
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CLINICAL RESEARCH
Hypertension

Contrasting mortality risks among subgroups
of treated hypertensive patients developing
new-onset diabetes
Stefanie Lip†, Panniyammakal Jeemon†, Linsay McCallum, Anna F. Dominiczak,
Gordon T. McInnes, and Sandosh Padmanabhan*

Institute of Cardiovascular and Medical Sciences (ICAMS), University of Glasgow, Glasgow G12 8TA, UK

Received 15 April 2015; revised 10 August 2015; accepted 29 September 2015; online publish-ahead-of-print 27 October 2015

See page 975 for the editorial comment on this article (doi:10.1093/eurheartj/ehv594)

Aims Hypertension and diabetes mellitus (DM) frequently cluster together and synergistically increase cardiovascular risk.
Among those who develop DM during treatment for hypertension (new-onset diabetes, NOD), it is unclear whether
NOD reflects a separate entity associated with increased risk or merely reflects accelerated presentation of DM.

Methods
and results

We analysed data on 15 089 hypertensive patients attending the Glasgow Blood Pressure Clinic. The date at first hos-
pital encounter either with diagnosis of diabetes or prescription of anti-hyperglycaemic medication were considered as
the onset of diabetes. Cox proportional hazard models (including propensity score matching) were employed to study
associations between diabetes status, early and late NOD (diagnosis ,10 years or .10 years from first clinic visit) and
cause-specific mortality. There were 2516 patients (16.7%) with DM, of whom 1862 (12.3%) had NOD [early
NOD ¼ 705 (4.6%); late NOD ¼ 1157 (7.6%)]. The incidence rate of NOD was 8.2 per 1000 person-years. The total
time at risk was 239 929 person-years [median survival: 28.1 years (inter-quartile range: 16.2–39.9)]. Compared with
non-diabetic individuals, prevalent DM [hazard ratio (HR) ¼ 1.8, 95% confidence interval (CI): 1.4–2.2] and time vary-
ing NOD status (HR: 1.09, 95% CI: 1.06–1.17) were associated with increased adjusted all-cause mortality. Early NOD
(HR: 1.39, 95% CI: 1.2–1.6) was associated with increased in mortality risk, but not late NOD (HR: 0.92, 95% CI: 0.83–
1.01). Results were consistent in the propensity score matched analyses.

Conclusion Although 1-in-8 hypertensive patients develop NOD, mortality is increased only in the 1-in-20 who develop early
NOD. Further studies are warranted to determine if early identification of such individuals should provide an alert
for intensification of therapeutic interventions.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords New-onset diabetes mellitus † Hypertension † Mortality † Pre-diabetes

Introduction
There is unequivocal evidence that prevalent diabetes at diagnosis of
hypertension is associated with increased mortality risk,1 and the
co-existence of diabetes and hypertension is associated with a
two- to three-fold higher risk of cardiovascular disease (CVD).2 – 5

However, there are conflicting data regarding the risk associated
with the development of diabetes in hypertensive patients who
were initially non-diabetic at diagnosis of hypertension—designated
new-onset diabetes (NOD).4,6– 12

Compared with normotensive individuals, non-diabetic hyper-
tensive patients have increased prevalence of insulin resistance
and risk of developing diabetes.10 – 12 The reported incidence of
NOD in middle-aged male and elderly hypertensive individuals is
1.3 and 1.5% per year, respectively.1,13 In general, a pre-diabetic
stage, with relatively higher levels of baseline glucose and body
mass index (BMI), is associated with development of NOD.7,11,12,14–17

Post hoc analyses of hypertension clinical trial data suggest that anti-
hypertensive therapy with both diuretics and beta-blockers in-
creases the risk of developing NOD7,15,18 and recent guidelines
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do not recommend beta-blockers or thiazides in hypertensive pa-
tients at high risk of developing diabetes.19 It is unclear whether
NOD reflects a separate entity associated with increased risk or
merely reflects accelerated presentation of diabetes mellitus (DM)
in individuals destined to develop DM. In this study, we propose to
clarify the issue in a large treated hypertensive cohort followed-up
for 40 years.

Materials and methods

Study setting and study population
The Glasgow Blood Pressure Clinic (GBPC) provides secondary and
tertiary level service for patients with hypertension. More details on
the study population and measurements are described elsewhere20

and in the Supplementary material online, Methods section. The West
of Scotland Research Ethics Service of the National Health Service
has approved the study of the GBPC database (11/WS/0083).

New-onset diabetes mellitus
The definition of diabetes was based on hospital record of diabetes or
any diabetes-related diagnosis or prescription of anti-hyperglycaemic
drug or diabetes monitoring material. The date of first relevant hospital
encounter was considered as the onset of diabetes. Individuals were
classified as having NOD if their diabetes diagnosis was made at least
2 years after their first visit to the blood pressure clinic. We used the
2-year cut-off primarily to minimize bias from reverse causality. We clas-
sified those who were diagnosed with diabetes in the first 2 years as
prevalent diabetes rather than NOD reflecting pre-existing diabetes di-
agnosed late. New-onset diabetes were classified into early and late
(diagnosis ,10 or .10 years from first clinic visit). As the classification
into DM categories was based on all the entire hospital and prescription
data on these patients (not just BP clinic data), the likelihood of ascer-
tainment or surveillance bias is minimal.

Outcome assessment
Records kept by the General Register Office for Scotland ensured no-
tification of a subject’s death (provided that it occurred in the United
Kingdom) together with the primary cause of death according to the
International Classification of Diseases, 10th Revision, Version for
2007 (ICD-10), codes. We considered cardiovascular death as
ICD-10 codes ranging from I00-I99 (CV mortality). Deaths not due to
these conditions were classified as non-CV death. Mortality data were
collected up to April 2013.

Statistical analysis
The categorical variables are presented as proportions, and continuous
variables as means with standard deviation (SD) or as median with inter-
quartile range (IQR). The characteristics of the study population across
groups based on diabetes status were compared using independent ‘t’
test or ‘x2’ test as appropriate. Univariate survival analysis for DM status
was performed using Kaplan–Meier survival plots and log rank tests.
Multivariable Cox proportional hazard (Cox-PH) models were em-
ployed to study the risk of NOD and cause-specific mortality. Similarly,
extended Cox-PH models were employed to study the associations be-
tween time varying NOD status and cause-specific mortality. The multi-
variable models included baseline age, gender, epochs (a variable on
year of first visit strata), BMI, total cholesterol, smoking status (never
vs. ever), systolic BP, alcohol use, baseline ischaemic heart disease,
and chronic kidney disease (CKD) status (eGFR ¼ 60) as covariates
(variables that are clinically relevant and associated with diabetes status

in the bi-variate analyses are included). The Cox-PH model for predic-
tors of NOD also included baseline glucose level. Since we observed a
time-dependent effect of NOD status on mortality, the Cox-PH models
were repeated after stratifying the NOD group into early and late NOD.
In order to exclude any potential competing risk introduced due to the
long follow-up period, the follow-up start date was also considered
from the date of diagnosis of DM and the Cox-PH models were re-
peated. Propensity scores for DM risk based on baseline risk factors
were generated for each individual. The generated propensity score
was used for identifying matched non-diabetic hypertensive patients
(nearest neighbour approach) for each individual with NOD or preva-
lent diabetes. The Cox-PH models were again repeated in the propen-
sity score matched pairs. Finally, a regression spline Cox-PH model was
used to assess the relationship between ‘time to development of dia-
betes’ from the first BP clinic visit and mortality outcomes among preva-
lent DM and NOD individuals after adjustment for all variables as in the
multivariable model mentioned earlier.

Results

Baseline demographics
Diabetes status and baseline demographic variables were available in
15 089 (women ¼ 7975) individuals. The results presented are re-
stricted to this group. The study population was middle aged
(mean+ SD: 50.9+ 14.7 years) and overweight (BMI: 27.8+
5.8 kg/m2). Prevalence of smoking and alcohol use of .5 units
per week was 44 and 59%, respectively (Supplementary material
online, Table S1).

Of the patients presenting to the GBPC 4.3% had prevalent dia-
betes mellitus (PrevDM). In individuals without PrevDM, 12.9% pro-
gressed to develop NOD. The mean age of onset of NOD was 63.7
years (SD ¼ 11.9). The incidence of NOD per 1000 person-years
was 8.2 [95% confidence interval (CI): 7.8–8.5], higher in men
(9.3, 95% CI: 8.8–9.9) than in women (7.1, 95% CI: 6.7–7.6). Pa-
tients with PrevDM were older (mean+ SD: 59+ 14 years) and
with NOD were younger (mean+ SD: 50+12 years) in compari-
son with non-diabetic mellitus (NonDM) (mean+ SD: 51+ 15
years) individuals. Both PrevDM and NOD had higher BMI at pres-
entation and higher plasma glucose (Supplementary material online,
Table S1). Prevalent diabetic patients had higher baseline prevalence
of CKD and ischaemic heart disease compared with NOD and
NonDM subjects. Both BP and cholesterol at presentation were
lower in PrevDM and higher in NOD when compared with NonDM
patients (Table 1).

Of the NOD patients, 38% developed early NOD. Early NOD
patients were older with a higher BMI and plasma glucose, lower
blood pressure, lower prevalence of alcohol use, and higher preva-
lence of CKD in comparison with individuals with late NOD (Sup-
plementary material online, Table S2).

Predictors of new-onset diabetes
Significant predictors of NOD were, in descending order, blood glu-
cose, BMI, history of smoking, systolic BP, and age (Supplementary
material online, Table S3). Alcohol users and women had a lower
risk. In the subgroup analyses among individuals with prescription
data available (from 2004), anti-hypertensive drug use or number
of anti-hypertensive drugs taken were not different in NOD in
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comparison with NonDM patients (Supplementary material online,
Table S4). Age at baseline, BMI, blood glucose, CKD, ischaemic heart
disease, alcohol use, and gender were associated with development
of early NOD (Supplementary material online, Table S5) with age,
BMI, and blood glucose the top predictors by Wald statistic. Both
BMI (Supplementary material online, Figure S1) and random blood
glucose (Supplementary material online, Figure S2) were higher in
the early NOD and prevalent diabetes groups compared with non-
diabetic participants.

Survival analyses
There were 5220 deaths (52% from cardiovascular causes) over a
40-year follow-up period. The total time at risk was 239 799 person-
years with a median survival time of 28.05 years (IQR: 16.2–39.9).
In the Kaplan–Meier analyses, the overall NOD status was not
associated with all-cause mortality (Figure 1). However after stratifi-
cation by time to NOD, individuals with early NOD had shorter
survival time and higher incidence of mortality (log rank
P , 0.001) (Figure 2). The median survival time in individuals with
early NOD was 18.6 years in comparison with the median survival
time of 28.4 years in NonDM.

In the simple Cox-PH model, overall NOD status was not asso-
ciated with all-cause, cardiovascular, and non-cardiovascular mor-
tality outcomes (Table 2). In the extended Cox-PH model, the
time varying NOD status was associated with increased all-cause
mortality (HR ¼ 1.09, 95% CI: 1.06–1.13). Prevalent diabetes status
increased the all-cause and cardiovascular mortality risk by .80%
(HR ¼ 1.84, 95% CI: 1.55–2.20 and HR ¼ 1.81, 95% CI: 1.42–
2.29, respectively). In the stratified analyses, early NOD status
increased the all-cause (HR ¼ 1.39, 95% CI: 1.21–1.60), cardiovas-
cular (HR ¼ 1.29, 95% CI: 1.06–1.57), and non-cardiovascular
(HR ¼ 1.52, 95% CI: 1.26–1.85) mortality risk by 39, 29, and 52%,
respectively (Table 3). However, late NOD was not associated with

all-cause mortality (Table 3). Results were consistent in the propen-
sity score matched analyses (Tables 4 and 5) and in the analyses with
mortality risk estimated from onset of diabetes (Supplementary ma-
terial online, Table S6). In the regression spline Cox-PH model, we
find a linear decrease in mortality risk with increase in the ‘time to
diagnosis of diabetes’ (Figure 3) for both all-cause (A) and CVD (B)
mortality.

Discussion
In this study of 15 089 treated hypertensive patients followed-up for
40 years by the GBPC, 12.9% of patients who were non-diabetic at
first presentation developed NOD during follow-up, with 37% of
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Table 1 Characteristics of study population in prevalent diabetic, new-onset diabetic, and non-diabetic individuals

Variables DM (n 5 654) NOD (n 5 1862) NonDM (n 5 12 573) P-Valuea P-Valueb

Age in years, mean (SD) 59.25 (14.03) 49.78 (12.02) 50.65 (14.93) 0.016 ,0.001

Age at NOD in years, mean (SD) – 63.73 (11.90) –

Time to NOD in years, median (IQR) – 12.74 (7.56–19.70) –

Women, n (%) 313 (47.86) 883 (47.42) 6779 (53.92) ,0.001 0.002

Body mass index in kg/m2, mean (SD) 31.50 (6.29) 30.41 (6.23) 27.19 (5.56) ,0.001 ,0.001

Smoking, n (%) 221 (45.85) 837 (45.27) 5046 (44.12) 0.358 0.455

Alcohol use, n (%) 157 (35.20) 1040 (57.46) 6643 (60.10) 0.033 ,0.001

Systolic blood pressure in mmHg, mean (SD) 160.06 (27.14) 164.55 (27.11) 162.57 (28.71) 0.005 0.031

Diastolic blood pressure in mmHg, mean (SD) 89.51 (14.62) 98.20 (14.46) 96.62 (20.57) 0.001 ,0.001

Plasma glucose, mmol/L 9.51 (4.83) 6.87 (3.43) 5.44 (1.21) ,0.001 ,0.001

CKD (eGFR , 60), n (%) 187 (40.56) 340 (20.13) 2382 (23.07) 0.007 ,0.001

Ischaemic heart disease, n (%) 115 (22.42) 377 (20.30) 1895 (16.17) ,0.001 ,0.001

Total cholesterol in mmol/L, mean (SD) 5.32 (1.44) 6.11 (1.33) 5.91 (1.47) ,0.001 ,0.001

DM, diabetes mellitus; NOD, new-onset diabetes; NonDM, non-diabetic mellitus; SD, standard deviation; IQR, inter-quartile range; eGFR, estimated glomerular filtration rate;
CKD, chronic kidney disease.
aNOD vs. NonDM.
bDM vs. NonDM.

Figure 1 Survival analysis (time to all-cause mortality) of hyper-
tensive patients with PrevDM, NOD, and NonDM. PrevtDM,
prevalent diabetes mellitus; NOD, new-onset diabetes; NonDM,
non-diabetic mellitus.

S. Lip et al.970
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/37/12/968/2466041 by guest on 21 August 2022

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1


them developing NOD within 10 years. The early NOD group des-
pite not having diabetes at baseline had a 40% higher mortality risk
(similar to those with prevalent DM at baseline) compared with
non-diabetic patients and those with late onset NOD. The most sig-
nificant predictors of early NOD at baseline were random blood su-
gar and BMI offering a simple inexpensive clinical stratification test to
target a subgroup of hypertensive patients, either at first presenta-
tion or in the early period after commencing anti-hypertensive
treatment, for more intensive investigation and interventions to
improve survival.

In contrast to previous studies, we analysed early and late NOD
as two distinct entities. We reasoned that individuals developing
early NOD were more likely to have a higher baseline risk for
DM, longer duration of DM, and overall higher cardiovascular risk
in comparison with those who develop late NOD. The risk of devel-
oping early NOD increased with increasing age, BMI, and random
blood glucose in keeping with findings from previous studies.17

Smoking, CKD, and male gender also increased the risk of early
NOD, with a 30% lower risk of NOD in regular alcohol users. In
our population, the mortality risk (from first presentation at the
blood pressure clinic) associated with diabetes (PrevDM and early

Figure 2 Survival analysis (time to all-cause mortality) of early
and late NOD. NOD, new-onset diabetes; early NOD, those
who developed diabetes within the first 10-year follow-up; late
NOD, those who developed after completion of 10-year
follow-up.
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Table 2 Cox model for diabetes status and cause-specific mortality compared with non-diabetic hypertensive patients

Variables ACM (n 5 4211) CVM (n 5 2149) Non-CVM (n 5 2062)

NOD 1.04 (0.96–1.13) 0.97 (0.86–1.09) 1.11 (0.99–1.26)

Prevalent DM 1.84 (1.55–2.20)* 1.81 (1.42–2.29)* 1.90 (1.47–2.45)*

NOD, new-onset diabetes; ACM, all-cause mortality; CVM, cardiovascular disease mortality; Non-CVM, non-cardiovascular disease mortality.
*P , 0.05.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Cox model for early and late onset diabetes and cause-specific mortality in comparison with non-diabetic
hypertensive patients

Variables ACM (n 5 4211) CVM (n 5 2149) Non-CVM (n 5 2062)

Early NOD 1.39 (1.21–1.60)* 1.29 (1.06–1.57)* 1.52 (1.26–1.85)*

Late NOD 0.92 (0.83–1.01) 0.85 (0.74–0.99)* 0.98 (0.85–1.13)

NOD, new-onset diabetes; ACM, all-cause mortality; CVM, cardiovascular disease mortality; Non-CVM, non-cardiovascular disease mortality.
*P , 0.05.
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Table 4 Propensity score matched Cox model for diabetes status and cause-specific mortality compared with
non-diabetic hypertensive patients

Variables ACM (n 5 2494) CVM (n 5 1344) Non-CVM (n 5 1150)

NOD (propensity score matched) 1.05 (0.95–1.16) 0.89 (0.77–1.03) 1.27 (1.01–1.46)*

Prevalent DM (propensity score matched)a 1.66 (1.36–2.02)* 1.48 (1.13–1.93)* 1.96 (1.46–2.64)*

NOD and Prevalent DM are matched separately for NonDM controls.
NOD, new-onset diabetes; ACM, all-cause mortality; CVM, cardiovascular disease mortality; Non-CVM, non-cardiovascular disease mortality.
aACM ¼ 1688, CVM ¼ 932, and Non-CVM ¼ 736.
*P , 0.05.
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NOD) was higher than in NonDM patients, but there was no mor-
tality difference between NonDM and late NOD patients. However,
early NOD status was clearly associated with a significantly in-
creased all-cause and cardiovascular mortality compared with those
who were non-diabetic or developed late NOD, and this risk was
similar to those PrevDM. As the duration of diabetes will have an
impact on any outcome analysis, we analysed the mortality risk es-
timated from the time to onset of diabetes (in subjects with PrevDM
and NOD) and again this confirmed an increased mortality risk with
early NOD and PrevDM but not for late NOD. Late NOD was as-
sociated with a 53% lower risk of cardiovascular death suggesting a
possible survivorship bias among these individuals. When we ana-
lysed mortality risk associated with ‘time to diagnosis of diabetes
from first BP clinic visit’, we demonstrated the earlier that diabetes
was diagnosed from the first BP clinic visit, the greater the mortality
risk. This implies that the subgroup of hypertensive patients who
proceed to develop diabetes within 10 years of presentation to
the BP clinic, already exhibit at baseline the same excess risk as those
with prevalent diabetes. The baseline demographic differences of
the predictors of NOD indicate a healthy cohort effect in late

NOD patients. To ensure that the lower risk associated with late
NOD was not due to survivorship bias, we performed the analysis
in a subset of the population who had a minimum of 11-year follow-
up and the results were no different. Indeed our analysis of
late NOD subjects suggests that the baseline risk at presentation
(which may also reflect latent DM) is the predominant predictor
of mortality rather than the development of diabetes during follow-
up. This potentially renders the debate over the risk posed by
anti-hypertensive therapy-induced diabetes largely academic.
Though we found no difference in the exposure to different
anti-hypertensive drug classes in the NOD and NonDM group,
our sample size for drug data was small and this cohort is not the
ideal cohort to test the risk posed by drugs.

As hypertensive patients who develop early NOD are at a signifi-
cantly higher mortality risk, this group can be categorized as ‘hyper-
tensive pre-diabetes’. Though evidence for interventions to prevent
or retard progression to diabetes is limited,21– 26 we propose that
this subgroup of patients should be specifically targeted for early
screening and lifestyle interventions. Whilst current screening for
DM at our clinic is a baseline random blood sugar, our findings
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Table 5 Propensity score matched Cox model for early and late onset diabetes and cause-specific mortality in
comparison with non-diabetic hypertensive patients

Variables ACM (n 5 2494) CVM (n 5 1344) Non-CVM (n 5 1150)

Early NOD (propensity score matched)a 1.43 (1.19–2.05)* 1.24 (1.01–1.53)* 1.71 (1.37–2.13)*

Late NOD (propensity score matched)a 0.91 (0.81–1.03) 0.76 (0.65–0.90)* 1.12 (0.95–1.32)

NOD, new-onset diabetes; ACM. all-cause mortality; CVM, cardiovascular disease mortality; Non-CVM, non-cardiovascular disease mortality.
aNOD is matched for NonDM controls.
*P , 0.05.

Figure 3 Regression spline Cox proportional hazard model for time to diabetes and mortality. (A) All-cause mortality and (B) cardiovascular
disease mortality. NOD, new-onset diabetes; early NOD, those who developed diabetes within the first 10-year follow-up; late NOD, those who
developed after completion of 10-year follow-up. The histogram describes the distribution of ‘time to diagnosis of diabetes’ from first blood pres-
sure clinic visit. The hazard ratios are given on the secondary Y-axis. The thick line represents the point estimate (HR) for all-cause mortality from
‘time to diagnosis of diabetes’ and the light grey lines above and below this line represents the upper limit and lower limit of the confidence interval.
The panels clearly depicts that as the ‘time to diagnosis of diabetes’ from first blood pressure clinic visit increases the mortality risk decreases
linearly.
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indicate that more detailed screening for DM would be a useful add-
ition to the hypertension investigation panel. There is clear evidence
from clinical trials that raised glucose level is a modifiable risk factor
for ischaemic heart disease and intensive glycaemic control reduces
macrovascular complications like myocardial infarction.27,28 This
warrants further prospective studies to test whether these patients
should be started on anti-hyperglycaemic medication or whether
diabetic screening at initial presentation is effective to identify indi-
viduals who are ‘hypertensive pre-diabetes’ early.

On average, hypertensive patients who develop early NOD lose
10 years of life (estimated from the median survival time) in com-
parison with those who do not develop diabetes. Of the estimated
1.43 million hypertensive patients in Scotland based on the hyper-
tension prevalence in adult (.16 years),29 if no preventive or risk
management measures are taken, Scotland would lose 715 000 life
years in the hypertensive population due to NOD in the next 10
years. In the diabetes prevention programme, intensive lifestyle edu-
cation and simple metformin therapy reduced the diabetes inci-
dence risk by 58 and 31% in high-risk pre-diabetes individuals,
respectively. If we assume the same efficacy in the hypertensive pa-
tients at high-risk early, these two strategies could potentially save
414 700 and 221 650 life years in Scotland, respectively. From our
data, simple measurements of random blood glucose and BMI in
all hypertensive patients at first diagnosis would be enough to strat-
ify a subset of 71 500 patients who are at high risk of development of
early diabetes in Scotland for preventive interventions.

We summarize the important strengths and limitations of our
study and questions that need further resolution in future studies.
The main strengths of our study include the large cohort size con-
ducted in real life settings with global healthcare records obtained
through electronic linkage; long duration of follow-up; large number
of mortality events; longitudinal clinic and laboratory measure-
ments; and availability of refill prescription data. The limitations in-
clude the following—the patients in our cohort are confined to a
secondary care hypertension clinic in the West of Scotland and
therefore the extent of generalizability of our findings is unknown.
We do not have data on oral glucose tolerance test, fasting blood
glucose, medication adherence, or lifestyle behaviours. Most of
the patients were on multiple anti-hypertensive drugs which limited
our ability to analyse drug effects. Our study highlights the priorities
for future research in this area—Does hypertension accelerate
transition to diabetes in those who develop early NOD? Is there
any difference in the cumulative exposure to combinations of beta-
blockers, thiazides, and renin angiotensin aldosterone system
(RAAS) blockers on risk of early and late NOD? Is there an inter-
action between beta-blockers, thiazides, and RAAS blockers with
baseline blood glucose or BMI on risk of development of early
NOD? Will detailed baseline metabolic profiling incrementally im-
prove risk prediction of NOD over and above baseline blood sugar
and BMI? Will screening for risk factors and early treatment of
hyperglycaemia delay development of early NOD and consequently
will this delay in NOD improve cardiovascular mortality?

Conclusion
Although 1-in-8 hypertensive patients develop NOD, mortality is
increased only in the 1-in-20 who develop NOD early. Our findings

suggest that in the management of hypertension, early detection and
management of hyperglycaemia irrespective of its origins should be
a priority. Whether early screening and treatment for diabetes at
first presentation of hypertension is effective in improving outcomes
in hypertensive patients requires further investigation in prospective
trials.

Supplementary material
Supplementary material is available at European Heart Journal online.

Authors’ contributions
P.J. and S.P.: performed statistical analysis. S.P.: handled funding and
supervision. L.M., A.F.D., G.T.M., and S.P.: acquired the data. S.P.,
G.T.M., and S.L.: conceived and designed the research. S.L., P.J.,
L.M., and S.P.: drafted the manuscript. A.F.D., G.T.M., and S.P.:
made critical revision of the manuscript for key intellectual content.

Acknowledgements
P.J. is supported by a career development fellowship as part of the
Wellcome Trust Capacity Strengthening Strategic Award to the
Public Health Foundation of India and a consortium of UK
Universities.

Conflict of interest: none declared.

References
1. Chowdhury EK, Owen A, Ademi Z, Krum H, Johnston CI, Wing LM, Nelson MR,

Reid CM. Short- and long-term survival in treated elderly hypertensive patients
with or without diabetes: findings from the Second Australian National Blood Pres-
sure study. Am J Hypertens 2014;27:199–206.

2. Alderman MH, Cohen H, Madhavan S. Diabetes and cardiovascular events in
hypertensive patients. Hypertension 1999;33:1130–1134.

3. Sowers JR, Epstein M, Frohlich ED. Diabetes, hypertension, and cardiovascular dis-
ease: an update. Hypertension 2001;37:1053–1059.

4. Verdecchia P, Reboldi G, Angeli F, Borgioni C, Gattobigio R, Filippucci L,
Norgiolini S, Bracco C, Porcellati C. Adverse prognostic significance of new dia-
betes in treated hypertensive subjects. Hypertension 2004;43:963–969.

5. McInnes GT. Hypertension and diabetes. In: McInnes GT (ed.), Clinical Pharmacology
and Therapeutics of Hypertension. Amsterdam: Elsevier B.V.; 2008, p521–552.

6. Aksnes TA, Kjeldsen SE, Rostrup M, Omvik P, Hua TA, Julius S. Impact of new-onset
diabetes mellitus on cardiac outcomes in the Valsartan Antihypertensive Long-
term Use Evaluation (VALUE) trial population. Hypertension 2007;50:467–473.

7. Barzilay JI, Davis BR, Cutler JA, Pressel SL, Whelton PK, Basile J, Margolis KL,
Ong ST, Sadler LS, Summerson J. Fasting glucose levels and incident diabetes mel-
litus in older nondiabetic adults randomized to receive 3 different classes of anti-
hypertensive treatment: a report from the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT). Arch Intern Med 2006;166:
2191–2201.

8. Kostis JB, Wilson AC, Freudenberger RS, Cosgrove NM, Pressel SL, Davis BR.
Long-term effect of diuretic-based therapy on fatal outcomes in subjects with iso-
lated systolic hypertension with and without diabetes. Am J Cardiol 2005;95:29–35.

9. Almgren T, Wilhelmsen L, Samuelsson O, Himmelmann A, Rosengren A,
Andersson OK. Diabetes in treated hypertension is common and carries a high car-
diovascular risk: results from a 28-year follow-up. J Hypertens 2007;25:1311–1317.

10. Kannel WB, Wilson PW, Zhang TJ. The epidemiology of impaired glucose toler-
ance and hypertension. Am Heart J 1991;121:1268–1273.

11. Mancia G, Bombelli M, Facchetti R, Madotto F, Quarti-Trevano F, Grassi G, Sega R.
Increased long-term risk of new-onset diabetes mellitus in white-coat and masked
hypertension. J Hypertens 2009;27:1672–1678.

12. Sowers JR, Bakris GL. Antihypertensive therapy and the risk of type 2 diabetes mel-
litus. N Engl J Med 2000;342:969–970.

13. Samuelsson O, Pennert K, Andersson O, Berglund G, Hedner T, Persson B,
Wedel H, Wilhelmsen L. Diabetes mellitus and raised serum triglyceride concen-
tration in treated hypertension--are they of prognostic importance? Observational
study. BMJ 1996;313:660–663.

New-onset diabetes and outcomes in hypertension 973
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/37/12/968/2466041 by guest on 21 August 2022

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv557/-/DC1


14. Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihypertensive drugs: a
network meta-analysis. Lancet 2007;369:201–207.

15. Lindholm LH, Ibsen H, Dahlof B, Devereux RB, Beevers G, de FU, Fyhrquist F,
Julius S, Kjeldsen SE, Kristiansson K, Lederballe-Pedersen O, Nieminen MS,
Omvik P, Oparil S, Wedel H, Aurup P, Edelman J, Snapinn S. Cardiovascular mor-
bidity and mortality in patients with diabetes in the Losartan Intervention For End-
point reduction in hypertension study (LIFE): a randomised trial against atenolol.
Lancet 2002;359:1004–1010.

16. Padwal R, Laupacis A. Antihypertensive therapy and incidence of type 2 diabetes: a
systematic review. Diabetes Care 2004;27:247–255.

17. Bakris G, Stockert J, Molitch M, Zhou Q, Champion A, Bacher P, Sowers J. Risk fac-
tor assessment for new onset diabetes: literature review. Diabetes Obes Metab
2009;11:177–187.

18. Mancia G, Brown M, Castaigne A, de LP, Palmer CR, Rosenthal T, Wagener G,
Ruilope LM. Outcomes with nifedipine GITS or Co-amilozide in hypertensive dia-
betics and nondiabetics in Intervention as a Goal in Hypertension (INSIGHT).
Hypertension 2003;41:431–436.

19. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, B+Âhm M, Christiaens T,
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