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Abstract

Ambulatory blood pressure monitoring (ABPM) is the access way to the dippers’ status in diabetic hypertensive
patients, and it reveals the effects of antihypertensive medication in different dipper patterns. Of patients with
consecutive type 2 diabetes mellitus (DM) patients with high blood pressure (HBP), 166 were treated with angi-
otensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), beta-blockers (BB), calcium
channel blockers (CCB), diuretics and different combinations of them, and were subjected to 24 hours’” ABPM.
We assessed the BP (blood pressure) circadian variation, variability of resting mean heart rate (MHR), and the
correlations with the variety of drug combinations. There were 80 non-dippers (48.20%), 22 reverse dippers
(13.26%), 57 dippers (34.34%) and 7 extreme-dippers (4.20%). Non-dippers treated with BB (67.50%) had lower
24 h/MHR - 72.46 bpm ws. 78.00 bpm (p=0.015) of those without BB, night MHR - 68.77 bpm vs. 73.26 bpm
(p=0.038) and day MHR - 74.61 bpm wvs. 81.50 bpm (p=0.005). Dippers had lowered MAP - 89.77 mmHg
and MHR - 71.61 beats per minute (bpm) compared with 91.80 mmHg and 74.26 bpm found in non-dippers
(p=0.29; p=0.13). Dippers were treated with ACEI (63.16%), ARB (19.30%), CCB (40.35%), combinations of
these (12.28%), BB (59.65%), diuretics (75.44%). The non-dippers diabetics have increased MHR and MAP as
compared to dippers, but non-dippers treated with beta-blockers have significantly lower MHR and MAP than
those without BB. Treatment of BP with beta-blockers does not significantly influence lowering MHR and MAP
in dippers profile. The effect of reduction of MHR on the non-dipper profile is beneficial for the prognosis of
these patients, lowering cardiovascular risk.
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patterns. Of patients with consecutive type 2 diabe-
tes mellitus (DM) patients with high blood pressure
(HBP), 166 were treated with angiotensin-convert-
ing enzyme inhibitors (ACEI), angiotensin receptor
blockers (ARB), beta-blockers (BB), calcium chan-
nel blockers (CCB), diuretics and different combi-
nations of them, and were subjected to 24 hours’
ABPM. We assessed the BP (blood pressure) cir-
cadian variation, variability of resting mean heart
rate (MHR), and the correlations with the variety
of drug combinations. There were 80 non-dippers
(48.20%), 22 reverse dippers (13.26%), 57 dippers
(34.34%) and 7 extreme-dippers (4.20%).

Non-dippers treated with BB (67.50%) had low-
er 24 h/MHR - 72.46 bpm vs. 78.00 bpm (p=0.015)
of those without BB, night MHR - 68.77 bpm ws.
73.26 bpm (p=0.038) and day MHR - 74.61 bpm
vs. 81.50 bpm (p=0.005). Dippers had lowered
MAP - 89.77 mmHg and MHR - 71.61 beats per
minute (bpm) compared with 91.80 mmHg and
74.26 bpm found in non-dippers (p=0.29; p=0.13).
Dippers were treated with ACEI (63.16%), ARB
(19.30%), CCB (40.35%), combinations of these
(12.28%), BB (59.65%), diuretics (75.44%). The
non-dippers diabetics have increased MHR and
MAP as compared to dippers, but non-dippers treat-
ed with beta-blockers have significantly lower MHR
and MAP than those without BB. Treatment of BP
with beta-blockers does not significantly influence
lowering MHR and MAP in dippers profile.

The effect of reduction of MHR on the non-dip-
per profile is beneficial for the prognosis of these
patients, lowering cardiovascular risk.

The essential advantages of ambulatory blood
pressure monitoring (ABPM) are that it can high-
light white-coat and masked hypertension, meas-
urement in reallife settings, nighttime readings,
stronger prognostic evidence, and abundant infor-
mation from a single measurement session.

ABPM values are, on average, lower than office BP
values, and the diagnostic threshold for hypertension
is >130/80 mmHg over 24h, >135/85 mmHg for the
daytime average, and >120/70 for the night-time aver-
age (all equivalent to office BP >140/90 mmHog) [1].

Ambulatory blood pressure measurements were
a stronger predictor of all-cause and cardiovascular
mortality than clinic blood pressure measurements.
White-coat hypertension was not benign, and
masked hypertension was associated with a greater
risk of death than sustained hypertension [2].

Hypertension and diabetes mellitus are two of
the significant risk factors for cardio-cerebrovascu-
lar diseases (CVDs), although prior studies have
confirmed that the coexistence of the two can mark-
edly increase the risk of CVDs [3].

The prevalence of hypertension (HBP) among
patients with diabetes mellitus (DM) was twice
that of the general U.S. adult population in a
2005-2008 study at 57.3% wersus 28.6%. Diabetes

almost doubles the risk of cardiovascular disease,
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and concomitant hypertension nearly doubles that
risk again [4].

Hypertensive patients with diabetes showed a re-
markably high prevalence of alterations in ABPM.
Abnormalities in systolic BP, particularly during
the night, and in circadian BP patterns could be
linked with the excess BP-related cardiorenal risk of
diabetes [5].

It is well known that cardiovascular events occur
more frequently in the morning as blood pressure
(BP) levels have been shown to increase from night
to early morning. In recent years, clinical research
using home BP monitoring has clarified that morn-
ing BP, and BP surges are more closely related to
cardiovascular risk than clinical BP [6].

ABPM may also be of particular importance in
subjects already under antihypertensive treatment.
Even though home BP monitoring may be sufficient
for a long-term follow-up, ABPM is the only way to
ascertain that BP is adequately controlled all over
the 24h period, particularly during the night [7].

High BP is a common feature of both type 1
and 2 diabetes mellitus (T2DM), and masked hy-
pertension is not infrequent, so monitoring 24h
ambulatory BP in apparently normotensive patients
with diabetes may be a useful diagnostic procedure.
Non-dippers with diminished nocturnal blood pres-
sure (BP) and a risers pattern with higher nocturnal
BP than daytime are known to have advanced organ
damage to the brain, heart, and kidney and poor-
er prognoses than normal dippers. Non-dipping is
frequent in diabetes, and in those patients, ABPM
should be performed at least once for the better risk
stratification of hypertension [8].

Out-of-office measurement may be useful not
only in untreated subjects but also in treated pa-
tients, aiming to monitor the effects of treatment
and increase compliance with drug therapy [9].

Non-dipping, reverse dipping, nocturnal systol-
ic hypertension (SHT), and masked phenomenon
are highly prevalent in patients with T2DM with
or without a known history of hypertension. Com-
pared with non-dipping, nocturnal SHT may be a
stronger predictor of end-organ damage [10].

Our study investigates the circadian BP vari-
ation in hypertensive DM type 2 patients and the
effects of hypertension medication. A second point
was the assessment of resting 24h heart rate (HR)
variability and the correlation with antihypertensive
treatment.

Material and methods

Ethics statement

This study was approved by the Ethics Commit-
tee of the Emergency County Hospital Baia Mare,
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Romania. Written informed consent was obtained
from all enrolled patients. Patients’ records/infor-
mation were anonymized and de-identified before
the processing.

Study population

One hundred and sixty-six consecutive hypertensive
T2DM patients with ambulatory follow-up at the
Diabetes and Nutrition Ward of Emergency County
Hospital Baia Mare, Romania, were subjected to
24h ABPM from February 2018 to May 2019.

Data collection

General data, weight, waist circumference, height,
and body mass index (BMI) details were noted.
Before installing the ABPM, values of BP were
standardly measured as recommended by the 2013
European Society of Cardiology Hypertension
Guidelines [9]. The medical history was recorded
for each patient, especially HBP and other cardio-
vascular diseases (CVD), dyslipidemia, the type of
diabetes mellitus, and the recording of its compli-
cations - polyneuropathy, nephropathy, peripheral
chronic arterial disease (PAD), retinopathy. Each pa-
tient had electrocardiography (ECG) done to show
any possible left ventricular hypertrophy (LVH) and
possible ischemic or rhythm disorders. Current
sanguine test results were recorded - glucose, urea,
creatinine, total cholesterol, LDL and HDL-choles-
terol, triglycerides, uric acid, and glycated hemoglo-
bin (HbA1C). A morning spot sample of urine was
collected and checked for the presence of albuminu-
ria and urinary albumin/creatinine ratio (ACR).
Microalbuminuria was established as an ACR from
30 to 299 mg/g. For each patient, the antihyper-
tensive and antidiabetic treatment was recorded -
beta-blockers (BB), angiotensin-converting enzyme
inhibitors (ACEI), angiotensin receptor blockers
(ARB), calcium channel blockers (CCB), diuretics
(Diur), alpha-blockers (AB), as well as combinations
of the above.

ABPM

In this study, a validated BTL-08 ABPM II machine
was utilized. The middle values of the systolic and
diastolic BP with the differences given by the cir-
cadian cycles and the resting HR for each patient
were recorded and analyzed: Mean Sys (the systolic
mean) and Mean Dias (the diastolic mean), Mean
HR - MHR (the heart rate mean), MAP (the mean
arterial pressure) and PP (the pulse pressure). To get
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reliable data on the patient’s BP and HR variations,
the ABP monitor was worn for 24h, and BP record-
ings were made at intervals of 0.5 hours from 06.00
to 22.00 hrs and at an hourly interval from 22.00
hrs to 06.00 hrs.

Dippers were defined as those individuals with a
mean 24h ambulatory BP lowered >10%. Non-dip-
pers are those individuals with a BP-lowering of
0-9%. Reverse Dippers are those whose dip is less
than 0%, and extreme dippers are those individuals
whose BP lowering is greater than 20%.

Nocturnal non-dipping of BP is determined
according to the nocturnal systolic and diastol-
ic BP dip. Normal ambulatory BP during the day
is <135/<85 mm Hg (HBP threshold is 135/85
mmHg) and <120/<70 mm Hg at night (HBP
threshold 120/70 mmHg) with a 24h average of
<130/80mmHg [8].

Statistical analysis

Statistical analyses were performed using the
Statistical Package for Social Sciences (SSPS Inc.,
Chicago, Illinois, USA) version 20.0 software. Re-
sults are summarised as counts and percentages for
qualitative variables and as mean#standard devia-
tion (SD) for quantitative variables. Comparisons
of means and proportions were made using the stu-
dent t-test and chi-square test, respectively. A p-value
of <0.05 defined the level of statistical significance.

Results

In the study population, out of a total of 166 pa-
tients, there were 57 dippers (34.34%), 80 non-dip-
pers (48.20%), 22 reverse dippers (13.26%) and
7 extreme-dippers (4.20%). Epidemiological charac-
teristics correlated to different dipper profiles are
shown in Table 1. Non-dippers have higher mean
BP, mean albuminuria, and ACR ratio but less uric
acid than dippers. Extreme-dippers were eight years
younger than other patients and had significantly
lower mean BP, mean HbA1 C and uric acid than
dippers and non-dippers. Peripheral arterial disease
is also less prevalent in this category of patients.
History of acute myocardial infarction and higher
mean albuminuria and ACR, but less acid uric is
more present in reverse dippers compared with dip-
per patients.

Table 2 shows patients’ mean BP values and
MHR correlated to different dipper profiles. Dip-
pers had lower MAP/24 h - 89.77 mmHg and
MHR - 71.61 beats per minute (bpm) compared
with 91.80 mmHg and 74.26 bpm found in non-dip-
pers (p=0.29; p=0.13). MHR/24 h in non-dippers is

©The Author(s) 2022
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significantly higher than in dippers - 74.26 bpm ws.
71.61 bpm, p=0.13 and marginally higher than in dip-
pers - day MHR: 76.85 bpm wvs. 74.21 bpm, p=0.18
and night MHR: 69.91 bpm wvs. 66.96 bpm, p=0.07.
Extreme-dippers, compared with dippers, had low-
er MAP/24h - 88.57 mmHg vs. 89.77 mmHg, and
also lower night MAP - 74.14 mm Hg vs. 81.64
mmHg, p=0.0009. Day MHR in extreme dippers is
higher than in dippers - 82.00 bpm wvs. 74.21 bpm,
and marginally higher for MHR/24 h - 77.57 bpm
vs. 71.61 bpm.

Reverse dippers, as compared with dippers,
have day MAP/24h and night MAP significantly
higher (with 4-6 mm Hg), and the night pulse pres-
sure (MHR/24 h) was 68.00 ws. 61.61, p=0.19. Day
and night MHR in reverse dippers was non-signifi-
cantly higher (with 2-3 bpm) compared to dippers.
MAP night in non-dippers was 88.30 bpm com-
pared to 81.64 bpm in dippers, which was signifi-
cantly higher (p=0.0005); night MAP was 92.04 in
reverse-dipper (p=0.12). Morning surge was low in
non-dippers - 12.87 compared to dippers - 17.37
(p=0.027), risers: 13.31 (p=NS) and extreme-dip-
pers: 25.14 (p=0.006).

ACEI were used in 98 patients (59.04%),
ARB in 36 patients (21.69%), CCB in 56 patients
(33.74%), BB (nebivolol, carvedilol) in 110 patients
(66.27%) and diuretics in 124 patients (74.40%).

Non-dippers treated with vasodilating BB (N=54
from 80, 67.50%) had lower 24h MHR - 72.46 bpm
vs. 78.00 bpm, p=0.015, mornMHR - 73.48 bpm wvs.
79.26, p=0.032, day MHR - 74.61 bpm wvs. 81.50,
p=0.005 and night MHR - 68.77 bpm wvs. 73.26
bpm, p=0.038, like those without BB, as shown in
Table 3. Non-dippers with BB had significantly low-
er MAP/24 h - 90.05mmHg vs. those without BB
- 95.42, p=0.030, MAP morn. - 93.57 mmHg wvs.
99.84 mmHg, p=0.023, MAP day - 91.12 mmHg
vs. 96.19 mmHg, p=0.043 and MAP night - 86.59
mmHg vs. 91.84 mmHg, p=0.037 (Table 3).

Non-dippers and risers treated with vasodilat-
ing BB (N=73 from 102, 71.57%) had lower 24 h
MHR - 72.41 bpm wvs. 78.00 bpm, p=0.010, morn-
MHR - 73.60 bpm wvs. 79.00 bpm, p=0.032, day
MHR - 74.24 bpm wvs. 81.68, p=0.001 and night
MHR - 69.20 bpm wvs. 72.17, p=0.159, like those
without BB (Table 4). Non-dippers and risers with
BB had significantly lower MAP/24 h - 89.91mmHg
vs. those without BB - 94.79, p=0.023, MAP morn.
- 93.93 mmHg vs. 99.37 mmHg, p=0.025, MAP day
- 89.90 mmHg vs. 95.34 mmHg, p=0.013 and MAP
night - 88.12 mmHg vs. 91.58 mmHg, p=0.127
(Table 4).

Dippers (N=57) were treated predominant-
ly with ACEI in 36 patients (65.16%), CCB in
23 patients (40.35%), vasodilating BB in 34 patients
(59.65%), diuretics in 43 patients (75.44%), ARB
in 11 patients (19.30%) and different combinations
of these drugs like ACEI/ARB+ CCB in 7 patients
(12.28%). Dippers treated with vasodilating BB

©The Author(s) 2022
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had lower 24 h MHR - 71.20 Bbpm vs. 72.21 bpm,
day MHR - 73.44 bpm wvs. 75.34 bpm, and night
MHR - 67.41 bpm wvs. 66.30 bpm, like those with-
out BB (Table 3).

Dippers and extreme dippers treated with vas-
odilating BB had lower 24h MHR - 72.02 bpm ws.
72.59 bpm, day MHR - 74.45 bpm ws. 75.88 bpm,
and night MHR - 67.97 bpm wvs. 66.29 bpm, like
those without BB (Table 4).

This pattern is also present for the rest of the
patients: 3 (42.86%) in extreme dippers (N=7) and
19 (86.37%) in reverse dippers (N=22) were treated
with vasodilating BB, and we noted the same HR
lowering (4-6 bpm) effect.

Discussion

ABPM is not yet routine in clinical practice in type
2 diabetes. The 2018 European guidelines on treat-
ing and managing HBP do not recommend per-
sonalized treatment according to circadian hyper-
tensive status. However, they agree that recording
24h ABPM in apparently normotensive people with
diabetes may be a useful diagnostic procedure, es-
pecially in those with hypertension-mediated dam-
age organs (HMOD) [1, 10]. Nevertheless, different
studies contribute to the evidence that supports a
personalized treatment approach in the non-dip-
per BP pattern [11]. Our study demonstrated that
non-dipping or reverse dipping of nocturnal BP in
people with type 2 DM is a frequent status (48.20%
+ 13.26% of patients) and is also associated with a
higher day, night, and 24 h/MHR as compared to
the dippers. Studies from different countries record-
ed the incidence of BP non-dipping among people
with diabetes at 43%, 46%, and 49%, respectively
[11-13]. Ambulatory BP monitoring seems to be
the only practical way to detect night-time BP [12].
Nocturnal non-dipping of HR predicts future
cardiovascular events in hypertensive patients [14].
Thus, ambulatory HR might be considered by the
practicing physician as an additional tool for cardi-
ovascular risk stratification [15]. An analysis of pro-
spective studies in patients with HBP found that
nighttime HR measured by ambulatory recordings
was a better predictor of mortality than elevated HR
in the clinic. There is convincing evidence that HR
is a significant risk factor for cardiovascular disease
(CVD) or heart failure (HF). The association is less
specific in hypertension without CAD or HF [16].
The measurement of HR adds to the risk stratifica-
tion for a major adverse cardiovascular event (MACE)
and mortality. It shows that an elevated hight-time
HR confers an increased mortality risk to hyperten-
sive patients who have normal office HR [17].
Thereis also evidence of an association in patients
with T2D: in 11,140 patients who participated in the
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Action in Diabetes and Vascular Disease - Preterax
and Diamicron Modified Release Controlled Evalu-
ation (ADVANCE) study, a higher resting HR rate
was associated with a significantly increased risk of
all-cause mortality (fully adjusted HR 1.15 per 10
beat/minute [95% CI 1.08, 1.21], P<0.001), cardi-
ovascular death and major cardiovascular outcomes
without adjustment and after adjusting for age, sex
and multiple covariates. Among patients with diabe-
tes, a higher HR is associated with an increased risk
of death and cardiovascular complication [18].

Non-dipping HR was defined as a night/day HR
ratio greater than 0.90 in a prospective study where
the risk of future CVD was shown to be 2.4 times
higher in those whose HR does not exhibit the typ-
ical nocturnal decline. The relationship was inde-
pendent of non-dipping of systolic BP and did not
dependent on diabetes status or BP level [19]. At first
look, this ratio is not seen in our patients because
most of them (66.27%) were already treated with vas-
odilating BB (Table 2). However, these ratios become
evident if we compare the night MHR ws. day MHR
of dipping (23 patients) and non-dipping patients
non-treated with Bb (26 pts.): 66.30 bpm/75.34
bpm, and 73.26 bpm/81.50 bpm, respectively. In-
terestingly, these ratios become lower if we compare
the night MHR wvs. day MHR of dipping (34 pts.)
and non-dipping patients treated with BB (54 pts.):
67.41 bpm/73.44 bpm, and 68.77 bpm/74.61 bpm,
respectively (Table 3). If we compare these ratios to
non-dippers, reverse-dippers vs. dippers and extreme
dippers remain in the same proportions (Table 4).
Our study treated patients with vasodilating BB,
such as carvedilol and nebivolol, which have shown
neutral or beneficial effects on metabolic parame-
ters in DM hypertensive patients [20, 21].

In June 2015, a panel of experts gathered in a
consensus conference to plan updating recommen-
dations on managing the hypertensive patient with
elevated heart rate, previously released in 2006.
According to the panelists, there is convincing ev-
idence that HR is a significant risk factor for cardi-
ovascular disease. They suggest routinely including
HR measurement in the assessment of the hyper-
tensive patient. Regarding the definition of elevat-
ed HR, the above-mentioned ESH consensus states
that, in the absence of specific data to determine
this criterion, any threshold used to define tachy-
cardia is arbitrary, but a value of at least 80 bpm is
compatible with published data [22].

In this context, the importance of our study is
to add evidence about the importance of measuring
HR in DM hypertensive patients and suggest a pos-
sible approach by using vasodilating BB. Higher HR
may impair the prognosis and should also be rou-
tinely assessed, especially in non-dipper, reverse dip-
per, and extreme dipper patients, which our study
shows to be more frequent.

In our study, in dipper patients with BB ws.
those without BB, the Mean HR/24 h decrease was

©The Author(s) 2022
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not so significant - 71.20 bpm wvs. 72.21 bpm. In
contrast to non-dippers treated with BB ws. those
without BB, the decrease of Mean HR/24 h was sig-
nificant: 72.46 bpm vs. 78.00 bpm, p=0.015; Mean
HR day of non-dippers with BB ws. those without BB
were 74.61 bpm wvs. 81.50 bpm, p=0.005 and Mean
night HR of dippers with BB wvs. those without BB
were 68.77 bpm wvs. 73.26 bpm, p=0.038. There is
the same trend comparing the non-dippers and re-
verse-dippers group with beta-blockers versus those
without BB: Mean HR/24h: 72.41 bpm ws. 78.00
bpm, p=0.010, Mean day HR: 73.60 bpm wvs. 79.00
bpm, p=0.032 and Mean night HR was 69.20 bpm
vs. 72.17 bpm, p=0.159.

Reduced diurnal blood pressure variation in
non-insulin-dependent diabetic patients with mi-
croalbuminuria is associated with an increased prev-
alence of target organ damage [23]. In our study, the
median urinary albumin excretion in non-dippers:
99.37 mg/24h was greater than in dippers: 74.53
mg/24h, p=0.26; these facts suggest that in non-dip-
per hypertensive patients, the presence of greater
renal damage than in dippers [24]. Albuminuria is
strongly associated with the non-dipping of noctur-
nal BP in people with type 2 diabetes [25].

The 2017 American College of Cardiology
(ACC)/American Heart Association (AHA) guide-
lines for the prevention, detection, evaluation
and management of HBP in adults and the 2018
European Society of Cardiology (ESC)/European
Society of Hypertension (ESH) guidelines for the
management of BP, both recommend restricted use
of beta-blockers as firstline therapy [26]. However,
our study shows the importance of beta-blocker
treatment in the non-dipper profile of diabetic hy-
pertensive patients, associated profile and increased
risk of CV events, and more frequent complications
of DM and HBP.

Further clinical studies are needed to provide ev-
idence to support the optimum HR to be achieved
and to evaluate if the effects of HR reduction in
hypertensive patients with elevated HR (>80 bpm)
have longterm benefits. Our study shows that
ABPM is a potential method that could also be
used to determine the optimum HR to be achieved
and/or the HR threshold at which treatment should
be started, especially in those with high CV risk,
like DM-hypertensive patients. Although in need
of further confirmation in larger studies, our find-
ings highlight a potential opportunity to improve
current prescription practices of beta-blockers in pa-
tients with DM, especially in non-dipper patterns.

Our study shows the association of microalbu-
minuria and a higher ACR with the non-dipping
and reverse dipping status. These results are in ac-
cordance with previous research that has shown a
significant correlation between the presence of noc-
turnal non-dipping of BP and increased levels of
urinary albumin excretion; reduced diurnal blood
pressure variation is associated with an increased
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prevalence of target organ damage. However, this
was not an objective of our study, and we did not
proceed to further correlations with age, weight,
lipid profile, DM duration, or intensity of antidi-
abetics and glycaemic control, and ischemic heart
disease.

Limitations of the study

There are few studies to report the association of a
higher HR with non-dipper and reverse-dipper pat-
terns of BP in T2DM patients.

Meanwhile, we only investigated the circadian
BP pattern, whereas, for a larger number of patients,
a better description and identification of possible
confounders and multiple ABPM over a more ex-
tended period may provide more prognostic infor-
mation about the importance of nocturnal non-dip-
ping of HR in diabetic hypertensive patients.

Conclusions

The current study has shown that non-dipping or re-
verse dipping of nocturnal BP in patients with type 2
DM has a frequent status (over 60% of them). Most
of them also have a higher resting HR than dipper
patients, which may affect the long-term prognosis.
ABPM should be carried out in every hypertensive
diabetic patient to identify dipper/no dipper status.
Including HR measurement in the clinical assess-
ment is required, but further research should clarify
the importance of HR lowering in DM type 2 hyper-
tensives patients. In the end, this study underlines
the importance of beta-blocker treatment in diabet-
ic hypertensive patients, especially in the non-dipper
profile present in about 50% of cases, i.e., profiles
associated with comorbidities and increased cardio-
vascular risk. This treatment is proving its effective-
ness along with other antihypertensive agents.
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