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Blood pressure and risk of typ
e 2 diabetes mellitus in men
and women from the general population: the Monitoring
Trends and Determinants on Cardiovascular Diseases/
Cooperative Health Research in the Region of Augsburg
Cohort Study
Christa Meisingera,b, Angela Döringa and Margit Heiera,b
Objective To examine sex-specific associations between

blood pressure levels and incident type 2 diabetes mellitus

in a representative population sample in Germany.

Methods The study was based on 5556 men and 5445

women (aged 25–74 years) who participated in one of the

threeMonitoringTrends and Determinants on Cardiovascular

Diseases Augsburg surveys between 1984 and 1995 and

who were free of diabetes at baseline. Sex-specific hazard

ratios were estimated from Cox proportional hazard models.

Results A total of 410 cases of incident type 2 diabetes

among men and 263 among women were registered during

the median follow-up period of 12.5 years. Higher blood

pressure levels were associated with older age, higher body

mass index (BMI), a higher prevalence of dyslipidemia, a

lower prevalence of regular smoking, high alcohol

consumption (men only), and a lower education level.

Compared with individuals with normal blood pressure, the

hazard ratios (95% confidence interval) of incident diabetes

associated with an optimal blood pressure, high normal

blood pressure, and hypertension were 0.67 (0.36–1.27),

1.76 (1.24–2.51), and 1.93 (1.41–2.65) for men and 0.74

(0.41–1.32), 1.07 (0.67–1.73), and 2.05 (1.41–2.99) for

women. The found association was present in the subgroup

with low BMI as well as in the group with high BMI

supporting the assumption that blood pressure may
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contribute to the manifestation of type 2 diabetes

independent of BMI.

Conclusion Established hypertension was significantly

associated with incident type 2 diabetes in men and women

from the general population, whereas high normal blood

pressure significantly increased the risk of diabetes in men

only. J Hypertens 26:1809–1815 Q 2008 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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Introduction Study [7], baseline blood pressure and blood pressure
The prevalence of type 2 diabetes mellitus has

increased dramatically in recent decades and it is

expected that between 2000 and 2030, the worldwide

prevalence of diabetes will increase by a further 37% [1].

Next to the aging of the population, diet and lifestyle

factors are largely responsible for this epidemic [2].

Diabetes is associated with high rates of morbidity [3]

and premature mortality [4]. It is well known that many

patients with diabetes develop hypertension and that

high blood pressure is a risk factor for cardiovascular

and microvascular complications [5]. Hypertension is

part of the metabolic syndrome, a cluster of numerous

metabolic risk factors associated with the development

of type 2 diabetes and cardiovascular disease [6]. How-

ever, recent evidence indicated that blood pressure per se
is independently associated with the development of type

2 diabetes in adults [7]. In the Women’s Health
progression were significant predictors of incident type

2 diabetes after multivariable adjustment among

women. So far data on this issue are scarce [7–9]

and there are no studies on the association between

different blood pressure categories and incident type 2

diabetes in men and women from the general popu-

lation. As high blood pressure is one of the most

prevalent cardiovascular risk factors worldwide and also

in Germany [10,11], an association between hyperten-

sion and incident type 2 diabetes may have great

public health implications.

In the present large prospective population-based cohort

study, we, therefore, estimated the risk of type 2 diabetes

in men and women with optimal blood pressure, high

normal blood pressure, and established hypertension in

comparison with persons with normal blood pressure
orized reproduction of this article is prohibited.
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values. In particular, we investigated whether the associ-

ations were modified by BMI.

Methods
The presented data were derived from the population-

based MONICA (Monitoring trends and determinants on

cardiovascular diseases) Augsburg (Germany) studies

carried out between 1984 and 1995 [12]. Three indepen-

dent cross-sectional surveys covering the city area of

Augsburg and two adjacent counties were conducted in

1984/85 (S1), 1989/90 (S2), and 1994/95 (S3). Altogether

13 427 persons aged 25–74 years participated in at least

one of the three surveys. Within the framework of KORA

(Cooperative Health Research in the Region of Augs-

burg), incident cases of type 2 diabetes were assessed

using follow-up questionnaires in 1987/1988, 1997/1998,

and 2002/2003 and were validated by hospital records or

by contacting the participants’ treating physician [12].

Persons with prevalent diabetes (n¼ 597), without infor-

mation on diabetes status at follow-up (1449), with other

types of diabetes than type 2 diabetes, and with incom-

plete data on all required factors (n¼ 380) were excluded

from the cohort. The present analysis was based on

5556 men and 5445 women aged 25–74 years at baseline.

Written informed consent was obtained from each study

participant, and the study was approved by the local

ethics committee.

Data collection
Baseline information on sociodemographic variables,

smoking habits, physical activity level, medication use,

and alcohol consumption were gathered by trained

medical staff during a standardized interview. In

addition, all participants underwent an extensive stan-

dardized medical examination including the collection of

a blood sample. All measurement procedures have been

described elsewhere in detail [12]. Dyslipidemia was

defined as the ratio of total cholesterol to high-density

lipoprotein (HDL) cholesterol of at least 5.0. Participants

were classified as active during leisure time if they

regularly participated in sports in summer and winter

and if they were active for at least 1 h per week in

either season.

Clinical chemical measurements
A nonfasting venous blood sample was obtained from all

study participants while sitting. Total serum cholesterol

analyses were carried out using an enzymatic method

(CHOD-PAP; Boehringer Mannheim, Mannheim,

Germany). HDL cholesterol was also measured

enzymatically after precipitation of the apoprotein

B-containing lipoproteins with phosphotungstate/Mg2þ

(Boehringer Mannheim, Germany).

Definition of hypertensive conditions
Systolic and diastolic blood pressure was measured by

specially trained nurses on the right arm in a sitting
opyright © Lippincott Williams & Wilkins. Unautho
position using a random-zero sphygmomanometer after

the participant had been at rest for approximately 30 min.

The participants were explicitly asked not to cross their

legs during measurement. Three measurements were

taken with 3-min intervals between the measurements.

For the present analysis, the results of the second and

third measurements were averaged [11]. Men and women

were classified into the following blood pressure

categories: optimal blood pressure, below 120 mmHg

for systolic and below 75 mmHg for diastolic blood pres-

sure; normal blood pressure, 120–129 mmHg for systolic

or 75–84 mmHg for diastolic blood pressure; high

normal blood pressure, 130–139 mmHg for systolic or

85–89 mmHg for diastolic blood pressure. In case of

established hypertension, participants were defined as

being hypertensive if they had a systolic blood pressure of

at least 140 mmHg and/or a mean diastolic blood pressure

of at least 90 mmHg or if they were taking antihyperten-

sive medication, given that the participants were aware of

having hypertension.

Ascertainment of diabetes
In the follow-up questionnaires, we inquired about the

diagnosis of diabetes. All incident cases of type 2 diabetes

that had been diagnosed up to 31 December 2002 were

included. Self-reported incident cases of diabetes melli-

tus and the date of diagnosis were validated by hospital

records or by contacting the proband’s treating physician.

Furthermore, the hospital records of those deceased

during the follow-up period without a diagnosis of type

2 diabetes mellitus at baseline were also examined and/or

their last treating physicians were contacted. The records

were searched for or the physicians were asked for a

history of diabetes and if a person had suffered from

diabetes, the type of diabetes and the date of diagnosis

were ascertained. Thus, only clinically diagnosed type 2

diabetes cases were included in the analysis.

Statistical analysis
The duration of the follow-up was calculated as the

interval between the baseline examination and the diag-

nosis of type 2 diabetes mellitus, death, or the date, when

the follow-up questionnaire was completed. Follow-up

times were censored for men and women at death, date

when they filled out the follow-up questionnaire or at

31 December 2002. All analyses were performed separ-

ately for men and women. Means or proportions for

baseline demographic and clinical characteristics were

computed for categories of blood pressure. The x2 test

was used to test the differences in prevalences. The

general linear model was used to compare means

(F-test). Different Cox proportional hazard models were

computed to estimate the effect of blood pressure on

the risk of an incident type 2 diabetes. We calculated

hazard ratios and 95% confidence intervals (95% CI)

with the blood pressure category ‘120–129/75–84 mmHg

(normal blood pressure)’ as the reference group. The first
rized reproduction of this article is prohibited.
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model included blood pressure and in addition, age

(continuous) and survey. The second model included

all previous factors and dyslipidemia (yes/no), parental

history of diabetes (yes/no, unknown), smoking status

(regular smoking, that is, a participant who smoked at

least one cigarette per day at baseline, yes/no), alcohol

intake (men: 0, >0 and <40, or �40 g/day; women: 0, >0,

and <20, or �20 g/day), BMI (continuous), physical

activity (active/inactive), and education (<12 years,

�12 years). To assess the contribution of waist circum-

ference instead of BMI to the observed effects, analyses

adjusting for waist circumference were also performed

(n¼ 3696 men and n¼ 3599 women with complete data,

because waist circumference was measured in S2 and

S3 only).

In addition, it was assessed whether hypertension would

increase the risk of an incident type 2 diabetes mellitus

in persons with low and with high BMI, respectively.

For this subgroup analyses, the cut-point BMI more

than 26.7 kg/m2 was used as defined by the Adult Treat-

ment Panel III [13]. Interactions between categories

of hypertension (coded as dummy variables) and BMI

(�/>26.7 kg/m2) were examined using likelihood ratio

tests which compared the �2 log(likelihood) between

the model which contained only the main effects and

the model which contained both the main effects and

interaction terms. The assumption of proportionality

of hazards was assessed by fitting models stratified by
opyright © Lippincott Williams & Wilkins. Unauth

Table 1 Means (WSD) and prevalences (%) of baseline variables acco

Variables
Blood pressure

(<120/75 mmHg)
Blood pressu

(120–129/75–84

Men (n¼5556) n¼554 n¼1379
Age (years) 44.3 (13.1) 42.9 (12
Education (<12 years, %) 58.3 61.2
BMI (kg/m2) 25.3 (3.2) 26.0 (3.
Systolic blood pressure (mmHg) 111.5 (5.6) 122.1 (5.
Diastolic blood pressure (mmHg) 67.8 (5.2) 76.5 (5.
Dyslipidemia (%) 35.9 39.2
Regular smoking (%) 32.0 33.0
Physically active (%) 47.8 49.8
Alcohol intake

0 g/day (%) 20.9 15.4
0.1–39.9 g/day (%) 55.4 52.7
� 40 g/day (%) 23.7 31.9

Parental history of diabetes (%) 18.1 16.5
Women (n¼5445) n¼1482 n¼1495
Age (years) 39.3 (10.6) 43.8 (11
Education (<12 years, %) 71.2 79.1
BMI (kg/m2) 23.7 (3.5) 25.3 (4.
Systolic blood pressure (mmHg) 108.2 (6.7) 120.0 (6.
Diastolic blood pressure (mmHg) 66.7 (5.6) 76.9 (4.
Dyslipidemia (%) 8.4 12.4
Regular smoking (%) 23.6 20.1
Physically active (%) 47.0 44.0
Alcohol intake

0 g/day (%) 39.9 37.9
0.1–19.9 g/day (%) 39.4 41.9
�20 g/day (%) 20.7 20.2

Parental history of diabetes (%) 17.9 20.2

a Participants with a systolic blood pressure of at least 140 mmHg and/or a mean diasto
that the participants were aware of having hypertension. b x2 test for categorical varia
risk factor categories, and then plotting the log

(�log(survival)) curves to check parallelism. No severe

deviations from parallelism were evident. Significance

tests were two-tailed and P values less than 0.05 are

stated as statistically significant. All analyses were per-

formed using the Statistical Analysis System (Version 9.1;

SAS Institute Inc., Cary, North Carolina, USA).

Results
In total, 410 incident cases of type 2 diabetes among

men and 263 among women were registered in the

25–74-year-old study population between 1984 and

2002. The median follow-up period was 12.5 (interquar-

tile range 7.7–13.2) years.

Table 1 describes the baseline characteristics by blood

pressure categories. Compared with men and women

with optimal blood pressure values, persons in the higher

blood pressure categories were older, were more likely to

have dyslipidemia, and less likely to be regular smokers;

they were more likely to have a higher mean BMI, to

drink alcohol (men only), and to have an education of less

than 12 years.

Table 2 describes the observed crude incidence rates of

type 2 diabetes by blood pressure categories. In all blood

pressure categories, diabetes incidence was higher in

men than in women and in both sexes type 2 diabetes

incidence increased with increasing blood pressure level.
orized reproduction of this article is prohibited.

rding to blood pressure category (men and women)

re
mmHg)

Blood pressure
(130–139/85–89 mmHg) Hypertensiona Pb

n¼1235 n¼2388
.4) 45.3 (13.0) 52.4 (12.7) <0.0001

66.2 67.5 <0.0001
2) 26.7 (3.4) 28.0 (3.6) <0.0001
0) 131.7 (5.0) 148.0 (15.6) <0.0001
7) 81.5 (6.7) 89.7 (11.1) <0.0001

40.6 49.7 <0.0001
29.0 26.0 <0.0001
48.1 39.6 <0.0001

15.2 15.5 <0.0001
50.9 48.2
33.9 36.3
18.0 18.7 0.4018

n¼840 n¼1628
.7) 48.7 (12.2) 55.9 (10.8) <0.0001

83.3 86.9 <0.0001
1) 26.5 (4.5) 28.5 (5.2) <0.0001
1) 131.4 (5.5) 149.5 (16.9) <0.0001
8) 81.5 (6.3) 88.0 (10.9) <0.0001

15.1 27.6 <0.0001
17.3 12.7 <0.0001
37.5 29.4 <0.0001

41.9 45.3 0.0009
39.6 35.2
18.5 19.5
21.8 21.6 0.0406

lic blood pressure of at least 90 mmHg or taking antihypertensive medication, given
bles and F-test for continuous variables.
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Table 2 Relative risk of incident type 2 diabetes according to blood pressure category among men and women

Blood pressure
(<120/75 mmHg)

Blood pressure
(120–129/75–84 mmHg)

Blood pressure
(130–139/85–89 mmHg) Hypertensionc

Men (n¼5556) n¼554 n¼1379 n¼1235 n¼2388
No. of incident cases 12 48 89 261
Person years 6341 16 082 13 806 23 952
Crude incidence per 10 000 person years 18.9 29.8 64.5 109.0

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Model 1a 0.61 (0.32–1.14) 1.0 2.00 (1.41–2.84) 2.55 (1.86–3.50)
Model 2b 0.67 (0.36–1.27) 1.0 1.76 (1.24–2.51) 1.93 (1.41–2.65)

Women (n¼5445) (n¼1482) (n¼1495) (n¼840) (n¼1628)
No. of incident cases 17 37 32 177
Person years 17 916 17 787 9790 16 649
Crude incidence per 10 000 person years 9.5 20.8 32.7 106.3

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Model 1a 0.57 (0.32–1.01) 1.0 1.28 (0.80–2.07) 3.29 (2.27–4.78)
Model 2b 0.74 (0.41–1.32) 1.0 1.07 (0.67–1.73) 2.05 (1.41–2.99)

CI, confidence interval; HR, hazard ratio. a Model 1: age-adjusted and survey-adjusted. b Model 2: adjusted for age, survey, regular smoking, alcohol intake, parental history
of diabetes, dyslipidemia, physical activity, BMI, and education. c Participants with a systolic blood pressure of at least 140 mmHg and/or a mean diastolic blood pressure of
at least 90 mmHg or taking antihypertensive medication, given that the participants were aware of having hypertension.
In Cox proportional hazard models, blood pressure was

significantly associated with incident type 2 diabetes in

both sexes (Table 2). Compared with individuals with

normal blood pressure, the age-adjusted and survey-

adjusted hazard ratios (95% CI) of incident diabetes

associated with an optimal blood pressure, high normal

blood pressure, and hypertension were 0.61 (0.32–1.14),

2.00 (1.41–2.84), and 2.55 (1.86–3.50) for men, and 0.57

(0.32–1.01), 1.28 (0.80–2.07), and 3.29 (2.27–4.78) for

women. After adjusting for age, survey, parental history of

diabetes, regular smoking, alcohol intake, education,

BMI, dyslipidemia, and physical activity, the hazard

ratios were attenuated but did not markedly change

the found associations in both sexes. In men with high

normal blood pressure and hypertension, the hazard ratios

remained significant (hazard ratios 1.76; 95% CI 1.24–

2.51 and 1.93; 95% CI 1.41–2.65, respectively) and the

hazard ratio remained significantly increased in hyper-

tensive women (hazard ratio 2.05; 95% CI 1.41–2.99).

Adjustment for waist circumference instead of BMI did

not alter the found relationship, but even strengthened

the associations in men and women (data not shown).

We repeated the analyses after exclusion of all partici-

pants with antihypertensive medication at baseline.

Multivariable-adjusted hazard ratios estimated from

these models were almost the same as the hazard ratios

estimated in the whole study sample. For men with

hypertension, the hazard ratio was then 1.90 (95% CI

1.35–2.69) and for women with blood pressure values at

least 140/90 mmHg, the hazard ratio was 1.63 (95% CI

1.07–2.50) after multivariable adjustment (data not

shown).

When systolic blood pressure was included as a continu-

ous variable in the Cox proportional hazard models, an

increment of 10 mmHg in systolic blood pressure was also

associated with a significant increase in the risk of

an incident type 2 diabetes in men and women in the
opyright © Lippincott Williams & Wilkins. Unautho
age-adjusted and survey-adjusted (men: hazard ratio 1.19;

95% CI 1.13–1.25, women: hazard ratio 1.23; 95% CI

1.16–1.30) as well as the multivariable-adjusted analysis

(men: hazard ratio 1.10; 95% CI 1.04–1.16, women:

hazard ratio 1.10; 95% CI 1.04–1.17) (data not shown).

Stratification by BMI showed generally similar results as

the unstratified analyses (Table 3).

Furthermore, a formal test for interaction containing

blood pressure levels and BMI (�/> 26.7 kg/m2) revealed

no significant interaction.

Figure 1a and b present the Kaplan–Meier curves for

incident type 2 diabetes by blood pressure categories in

men and women. The survival analysis showed a greater

probability of an incident type 2 diabetes in women with

an established hypertension, but in men with high

normal as well as established hypertension (log-rank test

P¼<0.0001 for both sexes).

Discussion
In this large cohort, drawn from the general population,

high normal blood pressure as well as established hyper-

tension was strongly and independently related to the

development of an incident type 2 diabetes in men, even

after controlling for a variety of potential confounders.

However, in women only established hypertension sig-

nificantly increased the risk of type 2 diabetes after

multivariable adjustment. Furthermore, the present

study suggested that blood pressure may contribute to

the manifestation of type 2 diabetes independent of

BMI in both sexes.

The association between blood pressure and incident

diabetes has been examined only in a few studies so

far [7–9,14]. Very recently, in the Women’s Health Study

[7], it was found that there was still a three-fold increased

risk among women with hypertension compared with
rized reproduction of this article is prohibited.
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Table 3 Relative risk of incident type 2 diabetes according to blood pressure category among obese and nonobese men and women

Blood pressure
(<120/75 mmHg)

Blood pressure
(120–129/75–84 mmHg)

Blood pressure
(130–139/85–89 mmHg) Hypertensionc

Men
BMI �26.7 kg/m2 n¼396 n¼853 n¼656 n¼907

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Model 1a 0.94 (0.36–2.47) 1.0 2.35 (1.19–4.64) 2.47 (1.32–4.62)
Model 2b 0.88 (0.33–2.33) 1.0 2.51 (1.27–4.97) 2.41 (1.28–4.53)

BMI >26.7 kg/m2 n¼158 n¼526 n¼579 n¼1481
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Model 1a 0.55 (0.23–1.31) 1.0 1.66 (1.10–2.50) 2.03 (1.41–2.92)
Model 2b 0.56 (0.23–1.32) 1.0 1.58 (1.05–2.39) 1.92 (1.34–2.77)

Women
BMI �26.7 kg/m2 n¼1247 n¼1040 n¼487 n¼644

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Model 1a 0.63 (0.23–1.74) 1.0 0.90 (0.31–2.64) 3.24 (1.52–6.89)
Model 2b 0.61 (0.22–1.70) 1.0 0.83 (0.28–2.44) 3.01 (1.41–6.44)

BMI >26.7 kg/m2 n¼235 n¼455 n¼353 n¼984
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Model 1a 0.85 (0.42–1.71) 1.0 1.16 (0.68–1.98) 2.44 (1.60–3.73)
Model 2b 0.90 (0.45–1.83) 1.0 1.15 (0.67–1.97) 2.21 (1.45–3.38)

CI, confidence interval; HR, hazard ratio. a Model 1: age-adjusted and survey-adjusted. b Model 2: adjusted for age, survey, regular smoking, alcohol intake, parental history
of diabetes, dyslipidemia, physical activity, and education. c Participants with a systolic blood pressure of at least 140 mmHg and/or a mean diastolic blood pressure of at
least 90 mmHg or taking antihypertensive medication, given that the participants were aware of having hypertension.
women with optimal blood pressure even after multi-

variable adjustment. In line with the present study, in

that study the associations persisted also after stratifica-

tion by BMI. Contrary to our findings, in the Women’s
opyright © Lippincott Williams & Wilkins. Un
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Kaplan–Meier curves for incident type 2 diabetes by blood pressure
categories. (a) Association of blood pressure categories with incident
type 2 diabetes mellitus in men. (b) Association of blood pressure
categories with incident type 2 diabetes mellitus in women.
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Health Study, women with high normal blood pressure

had a significantly higher risk to develop type 2 diabetes

than women with normal blood pressure, and women

with optimal blood pressure had a significantly reduced

risk. In the present study, men with high normal blood

pressure had a significantly increased risk of type 2

diabetes compared with men with normal blood pressure

values. Furthermore, in the present study, for optimal

blood pressure values, a negative association with the

incidence of type 2 diabetes was found in both sexes that

did not reach statistical significance. Possibly, this could

be due to the fact that the present study was smaller

than the Women’s Health Study in which more than

38 000 women were included. Finally, the Atherosclerosis

Risk in Communities Study [8] found that 45–64-year-

old adults with hypertension had a more than two-fold

increased risk to develop type 2 diabetes in comparison

with persons without hypertension.

The pathophysiological mechanisms underlying the

association between high blood pressure and incident

type 2 diabetes have not been defined so far. A possible

explanation could be that elevated blood pressure is

associated with endothelial dysfunction, which is also

related to insulin resistance and the development of type

2 diabetes [15]. On the contrary, elevated blood pressure

could be a marker for underlying insulin resistance, which

constitutes a common soil for diabetes, blood pressure,

and cardiovascular disease [16]. Furthermore, research

has demonstrated that high blood pressure levels are

accompanied by an elevation of inflammatory markers

[17], which could also enhance the development of type 2

diabetes [18,19]. Finally, recent studies have shown that

pharmacological treatment of hypertension, in particular

the use of thiazide diuretics and b-blockers, could lead

to glucose intolerance and at least to the manifestation of

type 2 diabetes [20]. Gress et al. [8] could show
orized reproduction of this article is prohibited.
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that antihypertensive treatment with thiazide diuretic,

angiotensin-converting enzyme (ACE) inhibitor, or

calcium-channel antagonist was not associated with the

development of type 2 diabetes, whereas the use of b-

blockers appeared to increase the risk of diabetes. How-

ever, in that study dose was not listed, a well known

determinate of new onset diabetes. Recently, Almgren

et al. [21] found that treated hypertensive patients are at

an increased risk of type 2 diabetes and that this is

associated with a high risk for cardiovascular compli-

cations and mortality. In the present study, exclusion

of persons with antihypertensive medication did not alter

the found associations and therefore it seems that hyper-

tension per se is a risk factor for type 2 diabetes. Another

explanation for the found association between hyperten-

sion in mid-life with later type 2 diabetes could be the

influence of low birth weight and poor fetal growth, often

in combination with a rapid catch-up growth pattern

during the first months/years of postnatal life [22].

Because in the present study no data on birth weight

was available, a possible relationship could not be

investigated.

The MONICA/KORA Augsburg Study has several

limitations that need to be considered. The follow-up

was not complete for all participants of the original study

who were still alive in 1987, 1998, and 2002, which might

have introduced a selection bias. As patients with dia-

betes have an increased risk of dying of a cardiovascular

disease, they could also be lost by selective mortality

during follow-up. Furthermore, response bias cannot be

excluded in the present study. Although we adjusted for

a variety of confounders, residual confounding cannot be

entirely excluded. In addition, blood pressure measured

on only one occasion and only data on antihypertensive

treatment at baseline was used in the prediction of

diabetes incidence. It could be assumed that many

individuals with a high normal blood pressure at baseline

will develop established hypertension during follow-up

and will therefore most likely be treated by antihyper-

tensive drugs. However, in the present study, antihy-

pertensive drug treatment profiles as well as blood

pressure measurements at follow-up could not be taken

into consideration. Because the study was limited to

25–74-year-old men and women of German nationality,

caution should be taken in generalizing these results to

other age groups and ethnicities. Finally, in the present

study, only self-reported information on diabetes status

of the individuals or use of antidiabetic medication was

available. Although this information was validated with

medical records, it is likely that the group of individuals

without diabetes may include persons with undetected

diabetes mellitus. Thus, the methodology used in

the present study is second-best, because without an oral

glucose tolerance test at baseline and follow-up, the true

prevalence and incidence of type 2 diabetes cannot

be evaluated. The strengths of the present study
opyright © Lippincott Williams & Wilkins. Unautho
are primarily its prospective design, the population repre-

sentativeness of the cohort, and the availability of data on

lifestyle and multiple cardiovascular risk factors.

In conclusion, the present study showed that established

hypertension plays an important role in the development

of type 2 diabetes in men and women from the general

population, independent of other risk factors for diabetes,

in particular independent of BMI. Although high normal

blood pressure in comparison to normal blood pressure

was also a strong predictor in men, this was not the case in

women. Thus, the present findings suggested that blood

pressure values in addition to other risk factors can

modify the incidence of type 2 diabetes. In particular,

men with high normal blood pressure values might

benefit from regular blood glucose measurements.

Furthermore, the present study provides an additional

reason for aggressive blood pressure lowering.
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