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[S I N

Highlights
What are the main findings?

e  Many adolescents in Israel have an increasing BMI trajectory and move to a higher
weight category in adulthood
e  This trend is especially prominent for Arab adolescents

What is the implication of the main finding?

e  Groups with an especially high risk for BMI increase: Arab adolescents, adolescents
from low SES, and females
e Initiatives for obesity prevention, especially in risk groups, need to be intensified

Abstract

Objective: To assess ethnic differences in the transition of weight categories and in BMI
trajectories from adolescence to young adulthood between Jewish and Arab populations.
Methods: A retrospective cohort study, based on the centralized computerized database
of ‘Clalit Health Services’, the major health service organization that insures 52% of the
Israeli population. The study population consisted of 99,741 adolescents born from 1988
to 1992 who had at least one BMI measurement in the exposure (ages 17-19 years) and
follow-up (age 20 to <30 years) periods. We examined differences in weight categories in
young adulthood (ages 20 to <30 years), by ethnic group, and assessed whether ethnicity
moderated BMI trajectories from 20 to <30 years of age. Multilevel models were applied to
examine BMI trajectories. Results: A higher percentage of Arab than Jewish adolescents
from the ‘underweight’, ‘normal’, and ‘overweight’ categories moved to one of the higher
weight categories in young adulthood (p < 0.001 for all). In the ‘underweight’, ‘normal’,
‘overweight’, and ‘obese” weight categories, the increase in BMI with increasing age was
lower for Jews (p < 0.001 for all). Conclusions: Many adolescents, even if not obese,
have increasing BMI trajectories at ages 17-19 and move to a higher weight category
in adulthood. Arab adolescents constitute a risk group for rapid BMI increase as they
transition to adulthood. The present study could contribute to a better understanding
of BMI dynamics and, in turn, to the development of more effective public health and
policy interventions.
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1. Introduction

Adolescent obesity is an important risk factor for physical and psychiatric morbidity,
even for young adults [1-7]. Body mass index (BMI) in adolescence is strongly associated
with adult BMI, even with BMI in offspring and intergenerational obesity [8,9]. A recent
in-depth meta-analysis demonstrated that the age-standardized prevalence of obesity in
children and adolescents increased in recent decades in more than 95% of the countries in
the world. In most countries, obesity has more than doubled [10]. The median prevalence
of adolescent obesity was reported to be more than 31% in some of the Oceania islands
and more than 20% in North American countries [11]. Both period prevalence (increasing
obesity in recent years) and cohort prevalence (increasing obesity in recent birth cohorts)
play a role in the increasing burden of obesity [12,13], which poses a major threat to current
and future generations.

Given these trends and previously observed ethnic differences in growth and weight
patterns, we hypothesized that BMI increases from adolescence to young adulthood would
be greater among Arabs than among Jews. Different BMI trajectories among different ethnic
groups in the same geographical area have been described as early as childhood in multiple
countries [14-18].

The population of Israel in 2024 is estimated to be 10 million persons. The Jewish
population comprises 74.6% of the total, 21.4% are Arabs, and 4% are others [19]. Higher
mortality rates for Arabs in Israel are mostly for diabetes, respiratory diseases, and heart
disease [20], all of which are etiologically related to obesity. The rates of both pediatric
and adult obesity have been increasing in Israel in recent years [21,22]. According to the
latest survey of the Israeli Ministry of Health, 56% of the general population of Israel is
overweight and obese [22]. The rate is higher among Arabs (61.3%) compared to Jews
(54.8%). Socioeconomic disparities shape access to healthy foods, physical activity, and
health knowledge, contributing to obesity risk, which in turn reinforces inequalities in
productivity and social opportunities, particularly among marginalized ethnic groups.
In our conceptual framework, ethnicity serves as a moderator of BMI trajectories from
adolescence to young adulthood, while SES is included as a covariate to account for
confounding. To date, no study has examined ethnic differences in BMI trajectories in Israel,
underscoring the importance of this investigation for equitable public health interventions.

The main goals of the present study were to compare ethnic differences in weight cate-
gory transition and in the longitudinal changes in BMI trajectories in each adolescent weight
category from adolescence to young adulthood between the Jewish and Arab populations.
Another goal was to assess sex differences in these trajectories in each ethnic group.

2. Methods

This was a retrospective cohort study, based on the centralized computerized database
of ‘Clalit Health Services’ (CHS), the major health service organization that insures 52%
of the Israeli population. As an integrated health care provider and insurer, CHS has a
centralized database containing the clinical, financial, and administrative data of all insured
members since 2000. All of these data are linked through a unique identifier and are
geo-coded with the patient’s clinic and home address and aligned with area-level statistics.
Hence, all the measurements used in the present study are standardized. It should be
noted; however, however, that this data source has a potential limitation due to the lack of
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individual-level information on factors such as lifestyle, physical activity, or diet. The study
population consisted of adolescents born in 1988-1992 who had at least one measurement
of weight and height at ages 17-19 years and at ages 20-30 years. Participants with major
chromosomal anomalies and/or intellectual disabilities were excluded from the cohort.
The study period was from 1 January 2007 to 31 December 2022. It was divided into
an exposure period from 1 January 2007 to 31 December 2011 (when participants were
17-19 years of age) and a follow-up period from 1 January 2008 to 31 December 2022 (when
the participants were 20 to less than 30 years of age). The data collected included socio-
demographic data: age, sex, ethnic sector, district of residence, socio-economic status (SES,
defined in the “Clalit” computerized database as low, middle and high by zip code), dates
of insurance termination in CHS, all height (cm), weight (kg), and BMI measurements, and
any recorded diagnosis of major chromosomal anomalies and/or intellectual disabilities.
Additionally, the total number of insured adolescents aged 17-19 years during the study
period was obtained to assess the rate of missing data.

2.1. Definitions of Variables
2.1.1. Main Exposure Variable

BMI was defined as weight in kilograms divided by height squared in meters. Ado-
lescent weight categories were defined as percentiles determined by the U.S. Center for
Disease Control and Prevention (CDC), which were validated for Israeli adolescents as
‘underweight’ (BMI < 5th percentile), ‘normal weight” (5th-84.9th percentile), ‘overweight’
(85th—94.9th percentile), ‘obesity” (>95th percentile, but not including ‘Class 2" and ‘Class
3 obesity’). ‘Class 2 obesity’ was diagnosed if BMI reached >120% to <140% of the 95th
percentile or BMI was >35 to <40 kg/m?. “Class 3 obesity’ was diagnosed if BMI was
>140% of the 95th percentile or BMI > 40 kg/m? [23,24]. BMI percentiles are calculated
automatically in electronic health records.

2.1.2. Main Outcome Variable

The primary outcome for the first goal was the change in BMI category between the
exposure and the follow-up periods. The outcome BMI value was defined as the last
available BMI measurement during the follow-up period. Outcome BMI values were used
to classify individuals as: underweight (<18.5 kg/m?), healthy weight (18.5 to <25 kg/m?),
overweight (25 to <30 kg/m?), obesity (30 to <35 kg/m?), class 2 obesity (35 to <40 kg/m?)
and class 3 obesity (>40 kg/ m?). The outcome in the model-based analysis was BMI
trajectories during the follow-up period (ages 20 to <30 years). The analysis was stratified
by baseline adolescent weight category.

Adolescent BMI categories were defined using CDC age- and sex-specific percentiles,
which account for physiological growth during puberty. In young adulthood, BMI cate-
gories were defined using WHO fixed cut-points that represent absolute risk thresholds.
This approach ensured age-appropriate and comparable classification across the transition
from adolescence to adulthood.

2.1.3. Other Variables Definitions

Major chromosomal and other congenital anomalies were defined by the International
Classification of Diseases, Ninth Revision (ICD-9) codes of 758.0, 758.1, 758.2, 758.3, 758.5,
758.6,758.7,758.8, 758.9, 759.5, 759.6, 759.7, 759.8, 759.9, and moderate to severe intellectual
disabilities by ICD-9 codes 318 and 319. The allocation into one of these ethnic groups
was based on the city of residence and the patient’s clinic location. Adolescents who
received care in community clinics located in Arab localities, but resided in a Jewish city,
were classified as Arab ethnicity. The classification of the two main ethnic groups in Israel
reflects a combination of genetic, cultural, religious, and linguistic characteristics.
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2.2. Statistical Analyses

Data cleaning was performed, and outlying BMI values were deleted. We used a
clinical approach to the definition of outliers. Data points that deviated significantly from
the rest of the dataset due to obvious errors in data collection or recording were defined
as outliers, so-called illegitimate outliers (BMI < 10 and BMI > 60). The study population
was completed after exclusion of patients with major chromosomal abnormalities and
intellectual disabilities. We compared the basic socio-demographic characteristics of the
adolescents with and without BMI measurements to assess for possible selection bias. For
adolescents with several weight and height measurements at ages 17-19, we chose the
earliest BMI measurement for further analyses. We characterized the baseline features of
the study population using descriptive statistics.

The study population was stratified by weight category, and two separate analyses
were performed for each category. The first analysis examined differences in weight
categories in young adulthood (ages 20 to <30 years), by ethnic group. For this analysis,
the last BMI measurement in young adulthood was taken for each participant. We used the
x? test to test for differences in adult weight categories between the ethnic groups.

In the second analysis, we examined whether ethnicity moderated the BMI trajectory
from 20 to <30 years of age in each adolescent weight group. Multilevel linear regression
models for repeated measurements [25] were applied to examine the trajectories of BMI.
Briefly, the multilevel models estimated the mean trajectories of the outcome while account-
ing for repeated (non-independent) measurements within individuals and differences in
the number and timing of measurements between individuals (using all available data from
all eligible participants under a missing at random assumption). We tested the assumption
of linearity by examining residual plots (residuals vs. fitted plots are demonstrated in
Figure A1) and the independence of residuals by checking for autocorrelation (Figure A2).
Both tests confirmed linearity, enabling us to build mixed linear regression models with
constant variance structure. In our analysis, repeat measurements of BMI were nested
within each participant during the follow-up period (i.e., each year from 20 to <30 years
of age). Trajectories were estimated using linear models in a multilevel framework (mea-
surements within individuals (level 1) and between individuals (level 2). The polynomial
quadratic age parameter (age of measurement 2) for the non-linear shape of trajectories was
not significant and hence was not included. We explored whether BMI trajectories differed
by ethnic group by fitting an interaction term between age in young adulthood and ethnic
group. Four nested models were built for each adolescent weight category: Four nested
models were constructed for each adolescent weight category: (a) Null, partitioning BMI
variance; (b) Model 1, adult age-BMI association; (c) Model 2, additionally adjusted for
ethnicity, sex, and SES; (d) Model 3, including an interaction between adult age and ethnic
group. Random effects for slopes were included in all models.

The general formula for the models can be presented as:

Yij = bo + blxlij. .ot beXpij + u]th. ot ueXpi]- + elij,

where Yj; is a dependent variable (BMI) for individual i at time j, by is the overall intercept,
by...bp are the fixed-effect coefficients for the independent variables, Xj; ... Xy are the
values of the independent variables for individual i at time j, uy; . .., up; are the random
slopes for individual i, representing the deviation of individual i’s slopes from the overall
slopes, and e;j;: is the random error term for individual i at time j. In the Model 3, an
interaction term was added.

For figure illustrations and a more intuitive interpretation, we presented Model 3
estimates graphically to show BMI trajectories by ethnic group for each weight category.
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To examine potential non-linear patterns, including the possibility of a plateau or
reversal in the late 20s, we tested spline models with knots placed at each year between ages
24 and 27. A knot at age 25 was the only statistically significant one, and therefore, spline
models with a knot at age 25 were fitted for each weight category. Goodness-of-fit statistics
for the spline models were compared with those of the corresponding linear models. To
demonstrate sex differences in BMI trajectories by ethnic group in each weight category,
we graphically presented the trajectories predicted by the models with a triple interaction
term between age, ethnic group, and sex, adjusted for SES.

The ‘missing at random’ assumption was tested via inverse probability weighting,
and further sensitivity analyses are detailed in Table A1.

Statistical analyses were performed using the Ime4 package in R (version 4.3.3) with
maximum likelihood estimation. Model fits were assessed using Akaike information
criterion, Bayesian information, and deviance.

Patients” data were deidentified using the MDClone platform, and all statistical analy-
ses were carried out with the Virtual Desktop Infrastructure to ensure patient anonymity.

Statistical significance was set at two-sided p < 0.05.

3. Results

A flowchart of the study selection process is presented in Figure 1. Of the
259,245 adolescents insured by CHS who reached ages 17-19 between 2007 and 2011,
105,448 had recorded weight and height measurements. Comparisons between participants
with and without BMI measurements (or with outlying BMI values) indicated that those
with measurements included fewer males, fewer Jews, and a higher proportion of indi-
viduals in lower SES categories (p < 0.001 for all comparisons) (Table A2). Additionally,
fewer participants with measurements resided in Jerusalem compared with those without
(p < 0.001). The final sample consisted of 99,741 participants.

Total number of insured adolescents born
from 1988-1992
(aged 17-19 years in 2007-2011)

(N=259,245)

No BMI measurements in
adolescence

(N=153,797)
4
Insured adolescents born in
1988-1992 with BMI measurements
at ages 17-19 years
(N=105,448)
No BMI measurements Outlier BMI measurements in
at 20-30 years < » adolescence
(N=3186) (N=561)
Outlier BMI measurements Majo_r _chromo_somal
abnormalities and intellectual
at 20-30 years - P
disabilities
(N=22) ' (N=1938)

Final cohort

(N=99,741)

Figure 1. Flowchart of the study cohort selection.
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Table A3 presents the sociodemographic characteristics of the cohort of adolescents
by weight and ethnic group. Sex differences reached statistical significance only in the
‘normal” weight category (46.2% vs. 45.1% males, p < 0.01 in the Arab and Jewish groups,
respectively). The difference in SES was significant (p < 0.001) in all weight categories,
with many more Jews (11.9-19.2% in different weight categories) than Arabs (less than
1%) belonging to the high SES. Many more Jews than Arabs resided in the more centrally
located districts of Israel, and many more Arabs in the Northern, Haifa, and Jerusalem
districts (p < 0.001). Although the baseline BMI measurements were carried out between 17
and 19 years among all adolescents, this age was significantly lower among Jewish than
among Arab adolescents (17.8-18.1 vs. 18.1-18.3 years, respectively, in the different weight
categories p < 0.001). It is noteworthy that although statistically significant, this difference
did not exceed 0.3 years. The mean BMI (SD) was significantly higher among Arabs than
Jews in most weight categories at p < 0.001, although these differences did not exceed
0.5 kg/m?. The baseline differences justified adjustments in multivariable models.

The details of BMI measurements during the follow-up period, by ethnic group, are
provided in Table A4. Less than half of the participants were Jews (47.2%), but they
contributed 50.5% of the BMI measurements (p < 0.001). More than half of the participants
in both groups had 2—4 measurements. The mean age of measurements was significantly
lower among Arab participants than among Jewish participants, as was the last age of BMI
measurement (23.5 (2.8) vs. 24.1 (2.9), and 25.9 (2.5) vs. 26.4 (2.6), respectively, p < 0.001 for
both comparisons).

3.1. Change in Weight Category from Adolescence to Young Adulthood in Arabs and Jews

A higher percentage of Arab than Jewish adolescents in the ‘underweight’, ‘normal’,
and ‘overweight’ categories moved to a higher weight category in young adulthood (69.6%
vs. 59.6%, 34.5% vs. 26.3%, and 34.9% vs. 31.1%, respectively) (Figure 2). A higher percent-
age of Jewish than Arab adolescents in the ‘normal’, ‘overweight’, and ‘obesity’ categories
moved to a lower weight category. The x? test for the comparison of proportions was
significant at p < 0.001 for ‘underweight’, 'normal’, ‘overweight’, and ‘obesity” adolescent
weight categories. In the extreme obesity categories (‘class 2" and ‘class 3 obesity’), around
half of the Jewish adolescents and close to half of the Arab adolescents moved to a lower
weight category. The rest remained extremely obese in young adulthood without any
significant differences between the ethnic groups.

Table A5 summarizes the number of adolescents in the ‘underweight,” ‘normal,’
‘overweight,” and ‘obesity’ categories who transitioned to a higher weight category in
young adulthood.

3.2. BMI Trajectories in Young Adulthood by Ethnic Group

The predicted BMI trajectories of the fully adjusted models (Model 3) for each ethnic
group are displayed in Figure 3. The detailed results of the Null models and of Models
1-3 are provided in Table A6. For adolescents in the ‘underweight’, ‘normal’, ‘overweight’,
and ‘obese’ categories, the increase in age was associated with an increase in BMI (p < 0.001
for all). In adolescents in the ‘class 2 obesity’ category, there was no significant change
in BMI with an increase in age, and in those in the ‘class 3 obesity’ category, there was a
decrease, p < 0.001. Jewish ethnicity was associated with lower BMI in the “‘underweight’
and ‘normal’ weight categories (both at p < 0.001), but with a higher BMI (p < 0.001) in the
‘obesity’ category. This association was not significant in the other weight categories. The
trajectories of change in BMI were different by ethnic group in all but the ‘class 3 obesity’
category. In the ‘underweight’, ‘normal’, ‘overweight’, and ‘obesity’ categories, the increase
in BMI with increasing age was lower for Jews (the Age x Ethnicity (Jews) interaction
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term), at p < 0.001 for all. In the ‘class 2 obesity” category, the trajectory of the BMI decrease
with age was almost flat for Arabs, but much steeper for Jews. It is particularly noteworthy
that the overlapping confidence intervals of the trajectories of the two ethnic groups do not
imply an absence of effect modification [26]. Indeed, the cumulative difference (95% CI) in
predicted BMI between two ethnic groups after 10 years of follow-up was non-significant
in the ‘class 3 obesity’ category only (Table A7) and varied between 0.61 (0.30-0.92) in the
‘obesity” category and 1.09 (1.00-1.17) in the ‘normal” weight category.

| Underweight* = Normal™* | Overweight"* = Obesity'* | Class2obesity Class 3 obesity
100~ —
304
404 .
75- Adult weight category
] Underweight
= [ Normal
g so- Overweight
a 3
62.7 31.0 . Obesity
56.0 . Class 2 obesity
25- . Class 3 obesity
i Laa
Arébs Je;us Arébs Jezﬂs Arébs Je'ws Ar;abs Je:lvs Arébs Je:Ns Arébs Je:Ns

Ethnicity

Figure 2. Change in BMI category from adolescence to young adulthood. Underweight = BMI < 5th
percentile, normal weight = BMI 5th—84.9th percentile, overweight = BMI 85th = 94.9th percentile,
obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/ m2, class 3 obesity = BMI > 140% of the 95th
percentile or BMI > 40 kg/m?. *** The differences are significant at p < 0.001.

‘—: Arabs ‘—: Jews
| -

Normal weight Overweight

20 21 22 23 24 25 26 27 28 29 20 21 22 23 24 25 26 27 28 29
Obesity

20 21 22 23 24 25 26 27 28 29

Predicted BMI

' ' ' ' ' ' ' ' ' ' 25- . ' ' ' ' ' ' ' ' ' 25- . ' ' ' ' ' ' ' ' '
20 21 22 23 24 25 26 27 28 29 20 21 22 23 24 25 26 27 28 29 20 21 22 23 24 25 26 27 28 29
Age

Figure 3. Trajectories of BMI change in young adulthood in adolescents from different weight
categories, by ethnic group. Horizontal dotted lines = mean BMI values in 17-19 years. Dashed
lines = 95% confidence intervals. Predicted by multilevel modeling, adjusted for sex and SES.
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Additional findings of interest from the models were a positive association of male
sex with BMI in the “‘underweight” and ‘normal” weight categories. In contrast, there was a
negative association in the ‘overweight” and ‘obesity” categories (p < 0.001 for all). Middle
and lower, compared to high SES, were associated with an increase in BMI in all, except the
‘underweight” and ‘class 3 obesity’ categories, in which the association between SES and
BMI was not significant.

Figure 4 depicts sex differences in BMI trajectories in Jews and Arabs in different
weight categories. Females had higher BMI values throughout the trajectory in all excessive
weight categories (from ‘overweight’ to ‘class 3 obesity’), with the single exception of
Jewish females in the ‘class 3 obesity” category, who had lower BMI values compared to
males. Females had a more rapid BMI increase in the ‘normal’, ‘overweight’, and ‘obesity’
categories in both ethnic groups. In the ‘class 2 obesity’ category, Arab females had a
downward trajectory, while in males, the trajectory was almost constant.

—' Female '==' Male
[ [

25.0- Underweight - Normal weight Overweight _ -
225- SRR RS e _,—::::—"' _=—_:‘_:—" e
i _camia 25- et 30-F EafE
20.0-/ / / / / /
17.5 - R - QMEsE e ] os- L |
15.0- ==~ ot | outll 1Lt gEmCEET pEeEsoess
Arabs Jews Arabs Jews Arabs Jews

Obesity [T

Predicted BMI

20212223242526272829 20

20212223242526272829 20212223242526272829

--------- 40- 45- PEREREE oD T Bane D ~
35- En 40  Eroe T \
35_\
30- L
—————— 30- ERer T s
B SksEasEnERsRRE Sz ====- == SRNERERAENE]] T TSR e SR
25- “TF  25- o s -
Jews Arabs Jews Arabs Jews
212223242526272829 20212223242526272829 20212223242526272829 20212223242526272829 20212223242526272829

Age

Figure 4. Trajectories of BMI change in young adulthood in adolescents from different weight
categories, by sex and ethnic group. Dashed lines = 95% confidence intervals. Predicted by multilevel
modeling, adjusted for SES.

3.3. Sensitivity Analyses

Since significant differences were observed between individuals with available mea-
surements and those without (fewer males, fewer Jews, lower SES in the group with
measurements, p < 0.001 for all), the ‘missing at random” assumption was tested by sensi-
tivity analyses: (a) inverse probability weighting, assigning weights to study participants
based on the inverse probability of their selection into the study and creating a pseudo-
population that better represents the target population. These weights were derived from a
logistic regression model that predicted the probability of being selected based on ethnicity,
SES and gender (Table A8); (b) a sensitivity analysis limited to the first four measurement
points per person since Jews contributed more measurements per person (5.0 vs. 4.4,
Table A9) Both analyses yielded estimates almost identical to those of the main analysis.

The first research question was based on the last available BMI in adulthood, which
exposed the results to bias due to observation duration and attrition rate (different ‘last
age of measurement’”: 26.4 vs. 25.9 years). When the outcome was defined as an averaged
BMI from a fixed age window (2426 years), the results of this part of the analysis persisted
(Table A10).
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Linear spline models were built to test the possibility of plateau/reversal weight
trajectories in the late 20s. A knot at 25 years was the only statistically significant result, so
spline models were evaluated with the knot at 25 years for each weight category. Although
statistically significant, the incorporation of the spline did not improve the models’ perfor-
mance, and BMI trajectories were visually almost identical to those of the primary analysis.
The spline models’ estimates, the models’ fit assessment, and a graphic presentation of the
models are shown in Appendix A, Table A11, and Figure A3.

We included district of residence as a fixed variable in the multilevel linear models
without improvement in the model fit parameters (Table A12).

Lastly, the use of CDC thresholds for weight categories among adolescents, but WHO
thresholds for adults, could create artifacts of categorical transitions around 18.5/25/30.
We performed a sensitivity analysis with BMI as a continuous variable for the whole
population of participants, by ethnicity (Table A13, Figure A4). This analysis confirmed the
more gradual increase in BMI with increasing age for Jews.

4. Discussion

The first important finding of the present study is the consistent increase in BMI
throughout young adulthood until the age of 30 years in Israeli adolescents in most weight
categories. A substantial proportion of the adolescents moved to higher weight categories.
However, adolescents from the ‘class 3 obesity’ category showed a decline in BMI in
young adulthood, and most of them moved to lower weight categories. Only around 20%
and 10% of participants from the ‘overweight’ and ‘obese” weight categories, respectively,
transitioned to the ‘normal” weight category; fewer than that in the extreme “class 2" and
‘class 3 obesity’ categories. A large study from the US, which examined a 1979-1980 birth
cohort, also showed that most participants transitioned to higher BMI categories [27]. Its
findings were even more negative, and only 8% of the participants from the ‘overweight’
and 2% from the ‘obese’ adolescent weight category moved to the ‘normal” weight category
in young adulthood.

Our study aimed at examining ethnic differences in the trajectories of BMI change, and
such differences were indeed observed in all but the ‘class 3 obesity’ category. In the Jewish
ethnic group, the trajectory of BMI increase in young adulthood was more moderate, and
the trajectory of BMI change in the “class 2 obesity” category in young adulthood declined
in this ethnic group only. It should be noted that the cumulative difference in predicted
BMI between the two ethnic groups, though statistically significant, was quantitatively and
clinically moderate and reached, at most, 1.09 BMI points in the ‘normal” weight category.
With a mean male height in Israelis of 174.5 cm [28], this BMI difference corresponds to
approximately a 3.3 kg difference in weight.

Nevertheless, the high prevalence of obesity suggests that even modest differences
may translate into substantial public health significance. Studies have shown that each
1 kg/m? increase in BMI is associated with an 8.4% higher risk of incident diabetes mellitus,
a 4.2% higher risk of developing hypertension, and a 5.1% higher risk of left ventricular
hypertrophy [29]. In addition, incremental increases in BMI are linked to elevated risks of
coronary heart disease, heart failure, atrial fibrillation, and multiple other cardiovascular
outcomes [30].

Steeper increases in BMI trajectories over the course of life were demonstrated pre-
viously for Black and Hispanic, compared to White, in the United States [31,32], Black
Caribbean, compared to White, in the UK [33], and for Malay and Indian, compared to
Chinese, in Malaysia [18]. Even among minority subgroups within the same country,
BMI trajectories may vary in different directions; for example, Hispanics in the United
States exhibit faster BMI increases, whereas Asians show slower increases compared with
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Whites [34]. Furthermore, several studies have shown that racial and ethnic disparities in
BMI trajectories are already well established in early childhood [35,36] and that socioeco-
nomic status is differentially associated with BMI trajectories across ethnic groups [36].

Previous studies that assessed the trajectories of BMI change usually assessed them
in the whole study population. The novelty of the present study lies in its examination of
these trajectories separately for each adolescent weight category to identify unique patterns
of BMI change. Thus, it became possible to detect, for instance, an extremely rapid increase
in BMI among adolescents in the ‘normal” and ‘overweight’ categories, or a downward BMI
trajectory for adolescents in the extreme ‘class 3 obesity’ category. Moreover, it facilitated
the recognition of distinct ethnic patterns, as, for instance, the steeper increase in BMI in
Arab adolescents in the ‘underweight’, ‘normal’, ‘overweight’, and ‘obese’ categories, with
an especially large discrepancy in the ‘obese’ category, or the declining BMI trajectory for
Jewish adolescents from the ‘class 2 obesity’ category only.

Low and middle SES, as compared to high SES, were found to be a risk factor for
an increase in BMI in our study. In contrast, several other studies demonstrated a higher
velocity of BMI increase in adolescents from high SES [37,38], though the findings from one
study [39] were in line with ours. The lack of association between SES and BMI among
adolescents with low weight was also found in another study [18]. Similar sex discrepancies,
with a more rapid BMI increase in females than in males, in most weight categories, were
demonstrated in two studies [27,40]. Hormonal factors, pregnancies, and behavioral
differences may contribute to accelerated BMI growth in females [41]. Indeed, a large
meta-analysis demonstrated that higher parity is associated with an elevated BMI prior
to subsequent pregnancies [42]. Pregnancies in early adulthood may have a particularly
pronounced impact on observed gender differences in BMI, given that fertility rates in
Israel are relatively high, averaging approximately three children per woman, and are
similar across the two ethnic groups [43].

Although ethnicity was modeled as a moderator, the observed differences are likely
shaped by intersecting sociocultural, behavioral, and environmental-structural mechanisms.
Sociocultural factors among Arab populations include the transition from traditional diets
to energy-dense, westernized foods, norms favoring large family meals, and gender-specific
constraints on leisure-time physical activity. Behavioral mechanisms involve lower partici-
pation in structured physical activity, higher consumption of fried and processed foods,
and disparities in health literacy. Environmental and structural conditions, such as socioe-
conomic disadvantage, limited access to recreational infrastructure, and food environments
with greater availability of fast-food outlets and fewer affordable healthy options, further
reinforce these patterns [44,45]. Indeed, ECHO Program cohort analyses, drawing on data
from 54 cohorts [46] and 55 cohorts [47] spanning birth through adolescence, suggest that
early-life neighborhood resources and the food environment have long-term implications
for weight gain. These associations remained significant even after adjusting for fam-
ily sociodemographic characteristics. There are notable ethnic disparities in preventive
health care utilization, including lower rates of dietitian consultation within the Arab
population [48].

While there are national estimates of the prevalence of obesity, less is known about its
dynamics in the transition from adolescence to adulthood or the ethnic differences in these
dynamics. Obesity has long-term social, economic, and health implications, and a better
understanding of its dynamics can help us understand how these implications play out.
Our study is an effort to explore such dynamics in the critical period of adolescence and
young adulthood in a nationally representative longitudinal study.
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Study Strengths and Limitations

Strengths. The main strength of this study is that it was based on a nationwide, repre-
sentative, large, and reliable database, with many observations. Another strength is that the
weight and height measurements and diagnosis recordings were performed by health care
professionals, rather than being self-reported. Weight categories were defined separately
for adolescents and adults, according to age-appropriate CDC definitions, compatible with
real-life weight category definitions at each age in Israel and many other countries. The
allocation to the “class 2’ and “class 3’ obesity categories made it possible to describe the
unique patterns of BMI change in these obesity categories. This enabled us, for instance, to
detect the flat BMI trajectory in the ‘class 2 obesity” category, and the downward trajectory
in the ‘class 3 obesity’ category, which were radically different from the trajectories in the
other weight categories.

Limitations

Missing data bias and unequal measurement frequency. The main limitation of our
study is basing the definition of exposure on BMI from medical records. A substantial
proportion of participants did not have measurements during adolescence, and some
lacked measurements during adulthood, which may introduce selection or survivor bias,
as individuals who remained in the cohort may differ from those without measurements
in terms of health status or mobility. Such bias could lead to either underestimation or
overestimation of BMI trajectories. The recommendation to measure height and weight for
BMI for all adolescents aged 14-19 years, and adults aged 20-30 years has been an integral
part of the Israel National program for quality indicators in the community since 2007. Still,
missing BMI measurements during adolescence and an imbalance in the number and time
of measurements in the two ethnic sectors (Jews contributed more measurements during
adulthood) could have led to selection bias.

Use of CDC thresholds for weight categories among adolescents and WHO thresholds
for adults could create artifacts of categorical transitions around 18.5/25/30. On the other
hand, statistical attempts to neutralize these constraints showed results that were consistent
with the main analysis.

Residual confounding. There is still a high risk of ecological fallacy, as multiple
individual-level factors, such as parental education, religiosity, migration status, physical
activity, diet, smoking, urban/rural location, and personal psychological characteristics,
were not included in the analyses. In the group of women aged 20 to <30 years, postpartum
and pregnancy could affect BMI. We did not include pregnancy/birth variables, which
could explain the faster BMI increase in women, demonstrated in our paper, at least in part.

BMI has limitations as a useful measure of obesity; its utility differs in different
ethnicities, and it cannot distinguish between muscle and fat tissue. At the same time, BMI
is still the most widely used measure in population-based epidemiological studies and has
a good correlation with body fat percentage.

The specific ethnic nature of the study population limits its generalizability, but the
goal of our study is to compare the impact of weight categories in two specific ethnic groups.
While the study findings could not be extrapolated to the general population, they are very
relevant locally due to the study’s national coverage. Moreover, they might be relevant to
some populations in other countries with similar genetic and cultural characteristics, i.e.,
Arab populations in Western countries.

The observational nature of the study does not permit causal inferences.

Future studies that incorporate individual-level behavioral and environmental covari-
ates could help address the limitations of the present study.
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5. Conclusions

The findings of the present study show that many adolescents in Israel, even those
who are not obese at ages 17-19, have an increasing BMI trajectory and move to a higher
weight category in adulthood. In contrast, transition to lower weight categories is rare.
This trend is especially prominent for Arab adolescents. Thus, given the steeper trend
of BMI increase in the Arab population and the higher proportion of Jewish adolescents
among all adolescents, public health efforts should focus on obesity prevention initiatives
for the entire adolescent population. Furthermore, our study made it possible to pinpoint
characteristics of adolescents that pose an especially high risk for further BMI increase,
such as female gender, belonging to middle and low SES classes, and being an Arab male
in the “class 2 obesity category’. These findings have the potential to guide the design of
prevention programs in other countries with comparable population structures.
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Appendix A

Table Al. Description and rationale for sensitivity analyses.

Rationale Details

Inverse probability weighting. Study participants were
assigned weights based on the inverse probability of
selection into the study, thus creating a
pseudo-population that better represented the target
population. These weights were derived from a logistic
regression model that predicted the probability of being
selected based on ethnicity, SES, and gender.

‘Missing at random’
assumption testing
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Table Al. Cont.

Rationale

Details

Different observation density
in the two ethnic groups

Analyses limited to the first four measurement points
per person

Possibility of a
plateau/reversal in BMI in
the late 20s.

Multilevel linear spline models. Knots at each of the
ages 24-27 were tested, with the only significant knot at
age 25.

Testing of the potential bias
due to observation duration
and attrition rate

Sensitivity analysis was conducted with an averaged
BMI from a fixed age window (24-26 years)

Risk of residual bias due to
the effects of
regions/districts

An additional model with fixed effects for districts

Possible artifacts of
categorical transitions
around 18.5/25/30

Analysis with BMI as a continuous variable for the
whole population of participants

SES = socio-economic status.

Table A2. Comparison of participants with and without BMI measurements.

Variable

Participants with Measurements

(N =101,679)

Participants Without Measurements
or with Outlying Measurements
(N =157,566)

Sex (male),

N (%) 47,840 (47.0) 81,578 (51.8) <0.001
Ethmgt(yo /(;ews)' 48,363 (47.6) 84,100 (53.4) <0.001
SES, N (%):
low 37,163 (36.5) 49,683 (31.5)
medium 46,986 (46.2) 77,278 (49.0) <0.001
high 9145 (9.0) 18,493 (11.7)
no data 8385 (8.2) 12,112 (7.7)
L . 17,313 (17.0) 26,348 (16.7)
o, .
District ngf’tf:rrr‘fy' N (%): 20,328 (20.0) 30,489 (19.3)
Haifa 14,850 (14.6) 21,492 (13.6)
Sharon-Shomron 14,468 (14.2) 22,290 (14.1)
Central 7121 (7.0) 11,121 (7.1) <0.001
Dan-Petah-Tikva ’ ’ ’
chr)ﬁﬁleirr? 12,408 (12.2) 23,331 (14.8)
No data 15,166 (14.9) 22,444 (14.2)
25 (0.0) 51 (0.0)
SES = socio-economic status.
Table A3. Baseline characteristics of adolescents.
CDC BMI Category
Variable Underweight Normal Overweight Obesity Class 2 Obesity Class 3 Obesity
Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews
(1861) (3313) (38,209) (32,479) (6167) (4940) (5053) (5099) (822) 999) (319) (480)
17,647
o 997 1779 fx 14,662 2892 2281 2684 2679 404 514 169 235
Sex (male), N (%) (536 (537 @51)  (469) (462)  (531)  (525) (49.1) (51.4)  (53.0)  (49.0)

(46.2)
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Table A3. Cont.

CDC BMI Category
Variable Underweight Normal Overweight Obesity Class 2 Obesity Class 3 Obesity
Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews
(1861) (3313)  (38,209) (32,479) (6167) (4940) (5053) (5099) (822) (999) (319) (480)
SES, N (%)
Hioh 17 *** 526 277 *** 6244 33 *** 832 21 *** 801 6 *** 119 0 *** 67
& 0.9) (15.9) (0.7) (19.2) (5.3) (16.8) 0.4) (15.7) 0.7) (11.9) (0.0) (14.0)
Middle 487 2324 9759 22,243 1515 3466 1309 3599 209 692 82 339
(26.2) (70.1) (25.5) (68.5) (24.6) (70.2) (25.9) (70.6) (25.4) (69.3) (25.7) (70.6)
Low 1108 318 23,711 2565 3886 409 3160 485 516 144 202 51
(59.5) 9.6) (62.1) (7.9) (63.0) (8.3) (62.5) 9.5) (62.8) (14.4) (63.3) (10.6)
missin 249 145 4462 1426 733 233 563 214 91 44 35 23
& (13.4) (4.4) (11.7) (4.4) (11.8) 4.7) (11.1) 4.2) (11.1) 4.4) (11.0) (4.8)
District of
residence in Israel,
CNrft/O)l 51 *** 1045 641 *** 9125 120 *** 1262 87 *** 1424 20 *** 255 10 *** 118
entra 2.7) (31.5) (1.7) (28.1) (1.9) (25.5) 1.7) (27.9) 2.4) (25.5) 3.1) (24.6)
Northern 399 331 8281 4196 1182 705 920 599 142 137 43 52
(21.4) (10.0) (21.7) (12.9) (19.1) (14.3) (18.2) (11.7) (17.3) (13.7) (13.5) (10.8)
Haifa 461 467 9277 5048 1479 744 1257 753 188 146 81 71
! (24.8) (14.1) (24.3) (15.5) (24.0) (15.1) (24.9) (14.8) (22.9) (14.6) (25.4) (14.8)
Sharon-Shomron 291 364 6339 3883 1055 632 1000 611 176 117 62 51
(15.6) (11.0) (16.6) (12.0) (17.1) (12.8) (19.8) (12.0) (21.4) (11.7) (19.4) (10.6)
Dan-PT 51 409 1209 3660 208 535 179 538 14 85 11 72
2.7) (12.3) (3.2) (11.3) 3.4) (10.8) (3.5 (10.5) 1.7) (8.5) 3.4) (15.0)
Jerusalem 218 181 6440 2039 1264 339 1006 763 193 87 76 34
(11.7) (5.5) (16.8) (6.3) (20.5) (6.9) (19.9) (15.0) (23.5) 8.7) (23.8) 7.1)
Southern 390 506 6022 4504 859 722 604 811 89 171 36 82
(21.0) (15.3) (15.8) (13.9) (13.9) (14.6) (11.9) (15.9) (10.8) (17.1) (11.3) (17.1)
Missin 0 0 1 24 0 1 0 0 0 1 0 0
g (0.0) 0.0) 0.0) (0.1) (0.0 0.0) (0.0 (0.0) 0.0) 0.1) (0.0 (0.0
Age of BMI
measurement,
years: 18.1 *** 17.9 18.3 *** 18.0 18.3 *** 18.0 18.1 *** 17.8 18.3 *** 18.0 18.3 *** 18.1
0.8) 0.7) (0.9) 0.8) 0.9) (0.8) 0.7) 0.7) 0.9) (0.8) 0.9) 0.8)
Mean (SD) 18.0 17.8 18.1 17.8 18.1 17.8 17.9 17.7 18.2 17.9 184 18.0
(17.4- (17.3- (17.3- 17.3- (17.3- (17.2- (17.3- 17.2- (17.5- (17.2- 17.6— (16.3-
Median (IQR) 18.7) 18.2) 18.8) 18.3) 18.8) 18.4) 18.5) 18.2) 19.0) 18.6) 19.2) 18.6)
BMI, kg/m? 16.9 *** 16.7 21.5*** 21.0 26.6 *** 26.4 30.4 30.5 36.8 37.0*% 446 444
Mean (SD) (1.0 0.9) (2.0) (2.0) (1.3) (1.2) (2.0 2.1) (1.3) (1.4) (4.6) (4.4)
16.9 16.8 21.5 20.9 26.4 26.2 30.1 30.1 36.6 36.7 43.1 43.1
Median (IQR) (16.3—- (16.2- (20.0- (19.3- (25.6— (25.4- (28.5- (28.4- (35.5- (35.5- (40.7- (40.7-

17.5) 17.3) 23.1) 22.4) 27.1) 26.9) 31.7) 31.8) 37.7) 37.8) 454)  455)

BMI percentile 2.5 %% 22 45.1 *** 42.0 89.6 *** 90.0 97.7 *** 97.9 99.1 *** 99.5 99.2 *** 99.5

Mean (SD) (1.4) 15 (234 (237)  (30) (3.0) (1.5) (15) 1.3) (1.0) (1.3) 1.1)
28 22 484 411 90.0 90 97.8 982 99.9 99.9 1000 100.0

Median (IQR) a7-  (1.0-  (280- (21.0- (875~  (89.3-  (965-  (97.0-  (984-  (99.8-  (985-  (100.0-
3.8) 3.5) 687)  612)  925)  90.8)  991)  995)  101.3)  99.9)  1015)  100.0)

Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/m?, class 3 obesity = BMI > 140% of the 95th percentile or
BMI > 40 kg/ m2. SD = standard deviation, IQR = interquartile range. *** The differences are significant atp < 0.001,
** the differences are significant at p < 0.01, * the differences are significant at p < 0.05. SES = socio-economic status.

Table A4. Details of BMI measurements in young adulthood (ages 20 to <30 years).

Arabs Jews p Total

Participants, N (%) 52,431 (52.6) 47,310 (47 .4) 99,741
BMI measurements, N (%) 231,072 (49.5) 236,120 (50.5) 467,192
Mean (SD) 44 (3.7) 5.0 (4.9) <0.001 47 (44)

Median (IQR) 3 (2-5) 4 (2-6) 4 (2-6)
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Arabs Jews p Total
Participants (N (%)) with:

1 measurement 4950 (9.4) 5207 (11.0) 10,157 (10.2)
2 measurements 10,905 (20.8) 9165 (19.4) 20,070 (20.1)
3 measurements 11,243 (21.4) 8365 (17.7) 19,608 (19.7)
4 measurements 8130 (15.5) 6249 (13.2) 14,379 (14.4)

5 measurements 5218 (10.0) 4604 (9.7) <0.001 9822 (9.8)

6 measurements 3403 (6.5) 3300 (7.0) 6703 (6.7)

7 measurements 2248 (4.3) 2267 (4.8) 4515 (4.5)

8 measurements 1587 (3.0) 1802 (3.8) 3389 (3.4)

9 measurements 1084 (2.1) 1325 (2.8) 2409 (2.4)

10+ measurements 3663 (7.0) 5026 (10.6) 8689 (8.7)

Age of BMI meif[‘;inggg)per participant, 235 (2.8) 241 (29) <0001  238(29)

Last age of BMI measurement per
participant, 25.9 (2.5) 26.4 (2.6) <0.001 26.2 (2.5)
Mean (SD)
Measurement points per age, N (%)

20 years 49,678 (21.5) 29,942 (12.7) 79,620 (17.0)
21 years 26,418 (11.4) 27,425 (11.6) 53,844 (11.5)
22 years 23,008 (10.0) 26,432 (11.2) 49,441 (10.6)
23 years 21,107 (9.1) 23,875 (10.1) 44,982 (9.6)
24 years 21,590 (9.3) 22,601 (9.6) <0.001 44,191 (9.5)
25 years 25,163 (10.9) 22,426 (9.5) 47,589 (10.2)
26 years 22,844 (9.9) 22,275 (9.4) 45,119 (9.7)
27 years 18,459 (8.0) 21,239 (9.0) 39,698 (8.5)
28 years 13,687 (5.9) 20,251 (8.6) 33,939 (7.3)
29 years 9118 (3.9) 19,654 (8.3) 28,772 (6.2)

SD = standard deviation, IQR = interquartile range.

Table A5. Transition to a higher BMI category from adolescence to young adulthood.

Underweight *** Normal *** Overweight *** Obesity
Arabs Jews Arabs Jews Arabs Jews Arabs Jews
(1861) (3313) (38,209) (32,478) (6167) (4940) (5053) (5099)

13,188

N (%)  1295(69.6) 1974 (59.6) 8552 (26.3) 2150 (34.9) 1534 (31.1) 1253 (24.8) 1250 (24.5)

(34.5)
Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th = 94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity. *** The differences are
significant at p < 0.001.

Table A6. Summary of results for the four nested multilevel models estimating BMI trajectory for
each adolescent weight group.

Null Model Model 1 Model 2 Model 3 (Final)

‘Underweight” weight category in adolescence

Regression coefficients, fixed effects (Standard errors)

Intercept 19.06 (0.03) *** 17.94 (0.04) *** 17.89 (0.13) *** 17.79 (0.14) ***
Age 0.25 (0.01) *** 0.25 (0.01) *** 0.27 (0.01) ***

Ethnicity (Jews) —0.78 (0.08) ***  —0.63 (0.10) ***
Sex (Male) 1.03 (0.06) *** 1.04 (0.06) ***
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Null Model Model 1 Model 2 Model 3 (Final)
SES
High (reference)
Middle 0.00 (0.11) 0.00 (0.11)
Low —0.01 (0.13) —0.02 (0.13)
Age x Ethnicity (Jews) —0.04 (0.02) *
Variance components, random effects (Standard deviations)
Within person 4.60 (2.14) 6.48 (2.54) 5.98 (2.45) 5.98 (2.44)
Between person 4.33 (2.08) 2.87 (1.69) 2.87 (1.69) 2.87 (1.69)
Time trajectory (age in adulthood) 0.13 (0.37) 0.13 (0.37) 0.14 (0.37)
Model summary
AIC 108,321.9 104,169.3 103,789.5 103,780.5
BIC 108,346.1 104,217.6 103,878.2 103.853.0
Deviance 108,315.9 104.157.3 103,767.5 103.762.5
‘Normal” weight category in adolescence
Regression coefficients, fixed effects (Standard errors)
Intercept 23.07 (0.01) *** 21.80 (0.01) *** 21.39 (0.05) *** 21.30 (0.05) ***
Age 0.28 (0.00) *** 0.28 (0.00) *** 0.31 (0.00) ***
Ethnicity (Jews) —0.67 (0.03) *** —0.46 (0.03) ***
Sex (Male) 0.81 (0.02) *** 0.82 (0.01) ***
SES
High (reference)
Middle 0.35 (0.04) *** 0.35 (0.04) ***
Low 0.39 (0.06) *** 0.42(0.05) ***

Age x Ethnicity (Jews)

—0.06 (0.00) ***

Variance components, random effects (Standard deviations)

Within person 8.34 (2.89) 8.27 (2.88) 7.95 (2.82) 7.95 (2.81)
Between person 5.97 (2.44) 3.96 (1.99) 3.96 (2.00) 3.96 (2.00)
Time trajectory (age in adulthood) 0.15 (0.39) 0.15 (0.39) 0.15 (0.39)
Model summary
AIC 1,516,453.8 1,457,360.9 1,454,816.3 1,454,628.5
BIC 1,516,485.7 1,457,424.6 1,454,933.1 1,454,755.8
Deviance 1,516,447.8 1,457,348.9 1,454,794.3 1,454,604.5
‘Overweight” weight category in adolescence
Regression coefficients, fixed effects (Standard errors)
Intercept 27.91 (0.03) *** 26.38 (0.03) *** 25.82 (0.14) *** 25.74 (0.14) ***
Age 0.32 (0.01) *** 0.32 (0.01) *** 0.35 (0.01) ***
Ethnicity (Jews) —0.25 (0.08) ** —0.05 (0.09)
Sex (Male) —0.25 (0.06) *** —0.24 (0.06) ***
SES
High (reference)
Middle 0.77(0.12) *** 0.77 (0.12) ***
Low 0.85 (0.14) *** 0.84 (0.14) ***
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Table Aé6. Cont.

Null Model Model 1 Model 2 Model 3 (Final)
—0.07 (0.01) ***

Age x Ethnicity (Jews)
Variance components, random effects (Standard deviations)

Within person 10.60 3.26 8.55 (2.92) 8.57 (2.92) 8.56 (2.93)

Between person 8.642.94 5.43 (2.33) 5.43 (2.33) 5.43 (2.33)

Time trajectory (age in adulthood) 0.27 (0.52) 0.27 (0.52) 0.27 (0.52)
Model summary

AIC 304,255.6 289,142.9 289,042.0 289,019.8

BIC 304,282.4 289,196.6 289,140.5 289,127.2

Deviance 304.249.6 289.130.9 289,020.0 288,995.8

‘Obesity” weight category in adolescence
Regression coefficients, fixed effects (Standard errors)

Intercept 31.31 (0.04) *** 30.12 (0.05) *** 29.42 (0.19) *** 29.22 (0.19) ***
Age 0.23 (0.01) *** 0.23 (0.01) *** 0.29 (0.01) ***
Ethnicity (Jews) 0.18 (0.10) 0.60 (0.12) ***
Sex (Male) —0.83 (0.08) *** —0.82 (0.08) ***
SES
High (reference)
Middle 0.89 (0.16) *** 0.88 (0.16) ***
Low 1.26 (0.22) *** 1.25 (0.22) ***

Age x Ethnicity (Jews) —0.12 (0.02) **=*

Variance components, random effects (Standard deviations)

Within person 15.91 (3.99) 17.69 (4.21) 17.69 (4.21) 17.64 (4.20)
Between person 13.00 (3.61) 8.81 (2.97) 8.81 (2.97) 8.81 (2.97)
Time trajectory (age in adulthood) 0.47 (0.69) 0.47 (0.69) 0.47 (0.69)
Model summary
AIC 361,153.9 348,354.9 348,191.1 348,140.6
BIC 361,181.1 348,409.2 348,290.7 348,259.2
Deviance 361,147.9 348,342.9 348,169.1 348,126.6

‘Class 2 obesity’ weight category in adolescence
Regression coefficients, fixed effects (Standard errors)

Intercept 35.90 (0.12) 36.09 (0.16) *** 34.89 (0.52) *** 34.61(0.53) ***
Age —0.09 (0.03) ** —0.09 (0.03) ** —0.01 (0.05)
Ethnicity (Jews) —0.05 (0.27) 0.46 (0.35)
Sex (Male) —0.31(0.23) —0.30 (0.23)
SES
High (reference)
Middle 1.45 (0.46) ** 1.45 (0.46) **
Low 1.51 (0.51) ** 1.50 (0.51) **
—0.14 (0.06) *

Age x Ethnicity (Jews)
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Null Model Model 1 Model 2 Model 3 (Final)
Variance components, random effects (Standard deviations)
Within person 19.63 (4.43) 30.09 (5.49) 30.03 (5.48) 29.98 (5.48)
Between person 21.82 (4.67) 15.26 (3.91) 15.26 (3.91) 15.26 (3.91)
Time trajectory (age in adulthood) 1.04 (1.02) 1.04 (1.02) 1.04 (1.02)
Model summary
AIC 91,617.0 88,981.3 88,978.2 88,974.8
BIC 91,639.9 89,027.0 89,061.9 89,066.1
Deviance 91,611.0 88,969.3 88,956.2 88,950.8
‘Class 3 obesity’ weight category in adolescence
Regression coefficients, fixed effects (Standard errors)
Intercept 38.60 (0.25) *** 40.18 (0.34) *** 38.98 (1.15) *** 38.83 (1.19) ***
Age —0.41 (0.05) *** —0.41 (0.05) *** —0.37 (0.09) ***
Ethnicity (Jews) 0.78 (0.66) 1.01 (0.79)
Sex (Male) 0.23 (0.51) 0.23 (0.51)
SES
High (reference)
Middle 0.17 (0.96) 0.17 (0.96)
Low 1.64 (1.13) 1.64 (1.13)
Age x Ethnicity (Jews) —0.06 (0.11)
Variance components, random effects (Standard deviations)
Within person 44.58 (6.68) 71.73 (8.47) 71.67 (8.47) 71.65 (8.47)
Between person 31.13 (5.58) 19.99 (4.47) 19.99 (4.47) 19.99 (4.47)
Time trajectory (age in adulthood) 1.64 (1.28) 1.64 (1.28) 1.64 (1.28)
Model summary
AIC 52,258.5 50,221.4 50,226.4 50,228.1
BIC 52,279.5 50,263.4 50,303.3 50,312.0
Deviance 52,252.5 50,209.4 50,204.4 50,204.1
Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/m?, class 3 obesity = BMI > 140% of the 95th percentile
or BMI > 40 kg/m?. ** The differences are significant at p < 0.001, ** the differences are significant at p < 0.01,
* the differences are significant at p < 0.05. SES = socio-economic status. AIC = Akaike information criterion,
BIC = Bayesian information criterion.
Table A7. Cumulative difference in predicted BMI between the two ethnic groups after 10 years of
follow-up.
. Normal . . Class 2 Class 3
Underweight Weight Overweight Obesity Obesity Obesity
ggieirc?e‘;e];;‘/ﬂ 1.02 (0.77; 1.09 (1.00; 0.74 (0.49; 0.61 (0.30; 0.95 (0.02; —0.42 (—2.27;
(95% CI) 1.27) 1.17) 0.99) 0.92) 1.98) 1.43)
p-value <0.001 <0.001 <0.001 <0.001 0.045 0.656

Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/ m?, class 3 obesity = BMI > 140% of the 95th percentile or
BMI > 40 kg/m?.
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Table A8. Summary of results of the sensitivity analysis on a pseudo-population, estimating the BMI
trajectory for each adolescent weight group using inverse probability weighting.

Underweight  Normal Weight Overweight Obesity Class 2 Obesity  Class 3 Obesity
Regression coefficients, fixed effects (Standard errors)
Intercept 17.80 (0.14) *** 21.31 (0.05) *** 25.75 (0.14) *** 29.22 (0.19) *** 34.59(0.53) *** 38.80 (1.19) ***
Age 0.27 (0.01) *** 0.31 (0.00) *** 0.35 (0.01) *** 0.29 (0.01) *** —0.01 (0.05) —0.37 (0.09) ***
Ethnicity (Jews)  —0.62 (0.10) ***  —0.45 (0.03) *** —0.04 (0.09) 0.60 (0.12) *** 0.46 (0.35) 1.05 (0.80)
Sex (Male) 1.04 (0.06) *** 0.82 (0.02) *** —0.25 (0.06) ***  —0.83 (0.08) *** —0.31 (0.23) 0.23 (0.51)
SES
ng};ﬁij{:me) 0.00 (0.10) 0.35 (0.04) **  0.77 (0.12) *** 0.89 (0.16)*** 1.47 (0.46) ** 0.18 (0.96)
Low 0.02 (0.13) 0.42 (0.05) *** 0.84 (0.14) *** 1.38 (0.18)*** 1.54 (0.51) ** 1.67 (1.12)
Age (X]elzi}s‘;laty —0.04(0.02)*  —0.06 (0.00)**  —0.07 (0.01)***  —0.12(0.02) **  —0.14 (0.06) * —0.07 (0.11)
Variance components, random effects (Standard deviations)
Within person 6.09 (2.47) 7.97 (2.82) 8.56 (2.92) 17.73 (4.21) 30.34 (5.51) 71.81 (8.47)
Between person 7.06 (2.66) 9.53 (3.09) 13.02 (3.61) 21.57 (4.64) 37.72 (6.14) 49.86 (7.06)
Time trajectory
(agein 0.14 (0.37) 0.15 (0.39) 0.27 (0.52) 0.47 (0.69) 1.04 (1.02) 1.64 (1.28)
adulthood)
Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/ m?, class 3 obesity = BMI > 140% of the 95th percentile or
BMI > 40 kg/m?. *** The differences are significant at p < 0.001, ** the differences are significant at p < 0.01, * the
differences are significant at p < 0.05. SES = socio-economic status.
Table A9. Summary of the results of the sensitivity analysis estimating BMI trajectory for each
adolescent weight group using the first four measurement points per person.
Underweight = Normal Weight Overweight Obesity Class 2 Obesity  Class 3 Obesity
Regression coefficients, fixed effects (Standard errors)
Intercept 17.80 (0.14) *** 21.33 (0.05) *** 25.73 (0.14) *** 29.25 (0.19) *** 34.78 (0.54) *** 38.75 (1.20) ***
Age 0.27 (0.01) *** 0.30 (0.00) *** 0.35 (0.01) *** 0.30 (0.01) *** 0.06 (0.05) —0.38 (0.10) ***
Ethnicity (Jews)  —0.60 (0.11) ***  —0.41 (0.03) *** —0.04 (0.09) 0.47 (0.12) *** 0.22 (0.34) 0.50 (0.78)
Sex (Male) 1.05 (0.06) *** 0.83 (0.02) *** —0.16 (0.06) ***  —0.72 (0.08) *** —0.34 (0.23) 0.23 (0.53)
SES
High (reference) e . - ot
Middle 0.00 (0.11) 0.34 (0.04) 0.72 (0.12) 0.80 (0.16) 1.17 (0.46) 0.36 (0.99)
Low 0.02 (0.13) 0.40 (0.05) *** 0.79 (0.14) *** 1.22 (0.18) *** 1.06 (0.52) ** 1.55 (1.16)
Age aj\tllsl)maty —0.04(0.02)*  —0.08(0.00)**  —0.07(0.02)**  —0.11(0.02)**  —0.12(0.07) —0.07 (0.14)
Variance components, random effects (Standard deviations)
Within person 6.09 (2.47) 7.97 (2.82) 8.56 (2.92) 17.73 (4.21) 30.34 (5.51) 71.81 (8.47)
Between person 7.06 (2.66) 9.53 (3.09) 13.02 (3.61) 21.57 (4.64) 37.72 (6.14) 49.86 (7.06)
Time trajectory
(age in 0.14 (0.37) 0.15 (0.39) 0.27 (0.52) 0.47 (0.69) 1.04 (1.02) 1.64 (1.28)
adulthood)

Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/m?, class 3 obesity = BMI > 140% of the 95th percentile or
BMI > 40 kg/ m?2. ** The differences are significant at p < 0.001, ** the differences are significant at p < 0.01, * the
differences are significant at p < 0.05. SES = socio-economic status.
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Table A10. Sensitivity analysis for change in BMI category from adolescence to young adulthood
with an averaged BMI from 24 to 26 years as the outcome.

Weight Category in Adolescence

Weight Underweight Normal Overweight Obesity Class 2 Obesity Class 3 Obesity
Category in Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews
Adulthood  (N=2260) (N=43830) (N=46388) (N=41025 (N=9228) (N=7664) (N=8905 (N=9964) (N=1858) (N=2687) (N=958 (N =1579)
g\?‘izr)w“ght 800 (4.0) 2244 (74) 1839 (4.0) (370% 20(0.2) 27 (0.4) 5(0.1) 13 (0.1) 2(0.1) 0(0.0) 0(0.0) 3(0.2)
g{ﬁﬁg‘fl (15"595})) (2603?;) (25793(%4 (2676‘% (113Z g) (127222) 547 (61)  932(9.4) 85 (4.6) 147 (55)  35(37) 63 (40)
(Ol\‘{,i;n")"eight 96 (28.1)  84(20.6) (123é‘_)13)4 ?24&(6’) 21707 é) 5,42262) (22147 }1) (szﬁi) 223(12.0) 391 (14.6) (1142 6 178 (11.3)
?Nble;:;‘y 167  8@43) 3100 67) 1771 (4.3) (23707 ?) (1281 }1) fgfg) f;ﬂ) 371(200) 627 (23.3) (11554.1) 283 (17.9)
OlbeSity 1017 107 784 (1.7 272 (0.7 1012 615 (6.0 2011 2252 57 (284)  756(281) 7 277 (17.5
(Cl\?ss/ﬁ a7 ©7) a7 07 (1o ©0) (226 (22.6) (28.4) @81) (185 a7.5)
OlbeSity 1(0.5) 3(02 247(05)  89(02 270 2.9 16522 I3 1034 650 (35.0) 766 (285) o2 775 (49.1
N, S/:; @ 2 ©3) 2 ) @2 (125 (10.4) : @83 (72 D
p-value (Chi-
squared <0.001 <0.001 <0.001 <0.001 <0.001 0.10
test)
Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/m?, class 3 obesity = BMI > 140% of the 95th percentile or
BMI > 40 kg/mz.
Table A11. Summary of the results for the spline linear multilevel models estimating BMI trajectory
for each adolescent weight group.
Underweight = Normal Weight Overweight Obesity Class 2 Obesity  Class 3 Obesity
Regression coefficients, fixed effects (Standard errors)
Intercept 17.86 (0.14) **  21.33(0.05)** 2571 (0.14)**  29.5(0.19)** 3471 (0.54) ***  38.85 (1.19) ***
Age 0.25 (0.01) *** 0.30 (0.00) *** 0.36 (0.01) *** 0.32 (0.01) *** —0.04 (0.05) —0.37 (0.09) ***
Ethnicity (Jews)  —0.59 (0.10) ***  —0.44 (0.03) *** —0.07 (0.09) —0.56 (0.12) *** 0.51 (0.35) 1.02 (0.79)
Sex (Male) 1.04 (0.06) *** 0.82 (0.02) ***  —0.24 (0.06) **  —0.82(0.08) **  —0.29 (0.23) 0.23 (0.51)
~SES
ng};v}?giffeme) 0.00 (0.11) 0.35 (0.04) *** 0.77 (0.12) *** 0.88 (0.16) *** 1.44 (0.46) ** 0.17 (0.96)
poce 0.02 (0.13) 0.40 (0.05) *** 0.84 (0.14) *** 1.37 (0.18) *** 1.50 (0.51) ** 1.64 (1.13)
Age (X]esfs‘)maty —0.05(0.02)*  —0.07 (0.00)**  —0.07 (0.01)***  —0.11(0.02) **  —0.15 (0.06) * —0.06 (0.11)
Spline 0.10 (0.02) *** 0.04 (0.01)**  —0.05(0.02)*  0.09 (0.02) *** 0.12 (0.06) * 0.02 (0.09)
Variance components, random effects (Standard deviations)

Within person 5.97 (2.44) 7.95 (2.82) 8.56 (2.93) 14.62 (3.82) 30.00 (5.48) 71.67 (8.47)
Between person 2.86 (1.69) 3.96 (1.99) 5.43 (2.33) 6.84 (2.62) (4.64)  15.26 (3.91) 19.99 (4.47)
Time trajectory

(age in 0.14 (0.37) 0.15 (0.39) 0.27 (0.52) 0.40 (0.63) 1.03 (1.02) 1.63 (1.28)
adulthood)
Model summary
AIC 103,764.3 1,454,590.1 289,014.6 348,134.9 88,973.0 50,230.1
BIC 103,869.0 1,454,728.1 289,131.0 348,252.6 89,071.9 50,321.0
Deviance 103,738.3 1,454,564.1 288,988.6 348.108.9 88,947.0 50,204.1

Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/ m?, class 3 obesity = BMI > 140% of the 95th percentile
or BMI > 40 kg/m?. *** The differences are significant at p < 0.001, ** the differences are significant at p < 0.01,
* the differences are significant at p < 0.05. SES = socio-economic status. AIC = Akaike information criterion,
BIC = Bayesian information criterion.
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Table A12. Summary of models’ fit assessment from the sensitivity analysis estimating BMI trajectory

for each adolescent weight group with an additional fixed effect for the district.

Underweight ‘lf[z;;ﬁl Overweight Obesity glba::ify glljlzzi:t;y
AIC 103,792.1 1,454,602.2 288,995.0 348,121.9 88,984.8 50,219.2
BIC 103,953.1 1,454,835.7 289,183.0 348,303.0 89,144.6 50,359.0
Deviance 103,752.1 1,454,5582 288,953.0 348.081.9 88,942.8 50,179.2

Underweight = BMI < 5th percentile, normal weight = BMI 5th-84.9th percentile, overweight = BMI 85th-94.9th
percentile, obesity = BMI > 95th percentile, not including class 2 and class 3 obesity, class 2 obesity = BMI > 120%
to <140% of the 95th percentile or BMI > 35 to <40 kg/ m?, class 3 obesity = BMI > 140% of the 95th percentile or

BMI > 40 kg/m?.

Table A13. Summary of results for the four nested multilevel models estimating BMI trajectory for

the whole study cohort.

Null Model Model 1 Model 2 Model 3 (Final)
Regression coefficients, fixed effects (Standard errors)
Intercept 24.33 (0.02) *** 23.37 (0.02) *** 22.43 (0.06) *** 22.3 (0.07) ***
Age 0.26 (0.00) *** 0.26 (0.00) *** 0.30 (0.00) ***
Ethnicity (Jews) —0.38 (0.04) *** —0.09 (0.04) *
Sex (Male) 1.03 (0.06) *** 1.04 (0.06) ***
SES
High (reference)
Middle 0.80 (0.06) *** 0.80 (0.06) ***
Low 1.03 (0.07) *** 1.03 (0.07) ***

Age x Ethnicity

(Jews)

—0.08 (0.00) **

Variance components, random effects (Standard deviations)

Within person 24.66 (4.97) 24.24 (4.92) 24.00 (4.90) 23.97 (4.90)
Between person 5.60 (2.37) 5.59 (2.36) 5.59 (2.36) 5.59 (2.36)
Time trajectory (age in adulthood) 0.24 (0.49) 0.24 (0.49) 0.24 (0.49)
Model summary

AIC 2,481,287.0 2,469,381.0 2,468,241.0 2,467,966.0
BIC 2,481,342.0 2,469,447.0 2,468,372.0 2,468,099.0
Deviance 2,481,277.0 2,469,369.0 2,468,229.0 2,467,942.0

*** The differences are significant at p < 0.001, ** the differences are significant at p < 0.01, * the differences
are significant at p < 0.05. SES = socio-economic status. AIC = Akaike information criterion, BIC = Bayesian

information criterion.
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Figure A1. Residuals vs. fitted plots of multilevel models estimating BMI trajectory.
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Figure A2. Autocorrelation function examining independence of residuals. Upper row from left to
right: ‘underweight’, ‘normal’, ‘overweight” weight categories. Lower row, from left to right: ‘obesity’,
‘Class 2 obesity’, and ‘Class 3 obesity” weight categories.
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Figure A3. Trajectories of BMI change in young adulthood in adolescents from different weight

categories, by ethnic group, predicted by multilevel linear spline modeling. Dashed lines = 95%
confidence intervals.
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Figure A4. Trajectories of BMI change in young adulthood in the whole study cohort, by ethnic
group. Horizontal solid line = mean BMI in ages 17-19 years, dashed lines = 95% confidence intervals.
Predicted by multilevel modeling, adjusted for sex and SES.
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