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Abstract
Background Previous studies examined the effects of breastfeeding on measured values of body circumferences or 
blood pressure during childhood. However, limited data are available for the association between child feeding and 
a specific disease diagnosed as central obesity or hypertension. Hence, we aimed to examine whether the type and 
duration of breastfeeding are associated with obesity/central obesity or hypertension in young school-aged children.

Methods We matched the data obtained from a cross-sectional survey in 2019 with retrospective breastfeeding 
information recorded in the database. Heights, weights, waist circumferences, and blood pressures of 8480 children 
in first grade of primary schools in Shanghai, China were measured to diagnose obesity, central obesity, and 
hypertension. Data on child feeding was collected retrospectively from clinical records. Associations between the 
type/duration of breastfeeding and children’s measured values of body mass index, waist circumference, and blood 
pressure were analysed by linear regression. Associations between the type/duration of breastfeeding and risks of 
obesity, central obesity, and hypertension were analysed by generalised linear models.

Results Breastfeeding duration was inversely associated with blood pressure values in children in the first grade. Each 
month’s increase in the duration of any breastfeeding was associated with a 0.07 mmHg decrease in systolic blood 
pressure (P < 0.01) and a 0.05 mmHg decrease in diastolic blood pressure (P < 0.01). Any breastfeeding > one month 
was associated with a reduced risk of hypertension (adjusted risk ratio 0.84; 95% CI 0.73, 0.96, P = 0.01). Exclusive 
breastfeeding > one month was associated with a reduced risk of central obesity (adjusted risk ratio 0.76; 95% CI: 0.60, 
0.96, P = 0.02). Any breastfeeding > 12 months was linked with a lower risk of hypertension (adjusted risk ratio 0.83; 
95% CI 0.70, 0.98, P = 0.03).

Conclusions Lack of breastfeeding is associated with higher risks of central obesity and hypertension during middle 
childhood. As a potential component of the public health strategy to reduce population levels of metabolic and 
cardiovascular diseases, breastfeeding could be a vital prevention strategy.
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Background
Globally, the number of children and adolescents with 
obesity has risen tenfold in the past four decades [1]. 
Although the rising trend in developed countries has 
plateaued, it has accelerated in developing countries [1]. 
As the largest developing country, China has the highest 
number of children with obesity [2]. The latest national 
prevalence estimates for 2015 to 2019 were 6.8% for over-
weight and 3.6% for obesity in children younger than six 
years, and 11.1% for overweight and 7.9% for obesity in 
children and adolescents aged 6–17 years [3]. Childhood 
obesity is an independent risk factor and is associated 
with many immediate health risks such as high blood 
pressure (BP), high cholesterol, impaired glucose toler-
ance, insulin resistance, asthma, sleep apnea, and muscu-
loskeletal disorders [4–10]. Children affected by obesity 
are more likely to be obese or overweight in adulthood 
and suffer lifelong health problems, including cardiovas-
cular diseases, diabetes, and cancers, which are leading 
causes of death [11]. China also had an increased preva-
lence of childhood elevated BP (EBP) and hypertension 
(HTN). A meta-analysis that included more than 300 000 
Chinese children and adolescents reported a 10% preva-
lence of EBP [12], and a national survey reported that the 
prevalence of HTN in Chinese children and adolescents 
in 2015 was 19.2% [13]. Children with EBP are more likely 
to have HTN as adults [14–16]. EBP is also an established 
risk factor for cardiovascular diseases [17–19]. Although 
cardiovascular diseases were commonly reported in peo-
ple over 50, target organ damages such as left ventricular 
hypertrophy or atherosclerosis originated in childhood 
due to EBP [20–24]. Compared with Western countries, 
China has higher age-adjusted mortality from cardiovas-
cular diseases [25]. If current trends of childhood EBP 
continue, China will see greater increments in premature 
mortality from cardiovascular disease [26].

Given that obesity and EBP/HTN in children are sig-
nificant public health problems in China, much attention 
has focused on prevention, especially during the earlier 
stage of life. Breastfeeding is considered a possible protec-
tive factor for obesity or higher BP during childhood or 
adulthood. A vast amount of literature has concentrated 
on the association between breastfeeding and the risk of 
obesity later in life [27–33]. As representative studies in 
recent years, the World Health Organization reported 
that breastfeeding reduced childhood obesity risk by up 
to 25% in Europe [33], and the American Academy of 
Pediatrics claimed a 15–30% reduction in adolescent and 
adult obesity [34]. However, the evidence of breastfeed-
ing’s effect on (i) later having a healthy body mass index 
(BMI 18.5 to < 25) remains controversial and (ii) subse-
quent healthy waist circumference (WC) is very limited 
[35]. Furthermore, studies about breastfeeding protecting 
later BP were scarce. Although the experimental evidence 

supports that breast-milk consumption was associ-
ated with lower later BP in children born prematurely, 
the effects for full term children remain unclear [29, 32, 
36–51]. Also, previous studies commonly reported the 
impacts of breastfeeding on measured values of BP but 
no clear disease diagnosis as EBP or HTN. At the same 
time, it is worth noting that nearly all the previous stud-
ies on the long-term consequences of breastfeeding and 
childhood obesity or BP values have been carried out 
primarily on Western populations living in developed 
nations. The limited number of studies conducted in low- 
and middle-income countries have not shown the same 
effect of breastfeeding as observed in high-income coun-
try settings [42, 52]. The situations in Asian countries are 
unclear and contradictory, and very few data are available 
from Asian populations in developing countries [43, 44, 
49, 53–55].

Considering that Chinese people are more susceptible 
to metabolic diseases and the epidemic of cardiovascu-
lar diseases in China is growing [56–58], studies on the 
association between the lack of breastfeeding and later 
obesity/central obesity and EBP/HTN for the Chinese 
population are still needed. We hypothesise that the 
types and durations of breastfeeding are both associ-
ated with the BMI, WC, and BP values and their related 
health outcomes among young school-aged children. 
Using the data of children born and living in Shanghai, 
China, we tested the hypotheses: (1) there was a nega-
tive linear association between the duration of breast-
feeding/exclusive breastfeeding and the BMI magnitude, 
WC, systolic BP (SBP), or diastolic BP (DBP) of children 
in their first grade in primary school, (2) there were dif-
ferences among the detection rates of obesity/central 
obesity or EBP/HTN in first grade for children with or 
without breastfeeding, and (3) a type and/or duration 
of breastfeeding/exclusive breastfeeding was associated 
with a lower risk of obesity/central obesity or EBP/HTN 
in these young school-aged children.

Methods
Data sources and participants selection
All children who entered local primary schools in the 
2019/2020 academic year in Minhang, Shanghai, were 
included in our study (N = 16,768). From September to 
December 2019, they received the first school health 
checks in their first semester, where anthropometric 
parameters and BPs were measured, and the results were 
recorded. We retrieved data concerning the delivery, 
newborn, and feeding of these children from the Health 
Commission-authorized database. Information about 
parents and births was retrieved from birth records in 
the hospitals. We excluded 5406 children who did not 
have birth data (children who were not born in this area), 
2464 children who did not have postpartum visit records 
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(children who did not grow up in this area), 126 twins, 
and 292 children born prematurely (gestational age was 
measured in weeks, from the first day of the mother’s 
last menstrual cycle to the day of childbirth; full term 
birth as at 37 gestational weeks or above [59]). Finally, 
the number of eligible subjects in our study was 8480 
(4524 boys and 3956 girls). Oral informed consent was 
obtained from the parents of all children who attended 
the health check. Ethical approval was given by the Min-
hang Center for Disease Control and Prevention Ethics 
Committee, and the approval number is EC-2019-011. 
The study complied with the Ethical Principles for Medi-
cal Research Involving Human Subjects expressed in the 
Declaration of Helsinki.

Anthropometric measurements and determinations of 
obesity and central obesity
One of the endpoints of our study is the status of over-
weight or obesity in children in their first grade. Data 
of age, sex, height, weight, and WC for the participants 
were collected from the school health check. The health 
check followed the Management Measures for Physical 
Examination of Primary and Secondary School Students 
in China, and trained nurses who participated in in-
service training performed all measurements following 
standardised techniques to ensure validity. Bodyweight 
and height were measured respectively by calibrated 
mechanical weight scales and stadiometers, which passed 
the inspection of the Shanghai Compulsory Verification 
Center for Measuring Instruments. The weight was mea-
sured approximately to the nearest 100 g, and the height 
was measured approximately to the nearest 0.50 cm. The 
BMI was calculated as body weight in kilograms divided 
by height in meters squared. The WC was measured 
to the nearest 0.10 cm by a nonelastic flexible tape in a 
standing position. The tape was applied horizontally mid-
way between the lowest rib margin and the iliac crest. 
The International Obesity Task Force (IOTF) defined 
overweight or obesity in school-aged children [60]. We 
defined overweight or obesity based on the age- and sex-
specific BMI cutoffs under the definition. The age- and 
sex-specific 90th WC percentile was chosen as the cut-
off to identify central obesity in children [61]. Waist-to-
height ratio (WHTR) was calculated by dividing WC by 
height, and 0.50 was then applied as a cutoff for defining 
central obesity in another way in this study [62].

BP and determination of EBP and stage 1 & 2 HTN
Data of age, sex, height, SBP, and DBP for the subjects 
were all collected from the results of the school health 
check during the children’s first semester at school. The 
trained nurses measured BP using an aneroid sphyg-
momanometer with the appropriate manual cuff for the 
child’s upper arm size. The children were asked to sit 

down and relax for at least 10  min before their BP was 
measured and recorded. They were requested to rest their 
back against the back of the chair and not cross their legs 
so that both of their feet were in direct contact with the 
floor. Their right arm was extended, flexed at the elbow, 
and at heart level, which had to be free of tight clothing. 
The results were interpreted based on Korotkoff phase 
I for the SBP value and phase V for the DBP value [63]. 
BP values were approximated to the nearest two mmHg. 
BP was checked twice for each child, and the time inter-
val allowed between one measurement and another 
was at least five minutes. For children with normal BMI 
(defined by the United States Centers for Disease Con-
trol and Prevention, USCDC), SBP and DBP percentiles 
were calculated according to the sex-specific tables of BP 
levels by the Age and Height Percentile from the Clini-
cal Practice Guideline for Screening and Management of 
High Blood Pressure in Children and Adolescents (2017 
version) [64]. For children with overweight or obesity 
(defined by USCDC), SBP and DBP percentiles were cal-
culated according to the sex-specific tables of BP levels by 
the Age and Height Percentile from the Fourth Report on 
the Diagnosis, Evaluation, and Treatment of High Blood 
Pressure in Children and Adolescents (2004 version) [65]. 
BP levels were interpreted based on each subject’s sex, 
age, and height (height percentile). BP values are catego-
rised as normal (50th percentile), EBP (> 90th percentile), 
and HTN (≥ 95th percentile) [62, 63].

Breastfeeding practices
Information on breastfeeding of the children was col-
lected from pediatric clinical consultation electronic 
records, which were collected by healthcare profession-
als during post-partum follow-up visits. In this study, two 
exposures of interest were breastfeeding types and dura-
tions [28]. Primarily, breastfeeding types in this study 
included any breastfeeding (mixed or exclusive breast-
feeding) and exclusive breastfeeding. Children who were 
ever breastfed (either mixed or exclusive breastfeeding 
for at least one month) were categorised into the group 
of “any breastfeeding”, and children who were exclusively 
breastfed for at least one month were categorised into the 
group of “exclusive breastfeeding” (exclusive breastfeed-
ing means that the infant receives only breast milk; no 
other liquids or solids are given – not even water – with 
the exception of oral rehydration solution, or drops/syr-
ups of vitamins, minerals or medicines) [28].

We firstly divided all the included children into two 
mutually exclusive feeding-practice groups of “children 
who were ever breastfed (any breastfeeding for one 
month or longer)” or “children who never breastfed or 
breastfed for shorter than one month (any breastfeeding 
shorter than one month)”. The differences in the detec-
tion rates of obesity, central obesity, and EBP/HTN and 
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their risks in the first grade were identified. Additionally, 
we categorised all the children who were ever breast-
fed into the feeding-practice groups of “any breastfeed-
ing for four/six months or longer” or not, or “(mixed) 
breastfeeding for nine/12/18/24 months or longer " or 
not, in order to identify the risk of obesity, central obe-
sity and EBP/HTN in the first grade in children with dif-
ferent breastfeeding durations. Finally, to identify the 
differences in the risks of having those adverse health 
outcomes in the first grade in children with different 
exclusive breastfeeding duration, we also categorised all 
the children who were ever breastfed into three mutu-
ally exclusive feeding-practice groups: children who were 
never exclusively breastfed (mixed feeding for one month 
or longer, but exclusive breastfeeding for shorter than 
one month), children who were exclusively breastfed for 
shorter than six months (exclusively breastfed for one to 
five months), and children who were exclusively breast-
fed for six months.

Other health-related variables
The health-related variables in this study included sex, 
birthweight (g), delivery mode (vaginal delivery or cesar-
ean section), maternal ages at childbirth (≥ 35 years or 
not), and parental education levels (university-educated 
or not) [66]. All these data were collected from the hospi-
tal birth records.

Statistical analysis
We tested the distribution of our continuous variables 
and found it is non-normal. Hence, data were presented 
as median (interquartile range, IQR) for continuous vari-
ables and frequencies (percentages) for categorical vari-
ables. Differences in the detection rates of adiposity, EBP, 
and HTN were detected by the chi-square test for cate-
gorical variables. Linear regression models were used to 
examine possible associations between the durations of 
any breastfeeding/exclusive breastfeeding and the BMI/
WC/SBP/DBP values, and the regression coefficients (β)
s and 95% confidence intervals (CI)s were estimated. In 
that model, the breastfeeding duration was examined as a 
continuous variable (per month increase), and the values 
of BMI, WC, and BP were also analysed as continuous 
variables (per kg/m2, cm, or mmHg increase).

The generalised linear models (GLM)s were applied 
to assess the possible associations between types and/or 
duration of breastfeeding and the occurrence of obesity/
central obesity/EBP/HTN in children’s first year in the 
primary schools, and risk ratios (RR)s with their 95% CIs 
were estimated. In these models, the type and duration 
of breastfeeding was examined as non-overlapped cate-
gorical variables. Bodyweight status for these children in 
first grade was analysed as being obese or not, WC sta-
tus was analysed as central obesity or not, and BP levels 

were analysed as EBP/HTN or not. Multivariate regres-
sion analyses were carried out, and these fully adjusted 
models included the potential confounders of sex, age at 
the health check, birthweight, delivery mode, maternal 
age, and parental education levels. For the outcomes of 
WC and BP, we also adjusted the BMI value obtained at 
the children’s first school health check. A P-value < 0.05 
(two-sided) was considered to indicate statistical signifi-
cance. We did not confine our analysis to children with 
complete data on all these variables, and no imputation 
for missing data was conducted. All statistical analy-
ses were conducted using Stata 15.0 statistical software 
(StataCorp LP, College Station, TX, USA).

Results
The characteristics of the children included in this 
study are shown in Table  1. The participants were born 
between 1 September 2010 and 31 October 2013, and 
the median age at the time of their school health check 
was 81 months of age. The median duration for any 
breastfeeding and exclusive breastfeeding was nine and 
five months, respectively. In their first grade in primary 
school, one in five had elevated BMI, and 6.35% were 
affected by obesity. More than one-fifth of them had EBP, 
and more than one-tenth of them had HTN.

Table  2 shows the linear associations between gen-
eral/exclusive breastfeeding durations and the health 
outcomes for the children in their first year of primary 
school. In the crude model, the duration of any breast-
feeding (within 24 months of age) was negatively asso-
ciated with the values of BMI, WC, SBP, and DBP; 
however, the duration of exclusive breastfeeding (within 
six months of age) was only negatively associated with 
the values of WC and SBP. In the full model, the inverse 
linear associations were only observed between the dura-
tion of any breastfeeding and the values of SBP and DBP. 
For children in their first grade, each month’s increase in 
the duration of any breastfeeding (within 24 months of 
age) was associated with a 0.07 mmHg decrease in SBP 
(P < 0.001) and a 0.05 mmHg decrease in DBP (P < 0.01), 
but no association was observed between that duration 
and the value of BMI or WC.

Results in Table 3 showed differences in the detection 
rate for systolic and diastolic HTN among the two groups 
of children who were ever or never breastfed, and the 
detection rate in children who were never breastfed was 
higher (systolic HTN: 24.63% VS 21.44%; diastolic HTN: 
11.18% VS 9.54%). At the same time, when children who 
were never breastfed were set as the referent group, we 
observed that children who were ever breastfed showed 
lower risks of having systolic EBP or HTN and diastolic 
HTN in their first grade (systolic EBP or HTN: adjusted 
RR 0.91; 95% CI 0.84, 0.99, P = 0.04; diastolic HTN: 
adjusted RR 0.84; 95% CI 0.73, 0.96, P = 0.01).
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Afterwards, we set the duration of any breastfeeding 
as binary variables and explored their associations with 
obesity, central obesity, and EBP/HTN in first grade for 
children who were ever breastfed (Table  4). Results of 
multivariable regressions showed that compared with 
children who were breastfed for one to 11 months, chil-
dren who were breastfed for 12 months and longer had 
lower risks of having systolic HTN in their first grade 
(adjusted RR 0.83; 95% CI 0.70, 0.98, P = 0.03). In these 
adjusted models, we found no association of breastfeed-
ing durations with the outcomes of obesity.

We also set the children who were ever breastfed but 
never exclusively breastfed as the referent group and esti-
mated the risk of these adverse outcomes in the groups 
of children with or without the full duration of exclusive 

breastfeeding (six months of exclusive breastfeeding or 
not) (Table 5). Results showed that compared with chil-
dren without exclusive breastfeeding, exclusively breast-
fed children had a lower risk of having central obesity 
defined by WHTR ≥ 0.5 in their first grade (children with 
an exclusive breastfeeding duration of one to five months: 
adjusted RR 0.76; 95% CI 0.60, 0.96, P = 0.02; children 
with six months of exclusive breastfeeding: adjusted RR 
0.73; 95% CI 0.55, 0.96, P = 0.03). Also, compared with 
children without exclusive breastfeeding, children with 
an exclusive breastfeeding duration of one to five months 
had a lower risk of having central obesity defined by the 
90th WC percentile in first grade (adjusted RR 0.78; 95% 
CI 0.64, 0.95, P = 0.01).

Table 1 Characteristics of the children included in this study
Characteristics Number of 

children
Median (Quar-
tile 1- Quartile 
3) or %

Birth and feeding
Male 4524 53.35%
Birth weight (g) 8480 3390.00 

(3110.00, 
3650.00)

Cesarean delivery 4006 47.27%
Maternal age ≥ 35 years 762 9.00%
Mother university-educated 5186 66.81%
Father university-educated 5364 68.85%
Duration of any breastfeeding (months) 5355 9.00 (7.00, 

11.00)
Exclusive breastfeeding duration 
(months)

3153 5.00 (5.00, 6.00)

First grade in the primary school
Age (months) 8480 81.00 (78.00, 

84.00)
Body mass index (kg/m2) 8476 15.68 (14.62, 

17.15)
Waist circumference (cm) 8465 53.00 (50.00, 

56.80)
Waist-to-height ratio 8463 0.43 (0.41, 0.46)
Systolic blood pressure (mmHg) 8461 100 (93.00, 

108.00)
Diastolic blood pressure (mmHg) 8461 62 (60.00, 68.00)
Overweight or obesity 1696 20.01%
Obesity 538 6.35%
Central obesity defined by the 90th 
waist circumference percentile

1145 13.53%

Central obesity defined by WHTR ≥ 0.5 801 9.46%
Elevated systolic blood pressure or 
stage 1 & 2 hypertension

1913 22.62%

Stage 1 & 2 hypertension - systolic 
blood pressure

1246 14.73%

Elevated diastolic blood pressure or 
stage 1 & 2 hypertension

1890 22.35%

Stage 1 & 2 hypertension - diastolic 
blood pressure

858 10.14%

Table 2 Linear regression of any breastfeeding or exclusive 
breastfeeding duration with BMI, WC, SBP, and DBP values among 
children in their first grade in primary school

Crude model Full model
β (95% 
CI)

P-value β (95% 
CI)

P-value

Duration of any breast-
feeding (in months)
BMI (kg/m2) -0.01 

(-0.02, 
0.00)

0.03 -0.01 
(-0.02, 
0.00)

0.07

WC (cm) -0.03 
(-0.05, 
0.00)

0.02 -0.01 
(-0.02, 
0.01)

0.49

SBP (mmHg) -0.10 
(-0.14, 
-0.06)

< 0.01 -0.07 
(-0.11, 
-0.03)

< 0.01

DBP (mmHg) -0.06 
(-0.09, 
-0.03)

< 0.01 -0.05 
(-0.08, 
-0.02)

< 0.01

Exclusive breastfeeding dura-
tion (in months)
BMI (kg/m2) -0.02 

(-0.04, 
0.00)

0.06 -0.02 
(-0.04, 
0.00)

0.09

WC (cm) -0.08 
(-0.12, 
-0.03)

< 0.01 -0.02 
(-0.05, 
0.01)

0.14

SBP (mmHg) -0.09 
(-0.17, 
-0.01)

0.02 0.00 
(-0.08, 
0.08)

0.91

DBP (mmHg) -0.04 
(-0.10, 
0.01)

0.11 -0.01 
(-0.07, 
0.05)

0.73

CI: confidence interval; BMI: body mass index; WC: waist circumference; SBP: 
systolic blood pressure; DBP: diastolic blood pressure

Duration of any breastfeeding: the number of months for any breastfeeding; 
Exclusive breastfeeding duration: the number of months for exclusive 
breastfeeding

The breastfeeding duration ranged from zero to 24 months of age; the exclusive 
breastfeeding duration ranged from zero to six months of age

Full model adjusted for sex, age at the health check, birth weight, delivery 
mode, maternal age, and parental education levels. For the outcomes of WC 
and BP, we also adjusted the BMI value obtained at the children’s first school 
health check
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Discussion
In this population-based study, we found that the dura-
tion of breastfeeding had a negative linear association 
with the BP values for children in the first grade. Our 
results also indicated the differences in detection rates of 
EBP and HTN between children who were ever or never 
breastfed. Conceivably, children who were never breast-
fed had higher detection rates, and non-breastfeeding 
was associated with an increased risk of having EBP or 
HTN in their first grade. Meanwhile, children with a 
breastfeeding duration of shorter than 12 months were 
associated with a higher risk of having systolic EBP or 
HTN in their first grade. Although there was no linear 
association between breastfeeding/exclusive breastfeed-
ing duration and the WC value for these first graders, we 
found a higher risk of having WC-defined obesity during 
middle childhood for children without exclusive breast-
feeding. However, we did not observe any association 
between the type or duration of breastfeeding and the 
BMI value or BMI-defined obesity in children in their 
first grade of primary school.

Setting both the breastfeeding duration during early 
childhood and the outcome measures in the first grade 
as continuous variables, previous studies have inves-
tigated the linear association between breastfeeding/
exclusive breastfeeding duration and BMI, WC, and BP 
values in later life. For BMI values in later life, published 
studies showed that the duration of breastfeeding was 
inversely related to BMI values at age seven and even in 
early adulthood [67, 68]. Although no studies have chal-
lenged this negative linear association so far, our research 
did not support this result since the association could not 
be observed in our population. For WC values in later 

life, previous studies also found a negative dose-response 
relationship for the exclusive breastfeeding duration 
with WC in early adulthood [68, 69]. However, research-
ers from Australia could not confirm that association 
among children aged five to six, which was in accordance 
with our results [70]. For BP values in later life, our find-
ings confirmed the result of a Canadian study that total 
breastfeeding duration was associated with the value of 
SBP in children aged around six years [69], and was in 
line with another study also from Asia that breastfeed-
ing leads to lower BP in 7-year-old Japanese children [43]. 
Our results indicated that one month’s increase in the 
duration of any breastfeeding might reduce 0.07 mmHg 
of SBP value and 0.05 mmHg of DBP value. These mag-
nitudes of the effect of longer breastfeeding duration on 
BP are likely to have public health implications [71]. If the 
causal relation exists, the small reduction in BP associ-
ated with the duration of any breastfeeding could confer 
important benefits on health at a population level [32]. A 
1% reduction in population SBP levels is associated with 
a 1.5% reduction in all-cause mortality [38, 72]. Promot-
ing a greater duration of breastfeeding is a suggested 
public health measure to reduce population levels of BP 
and BP-related health risks [29].

To the best of our knowledge, it is the first study to 
set EBP/HTN and central obesity as binary outcomes 
to explore the potential protective effects of breastfeed-
ing against these adverse health outcomes in middle 
childhood. Our results indicated that breastfeeding his-
tory was associated with HTN in first grade in primary 
school. An American study once reported no associa-
tion between breastfeeding during infancy and the risk 
of HTN in adulthood [73]. In that study, the authors did 

Table 3 Detection rates and risk ratios of adverse health outcomes in the first grade in primary school for children who were ever or 
never breastfed
Outcomes Never 

breastfed
Ever 
breastfed

χ² P-value Never 
breastfed

Ever breastfed

n (%) n (%) Reference Ad-
just-
ed 
RR

95% CI P-
val-
ue

Overweight or obesity 658 (21.08) 1038 (19.39) 3.51 0.06 1.00 0.94 0.86, 1.03 0.20
Obesity 211 (6.76) 327 (6.11) 1.41 0.24 0.95 0.80, 1.14 0.61
Central obesity defined by the 90th waist circumfer-
ence percentile

449 (14.40) 696 (13.01) 3.26 0.07 0.91 0.78, 1.06 0.24

Central obesity defined by WHTR ≥ 0.5 313 (10.04) 488 (9.13) 1.94 0.16 0.95 0.78, 1.16 0.64
Elevated systolic blood pressure or stage 1 & 2 
hypertension

767 (24.63) 1146 (21.44) 11.41 < 0.01 0.91 0.84, 0.99 0.04

Stage 1 & 2 hypertension - systolic blood pressure 504 (16.18) 742 (13.88) 8.29 < 0.01 0.92 0.82, 1.03 0.15
Elevated diastolic blood pressure or stage 1 & 2 
hypertension

732 (23.51) 1158 (21.67) 3.83 0.05 0.92 0.85, 1.01 0.07

Stage 1 & 2 hypertension - diastolic blood pressure 348 (11.18) 510 (9.54) 5.75 0.02 0.84 0.73, 0.96 0.01
CI: confidence interval; RR: risk ratio; WHTR: waist-to-height ratio

Full model adjusted for sex, age at the health check, birth weight, delivery mode, maternal age, and parental education levels. For the outcomes of central obesity 
and blood pressure, we also adjusted the BMI value obtained at the children’s first school health check
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not observe a lower age-adjusted hazard ratio of HTN 
among ever-breastfed women aged 50 to 70. However, 
our result was not in accordance with that result. We 
found that compared with those who were never breast-
fed, the risk of having HTN in the first grade was lower 
for the ever-breastfed children. We also analysed the 
duration of any breastfeeding and suggested that children 
who were breastfed for 12 months and longer had a lower 
risk of having systolic HTN in their first grade than those 
with shorter breastfeeding duration. However, this result 
was not supported by one large cross-sectional study in 
China, which reported that the group of children with a 
duration of any breastfeeding for longer than ten months 
had a higher prevalence of HTN in primary school [74]. 
Although no clear cardiovascular event was observed for 
HTN in children [64, 75, 76], it tracked into adulthood 
and was strongly associated with increased rates of mor-
bidity and mortality in later life [77, 78]. A meta-analysis 
suggested that the global prevalence of HTN in children 
was 4.0%, and the prevalence of HTN was 4.3% among 
children aged six years in 2015 [79]. In China, the preva-
lence of HTN was 12.4% in children and adolescents and 
7.3% in children ages six to 11 from 2010 to 2011 [80]. In 
the present study, we found a suspected effect of breast-
feeding in preventing HTN in middle childhood. As a 
primary prevention measure, encouraging and support-
ing breastfeeding has public health significance and clini-
cal impacts on combating HTN epidemics.

Asian populations were reported to have lower BMI 
but higher central adiposity for given body weight when 
compared with matched white populations, making them 
more susceptible to metabolic diseases [57]. Notably, 

cardiometabolic risk factors are more prevalent in chil-
dren with central adiposity than those with overweight or 
general obesity [81]. For children, central obesity is also 
one of the strong risk factors for metabolic disorders and 
cardiometabolic diseases [82], which appears to persist 
from childhood into adulthood [83]. In China, a national 
study reported that compared with children with normal 
BMI, the hazard ratio of being centrally obese in adult-
hood was more than seven times in children with central 
obesity [84]. Our study showed that children who were 
ever exclusively breastfed for any duration had a reduced 
risk of having central obesity in middle childhood. Previ-
ous studies did not report this possible effect of exclusive 
breastfeeding [85] but supported that ever breastfeeding 
was associated with a smaller WC during early to late 
childhood [69, 86]. Our result provided a new approach 
to preventing central obesity in children and adults 
before it becomes a major clinical and public health issue.

Moreover, in our population-based study, we did not 
observe the association between breastfeeding and the 
lower risk of BMI-defined overweight or obesity in chil-
dren in their first grade of primary school. However, an 
enormous amount of research [43, 53, 87–91] confirmed 
the protective effect of breastfeeding on childhood obe-
sity and supported exclusivity and a longer duration of 
breastfeeding can be a preventative strategy for child-
hood overweight and obesity. Hence, support for breast-
feeding has the potential to benefit individual and public 
health.

Table 5 Risk ratios of adverse health outcomes in the first grade in primary school for children who were ever breastfed
Outcomes Children who were 

never exclusively 
breastfed
(n = 2202)

Children who were exclusively
breastfed for one to five months
(n = 1658) 

Children who were 
exclusively breastfed 
for six months
(n = 1495)

Reference Adjust-
ed RR

95% CI P-value Ad-
just-
ed 
RR

95% CI P-
val-
ue

Overweight or obesity 1.00 0.94 0.82, 1.08 0.41 0.94 0.82, 1.08 0.37
Obesity 0.86 0.66, 1.12 0.26 0.95 0.73, 1.23 0.69
Central obesity defined by the 90th waist circumfer-
ence percentile

0.78 0.64, 0.95 0.01 0.83 0.66, 1.04 0.11

Central obesity defined by WHTR ≥ 0.5 0.76 0.60, 0.96 0.02 0.73 0.55, 0.96 0.03
Elevated systolic blood pressure or stage 1 & 2 
hypertension

1.04 0.91, 1.18 0.60 1.03 0.91, 1.18 0.63

Stage 1 & 2 hypertension - systolic blood pressure 1.09 0.92, 1.29 0.32 1.02 0.86, 1.21 0.83
Elevated diastolic blood pressure or stage 1 & 2 
hypertension

1.10 0.97, 1.25 0.14 1.11 0.98, 1.26 0.11

Stage 1 & 2 hypertension - diastolic blood pressure 1.11 0.90, 1.38 0.32 1.22 0.99, 1.50 0.07
CI: confidence interval; RR: risk ratio; WHTR: waist-to-height ratio

Full model adjusted for sex, age at the health check, birth weight, delivery mode, maternal age, and parental education levels. For the outcomes of central obesity 
and blood pressure, we also adjusted the BMI value obtained at the children’s first school health check
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Strengths and limitations
The present study has several strengths. The majority 
of previous studies focused on the breastfeeding expe-
rience during infancy. The research on a large popula-
tion for breastfeeding experience with 24 months was 
limited and unable to provide evidence for clinical and 
public health practice. On the contrary, our population-
based study could provide stronger evidence with a large 
sample size and longer observation period. Moreover, 
the studies about breastfeeding and health indicators in 
later life mainly focused on linear relationships and did 
not involve screening or diagnostic criteria of diseases. 
Therefore, the relationship between breastfeeding and 
diseases or conditions is still vague. Our study directly 
investigated the associations between breastfeeding and 
diseases, especially for central obesity and childhood 
HTN, which were rarely involved by previous studies.

However, this study has its limitations. We displayed 
an association between breastfeeding and HTN/central 
obesity prevention. Nevertheless, like all previous obser-
vational studies on breastfeeding, we failed to adjust for, 
or poor measurement of all the possible confounding fac-
tors (maternal, child, cultural, genetic, and environmen-
tal factors) and would leave this observational study open 
to biased effects of breastfeeding [92]. Previous studies 
also reported the complex social factors for breastfeeding 
or childhood obesity. Economic determinants of breast-
feeding for mothers include poverty, food insecurity, 
and employment [93, 94], and that for development of 
childhood obesity included poverty, food insecurity, and 
family stressors [95]. However, the retrospective design 
of the study limited our traceability to these data. Mean-
while, we obtained no information about the children’s 
dietary patterns, physical activity levels, and lifestyle-
related behaviours, which were the most significant fac-
tors related to obesity and cardiovascular diseases. These 
factors we did not include and adjusted in the analy-
sis models would greatly influence our results. Also, we 
looked forward to observing a “dose-response” effect that 
could highlight the long-term advantage of breastfeed-
ing (for example, a longer duration of breastfeeding was 
associated with a lower tendency to have adverse health 
outcomes in first grade). Nevertheless, as the number 
of observation subjects was decreasing with the exten-
sion of observation time, we were unable to measure this 
dose-response relationship. Furthermore, BP values were 
only measured twice in the school health check for our 
subjects. It is not the diagnosis of EBP/HTN since a diag-
nosis should be made by trained healthcare professionals 
in the office setting. If a child or adolescent has auscul-
tatory confirmed BP readings ≥ 95th percentile at three 
different visits, he or she was diagnosed with EBP/HTN. 
Meanwhile, it is impossible to identify white coat and 
masked HTN in these children and to confirm whether 

it is primary or secondary EBP/HTN, and the organic 
lesions cannot be excluded, which brings uncertainty to 
our results. In addition, as a retrospective study, we were 
unable to control the quality of data and information dur-
ing the collection process. Hence, there could be limita-
tions in terms of information on exclusive breastfeeding, 
time of breastfeeding, and mixed breastfeeding.

Conclusions
Our study provided evidence that for early-school-age 
children, any breastfeeding in initial stage of life is associ-
ated with a reduced risk of HTN, and exclusive breast-
feeding was associated with a reduced risk of central 
obesity, although the retrospective observational study 
design limits the causal inferences. As a potential com-
ponent of the public health strategy to reduce population 
levels of metabolic and cardiovascular diseases, govern-
ments, societies, hospitals, communities and policies that 
promote breastfeeding would be helpful in improving 
child development and reducing health costs for individ-
ual families and at the national level.
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