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Global estimates of childhood hypertension show a preva-
lence of 4%, peaking in young adolescents aged 13–15 years 
old at 7.1–7.9% [1]. During the last decade, several scientific 
organizations have focused their actions on the diagnosis 
and management of hypertension in children and adolescents 
updating their previously published guidelines, including 
recommendations about the young in the adult guidelines, 
or publishing separate consensus documents [2–6]. The 
diagnostic evaluation of the hypertensive child, a key issue 
in all documents, includes screening for secondary causes 
of hypertension, assessment of cardiovascular risk, and 
hypertension mediated organ damage (HMOD). As there is 
absence of robust evidence to balance between proper testing 
and unnecessary investigations, significant variance exists 
among guidelines on the recommendations and/or grading 
for the initial diagnostic investigations after diagnosis of 
hypertension is established (Table 1). In the current issue of 
Pediatric Nephrology, Ding et al. provide new evidence for 
the utility of different diagnostic tests for the initial evalua-
tion of hypertensive children and adolescents by retrospec-
tive data analysis in a tertiary pediatric nephrology center 
in Canada [7].

Etiology of pediatric hypertension

Secondary hypertension was found in about half (56.3%) 
of the children in the study by Ding et al. diagnosed with 
hypertension based on office or ambulatory blood pressure 
measurements [7]. Among key findings of the study is the 
high, top-ranged, diagnostic yield of kidney ultrasound for 
hypertension etiology in all children, independent of age and 
presence of obesity, while routinely performed laboratory 

investigations, including creatinine and urinalysis, did not 
significantly contribute to underlying etiology diagnosis.

Although primary hypertension is a growing problem in 
the context of the increased global incidence of pediatric 
obesity, secondary causes of hypertension should be con-
sidered in children and adolescents. In studies conducted 
at primary care clinics or school-based screening studies, 
the prevalence of secondary hypertension was found to be 
3.7–9.0% compared to 20–44% in subspecialty referral clin-
ics [8]. Underlying kidney etiology, parenchymal or vascular 
are the more prevalent causes of secondary hypertension in 
childhood [9, 10].

Indications for screening for secondary 
hypertension

Indications for further evaluation of hypertensive children 
and adolescents for underlying disorders and proper diagnos-
tic evaluation are similar among different scientific organi-
zations for children younger than 6 years. Children younger 
than 6 years old are at high risk for secondary hypertension 
and should undergo screening tests for underlying kidney 
disease including kidney ultrasound (Table 1). Preterm birth 
showed significant associations with hypertension in obser-
vational studies in childhood [11], and has been reported 
to be a risk factor for secondary hypertension in previous 
studies [12]. Higher grade of hypertension, stage 2 hyper-
tension, is also considered a risk factor for an underlying 
pathology and an indication for screening for secondary 
hypertension in the European Society Hypertension (ESH) 
guidelines [2, 6]. The American Academy Pediatrics (AAP) 
2017 guidelines, highlight that diastolic hypertension, rather 
than the severity of blood pressure elevation, is more pre-
dictive of secondary hypertension based on the results of 
observational studies [10, 13]. In the AAP 2017 guideline, 
it is recommended that obese children, older than 6 years 
old, having positive family history of hypertension, and 
no signs of underlying cause would not require extensive 
evaluation for secondary causes [3]. However, the study by 
Ding et al. showed a high prevalence (36.9%) of secondary 

 *	 Stella Stabouli 
	 sstaboul@auth.gr

1	 1st Department of Pediatrics, Aristotle University 
Thessaloniki, Hippokratio Hospital, 49 Konstantinoupoleos 
Str, 54642 Thessaloniki, Greece

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-023-06127-1&domain=pdf
http://orcid.org/0000-0001-9843-8198


340	 Pediatric Nephrology (2024) 39:339–343

1 3

Ta
bl

e 
1  

R
ec

om
m

en
da

tio
ns

 fo
r t

he
 in

iti
al

 d
ia

gn
os

tic
 e

va
lu

at
io

n 
of

 c
hi

ld
re

n 
w

ith
 h

yp
er

te
ns

io
n

ES
H

 E
ur

op
ea

n 
So

ci
et

y 
H

yp
er

te
ns

io
n,

 A
AP

 A
m

er
ic

an
 A

ca
de

m
y 

Pe
di

at
ric

s, 
EA

P 
Eu

ro
pe

an
 A

ca
de

m
y 

Pa
ed

ia
tri

cs
, H

TN
 h

yp
er

te
ns

io
n

ES
H

 2
01

6 
[2

]
A

A
P 

20
17

 [3
]

H
yp

er
te

ns
io

n 
C

an
ad

a 
20

20
 

[4
]

Jo
in

t s
ta

te
m

en
t o

f H
yp

er
-

C
hi

ld
N

ET
 a

nd
 E

A
P 

20
23

 [5
]

ES
H

 2
02

3 
[6

]

C
he

m
ist

ry
 p

an
el

 (e
le

ct
ro

ly
te

s, 
B

U
N

, s
er

um
 c

re
at

in
in

e)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (g
ra

de
 

D
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

U
rin

al
ys

is
A

ll 
ch

ild
re

n 
w

ith
 H

TN
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (g
ra

de
 

D
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

K
id

ne
y 

ul
tra

so
un

d
A

ll 
ch

ild
re

n 
w

ith
 H

TN
C

hi
ld

re
n <

 6 
ye

ar
s o

f a
ge

 o
r 

th
os

e 
w

ith
 a

bn
or

m
al

 k
id

ne
y 

fu
nc

tio
n 

or
 u

rin
al

ys
is

 (n
ot

 
gr

ad
ed

)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (G
ra

de
 

D
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

Li
pi

d 
pr

ofi
le

A
ll 

ch
ild

re
n 

w
ith

 H
TN

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (g

ra
de

 
C

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
Fa

sti
ng

 g
lu

co
se

A
ll 

ch
ild

re
n 

w
ith

 H
TN

A
t r

is
k 

fo
r d

ia
be

te
s (

no
t 

gr
ad

ed
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 (n

ot
 

gr
ad

ed
)

Ec
ho

ca
rd

io
gr

ap
hy

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 a
t 

di
ag

no
si

s
A

ll 
ch

ild
re

n 
w

ith
 H

TN
 a

t i
ni

-
tia

tio
n 

of
 p

ha
rm

ac
ol

og
ic

al
 

tre
at

m
en

t (
gr

ad
e 

C
, m

od
er

-
at

e 
re

co
m

m
en

da
tio

n)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (g
ra

de
 

C
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 a
t 

di
ag

no
si

s (
gr

ad
e 

B
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 a
t d

ia
g-

no
si

s (
no

t g
ra

de
d)

Re
tin

al
 e

xa
m

in
at

io
n

In
 sy

m
pt

om
at

ic
 c

hi
ld

re
n,

 
en

ce
ph

al
op

at
hy

 o
r m

al
ig

-
na

nt
 H

TN

N
o 

re
co

m
m

en
da

tio
n

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (g
ra

de
 

C
)

In
 se

ve
re

 H
TN

/H
TN

 e
m

er
-

ge
nc

y 
(g

ra
de

 C
)

In
 se

ve
re

 H
TN

/H
TN

 e
m

er
-

ge
nc

y 
(n

ot
 g

ra
de

d)

Pr
ot

ei
nu

ria
/m

ic
ro

al
bu

m
in

ur
ia

A
ll 

ch
ild

re
n 

w
ith

 H
TN

M
ic

ro
al

bu
m

in
ur

ia
 is

 n
ot

 
re

co
m

m
en

de
d 

in
 c

hi
ld

re
n 

w
ith

 p
rim

ar
y 

H
TN

 (g
ra

de
 C

, 
m

od
er

at
e 

re
co

m
m

en
da

tio
n)

Pr
ot

ei
nu

ria
 is

 re
co

m
m

en
de

d 
in

 c
hi

ld
re

n 
w

ith
 C

K
D

 (g
ra

de
 

B
, s

tro
ng

 re
co

m
m

en
da

tio
n)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 
al

bu
m

in
/c

re
at

in
in

e 
ra

tio
 

(g
ra

de
 C

)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (g
ra

de
 

D
)

A
ll 

ch
ild

re
n 

w
ith

 H
TN

 (n
ot

 
gr

ad
ed

)



341Pediatric Nephrology (2024) 39:339–343	

1 3

hypertension even in adolescents > 12 years old [7] and high-
lighted the diagnosis of secondary hypertension in half of 
the children with traditional risk factors, overweight, and 
obesity, challenging the AAP 2017 recommendations.

Diagnostic tests for secondary hypertension

History and clinical examination are recommended to 
guide patient-specific diagnostic evaluation beyond initial 
laboratory tests including creatinine, blood urea nitrogen 
(BUN), electrolytes, and urinalysis that should be offered 
to all children [2–6]. A targeted, cost-saving approach 
with regard to initial laboratory testing for evaluation of 
secondary causes of hypertension has been evaluated by 
different published guidelines. In this concept, the AAP 
2017 guideline updated the Fourth Report recommenda-
tion for kidney ultrasound and recommended it to be per-
formed only for children younger than 6 years old and 
those with abnormal creatinine levels or urinalysis [3]. 
However, in the study by Ding et al., neither creatinine 
nor urinalysis were sensitive markers of underlying kid-
ney pathology supporting the results of previous studies 
[10, 14]. Kidney scars, cysts, small-sized or dysplastic 
kidneys, or solitary kidney may underlie the pathogen-
esis of secondary hypertension without any laboratory 
sign of abnormal kidney function [15, 16]. Moreover, in 
older children, kidney ultrasound may give clues for the 
presence of renovascular hypertension [17]. Although 
kidney ultrasound is subjective to operator experience 
and skills, its role in the detection of asymptomatic 
underlying kidney pathology is vital for early detection 
and appropriate clinical decision-making. Once chronic 
kidney disease (CKD) is diagnosed, preventive meas-
ures may start to slow the progression of disease and 
the importance of strict blood pressure control has been 
established by strong evidence [18]. Thus, the study by 
Ding et al. revisits the utility of kidney ultrasound in the 
initial screening of hypertensive children for underlying 
etiology, supporting ESH, European Academy Paediatrics 
(EAP) and Canadian guideline recommendations for it to 
be performed in all children with hypertension.

Further urine testing with urine albumin-to-creatinine 
ratio (ACR) and protein-to-creatinine ratio (PCR) were per-
formed in low numbers of patients in the Ding et al. study 
limiting the evaluation of the diagnostic yield of these tests. 
Of note, a large meta-analysis shows high diagnostic value 
of PCR for the diagnosis of underlying kidney pathology in 
hypertensive children [12].

In the study by Ding et al., DMSA was performed in a 
subset of children showing a high diagnostic yield for sec-
ondary hypertension [7]. However, this testing indication 
was guided by history of recurrent urinary tract infections 
or dysplastic kidneys and maybe useful for the detection 

of kidney scars in hypertensive children with related his-
tory or in case of unexplained hypertension despite normal 
ultrasound [19].

Diagnostic testing in obese hypertensive children

School screening studies, as well as cross-sectional stud-
ies, showed higher prevalence of primary hypertension in 
obese children [20–22]. On the other hand, several studies 
have shown that the obesity epidemic also affects children 
with all CKD stages [23]. Ding et al. showed that obese 
children with hypertension may benefit from kidney ultra-
sound testing, as it presented a high diagnostic yield for 
underlying kidney abnormalities in obese similar to non-
obese children.

Ding et al. also showed that the yield of lipid profile test-
ing is high only in obese hypertensive children, support-
ing extensive cardiovascular risk assessment only in obese 
patients. This is line with the recent Pediatric Renal Nutri-
tion Taskforce clinical practice recommendations focusing 
on obesity and metabolic syndrome in children with CKD, 
highlighting the role of assessment for metabolic abnormali-
ties in case of overweight or obesity [23].

Assessment of cardiovascular risk and HMOD

Beyond obesity, family history of cardiovascular, or dys-
lipidemia could also guide lipid screening in all hyper-
tensive children [24]. Nevertheless, while the evidence 
remains low, evolving longitudinal cohort data show the 
adverse role of multiple cardiovascular risk factors on 
atherosclerotic cardiovascular disease in early adulthood 
[25], favoring consensus recommendations for lipid and 
glucose screening for the cardiovascular risk assessment 
of all hypertensive children (Table 1).

Assessment for HMOD offers important information on 
the individual cardiovascular risk and could guide clinical 
decisions from diagnosis with regard to intensity of non-
pharmacological treatment, time to wait for initiation of 
pharmacological treatment, and choice of drug [26]. Echo-
cardiography is recommended by all published guidelines 
for the evaluation of left ventricular hypertrophy (LVH), 
which is the hallmark HMOD in childhood. It should be 
underlined that echocardiography is the gold standard for 
the diagnosis of LVH in children as, in contrast to adults, 
electrocardiography (ECG) has low sensitivity in children 
for the assessment of LVH [3]. Ding et al. confirmed that 
echocardiography has very high diagnostic yield for the 
identification of HMOD. This is in line with numerus stud-
ies and recent meta-analysis that support the close associa-
tion of blood pressure elevation in childhood and indices 
of LVH assessed by echocardiography [27, 28]. The role of 
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left ventricular systolic and diastolic function parameters 
assessed by echocardiography needs to be established.

Conclusion and perspectives

The study by Ding et al. emphasizes the high diagnos-
tic utility of kidney ultrasound in the initial evaluation of 
hypertension underlying etiology, as well as echocardiog-
raphy for the assessment of HMOD, drawing attention to 
related controversial issues among guidelines [7]. Contro-
versies may pose significant challenges in the implementa-
tion of recommendations into routine clinical practice and 
could result in low compliance of the attending physicians 
with the guidelines. Variations in practice will also inevi-
tably and appropriately occur when taking into account 
availability or cost of a test and insurance aspects, further 
affecting the implementation of the recommendations. In 
confirmation of these concerns, recent data from the USA 
show that among children evaluated for hypertension in 
primary care only 2% had appropriate screening labora-
tory tests conducted, and none had a kidney ultrasound 
performed [29].

The study by Ding et al. may have several limitations 
being retrospective and performed at a tertiary nephrology 
center which may have resulted in a high prevalence of 
secondary hypertension and possibly referral bias. When 
blood pressure screening is performed at population level 
as in school-based screening studies, the prevalence of 
secondary hypertension is lower. Given the high rates of 
underrecognized pediatric hypertension, referred patients 
may have more pronounced symptomatology, risk factors, 
comorbidities, or greater parent anxiety and compliance 
with medical appointments [29, 30]. However, the main 
research question which the study is attempting to answer 
is what the initial testing would be in children after hyper-
tension diagnosis. Currently, all guidelines address their 
recommendations to primary care physicians and subspe-
ciality centers. Whether referring or testing at primary 
care, the target population for initial screening is the same, 
children with established hypertension identified by blood 
pressure measurement.

While strong recommendations on the basis of robust, 
high-quality data from multiple randomized controlled tri-
als showing evidence of benefit that outweighs harm from 
diagnostic tests are desperately needed, efforts may focus 
on the implementation of diagnostic approaches with the 
intent of identifying and managing underlying etiology in 
asymptomatic hypertensive children, limiting or prevent-
ing cardiovascular or kidney complications for the best 
health care of children and adolescents with high blood 
pressure.
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