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Abstract Background and aim: Screening for pediatric hypertension (HTN) is based on several
measurements of blood pressure (BP) in different visits. We aimed to assess its feasibility in
outpatient youths with overweight/obesity (OW/OB) in terms of adherence to two-repeated
measurements of BP and to show the features of youths who missed the follow-up and the pre-
dictive role of clinical and/or anamnestic features on confirmed HTN.
Methods and results: Six hundred, eighty-eight youths (9e17 years) with OW/OB, consecutively
recruited, underwent a first measurement of BP. Those exhibiting BP levels within the hyperten-
sive range were invited to repeat a second measurement within 1e2 weeks. Confirmed HTN was
diagnosed when BP in the hypertensive range was confirmed at the second measurement. At en-
try, 174 youths (25.1%) were classified as hypertensive. At the second visit, 66 youths (37.9%) were
lost to follow-up. In the remaining 108 participants, HTN was confirmed in 59, so that the prev-
alence of confirmed HTN was 9.5% in the overall sample; it was higher in adolescents than chil-
dren (15.9% vs 6.8%, P Z 0.001). HTN at first visit showed the best sensitivity (100%) and a good
specificity (91%) for confirmed HTN. The association of HTN at first visit plus familial HTN
showed high specificity (98%) and positive predictive value of 70%.
Conclusion: The high drop-out rate confirms the real difficulty to obtain a complete diagnostic
follow up in the obese population. Information about family history of HTN may assist pediatri-
cians in identifying those children who are at higher risk of confirmed HTN.
ª 2022 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
dy mass index; CV, Cardiovascula; DBP, Diastolic blood pressure; HTN, Hypertension; NPV, Negative
erweight; PPV, Positive predictive value; SDS, Standard deviation score; SBP, Systolic blood pressure.
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1. Introduction

The prevalence of primary hypertension (HTN) is rising in
children and adolescents, possibly driven by the increased
incidence of childhood obesity [1]. High levels of blood
pressure (BP) as well as obesity (OB) in youths are
considered high risk conditions for cardiovascular (CV)
events in adulthood [2]. Therefore, the early identification
and treatment of HTN are recommended in young people
with OB [3e8].

Considering the physiological variability of BP and the
risk of white coat HTN, accurate measurement of BP is
critical. Therefore, several scientific statements and
guidelines recommend to get multiple measurements in
the same visit and over time to confirm the diagnosis of
HTN [4e6]. Indeed, a recent metanalysis showed a sub-
stantial decrease of BP values in children when measures
were repeated on different occasions [9]. In these studies,
the prevalence of HTN was not analyzed in clinical sam-
ples, but in school-children, or national or subnational
samples including only low percentages of young people
with overweight (OW) or OB and it was characterized by
wide heterogeneity.

Notably, both the Clinical Practice Guidelines from the
American Academy of Pediatrics [4] and the Hypertension
Canada’s 2018 Guidelines [10] specified the need of three
separate occasions to confirm HTN, although the level of
evidence is moderate (Grade C). Two large retrospective
studies using electronic medical records revealed that
most individuals with elevated BP detected during an
outpatient visit failed repeated BP measurements [11,12],
showing that the real pattern of care may diverge from the
recommendations. This is a crucial point, since physicians’
and patients’ adherence are critical in translating recom-
mendations into improved outcomes. The implementation
of three measurements of BP may be considerably chal-
lenging in young people with OW/OB in whom the
completion of the entire diagnostic work-up endangers
the prompt start of the weight-loss program, and limits its
feasibility in the real life.

Furthermore, to identify pediatric patients who are at
increased risk for HTN, clinical guidelines recommend the
assessment of family history and a closer BP monitoring in
the presence of family history of HTN [4] however the
usefulness of this factor is still questioned [13e15] This is
an important issue, since the association of HTN, OW/OB
and family history for HTN might identify individuals at
high CV risk who require a prompt inclusion in lifestyle
changing programs [16].

Actually, the adherence to the repeated measurements
protocols as well as the clinical profile of children who
miss multiple measurements have been scarcely explored
in clinical environments [12e14].

Accordingly, this study was aimed to analyze the
feasibility of screening for primary HTN in outpatient
young people with OW/OB in terms of adherence to two-
repeated measurements of BP and to show the features of
youths who missed the follow-up and the predictive role
of clinical and/or anamnestic features on confirmed HTN.
Subset analyses were done for gender and age classes.

2. Methods

2.1. Study population

The population was represented by outpatient children
and adolescents aged 9e17 years who were consecutively
admitted for the first diagnostic visit to four tertiary
centers for the care diagnosis and management of pedi-
atric obesity in Italy (Napoli (two centers), Messina and
Verona). The study period started in February 2018 and
ended in February 2020. All the outpatient individuals
were included and participated to the screening for high
BP, according to the clinical recommendations for obesity
management; the subsequent follow up visits were
individually scheduled. In each center a single operator
was trained to the collection of anthropometric, BP and
anamnestic data, as elsewhere described [17,18]. Children
with genetic or endocrine obesity, diabetes or known
hypertension or any pharmacological treatment were
excluded from the analyses. Written informed consent
was obtained from the parents or tutors of all partici-
pants. The study was approved by the Ethics Committee
of the University of Campania “Luigi Vanvitelli” (n. 294,
2018) and it was conducted in accordance with the World
Medical Association Declaration of Helsinki.

2.2. Anthropometric measurements

In each center weight and height were measured by a
single expert operator. Weight was determined to the
nearest 0.1 kg on a medical balance, height was measured
to the nearest 0.1 cm with a wall-mounted stadiometer.
Body mass index (BMI) was calculated dividing body
weight in kilograms by height in meters squared. In
addition, the BMI was transformed into standard devia-
tion score (BMI-SDS), based upon the Italian BMI
charts [19].

2.3. Blood pressure measurement

Systolic (SBP) and diastolic (DBP) BP were measured in the
morning by standard procedures [4,5]. Briefly, after at least
5 min of resting in an experimental quiet room, BP was
measured by a single expert operator in each center using
an appropriate sized arm cuff on the right arm and an
aneroid sphygmomanometer. Three measurements were
obtained every 2 min and the mean of the last two values
was used in the analyses. K1 was used for SBP and K5 for
DBP as elsewhere described [17,18]. According to the BP
cut-offs at the first visit, children were invited to repeat a
second blood pressure assessment within 1 or 2 weeks
whether their BP values met the criteria for stage 2 or
stage 1 HTN, respectively.
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2.4. Definitions

OW and OB were defined according to the Italian BMI
charts: BMI �75th and <95th percentile was considered
as OW and the BMI �95th percentile was considered as
OB [18]. Elevated BP was defined as BP � 90th to <95th
percentile for age, gender and height in children or �120/
80 to <130/80 in adolescents. Stage 1 HTN was defined in
children (age <13 years) by BP � 95th percentile for age,
gender and height and in adolescents (age �13 years) by
BP � 130/80 mmHg. Stage 2 HTN was defined by
BP � 95th percentile þ12 mm Hg. Confirmed HTN was
defined by the presence of Stage 1 and/or Stage 2 HTN
after two concordant measurements [4]. A positive his-
tory of HTN was defined whether one or more first-
degree relatives have been told by a physician to be hy-
pertensive or reported to take any pharmacological
treatment for HTN.

2.5. Statistical analysis

Data were expressed as mean or percentage and 95%
Confidence Interval. All data were normally distributed.
Comparisons between groups were performed using the
Student’s t test or ANOVA. Distribution of categories was
analyzed by c2 and exact tests were performed using
Monte Carlo method, when needed. The prediction model
for confirmed HTN at the second visit was assessed by
considering the presence at first visit of HTN, positivity for
familial HTN or both. For each factor we calculated sensi-
tivity, specificity, positive (PPV), and negative predictive
values (NPV) using a 2 � 2 table. The statistical analysis
was performed using the IBM SPSS Statistics, version 20.0.
A P value < 0.05 was considered statistically significant.
Figure 1 Flow-chart of the sample
3. Results

3.1. Prevalence of HTN at first visit

In the study period 688 youths, 378 boys (55%) and 310
girls (45%) were consecutively observed (Fig. 1). The
characteristics of the study sample as a whole, or by sex or
age class are shown in Table 1. No sex difference was
observed, except for BMI-SDS, which was slightly higher in
girls than boys. Family history positive for HTN was found
in 163 individuals (23.7%).

At the first visit elevated BP was observed in 66 in-
dividuals (6.9%), 42 boys (63.6%) and 24 girls (36.3%)
(P Z 0.003); HTN was found in 174 youths (25.3%), 91 boys
(52%) and 83 girls (48%, P Z 0.429); eight of them (4 boys
and 4 girls) had BP values compatible with stage 2 HTN.

3.2. Adherence to the diagnostic follow-up

Only 108 out of 174 (62.1%) youths with HTN at the first
visit returned for the second visit, while the remaining 66
were lost to the follow up (dropout rate of 37.9%) (Figure).
Age, gender distribution, BMI-SDS and BP levels were not
significantly different between the two groups, while the
dropout group showed a significantly lower prevalence of
familial HTN than the non-dropout group (15.2% vs 37%,
P Z 0.002) (Table 2).

3.3. Prevalence of confirmed HTN and its predictors

Out of 108 individuals previously classified as HTN who
returned for a second visit, 42 had normal BP, 7 were
reclassified as elevated BP and 59 had confirmed HTN. A
significant trend (P < 0.0001) toward older age, higher
at the first and the second visit.



Table 1 Characteristics of the study population at enrollment as a whole or stratified by sex or age class.

All Boys Girls Children Adolescents

N 688 378 310 484 204
Age (years) 12.2 (12.1e12.3) 12.1 (11.9e12.2) 12.3 (12.1e12.5) 11.3 (11.2e11.4) 14.3 (14.1e14.4)**
Obesity, % 83.1 (80.3e85.9) 82.5 (78.7e86.4) 83.9 (79.8e88.0) 81.8 (78.4e85.3) 86.3 (81.6e91.0)
Familial HTN, % 23.7 (20.5e26.9) 23.8 (19.5e28.1) 23.5 (18.8e28.3) 22.5 (18.8e26.2) 26.5 (20.4e32.5)
BMI (kg/m2) 30.4 (30.0e30.8) 30.2 (29.7e30.6) 30.8 (30.2e31.3) 29.6 (29.2e30.0) 32.3 (31.5e33.0)**
BMI-SDS 2.2 (2.1e2.2) 2.1 (2.1e2.2) 2.2 (2.2e2.3)* 2.1 (2.1e2.2) 2.4 (2.3e2.5)**
SBP, mmHg 109.7 (108.8e110.7) 109.4 (108.1e110.7) 110.1 (108.7e111.6) 107.4 (106.3e108.5) 115.3 (113.6e116.9)**
DBP, mmHg 67.6 (66.9e68.3) 67.4 (66.5e68.3) 67.8 (66.8e68.8) 66.4 (66.7e67.2) 70.3 (69.2e71.5)**

*p < 0.05 girls vs boys.
**p < 0.0001 adolescents vs children.
Data are expressed as mean or percentage (95% confidence interval).
HTN, hypertension; BMI, body mass index; BMI-SDS, body mass index-standard deviation score; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

Table 2 Characteristics of youth classified as hypertensive at the
first visit by dropout status at the second visit.

No dropout Dropout P value

N 108 66
Age (years) 12.7 (12.3e13.0) 12.4 (12.0e12.8) 0.284
Boys, % 54.6 (45.2e64.0) 48.5 (36.4e60.5) 0.431
Obesity, % 93.5 (88.9e98.2) 92.4 (86.0e98.8) 0.782
Familial

HTN, %
37.0 (27.9e46.1) 15.2 (6.5e23.8) 0.002

BMI (kg/m2) 33.1 (32.1e34.2) 32.8 (31.6e34.1) 0.719
BMI-SDS 2.5 (2.4e2.6) 2.5 (2.3e2.6) 0.797
SBP, mmHg 124.6 (122.4e126.8) 122.1 (119.8e124.3) 0.126
DBP, mmHg 75.8 (74.1e77.5) 77.9 (76.0e79.7) 0.121

Data are expressed as mean or percentage (95% confidence inter-
val).
BMI, body mass index; BMI-SDS, body mass index-standard devia-
tion score; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure.
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BMI-SDS values, and higher frequency of obesity and fa-
milial HTN was observed across the three groups pre-
senting with normal BP, elevated BP, and confirmed HTN
(Table 3).

After excluding the dropout group from the initial
sample of 688 youths, the prevalence of confirmed HTN
was 9.5% (95% CI 7.2e12.8). A higher prevalence was
observed in adolescents (15.9%, 95% CI 10.6e21.3)
compared to children (6.8%, 95% CI 4.5e9.2) (P Z 0.001),
Table 3 Characteristics of youth with confirmed hypertension compared

Normal BP Elevated

n Z 622 490 73
Age (years) 12.0 (11.9e12.1) 12.8 (11.9
Boys, % 54.3 (49.9e58.7) 64.4 (53.4
Obesity, % 80.2 (76.7e83.7) 86.3 (78.4
Family HTN, % 20.4 (16.8e24.0) 34.2 (23.4
BMI (kg/m2) 29.5 (29.1e29.9) 32.0 (30.7
BMI-SDS 2.1 (2.0e2.1) 2.4 (2.2e
SBP, mmHg 103.4 (102.6e104.2) 118.0 (11
DBP, mmHg 63.9 (63.3e64.5) 68.3 (66.7

Data are expressed as mean or percentage (95% confidence interval).
BP, blood pressure; HTN, hypertension; BMI, body mass index; BMI-SDS, bo
DBP, diastolic blood pressure.
and in obese (10.8%, 95% CI 8.1e13.5) compared to over-
weight youths (3.6%, 95% CI 0.2e7.1) (P Z 0.019), while no
difference was found by sex (9.5%, 95% CI 6.4e12.6 in boys
and 9.4%, 95% CI 6.0e12.9 in girls, P Z 0.960).

The performance of the presence at first visit of HTN,
familial HTN, or both to predict HTN at second visit is
shown in Table 4. As expected, the presence of HTN at first
visit showed the best sensitivity (100%), good specificity
(91%) and a PPV of 55%, while the association of HTN at
first visit plus familial HTN showed higher specificity (98%)
and PPV (70%) on the prediction of HTN at second visit.

4. Discussion

This study, performed in a large sample of outpatient
Caucasian youths with OW/OB, shows that roughly 38% of
individuals classified as hypertensive at the first screening
visit dropped out the subsequent control. The prevalence
of confirmed HTN based on two visits is 9.5% compared to
29.7% of occasional HTN detected at the first visit. The
association of HTN at first visit plus familial HTN showed
high specificity and positive predictive value for confirmed
HTN.

The diagnosis of HTN in childhood is a cumbersome
process requiring: 1) a standardized procedure to measure
BP, 2) use of normative tables for BP based on gender, age
and height, 3) repeated measurements in the same day
to youth with normal and elevated blood pressure at second visit.

BP Sustained HTN P value

59
e12.1) 13.0 (12.5e13.5) <0.0001
e75.4) 55.9 (43.3e68.6) 0.269
e94.2) 93.2 (86.8e99.6) 0.029
e45.1) 47.5 (34.7e60.2) <0.0001
e33.3) 33.4 (32.0e34.8) <0.0001
2.5) 2.5 (2.4e2.7) <0.0001
6.3e119.7) 123.2 (120.6e125.8) <0.0001
e69.9) 75.5 (73.1e77.8) <0.0001

dy mass index-standard deviation score; SBP, systolic blood pressure;



Table 4 Performance of the presence of hypertension at first visit,
familial hypertension or both on the diagnosis of confirmed
hypertension.

HTN at
first visit

Familial
HTN

HTN at first
visit and
familial HTN

True positives, (n) 59 28 28
False positives, (n) 49 125 12
True negatives, (n) 514 438 551
False negatives, (n) 0 31 31
Sensitivity, % (95% CI) 100 47 (35e60) 48 (35e60)
Specificity, % (95% CI) 91 (89e94) 78 (74e81) 98 (97e99)
PPV, % (95% CI) 55 (45e64) 8 (12e24) 70 (56e84)
NPV, % (95% CI) 100 93 (91e96) 95 (93e97)

HTN, hypertension; CI, confidence interval; PPV, positive predictive
value; NPV, negative predictive value.
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and in different days [4,5]. It has been reported that these
procedures may contribute to underdiagnosing HTN in
children [12,13]. Several simplified methods, e.g. tables,
formulas or mobile apps, have been proposed to allow
physicians a quick identification of the high BP values. A
further simplification relies on the use of a fixed cut-off in
adolescents, similarly to adults. Instead the need of
repeated measurements is still required to avoid over-
estimating the prevalence of elevated BP during one
screening occasion. Indeed, a recent metanalysis of 21
studies [9] reported that the prevalence of elevated BP
decreased substantially from 12.1% in the first visit to 5.6%
during the second visit and 2.7% during the third visit. This
finding supports the recommendation that HTN should be
defined after at least three measurements to avoid false
positive cases. However, this result originates from popu-
lation- or school-based studies, while there is dearth of
data in the clinical setting. In addition, several studies
included in the metanalysis did not consider the number
of youth dropping out during the second or third visit,
which may have potentially resulted in slight underesti-
mation of the true hypertension prevalence. As reported
by Meng et al. in a Chinese school-based population [14],
the entity of the drop out already at the second visit may
be substantial, reaching 39% of youth with an initial BP
value in the hypertensive range. Loss to follow-up might
be even larger in clinical settings and represents a crucial
point for determining the feasibility of guidelines, which
are intended to be used mainly in a clinical setting.

Two large retrospective studies using an electronic
medical record system demonstrated that only 21e32% of
youth with a visit indicating HTN completed the three
measurements within 1e3 months [11,12]. The poor
feasibility to fulfill this recommendation may compromise
the finalization of the screening procedure for HTN, spe-
cifically in obese youth. Obesity has been ascribed as the
main cause of increasing prevalence of primary HTN in
children [4] as well as fast food consumption and low fa-
milial education [20]. Prompt lifestyle behavioral change
may improve both weight and cardiometabolic risk factors,
including elevated BP [21] but on the other hand, obesity
treatment may be very challenging and characterized by a
high drop-out rate [22].

For this reason, we decided to use an approach based on
only two visits for assessing the presence of confirmed
HTN, retaining the methodology based on three different
occasions unpractical in obese children. This choice was
also supported by a robust meta-analytic study which
demonstrated that, compared to one BP measurement on
one visit, more than three measurements did not seem
superior to two measurements for childhood BP tracking
into adulthood [23]. Similarly, Oikonen et al. in a longitu-
dinal study demonstrated that two measurements in
childhood were sufficient to predict adult HTN and that a
third measurement did not add any predictive power to
the second measurement in relation to adult high intima
media thickness [24]. In addition, the characterization of
obese children as a category with high CV risk impose a
prompt decision of the subsequent diagnostic follow-up.

The high drop-out of about 40% after only two BP
measurements in our population of OW and OB youth is
comparable to that reported by Meng et al. in a school
population [14]. This finding is concerning and confirms
the real difficulty to obtain a complete diagnostic follow
up. Interestingly, we found that the distinguishing charac-
teristic of the dropout group was represented by the family
history for HTN, which was roughly 50% lower in the
dropout group than the non-dropout group (15% versus
37%), while the severity of BMI or BP values was not
contributory.

The influence of family history of HTN on the number of
BP controls has been scarcely explored in the literature.
Most family history information relevant to HTN are
entered only after the child has developed high BP, so they
are rarely used for screening purposes [25]. However,
when this information was available, it was demonstrated
that family history still had limited influence on the pe-
diatrician’s decision for hypertension screening [13,15]. In
contrast with our results, a family history of HTN was not
associated with higher rates of screening in Canadian
children and adolescents from a primary care population
sample [26] Notably, this retrospective cross-sectional
study was based on data retrieved from electronic medi-
cal records, including a low prevalence of obese youth
(11.9%) and low recorded family history of HTN (only in
3.2% of the sample). This may explain the differences with
our findings. Furthermore, in our series a value of BP in the
hypertensive category at the first visit, calculated as a
mean of the last two measurements, showed the best
predictive power for persistent HTN in term of specificity,
PPV and NPV when combined with the positive family
history of HTN. Therefore, the diagnostic value of high BP
at the first visit, often undervalued for the probability to be
ascribed to white coat HTN, might be reconsidered when
combined with anamnestic information in OW/OB chil-
dren. Actually, even if a relevant reduction of hypertensive
children occurred at the second visit, the role of white coat
HTN on cardiovascular risk should not be underestimated,
as suggested in the recent literature [27].
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To our knowledge, only another study assessed the
clinical performance of parental history of hypertension to
identify confirmed HTN [28]. Interestingly, this study,
conducted in a school-children population, reported similar
sensitivity (41%), specificity (81%) and NPV (98%) for all
categories of parental history, while the PPV was slightly
lower (5%) than our findings.

Despite the different methodology, our findings indi-
cated a prevalence of HTN very similar to that reported
after three measurements by Kharbanda et al. [29] in a
retrospective cohort study of children and adolescents
receiving primary care (4.8% in OW and 10.2% in obese
youth).

In our study, the prevalence of family history for HTN
significantly increased from normotensive youth to
confirmed hypertensive youth with OW/OB, as previously
reported in other series. Indeed, familial HTN has been
demonstrated in a very high percentage of children (86.2%)
with primary HTN referred to a specialized pediatric hy-
pertension clinic while obesity was present in 52.9% [30].

We acknowledge several limitations in our study. First,
we did not include a third measurement, so we could
not establish the entity of the drop our rate after the
completion of the whole diagnostic follow up. Second,
the diagnosis of HTN was not confirmed by ambulatory
BP measurement. Lastly the assessment was performed in
OW/OB youth. Although this category is one of the main
targets for cardiovascular prevention, the generalizability
of our results to other populations should be interpreted
with caution.

The main strength of our study is the prospective
design. Furthermore, measurement of BP was done using
the auscultatory method by trained staff. Lastly, this is the
first study performed in a large outpatient sample of OW/
OB children, demonstrating the pitfalls intrinsic to the
screening process of HTN in this particular category of
patients in the real life.

In conclusions, our findings suggest that in the real life
the screening procedure to confirm HTN was feasible only
for two thirds of young people with OW/OB. The loss of
individuals at follow-up can have a global impact on the
efficacy of the screening of HTN, especially in youths with
OW/OB who are generally considered individuals at high
cardiovascular risk. As a consequence, the real prevalence
of subjects with HTN may be underestimated, depriving
them of an adequate classification and an individualized
program of cardiovascular prevention. Information about
the family history of HTN might assist pediatricians with
identifying those children who are at higher risk of
confirmed HTN. The high drop-out is concerning and
confirms the real difficulty to obtain a complete diagnostic
follow up. Simplification of the screening procedure is
needed to increase feasibility in OW/OB youths.
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