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Childhood occasional hypertension and its
association with size at birth and early growth:
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Abstract

Background Hypertension has recently shown a rapid rise in prevalence among children and adolescents. It can
track into adulthood and tend to manifest at an earlier age. It should be prevented urgently and efficiently.

Methods This study assesses the prevalence of occasional hypertension (OHTN) at 5~ 6 years old and evaluates its
association with size at birth and BMI at 2 and 5 ~6 years old in full-term children. We conducted a population-based
cohort study of 12,564 children from 66 kindergartens in Tianjin, China. Information on birth weight, body mass index
(BMI) at 2 and 5~ 6 years old, and blood pressure at 5 ~ 6 years old was retrospectively collected.

Results The prevalence of childhood OHTN (SBP or DBP > Pys percentile for sex, age, and height) was 17.0%. At birth,
SGA has a high risk of OHTN (AOR 1.36, 95%Cl 1.10-1.68). In the SGA subgroup, although children are of normal
weight at 5~ 6 years old, excessive catch-up growth (BMI >75th at 2 years old) was still attributed to OHTN (OR 1.51,
95%Cl 1.03-2.24). Obesity (BMI >2SD at 5~ 6 years old) was a vital risk factor for OHTN (AOR 2.93, 95%Cl 2.56-3.36)
unregarding with birthweight (OR 95%Cl: SGA 3.23(1.66 ~6.27), AGA 2.83 (2.42-3.31), LGA 3.52 (2.65-4.68)). The
co-presence of moderate or excessive catch-up growth before 2 years old and obesity at 5~ 6 years old significantly
increased the risk of childhood OHTN (OR from 2.74 (1.65-4.54) to 6.53 (2.68-15.90)).

Conclusions Preschool obesity, low birth weight, and excessive catch-up growth increased the risk of OHTN in
childhood.
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Background

Hypertension (HTN), also known as elevated blood pres-
sure (BP), is a leading risk factor contributing to cardio-
vascular disease, morbidity and mortality [1]. In addition
to its high prevalence in adults, HTN has recently shown
a rapid rise in prevalence among children and adoles-
cents, trending to manifest at an earlier age. The preva-
lence of HTN was 16.3% in 2017 in the US among
adolescents aged 10~17 years [2] and 9.2% in 2014 in
China among children aged 7 ~17 years [3]. Childhood
HTN can track into adulthood with the phenomenon of
‘trajectory’ and has been suggested by pathophysiologic
and epidemiologic evidence to be associated with organ
damage, including coronary artery calcifications and
hypertrophy [4, 5]. Therefore, the prevention of HTN
in children and adolescents should be implemented
urgently and efficiently.

BP levels in children are dynamic and can be easily
influenced by various factors. Previous studies have indi-
cated that up to half of the children referred for evalu-
ation of elevated office blood pressure have white-coat
hypertension (WCH) [6, 7]. In adults, some researchers
have documented an imbalance between the sympa-
thetic and parasympathetic nervous systems, showing
excessive sympathetic activity [8, 9]. There is evidence
suggesting that target organ effects, including those on
the heart, kidneys, brain, and vasculature, are present in
WCH compared to normotension, but these effects are
not as pronounced as those found in hypertension [10].
Additionally, studies utilizing ambulatory blood pressure
monitoring have reported that 37-75% of subjects with
WCH progress to sustained hypertension over time [11,
12]. In children, the risks associated with WCH and the
potential timeline for complications are not well under-
stood, as cardiovascular morbidity is exceedingly rare.
However, some studies suggest that the left ventricular
mass index may be intermediate between normotensive
and hypertensive children when accounting for BMI
[7, 13]. Furthermore, similar to adults, obesity is often
observed in children with WCH, which may increase
the risk of progression to sustained hypertension [14].
Guidelines on pediatric hypertension recommend that
at least three separate visits be conducted to confirm
the diagnosis of hypertension in children [15]. However,
conducting three separate visits is challenging in large-
scale population screenings, and one-time screening was
more commonly used. Therefore, considering the clini-
cal significance and practical feasibility, a one-time blood
pressure screening to identify occasional hypertension
remains important.

Childhood obesity is a global problem, with an age-
standardized prevalence of 5.6% in girls and 7.8% in boys
in 2016 [16]. It has been known for some time that obe-
sity is associated with HTN in both adults and children
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[17]. In addition to childhood obesity, size at birth and
subsequent weight gain during early postnatal life are
essential indicators of neonatal and adult health. It is well
documented that small for gestational age (SGA, <10th
percentile birth weight for gestation) infants are fac-
ing increased risks of adverse developmental and adult
health outcomes, including lower psychologic and intel-
lectual performance, precocious puberty, type 2 diabe-
tes, metabolic syndrome, obesity, and cardiovascular
disease [18-20]. Previous studies have concluded that
excessive weight gain and overweight in the first several
years of life would also increase the risks of subsequent
obesity and unfavorable metabolic outcomes in child-
hood, adolescence, and adulthood [21-23]. However, to
our knowledge, no studies compared the effects or evalu-
ated the joint effect of body weight at birth, infancy, and
childhood on childhood HTN. There were also no stud-
ies focusing on the impact of weight status change from
birth to infancy and currency on childhood BP.

Globally, 16% of infants are SGA at birth, ranging from
7% in industrialized countries to 41.5% in South Asia in
2010 [24]. Most SGA infants catch up with their appro-
priate gestational age (AGA, 10th~<90th percentile
birth weight for gestation) counterparts by exhibiting a
faster weight and length gain rate, crossing upwards the
percentiles on the growth charts. However, the health
impact on catch-up growth following SGA was contro-
versial, and the evidence was limited [25]. It has been
suggested that catch-up growth following SGA is benefi-
cial in a short time, but catch-up growth that occurs later
than 2 years increases the risk of later obesity and non-
communicable diseases [25, 26]; however, this evidence
does not focus on individuals with SGA and has not been
subject to systematic review and evidence appraisal.

Using the data of a population-based retrospective
cohort study in China, the present study aimed to assess
the prevalence of childhood occasional hypertension
(OHTN) at 5~6 years old and its association with body
size at birth and BMI at infancy and currency in full-term
born children in China. We also compared the effects of
catch-up growth before and after 2 years following SGA
on childhood OHTN to seek a better growth pattern dur-
ing early childhood for SGA infants.

Methods

Study sample

Tianjin is a metropolitan city in Northern China, ranking
fourth in population size (15.6 million in 2017) among
Chinese cities. It comprises 16 county-level administra-
tive areas (including six central urban districts, one new
urban district, four suburban districts, and five rural dis-
tricts). Children’s health care in Tianjin is routine, with a
three-tier care system consisting of (1) About 300 com-
munity-based health centers and 1700 kindergartens;
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(2) 16 district-level women and children’s health centers
(WCHC) and other secondary obstetric hospitals; and (3)
A city-level WCHC and other tertiary obstetric hospitals.
In Tianjin, all children are given health examinations by
the community-based health centers at birth, postnatal
(<42 days after birth), infancy, and early childhood, and
then by the district-level or city-level WCHC after enter-
ing kindergartens. Information of health examinations
for children begins with children’s birth, including infor-
mation from newborns (date of birth, sex, gestational
week of birth, birth weight, birth recumbent length, and
Apgar score), postnatal period (names of the child and
their parents, family history of diseases, feeding modali-
ties, weight, and recumbent length), infancy (date of
examination, weight, recumbent length before 24 months
and height from 24 months, head circumference, num-
ber of teeth, and blood hemoglobin), and preschool (date
of examination, weight, height, number of teeth, blood
hemoglobin, and BP). Healthcare records have been col-
lected and available electronically since 2009 [20]. We
conducted a retrospective cohort study in Tianjin, China,
based on the electronic data from the health care records.
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We employed stratified cluster sampling to obtain a
random sample of children in Tianjin, and 1~7 kinder-
garten schools were selected from each of the 16 dis-
tricts. Between 2016 and 2018, 66 kindergartens were
monitored, and 21,458 children at 5 ~ 6 years old finished
the BP screening. Birth weight and BMI information at
2 years old (1.5~<2.5) and 5~6 years old (5.0~<7.0)
were retrospectively collected from the electronic health
care records of annual regular health examinations. The
present analyses included 12,564 (58.6%) children after
excluding 8,894 children with incomplete data (birth
weight, gestational age, BMI at 2 years old), older than 7
years old, or younger than 5 years old, more than 43 or
less than 37 weeks of gestational age, and multiple births
(Fig. 1). There were no significant differences in gen-
der composition (male: 52.8% vs. 52.2%, P=0.369) but
significant differences in age (6.11+0.34 vs. 6.09+0.31
years old) between children excluded and included in
the present analysis. The Ethics Committee for Clinical
Research of Tianjin Women and Children’s Health Cen-
ter approved the study and analysis plan. Since this is a
retrospective analysis of data routinely collected from
children, written informed consent was not applicable.

Health care records of 21,458 children were collected
from 66 kindergarten in Tianjin from 2016 to 2018

Exclude:
Age < 5 years old: 25
Age > 7 years old: 39

21,394 children remained in the database

Exclude:
Birth Weight missing: 7609
Gestational week < 37: 504
Gestational week >43: 0

13,281 children remained in the database

Exclude:
BMI at 1.5~<2.5 years old missing: 672
Multiple births: 45

12,564 children remained in the database

Fig. 1 Detailed flow chart for the data cleaning procedure
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The Ethics Committee for Clinical Research of Tianjin
Women and Children’s Health Center agreed to waive the
need for written informed consent from all participants
in our study.

Measurements

The dataset for the present analysis was from electronic
healthcare records of the annual regular health examina-
tion. The dataset included family information (paternal
BMI, maternal BMI, family income, residential region),
information at birth (delivery mode, birth weight, birth
length and gestational age), infant feeding pattern within
the first 6 months, information at 2 years old (1.5~ <2.5)
(age, weight and height/length) and 5~ 6 years old [age,
weight, height, systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP)].

BP was measured using electronic sphygmomanom-
eters (Omron HBP1300), certified by the Association for
the Advancement of Medical Instrumentation (AAMI).
Children were asked to empty their bladder and had at
least 5 min rest before BP measurements. Then, they
were seated with their legs uncrossed and right arm at
the heart level. It was recommended that they be relaxed
and keep quiet. An appropriate cuff was used according
to the circumference size of the child’s right upper arm.
The measurements were taken twice for each child at an
interval of 1 min. If the difference between the two mea-
surements >10 mm Hg, a third measurement was taken.
The mean values of the last two readings were used for
diagnosis and statistical analysis. The definition of hyper-
tension in children and adolescents is based on the BP
percentile, as the average SBP and/or DBP is >95th per-
centile (Py5) for gender, age, and height according to the
2017 Chinese standards [27]. As HTN in children and
adolescents should be determined from at least three
separate visits [15] and BP was measured on only one
occasion in this study, we defined those who met the
diagnostic criteria as OHTN.

Children’s weight and length/height were measured
at birth, 2 years old (1.5~<2.5), and 5~6 years old
(5.0~<7.0). The age of the child (calculated as the dif-
ference between the date of measurement and birth)
was recorded and included in the analysis. Using the
standardized protocol, specially-trained pediatricians
measured all children’s weight and length/height in light
indoor clothing and without shoes. Weight was mea-
sured to the nearest 0.01 kg using a digital scale (TCS-
60, Tianjin Weighing Apparatus Co., China). The length
was measured to the nearest 0.1 cm using a recumbent
length stadiometer (YSC-2, Beijing Guowangxingda,
China). Standing height was measured to the nearest
0.1 cm using a stadiometer (SZG-180, Shanghai Zheng-
dahenggqi, China). The electronic healthcare records were
verified with repeated measurements previously [28]. The
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correlations between electronic healthcare records and
repeated measurement data for children are 0.999 (for
body weight) and 0.999 (for height/recumbent length),
respectively.

Z scores (standard deviation [SD] scores) were calcu-
lated independent of sex and age— that is, (measurement
minus population mean) /population SD. Birth weight z
scores were calculated based on the 2014 Chinese child
growth standards [29]. BMI z scores at 2 and 5~ 6 years
old were calculated based on the World Health Organiza-
tion (WHO) child growth standards (2 ~5 years old) [30]
and WHO child growth reference (5~ 19 years old) [31].

Groups

1) At birth, we focused on intrauterine growth. New-
borns were divided into three subgroups according to
birth weight Z scores: SGA (<-2SD), AGA (-2SD to 2SD),
and large for gestational age (LGA) (>2SD) [29].

2) At 2 years old, we focused on catch-up growth in
the first 2 years after birth. Children were divided into
three categories according to BMI Z scores at 2 years old:
<10th centile (no catch-up growth), 10th to 75th centile
(moderate catch-up growth), and >75th centile (excessive
catch-up growth) in each birth weight subgroup [32]. The
75th percentile of Z-distribution was converted to 0.67
SD.

3) At 5~6 years old, we focused on childhood obesity.
Children at 5 ~ 6 years old were divided into three catego-
ries: <-2SD (underweight), -2SD to 2SD (normal weight),
and >2SD (obesity) [33] in each birth weight subgroup.

Statistical analyses

The rates of OHTN were compared between differ-
ent groups using the chi-square test. Logistic regression
models were used to estimate the associations of birth
weight groups and childhood BMI with OHTN at 5~6
years old in full-term born children. We included three
models in the logistic analyses: Model 1 univariate analy-
ses; Model 2 adjusted for paternal BMI, maternal BMI,
family income, residential region, delivery mode, infant
feeding pattern, sex, and age; Model 3 adjusted for vari-
ables in Model 2 and further adjusted for BMI at 2 and
5~6 years old (in birth weight groups analyses), or birth
weight groups and BMI at 5~6 years old (in BMI at 2
years old analyses), or birth weight groups and BMI at 2
years old (in BMI at 5 ~ 6 years old analyses).

We stratified participants by birth weight groups
(SGA, AGA, and LGA) to see the association of BMI at
2 and 5~ 6 years old with OHTN. The joint association
of OHTN with birth weight groups, BMI at 2 and 5~6
years old were also tested, with the children who were
AGA at birth, with BMI 10th~<75th at 2 years old
and BMI -2SD~2SD at 5~6 years old as the reference
group. The criterion of statistical significance was <0.05
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(for two-sided tests). All statistical analyses used SAS for
Windows, version 9.3 (SAS Institute, Cary, NC) and R 4.0
(R Foundation for Statistical Computing, Vienna, Aus-
tria) software programs.
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Results

Incidence of occasional hypertension

Of the 12,564 children, 6,561 (52.2%) were boys and 6,003
(47.8%) girls. Overall, the rates of SBP > Py, DBP > Py,
and OHTN at 5 to 6 years old were 10.6% (1,333/12,564),
10.0% (1,255/12,564) and 17.0% (2,133/12,564), respec-
tively. Table 1 shows that children whose parents were
overweight/obese, lived outside rural areas, who were

Table 1 Rates of occasional hypertension at 5~ 6 years old according to different categories of characteristics

Sample Size SBP > Py DBP = Py OHTN
Rate P value Rate Pvalue Rate Pvalue
Paternal BMI 0.015 0.001 0.001
<24 kg/m? 4364 9.7 8.7 155
>24 kg/m2 8,200 1.1 10.7 17.8
Maternal BMI <0.001 <0.001 <0.001
<24 kg/m? 10,044 99 9.3 16.0
> 24 l<g/m2 2,520 133 126 20.8
Family income 0.226 0.341 0.252
< 5,000 RMB 1,734 1.7 11.0 183
5000~ < 10,000 RMB 5402 10.6 9.8 16.8
> 10,000 RMB 5311 10.2 9.8 16.7
Residential region <0.001 <0.001 <0.001
Urban 4,550 104 10.5 173
Sub-urban 2,746 14.5 13.1 232
Rural 2,625 55 82 1.1
New urban 2,643 121 76 159
Delivery mode 0.004 <0.001 <0.001
Vaginal delivery 4,912 9.6 8.5 15.0
Cesarean section 7,652 11.2 11.0 182
Infant feeding pattern 0.842 0.019 0.288
Exclusive breastfeeding 5,362 10.8 9.1 16.4
Mixed feeding 6,684 104 10.7 174
Exclusive formula feeding 434 10.8 104 18.2
Sex 0.009 0.002 0.001
Boys 6,561 1.3 10.8 18.1
Girls 6,003 9.9 9.1 15.7
Age 0.172 0.006 0.023
5~<6years 5182 1.1 109 179
6~<7years 7,382 103 94 163
Birth weight group 0.308 0.098 0.112
SGA 614 124 1.9 19.9
AGA 9,765 105 10.1 16.9
LGA 2,185 10.8 9.1 16.3
BMI at 2 years old <0.001 0.013 <0.001
<10th 420 105 83 164
10th~<75th 6,539 9.2 94 155
> 75th 5,605 12.3 10.8 18.8
BMIat 5~6 years old <0.001 <0.001 <0.001
<-2SD 246 49 53 8.9
-2SD~<2SD 11,042 9.2 8.7 15.1
>2SD 1,276 24.1 219 344

Occasional hypertension was defined as SBP = Py; or DBP = Py

SBP, systolic blood pressure; DBP, diastolic blood pressure; OHTN: occasional hypertension; BMI, body mass index; SGA, small for gestational age; AGA, appropriate

for gestational age; LGA, large for gestational age; SD, standard deviation
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boys, and delivered by cesarean section had higher inci-
dences of OHTN (all P values<0.05). There was no dif-
ference between different family income, infant feeding
patterns, or birth weight groups (SGA, AGA, and LGA).
The rates of hypertension were different in BMI catego-
ries. The OHTN rate at 2 years old was 16.4%, 15.5%, and
18.8% for BMI<10th, 10th ~ <75th, and >75th categories;
at 5~ 6 years old, it was 8.9%, 15.1%, and 34.4% for BMI
<-2SD, -2SD ~ < 2SD, and >2SD categories, respectively.

According to the results in Table 1, we further analyzed
the effects of birth weight and childhood BMI on OHTN
(Table 2). Univariate analyses (Model 1) showed that chil-
dren with a higher BMI (= 75th at 2 years old; = 2SD at
5~ 6 years old) had a higher risk of OHTN [OR and 95%
CL 1.26 (1.15-1.39); 2.94 (2.59-3.42)]. After adjusting
parents’” BMI, family income, residential region, deliv-
ery mode, infant feeding pattern, sex, and age (Model
2), high childhood BMI still contributed to the increased
incidence of OHTN [OR and 95% CI: 1.20 (1.09-1.33);
2.93 (2.56-3.35)].

When birth weight groups, BMI at 2 and 5~6 years
old entered the model simultaneously (Model 3), the
multivariate-adjusted ORs (95% ClIs) of OHTN at 5~6
years old were 1.36 (1.10-1.68), 1.00 and 0.81 (0.71-0.92)
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based on different groups of birth weight (SGA, AGA,
and LGA); 1.13 (0.86-1.49), 1.00 and 1.08 (0.98-1.19)
based on different categories of BMI at 2 years old
(<10th, 10th ~<75th and >75th); and 0.56 (0.35-0.87),
1.00 and 2.93 (2.56-3.36) based on different categories of
BMI at 5~6 years old (<-2SD, -2SD ~<2SD and >2SD),
respectively.

Occasional hypertension under different weight statuses
In the subgroup analysis of birth weight, the associa-
tion of BMI at 2 and 5~ 6 years old with OHTN at 5~6
years old was shown in Fig. 2. BMI at 2 years old (< 10th,
10th ~ < 75th and >75th) was significantly associated with
OHTN in children who were AGA at birth [ORs and 95%
Cls: 0.99 (0.73-1.34), 1.00 and 1.22 (1.09-1.36). How-
ever, the association was not significant in children who
were SGA or LGA at birth. Being obese at 5~6 years
old (BMI=>2SD) would significantly increase the risk of
OHTN at 5~6 years old regardless of birth weight [OR
and 95% CIL: SGA 3.23 (1.66-6.27); AGA 2.83 (2.42-3.31);
LGA 3.52 (2.65-4.68)].

Table 2 Odds ratios and 95% confidence intervals of birth weight, BMI at 2 and 5~ 6 years old with occasional hypertension

Model 1 Model 2 Model 3
SBP = Py DBP = P,; OHTN SBP = Py DBP zP,;  Occasional SBP = Py DBPzP,;  OHTN
hypertension
Birth weight groups
SGA 1.21 1.20 122 1.30 1.29 1.30 1.37 1.33 1.36
(0.94-1.55)  (0.93-1.55) (0.99-1.49) (1.01-1.68) (1.00-1.67) (1.06-1.61) (1.06-1.78) (1.03-1.73) (1.10-1.68)
AGA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LGA 1.04 0.89 0.95 0.95 0.81 0.87 0.87 0.76 0.81
(0.89-120)  (0.76-1.04) (0.84-1.08) (0.82-1.11)  (0.69-0.96) (0.76-0.99) (0.74-1.02)  (0.64-0.89) (0.71-0.92)
BMI at 2 years old
<10th 1.16 0.88 1.07 1.10 0.86 1.04(0.79-136) 122 0.93 113
(0.84-1.60)  (0.62-126) (0.82-1.40) (0.79-1.53)  (0.60-1.24) (087-1.71)  (0.64-134)  (0.86-1.49)
10th~<75th 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
> 75th 1.38 1.18 1.26 1.34 111 1.20 1.18 0.99 1.08
(1.23-1.55) (1.05- (1.15- (1.19-1.51) (0.98-1.25) (1.09-1.33) (1.04-1.33) (0.87-1.12)  (0.98-1.19)
1.33) 1.39)
BMIat 5~6 years old
<-2SD 0.51 0.58 0.55 0.54 0.64 0.59 0.52 061 0.56
(0.28-0.91) (0.33-1.03) (0.35- (0.30-0.97) (0.36-1.12) (0.38-0.91) (0.29-0.95) (0.34-1.08) (0.35-0.87)
0.86)
-2SD~<2SD 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
> 25D 3.15 295 294 3.23 2.82 293 3.15 2.89 293
(2.73-3.64) (2.54- (2.59- (2.77-3.76) (2.42-3.30) (2.56-3.35) (2.70-3.69) (2.46-3.39) (2.56-3.36)
3.42) 3.34)

Occasional hypertension was defined as SBP = Py or DBP = Pyg
Model 1 univariate analyses;

Model 2 adjusted for paternal BMI, maternal BMI, family income, residential region, delivery mode, infant feeding pattern, sex, and age;

Model 3 adjusted for variables in Model 2 and further adjusted for BMI at 2 and 5~ 6 years old (in birth weight groups analyses), or birth weight groups and BMI at
5~6 years old (in BMI at 2 years old analyses), or birth weight groups and BMI at 2 years old (in BMI at 5~ 6 years old analyses)

SBP, systolic blood pressure; DBP, diastolic blood pressure; OHTN: occasional hypertension; SGA, small for gestational age; AGA, appropriate for gestational age; LGA,

large for gestational age; BMI, body mass index; SD, standard deviation
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Subgroup Cases
At 2 years old

In the SGA subgroup (n=614)

BMI < 10th 6 35

BMI 10th~< 75th 72 390

BMI 275t 44 189
In the AGA subgroup (n=9765)

BMI < 10th 57 352

BMI 10th~< 75th 808 5243

BMI >75th 790 4170
In the LGA subgroup (n=2185)

BMI < 10th 6 33

BMI 10th~< 75th 132 906

BMI 275t 218 1246

At 5~6 years old
In the SGA subgroup (n=614)

BMI <-28D 5 33

BMI| -2SD~< 2SD 98 536

BMI 228D 19 45
In the AGA subgroup (n=9765)

BMI <-28D 16 201

BMI -2SD~< 2SD 1331 8655

BMI 228D 308 909
In the LGA subgroup (n=2185)

BMI <-2SD 1 12

BMI -2SD~< 28D 243 1851

BMI 228D 112 322

Participants
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Fig. 2 Odds ratios and 95% confidence intervals of BMI to age-specific occasional hypertension. Adjusted for paternal BMI, maternal BMI, family income,

residential region, delivery mode, infant feeding pattern, sex, and age

Joint association of OHTN with birth weight and childhood
BMI

The joint association of OHTN at 5~6 years old with
birth weight groups, BMI at 2 and 5~ 6 years old were
listed in Fig. 3. The children who were AGA at birth with
BMI 10th ~ <75th at 2 years old and BMI -2SD ~2SD at
5~ 6 years old were defined as the control group.

In the SGA group, children with BMI 10th ~ < 75th at 2
years old and BMI = 2SD at 5 ~ 6 years old had increased
risk of OHTN at 5~6 years old [OR and 95% CI: 3.03
(1.32-6.96)]; children with BMI >75th at 2 years old and
BMI -2SD ~2SD at 5~6 years old had increased risk of
OHTN at 5~6 years old [OR and 95% CI: 1.51 (1.03—
2.24)]; and co-presence of over catch growth at 2 years

old (>75th) and obesity at 5~6 years old increased the
OR to 6.53 (2.68—15.90).

In the AGA group, the risk of OHTN at 5~ 6 years old
was significantly increased in each obesity group (BMI >
2SD at 5 ~ 6 years): BMI<10th at 2 years old [OR and 95%
CI: 8.62 (1.99-37.29)]; BMI 10th~<75th at 2 years old
[OR and 95% CI: 2.99 (2.27-3.93)]; BMI >75th at 2 years
old [OR and 95% CI: 2.90 (2.40-3.51)].

In the LGA group, children with catch-up growth and
co-presence of obesity at 5~6 years old had increased
risk of OHTN: BMI 10th ~ <75th at 2 years old and BMI
> 2SD at 5~6 years old [OR and 95% CI: 2.74 (1.65-
4.54)]; BMI >75th at 2 years old and BMI > 2SD at 5~6
years old [OR and 95% CI: 2.78 (2.10-3.69)].
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Birth weight Catch-up growth Obesity Occasional hypertension
4
At birth At 2 years old At 5~6 years old Rate of occ'asmnal ORs and 95% Cls
hypertension (%)
[ BMI < -25D ] [ ]
BMI <10 BMI -2SD ~ <2SD .¢ [ . ]
B 7 [ n=28 ] L (072 459)
[ BMI > 25D ] [ ]
L N=0
— BMI < -25D »
[ N=24 ] - [ 1.55(0.57-4.19) ]
SGA BMI 10th ~ < 75t B [ BMI -2SD ~ < 25D ] -
N=631 ) N=399 N=349 » [ 1.25 (0.93-1.69) ]
BMI > 25D
- [ N=26 ] .¢ [ 3.03 (1.32-6.96)* ]
~ [ BMI <-25D ] [ ]
- BMI 2 75t BMI -25D ~ < 25D -
N=195 4 [ No173 ] 151 (1.03-2.24)
BMI > 25D ¢ P
L [ Ne21 ] - [ 6.53 (2.68-15.9) ]
BMI < -25D
B [ N=57 ] C 3> [ 0.84 (0.38-1.88) ]
BMI <10th BMI -25D ~ < 25D @
’_ N=352 - [ N=287 ] [ 0.99 (0.71-1.39) ]
[ BMI 2 25D ] [ 8.62 (1.99-37.29)* ]
— N=8
~ BMI < -25D .
[ N=131 ] [ 0.40(0.19-0.82) ]
AGA _J BMI 10th ~ < 75t 3 BMI —25D ~ < 25D —
N=9793 N=5253 N=4853
BMI > 25D
- [ N=269 ] .» [ 2.99(2.27-3.93)* ]
BMI < -25D
- [ N1 ] @ [ 0.42 (0.05-3.27) ]
- BMI > 75th BMI -25D ~ < 25D .¢
N=4188 7 [ N=3543 ] 1.10(0.98-1.24)
BMI > 25D @ ) N ]
- [ N=632 ] [ 2.90 (2.40-3.51)
NS - ]
B N=2
BMI <10th BMI -25D ~ < 25D
" N=33 n [ N=30 ] [ 1.22(0.46-3.23) ]
[ BMI>2SD ] [ ]
- N=1
. BMI < -25D
[ NoS ] C 1> [ 0.79 (0.10-6.43) ]
LGA BMI 10th ~ < 75th B [ BMI -2SD ~ < 25D ] [ N ]
N=2185 ) N=906 I No824 0.79 (0.63-0.99)
L BMI > 2SD [ - " ]
[ N=73 ] 2.74 (1.65-4.54)
[ BMI < -25D ] [ ]
N=1
— BMI > 75t BMI -2SD ~ < 2SD C: > R
N=1246 [ N=997 ] 0.81 (0.66-0.99)
BMI > 25D [ ) N ]
[ N=248 ] 2.78(2.10-3.69)

Fig. 3 Odds ratios of occasional hypertension by the joint effect of birth weight groups and BMI. Adjusted for paternal BMI, maternal BMI, family income,
residential region, delivery mode, infant feeding pattern, sex, and age. * there were significant differences compared with the children who were AGA at
birth, with BMI 10th ~ < 75th at 2 years old and BMI —2SD ~<2SD at 5 ~6 years old



Zhang et al. Italian Journal of Pediatrics (2025) 51:36

Discussion

Obesity was a vital risk factor for childhood OHTN
regardless of birth weight or catch-up growth. Child-
hood OHTN had the strongest association with current
BMLI, followed by size at birth and then BMI at 2 years
of age. For SGA infants, both excessive catch-up growth
and obesity were associated with a higher risk of OHTN.
In other words, moderate catch-up growth before 2 years
old and a subsequent normal weight at 5~6 years old
may prevent childhood OHTN in SGA.

Based on a population-based retrospective cohort
study from China, the present study showed that the
prevalence of OHTN in preschool children at 5~ 6 years
old was 17.0%, and boys had a higher risk of hyperlip-
idemia than girls. Many epidemiological surveys have
focused on pediatric BP, but most were school-based
and conducted among school-aged children and ado-
lescents, and data on preschool children was limited.
Besides, most of the previous school-based surveys had
BP measurement on only one occasion, and the results
varied greatly from 3.1 to 16.7% [9-14]. As the level of
BP is dynamic and can be easily affected by many factors,
guidelines on pediatric HTN have recommended that at
least three separate visits should be taken to confirm the
diagnosis of HTN in children [15]. A meta-analysis based
on 47 articles showed that the global prevalence of HTN
in children and adolescents aged <19 years was 4.00%
based on BP measurements in at least three separate vis-
its [34]. The present study had BP measured on only one
occasion, so we cannot know the actual HTN prevalence
from our study if defined after three separate visits. How-
ever, according to the previous research, high BP tends
to fall on subsequent measurement, and only less than
1/4 of the children defined as OHTN would be the tar-
get children with HTN: it dropped out substantially from
visit 2 to visit 3, and around 56.7% and 75.9% of these
hypertensive ones at visit 1 returned to normal BP at
visit 2 and visit 3, respectively [35]. Thus, we conjecture
that the actual HTN prevalence of our study, if defined
after three separate visits, might be similar to 4%. HTN,
which once was considered a rare disease in children,
is now actually a significant public health problem and
has migrated to preschool age. Our result highlighted
the importance of performing BP screening and early
intervention in preschool children to reduce the adverse
effects of HTN.

It has been documented that size at birth and childhood
weight are associated with BP levels in childhood. Size at
birth is an essential indicator of neonatal and childhood
health. Previous studies suggested that subjects with low
birth weight groups might be associated with the defect
in insulin sensitivity [36] and deficient pancreatic [-cell
function [37], which may result from fetal adaptation to
an adverse intrauterine environment during a critical

Page 9 of 11

period, leading to long-lasting programming of fetal
gene expression [38]. It was found that 63% of children
at the age of 2 years with very low birth weight had raised
blood pressure, and compared with term AGA children,
VLBW and term SGA children had a higher prevalence
of metabolic syndrome components in early childhood
[39]. In our study, the risk of having OHTN was higher in
children with SGA, consistent with previous studies. Sev-
eral studies have confirmed a clear association between
elevated blood pressure and excessive adiposity storage.
Meta-analysis showed that the prevalence of childhood
hypertension was higher in the obesity and overweight
group compared with children with normal weight, and
subjects with obesity have a 3.5-fold increased risk of
having hypertension [7, 21]. Excessive visceral fat storage
is associated with hormonal, inflammatory, and endo-
thelial alterations, stimulating the sympathetic nervous
system, endothelial dysfunction, and increased sodium
retention. These mechanisms may lead to elevated blood
pressure levels [7]. The present study confirmed that BMI
groups were associated with blood pressure levels, and
children with obesity were at increased risk of having
OHTN.

DOHaD (Developmental Origins of Health and Dis-
ease) highlights the fetal origins of metabolic syndrome
and the vital impact of postnatal growth and other fac-
tors on later metabolic outcomes. If SGA infants remain
underweight without catch-up growth, the adverse pro-
gramming effects of fetal growth restriction will persist.
Most SGA infants tend to show “catch-up growth” after
growth, and approximately 85% of SGA infants achieve
appropriate catch-up growth in height [40]. It has been
suggested that faster growth over the first 2 years could
offset the adverse programming effects of fetal growth
restriction and low birth weight groups (LBW). For
example, in the Helsinki and New Delhi Birth Cohorts,
individuals with LBW who had lower BMI in the first
2 years were noted to be at the highest risk of T2DM
and CVD [41, 42]. However, such catch-up growth has
recently been linked to an increased risk of later adipos-
ity, insulin resistance, and cardiovascular disease, as SGA
infants tend to gain weight more rapidly than height
during the early postnatal period [43, 44]. In 2017, a sys-
tematic review involving eight studies in seven cohorts
demonstrated that catch-up growth following LBW may
benefit individuals in the short term and have adverse
population health impacts in the long term. However,
the evidence is limited, considering the low quantity
and quality of evidence [45]. Another review by Victora
pointed out that catch-up growth following SGA before
the age of 2 years is beneficial for long-term health out-
comes. However, catch-up growth that occurs later than
2 years increases the risk of later obesity and non-com-
municable diseases, but this evidence has not focused
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on individuals with LBW and has not been subject to
systematic review and evidence appraisal [26]. Instead
of weight or height catch-up growth, the present study
focused on BMI catch-up growth at around 2 and 5~6
years old. We found that BMI at 2 years was not associ-
ated with children born SGA, while BMI at 5~6 years
was significantly associated with childhood dyslipidemia.
Results were consistent with Victora’s review, and we sug-
gested that SGA infants should achieve catch-up growth
before the age of 2 years, considering the negative effect
on BP metabolism and potential benefit on neural intel-
ligence development; however, after 2 years old, SGA
children should achieve normal weight without being
underweight or obesity to reduce the risk of childhood
OHTN.

The major strength of this study was that we reported
the prevalence of OHTN in children aged 5~ 6 years in
China based on population-based data. Furthermore,
we focused on the joint effect of birth weight, catch-up
growth, and preschool-age obesity on childhood hyper-
tension. At the same time, we have some limitations.
First, 41.3% of the children screened were excluded as
they lacked some of the critical information. Though
we compared the general characteristics between the
included and excluded children, we could not exclude
the possibility that the observed effect sizes in our study
had departed from the actual value. Second, our study
examined only TC and TG as indicators of altered BP
metabolism. This results in differences in the prevalence
of OHTN between our research and other studies. In the
future, we might also test blood low-density lipoprotein
and high-density lipoprotein concentrations to evalu-
ate children’s BP metabolism comprehensively. Third,
although our analyses have included some potential pre-
diction factors, other unmeasured factors were associ-
ated with the risks of obesity and OHTN, which could
confound our results.

Conclusion

SGA infants should achieve moderate catch-up growth
before the age of 2 years, considering the negative
effect on BP metabolism and the potential benefits of
neural intelligence development. Both AGA and LGA
should also avoid childhood obesity to reduce the risk of
hypertension.
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