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Abstract

Objective: We aimed to validate In-Body BIA measures with DXA as reference and to
describe the BC profiling of Tibetan adults.

Design: This cross-sectional study included 855 participants (391 men and 464
women).Correlation and Bland-Altman analyses were performed for method agreement of In-
Body BIA and DXA. BC were described by obesity and metabolic status.

Setting: Bioelectrical Impedance Analysis (In-Body BIA) and Dual-energy X-ray
absorptiometry (DXA) have not been employed to characterize the body composition (BC) of
the Tibetan population living in the Qinghai-Tibet Plateau.

Participants: A total of 855 Tibetan adults, including 391 men and 464 women, were
enrolled in the study.

Results: Concordance correlation coefficient for total fat mass (FM) and total lean mass (LM)
between In-Body BIA and DXA were 0.91 and 0.89. The bias of In-Body BIA for
percentages of total FM and total LM was 0.91% (2.46%) and -1.74% (-2.80%) compared
with DXA, respectively. Absolute limits of agreement were wider for total FM in obese men
and women and for total LM in overweight men than their counterparts. Gradience in the
distribution of total and regional FM content was observed across different BMI categories
and its combinations with waist circumference and metabolic status.

Conclusions: In-Body BIA and DXA provided overall good agreement at group level in
Tibetan adults, but the agreement was inferior in participants being overweight or obese.
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Introduction

Assessment of body composition (BC) is considered an alternative and perhaps more precise
approach for identifying adiposity and predicting cardiovascular diseases (CVDs) 2, given
the heterogeneity in the association of adiposity measured by body mass index (BMI) with
CVDs @ *. various methodologies are available for assessing BC, including dual-energy x-
ray absorptiometry (DXA) and bioelectrical impedance analysis (In-Body BIA). While DXA
is considered more accurate and a gold standard for BC measurement, it is accompanied by
cost implications and operational complexities. In contrast, In-Body BIA presents a more
convenient option with fewer logistical challenges ©. Some studies have validated the
concurrence of In-Body BIA and DXA in BC assessment in populations primarily living in
well-developed cities ©®. However, such studies are scarce in populations living in remote
and resource-limited areas.

Adiposity in Tibetan population living in high-altitude areas is a very interesting but seldom
studied research topic, as well as an important public health issue. National surveillance data
in China in 2013-2014 showed prevalent central obesity but low level of obesity prevalence
in the Tibetan Autonomous region (TAR), where almost 90% residents are Tibetan ethnicity
®)_Specifically, the prevalence of central obesity, measured by waist circumference, was 27-
34% in men and 40-55% in women, while the prevalence of obesity, measured by BMI, was
only 4-9% in both men and women ©. This inconsistent finding suggested the BC profiling
of Tibetan population may be quite differently from other populations, which is shaped by the
unique hypobaric and extreme cold environment and distinct traditional subsistence and
lifestyles in the high-altitude plateau “%. On the other hand, our previous studies have shown
increasing and high prevalence of obesity, and the combined prevalence of overweight and
obesity reached 47.9% among Tibetan population “**?. This was probably associated with
the highest level of mortality rates from CVDs in Tibetan population in China 2.

In-Body BIA is a more practical approach for BC measurement for population study among
Tibetan compared to DXA, given the challenges in using DXA brought by the remoteness
and inferior infrastructure of Tibetan’s residing sites. However, validation of In-Body BIA
method against DXA is needed specifically for Tibetan population because of their unique
BC mentioned above. Despite of many validation studies across populations ¥, we did not
find an independent study among Tibetan population, which measured BC using DXA
method, let along validate In-Body BIA measurement in assessing BC by using DXA as
reference.

To address the research gap, this study aimed to 1) validate the concordance between DXA
and In-Body BIA techniques in measuring BC; and 2) describe the BC attributes among
Tibetan adults living in the Qinghai-Tibet Plateau.
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Materials and methods

Participants

Participants were recruited from two settled Tibetan communities in the suburb of Golmud
City (2800 m above sea level). The inclusion criteria were: (i) Tibetan adults aged > 18 years;
(i1) having lived in one of the two surveyed communities for more than 3 years; (iii) being
able to complete the questionnaire (face-to-face) and assessments; (iv) being willing to
participate in this study and giving full informed consent for inclusion before the study. The
exclusion criteria were: (i) pregnant women; (ii) severe physical or mental illness; (iii)
standard exclusions for DXA or In-Body BIA: (a) weight > 204 kg or height > 197.5 cm; (b)
currently pregnant or planning to become pregnant; (c) presence of limb amputations,
scoliosis, or surgical implants, such as prostheses, pacemakers, stents, braces (e.g., dental
braces), and other internal metallic devices; (d) intake of barium or intravenous contrast
agents within the past 7 days. A total of 1611 community members were enrolled in the
survey after signing an informed consent from December 2021 to May 2022. The present
study included subjects having completed anthropometric measurements and BC assessment
by both DXA and In-Body BIA; and excluded those with missing data for the required
variables. A number of 855 Tibetan adults aged 18-85 years were included in analysis.

Data collection

Social-demographic and lifestyle data, such as ethnicity, education, smoking status, etc., were
gathered by questionnaire through a face-to-face interview by trained investigators. Height
and weight were measured by trained staff using regularly calibrated, fully automated height
and weight scales - Aipurui IPR-scale08 (Aipurui, China). Waist circumference was measured
using a non-stretching soft tape at the midpoint between the lowest rib margin and the iliac
crest ™. Weight, height, and waist circumference were measured in duplicate, and an
averaged value of two measurements was used. The BMI was calculated by dividing height
(m) by the square of body weight (kg). After resting for > 15 min, blood pressure was
measured by an electronic sphygmomanometer (OMRON HEM-7312, Japan) 3 times with 1-
to 2-min intervals in a sitting position from the right arm using a suitable cuff size based on
the arm circumference. The mean of the last 2 readings was used for analysis.

BC measurement with DXA and In-Body BIA

A whole-body DXA (Hologic Horizon W, USA) scan was performed to measure the total and
regional body fat mass (FM), lean mass (LM) and bone mineral densitometry using DXA
technique, each participant underwent separate scans of the lumbar spine, hip, and whole
body. Measurements and quality control were conducted by trained staff according to
standard procedures. The specific procedures were as follows: (1) A standard phantom was
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checked before calibrating of the DXA machines and scanning the participants every morning;
(2) Four operators at each study location were trained by the same technician certified by the
International Society for Clinical Densitometry (ISCD) administered DXA procedures, the
training materials included the ISCD’s official technician hands-on training materials and the
manufacturer’s handbook including testing procedures and operation methods; (3) The
lumbar spine and hip joints of 15 participants were scanned three times for computational
accuracy, after each scan, they had to leave the scanner to repose before the next scan, for
formal measurements, each participant was scanned only once at each site;(4) All participants
were requested to remove outer garments and objects that would potentially interfere with
testing, and the volunteers were repositioned for each scan ®®. All DXA values were

analyzed using Hologic Apex software (version 4.0) following the manufacturer’s guidelines.

A body composition analyzer (Inbody 270, Korea) was also used for BC measurement in
participants with In-Body BIA technique with standard procedure. It utilizes direct segmental
multi-frequency In-Body BIA with 8-point tactile electrode method to measure BC. This
method is based on measuring electrical impedance or opposition to flow of a small
alternating current applied to the body. The participants stood upright while measured, with
hands holding the electrodes and feet on the electrodes, wearing light clothing with pockets

emptied, no metal objects and no shoes 7.

Laboratory assay

Blood sample was collected after an overnight fasting period of at least 12 h. Metabolic
indicators, such as fasting plasma glucose (FPG) and High-density lipoprotein cholesterol
(HDL-C), were measured by certified laboratory in local hospital.

Data analysis and statistics

Values of total and regional body compositions (fat mass, lean mass, body fat percentage
[%BF] and lean mass percentage) were analyzed. Data were presented as mean (SD) or
median (IQR) for continuous measures, and frequency (percentage) for categorical measures.
The bias for the absolute difference between values derived from DXA and In-Body BIA was
calculated by [DXA value-In-Body BIA value], and the percentage of difference (%) was

O*Z?Izl(DXA value —BIA value)
Z’i\’=1 DXAvalue

calculated by [10

]. To evaluate relative agreement of the two

methods, Spearman’s correlation coefficient and Lin’s concordance correlation coefficient, p
were used™®. We then analyzed the correlation of DXA and In-Body BIA measures for
trisection by kappa coefficient 9. To verify the degree of agreement among the methods ®®,

and hence Bland-Altman analysis “” was performed to determine absolute limits of

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980025000291

Accepted manuscript

agreement between the BC variables assessed by the two methods. Spearman’s correlation
coefficient between absolute difference and average of DXA and In-Body BIA values was
calculated in Bland-Altman analysis. Individuals from different age groups, 18 - 44, 45 - 59
and > 60 years, were showed in Bland-Altman plots. Chi-square test, independent Kruskal-
Wallis H test, independent t-test and Mann-Whitney U test were used to determine
differences at group level.

The sample was analyzed as a whole group and then were classified in 3 sub-groups @
under-/normal weight (BMI < 24 kg/m?), overweight (BMI: 24.0 - 27.9 kg/m?) and obesity
(BMI > 28 kg/m?). Underweight individuals were analyzed together with the normal group
due to small sample size. BC characteristics of participants who had central obesity (CO) or
metabolic syndrome (MetS) were compared with those without. CO was defined as waist
circumference > 90cm for men or > 80cm for women ®?. MetS was defined if > 3 criteria
were fulfilled: 1) central obesity; 2) fasting plasma glucose >5.6 mmol/l or on medication for
high blood glucose; 3) systolic blood pressure > 130 mmHg or diastolic blood pressure > 85
mmHg or on antihypertensive medication; 4) high-density lipoprotein cholesterol (HDL-C) <
1.03 mmol/L for men and < 1.30 mmol/L for women or on medication for reduced HDL-C; 5)
triacylglycerol > 1.7 mmol/l or on medication for elevated triacylglycerol ©®®. Statistical
analysis was performed using Stata software version 17.0. For all analyses, two-sided p
values of 0.05 were considered statistically significant.

Results

Comparison between DXA and In-Body BIA measurements

Data of 391 men and 464 women, was analyzed, among whom the average age was 47.4 +
13.7 years, and 74.5% have never got education. Summary demographics of the participants
included in the analysis are shown in Table 1. For the total participants, the average BMI was
27.0 + 5.1 kg/m? with a range from 14.1 to 57.8 kg/m®.

The values of body FM and LM, and their difference in values assessed by DXA and In-Body
BIA are presented as median (IQR) in Table 2. Regarding total fat mass (FM) in all
participants, the difference between the DXA and In-Body BIA values was -0.15 kg (-8.05,
7.75), As for total fat-free mass (LM), the difference between the DXA and In-Body BIA
values was -1.49 kg (-8.74, 5.76) (Table 2). Total fat and lean mass estimations showed a bias
lower than 4% for men, women and the total subjects, whereas bias for arm and leg BC
measures were generally higher, with a bias for leg fat mass in women at 1.64 kg (17.61%)
(Table 2). The correlation of BC estimations using In-Body BIA and DXA were strong for all
tested variables (p < 0.001) (Table 2), with the Spearman’s r of total FM and truncal fat mass
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measured by In-Body BIA and DXA > 0.90 in men, women and the total, though Lin’s p
ranged from mediocre (0.66 for percentage total LM in men and arm lean mass in women) to
very good (0.92 for total FM in women) depending on the two methods (Table 2). Kappa
values also demonstrated a substantial agreement (> 0.60) between DXA and In-Body BIA
when dividing total FM into trisection categories in men, women and the entire sample
(Table 2). However, the kappa coefficient generally showed moderate agreement with respect
to the five lean body mass variables in men (Table 2).

In the Bland-Altman analysis, with respect to total FM, the mean differences between the
DXA vs. the In-Body BIA values in under-/normal weight group, were 1.38 kg (limits of
agreement: -4.25, 7.01) and 1.69 kg (limits of agreement: -3.62, 7.00) in men and women,
respectively. Assessment of bias shows that, compared to DXA, In-Body BIA seemed to
underestimate total FM at lower levels and overestimate it with higher levels of total FM in
under-/normal weight group (men, p = 0.016; women, p = 0.01) (Figure 1 A, B). The
corresponding mean difference values in overweight group were 0.15 kg (-8.22, 8.52) and
0.38 kg (-5.23, 5.99), and differences between the estimates of total FM were not associated
with the amount of fat (p = 0.55 and p = 0.58, respectively) (Figure 1 C, D). For obese men
and women, mean differences between the two methods were -1.95 kg (limits of agreement: -
10.57, 6.67) and -1.48 kg (limits of agreement: -10.44, 7.48), with significant bias (p < 0.001)
observed (Figure 1 E, F). By contrast, In-Body BIA gave lower mean values of total LM in
all groups, Spearman’s correlation coefficients between the average total LM and the
difference between methods in total LM estimate were significant except for obese women
(Figure 1 G-L). Absolute limits of agreement of DXA with In-Body BIA were wide,
particularly for total FM in obese men and women and for total LM in overweight men
(Figure LE, F, I).

Distribution characteristics of BC

The density plots (Figure 2) compare FM and LM in total and in android and gynoid regions.
Median values of the six measures assessed by DXA were substantially different in subjects
with the three BMI categories within the same sex (p < 0.001), and when BMI was high, high
BC measured can be observed (Figure 2). The median total FM values in obese men and
women were 29.96 versus 32.86 kg, whereas the corresponding median android FM were
3.28 and 3.07 kg, respectively (Figure 2 A-D).

DXA derived median %BF of Tibetan adults with different BMI and metabolic disorders by

sex are displayed in Figure 3. The dominant %BF was obtained from android region in men
regardless of BMI, CO and MetS, but the most noticeable %BF in women was derived from
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limbs, where the leading one changed with BMI and metabolic status. Among obese men and
women with CO, median %BF in android region was high at 44.89% (n = 150) and 49.96%
(n = 200), respectively, whereas median %BF in left and right arm was > 50% in women and
< 40% in men (Figure 3 A, B). For overweight men, there was a notable difference in the
eight %BF variables between participants with CO (n = 85) and those without (n = 30) (p <
0.01) (Figure 3 A, B). Percentages of total FM, android FM, trunk FM, left and right arm FM
were also markedly different between women with (n = 41) and without (n = 92) CO in
under-/normal weight group (p < 0.001). When comparing groups with and without MetS,
difference in total FM (p = 0.002) and trunk FM (p < 0.001) proportion were detected, and
the median %BF in android region among obese men was 45.77% (n = 105) and 43.19% (n =
41), respectively (p = 0.02) (Figure 3 C, D). Although no remarkable difference in

android %BF was found among obese women, the gynoid %BF (MetS, n = 122, mean
45.23 + 3.61; non-MetS, n = 69, mean = 46.60 + 3.58 kg) was significantly different (p
0.012). Additionally, right arm %BF in overweight women (MetS, n = 47, mean = 48.63 *
4.80; non-MetS, n = 77, mean = 46.67 £ 5.10 kg) was significantly different (p = 0.036).

Discussion

In the present study, we reported for the first time the validity of In-Body BIA to assess BC in
a Tibetan adult population in Qinghai, China, by using DXA as reference. Our results suggest
that In-Body BIA assessments of BC provided good relative agreement with DXA, as
revealed by high correlation coefficients (Spearman’s r and Lin p). In absolute terms, In-Body
BIA tended to overestimate total FM, total LM and total LM proportion and underestimate
total FM proportion compared with DXA. We also described the BC profiling in participants
with different BMI and metabolic status.

The relative agreement with DXA for BC assessed by In-Body BIA as continuous variables
were generally satisfactory or good in Tibetan adults ®* 2. This finding is in accordance with
prior studies, which have reported high correlations between DXA and In-Body BIA %27,
Nevertheless, mediocre Lin p were observed in women for leg FM and arm LM and in men
for percentage total LM. When evaluating the correlation of BC trisection by DXA and In-
Body BIA, we found moderate to substantial agreement. The total FM and total LM generally
showed better relative agreement than regional BC measures in men, women and all
participants, with total FM demonstrating the highest correlation coefficients.

In all participants, the percentage of bias for the absolute difference between In-Body BIA

and DXA were between 0.58% and 14.11% for the ten tested variables including both
percentage of BC mass and absolute value (kg); and the In-Body BIA overestimated body FM
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and LM compared with DXA results except leg FM, total FM proportion and truncal LM.
Previous findings in Canadian adults reported a bias from 8% to 11% using In-Body BIA @9,
Mean differences between DXA and In-Body BIA were approximately 14-15% in FM
and %BF in Finnish women and men ®9.

Despite reporting generally low bias, the wide absolute limits of agreement of DXA with In-
Body BIA regarding total FM and total LM demonstrated the limitation of the use of In-Body
BlA-based BC values at individual level. These wide limits of agreement are in line with
prior reports ®%, which may reflect an intrinsic problem with In-Body BIA, and larger
absolute limits of agreement were noted in obese subjects and overweight men compared to
overweight women as well as under-/normal weight individuals. Among Tibetan adults, there
was a tendency that the absolute difference value of [DXA-In-Body BIA] grew with the
increase of total FM and total LM, with significant correlations between the bias and
measurements average in most BMI categories by sex. A comparison between fat-free mass
values assessed by DXA and In-Body BIA in healthy Chinese men and women (n=554; age
range, 16-75 years) from Taiwan reported small systematic error, and the absolute limits of
agreement of Bland-Altman analysis was (-6.40, 6.40) kg Y. Another study among Chinese
children from Beijing showed that In-Body BIA significantly estimated a lower fat content
(bias = 2.5 kg in boys and bias = 2.7 kg in girls) but higher fat-free mass (bias = 1.8 kg in
boys and bias = 2.9 kg in girls) than DXA ©?. Previous research comparing In-Body BIA and
DXA, which included Frenchmen and Mexican, implicated an overestimation of lean body
mass and underestimation of FM using In-Body BIA 33 but some other studies showed
inverse results ©**. The present study provided evidence across BMI categories, lifespan
and sex that In-Body BIA overestimated total LM in all subjects and total FM in overweight
as well as obese subjects, whereas underestimated total FM in under-/normal weight ones.
Accordingly, it revealed that the prior controversial conclusions could be partly explained by
demographic heterogeneity, yet deserves further investigation.

The systematic errors between DXA and In-Body BIA might be in part due to differences in
hydration status that emerge with varying levels of BF. Studies have noted that total body
water and relative extracellular water are greater in individuals with obesity compared with
those with normal weight ©®. As DXA is less sensitive than In-Body BIA to differences in
hydration ©7, it could be expected that this would affect the agreement between the two
methods at various BF levels. On the other hand, the bias between the assessment of the two
methods may be attributed to the algorithm used in inbody to estimate BC or variation in
body geometry among different ethnic groups . It is also important to note that our results
are applicable only to the In-Body BIA device, and results from other BIA devices may differ.
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It is noteworthy that within the same sex and BMI category, individual BF profiling
distinction existed in Tibetan adults, combined with divergent phenotypes of metabolic status.
Study conducted in non-Hispanic Caucasian claimed that body FM and BF distribution are
more sensitive than BMI in identifying cardiometabolic risk . The present study to some
extent confirms it and highlights the importance of investigating associations between
adiposity and cardiometabolic disorders in Tibetan population. It will be of value in metabolic
health management especially for those with normal weight but potentially high risk of
cardiometabolic diseases. Future studies focusing on the diversity in disease associations to
multivariable BC to explain the complex picture ©® are warranted. Moreover, BF changes
independent of BMI may be considered to serve as proxies of cardiometabolic benefits of a
given intervention ©9.

Tibetan population, as the native highlanders on the Qinghai-Tibetan Plateau, seem to have
distinctive body fat distribution from non-highlanders. More specifically, Tibetan tended to
have higher fat mass percentage compared to other non-highlander populations when their
BMI were comparable or even lower than other populations, such as White, Black, and Han
population in China “*?. When BMI was similar, the Tibetan population in this study had a
6-8% higher body fat percentage than Han population (men, 32.2% vs. 24.3%; women, 42.3%
vs. 36.3%) “2. Further, adiposity tended to accumulate in the abdomen for Tibetan, shown as
larger difference in the gap between android fat mass percentage and other body parts in
Tibetan in our study than participants in the NHANES study “?. This may be related to the
adaptation to the extreme cold climate in high-altitude areas, where mammals tend to have
more fat reserves to maintain thermoregulation “®. It is also hypothesized that Tibetan
population, who have ancestral exposure to long-term cold, probably have more brown
adipose tissue (BAT) and enhanced BAT thermogenesis from an evolution perspective “¥.
This hypothesis is supported by evidence from native mammal exposed to chronic cold on the
Qinghai-Tibetan Plateau, in which subcutaneous adipose tissue browning and altered global
metabolism have been observed “®. This hypothesis of BAT induced thermogenesis and
excess calorie burning will also help explain the relative low prevalence of obesity defined by
BMI in Tibetan population, as mentioned in the introduction section.

Our study has several strengths. It is the first one to assess the validity of In-Body BIA with a
reference of DXA in a large sample of Tibetan adults who live in Tibetan Plateau. In addition,
we investigated the characteristics of BC in the population, which may help to uncover the
impacts of the special environment on BC and the link with cardiometabolic consequences in
high-altitude zones. Moreover, participants have lived in the surveyed communities for at
least 3 years, this long-term residence enables a more accurate assessment of environmental
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impacts, reducing data bias caused by short-term residents and thereby enhancing the
reliability and validity of the study results. Limitations of this study include the absence of
consideration for the hydration status of the examined population, despite the established
influence of hydration on Bioelectrical Impedance Analysis (In-Body BIA) outcomes “®.
Additionally, the cross-sectional design of the study solely depicts the observed association
between BC and metabolic status rather than causality. It is also important to note that our
results are applicable only to the In-Body BIA device, and results from other BIA devices
may differ. Moreover, participant dropout due to missing data— particularly related to
conducting DXA measurements in a challenging high-altitude environment—could affect both
the internal and external validity of the study. While our findings may not be fully
generalizable to other populations, they align with those of similar studies, supporting
external validity. In terms of internal validity, our study provides statistically significant
results within this unique population; however, further research is needed to strengthen these
findings.

Conclusions

In-Body BIA is a reliable method for assessing body fat mass and lean mass at group level
referenced by DXA in Tibetan population, but two methods for individual body composition
measurement may be not interchangeable in clinical setting. Although the differences at the
group level are acceptable, there are substantial individual differences that need to be
considered. Further, Tibetan population tended to have more fat mass compared to non-
highlanders with comparable BMI levels. Gradience in the distribution of total and regional
FM content was observed across different BMI categories and its combinations with waist
circumference and metabolic status.

Data Availability

Some or all datasets generated during and/or analyzed during the current study are not
publicly available but are available from the corresponding author on reasonable request.

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980025000291

Accepted manuscript

References

1. Neeland I. J., Ayers C. R., Rohatgi A. K., et al. Associations of visceral and abdominal
subcutaneous adipose tissue with markers of cardiac and metabolic risk in obese adults. Obesity
(Silver Spring). 2013;21(9):E439-447. PMID: 23687099.https://doi.org/10.1002/0by.20135

2. Gowri S. M., Antonisamy B., Geethanjali F. S., et al. Distinct opposing associations of upper and

lower body fat depots with metabolic and cardiovascular disease risk markers. Int J Obes (Lond).
2021;45(11):2490-2498. PMID: 34331002.https://doi.org/10.1038/s41366-021-00923-1

3. WHO Expert Consultation. Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet. 2004;363(9403):157-163. PMID:
14726171.https://doi.org/10.1016/s0140-6736(03)15268-3

4. Chandramouli C., Tay W. T., Bamadhaj N. S., et al. Association of obesity with heart failure
outcomes in 11 Asian regions: A cohort study. PLoS Med. 2019;16(9):e1002916. PMID:
31550265.https://doi.org/10.1371/journal.pmed.1002916

5. Ceniccola Guilherme Duprat, Castro Melina Gouveia, Piovacari Silvia Maria Fraga, et al.

Current technologies in body composition assessment: advantages and disadvantages. Nutrition.
2019;62:25-31.

6. Mattar Lama, Godart Nathalie, Melchior Jean Claude, et al.Anorexia nervosa and nutritional
assessment: contribution of body composition measurements. Nutrition Research Reviews.
2011;24(1):39-45.

7. Achamrah N., Colange G., Delay J.,et al. Comparison of body composition assessment by DXA
and In-Body BIA according to the body mass index: A retrospective study on 3655 measures. PL0S
One. 2018;13(7):0200465. PMID: 30001381.https://doi.org/10.1371/journal.pone.0200465

8. Maw A. A, Thwin T., Owino V. O., et al. Development of a bioelectrical impedance analysis-

based prediction equation for body composition of rural children aged 4-8 years in Myanmar. Nutr
Health. 2024:2601060241260983. PMID: 38860329.https://doi.org/10.1177/02601060241260983
9. Zhang X., Zhang M., Zhao Z., et al. Geographic Variation in Prevalence of Adult Obesity in

China: Results From the 2013-2014 National Chronic Disease and Risk Factor Surveillance. Ann
Intern Med. 2020;172(4):291-293. PMID: 31658469.https://doi.org/10.7326/m19-0477

10. Peng W.,, Liu Y., Malowany M., et al. Metabolic syndrome and its relation to dietary patterns

among a selected urbanised and semi-urbanised Tibetan population in transition from nomadic to
settled  living  environment.  Public  Health  Nutr.  2021;24(5):984-992.  PMID:
32312349.https://doi.org/10.1017/s1368980019004798

11. Li K., Zhang H. D., Jian W. X., et al. [Prevalence of obesity and its association with dietary

patterns: a cohort study among Tibetan pastoralists in Qinghai Province]. Zhonghua Liu Xing Bing
Xue Za Zhi. 2023;44(8):1257-1263. PMID: 37661618.https://doi.org/10.3760/cma.j.cn112338-
20221225-01082

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.1002/oby.20135
https://doi.org/10.1038/s41366-021-00923-1
https://doi.org/10.1016/s0140-6736(03)15268-3
https://doi.org/10.1371/journal.pmed.1002916
https://doi.org/10.1371/journal.pone.0200465
https://doi.org/10.1177/02601060241260983
https://doi.org/10.7326/m19-0477
https://doi.org/10.1017/s1368980019004798
https://doi.org/10.3760/cma.j.cn112338-20221225-01082
https://doi.org/10.3760/cma.j.cn112338-20221225-01082
https://doi.org/10.1017/S1368980025000291

Accepted manuscript

12. Peng W., Li K., Yan A. F, et al. Prevalence, Management, and Associated Factors of Obesity,
Hypertension, and Diabetes in Tibetan Population Compared with China Overall. Int J Environ Res
Public Health. 2022;19(14). PMID: 35886633.https://doi.org/10.3390/ijerph19148787

13. Peng W.,, Jian W., Li T., et al. Disparities of obesity and non-communicable disease burden

between the Tibetan Plateau and developed megacities in China. Front Public Health.
2022;10:1070918. PMID: 36703857.https://doi.org/10.3389/fpubh.2022.1070918
14. Huang Yiwen, Wang Xi, Cheng Hong, et al. Differences in air displacement plethysmography,

bioelectrical impedance analysis and dual-energy X-ray absorptiometry for estimating body
composition in Chinese children and adolescents. Journal of Paediatrics and Child Health.
2023;59(3):470-479.

15. Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee.
World Health Organ Tech Rep Ser. 1995;854:1-452. PMID: 8594834.

16. Bazzocchi A., Ponti F., Albisinni U., et al. DXA: Technical aspects and application. Eur J Radiol.
2016;85(8):1481-1492. PMID: 27157852.https://doi.org/10.1016/j.ejrad.2016.04.004

17. Kyle U. G., Bosaeus |., De Lorenzo A. D., et al. Bioelectrical impedance analysis--part I: review
of principles and methods. Clin Nutr. 2004;23(5):1226-1243. PMID:
15380917 .https://doi.org/10.1016/j.clnu.2004.06.004

18. Bland J. M., Altman D. G. Statistical methods for assessing agreement between two methods of
clinical measurement. Lancet. 1986;1(8476):307-310. PMID: 2868172.

19. Roberts C. Modelling patterns of agreement for nominal scales. Stat Med. 2008;27(6):810-830.
PMID: 17634968.https://doi.org/10.1002/sim.2945

20. Bland J. M., Altman D. G. Measuring agreement in method comparison studies. Stat Methods
Med Res. 1999;8(2):135-160. PMID: 10501650.https://doi.org/10.1177/096228029900800204

21. China National Health Commission of the People’s Republic of. Criteria of weight for adults
2013.

22. Chinese Center for Disease Control and Prevention. Report on chronic disease risk factor

surveillance in China. Beijing: People's Medical Publishing House; 2018.

23. National Cholesterol Education Program Expert Panel on Detection Evaluation, Treatment of
High Blood Cholesterol in Adults. Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel 111) final report. Circulation. 2002;106(25):3143-3421. PMID: 12485966.

24. Partik B. L., Stadler A., Schamp S., et al. 3D versus 2D ultrasound: accuracy of volume
measurement in  human cadaver Kkidneys. Invest Radiol. 2002;37(9):489-495. PMID:
12218444 https://doi.org/10.1097/01.RL1.0000023573.59066.43

25. Chan Y. H. Biostatistics 104: correlational analysis. Singapore Med J. 2003;44(12):614-619.
PMID: 14770254.

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.3390/ijerph19148787
https://doi.org/10.3389/fpubh.2022.1070918
https://doi.org/10.1016/j.ejrad.2016.04.004
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1002/sim.2945
https://doi.org/10.1177/096228029900800204
https://doi.org/10.1097/01.RLI.0000023573.59066.43
https://doi.org/10.1017/S1368980025000291

Accepted manuscript

26. Pateyjohns I. R., Brinkworth G. D., Buckley J. D., et al. Comparison of three bioelectrical
impedance methods with DXA in overweight and obese men. Obesity (Silver Spring).
2006;14(11):2064-2070. PMID: 17135624.https://doi.org/10.1038/0by.2006.241

27. Coéffier M., EI Machkouri M., L'Huillier C., et al. Accuracy of bioimpedance equations for

measuring body composition in a cohort of 2134 patients with obesity. Clin Nutr. 2022;41(9):2013-
2024. PMID: 35970132.https://doi.org/10.1016/j.clnu.2022.07.032

28. Ziai S., Coriati A., Chabot K., et al. Agreement of bioelectric impedance analysis and dual-energy

X-ray absorptiometry for body composition evaluation in adults with cystic fibrosis. J Cyst Fibros.
2014;13(5):585-588. PMID: 24522087.https://doi.org/10.1016/j.jcf.2014.01.006
29. Sillanpaa E., Cheng S., Hakkinen K.et al. Body composition in 18- to 88-year-old adults--

comparison of multifrequency bioimpedance and dual-energy X-ray absorptiometry. Obesity (Silver
Spring). 2014;22(1):101-109. PMID: 23894111.https://doi.org/10.1002/0by.20583
30. Raymond Christiana J, Dengel Donald R, Bosch Tyler A. Total and segmental body composition

examination in collegiate football players using multifrequency bioelectrical impedance analysis and
dual X-ray absorptiometry. The Journal of Strength & Conditioning Research. 2018;32(3):772-782.
31. Wu C. S, Chen Y. Y., Chuang C. L., et al. Predicting body composition using foot-to-foot
bioelectrical impedance analysis in healthy Asian individuals. Nutr J. 2015;14:52. PMID:
25986468.https://doi.org/10.1186/s12937-015-0041-0

32. Huang Y., Wang X., Cheng H., et al. Differences in air displacement plethysmography,

bioelectrical impedance analysis and dual-energy X-ray absorptiometry for estimating body
composition in Chinese children and adolescents. J Paediatr Child Health. 2023. PMID:
36661380.https://doi.org/10.1111/jpc.16327

33. Lopez-Gonzalez Desiree, Wells Jonathan CK, Clark Patricia. Body Composition Assessment in

Mexican Children and Adolescents. Part 2: Cross-Validation of Three Bio-Electrical Impedance
Methods against Dual X-ray Absorptiometry for Total-Body and Regional Body Composition.
Nutrients. 2022;14(5):965.

34. Verney J., Metz L., Chaplais E., et al. Bioelectrical impedance is an accurate method to assess
body composition in obese but not severely obese adolescents. Nutr Res. 2016;36(7):663-670. PMID:
27333957 .https://doi.org/10.1016/j.nutres.2016.04.003

35. Verney J., Schwartz C., Amiche S., et al. Comparisons of a Multi-Frequency Bioelectrical

Impedance Analysis to the Dual-Energy X-Ray Absorptiometry Scan in Healthy Young Adults
Depending on their Physical Activity Level. J Hum Kinet. 2015;47:73-80. PMID:
26557191 .https://doi.org/10.1515/hukin-2015-0063

36. Resende Cristina Maria Mendes, Camelo Junior Jose Simon, Vieira Marta Neves Campanelli

Marcal, et al. Body composition measures of obese adolescents by the deuterium oxide dilution
method and by bioelectrical impedance. Brazilian Journal of Medical and Biological Research.
2011;44:1164-1170.

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.1038/oby.2006.241
https://doi.org/10.1016/j.clnu.2022.07.032
https://doi.org/10.1016/j.jcf.2014.01.006
https://doi.org/10.1002/oby.20583
https://doi.org/10.1186/s12937-015-0041-0
https://doi.org/10.1111/jpc.16327
https://doi.org/10.1016/j.nutres.2016.04.003
https://doi.org/10.1515/hukin-2015-0063
https://doi.org/10.1017/S1368980025000291

Accepted manuscript

37. Lohman T. G., Harris M., Teixeira P. J., et al. Assessing body composition and changes in body
composition. Another look at dual-energy X-ray absorptiometry. Ann N 'Y Acad Sci. 2000;904:45-54.
PMID: 10865709.https://doi.org/10.1111/].1749-6632.2000.tb06420.x

38. Elagizi A., Kachur S., Lavie C. J.,et al. An Overview and Update on Obesity and the Obesity
Paradox in Cardiovascular Diseases. Prog Cardiovasc Dis. 2018;61(2):142-150. PMID:
29981771 .https://doi.org/10.1016/j.pcad.2018.07.003

39. Agrawal S., Klargvist M. D. R., Diamant N., et al. BMI-adjusted adipose tissue volumes exhibit

depot-specific and divergent associations with cardiometabolic diseases. Nat Commun.
2023;14(1):266. PMID: 36650173.https://doi.org/10.1038/s41467-022-35704-5

40. Xu F., Earp J. E., Blissmer B. J., et al. The Demographic Specific Abdominal Fat Composition
and Distribution Trends in US Adults from 2011 to 2018. Int J Environ Res Public Health.
2022;19(19). PMID: 36231408.https://doi.org/10.3390/ijerph191912103

41. XuF., Earp J. E., LoBuono D. L., et al. The Relationship of Physical Activity and Dietary Quality
with Android Fat Composition and Distribution in US Adults. Nutrients. 2022;14(14). PMID:
35889761.https://doi.org/10.3390/nu14142804

42. Tang K., Zhao Y., Li C. The association between self-rated health and different anthropometric

and body composition measures in the Chinese population. BMC Public Health. 2017;17(1):317.
PMID: 28407795.https://doi.org/10.1186/s12889-017-4249-0

43. Aldiss P., Lewis J. E., Lupini 1., et al. Cold Exposure Drives Weight Gain and Adiposity
following Chronic Suppression of Brown Adipose Tissue. Int J Mol Sci. 2022;23(3). PMID:
35163791.https://doi.org/10.3390/ijms23031869

44. Sellayah D. The Impact of Early Human Migration on Brown Adipose Tissue Evolution and Its
Relevance to the Modern Obesity Pandemic. J Endocr Soc. 2019;3(2):372-386. PMID:
30723844 .https://doi.org/10.1210/js.2018-00363

45. Li J., Yang Q., Bai Z., et al. Chronic cold exposure results in subcutaneous adipose tissue

browning and altered global metabolism in Qinghai-Tibetan plateau pika (Ochotona curzoniae).
Biochem Biophys Res Commun. 2018;500(2):117-123. PMID:
29626477 .https://doi.org/10.1016/j.bbrc.2018.03.147

46. Deurenberg P. Limitations of the bioelectrical impedance method for the assessment of body fat
in severe obesityy Am J Clin  Nutr. 1996;64(3  Suppl):449s-452s.  PMID:
8780361.https://doi.org/10.1093/ajcn/64.3.449S

https://doi.org/10.1017/51368980025000291 Published online by Cambridge University Press


https://doi.org/10.1111/j.1749-6632.2000.tb06420.x
https://doi.org/10.1016/j.pcad.2018.07.003
https://doi.org/10.1038/s41467-022-35704-5
https://doi.org/10.3390/ijerph191912103
https://doi.org/10.3390/nu14142804
https://doi.org/10.1186/s12889-017-4249-0
https://doi.org/10.3390/ijms23031869
https://doi.org/10.1210/js.2018-00363
https://doi.org/10.1016/j.bbrc.2018.03.147
https://doi.org/10.1093/ajcn/64.3.449S
https://doi.org/10.1017/S1368980025000291

Accepted manuscript

EMI Men Women
A B
g s 81 -4y
D s A A-59y
= 281 Pa * 280y
Bl z :
e Fa Upper confdence dmit ifs { 2 Ugper confickence lim i
S s Moon dflererce=138 L g i e Wegn difesence=182
| | A =
-S Ee e ~t‘§“—v
% el Lowsr confidence limit ES Lo confidence it
5 B8 w22 8% non
8 p=00Y6 a J 01
24 o= o w I3 20 - ] L]
< Wonan tortal fat rmaes () Moo total (3t s (gl
c (ne124) D (m=234)
%1 2
=
2 87 2R
] = s
z e Lppesconfidencebmt T o
H = Upper confatunce it
= M Mean diecence=015 ;:_ i Maan dferonce=0.38
- a°
fe -E) ordence it
e fa Lo .
£ Lowercoafidencodmt  §
%o £a
S%1 =00 S35 rmam
-1 POl -] [t
284 ] » o @ 3 » 40 % )
Woan total fas mass (gl Meon total 1 mass Sl
£ in=115) E {he 190
24
R K4
g7 221
g i :
@ ge \ o 4] . fidance |
2= > ippercontiencedme . F 8 Uoper comlidance lmit
8| 3 R A S0 4 P
Sed — o Wean dffesences-155 = o — oy Y , Moo dfereocos-1 48
=1 N < 891 'ﬁ& b iy, e, .
fe| NAE e e B e
3 . . . iz AR o
£ < Yo comaence e -3 Lomes coalidence fmit
38, won 58 o
g] POl 8. poon
° . o . 80 L3 K] S P o
ey total fal sans lhg) Men tortel (o mgns (b
G (ne167) H s o
- 24 4
ﬁa 3 8
© 2521 72|
= 5 £
= =24 a4
g T |Upper cosficdercs lene g = Ugpes confidence bmit
| 2o S e, 1 P 2P
B9 (Mean diference=-204 o y E= i 2 Mean d¥mences-277
g Eo 4 "““" - 3. & &*‘ v
?', €7 {iower confickence lma v E 1 v Lower confidence bt
= iz SR -
S5 a3 a =034
=] o | paom 2| penooy
-+ ] n 40 ) o 3 Y a @ "o
24
Maan total bean mass fegl) Meer Sctal fean mraans (k|
[ (=124 ) (m=134)
3 EE
£ 2R 28 -
2| 2 £
£ lpper confidercalnt % 3=
I — i 4 zte Upper comfidance (mn
E o Mesn difasence=-177 Be ‘*»% Naoan Aerarca=-165
= Ta? e
% m LG
5 g= g2 Lowe corAdence fimit
£ Lowsrcontidence imi i
3] 2R aa
-6
=0kt o | peSOl
2. peoo! 2
28 = o ) L £ L] L] 2 @ [
Moo 1083l oan mass gl Nan toted hear muss (hy!
K #115) L (+330)
w1 R4
281 281
5 H
:g“ Z 2 {upper confidence b g2 . Upper confidence bmet
2 £ o {Mean dMerence=-050 Fod A«,W“.Mm diflatence=-026
o 4] e
5.7 {Lower confidanca lmi E 79 Lormar confudence smit
8% 0 ER1 wan
g | penem 5| 06
b o an 60 R ] 40 @ ®
Mian total bean mass fegb Mean total bean mass Bt
{n"352) {n200)

Figure 1. Bland Altman plots for the comparison of total fat mass and total lean mass
measured by dual-energy X-ray absorptiometry (DXA) and bioelectrical impedance analysis
(In-Body BIA) in Tibetan adults across body mass index and sex.

Values were obtained from 855 participants. Correlation coefficients derived from
Spearman’s correlation. Individuals from different age groups, 18-44, 45-59 and >60 y, were
represented by red, green and blue points, respectively.
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Figure 2. Density plots for body fat mass and lean body mass in Tibetan adults stratified by
sex and body mass index.

Values were obtained by dual-energy X-ray absorptiometry (DXA) from 855 participants.
Kruskal-Wallis H test was performed to compare variables across BMI groups.
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Figure 3. Body fat profiling of Tibetan adults based on sex, BMI categories, and metabolic
health conditions.

Median percentages of fat in total and seven body regions were obtained by dual-energy X-
ray absorptiometry (DXA) from 855 participants. Central obesity was defined as waist
circumference >90cm for men or >80cm for women. Metabolic syndrome was defined if >3
criteria were fulfilled: 1) central obesity; 2) fasting plasma glucose >5.6 mmol/l or on
medication for high blood glucose; 3) systolic blood pressure >130 mmHg or diastolic blood
pressure >85 mmHg or on antihypertensive medication; 4) high-density lipoprotein
cholesterol (HDL-C) <1.03 mmol/L for men and <1.30 mmol/L for women or on medication
for reduced HDL-C; 5) triacylglycerol >1.7 mmol/l or on medication for elevated
triacylglycerol. Independent t-test or Mann-Whitney U test were used for comparison
between subjects with and without central obesity or metabolic syndrome. Abbreviation: CO,
central obesity; MetS, metabolic syndrome.
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Variables Total Men Women p value '
N, % 855 (100) 391 (45.7) 464 (54.3)
Age, years 47.4+13.7 48.1+14.3 46.8+13.3 0.17
Age group, years 0.02
18-44 352 (41.2) 154 (39.4) 198 (42.7)
45-59 343 (40.1) 148 (37.9) 195 (42.0)
60 or older 160 (18.7) 89 (22.8) 71 (15.3)
Education, n, % 0.01
No schooling 637 (74.5) 273 (69.8) 364 (78.4)
<Primary school 66 (7.7) 39 (10.0) 27 (5.8)
>Primary school 152 (17.8) 79 (20.2) 73 (15.7)
Smoking, n, % ° <0.001
Never 708 (82.8) 282 (72.1) 426 (91.8)
Former smokers 24 (2.8) 15 (3.8) 9 (1.9
Current occasional smokers 19 (2.2) 10 (2.6) 9 (1.9
Current frequent smokers 104 (12.2) 84 (21.5) 20 (4.3)
Alcohol consumption, n, % ° <0.001
Never 752 (88.0) 323 (82.6) 429 (92.5)
Former alcohol drinkers 24 (2.8) 19 (4.9) 5(1.1)
Current  occasional alcohol
69 (8.1) 43 (11.0) 26 (5.6)
drinkers
Current  frequent  alcohol
10 (1.2) 6 (1.5) 4(0.9)
drinkers
Body mass index (BMI), 27.0+5.1 26.7£4.7 27.4+5.4 0.04
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kg/m?

Body mass status, n, % 0.44
BMI < 24 kg/m® n, %° 258 (30.2) 124 (31.7) 121 (28.9)

BMI: 24-27.9 kg/m? 245 (28.7) 115 (29.4) 130 (28.0)

BMI > 28 kg/m® 352 (41.2) 152 (38.9) 200 (43.1)

Waist circumference, cm 92.3+13.0 94.2+13.2 90.6+12.6 <0.001
Central obesity, n, % ° 612 (71.9) 248 (63.6) 364 (79.0) <0.001
Metabolic syndrome, n, %° 339 (41.5) 160 (42.7) 179 (40.5) 0.53

Data are presented as mean=SD or median (IQR) for continuous measures, and frequency
(percentage) for categorical measures.

a. Current occasional smokers were participants smoking less than 5 cigarettes/day; current
frequent smokers were participants smoking more than 5 cigarettes/day.

b. Current occasional alcohol drinkers were participants with alcohol consumption less than
40 g/week; current frequent alcohol drinkers were participants with alcohol consumption
more than 40 g/week.

c. Underweight (BMI <18.5 kg/m?), n=21 (2.5%); normal weight (BMI: 18.5-23.9 kg/m?),
n=237 (27.7%).

d. Central obesity was defined as waist circumference >90cm for men or >80cm for women.
e. Metabolic syndrome was defined if >3 criteria were fulfilled: 1) central obesity; 2) fasting
plasma glucose >5.6 mmol/l or on medication for high blood glucose; 3) systolic blood
pressure >130 mmHg or diastolic blood pressure >85 mmHg or on antihypertensive
medication; 4) high-density lipoprotein cholesterol (HDL-C) <1.03 mmol/L for men and
<1.30 mmol/L for women or on medication for reduced HDL-C; 5) triacylglycerol >1.7
mmol/l or on medication for elevated triacylglycerol.

f. According to Chi-square test and independent t-test
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analysis (In-Body BIA) in Tibetan adults

Accepted manuscript

Percentage  of

DXA BIA Difference® 95% ClI difference (%) " Spearmanr® Linp Kappa®
1. Total (n=855)
A. Body fat mass, kg
Total fat mass 25.31 (19.62, 30.83) 25.50(18.30,31.80) -0.15 -8.05,7.75 -0.58 0.91 091 0.68
Truncal fat mass 12.62 (9.32,16.09)  13.70 (9.60, 17.00) -0.66 -5.11,3.79 -5.11 0.91 0.89 0.66
Leg fat mass 7.73 (6.19, 9.70) 7.00 (5.20, 8.60) 1.02 -2.49,453 12.56 0.78 0.74 0.48
Arm fat mass 3.24 (2.40, 4.19) 3.50 (2.30, 5.00) -0.48 -2.97,2.01 -14.11 0.88 0.76 0.61
Percentage body fat, %  37.27 (31.95, 43.25) 36.70 (29.50, 43.60) 0.91 -9.52,11.34 2.46 0.85 0.82 0.58
B. Lean body mass, kg
Total lean mass 41.53 (35.60, 48.36) 42.90 (36.80,50.20) -1.49 -8.74,5.76  -351 0.91 0.89 0.68
Truncal lean mass 20.99 (18.16, 24.32) 20.80(17.80,23.90) 0.33 -3.84,450 155 0.87 0.87 0.58
Leg lean mass 12.52 (10.37,14.93) 12.68 (10.65, 15.35) -0.24 -3.00,2.52 -1.88 0.9 0.88 0.70
Arm lean mass 4.56 (3.65, 5.63) 4.85 (3.92, 5.86) -0.28 -1.34,0.78  -6.04 0.91 0.88 0.68
Percentage lean mass, % 62.05 (56.23, 67.02) 63.28 (56.34, 70.50) -1.74 -12.95,9.47 -2.80 0.84 0.78 0.57
2. Men (n=391)
A. Body fat mass, kg
Total fat mass 23.09 (17.24, 28.95) 23.60 (16.20, 30.30) -0.28 -8.47,791 -1.19 0.90 090 0.67
Truncal fat mass 12.24 (8.76, 15.82)  13.00 (8.50, 16.50) -0.18 -4.65,4.29 -1.46 0.90 091 0.64
Leg fat mass 6.61 (5.27, 8.04) 6.30 (4.70, 7.80) 0.29 -2.67,3.25 4.30 0.80 0.77 0.50
Arm fat mass 2.82 (2.02, 3.60) 3.00 (1.80, 4.30) -0.41 -2.84,2.02 -14.08 0.87 0.72 0.58
Percentage body fat, %  32.18 (27.60, 35.77) 31.50 (24.80, 37.10)  0.60 11102%0 1.90 0.77 0.74 0.47
B. Lean body mass, kg
Total lean mass 48.64 (44.60, 53.01) 50.50 (46.10, 55.50)  -1.65 -9.49,6.19 -3.37 0.83 082 0.1
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Truncal lean mass 24.13 (21.78, 26.67) 24.00 (21.90, 26.60)  0.22 -4.33,4.77  0.90 0.79 0.80 043
Leg lean mass 15.02 (13.69, 16.49) 15.47 (13.98,16.89) -0.24 -3.10,2.62 -1.58 0.80 0.80 0.60
Arm lean mass 5.67 (5.19, 6.30) 5.90 (5.19, 6.74) -0.20 -1.40,1.00 -3.52 0.85 0.82 0.55
Percentage lean mass, % 66.87 (63.65, 71.05) 68.52 (62.92, 75.22) -1.71 11033880 -2.53 0.75 0.66 0.46
3. Women (n=464)

A. Body fat mass, kg

Total fat mass 26.93 (21.42,32.32) 27.30(20.15, 33.55) -0.04 -7.68,7.60 -0.15 0.92 092 0.69
Truncal fat mass 12.94 (9.82,16.18) 14.35(10.40,17.40) -1.05 -5.32,3.22 -8.03 0.91 0.87 0.69
Leg fat mass 9.04 (7.22, 10.80) 7.40 (5.80, 9.20) 1.64 -1.83,5.11 17.61 0.78 0.68 0.42
Arm fat mass 3.67 (2.80, 4.59) 4.00 (2.70, 5.50) -0.54 -3.07.1.99 -14.13 0.88 0.75 0.62
Percentage body fat, %  42.27 (38.29, 45.80) 41.55(35.30, 46.85) 1.17 -9.10,11.44 281 0.82 0.73 054
B. Lean body mass, kg

Total lean mass 36.27 (33.40, 40.11) 37.50 (34.80,41.50) -1.36 -8.08,5.36  -3.68 0.81 0.77 0.62
Truncal lean mass 18.58 (16.88, 20.79) 18.35 (16.80, 20.40) 0.43 -3.37,423 2.26 0.76 0.74 0.1
Leg lean mass 10.57 (9.66, 11.81)  10.90 (9.89, 12.18) -0.24 -2.93,2.45 -2.23 0.79 0.73 0.58
Arm lean mass 3.70 (3.35, 4.25) 4.11 (3.61, 4.74) -0.35 -1.27,0.57 -9.23 0.79 0.66 0.57
Percentage lean mass, % 57.17 (53.50, 61.38) 58.45 (53.19, 64.67) -1.77 -12.2,8.66 -3.06 0.81 0.72 052

Data are presented as median (IQR).
a. Difference was calculated by [DXA value-In-Body BIA value].

Z{-\Ll(DXA value—BIA value)
Z?’zl DXAvalue

b. Percentage of difference (%) was calculated by [100 ].

c. p<0.001
d. Kappa coefficient was calculated by variable values categorized into trisection.
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