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Introduction: The health and wellbeing of adolescents are often neglected, including the knowledge of

chronic kidney disease (CKD), especially in its early stages.

Methods: A total of 607 adolescents were recruited from the Malaysian Health and Adolescents Longi-

tudinal Research Team (MyHeART) study, a prospective cohort study conducted from March 2012 to May

2016 that explored the noncommunicable diseases (NCDs) risk factors among 13 to 17 years old students

in 3 states of Peninsular Malaysia. Students who participated in all 3 data collection periods in 2012, 2014,

and 2016 with kidney function assessment across all 3-time points were included in the current study. The

students’ estimated glomerular filtration rate (eGFR) was calculated from isotope-dilution mass

spectrometry-traceable Schwartz’s equation and categorized based on Kidney Disease: Improving Global

Outcomes (KDIGO) classification. Changes in kidney function were examined, and the longitudinal rela-

tionship between eGFR and multiple NCD risk factors was analyzed using the generalized estimating

equation (GEE).

Results: The prevalence of decreased eGFR (60–89 ml/min per 1.73 m2) among the students increased

from 6.1% (2012) to 30.0% (2014) and 40.2% (2016). Based on the GEE, the student’s eGFR decreased over

time, with a steeper decline during early to midadolescence. Males and rural students had lower eGFR

compared to their counterparts. Students who are morbidly obese had lower eGFR than those with normal

body mass index (BMI). Protein consumption also has a potential moderating effect on eGFR in

adolescents.

Conclusion: Kidney function changes can be detected as early as adolescence and are likely attributable to

multiple NCD risk factors. Therefore, more comprehensive prevention efforts from various stakeholders

are needed to identify health issues like CKD.
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A
dolescence is a unique stage of life for human
development and a foundation for good health.

Nearly 20% of the population is comprised of adoles-
cents.1 Despite being a vital part of the world popula-
tion, inequality regarding the efforts and management
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of adolescents’ health and wellness, including CKD, can
still be seen worldwide.2 The efforts for early disease
detection of CKD were notably less among adolescents,
probably due to a higher disease burden in adults.3 As a
result, little knowledge of the disease burden, primarily
the earlier stage CKD, can be found worldwide and in
Southeast Asia countries like Malaysia.

In Malaysia, the number of children on dialysis at the
end of 2016 remains low compared to adults (2.2%, 889/
39,711 total patients).4 However, in the last decade (2007–
2016), a higher increment rate in dialysis was observed
among younger adults aged 25 to 34 years compared to
those $65 years (57% and 35%, respectively).4,5
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Considering that CKD and end-stage renal disease are
long-standing diseases, this group of young adults may
have started earlier during adolescence. Nevertheless, no
such evidence is available in the country. Therefore, this
study was conducted. It is the first study to investigate
kidney function status among adolescents in commu-
nities of middle-income countries. It also determines the
potential lifestyle and health factors associated with
kidney function changes during adolescence.
METHODS

Participant Recruitment

The MyHeART study was an open dynamic prospec-
tive cohort study conducted between March 2012 and
May 2016. The study explored the risk factors for
NCDs in adolescents aged 13 to 17 years from 15
schools in 3 Peninsular Malaysia states, namely Selan-
gor, Perak, and Kuala Lumpur. These schools were
Figure 1. Sampling flow in the study.
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selected randomly from 595 schools that have been
stratified between urban and rural. A total of 1361
students aged 13 years were voluntarily recruited in
the MyHeART study in 2012, followed up with in 2014
and 2016. The current study, which served as a sub-
study of MyHeART, applied a closed cohort analysis,
selecting only 607 of the 1361 students who had
participated in all 3-time data collection points and had
kidney function assessment across all 3-time points
(Figure 1). A large proportion of students were
excluded because of the following 2 reasons: (i) stu-
dents did not return in the subsequent data collection
year (e.g., already moved to a different school,
attending other curricular activities), and (ii) due to the
nature of the MyHeART study itself, which was an
open dynamic cohort, a small group of students did not
have a complete kidney function assessment across all
3-time points. However, the post hoc power analysis6

for this study was 82.2%, based on the prevalence of
Kidney International Reports (2023) 8, 1965–1977
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adolescents with eGFR <90 ml/min per 1.73 m2 in the
United States of 34.6%.7 The study protocol for the
MyHeART study has been explained by Hazreen et al.8

Ethics approval was granted by the University Malaya
Medical Centre’s Ethics Committee (MEC ref. no.
896$34).

Kidney Function Assessment

The creatinine-based eGFR was utilized to determine
the kidney function of the students. Serum creatinine
from venous blood sampling was measured by the
enzymatic method on the Atellica clinical chemistry
analyzer as part of the Total Lab Automation System.
The enzymatic method is based on Fossati, Prencipe,
and Berti: Creatinine is converted to creatine by the
action of creatininase and expressed in mmol/l. The
creatinine estimate was an isotope-dilution mass spec-
trometry standardized. The eGFR was then calculated
using the isotope-dilution mass spectrometry-traceable
Schwartz equation,9 as follows:

eGFR ¼ 0.413 � (height/Scr) for height expressed in
centimeters

eGFR - expressed in ml/min per 1.73 m2.
Scr - standardized serum creatinine, expressed in

mg/dl (to convert Scr in mmol/l to mg/dl, multiply Scr
in mmol/l by 88.4)

This formula was selected because it is the current
practice in Malaysia and other countries in the Asia
Pacific region, such as Thailand.10 Multiple other
community-based studies have also utilized similar
equations in their study.7,11 The calculated eGFR was
then classified based on the cut-off values by the
KDIGO classification.12 An eGFR of >90 ml/min per
1.73 m2 was considered normal, whereas an eGFR
of <90 ml/min per 1.73 m2 was considered a decreased
eGFR (Supplementary Table S1). Those with a
decreased eGFR were classified accordingly using the
KDIGO staging value range.

Sociodemographic Measures

A translated and validated self-administered question-
naire adapted from the Young Heart Study, a previous
cohort study conducted in Northern Ireland,13 was
given to students and their parents to collect infor-
mation on their socioeconomic background, birthing
history, physical and nutritional habits, as well as
high-risk behavior histories such as smoking, vaping,
alcohol consumption, and illicit drug use.

Anthropometric Measurements

The study measured the waist circumference, body fat
percentage, and BMI of the students. Due to the mul-
ticollinearity issue between BMI, waist circumference,
and body fat percentage, BMI was selected as the body
Kidney International Reports (2023) 8, 1965–1977
composition measurement for the longitudinal rela-
tionship. Body weight was measured on a digital
electronic scale (Seca 813, UK) and recorded to the
nearest 0.1 kilograms. A calibrated vertical stadiometer
(Seca Portable 217, UK) measured height in centime-
ters. BMI was calculated from weight/height (in me-
ters) squared. It was classified according to the
Extended International Obesity Task Force cut-off
(Supplementary Table S2).14

Level of Physical Activity

The student’s physical activity level was measured
using the physical activity questionnaire for older
children, a self-reported physical activity questionnaire
for older children.15 Based on the classification by
Kowalski et al.,15 the physical activity questionnaire
for older children score was categorized as either low
physical activity (<2.33), moderate physical activity
(2.33–3.66), or high physical activity (>3.66). This
questionnaire was translated into Malay, tested, and
proven to have acceptable validity and good internal
consistency in the Malaysian population.16,17

Dietary Intake Assessment

A 7-day diet history was used to determine dietary
intake because it is the most reliable method for esti-
mating adolescents’ intakes.18 Qualified dietitians per-
formed the 7-day dietary assessment. The
macronutrient and micronutrient intakes were calcu-
lated using the Nutrient Composition of Malaysian
Foods and entered into the Nutritionist Pro database
(Axxya Systems, Stafford, TX). Students’ energy and
protein intake were dichotomized using the Recom-
mended Nutrient Intake guideline for the Malaysian
population (2017).19 Intakes of sodium exceeding 2000
mg/d were considered excessive for both sexes.20

Other Clinical and Biological Evaluation

Using a stethoscope and a mercury sphygmomanometer
(CK-101C Mercurial, Spirit Medical Co., Taiwan),
trained personnel measured the systolic blood pressure
(BP) and diastolic BP of the students at least twice.
Abnormal BP was taken as mean systolic BP >120
mm Hg or diastolic BP >80 mm Hg.21 The student’s
fasting blood sugar was evaluated from a venous blood
sampling. An fasting blood sugar value of 3.9 to 5.6
mmol/l is considered normal in this study.22

Statistical Analysis

Analyses were performed using the SPSS software for
Windows Version 26, IBM Corp, Armonk, NY and the
significance level was set at a P value <0.05. Baseline
characteristics of selected and excluded students were
compared in the first part of the analysis. Each vari-
able’s continuous and categorical formats were
1967
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compared using an independent sample t-test and c2

test, respectively. The first comparison used crude
data, ignoring the existing missing values, and the
second, was based on imputed data after the Little’s
missing completely at random test showed that the data
was not missing completely at random (P < 0.001).

Once the differences have been determined, the
main analysis of the 607 selected students commenced.
Data imputation was conducted to overcome the
missing values among the selected students because
the data was not missing completely at random (P <
0.001). In the multiple imputation model, outcome,
exposure, and confounders were included. Eight
separate data sets were generated from which pooled
estimates were taken. The variables that were imputed
in this study were the household income, parental
education, birth weight, past medical history, high-
risk behavior history (smoking, vaping, alcohol,
and/or drug use), dietary intakes, systolic and dia-
stolic BP, as well as the PAQ-C scores. The baseline
characteristics of these students were explored, and
the Mann-Whitney U test and Kruskal Wallis test
were used to evaluate the differences between groups
at baseline. A population estimate based on these
characteristics was generated from a calculated
weightage derived by multiplying the selected school
weightage by the student weightage. Similar weight-
age was included during the study’s complex sample
analysis and the GEE method. Changes to the inde-
pendent variables and the outcome of the study along
the cohort were examined with Kendall’s coefficient of
concordance test, followed by a pairwise comparison
with an adjusted significance level of P < 0.05
(adjusted by the Bonferroni correction for multiple
tests) was considered as significantly different. Dif-
ferences in the proportion of students with decreased
kidney function based on various formulas were
examined using the z-score for proportion differences.
Table 1. Comparison of the KDIGO staging distribution between the selec

Classification

Without imputation

Selected Excluded c2

N (%) N (%) P-value

KDIGO 2012

G1 570 (93.9) 645 (91.2) P ¼ 0.06

G2 37 (6.1) 62 (8.8)

KDIGO 2014

G1 424 (69.9) 174 (67.2) P ¼ 0.58

G2 182 (30.1) 85 (32.8)

G3 1 (0.2%) 0 (0.0)

KDIGO 2016

G1 360 (59.3) 48(54.5) P ¼ 0.53

G2 244 (40.2) 40 (45.5)

G3 3 (0.5) 0 (0.0)

KDIGO, Kidney Disease: Improving Global Outcomes.

1968
The cut-off value of z-score <1.96 (P < 0.05) deter-
mined a significant difference between the 2 pro-
portions. A higher z-score value indicates more
significant deviations from the reference formula.

Finally, the data was modeled in 2 models and
analyzed with the GEE to determine the longitudinal
relationship between the independent variables and the
outcome. This exploratory model was built based on
the theoretical framework suggested by Schnaper
et al.23 as the central construct, that also incorporates
other knowledge for known risk factors for kidney
disease development in children.2,3 Variable with a
P value of <0.05 was considered significant in the
“main effect” and “interaction effect.” The interaction
effect was done simultaneously for all variables while
applying a backward elimination procedure to drop the
interaction with the highest P-value from the model
before the GEE was rerun. This process was repeated
until the model contained only significant interactions.
Finally, a stratified analysis comparing differences in
factors related to longitudinal eGFR changes based on
sex was carried out with GEE.

RESULTS

Analysis of the Selected and Excluded Students

There was no significant difference between the me-
dian eGFR of the selected and excluded students for
both the imputed and nonimputed data (Table 1). No
significant difference was observed for the eGFR cate-
gory based on the KDIGO classification between these 2
groups.

For the other variables, there were slight differences
in the proportion of fasting blood sugar category be-
tween the selected and excluded students at baseline.
However, the differences were small (P < 0.047). More
apparent differences were observed between the
selected and excluded students for their sex and place
of residence (Table 2).
ted and excluded students
With imputation

Selected Excluded c2

N (%) N (%) P-value

7 570 (93.9) 1215 (92.5) P ¼ 0.253

37 (6.1) 99 (7.5)

1 424 (69.9) 598 (69.1) P ¼ 0.914

182 (30.1) 267 (30.8)

1 (0.2%) 1 (0.1)

5 360 (59.3) 408 (58.7) P ¼ 0.959

244 (40.2) 284 (40.9)

3 (0.5) 3 (0.4)

Kidney International Reports (2023) 8, 1965–1977



Table 2. Distribution of the baseline characteristics of the selected and excluded students between non-imputed and imputed data

Classification

Without imputation With imputation

Selected Excluded c2 Selected Excluded c2

N (%) N (%) P-value N (%) N (%) P-value

Sex

Male 169 (27.8) 340 (47.0) P < 0.001 169 (27.8) 340 (47.0) P < 0.001

Female 438 (72.2) 384 (53.0) 438 (72.2) 384 (53.0)

Place of residence

Urban 318 (52.4) 463 (64.0) P < 0.001 318 (52.4) 463 (64.0) P < 0.001

Rural 289 (47.6) 261 (36.0) 289 (47.6) 261 (36.0)

FBS 2012

Low 15 (2.5) 8 (1.1) P ¼ 0.047 15 (2.5) 8 (1.1) P ¼ 0.039

Normal 574 (94.6) 676 (94.2) 574 (94.6) 681 (94.1)

High 18 (3.0) 34 (4.7) 18 (3.0) 35 (4.8)

FBS, fasting blood sugar.

Table 3. Sociodemographic characteristics of students

Sociodemographic characteristics
Number of students

(unweighted)

Estimation in the
population
(weighted)

Total N (%) N (%)

607 (100) 696,048 (100)

Sex Male 169 (27.8) 217,344 (31.2)

Female 438 (72.2) 478,704 (68.8)

Ethnicity Malay 464 (76.4) 437,629 (62.9)

Chinese 53 (8.7) 52,314 (7.5)

Indian 58 (9.6) 183,450 (26.4)

Others 32 (5.3) 22,654 (3.3)

Place of
residence

Urban 318 (52.4) 503,156 (72.3)

Rural 289 (47.6) 192,892 (27.7)

State Selangor 160 (26.4) 145,985 (21.0)

Kuala Lumpur 121 (19.9) 161,904 (23.3)

Perak 326 (53.7) 388,159 (55.8)

Father’s
education

No formal education 27 (4.4) 31,170 (4.5)

Primary 80 (13.2) 92,279 (13.3)

Secondary 385 (63.4) 451,024 (64.8)

Tertiary
(non-university)

44 (7.3) 55,451 (8.0)

Tertiary (university) 71 (11.7) 66,123 (9.5)

Mother’s education No formal education 28 (4.6) 22,142 (3.2)

Primary 69 (11.4) 85,104 (12.2)

Secondary 393 (64.8) 432,427 (62.1)

Tertiary (non-university) 51 (8.4) 76,177 (10.9)

Tertiary (university) 66 (10.8) 80,198 (11.5)

Household
incomea

Low income
(<988 USD)

405 (66.7) 467,566 (67.2)

Middle income
(988–2251 USD)

149 (24.6) 159,183 (22.9)

High income
(>2251 USD)

53 (8.7) 69,299 (10.0)

aBased on the 2012 Malaysian Ringgit (RM)-US Dollar (USD) exchange rate.
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Sociodemographic Characteristics at Baseline

This study recruited more female students (72.2%)
than males (27.8%) at a median (interquartile range) age
of 12.9 (0.5) years (Table 3). Urban students out-
numbered rural students by 4.8%. More than half of
the student’s parents had at least a secondary educa-
tion, and only 4.4% had no formal education during
childhood. The majority (66.7%) of households had a
median (interquartile range) income of RM1200 (900)
(equivalent to 388.68 US Dollars in 2012), whereas only
8.7% had a high income.

Kidney Function at Baseline

The median (interquartile range) eGFR was signifi-
cantly different between males and females (P < 0.001).
Male students had 105.2 (22.1) ml/min/1.73 m2, while
females had 119.4 (32.5). The urban and rural students
had similar eGFRs (115.6 [32.9] and 113.6 [26.3] ml/min
per 1.73 m2, respectively (P ¼ 0.237).

Kidney Function Changes Along the Cohort

The median (interquartile range) eGFR reduced from
115.1 (29.0) ml/min per 1.73 m2 in 2012 to 93.5 (25.0)
ml/min per 1.73 m2 in 2016. At the end of the cohort,
male students remained to have lower eGFR than fe-
males (P< 0.001), and students in rural areas had lower
eGFR than those in urban (P ¼ 0.001) (Figure 2).

Along the cohort, the percentage of students with
decreased eGFR (60–89 ml/min per 1.73 m2) increased
from 6.1% in 2012 to 30.0% in 2014 and 40.2% in
2016. Few students already had eGFR <60 ml/min per
1.73 m2 in 2014 and 2016 (Figure 3).

Longitudinal Analysis of the Kidney Function

Changes
Model 1

As the students’ age, their eGFR reduces significantly
with time (Table 4). A more significant eGFR reduction
was seen during the first half of the study, where the
Kidney International Reports (2023) 8, 1965–1977
eGFR reduced by 8.2 ml/min per 1.73 m2 per year from
2012 to 2014 compared to 4.2 ml/min per 1.73 m2 per
year, which was observed from 2014 to 2016.

Model 2

Model 2 also showed decreasing eGFR over time. As
presented in Table 5, male and rural students had lower
1969



Figure 2. The eGFR of the students throughout the cohort. Data are the median eGFR of the students based on different characteristics
throughout the cohort. Statistically significant differences are indicated with (*) and (**) at P < 0.05. Note: * compared with baseline; **
compared with second follow-up in 2016. eGFR, estimated glomerular filtration rate
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eGFR (P < 0.001) than their counterparts. Indian stu-
dents had the highest eGFR reduction by 8.6 ml/min
per 1.73 m2 (95% confidence interval: 4.4–12.9, P <
0.001) by the end of the study. In this model, students
with more than 3.5 kg birth weight had significantly
4.7 ml/min per 1.73 m2 higher eGFR (P ¼ 0.021) than
the normal birth weight group. As for the BMI, thin-
ness grade 1 and 2 students had higher eGFR than
students with normal BMI by 5.6 and 6.2 ml/min per
1.73 m2, respectively. Students who are morbidly obese
had 11.4 ml/min per 1.73 m2 lower eGFR than those
with normal weight (P ¼ 0.003). No other factors were
associated with eGFR changes in the main effects of
model 2.

In Table 6, we present the significant interaction
effect with time after the backward elimination pro-
cess. In 2014, we observed that the eGFR of Chinese
students were significantly higher than Malay students
by 23.1 ml/min per 1.73 m2 (95% confidence interval:
16.6–29.6). This difference remains significant in 2016
(P < 0.001) (Figure 4). Despite rural students having
generally lower eGFR than urban (main effect), the
interaction with time was only significant for the dif-
ferences seen in 2014 (Figure 5). Students with high
physical activity in 2016 had a lower eGFR by 35.4 ml/
min/1.73 m2 compared to those with moderate physical
activity in the same year (P ¼ 0.009) (Figure 6).
Table 4. Generalized estimating equation between eGFR and time
(crude)
Variables b Standard error P-value 95% CI

Time

2012 Reference

2014 �16.4 1.010 <0.001 (�18.4, �14.4)

2016 �24.8 1.007 <0.001 (�26.8, �22.9)

CI, confidence interval; eGFR, estimated glomerular filtration rate.

1970
Surprisingly, overweight students had 7.2 ml/min/1.73
m2 higher eGFR than normal weight students (P ¼
0.012) in 2014, and morbidly obese students had higher
eGFR compared to normal weight students in 2016 (P ¼
0.005) (Figure 7). Students who consumed above the
recommended protein in 2016 had a 7.2 ml/min/1.73 m2

(95% confidence interval: 1.7–12.8) lower eGFR than
those who consumed within the recommended level
(P ¼ 0.010).

Stratified Analyses of Model 2 Based on Sex

Given that there were differences in the proportion of
male and female students between the selected and
excluded students, a stratified analysis was conducted
based on this covariate. In these 2 separate analyses
between male and female students, the eGFR signifi-
cantly reduced with time in both groups (P < 0.001). A
slightly bigger reduction of eGFR was seen in males
than in females. Indian students showed significantly
lower eGFR by 9.1 ml/min per 1.73 m2 compared to
Malay students, but only among females (P ¼ 0.001).
Similarly, only the female students in the rural area
were associated with significantly lower eGFR
compared to those in the urban area.

Surprisingly, none of the BMI categories was asso-
ciated with the eGFR changes in male students. How-
ever, female students with thinness grade 1 had 6.7 ml/
min per 1.73 m2 higher eGFR than those with normal
BMI (P ¼ 0.002). In addition, morbidly obese female
students had lower eGFR by 11.8 ml/min per 1.73 m2

than those with normal BMI (P ¼ 0.021). We also
observed that female students who consumed sodium
above the recommended level had significantly higher
eGFR than those who consumed sodium within the
recommended level (P ¼ 0.021). On the other hand,
male students who consumed protein above the
Kidney International Reports (2023) 8, 1965–1977



Table 5. Generalized estimating equation for the longitudinal
relationship between eGFR, sex, ethnicity, place of residence, birth
weight, and BMI among adolescents in Peninsular Malaysia over 5
years (model 2: main effect)a

Classification eGFR (ml/min per 1.73 m2)

Variables b 95% CI Pb

Time

2012 Reference

2014 �15.9 (�18.1, �13.7) <0.001

2016 �24.6 (�26.7, �22.5) <0.001

Sex

Male Reference

Female 19.2 (16.3, 22.1) <0.001

Ethnicity

Malay Reference

Chinese �1.2 (�6.3, 3.9) 0.684

Indian �8.6 (�12.9, �4.4) <0.001

Others �6.4 (�13.1, 0.3) 0.048

Place of residence

Urban Reference

Rural �9.7 (�12.6, �6.9) <0.001

Birth weight status

Normal weight Reference

Low birth weight �3.4 (�7.1, 0.4) 0.079

High birth weight 4.7 (0.7, 8.7) 0.021

BMI (IOTF class)

Normal Reference

Thinness grade 3 6.8 (�2.1, 15.7) 0.133

Thinness grade 2 6.2 (1.2, 11.2) 0.015

Thinness grade 1 5.6 (2.2, 8.9) 0.001

Overweight �0.1 (�3.2, 3.1) 0.965

Obesity 2.0 (�3.6, 7.5) 0.490

Morbid obesity �11.4 (�19.0, �3.9) 0.003

CI, confidence interval; BMI, body mass index; eGFR, estimated glomerular filtration
rate; IOTF, International Obesity Task Force.
aAdjusted for household income, parental education level, history of high-risk behavior
(smoking, vaping, alcohol consumption, and illicit drug use), level of physical activity,
systolic BP, diastolic BP, fasting blood sugar and dietary intake.
bStatistically significant (P < 0$05).

Table 6. The effect of time interaction between the student’s eGFR
and variables in model 2 based on GEE (eGFR * main effect * time
interaction)a

Classification eGFR (ml/min per 1.73 m2)

Variables b 95% CI Pb

Main effects (model 2) Interaction

Time*ethnicity

2014*Malay Reference

2014*Chinese 23.1 (16.6, 29.6) <0.001

2016*Malay Reference

2016*Chinese 20.4 (15.0, 25.9) <0.001

Time*Place of residence

2014*urban Reference

2014*rural �7.2 (�11.4, �3.0) 0.001

Time*Physical activity level

2016*Moderate physical activity Reference

2016*High physical activity �35.4 (�62.0, �8.8) 0.009

Time*BMI status (IOTF)

2014*Normal weight Reference

2014*Overweight 7.2 (1.6, 12.7) 0.012

2016*Normal weight Reference

2016*Morbid obesity 12.8 (3.9, 21.7) 0.005

Time*FBS category

2016*Normal Reference

2016*Low FBS �17.6 (�33.8, �1.4) 0.033

Time*Protein intake status

2016*within recommendation Reference

2016*above recommendation �7.2 (�12.8, �1.7) 0.010

BMI, body mass index; BP, blood pressure; CI, confidence interval, eGFR, estimated
glomerular filtration rate; GEE, generalized estimating equation; FBS, fasting blood
sugar; IOTF, International Obesity Task Force.
aPost backward elimination procedure. Results displayed were only for significant
interaction effect with P < 0.05. All interaction effects have been adjusted for sex,
household income, parental education level, birthweight category, history of high-risk
behavior (smoking, vaping, alcohol consumption, and illicit drug use), systolic BP,
diastolic BP, fasting blood sugar and dietary intake.
bStatistically significant (P < 0$05)
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recommended level had significantly higher eGFR than
their counterparts. However, this association was weak
(P ¼ 0.042). In Table 7, we present the covariates with
significant findings in the stratified analyses.
DISCUSSION

Kidney Function Trend Among the Students

Throughout the cohort, marked changes in the per-
centage of students with decreased eGFR were
observed. It was higher than a report in Turkey, where
only 2.92% of children aged 5 to 18 in their population
have CKD stage 2 (eGFR 60–89 ml/min per 1.73 m2).24

However, in that study, the kidney function was
assessed with urine protein and eGFR, which may have
contributed to the lower prevalence reported.
Although Saydah et al.7 reported a similar prevalence
for eGFR <90 ml/min per 1.73 m2 among adolescents
aged 12 to 18 years in the United States (34.6%), the
data was collected over 15 years from 1994 to 2009,
Kidney International Reports (2023) 8, 1965–1977
whereas our study was only for 5 years. Furthermore,
it involved a series of cross-sectional data analyses,
unlike ours, which was a cohort study. According to
the Kidney Disease Outcomes Quality Initiative
(KDOQI) guideline, the expected percentage of healthy
adults in the population with eGFR 60 to 89 ml/min per
1.73 m2 is 13.7% for those aged 20 to 39 years and
increased to 42.7% for those aged 40 to 59 years.25

Therefore, the percentage of students we observed in
2016, which has the same eGFR range as stated by the
KDOQI guidelines, is already similar to the expected
percentage for adults aged 40 to 59 years, which raised
a concern.

Accuracy of the Findings

Although that was the report from the KDOQI guide-
lines, the provided estimate was based on the adult
GFR estimation formula. However, none of the adult
equations to estimate GFR is suitable for adolescents26

because it tends to overestimate the eGFR in adoles-
cents.27,28 Therefore, the expected percentage deduced
by KDOQI can only be applied to adults. In a separate
1971



Figure 3. Students’ eGFR category throughoutthe cohort. eGFR, estimated glomerular filtration rate.
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analysis of the student’s eGFR status using 4 different
adult formulas, a higher percentage of adolescents with
hyperfiltration (eGFR $140 ml/min per 1.73 m2) were
detected when both the Chronic Kidney Disease
Epidemiology Collaboration formula was applied
(Supplementary Table S3), suggesting the eGFR over-
estimation effect. In a similar analysis, significant dif-
ferences in the prevalence of students’ kidney function
status were also observed, primarily when using the
Chronic Kidney Disease Epidemiology Collaboration
formula, the recommended formula for individuals
aged $18 years old. The big difference in the per-
centage of students with decreased eGFR 60 to 89 ml/
min per 1.73 m2 remains even though this formula was
used at the end of the adolescence phase when students
were aged 17 years in 2016. Pottel et al.27 found that
Figure 4. Median eGFR of different ethnic groups at different years in th
students observed from 2014 to 2016 resulted in a significant interaction

1972
the Chronic Kidney Disease Epidemiology Collaboration
(2009) equation was the culprit for the implausible
changes, where it overestimates GFR by 21 ml/min per
1.73 m2 during the adolescent-adult transition phase. In
a similar report, the Lund-Malmö-Revised equation
outperforms other equations with higher P30% and
lower biases, especially for calculating eGFR of
measured GFR >75 ml/min per 1.73 m2 during that
phase. This formula yielded the lowest z-value for
proportion differences in our earlier separate analysis
(Supplementary Table S3). Despite that issue with the
adult equation, the Schwartz equation underestimates
the “true” eGFR by 10%, especially among those with
GFR $90 ml/min per 1.73 m2,9 which may have
contributed to the high prevalence of students with
eGFR 60 to 89 ml/min per 1.73 m2 seen in this study.
e cohort. The differences in the eGFR between Malay and Chinese
effect in model 2. eGFR, estimated glomerular filtration rate.

Kidney International Reports (2023) 8, 1965–1977



Figure 5. Box plot illustrating the eGFR of the students based on place of residence at different timelines. The data showed a marked difference
between the upper quartile Q3 and median eGFR of urban and rural students in 2014 compared to the other 2 years. These differences may have
contributed to the significant interaction effects seen in 2014. eGFR, estimated glomerular filtration rate.
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Effects of Health and Lifestyle Factors on eGFR

The longitudinal analysis revealed greater eGFR
changes in the first half of the study. This reduction
rate exceeded the KDOQI guideline of 1 ml/min per
1.73 m2 per year.25 We hypothesized that it could be
related to puberty because the Italkid project has re-
ported that kidney function declines 10 times faster
after the pubertal growth spurt.29 The female students’
eGFR was also significantly higher than males in this
study, although it was expected to be 8% lower than
males at all ages, according to KDOQI.25 Two possible
explanations were suggested. We argue that the
Figure 6. Median eGFR of the students based on the level of physical activ
with high physical activity in 2016 resulted in a significant interaction effe

Kidney International Reports (2023) 8, 1965–1977
students’ eGFR changes may have started earlier, even
before the study, because eGFR changes could be
observed as early as 8 to 9 years old.30 Considering that
females attain menarche earlier than males,31 female sex
steroids protect the kidneys from further deteriora-
tion.32 Furthermore, male students were more active
throughout the study, resulting in increased creatinine
excretion through protein catabolism,33 which reduced
the eGFR. The effect of physical activity also may have
played a role in ethnic groups-eGFR changes seen in
this study. Indian students were the most active,
whereas Chinese students were the least active in the
ity along the cohort. The marked reduction of eGFR among students
ct in model 2. eGFR, estimated glomerular filtration rate.

1973



Figure 7. Median eGFR of the students based on body mass index category along the cohort. The marked reduction of eGFR seen among the
students with high physical activity in 2016 resulted in a significant interaction effect in model 2. eGFR, estimated glomerular filtration rate.

Table 7. Generalized estimating equation for the longitudinal relationship between eGFR, ethnicity, place of residence, BMI, and dietary intake
among adolescents in Peninsular Malaysia over 5 years, stratified by sexa

Classification eGFR (ml/min/1.73 m2)

Variables

Male Female

b 95% CI P b 95% CI P

Time

2012 Reference Reference

2014 �17.5 (�20.8, �14.2) <0.001 �15.4 (�18.3, �12.6) <0.001

2016 �27.2 (�30.7, �23.7) <0.001 �23.5 (�26.2, �20.9) <0.001

Ethnicity

Malay Reference Reference

Chinese �0.5 (�7.4, 6.4) 0.885 �1.5 (�7.9, 5.0) 0.661

Indian �6.0 (�12.9, 0.9) 0.088 �9.1 (�14.4, -3.8) 0.001

Others 0.4 (�7.9, 8.7) 0.917 �8.5 (�17.5, 0.4) 0.062

Place of residence

Urban Reference Reference

Rural �3.3 (�8.2, 1.7) 0.194 �11.3 (�14.7, �7.9) <0.001

BMI (IOTF)

Normal Reference Reference

Thinness grade 3 7.9 (�4.7, 20.5) 0.218 7.3 (�2.2, 16.8) 0.131

Thinness grade 2 2.2 (�4.7, 9.2) 0.533 6.9 (�0.1, 13.8) 0.053

Thinness grade 1 1.5 (�3.3, 6.4) 0.533 6.7 (2.4, 11.0) 0.002

Overweight 2.6 (�1.8, 7.0) 0.245 -0.8 (�4.8, 3.2) 0.691

Obesity �5.5 (�14.6, 3.6) 0.235 3.6 (�2.9, 10.1) 0.274

Morbid obesity �7.2 (�17.4, 2.9) 0.164 -11.8 (�21.7, -1.8) 0.021

Sodium intake

Within recommendation Reference Reference

Above recommendation �2.1 (�5.5, 1.3) 0.219 3.4 (0.5, 6.2) 0.021

Protein intake

Within recommendation Reference Reference

Above recommendation 4.3 (0.2, 8.5) 0.042 �1.5 (�5.1, 2.1) 0.423

BMI, body mass index; BP, blood pressure; CI, confidence interval; eGFR, estimated glomerular filtration rate; IOTF, International Obesity Task Force.
aAdjusted for household income, parental education level, history of high-risk behavior (smoking, vaping, alcohol consumption, and illicit drug use), birth weight category, level of
physical activity, systolic BP, diastolic BP, fasting blood sugar and dietary intake.
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study, possibly leading to the observation seen in In-
dian and Chinese students.

In this study, rural students had significantly lower
eGFR than urban students. The NHANES data and the
Chronic Kidney Disease in Children study found that
rural residents have a higher risk of CKD than urban
residents, linked to lower socioeconomic status.7,34 In
addition, the rural students in the current study had a
higher percentage of smokers, abnormal BP and obesity,
which is known to lower eGFR among adoles-
cents.30,35,36 We suggested that obesity-related glomer-
ulopathy resulting from overweight/obesity37 coincided
with the students in this study, which may explain why
the eGFR of the overweight or obese students showed
positive and negative changes in the longitudinal anal-
ysis. Contrarily, the students’ eGFR changed in parallel
to the birth weight in this study. Although low birth
weight was not significantly associated with changes in
eGFR in the longitudinal analysis, we observed that
their eGFR was lower than that of students with normal
birth weights. Evidence has shown that individuals
with low birth weight had higher odds of albuminuria
and low GFR,38 which is closely related to the number of
nephrons in their kidneys.39 Diet also affected eGFR in
this study. In 2016, students who consumed more pro-
tein had lower eGFRs. However, during the stratified
analyses, males who consumed more protein were
observed to have a higher eGFR. These variations in the
effect of protein on the kidney have been reported in
the populations elsewhere too.40 We hypothesized that
the variations were related to the type of protein intake,
whereas animal protein is CKD-risky, plant-type protein
is renoprotective.41

Although this study also found a significant rela-
tionship between high sodium intake and eGFR
changes in female students potentially related to
hyperfiltration,42 this finding needs cautious interpre-
tation. Because >20% of students were excluded and
there were disparities in sex distribution, we
acknowledge that the results may be biased and affect
the internal validity of this and other findings.43,44

Although the analysis showed that the data were not
missing completely at random and imputation can be
conducted to complete the data, our strategy of
obtaining the student’s actual eGFR without imputa-
tion led to the exclusion of a large number of students
who did not undergo kidney function assessment in all
3 years. However, we did not observe any difference in
the eGFR status between the selected and excluded
students, which is the outcome of this study.

Strengths and Limitations

The study’s power was maintained due to adequate
sample size, with a post hoc power analysis of 82.2%.
Kidney International Reports (2023) 8, 1965–1977
The students‘ selection bias was reduced by randomi-
zation and stratified sampling during the initial
recruitment strategy in the MyHeART study. Howev-
er, potential selection bias was introduced because
many students were excluded from the current study,
and there were disparities in the proportion of male
and female students between the selected and excluded
students. In addition, the study‘s kidney function
assessment method was a limitation. Without urine
protein evaluation in the study, the students’ “actual”
kidney function status cannot be determined. Our
study did not assess the type of protein (animal-based
or plant-based) consumed, which may explain the
longitudinal relationship between kidney function
changes and protein intake. Due to all these, we advise
that the findings from the study not be generalized to
all adolescent population worldwide, especially in
providing a clearer picture of the CKD status among
adolescents in the community. Having said that, we
strongly believe that these findings will be a good start
to provide some insight into the kidney status of ado-
lescents, especially in the Malaysian community.
Considering that this study was a prospective cohort
study, a relationship between the progression of kid-
ney function with its associated factors could be
generated. More importantly, students with decreased
kidney function were referred to a health clinic for
reevaluation. This step was essential to ensure stu-
dents‘ well-being. We also believe this study is novel
because it is the first in Asia.
Recommendations

Current research finding suggests a high prevalence of
decreased kidney function among adolescents with in
the community. Therefore, it should be highlighted as
a potential outcome of NCD risk factors even at a young
age. High-risk adolescents, including males, those from
rural areas, Indians and those who are overweight or
obese, should be screened for possible “early stage
CKD.” Because school-aged children spend most of
their time at school, implementing a robust integrated
school-based health program is needed.45 Enhancing
collaboration between related ministries and NGOs is
essential to ensure a properly monitored and evaluated
program.46 A pilot project to assess adolescent urine
albumin is recommended for future research. The
study‘s findings can be compared to the current study
to assess the country’s school-aged adolescent kidney
status. The current practice of abrupt changes from the
Schwartz equation to the Chronic Kidney Disease
Epidemiology Collaboration formula during the
adolescent-adulthood transition may require further
evaluation.
1975
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CONCLUSIONS

A high percentage of Malaysian adolescents aged 13 to
17 years showed decreased kidney function. The kid-
ney function declined faster than usual, and these
changes are potentially associated with multiple non-
modifiable and modifiable NCD risk factors. Adoles-
cents who are morbidly obese at 13 to 17 years old
presented with lower eGFR, possibly related to obesity-
related glomerulopathy. The kidney function changes
during this period were also associated with the ado-
lescent’s dietary intake, including protein and sodium
intake. These findings should alert the public, parents,
and stakeholders that if children continue to adopt
unhealthy lifestyles from a young age, their kidney
health may be affected. Therefore, more comprehensive
prevention efforts from various stakeholders are
required to identify health issues such as CKD, not only
among adults but also among children and adolescents,
the world’s future population.
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