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Abstract

Objective: Examine mother—son, mother—daughter, father—son and father—
daughter resemblance in weight status, and potential modifying effects of socio-
demographic and childcare characteristics.

Design: Cross-sectional study.

Setting: School.

Participants: 1973 school-age children and their parents from five mega-cities
across China in 2017.

Results: Pearson correlation coefficients () for BMI of father—son, father-daughter,
mother—son and mother—daughter pairs were 0-16, 0-24, 0-26 and 0-24, respec-
tively, while their weighted kappa coefficients (k) were 0-09, 0-14, 0-04 and
0-15, respectively. Children aged 6-9 years (» ranged from 0-30 to 0-35) had larger
BMI correlation with their parents than their counterparts aged 10-14 years or
15-17 years (r ranged from 0-15 to 0-24). Children residing at home (7 ranged from
0-17 to 0-27) had greater BMI correlations with their parents than children residing
at school/other places. BMI correlation coefficients were significant if children
were mainly cared for by their mothers (7 ranged from 0-17 to 0-29) but non-sig-
nificant if they were mainly cared for by others. Only children who ate the same
meal as their parents ‘most times’ (r ranged from 0-17 to 0-27) or had dinner with
their parents ‘at most times’ (7 ranged from 0-21 to 0-27) had significant BMI cor-
relation with their parents. Similarly, children who had dinner with their parents
‘most times’ but not ‘sometimes,” had significant BMI correlation coefficients.
Conclusions: Parent—child resemblance in weight status was modest and varied by
child age, gender, primary caregiver, whether having similar food or dinner with
parents in China.
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Childhood obesity has become a serious public health con-
cern worldwide"™. About 1/3 of children and 1/2 of adults
in China are overweight or obese (ov/ob)®. A complex
interplay among biological, environmental and behavioural
factors has contributed to the rising obesity epidemic®. The
role of these factors in China has not been well elucidated.

Familial clustering of ov/ob among parents and children
is prevalent®, which is likely due to their shared genes, envi-
ronmental factors and lifestyle behaviours. As primary
agents of socialisation, parents have strong impacts on child
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lifestyle behaviours”®. Obesogenic lifestyles and behaviou-
ral traits can be easily passed down from parents to children
through family socialisation processes®, which contribute
to similarities in parent-child (P-C) weight status. Most of
the existing studies were conducted in Caucasian popula-
tions and/or in high-income countries'?’. Therefore, there
is little knowledge about the P-C resemblance in weight sta-
tus in China and other developing countries.

Some studies from Western countries have indicated

that socio-demographic factors and types of P-C pairs
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may affect the resemblance in weight status. For example,
in our 2017 systematic review of thirty-two studies in this
field, the resemblance in P-C weight status varied by
socio-demographic factors, such as age and country’s eco-
nomic level’®. Mixed findings were reported on the types
of P—C pair and the gender differences in P-C resemblance
in weight status (e.g. mother-son, mother—daughter,
father—son and father—daughter) in Western countries'?.
However, no studies have examined this in China. The
resemblance in P-C weight status also varied by parental
age and education, and family income in the USA"?.
Understanding such variations could help design a tailored
family-based childhood obesity intervention in China.

In addition to socio-demographic factors, other modifi-
able childcare characteristics are associated with P-C
resemblance in weight status. For example, in many devel-
oping countries, including China, grandparents are impor-
tant caregivers for young children and decide what food is
prepared for the family to consume. P-C resemblance in
weight status for these children may be different from that
of children mainly cared for by their parents. In some coun-
tries, many school-age children eat in school cafeterias on
weekdays; thus, they may have different diets from that of
their parents. Lower frequency of children having diets sim-
ilar to their parents may reduce resemblance with their
parents in weight status. However, no studies have exam-
ined the effects of these modifiable factors. Such research
could provide valuable information about the aetiology of
obesity and suggest new strategies for family-based obesity
interventions.

To fill these knowledge gaps, using data collected from
school-age children, their parents and schools in five
mega-cities across China, we aimed to (1) examine P-C
(including mother—son, mother—daughter, father—son and
father-daughter) resemblance in weight status (BMI and
ov/ob status) and (2) examine the potential modifying
effects of socio-demographic and childcare characteristics
on the resemblance.

Methods

Study design and participants
This study used the 2017 data from the Childhood Obesity
Study in China Mega-cities (12 1973), a USNIH-funded study
that examines the aetiology of childhood obesity and
chronic diseases in China. Five mega-cities were selected
across China, including Beijing (capital, North), Shanghai
(Southeast), Nanjing (Southeast), Xi'an (Northwest) and
Chengdu (Southwest) (Fig. 1. These cities reflect rapid
economic growth and lifestyle behaviour changes, and they
are already heavily burdened with obesity in China. More
details on this study have been published elsewhere'?.

In each of the cities, two primary schools and two middle
schools were randomly selected, then one class was
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randomly selected from the third to sixth grades of each pri-
mary school and one from the seventh to ninth grades of each
middle school. All students in the sampled classes were asked
to complete a self-administered questionnaire in Chinese lan-
guage in the classroom. The primary caregivers of children
(1288 (67-6%) were mothers) completed the same self-
administered questionnaire at home®'¥. Data on child
growth, health and family characteristics were collected.

In the final data analysis, we only included mother-son,
mother-daughter, father-son, or father-daughter with com-
plete data on child age, child residence in the current
semester, child primary caregiver, BMI, whether children
ate the same meal as their parents, and whether children
had dinner with their parents, as well as data on maternal
age and education level, BMI, paternal age and education
level, and family homeownership. Due to missing data on
some of these characteristics, the sample size varied across
the four dyads: 631 for father-son, 688 for father-daughter,
627 for mother-son, and 688 for mother-daughter (Fig. 2).
Only one child per family participated in this survey, and
their mother and father were also included in the survey.
Maternal and paternal information were reported by the
primary caregiver of children (mostly mothers).

This study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving study participants were approved by the Ethical
Committee of the State University of New York at Buffalo
and related collaborative institutes in China. Written
informed consent was obtained from all subjects.

Key study variables and measurements

Definition of weight status

Children’s height was measured using Seca 213 Portable
Stadiometer Height-Rods (Seca China) with a precision of
0-1 cm; body weight was measured using Seca 877 elec-
tronic flat scales (Seca China) with a precision of 0-1kg
by trained health professionals. Paternal and maternal
height and weight were reported by the children’s primary
caregiver (mostly mothers).

BMI was calculated as weight (kg) divided by height
squared (m?). Child weight status (underweight/normal
weight, overweight and obesity) was defined based on the
age- and gender-specific BMI cut-off points issued by the
National Health Commission of the People’s Republic of
China (underweight/normal weight: <85th percentile; 85th
percentile <overweight <95th percentile; 95th percentile
< Obesity)!. Paternal and maternal BMI Z-scores were cal-
culated using the measured value minus the average value
and divided by the sp of the sample. Paternal and maternal
weight status were defined based on the Chinese standard
proposed by the Working Group on Obesity in China®: nor-
mal-weight or underweight BMI < 23-9 kg/m?; overweight
BMI <24-0 kg/m?-<27-9 kg/m? obese BMI > 28-0 kg/m>.


https://doi.org/10.1017/S1368980020005108

Public Health Nutrition

oL

https://doi.o

5402

L Ma et al.

Population: 9-62 M
Per capita GDP:
11,151 USD

Population: 16-:04M
Per capita GDP:
12,367 USD

Population: 21-71M
Per capita GDP:
18,355 USD

Population: 8-:34M
Per capita GDP:
20,078 USD

Population: 24-18M
Per capita GDP:
18,019 USD

Fig. 1 (colour online) The geographical location, population size and economic status of the five mega-cities across China (Beijing,
Shanghai, Nanjing, Xi’an and Chengdu) in 2017. Data source: Statistical Yearbook of China, 2017
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Fig. 2 (colour online) The sample of child—parent pairs based on data from the five mega-cities across China (Beijing, Shanghai,
Nanjing, Xi’an and Chengdu) in 2017

Socio-demograpbic and childcare characteristics
Socio-demographic characteristics included the children’s
age (6-9,10-14 and 15-17 years) and gender, family home-
ownership (rent or share residency with relatives, own an
apartment and own a house), parental age (25-39, 40-44
and 45-63 years) and parental education (<middle school,
high or vocational schools and >college).
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Childcare characteristics included people who made the
decision about what food to eat/buy for the whole house-
hold (mother, father, grandparents and child), the primary
caregiver of the children (mother, father, grandparents and
babysitter/others), whether children ate the same meal as
their parents (yes, most times; yes, sometimes; and no),
whether children had dinner with their parents (yes, most
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times; yes, sometimes; and no) and child residence in the
current semester (home, school and other places).

Statistical analysis

Analyses were conducted using Stata 14 (StataCorp).
Statistical significance was set at P < 0-05. First, we con-
ducted y? tests (for categorical variables) and ANOVA
(for continuous variables) to test gender differences for
key variables. Then, we conducted the following analyses:

Analysis for Aim 1
We examined P-C resemblance in BMI and weight status
using two statistical methods: Pearson correction and kappa.
First, we calculated Pearson correlation coefficients between
the standard scores of children’s BMI-for-age Z-score and
parental BMI Z-score. Additionally, we calculated partial cor-
relation coefficients by controlling for socio-demographic
and childcare characteristics"”. To adjust for the multiple
comparison testing effects, the Bonferroni test was used.
We identified significant effect modifiers by comparing cor-
relation coefficients across sub-samples stratified by specific
effect modifiers (i.e. socio-demographic and childcare char-
acteristics). To explore the age trends on P-C resemblance,
we fit weighted least square curves of Pearson correlation
coefficients against child age for each parent—child dyad.
Second, observed agreements and weighted kappa coetti-
cients of child and parental weight status (underweight/normal
weight, overweight and obesity) were calculated. Weighted
kappa coefficients consider the possibility of the agreement
occurring by chance™. To adjust for the multiple comparison
testing effects, the Bonferroni test was used. Weighted kappa
values were interpreted as follows: £ < 0-20 = poor agreement,
0-20 £ k< 0-40 = fair agreement, 0-40 < k< 0-60 = moderate
agreement, 0-60 < k< 0-80 = good agreement and k> 0-80 =
very good agreement®'?,

Analysis for Aim 2

Multinomial logistic regression models were fit to explore
potential social-demographic and childcare factors that
might predict the pattern of father—child and mother—child
concordances. Based on the pattern of concordance in
weight status, we created a nominal dependent variable:
(D reference group: both parent and child were normal
weight; (2) only parent was ov/ob; (3) only child was ov/
ob and (4) both parent and child were ov/ob. For example,
a socio-demographic factor was associated with an
increased risk of only the parent being overweight/obese,
compared with both parent and child having normal weight.
This may mean that the socio-demographic factor might
have broken the transmission of obesity across generations
and such factor should be promoted. We analysed father—
child and mother—child dyads separately. Supplemental
analysis was conducted to analyse the socio-demographic
and childcare factors associated with parent—child concord-
ance in weight status, ignoring the gender difference.
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In addition, we conducted logistic regression analysis
with the child’s ov/ob status as the outcome variable
(binary: non-overweight, overweight/obesity) and paren-
tal ov/ob as the independent variable (categorical: both
parents are normal weight, one parent is overweight/obese
and both parents are overweight/obese). We stratified the
analyses across socio-demographic and childcare charac-
teristics and compared the OR to examine whether the risk
of the children being overweight/obese among over-
weight/obese parents differs across these factors.

Results

Socio-demograpbic and childcare characteristics
of fatbher-son, fatber-daugbter, mother-son and
mother-daughter dyads

The BMI and prevalence of overweight and obesity of chil-
dren in father—son and mother—son dyads were higher than
that of children in father—daughter and mother-daughter
dyads. No significant differences were found in the distri-
bution of other socio-demographic and family characteris-
tics across the four dyads (Table 1).

Pearson partial correlations between parental
and child BMI

Pearson correlation coefficients () for BMI of father—son,
father—daughter, mother-son and mother—daughter dyads
were 0-16 (95 % C1 0-08, 0-23), 024 (95 % C1 0-16, 0-30), 0-26
(95 % CI 0-17, 0-32) and 0-24 (95 % CI 0-17, 0-31), respec-
tively (Table 2).

In general, children aged 6-9 years (rranged from 0-30 to
0-35) had larger BMI correlations with their parents than their
counterparts aged 10-14 years or 15-17 years (r ranged from
0-15 to 0-24). Likewise, children residing at home (» ranged
from 0-17 to 0-27) had greater BMI correlations with their
parents than children residing in school/other places (all
7’s were non-significant). Parents aged 25-39 years (rranged
from 0-27 to 0-33) had larger BMI correlations with their chil-
dren than parents aged 40-44years or parents aged
45-63 years. Additionally, parents with > high school educa-
tion (» ranged from 0-18 to 0-34) had larger BMI correlations
with their children than those with <middle school
(r=0-24) (Table 2).

BMI correlation coefficients between children and their
parents were significant if mothers decided what food to
eat/buy for the whole household (» ranged from 0-22 to
0-30). BMI correlation coefficients were significant if children
were mainly cared for by their mothers (7 ranged from 0-17 to
0-29), but non-significant if they were mainly cared for by
others. Only children who ate the same meal as their parents
‘most times’ (7 ranged from 0-17 to 0-27) or had dinner with
their parents ‘most times’ (7 ranged from 0-21 to 0-27) had sig-
nificant BMI correlation with their parents. Similarly, children
who had dinner with their parents ‘most times’ but not ‘some-
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Table 1 Distributions of sociodemographic and family characteristics (mean/sp, %) of Chinese children and their parents across the four
dyads in 2017 from the Childhood Obesity Study in China Mega-cities
Father— Mother—
Father—son daughter Mother— daughter
(n 631) (n 688) son (n 627) (n 688)
P for differences
Characteristics Mean sb Mean sb Mean sb Mean sD across dyads*
Child characteristics
Child age (years) 0-999
6-9 86 05 86 05 86 05 86 05
10-14 118 14 119 14 118 14 119 14
15-17 151 0-3 151 02 151 02 151 02
Child BMI (kg/m?) 196 37 187 33 196 37 188 33 < 0-001
Prevalence of overweight and obesityt 38-7 24.0 389 24.4 < 0-001
Child residence in the current semester 0-968
Home 929 93-9 93-5 93-9
School 5.7 4.8 51 4.9
Other place 1.3 11 1.3 1.2
The primary caregiver of children 0-669
Mother 69-1 74.4 69-9 741
Father 12.0 84 12.0 84
Grandparents 16-0 14.7 155 14-8
Babysitter/others 0-5 0-6 0-5 0.7
Whether children ate the same meal as their parents? 0-954
Yes, most times 894 894 89-6 894
Yes, sometimes 101 9.7 99 9.7
c No 0-5 0-9 05 0.9
(o] Whether children had dinner with their parents? 0-998
2 Yes, most times 85.4 85-2 86-3 856
‘o Yes, sometimes 141 14.2 132 138
5’ No 05 06 05 0-6
Characteristics of children’s mothers
Z Maternal age (years) 0-559
N 25-39 364 22 364 20 364 22 364 21
= 40-44 416 14 416 14 416 14 416 14
< 45-63 47.3 2.5 474 22 471 24 473 22
(0] Maternal BMI (kg/m?) 218 28 220 28 218 28 220 28 0-191
I Prevalence of weight statust 0-233
Normal weight/underweight, BMI <23.-9 76-3 74-3 774 76-2
= Overweight, <24-0 BMI <27-9 187 20-2 195 209
e Obese, BMI >28-0 5.0 5.5 32 3.0
S Maternal education level 0-931
oo <Middle school 19-8 194 20-6 19-6
High or vocational schools 289 26-8 289 270
>College 51.2 53-8 50-9 53-3
Characteristics of children’s fathers
Paternal age (years) 0-829
25-39 370 2.0 371 16 370 20 371 1.6
40-44 420 13 418 14 420 13 418 14
45-63 481 32 483 33 481 33 483 33
Paternal BMI (kg/m?) 242 28 240 31 241 2.7 240 31 0-731
Prevalence of weight statust 0-808
Normal weight/underweight, BMI <23-9 50-5 50-5 50-3 49-3
Overweight, <24-0 BMI <27-9 41.0 40-1 39-3 395
Obese, BMI >28-0 8-6 94 104 11.2
Paternal education level, % 0-802
<Middle school 16-9 141 16-6 145
High or vocational schools 277 289 274 290
>College 55.5 57-0 56-0 56-6
Family and childcare characteristics
Family homeownership 0179
Rent or share residency with relatives 21-6 227 217 22.5
Own apartment 66-9 624 67-2 625
Own house 11-6 150 112 15-0
Who decided what food to eat/buy for the whole household 0-397
Mother 65-1 68-3 66-4 69-2
Father 135 11-8 129 115
Grandparents 16-6 16-0 16-4 157
Child 3.0 3-3 26 3.2
*P-value was based on the 4 test for categorical variables and ANOVA for continuous variables across the four dyads.
1Child weight status (Underweight/normal weight, overweight and obesity) was defined based on the age- and gender-specific BMI cut-off points issued by the National Health
Commission of the People’s Republic of China.
$Paternal and maternal weight status were defined based on the Chinese standard proposed by the Working Group on Obesity in China('?: normal-weight or underweight
BMI < 23.9 kg/m?; overweight <24-0 kg/m? BMI <27-9 kg/m?; obese BMI > 28.0 kg/m?.
https://doi.ofg/10.1017/51368980020005108 Published online by Cambridge University Press
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Table 2 Partial Pearson correlation coefficients (r, based on Bonferroni test)* between parental and child BMI measurest by dyad type, socio-demographic and childcare characteristics in the
Childhood Obesity Study in china Mega-citiest,§

Parent—child dyad type

Father—son Father—daughter Mother—son Mother—daughter

Characteristics n r 95% CI* n r 95% CI* n r 95% CI* n r 95 % CI*
All 631 0-16 0-08,0-23 688 0-24 0-16,0-30 627 0-26 0-17,0-32 688 0-24 0-17, 0-31
Child age (years)

6-9 139 015 -0.02,0-30 154 0-30 0-18,0-46 142 0-35 0-15,0-28 152 0-30 0-13, 0-43

10-14 472 0-15 0-06,0-24 515 0-23 0-14,0-31 466 0-24 0-15,0-32 517 0-24 017, 0-33

15-17 20 0-48 0-05, 0-76 19 -0-13 -0-55,0-35 19 -0-15 -0-37,0:53 19 -0-11 —-0-63, 0-24
Child residence in the current semester

Home 586 017 0-08,0-24 646 0-23 0-14,029 586 0-27 0-18,0-33 646 0-24 0-17, 0-32

School/other place 44 009 -0-21,0-38 42 0-50 0-20, 0-68 40 018  -0-14,0-47 42 0-11 -0-18, 0-42
Parental age (years)ll

25-39 217 0-20 0-07,0-33 236 0-33 024,046 359 0-29 0-19 0-38 396 0-27 0-19, 0-37

40-44 258 0-16 0-02,0-25 265 017 0-04,0-27 206 0-30 0-14,0-40 208 0-20 0-04, 0-31

45-63 156 0-13 -0-04,0-27 187 0-23 0-06, 0-34 62 0-02 -0-24,0-26 84 020 -0-05,0-37
Parental education levelll, %

<Middle school 106 0-03 -0-14,0-24 97 —-0-05 -0-24,0-15 129 0-04 -0-10,025 135 0-24 0-06, 0-38

High or vocational schools 175 0-20 0-05,0-34 199 0-25 0-12,0-38 179 0-34 0-18,045 186 0-27 0-10, 0-37

>College 350 0-18 0-06, 0-27 392 0-31 022,040 319 0-29 0-18,0-39 367 0-25 0-15, 0-35
Family homeownership, %

Rent or share residency with relatives 136 0-16  -0-03,0-30 156 0-16 0-00, 0-31 136 0-22 0-06,0-38 155 0-18 0-03, 0-34

Own apartment 422 0-18 0-07,0-25 429 0-26 0-17,0-34 421 0-29 0-20,0-37 430 0-23 0-13, 0-31

Own house 73 0-15 -0.08,0-37 103 0-28 0-06, 0-43 70 015 -0-10,0-37 103 0-35 0-16, 0-50
Who decided what food to eat/buy for the whole household

Mother 411 0-14 0-05,0-24 470 0-22 0-12,0-30 416 0-29 0-21,0-38 476 0-30 0-20, 0-37

Father 85 0-24 0-03, 0-43 81 0-21 —-0.-03, 0-39 81 0-21 —-0.06, 0-37 79 -0-01 -0-20, 0-25

Grandparents 105 0-11 -0-04,0-33 110 0-36 015,048 103 0-21 -0-02,0-35 108 0-11 —-0.01, 0-36

Child 19 0-04 -0-27, 0-61 23 0-44  -0.00, 0-70 16 0-04 -0-47,0-53 22 0-38 -0-15,0-63
The primary caregiver of children

Mother 436 017 0-07,0-25 512 0-28 0-18,0-34 438 0-27 019,036 510 0-29 0-30, 0-36

Father 76 0-21 -0-02, 0-42 58 018  -0-03, 0-46 75 0-20 -0-14, 0-31 58 0-01 -0-28, 0-24

Grandparents 101 012 -0-11,0-28 101 0-01 -0-10, 0-29 97 0-24 0-02,0-40 102 0-06 -0-03, 0-35

Babysitter/others 3 N/A N/A 3 N/A 5 N/A
Whether children ate the same meal as their parents?

Yes, most times 564 017 0-08,0-24 615 0-26 0-16,0-31 562 0-27 0-18,0-33 615 0-24 017, 0-32

Yes, sometimes 64 0-19  -0.09, 0-39 67 0-04 -0-15,0-33 62 0-29 0-03, 0-49 67 0-23 0-02, 0-47

No 3 N/A N/A 3 N/A 6 N/A
Whether children had dinner with their parents?

Yes, most times 539 0-21 012,029 586 0-26 0-18,0-33 541 0.27 0-18,0-34 589 0-25 017, 0-32

Yes, sometimes 89 -012 -0-32,0-09 98 0-09 -0-12,0-28 83 0-15 -0.08, 0-34 95 019  -0-01,0-38

No 3 N/A 4 N/A 3 N/A 4 N/A

N/A, Non-applicable.

*The rwas calculated controlling for child age, child residence in the current semester, parental age and education, family homeownership, who decided what food to eat/buy for the whole household, the primary caregiver of children, whether
children ate the same meal as their parents and whether children had dinner with their parents, except for the characteristic that is used to stratify the sample. For example, for the father—son correlation of BMI in different family homeownership
groups, we controlled for child age and paternal characteristics with the exception of family homeownership.

1The standard score of child BMI-for-age Z-score and a standard score of parental BMI was used to calculate r.

1The five mega-cities across China are Beijing, Shanghai, Xi’an, Nanjing and Chengdu.

§Numbers in bold indicate statistical significance. We used the Bonferroni test to adjust for the multiple comparison testing effect, P < 0-05/n indicates statistical significance for each pair (data set) (father—son: P=0-05/26 = 0-0019; father—
daughter: P=0-05/26 = 0-0019; mother—son: P=0-05/26 = 0-0019 and mother—daughter: P=0-05/26 =0-0019).

|IFor the stratification of parental age and education level, paternal age and education were used as stratified variables to calculate of BMI in father—son and father—daughter pairs; maternal age and education were used as stratified variables for
the calculation of correlations of BMI in mother-son and mother-daughter pairs.
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Fig. 3 (colour online) Age trend in the Pearson partial correlation coefficients between parental BMI and child BMI by dyads in 5
mega-cities across China (Beijing, Shanghai, Xi’an, Nanjing and Chengdu). X-axis: child age, Y-axis: correlation coefficient
r. P values for dyads: P=0-591 for mother—girl dyad, P=0-166 for mother-boy dyad, P=0-016 for father—girl dyad and
P=0-117 for father—boy dyad. The r was adjusted for maternal and paternal age and education, family homeownership, child
residence in the current semester, who decided what food to eat/buy for the whole household, the primary caregiver of children,
whether children ate the same meal as their parents and whether children had dinner together with their parents. For father—child
dyads correlation coefficients, we controlled for child age and paternal characteristics as described above; for mother—child dyads
correlation coefficients, we controlled for child age and maternal characteristics as described above. Because the sample sizes for
15—17 years old for mother—son, mother—daughter, father—son and father—daughter were 20, 19, 19 and 19, respectively, so partial

correlation coefficients were not estimated for this age group

times” had significant BMI correlation coefficients (Table 2).
Father—daughter BMI correlation coefficients decreased with
the daughter's age (P= 0-016); no significant trends were seen
in the other dyad types (Fig. 3).

Agreement between parental and child weight
status (underweight/normal weight, overweight
and obesity)

Weighted kappa coefficients (&) of father—son, father—
daughter, mother—son and mother—daughter dyads were
0-09, 0-14, 0-04 and 0-15, respectively. Fair levels of agree-
ment (k=0-20-0-40) were observed in father—daughter
dyads, in which the child resided at the school in the current
semester (k= 0-36, P < 0-001). The &'s for P-C resemblance
in weight status in other groups were poor (Table 3), and
fair level of agreement was only observed for parent—child
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dyads (considering father, mother and child weight status
together) in which the child resided at the school in the cur-
rent semester (k= 0-20, P=0-07) (see online supplemen-
tary material, Supplemental Table 1).

Socio-demographbic and childcare characteristics
associated with the mother—child and fatber-child
concordances in weight status

As shown in Table 4, multinomial logistic regression
revealed that boys had higher risks of being in ov/ob
parents and child dyads, and being in normal-weight
parents and ov/ob child dyads (v. normal-weight parents
and child dyads; the same reference outcome group for
results below), compared with girls. Older children had
reduced risks of being in normal-weight parents and
ov/ob child dyads, compared with younger children
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Table 3 Percentage agreement (%) and weighted kappa coefficients (based on Bonferroni test) of parent—child weight status (underweight/normal weight, overweight and obesity) by dyad type and
characteristics in the Childhood Obesity Study in China Mega-cities*,1,%,§

Parent—child dyad type

Father—son (n 631) Father—daughter (n 688) Mother—son (n 627) Mother—daughter (n 688)
Observed Weighted Observed Weighted Observed Weighted Observed Weighted
agreement kappa coeffi- agreement kappa coeffi- agreement kappa coeffi- agreement kappa coeffi-
Characteristics (%) cientq| SEM (%) cientq| SEM (%)l cientq| SEM (%)l cientq] SEM
All 63-8 0-09 0-03 68-8 0-14 0-02 64-4 0-04 0-03 75-0 0-15 0-03
Child age (years)
6-9 60-9 0-07 0-05 64-0 0-12 0-05 619 0-10 0-05 721 0-18 0-06
10-14 64-8 0-09 0-03 69-8 0-14 0-03 64-8 0-03 0-03 75-9 013 0-03
15-17 61-3 -0-04 0-12 77-8 0-29 0-15 69-7 0-13 0-14 70-0 0-28 0-11
Child residence in the current
semester
Home 63-3 0-08 0-03 68-5 0-13 0-02 64-7 0-05 0-03 747 013 0-03
School 71.2 0-20 0-10 76-0 0-36 0-11 54.9 -0-10 0-11 76-0 0-30 0-12
Other places N/A N/A N/A N/A N/A N/A N/A N/A
Parental age (years)**
25-39 63-4 0-07 0-04 70-3 0-18 0-04 65-5 0-07 0-03 76-9 0-16 0-04
40-44 67-6 013 0-04 68-9 0-09 0-04 67-3 0-07 0-05 800 0-15 0-05
45-63 64-1 0-12 0-05 715 0-14 0-05 61-0 0-01 0-08 70-6 0-11 0-07
Parental education level*, %
<Middle school 62-2 0-01 0-06 65-0 0-05 0-06 66-8 0-05 0-06 71-0 0-06 0-06
High or vocational schools 65-9 0-11 0-05 70-2 0-18 0-05 67-8 0-14 0-05 774 0-19 0-05
>College 65-7 0-12 0-03 70-5 0-13 0-03 64-2 0-03 0-03 77-4 0-15 0-04
Family homeownership, %
Rent/share residency with 64-3 0-09 0-05 66-8 0-13 0-05 67-1 0-08 0-05 72-6 0-13 0-06
relatives
Own apartment 64-8 0-10 0-03 711 0-14 0-03 65-6 0-05 0-03 78-6 012 0-04
Own house 642 0-05 0-07 66-9 0-16 0-07 62-0 0-03 0-08 69-4 0-16 0-07
Who decided what food to eat/
buy for the whole household
Mother 64-8 0-11 0-03 68-9 0-13 0-03 66-3 0-09 0-03 75-8 013 0-03
Father 63-8 0-08 0-07 69-1 0-09 0-07 62-3 0-01 0-08 785 0-20 0-08
Grandparents 68-0 0-15 0-07 68-1 017 0-06 68-6 0-03 0-06 725 0-11 0-07
Child 61-5 0-09 0-13 776 0-24 0-14 63- -0-13 0-16 74. —-0-08 0-16
The primary caregiver of
children
Mother 64-6 0-10 0-03 69-5 017 0-03 67-0 0-09 0-03 74-8 0-18 0-03
Father 59-8 -0-02 0-08 69-2 0-13 0.07 59-4 -0-14 0-08 82.5 0-16 0-09
Grandparents 63-3 0-07 0-07 65-6 0-04 0-07 596 —0-06 0-07 727 0-08 0-08
Babysitter/others 75-0 0-50 0-35 N/A N/ 75-0 043 0-41 N/A N/
Whether children ate the same
meal as their parents?
Yes, most times 65-4 0-11 0-03 70-3 0-16 0-03 66-1 0-07 0-03 76-5 0-16 0-03
Yes, sometimes 60-9 -0-02 0-08 67-1 -0-02 0-08 60-5 —-0-09 0-08 72-4 0-02 0-08
No N/A N/A N/A N/A N/A N/A N/A N/A
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Table 4 Associations (OR, 95 %Cl) of socio-demographic and childcare characteristics with patterns of parent-child body weight status (underweight/normal weight, overweight, obesity)

concordance in the Childhood Obesity Study in China Mega-cities: multinomial logistic regression models*,,1,§

Dependent variables in the adjusted model: mother—child dyads (n 1315;
compared with a underweight/normal weight mother and child, 45-0 %)ll

Dependent variables in the adjusted model: father—child dyads (n 1319;
compared with a underweight/normal weight father and child, 34-4 %)Y

Overweight or obese
mother and child

Overweight or obese
mother, normal-weight

Normal-weight mother,
overweight or obese

Overweight or obese

Overweight or obese
father, normal-weight

Normal-weight father,
overweight or obese

(12:6 %) child (22-1 %) child (20-4 %) father and child (20-9 %) child (32-6 %) child (12-1 %)

Characteristic (v. reference P P P P P P
group) OR 95%Cl value OR 95%Cl value OR 95%Cl value OR 95%Cl value OR 95%Cl value OR 95%CIl value
Boy (v. girl) 1.73 1.22,2.46 0.002 1.21 0.91,1.61 0-198 2.44 1.81,3-28 0-001 1.88 1.39,2.56 0-001 0-97 0-75,1.27 0-843 229 1.58,3-34 0-001
Child age (years) 0-92 0-83,1.02 0-125 0-99 0.91,1.08 0-824 0-87 0-80,0-96 0-003 0-84 0-77,0.92 0-001 094 0-87,1.01 0-113 0-85 0-76,0-95 0-004
Child residence in the current semester (v. home)

School and other place 0-66 0-27,1-58 0-348 1.30 0-74,2-30 0-358 1-00 0-52,1-91 0-995 0-59 0-29,1-20 0-144 0-77 044,134 0-360 0-72 0-33,1-57 0-408
Family homeownership (v. own apartment)

Rent or share residency with  1.22 0-78,1-92 0-381 1.09 0-76,1-58 0-631 0-97 0-66,1-42 0-874 1.32 0-89,1.95 0-167 1.34 0-96,1-88 0.085 1-15 0-71,1-86 0-567
relatives

Own house 216 1-30,3.60 0-003 1-55 1.01,2.39 0-047 1-24 0.76,2-00 0-386 1-35 0-85,2-15 0-202 1-01 0-67,1.52 0977 0-94 0-51,1.73 0-842
Parental age (years) 1.01 0.97,1.06 0581 1.02 0.99,1.06 0-242 0.97 0.93,1-01 0-108 1.01 0.98,1.05 0488 1.00 0.98,1.03 0-761 1.01 0.97,1.05 0-738
Parental education level (v. >college)

<Middle school 1.01 0.60,1.71 0-963 1.45 0.97,2-18 0-073 0-85 0-53,1-35 0-484 0-70 0-41,1.19 0-185 0.82 0-54,1.24 0-340 0-88 0-49,1.60 0-685
High or vocational schools 095 062,145 0-581 0-93 0-65,1-33 0-677 095 0-67,1.35 0758 1.25 0-88,1.78 0-207 0-87 0-64,1.19 0-378 0-91 0-59,1.42 0-690
Who decided what food to eat/buy for the whole household (v. mother)

Father 1.70 0.97,2.97 0-065 1-29 0-80,2-08 0-291 0-93 0-56, 1-54 0-771 1-01 0.60,1.70 0-974 1.09 0-70,1-68 0-714 1.14 0.63,2-07 0-663
Grandparents 0-86 0-49,1.49 0-584 1.02 0.65,1.60 0-940 0-68 0-43,1.08 0-102 0-89 0-56,1.41 0-608 0-77 0-52,1.16 0-213 0-35 0-19,0-67 0-001
Child 0-48 0-11,2-14 0-333 1-31 0-60,2-83 0-498 0-78 0-29,2-05 0-609 0-56 0-21,1.45 0-231 0-58 0-28,1.23 0-155 0-24 0-05,1.09 0-065
The primary caregiver of children (v. mother)

Father 0-30 0-13,0-67 0-004 0-72 0-42,1.21 0-216 095 0-57,1.60 0-860 0-78 0-44,1.37 0-381 1.02 0-64,1.63 0-919 0-83 042, 1.64 0-588
Grandparents 1.04 0-59,1-83 0-888 1-13 0-72,1-79 0592 1.28 0-81,2-03 0-282 1-.02 0-62,1-68 0.926 125 0-82,1.92 0.-299 2.29 1.32,3-97 0.-003
Babysitter/others 1.35 025,724 0-728 0-51 0.06,4-41 0-537 0-89 0-16,4-80 0-888 1-41 0.27,7.24 0683 1.09 0-22,5-51 0912 1.04 0-10, 10-48 0-973
Whether children ate the same meal as their parents? (v. Yes, most times)

Yes, sometimes 0-40 0-18,0-88 0-022 0-72 0-42,1.24 0-239 0-68 0-39,1.19 0-175 045 0-23,0-86 0-016 1-13 0-69,1.84 0626 1-09 0-57,2.08 0-792
No 0-43 0.03,6-57 0-540 2.79 0-48, 16-12 0-250 0-86 0.08,9-80 0-902 0-46 0-03,8-39 0-602 7-68 0-80,73-79 0-077 3-70 0-18, 75-87 0-396
Whether children ate dinner with their parents? (v. Yes, most times)

Yes, sometimes 1.61 090,289 0-111 1.46 091,233 0-115 2.07 1-30,3-31 0-002 1.50 0-92,2-44 0-100 0-80 0-52,1-26 0-340 1.44 0-82,2.54 0-206
No 3-74 0-45,31.26 0-223 0-28 0-02,3-84 0-344 0-78 0-07,8.76 0-837 248 0-32,19-07 0-383 0-07 0-00,1-29 0-073 N/A

*The OR for specific patterns of concordance in mother—child dyad weight status was observed across sociodemographic and childcare characteristics.
1The five mega-cities across China are Beijing, Shanghai, Xi’an, Nanjing and Chengdu.

FNumbers in bold indicate statistical significance.

SOverweight: <24-0 kg/m? BMI < 27-9 kg/m?, Obese: BMI > 28-0 kg/m? for adults, for children overweight and obesity status, was defined according to the ‘WS/T 586-2018 Screening for overweight and obesity among school-aged children and

adolescents’.

|IFor the adjusted model for mother—child dyads, the reference group for the dependent variable was normal-weight mother and normal-weight child dyads and independent variables were all sociodemographic and childcare characteristics,
including child age, gender, child residence in the current semester, family homeownership, maternal age and education, who decides what food to eat/buy for the whole household, the primary caregiver of children, whether children ate the same

meal as their parents and whether children had dinner with their parents.

{IFor the adjusted model for father—child dyads, the reference group for the dependent variable was normal-weight mother and normal-weight child dyads, and the independent variables were all the socio-demographic and childcare
characteristics, including child age, gender, child residence in the current semester, family homeownership, paternal age, and education, who decides what food to eat/buy for the whole household, the primary caregiver of children,
whether children ate the same meal as their parents and whether children had dinner with their parents.
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Table 5 The OR (95 % CI) of child having overweight/obesity among overweight/obese parent from the Childhood Obesity Study in China

Child overweight and obesity (non-overweight =0, overweight/obesity = 1)

Socio-demographic and childcare

Both parents are normal

One parent (mother or father)
is overweight/obese (n 1329)

Both parents are overweight/
obese (n410)

characteristics weight (n 644) OR 95%Cl P value OR 95%Cl P value
Group: all children§ Reference 1.55 1.18, 2.03 0-002 2.52 1.81, 3-50 0-001
Group by genderll
Boys Reference 1.43 1.00, 2-07 0-051 1.95 1.23, 3-10 0-005
Girls Reference 1.69 1.11,2.58 0-015 341 210, 5-53 0-001
Group by child age (years)l|
6-9 Reference 1.92 1.06, 3-48 0-032 2.67 1-32,5-42 0-006
10-14 Reference 1.43 1.04,1-95 0-026 248 1-69, 3-64 0-001
15-17 NA NA NA
Group by child residence in the current
semesterl|
Home Reference 1.54 1.16, 2-04 0-003 2-60 1-85, 3-67 0-001
School and other places Reference 2.18 0-67,7-14 0-198 1.28 0-30, 5-54 0-739
Group by parental highest educationl|
<Middle school Reference 1.08 0-46, 2-53 0-853 222 0-88,5-59 0-090
High or vocational schools Reference 2.66 1-49,4.74 0-001 4.78 2.33,9-82 0-001
>College Reference 1.40 1.00, 1-98 0-052 218 1-43, 3-31 0-001
Group by family homeownershipl|
Rent/share residency with relatives Reference 1.38 0-74, 255 0-307 222 1.08, 4-55 0-030
Own apartment Reference 1.58 1.13, 2.21 0-008 243 1-60, 3-71 0-001
Own house Reference 1.88 0.76, 4-63 0-170 3.98 1.54,10-26 0-004
Group by who decided what food to eat/
buy for the whole householdll
Mother Reference 1.59 1.14,2.21 0-006 2.50 1-67,3-76 0-001
Father Reference 0-53 0-23, 1-21 0-130 1.77 071, 4-43 0-219
Grandparents Reference 2.78 1.28, 6-07 0-010 4.31 1.72,10-82 0-002
Child NA NA NA
Group by primary caregiver of childrenl|
Mother Reference 1.87 1.34, 2.60 0-001 3-50 2-35,5-22 0-001
Father Reference 0-98 0-40, 243 0-968 075 0-22,2.54 0-643
Grandparents Reference 129 0-64,2-58 0-473 1.24 0-52,2.99 0-625
Babysitter/others NA NA NA
Group by whether children ate the same
meal as their parents?ll
Yes, most times Reference 1.63 1.22,2.18 0.001 2.71 1.92, 3-82 0-001
Yes, sometimes Reference 1.06 0-40, 2-82 0-912 091 0-21,3.94 0-897
No NA NA NA
Group by whether children had dinner with
their parents?ll
Yes, most times Reference 1.55 1.15,2.10 0-004 2.85 1.99, 4.08 0-001
Yes, sometimes Reference 1.48 0-73, 3-00 0-273 1.04 0-42,2.58 0-932
No NA NA NA

NA, non-applicable.

obese).
FNumbers in bold indicate statistical significance.

with their parents.

Discussion

This is the first study to investigate the resemblance in BMI
and weight status of father—son, father—daughter, mother—
son and mother—daughter pairs and the modifying effects
of socio-demographic and childcare characteristics on
resemblance in China. Overall, modest P-C resemblances
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*Child overweight and obesity were defined according to the ‘WS/T 586—-2018 Screening for overweight and obesity among school-aged children and adolescents’- Parental
overweight and obesity were defined according to: normal-weight and underweight: BMI < 23.9 kg/m?; overweight: <24.0 kg/m? BMI <27-9 kg/m?; obesity: BMI > 280 kg/m?.
1In the logistic regression model, child overweight and obesity (non-overweight =0, overweight/obesity = 1) was the dependent variable (binary) and parental weight status
was the independent variable (categorical variable: both parents were normal weight, one parent (mother or father) was overweight/obese, and both parents were overweight/

§Among all the children, logistic regression model adjusted for child age, gender, child residence in the current semester, family homeownership, parental highest education,
who decided what food to eat/buy for the whole household, the primary caregiver of children, whether children ate the same meal as their parents and whether they had dinner

|IFor logistic regression analyses for different groups, all covariates were adjusted except for the stratifying variable.

in BMI and weight status were observed across the four
pairs. A stronger resemblance of both BMI and weight sta-
tus was observed for younger children, children residing at
home, children with younger and higher-educated parents,
those from a family with mother deciding what food to eat/
buy for the whole household, those mainly cared for by
their mothers and children having the same meal or dinner
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with their parents most times. Child and parental gender,
parental age and some childcare characteristics were asso-
ciated with the patterns of weight status concordance of the
pairs. Particularly, children mainly cared for by grandpar-
ents had increased risks of being in normal-weight father
and ov/ob child dyad. Our novel findings suggest that fam-
ily-based childhood obesity interventions should consider
the age, parental education and parenting role of both
parents and grandparents.

We found modest Pearson correlation coefficients for
the P-C BMI ranging from 0-16 to 0-26. This is similar to
findings from studies conducted in other countries?1?,
For example, one of our studies in the USA, which included
4846 boys and 4725 girls and their parents, found that P-C
resemblance in BMI appeared weak (r ranged from 0-15 to
0-23)"1? and weak P-C associations in diet and physical
activity patterns in China®>2?” may contribute to this find-
ing. Our previous systematic review and meta-analysis of
twenty-four studies found that P-C resemblance in dietary
intake was weak, with a correlation coefficient of 0-17 for
energy, 0-20 for total fat and 0-19 for % of energy from fat;
the correlation for the % of energy from fat decreased over
time (f=-0-03 per decade, P < 0-001).

In general, the correlation coefficients of BMI for mother—
son dyad seemed to be slightly stronger than that for other
pairs (mother—daughter, father—son and father-daughter).
Similar findings were observed across the socio-
demographic and childcare groups, and this may be because
67-6 % of the children’s primary caregivers were their moth-
ers. Comparisons between our findings with those of other
studies among children in China were impossible because
no such studies were available. Mixed findings on the gen-
der differences in BMI correlation coefficients for P-C were
reported in studies in Western countries. For example, our
previous study among 4846 boys and 4725 girls in the
USA showed little difference in BMI correlation coefficients
across the four pairs'?. To help children develop lifelong
healthy eating habits, both mothers and fathers should be
involved in parenting their children.

Our finding that P-C resemblance in BMI and weight
status was weaker in older than in younger children in
China was consistent with our previous study of children
in the USA, which found that P-C resemblance in BMI cor-
relation coefficients and agreement in weight status was
negatively associated with child’s age'®. Similarly, we
found that the P-C resemblance for correlation coefficients
in BMI and weighted kappa in weight status was stronger
for younger parents, who were more likely to have younger
children, and children might be less susceptible to biologi-
cal heritage from their parents®" as they grow older.
Non-familial influences such as body image and peers’ life-
style behaviours may outweigh parental influence and
work together to reduce P-C resemblance in BMI and
weight status®?. In addition, stronger P-C resemblance
in BMI and weight status was observed in parents with
higher education and they were found to be more involved
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in the parenting of their children‘®?%  which may contrib-

ute to P-C resemblance in lifestyle behaviours, with a net
effect of increased P-C resemblance in BMI and weight
status.

Patterns of P-C concordance in ov/ob status varied by
child gender and age. Boys were more likely to be in
mother—child and father—child dyads, including an ov/ob
child, than girls were. This may be because of weight-
related parenting and feeding practices based on the view
of some Chinese parents that a big body size for young boys
is a symbol of good physical health®, Older children were
less likely to be in mother—child and father—child dyads,
including an ov/ob child, which may be explained by
the overall decreasing prevalence of overweight and
obesity in the 6-9years (40-2%), 10-14 years (31-5%)
and 15-17 years (22-9 %) age groups.

One of our most important contributions to this field is the
novel finding that some childcare characteristics were signifi-
cantly associated with mother—child and father—child con-
cordance in weight status. Mother—child dyads were more
likely to include an ov/ob mother and child if they had their
own houses than if they had their apartments. We observed
that 65 % of mothers who own houses had < high or voca-
tional school education. Families with a large household
income and lower-educated mothers might provide their
children with excessive food and more motorised transporta-
tion®?_ This, coupled with poor education and understanding
about healthy lifestyle behaviours and the health risks of
being ov/ob, may explain such findings. Children who were
mainly cared for by fathers were less likely to be in dyads with
an ov/ob mother and child than children mainly cared for by
their mothers. An ov/ob mother was more likely to have an
unhealthy lifestyle, but if the child was cared for by the father,
this maternal negative influence through unhealthy behaviou-
ral modelling might be reduced, thus breaking the transmis-
sion of obesity across generations. Similarly, compared with
children who ate the same meals as their parents ‘most times,’
those who only did ‘sometimes’ were less likely to be in dyads
with an ov/ob mother or father and child. We also found that
the OR of childhood obesity among children with over-
weight/obese parents were larger for children who ate the
same meal as their parents ‘most times’ than for those who
only did ‘sometimes’. Among ov/ob mothers and fathers
who were more likely to have unhealthy lifestyles, if their chil-
dren only had the same meal ‘sometimes’ with them, the chil-
dren may be less affected by their parents’ unhealthy eating
habits. Interestingly, compared with children who had dinner
with their parents ‘most times,” those children who only did so
‘sometimes’ were more likely to be in dyads with a normal-
weight mother and an ov/ob child- A possible reason might
be that children not having dinner with their parents may have
more takeaway food and could not benefit from the healthy
lifestyle behaviours of their normal-weight mothers®. These
findings indicate that parental weight status has a strong influ-
ence on a child’s weight status; ov/ob parents should pay
more attention to their potential negative impacts on child
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obesity, while normal-weight parents can improve their child-
ren’s eating behaviours through behavioural modelling.

The parenting role of grandparents also influenced P-C
concordance in ov/ob status. We found if grandparents
decided what food to eat/buy for the whole household, chil-
dren were less likely to be in dyads with normal-weight father
and ov/ob child. However, if children were mainly cared for by
grandparents, they were more likely to be in dyads with a nor-
mal-weight father and an ov/ob child. These seemingly contra-
dictory findings suggest that grandparents” healthy eating habits
are beneficial for reducing the risk of childhood obesity, but
children mainly cared for by grandparents may have other spe-
cific risk factors that contribute to the increased risk of obesity.
Another study also found that the involvement of grandparents
in childcare was an important factor that contributed to child-
hood obesity in China (OR=2:03, 95% CI 1-19, 3-47)%7.
Grandparents’ inappropriate perceptions (e.g. fat children
are healthy and well cared for), poor knowledge (e.g.
obesity-related diseases only happen in adults) and unhealthy
behaviour (e.g. overfeeding) were commonly perceived con-
tributing to grandchildren’s obesity. These findings may apply
to some families in other countries who live in multi-generation
households®®. Future interventions targeting grandparents to
reduce grandchildren’s obesity should focus on their knowl-
edge and perceptions about childhood obesity and grandchil-
dren’s feeding behaviour. In addition, we should take
advantage of grandparents’ own healthy eating behaviour,
which can be a protective factor against childhood obesity
through healthy role modelling for grandchildren.

This study has some limitations. First, the use of self-
reported weight and height of parents may result in weak
P-C resemblance, although previous studies have reported
that self-reported and measured weight and height were
highly correlated in adults, even in China®”. Second, some
childcare characteristics (e.g. whether children ate the
same meal as their parents) were reported by the primary
caregiver instead of children. Although studies have shown
that regarding eating behaviours, such as sharing dinners,
agreements between the child and parent reports were fair
(Cohen’s kappa coefficients = 0-33)3”, this measurement
method may reduce the accuracy. Third, other factors asso-
ciated with P-C resemblance in weight status cannot be
investigated due to the lack of data. For example, it was
reported that compared with children with siblings, P-C
resemblance was stronger for children without siblings">.
Fourth, stratified cluster sampling was used in the survey.
However, the clustering effects were not accounted for
in the statistical method due to a lack of standard
Pearson and weighted kappa calculation methods consid-
ering the clustering effect. Fifth, the data are from mega-
cities; thus, the findings may not be generalisable to other
less-developed regions in China.

In conclusion, modest resemblance in BMI and weight
status for father—son, father—daughter, mother—son and
mother—daughter pairs was observed in the children of
China, but the strength of the resemblance varied by child
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age, residence, parental age and education, primary care-
giver, who decides what food to eat/buy for the whole
household and frequencies of having the same meal or
having dinner with their parents. Future family-based child-
hood obesity interventions need to consider age, parental
education and parenting role of both parents and
grandparents.
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