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Abstract

Objective: To examine the cross-sectional association between trunk fat mass index (TFMI) and diabetes
across individuals within the same body mass index (BMI [calculated as the weight in kilograms divided
by the height in meters squared]) categories in a multinational population.

Participants and Methods: We harmonized and pooled data on 57,764 individuals aged 40 years and
older from the United Kingdom, the United States, and South Korea. Trunk fat mass imaging was
performed using a dual-energy X-ray absorptiometry device during 2015-2023 in the United Kingdom,
2011-2018 in the United States, and 2008-2011 in South Korea. The prevalence of diabetes was derived
from the self-reported medical history. Additionally, plasma biochemistry analyses were conducted to
update the number of participants with diabetes.

Results: Among participants classified as having a normal weight based on BMI, the relative risks (RRs)
of diabetes increased from TFMI quintiles 1 to 5 with the linear trend (P<.001). The risk of diabetes
among individuals in TFMI quintile 5 was around 3 times greater than those in quintile 1 (men—RR,
3.06; 95% confidence interval [CI], 2.17-4.34; women—3.35; 95% CI, 2.08-5.39). This significant linear
trend (P<.001) in RRs was also present in overweight and obese individuals (overweight men—RR, 1.92;
95% CI, 1.50-2.47; overweight women—RR, 2.25; 95% CI, 1.73-2.91; obese men—RR, 2.47; 95% CI,
1.83-3.35; obese women—2.79; 95% CI, 2.04-3.83).

Conclusion: Within a specific BMI category, individuals with a high trunk fat mass are more likely to

http://creativecommons.org/licenses/by/4.0/

experience diabetes compared with those with lower levels of central fat.
ody mass index (BMI [calculated as
the weight in kilograms divided by

B the height in meters squared]) is

used worldwide to classify obesity, assuming
it is a measure of unhealthy body composition
(BC), which is defined as having high body fat
percentage (BF%), lower than the required
essential body fat (BF), low muscle mass, or
high abdominal fat accumulation.' " Howev-
er, unhealthy BC is not confined to the obese,
overweight, and underweight BMI categories;
it is also prevalent in the normal-weight pop-
ulation."” Therefore, key parameters that
should be considered when assessing obesity
are BF% and adiposity distribution.

Metabolism in skeletal muscle, adipose
tissue, and liver plays an important role in
regulating blood glucose homeostasis. Muscle
mass accounts for the storage and metabolism
of around three-fourths of the postprandially
produced glucose and is considered the pri-
mary organ accountable for whole-body gly-
cemic control.”” On the contrary, adipose
tissue is a vital organ that modulates meta-
bolism to meet the body’s varying nutritional
demands.” Moreover, adipose tissue functions
as an endocrine organ by releasing hormones
that influence insulin sensitivity and glucose
regulation.7 However, excess fatty tissue is
detrimental to glucose metabolism, increasing
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the risk of developing type 2 diabetes mellitus
(T2DM)."8 Similarly, fat distribution parame-
ters, including visceral adipose tissue and
ectopic fat on the organs and skeletal muscle,
are the critical determinants of insulin sensi-
tivity.” '

There is strong evidence that individuals
with a higher BMI are at increased risk for dia-
betes.'”> "' However, on the contrary, a num-
ber of studies exhibited that individuals who
are overweight or obese with a diabetes his-
tory have better prognoses and low mortality
rates than the normal-weight counter-
parts.'“*" One possible theory that could
explain the disparities in the research findings
is varying levels of abdominal fat or differ-
ences in body adiposity distribution across in-
dividuals with the same BMI. Additionally,
excess central fat deposits among those classi-
fied as having a normal BMI may remain an
unrecognized risk factor before the diagnosis
as well as during the course of diabetes.”**”
Therefore, it is important to investigate the
risk of diabetes across individuals with
different levels of central fat but categorized
within the same BMI range. Our study esti-
mated the risk of diabetes across quintiles of
trunk fat mass index (TFMI) within various
BMI groups. We hypothesize that high levels
of trunk fat mass (TFM) are associated with
a greater risk of diabetes, regardless of
whether the individuals are classified as
normal weight, overweight, or obese based
on their BMI. Additionally, the relationship
between TFMI and diabetes was examined
in the United Kingdom, United States, and
South Korean populations to determine
whether the association follows a similar
pattern in all countries.

PARTICIPANTS AND METHODS

Data were received through the BC Studies
Collaboration initiative, facilitating building a
global consortium of rtesearchers studying
body fatness measured by an imaging method
like dual-energy X-ray absorptiometry (DXA).
For this analysis, we pooled data from the
UK Biobank (UKB) study, the US National
Health and Nutrition Examination Survey
(NHANES), and South Korea NHANES
(KNHANES) to create a central data set.
Detailed methodologies and standard proced-
ures for data collection in the study and

surveys could be found on the respective web-
sites and in data resource articles.”**’ The US
and Korean NHANES data sets are publicly
available, whereas UKB data were accessed
through a formal request submitted to Oxford
University. The KNHANES data, originally in
Korean, were translated into English by our
collaborators at Korea University. The US
NHANES and KNHANES are nationally repre-
sentative health examination surveys, and the
UKB is a multicountry population-based proj-
ect encompassing England, Scotland, and
Wales. To investigate the association between
diabetes and TFMI, we harmonized data
from 57,764 individuals. Participants in the
UKB were aged 40 to 83 years, and those in
the KNHANES were aged between 40 and 80
years. The US NHANES included individuals
aged 40 to 60 years. The UKB study received
approval from the North West Multi-centre
Research Ethics Committee. The US NHANES
approval was granted by the National Center
for Health Statistics Research Ethics Review
Board, and the Institutional Review Board of
the Korea Disease Control and Prevention
Agency provided approval for the KNHANES.
All participants in the United Kingdom, the
United States, and South Korea signed the
informed consent forms.

Dual-Energy X-ray Absorptiometry
Assessment and Diabetes Prevalence
In the US and South Korea NHANES, the
TFM scans were performed during 2011-
2018 and 2008 -2011, respectively, using a
Hologic QDR 4500A fan-beam densitometer.
The GE-Lunar iDXA device was used to mea-
sure TFM in the UKB study from 2015 to
2023. Trunk fat mass is the fat tissue that is
located between a horizontal line drawn
through the lower end of the chin and the
lower border formed by the oblique lines
passing through the hip joints. Trunk fat
mass index was calculated by dividing TFM
in kilograms by height in square meters.
Diabetes prevalence was estimated from a
self-reported medical history data, which
included diagnoses made by a doctor or the
use of diabetes medications. Furthermore,
plasma biochemistry analyses were performed
to determine HbAlc levels in the UKB study
and the US NHANES. Fasting blood glucose
levels were measured in the South Korea
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NHANES. In the UKB study and US
NHANES, an individual was considered to
have diabetes when the HbAlc level was
6.5% or more. Participants with fasting
plasma glucose levels of 126 mg/dL and
more in the South Korea NHANES were
considered to have diabetes. For the UKB
study, participants completed a touch screen
questionnaire, followed by an interview that
included a comprehensive disease and medi-
cation history of diabetes. In the US and
South Korea NHANES, diabetes status and
drug history were collected through in-
person interviews.

Covariates

Age and sex information in the UKB study
was securely obtained from the National
Health Services and updated by participants
during the verbal interviews. In the US and
South Korean NHANES, age and sex were
self-reported during personal interviews.
Smoking status was self-reported, and partic-
ipants were characterized as never smokers,
past smokers, or current smokers. Body
mass index was calculated using weight and
height, which were measured during physical
examinations. Participants self-reported eth-
nicities in the UKB study and the US
NHANES, whereas KNHANES exclusively
included Koreans by ethnicity.

Data Harmonization

To ensure the validity of scientific output, the
central data set was developed to achieve uni-
formity by harmonization of the variables
while accepting a certain level of heterogene-
ity across the data from the United Kingdom,
United States, and South Korea. The ap-
proaches that were used for harmonizing the
variables include standardization methods
(aligning with international classifications
and standards), calibration (conversion of
units), algorithmic transformation (recoding),
and direct mapping (ensuring the target vari-
able is similar to the original variable).”**”
The harmonization table (Supplemental
Table 1, available online at http:/www.
mcpiqojournal.org)  underwent  multiple
rounds of review by team members through
teleconferences and electronic communica-
tion. Information on missing metadata in the

data sets was sought through regular queries
to the collaborators.

Statistical Analyses

Participants were categorized into quintiles
based on the TFMI (quintile 1 included indi-
viduals with the lowest TFMI, and quintile 5
comprised those with the highest TFMI).
Descriptive analysis summarized numeric var-
iables; means with SDs were reported for the
normally distributed data, and medians with
interquartile ranges were presented for non-
normally distributed data. Categorical vari-
ables were summarized by reporting the
frequency and percentage of the observations
within each quintile.

A modified Poisson regression model was
fitted to investigate the cross-sectional rela-
tionship between TFMI and diabetes, while
accounting for the confounding factors,
including age, gender, ethnicity, smoking sta-
tus, and BMI. We reported regression coeffi-
cients as relative risks (RRs) with 95%
confidence intervals (CIs) and P values for sta-
tistical significance. A sensitivity analysis was
conducted to compare the RRs from the
modified Poisson model with the odds ratios
(ORs) from the logistic regression model. It
is known that the results presented as RRs
may be more intuitive to interpret than ORs.
Predictor variables, including sex and age,
were added to the regression model due to
clinical relevance. Other variables were added
when they improved the model fit as evalu-
ated by the Bayesian information criteria.
Regression models with lower Bayesian infor-
mation criterion values were preferred in or-
der to attain a balance between complexity
and fit.

An elaborated subgroup analysis was con-
ducted to investigate the relationship between
TFMI and diabetes status among men and
women within different BMI categories and
nations. The BMI groups were categorized as
underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25-29.9 kg/
m?), and obese (> 30 kg/m?) for populations
in the United Kingdom and the United States.
For the South Korean population, BMI was
defined according to the classification system
used in Korea as underweight (<17.5 kg/mz),
normal weight (17.5-22.9 kg/m?), overweight
(23-27.9 kg/m?), and obese (>28 kg/m?).
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Line graphs for differences in mean TFMI be-
tween individuals with diabetes and those
without diabetes were constructed across the
BMI categories.

Of 57,764, 958 (1.66%) participants in
the central data set had at least 1 missing
value. In the UK, US, and South Korea co-
horts, the number of individuals with incom-
plete data was 486, 348, and 124,
respectively. The variables with the highest
proportions of missing values were smoking
(0.80%) and TFM (0.63%). On investigating
the missing data mechanism, it was assumed
that the unavailable values are missing
completely at random. This indicates that
the observed information in the analysis and
the probability of data being unavailable are
unrelated. Listwise deletion was used to
address the missing data, a technique in
which the participants with at least 1 missing
value are excluded from the regression anal-
ysis. We conducted a sensitivity analysis to
explore the impact of the missing data by
comparing the results of the analysis when
the listwise deletion method was used vs
when the multiple imputation procedure (a
technique that uses statistical modeling to
predict missing values) was applied.

RESULTS
Table 1 displays the summary statistics of the
multinational population across the TFMI
quintiles. This investigation included 27,244
men and 30,520 women. TFMI levels were
higher for women than those in men in each
quintile; however, BMI was lower among
women in quintiles 1 to 4 and only higher in
quintile 5. Younger age groups exhibited lower
TEMI than the older population. The higher
TEMI quintiles were associated with a greater
prevalence of diabetes, a trend that was consis-
tent across the UK, US, and South Korean pop-
ulations. In the multinational population, the
prevalence of diabetes among men in TFMI
quintile 5 was more than twice than that
among those in quintile 1. Additionally, for
women, the prevalence in TFMI quintile 5
was 6 times higher than that in quintile 1.
The RRs of diabetes increased from TFMI
quintile 1 to quintile 5 in the unadjusted and
adjusted statistical models (Table 2). In the
unadjusted model, individuals in TFMI quin-
tile 5 had 2.93 times greater risk of diabetes

than those in quintile 1 (95% ClI, 2.68-3.22;
P<.001 for the linear trend). In the model,
adjusted for age, sex, ethnicity, smoking sta-
tus, and BMI, individuals in quintile 5
exhibited 3.38 times higher risk of diabetes
than those in quintile 1 (95% ClI, 2.95-3.86;
P<.001 for the linear trend).

Table 3 portrays the adjusted RRs of dia-
betes across the TFMI quintiles in BMI-
classified groups for men and women. Among
men within the normal weight and obese BMI
categories, the RRs of diabetes were signifi-
cantly higher in TFMI quintiles 2 to 5 than
those in quintile 1 (P<.04). Overweight men
in TFMI quintiles 4 and 5 had significantly
higher RRs of diabetes than those in quintile
1 (P<.001). Moreover, the RRs of diabetes
increased from TFMI quintile 1 to quintile 5,
with P<.001 for the linear trend among
normal weight, overweight, and obese men.
For women classified as normal weight and
obese using BMI, the RRs of diabetes in
TFMI quintiles 3 to 5 were significantly higher
than those in quintile 1 (P<.009). The RRs of
diabetes among overweight women in TFMI
quintiles 4 and 5 were significantly higher
than those in quintile 1 (P<.001). Further-
more, the RRs of diabetes increased from
TFMI quintile 1 to quintile 5 with the linear
trend (P<.001) among normal weight, over-
weight, and obese women. For men and
women in the normal BMI group, the risk of
diabetes was approximately 3 times higher in
TFMI quintile 5 than that in quintile 1.

The adjusted RRs of diabetes across quin-
tiles of TFMI were estimated for men and
women in the UK, US, and South Korea co-
horts (Table 4). For both sexes, the RRs of
diabetes significantly increased from TFMI
quintile 1 to quintile 5, with P<.001 for the
linear trend in the populations of the United
Kingdom, United States, and South Korea.
When comparing the RRs in the highest
TEMI quintile across the nations, US women
exhibited the greatest RR (RR, 10.39; 95%
CI, 5.81-18.56), whereas the lowest RR was
seen among South Korean men (RR, 1.83;
95% CI, 1.35-2.48). The mean TFMI in
each quintile was the highest in the case of
US women and lowest for Korean men. The
line graphs in Supplemental Figure 1 (avail-
able online at http://www.mcpiqojournal.
org) showed that individuals with diabetes
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TABLE 1. Descriptive Statistics Across TFMI Quintiles

Men Women
TFMI quintiles Quintile | Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile | Quintile 2 Quintile 3 Quintile 4 Quintile 5

No. of individuals 5424 5424 5424 5424 5425 6056 6056 6056 6056 6056
TEMI 2.05 (0.54) 329 (0.27) 4.19 (0.26) 5.18 (0.33) 7.30 (1.48) 246 (0.56) 3.74 (0.29) 4.70 (0.28) 5.84 (0.39) 831 (1.65)
Age 60.57 (10.77) 61.18 (10.50) 6243 (1001) 6341 (9.31) 6405 (8.66) 6037 (1045) 6043 (10.06) 61.74 (9.65) 6232 (941)  61.33 (9.04)
BMI 2200 (209) 2431 (1.82) 2579 (203) 2756 (209) 3189 (404) 2076 (1.78) 2299 (l.61) 248l (1.76) 2721 (2.15) 3297 (4.86)
Smoking

Never 2304 (17.49) 2448 (1859) 2801 (21.27) 2912 (22.11) 2706 (20.55) 4427 (20.53) 4540 (21.05) 4479 (20.77) 4254 (19.72) 3868 (17.93)

Past 1769 (1726) 2029 (19.79) 2019 (19.70) 2084 (20.33) 2350 (22.92) 1259 (17.98) 1192 (17.02) 1289 (1841) 1456 (20.79) 1806 (25.79)

Current [316 (37.49) 906 (25.81) 574 (16.35) 387 (11.03) 327 (9.32) 305 (21.20) 274 (19.04) 245 (17.03) 284 (19.74) 331 (23.00)

Prevalence of diabetes
Multinational population 374 (6.90) 468 (8.63) 515 (9.49) 521 (9.61) 874 (16.11) 134 (2.22) 260 (4.30) 385 (6.36) 488 (8.06) 823 (13.59)

UK population 97 (2.53) 146 381) 251 (655) 312815 589 (1539) 4l (1.01) 50 (1.23) 93 (2.29) 165 (406) 383 (9.42)
US population 38 (7.63) 64 (1285) 103 (2068) 94 (1888) 175 (35.14) 22 (423) 57 (1096) 67 (1288) 121 (2327) 187 (35.89)
South Korea population 107 (9.75) 143 (1304) 170 (1551) 208 (1894) 255 (2320) 72 (493) 121 (827) l66 (1132) 224 (1529) 321 (21.85)

Categorical variables: numbers (percentages); continuous variables: mean (SD).
BMI, body mass index; TFMI, Trunk fat mass index.
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TABLE 2. Unadjusted and Adjusted RRs of Diabetes Across Quintiles of TFMI in the Multinational Population

Unadjusted Adjusted
TFMI quintile (mean) RR 95% Cl P Linear trend RR 95% Cl P Linear trend
Quintile | (2.25) = = = = = =
Quintile 2 (3.51) .30 1.17-145 <00l <.00! .35 121-150 <00l <.00!
Quintile 3 (4.45) .52 1.37-1.69  <.00l .70 1.53-1.90  <.00l
Quintile 4 (5.52) 1.81 1.63-1.99 <00l 213 1.90-238 <00l
Quintile 5 (7.88) 293  268-322 <.00I 338  295-386 <00l

Covariates, age, gender, ethnicity (UK White, UK mixed, Asian or Asian British, Black or Black British, UK Chinese, UK other ethnic
groups, US Mexican American, US other Hispanic, US non-Hispanic White, US non-Hispanic Black, and US other race—including

multiracial, and Korean), smoking status, and body mass index.
RR, relative risk; TFMI, trunk fat mass index.

had higher mean TFMI than those without
diabetes (P<.001) across all BMI groups.

Sensitivity Analysis

The adjusted RRs from the modified Poisson
regression and adjusted ORs from the logistic
regression were compared across the TFMI
quintiles. The coefficients for the 2 models
were similar, although the ORs from the logistic
regression were slightly higher (Supplemental
Table 2, available online at htp/www.
mcpiqojournal.org). The RRs across the TEMI
quintiles when using the listwise deletion
method vs multiple imputation were estimated,
and we found that the results from the 2
methods were comparable (Supplemental
Figure 2, available online at http//www.
mcpiqojournal.org).

DISCUSSION

This analysis exhibited a positive association
between diabetes and TFMI. Moreover, indi-
viduals with higher levels of TFMI have a
greater risk of diabetes than those with lower
levels, regardless of whether they are classified
as normal weight, overweight, or obese based
on BMI. Previous studies have found an asso-
ciation between central fat and diabetes; how-
ever, there has been a lack of large
population-level research investigating dia-
betes risk linked to varying levels of DXA-
measured abdominal fat within specific BMI
groups.

A cross-sectional study in the United
Kingdom involving 4950 individuals used
DXA to measure abdominal fat and found
that conventional anthropometry, such as
waist circumference, underestimated the

association of central fat with T2DM.”
Another investigation that was conducted in
India and included 1080 participants re-
ported that excess upper body fat assessed us-
ing DXA is related to a higher risk of T2DM.”"
Additionally, a longitudinal study using DXA
scans of 30,252 participants from Canada
indicated that the risk of diabetes rises with
the increase in abdominal fat.”

According to the World Health Organiza-
tion, approximately 830 million people glob-
ally have diabetes. The BMI is commonly used
worldwide to classify obesity and predict the
risk of diabetes. However, BMI is not a direct
measure of body fat. Individuals in the normal
BMI category but with higher levels of
abdominal fat are often misclassified as having
a healthy weight. Moreover, those categorized
as overweight or obese based on the BMI scale
but with low levels of total body or central fat
are falsely labeled as being at high risk for dia-
betes. Research has shown that individuals
with a normal BMI but a high BF% or central
obesity are at an increased risk for insulin
resistance and T2DM.”**"7° A study
involving 6- to 18-year-old children revealed
that greater lean mass had a protective impact
on insulin sensitivity among those with high
BML " It is important to recognize that men
and women categorized as normal weight us-
ing BMI are not always metabolically healthy;
simultaneously, those classified as overweight
or obese grade 1 are not necessarily metabol-
ically unhealthy.””**

Advances and technological changes in
DXA devices have enhanced the ability to
assess BF, fat-free mass and bone mass density
using a 3-compartment model.”’ Body fat
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TABLE 3. Adjusted RRs of Diabetes Across Quintiles of TFMI Within Various BMI Categories

Men Women
TFMI quintile and mean TFMI by sex RR 95% Cl P Linear trend RR 95% Cl P Linear trend
Normal BMI: mean, 22.629 (M), 22.129 (W)
TFMI quintile |; 1.50 (M), 2.09 (W) | = = <.00l | = = <.00!
TFMI quintile 2; 2.31 (M), 291 (W) .32 1.02-1.72 04 .35  092-198 13
TFMI quintile 3; 2.93 (M), 3.48 (W) [.51 [.13-201 .005 .70 1.14-2.54 009
TFMI quintile 4; 3.53 (M), 405 (W) 218  1.59-298 <00l 234 154-356 <00l
TFMI quintile 5; 4.39 (M), 4.93 (W) 306 217434 <00l 335 208539 <00l
Overweight BMI: mean, 26.738 (M), 26.514 (W)
TFMI quintile |; 293 (M), 3.94 (W) | = = <.00! I = = <.00!
TEMI quintile 2; 3.91 (M), 4.81 (W) [.I5  098-134 09 .04  084-128 73
TFMI quintile 3; 4.60 (M), 540 (W) .19 098-145 .08 120 096-1.50 A
TFMI quintile 4; 524 (M), 6.00 (W) 156 126-194 <00l .60 1.27-201 <001
TFMI quintile 5; 6.22 (M), 6.98 (W) 192  150-247 <00l 225 [.73-291 <.001
Obese BMI: mean, 33.149 (M), 34.055 (W)
TFMI quintile |; 4.63 (M), 6.28 (W) | = = <.00I I = = <.00
TFMI quintile 2; 6.09 (M), 7.37 (W) 1.29 1.04-1.60 02 .24 097-1.58 08
TFMI quintile 3; 6.95 (M), 8.13 (W) 149 [.16-1.91 .002 .82 145-229 <00l
TFMI quintile 4; 7.85 (M), 9.07 (W) 1.79 1.38-232 <00l .89  147-244 <00l
TFMI quintile 5; 9.95 (M), 11.32 (W) 247 1.83-335 <00l 279  204-383 <00l

Covariates: age, ethnicity (UK White, UK mixed, Asian or Asian British, Black or Black British, UK Chinese, UK other ethnic groups, US Mexican American, US other
Hispanic, US non-Hispanic White, US non-Hispanic Black, and US other race—including multiracial, and Korean), and smoking status.

BMI, body mass index; M, male; RR, relative risk; TFMI, trunk fat mass index; W, women.

TABLE 4. Adjusted RRs of Diabetes Across Quintiles of TFMI in the United Kingdom, United States, and South Korea

Men Women
RR 95% Cl P Linear trend RR 95% Cl P Linear trend
United Kingdom
TFMI quintile |; 2.38 (M), 2.42 (W) I I
TFMI quintile 2; 3.75 (M), 3.78 (W) 1.26 0.98-1.63 .08 <.00l 099 0.65-1.49 94 <.001
TFMI quintile 3; 4.65 (M), 4.84 (W) .89 |.49-2.40 <.001 [.52 1.04-2.21 03
TFMI quintile 4; 5.61 (M), 6.09 (W) 2.04 1.60-2.60 <.00] 2.17 [.51-3.11 <.001
TFMI quintile 5; 7.70 (M), 8.61 (W) 2.89 2.20-3.78 <.001 3.0 2.09-4.63 <.00I
United States
TEMI quintile |; 2.20 (M), 2.94 (W) I
TFMI quintile 2; 3.33 (M), 4.44 (W) [.53 1.04-2.26 03 <.001 2.54 1.56-4.15 <001 <.001
TFMI quintile 3; 4.08 (M), 5.64 (W) 223 |.54-3.22 <.001 3.19 1.93-5.28 <.00I
TFMI quintile 4; 4.89 (M), 6.89 (W) 201 |.37-2.96 <.001 6.25 3.75-1041 <.00l
TFMI quintile 5; 6.93 (M), 9.50 (W) 301 1.96-4.60 <.001 10.39 5.81-18.56 <001
South Korea
TFMI quintile 1; 1.51 (M), 243 (W) I
TFMI quintile 2; 2.38 (M), 3.51 (W) 1.26 0.98-1.61 07 <.001 [.53 |.15-2.04 004 <.001
TFMI quintile 3; 2.99 (M), 4.24 (W) 1.43 I.11-1.84 006 |.84 1.39-2.44 <.00l
TFMI quintile 4; 3.57 (M), 4.97 (W) |.64 1.26-2.14 <.001 2.12 1.59-2.82 <.00I
TFMI quintile 5; 4.62 (M), 6.37 (W) 1.83 |.35-2.48 <.001 2.59 |.87-3.60 <.001

Covariates: age, ethnicity (UK White, UK mixed, Asian or Asian British, Black or Black British, UK Chinese, UK other ethnic groups, US Mexican American, US other
Hispanic, US non-Hispanic White, US non-Hispanic Black, and US other race—including multiracial, and Korean), and smoking status.

BMI, body mass index; M, male; RR, relative risk; TFMI, trunk fat mass index; W, women.
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assessments conducted by GE-Lunar iDXA and
Hologic QDR 4500A fan-beam densitometers
are known to have high accuracy, reproduc-
ibility and reliability, making the measure-
ments by these 2 devices highly comparable.
Dual-energy X-ray absorptiometry is certainly
safe, with an exposure level lower than a daily
dose of mnatural background radiation.
Computed tomography and magnetic reso-
nance imaging are considered superior in
differentiating adipose tissue (intramuscular,
subcutaneous, and visceral); however, they
are expensive to maintain. Furthermore, a sin-
gle exposure to a computed tomography scan
is equivalent to years of background radia-
tion.""" Ultrasound sonography can also
differentiate fat tissue; however, its reproduc-
ibility with BC assessment is lower than the
other imaging techniques owing to a lack of
standardized scanning protocols.™  Consid-
ering the strengths and weaknesses of these
imaging techniques, DXA emerges as the best
option for assessing BC. Routine BC examina-
tions in a primary care setting can aid in diag-
nosing unhealthy BC and predicting diabetes
risk. Furthermore, data generated from the
DXA assessments may contribute to addressing
important clinical research questions.

BC is considered unhealthy when there
are higher or lower than the optimal levels
of BF%'~ or high-fat deposits around the
abdomen.””*® The American College of
Sports Medicine has classified healthy BF%
levels for men and women across different
age groups in the Guidelines for Exercise
Testing and Plrescription.4g However, there
are no established classification or cutoff
values for intra-abdominal fat or visceral adi-
pose tissue, and it may constitute 10% to 20%
of total BF in men and 5% to 8% among
women, which tends to increase with
age.’?"7! BC is a byproduct of an individ-
ual’s lifestyle (amount and intensity of phys-
ical activity and dietary patterns),”””” and it
also reflects one’s level of cardiorespiratory
fitness.”" " Determining a person’s physical
activity and diet can be complex; however,
BC parameters can be assessed directly using
DXA or other imaging techniques.”*” """

Strengths and Limitations
The data for this analysis consisted of individ-
uals with DXA-measured TFM from 3

different regions of the world. Dual-energy
X-ray absorptiometry scanning is considered
the gold standard for assessing body fat
because of its high accuracy.”” To our knowl-
edge, this analysis is novel because it used the
largest sample size ever examined to study the
association between DXA-measured central
fat and diabetes. Participants from the United
States and South Korea were representative of
their general population, whereas those from
the United Kingdom were relatively healthy,
with evidence of sampling bias.””*” Only
the data from the United Kingdom were
linked to primary care and hospital records
concerning diabetes history; therefore, the
prevalence was estimated via a self-reported
diabetes history and blood glucose levels in
the harmonized central data set to ensure
homogeneity.

Thorax consists of visceral and subcutane-
ous fat, whereas limb fat largely comprises sub-
cutaneous fat.°" The analysis did not include
limb fat mass, which is known to improve insu-
lin sensitivity, and future research should
demonstrate its role in chronic metabolic disor-
ders.”” Moreover, data on physical activity,
including  aerobic or resistance  exer-
cise, 777" cardiorespiratory  fitness,  or
muscular strength,”” " were not pooled, which
are known important predictors of diabetes risk
or prognosis and obesity or unhealthy BC. Self-
reported diabetes status was not differentiated
as T2DM and type 1 diabetes mellitus in the
data sets from the United Kingdom, United
States, and South Korea. Therefore, the reported
prevalence of diabetes includes individuals who
self-reported having T2DM or type 1 diabetes
mellitus, those taking hypoglycemic medica-
tions or those with elevated HbAlc or blood
glucose levels. Because this is an observational
study, the associations between TFMI and dia-
betes status should not be interpreted to imply
causality.

CONCLUSION

High levels of TFMI are associated with an
increased risk of diabetes among men and
women. Additionally, individuals with
higher central fat are more likely to experi-
ence diabetes than those with lower TFM,
even if they are classified within the same
BMI groups, including normal weight, over-
weight, or obese. Directly measured
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abdominal fat using imaging techniques
could facilitate better prediction of diabetes
risk and prognosis. Future research should
aim to establish unhealthy threshold levels
for TFMI or central fat.
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