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Background: The prognostic implications of the 24 hours ambulatory blood pressure monitoring (AMBP) have been progressively
established but some issues remain controversial about the prognostic value of circadian blood pressure (BP) profile in some highrisk populations, namely the diabetics.

Introduction

Methods: We followed, for 4.7 ± 3.5 years, 262 type 2 diabetic patients without previous cardiovascular events after AMBPs, on the
occurrence of a combination of coronary events and stroke.
Results: There were 36 events (18 coronary and 18 strokes), 7 of
them fatal. Half the population showed a non-dipping pattern (nondippers plus reverse dippers) and the later conveyed a lower survival rate free from strokes (log rank 6.99; P < 0.01) as related to
the dipper patients, in the Kaplan-Meier curves. There was a clear
J shaped curve for the distribution of the 24-hour diastolic blood
pressure (24H DBP) for global and coronary events, that persisted
even after the exclusion of patients with isolated systolic hypertension. Furthermore, in the subgroup with higher (> 75 mmHg) 24H
DBP, but not in the group with 24H DBP below 75 mmHg, the 24H
systolic BP value was an independent predictor of global events in
the multivariate analysis (HR 0.03; 95%CI 0.09 - 0.57; P < 0.002),
showing decreased event-free survival in the Kaplan-Meier curves
(log rank 9.15; P < 0.003).
Conclusions: In our population of diabetic type 2 patients 24H
DBP had an impact on prognosis on its own, particularly for its
lower values. Thus low values of 24H DBP are associated with high
cardiovascular risk.
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Prevalence of type 2 diabetes is continually increasing, due
to aging, population growth, urbanization, and increasing
prevalence of other diseases such as obesity [1]. Diabetes is
also a matter of public health concern since it is associated
with a high risk for all cause mortality, mainly due to cardiovascular disease [2]. The type 2 diabetes status contributes
by itself to excessive cardiovascular risk [3], but the individual risk is conveyed by the interaction of other risk factors
that may be present [4], hypertension being one of the key
factors for the development of diabetic complications [5].
Meanwhile, most of the studies evaluating the impact of
hypertension as a cardiovascular risk factor were based on a
few blood pressure (BP) measurements, in the clinical setting, despite growing recent evidence supporting ambulatory
monitoring of 24 hours blood pressure (AMBP) to be more
useful for the prognostic assessment of the cardiovascular
risk [6, 7]. Also, AMBP has been particularly useful for the
diagnostic of white coat hypertension and for the characterization of abnormal circadian BP rhythms (dipping versus
non-dipping patterns) [8]. However there are some unsolved
issues related to AMBP reproducibility and to the prognostic
impact of each of the AMBP parameters/indexes namely in
the diabetic population. Nighttime BP has been shown to be
superior to daytime BP values in assessing cardiovascular
risk in the general population [9, 10]. In a small study it was
shown that the nocturnal rise of BP may lead to microvascular complications in diabetics [11], whereas diabetes is commonly associated with a non-dipper pattern. Moreover, it is
still a matter of debate the potential cardiovascular dangers
of lowering BP too aggressively [12] (particularly of diastolic BP), its negative effect on cardiac events, and either in patients with [13] or without [14] proved ischemia and what is
the threshold below which the cardiovascular risk increases.
Our objective was, therefore, to evaluate the prognostic
implications of AMBP in a type 2 diabetic population for
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12/105*/86/22*
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Gender (male/female)

BMI (kg/m2)

Dyslipidemia (%)

Casual systolic blood pressure (mmHg)

Casual diastolic blood pressure (mmHg)

Casual heart rate (bpm)

24H systolic blood pressure (mmHg)

24H diastolic blood pressure (mmHg)

24H pulse pressure (mmHg)

Extreme Dipper/Dipper/Non-Dipper/
Reverse Dipper

Medication (%)

75

2/9/16/7

59 ± 12

80 ± 12

139 ± 15

80 ± 12

97 ± 14

165 ± 32

47.2

30.5 ± 3.5

21/15

61.1 ± 10.1

With event (N = 36)

*: Reverse Dippers vs Dippers; BMI: body mass index; ns: non significant.

57.9 ± 10.7

Age (years)

Without event
(N = 226)

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

P value

77.8

1/6/9/2

57 ± 12

84 ± 10

141 ± 16

83 ± 11

100 ± 13

168 ± 27

55.6

30.3 ± 3.2

14/4

56.1 ± 9.3

Cardiac event (N = 18)

Table 1. Baseline Characteristics of the Population Free From Events Compared With Those With Cardiovascular Events

ns

ns

ns

< 0.01

ns

ns

< 0.05

ns

ns

ns

< 0.02

ns

P

72.2

1/3*/7/5*

61 ± 13

77 ± 12

138 ± 14

78 ± 14

94 ± 14

163 ± 37

38.9

30. 6 ± 3.8

7/11

66.2 ± 8.4

Stroke
(N = 18)

ns

<
0.05*

ns

ns

ns

ns

ns

ns

< 0.05

ns
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Table 2. Characteristics of the Nocturnal Fall Patterns, Showing Significant Differences Only Between the
Reverse Dipper and Dipper Patterns, in Relation to Age *
ED

D

ND

RD

P value

Gender (male%)

50

54.4

49

41.4

ns

Age (years)

61.3

56.3

59.1

61.3

< 0.05*

Dyslipidemia (%)

85.7

63.2

60.8

48.3

ns

Medication (%)

78.6

83.3

81.4

75.9

ns

BMI (kg/m2)

32.0

30.9

29.4

28.6

ns

Casual SBP (mmHg)

167

159

159

150

ns

Casual DBP (mmHg)

99

94

93

88

ns

24H SBP (mmHg)

134

134

140

139

ns

24H DBP (mmH

75

78

79

78

ns

24H PP (mmHg)

59

57

60

61

ns

ED: extreme dipper; D: dipper; ND: non-dipper; RD: reverse dipper; BMI: body mass index; SBP: systolic BP; DBP: diastolic BP; PP: pulse pressure.

cardiovascular events.

their routine activities. Sleep and awake hours were recorded
as reported in the subject’s diary. If more than 85% of the
readings were missing, the AMBP was excluded. The BP
nocturnal fall patterns were considered as defined elsewhere
[15].

Methods
Subjects
It was a retrospective observational study including 262 type
2 diabetic patients that underwent a AMBP recording between June 1991 and 2010, under stabilized medication, who
were followed for 4.7 ± 3.5 years thereafter. Subjects were
referred to confirm the presence of hypertension, to evaluate
its severity, or to follow up on response to therapy; they had
to be older than 18 years, and could not have a history of any
previous cardiovascular event. The weight of each AMBP
was considered until the occurrence of a first cardiovascular
event.
Ambulatory monitoring
The AMBP was measured by an oscillometric technique
(Spacelabs 90207 - SpaceLabs Inc, Redmond, Washington,
USA). The monitor was mounted on the nondominant arm
between 08.00 and 10.00 am, and removed 24 h later; the
intervals between readings were 20 minutes during the day
and 30 minutes at night. Subjects were encouraged to pursue
18

Cardiovascular events
The end-point was a combination of cardiac and cerebrovascular events. Any subject was considered as having a cardiovascular event if one of the following criteria was present in
the computer registry of our hospital: myocardial infarction,
fatal or non-fatal, coronary artery bypass grafting or percutaneous transluminal coronary angioplasty or acute stroke,
fatal or non-fatal. All patients were contacted by telephone
to ascertain the absence of other events. The definition of
dyslipidemia was made based on the previous diagnostic,
medication with statins or elevated LDL cholesterol values
at the time of the AMBP.
Statistical analysis
Continuous variables were correlated using Student’s T test.
When analysis of variance (ANOVA) indicated significant
differences between groups, pair wise comparisons were
assessed with significance levels appropriately modified us-
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Figure 1. Kaplan-Meier curves showing survival-free from global cardiovascular events and stroke, according to Dipper or
Reverse Dipper patterns of nocturnal fall.

ing the method of Games-Howell (two-sided). For noncontinuous variables the χ2 test was used. Multiple regression
analysis was performed by Cox regression models, using
as confounding variables age, gender, smoking, presence of
dyslipidemia, anti-hypertensive medication and casual systolic BP. Survival and event-free survival curves were estimated using the Kaplan-Meier product-limit method and
compared by the log-rank test. A two-tailed P value of less
than 0.05 was considered significant. Results are expressed
as mean ± SD.

Results
Baseline data are shown in Table 1.
During the follow-up there were 36 cardiovascular
events, 11 acute coronary events, one of them fatal, 7 coronary revascularizations, and 18 strokes (predominantly

ischemic, but not all characterized), five of which fatal. The
global mortality rate was 2.3%.
Groups with and without events did not differ significantly. In the subgroup analysis, coronary events were more
frequent both in men and in patients with higher casual and
24H diastolic BP; patients within the stroke subgroup were
older and had a lower prevalence of dyslipidemia and a higher prevalence of the reverse dipper pattern as compared to
the dipper one.
The demographic and clinical characteristics of the nocturnal fall patterns are shown in Table 2.
As shown, the non-dipping patterns were present in
about half the patients, accounting the reverse dippers for
11% of the total. Also, besides reverse dipper patients were
older than the dipper ones, no other significant differences
were found between groups.
As shown in Figure 1, the unadjusted event-free survival
from stroke, given by the Kaplan-Meier curves, was higher

Figure 2. Rate of occurrence of coronary events according to the quintiles of 24H diastolic
blood pressure.
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Figure 3. Kaplan-Meier curves showing survival-free from global cardiovascular events in the
subgroup with 24H diastolic BP ≥ 75 mmHg, according to different levels of 24H systolic BP.

in the dipper patients as compared to the reverse dipper ones
(log rank 6.99; P < 0.01), with a tendency to higher values
also in the global event-free survival (log rank 3.43; P <
0.06).
In the multivariate Cox regression analysis, the only
independent predictors of total events were age, for global events and stroke, hazard ratios (HR) respectively 1.04
(95%CI 1.00 - 1.07) P = 0.05 and 1.09 (95%CI 1.03 - 1.14)
P < 0.01, and male gender for coronary events, HR 4.01
(95%CI 1.26 - 12.73) P < 0.02. Casual systolic BP was also
an independent predictor of coronary events, but lost its significance when casual diastolic BP and the AMBP parameters were considered.
The subdivision of the 24-hour systolic and diastolic BP
in their quintiles of distribution, rendered a J shaped curve to
the diastolic BP distribution, for global and coronary events
(Fig. 2), with a nadir at about 75 mmHg.
As shown in Figure 3, 24H systolic BP (above and below 135 mmHg) significantly and independently predicted
cardiovascular events in the subpopulation with 24H diastolic BP > 75 mmHg (HR 0.30; 95%CI 0.09 - 0.57; P < 0.002),
showing decreased event-free survival in the Kaplan-Meier
curves (log rank 9.15; P < 0.003).
Figure 4 shows the rate of occurrence of total cardiovascular events according to the quintiles of 24H diastolic
blood pressure after excluding patients with isolated systolic hypertension, namely SBP ≥ 140 and DBP < 90 mmHg
(namely 25.6% of the population). As shown in that population we still encountered a J shaped curve in the distribution
of the 24H diastolic BP, for global and coronary events, with

20

a similar nadir as for the overall diabetic population shown
in Figure 2.

Discussion
In our population of type 2 diabetics without previous cardiovascular events we found a clear J shaped curve to the
distribution of the 24-hour diastolic blood pressure for global
cardiovascular events. Cruickshank et al [13] had previously
showed that fatal myocardial infarction increased in patients
with casual diastolic BP lower than 85 mmHg, particularly
if they had coronary ischemia, mainly through a diminished
coronary perfusion reserve [16]. Although our population
could be considered as a high-risk population, similar data
have been showed in patients without proved ischemia [14],
but few studies have utilized the AMBP parameters in this
particular subset.
Our results show some particularities. Firstly, we found
the 24-h DBP J shaped curve occurred not only for coronary
events, but also for global events, with the natural contribution of strokes, despite acknowledgment that the cerebral
circulation is not so dependent on the diastolic phase of flow
as compared with coronary circulation.
Secondly, the value of the nadir rendering a lower prevalence of events was 75 mmHg. This value, which is lower
than that reported previously [17], was achieved in a nondespicable portion of the diabetic population. That could
be related to the measurement by AMBP instead of casual
BP for which the normalcy values of the former are usually

Articles © The authors | Journal compilation © J Endocrinol Metab and Elmer Press™ | www.jofem.org

Teixeira et al

J Endocrinol Metab • 2013;3(1-2):16-23

Figure 4. Rate of occurrence of total cardiovascular events according to the quintiles of 24H
diastolic blood pressure (excluding isolated systolic hypertensives).

lower that of the latter. Another explanation could be related
to a higher prevalence of larger pulse pressures in diabetic
patients, parameter with well known prognostic implications
[18] or to a higher prevalence of isolated systolic hypertension with increasing age, for example, a demographic risk
factor that independently predicted events in our population.
However, when isolated systolic hypertension was excluded
from the analysis (Fig. 4), we still found a J shaped curve,
which, therefore, diminished its role in the phenomenon.
Moreover, and in relation to that point, we also found
that high 24 hours systolic BP values, which independently
predicted events in the multivariate analysis and decreased
the event-free survival in the Kaplan-Meier curves, only did
so when 24 hours diastolic BP values were normal or high.
In 2004, Kannel et al [19] reanalyzed the Framingham data,
and claimed the J curve phenomenon for diastolic BP (< 80
mmHg) only occurred in the presence of elevated systolic BP
(> 140 mmHg), after adjustment for age and other risk factors, emphasizing the role of pulse pressure. In our population that was not the case, since low diastolic BP values had
an impact on its own, even in a somewhat aged population,
which so far [20] wasn’t considered a risk factor by itself.
One of the major prognostic contributions of AMBP is
related to the information about BP circadian rhythm, that
may be particularly important in the diabetic population [2,
21]. There is a higher prevalence of the non-dipper pattern
in diabetics when compared to the general population [22].
That appears not to be just dependent on the quality of sleep,
as showed by Perk et al [23], who found a blunted decline of
BP during the afternoon siesta, namely a short period of sleep

that is less dependent on sleep quality. Otherwise, it was suggested [23] the phenomenon to be a problem of the sleep
itself as a facet of autonomic dysfunction. In our population,
non-dipping patterns (non-dippers and reverse dippers) were
very prevalent, accounting for half of the population. The
reverse dipper pattern, that was present in 11% of patients,
was a factor of disadvantage in the stroke event-free survival
when compared with the dipper patients, thereby showing a
tendency as a drawback for global events. In general this is in
agreement to our previous studies [24]. Two recent reviews
[25, 26] also point out the prognostic disadvantages of the
reverse dipper pattern while being an independent predictor
of macrovascular as well as microvascular events. The question remains whether such a reverse dipping pattern is the
cause of the events or just a marker of the progression of the
disease. In fact, autonomic dysfunction [27, 28] or the necessity of greater sodium nocturnal excretion [29], are among
the mechanisms that have been implicated in the blunting or
reversion of nighttime BP fall.
Although other patterns of BP circadian rhythm, such
as the extreme nocturnal blood pressure dippers, have also
been related with a higher risk of ischemic stroke [30], in our
study the small number of extreme dippers unable us to examine such a relationship. In any case, the importance of the
BP circadian rhythm in the global evaluation of the diabetics
is becoming overwhelming, independently of the remaining
parameters/indexes of the AMBP.
The study has some limitations particularly related with
the small population sample and the low incidence of events
that have occurred in our population. Also, since only one
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ABPM recording was done, we could not account for any
change in habits or in therapy that may have been done during the follow-up period. Nevertheless, these are limitations
shared in common to the other few studies that have examined the prognostic values of AMBP in diabetic patients.
In conclusion, in diabetic patients without previous cardiovascular events we have found a clear J shaped curve for
the distribution of 24 hour diastolic BP in relation to global
and coronary events, that was independent of 24H systolic
BP and pulse pressure values, and of isolated systolic hypertension. Our data suggest that in diabetic patients low 24H
diastolic BP values are associated with increased cardiovascular risk and must be carefully followed. Furthermore, the
nocturnal reverse dipper pattern that is highly prevalent in
diabetics also has negative prognostic implications for stroke
and also possibly for other cardiovascular events, and should
be monitored.
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