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Abstract
Objective Obesity in childhood is a profound risk factor for hypertension, and weight loss has positive effects on blood
pressure (BP). However, the expected effect size on BP from weight reduction in children with obesity is insufﬁciently
described. Therefore, the aim was to investigate the association between changes of degree of obesity and BP levels.
Subjects This prospective cohort study examined subjects receiving behavioral lifestyle modiﬁcation treatment who were
registered in the Swedish national registry for treatment of childhood obesity (BORIS). A total of 5279 obese subjects
(51.3% boys) had repeated BP measurements. The average follow-up time was 32 months. Degree of obesity was expressed
as BMI standard deviation score (SDS) and BP as BP SDS.
Results The mean age at treatment initiation was 10.3 years. The prevalence of hypertensive BP was 15.3% for systolic and
5.5% for diastolic pressure. Both systolic and diastolic BP SDS decreased when a lower BMI SDS was achieved; systolic BP
SDS decreased 0.41 [0.33–0.49] and diastolic BP SDS decreased 0.26 [0.20–0.32] per BMI SDS unit reduction. The impact
of BMI SDS reduction on BP SDS was greater in subjects with hypertensive levels at treatment initiation, but behavioral
modiﬁcation was an insufﬁcient treatment for 27% of them. Obesity treatment failure increased the risk of developing
hypertensive levels; HR = 1.81 [1.38–2.37] (systolic BP) HR = 3.82 [2.34–6.24] (diastolic BP), per unit increase in
BMI SDS.
Conclusions Weight loss is a key factor for hypertension prevention and treatment in children with obesity. However, its
limited effect suggests that additional pharmacological antihypertensive treatment more readily should be considered.

Introduction
Obesity in childhood and adolescence is associated with
several metabolic complications [1–3], cardiovascular
alterations such as left ventricular hypertrophy [1], and
increased intima media thickness [4]. Obesity is currently
the strongest risk factor for hypertension in childhood [5, 6],
but the prevalence differs considerably between studies [6–
11]. Both high blood pressure (BP) levels [5–8, 11–13] and
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disturbed diurnal variation [12, 13] have been reported in
children and adolescents with obesity.
The risks associated with hypertension in adulthood are
well documented [14], but even in children high BP is
associated with negative consequences. End organ injury,
such as left ventricular hypertrophy [15], and pathological
vascular changes, such as increased intima media thickness
(IMT) [16], has been observed in children with obesity and
high BP. In addition, neurological consequences, manifested as reduced cognitive function, have been identiﬁed
among children with high BP [17]. Even though the
tracking of BP from childhood into adulthood appears
limited [18], population-based studies reveal that both
obesity and high BP in childhood increase the risk for adult
cardiovascular changes, such as increased IMT [19, 20],
which in turn is associated with hard endpoints such as
stroke and heart failure [21].
Behavioral modiﬁcation to decrease the degree of obesity
is an established treatment approach to reduce high BP in
individuals with obesity [22]. Although data on BP
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reduction from randomized intervention trials for reducing
weight are limited [15], a decrease in degree of obesity over
6 to 12 months has been shown to lower BP in children and
adolescents with overweight and obesity [9, 23–25]. The
effectiveness of weight loss on BP levels in adolescents has
also been demonstrated after gastric bypass surgery [26].
However, thus far no detailed data are available on the
expected effect size on BP of reduction in degree of obesity
in children and adolescents in large-scale and long-term
behavioral studies.
The aim of this study was to investigate the extent to
which a change in degree of obesity affects BP levels in
children and adolescents.

Methods
Subjects
This cohort consisted of individuals included in the Swedish
national registry for treatment of childhood obesity—
BORIS (www.e-boris.se)—from December 1994 until June
2016. Local health care providers are required by Swedish
health authorities to enter children undergoing obesity
treatment into BORIS. Pediatric obesity treatment is intended to be long-term, comprising diet and physical activity,
as well as lifestyle modiﬁcation. The treatment of pediatric
obesity in children in Sweden has been described previously
[27, 28]. In Sweden, all health care is free of charge for
children and adolescents under 18 years of age, which
reduces the risk for selection bias.
Inclusion criteria were as follows: all children ﬁrst
registered in BORIS between 5 and 18 years of age who
were diagnosed with obesity according to International
Obesity Task Force [29] and who had a registered BP
measurement at treatment initiation and a follow-up (at least
one month after treatment initiation). We excluded participants with genetic syndromes (Laurence-Moon-BardetBiedls [LMBB], Prader-Willis [PWS], Mb. Down,
Klinefelter, Fragile-X), medications (psychostimulants used
for ADHD, Sibutramine, and antihypertensive drugs) that
possibly could affect blood pressure and participant with
height-for-age below −3.5 or above +3.5 standard deviation scores (SDS) to avoid including biologically implausible values.
The study was approved by the regional ethical committee in Stockholm, Sweden; number 2016/922-31/1.

Deﬁnitions
To compare BP levels in children, a sex, age, and heightadjusted reference from the National High Blood Pressure

Education Program (NHBPEP) Working Group was applied
[22]. The NHBPEP is based on pooled data of the ﬁrst BP
measurement values in several pediatric cohort studies [22]
and estimates neither the highest nor the lowest prevalence
when different references for pediatric BP have been evaluated in parallel [11]. High BP levels were deﬁned at the
95th percentile or above, and BP SDS was used as a continuous variable. Stage II hypertensive levels were deﬁned
as BP levels that are higher than 5 mmHg above the 99th
percentile [22]. National guidelines on how to measure
blood pressure in children are provided by the Swedish
Paediatric Society. The ﬁrst and last registered measurement
of BP were used to investigate the effect of reduction in
degree of obesity.
To evaluate degree of obesity an international agedependent and sex-dependent BMI SDS was used [29]. To
investigate whether migration background was associated
with the outcome, the subjects were divided into two groups
based on both the subjects’ and their parents’ countries of
birth: Scandinavian—subjects born in Scandinavian countries (Sweden, Finland, Denmark, Norway, and Iceland)
with one or two parents born in Scandinavia; and NonScandinavian—subjects born outside Scandinavia or born
in Scandinavia with two parents born outside Scandinavia.
These data were retrieved from Statistics Sweden (a governmental agency compiling demographic data). Data
regarding genetic syndromes and medical drug usage during
childhood obesity treatment was retrieved from the national
patient registry and the national medical drug registry,
respectively.

Statistical analyses
Descriptive statistics are presented as mean ± SD, and differences between sexes were determined using the t-test or
chi-square test. A random effects mixed model approach
(proc mixed) was used to investigate the impact of the
degree of treatment success (i.e., change in BMI SDS).
Estimation method used was the restricted maximum likelihood (REML) approach. For covariance structure and
estimation of degrees of freedom, variance components and
containment method was used, respectively. This examined
changes in BP SDS, adjusted for time to follow-up, BP SDS
at treatment initiation, sex, age, BMI SDS, and migration
background. Mixed model analysis corrects standard errors
and p-values to account for repeat measures. The choice of
using a linear model approach was supported by investigating the effect of change in BMI SDS on the main outcome (change in BP SDS) using quantile regression. The
change in BMI SDS had a somewhat higher estimate at the
higher quantiles of change in systolic BP. The linear
regression approach was still considered suitable, since
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most intervals of change in BP SDS for systolic and all
intervals for diastolic generates fairly similar estimates by
change in BMI SDS (data not shown).
The predictive value of change in BMI SDS for developing hypertensive BP levels during treatment was analyzed using Cox proportional hazard regression (proc
phreg). Covariates in these analyses included sex, migration
background, age, and BMI SDS at treatment initiation.
When illustrating this in a ﬁgure, change in BMI SDS was
arbitrarily divided into four groups. SAS Statistical software
(version 9.4) was used for all analyses, and a p-value < 0.01
was considered to be statistically signiﬁcant.

Results
In total, 5279 out of 13,273 children and adolescents were
included in the analyses (Fig. 1). Out of the 11 subjects

Subjects in BORIS
n=18 339

Plausible height-for-age
n=18 284

Aged 5-18 years
n=17 272

Obesity and blood pressure data
n=13 273

Follow-up data
n=5 846

excluded due to hypertensive medication, only two did not
receive potential BP elevating medications (sibutramine or
psychostimulants). The mean ± SD age was 10.3 ± 3.1
years, 51.3% were boys, and 34.8% had a migration
background. Boys had a slightly greater degree of obesity
compared with girls, 2.97 vs. 2.87 BMI SDS (p < 0.0001),
and were 3.6 months older (p = 0.0004), indicating that
boys have a tendency to attend the obesity treatment facilities at an older age and with more severe obesity.
The group without reported follow-up BP measurements
or excluded due to criteria (n = 7 994) had a 0.03 lower
BMI SDS (p < 0.0001) and were 0.94 years older (p <
0.0001), but had a similar sex distribution (p = 0.03) and
migration background (p = 0.09). Further, the group without reported follow-up BP measurements had a 0.08 higher
systolic BP SDS (p < 0.0001), but similar diastolic BP SDS
(p = 0.80), and similar proportions with systolic (p = 0.44)
and diastolic (p = 0.20) hypertensive BP levels.
The number of follow-up visits with a recorded BP
ranged from 1 to 11, with a mean of 3.0 ± 1.4, corresponding to 32.1 ± 22.5 months of follow-up, and a mean
change in BMI SDS of −0.24 ± 0.48 from the ﬁrst to the
last measurement. The prevalence of hypertensive BP levels
at treatment initiation was 18.1% and, more speciﬁcally,
15.3% for systolic pressure and 5.5% for diastolic pressure.
Only 2.7% had both systolic and diastolic hypertensive
levels. In subjects with systolic hypertensive levels, the
mean systolic BP SDS was 2.35 ± 0.78, and in subjects with
diastolic hypertensive BP levels the mean diastolic BP SDS
was 2.05 ± 0.36. Stage II hypertensive levels were present
in 167 (3.2%) of the subjects. Subjects’ characteristics are
shown in Table 1. Over the investigated years systolic BP
remained at the same level (crude p = 0.39, adjusted for sex,
BMI SDS, and age p = 0.41), while diastolic BP SDS had a
minor, but yet statistically signiﬁcant decrease, of 0.00005
BP SDS per year, crude and adjusted p < 0.0001. This is
illustrated in Supplementary Fig. 1.

Risk factors for hypertension

Medicaons, n=537

Syndromes, n=30

Sibutramine n= 140
Psychosmulants n= 408
Anhypertensive n= 11

Mb. Down n= 10
LMBB n= 12
PWS n= 4
Fragile-X n=2
Klinefelter n=2

Included in analyses
n=5 279
Fig. 1 Flowchart of included patients. Subjects with a height-for-age
Z-score below −3.5 or above +3.5 were excluded. Obesity was
deﬁned according to International Obesity Task Force28

Factors increasing the risk for hypertensive BP levels are
shown in Table 2. In analyses adjusted for age, sex, and
migration background, the odds ratio (OR) for hypertensive levels increased with higher degree of obesity: systolic hypertension OR = 1.74 [99% CL: 1.42–2.14] and
diastolic hypertension OR = 2.68 [1.98–3.62] per unit
BMI SDS. Girls had a greater risk of both systolic and
diastolic hypertensive levels (OR = 1.24 [1.02–1.51] and
1.73 [1.25–2.38], respectively) compared with boys.
Increasing age was associated with a minor, but statistically signiﬁcant, increase in risk of hypertension. Migration background did not affect the risk of hypertensive BP
levels.
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Table 1 Patient characteristics at initial visit, n = 5279
Proportion or mean ± SD
for all

Girls (n = 2572) 48.7% Boys (n = 2707) 51.3% p between girls
and boys

Age (years)

10.3 ± 3.1

10.2 ± 3.1

10.5 ± 3.0

0.0004

BMI SDS

2.92 ± 0.47

2.87 ± 0.46

2.97 ± 0.47

<0.0001

Scandinavian/Migration background (%)

65.2 / 34.8

67.1 / 32.9

63.3 / 36.7

0.0039

Systolic bp (mmHg)

111.9 ± 12.6

110.9 ± 12.5

112.8 ± 12.7

<0.0001

Diastolic bp (mmHg)

66.5 ± 9.0

66.5 ± 9.0

66.5 ± 9.0

Systolic blood pressure SDS

0.61 ± 1.1

0.64 ± 1.1

0.58 ± 1.0

0.0433

Diastolic blood pressure SDS

0.40 ± 0.76

0.45 ± 0.78

0.36 ± 0.74

<0.0001

Hypertensive systolic BP (% ≥ 95prc)

15.3

16.2

14.4

0.9417

0.0684

Hypertensive diastolic BP (% ≥ 95prc)

5.5

6.6

4.5

0.0005

Stage II hypertensive systolic BP (% ≥
99prc + 5 mmHg)

3.1

3.2

2.9

0.5688

Stage II hypertensive diastolic BP (% ≥
99prc + 5 mmHg)

0.2

0.2

0.3

0.2857

Height Z-score

1.06 ± 0.98

0.99 ± 0.99

1.13 ± 0.97

<0.0001

SDS standard deviation score, BP blood pressure, prc percentile

Systolic hypertension
OR

99% CL

p

Diastolic hypertension
OR

99% CL

p

Girls
vs. boys

1.24 1.02–1.51

0.0057 1.73 1.25–2.38 <0.0001

Age (years)

1.04 1.01–1.08

0.0016 1.07 1.02–1.13

BMI SDS

1.74 1.42–2.14 <0.0001 2.68 1.98–3.62 <0.0001

Migration
background

1.11 0.91–1.37

0.1844 0.80 0.57–1.12

0.0002
0.0875

Analyses are adjusted for sex, age, BMI SDS, and migration
background. n = 5279

Obesity treatment outcome
We investigated the effect of obesity treatment outcome,
i.e., change in BMI SDS, on systolic and diastolic BP SDS
values (based on 15,997 BP measurements), respectively,
using a mixed model approach, adjusted for time to followup, sex, age, BP SDS at treatment initiation, and migration
background.
Both systolic and diastolic BP SDS were lower when a
lower BMI SDS was achieved. The greatest effect was seen
upon systolic BP SDS, where a decrease in BP SDS of 0.41
[0.33–0.49; p < 0.0001] per BMI SDS unit decrease, was
observed. The corresponding decrease for diastolic BP SDS
was 0.26 [0.20–0.32; p < 0.0001] per BMI SDS unit
decrease. This is illustrated in Fig. 2.
Stratiﬁcation for sex revealed that the impact of reduction
in degree of obesity on BP SDS was greater in boys. The

0.3
Change in blood pressure SDS

Table 2 Odds ratios (OR) and 99% conﬁdence limits (CL) for systolic
and diastolic hypertension, respectively

0.2
0.1
0
-0.1
-0.2
-0.3
-0.4
≤ -0.5
11.1%

-0.5 to -0.25
16.8%
Systolic

-0.25 to +0.25
62.8%

≥0.25
9.3%

Diastolic

Fig. 2 Effect of behavioral obesity treatment outcome on change in
blood pressure SDS, categorized by change in BMI SDS. Bars
represent mean ± SE adjusted for age, sex, migration background,
treatment duration, and baseline blood pressure SDS

decrease in systolic BP SDS in boys was 0.44 [0.33–0.55;
p < 0.0001], for each BMI SDS unit decrease, compared
with 0.37 [0.25–0.49; p < 0.0001] in girls. The corresponding decrease in diastolic BP SDS was 0.29
[0.21–0.37; p < 0.0001] in boys, and 0.22 [0.13–0.31; p <
0.0001] in girls, for each unit decrease in BMI SDS.
Sub-analyses examining subjects with hypertensive BP
levels at obesity treatment initiation revealed that a reduction in degree of obesity had an even greater impact in this
group. In subjects with initially hypertensive systolic BP
levels with follow-up measurements (n = 807), each unit
decrease in BMI SDS resulted in a reduction of systolic BP
SDS of 0.66 [0.41–0.92; p < 0.0001], with a slightly higher
estimate in boys of 0.69 [0.33–1.06; p < 0.0001], than in
girls 0.62 [0.27–0.98; p < 0.0001]. The corresponding
numbers in subjects with diastolic hypertensive levels (n =
292) were a 0.41 [0.09–0.73; p = 0.0011] decrease for each
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Table 3 Hazard ratios (HR) and
99% conﬁdence limits (CL) for
developing systolic or diastolic
hypertensive levels,
respectively, in subjects with
normal pressure at start of
treatment

Systolic hypertension
(n = 4472)

Diastolic hypertension
(n = 4987)
HR

99% CL

p

0.43

1.59

1.06–2.39

0.0032

0.09

1.36

0.92–2.06

0.04

1.03–1.14

0.0002

1.07

1.00–1.14

0.0083

1.53

1.28–1.83

<0.0001

2.12

1.52–2.94

<.0001

BMI SDS at start of treatment

1.35

1.00–1.82

0.011

2.74

1.74–4.32

<.0001

Δ BMI SDS (1 unit increase)

1.81

1.38–2.37

<0.0001

3.82

2.34–6.24

<.0001

HR

99% CL

Girls vs. boys

1.08

0.84–1.40

Migration background

1.19

0.91–1.54

Age at start of treatment (years)

1.08

Blood pressure SDS at start of treatment

p

Analyses are adjusted for sex, age, blood pressure SDS and BMI SDS at baseline, migration background, and
change in degree of obesity (BMI SDS)
Analyses are based on 412 new cases of systolic hypertensive levels and 170 new cases of diastolic
hypertensive levels

BMI SDS unit reduction; boys: 0.49 [−0.02–1.01; p =
0.01]; girls: 0.37 [−0.04–0.79; p = 0.02]. However, behavioral treatment failed to lower BP in 27% of those with
hypertensive BP levels at treatment initiation, corresponding to 29.4% of those with systolic hypertensive levels and
14.0% of those with diastolic hypertensive levels.
In subjects with normal blood pressure at treatment
initiation, 412 new cases (9.2%) with systolic and 170 new
cases (3.4%) with diastolic hypertensive BP levels occurred.
They arose among all weight trajectories, but was more
frequent among individuals with increased BMI SDS. In
adjusted analyses the hazard ratios (HR) [99% CL] for
developing systolic and diastolic hypertensive BP levels,
respectively, were 1.81 [1.38–2.37; p < 0.0001] and 3.82
[2.34–6.24; p < 0.0001] for each BMI SDS unit increase
(Table 3). In boys the adjusted HRs per BMI SDS unit
increase were 1.71 [1.19–2.44; p = 0.0001] and 4.91
[4.37–10.17; p < 0.0001] for systolic and diastolic hypertensive BP levels, respectively. In girls the adjusted HRs
were 1.97 [1.30–2.97; p < 0.0001] and 3.04 [1.57–5.92; p <
0.0001], respectively. Other risk factors for developing
systolic and diastolic hypertensive BP levels were increasing age and BMI SDS at start of obesity treatment, and girls
were at greater risk than boys for developing diastolic
hypertensive levels.

Discussion
This study, based on a large nationwide cohort of children
and adolescents with obesity, shows the effect size of BP
reduction according to the decrease in degree of obesity.
The effect of obesity treatment on BP was greatest in subjects with hypertensive BP levels at treatment initiation.
Even though most subjects with hypertensive levels at
baseline normalized their BP during treatment, more than
one quarter did not achieve a lowered BP, and several cases
of new hypertensive BP levels occurred.

A higher degree of obesity was associated with an
increased risk of high BP levels, which is in accordance
with previously published data [5, 8, 11]. In the present
study, BP within the range of hypertension was more
common among girls. This is somewhat surprising since
previous studies have shown the opposite [7, 11], but sex
differences might be affected by the BP reference used [11].
A decrease in degree of obesity was associated with
decreasing systolic and diastolic BP levels which has been
demonstrated previously [9, 23–25], and the mean reduction in
BP levels was greater for the systolic pressure than the diastolic. As an example, an 11-year-old girl could on average
expect a 4 mmHg decrease in systolic BP and a 2 mmHg
decrease in diastolic BP if her degree of obesity was reduced
by one BMI SDS unit. The effect of weight loss on BP levels
was more pronounced among children and adolescents with
high BP levels at treatment initiation, corresponding to a
7 mmHg decrease in systolic and 4.5 mmHg decrease in diastolic BP for an 8-year-old boy with hypertensive BP levels.
A recent meta-analyses including 3807 children that
received various forms of obesity treatment (diet and physical activity, drugs or surgery) demonstrated that a decrease
in BMI resulted in a decrease in systolic but not in diastolic
BP [30]. This effect was much lower than previously
described by Reinehr et al. In 1388 overweight and obese
children with hypertension, a reduction of 0.25–0.5 BMI
SDS over 1 year generated a decrease of 16 mmHg in
systolic and 10 mmHg in diastolic BP [23]. The effect of
weight loss was 2–3 times higher than in the present study
and the prevalence of hypertensive BP levels at start was
also much higher than in our study (28 vs. 18%). The
reasons for the large differences between the studies are
unclear but differences in case mix, BP measurement procedure and white coat hypertension may contribute.
In the group with normal blood pressure at start of
obesity treatment, several cases of new hypertensive levels
occurred during treatment. The change in degree of obesity
(BMI SDS) was a strong predictor of new onset
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hypertensive BP levels. However, regardless of treatment
effect, degree of obesity at treatment initiation affected the
risk of developing hypertensive levels, emphasizing the
importance of continuing to evaluate blood pressure
throughout childhood obesity treatment.
The guidelines for managing hypertension in children
and adolescents with obesity places a strong emphasis upon
lifestyle modiﬁcations as the ﬁrst line treatment, with
pharmacological approaches clearly considered as secondary measures [5, 15, 22]. Our results conﬁrm that lifestyle
modiﬁcation treatment can result in a satisfactory lowering
of BP in hypertensive subjects to a large extent. However,
in the clinical setting, we could identify a substantial proportion (27%) of children where lifestyle modiﬁcation was
insufﬁcient to lower hypertensive BP levels, indicating that
antihypertensive pharmacological treatment should have
been initiated in addition to the lifestyle intervention in
accordance to present guidelines [15, 22]. This equals to
~5% of all children in obesity treatment, but none of the
subjects included in the present study had received BPlowering medication despite that BP levels remained high or
were within the range of severe hypertension. In Germany it
has also been reported that children with obesity and
hypertension are rarely treated pharmacologically [9],
whereas normal-weight children with secondary hypertension regularly receive pharmacological treatment in accordance with recommendations [15, 22]. The reason is
probably that many clinicians are reluctant to use pharmacological treatment when it seems obvious that weight loss
should be sufﬁcient. However, hypertension is probably
more harmful in combination with other metabolic comorbidity markers, more often seen in childhood obesity,
than in isolation, which is normally the case in normal
weight children with idiopathic hypertension [19, 20].

as regard to dietary advice, physical activity intervention, as
well as individualized and group treatment sessions. Not
only weight loss but also other lifestyle changes such as
increased physical activity and intake of healthy food may
have positive effects on BP even in the absence of any
substantial effect on weight. Such factors, difﬁcult to
objectively verify, may contribute to the variation in the
effect of treatment on BP.
It is also important to emphasize that the BP levels we
identiﬁed as high in the present study, although within the
range of hypertension, are not sufﬁcient for the diagnosis of
hypertension. Thorough investigation, including 24-h
ambulatory measurements, assessment of other comorbidities, and family history of cardiovascular disease are
recommended before the decision to start pharmacological
treatment [15].

Conclusion
In this prospective nationwide cohort study hypertensive
blood pressure levels were prevalent across all age groups
in pediatric obesity. Successful behavioral obesity treatment
was associated with reduction of blood pressure, and
treatment failure with increased risk for hypertensive BP
levels. This conﬁrms that weight loss is both a key factor
and a ﬁrst line of treatment of hypertension in children with
obesity. However, the reduction of the degree of obesity
obtained in Sweden is frequently insufﬁcient to normalize
BP levels and, to the best of our knowledge, behavioral
obesity treatment results are not better in other countries
[31, 32]. Intensiﬁed obesity treatment and/or additional
pharmacological antihypertensive treatment may therefore
be considered more frequently for children and adolescents
with obesity and hypertension.

Strengths and limitations
The present study is based on a large national cohort of
children and adolescents with obesity followed over time at
clinics specialized in pediatrics. This enabled us to study the
outcome of conventional clinical behavioral obesity
treatment on BP.
There are also limitations. First, the BP measurements
were not standardized as in clinical studies. Thus, we cannot
exclude the potential for overestimation of some BP levels,
due to incorrect cuffs, insufﬁcient rest, or stressful conditions. Second, there is a risk that BP levels may have been
more frequently documented when high, potentially
resulting in an overestimation of the prevalence of hypertensive levels. However, 85% of the total cohort had BP
reported, which reduces the potential size of such an overestimation. Third, treatment approach was not standardized
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