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Abstract
Aims/hypothesis This study was designed to evaluate the
prevalence of masked nocturnal hypertension (MNHT) and
its impact on arterial stiffness and central blood pressure in
patients with type 2 diabetes.
Methods Middle-aged patients (n=414) with type 2 diabetes
underwent clinic and ambulatory BP measurements and
applanation tonometry.
Results MNHT (clinic BP<130/80 mmHg and night-time
BP≥120/70 mmHg) was found in 7.2% of patients (n=30).
Compared with patients with both clinical and nocturnal
normotension (n=70), patients with MNHT had higher aortic
pulse wave velocity (PWV) (10.2±1.8 m/s vs 9.4±1.7 m/s;
p=0.03) and higher central BP (117.6±13.9/74.0±9.1 mmHg
vs 110.4±16.4/69.7±9.6 mmHg, p=0.04). In patients with
clinical normotension, night-time systolic BP correlated
significantly with PWV.
Conclusions/interpretation Thirty per cent of patients with
clinical normotension had nocturnal hypertension. This was
accompanied by increased arterial stiffness and higher central
BP. We conclude that in clinically normotensive patients with
type 2 diabetes, ambulatory BP measurement may help clini-
cians to identify patients with increased cardiovascular risk.

Keywords Ambulatory blood pressure . Arterial stiffness .

Hypertension

Abbreviations
BP Blood pressure
CARDIPP Cardiovascular Risk Factors in Patients with

Diabetes—a Prospective study in Primary care
LVMI Left ventricular mass index
MNHT Masked nocturnal hypertension
PWV Pulse wave velocity

Introduction

In type 2 diabetes, masked hypertension—defined as
normal blood pressure when measured in the clinic but
elevated BP when measured out of the clinic during the
awake part of the day—is associated with an increased
prevalence of retinopathy, nephropathy and coronary heart
disease [1] and with target organ damage [2–4]. However, it
is not known whether masked nocturnal hypertension
(MNHT)—defined as normal BP when measured in the
clinic but elevated BP when measured away from the clinic
during the night—is a more useful tool for the identification
of patients at high risk than masked hypertension. Arterial
stiffness, as evaluated by aortic pulse wave velocity (PWV)
measurements, is known to be increased in patients with
type 2 diabetes and has been shown to predict mortality in
these patients [5], but the associations between arterial
stiffness and masked hypertension defined by either day- or
night-time out-of-clinic BP measurements have not yet
been described in type 2 diabetes. Furthermore, the
prevalence of elevated night-time BP in patients with type
2 diabetes who have well-controlled clinic-measured BP is
not known. Therefore, we analysed clinic, central and
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ambulatory BP measurements and aortic PWVmeasurements
in 414 patients with type 2 diabetes with or without previously
diagnosed hypertension. We also measured non-invasively in
all patients the central aortic BP, an independent predictor of
cardiovascular morbidity in the general population [6] and
central augmentation index, a surrogate marker of arterial
stiffness. We also determined the left ventricular mass index
(LVMI), which is known to be increased in patients with
diabetes [7], and which predicts cardiovascular mortality [8]
in the general population.

Methods

Population We analysed baseline data from all 414
participants in the Cardiovascular Risk Factors in Patients
with Diabetes —a Prospective study in Primary care
(CARDIPP) who had completed the baseline study analyses
by November 2008 and for whom complete data
concerning nocturnal BP level and aortic PWV were
available. CARDIPP is an observational prospective
community-based cohort study that was launched in 2005.
The general aim of the study is to explore the prevalence
and impact of cardiovascular risk factors in patients with
type 2 diabetes. CARDIPP provides data from an extended
annual follow up of patients with type 2 diabetes, aged 55–
65 years, consecutively recruited by specially trained nurses
from 15 different primary healthcare centres in the counties
of Östergötland and Jönköping, Sweden. Patients with
concomitant severe physical or mental disease (for exam-
ple, terminal cancer or dementia) were not eligible for
inclusion. The investigation included a standard medical
history that also included enquiry about duration of diabetes
and ongoing medication. Diabetes duration was defined as
time from the diagnosis of type 2 diabetes until the baseline
examination. The participating study centres are located in
different demographic areas and differ in size, but the
management and care of type 2 diabetes was organised
similarly and all centres adhered to the same national guide-
lines for diabetes care. Among the 414 patients, there were 138
women (33.3%). There were 111 patients (26.8%) who were
treated with diet and exercise only, 165 patients (39.9%) who
were treated with oral hypoglycaemic agents and 137 patients
(33.1%) who were treated with insulin alone or in combination
with oral hypoglycaemic agents (data concerning diabetes
treatment were missing for one patient). Two hundred and two
patients (48.8%) were treated with statins and 80 patients
(19.3%) were treated with acetylsalicylic acid.

Clinical evaluation Clinic-measured BP (‘clinic BP’) was the
average of three seated measurements taken 1 min apart by
specially trained nurses. Clinic normotension was defined as
BP<130/80 mmHg with or without blood pressure-lowering

medications. Ambulatory BP measurement devices (Spacelab
90217, Spacelabs, Redmond, WA, USA) were set to measure
the BP at 20 min intervals for 24 h. Night-time was defined as
the period between the time when the patient went to bed and
the time when the patient got out of bed the following
morning. Nocturnal normotension was defined as mean night-
time BP<120/70 mmHg and day-time normotension was
defined as mean day-time BP<135/85 mmHg. Applanation
tonometry was performed with the SphygmoCor system
(Model MM3, AtCor Medical, Sydney, NSW, Australia).
From the radial pulse wave form, recorded with a Millar
pressure tonometer, the corresponding ascending aortic pulse
wave form was derived by the validated transfer function
incorporated in the software (SphygmoCor software, version
7.0) which also calculated the central aortic BP and the central
augmentation index, defined as the ratio between the late
systolic peak and the early systolic peak. Aortic pulse wave
transit time (measured by electrocardiogram-gated recordings
of the femoral and carotid arterial pulse waves) and the surface
distances between the suprasternal notch and the carotid and
femoral measurement sites were used to calculate the aortic
PWV. Among the 100 patients with clinical normotension, left
ventricular mass was successfully determined echocardio-
graphically [9] in 86 patients and was corrected for body
surface area and expressed as LVMI.

Laboratory analysis Blood specimens were drawn in the
morning following a 10 h overnight fast. Routine tests such as
HbA1c, plasma glucose and serum lipids were analysed
according to routines at the primary healthcare centres.
HbA1c values were calculated according to the Swedish
Mono-S HPLC standard, which yields values approximately
1% below the DCCT standard.

Statistical analysis SPSS 16.0 (SPSS, Chicago, IL, USA) for
Windows was used for statistical analyses. The statistical
significance of between-group differences was testedwith two-
sided independent t tests (numerical variables), or with χ2 or
Fisher’s exact tests (nominal variables). Regression models
were used to explore associations between numerical varia-
bles. Statistical significance was interpreted where p<0.05.

Ethics All participants gave written informed consent. The
study was approved by the Regional Ethical Review Board in
Linköping, Sweden and the study protocol followed the
principles expressed in the Declaration of Helsinki.

Results

Masked nocturnal and masked day-time hypertension
Among the 414 patients, 100 patients had clinic BP<130/
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80 mmHg; 52% of these 100 participants used any blood
pressure-lowering drug (beta blockers, calcium channel
blockers, angiotensin converting enzyme inhibitors, angio-
tensin receptor blockers, or thiazide or loop diuretics). We
found MNHT, defined as clinic BP<130/80 mmHg and
nocturnal BP≥120/70 mmHg, in 30 patients (7.2% of the
entire cohort or 30% of the clinically normotensive
subgroup) and masked day-time hypertension, defined as
clinic BP<130/80 mmHg and day-time BP≥135/85 mmHg,
in 25 patients (6.0% of the entire cohort or 25% of the
clinically normotensive subgroup). The clinical and haemody-
namic characteristics of the clinically normotensive patients are
presented in Table 1 according to MNHT status and in Table 2
according to masked day-time hypertension status. Compared
with patients who were normotensive both clinically and at
night (n=70), patients with MNHT had significantly higher
aortic PWV (10.2±1.8 m/s vs 9.4±1.7 m/s; p=0.03) and had
higher central aortic BP (117.6±13.9/74.0±9.1 mmHg vs
110.4±16.4/69.7±9.6 mmHg; p=0.04). Compared with
patients who were normotensive both clinically and during
the day (n=75), patients with masked day-time hypertension
had similar aortic PWV and similar central aortic BP. LVMI,
central pulse pressure and central augmentation index did not
differ significantly according to either MNHT or masked day-
time hypertension status.

Patients without antihypertensive medications Among the
414 patients, 164 patients did not use blood pressure-lowering
medications; 48 of these participants had clinic BP<130/
80 mmHg. In this group, we found MNHT in 15 patients
(31.3%) and masked day-time hypertension in 13 patients
(27.1%). Patients with MNHT had significantly higher aortic
PWV (10.6±2.2 m/s vs 9.0±1.5 m/s; p<0.01), central aortic
systolic BP (118.3±16.4 mmHg vs 106.5±12.5 mmHg;
p<0.01) and central aortic diastolic BP (74.6±7.4 mmHg vs
68.6±8.8 mmHg; p=0.03) than patients who did not have
MNHT. Patients with masked day-time hypertension had
results for aortic PWV (9.5±1.3 m/s vs 9.5±2.0 m/s;
p=0.97), central aortic systolic BP (114.5±15.7 mmHg vs
108.6±14.2 mmHg; p=0.12) and central aortic diastolic BP
(71.6±7.9 mmHg vs 70.1±9.1 mmHg; p=0.22) similar to
those of patients without masked day-time hypertension.
LVMI, central pulse pressure and central augmentation index
did not differ significantly according to either MNHT or
masked day-time hypertension status.

Isolated nocturnal hypertension To explore the impact of
isolated nocturnal hypertension, defined as clinic and day-time
normotension but nocturnal hypertension, we compared all
patients with clinic BP<130/80mmHg and day-time BP<135/
85 mmHg but nocturnal BP≥120/70 mmHg (n=15) with

Variable Nocturnal hypertension Nocturnal normotension p value

n 30 70 –

Age (years) 62.2±2.5 60.6±3.1 0.01

Women (%) 43 40 0.83

Diabetes durationa (years) 10.5±5.9 7.2±5.8 0.01

BMIb (kg/m2) 29.9±6.0 28.4±5.2 0.23

HbA1c (%) 6.0±1.1 6.0±1.3 0.84

Microalbuminuriac (%) 7 3 0.59

Blood pressure-lowering medication (%) 50 53 0.79

Creatinined (µmol/l) 88.4±15.1 88.4±13.5 0.98

Cholesterole (mmol/l) 5.0±0.8 4.8±1.2 0.33

Clinic SBP (mmHg) 121.8±4.9 119.4±6.9 0.08

Clinic DBP (mmHg) 72.1±6.0 70.7±6.0 0.31

Night-time SBP (mmHg) 125.7±8.9 106.1±6.6 <0.01

Night-time DBP (mmHg) 72.4±5.9 61.2±4.9 <0.01

Day-time SBP (mmHg) 132.5±11.1 125.0±8.8 <0.01

Day-time DBP (mmHg) 78.7±6.6 74.9±6.0 <0.01

Central SBP (mmHg) 117.6±13.9 110.4±16.4 0.04

Central DBP (mmHg) 74.0±9.1 69.7±9.6 0.04

Central PP (mmHg) 43.6±11.5 40.7±11.5 0.25

Aortic PWV (m/s) 10.2±1.8 9.4±1.7 0.03

LVMIf (g/m2) 118.9±22.3 118.6±30.5 0.97

AI (%) 26.1±7.3 27.1±8.9 0.59

Table 1 Clinical and haemody-
namic data in 100 clinically
normotensive (clinic BP<130/
80 mmHg) patients with type 2
diabetes, with or without
nocturnal hypertension
(ambulatory night-time BP≥
120/70 mmHg)

Data missing for: a five patients;
b eight patients; c seven patients;
d four patients; e three patients;
f 16 patients

AI, augmentation index; DBP,
diastolic blood pressure; PP,
pulse pressure; SBP, systolic
blood pressure
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patients who were normotensive clinically as well as during
both the day and the night (n=60). Central aortic diastolic BP
was significantly higher in patients with isolated nocturnal
hypertension (75.9±8.5 mmHg vs 69.4±9.6 mmHg;
p=0.02). Central aortic systolic BP and aortic PWV were
higher in patients with isolated nocturnal hypertension than in
patients who were normotensive according to all three
measurements, but the differences were not statistically
significant (central aortic systolic BP: 116.6±13.9 mmHg vs
109.8±16.5 mmHg; p=0.15 and aortic PWV 10.3±2.4 vs
9.3±1.7; p=0.06). LVMI, central pulse pressure and central
augmentation index did not differ significantly according to
isolated nocturnal hypertension status.

Predictors of nocturnal systolic blood pressure We inves-
tigated the independent determinants of nocturnal systolic
BP in all patients with clinical normotension (n=100),
using a multivariable regression analysis in which nocturnal
systolic BP was the dependent variable and in which age,
sex, BMI, blood pressure-lowering medication, HbA1c and
aortic PWV were entered as independent variables. Only
aortic PWV predicted nocturnal systolic BP significantly
and independently (r=0.23; p=0.05). This association,
however, did not remain statistically significant (r=0.20;
p=0.09) following the addition of creatinine as an
additional independent variable.

Predictors of arterial stiffness To identify the variables that
were independently associated with arterial stiffness, we
performed a multivariable regression analysis in all patients
with clinical normotension (n=100). Aortic PWV was the
dependent variable and age, sex, BMI, blood pressure-
lowering medication, HbA1c, cholesterol, creatinine, diabe-
tes duration and 24 h ambulatory mean arterial pressure
were entered as independent variables. As seen in Table 3,

Table 3 Determinants of aortic pulse wave velocity in a multivariable
regression analysis performed in 100 normotensive (clinic BP<130/
80 mmHg) patients with type 2 diabetes

Independent variable r p value

Age (years) 0.11 0.34

Sex −0.04 0.77

BMI (kg/m2) 0.23 0.05

Blood pressure-lowering medication (yes/no) 0.13 0.29

HbA1c (%) 0.25 0.03

Cholesterol (mmol/l) 0.09 0.43

Creatinine (µmol/l) 0.06 0.68

Diabetes duration (years) 0.19 0.09

Ambulatory MAP (mmHg) 0.15 0.20

Model’s r square 0.20

MAP, Mean arterial pressure

Variable Day-time hypertension Day-time normotension p value

n 25 75 –

Age (years) 61.8±3.0 60.9±3.0 0.17

Women (%) 48 61 0.41

Diabetes durationa (years) 9.5±6.5 7.7±5.8 0.20

BMIb (kg/m2) 29.0±6.8 28.7±5.0 0.81

HbA1c (%) 5.8±0.9 6.1±1.3 0.34

Microalbuminuriac (%) 4 4 1.00

Blood pressure-lowering medication (%) 50 53 0.64

Creatinined (µmol/l) 85.6±14.4 89.3±13.7 0.27

Cholesterole (mmol/l) 4.9±0.9 4.9±1.2 0.99

Clinic SBP (mmHg) 122.5±4.7 119.3±6.7 0.03

Clinic DBP (mmHg) 71.3±4.9 71.1±6.3 0.88

Night-time SBP (mmHg) 122.4±11.4 108.5±9.5 <0.01

Night-time DBP (mmHg) 68.8±8.1 63.2±6.5 <0.01

Day-time SBP (mmHg) 140.1±6.5 123.0±7.0 <0.01

Day-time DBP (mmHg) 81.0±6.4 74.4±5.5 <0.01

Central SBP (mmHg) 116.6±15.0 111.2±16.2 0.15

Central DBP (mmHg) 71.9±9.4 70.7±9.7 0.57

Central PP (mmHg) 44.6±11.9 40.5±11.3 0.12

Aortic PWV (m/s) 10.0±1.3 9.5±1.9 0.19

LVMI (g/m2) 119.8±19.0 118.3±31.0 0.80

AI (%) 27.5±7.8 26.5±8.7 0.62

Table 2 Clinical and haemody-
namic data in 100 clinically
normotensive (clinic BP<130/
80 mmHg) patients with type 2
diabetes, with or without
day-time hypertension
(ambulatory day-time BP≥135/
85 mmHg)

Data missing for: a five patients;
b eight patients; c seven patients;
d four patients; e three patients;
f 16 patients

AI, augmentation index; DBP,
diastolic blood pressure; PP,
pulse pressure; SBP, systolic
blood pressure

Diabetologia (2009) 52:1258–1264 1261



aortic PWV was significantly associated with only HbA1c

(r=0.25; p=0.03) and BMI (r=0.23; p=0.05).

Discussion

In our cohort of middle-aged patients with type 2 diabetes,
approximately one out of three patients with clinic BP<130/
80 mmHg had night-time BP values≥120/70 mmHg. Patients
with normal clinic BP but nocturnal hypertension had higher
aortic PWV and higher central BP than patients with normal
BP both in the clinic and at night. As the risk for
cardiovascular morbidity and mortality increases with both
aortic stiffness [5] and central BP [6], it is likely that patients
with MNHT have higher cardiovascular risk than patients
with normotension both in the clinic and at night. This
suggests that clinical BP measurements may not provide
sufficient information in middle-aged patients with type 2
diabetes. Indeed, it was recently shown that in Japanese
patients with type 2 diabetes, both night- and day-time
systolic BP predicted cardiovascular events independently of
clinic systolic BP levels [10]. Our findings offer a plausible
mechanism to explain the higher risk attributable to a higher
ambulatory BP.

In the general population, night-time BP is a better
predictor of fatal cardiovascular events than day-time BP
[11] and the risk for cardiovascular death increases more
steeply with increasing night-time BP levels than with
increasing day-time BP levels [12]. Despite this, in
previous investigations of the prevalence of masked
hypertension in diabetes, the definition of masked hyper-
tension has been restricted to out-of-clinic BP values
obtained during the awake part of the day, using either
self-measured BP [1, 2] or ambulatory BP [3, 4, 13]. We
report for the first time the prevalence of MNHT in type 2
diabetes, and conclude that it is more common than masked
day-time hypertension and identifies more accurately the
patients at elevated risk for macrovascular complications of
diabetes. As in several previous investigations in patients
with [2] or without [14–16] diabetes, we included patients
with masked uncontrolled hypertension (i.e. patients on
blood pressure-lowering drug therapy who reach the BP
goal according to clinic but not ambulatory measurements).
In contrast to previous reports of masked hypertension in
diabetes, however, we defined normal clinic BP according
to current diabetes guidelines, where 130/80 mmHg con-
stitutes both the diagnostic threshold and the treatment
target for hypertension [17]. The current guidelines provide
no diabetes-specific ambulatory hypertension thresholds,
however, and we used 120/70 mmHg as the nocturnal BP
cut-off value and 135/85 mmHg as day-time cut-off value,
as proposed for patients with hypertension [18]. The same

cut-off values for nocturnal and day-time systolic BP have
been associated with a good prognosis in patients with type
2 diabetes [10].

It has been suggested that in patients with mild renal
dysfunction, the reduced day-time renal sodium excretion is
compensated by elevated nocturnal BP levels that enhance
pressure natriuresis in the night [19]. It was also recently
shown that in patients with reduced renal function, BP
remains high for a longer period of time after going to bed
compared with patients with normal renal function [20].
Previous investigators have also found that a blunted
diurnal BP pattern is associated with the prevalence of
nephropathy in patients with type 2 diabetes [21]. In the
light of these findings, we find it noteworthy that in our
cohort of clinically normotensive patients, nocturnal sys-
tolic BP was independently associated with aortic PWV
after adjustments for age, sex, BMI, HbA1c and blood
pressure-lowering medication, but that this association did
not remain significant after further adjustments for creati-
nine levels. Although we cannot distinguish between causes
and consequences in our observational study, our findings
lend support to a renal-dependent association between
nocturnal systolic BP levels and arterial stiffness in patients
with type 2 diabetes.

Central augmentation index is a surrogate marker for
arterial stiffness. It is influenced by several factors such as
the strength of the ventricular ejection, the heart rate, the
aortic PWV itself and the site of peripheral arterial pulse
wave reflection, and thus provides only indirect information
on arterial stiffness [22]. We found no significant difference
in central augmentation index between patients with or
without MNHT, although aortic PWV did differ. This
finding is consistent with the previous observation that
there is no association between increased aortic PWV and
central augmentation index elevation in patients with
diabetes [23]. The recent and noteworthy observation that
increased central aortic impedance may occur before
elevation of aortic PWV in patients with type 1 diabetes
[24] remains to be formally tested in patients with type 2
diabetes. We have not performed such an analysis in our
study and thus cannot report any data concerning central
aortic impedance and its possible relationship to MNHT.

Some of our findings are contradictory to those
previously observed. First, it has been shown that in
women with type 1 diabetes, aortic stiffness is positively
associated with diabetes duration [25] but in our cohort we
found no association between diabetes duration and aortic
PWV following adjustment for traditional risk factors.
However, because of the slower onset of hyperglycaemic
symptoms in patients with type 2 diabetes compared with
type 1, some patients in our cohort may have been
hyperglycaemic for a considerable period of time before
diabetes was diagnosed and this may have obscured a
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correlation between diabetes duration and aortic stiffness.
Second, although central blood pressure is a known
predictor of left ventricular mass in patients with type 2
diabetes [26], we found no such associations in our cohort.
This may reflect the relatively high use of BP-lowering
medications in our cohort.

Certain limitations of our study should be recognised. First,
MNHT status was determined according to a single ambula-
tory BP measurement. The high degree of intra-individual
variation of nocturnal BP patterns in patients with hyperten-
sion [27] means that it could be argued that repeated
ambulatory BP measurements are needed in order to
determine the true prevalence of MNHT. However, it was
recently shown that short-term reproducibility of nocturnal
BP patterns is higher in patients with type 2 diabetes (88.9%)
than in patients without diabetes (70.5%) [28]. This suggests
that nocturnal BP patterns may be accurately determined by
a single ambulatory measurement in the majority of patients
with type 2 diabetes. Furthermore, we defined night-time as
the time patients actually reported spending in bed, as
opposed to using an arbitrary definition of night-time, as the
latter approach has previously been shown to lead to
misclassification of diurnal BP patterns [29] and also the
main changes in BP between night and day are not
dependent on the sleep per se, but on ambulation [30].

Second, administration of blood pressure-lowering med-
ications at different times of the day may have influenced
the diurnal BP pattern. We do not have information on the
timing of the blood pressure-lowering medications. How-
ever, in a large Spanish cohort of treated hypertensive
patients, the investigators found no association between the
time of the day at which blood pressure-lowering medi-
cations were administered and the circadian BP patterns
[31]. Furthermore, we believe that the consistency of our
main findings in the subgroup of patients who did not use
blood pressure-lowering medications shows that the asso-
ciations we report are not heavily influenced by the intake
of blood pressure-lowering drugs.

Third, obstructive sleep apnoea syndrome may underlie
some of the cases of MNHT, and may have contributed to
some extent to the increased risk profile seen in these patients,
but we have no data concerning its prevalence in our cohort.
However, we have no reason to believe that the prevalence of
obstructive sleep apnoea syndrome is different in our cohort
than in other populations of middle-aged patients with type 2
diabetes and with a similar prevalence of obesity.

Fourth, sleep depth has been shown to influence
nocturnal BP levels, but was not measured in our study.
Importantly, though, although the ambulatory BP measure-
ment device itself has been shown to cause arousals,
nocturnal BP has been shown not to be influenced by these
measurement-induced arousals [32]. Thus, although the
sleep quality of the participants in the present study was not

evaluated and may have been impaired by the ambulatory
BP-measuring device, we do not believe that this influ-
enced the estimated prevalence of MNHT.

We conclude that nocturnal hypertension is commonly
found in patients with type 2 diabetes and clinic BP levels
below the currently recommended diagnostic threshold and
treatment goal. Identification of patients with MNHT has
the potential to improve risk stratification as these patients
had increased arterial stiffness and higher central BP.
Therefore, ambulatory BP evaluation is suggested in
patients with type 2 diabetes and BP levels<130/80 mmHg.
For optimal identification of patients with elevated risk,
patients with MNHT rather than masked day-time hyper-
tension should be sought. Further studies are needed to
clarify the long-term prognostic significance of MNHT in
type 2 diabetes, and to determine whether intensified
medical treatment of these patients would be beneficial.
Outcome-driven diabetes-specific thresholds for optimal
ambulatory BP levels are urgently needed in order to
improve the quality of care of patients with diabetes.
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