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Masked hypertension in children and its relationship with target organ damage

Cocuklarda maskeli hipertansiyon ve hedef organ hasari ile iliskisi

Segil Conkar?, Sevgi Mir%, Betiil Sézerit, Ummuigiilsiim Yildiz%, ipek Kaplan Bulut?, Sibel Bozovali?, Ebru Yilmaz*

ABSTRACT

Objective: Ambulatory blood pressure monitoring
(ABPM) is important for the early diagnosis of masked hy-
pertension. In present study, we aimed to determine the
frequency of target organ damage in masked hyperten-
sion and establish a follow-up strategy in the early-stage
for children.

Methods: The study population consisted of children and
adolescents who were referred to our clinic for evalua-
tion of suspected hypertension. A total of 120 children and
adolescents aged 6 -17 years were investigated. Office
blood pressure measurements were performed in all pa-
tients. Patients’ hypertension was evaluated with regard
to target organ damage. Measurements were performed
using Vicorder device. Patients underwent 24 h ambula-
tory blood pressure monitoring.

Results: ABPM revealed that 82 of 120 patients had hy-
pertension. Hypertension was detected in 59 of 120 pa-
tients, by conventional blood pressure measurements.
The frequency of masked hypertension was 42.7%
(n=44), white coat hypertension 20.3% (n=21), and high
ambulatory blood pressure was 36.8% (n=38). Increased
carotid intima-media thickness was most frequently ob-
served during the evaluation of early vascular changes
in patients. We identified hypertensive retinopathy in 29
patients (24%), microalbuminuria in 21 (20.4%), and in-
creased left ventricular mass index in 13 patients (10.8%).
The frequency of hypertensive retinopathy was high, and
increased carotid intima-media thickness and augmenta-
tion index were more common in masked hypertension.

Conclusion: In this study, higher frequency of masked
hypertension was found in children than reported in the
literature. J Clin Exp Invest 2015; 6 (2): 102-109

Key words: Children, masked hypertension, ambulatory
blood pressure monitoring, end organ damage

OzZET

Amag: Maskeli hipertansiyonun erken tanisi i¢gin ambu-
latuvar kan basinci monitorizasyonu (ABPM) yapilmasi
onemlidir. Bu galismamizin amaci maskeli hipertansiyon
da hedef organ hasari sikligini belirlemek ve erken evre-
de cocukluk gaginda izlem stratejilerini ortaya koymaktir.

Yontemler: Calismaya 6-17 yas arasinda olup klinigimi-
ze hipertansiyon sliphesi ile génderilen 120 ¢ocuk hasta
alindi. Tim hastalarin ofis kan basinci élgimleri gergek-
lestirildi. Hipertansiyonu olan hastalarin hedef organ ha-
sari1 taramalari yapildi. Hastalarin kan basinci dlgiimleri
Vicorder ile yapildi ve ABPM uygulandi.

Bulgular: ABPM sonuglarina gére 120 hastadan 82’si hi-
pertansif bulunurken, klinikte 120 hastanin 59'u hipertan-
sif idi. Maskeli hipertansiyon sikhgi % 42,7 (n=44), beyaz
onluk hipertansiyon sikhgi %20,3 (n=21), ABPM’de hi-
pertansiyon sikligi %36,8 (n=38) olarak bulundu. Karotid
intima media kalinlik artisi en siklikla gértilen erken vas-
kiler degisiklikti. Hipertansif retinopati 29 (%24) hastada,
mikroalbuminiri 21(%20,4), artmis sol ventrikiler kitle in-
deksi 13 (%10,8) hastada tespit edildi. Maskeli hipertan-
siyonu olan hastalarda hipertansif retinopati sikhigi daha
yuksek olup, daha siklikla karotid intima media kalinligi
ve augmentasyon indekslerinde artisa rastlandi.

Sonug: Sonug olarak, ¢alismamizda ¢ocuklarda maskeli
hipertansiyon sikhdi literattrde bildirilenden daha ylksek
bulundu.

Anahtar kelimeler: Cocuk, maskeli hipertansiyon, ambu-
latuvar kan basinci 6lgima, hedef organ hasari
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INTRODUCTION

It is known that, hypertension, which is a serious
health problem for adults, manifests in childhood.
The significance of pediatric hypertension has been
rising as it is seen as an important risk factor for
atherosclerosis, coronary artery disease, cardiovas-
cular disease, and chronic renal disease that occur
in adulthood. The prevalence of pediatric hyperten-
sion has been increasing due to the reasons such
as, Blood Pressure (BP) measurement techniques
becoming more routine and common, adverse
changes in dietary patterns, decrease in physical
activities, increased stress levels, and obesity [1].

Blood Pressure varies constantly depending
on daily activities. It is an essential diagnostic tool
for the evaluation of ambulatory blood pressure
monitoring (ABPM), and hypertension. ABPM has
been shown to be an indispensable tool for assess-
ing BP in pediatric patients. Accurate assessment
of hypertension in childhood is fundamental to the
prevention of its harmful effects. ABPM has become
an essential clinical and research tool in daily prac-
tice. Clinical management recommendations based
on outcome studies performed in children are nec-
essary for clinicians, as they must decide if these
results require drug therapy for the prevention of
target-organ damage, after diagnosing White Coat
Hypertension (WCH) and masked hypertension by
ABPM [2]. Pediatric studies have also demonstrat-
ed the correlation between ABPM and target organ
damage together with adult data, which have es-
tablished a close association of ABPM with target
organ damage and cardiovascular outcome [3,4].
In addition, it is an important method for identifying
daytime and nighttime blood pressure loads, deter-
mining the type of high blood pressure, follow-up of
the treatment, and establishing a timely diagnosis of
masked hypertension [2].

Masked hypertension manifests when a pa-
tient’'s office BP is < 140/90 mm Hg, but ambula-
tory or home readings are = 135/85 mm Hg [5-9]. It
begins early in childhood and causes morbidity and
mortality. It has been demonstrated that masked
hypertension coexists with cardiovascular damages
and increased left ventricular mass, which are seen
in adulthood.

Masked hypertension is a hypertension type
that manifests in childhood, and causes morbidity
and mortality. The prevalence of masked hyperten-
sion in pediatric hypertension is not known exactly.

The aim of this present study was to determine
the masked hypertension in pediatric patients which
was diagnosed by ABPM, yet failed to be identi-
fied by clinical measurements, and to specify the
presence and frequency of target organ damage in
masked hypertension.

METHODS

This study was carried out prospectively between
the dates of February 2011-April 2013 in the De-
partment of Pediatric Nephrology, Faculty of Medi-
cine, at Ege University. 120 pediatric patients aged
6 to17 years with heights >120 cm were included in
this study, who were referred to our clinic for evalu-
ation of suspected hypertension from their primary
health care providers. Patients who had secondary
hypertension or having cigarette smoking, alcohol
use or drug abuse were excluded from the study.
None of the subjects was taking antihypertensive
medications. Informed consent was obtained from
each patient and/or parents. Patients under medical
treatment due to hypertension and/or having sec-
ondary hypertension were not included in the study.
The study was conducted in compliance with the
regulation of patient rights and ethical rules. Local
Ethics Committee approval was received.

Office BP was measured using standard aus-
cultatory technique by a physician with a stetho-
scope and a sphygmomanometer on at least three
different occasions with interval of at least a week.
Multiple measurements were averaged when taken
on one occasion. BP classification was made after
all measurements at different occasions were av-
eraged. Office normotension was determined when
an average of both systolic and diastolic BP mea-
surements on at least three different occasions was
< 95th percentile, while office HTN was determined
as 295th percentile for age, gender and height in
accordance with the recommendations of Second
Task Force stated in Blood Pressure Control in Chil-
dren [11]. Sphygmomanometers were calibrated at
least 3 months intervals.

Subjects’ body mass index (BMI) was calculat-
ed as weight (kg)/height? (m?). BMI percentile was
determined for each subject according to the 2000
Centers for Disease Control and Prevention growth
charts [11]. Obesity was defined as BMI 295" per-
centile for age and gender.

Ambulatory Blood Pressure Monitoring (ABPM)
was applied to all patients. 24-hour blood pressure
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monitoring was performed in clinic using Spacelab’s
healthcare device, with the correct size cuff placed
on the other arm. Measurements were performed
every 20 minutes during waking hours, and every
30 minutes during sleeping hours. After 24 hours of
monitoring, they were transferred onto a computer
program. Only ABP records containing >80% suc-
cessful readings were considered for analysis. In
this study, tables developed by Whl et al. were used
for the evaluation of ABPM [12]. All patients’ mean
values of 24-hour, daytime, and nighttime systolic-
diastolic blood pressure, systolic and diastolic blood
pressure loads, daytime-nighttime blood pressure
falls (dipper-non dipper) were evaluated [12]. Pa-
tients were instructed to record their activities while
on ABPM. Blood pressure load was calculated as
the number of readings above the 95th percentile
for age, gender, and height percentile, and was ex-
pressed as a percent of total readings. Values less
than 25% were defined as normal, and greater than
25% were defined as high. Blood pressure loads
over 50% were defined as severe HT [12].

The American Heart Association (AHA) up-
dated the values and suggested the criteria for the
classification of children as either normotensive or
hypertensive by ABPM, after some modifications of
the work by Lurbe and colleagues in 2008 [8,9,13]
(Table1).

Table 1. The American Heart Association(AHA)-suggest-
ed schema for the staging of ambulatory blood pressure
(BP) levels in children (adapted from Urbina et al. [9],
used with permission)

Mean ambulatory SBP load,

Classification Clinic BP 2

SBP® %
Normal BP <95" percentile  <95" percentile <25
White coat HT >95" percentile  <95" percentile <25
Masked HT <95" percentile  >95" percentile >25
Ambulatory HT >95" percentile  >95™ percentile >25

HT: Hypertension, SBP: Systolic blood pressure

@ Based on the National High Blood Pressure Education
Program Task Force Standards

b Based on the ABPM values of Soergel et al. or the
smoothed values of Wihl

Target organ damage Evaluation; Participants
provided a 24-hr urine collection and they were
asked to report whether the 24-hr collection was
complete and the urine collection day was unusu-
al for them. Microalbumin level was examined by
collecting a 24-hour urine from all patients. Urine
albumin excretion was measured with an immuno-

turbidimetric method (catalogue number: 2K98-20).
Abbott Laboratories’ LX-20 device was used. Urine
albumin levels over 20 mcg/mins detected in a 24-
hour urine collection was assessed as the presence
of microalbuminuria.

Arterial stiffness was evaluated with carotid-
femoral pulse wave velocity (PWVcf), and augmen-
tation index (Aix). Measurements were performed
using Vicorder device. The results were obtained
through automatic calculation by recording carotid-
femoral pulse waves with Vicorder device using an
oscillometric method.

Mean values of healthy children, which were
presented in a thesis study conducted by Riggio et
al., were obtained for the reference values of the
augmentation index [14]. Normal values of healthy
children (aged 3-18) were used by Reusz et al. for
the PWV values [15].

Measurement of intima-media thickness; The
left and right internal carotid arteries were exam-
ined with a high-resolution ultrasound Doppler sys-
tem (Acuson 128XP, Mountain View, CA), equipped
with a 7-MHz linear-array transducer. Both carotid
arteries were scanned longitudinally to visualize
the intima-media thickness (IMT) in the far wall of
the artery. The IMT value was defined as the aver-
age of the right and sides, calculated from 10 mea-
surements on each side. The previously anatomi-
cally validated lumen/intima leading edge (I-line)
to media/adventitia leading edge (M-line) method
was used. The longitudinal B- scan frames were
digitized and analyzed using a computerized image
analysis by two experienced operators blinded to
the blood pressure recordings. The reproducibility
of IMT measurements by sonography had previous-
ly been reported. Normal values of healthy children
determined for age, height, gender were used as a
normal IMT value [16].

All measurements were performed by the
same pediatric cardiologist using two dimensional
M-mode ECHO (Hewlett-Packard Sonos-1000 sys-
tem, 3.5-mHz transducer). Left ventricular mass
was calculated by measuring left ventricular end-
diastolic diameter, interventricular septal thickness,
and posterior wall thickness.

Devereux formula was used for the calculation
of left ventricular mass [17,18]. Left ventricular mass
was indexed for height to minimize the interference
of age, gender and obesity [19].

Eye-ground evaluation was performed by the
same ophthalmologist, who was unaware of the pa-
tient’s clinical data, using a direct ophthalmoscope
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after dilating the pupil with a cycloplegic drop in a
dark room. Retinal lesions were classified accord-
ing to Keith-Wagener-Barker staging described by
Keith et al. in 1939 [20]. Having findings of fundu-
scopic examination related to hypertensive retinop-
athy was considered as the presence of hyperten-
sive retinopathy.

Statistical analysis

Statistical analyses were performed using SPSS
15.0. Definitive analyses, mean, standard deviati-
on, and frequency tables were described. T test was
used for the variables that follow normal distribution
in between-groups comparisons and in independent
groups. And definitive statistics were expressed as
mean plus/minus standard deviation.

Significance test of the difference between
rates was used for an advanced statistical analysis
(Chi-square; Fisher Exact test), and p<0.05 was re-
garded as significant on statistical evaluations. The
relationships between variables were examined us-
ing Kruskal Wallis Variance Analysis, and Pearson,
Spearman Correlation Analysis based on the distri-
bution of the quantitative data.

RESULTS

A total of 120 patients were included in the study
(67 boys, 53 girls). The age range of the cases was
6-17, and the mean age was 13.3 + 4.1 years. Ac-
cording to the body mass index of the cases, 65.8%
(n=79) were detected as normal weight, 34.1%
(n=41) were detected as obese. 36 of 120 patients
(30%) were detected to have HT history either in
his/her father or mother. Demographic features of
subjects are shown in Table 2.

Table 2. Demographic characteristics of the subjects
Male, n (%) 67 (55.8%)
Female, n (%) 53 (44.2%)

Age, (years) 13.3+41
Birth weight, (g) 2980 + 724
Body weight, (kg) 64.1+249
Height, (cm) 147.8 £ 201
BMI, (kg/m?) 22.7+53
Family history of HT

Mother 19 (15.8%)

Father 17 (14.1%)

BMI: Body mass Index, HT: Hypertension

61 cases (50.8%) were detected to be normo-
tensive, and 59 (49.2%) of cases to have hyperten-
sion according to the office blood pressure mea-
surements. 38 (31.7%) of the cases were evaluated
to be normotensive, while 82 of 120 (68.3%) were
detected to have hypertension according to the re-
sults of ABPM (Table 3).

Table 3. The Frequency of hypertension according to
ABPM and office blood pressure measurements

Normotensive Hypertension

Method n (%) n (%)
Office BP measurement 61 (50.8) 59 (49.2)
ABPM 38 (31.7) 82 (68.3)

BP: blood pressure, ABPM: ambulatory blood pressure
monitoring

44 of 61 cases, whose BP values were normal
during the office blood pressure measurements,
were detected to have HT by ABPM. Masked hy-
pertension frequency was determined as 36.6%
(n=44). In contrast to the office blood pressure
measurements, hypertension was found in 21 of 59
cases by ABPM.

These cases were evaluated as white coat
hypertension. The frequency of white coat hyper-
tension was determined as 20.3%. Hypertension
was detected in 38 of 59 cases both in the office
measurements and ABPM. Ambulatory hyperten-
sion frequency was determined to be 31.6% (n=38)
(Table 4).

Table 4. Hypertension types of the cases according to
ABPM and Office Blood Pressure Measurements

Hypertension type n (%)

Normal 17 (14.2)
Hypertension 103 (85.8)
Masked HT 44 (36.6)
Ambulatory HT 38 (31.6)
White coat HT 21 (17.6)

HT: Hypertension, ABPM: ambulatory blood pressure
monitoring

Hypertensive retinopathy in 29 cases (20.3%),
renal involvement (microalbuminuria) in 21 cases
(28.1%), increased left ventricular mass index in 13
cases (12.6%) were detected when they were ex-
amined in terms of target organ damage (Table 5).
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Table 5. Evaluation of end organ Involvement of the cases

Table 6. Evaluation of the early vascular changes in cases

End organ n (%) n (%)
Retinopathy 29 (28.1) Increased cIMT 56 (46.7)
Stage 1 11 present 56
Stage 2 18 not present 64
Nephropathy microalbuminuria 21 (20.3) High sAix 44 (36.7)
Cardiopathy increased LVMI 13 (12.6) present 44
not present 76
LVMI: Left ventricular mass index High PWV 27 (22.5)
. present 27
Increased cIMT in a total of 56 cases (54.3%), not present 93

high sAix in 44 cases (42.7%), and high PWV in
27 cases (26.2%) were detected. Increased cIMT
was the most common sign that was observed dur-
ing the evaluation of vascular changes occur in the
cases (Table 6).

cIMT: Carotid intima media thickness, sAix: augmentation
index, PWW: Pulse wave velocity

Table 7. Distribution of hypertensive target organ damage according to hypertension types

Masked HT (n=44)

Ambulatory HT (n=38)

White Coat HT (n=21)

End Organ n (%) n (%) n (%) P
Retinopathy 16 (38.6) 9 (23.6) 4 (19) NS
LVMI 5 (11.3) 7 (18.4) 147) NS
Nephropathy 7 (15.9) 9 (23.6) 5(23.8) NS
Increased cIMT 24 (54.5) 17 (44.7) 15 (71.4) NS
High PWV 10 (22.7) 12 (31.5) 5(23.8) NS
High sAix 18 (40.9) 15 (39.4) 7(33.3) NS
Total 80 69 32

P value adjusted for effects of covariates, HT: Hypertension, LWMI: Left ventricular mass index, cIMT: carotid intima-
media thickness, PWV: pulse wave velocity, sAix: augmentation index, NS: Not significant

When we compared the hypertension types
with target organ damage, there was no statistically
significant difference between masked hyperten-
sion, white-coat hypertension (WCHT) and other
types of hypertension in terms of the frequency of
target organ damage (table 7).

The frequency of hypertensive retinopathy,
cIMT and sAiX increase were found to be at higher
levels in masked hypertension. However; they were
not statistically significant (p >0.05). (LVMI (left
ventricular mass index), microalbuminuria, and in-
creased PWV were greater in patients with Ambula-
tory HT, yet these differences were not significant
(p >0.05)).

HT history was detected (either mother or fa-
ther) in a total of 36 patients (30%). We detected
MHT in 20 of 36 patients with a family history of HT,
when we examined the family history on HT sub-
groups. Family history of HT was detected in 20 of
44 patients with MHT. The frequency of HT history

was found in 45.4% of the families with masked HT
(n=20).

65.8% (n=79) of cases were normal weight
according to body mass index, and 34.1% (n=41)
were obese. Obesity frequency was evaluated in HT
subgroups. Obesity was detected in 1 patient out of
38 with MHT. The frequency of obesity in MHT was
found as 2.2% (n=1).

Of 82 cases confirmed to have HT by ABPM,
non-dipper HT was detected in 5 and dipper HT was
detected in 23. The frequency of non-dipper in hy-
pertensive cases was 71.9%, while HT frequency
was 28.1%. Non-dipper HT was detected in 32 of 44
cases with masked HT as dipper HT was detected
in 12.

The frequency of non-dipper HT was 72.7% in
cases with masked HT, while the frequency of dip-
per HT was determined as 27.3%. Target organ
damage was present in 39 of 59 cases (66.1%) with
non-dipper HT, and in 14 of 23 cases (60.8%) with
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dipper HT. It was found that target organ damage
was more prevalent in cases with non-dipper HT
than in cases with dipper HT. Nevertheless, this dif-
ference was not statistically significant.

DISCUSSION

Pediatric hypertension, which is an important risk
factor for the cardiovascular systemic diseases and
cerebrovascular diseases seen in adulthood, has
been found to be an etiologic factor for 50% of end-
stage renal failure in adults.

This present study contributes to the literature
by determining the frequency of pediatric hyper-
tension, the presence of target organ damage in
masked HT with its frequency, as well as by deter-
mining the degree of functional changes in the car-
diovascular system.

Masked hypertension prevalence was reported
as 7-23% [5,21,22], and shown as a risk factor for
cardiovascular disease by various studies [6,23].
The study conducted by Matsuoka et al. detected
the prevalence of masked hypertension as 11%,
and demonstrated that MHT was more common in
males and carried the risk for cardiovascular dis-
ease [24].

Another study detected the prevalence of
masked HTN in pre-hypertensive children as 20%.
Participants consisted of a heterogeneous popula-
tion encountered in pediatric clinical practice unlike
our study participants [25]. On the other hand, in
our study, the frequency of masked hypertension
in children was determined as 36.6%, and found to
be higher compared to the literature. This result has
made us think that the actual prevalence of masked
hypertension in children is at much higher rates
than it is stated in the literature.

The role of genetic factors in hypertension
pathogenesis is reported to be at rates of 30-50%
[26]. It was shown that MHT was much more com-
mon in children with a familial history of hyperten-
sion [19]. In our study, 36 of 120 patients (30%) had
a hypertension history either in his/her mother or
father.

History of HT in families with MHT was detected
in 45.5% of the cases. This ratio shows that the risk
of MHT increases in children with a family history of
HTN, and therefore; all patients with a family history
must undergo ABPM for the risk of MHT.

It is known that the prevalence of MHT is great-
er in obese children [24]. On the other hand, in

our study, the frequency of HTN in obese chil-
dren was 29.2%, while MHT frequency was found
2.4%. However; no significant difference was de-
tected.

When the pediatric primary HTN related cardio-
vascular system involvement is classified as mor-
phological and functional, functional involvement
occurs earlier than the morphological. In our study,
increased carotid intima media thickness, regarded
as an early indicator of the cardiac involvement in
primary HTN, was detected as the most common
indicator of target organ damage.

The correlation between MHT and cardiac tar-
get organ damage was presented in a study carried
out on adults, particularly with type 2 DM (diabetes
mellitus) [3,6]. It has been suggested that subjects
with masked hypertension have advanced target
organ damage and poor cardiovascular progno-
sis compared to normotensive subjects. Liu et al.
measured target organ damage by echocardiogra-
phy and arterial ultrasonography in untreated sub-
jects with sustained normotension, masked hyper-
tension, and ambulatory hypertension [27]. They
showed that left ventricular mass and carotid wall
thickness are greater in subjects with masked hy-
pertension compared to those with normotension,
and also they are similar to those with ambulatory
hypertension. Lurbe et al. also indicated that young
patients with masked hypertension have a higher
left ventricular mass index than normotensive sub-
jects [8]. It is possible that a majority of masked
hypertensives are missed because of normal of-
fice BP, which leads the progression of target organ
damage [28].

In our study, LVMI increase was detected in 5
(11.3%) of all patients with MHT, but this ratio was
not significant (p>0.05). Increased cIMT, which is
one of the early signs of cardiovascular damage,
was reported to be present in patients with MHT
at frequency rates of 54.5%. It was the most com-
monly detected sign of major and minor vascular
injury of MHT related cardiovascular disease. There
have been some studies reporting the possible cor-
relation between masked hypertension, cardiac and
carotid arterial structural changes in the general
population. A cross-sectional study found out that
in patients with masked hypertension, LV mass and
carotid wall thickness were greater than those in
true normotensive patients, while similar to those in
patients with ambulatory hypertension [29]).

Increased cIMT was most frequently observed
in patients with MHT. These high rates give rise to
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thought that the functional changes in cardiovascu-
lar system indeed manifest earlier in patients with
MHT. And therefore; we are of the opinion that the
timely diagnosis and treatment of these patients
have a vital importance.

Retinopathy was present in 46% of the patients
with masked HTN. Manifestations of ocular involve-
ment can be observed early in pediatric masked
hypertension. For this reason, a particular attention
must be paid on retinopathy.

It has been indicated that masked HT usually
have non-dipper characteristics, and causes target
organ damage more than dipper HT does. 54% of
cases with MHT were detected to have blood pres-
sure loads over 50%. The course of MHT was most-
ly observed to be in the form of severe HT.

Children with normal mean BP and elevated
loads, even they don’t belong to the suggested cri-
teria for the diagnosis of ambulatory hypertension,
can be at risk of target-organ damage and may
need antihypertensive therapy HTN [30].

In conclusion, masked hypertension manifests
in childhood and causes severe target organ dam-
age. Office blood pressure measurement tech-
niques are insufficient to diagnose the cases with
masked HT. Therefore, pediatric masked HT is
overlooked, and late-diagnosed. Patients with sus-
pected high blood pressure should be investigated
for a family history, also to establish a final diag-
nosis; ABPM should be performed on patients with
a family history. We shouldn’t settle for the office
blood pressure measurements in pediatric cases
with a family history of HT, and must certainly per-
form ABPM for masked HT.
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