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Abstract
The aim was to investigate the risk of developing type 2 diabetes according to blood pressure (BP) levels and presence or
absence of hypertensive treatment. This 5-year cohort study comprised 3508 Japanese adults aged 30–74 years without
diabetes who had undergone a medical checkup including a 75-g oral glucose tolerance test (OGTT) between April 2008 and
March 2009 at Saku Central Hospital. Participants receiving antihypertensive treatment were categorized into controlled
hypertension ( < 140/90 mmHg) or uncontrolled hypertension ( ≥ 140/90 mmHg) groups. Participants not receiving
antihypertensive treatment were categorized: optimal BP ( < 120/80 mmHg), normal BP (120–129/80–84 mmHg), high-
normal BP (130–139/85–89 mmHg), grade I hypertension (140–159/90–99 mmHg), and grade II/III hypertension ( ≥ 160/
100 mmHg). Hazard ratios and 95% confidence intervals for the incidence of type 2 diabetes as defined by the 75-g OGTT
were estimated using multivariable-adjusted Cox proportional hazard models in reference to optimal BP. During an average
of 4.4 years of follow-up, 295 participants developed type 2 diabetes. Those with high-normal BP, grade I hypertension,
grade II/III hypertension, and uncontrolled hypertension were at significantly higher risk for developing type 2 diabetes, with
hazard ratios (95% confidence intervals) of 1.53 (1.03–2.29), 1.53 (1.02–2.32), 2.19 (1.01–4.77), and 1.81 (1.10–2.99),
respectively. In conclusion, compared with those with optimal BP, individuals with BP ≥ 130/85 mmHg not receiving
antihypertensive treatment and uncontrolled hypertensives with BP ≥ 140/90 mmHg receiving antihypertensive treatment
were at a significantly higher risk for developing type 2 diabetes.
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Introduction

The worldwide prevalence of both hypertension and dia-
betes are alarmingly high. As of 2015, the age-standard
prevalence of hypertension was 24.1% in men and 20.1% in
women, and the prevalence of diabetes was 8.8% [1, 2].
Furthermore, although hypertension and diabetes mellitus
are characterized by different pathophysiologies, they have
much in common [3]. Because both hypertension and type 2
diabetes increase the risk for developing severe conditions
such as cardiovascular and kidney disease [3–6], it is
important to avoid risk accumulation.

As reported by several prospective studies, hypertensives
who had blood pressure (BP) ≥ 140/90 mmHg or were
receiving antihypertensive medication had a higher risk of
developing type 2 diabetes than normotensives who had BP
< 140/90 mmHg and were not receiving antihypertensive
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medication [7–13]. Furthermore, it has been reported that
those with prehypertension who had BP 120–139/80–89
mmHg and were not receiving antihypertensive medication
had ~ a 1.5- to twofold higher risk of developing type 2
diabetes compared with those who had optimal BP < 120/
80 mmHg and were not receiving antihypertensive medi-
cation [8, 11, 14]. In a hospital-based study involving
patients receiving antihypertensive medication, uncon-
trolled hypertensives who had BP ≥ 140/90 mmHg had a
2.1-fold higher risk of developing type 2 diabetes compared
with controlled patients who had BP < 140/90 mmHg [15].
However, to our knowledge, no studies have compared the
risk of developing type 2 diabetes between those with
untreated optimal BP and those with untreated high BP (≥
140/90 mmHg), treated and controlled hypertension, or
treated but uncontrolled hypertension.

Therefore, to detect hypertensives at particularly high
risk of type 2 diabetes, we conducted a Japanese cohort
study to investigate the risk of developing type 2 diabetes
according to BP levels and presence or absence of anti-
hypertensive treatment in hypertensives.

Methods

Study participants

The details of this study have been described previously
[16–18]. The participants in the present study were 4587
individuals aged 30–74 years had undergone comprehen-
sive medical checkups including a 75-g oral glucose toler-
ance test (OGTT) over 2 days and 1 night between April
2008 and March 2009 (baseline) at Saku Central Hospital.
Although these checkups are generally expensive in Japan,
those at Saku Central Hospital are either relatively inex-
pensive or free, owing to subsidization of costs by admin-
istrations and employers. As a result, many community
residents could undergo these examinations. These subjects
might represent a healthier group than the general popula-
tion because they voluntarily underwent a checkup. Of these
individuals, 715 were excluded because of having diabetes
at baseline (fasting plasma glucose (FPG) ≥ 7.0 mmol/l and/
or 2-h plasma glucose (PG) during a 75-g OGTT ≥ 11.1
mmol/l and/or a history of diabetes). Of these individuals,
3509 underwent at least one follow-up examination before
the end of March 2014. After excluding one participant
because of missing data, a total of 3508 participants were
included in the present analysis. The study was conducted
in accordance with the Declaration of Helsinki and
approved by the Institutional Review Bord of Saku Central
Hospital (committee approval number: R201404-02) and
the Ethics Committee of Teikyo University (committee
approval number:17-040). An opt-out consent procedure

was implemented, and the standard questionnaires included
opt-out information.

Data collection and definitions at baseline

BP measurement and categorization

BP was measured twice by trained nurses using the ES-H55
device with standard arm cuff (TERUMO Co. Ltd, Tokyo,
Japan) [19], a semiautomatic device based on the cuff-
oscillometric method, with participants in a seated position
after at least a 5-min rest. In the present study, the mean of
the two measurement values was used. Participants receiv-
ing antihypertensive treatment were categorized into either a
controlled hypertension (< 140 mmHg systolic and < 90
mmHg diastolic) or an uncontrolled hypertension (≥ 140
mmHg systolic and/or ≥ 90 mmHg diastolic) group. Parti-
cipants not receiving antihypertensive treatment were cate-
gorized into five groups based on definitions of the Japan
Society of Hypertension as follows: optimal BP (< 120
mmHg systolic and < 80 mmHg diastolic); normal BP
(120–129 mmHg systolic or 80–84 mmHg diastolic); high-
normal BP (130–139 mmHg systolic or 85–89 mmHg dia-
stolic); grade I hypertension (140–159 mmHg systolic or
90–99 mmHg diastolic); and grade II/III hypertension (≥
160 mmHg systolic or ≥ 100 mmHg diastolic) [20].

75-g OGTT and blood test

During the second morning after an overnight fast (10 h), all
participants underwent a standard 75-g OGTT. Blood
samples were obtained at 0 (fasting), 30, 60, and 120 min,
with blood glucose measured on all four occasions and
serum insulin concentrations measured at 0 and 30 min in
the clinical laboratory of Saku Central Hospital. Prediabetes
was defined as having either impaired fasting glucose (FPG
6.1–6.9 mmol/l and 2-h PG < 11.1 mmol/l) or impaired
glucose tolerance (FPG < 6.1 mmol/l and 2-h PG 7.8–11.0
mmol/l). Homeostasis model assessment of insulin resis-
tance (HOMA-IR) was calculated as follows: (fasting glu-
cose (mmol/l) × fasting insulin (μU/ml)/22.5) [21]. The
insulinogenic index was calculated as follows: (serum
insulin 30 min after OGTT (pmol/l)−fasting serum insulin
(pmol/l))/(blood glucose 30 min after OGTT (mmol/l)
−fasting blood glucose (mmol/l)) [22]. Dyslipidemia was
defined as high-density lipoprotein cholesterol < 1.03 mmol/
l and/or low-density lipoprotein cholesterol cholesterol ≥
3.62 mmol/l and/or triglycerides ≥ 1.69 mmol/l.

Other measurements

Participants completed a questionnaire that included
demographic characteristics, medical history, alcohol
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consumption, physical activity (0, 1–59, or 60 min/
week), and smoking habit (never, current, quit). Alcohol
consumption was categorized based on the recommended
values by the Ministry of Health, Labour and Welfare
in Japan: non-drinker (0 g/week), moderate drinker
(< 140 g/week in men and < 70 g/week in women), and
heavy drinker (≤ 140 g/week in men and ≤ 70 g/week
in women) [23]. Height and weight were measured
while participants wore a hospital gown, and body
mass index (BMI) was calculated as weight (kg) divided
by the square of height (m). Obesity was defined as
BMI ≥ 25.0 kg/m2.

Type 2 diabetes incidence and follow-up

All participants underwent annual follow-ups at Saku
Central Hospital, including comprehensive medical check-
ups over 2 days and 1 night and a 75-g OGTT. The end of
the follow-up period was March 2014. Of 3508 participants,
53.4%, 21.4%, 7.2%, 8.3%, and 9.7% underwent a medical
checkup 5, 4, 3, 2, and 1 time, respectively, from baseline to
March 2014. The incidence of type 2 diabetes was defined
as a first diagnosis of a FPG level ≥ 7.0 mmol/L, a 2-h PG
level ≥ 11.1 mmol/L, or receiving medical treatment for type
2 diabetes on the date of the visit. Individuals who did not

Table 1 Baseline characteristics

Variables Not receiving antihypertensive medication Receiving antihypertensive
medication

P value

Optimal BP Normal BP High-normal
BP

Grade I
hypertension

Grade II/III
hypertension

Controlled
hypertension

Uncontrolled
hypertension

n 1647 543 338 244 42 565 129

Men % 48.9 61.3 62.4 68.4 76.2 55.6 65.9 < 0.001

Age, years 56.1 (9.1) 58.7 (8.2) 58.6 (8.5) 58.7 (8.1) 58.6 (8.6) 63.2 (7.0) 63.4 (7.8) < 0.001

HDL-cholesterol,
mmol/l

1.57 (0.38) 1.53 (0.38) 1.48 (0.35) 1.47 (0.36) 1.62 (0.39) 1.49 (0.36) 1.50 (0.37) < 0.001

Triglycerides,
mmol/l

0.98
(0.71–1.37)

1.10
(0.78–1.51)

1.13
(0.85–1.69)

1.22
(0.85–1.79)

1.20
(0.82–1.78)

1.08
(0.80–1.54)

1.12 (0.85–1.68) < 0.001

Dyslipidemia (%) 36.5 41.4 46.8 53.6 43.5 36.7 44.6 < 0.001

FPG, mmol/l 5.37 (0.45) 5.49 (0.46) 5.5 (0.45) 5.65 (0.52) 5.68 (0.48) 5.58 (0.48) 5.61 (0.51) < 0.001

2-h PG, mmol/l 6.25 (1.34) 6.65 (1.44) 6.75 (1.45) 6.97 (1.46) 6.87 (1.39) 6.91 (1.44) 7.24 (1.45) < 0.001

Prediabetes (%)

IFG, IGT 6.4, 10.0 10.9, 13.3 12.2, 16.6 20.1, 20.5 26.2, 7.1 14.7, 17.7 19.4, 25.6 < 0.001

HOMA-IR* 0.87
(0.57–1.28)

0.99
(0.67–1.49)

1.06
(0.73–1.59)

1.12
(0.75–1.70)

1.29
(0.65–1.85)

1.12
(0.76–1.69)

1.16 (0.74–1.91) < 0.001

Insulinogenic
index*

0.61
(0.36–1.02)

0.54
(0.33–0.97)

0.33
(0.56–0.99)

0.46
(0.32–0.88)

0.53
(0.34–0.85)

0.53
(0.34–0.92)

0.50 (0.31–0.86) 0.011

BMI, kg/m2 22.2 (2.8) 23.2 (2.9) 23.5 (2.8) 24.0 (3.2) 24.1 (3.0) 23.9 (2.9) 24.3 (3.2) < 0.001

Obesity (%) 14.9 24.7 27.8 33.6 38.1 32.2 38.0 < 0.001

Smoking status (%)

Never, current,
quit

59.7, 16.0,
24.2

51.6, 17.7,
30.8

54.4, 14.2,
31.4

48.8, 16.0,
35.2

38.1, 21.4, 40.5 53.8, 11.2,
35.0

41.9, 17.8, 40.3 < 0.001

Alcohol consumption (%)

Non-, moderate,
heavy

50.0, 30.2,
19.8

41.6, 28.5,
29.8

37.3, 29.9,
32.8

34.4, 27.9,
37.7

26.2, 33.3, 40.5 43.7, 26.7,
29.6

29.5, 23.3, 47.3 < 0.001

Physical activity (%)

0, 1–59, ≥ 60
min/week

36.8, 34.4,
28.8

37.4, 30.8,
31.9

32.0, 30.8,
37.3

35.2, 29.9,
34.8

33.3, 31.0, 35.7 33.8, 27.3,
38.9

34.9, 32.6, 32.6 0.006

Family history of
diabetes (%)

15.6 14.0 15.7 16.0 16.7 14.0 15.5 0.994

BMI body mass index, BP blood pressure, FPG fasting plasma glucose, HDL high-density lipoprotein, HOMA-IR homeostasis model assessment
of insulin resistance, IFG impaired fasting glucose, IGT impaired glucose tolerance, PG plasma glucose. Continuous variables with normal
distributions were presented as means (standard deviations). *Continuous variables with non-normal distributions were presented as 50th centile
(25–75th centile). Dyslipidemia was defined as high-density lipoprotein cholesterol < 1.03 mmol/l and/or low-density lipoprotein cholesterol
cholesterol ≥ 3.62 mmol/l and/or triglycerides ≥ 1.69 mmol/l. Obesity was defined as BMI ≥ 25.0 kg/m2
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develop type 2 diabetes during the follow-up period were
censored on the date of their last examination.

Statistical analysis

Differences in characteristics according to BP categories
were defined by an analysis of variance for normally dis-
tributed continuous data and a χ2 test for dichotomous and
categorical data. The distributions of triglycerides, HOMA-
IR, and insulinogenic index were skewed right, so the
Kruskal–Wallis test was performed.

Cox proportional hazard models were used to estimate
the hazard ratios (HRs) and 95% confidence intervals (CIs)
of normal BP, high-normal BP, grade I hypertension, grade
II/III hypertension, controlled hypertension, and uncon-
trolled hypertension for the incidence of type 2 diabetes in
reference to optimal BP. The multivariable-adjusted model
included age, sex, BMI (< 25 kg/m2 or ≥ 25 kg/m2), dysli-
pidemia, smoking status (never, current, quit), alcohol
consumption (non-, moderate, or heavy), physical activity
(0, 1–59, ≥ 60 min/week), family history of diabetes, and
FPG at baseline.

The following additional models were analyzed: (1) the
model in which the date of event was defined as the mid-
point between the date of visit when the diabetes was
diagnosed and the date of the previous visit, (2) the model
that excluded participants who developed diabetes during
the first 1.5 years, (3) the analysis using the same adjusted
variables except FPG and included log-transformed
HOMA-IR and the insulinogenic index at baseline, (4) the
model including change in BMI from baseline to the end
point, (5) the stratified analysis by sex, age (< 65 or ≥ 65
years old), BMI (< 25.0 or ≥ 25.0 kg/m2), prediabetes (pre-
sence or absence), and the number of visits until March
2014 (1–4 or 5 times) and (6) the model using the systolic
BP and diastolic BP categories separately. The likelihood
ratio test was used for the tests of interaction of sex, age,
BMI, prediabetes, and number of visits. The differences of
− 2 logarithm likelihood before and after, including the
interaction term in each model, were tested using the χ2-test.

The percentages of prediabetes, impaired fasting glucose,
and impaired glucose tolerance were calculated among the
participants who developed type 2 diabetes.

All reported P values were two-tailed, and those < 0.05
were considered statistically significant. All data were
analyzed using SPSS (version 22.0 J; IBM Japan, Tokyo,
Japan).

Results

The mean age (standard deviation) of the participants was
58.4 (8.9) years old. Among the 3508 participants, 694

(19.8%) were receiving antihypertensive treatment, among
whom, 129 (18.6%) had uncontrolled BP (systolic BP ≥
140 mmHg and/or diastolic BP ≥ 90 mmHg). The 50th
percentiles (25–75th percentiles) of systolic and diastolic
BP were 120 (113–128) mmHg and 74 (67–80) mmHg in
controlled hypertension, and 144 (140–152) mmHg and 90
(80–94) mmHg in uncontrolled hypertension, respectively.
The baseline characteristics according to BP categories are
shown in Table 1. All variables except for the percentage of
family history of diabetes were significantly different
among the BP categories.

During an average of 4.37 years of follow-up (median,
25–75th percentile: 4.97, 4.10–5.04 years), 295 participants
developed type 2 diabetes. The adjusted HRs and 95% CIs
according to BP categories are shown in Fig. 1. After
adjustment for all confounding factors, those with high-
normal BP, grade I hypertension, grade II/III hypertension,
and uncontrolled hypertension had a significantly higher
risk of developing type 2 diabetes, with HRs (95% CIs) of
1.53 (1.03–2.29), 1.53 (1.02–2.32), 2.19 (1.01–4.77), and
1.81 (1.10–2.99), respectively. The HRs and 95% CIs of
confounding factors in the adjusted models are shown in
Supplement Table 1. Age, smoking status, family history of
diabetes, and FPG were significantly associated with the
development of type 2 diabetes. In the analysis that defined
the date of event as the midpoint between the date of the
visit when diabetes was diagnosed and the date of the
previous visit, the HRs (95% CIs) in those with optimal BP,
normal BP, high-normal BP, grade I hypertension, grade II/
III hypertension, controlled hypertension, and uncontrolled
hypertension were 1.28 (0.89–1.83), 1.53 (1.02–2.28), 1.51

Fig. 1 Multivariable-adjusted hazard ratios and 95% confidence
intervals for the development of diabetes according to blood pressure
categories. Abbreviations: BP, blood pressure; CI, confidence interval;
HR, hazard ratio; IR, incidence rate. Adjusted variables were age, sex,
body mass index (< 25 kg/m2 or ≥ 25 kg/m2), dyslipidemia (absence or
presence), smoking status (never, current, quit), alcohol consumption
(non-, moderate, heavy), physical activity (0, 1–59, ≥ 60 min/week),
family history of diabetes, and fasting plasma glucose level. Dyslipi-
demia was defined as high-density lipoprotein cholesterol < 1.03
mmol/l and/or low-density lipoprotein cholesterol cholesterol ≥ 3.62
mmol/l and/or triglycerides ≥ 1.69 mmol/l. The area of the square was
proportional to the number of cases in each category. Incidence rates
were per 1000 person years. *P < 0.05

108 Y. Tatsumi et al.



(1.00–2.28), 2.12 (0.97–4.61), 1.33 (0.95–1.87), and 1.79
(1.09–2.96), respectively. In the same way, the HRs (95%
CIs) were 1.29 (0.85–1.95), 1.48 (0.92–2.36), 1.53
(0.94–2.50), 2.23 (0.89–5.60), 1.27 (0.85–1.91), and 1.29
(0.65–2.56), respectively, in the analysis that excluded
participants who developed diabetes during first 1.5 years
(n= 87).

The results of the HRs (95% CIs) adjusted for change in
BMI, and log-transformed HOMA-IR and insulinogenic
index instead of FPG are shown in Table 2. The risk
associated with each BP category did not change notably
after adjustment for log-transformed HOMA-IR and insu-
linogenic index; both were significantly associated with the
development of type 2 diabetes, with HRs (95% CIs) of
2.66 (2.15–3.28) and 0.24 (0.20–0.29), respectively. Simi-
larly, the risk associated with each BP category did not
change notably, even after adjustment for change in BMI.
Change in BMI was significantly associated with the
development of type 2 diabetes, with a HR (95% CIs) of
1.25 (1.13–1.38). The results of stratified analyses are
shown in Supplement Table 2. Because of small sample
size, grade I hypertension and grade II/III hypertension were
categorized in the same group. Although the HRs among
participants without prediabetes were attenuated remarkably
compared with results when participants were not stratified,
no significant interaction was observed (all p values > 0.05).

The HRs (95% CIs) for systolic and diastolic BP are
shown in Table 3. Both systolic BP and diastolic BP were
associated with the development of type 2 diabetes among
participants not receiving antihypertensive treatment.
Among participants receiving antihypertensive treatment,
systolic BP was not associated with the development of type
2 diabetes. The HR of diastolic BP ≥ 90 mmHg compared

Table 2 Adjusted hazard ratios
and 95% confidence intervals for
the development of diabetes
according to blood pressure (BP)
categories

BP category Adjusted variables

Multivariable*

+ Change in BMI from baseline to
end point

− FPG+HOMA-IR† and
insulinogenic index†

Optimal BP Ref Ref

Normal BP 1.27(0.88–1.82) 1.27 (0.88–1.82)

High-normal BP 1.54 (1.03–2.31) 1.41 (0.94–2.11)

Grade I hypertension 1.58 (1.05–2.39) 1.72 (1.14–2.60)

Grade II/III hypertension 2.13 (0.98–4.65) 3.01 (1.38–6.56)

Controlled hypertension 1.32 (0.94–1.85) 1.22 (0.86–1.72)

Uncontrolled hypertension 1.82 (1.11–3.00) 1.61 (0.97–2.67)

BMI body mass index, BP blood pressure FPG fasting plasma glucose, HOMA-IR homeostasis model
assessment of insulin resistance, Ref reference. *Variables were age, sex, BMI (< 25 kg/m2 or ≥ 25 kg/m2),
dyslipidemia (absence or presence), smoking status (never, current, quit), alcohol consumption (non-,
moderate, heavy), physical activity (0, 1–59, ≥ 60 min/week), family history of diabetes, and fasting plasma
glucose level. Dyslipidemia was defined as high-density lipoprotein cholesterol < 1.03 mmol/l and/or low-
density lipoprotein cholesterol cholesterol ≥ 3.62 mmol/l and/or triglycerides ≥ 1.69 mmol/l. †Log-
transformed variables were used in the model

Table 3 Hazard ratios and 95% confidence intervals according to
systolic and diastolic blood pressure in the multivariable-adjusted Cox
proportional hazard models

HRs (95% CIs) P value for trend

Not receiving antihypertensive treatment

Systolic BP 0.003

< 120 Ref

120–129 1.18 (0.82–1.68)

130–139 1.54 (1.05–2.27)

140–159 1.76 (1.12–2.76)

≥ 160 1.77 (0.55–5.68)

Diastolic BP 0.017

< 80 Ref

80–84 1.59 (1.07-2.36)

85–89 1.04 (0.60–1.78)

90–99 1.54 (0.98–2.42)

≥ 100 2.30 (1.00–5.31)

Receiving antihypertensive treatment

Systolic BP -

< 140 Ref

≥ 140 0.99 (0.56–1.76)

Diastolic BP -

< 90 Ref

≥ 90 1.75 (0.90–3.39)

BP blood pressure, CI confidence interval, HR hazard ratio. Adjusted
variables were age, sex, body mass index (< 25 kg/m2 or ≥ 25 kg/m2),
dyslipidemia (absence or presence), smoking status (never, current,
quit), alcohol consumption (non-, moderate, heavy), physical activity
(0, 1–59, ≥ 60 min/week), family history of diabetes, and fasting
plasma glucose level. Dyslipidemia was defined as high-density
lipoprotein cholesterol < 1.03 mmol/l and/or low-density lipoprotein
cholesterol cholesterol ≥ 3.62 mmol/l and/or triglycerides ≥ 1.69 mmol/
l
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with < 90 mmHg was 1.75, although this finding was not
statistically significant.

The percentages of impaired fasting glucose and
impaired glucose tolerance at baseline among those who
developed type 2 diabetes are shown in Fig. 2. Except for
those with optimal BP and grade II/III hypertension, > 70%
of the participants in each of the BP categories had impaired
fasting glucose or impaired glucose tolerance at baseline.
Participants with uncontrolled hypertension who developed
type 2 diabetes (n= 21) had a particularly high percentage
of prediabetes at baseline, and 57.1% (n= 12) and 38.1%
(n= 8) had impaired fasting glucose and impaired glucose
tolerance, respectively.

Discussion

The present study demonstrated that, compared with those
with optimal BP and not receiving antihypertensive treat-
ment, participants with high-normal BP, grade I hyperten-
sion, grade II/III hypertension, and uncontrolled
hypertension, but not those with normal BP and controlled
hypertension, were at a significantly higher risk of devel-
oping type 2 diabetes. These results were independent of
age, sex, smoking status, physical activity, alcohol con-
sumption, family history of diabetes, BMI, change in BMI,
dyslipidemia and baseline FPG, HOMA-IR, and insulino-
genic index. As a result of the analysis of systolic and
diastolic BP separately, both systolic and diastolic BP were
associated with the development of type 2 diabetes among
those not receiving antihypertensive treatment. In addition,
many of the participants who developed type 2 diabetes had
impaired fasting glucose or impaired glucose tolerance at
baseline, especially those with uncontrolled hyperte+nsion.

In the San Antonio Heart Study, compared with partici-
pants who had BP < 120/80 mmHg and were not receiving
antihypertensive treatment, the risk of developing type 2
diabetes was 1.31-fold higher (not significant) and 1.69-fold
higher (significant) among those with BP 120–129/80–84
mmHg not receiving antihypertensive treatment and those
with BP 130–139/85–89 mmHg not receiving

antihypertensive treatment, respectively [14]. Comparing
with the HRs of normal BP and high-normal BP in the
present study, the previous study supports the present
results. In the Tehran Lipid and Glucose Study and a
Korean study, the risk of developing hypertension, which
was defined as BP ≥ 140/90 mmHg or receiving anti-
hypertensive treatment for type 2 diabetes, was estimated as
1.65-fold and 1.51-fold higher (significant) compared with
those with BP < 120/80 mmHg, respectively [8, 11]. The
results of the present study provides more evidence that
hypertensives with controlled BP < 140/90 mmHg who are
receiving antihypertensive treatment do not have a sig-
nificantly higher risk of developing type 2 diabetes com-
pared with those with optimal BP. In the present study, after
excluding those who developed type 2 diabetes during the
first 1.5 years, the risk of uncontrolled hypertension was
attenuated. These patients might have been diagnosed with
diabetes based on small increases in blood glucose levels
during early follow-up periods.

An unhealthy lifestyle is a common risk factor for both
hypertension and type 2 diabetes [24–29]. Uncontrolled
hypertension may reflect insufficient lifestyle modifications,
which are another possible risk factor for type 2 diabetes. In
the present study, those with uncontrolled hypertension had
high percentages of obesity and alcohol consumption,
which are well-known risk factors for treatment-resistant
hypertension as well as type 2 diabetes [20, 30]. Although it
was confirmed that the risk of uncontrolled hypertension
remained significantly higher after adjusting for lifestyle
risk factors at baseline, it was difficult to clarify the impact
of detailed lifestyle modification during the follow-up per-
iod on the development of type 2 diabetes. Therefore,
residual effects of these factors could still exist. In addition,
it was possible that other lifestyle risk factors that were not
be considered in the present study might increase the risk
for type 2 diabetes. In the real world, those with high blood
pressure have a high prevalence of unhealthy lifestyles,
suggesting that lifestyle modification in individuals with BP
levels of high normal or more and treated hypertension is
important to prevent future occurrences of type 2 diabetes as
well as to control blood pressure. In the present study,
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current smoking and changes in BMI were associated with
an increased risk for type 2 diabetes among the lifestyle
factors, suggesting that quitting smoking and preventing
weight gain might be particularly effective for the preven-
tion of type 2 diabetes.

High BP per se also may increase the risk of developing
type 2 diabetes. One possible explanation for high BP
increasing the risk of developing type 2 diabetes is insulin
resistance [31–33]. In brief, high BP damages microvessels,
resulting in a reduced capacity for insulin-mediated glucose
uptake, that is, insulin resistance.

There are few studies investigating whether systolic BP
or diastolic BP is more closely associated with the devel-
opment of type 2 diabetes. A previous study involving
community residents reported that both systolic BP and
diastolic BP were associated with the risk for type 2
diabetes [10]. The results in the present study for those not
receiving antihypertensive treatment in part support this
previous study. However, clear associations were not
observed among those receiving antihypertensive treatment.
It has been reported that the association between BP levels
and cardiovascular disease was weak among those receiving
antihypertensive treatment [34]. Because office blood
pressure level measured on a single occasion may be
influenced by conditions before measurement, such as the
time of taking medicine, evaluation of home blood pressure,
which better reflects stable blood pressure levels in indivi-
duals, may be needed to clarify clear associations between
systolic and diastolic BP and the development of type 2
diabetes among those receiving antihypertensive treatment.

To identify individuals at high risk for developing type 2
diabetes, blood glucose levels need to be followed up in
those with high BP. In the present study, many of the
individuals who developed type 2 diabetes had prediabetes
at baseline. Of these, ~ 30% or more had impaired glucose
tolerance (FPG < 6.1 mmol/l). Therefore, it is necessary to
assess not only FPG, but also post-load glucose levels.

The strengths of the present study were that the partici-
pants were screened for type 2 diabetes over a 5-year period
using a 75-g OGTT, and that the 10-h overnight fast before
the 75-g OGTT was enforced by hospitalizing the partici-
pants the day prior to testing. However, this study also had
some limitations. First, BP was only measured at the hos-
pital, not in the participants’ homes. It has been reported
that individuals with masked hypertension, in which high
BP is seen at home, but not at the hospital, had a 1.7-fold
higher risk of developing type 2 diabetes compared with
individuals without high BP at the hospital or the home (not
significant) [9]. Masked hypertension was included in the
categories without high BP in the present study, so the risk
associated with high BP might have been underestimated.
Second, detailed information on antihypertensive treat-
ments, such as types and number of medicines, were not

available. Renin–angiotensin system blockers, particularly
angiotensin II receptor blockers, were frequently used in
Japan around the time of the present study [35]. These drugs
have been reported to decrease the risk of developing type 2
diabetes [36, 37], which could be a reason why controlled
hypertension was not associated with a high risk of devel-
oping type 2 diabetes. Further studies with detailed infor-
mation regarding antihypertensive treatment are needed to
clarify the reason for the difference in the risk for type 2
diabetes between patients with controlled and uncontrolled
hypertension. Third, the follow-up period was short. The
association between BP and developing type 2 diabetes was
attenuated notably among those without prediabetes. A
possible explanation was the small number of cases because
of the short periods. Further studies with long follow-up
periods were needed. Fourth, selection bias was possible
because the study participants were individuals who had
undergone routine comprehensive medical checkups. As
reported by the National Health and Nutrition Survey in
Japan in 2008, the prevalences of hypertension, defined as
BP ≥ 140/90 mmHg, and of receiving medical treatment for
hypertension were 33.4% and 16.8%, respectively, among
Japanese adults aged 30–69 years [38]. The same pre-
valences were 12.3% and 19.9%, respectively, among those
aged 30–69 years who had undergone medical checkups at
Saku Central Hospital in 2008. Therefore, the participants in
the present study were healthier than the general population
in Japan.

In conclusion, individuals with BP ≥ 130/85 mmHg who
were not receiving antihypertensive treatment and those
with BP ≥ 140/90 mmHg who were receiving anti-
hypertensive treatment had a significantly higher risk of
developing type 2 diabetes compared with those with
optimal BP who were not receiving antihypertensive treat-
ment. These results suggest the importance of preventing
hypertension and controlling BP among hypertensives to
prevent the development of diabetes, and in turn, cardio-
vascular disease.
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