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Abstract: Background: While both high birth weight and childhood overweight/obesity have been
associated with a heightened risk of high blood pressure (BP) during childhood, the association
between weight status change from birth to childhood and the risk of high BP has not been fully
explored. This study aimed to investigate how changes in weight status from birth to childhood
influence the development of high BP in childhood. Methods: The data for this study were obtained
from the baseline survey of the Huantai Childhood Cardiovascular Health Cohort Study, which
included 1237 children aged 6 to 11. Children with a birth weight under 2500 g or a body mass index
(BMI) below the fifth percentile for their age and sex during childhood were excluded. Based on birth
weight (high birth weight [>4000 g] vs. healthy [ <4000 g]) and childhood weight status (overweight
[including obesity] vs. healthy weight), participants were categorized into four groups: consistently
healthy weight, weight decrease, weight increase, and consistently excess weight. Results: Compared
to children who maintained a healthy weight from birth to childhood, higher odds of childhood
high BP was observed among those with consistently excess weight (odds ratio [OR] = 2.73, 95%
confidence interval [CI] = 1.46-5.12) and those with a weight increase (OR = 2.77, 95% CI = 1.91-4.02).
In contrast, children with a weight decrease did not exhibit significantly higher odds of childhood
high BP (OR = 0.94, 95% CI = 0.36-2.45). Conclusion: Children who become overweight in childhood
or who consistently had excess weight from birth were at higher risk of childhood high BP. However,
the risk of high BP in childhood may be mitigated or eliminated in individuals with high birth weight
who achieve a healthy weight by childhood.
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1. Introduction

Cardiovascular disease (CVD) is the primary cause of death and a significant contribu-
tor to disability worldwide [1]. According to the China Cardiovascular Health and Disease
Report 2023, there are currently around 330 million people with CVD in China, includ-
ing approximately 245 million with hypertension [2]. Evidence suggests that a 10 mmHg
reduction in systolic blood pressure (BP) can lower the risk of CVD by roughly 20% to
30% [3]. Therefore, the prevention and control of hypertension is a critical public health
strategy for reducing the burden of CVD and decreasing mortality rates.

With the epidemic of overweight/obesity and unhealthy lifestyles, the onset of hy-
pertension is gradually occurring at a younger age, and the prevalence of high BP among
children in many countries is increasing in recent years [4,5]. Although childhood high BP
often presents without obvious clinical symptoms, numerous studies have shown that it
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can cause early damage to the structure and function of cardiovascular target organs [6,7].
Additionally, childhood high BP is strongly correlated with hypertension in adulthood [8,9],
thereby elevating the lifetime risk of CVD [10,11]. Recognizing and identifying the risk
factors for high BP in children is crucial for early prevention and intervention to reduce the
risk of CVD later in life.

It is well documented that overweight and obesity are strongly associated with high
BP among children [12,13]. Dong et al. reported a sharp increase in the attributable risk of
high BP linked to overweight and obesity among Chinese children, rising from 6.3% in 1995
t019.2% in 2014 [14]. In addition, previous studies have shown that children with high birth
weight are prone to high BP [15-17]. However, there has been limited investigation into
how changes in weight status from birth to childhood relate to high BP in childhood [18,19].
This study aims to examine the association between changes in weight status from birth to
childhood and high BP during childhood.

2. Materials and Methods
2.1. Study Participants

Data were from the baseline of the Huantai Childhood Cardiovascular Health Cohort
Study. A convenient cluster sampling method was employed to select students in a public
primary school in Huantai county, Shandong province, China. After excluding participants
with a birth weight under 2500 g [20] (n = 56), who were underweight (<5th age- and
sex-specific BMI percentile) [21] (n = 9), or missing data on questionnaire information,
physical examination, or blood biochemical markers (1 = 213), a total of 1237 children aged
6 to 11 were included in this study.

2.2. Physical Examination

The birth data on birth weight, breastfeeding, and early delivery were obtained from
a questionnaire completed by parents. We also used the mother’s hospitalized medical
records at the time of delivery to obtain the data of the child’s birth weight. Unfortunately,
the data were incomplete, so we used these data for a sensitivity analysis. According to
the standardized protocols, height, body weight, and BP of the children were measured.
Height and body weight were assessed twice using an electronic weighing scale with an
automatic range (HGM-300, Shengyuan Co., Ltd., Zhengzhou, China), and the average
value of each measurement was used for analyses. Body mass index (BMI, kg/m?) was
calculated with weight in kilograms divided by the square of height in meters. BP was
measured in a sitting position using a validated electronic sphygmomanometer (Omron
HEM-7012, Matsusaka City, Mie Prefecture, Japan) [22] with appropriate size cuffs, after
approximately 10 min of rest in a quiet room. Three measurements were taken and the
averages of the last two values were used for data analyses.

2.3. Biochemical Markers and Lifestyles

Fasting venous blood samples were drawn after a minimum fasting period of 10 h, and
the fasting blood glucose (FBG), high-density lipoprotein (HDL-C), low-density lipoprotein
(LDL-C), and triglycerides (TGs) were measured by an automatic analyzer (Beckman
Coulter AU480, Tokyo, Japan). Demographic and lifestyle data were gathered through a
self-reported questionnaire, including age, sex, fruit and vegetable consumption, intake of
carbonated drinks, physical activity, and sleeping hours.

2.4. Definitions

The definition of high birth weight was birth weight > 4000 g [23]. A childhood
overweight status (including obesity) was defined according to the sex- and age-specific
BMI cutoff values for an overweight status in Chinese children (Table S1) [24]. Then,
children were classified into four groups based on whether they had high birth weight
and whether they were overweight (including obesity) during childhood: consistently
healthy weight (appropriate birth weight and appropriate childhood BMI), weight decrease
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(high birth weight but appropriate childhood BMI), weight increase (appropriate birth
weight but a childhood overweight status), and consistently excess weight (high birth
weight and a childhood overweight status). High BP was determined using the 95th
cutoff values by gender, age, and height for Chinese children [25]. Early delivery was
defined as a gestational age of less than 37 weeks [26]. According to breastfeeding duration,
participants were categorized as more than 6 months vs. less than 6 months [27]. Inadequate
fruit and vegetable consumption was characterized by a daily intake totaling <5 servings
combined [28]. Physical inactivity was characterized as <1 h per day of combined walking,
moderate, and vigorous physical activity [29]. The regular consumption of carbonated
drinks was defined as drinking carbonated drinks one or more times per week [30].

2.5. Statistical Analysis

Continuous variables were expressed as the mean (standard deviation), and differences
across four weight status groups were compared by variance analyses. Categorical variables
were expressed as 11 (%), and differences across four weight status groups were compared
by a chi-square test. Covariance analyses were used to compare differences in systolic BP
and diastolic BP levels in childhood across the four groups. Model 1 was adjusted for age,
sex, early delivery, and breastfeeding status. Model 2 was additionally adjusted for fruit
and vegetable consumption, intake of carbonated drinks, physical activity, and sleeping
hours in childhood. Model 3 was further adjusted for FBG, TG, HDL-C, and LDL-C in
childhood. Multivariable logistic regression analyses were conducted to calculate odds
ratios (ORs) with 95% confidence intervals (CIs) of high BP in childhood according to the
four weight status groups, with the healthy weight status group serving as a reference. A
sensitivity analysis was performed using birth weight data obtained from inpatient medical
records, adjusting for the same covariates. SAS 9.4 (SAS Institute, Cary, North Carolina,
NC, USA) was used to perform all statistical analyses. A two-sided p value < 0.05 was
considered statistically significant.

3. Results

This study included 1237 children aged 6 to 11, with 53.6% of them being boys.
Compared with the consistently healthy weight group and weight decrease group, children
with a consistently excess weight and weight increase had a higher prevalence of inadequate

fruit and vegetable consumption and worse metabolic profiles (elevated levels of FBG,
LDL-C, and TG, along with reduced HDL-C) (Table 1).

Table 1. Characteristics of children according to weight status change (n = 1248).

Consistently . . Consistently
Healthy Weight We1g(ht_D6ezc)rease Wel?hi I;g)ease Excess Weight p Value
(1= 669) "= "= (n="73)
At birth
Birth weight (g) 3309 (325) 4206 (267) 3357 (350) 4196 (260) <0.001
Early delivery (<37 weeks), n (%)
Yes 20 (3.0) 2(3.2) 19 (4.4) 1(1.4) 0.465
No 649 (97.0) 60 (96.8) 414 (95.6) 72 (98.6)
Breastfeeding status
>6 months 585 (87.4) 56 (90.3) 385 (88.9) 68 (93.2) 0.467
<6 months 84 (12.6) 6(9.7) 48 (11.1) 5(6.8)
In childhood
Sex, 1 (%)
Boys 336 (50.2) 38 (61.3) 233 (53.8) 56 (76.7) <0.001
Girls 333 (49.8) 24 (38.7) 200 (46.2) 17 (23.3)
Age (years) 8.8 (1.5) 9.1(1.6) 8.9 (1.5) 9.3(1.4) 0.021
Height (cm) 133.9 (10.4) 137.7 (9.9) 138.5 (10.8) 141.9 (10.0) <0.001
Weight (kg) 289 (6.1) 31.8 (5.7) 41.5(10.4) 45.5 (11.6) <0.001
BMI (kg/m?) 15.9 (1.3) 16.6 (1.2) 21.3(2.8) 22.2(3.5) <0.001
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Table 1. Cont.

Consistentl . . Consistently
Healthy Weigyht Welg(ht_D:zc)rease Wel(ghilélr;:)ease Excess Weight p Value
(1= 669) "= "= (n =73)
High BP, n (%)
Yes 608 (90.9) 57 (91.9) 325 (75.1) 55 (75.3) <0.001
No 61(9.1) 5(8.1) 108 (24.9) 18 (24.7)
Inadequate fruit and vegetable
consumption, n (%) 0.017
Yes 537 (80.3) 44 (71.0) 356 (82.2) 67 (91.8) :
No 132 (19.7) 18 (29.0) 77 (17.8) 6(8.2)
Regular consumption of
carbonated drinks, 1 (%) 0.623
Yes 40 (6.0) 6(9.7) 32 (7.4) 5 (6.8) :
No 629 (94.0) 56 (90.3) 401 (92.6) 68 (93.2)
Physical inactivity, n (%)
>1h/day 403 (60.2) 29 (46.8) 248 (57.3) 42 (57.5) 0.201
<1h/day 266 (39.8) 33 (53.2) 185 (42.7) 31 (42.5)
Sleeping hours (h) 9.3 (0.5) 9.4 (0.5) 9.4 (0.5) 9.3 (0.5) 0.403
FBG (mmol/L) 4.7 (0.6) 4.7 (0.5) 4.8 (0.5) 4.9 (0.5) <0.001
HDL-C (mmol/L) 1.7 (0.4) 1.7 (0.4) 1.4 (0.3) 1.5 (0.4) <0.001
LDL-C (mmol/L) 2.2 (0.6) 2.3(0.7) 2.4(0.8) 2.4(0.7) <0.001
TG (mmol/L) 0.7 (0.2) 0.7 (0.3) 0.9 (0.4) 0.9 (0.4) <0.001
BMI, body mass index; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; TG, triglyceride.
After adjustment for potential covariates, both systolic BP and diastolic BP levels were
notably higher in the consistently excess group [systolic BP, 108.4 (8.7) mmHg; diastolic BP,
66.0 (6.6) mmHg] and weight increase group [systolic BP, 109.0 (9.6) mmHg; diastolic BP,
65.4 (7.4) mmHg] than those in the consistently healthy weight group [systolic BP, 104.1 (9.8)
mmHg; diastolic BP, 62.0 (7.5) mmHg] (all p < 0.001) (Table 2). In contrast, the difference
in systolic BP or diastolic BP levels between the weight decrease group [systolic BP, 105.0
(8.3) mmHg; diastolic BP, 62.6 (6.4) mmHg] and consistently healthy weight group was not
statistically significant (p > 0.05).
Table 2. Association between weight status change and blood pressure levels in childhood.
Model 1 Model 2 Model 3
Mean (SD) p Value * Mean (SD) p Value * Mean (SD) p Value *
Systolic BP (mmHg)
Consistently healthy weight 104.1 (8.3) - 104.1 (8.2) - 104.1 (9.8) -
Weight decrease 104.9 (8.2) 0.498 104.8 (8.2) 0.511 105.0 (8.3) 0.431
Weight increase 109.7 (8.2) <0.001 109.6 (8.2) <0.001 109.0 (9.6) <0.001
Consistently excess weight 109.2 (8.3) <0.001 109.1 (8.3) <0.001 108.4 (8.7) <0.001
Diastolic BP (mmHg)
Consistently healthy weight 61.9 (6.3) - 61.9 (6.3) - 62.0 (7.5) -
Weight decrease 62.5 (6.3) 0.523 62.5 (6.3) 0.486 62.6 (6.4) 0.468
Weight increase 65.9 (6.3) <0.001 65.9 (6.3) <0.001 65.4 (7.4) <0.001
Consistently excess weight 66.5 (6.4) <0.001 66.5 (6.4) <0.001 66.0 (6.6) <0.001

* p value for difference in systolic BP or diastolic BP levels between consistently healthy weight group and specific
group. Model 1: Adjusted for sex, age, early delivery, and breastfeeding. Model 2: Model 1 plus fruit and vegetable
consumption, intake of carbonated drinks, physical activity, and sleeping hours in childhood. Model 3: Model
2 plus fasting blood glucose, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein
cholesterol in childhood. BP, blood pressure.

The prevalence of high BP was greater in the consistently excess weight group (24.7%)
and weight increase group (24.9%) than the consistently healthy weight group (9.1%)
and weight decrease group (8.1%) (Figure 1). Compared to participants with consistently
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healthy weight, those with consistently excess weight (OR = 2.73, 95% CI: 1.46-5.12) and
those with a weight increase (OR = 2.77, 95% CI: 1.91-4.02) had significantly higher odds of
high BP as children after adjusting for all potential covariates. In contrast, children with a
weight decrease (OR = 0.94, 95% CI: 0.36-2.45) did not show a statistical rise in the odds of
high BP in childhood. The sensitivity analyses yielded similar findings (Table 3).

25 —
Total
Boys

Girls
20

Prevalence of high BP (%)

Persistently normal weight Weight loss Weight gain Persistently excess weight

Figure 1. The prevalence of high blood pressure across four weight status change groups by sex.

Table 3. Association between weight status change and high BP in childhood.

Weight Status Model 1 Model 2 Model 3 Sensitivity Analysis *
Change OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Consistently
healthy weight 100 1.00 100
Weight decrease  0.89 (0.34,2.30) 0801  0.91(0.35,2.37) 0.847 0.94(0.36,245)  0.895  0.60(0.14, 2.61) 0.497
Weight increase  3.32(2.36,4.68)  <0.001  3.31(2.35,4.67) <0.001 277(191,4.02)  <0.001  3.04(1.95,4.72) <0.001
Consistently 340 (1.86,6.22)  <0.001  3.29 (1.79, 6.04) <0.001 2.73(146,5.12)  0.002 2.4 (1.06, 5.60) 0.036
excess weight

Model 1: Adjusted for sex, age, early delivery, and breastfeeding. Model 2: Model 1 plus fruit and vegetable
consumption, intake of carbonated drinks, physical activity, and sleeping hours in childhood. Model 3: Model
2 plus fasting blood glucose, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein
cholesterol in childhood. Sensitivity analysis: Model 2 plus fasting blood glucose, triglycerides, high-density
lipoprotein cholesterol, and low-density lipoprotein cholesterol in childhood. * A total of 855 participants with
birth weight information from hospitalization records were included in the sensitivity analysis.

4. Discussion

Our study suggested that children who consistently had excess weight or with a weight
increase from birth to childhood were at higher odds of developing high BP compared
to those who maintained a consistently healthy weight. Conversely, children with a high
birth weight who attained a healthy weight by childhood did not have an increased risk of
high BP.

Previous studies have indicated that a childhood overweight status increases the risk
of hypertension in adulthood, but achieving a healthy weight later in life can reduce the
risk [31-33]. A meta-analysis [34] indicated that, compared to individuals who maintained
a healthy weight from childhood through adulthood, the odds of hypertension in adulthood
were 2.69 (95% CI, 2.07-3.49) for those with a weight increase (healthy weight in childhood
but overweight in adulthood) and 3.49 (95% CI, 2.21-5.50) for those with consistently
excess weight (overweight in both childhood and adulthood). Conversely, individuals who
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reduced their weight (overweight in childhood but healthy weight in adulthood) did not
show a significantly elevated risk of hypertension (OR, 1.25; 95% CI, 0.73-2.13). These
studies suggested that individuals who were overweight or obese in childhood but manage
to achieve a healthy weight by adulthood can lower the risk of hypertension in adulthood.

Notably, our findings indicate that the increased risk of hypertension linked with
high birth weight can be mitigated if individuals with a high birth weight attain a healthy
weight in childhood. Previous research has indicated that individuals who transition
from a high birth weight to healthy weight tend to have better cardiometabolic health in
adulthood [35,36]. Participants with a high birth weight have been shown to have higher BP
levels in adulthood compared to those with healthy birth weight, and those with high birth
weight presenting a weight decrease in childhood exhibited lower BP levels in adulthood
36 Therefore, preventing and managing overweight and obesity in children are crucial for
the prevention of childhood hypertension and future CVD events.

Evidence from a recent narrative review suggests that the risk of lifetime obesity and
cardiovascular events could be modified by the intervention of a high birth weight [37].
Our findings also revealed that the proportions of children engaging in adequate physical
activity, consuming sufficient fruits and vegetables, and having a lower intake of carbonated
drinks were higher in the weight decrease group compared to the consistently excess
weight and weight increase groups (Table 1). These lifestyle factors may contribute to
the transformation of infants with a high birth weight into children of healthy weight,
thereby reducing BP levels and high BP prevalence in childhood. Thus, although a strong
correlation between birth weight and childhood overweight/obesity exists [38], adopting
healthy lifestyles during childhood can effectively prevent overweight/obesity and reduce
the risk of high BP in childhood.

However, several limitations should be considered. First, the sample size in the
groups of consistently excess weight and a weight decrease is not large, which may have
limited statistical power. Second, birth weight was reported by parental recall and may
be subject to recall bias. Third, since participants were from the same primary school
in China, the generalizability of our findings to children in other regions should be ap-
proached with caution. Fourth, although we adjusted for several confounders, residual
or unmeasured confounders, such as psychological stress and genetic factors [39,40], may
still affect our results. Fifth, while we primarily focused on the association of healthy and
overweight children with high BP, the potential implications of underweight children were
not thoroughly analyzed.

5. Conclusions

In conclusion, consistently excess weight from birth to childhood or healthy birth
weight followed by an overweight status (including obesity) during childhood is associated
with increased odds of high BP in childhood. However, the risk associated with a high
birth weight may be minimized or eliminated if healthy weight can be achieved during
childhood. Our findings emphasize the significance of maintaining a healthy weight in
childhood to reduce the risk of high BP in childhood.

Supplementary Materials: The following supporting information can be downloaded at: https:
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