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Central obesity may affect bone 
development in adolescents: association 
between abdominal obesity index ABSI 
and adolescent bone mineral density
Rubing Lin1†, Yuao Tao2†, Chuang Li3, Feifei Li4, Zijian Li5, Xingyu Hong6* and Yantong Liu7* 

Abstract 

Purpose Previous studies have suggested that obesity defined by body mass index(BMI) is a protective factor 
for bone mineral density(BMD), but have overlooked the potential influence of different types of obesity. This study 
aims to evaluate the correlation between abdominal obesity index A Body Shape Index(ABSI) and adolescent bone 
density, and analyze the relationship between abdominal obesity and bone metabolism.

Methods A total of 1557 adolescent participants were included in NHANES from 2007 to 2018. Calculate the ABSI 
using a specific formula that takes into account waist circumference and BMI. A weighted multiple linear regression 
model is used to evaluate the linear correlation between ABSI and BMD. Forest plots are used to analyze the correla-
tions between subgroups, and cubic splines are limited to evaluate the nonlinear correlations and saturation effects 
between ABSI and BMD.

Results After adjusting for confounding factors, there was a significant linear correlation (P < 0.01) between ABSI 
and femoral BMD, both as a continuous variable and an ordered categorical variable. The restrictive cubic spline curve 
indicates a significant nonlinear correlation and saturation effect between adolescent ABSI and BMD.

Conclusion Research has shown a significant negative correlation between ABSI and BMD at the four detection 
sites of the femur, and this correlation may vary slightly due to age, race, family income, and different detection sites. 
The research results indicate that compared to overall body weight, fat distribution and content may be more closely 
related to bone metabolism.
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Introduction
Osteoporosis is a disease characterized by reduced bone 
mineral density(BMD) and increased fragility, and it is 
the most common bone disease in adults, with signifi-
cant incidence and mortality rates, bringing about a con-
siderable disease and economic burden globally [1, 2]. 
Childhood and adolescence are crucial periods for the 
accumulation of bone mass and structure, forming the 
foundation for strong adult bones [3]. Studies show that 
bone mass is likely to track from adolescence, meaning 
individuals will maintain their ranked positions within 
the distribution of a studied cohort over time [4, 5]. 
Therefore, BMD in children and adolescents has a signifi-
cant impact on adult peak bone mass.

Obesity is a condition resulting from excessive body 
fat [6] and has been linked to diabetes and cardiovascu-
lar disease. It is estimated that approximately 14.4 million 
children and adolescents in the United States are affected 
by obesity [7]. Body Mass Index (BMI) is traditionally 
used as the primary method to assess obesity and is sig-
nificantly associated with higher rates of cardiovascular 
disease and mortality [8]. However, many studies have 
shown a significant positive correlation and saturation 
effect between BMI and BMD [9, 10]. Some researchers 
believe that BMI as a marker for overall obesity cannot 
differentiate between general obesity and central obesity. 
Studies have suggested that central obesity might be neg-
atively associated with bone development in children and 
adolescents [11, 12], but currently there is a lack of an 
effective index to assess the association between central 
obesity and bone density in adolescents.

The A Body Shape Index (ABSI) was designed by 
Krakauer NY et  al [13] as a new anthropometric index 
independent of height, weight, and BMI. Compared with 
BMI, which cannot distinguish the content of fat and 
muscle, ABSI is a central obesity indicator that could 
better assess fat content and has been found to be sig-
nificantly associated with various disease risks [14–17].
For example, BMI, as a general obesity index, was found 
not to be associated with higher mortality in diabetic 
patients, but the abdominal obesity index ABSI showed a 
positive correlation [14], which showed the superiority of 
abdominal obesity in predicting the incidence and mor-
tality of some diseases. In addition, ABSI has also proved 
a strong ability to predict cardiovascular disease in the 
adolescent population [18]. However, there are currently 
no reports on the association between ABSI and BMD in 
adolescents, and there is a lack of research to evaluate the 
relationship between abdominal obesity and bone devel-
opment in adolescents, thus, a new indicator is urgently 
needed to establish the relationship between the two. 
This study aims to investigate the association between 
ABSI and BMD by analyzing data from the National 

Health and Nutrition Examination Survey (NHANES) 
conducted in the United States from 2007 to 2018.

Method
Study population
The data for this study all come from the National Health 
and Nutrition Examination Survey conducted in the 
United States from 2007 to 2018 (Fig. 1). This is a nation-
wide study supervised and approved by the National 
Center for Health Statistics Ethics Review Committee, 
and all participants provided written informed consent. 
Out of the initial 40,115 participants, those who (1) were 
not aged between 12 and 19 years (n = 34,912), (2) had 
missing BMD data for the femur (n = 2993), (3) had miss-
ing ABSI data (n = 15), and (4) had missing data for other 
covariates (n = 638) were excluded. In the end, a total of 
1,557 participants were included in this study.

Study variables
This study included BMD measurements at four loca-
tions: the total femur, femoral neck, femoral trochanter, 
and the intertrochanter BMD, all obtained using a dual-
energy X-ray absorptiometry (DXA) scanner. The cal-
culation formula for the ABSI is as follows, which is 
calculated by dividing waist circumference(WC) by the 
product of BMI to the two-thirds power and the square 
root of height. Other covariates included:

(1) Demographic variables: Age (12–19 years old), 
gender (male/female), race (Mexican American, 
Other Hispanic, Non-Hispanic White, Non-His-
panic Black, Other race), ratio of family income to 
poverty (PIR, < 1.3, 1.3–3.5, > 3.5). The calculation 
method of PIR is to divide household (or individual) 
income by the poverty guidelines specific to the 
survey year. The Department of health and human 
services (HHS) poverty guidelines were used as a 
poverty measure to calculate this ratio. PIR reflects 
a family’s income and higher PIR represents higher 
household income.

(2) Diet and exercise: Energy intake (kcal/day), derived 
from the mean value of the two 24-hour recall die-
tary data. Metabolic equivalent (MET), a commonly 
used indicator to express relative energy metabo-
lism levels during various activities based on energy 
consumption during quiet and sitting positions. The 
MET score is calculated by multiplying the time of 
each participant’s weekly activities by their relative 
score (Supplementary Table 1). Previous studies have 
shown that diet and physical activity have a great 
impact on adolescent bone development [19, 20], so 
we excluded those with missing data on daily energy 
intake and physical activity.
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(3) Laboratory data: Serum phosphorus (mg/dL), serum 
calcium (mg/dL), alkaline phosphatase (ALP, IU/L) - 
these three are commonly used indicators reflecting 
bone metabolism. Serum cotinine, which is a metabo-
lite of nicotine in the blood, with a half-life of 3–5 days, 
can better reflect the level of nicotine exposure in the 
test subject, measured by an isotope-dilution high-
performance liquid chromatography/atmospheric 
pressure chemical ionization tandem mass spectro-
metric method. The levels of serum phosphorus and 
calcium are related to bone metabolism, and ALP is a 
marker of bone formation [40]. Therefore, this study 
excluded individuals with missing relevant data.

Statistical analysis
According to the NHANES weight selection criteria, 
weighted analysis was conducted for all studies except for 
baseline data. Student t-test is used for continuous vari-
ables, and chi square test is used for categorical variables 
to compare differences between ABSI quartile arrays. Use 
a weighted multiple linear regression model to analyze 

ABSI =
WC

BMI2/3height1/2

Fig. 1 Flowchart of the sample selection from NHANES 2007–2018
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the relationship between ABSI and femur, femoral neck, 
femoral trochanter, and intertrochanteric BMD. Crude 
model, without adjusting for covariates; Model 1 was 
adjusted for age, gender, race, PIR; Model 2 added MET 
scores, serum cotinine, total energy intake as covariates 
to model 1; Model 3 added serum phosphorus, calcium, 
and ALP to model 2. After testing the significance of the 
linear relationship, perform a multicollinearity test, cal-
culate the variance inflation factor (VIF) for each inde-
pendent variable, ensure that there are no VIF values 
exceeding 10, and finally perform a normality test on 
the residuals to ensure that they follow a normal distri-
bution. Subgroup analysis was conducted based on age, 
gender, race, PIR, and BMI, and RCS curves were used 
to evaluate the nonlinear relationship between ABSI and 
bone density at four bone detection sites in the overall 
population.

All analyses were performed using R software (ver-
sion 4.2.1) and Excel(2308 Build 16.0.16731.20052). 
And statistical significance was ascertained by a two-
sided P value < 0.05.

Result
Baseline characteristic
We grouped the participants into quartiles based on 
ABSI, as shown in Table  1. A total of 1557 adolescents 
participated in this study, aged between 12 and 19, with 
a mean age of 15.44 ± 2.23. The participants were slightly 
more male, accounting for 54.08% of the total. The pri-
mary race was Non-Hispanic White (33.3%). Compared 
to the first quartile of ABSI, those in the higher quartiles 
had lower femoral BMD, age, daily energy intake, and 
MET score, and higher ALP levels, with no significant 
differences in PIR, serum cotinine, serum phosphorus, or 
serum calcium.

Association between ABSI and bone mineral density
We evaluated the association of ABSI as both a continu-
ous variable and as quartiles with the BMD at four meas-
urement sites in the femur using weighted multiple linear 
regression models. In both crude and adjusted models 
for confounding factors, higher quartiles of ABSI showed 
significant differences in bone density compared to the 
first ABSI quartile group (P < 0.01). After adjusting for 
confounding factors, for every 0.1 unit increase in ABSI, 
the BMD at the femur, femoral neck, femoral trochanter, 
and intertrochanteric region decreased by 0.0553, 0.0290, 
0.0611, and 0.0611  g/cm2, respectively. The BMD for 
the fourth quartile of ABSI decreased by 0.0615, 0.0319, 
0.0656, and 0.0696 g/cm2, respectively, compared to the 
reference group. Additionally, there was a significant 
trend in the changes in BMD at the four femur sites with 
increasing quartiles of ABSI (Table 2).

Subgroup analysis
The forest plot (Fig.  2) shows the linear relationship 
between ABSI and bone density at four locations of the 
femur in different age, gender, race, PIR, and BMI sub-
groups. The results showed that in the age subgroup, the 
correlation between ABSI and femoral BMD was most 
significant in the 12–14 subgroup, with the total femur, 
femoral neck, femoral trochanter, and intertrochanteric 
region being the most significant β The values (per 0.1U) 
are − 0.0659 (95% CI=-0.0979, -0.0388), -0.0332 (95% 
CI=-0.0609, -0.0055), -0.0691 (95% CI=-0.0970, -0.0413), 
and − 0.0758 (95% CI=-0.01150, -0.0366), respectively. 
In the BMI subgroup, there is a significant correlation 
between ABSI and femoral BMD in the subgroup with 
BMI < 25, and the four sites have β The values (per 0.1U) 
were − 0.1046 (95% CI=-0.1319, -0.0773), -0.0755 (95% 
CI=-0.1004, -0.0506), -0.0979 (95% CI=-0.1231, -0.0726), 
and − 0.1207 (95% CI=-0.1535, -0.0879), respectively. 
In the subgroup analysis of gender, except for the femo-
ral neck area, BMD in the other three areas was strongly 
linearly correlated with ABSI in both male and female 
groups.

Analysis of non‑linearity
In addition, we adjusted for all covariates and plotted the 
adjusted restricted cubic spline(RCS) curves (Fig. 3). The 
results indicated that the overall trends of the depend-
ent and independent variables in the graphs were gen-
erally consistent, and individuals with higher ABSI in 
different groups were more likely to have lower femoral 
BMD. There was a non-linear association between BMD 
at the four femur measurement sites and ABSI. A signifi-
cant non-linear association between ABSI and the risk of 
osteoporosis/low BMD was found in the general popula-
tion and in individuals with a BMI ≥ 25 (P < 0.001). At the 
total femur, femoral neck, femoral trochanter, and inter-
trochanteric region, when ABSI was lower than 0.07652, 
for every 0.1 unit increase, the BMD at these four sites 
decreased by 0.1240 (95%CI=-0.1857, -0.0623), 0.0816 
(95%CI=-0.1370, -0.0262), 0.1202 (95%CI=-0.1827, 
-0.0577), and 0.1426 (95%CI=-0.2113, -0.0739), respec-
tively. However, when ABSI was higher than 0.07652, its 
association with BMD was not significant.

Discussion
Our research findings indicate that there is a significant 
negative association between ABSI in adolescents and 
BMD at the femur, femoral neck, femoral trochanter, 
and intertrochanteric region. Subgroup analysis results 
show that the association between ABSI and BMD at 
these three measurement points remains significant in 
different subgroups of age, gender, PIR, and BMI, while 
the association is slightly weaker at the femoral neck site. 
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Non-linear analysis results demonstrate a significant 
non-linear correlation between ABSI and femoral BMD 
in adolescents. When ABSI is less than 0.7652, there is a 
significant negative correlation between ABSI and BMD 
at the four femur sites; however, when ABSI exceeds 
0.7652, the impact of ABSI on femoral BMD tends to sat-
urate. Our study results illustrate a significant association 
between the degree of abdominal obesity in adolescents 
and bone density.

To our knowledge, our study is the first to explore the 
association between ABSI and BMD in adolescents. Pre-
vious studies have often used BMI as the standard for 
defining weight, leading to conclusions that overweight 
and obesity are protective factors for BMD [21, 22]. How-
ever, this viewpoint has been increasingly challenged. 
For example, Rinonapoli G et  al. [23] pointed out that 
although an increase in BMI can lead to higher BMD, 
it also increases the risk of fractures. There have also 
been findings suggesting that obesity may have opposite 

effects on BMD in different parts of the body [24].A study 
showed that although the bone mineral content(BMC) 
value of obese girls was higher than that of overweight 
and normal weight girls, there was no significant differ-
ence in BMD among the three groups [25]. It has been 
suggested that BMI evaluates obesity solely based on 
height and weight, without considering the role of fat 
and muscle content [26]. Hsu et  al. [27] discovered that 
individuals with higher fat mass are at increased risk of 
osteoporosis and non-spinal fractures. Guo M et al. [28] 
also identified a negative correlation between abdominal 
obesity and BMD. Hence, there is a necessity for an indi-
cator that can effectively assess the relationship between 
adolescent abdominal obesity and BMD. ABSI is a new 
metric proposed in recent years for measuring abdominal 
fat, and it is independent of height, weight, and BMI. It 
has demonstrated strong predictive capability for cardi-
ovascular-related disease risk. A cross-sectional study of 
the Chinese population discussed the association between 

Table 1 The baseline characteristics by ABSI: National Health and Nutrition Examination Survey 2007–2018

Characteristics ABSI

Overall Q1( < = 0.7399) Q2(> 0.7399 & <= 
0.7654)

Q3(> 0.7654 & 
<= 0.7963)

Q4(> 0.7963) p

Number of subjects (n) 1557 394 384 388 391

AGE (years, mean (SD)) 15.44 (2.23) 15.86 (2.09) 15.59 (2.23) 15.16 (2.15) 15.14 (2.37) < 0.001

GENDER < 0.001

 female 715 (45.92) 144 (36.55) 156 (40.62) 189 (48.71) 226 (57.80)

 male 842 (54.08) 250 (63.45) 228 (59.38) 199 (51.29) 165 (42.20)

RACE (%) < 0.001

 Mexican American 413 (26.5) 59 ( 15.0) 88 ( 22.9) 116 ( 29.9) 150 ( 38.4)

 Other Hispanic 201 (12.9) 40 ( 10.2) 52 ( 13.5) 57 ( 14.7) 52 ( 13.3)

 Non-Hispanic White 519 (33.3) 107 ( 27.2) 133 ( 34.6) 136 ( 35.1) 143 ( 36.6)

 Non-Hispanic Black 340 (21.8) 171 ( 43.4) 88 ( 22.9) 55 ( 14.2) 26 ( 6.6)

 Other Race 84 ( 5.4) 17 ( 4.3) 23 ( 6.0) 24 ( 6.2) 20 ( 5.1)

PIR (%) 0.187

 <1.3 639 (41.0) 149 ( 37.8) 150 ( 39.1) 161 ( 41.5) 179 ( 45.8)

 >3.5 357 (22.9) 96 ( 24.4) 99 ( 25.8) 79 ( 20.4) 83 ( 21.2)

 1.3–3.5 561 (36.0) 149 ( 37.8) 135 ( 35.2) 148 ( 38.1) 129 ( 33.0)

ENERGY (kcal/day, mean (SD)) 2077.87 (827.67) 2194.64 (936.31) 2147.48 (802.46) 2011.85 (780.71) 1957.36 (758.33) < 0.001

MET score (per week, mean (SD)) 953.61 (997.32) 1133.56 (1143.21) 1015.57 (1002.54) 911.82 (963.56) 752.88 (815.14) < 0.001

cotinine (ng/mL, mean (SD)) 14.04 (50.65) 17.31 (56.44) 15.14 (52.86) 12.78 (47.06) 10.93 (45.37) 0.316

phosphorus (mg/dL, mean (SD)) 4.36 (0.67) 4.29 (0.62) 4.36 (0.65) 4.40 (0.72) 4.40 (0.70) 0.052

calcium (mg/dL, mean (SD)) 9.62 (0.31) 9.61 (0.31) 9.65 (0.32) 9.62 (0.31) 9.60 (0.30) 0.105

ALP (IU/L, mean (SD)) 134.81 (92.08) 120.51 (78.56) 133.31 (95.23) 141.70 (100.12) 143.84 (91.74) 0.001

Total femur BMD (g/cm2, mean (SD)) 1.00 (0.16) 1.08 (0.15) 1.00 (0.15) 0.97 (0.14) 0.94 (0.15) < 0.001

Femoral neck BMD (g/cm2, mean (SD)) 0.92 (0.15) 0.98 (0.15) 0.92 (0.15) 0.90 (0.14) 0.88 (0.14) < 0.001

Trochanter BMD (g/cm2, mean (SD)) 0.78 (0.14) 0.85 (0.14) 0.79 (0.13) 0.76 (0.12) 0.73 (0.12) < 0.001

Intertrochanter BMD (g/cm2, mean 
(SD))

1.14 (0.18) 1.23 (0.18) 1.15 (0.17) 1.12 (0.17) 1.08 (0.17) < 0.001
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BMI, ABSI and bone mineral density in middle-aged 
and elderly people [29]. The results showed that female 
spine BMD decreased significantly with the increase of 
ABSI, on the contrary, BMI showed a positive correla-
tion with male spine BMD. Another study on the associa-
tion between weight adjusted waist circumference index 
(WWI), an indicator of abdominal obesity in adolescents, 
and total bone mineral density also observed a significant 
negative correlation and a significant saturation effect 
between WWI and bone mineral density in American 
adolescents [30]. However, there is still no study on the 
association between ABSI and bone mineral density in the 
adolescent population. Our research findings suggest that 
ABSI shows a significant negative correlation with BMD 
in four femur regions, with a saturation effect. Addition-
ally, based on the results of subgroup analysis, differences 
in the relationship between ABSI and BMD at different 
sites may depend on age, gender, race, PIR, and BMI sub-
groups. Other studies have also noted that the association 

between bone metabolism and influencing factors may 
vary by gender and race [31, 32]. However, it is likely that 
substantial age and race differences account for the sub-
group disparities observed in assessing NHANES with 
BMD at different locations.In addition, sex differences 
may also play an important role between fat and bone 
parameters. A study on the association between lean and 
fat mass and BMD shows that for boys, lean mass is an 
important influencing factor of whole-body BMD, but for 
girls, fat mass is more important [33].

Some fundamental research aligns with the findings 
of this study. Marrow stromal stem cells are a com-
mon source of osteoblasts and adipocytes [34]. Obe-
sity promotes the differentiation of stromal stem cells 
into adipocytes, increasing the adipocyte population in 
the bone marrow and decreasing osteoblast formation 
[35, 36]. Chronic inflammation associated with obesity 
is thought to play a pivotal role in maintaining the bal-
ance of bone metabolism [37]. For instance, there is a 

Fig. 2 The forest plots showing the association between ABSI and femur BMD for various subgroups. A subgroup analysis of total femur BMD, 
B subgroup analysis of femoral neck BMD. C subgroup analysis of trochanter BMD, D subgroup analysis of intertrochanter BMD. It was adjusted 
for age, gender, race, PIR, MET scores, serum cotinine, total energy intake, serum phosphorus, calcium, and ALP
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positive correlation between fat content and the expres-
sion of TNF-α, which in turn triggers NF-κB activation, 
thereby enhancing osteoclastogenesis by promoting the 
RANK and RANK ligand (RANKL) signaling pathway 
[38, 39]. Additionally, obesity may lead to increased 
leptin and decreased adiponectin release from adipose 
tissue, potentially increasing osteoclast activity and 
resulting in bone loss [40, 41]. Similar outcomes have 
been observed in animal studies. Chen X et  al. found 
that rats fed a high-fat diet experienced notable loss of 
femoral trabecular and cortical bone, possibly due to a 
more substantial oxidative stress environment in obese 
rats causing ferroptosis in bone progenitor cells and 
endothelial cells [42]. ABSI represents the distribution 
of abdominal fat, which was used in the study to evalu-
ate the association between central obesity and bone 
health, and found that central obesity may be more 

related to bone health than BMI, in which the content 
of fat and muscle played an important role. Therefore, 
we suggest that it is necessary to strengthen the dietary 
control and exercise time of adolescent groups, so as to 
reduce the population of central obesity among adoles-
cents, which may be beneficial to the development of 
adolescent bone and improve the bone health of adoles-
cent groups.

This study has several limitations. Firstly, as a cross-
sectional study, it cannot establish a causal relation-
ship between the ABSI and bone metabolism. Further 
prospective studies are needed to validate the results of 
this study. Secondly, data obtained through interviews 
in NHANES may be subject to recall bias. Finally, Some 
adolescent co-morbidities that have an impact on bone 
metabolism were not included in NHANES database, 
such as type 1 diabetes, celiac disease, which may have 

Fig. 3 Analysis of restricted cubic spline regression. The figure shows the nonlinear relationship between ABSI and A total femur BMD, B femoral 
neck BMD. C trochanter BMD, D intertrochanter BMD. It was adjusted for age, gender, race, PIR, MET scores, serum cotinine, total energy intake, 
serum phosphorus, calcium, and ALP
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some impact on the results. In addition, this study also 
has several strengths, including its large scale, strong 
national representativeness, and stratified sampling 
design.

In conclusion, our research revealed a substantial 
negative correlation between ABSI and BMD in adoles-
cents, as well as the saturation effect of ABSI in com-
parison to BMD. ABSI, independent of BMI, indicates 
that reducing abdominal obesity is beneficial for ado-
lescent bone development, irrespective of the BMI-
defined obesity level. Further research is required to 
explore potential mechanisms and interventions to 
alleviate the detrimental impact of abdominal fat on 
adolescent bone health.

Conclusion
Our research has confirmed for the first time the nega-
tive correlation between ABSI and adolescent femoral 
BMD. This provides new evidence for the complex rela-
tionship between obesity and adolescent bone develop-
ment, highlighting the limitations of traditional obesity 
measurement methods. Overall, this indicates that ABSI 
is an effective anthropometric measure and should be 
routinely measured alone or together with other indica-
tors to improve the stratification of bone mineral density 
development status in adolescents. Further research is 
needed to elucidate the correlation between visceral fat 
and BMD in adolescents, as well as the potential physi-
ological mechanisms involved.
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