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Body fat indicators perform better than body mass index in
identifying abnormal lipid profiles in boys but not in girls
Haibo Li1, Tao Huang2, Junting Liu3, Yinkun Yan3, Xiaoyuan Zhao3, Pei Xiao1 and Jie Mi1,4, on behalf of the China Child
and Adolescent Cardiovascular Health (CCACH) Collaboration Group

BACKGROUND: BMI as a body weight indicator, may inadequately represent the biological effect of body fat on lipid profiles. This
study aims to assess whether body fat indicators were superior to BMI for recognizing children with dyslipidemia.
METHODS: A nationwide cross-sectional study involving 8944 pediatric participants aged 6–18 years. Measures of fat mass index
(FMI), fat mass percentage (FMP), BMI, and four lipid profiles were obtained.
RESULTS: Among boys, the standard multi-linear regression coefficients of FMI for TC, LDL-C, and TG were higher than those of BMI
(P < 0.01), but not for HDL-C. Also, the prevalence ratios and area under curves (AUCs) of excess fat classified by FMI for specific
abnormal lipid profiles (except for HDL-C) were greater than overweight classified by BMI. The AUCs for detecting children with
abnormal TC, LDL-C, and TG of FMI-based excess fat were 3.9%, 5.6%, and 2.8% higher than those of BMI-based overweight,
respectively, all P < 0.01. Among girls, the associations of BMI with lipid profiles were substantially similar to FMI. All these results
were almost identical when FMP was used instead of FMI.
CONCLUSIONS: DXA measured body fat performs better than BMI in identifying abnormal lipid profiles in boys but not in girls.
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INTRODUCTION
Childhood lipid disorders track into adulthood and predict adult
dyslipidemia,1–3 which has been associated with an increased
burden of atherosclerosis and risk of cardiovascular diseases
(CVDs).4,5 Therefore, it is essential to identify children at high risk
for abnormal lipids.
The association between high childhood adiposity and

abnormal lipid concentrations are well documented.6–9 The
American Academy of Pediatrics (AAP) and the National Heart,
Lung, and Blood Institute (NHLBI) has recommended fasting lipid
profile screening for children with overweight (estimated by body
mass index (BMI) ≥ 85th), and either dietary intervention or
pharmacologic management may be warranted.10,11 Thus, a
child’s BMI may influence clinical decisions, BMI measures that
exceed the normal range may trigger clinical intervention
strategies.
Nevertheless, the American Association of Clinical Endocrinol-

ogists and American College of Endocrinology (AACE/ACE) had
proposed in 2014: “The thrust of the final recommendations is to
recognize that obesity is a complex, adiposity-based chronic
disease”.12 BMI as a body weight indicator does not distinguish
between fat and lean mass and has limitations in estimating
adiposity.13 Importantly, with increasing BMI girls develop more
total fat and fat deposits in the arms and legs, whereas
boys develop more total lean and muscle mass during the
pubertal period.14,15. Thus, BMI may inadequately represent the
biological effect of body fat on lipid profiles.16,17 Also, it is not
uncommon for a child with a BMI within the normal range to have

dyslipidemia.18 The above studies call for a more precise approach
to assess children’s adiposity and its relation with lipid profiles in
clinical practice. Currently, little is known on whether directly
measured adiposity indexes are better than BMI to discriminate
children with abnormal lipid profiles.
In the current study, data from a national wide sample of China

youths was used, to estimate the relation between adiposity and
lipid concentrations more precisely, and to assess whether fat
mass index (FMI) and fat mass percentage (FMP) are superior to
BMI regarding the ability to identify children with abnormal lipid
profiles.

METHODS
Participants
The China Child and Adolescent Cardiovascular Health (CCACH)
study was a large, nationwide and multicenter observational study
conducted from 2013 to 2015, designed to examine cardiovas-
cular health, body composition and bone mineral density among
Chinese children and adolescents. Details of the design and
methods of the CCACH study have been described previously.19 In
the present study, we excluded participants who had missing data
on BMI (n= 75) and serum lipid (n= 698) measures and those
with diabetes or kidney or thyroid disease (n= 37). A total of 8944
(91.7%) children (4486 boys and 4458 girls) aged 6–18 years with
body fat data were included in the present study. The study was
approved by the Research Ethics Committee of the Capital
Institute of Pediatrics of China. The written informed consent
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documents for children were obtained from their parents or
guardians.

Questionnaire
Dietary behaviors for the past 12 months were assessed by using a
food frequency questionnaire. A healthy diet was defined to
include the following 5 components: (1) bean-curd or soybean
products (≥1 time/day); (2) fruits and vegetables (≥1 time/day); (3)
fish or fish products (≥1 time/week); (4) sugar-sweetened
beverage (<1 time/week); and (5) salty snacks (<1 time/day),
participants were classified as poor or intermediate diet (0–3
components), and ideal diet (4–5 components) based on the
number of components they achieved. Ideal physical activity (PA)
was defined by daily frequencies of 30-min moderate or vigorous
PA beyond school physical education.20 Smoking and drinking
status was categorized as never, attempt, or current.

Anthropometric measurement
Height was measured using wall-mounted stadiometers without
shoes, degree of accuracy was 0.1 cm. Weight was measured using
beam scales with light indoor clothing and without shoes, degree
of accuracy was 0.1 kg. BMI was calculated as weight (kg) divided
by the square of height (m2). BMI sex- and age-specific z-scores
were calculated, and the World Health Organization (WHO) child
growth standard21 was also used to classify BMI as non-
overweight and overweight (including obesity).

Body fat measurement
The whole-body dual-energy X-ray absorptiometry (DXA) was
performed using Hologic Discovery (A,W and Wi) fan-beam
densitometers (Hologic, Bedford, Massachusetts). Hologic Apex
software Version 4.0 was used to analyze DXA scans. The
coefficient of variation (CV) was used as the quality control
procedure. CVs of A, W and Wi were 0.471%, 0.302%, and 0.358%,
respectively. Quality control was maintained throughout the DXA
data collection and scan analysis according to International
Society for Clinical Densitometry (ISCD) recommendations.22 FMI
was calculated as total fat mass (kg) divided by the square of
height (m2), and FMP was calculated as total fat mass (kg) divided
by the weight (kg). Excess fat was defined as FMI or FMP greater
than or equal to the sex- and age-specific internal smoothed 75th
percentile,19 respectively.

Lipid measurement
After an overnight fast of at least 12 h, blood samples were
collected from participant’s antecubital vein in the morning and
then were transfused into vacuum tubes containing ethylenedia-
mine tetraacetic acid. Blood specimens were centrifuged at
2000 × g for 10min within 1 h of the collection at room
temperature, and then aliquoted and frozen at −80℃. Plasma
specimens collected in each center were shipped by air in dry ice
to the central clinical laboratory of Capital Institute of Pediatrics in
Beijing, where the specimens were stored at −80℃ until
laboratory assays were performed. Total cholesterol (TC), triglycer-
ides (TG), low-density lipoprotein cholesterol (LDL-C) and high-
density lipoprotein cholesterol (HDL-C) were analyzed by the
direct method (Sekisui Medical Inc., Tokyo, Japan). The intra-assay
CVs for TC, LDL-C, TG, and HDL-C were 1.59%, 1.63%, 1.92%, and
1.18% respectively, while the inter-assay CVs were 1.87%, 2.79%,
1.95%, and 2.38%.
Abnormal lipid concentrations were defined as follows: TC ≥

200mg/dL, LDL-C ≥ 130 mg/dL, and TG ≥ 110mg/dL (if <10 years)
or ≥130mg/dL (if ≥ 10 years), were considered above normal
levels. HDL-C < 40mg/dL was considered below normal levels.10,11

Statistical analysis
Measurement data were expressed as Mean (SD) or medians
(interquartile range), differences among two groups were

analyzed by Student’s t-test or Mann–Whitney U test. The TG
levels were positively skewed and thus natural log-transformed to
normalize their distribution. Qualitative data were described as
number of subjects (%) and analyzed using Chi-square (χ2) test.
Due to the characteristics are different between boys and girls, we
performed the analysis by sex.
The pubertal stage was not measured in the CCACH study.

According to previously Chinese children’s studies reported the
median ages at attainment of testicular volume of 4 mL or greater
in boys23 and Tanner stage 2 of breast development in girls,24 age
in here was divided into two groups: (1) boys < 11 years, girls < 10
years (representing pre-puberty); (2) boys ≥ 11 years, girls ≥ 10
years (representing puberty and post-puberty), in an effort to
reflect the pubertal period.
To assess the relation of BMI, FMI, and FMP with lipid

concentrations, sex (and age)-specific correlation analyses and
multivariable linear regression models were used adjusted for
possible confounding effects of age, study center, smoking,
alcohol drinking, diet, and physical activity. We further conducted
analyses with mutual adjustment for the BMI and FMI/FMP to
evaluate their independent associations with lipid profiles
(simultaneous models). To examine sex and age differences in
the relationships, multivariable models that included a variable to
represent the interaction between adiposity indicators and sex or
age groups were used. In all linear models, BMI, FMI, FMP, and
lipid concentrations were used on their SD scale (since there is a
wide age range, sex- and age-specific z-scores were calculated, for
TG z-score of log-transformed values), so that the magnitude of

Table 1. Characteristics of the study pediatric population aged 6–18
years by sex, 2013–2015

Variables Overall Boys Girls P-value

Sample size, n 8944 4486 4458

Age, y 12.8 ± 3.7 12.7 ± 3.7 13.0 ± 3.8 <0.001

BMI, kg/m2 19.7 ± 4.1 20.1 ± 4.4 19.4 ± 3.7 <0.001

FMI, kg/m2 6.0 ± 2.5 5.6 ± 2.6 6.4 ± 2.2 <0.001

FMP, % 29.5 ± 7.3 26.8 ± 7.7 32.3 ± 5.7 <0.001

TC, mg/dL 148.2 ± 29.0 146.5 ± 28.7 149.9 ± 29.1 <0.001

LDL-C, mg/dL 83.3 ± 24.1 82.3 ± 23.6 84.3 ± 24.4 <0.001

TG, mg/dL 57.6 (40.7,
80.6)

54.9 (38.9,
80.4)

59.3 (42.5,
81.5)

<0.001

HDL-C, mg/dL 54.3 ± 11.1 53.3 ± 11.0 55.4 ± 11.1 <0.001

Overweight classified
by BMI, n (%)

2478 (27.7) 1581 (35.2) 897 (20.1) <0.001

FMI ≥ 75th, n (%) 2697 (30.2) 1406 (31.3) 1291 (29.0) 0.015

FMP ≥ 75th, n (%) 2566 (28.7) 1311 (29.2) 1255 (28.2) 0.272

High TC, n (%) 420 (4.7) 190 (4.2) 230 (5.2) 0.044

High LDL-C, n (%) 337 (3.8) 146 (3.3) 191 (4.3) 0.012

High TG, n (%) 721 (8.1) 384 (8.6) 337 (7.6) 0.089

Low HDL-C, n (%) 728 (8.1) 438 (9.8) 290 (6.5) <0.001

Never smoked, n (%) 8204 (91.7) 3949 (88.0) 4255 (95.4) <0.001

Never drank, n (%) 6990 (78.2) 3362 (74.9) 3628 (81.4) <0.001

Ideal diet, n (%) 2740 (30.6) 1422 (31.7) 1318 (29.6) 0.030

Ideal physical activity,
n (%)

2620 (29.3) 1525 (34.0) 1095 (24.6) <0.001

BMI body mass index, FMI fat mass index, FMP fat mass percentage, HDL-C
high-density lipoprotein cholesterol, IQR interquartile range, LDL-C low-
density lipoprotein cholesterol, TC total cholesterol, TG triglycerides
Measurement data were expressed as mean ± SD or medians (IQR),
differences among genders were analyzed by Student’s t-test or
Mann–Whitney U test. Qualitative data were described as number of
subjects (%) and analyzed using Chi-square (χ2) test as indicated

Body fat indicators perform better than body mass index in identifying. . .
H Li et al.

618

Pediatric Research (2019) 85:617 – 624

1
2
3
4
5
6
7
8
9
0
()
;,:



regression coefficients between models was standardized and
directly comparable. The bootstrap method also was used to test
the equivalence of coefficients between models.25 Furthermore,
log-binomial regression models and receiver operating character-
istic curves (ROCs) were conducted to assess the capacity of BMI
and body fat status for recognizing specific abnormal lipid profiles,
and COPY method that was primarily developed to overcome
non-convergence of log-binomial regression models.26

Statistical significance was defined as a two-tailed P value ≤
0.05. Data management and all analyses were performed using R
software, version 3.4.3 (http://www.R-project.org).

RESULTS
Subject characteristics
In 8944 children aged 6–18 years, when BMI was used to define
weight status, 27.3% children (33.4% boys, 21.1% girls) were
overweight (including obesity). There were 28.7% children (29.2%
boys, 28.2% girls) who had excess fat defined by FMI, and the
percentages were similar for FMP. Approximately 18.8% of the
total sample had dyslipidemia (4.7% high TC, 3.8% high LDL, 8.1%
high TG, and 8.1% low HDL). The prevalence of adverse TC and
LDL was greater in girls than boys, whereas boys had higher
adverse HDL rate (P < 0.05). No statistically significant sex
difference in high TG was found (P= 0.089, Table 1). BMI increased
with age for both genders. FMI constantly increased during 6–18
years for girls, while increased until about 11 years and decreased
after that for boys. FMP did not change essentially before 10–11

years for both genders, after that, FMP increased for girls but
decreased for boys (Supplementary Figure S1 (online)).

The relationships of BMI, FMI, and FMP to lipid profiles
For BMI categories, compared with non-overweight youth, youth
with overweight (including obesity) had a higher TC, TG and LDL,
lower HDL levels, and higher prevalence of each specific abnormal
lipid (P < 0.01, Supplementary Table S1 (online)). For FMI
categories, significant differences of lipid profiles were also
observed between youth with and without excess fat (P < 0.01,
Supplementary Table S2 (online)).
Correlations and linear regressions showed that BMI and FMI

were positively associated with plasma TC, LDL-C, and TG, and
inversely associated with HDL-C in both genders (all z-scores, P <
0.01, Figs 1 and 2, Table 2). The standard multi-linear regression
coefficients (beta) of BMI z-score and FMI z-score for each lipid
profiles (except for HDL-C) were consistently lower in girls than in
boys (P for interaction < 0.05). Among boys, the adjusted standard
regression coefficients of FMI z-score for TC, LDL-C, and TG were
higher than that of BMI z-score (P < 0.01), but not for HDL-C (P >
0.05). Differences between increments per 1 unit of FMI z-score
and BMI z-score for TC, LDL-C, TG, and HDL-C (all z-scores) were
0.062, 0.054, 0.048, and 0.01, respectively. Whereas among girls,
BMI z-score was substantially similar to FMI z-score on the
association strength with lipid profiles (Table 2). After mutual
adjustment, beta coefficients of BMI z-score with TC, LDL-C, and
TG, FMI z-score with HDL were substantial reversed or attenuated
in both genders (Supplementary Table S3 (online)). The
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associations of BMI z-score, and FMI z-score with TC and LDL-C
were stronger in the older (boys ≥ 11 years, girls ≥ 10 years) than
in the younger age group (boys < 11 years, girls < 10 years) (P for
interaction < 0.05). The differences between increments per 1 unit
of FMI z-score and BMI z-score for lipid profiles (except for HDL-C)
in older boys were greater than in younger boys (Supplementary
Table S4 (online)).
Moreover, analyses of overweight and excess fat with specific

abnormal lipid profiles using log-binomial regression models and
ROCs revealed consistent results. The prevalence ratios (PRs) and
area under curves (AUCs) of excess fat classified by FMI for specific
abnormal lipid profiles (except for HDL-C) were higher than
overweight classified by BMI in boys but not in girls (Tables 3
and 4). In boys, the AUCs for detecting children with abnormal TC,
LDL-C, and TG of FMI-based excess fat were 3.9%, 5.6%, and 2.8%
higher than of BMI-based overweight, respectively, all P < 0.01.
All these results were almost identical when using FMP instead

of FMI (Tables 2–4, Supplementary Figure S2 (online), Supple-
mentary Tables S2-S4 (online)).

Associations between obesity types and specific abnormal lipid
profiles
Among boys, compared those with non-overweight (classified by
BMI) and non-excess fat (classified by FMI), after adjusting for
confounders, excess fat boys without overweight demonstrated
significantly increased risks of having high TC, LDL, and TG (PRs:
3.07, 4.72, and 4.02, all P < 0.05), but almost no risk increased in

overweight boys without excess fat (PRs: 0.65, 0.85, and 1.65, all
P > 0.05). In contrast, those with overweight or excess fat showed
similar prevalence rates among girls (Table 5). Again, analyses that
used FMP instead of FMI to define excess fat gave similar but
slightly weak results (Supplementary Table S5 (online)).

DISCUSSION
In this large nationwide cross-sectional study, we explored
whether FMI and FMP were superior over BMI in identifying
children with abnormal lipid profiles. Our findings indicated that
FMI and FMP exhibited stronger associations to TC, LDL, and TG,
suggesting body fat indicators were better than BMI in identifying
abnormal lipid profiles in boys and were roughly equivalent to BMI
in girls. In addition, the associations of BMI, FMI, and FMP with
lipid profiles were more closely in boys than in girls.
Compelling epidemiologic studies6–9,16,27–29 show youths with

overweight or excess fat are more likely to have abnormal lipid
profiles, which can be partially explained by the increased burden
of adiposity-related insulin resistance and leptin resistance.30,31

Unfortunately, previous studies mostly used weight status
indicators6–8,28,29 to assess adiposity and did not evaluate whether
body fat indexes were better than weight status indicators to
discriminate children with dyslipidemia. In 2015, a Brazilian study
suggested BMI had little utility as screening tools for dyslipidemia
in children.29 Recently, another cross-sectional study involving 840
children and adolescents (6–18 years) from Brazil reported that
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Table 2. Estimated increments in each lipid levels per 1 unit of BMI,
FMI, and FMP (all z-scores) in boys and girls

Boys Girls

β P-value β P-value

TC (z-score)

BMI (z-score) 0.13 <0.001 0.05 0.001

FMI (z-score) 0.19* <0.001 0.07 <0.001

FMP (z-score) 0.21* <0.001 0.09* <0.001

LDL-C (z-score)

BMI (z-score) 0.23 <0.001 0.12 <0.001

FMI (z-score) 0.29* <0.001 0.14 <0.001

FMP (z-score) 0.29* <0.001 0.15 <0.001

TG (z-score)a

BMI (z-score) 0.31 <0.001 0.19 <0.001

FMI (z-score) 0.35* <0.001 0.21 <0.001

FMP (z-score) 0.33 <0.001 0.18 <0.001

HDL-C (z-score)

BMI (z-score) −0.28 <0.001 −0.20 <0.001

FMI (z-score) −0.27 <0.001 −0.19 <0.001

FMP (z-score) −0.23* <0.001 −0.13* <0.001

Models adjusted for age, study center, smoking, alcohol drinking, diet, and
physical activity
BMI body mass index, FMI fat mass index, FMP fat mass percentage, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein choles-
terol, TC total cholesterol, TG triglycerides
az-score of log-transformed values
*P < 0.05, indicating significantly different beta coefficients between FMI or
FMP and BMI

Table 3. Estimated PRs for specific abnormal lipid profiles of
overweight or excess fat classified by BMI, FMI, and FMP in boys and
girls

Boys Girls

PR 95% CI PR 95% CI

High TC

Classified by BMI 1.51 1.15–1.99 1.27 0.95–1.69

Classified by FMI 2.20 1.67–2.90 1.26 0.97–1.63

Classified by FMP 2.20 1.67–2.89 1.31 1.00–1.70

High LDL-C

Classified by BMI 2.55 1.84–3.55 1.94 1.44–2.60

Classified by FMI 3.98 2.83–5.59 1.70 1.29–2.25

Classified by FMP 3.76 2.70–5.24 1.55 1.17–2.06

High TG

Classified by BMI 4.07 3.30–5.03 2.22 1.81–2.73

Classified by FMI 5.09 4.12–6.29 2.24 1.83–2.74

Classified by FMP 4.50 3.68–5.50 1.98 1.61–2.43

Low HDL-C

Classified by BMI 2.64 2.21–3.15 2.37 1.89–2.97

Classified by FMI 2.42 2.03–2.88 2.07 1.66–2.58

Classified by FMP 2.13 1.79–2.54 1.94 1.55–2.43

BMI body mass index, FMI fat mass index, FMP fat mass percentage, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein choles-
terol, TC total cholesterol, TG triglycerides, PR prevalence ratio
Prevalence ratios were calculated by overweight or excess fat compared to
those who non-excess, classified by BMI, FMI, and FMP
Models adjusted for age, study center, smoking, alcohol drinking, diet, and
physical activity

Table 4. Performance of overweight or excess fat classified by BMI, FMI, and FMP in relation to specific abnormal lipid profiles based on ROC curve
analysis

Boys Girls

SEN,
%

SPE,
%

PPV,
%

NPV,
%

AUC (95% CI),
%

P value
for AUC
difference

SEN,
%

SPE,
%

PPV,
%

NPV,
%

AUC (95% CI),
%

P value
for AUC
difference

High TC

Classified by BMI 50.5 65.4 6.1 96.8 58.0(54.3–61.6) Reference 25.7 80.2 6.6 95.2 52.9(50.0–55.8) Reference

Classified by FMI 54.2 69.7 7.3 97.2 61.9(58.3–65.6) 0.002 35.7 71.4 6.4 95.3 53.5(50.4–56.7) 0.640

Classified by FMP 51.6 71.8 7.5 97.1 61.7(58.0–65.3) 0.010 35.7 72.3 6.5 95.4 54.0(50.8–57.1) 0.486

High LDL-C

Classified by BMI 60.3 65.6 5.6 98.0 62.9(58.9–67.0) Reference 34.0 80.5 7.2 96.5 57.3(53.8–60.7) Reference

Classified by FMI 67.1 69.9 7.0 98.4 68.5(64.6–72.4) <0.001 43.5 71.7 6.4 96.6 57.6(54.0–61.2) 0.823

Classified by FMP 63.7 71.9 7.1 98.3 67.8(63.8–71.8) 0.005 40.8 72.4 6.2 96.5 56.6(53.1–60.2) 0.691

High TG

Classified by BMI 69.5 68.0 16.9 96.0 68.7(66.3–71.2) Reference 38.9 81.4 14.6 94.2 60.1(57.5–62.8) Reference

Classified by FMI 70.6 72.3 19.3 96.3 71.5(69.1–73.8) 0.002 48.1 72.6 12.5 94.5 60.3(57.6–63.1) 0.852

Classified by FMP 65.4 74.2 19.1 95.8 69.8(67.3–72.2) 0.341 42.7 73.0 11.5 94.0 57.9(55.2–60.6) 0.048

Low HDL-C

Classified by BMI 55.3 66.9 15.3 93.3 61.1(58.6–63.5) Reference 39.0 81.2 12.6 95.0 60.1(57.2–63.0) Reference

Classified by FMI 51.6 70.8 16.1 93.1 61.2(58.8–63.7) 0.881 45.9 72.2 10.3 95.0 59.0(56.1–62.0) 0.295

Classified by FMP 45.9 72.6 15.3 92.5 59.2(56.8–61.7) 0.101 42.8 72.9 9.9 94.8 57.8(54.9–60.7) 0.063

AUC area under curve, BMI body mass index, FMI fat mass index, FMP fat mass percentage, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, NPV negative predictive value, PPV positive predictive value, ROC receiver-operating characteristic curve, SEN sensitivity, SPE specificity,
TC total cholesterol, TG triglycerides
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FMP assessed by multi-frequency bioelectrical impedance analysis
was superior to both BMI and waist-to-height ratio in identifying
unfavorable lipid profiles among girls,27 but these indicators only
classified obesity (≥95th) to evaluate non-HDL-C distribution.
However, inconsistent results were observed in overweight or
obese youths.32,33 In the present study, body fat was measured by
DXA, which is one of the gold standards for body composition
assessment and have a greater capacity to discriminate between
fat and lean mass.34 Our results further indicated that DXA-
assessed FMI and FMP were more closely associated with TC, LDL-
C, and TG than BMI among boys.
The AAP and NHLBI guidelines10,11 recommend dietary or

pharmacologic intervention for children based on TC and/or LDL-C
thresholds, but rarely recommend any treatment for children with
abnormal TG or HDL-C levels. Both Lee et al.17 and our study
demonstrated that BMI was adequately capable of detecting
abnormal TG and HDL-C in children, but not abnormal TC and
LDL-C. Moreover, owing to the invasiveness and high cost of blood
lipid examination, targeting the genuinely high-risk children for lipid
screening is particularly critical. Conveniently, body fat measure-
ments are widely used owing to the low cost and high expediency.35

Taken together, these findings suggest identifying children who
need lipid examination and management based on body fat rather
than weight status may be more precise and cost-effective.
We also observed that adiposity indexes were more strongly

correlated with lipid profiles in boys than in girls, which were
supported by previous studies.16,27 Girls versus boys were proven
to have more subcutaneous fat and peripheral regional fat,14

which confer lower health risks than visceral fat and abdominal
fat.36,37 In addition, girls also have a higher physiological level of
estrogens that play important roles in preventing lipid disorder
according to data in vitro and in vivo.38 Therefore, the differences
in fat distribution and estrogen level between boys and girls may

be responsible for gender differences in the association strength,
and may also partly explain the better performance of FMI and
FMP than BMI in identifying unfavorable lipid profile mainly in
boys.
The relation between adiposity indicators and lipids also differed

among age groups, as FMI and FMP versus BMI were more strongly
associated with lipid profiles in older boys (≥11 years, representing
puberty and post-puberty). These findings are biologically plausible.
First, lipid concentrations vary in the pubertal period.39 Second,
previous and our studies show BMI is rising during the pubertal
period in both genders, but FMI and FMP increase in girls and
decrease in boys.14,15 These results suggest BMI is more inappropri-
ate to evaluate adiposity and health risks in pubertal and post-
pubertal boys. The findings on sex and age differences suggest lipid
screening in boys or older teens based on body fat status rather
than BMI may be more useful.
However, both obesity and dyslipidemia are complex, multi-

factorial diseases with genetic, epigenetic and environmental
components.40 Lipid concentrations in children and adolescents
are not all related to obesity.18 It should also be noted HDL-C is
usually inversely related to adiposity. However, why body fat did
not perform better than BMI in associations with HDL-C found in
the present study may require further investigation.
Strengths of the current study include the large sample size,

accurate measurement of body fat by DXA. In addition, the study
included a nationwide sample of Chinese children with general-
izability which had a wide range of BMI, FMI, FMP and lipid
profiles. This study also has some potential limitations that
deserve consideration. First, there is no clear definition of excess
body fat in children. We defined high adiposity based on the
CCACH 2013 to 2015 internal smoothed 75th percentile of FMI or
FMP, which may be an inaccurate assumption. Second, data on
pubertal stage was unavailable and cannot be accounted for, but

Table 5. Estimated prevalence, and PRs for specific abnormal lipid profiles according to different obesity types (combinations of BMI and FMI
categories) in boys and girls

BMI FMI Boys Girls

Overweighta Excess fat n (%)b PR 95% CI n (%)b PR 95% CI

High TC

− − 79 (2.9) 1.00 Reference 141 (4.6) 1.00 Reference

+ − 8 (2.3) 0.62 0.30–1.27 7 (8.4) 1.68 0.83–3.41

− + 15 (8.8) 2.99 1.78–5.03 30 (6.3) 1.29 0.88–1.90

+ + 88 (7.1) 1.98 1.48–2.65 52 (6.4) 1.28 0.94–1.74

High LDL-C

− − 43 (1.6) 1.00 Reference 103 (3.3) 1.00 Reference

+ − 5 (1.4) 0.85 0.34–2.13 5 (6.0) 1.71 0.72–4.07

− + 15 (8.8) 4.77 2.70–8.42 23 (4.8) 1.25 0.80–1.96

+ + 83 (6.7) 3.78 2.63–5.44 60 (7.4) 2.03 1.49–2.77

High TG

− − 94 (3.4) 1.00 Reference 166 (5.4) 1.00 Reference

+ − 19 (5.5) 1.54 0.95–2.49 9 (10.8) 1.59 0.86–2.94

− + 23 (13.5) 3.92 2.54–6.05 40 (8.4) 1.79 1.29–2.49

+ + 248 (20.1) 5.62 4.47–7.07 122 (15.0) 2.51 2.02–3.13

Low HDL-C

− − 174 (6.4) 1.00 Reference 151 (4.9) 1.00 Reference

+ − 38 (11.0) 2.15 1.55–2.98 6 (7.2) 1.29 0.59–2.80

− + 22 (12.9) 1.63 1.08–2.47 26 (5.5) 1.20 0.80–1.80

+ + 204 (16.5) 2.90 2.40–3.50 107 (13.1) 2.54 2.01–3.22

BMI body mass index, FMI fat mass index, FMP fat mass percentage, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, TC
total cholesterol, TG triglycerides, PR prevalence ratio
Models adjusted for age, center, smoking, alcohol drinking, diet, and physical activity
aOverweight including obesity
bn (%), number of specific abnormal lipid cases (prevalence, %)
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we did use two age groups in an effort to reflect the pubertal
period. Third, family history of hypercholesterolemia explains a
large percentage of the variance in lipid concentrations, and the
AAP and NHLBI screening guidelines10,11 for youths also mention
the family history as a potential risk factor. Unfortunately, we did
not obtain information on the family history, which may lead to
overestimate the observed associations. Fourth, despite the large
sample size and age span, we cannot examine the relationship
between obesity indicators and lipid profiles in children aged 2–6
years.
In conclusion, DXA-assessed body fat is superior over BMI in

identifying boys with abnormal lipid profiles. Further studies are
warranted to prospectively evaluate the impact of lowering body
fat on lipid disorders.
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