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Abstract
Introduction: Masked hypertension (MHTN) is the finding of 
elevated out-of-office blood pressure (BP) measurement. 
This is a pilot study to evaluate the prevalence of MHTN in 
adolescents with type 1 diabetes mellitus (T1DM). Patients 
and Methods: Normotensive, adolescents with T1DM were 
recruited from Tawam Adolescents Diabetes Clinic at 
Tawam hospital, Al Ain, UAE. They consented to wear the 
ambulatory BP monitoring (ABPM) device. The heart rate 
and ambulatory BP were recorded at 15-min intervals for  
24 h. Abnormal systolic BP (SBP) and diastolic BP (DBP) were 
defined as readings above 135 and 85 mm Hg; respectively. 
Results: Thirteen patients (10 females) were recruited from 
“Tawam Adolescents Diabetes Clinic.” The median age was 
17 (15–19) years, median BMI 21.4 (14.8–29), and median 
diabetes duration 9 (3–12) years. All patients had normal 
retinal examination within the past 12 months. Family his-
tory of hypertension (HTN) was present in 6/13 (46%) pa-
tients. Office BP measurements revealed a mean DBP ± SD 
of 72 ± 6.9 mm Hg and mean SBP ± SD116 ± 5.5 mm Hg. The 

median HbA1c was 8.4% (5.6–13.7) and median GFR 125 
mL/min/m2 (87–134). Two patients had microalbuminuria. 
Twenty-four hour ABPM revealed elevated SBP and DBP in 
12.2 and 5.8% of the values; respectively. Further analysis 
confirmed MHTN in 4 (30%) patients, nondipping pattern of 
BP in 5 (38%) patients, and elevated pulse pressure in 8 
(61.5%) patients. Only 4 (30%) patients had normal studies. 
Conclusions: ABPM uncovered a very high prevalence of 
MHTN in our patients. Whenever available, ABPM provides 
an excellent tool for diagnosis and hence early evaluation 
and management of HTN in adolescents with T1DM. Well-
designed large-scale studies are needed to examine the 
magnitude of MHTN among adolescents with T1DM.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Conventional blood pressure (BP) categorization is 
based on the average of 2 or more properly taken BP mea-
surements on 2 or more occasions in a healthcare setting. 
Normal BP is defined by a systolic BP (SBP) <120 mm Hg 
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and a diastolic BP (DBP) <80 mm Hg, whereas hyperten-
sion (HTN) is defined as either an SBP ≥140 mm Hg or 
DBP ≥90 mm Hg [1].

The prevalence of masked HTN (MHTN) is estimated 
to range between 10 and 30% of individuals [2]. MHTN 
was diagnosed by ambulatory BP monitoring in 14% of 
individuals and by home BP monitoring in 11% of indi-
viduals [3]. Patients with MHTN are at increased target 
organ damage as it is an indicator for increased risk of 
atrial fibrillation, stroke, CKD, coronary artery calcifica-
tion, and even mortality from cardiovascular disease [4, 
5]. Identification of patients with MHTN is possible using 
either (a) home BP monitoring or (b) 24-h ambulatory BP 
monitoring (ABPM) [6].

ABPM is the gold standard to estimate: the mean BP 
level, diurnal rhythm of BP and estimation of pulse pres-
sure. In clinical practice, the use of ABPM is indicated in 
patients suspected to have: white-coat HTN, HTN in 
pregnancy, MHTN, nocturnal HTN, episodic HTN, non-
dipping at night, and poor BP control despite appropriate 
treatment [6]. The accepted phenotypes of HTN mea-
sured by ABPM are shown in Table 1; these BP patterns 
differ markedly in prevalence, clinical characteristics, 
burden organ damage as well as risk of cardiovascular 
morbidity and mortality.

The prevalence of MHTN was reported to be 9.5% in 
youths with type 1 diabetes mellitus (T1DM) [7]. To the 
best of our knowledge, there is no previous study in the 
UAE examining the prevalence of MHTN in adolescents 
with T1DM. Considering the increasing prevalence of 
T1DM in the MENA region, the literature review has 
shown scarce publications addressing this issue [8]. This 
is a pilot study to evaluate the prevalence of masked HTN 
in adolescents’ patients with T1DM.

Patients and Methods

This is a cross-sectional pilot study. We aimed to evaluate the 
prevalence of MHTN in a sample of adolescent patients with 
T1DM regularly attending the outpatient Tawam Adolescents Di-
abetes Clinic at Tawam hospital, Al Ain, UAE. Inclusion criteria 
included: adolescents with T1DM for at least 3-year duration, aged 
15–20 years, postpubertal, and are known to be normotensive on 
previous visits. Exclusion criteria were prepubertal patients, out-
side the specified age range, pregnancy, elevated office BP, receiv-
ing antihypertensive medications, having evidence of organ dam-
age such as established diabetic retinopathy, abnormal renal func-
tion tests, and having overt proteinuria or hematuria. Following 
written informed consent, patients wore the ABPM device (MO-
BIL-O-GRAPH NG Version 12. I.E.M. GmbH. Stolberg, Germa-
ny) [9]. Ambulatory BP measurements were taken at 15-min in-

tervals throughout the subsequent 24-h period, and the device was 
returned the next day.

The study was conducted during the months of October and 
November 2018. Sixteen patients screened, 3 excluded (1 delayed 
puberty, 1 true HTN, and 1 did not consent). A total of 13 Patients, 
10 females and 3 males were enrolled into the study. All subjects 
received verbal and written information about the study and writ-
ten informed consent was obtained from all the study partici-
pants.

We evaluated the rates of masked systolic HTN and masked 
diastolic HTN. Normotensive, adolescents with T1DM were in-
cluded in this study. After determining the appropriate cuff size, 
the device was applied to the nondominant arm and comparing 
ambulatory readings with an office measurement for correlation. 
To minimize errors and capture adequate number of readings, 
instructions and education were delivered to the patients and par-
ents by the treating physician and the nurse educator. A record 
was kept for the activity and sleep periods. In order to obtain a 
sufficient number of recordings for interpretation, we pro-
grammed the device to record the heart rate and ambulatory BP 
at 15-min intervals for 24 h. The minimum acceptable ABPM 
readings of the study to be evaluated was 70% of the possible 1,248 
readings. This can be obtained with at least 28 readings per subject 
during the daytime period and at least 10 readings during the 
nighttime period.

Definitions
SBP and DBP: SBP and DBP thresholds for daytime, 24 h, and 

nighttime HTN were based on the USA and international guide-
lines [6, 10].

Clinic office HTN: It was defined as a mean clinic SBP ≥140 
mm Hg or mean clinic DBP ≥90 mm Hg.

ABPM: Abnormal ABPM, SBP, or DBP was defined as record-
ing readings with a mean above 135 mm Hg systolic and 85 dia-
stolic mm Hg for any time period, respectively.

Masked HTN: Masked HTN was defined as having an elevated 
mean BP for any ABPM time (day or night) period [9].

Abnormal nighttime dipping: Abnormal nighttime dipping 
was defined as the absence of 10% lower BP readings during night-
time.

Reverse/or inverted dipping: Reverse/or inverted dipping was 
defined as a higher nighttime mean BP compared with daytime BP 
values.

Abnormal pulse pressure: Abnormal pulse pressure was identi-
fied when the difference between SBP and DBPs exceeded 55 mm 
Hg [10–12].

Table 1. Phenotypes of BP measured in the office and by ABPM

In‐office BP Out‐of‐office BP

Sustained normotension Normal Normal
Sustained HTN Elevated Elevated
White coat HTN Elevated Normal
MHTN Normal Elevated

HTN, hypertension; MHTN, masked hypertension; ABPM, 
ambulatory BP monitoring; BP, blood pressure.
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Results

Thirteen subjects with T1DM (10 females) were re-
cruited from Tawam Adolescents Diabetes Clinic. The 
median age was 17 (15–19), median BMI 21.4 (14.8–29), 
and median diabetes duration 9 years (3–12). Four pa-
tients (30%) treated with multiple daily insulin injections 
and 9 patients (70%) with an insulin pump. Family his-
tory of HTN was present in 6/13 (46%) patients, 1 patient 
was an active smoker and 1 was treated with thyroxine 
treatment for primary hypothyroidism. All patients had 
a normal retinal examination within 12 months prior to 
the study. Office BP evaluation revealed a mean DBP ± 
SD 72 ± 6.9 mm Hg and mean SBP ± SD116 ± 5.5 mm Hg. 
The median HbA1c was 8.4% (5.6–13.7) and median GFR 
125 mL/min/m2 (87–134). Two patients (15%) had mi-
croalbuminuria (Table 2).

The total reported readings of the 24-h ABPM in the 
study were 909 (72.5% of the planned readings). The 24-h 
ABPM revealed elevated BP in 18% out of 909 readings 
recorded for all patients and elevated SBP and DBP re-
corded in 12.2 and 5.8%, respectively. Further analysis 
revealed that 4/13 (30%) patients had normal studies and 
confirmed MHTN in 4/13 (30%) patients, nondipping 
pattern of BP in 5/13 (38%) patients, and elevated pulse 
pressure in 8/13 (61.5%) patients (Fig. 1).

Discussion

In the present study, all our adolescents with T1DM 
patients were initially classified as normotensive by con-
ventional methods. However, the use of ABPM uncov-
ered a very high prevalence of MHTN, nondipping pat-
tern, and wide pulse pressure. These findings are much 
higher than anticipated and warrants further studies.

ABPM is superior to clinical BP monitoring in detect-
ing and characterizing changes in BP throughout the ob-
servation period [13] and in predicting cardiovascular 
morbidity and mortality [14, 15]. Although the optimal 
approach for the detection of MHTN is unknown [16, 
17], screening individuals with a high risk is the best ap-
proach. MHTN has often been shown to progress to sus-
tained HTN in older people and confers a cardiovascular 
risk almost similar to sustained HTN [18] in both the 
general population and in patients with diabetes and 
CKD.

Masked HTN has recently become a topic of interest 
in youths. ABPM revealed that one-quarter of the par-
ticipants with type 1 diabetes had MHTN [19]. Children 

with MHTN were more likely to be obese, have a positive 
family history for HTN, and have a higher LV mass index 
[20–22].

In addition to high MHTN prevalence, our patients 
had nondipping and/or inverted dipping pattern of BP, a 
phenomenon that frequently documented in HTN, type 
2 diabetes mellitus, CKD, and sleep apnea syndrome. Re-
verse dipping is considered to be a powerful marker of 
adverse cardiovascular prognosis [23, 24]. Additionally, 
increased pulse pressure, an indicator for arterial stiff-
ness, was reported in the majority of our small cohort. 
Elevated PP in children with T1DM may contribute to the 
high risk for early development of atherosclerosis [25].

Masked HTN in youth is an entity that is associated 
with increased prevalence of sustained HTN and in-

■ Normal study
■ Masked HTN
■ Nondipping patern

38% 31%

31%

Table 2. Baseline characteristics of participants

Characteristic 13 patients

Median age 17 years (15–19)
Median BMI 21.4% (14.8–29)
Median duration of DM 9 years (3–12)
Median HbA1c 8.4% and (5.6–13.7)
Median GFR 125 mL/min/m2 (87–134)
Smoking status 1/13 (7.6%)
Family history of HTN 6/13 (46%)
Insulin pump 9/13 (69%)
Retinal examination 13/13 (100%) normal
Proteinuria 2/13 (15%)

DM, diabetes mellitus; HTN, hypertension.

Fig. 1. Ambulatory blood pressure findings. HTN, hypertension.
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creased risk of target organ damage. Therefore, adoles-
cents with T1DM and MHTN should be instructed in life-
style modifications, monitored closely, and considered 
for antihypertensive therapy.

The study has a few limitations, including the small 
sample size, lack of a control group, and lack of normative 
BP data for regional pediatric populations based on age, 
gender, BMI, and height. Despite all the taken precau-
tions to obtain accurate readings, technical limitations 
may be present as the algorithms used in ambulatory os-
cillometric monitors may vary in children. Saying that, 
the findings of this study are alarming as possibility of 
previously unrecognized true hypertensives in the group 
is high. Considering the high prevalence of genetic pre-
disposition for HTN, presence of overweight or obesity 
and uncontrolled diabetes, our data warrant future larger, 
well-structured studies to examine MHTN among young 
patients with T1DM.

Conclusions

Our cross-sectional pilot study utilizing the ABPM un-
covers very high prevalence of masked HTN and cardiac 
risk indicators in adolescence with T1DM. Whenever 
available, ABPM provides an excellent tool for diagnosis 

and hence early evaluation and management of HTN in 
adolescents with T1DM. Well-designed large-scale stud-
ies are needed to examine the magnitude and determi-
nants of MHTN among adolescents with T1DM.
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