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Value of ambulatory blood pressure
measurement in diagnosing hypotension
in hypertensive diabetic patients
with medication-controlled BP

Kamal Alghalayini

Abstract

Background: Hypotension is a common clinical finding in diabetic patients on anti-hypertensive medications. In the

absence of clearly defined and documented hypotensive episodes, clinicians are faced with the challenge of modifying

antihypertensive medication in potentially symptomatic diabetic patients.

Objective: To determine the value of ambulatory blood pressure monitor (ABPM) in diagnosing hypotensive episodes

in hypertensive diabetic patients with medication-controlled blood pressure.

Patients and methods: The records of all hypertensive diabetic patients with medication-controlled were obtained

between 2017 and 2018. Patients’ demographic data, comorbid conditions, hypotensive symptoms and echocardiography

results were obtained and compared to office-based blood pressure and ABPM.

Results: Of 926 patients screened in the department of medicine outpatient clinics, 231 patients had diabetes and

hypertension and were taking antihypertension medications, so only 86 patients were recruited. Using 24 h ABPM,

hypotensive events were documented in 65 (75.6%) patients without correlated hypotensive symptoms in the patient

sheet. Patients who had hypotensive episodes recorded by ABPM tended to have these between 5 and 10 a.m. and were

significantly older – 60.71 versus 58.76 (P¼.022) – and more likely to have lower ejection fractions by echocardiography

46.31 versus 62.85 (EF) (P<.001).

Conclusion: In treated hypertensive diabetic patients with antihypertensive medication, ABPM may be beneficial in

capturing bouts of asymptomatic (silent) hypotension readings that occur in the out-of-hospital setting. Diabetic patients

with controlled hypertension based on office reading showed a significant number of asymptomatic hypotensive readings

detected with ambulatory BP monitoring that can have a role in following up such patients.
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Introduction

Diabetes mellitus (DM) is common worldwide.
According to a recent report from the International
Diabetes Federation (IDF),1 an estimated 383 million
people suffer from diabetes globally. The highest preva-
lence occurs in North America and the Caribbean
(11%), followed by the Middle East and North Africa
(9.2%). In Saudi Arabia in 2013, the prevalence of dia-
betes in adults between age 20–79 years was 23.9% and
the associated mortality was 122.5/100,000 population.1

Hypertension is a common independent risk factor
for cardiovascular disease, such as stroke, congestive

heart failure, and coronary heart disease and kidney
disease. Diabetes mellitus (DM) is frequently comorbid
with hypertension, adding significantly to the overall
morbidity and mortality.2 Likewise, hypertension sig-
nificantly increases the risk of vascular complications
in patients with DM.3 Thus, accurate diagnosis and
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reliable assessment of hypertension are crucial in high-

risk persons, such as diabetics, in whom a decrease of

systolic pressure by even 1 mmHg indicates an impor-

tant reduction in hypertensive-related morbidity and

mortality.4,5 As such, excellent control of hypertension

in diabetic patients is mandatory to avoid or at least

delay the associated complications. This is traditionally

achieved by prescribing lifestyle modification and anti-

hypertensive medications. However, strict blood pres-

sure (BP) control can result in clinical hypotension, an

important finding to document on clinical follow-up

secondary to the significant and detrimental sequelae.
In common practice, hypotension is detected in the

office setting based on BP readings and symptoms

including postural dizziness and headache. While

these symptoms are non-specific, in the appropriate

clinical setting, they can be considered suggestive for

hypotension. Concerns arise as other common

comorbidities of DM may mimic the symptoms of

hypotension. For example, in diabetic patients on

anti-hypertensive medications, hypotension may be

confused with the symptoms of autonomic dysfunction

or hypoglycemia. 6–9 Consequently, office BP readings

present an important tool in accurately detecting

hypotension. However, in diabetic hypertensive

patients with normal office-based BP readings,

clinicians are faced with the challenge of modifying

anti-hypertensive medication in potentially symptom-

atic diabetic patients.
The aim of this study is to determine the value of

ambulatory blood pressure measurement (ABPM) in

diagnosing hypotension in hypertensive diabetic

patients with medication-controlled BP.

Methods

This is a prospective study of patients with DM and

controlled hypertension followed up at the outpatient

clinics of King Abdulaziz University Hospital, Jeddah,

Saudi Arabia between 2017 and 2018. Patients included

in this study were diabetic, aged 25–80 years, had

medication-controlled hypertension, and gave their

consent to participate. As the aim of the study is to

address patients without advance disease, we excluded

the following cases: patients with advance renal disease;

plasma creatinine level> 300 lmol/L; end-stage heart

failure, decompensated liver cirrhosis; end-stage pul-

monary disease; advanced-stage non-cardiovascular

disease (solid organ cancer, evolved dementia, leuke-

mia); severe uncontrolled hyperglycemia or diabetic

ketoacidosis, documented hypoglycemia and a sever

decrease I ejection fraction (EF) less than 20% by echo-

cardiography. The study was approved by the Ethics

Research Committee of King Abdulaziz University.

In addition to demographic data and medical histo-

ry (co-morbid conditions and medication use), baseline

data collection included hypotensive symptoms, espe-

cially during orthostasis. The patients’ BP readings

were documented during routine office visits and

during ABPM. Results of laboratory investigations,

including a complete blood count, fasting blood sugar

(FBS), glycated hemoglobin (HbA1C), thyroid func-
tion, liver enzymes, serum creatinine, serum electro-

lytes, 12-h fasting plasma lipid levels (total

cholesterol, triglycerides, and low- density and high-

density lipoprotein) were also documented. All labora-

tory tests were performed using standard laboratory

techniques of King Abdulaziz university hospital.

Blood pressure monitoring

ABPM values were recorded for all patients. We mon-

itored BP according to standard protocols. A cuff of

appropriate size for the arm circumference was
attached to the non-dominant arm and the medical

procedure was explained to the patient. Participants

were instructed that the monitored arm had to be

kept stationary during the 1- to 2-min period required

to obtain readings and that the monitor would auto-

matically repeat measurement in the case if the initial

attempt was unsuccessful. A test BP reading was

recorded for each participant at the time of fitting.

The monitor was programmed to obtain readings as

follows: every 30min from 7 a.m. to 11 p.m. and

every 60min from 11 p.m. to 7 a.m. Each participant

was provided with a data sheet to any hypotensive

symptoms (dizziness, blurred vision, light headedness,
syncope or near syncope attacks). A separate sheet was

used to record their activities during the period of study

and were instructed to record bedtime and arousal

times. Similarly, participants were requested to docu-

ment their meal and medication times. Monitors were

removed after 24 h and the data were downloaded

using the proprietary software. Daytime and night-

time periods were defined in a time-dependent

manner. Daytime analysis required 10 or more read-

ings, whereas night-time analysis required at least 5

readings.

Definitions

Hypotensive symptoms include dizziness, blurred

vision, light headedness, syncope or near syncope

attacks.Diabetes was defined as a fasting blood gluco-

se� 7mmol/L or current use of any antidiabetic med-

ication. Hypertension was defined as a systolic blood

pressure �140mmHg or diastolic blood pressure

�90mmHg or current use of any anti-hypertensive

medication. Controlled hypertension was defined as a
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systolic and diastolic pressure of 110–139mmHg and
60–85 mmHg, respectively, while hypotension was
defined as a systolic BP and diastolic values of
<100mmHg and <50 mmHg, respectively.

Statistical analysis

The data were entered and analyzed using the
Statistical Package for the Social Sciences (SPSS Inc.,
Chicago, IL, US). Descriptive statistics were calculated
for all variables. The independent T test and the one-
way ANOVA were used to measure the differences in
mean between different groups. Results are expressed
as frequency (percent) mean (standard deviation [SD])
and interquartile range.

Results

Of 926 patients screened in the department of medicine
outpatient clinics, 231 patients had diabetes and hyper-
tension and were taking antihypertension medications.
We recruited 86 patients. Women comprised 52.3% of
the sample (n¼ 45).Mean age 60.2 years SD 10.4
(range, 31–86 years) there was no difference in age
between males and females P¼ .26

Hypotensive events were documented in 65 patients
(75.6%) without any correlated symptoms in the
patient observation sheet. Of these, 38 were women
(58.5%). Table 1 shows the mean (SD) BP readings
at rest as well as maximum and minimum BP values.
Most patients were managed on angiotensin receptor
blockers (ARBs) followed by beta blockers (Table 2).
Hypotensive events were most commonly detected
between 5 and 10 a.m. based on ABPM. The mean
(SD) hemoglobin, sodium, potassium, and creatinine
of the patients were within normal limits (Table 3).

Females were more likely to have a higher heart rate
of 104.4 (SD 24.2) versus 95.3 (SD12.5) (P¼ 0.06).
Females were also more likely to have hypotensive epi-
sodes, 38 versus 27 (P¼ 0.39). Patients with hypoten-
sive events were significantly older – 60.7 SD11.3 and
58.7 SD7.1, respectively (P¼ 0.22) and more likely to
have a lower EF than those without hypotensive epi-
sodes 46.3 (SD27.7) versus 62.8 (SD7.8), respectively
(P< 0.001). Similarly, patients who had hypotensive
episodes were more likely to have significantly lower
resting blood pressure 82.4 (SD.11.6) and 92.4 (SD
10.4), respectively (P¼ 0.001) (Table 1).

Patients on angiotensin-converting enzyme (ACE)
inhibitor or ARBs had a higher EF than those pre-
scribed other classes of anti-hypertensive medication
60 (SD 21) versus 41.8 (SD 29), respectively (P¼ 0.01).
However, there was no significant difference in EF
between patients on beta blockers and those on other
classes of anti-hypertensive agents (P¼ 0.38). Similarly

patients on ACE or ARBs had significantly lower serum

creatinine of 84.7 (SD29.4) and 91.2 (SD46.3) (P¼ 0.04),

respectively, compared to the other groups. There was

numeric but non-significant difference in the day- or

night-time occurrence of hypotensive episodes

(P¼ 0.11).

Discussion

Our analysis indicated that 75.6% of our hypertensive

diabetic patients with medication-controlled BP treated

at the outpatient clinics of King Abdulaziz University

Hospital experienced hypotensive events. This is much

Table 1. Mean blood pressure measurements and heart rate of
the patients using ABPM.

Variable Mean (SD) Range

Resting systolic BP (mmHg) 143.0 (17.0) 110–192

Resting diastolic BP (mmHg) 84.8 (12.0) 57–110

Maximum systolic BP (mmHg) 158.6 (20.0) 91–204

Minimum systolic BP (mmHg) 109.0 (17.6) 75–181

Maximum diastolic BP (mmHg) 97.0 (14.0) 29–124

Minimum diastolic BP (mmHg) 55.0 (11.0) 35–95

Maximum HR 100.0 (20.0) 14–174

Minimum HR 61.0 (13.0) 29–96

BP: blood pressure; SD: standard deviation.

Table 2. Distribution of antihypertensive medications in the
sample.

Antihypertension medication

Frequency

(percent)

Beta blocker 27 (31.4)

Calcium channel blocker 24 (27.9)

Angiotensin converting enzyme inhibitor 22 (22.5)

Angiotensin receptor blocker 28 (32.6)

Thiazide diuretic 14 (16.3)

Table 3. Results of paraclinical investigations.

Variablea Mean (SD) Range

Hemoglobin (mg/dL) 13.0 (1.7) 7.00–16.5

Sodium (mmol/L) 135.3 (2.2) 13.0–151.0

Potassium (mmol/L) 4.0 (0.4) 3.1–5.2

Creatinine (mmol/L) 87.1 (4.2) 43.0–232.0

FBS (mmol/L) 7.4 (2.5) 4.5–17.3

HbA1c (%) 7.6 (1.9) 5.3–14.6

FBS: fasting blood sugar; HbA1c: glycated hemoglobin; SD: standard

deviation.
aReferences ranges: Creatinine (53–115mmol/L), FBS (7), HbA1c (4–6.1),

hemoglobin (14.0–17.5 g/dL), potassium (3.5–4.8mmol/L), sodium

(136–142mmol/L).
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higher than the 42.3% reported in a study by El
Bakkali et al.10 The disparity between our findings
and those of the previous authors might be explained
by the methodological differences. In that study, the
authors reported average BP readings based on office
BP measurements, whereas the present study is more
thorough in the use of average ABPM values.
Consequently, we were able to report BP fluctuations,
decreasing the concern for missed hypotensive episodes
compared to a protocol that measured only isolated
office BP measurements.

In the current study, patients who demonstrated
hypotensive events were significantly older and more
likely to have a lower EF than those who did not
have hypotensive episodes. Apart from neurodegener-
ative disorders (Parkinson’s disease, multiple system
atrophy, or autonomic neuropathies)11 and chronic
heart disease,12,13 hypotension has been associated
with aging.14,15 In addition, both hypertension16 and
diabetes17 conditions may contribute to impaired
orthostatic homeostasis.

While patients on ARBs had a significantly higher
EF than those on other classes of antihypertensive
medication, as the echocardiography reports shows,
our investigation did not determine the presence of
other cardiovascular comorbidities, such as congestive
heart failure (CHF) or ischemic heart disease.
According to one report,18 the use of a combination
of ACE inhibitor and either a diuretic, mineral corti-
coid receptor antagonist, or nitrate in the treatment of
CHF patients increases the risk of transient arterial
hypotension. In patients with CHF, the risk of myo-
cardial infarction is associated with the detection of
systolic arterial hypotension episodes and the magni-
tude of diastolic arterial hypotension.18 Thus, 24-h BP
monitoring can substantially increase the detection rate
of potentially dangerous BP fluctuations in patients
with multiple comorbidities.

Although strict control of hypertension is recom-
mended in diabetic patients to decrease microvascular
and macrovascular complications,19–21 physicians are
faced with the challenge of treating hypertensive
diabetic patients who also have an increased risk of
developing orthostatic hypotension secondary to the
associated diabetic autonomic neuropathy.22

Furthermore, the risk of death in diabetic patients is
increased in the advent of orthostatic hypotension.22

Other reports have reported that the risk of orthostatic
hypotension in diabetes can be decreased by achieving
good glycemic control, as there is evidence that diabetic
patients with poor glycemic control—as demonstrated
by elevated HbA1C levels—are vulnerable to ortho-
static hypotension.23,24

To the best of our knowledge, this is the first study
to determine the value of ABPM in diagnosing

hypotensive episodes in diabetic patients with

medication-controlled BP. It is an eye opening message

to treating physicians that it is more than a single office

reading that determined the patient response to anti-

hypertensive medication and using ABPM is of value in

this content. While the results indicate that ABPM may

be beneficial in guiding physicians’ management of

hypertensive diabetic patients with medication-

controlled BP, its limitations cannot be overlooked.

First, the results have to be interpreted with caution

owing to the small sample size. Second, our study

design did not permit us to identify our patients’ activ-

ities during hypotensive events. This is significant as

hypotensive events have been reported in a previous

report 25 to be closely related to patients’ daily activi-

ties, especially in the elderly.

Conclusion

In hypertensive diabetic patients on anti-hypertensive

medication, office BP readings may be inadequate in

determining BP control as bouts of hypotension may

occur in the out-of-hospital setting. This study is a first

step in identifying the importance of diagnosing hypo-

tensive events using ABPM in hypertensive diabetic

patients with medication-controlled BP. However, the

limitations of this study are smaller in number and

single center data collection, needing larger studies

with more rigorous methods should be conducted,

including using a controlled group, before relevant con-

clusions can be drawn.
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