not.
Table 4 presents the risks of incident diabetes based on the baseline

characteristics and annual changes in SBP during the follow-up period.
The crude odds ratios for developing diabetes among all participants
were 1.09 per 10 mmHg baseline SBP (P= 0.142) and 2.30 per
5 mmHg SBP change within a year (P= 0.040). In the multivariate
logistic analysis, after adjusting for the risk factors for diabetes,
including age, BMI, DBP, weight change, fasting blood glucose,
insulin, total cholesterol, HDL cholesterol, triglycerides, smoking,

alcohol intake, education and exercise, the annual change in
SBP was positively associated with incident diabetes (P= 0.002),
but baseline SBP was not associated with incident diabetes
(P= 0.160). Stratified according to sex, increasing SBP in the
follow-up period was independently associated with the risk of
diabetes, and this risk was more prominent in women (P= 0.001)
than in men (P= 0.286; Figure 1).

DISCUSSION

In our prospective study of a rural population, the baseline SBP was
not associated with incident diabetes, but increasing SBP was
significantly associated with the risk of incident diabetes. People with
higher blood pressure at baseline had significantly higher BMI,
waist circumference, fasting blood glucose, insulin, triglyceride and
HOMA-IR values than normotensive people. Although we could not
fully elucidate the causal relationships between these variables and
high blood pressure, they seemed to be closely connected.
A previous prospective cohort study of 38 172 women reported that

baseline blood pressure and increasing blood pressure were strong and
independent predictors of incident type 2 diabetes.13 This previous
study had a longer follow-up duration (10.2 years) and a larger sample
size. In the previous study, some participants had received interven-
tions of low-dose aspirin and vitamin E, and the uses of antihyper-
tensive and lipid-lowering drugs were not considered in the analysis.
However, in our study, people who were using antihypertensive
and lipid-lowering drugs were excluded. In contrast, another study
reported that SBP was not a significant predictor of incident diabetes
in men, but SBP was a significant predictor of coronary heart disease
events.14 In a previous Korean study with 14 064 individuals, the
hypertensive group was found to have a higher risk of incident
diabetes than the normotensive group. However, the significance of
this difference disappeared after adjusting for the baseline BMI and

Table 3 Correlation of baseline characteristics with baseline SBP and increment of SBP

Total (n=2225)

Baseline SBP Increment of SBP

Simple correlation Partial correlationa Simple correlation Partial correlationa

Pearson coefficients P-value Pearson coefficients P-value Pearson coefficients P-value Pearson coefficients P-value

Sex −0.096 o0.001 NA NA −0.022 0.307 NA NA

Age 0.207 o0.001 NA NA 0.048 0.024 NA NA

BMI 0.226 o0.001 0.240 o0.001 0.031 0.147 0.033 0.121

Waist circumference 0.221 o0.001 0.209 o0.001 0.022 0.303 0.018 0.392

SBP NA NA NA NA 0.490 o0.001 0.493 o0.001

DBP 0.746 o0.001 0.763 o0.001 0.335 o0.001 0.342 o0.001

Fasting glucose 0.169 o0.001 0.139 o0.001 0.048 0.023 0.041 0.051

Fasting insulin 0.129 o0.001 0.150 o0.001 0.016 0.464 0.019 0.371

HOMA-IR 0.152 o0.001 0.164 o0.001 0.026 0.218 0.028 0.193

HbA1c 0.103 o0.001 0.070 0.001 0.041 0.055 0.034 0.113

Total cholesterol 0.106 o0.001 0.110 o0.001 0.051 0.017 0.051 0.016

HDL cholesterol −0.025 0.232 −0.004 0.854 0.029 0.177 0.034 0.111

Triglyceride 0.207 o0.001 0.193 o0.001 0.056 0.009 0.052 0.015

C-reactive protein 0.053 0.013 0.028 0.190 0.036 0.087 0.031 0.150

Current smoker 0.039 0.066 −0.032 0.130 0.004 0.839 −0.014 0.525

Current drinker 0.050 0.018 0.036 0.087 0.009 0.687 0.005 0.798

Higher education −0.076 o0.001 −0.016 0.457 0.001 0.979 0.017 0.427

Regular exercise 0.016 0.439 0.040 0.059 0.037 0.078 0.043 0.044

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HbA1c, hemoglobin a1c; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance
NA, not applicable; SBP, systolic blood pressure.
aPartial correlation analysis with adjustment for sex and age.
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fasting glucose level.15 Recently, another Korean study reported that
prehypertension and hypertension are significantly associated with the
development of diabetes, independent of sex, BMI and glucose status
at baseline.16 A previous study in Turkish people reported that
prehypertension may be a predictor of incident diabetes in women
independent of obesity.17 Another cross-sectional study also found
a significant association between prehypertension and insulin
resistance.18

Several potential mechanisms that may explain that these associa-
tions have been suggested.
First, one of the possible pathophysiological pathways that underlies

the significant association between increasing SBP and incident
diabetes is endothelial dysfunction. Previous studies have reported
that endothelial cells are dysfunctional in hypertensive patients, which
suggests that progression with blood pressure is significantly associated
with endothelial dysfunction.19–22 In a previous study in normotensive

Table 4 Crude and adjusted odds ratios and 95% confidence interval for indent diabetes in total population

Unadjusted Adjusted for other variables in the tables

Odds ratio 95% Confidence interval P-value Adjusted odds ratio 95% Confidence interval P-value

Sex, men 0.68 0.44–1.03 0.070 1.59 0.73–3.45 0.243

Age, 10 years 1.26 0.98–1.63 0.078 1.03 1.00–1.07 0.068

Body mass index, kg m−12 1.18 1.11–1.26 o0.001 1.15 1.06–1.24 0.001

SBP, 10 mm Hg 1.09 0.97–1.23 0.142 0.85 0.67–1.07 0.160

DBP, 10 mm Hg 1.08 0.88–1.31 0.468 0.78 0.56–1.10 0.152

Annual change of SBP during f/u, 5 mm Hg 2.30 1.04–5.08 0.040 5.63 1.88–16.90 0.002

Weight change, kg 1.04 0.98–1.11 0.198 1.11 1.04–1.19 0.002

Fasting glucose, mg dl−1 1.13 1.10–1.15 o0.001 1.13 1.10–1.16 o0.001

Fasting insulin, mg dl−1 (logarithmic) 4.85 2.82–8.34 o0.001 1.04 0.98–1.11 0.180

Total cholesterol, mg dl−1 1.00 1.00–1.01 0.392 1.00 0.99–1.01 0.795

HDL cholesterol, mg dl−1 0.98 0.96–1.00 0.111 1.00 0.98–1.03 0.841

Triglyceride, mg dl−1 (logarithmic) 2.57 1.73–3.84 o0.001 1.00 1.00–1.01 0.194

C-reactive protein, mg l−1 (logarithmic) 1.44 1.20–1.74 o0.001 2.10 1.02–4.35 0.045

Current smoker 1.93 1.25–2.97 0.003 0.86 0.49–1.50 0.600

Current drinker 1.28 0.84–1.96 0.248 1.04 1.00–1.09 0.084

Higher education 0.91 0.58–1.41 0.658 1.14 0.66–1.98 0.643

Regular exercise 0.95 0.61–1.47 0.806 0.98 0.60–1.60 0.926

Abbreviations: DBP, diastolic blood pressure; f/u, follow-up; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; SBP, systolic blood pressure.

Figure 1 Odds ratio and 95% confidence intervals (CIs; logarithmic scale) for incident diabetes. A full color version of this figure is available at the
Hypertension Research journal online.
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people, blood pressure was found to be raised to hypertensive levels by
an intravenous infusion of norepinephrine, and endothelium-
dependent vasodilation was subsequently rapidly attenuated.23

Another previous study of primary aldosteronism found that
endothelium-dependent vasodilation returned to normal when the
blood pressure had returned to a normal level.24 In contrast,
biomarkers related to endothelial dysfunction have exhibited
a significant association with new-onset diabetes in previous
studies.25,26 In the Framingham Offspring Study, plasma markers of
endothelial dysfunction, such as elevated levels of plasminogen
activator inhibitor-1 antigen and von Willebrand factor antigen, were
found to be associated with an increased risk of incident diabetes
independent of obesity, insulin resistance and inflammation.25 In a
nested case–case–control study within the Nurses’ Health Study,
plasma markers of endothelial dysfunction, such as elevated levels of
cellular adhesion molecules including E-selectin, intercellular adhesion
molecule-1 and vascular cell adhesion molecule-1, predicted diabetes
in women independent of obesity and subclinical inflammation.26

Inflammation could be another potential mechanism that explains
the relationship between increasing blood pressure and incident
diabetes.13,27–29 A prospective study with 14 719 healthy women
suggested that CRP is a predictor of metabolic syndrome including
the component of hypertension.28 In contrast, a previous cross-
sectional study with 508 apparently healthy men suggested that
increased blood pressure may be a stimulus for inflammation.27 This
previous study found that blood pressure was significantly associated
with markers, such as intercellular adhesion molecule-1 and inter-
leukin-6, using multivariate linear regression models that controlled
for age and other cardiac risk factors.27 Inflammatory markers were
also associated with the development of diabetes. In a cohort study
with 12 330 middle-aged adults, markers of inflammation, such as
white-cell count, orosomucoid and sialic acid, were found to be
significantly associated with the development of diabetes.30 In our
study, the odds ratio for incident diabetes per 5 mmHg increase in
SBP was 5.72 (95% confidence interval 1.90–17.18), with adjustments
for other covariates but not the CRP level. When we additionally
adjusted for the CRP level, the corresponding odds ratio was 4.03
(95% confidence interval 1.45–11.23), although CRP was significantly
associated with incident diabetes (P= 0.045). Considering these results
because there was no significant difference between the odds ratios
before and after adjusting for CRP, the association between SBP
changes and incident diabetes is unlikely to be mainly due to insulin
resistance.
Genetic variants in the genes encoding angiotensinogen, adreno-

medullin and apolipoprotein have been reported to be associated with
common features such as diabetes, hypertension, dysglycemia and
metabolic syndrome.31,32 In a previous study in Chinese people,
single-nucleotide polymorphisms that were associated with the devel-
opment of diabetes were also found to be associated with the
occurrence of hypertension.33,34 Similarly, in genome-wide scan study,
the region relevant to the development of diabetes was also associated
with metabolic syndrome, including the component of hypertension.35

Obesity, insulin resistance and birth weight may be other potential
links between blood pressure and the incidence diabetes, and may
partially explain our results.36–38

The current study has some limitations. First, it may not be
appropriate to generalize the present results to other ethnic groups
because this study was conducted among Korean adults from a single
rural community. This issue may limit the generalizability of our
study findings. However, the annual incidence of diabetes in our study
population was comparable to those reported in a previous Korean

study. In a previous Korean study with people aged over 40 years at
baseline, the crude annual incidence of diabetes was 1.4%.39 In our
study, the crude annual incidences of diabetes were 1.9% in men and
1.3% in women. Moreover, because only a portion (57.5%) of the
total KoGES-Kangwha Study participants participated in the follow-up
health examination after applying the exclusion criteria based on the
baseline characteristics, we compared the people who completed the
follow-up health examinations with those who did not. In this
comparison, no significant differences were found in the health
behaviors or the prevalence of hypertension. However, the ages and
fasting glucose, HbA1c, HDL cholesterol, triglyceride and HOMA-IR
levels were significantly higher among the people who did not
participate in the follow-up health examination (data not shown).
Second, oral glucose tolerance tests were not performed in our study,
which may have resulted in an underestimation of incident diabetes.
Such a non-differential misclassification of outcomes would tend to
attenuate the strength of the association. Nonetheless, we observed
a significant association between increasing SBP and incident diabetes.
Third, we were unable to account for the day-to-day variation in blood
pressure because the blood pressure levels were recorded in a single
visit, although we conducted the blood pressure measurements
multiple times. These issues may have led to misclassifications
regarding the blood pressure groups. However, the effects of
non-differential misclassification would have resulted in a bias toward
the null. Fourth, because we measured resting blood pressure after the
blood pressure level was stable, we could not measure and access the
hemodynamic fluctuation of the blood pressure or the cumulative
exposure to elevated blood pressure. Fifth, because we did not
consider medications for the treatment of hypertension during the
follow-up period as covariates, the participants who began antihyper-
tensive medications during the follow-up period were included in the
current analysis. This fact may have resulted in the underestimation of
changes in blood pressure during the follow-up period and might have
reduced the association between SBP change and incident diabetes
toward the null. Further studies are needed to clarify whether the
control of blood pressure with medication is associated with the risk of
incident diabetes because changes in blood pressure can be influenced
by these medications. Sixth, the periods of observation of the
participants varied widely in our study. However, we did not perform
analyses that considered the differences in the follow-up periods of the
participants, for example, a proportional hazard model, because the
exact dates of the occurrence of incident diabetes were not known.
Alternatively, considering the variation in the follow-up period among
the study population, the mean change in SBP per year was used in the
current analysis. Seventh, we assumed that increasing SBP affected
incident diabetes. However, in other studies, fasting blood glucose has
been found to be independently associated with increases in blood
pressure.6,40 This finding can partially be explained by reverse
causation because this study could not establish a temporal relation-
ship between blood pressure progression and incident diabetes.
Further studies are needed to elucidate the causal association between
blood pressure and incident diabetes.
In conclusion, we found that increasing SBP is independently

associated with incident diabetes in Korean adults. However, baseline
SBP is not significantly associated with incident diabetes. Our data
suggest that the maintenance of blood pressure is important for the
prevention of diabetes in normotensive people as well as in hyperten-
sive or pre-hypertensive people.
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