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Abstract
Background
The rising incidence of hypertension (HTN) in pediatric patients imposes the need for its timely recognition
by finding the optimal screening population. The goal of our study was to explore the ambulatory blood
pressure (BP) parameters in selected groups of obese children and adolescents with different obesity levels
and quantify the impact of parental hypertension (PH) on their blood pressure (BP) values.

Methods
This retrospective study included 176 obese Caucasian patients, 94 (53.4%) males, aged 6-18 years, who were
divided based on their office blood pressure (OBP), body mass index (BMI) Z-score, and history of PH.

Results
Patients with PH had a significantly higher prevalence of masked hypertension (MH) and higher BMI
(p=0.007 and p<0.001, respectively) compared to those with normotensive parents. There was no difference
in whether HTN was of maternal or paternal origin, although the subjects with both hypertensive parents
had higher diastolic blood pressure (DBP) parameters: office DBP (p=0.013), 24-hour DBP (p=0.017), and
nighttime DBP (p=0.002). The multivariate regression analysis identified office systolic blood pressure (SBP)
as a significant overall predictor of HTN (p<0.001), including the group with normotensive parents. In
contrast, resting heart rate (HR) was an important predictor of HTN in subjects with PH (p=0.002).
Additionally, a non-dipping BP pattern was predominantly observed in obese subjects, regardless of the
degree of obesity (p=0.587).

Conclusion
Our results emphasize the importance of performing ambulatory blood pressure monitoring (ABPM) in
obese children and adolescents, especially those with a history of PH. This group represents the target
screening population for MH, which increases cardiovascular risk in this population when combined with
obesity.

Categories: Endocrinology/Diabetes/Metabolism, Pediatrics, Nephrology
Keywords: ambulatory blood pressure monitoring, masked hypertension, obese children, parental hypertension,
youth hypertension

Introduction
Hypertension (HTN) in the pediatric population has an increasing prevalence and is still not adequately
recognized [1]. Growing evidence indicates the importance of recognizing high blood pressure (BP) in youth
and its transfer to an adult HTN, which eventually leads to target organ damage (TOD) [2]. TOD begins
silently; however, the research conducted by Yang et al. found outcomes such as left ventricular hypertrophy
(LVH), elevated carotid intima-media thickness, and renal damage already at a young age [3]. Timely
recognition and intervention already during pediatric care could reduce a huge medical burden regarding
adult cardiovascular morbidity and mortality [4].

There is a clear association between increased office blood pressure (OBP) in youth and adverse
cardiovascular outcomes later in life. However, relying solely on OBP provides an incomplete understanding
of the overall risk. Ambulatory blood pressure monitoring (ABPM) is a more advanced tool for quantifying
this relationship [5]. Following its success in adult HTN management, ABPM has become an indispensable
method in assessing HTN in children and adolescents [6,7]. Comparing it to OBP, ABPM not only correlates
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better with the development of TOD but also provides more reproducible data and valuable insights into BP
patterns during both daily activities and sleep [8]. Additionally, in obese children and adolescents, ABPM is
particularly beneficial for predicting the risk of TOD in adulthood, given the higher prevalence of high-
normal BP and masked hypertension (MH) in this group [9].

Obesity in children and adolescents is one of the most important health challenges in the 21st century, with
its rising prevalence, especially in low- and middle-income countries [10]. Some studies have clearly shown a
significant proportional effect of increasing body mass index (BMI) level on both OBP and ABPM values,
indicating that obesity is not a binary condition [11,12].

Parental hypertension (PH) is often considered a variable that may influence BP levels in their offspring [13-
15]. The findings are consistent regardless of whether ABPM was employed, confirming the familial
clustering of elevated BP. However, studies focusing on obese children in this context remain scarce.

The primary goals of our study were to analyze ABPM in obese children and adolescents and quantify the
impact of PH on ABPM parameters. Additionally, we aimed to determine whether obese youth and/or those
with PH represent a key group for initiating HTN screening.

Materials And Methods
Subjects
The study was based on the retrospective data of 176 obese Caucasian patients, 94 (53.4%) males, aged 6-18
years (median: 14.3 years), who were admitted to the Department of Pediatrics at Sestre milosrdnice
University Hospital Center in Zagreb, Croatia, primarily for the evaluation of obesity. The inclusion criteria
consisted of obesity, properly measured OBP, a known parental history of HTN or normotension, and
accurately performed ABPM. The exclusion criteria were acute illness at the time of ABPM, the use of
medications that could interfere with BP, and the presence of endocrinological, renal, or congenital heart
disease that could lead to a secondary HTN.

Ethical considerations
The study was approved by the Ethics Committee of Sestre milosrdnice University Hospital Center, Zagreb,
Croatia (approval number: 251-29-11-21-03).

Methods
During the anthropometric assessment, subjects were dressed only in light indoor clothing. Body mass was
measured using a standard balance scale with a precision of 0.1 kg, and body height was measured using a
standard height board with a precision of 0.1 cm. A child was defined as obese if his or her BMI was at or
above the 95th percentile for age and gender. BMI was presented as a standard deviation score based on the
Kromeyer-Hauschild reference system [16]. The PH data relied on self-reported HTN or normotension in the
parents.

OBP measurement was performed by an experienced healthcare worker using a clinically valid
sphygmomanometer (DuraShock DS54 Thumbscrew, Welch Allyn, New York) with an appropriately sized
cuff on the non-dominant arm. All subjects were seated in a quiet, calm room for 10 minutes prior to
measurement. BP was measured three times at intervals of 3-5 minutes, and the average of the last two
measurements was recorded. For simplicity, the term high-normal BP was not used; instead, we considered
all subjects with OBP less than the 95th percentile for age, gender, and height (up to age 16) as office
normotensive. In adolescents aged 16 or older, we applied the adult criteria defining OBP values below
140/90 mm Hg as normal [17].

ABPM was performed using a validated oscillometric device (Mobil-O-Graph M01100120, I.E.M.GmbH,
Stolberg, Germany) with an appropriately sized cuff placed on the non-dominant arm. Daytime and
nighttime measurement frequencies were set to 15-minute intervals from 07:00 to 22:00 and 30-minute
intervals from 22:00 to 07:00. ABPM was performed during the workweek to assess BP in a regular daily
rhythm. A minimum of 58 BP measurements (75% of total readings) were recorded over a 24-hour period,
with at least one reading per hour. The reference values for mean 24-hour, daytime, and nighttime ABPM
parameters (systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure, etc.) were
taken from the relevant diagnostic thresholds [18].

Our observations were based on three main divisions. The first one was based on OBP, classifying patients as
either normotensive or having high OBP. The second division considered PH, categorizing subjects as those
with PH (one or both parents with known HTN) or without PH. Finally, the subjects were divided according
to the BMI Z-score, forming two groups of equal size: Group 1 with a BMI Z-score of 1.70-2.69 and Group 2
with a BMI Z-score of 2.70-4.47.

Statistical analysis
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The normality of data distribution was assessed using the D'Agostino-Pearson test. Due to the small sample
size in some groups and the non-normal distribution of the data, non-parametric tests were used. The
Mann-Whitney test was used to evaluate differences in parameters between groups. Categorical data and
the proportions of different stages of continuous arterial BP monitoring between groups were analyzed using
the chi-square test and the test of proportions. In addition, a multivariate regression analysis was performed
to identify potential parameters for predicting HTN in patients. Patients' ages were presented as median and
range (minimum to maximum), while the other variables were presented as median with interquartile range
or as numbers and ratios. A p-value < 0.05 was considered statistically significant for all tests. A univariate
regression analysis was performed to identify factors that could predict the diagnosis of hypertension in all
patients and patients with parental hypertension. Following the univariate regression analysis, a
multivariate analysis that included statistically significant predictors with p values < 0.05 was performed.
Statistical analyses were performed using MedCalc software (version 11.5.1.0, Mariakerke, Belgium).

Results
Our study included 176 obese patients, out of which 118 (67%) patients were office normotensive, and the
rest had high OBP. In total, 74 (42%) patients had one or both parents with known HTN. Our patients with
PH were significantly older (p=0.001) and had higher BMI (p<0.001) than those whose parents were not
hypertensive. The clinical characteristics of the study population are presented in Table 1.

Parameters (unit) Without parental hypertension (N=102) (58%) Parental hypertension (N=74) (42%) P

Sex (M/F) 55/47 39/35 0.994

Age (years) 14 (6-18) 15 (7-18) 0.001*

BMI (kg/m2) 31.3 (28.6-34.8) 34.55 (31.5-39.9) <0.001*

BMI Kromeyer Z-score 2.585 (2.20-2.98) 2.835 (2.60-3.30) 0.001*

Systolic OBP (mm Hg) 120 (110-140) 120 (115-140) 0.347

Diastolic OBP (mm Hg) 80 (70-81.25) 80 (70-80) 0.052

TABLE 1: Clinical characteristics of the study population
*Statistically significant, p<0.05

BMI: body mass index, F: female, M: male, OBP: office blood pressure

Analyzing ABPM parameters in these two groups, we found statistically significant differences in daytime
systolic (p=0.003) and diastolic (p=0.014) BP, nighttime systolic (p=0.001) and diastolic (p=0.024) BP, and 24-
hour systolic (p=0.004) and diastolic (p=0.013) BP, as well as daytime systolic (p=0.003) and diastolic
(p=0.042) BP load. All these parameters were higher in subjects with PH (Table 2).
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Parameters (unit) Without parental hypertension (N=102) (58%) Parental hypertension (N=74) (42%) P

24-hour ambulatory BP

SBP (mm Hg) 120 (116-129) 126.5 (121-133) 0.004*

DBP (mm Hg) 70 (65-74) 74 (68-76) 0.013*

Daytime ambulatory BP

SBP (mm Hg) 122 (118-131) 129 (124-134) 0.003*

DBP (mm Hg) 72 (68-76) 75 (71-80) 0.014*

Nighttime ambulatory BP

SBP (mm Hg) 114 (107-122) 118 (114-128) 0.001*

DBP (mm Hg) 62 (57-65) 63.5 (60-68) 0.024*

BP load

Daytime SBP load 0.195 (0.11-0.46) 0.405 (0.21-0.54) 0.003*

Daytime DBP load 0.13 (0.07-0.24) 0.19 (0.09-0.33) 0.042*

Dipping

SBP nocturnal dipping (%) 8.6 (4.4-11.0) 7.2 (3.0-10.0) 0.086

DBP nocturnal dipping (%) 15.9 (10.6-19.8) 14 (9.3-20.0) 0.619

TABLE 2: Ambulatory blood pressure parameters in patients based on the presence of parental
hypertension
*Statistically significant, p<0.05

BP: blood pressure, DBP: diastolic blood pressure, SBP: systolic blood pressure

Further analysis did not show any difference in the prevalence of sustained HTN among these two groups
(23% with PH versus 21% without PH, p=0.979). However, patients with PH had a significantly lower
prevalence of normal OBP (39% versus 56% without PH, p=0.039) and a higher prevalence of MH (28% versus
11% without PH, p=0.007). A positive association was found between the PH and pathological ABPM
category when the results of patients with normotension and the ones with either MH or sustained HTN
were compared separately. There was no significant difference in white coat hypertension (WCH) prevalence
(10% with PH versus 12% without PH, p=0.699) (Figure 1).

 

2024 Koncar et al. Cureus 16(11): e74550. DOI 10.7759/cureus.74550 4 of 11

javascript:void(0)


FIGURE 1: Influence of parental hypertension on different blood
pressure categories
*Statistically significant, p<0.05

1: normal blood pressure, 2: white coat hypertension, 3: masked hypertension, 4: hypertension

When analyzing our patients based on their obesity level, those who were mildly obese (BMI Z-score: 1.70-
2.69) were more likely to have a normotensive parent (p=0.005). Furthermore, this group exhibited a higher
prevalence of WCH (p=0.002) and a lower prevalence of MH (p<0.001) compared to the severely obese
patients (Table 3).

Parameters Group 1 (N=88) (50%) Group 2 (N=88) (50%) P

Sex
F (number (%)) 31 (35%) 51 (58%) 0.004*

M (number (%)) 57 (65%) 37 (42%) 0.004*

Parental hypertension
No (number (%)) 61 (69%) 41 (47%) 0.005*

Yes (number (%)) 27 (31%) 47 (53%) 0.005*

ABPM category

Normal blood pressure (number (%)) 44 (50%) 42 (48%) 0.909

White coat hypertension (number (%)) 16 (18%) 3 (3%) 0.002*

Masked hypertension (number (%)) 5 (6%) 27 (31%) <0.001*

Hypertension (number (%)) 23 (26%) 16 (18%) 0.204

TABLE 3: Influence of BMI and parental hypertension on ABPM parameters
Group 1 represents obese patients with a BMI Z-score of 1.70-2.69 and Group 2 obese patients with a BMI Z-score of 2.70-4.47.

*Statistically significant, p<0.05

ABPM: ambulatory blood pressure monitoring, BMI: body mass index, F: female, M: male

Although OBP levels of severely obese patients were comparable to those of mildly obese patients, they had
significantly higher 24-hour systolic blood pressure (SBP) and diastolic blood pressure (DBP) (p=0.042 and
p=0.021, respectively), as well as daytime SBP and DBP (p=0.033 and p=0.015, respectively). Additionally,
severely obese patients showed greater daytime SBP and DBP load (p=0.049 and p=0.019, respectively),
nighttime SBP and DBP load (p=0.002 and p=0.048, respectively), and nighttime SBP (p=0.024). Overall,
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66.5% of patients were classified as non-dippers; however, there was no significant difference in the dipping
status between these groups (p=0.587).

In all patients, the univariate logistic regression showed the statistical significance of the following
parameters: resting heart rate (HR) (p<0.001), systolic OBP (p<0.001), diastolic OBP (p<0.001), 24-hour SBP
(p<0.001), 24-hour DBP (p<0.001), daytime SBP (p<0.001), daytime DBP (p<0.001), daytime SBP load
(p<0.001), daytime DBP load (p<0.001), nighttime SBP (p<0.001), nighttime DBP load (p<0.001), and
nighttime SBP load (p<0.001). However, in the multivariate regression analysis, statistical significance was
lost for most parameters. Statistically significant risk factors for HTN were female gender (p=0.008), younger
age (p=0.006), systolic OBP (p<0.001), and daytime SBP load (p=0.006) with a high total area under the curve
(AUC) value of 0.986 (95% confidence interval (CI): 0.953-0.998).

In patients with known PH, only resting HR (p=0.002) and daytime SBP load (p=0.002) remained statistically
significant in the multivariate regression analysis with an AUC of 0.943 (95% CI: 0.860-0.985), as shown in
Table 4.
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Parameters
Univariate regression analysis Multivariate regression analysis

OR (95% CI) P AUC (95% CI) OR (95% CI) P AUC (95% CI)

Sex (F) 0.26 (0.08-0.89) 0.032*
0.654 (0.535-
0.761)

- -

0.943 (0.860-
0.985)

Age 0.76 (0.60-0.97) 0.030*
0.685 (0.567-
0.788)

- -

BMI 0.87 (0.77-0.99) 0.029*
0.664 (0.544-
0.769)

- -

Resting heart
rate

1.09 (1.04-1.15) <0.001*
0.828 (0.719-
0.908)

1.13 (1.05-1.23) 0.002*

OBP (systolic) 1.18 (1.08-1.28) <0.001*
0.969 (0.898-
0.996)

- -

OBP (diastolic) 1.14 (1.06-1.23) 0.001*
0.857 (0.753-
0.929)

- -

24-hour SBP 1.25 (1.10-1.41) 0.001*
0.833 (0.729-
0.910)

- -

24-hour DBP 1.24 (1.07-1.42) 0.003*
0.774 (0.662-
0.863)

- -

Daytime SBP 1.22 (1.09-1.36) 0.001*
0.821 (0.715-
0.901)

- -

Daytime DBP 1.20 (1.07-1.34) 0.002*
0.745 (0.630-
0.839)

- -

Daytime SBP
load

1549.47 (37.16-
64608.93)

<0.001*
0.869 (0.770-
0.936)

13111.12 (33.31-
5160853.63)

0.002*

Daytime DBP
load

82.70 (5.84-1171.04) 0.001*
0.753 (0.639-
0.846)

- -

Nighttime SBP 1.10 (1.03-1.17) 0.004*
0.743 (0.628-
0.838)

- -

Nighttime DBP 1.10 (1.01-1.21) 0.032*
0.653 (0.533-
0.760)

- -

TABLE 4: Regression model for predicting hypertension diagnosis in patients with a positive
family history
*Statistically significant, p<0.05

AUC: area under the curve, BMI: body mass index, BP: blood pressure, CI: confidence interval, DBP: diastolic blood pressure, F: female, OBP: office
blood pressure, OR: odds ratio, SBP: systolic blood pressure

While our study did not reveal any significant differences in HTN risk for obese offspring based on whether
the HTN was maternal or paternal, it was noted that subjects with both hypertensive parents exhibited
higher DBP parameters, including office DBP (p=0.013), 24-hour DBP (p=0.017), and nighttime DBP
(p=0.002).

Discussion
One of the key findings in our study is the positive correlation between the rising level of obesity and MH,
particularly among subjects with PH compared to those with normotensive parents. Additionally, the
analysis identified SBP load as an independent predictor of ABPM outcomes. Generally, obese youth show a
non-dipping pattern, regardless of their obesity level. Furthermore, ABPM irregularities are proportional to
the obesity level.

By the time this paper was completed, European Society of Hypertension (ESH) guidelines from 2016 were
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currently applicable [7]. These guidelines were also referenced in the recently published joint statement
between HyperChildNET and the European Academy of Paediatrics regarding the diagnosis and
management of HTN in youth, indicating that the diagnostic thresholds for HTN in children and adolescents
have remained unchanged [17]. Meanwhile, multiple studies have compared the pediatric ESH criteria with
those from the American Academy of Pediatrics (AAP). Genovesi et al. showed a significant difference in
teenagers, with AAP recognizing HTN almost twice as often [19]. In their study, Kovačević et al. noted that
only 36% of their patients, who were considered normotensive according to ESH guidelines, would be
categorized as normotensive using the thresholds defined by AAP guidelines [12]. Similar discrepancies in
classification were confirmed by studies from Furdela et al. [20] and Basaran et al. [21], with the latter
indicating that the AAP guidelines were more effective in predicting LVH, particularly in normal-weight
children under 15 years. Given that all our subjects were Croatian, we used European thresholds, which
classify 67.6% of our 176 patients as office normotensive, while American guidelines drastically reduced that
proportion to only 24.4%.

As previously mentioned, obesity undoubtedly correlates with HTN. Since all of our subjects were obese,
comparisons were made based on their level of obesity, specifically the BMI Z-score. Similarly, Babinska et
al. divided their subjects based on their BMI and noted an increase in ABPM irregularities with higher BMI,
which aligns with our results [22]. Comparable results have also been demonstrated in various studies
comparing obese with non-obese youth [11,23-25].

Non-dipping is defined as the absence of a physiological decrease in BP during the night, specifically a
reduction of less than 10%. This phenomenon significantly contributes to overall cardiovascular risk.
Consistent with the findings of Kovačević et al. [12] and Wühl et al. [18], we observed that obese youth do
not show a dipping pattern, regardless of their BMI category. These results may suggest the existence of a
BMI plateau that influences an individual's ability to lower nighttime BP. However, some studies have found
that obesity in youth, unlike in adulthood, is not associated with dipping status; thus, we advocate for more
extensive and well-designed studies in this area [11,25].

Another interesting ABPM component is the BP load, which represents the percentage of BP readings above
the 95th percentile. In our analysis, daytime SBP load correlated with overall ABPM outcome in both the
entire group and the PH subgroup (p<0.001 and p=0.002, respectively). Although earlier recommendations
considered BP load an essential parameter in defining ABPM categories, several recent studies suggest
otherwise, advocating for its elimination due to the demonstrated lack of prediction of TOD, particularly
LVH [26,27].

The prevalence of MH in obese children and adolescents is reported to be between 9% and 16% [11,24]. Just
as the understanding that the WCH phenomenon helps prevent over-diagnosis, recognizing MH uncovers a
significant group of individuals who would otherwise remain undiagnosed. A key finding in our study
regarding the classification of subjects by obesity level is the notable presence of MH. In our office
normotensive group, 27.1% of subjects exhibited MH, rising to 64.3% in the severely obese subgroup,
emphasizing the importance of performing ABPM in obese youth. These results are comparable to those of
Valent Morić et al., who found MH in 31.6% of patients in the obese subgroup [25]. This data aligns with
studies by Lurbe et al., which suggest that MH is much more common in overweight and obese patients than
previously estimated [7]. However, that was not the case in the study by Stabouli et al., where none of the 23
obese patients (out of 85 patients included in the study) had MH, compared to 12.9% in the normal weight
subgroup [23]. This discrepancy could be partially attributed to the relatively small sample size of obese
patients included in their study.

The finding that MH is significantly more prevalent in obese youth with PH compared to those with
normotensive parents (p=0.007) represents the key finding of our study. Therefore, these subjects should be
considered as potential targets for HTN screening. Conversely, there was no difference in the HTN
prevalence between children with PH and those with normotensive parents, nor was PH a predictor of
sustained HTN in obese children. We hypothesize that our subjects with PH may remain more relaxed in
front of the "white coat," ultimately revealing their true BP profile during a 24-hour evaluation. This could be
explained by their familiarity with the BP measurement routine in their parents, leading to reduced anxiety
when undergoing the same procedure at a doctor's office.

The recent study from Korea, involving a substantial sample of 3996 children and adolescents along with
their 6394 parents, showed that the odds of HTN in offspring approximately doubled if one parent had HTN
and quadrupled if both parents were hypertensive, at least based on OBP measurements [28]. Contrary to
this finding, the results of our study did not demonstrate an association between OBP in children and their
parents' HTN status. However, this relationship became evident when ABPM was used. This aligns with the
findings from Gupta-Malhotra et al., who reported that the risk of HTN in children increased sevenfold when
one parent had HTN and 14-fold when both parents were hypertensive, regardless of the parent's gender
[14].

Similarly, a study by Alpay et al. using ABPM also emphasized the importance of PH, particularly maternal
HTN, in determining the HTN risk in children [29]. Their study of 89 subjects with PH and 90 without,
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irrespective of obesity status, found an association only with maternal HTN. Furthermore, when examining
the influence of the child's gender, females seemed to have relative protection against HTN [29]. In contrast,
our study did not show a significant difference between maternal and paternal HTN in terms of risk.
However, in subjects with both parents being hypertensive, we observed significantly higher DBP, both
office, nighttime, and 24-hour readings, compared to those with only one hypertensive parent.

When examining the relationship between BP in youth and PH, Malbora et al. found that PH increases the
risk of developing HTN, independent of BMI [13]. Zhao et al., in a study of 1288 high school freshmen,
observed that while higher BMI was associated with a higher prevalence of HTN, PH was a stronger predictor
of HTN, particularly in adolescents with normal weight [15]. Both studies emphasize the significance of PH
but differ from our findings by not fully addressing the impact of rising BMI. Interestingly, Zhao et al.
suggested that higher BMI might even offer some protective effect [15].

Although our results confirm the previously mentioned importance of ABPM, especially in obese youth,
there remains hesitance regarding its broader implementation in routine HTN. The lack of devices and
trained interpreters, along with uncertainties regarding appropriate indications, compliance, and optimal
thresholds, continues to pose significant challenges for the future.

This study has several limitations. First, it relied on self-reported HTN data from parents who did not
undergo the same thorough measurement as their children. Second, well-known risk factors for HTN, such as
level of physical activity, diet, and socioeconomic background, were not considered. Additionally, the study
was conducted at a single center with an ethnically uniform population, which may serve as a useful model
for the local population but may have limited applicability to other contexts. Lastly, as a retrospective study,
the findings may be subject to biases inherent in this design, such as reliance on past records and potential
confounding factors that were not controlled for.

The major strength of our study lies in its novelty, as it focuses exclusively on obese children and
adolescents, both office normotensive and hypertensive, who underwent ABPM and have known parental BP
status.

Conclusions
In conclusion, our study demonstrates a positive association between the increasing levels of obesity and
MH, particularly in subjects with PH. We did not find any significant differences in HTN risk among obese
offspring based on whether their mothers or fathers had HTN. However, subjects with both hypertensive
parents exhibited higher DBP parameters. A non-dipping pattern was predominantly observed in our obese
subjects, regardless of the severity of obesity.

Our findings highlight the importance of performing ABPM in obese children and youth, especially those
with PH, representing them as an ideal screening population for MH. This is important, as MH is recognized
as an additional risk factor that, alongside obesity, enhances cardiovascular risk and the development of
TOD in this vulnerable population.
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