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Glucose and the risk of hypertension in first-degree
relatives of patients with type 2 diabetes

Mohsen Janghorbani1,2, Fabrice Bonnet3 and Masoud Amini1

To test the hypothesis that plasma glucose (PG) levels is associated with the incidence of hypertension (HT) in nondiabetic and

non-hypertensive first-degree relatives (FDR) of people with type 2 diabetes (T2D). A total of 1089 FDR without diabetes and/or

HT of consecutive patients with T2D 30–70 years old were examined and followed for a mean (s.d.) of 6.9 (1.7) years for HT

incidence. At baseline and through follow-up, participants underwent a standard 75 gm 2-h oral glucose tolerance test. HT was

defined according to the criteria of the Seventh Report of Joint National Committee. We used Cox proportional hazard models to

estimate hazard ratio for incident HT and plotted a receiver operating characteristic curve to assess discrimination. The PG levels

at baseline were associated with incidence of HT, independently of age, gender, obesity and high cholesterol, high-density

lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, education and systolic blood pressure. Those with

impaired glucose tolerance were 54% (hazard ratio 1.54; 95% confidence interval (CI) 1.33, 1.77) more likely to develop HT

than those with normal glucose tolerance. Those with impaired fasting glucose were also 23% (hazard ratio 1.23; 95% CI 1.01,

1.50) more likely to develop HT. High PG levels were consistently associated with incident HT.
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INTRODUCTION

Type 2 diabetes (T2D) and hypertension (HT) are common causes
of morbidity and often coexist, and both are risk factors for
cardiovascular disease and might share common genetic and
environmental risk factors.1 The relationship between higher
levels of glucose and HT is reported independent of established
HT risk factors in diabetic and nondiabetic individuals.2–15

However, the nature of this association is not well understood.
Particularly, the impact of family history of T2D or genetic predis-
position to T2D on incident of HT remains obscure.16 Uncertainty
also exists about the relationship between impaired glucose metabo-
lism and HT incidence. Some prospective studies have examined the
risk of HT in people with impaired glucose metabolism;5–9,12–14 the
risk of HT appeared to be increased in some4–6,13,14 but not all
studies.7,9,12,15 In some of these studies, the association between
impaired glucose metabolism and HT attenuate after adjustment for
obesity.17,18

Recently, it has been shown in the general population that parental
history of diabetes predisposes to the development of incident HT,
independently of conventional risk factors.14 In the majority of the
studies which assessed the relation between glucose levels and the risk
of HT, the presence of family history of T2D was not mentioned or
analyzed.

To our knowledge, the association between glucose metabolism and
the risk of HT has not been previously reported in first-degree relatives
(FDR) of patients with T2D. Therefore, the objective of this study was
to investigate the relationship between plasma glucose (PG) levels and
the incidence of HT in nondiabetic and non-hypertensive FDR of
people with T2D.

METHODS

Data collection
This study was conducted within the framework of the Isfahan Diabetes
Prevention Study, an ongoing cohort in central Iran to assess the various
potential risk factors for diabetes in subjects with family history of T2D (one of
the main risk factors for T2D). The recruitment methods and examination
procedures of the Isfahan Diabetes Prevention Study have been described
before.19 Our study sample at baseline comprised 3235 (831 men and 2404
women) FDR of consecutive patients with T2D. All patients were attendees at
clinics at Isfahan Endocrine and Metabolism Research Center, which is
affiliated to Isfahan University of Medical Sciences, Iran. The study was
conducted between the years 2003 and 2005. All participants were from Isfahan
city and adjoining areas. They completed laboratory tests including a standard
75 g 2-h oral glucose tolerance test, standardized blood pressure (BP), a
questionnaire on their health status and on various potential risk factors for
diabetes. Participants received follow-up tests according to Standard of Medical
Care in Diabetes20 to update information on demographic, anthropometric,
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lifestyle factors and on newly diagnosed pre-diabetes, diabetes and HT.
Accordingly, if oral glucose tolerance test was normal at baseline, repeat testing
was carried out at least at 3-year intervals. Otherwise, repeat testing was usually
carried out annually. Tenets of the current version of the Declaration of
Helsinki were followed, institutional ethical committee approval was granted
and an informed consent form was signed by each participant.

Follow-up and ascertainment of HT
Participants with T2D and HT were excluded in this cohort study. Participants
with T2D were excluded because there is controversy whether the diagnosis of
HT convey additional meaning in individuals with T2D who should already be
aggressively treated because of high cardiovascular risk. Among 3235 persons
who participated at baseline, 1112 subjects were excluded because of diagnosis
of type 1 diabetes, T2D or HT at baseline and 1034 did not attend any follow-
up examination, leaving 1089 participants with a mean age 42.0 (6.4) (range
30–70) years for this analysis, all of whom had at least one subsequent review
during a mean (s.d.) follow-up period of 6.9 (1.7) (range 2–9) years. Attendees
at the follow-up visit did not differ significantly from non-attendees regarding
most baseline characteristics: age, height, weight, body mass index, waist
circumference (WC), hip circumference, waist-to-hip ratio and levels of
hemoglobin A1c (HbA1c), fasting plasma glucose (FPG), low-density lipopro-
tein cholesterol (LDLC), high-density lipoprotein cholesterol (HDLC), total
cholesterol, triglyceride, systolic and diastolic BP and obesity. However, non-
attendees had slightly lower PG at 30min (137.3mg dl− 1 vs. 143.8 mg dl− 1,
Po0.001), 60min (138.2mg dl− 1 vs. 148.5mg dl− 1, Po0.001) and 120min.
(109.9 mg dl− 1 vs. 120.4mg dl− 1, Po0.001).

Procedures
Information on age, gender, body size, HbA1c, cholesterol, LDLC, HDLC,
triglycerides and BP, family and personal medical history was collected at
baseline and through follow-ups. The same methodology was used for baseline
and follow-up studies. The participants included siblings and children of
patients with T2D. Participants reported to clinics in the morning after an
overnight fast. They were asked to abstain from vigorous exercise in the evening
and in the morning of their visit. Smokers were encouraged to abstain from
smoking in the morning of the investigations. First, on arrival at the clinic the
information provided by the participants in the questionnaire on family history
was verified. Then, with the subjects in light clothing and without shoes, height,
weight, WC and hip circumference were measured using standard apparatus.
Weight was measured to the nearest 0.1 kg on a calibrated beam scale. Height,
WC and hip circumference were measured to the nearest 0.5 cm with a
measuring tape. The waist was measured midway between the lower rib margin
and the iliac-crest at the end of gentle expiration in the standing position. Hip
circumference was measured over the greater trochanters directly over the
underwear. BMI was calculated as the weight in kg divided by square of the
height in meters. Resting BP was measured at each examination by physician
after the participants had been seated for 10min with a mercury column
sphygmomanometer and appropriately sized cuffs, using standard techniques.
The systolic BP and diastolic BP were recorded at the first appearance (phase I)
and the disappearance (phase V) of Korotkoff sounds. FPG was measured with
the glucose oxidase method. Participants with FPG ⩾ 200mg dl− 1 or pharma-
cological treatment were considered as persons with T2D. If FPG was ⩾ 126
mg dl− 1 and o200mg dl− 1, a second FPG was measured on another day. If
the second FPG was also ⩾ 126mg dl− 1, participants were considered as
persons with T2D. Those with FPG o126mg dl− 1 underwent a standard oral
glucose tolerance test (75 g glucose 2 h) at baseline and the follow-up visits.
Venous blood was sampled 0, 30, 60 and 120min after oral glucose
administration. Plasma samples were centrifuged and analyzed the same day.
HbA1c (measured by ion-exchange chromatography), total cholesterol,

triglycerides, HDLC, LDLC were recorded. The LDLC levels were calculated
with the Friedewald Equation21 provided total triglycerides did not exceed
400mg dl− 1. All blood sampling procedures were performed in the central
laboratory of the Isfahan Endocrine and Metabolism Research Center using
enzyme-linked method.

To convert the values for triglycerides to millimoles per liter, multiply by

0.0113; HDLC, LDLC and total cholesterol to millimoles per liter, multiply by

0.0259; and glucose to millimoles per liter, multiply by 0.0555.

Definitions
Cases of HT were identified according to the criteria of the Seventh Report of

Joint National Committee on the Prevention, Detection, Evaluation and

Treatment of High Blood Pressure.22 Normal BP was defined as not being

on antihypertensive medication and having a systolic BP o120mmHg and/or

diastolic BP o80mmHg. Pre-hypertension was defined as not being on

antihypertensive medication and having a systolic BP 120–139mmHg and/or

diastolic BP 80–89mmHg. HT was defined as systolic BP ⩾ 140mmHg and/or

diastolic BP ⩾ 90mmHg and/or the current use of antihypertensive medica-

tions. Impaired glucose tolerance (IGT) was defined as FPG o126mg/dl, but

the 2-h PG concentration ⩾ 140 and o200mg dl− 1. If the FPG was in the

range of 100–126mg dl− 1 and the 2-h PG was o140mg dl− 1, it was

considered as impaired fasting glucose (IFG), whereas if the FPG was below

100mg dl− 1 and the 2-h PGo140mg dl− 1, it was considered a sign of normal

glucose tolerance (NGT).23

Determination of HT incidence
Incidence was expressed as the number of cases of HT per 100 person-years of

follow-up beginning on the date of completion of the baseline examination in

2003–2005 and continuing until the diagnosis of HT, the date of the last

completed follow-up, death or end of follow-up on 31 September 2011,

whichever came first.

Analysis
Statistical methods included the Student's t-test, the χ2-test and Cox

proportional hazards models. Univariate and multivariate Cox’s proportional

hazards models were fitted to identify predictors of new-onset HT

using the SPSS version 18 for Windows (SPSS, Chicago, IL, USA). The

ability of FPG, 30, 60 and 120min PG to predict incident HT were examined

with receiver operating characteristic (ROC) curves and their respective areas

under the curve, in which sensitivity was plotted as a function of 1-specificity.

The area under the ROC curve is a global summary statistic of the

discriminative value of a model, describing the probability that the FPG, 30,

60 and 120min PG is higher in an individual developing HT than in an

individual not developing HT. Areas under the ROC curves were compared

by the algorithm developed by DeLong et al.24 All tests for statistical

significance were two-tailed, and all were carried out assuming a type I error

probability of o0.05.

RESULTS

Participants with T2D and/or HT were excluded in this cohort study.
The baseline characteristics of the 1112 (34.4%) participants who had
T2D and/or HT at baseline and 1089 (33.7%) without T2D and/or HT
are shown in Table 1. As expected, those who had T2D and/or HT
were older and had higher age-adjusted mean weight, BMI, WC, hip
circumference, waist-to-hip ratio, FPG, and PG at 30, 60 and 120min,
higher HbA1c, triglyceride, cholesterol and LDLC, and a higher
proportion of obesity, abdominal obesity, but lower proportion of
NGT, IFG and IGT at baseline, as compared with those without T2D
and/or HT.
The baseline characteristics of the 567 (52.1%) participants with

NGT, 134 (12.3%) with IFG and 388 (35.6%) with IGT are shown in
Table 2. In comparison of variables at baseline, all variables were more
likely to increase and follow-up duration was more likely to decrease
across all three subject groups. The mean (s.d.) age was 42.4 (7.2)
years for those with IFG, 43.3 (6.6.) years for those with IGT and 41.6
(6.0) years for those with NGT.
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Prevalent HT
Of the 3235 FDR of people with T2D (831 men and 2404 women),
819 had HT (244 men and 575 women) and 1047 had pre-
hypertension (284 men and 763 women). Overall prevalence of HT
and pre-hypertension was 25.3% (95% confidence interval (CI): 23.8,
26.8) and 32.4% (95% CI 30.8, 34.0), respectively. Prevalence of HT
was higher in men (29.4%; 95% CI: 26.3, 32.5) than women (23.9%;
95% CI: 22.2, 25.6) and 34.2% (95% CI: 31.0, 37.4) of men and 31.7%
(95% CI: 29.9, 33.6) of women were pre-hypertensive. As expected, in
both gender there was a statistically increasing prevalence of HT with
increasing age.
Among the FDR of patients with T2D, 9.1% had diabetes, 21.1%

had IGT, 18.2% had IFG, 3.8% had both T2D and HT, and 3.1% had
both T2D and pre-hypertension. Of people with HT, 15.1% had
diabetes, 23.0% had IGT and 18.8% had IFG.
The prevalence of HT was 26.2% (95% CI 22.6, 29.7) for

participants with IFG, 27.5% (95% CI 24.2, 30.9) for participants

with IGT, 42.3% (95% CI 36.7, 48.0) for participants with T2D and
21.1% (95% CI 33.3, 40.1) for the NGT.

Glucose and incident HT
During 7461 (1673 men and 5,788 women) person-years of follow-up,
214 (19.6%) (44 men and 170 women) incident cases of HT were
observed. Within this cohort without HT and/or T2D at baseline, the
overall incidence of subsequent HT was 2.9 (95% CI: 2.5, 3.2) events
per 100 person-years. Incidence rates were almost similar in women
(2.9, 95% CI: 2.5, 3.4 per 100 person-years) and men (2.6, 95% CI:
1.9, 3.5).
The incidence of HT was 2.9 per 100 person-years (95% CI 2.1, 4.0)

for participants with IFG, 3.1 per 100 person-years (95% CI 2.4, 3.9)
for participants with IGT and 2.6 per 100 person-years (95% CI 2.1,
3.1) for the NGT. Compared with participants in the NGT, the risk of
HT was 27% higher in those with IFG (hazard ratio 1.27; 95% CI:
1.05, 1.53) and 59% higher in those with IGT (hazard ratio1.59; 95%
CI: 1.40, 1.82) in age-adjusted model. Controlling for age, gender,
cholesterol, HDLC, LDLC, HbA1c, triglycerides, education, BMI, WC
and systolic BP slightly attenuated association for incident HT

Table 2 Age, age-adjusted means (s.e.) and proportion of selected

baseline characteristics† of first-degree relatives of patients with type

2 diabetes by glucose tolerance status in the Isfahan Diabetes

Prevention Study

Characteristic NGT (n=567) IFG (n =134) IGT (n=388)

Age (year) 41.6 (0.32) 42.4 (0.55) 43.3 (0.32***

Height (cm) 159.6 (0.34) 157.7 (0.69) 159.5 (0.41)*

Weight (kg) 71.4 (0.47) 70.3 (0.95) 73.9 (0.56)**

Waist circumference (cm) 86.5 (0.37) 87.1 (0.75) 89.3 (0.45)***

Hip circumference (cm) 106.8 (0.35) 106.1 (0.73) 107.5 (0.43)

Waist-to-hip ratio 0.81 (0.003) 0.82 (0.005) 0.83 (0.003)***

BMI (kgm−2) 28.0 (0.17) 28.3 (0.34) 29.1 (0.20)***

Follow-up duration (year) 7.3 (0.07) 6.7 (0.14) 6.3 (0.08)***

Fasting glucose baseline

(mg dl−1)

87.5 (0.31) 90.5 (0.63) 107.9 (0.37)***

Plasma glucose 30min

(mg dl−1)

130.9 (1.2) 148.9 (2.4) 160.7 (1.48)***

plasma glucose 60min

(mg dl−1)

127.4 (1.58) 173.0 (3.19) 169.9 (1.92)***

Plasma glucose 120min

(mg dl−1)

100.9 (1.09) 157.4 (2.23) 135.5 (1.32)***

HbA1c (%) 4.9 (0.03) 5.0 (0.07) 5.1 (0.04)**

Cholesterol (mg dl−1) 188.9 (1.60) 191.5 (3.27) 200.3 (1.92)***

LDL cholesterol (mg dl−1) 114.6 (1.41) 112.6 (2.87) 122.5 (1.70)***

HDL cholesterol (mg dl−1) 45.4 (0.51) 46.4 (1.03) 45.3 (0.61)

Triglyceride (mg dl−1) 148.8 (4.05) 166.9 (8.26) 168.5 (4.85)**

Systolic BP (mm Hg) 108.1 (0.42) 109.5 (0.86) 109.3 (0.51)*

Diastolic BP (mm Hg) 70.1 (0.38) 70.9 (0.78) 71.5 (0.46)*

Men, no. (%) 132 (23.3) 21 (15.2) 103 (25.8)*

Obese (BMI ⩾30 kgm−2),

no. (%)

154 (27.2) 39 (29.1) 148 (38.1)**

Abdominal obesity (men

⩾102 and women ⩾88

cm), no. (%)

161 (28.4) 47 (35.1) 151 (38.9)**

Abbreviations: BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LDL, low-
density lipoprotein; NGT, normal glucose tolerance. Age-adjusted means were calculated using
general linear models. Data are expressed as mean (s.e.) or number (%). The difference in the
mean or percentage of the variables compared with normal glucose tolerance. *Po0.05,
**Po0.01, ***Po0.001.

Table 1 Age, age-adjusted means (s.e.) and proportions of selected

baseline characteristics in first-degree relatives of patients with type 2

diabetes who had diabetes and/or hypertension at baseline and those

without diabetes and/or HT. The Isfahan Diabetes Prevention Study

Characteristic

With diabetes

and/or hypertension

(n=1112)

Without diabetes

and/or

hypertension

(n=1089)

Mean (s.e.)

Age (year) 45.6 (0.21) 42.3 (0.20)*

Height (cm) 160.2 (0.27) 159.1 (0.26)**

Weight (kg) 77.3 (0.38) 71.9 (0.36)*

Body mass index (kgm−2) 30.1 (0.14) 28.4 (0.13)*

Waist circumference (cm) 93.0 (0.30) 87.8 (0.28)*

Waist-to-hip ratio 0.85 (0.002) 0.82 (0.002)*

Hip circumferences (cm) 109.1 (0.29) 106.8 (0.28)*

Systolic BP (mm Hg) 131.9 (0.42) 108.9 (0.40)*

Diastolic BP (mm Hg) 85.8 (0.33) 70.8 (0.31)*

Baseline fasting glucose (mg dl−1) 115.2 (1.05) 95.5 (0.99)*

Plasma glucose 30min (mg dl−1) 169.9 (1.55) 144.3 (1.42)*

Plasma glucose 60min (mg dl−1) 187.4 (1.98) 149.5 (1.82)*

Plasma glucose 120min (mg dl−1) 155.7 (1.94) 120.9 (1.80)*

HbA1c (%) 5.7 (0.04) 5.0 (0.04)*

Triglyceride (mg dl−1) 192.2 (3.41) 158.8 (3.23)*

Cholesterol (mg dl−1) 206.4 (1.30) 194.5 (1.23)*

HDL cholesterol (mg dl−1) 44.8 (0.38) 45.6 (0.36)

LDL cholesterol (mg dl−1) 125.2 (1.16) 118.2 (1.08)*

No. (%)

Men 307 (27.6) 256 (23.5)*

Obese (BMI ⩾30 kgm−2) 452 (40.6) 341 (31.3)*

Normal glucose tolerance 353 (31.7) 580 (53.2)*

Impaired fasting glucose 260 (23.4) 399 (36.6)*

Impaired glucose tolerance 82 (7.4) 138 (12.7)*

Type 2 diabetes 308 (27.7) 0.0 (00.0)*

Abdominal obesity (men ⩾102

and women ⩾88 cm)

527 (47.4) 359 (33.0)*

Abbreviations: BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; LDL, low-density lipoprotein.
Age-adjusted means were calculated using general linear models. Differences in the mean or
percentage values of variables between those who had diabetes and/or hypertension and those
without diabetes and/or hypertension. *Po0.001, **Po0.01.
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compared with the age-adjusted model but the associations remained
statistically significant (Table 3).
When we considered FPG, 30min, 60min and 120min PG as

continuous independent variables in fully adjusted model, only FPG
was significant risk factors for incident HT (Table 4).
The ROC curves for the incidence of HT for FPG, 30, 60 and

120min PG are shown in Figure 1. The areas under the ROC curves
were 0.585 (95% CI: 0.559, 0.611) for FPG, 0.610 (95% CI: 0.584,
0.636) for 30min PG, 0.630 (95% CI: 0.605, 0.656) for 1-h PG and
0.583 (95% CI: 0.557, 0.610) for 2-h PG. All parameters were
significant predictors for future risk of HT (Po0.001). The areas
were almost similar for FPG, 30min PG, 1-h PG and 2-h PG.

DISCUSSION

The present study showed that elevated PG concentration is a strong
predictor of incident HT independent of several known or suspected
risk factors for HT, in a large cohort of FDR of patients with T2D in
Iran. Among participant without T2D and/or HT at baseline, IGT and
IFG were associated with 54 and 23% higher risk of incident HT after
full adjustment. The association between FPG and HT was relatively

similar to that observed with 30, 60 and 120min PG levels. This
observation was confirmed by the results from ROC curve analysis.
These associations suggest that in participants without T2D, higher
glucose concentration may contribute to the development of HT. Our
data are in agreement with the previous observation that FPG,4–6,12,25

elevated 2-h postload glucose concentration,4,7,8,12,25 IGT8,25,26 and
IFG4–6,25 are associated with incident HT. In the Paris Prospective
Study of 4149 men followed for 3 years, Fagot-Campagna et al.5

showed that FPG was a strong predictor of HT after adjustment for
obesity. In contrast to this study, Vaccaro et al.15 showed a strong
association between IGT and BP at baseline, but this association was
not found in a longitudinal analysis. Incomplete exclusion of
participants with HT at baseline, incomplete control for confounders
or limited number of study population may explain the inconclusive
associations. In the San Antonio Heart Study, Haffner et al.7 reported
that IGT was not associated with risk of HT after adjustment for age,
obesity, body fat distribution, and fasting insulin levels and T2D was
associated with risk of HT only among men. The association between
impaired glucose metabolism and HT is also supported by two clinical
trials in T1D.9,10 In a Japanese Study, Miyai et al.27 reported that the
z-score of mean arterial pressure was significantly higher in subjects
with hyperglycemia than in those without metabolic syndrome
component.

Table 3 Incidence rates and hazard ratiosa of hypertension by NGT,

IFG and IGT, The Isfahan Diabetes Prevention Study

NGT IFG IGT

Person year 4234 1264 2159

Number of cases (%.) 111 (10.2) 37 (3.4) 66 (6.1)

Incidence/100

person-year (95% CI)

2.6 (2.1, 3.1) 2.9 (2.1, 4.0) 3.1 (2.4, 3.9)

Hazard ratio (95% CI)

Unadjusted 1.00 1.25 (1.04, 1.51)* 1.58 (1.39, 1.81)***

Age-adjusted 1.00 1.27 (1.05, 1.53)* 1.59 (1.40, 1.82)***

Age and gender

adjusted

1.00 1.27 (1.05, 1.53)* 1.59 (1.40, 1.82)***

Model 1b 1.00 1.25 (1.03, 1.52)* 1.57 (1.37, 1.81)***

Model 2c 1.00 1.25.(1.03, 1.52)* 1.57 (1.37, 1.81)***

Model 3d 1.00 1.25 (1.02, 1.51)* 1.55 (1.34, 1.78)***

Model 4e 1.00 1.24 (1.01, 1.50)* 1.53 (1.33, 1.77)***

Model 5f 1.00 1.23 (1.01, 1.50)* 1.54 (1.33, 1.77)***

Abbreviations: CI, confidence interval; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; NGT, normal glucose tolerance. *Po0.001, **Po0.01.
aHazard ratio (with 95% CI) calculated by Cox proportional hazards models.
bAdjusted for Age, gender, triglyceride, cholesterol, LDLC, HDLC.
cAdjusted for Age, gender, triglyceride, cholesterol, LDLC, HDLC, FPG.
dAdjusted for Age, gender, triglyceride, cholesterol, LDLC, HDLC, education, FPG and BMI.
eAdjusted for Age, gender, triglyceride, cholesterol, LDLC, HDLC, education, HbA1c, BMI
and WC.
fAdjusted for Age, gender, triglyceride, cholesterol, LDLC, HDLC, education, HbA1c, BMI, WC
and systolic BP.

Table 4 Plasma glucose concentration at baseline related to

incidence of hypertension in first-degree relatives of patients with

type 2 diabetes (Cox proportional hazard models)

Variables Hazard ratio (95% CI)

Fasting plasma glucose (mg dl−1) 1.014 (1.007, 1.021)*

Plasma glucose 30min (mg dl−1) 1.001 (0.999, 1.004)

Plasma glucose 60min (mg dl−1) 1.001 (0.999, 1.003)

Plasma glucose 120min (mg dl−1) 1.002 (1.000, 1.005)

Abbreviation: CI, confidence interval. Adjusted for Age, gender, triglyceride, total cholesterol,
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, HbA1c, education, body
mass index and waist circumference. *Po0.001
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Figure 1 Receiver operating characteristic (ROC) curves for fasting plasma
glucose (FPG), 30, 60 and 120min plasma glucose (PG) to predict incident
hypertension in first-degree relatives of patients with type 2 diabetes. The
estimates of the area under the ROC curves and their 95% confidence
intervals are shown. Areas under the ROC curves were compared by the
algorithm developed by DeLong et al.24
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The mechanisms underlying the increased risk of HT in individuals
with higher glucose level are not clear. Insulin resistance and
hyperinsulinemia have been thought to be common factors underlying
the link between T2D, obesity and HT.17,18 Persons with impaired
glucose metabolism may have a reduced insulin secretion rate or
increase in glucose levels over time. Hemodynamic actions of insulin
have been suggested28 and a small BP-lowering effect of insulin has
been described in nondiabetic individuals.29 These findings suggest
that reduced activation of the insulin pathway through diminished
insulin secretion capacity, particularly in the presence of insulin
resistance, might lead to endothelial dysfunction that favors the
development of HT. In parallel, subtle defects in beta cell function
might facilitate the development of HT through possible repeated
postprandial elevations in glucose levels over time. Glycemic variability
might contribute to increase BP through chronic induction of
inflammation and enhanced oxidative stress.30,31 Oxidative stress has
been shown to correlate with both glycemic fluctuations and BP
variability, suggesting possible alternative mechanisms to explain the
increased incidence of HT in relationship to subtle defect in beta cell
function.32 Hyperglycemia may also damage the arterial wall through
deposition of advanced glycation end product, generation of reactive
oxygen species and activation of protein kinase C.33,34 Reduced arterial
elasticity is one result of long-term exposure of the vascular wall to
elevated glucose level. Reduced elasticity leads to HT by increasing
peripheral vascular resistance.35

It has been hypothesized that the link between T2D and HT is
largely because of underlying obesity.17,18 Indeed, associations of
diabetes, glucose and insulin with prevalent and incident HT were
attenuated by adjustment for adiposity. However, substantial associa-
tions persisted in our data after adjustment for both BMI and WC.
Although residual confounding could still exist, it is likely that factors
other than obesity also contribute to the glucose-HT link, as
discussed above.
The strengths of this study include the use of a sample consisting of

both men and women, performance of standard oral glucose tolerance
test and information on potential determinants of HT. All participants
were examined at one site and BP was measured by the physician, and
laboratory samples were measured using the same method both at
baseline and follow-ups. We excluded patients with T2D and/or HT at
study entry. At follow-up, non-attendees in the entire population did
not differ from attendees according to major risk factors for
progression to HT, although a difference too small to explain the
high progression rate to HT in our study was seen in the mean levels
of PG. Our database is one of the few that followed FDR of patients
with T2D, thereby enabling us to simultaneously control the genetic
factors that may predict HT.
Although this study has much strength, its limitations warrant

highlighting. Our study was limited to a cohort of individuals who are
at increased risk of developing T2D and HT, because they had a FDR
with the patients with T2D; thus, the selection bias may lead to an
overestimation of associations. In term of our definition of incidence
IGT and IFG, some selection bias may be present, as participants who
attend for screening may have been more likely to be tested and
consequently diagnosed as having IGT or IFG. Thus, participants with
IGT or IFG who had lower risk may have been missed through lack of
testing. We could not include several possible confounding variables
that are known HT risk factors, such as plasma insulin, alcohol and
salt consumption, physical activity and socioeconomic status. These
variables could be relevant for explaining the relationship between PG
levels and incidence of HT.

In conclusion, these data provide further evidence that PG level is a
robust predictor of incident HT, independent of known risk factors
for HT, in high-risk individuals. These findings could help to identify
those who are at increased risk of developing HT and who should be
encouraged to adopt lifestyle modifications.
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