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model to analyze the data.

18.93 kg/m”.

Background The body mass index is a simple index based on weight and height that can be used to screen children
and adults for potential weight problems. The objective of this study was to investigate urban-rural variations in child
BMI and its distribution from 2006 to 2016 in four low and middle-income countries.

Methods This study used data from the Young Lives prospective cohort study conducted in Ethiopia, India, Peru,
and Vietnam to assess the BMI change for children aged 5 to 15 between 2006 and 2016. We adopted a mixed-effect

Results The study revealed substantial changes and rises in BMI in Vietnam, Peru, India, and Ethiopia between 2006
and 2016. Peru had the highest BMI changes in both urban-rural areas. A low BMI was observed in Ethiopia and
India. Urban-rural differences had a significant role in determining BMI variation. In urban Ethiopia, the mean BMI
increased from 14.56 kg/m? to 17.52 kg/m? and in rural areas, it increased from 14.57 kg/m? to 16.67 kg/m?. Similarly,
in urban Vietnam, the BMI increased from 16 kg/m? to 20.3 kg/m? and in rural areas, it increased from 14.69 kg/m? to

Conclusions The findings showed an increase in BMI changes in Ethiopia, India, Peru, and Vietnam from 2006 to
2016. Urban-rural differences have a significant contribution to determining BMI variation.

Keywords Body mass index, Longitudinal data, Mixed-effect, Rate of changes

Background

Plotting variations in height and weight to monitor
growth is an essential and long-standing part of health
maintenance in children and adolescents. Physical height
and weight are crucial health-related factors. Body mass
index (BMI) is a useful screening measure for children
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and adults to identify potential weight problems as it rep-
resents a simple index based on weight and height [1, 2].
BMI is calculated by dividing the weight in kilograms by
the square of the height in meters. Epidemiology studies
have identified high BMI as a well-known risk factor for
several chronic illnesses such as cardiovascular disease,
diabetes, cancer, chronic kidney disease, and a variety
of musculoskeletal disorders [3—7]. Concerns about the
economic and health impact of rising BMI have led to the
inclusion of obesity among the global non-communica-
ble disease targets, intending to limit the growth in obe-
sity prevalence at its 2010 level by 2025 [8]. To enhance
accountability for global non-communicable disease
commitments, information on whether countries are on
a path to meet this objective is required.
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Child growth is identified as an essential measure of a
population’s or country’s nutritional status [9-12]. The
BMI is an important population-level measure of mal-
nutrition status [1]. Underweight, stunting, wasting,
and being overweight are all signs of malnutrition and
influence children’s growth. Overweight and obesity are
among the serious public health problems being faced
worldwide today [13-15]. Previous research found an
increase in BMI in many countries [16—18]. Although
increases in mean BMI have been seen in many coun-
tries, the change may follow distinct changes in different
countries and populations [19].

The World Health Organisation estimates that 1.6 bil-
lion people worldwide are overweight or obese [1].
Mean body mass index (BMI) scores must be evaluated
not only for the entire population but also for various
demographic groups in order to establish effective pub-
lic health policies and interventions [2]. There have been
worrying rises in mean BMI over the past few decades in
numerous nations. Despite the fact that rises in the mean
BMI have been noted in several nations, these changes
may manifest differently in each nation. For instance, the
mean BMI in the UK grew between 1980 and 1993 from
24.3 to 25.9 for males and from 23.9 to 25.7 for women
[2]. There is also an increment in BMI in different coun-
tries [20, 21].

Understanding country-specific BMI changes and the
potential differences between them is therefore impor-
tant. Previous studies reported that health-related
variables including age, physical activity, smoking, self-
reported health status, and socio-demographic charac-
teristics are all associated with BMI [20, 22].

Cross-sectional data are largely the source used in
the extensive research on health disparities between
rural and urban areas. This study used longitudinal data
to look at differences in child BMI between rural and
urban regions. Understanding longitudinal country-
specific potential disparities across population groups in
mean BMI changes over time is so critical. More precise
information on which population groups have the high-
est increases in mean BMI over time may guide clini-
cians and public health in their preventive work as well
as strategies. A lot has been written on the disparities in
health between rural and urban areas in low- and middle-
income countries. Despite the fact that changes in chil-
dren’s BMI status over time have been reported in certain
countries, low- and middle-income countries have
received little comparison. We used the Young Lives data
to estimate changes from 2006 to 2016 in mean BMI and
urban-rural differentials in BMI changes among all four
countries. This study aimed to examine the urban-rural
variations in child BMI across time.
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Materials and methods

Data source and ethical aspects

The data were collected as part of the Young Lives cohort
study, which is a 15-year longitudinal study that looks at
the changing nature of childhood poverty in four low-
and middle-income countries: Ethiopia, India, Peru,
and Vietnam. These four countries have a wide range of
socio-economic and political features. The Young Lives
cohort study thus collects data from these countries at
both child-level and household levels to understand the
causal effect of childhood poverty [23].

A multistage sampling technique was used for sample
selection, with the first stage involving a selection of
20 sentinel locations from each country. Following the
selection of 20 sentinel sites, households with children
on average one-year age groups were chosen at random.
Finally, within the designated sites,100 children were
chosen at random [24]. The details about the sample
and sampling techniques used in the Young Lives cohort
study were discussed in the previous studies [25-29].

The anthropometric measurements of children were
collected in 2006, 2009, 2013, and 2016 years [30]. This
study considered children who had four anthropometric
measurements from age 5 to 15 years. A total of 28,500
observations were obtained from 7125 children. Formal
ethical approval for this study was obtained from the
Young Lives study which was reviewed and approved by
the Ethics Committee of Oxford University.

Variables of the study

The continuous response variable was BMI, calculated
for each individual as weight (kg)/height (;,,2). Measur-
ing BMI is an adequate screening technique for finding
an unusual weight-to-height ratio. Weight and height
were measured for each child four times. Individuals with
missing values for either height or weight were not con-
sidered. The assessment period comprised 4 categories:
2006, 2009, 2013, and 2016. The mean BMI was under-
taken separately with explanatory variables like sex, age,
and residential area for each country.

In the Young Lives data, loss to follow-up is quite rare.
The loss to follow-up was the cause of the sample attri-
tion. Between rounds 1 and 3, 72 children died in Ethio-
pia, 36 in India, 20 in Peru, and 11 in Vietnam [31]. Only
children sampled at all four rounds of data collection and
who have non-missing data on the dependent and inde-
pendent variables are included in this study, yielding sam-
ple sizes of 7125 across all four countries. Furthermore,
children with at least one missing value on the dependent
and independent variables were excluded from this study.
For instance, 7.3%, 4%, 6.5%, and 3.5% were excluded
from Ethiopia, India, Peru, and Vietnam, respectively. As
quantitative information, the anthropometric measure-
ments of height in cm and weight in kg were taken. In the
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Young Lives sample, the wealth index serves as the main
indication of the socioeconomic standing of households.
It is built based on the standard of housing, accessibility
to services, and possession of consumer goods [23].

Data analysis

Descriptive statistics were used to assess the distribu-
tion of the explanatory variables and mean BMI for the
explanatory variables by sex, rural-urban location, and
year of assessment. To examine the rate of change in the
mean BMI over the study period, a mixed-effect model of
the mean BMI against age was estimated. This model has
a high potential for measuring within-between variations
in variables and can account for the correlation present
in the mean BMI data [32, 33]. The details mathematical
expression of a mixed-effect model is available from the
first author’s studies [26, 27].

A fractional polynomial was adopted to approximate
the nonlinear changes in mean BMI using power trans-
formations of the time metric with integer and non-
integer exponents [26, 27]. The power terms are selected
from (-2, -1, -0.5, 0, 0.5, 1, 2, 3) [34, 35]. A mixed-effect
model was used to analyse differences in child BMI across
urban and rural areas over time after a time function rep-
resenting nonlinear changes in BMI was determined. The
data were analyzed using SAS version 9.4 software. A
mixed-effect model [36, 37] can be formulated as

yi=XiB+2Zib+¢

where, ¥; is the (n; x 1) vector of continuous outcome
for the i individual, X; is an (n; x p) covariate matrix
related to the fixed effects 3, where S7RP*!, Z,; is the
(ni x q) design matrix related to random effects b;,
where b;?7R?*!, and ¢; is the (n; x 1) within-individual
error vector.

Results
Sample description and BMI distribution
The analysis involved a total of 7125 children: 37% were
from urban areas and 63% were from rural areas. The
descriptive statistics of the participants by year and living
area were displayed in Table 1. In Table 1, the distribu-
tion of BMI from 2006 to 2016 is presented separately by
urban-rural location. The mean BMI increased at differ-
ent rates in both urban and rural regions across all four
countries from 2006 to 2016 (Figs. 1 and 2). For instance,
the mean BMI increased from 15.52 kg/m?* (95% CI:
15.44-15.60) to 20.16 kg/m? (95% CI: 20.02-20.30) for
urban children and from 14.58 kg/m? (95% CI: 14.54—
14.63) to 18.15 kg/m?* (95% CI: 18.05-18.24) for urban
children in 2006 to 2016, respectively.

The changes in mean BMI for urban-rural areas were
not consistent across the four low and middle-income
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countries. Peru had the largest mean BMI in both urban-
rural areas while Ethiopia had the lowest BMI (Fig. 3).
The summary descriptive statistics of the study partici-
pants were presented in Table 1.

Figures 1 and 2 depict the urban-rural and sex differ-
ences in mean BMI in each country, respectively. Males
had the highest mean BMI in all countries up to 2013
year, except in India up to the 2009 year, whereas females
dominate the mean BMI at adult ages. However, the
changes in mean BMI were largely similar across the four
countries for males and females. In both sexes, Peru had
the highest and Vietnam had the second highest mean
BMI from 2006 to 2016.

Figure 3 shows the overall changes in mean BMI by
urban-rural areas in four low- and middle-income coun-
tries. The urban-rural mean BMI was higher in middle-
income countries (Peru and Vietnam) than in low-income
countries (Ethiopia and India).

Rates of changes in BMI

The changes of BMI over time was examined as a func-
tion of a child’s age. The visual inspection of the change
shows a nonlinear change in BMI over time (Fig. 3). This
led to the initial identification of the age function that
most accurately captures this nonlinearity change in the
mean BMI from 2006 to 2016. As a result, a second-order
fractional polynomial with the logarithm of age (In(age))
and linear of age are discovered to be the age function
that best fits the change in BMI over time. Then, a frac-
tional polynomial mixed-effect model was adopted to
analyze the rates of change and rural-urban variations
in BMI across time, and the results are summarized in
Table 2.

The main and interaction effects of the covariates were
investigated and the results are displayed in Table 2. The
coefficients of sex and residence area were estimated to
be 0.04 (p=<0.0001) and 1.29 (p=<0.0001), respectively.
These suggest that both sex and urban-rural areas are
statistically significant in determining a child’s BMI. The
estimated country effects of India: -1.41, p=<0.0001,
Peru: -0.91, p=<0.0001, and Vietnam: -1.67, p=<0.0001
represent the mean difference in BMI between children
in Ethiopia and (India, Peru, and Vietnam, respectively)
at the intercept level. These values show that in compari-
son to Ethiopian children, children in India, Peru, and
Vietnam had a lower significant mean BMI at intercept.

The interaction effect associated with age and urban-
rural was positive and significant (Age*Rural: 0.27,
p=<0.0001). This suggests that there was a significant
linear difference in BMI between urban and rural with
higher linear changes in rural children. However, the
interaction effect associated with In(age) and urban-
rural was negative and significant (In(Age)*Rural: -1.86,
p=<0.0001) which implied rural children had a lower
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Fig. 1 Changes in mean BMI over time by living area from 2006 to 2016

rate of change in BMI from 2006 to 2016 than urban
children.

The interaction effect related to age and country (ageXx
country) was negative and significant. In this regard, the
significant interaction value (p=<0.0001) revealed that
the linear changes in BMI varied significantly among four
low- and middle-income countries. Whereas, a positive
interaction value of ((In (age) X country) shows that the
rate of changes in BMI for children in India, Peru, and
Vietnam was higher than that of Ethiopian children.
However, the negative and significant linear change for
the interaction of age and country suggests that chil-
dren in Ethiopia had a higher linear change in BMI than

2016
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children in India, Peru, and Vietnam (age x India: -0.07,
p=0.0.0004, age x Peru: -0.36, p=<0.0001, age x Viet-
nam: -0.30 p=<0.0001).

The estimates from the mixed-effect model shown in
Table 2 support the findings that height and weight have
a real effect on BMI [38]. The weight of children is posi-
tively and significantly associated with their BMI (weight:
0.45, p=<0.0001). However, the height of children is
negatively and significantly associated with their BMI
(Height: -0.22, p=<0.0001).

The variance-covariance estimates of random effects
given in Table 3 show BMI variations at slope. The



Wake et al. BMC Pediatrics (2023) 23:412

Page 5 of 9

rural
Raal
HeH ot
fo e
o=
19 15 16 17 18 19

Mean BMI with 95% CI

urban
Vietnam e
w
€
3 -~
S Peru
i)
E
o
[
=
b
=
=
S
g India o
2
(]
-
Ethiopia =+
15 16 17 18
Child's sex

® male

e female

Fig. 2 Changes in mean BMI over time by living area and sex from 2006 to 2016

statistical significance of the variance slope indicates that
children’s mean BMI varied at the slope.

Discussion

In this study, we analyzed the changes of BMI over time
in four low and middle-income countries. To our knowl-
edge, this was the first study to estimate changes in BMI
over time by measuring the rate of change of the BMI
and its distribution in Ethiopia, India, Peru, and Vietnam.
Furthermore, the nutritional status and changes in height
and weight of children in these countries had been stud-
ied previously [25, 26, 39-42]. Thus, the analysis of BMI
changes reported in this study is not only more complete
but also more methodologically sound and updated.

This study performed a longitudinal analysis to exam-
ine the BMI changes from 2006 to 2016 using longitu-
dinal evidence obtained from the Young Lives cohort
study in Ethiopia, India, Peru, and Vietnam. The nonlin-
ear changes were observed in BMI over time. Thus, time
transformation was performed to examine the nonlinear
changes in BMI over time. As a consequence, a second-
order fractional polynomial with logarithmic and linear
time power terms was selected for fitting the nonlinear

BMI over time. Finally, we adopted a linear mixed-effect
model to analyze a nonlinear change in BMI over time.

The study found significant increases in BMI between
2006 and 2016 in all urban-rural areas of the countries. In
urban Ethiopia, the BMI increased from 14.56 kg/m? to
17.52kg/m*andinruralareas,itincreased from 14.57 kg/m?
to 16.67 kg/m? In urban India, the BMI increased from
13.95 kg/m? to 19.04 kg/m? and in rural areas, it increased
from 13.82 kg/m? to 17.54 kg/m?. In urban Peru, the BMI
increased from 16.44 kg/m? to 21.89 kg/m* and in rural
areas, it increased from 16.31 kg/m?* to 20.82 kg/m?
Similarly, in urban Vietnam, the BMI increased from
16 kg/m? to 20.3 kg/m* and in rural areas, it increased
from 14.69 kg/m? to 18.93 kg/m?. Although the rate of
BMI increase varies between nations, our observations
of a rising tendency over time are consistent with other
studies [43].

The study identified that there is a significant varia-
tion in children’s BMI between urban and rural locations.
Compared to children in urban areas, children in rural
areas had higher BMI. This finding is consistent with the
study done by Banach et al. (2022) [44] reported that BMI
increased slightly more in rural than in urban areas in
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Fig. 3 Changes in mean BMI over time by urban and rural areas in four countries from 2006 to 2016
Table 1 Descriptive statistics of the study population by living area, count (percent) or mean (standard deviation)
Year Ethiopia India Peru Vietnam
(mean age) Urban Rural Urban Rural Urban Rural Urban Rural
2006 BMI (mean) 14.56(1.41) 14.57(1.45) 13.95(1.23) 13.82(1.25) 16.44(1.94) 16.31(1.56) 16.00(2.33) 14.69(1.24)
(5) Height (mean)  105.16(5.30) 103.13(549) 105.48(5.14) 103.59(5.67) 106.17(5.88) 99.62(5.08) 108.27(5.52)  104.13(6.30)
Weight (mean) 16.10(2.01) 15.50(1.97) 15.56(2.13) 14.84(1.83) 18.58(3.08) 16.18(1.82) 18.89(3.87) 15.96(2.11)
Male (%) 308(52.60) 575(53.40) 256(55.30) 744(53.40) 626(51) 260(48.90) 190(53.20) 757(50.90)
Female (%) 278(47.40) 502(46.60) 207(44.70) 649(46.60) 601(49) 272(51.10) 167(46.80) 730(49.10)
2009 BMI (mean) 14.21(1.54) 13.98(1.26) 14.15(1.80) 13.79(1.54))  17.14(245) 16.17(1.38) 16.50(5.31) 14.67(1.81)
8 Height (mean)  122.60(6.40) 119.78(7.21) 12135(6.34) 117.81(7.03) 121.37(5.75) 116.63(5.40) 124.59(6.03) 120.16(6.05)
Weight (mean) 21.38(2.98)  20.08(2.76)  21.16(3.70) 19.14(2.55) 2543(5.19)  22.05(2.90)  25.73(7.26) 21.26(3.67)
Male (%) 310(52) 573(53.70) 255(55) 739(53.60) 642(50.70) 244(49.60) 193(53) 754(50.90)
Female (%) 286(48) 494(46.30) 209(45) 641(46.40) 625(49.30) 248(50.40) 171(47) 726(49.10)
2013 BMI (mean) 15.35(1.85) 14.69(1.27) 16.83(3.31) 15.27(2.03) 20.12(3.43) 18.12(2.08) 18.60(3.37) 16.78(2.48)
(12) Height (mean)  142.83(7.43) 139.89(6.94) 142.53(829) 139.06(7.03) 144.17(741) 13846(7.23) 148.69(8.04) 142.98(7.99)
Weight (mean) 31.44(5.47) 28.84(4.09) 34.38(8.05) 29.73(5.77) 42.19(9.74) 34.99(6.61) 41.51(9.97) 34.59(7.47)
Male (%) 318(52.20) 565(53.60) 293(56.30) 709(53.20) 657(50.70) 229(49.40) 191(52.60) 747(51.40)
Female (%) 291(47.80) 489(46.40) 227(43.70) 624(46.80) 638(49.30) 235(50.60) 172(47.40) 707(48.60)
2016 BMI (mean) 17.52(2.04) 16.67(2.09) 19.04(3.83) 17.54(2.68) 21.89(347)  20.82(262)  20.30(3.52) 18.93(3.40)
(15) Height (mean)  158.00(7.52) 154.71(7.74)  156.9(8.24) 153.84(7.80) 157.73(745) 153.53(7.24) 160.74(7.98) 157.82(7.76)
Weight (mean)  43.86(7.47) 40.09(6.95) 46.86(9.86) 41.66(7.90) 54.62(10.54) 49.26(8.16) 52.69(11.25) 47.20(8.82)
Male (%) 322(52.10) 556(53.60) 305(55.80) 690(53.20) 666(50.60) 220(49.80) 210(53.60) 737(50.80)
Female (%) 296(47.90) 482(46.40) 242(44.20) 608(46.80) 651(49.40) 222(50.20) 182(46.40) 715(49.20)

Note: BMI is a body mass index measured in %
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Table 2 Estimates of rural-urban difference in BMI
Main Effect Estimate Standard Error t-Value Pr>|t| 95% Cl

Lower Upper
Intercept 244225 0.1894 12893 <0.0001 24.0512 24.7938
Height -0.2206 0.0009 -256.02 <0.0001 -0.2223 -0.2189
Weight 04534 0.0010 474.12 <0.0001 04515 0.4553
Sex (Female) 0.0438 0.0099 442 <0.0001 0.0244 0.0633
Residence area (Rural) 1.2935 0.1649 7.85 <0.0001 0.9703 16167
Country (Reference =Ethiopia)
India -14123 0.2063 -6.85 <0.0001 -1.8166 -1.0080
Peru -0.9136 0.2163 -4.22 <0.0001 -1.3376 -0.4896
Vietnam -1.6683 0.2076 -8.04 <0.0001 -2.0752 -1.2615
Age 0.3382 0.0179 18.95 <0.0001 0.3033 0.3932
Log Age 4.8379 0.1580 30.62 <0.0001 45283 5.1476
Interaction Effect
Age*Rural 0.2691 0.0156 17.22 <0.0001 0.2385 0.2998
Log Age*Rural -1.8642 0.1401 -13.31 <0.0001 -2.1388 -1.5897
Age*India -0.0694 0.0197 -3.52 0.0004 -0.1080 -0.0308
Age*Peru -0.3612 0.0207 -17.44 <0.0001 -04018 -0.3206
Age*Vietnam -0.3005 0.0198 -15.15 <0.0001 -0.3394 -0.2616
Log Age*India 0.8937 0.1753 5.10 <0.0001 0.5501 1.2372
Log Age*Peru 2.1861 0.1841 11.88 <0.0001 1.8253 2.5468
Log Age*Vietnam 21526 0.1764 12.20 <0.0001 1.8068 24984

Table 3 Variance-Covariance Parameter Estimates of Random

effects
Variance-covariance Estimate Standard Z p-value
Error Value

Variance for Intercept 1.8251 0.04625 3946 <0.0001
Covariance for Intercept -0.1599 0.004178 -3826 <0.0001
& slope

Variance for Slope 0.0145 0.000405 3576 <0.0001
Residual 04213 0.005001 8423 <0.0001

South Asia, sub-Saharan Africa, and some countries in
central and eastern Europe.

In the four study countries, the rate of change in BMI
varied. Peru had the greatest overall BMI changes in both
urban and rural regions. In contrast, the rate of changes
in BMI was low for children in Ethiopia. The study found
that there were substantial differences in BMI changes
between urban and rural areas. Our findings indicat-
ing an increasing changes in BMI over time are consis-
tent with prior studies; however, the magnitude of the
increase varies per country [2]. A longitudinal study con-
ducted in the US [43] and Sweden [2] reported annual
increases in BML

Previous studies on BMI change over time relied on
cross-sectional [45, 46] or single-cohort studies [47, 48].
Cross-sectional studies make it difficult to distinguish
whether observed weight gain represents actual age
effects [2]. However, we used longitudinal data obtained
from four measurements of the same individuals which
allowed us to investigate variations in BMI by sex and
urban-rural areas. An advantage of longitudinal study

over cross-sectional study is the possibility to distinguish
changes over time within and between groups [16, 32, 33,
49-51]. The Key strength of this study includes the fol-
low-up of BMI changes in individuals for a long period
together with the repeated measurements of BMI for
each individual.

This study has also its own limitations. The study was
limited to four low and middle-income countries, which
may not be representative of all low- and middle-income
countries. The association of BMI with pubertal stage is
not included in this study. The previous study reported
that BMI might be associated with pubertal stages [52].
As a result, more research is needed to address this
constraints.

Conclusion

The novelty of this study comes from the long follow-
up individuals obtained from the sample of the Young
Lives prospective cohort study. In conclusion, this study
provides a comprehensive assessment of BMI changes
in four low and middle-income countries. The findings
showed a greater increase in BMI changes in all countries
from 2006 to 2016. Urban-rural differences provide a sig-
nificant contribution to determining BMI variations.

Acknowledgements
Authors thanks the Young Lives cohort study for giving us access to the data
files.



Wake et al. BMC Pediatrics (2023) 23:412

Authors’ contributions

SKW drafted the study concept and Statistical analysis. TZ designed the
write-up and revised the manuscript. GGM and YHF revised and interpret the
results. All authors have read and approved the final manuscript.

Funding
Not applicable.

Data Availability
The datasets analyzed during the current study are available in the Young
Lives study repository, http://www.younglives.org.uk/.

Declarations

Ethics approval and consent to participant
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 February 2023 / Accepted: 10 August 2023
Published online: 22 August 2023

References

1. World Health Organization. Obesity and overweight. Fact sheet No. 311. Geneva:
WHO. 2006.

2. Caman OK, Calling S, Midlév P et al. Longitudinal age-and cohort trends in
body mass index in Sweden - A 24-year follow-up study. BMC Public Health;
13.

3. Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body fatness and Cancer —
viewpoint of the IARC Working Group. N Engl J Med. 2016;375:794-8.

4. GBD 2015 Obesity Collaborators. Health Effects of overweight and obesity in
195 countries over 25 years. N Engl J Med. 2017;377:13-27.

5. Singh GM, Danaei G, Farzadfar F, et al. The age-specific quantitative effects
of metabolic risk factors on cardiovascular diseases and diabetes: a pooled
analysis. PLoS ONE. 2013;8:e65174.

6.  Emerging Risk Factors Collaboration, Wormser D, Kaptoge S, et al. Separate
and combined associations of body-mass index and abdominal adiposity
with cardiovascular disease: collaborative analysis of 58 prospective studies.
Lancet. 2011,377:1085-95.

7. Jiang L, Rong J,WangY, et al. The relationship between body mass index
and hip osteoarthritis: a systematic review and meta-analysis. Jt Bone Spine.
2011;78:150-5.

8. WHO. Global action plan for the prevention and control of noncommunicable
diseases 2013-2020.2013.

9. Uzogara SG. Underweight, the less discussed type of Unhealthy Weight and
its implications: a review. Am J Food Sci Nutr Res. 2016;3:126-42.

10.  Nelms CL, Shaw V, Greenbaum LA, et al. Assessment of nutritional status in
children with kidney diseases—clinical practice recommendations from the
Pediatric Renal Nutrition Taskforce. Pediatr Nephrol. 2021;36:995-1010.

11, Cunha MPL, Marques RC, Dérea JG. Child nutritional status in the changing
socioeconomic region of the northern Amazon, Brazil. Int J Environ Res Public
Health; 15.

12.  Huiracocha-Tutiven L, Orellana-Paucar A, Abril-Ulloa V et al. Child Develop-
ment and Nutritional Status in Ecuador. Glob Pediatr Heal, 6.

13. Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and global
trends in body-mass index since 1980: systematic analysis of health examina-
tion surveys and epidemiological studies with 960 country-years and 9-1
million participants. Lancet. 2011;377:557-67.

14. Ng M, Fleming T, Robinson M, et al. Global, regional, and national preva-
lence of overweight and obesity in children and adults during 1980-2013:

a systematic analysis for the global burden of Disease Study 2013. Lancet.
2014;384:766-81.

15. Stevens GA, Singh GM, Lu'Y, et al. National, regional, and global trends in
adult overweight and obesity prevalences. Popul Health Metr. 2012;10:1-16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

Page 8 of 9

Wang L, Zhou B, Zhao Z, et al. Body-mass index and obesity in urban and
rural China: findings from consecutive nationally representative surveys dur-
ing 2004-18. Lancet. 2021,398:53-63.

Lange SJ, Kompaniyets L, Freedman DS, et al. Longitudinal Trends in Body
Mass Index before and during the COVID-19 pandemic among persons aged
2-19 years — United States, 2018-2020. MMWR Morb Mortal Wkly Rep.
2021;70:1278-83.

Attard SM, Herring AH, Howard AG, et al. Longitudinal trajectories of BMI and
cardiovascular disease risk: the national longitudinal study of adolescent
health. Obesity. 2013;21:2180-8.

World Health Organization. Global health risks: mortality and burden of
disease attributable to selected major risks. Geneva: WHO; 2009.

Sund ER, Jones A, Midthjell K. Individual, family, and area predictors of BMI
and BMI change in an adult norwegian population: findings from the HUNT
study. Soc Sci Med. 2010;70:1194-202.

Marques-Vidal P, Bovet P, Paccaud F, et al. Changes of overweight and obesity
in the adult swiss population according to educational level, from 1992 to
2007. BMC Public Health. 2010;10:1-8.

Sundquist J, Johansson SE, Sundquist K. Levelling off of prevalence of obesity
in the adult population of Sweden between 2000/01 and 2004/05. BMC
Public Health. 2010;10:1-9.

Briones K. A guide to young lives rounds 1 to 5 constructed files. Young Lives
Tech Note. 2018:48:1-31.

Young Lives. Young lives Survey Design and Sampling (Round 5): Ethiopia.
Oxford. Young Lives.

Wake SK, Zewotir T, Muluneh EK. Variations in physical growth trajectories
among children aged 1-15 years in low and middle income countries: Piece-
wise model approach. Malaysian J Public Heal Med. 2021;21:200-8.

Wake SK, Baye BA, Gondol KB. Longitudinal study of growth variation and its
determinants in Body Weight of Children aged 1-15 years in Ethiopia. Iran J
Pediatr. 2022;32:e122662.

Wake SK, Zewotir T, Muluneh EK. Growth characteristics of four low-and
Middle-Income Countries Children Born just after the Millennium Develop-
ment Goals. J Biostat Epidemiol. 2021;7:108-19.

Wake SK, Zewotir T, Muluneh EK. Studying latent change process in height
growth of children in Ethiopia, India, Peru and Vietnam. BMC Pediatr.
2022;22:1-9.

Wake SK, Zewotir T, Muluneh EK. Nonlinear physical growth of children from
infancy to Middle Adolescence in Low- and Middle-Income Countries. J Res
Health Sci. 2021,21:200533.

Jeffery K, Chatterjee |, Lavin T, et al. Young lives and wealthy minds: the nexus
between household consumption capacity and childhood cognitive ability.
Econ Anal Policy. 2020,65:89-104.

Barnett |, Ariana P, Petrou S et al. Cohort Profile: The Young Lives Study. 2014;
701-8.

Diggle PJ, Heagerty P, Liang KY, et al. Analysis of Longitudinal Data. 2nd ed.
Oxford, UK: Oxford University Press; 2002.

Wu L. Mixed effects models for complex data. CRC Press; 2009.

Royston P, Altman DG. Approximating statistical functions by using fractional
polynomial regression. J R Stat Soc Ser D Stat. 1997;46:411-22.

Royston P, Altman DG. Regression using fractional polynomials of continuous
covariates: parsimonious parametric modelling. J R Stat Soc Ser C (Applied
Stat. 1994/43:429-53.

Laird NM, Ware JH. Random Effects Models for Longitudinal Data. Biometrics.
1982,38:963-74.

Harville DA. Maximum likelihood approaches to Variance Component Estima-
tion and to related problems. J Am Stat Assoc. 1977,72:320-38.

Nolan LB. Rural-urban child height for Age Trajectories and their hetero-
geneous determinants in four developing countries. Popul Res Policy Rev.
2016;35:599-629.

Aurino E, Schott W, Behrman JR, et al. Nutritional status from 1 to 15 years
and adolescent learning for boys and girls in Ethiopia, India, Peru, and Viet-
nam. Popul Res Policy Rev. 2019;38:899-931.

Harpham T, Huttly S, De Silva MJ, et al. Maternal mental health and child
nutritional status in four developing countries. J Epidemiol Community
Health. 2005;59:1060-4.

Gausman J, Kim R, Subramanian SV. Stunting trajectories from post-infancy
to adolescence in Ethiopia, India, Peru, and Vietnam. Matern Child Nutr.
2019;15:e12835.

Humphries DL, Dearden KA, Crookston BT, et al. Cross-sectional and
longitudinal associations between household food security and child


http://www.younglives.org.uk/

Wake et al. BMC Pediatrics

43.

44,

45.

46.

47.

48.

(2023) 23:412

anthropometry at ages 5 and 8 years in Ethiopia, India, Peru, and Vietnam. J
Nutr. 2015;145:1924-33.

Kahn HS, Cheng YJ. Longitudinal changes in BMI and in an index estimating
excess lipids among white and black adults in the United States. Int J Obes.
2008;32:136-43.

Banach M, Drygas W, Dziankowska-Zaborszczyk E et al. Diminishing benefits
of urban living for children and adolescents 'growth and development.
Nature; 615.

Mokdad AH, Bowman BA, Ford ES, et al. The continuing epidemics of obesity
and diabetes in the United States. J Am Med Assoc. 2001;286:1195-200.
Kuczmarski RJ, Flegal KM, Campbell SM, et al. Increasing prevalence of
overweight among US adults: the National Health and Nutrition examination
surveys, 1960 to 1991. JAMA J Am Med Assoc. 1994,272:205-11.

Lewis CE, Jacobs DR, McCreath H, et al. Weight gain continues in the 1990s
10-year trends in weight and overweight from the CARDIA study. Am J Epide-
miol. 2000;151:1172-81.

Baltrus PT, Lynch JW, Everson-Rose S, et al. Race/ethnicity, life-course socio-
economic position, and body weight trajectories over 34 years: the Alameda
County study. Am J Public Health. 2005;95:1595-601.

Page 9 of 9

49. Tilling K, Davies NM, Nicoli E, et al. Associations of growth trajectories in
infancy and early childhood with later childhood outcomes. Am J Clin Nutr.
2011;94:1808-13.

50. Hosseini SM, Maracy MR, Sarrafzade S, et al. Child Weight Growth Trajectory
and its determinants in a sample of iranian children from birth until 2 years of
age. Int J Prev Med. 2014;5:348-55.

51, Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal analysis. New York:
John Wiley & Sons; 2004.

52. Yalcin SS, Kinik E. The impact of the sexual maturation stage on body mass
index in adolescent girls. Turk J Pediatr. 1999;43:315-21.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Rural-urban differentials in child body mass index over time
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Data source and ethical aspects
	﻿Variables of the study
	﻿Data analysis

	﻿Results
	﻿Sample description and BMI distribution
	﻿Rates of changes in BMI

	﻿Discussion
	﻿Conclusion
	﻿References


