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Abstract

Objective: To test the hypothesis that body adiposity measured by dual x-ray absorptiometry is 
associated with metabolic disorders and all-cause mortality in normal-weight individuals. 
Methods: Adults 20 to 65 years of age with normal body mass index (BMI) and dual x-ray absorp-
tiometry examination in the US National Health and Nutrition Examination Survey from 1999-2006 
and 2011-2018 were evaluated. Follow-up was until December 2019. Weighted logistic regression 
and Cox proportional hazard models were performed to test the association between body fat per-
centage (BF%) and metabolic disorders (ie, insulin resistance, metabolic syndrome, dyslipidemia, 
type 2 diabetes mellitus, and hypertension) and mortality. Models were adjusted for potential con-
founders while considering complex survey design and were further stratified by sex and BF% as 
tertiles in normal-weight individuals. 
Results: Included in this study sample were 20,613 individuals of whom 6424 were normal weight 
by BMI (18.5-24.9 kg/m 2 ) (45.7% men, 69.6% non-Hispanic Whites). Every 10-unit percent increase 
in total BF% was associated with a higher risk for insulin resistance, metabolic syndrome, dyslipi-
demia, and all-cause mortality in the normal BMI group. Metabolic disorders were associated with BF 
% tertiles. 
Conclusion: Even in these normal weight subjects, increases in body adiposity are significantly 
associated with increased cardiometabolic disease burden and mortality.
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O 
besity is often defined as a 
chronic condition that translates 
as accumulation and storage of 

adipose tissue, which has been linked to a 
broad spectrum of metabolic disorders, 
including insulin resistance (IR), metabolic 
syndrome (MS), dyslipidemia, and type 2 
diabetes mellitus (DM). 1 Furthermore, a 
connection has been established between 
increased adiposity and cardiovascular dis-
ease (CVD), including hypertension 
(HTN), coronary heart disease, cerebrovas-
cular disease, and cardiovascular mortal-
ity. 2,3 However, the risk of metabolic 
disease and mortality in individuals classi-
fied as having normal body mass index

(BMI) has been overlooked, 4 with focus 
shifting towards the role of body adiposity 
distribution. Prior studies have shown that 
individuals may have excessive adiposity 
even if BMI is normal, a phenotype called 
normal weight obesity (NWO). 5 An increase 
in body fat (BF) is an important risk factor 
for metabolic abnormalities, independent 
of BMI, and for this reason NWO has 
become an area of growing research interest. 
Normal weight obesity is defined as having a 
normal BMI (<25 kg/m 2 ) but with increased 
BF mass, recognizing that there is no 
consensus on the best cutoff to define exces-
sive adiposity. 5 The global prevalence of 
NWO in adults ranges from 4.5% to 22%,
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estimated at approximately 30 million US 
adults. 6 Some studies have reported that 
NWO may be associated with increased 
metabolic risk and mortality, although the 
evidence is scarce and limited to the use of 
bioimpedance-based assessment of BF. 7 

However, there is limited research on the 
metabolic risks associated with an increase 
in BF within the normal BMI range, with 
consequently less than optimal primary pre-
vention of CVD in this population.

Obesity phenotypes are mostly defined 
and screened using the BMI, an assessment 
tool widely used in clinical practice and 
research. 8 However, BMI does not differen-
tiate body composition or excess fat distri-
bution. Indeed, BMI alone is insufficient to 
evaluate adiposity-related cardiovascular 
risk; in that sense, complementary anthro-
pometric parameters, including direct BF 
assessment, are needed to predict cardiome-
tabolic risk and clinical outcomes more 
accurately. 1 Still, limited investigation uses 
measures of BF distribution and body 
composition, such as waist circumference 
(WC), waist-hip ratio, 9 skinfold estimates, 
and bioelectrical impedance analysis. 10

Studies assessing NWO and associated 
metabolic disorders and outcomes have 
been performed mostly in clinical settings 
and rarely in population-based datasets. 
Furthermore, most studies assessing NWO 
have used bioimpedance rather than more 
reliable measures of BF, such as dual-
energy x-ray absorptiometry(DEXA). 11,12 

In the present study, we sought to assess 
the association between body adiposity 
measured by whole-body DEXA with cardi-
ometabolic disorders and all-cause mortality 
in normal-weight adults using the combined 
nationally representative data from the US 
National Health and Nutrition Examination 
Survey (NHANES).

METHODS

Data Source
The NHANES survey is an ongoing, cross-
sectional, nationally representative survey 
of non-institutionalized US participants. A 
multistage, stratified probability sampling 
method is used to select participants. Health 
interviews (demographics, socioeconomic 
status, health conditions, and health-

NHANES 1999-2006 and 2011-2018
Dual x-ray absorptiometry(DEXA)

(N=66,415)

Aged ≥20 yrs and ≤65 yrs
(N=30,570)

Complete BMI and DEXA
(N=20,613)

Overweight
(N=7057)

• BMI<18.5 or incomplete body mass 
   measurements and DEXA (N=6144)
• History of cardiovascular disease, cancer or 
   Pulmonary disease (N=3813)

Obesity
(N=7132)

Normal weight
(N=6424)

FIGURE 1. Cohort selection. BMI, body mass index; NHANES, National Health and Nutrition Examination Survey.
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related behaviors) are conducted in respon-
dents’ homes. In contrast, health measure-
ments (physical measurements and 
laboratory data) are performed in specially 
designed and equipped mobile centers. 
Detailed methods used in NHANES are 
available online. 13 This study was exempt 
from local institutional review board review 
because of the de-identified data analyzed.

Study Population
We analyzed combined data from eight 
NHANES cycles between 1999-2016 and 
2011-2018 with available DEXA whole-
body scans. Only adults between the ages 
of 20 and 65 years were included. To avoid 
reverse causality, we excluded those without 
BMI measurement or BMI less than 18.5 kg/ 
m 2 , history of CVD (eg, congestive heart 
failure, coronary artery disease, and stroke), 
cancer, or chronic obstructive pulmonary 
disease (Figure 1). Detailed methods used 
in NHANES are available online. 13

Anthropometric Measurements
All subjects underwent anthropometric eval-
uation following standard procedures, 
including body weight taken on a Toledo 
digital scale (Mettler-Toledo Inc) in pounds 
and converted to kilograms in an automated 
system, and standing height was measured 
with a fixed stadiometer with a vertical 
backboard and a movable headboard. Waist 
circumference was measured at the iliac 
crest using a flexible tape measure, with par-
ticipants standing upright. Body mass index 
was calculated as weight in kilograms 
divided by height in meters squared (kg/ 
m 2 ). Body mass index was categorized as 
(1) normal weight (18.5 kg/m 2 ≤ BMI
< 25 kg/m 2 ), (2) overweight (25 kg/m 2

≤ BMI < 30 kg/m 2 ), and (3) obesity (BMI
≥30 kg/m 2 ). Total body fat percentage (BF 
%) was quantified from whole body DEXA 
scans (Hologic Inc) using the software 
Apex 3.2. Body fat percentage was divided 
into tertiles for men and women separately. 
For women, first, second, and third tertiles 
had BF% values of less than or equal to 
31.6%, 31.6% to 35.9%, and greater than 
35.9%, respectively. For men, first, second,

and third tertiles corresponded to of BF% 
less than or equal to 19.6%, 19.6% to 
24.0%, and greater than 24.0%, respectively.

Outcome Ascertainment
Metabolic disorders were obtained from in-
home interview questionnaires and labora-
tory examination or examination data and 
encompassed IR, MS, 14 dyslipidemia, type
2 DM, 15 and HTN. Criteria, definitions, 
and sources are described in Supplemental 
Table 1 (available online at http://www. 
mayoclinicproceedings.org). The mortality 
data were acquired from the National Death 
Index to determine vital status (updated 
May 2022) available online, with follow-up 
data from the date of survey participation 
through December 31, 2019, while subjects 
with deaths that occurred within 6 months 
of inception were excluded. Mortality from 

cerebrovascular disease, Alzheimer disease, 
heart disease, chronic lower respiratory dis-
ease, influenza and pneumonia, DM, kidney 
disease, malignant neoplasm, unintentional 
injury, and all other causes were ascertained 
using International Classification of Diseases 
codes described in Supplemental Table 2 
(available online at http://www.mayoclinic 
proceedings.org).

Covariates
Baseline information was assessed using 
self-reported questionnaires, demographic 
data, examination data, laboratory data 
from NHANES, and contained demographic 
characteristics such as age, sex, race/ 
ethnicity (eg, Mexican-American, non-His-
panic White, non-Hispanic Black, other His-
panic and other ethnicities); socioeconomic 
background including education (less than 
college, college or above), annual household 
income (more than $20,000 or less than 
$20,000), marital status (living with a part-
ner or not); and alcohol consumption 
(alcohol drinks/day for the past 12 months), 
current-smoking (smoked at least 100 ciga-
rettes in life and smoked within the last 30 
days). We conducted sensitivity analyses 
by adding BMI (continuous variable), WC 
(continuous variable), and hypertension 
(self-reported history, or use of
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antihypertensive medication, or systolic 
blood pressure ≥140 mmHg diastolic blood 
pressure ≥90 mmHg) as additional adjust-
ments to the existing covariates. Specifically, 
sensitivity analysis model 1 added BMI to 
the original covariates, model 2 added both 
BMI and WC, and model 3 further included 
hypertension alongside BMI and WC.

Statistical Analysis
The continuous variables were described as 
weighted means ± standard errors and cate-
gorical variables as numbers (weighted per-
centage). Population characteristics were 
compared between different BMI groups us-
ing analysis of variance for continuous vari-
ables and Rao-Scott χ 2 test for categorical 
variables. Sampling design of NHANES in 
statistical models were accounted. Fasting 
weights were used in all analyses, and com-
bined weights were calculated following the 
guidelines provided in the NHANES analytic 
guidelines. Weighted logistic regression was 
performed to test the association between 
BF% (as a continuous and tertiles) and

metabolic disorders, results were expressed 
in odds ratios (ORs) and 95% CI. Models 
were adjusted for potential confounders 
while considering complex survey design 
and were further stratified by sex and BF% 
as tertiles in normal-weight individuals. In-
sulin resistance, assessed using the Homeo-
static Model Assessment of Insulin 
Resistance (HOMA-IR; fasting insulin [μU/ 
mL] × fasting glucose [mg/dL] ÷ 405), 
was tested as a secondary analysis to eval-
uate the effect on the predicted risk. The as-
sociation of mortality with BF% was 
assessed using Cox proportional risk model. 
And HRs with 95% CI are reported for all-
cause mortality. Statistical significance was 
set at P less than 0.05. All analyses were per-
formed with SPSS, version 28.0 (IBM Corp); 
GraphPad Prism version 9 was used to 
create forest plots.

RESULTS

Baseline Characteristics
A total of 20,613 adult participants were 
analyzed (Figure 1). The overall mean age 
was 39.42±0.22 years, 51.5% were men, 
and most participants (65.4%) were non-
Hispanic Whites. According to the BMI cat-
egories, 6424 had normal weight, 7057 had 
overweight, and 7132 had obesity. Among 
6424 normal-weight participants, the overall 
mean age was 37.23±0.35 years, 45.7% were 
men, and most participants (69.6%) were 
non-Hispanic Whites.

Metabolic characteristics such as homeo-
static model assessment for IR differed 
significantly in different BF% groups in 
normal BMI population (P<.05). Metabolic 
characteristics and participant characteris-
tics are shown in Table 1. In this cohort, 
metabolic disorders such as IR, MS, dyslipi-
demia, type 2 DM, HTN, and all-cause mor-
tality were prevalent in 12.0 %, 4.8%, 40.4%, 
2.1%, 13.3%, and 4.0%, respectively, in the 
normal BMI group (Table 2).

Association of Metabolic Disorders With BF% 
in Those With Normal-Weight BMI 
Subjects were divided into three groups ac-
cording to BMI: normal weight (18.5-24.9

TABLE 1. Metabolic Characteristics in Normal BMI Groups a,b,c,d

Metabolic factors High BF% Normal BF% Total P

BF, % 30.57 ±0.17 17.97 ± 0.14 28.20 ± 0.19 <.001

Total fat, kg 19.60 ± 0.13 11.94 ± 0.11 18.17 ± 0.14 <.001

Total lean, kg (excluding 
BMC)

42.96 ± 0.22 52.17 ± 0.41 44.69 ± 0.21 <.001

HOMA-IR d 1.69 ± 0.07 1.15 ± 0.08 1.58 ± 0.06 .001

TG e , mg/dL 99.05 ± 2.02 83.24 ± 2.71 96.08 ± 1.73 <.001

LDL e , mg/dL 112.50 ± 0.91 102.04 ± 2.78 110.52 ± 0.86 <.001

HDL e , mg/dL 58.56 ± 0.46 57.16 ± 1.08 58.30 ± 0.43 <.001

SBP g , mm Hg 113.49 ± 0.44 115.32 ± 0.61 113.83 ± 0.40 .048

DBP f , mm Hg 69.49 ± 0.38 68.32 ± 0.62 69.28 ± 0.31 .03
a BF, body fat; BF%, body fat percentage; BMC, bone mineral content; BMI, body mass index; 
DBP, diastolic blood pressure; HDL, high-density lipoprotein; HOMA-IR, homeostatic model 
assessment for insulin resistance; LDL, low-density lipoprotein; SBP, systolic blood pressure; 
TG, triglycerides. 

b Variables are shown as mean ± standard error. 
c High BF% according to sex-specific criteria, high BF% was defined as >20% for men, >25% for 
women, otherwise was normal BF%. Subjects with high BF% in the normal BMI group was 82% 

among the total, while those with normal BF% account for 18%. 
d Adjusted for age, sex, race/ethnicity, education, marital status, poverty, alcohol, and current 
smoking. 

e Excluded those taking antidiabetic medication. 
f Excluded those taking cholesterol-lowering medication. 
g Excluded those taking blood pressure—lowering medication.
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kg/m 2 ), overweight (25-29.9 kg/m 2 ), and 
obesity (≥30 kg/m 2 ). In the normal-weight 
group, every 10-unit increase of BF% caused 
an increased risk of IR, MS, or dyslipidemia. 
We found that after adjustment for age, sex, 
race/ethnicity, education, marital status, 
poverty, alcohol, and current smoking, 
every 10-unit increase of BF% led to a 4.5-
fold increased risk of IR (OR, 4.53; 95% 
CI, 2.76 to 7.43) and to an increased risk 
for MS (OR, 3.26; 95% CI, 1.57 to 6.77) 
(Table 2).

Association Between BF% and All-Cause 
Mortality
Adjusting for the same covariates listed 
above, BF% increased the risk of all-cause 
mortality (HR, 1.81; 95% CI, 1.00 to 3.27) 
(Table 2). There was an interaction be-
tween race and BF when investigating the 
relationship of BF and all-cause mortality 
(P=.005). After incorporating BMI and 
WC as additional adjustment factors, the 
sensitivity analyses showed no substantial 
change in the association between BF%

and mortality (HR, 2.25; 95% CI, 1.02 to 
4.95; P=.04) and further adjustment for hy-
pertension (HR, 2.02; 95% CI, 0.91 to 4.51; 
P=.09), as presented in Supplemental 
Table 3 (available online at http://www. 
mayoclinicproceedings.org).

Sex-Stratified Analyses in Normal-Weight 
Participants
Table 3 presents the association between BF 
% tertiles and metabolic disorders partici-
pants with normal weight for men and 
women, respectively. Body fat percentage 
among participants with normal weight 
were divided into three equal percentiles. 
We observed a significant association be-
tween BF% and metabolic disorders such 
as IR, MS, and dyslipidemia in women and 
IR and HTN in men in regression models af-
ter adjustment for clinically relevant con-
founders and covariates (Figure 2).

We observed a graded relationship be-
tween IR and BF% tertiles among normal-
weight populations, with progressively 
higher risk of IR across tertiles of BF%

TABLE 2. Association of Body Fat Percentage and Metabolic Diseases or Mortality in Normal BMI Groups a,b

Variable n (%) Normal weight BMI 18.5-24.9 kg/m 2 P

Metabolic disorders OR (95% CI) for a 10-unit increase in total fat % 

IR c 366 (12) 4.53 (2.76-7.43) d <.001
MS e 138 (4.8) 3.26 (1.57-6.77) d .002
Dyslipidemia f 813 (40.4) 1.82 (1.27-2.60) d .001
Type 2 diabetes g 80 (2.1) 1.20 (0.44-3.28) .72
Hypertension h 399 (13.3) 1.50 (0.92-2.43) .10

Mortality HR (95% CI) for a 10-unit increase in total fat % 

All-cause 112 (4) 1.81 (1.00-3.27) d .049
a BMI, body mass index; DBP, diastolic blood pressure; HbA 1c , hemoglobin A 1c ; HDL, high-density lipoprotein; HOMA-IR, homeostatic 
model assessment for insulin resistance; IR, insulin resistance; LDL, low-density lipoprotein; MS, metabolic syndrome; SBP, systolic blood 
pressure.

b Analysis of metabolic disorders and mortality were adjusted for age, sex, race/ethnicity, education, marital status, poverty, alcohol, and 
current smoking. Analysis of mortality excluded deaths within 6 months.

c Insulin resistance is defined as HOMA-IR ≥2.5.
d P<0.05; totals were expressed as unweighted counts, and % were survey weighted.
e Metabolic syndrome is defined as having three or more of the following traits: (1) waist circumference ≥102 cm in men and ≥88 cm in 
women; (2) HDL <1.04 mmol/L (40 mg/dL) in men and <1.30 mmol/L (50 mg/dL) in women; (3) triglycerides >1.7 mmol/L (150 mg/ 
dL) or specific treatment for this lipid abnormality; (4) SBP ≥130 mm Hg or DBP ≥85 mm Hg or treatment of previously diagnosed 
hypertension; and (5) fasting glucose ≥5.5 mmol/L (100 mg/dL) or previously diagnosed diabetes.

f Dyslipidemia is defined as current usage of lipid medications, self-reported diagnosis of hypercholesterolemia, and/ or HDL-cholesterol 
<40 mg/dL in men and <50 mg/dL in women, and/or triglycerides ≥150 mg/dL, and/or LDL-cholesterol ≥160 mg/dL.

g Diabetes is defined as self-reported history, use of antidiabetic medication, fasting glucose ≥126 mg/dL, or HbA 1c ≥6.5%. Persons who 
reported using insulin alone were classified as having type 1 diabetes. All others with diabetes were classified as type 2.

h Hypertension is defined as self-reported history, use of antihypertensive medication, SBP ≥140 mm Hg or DBP ≥90 mm Hg.
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measures (Figure 3). Regarding men, those 
with BF% in the highest tertile showed the 
highest risk of IR (OR, 6.86; 95% CI, 3.16 
to 14.92) compared with the first tertile of 
BF%. For women, the OR for IR for those 
in the third tertile of BF% was 3.93 (95% 
CI, 1.75 to 8.82) compared with the first ter-
tile of BF%.

DISCUSSION 
In this study, we analyzed a large sample of 
a nationally representative survey from the 
United States, NHANES, including cycles 
from 1999-2006 and 2011-2018. We found 
a positive association between BF% and 
metabolic disorders such as IR, MS, and dys-
lipidemia in the normal-weight group. Like-
wise, those with normal-weight BMI but 
with higher total BF% were more likely to 
have all-cause mortlaity. In particular, there 
was a graded association between IR and BF 
% among the normal BMI population, which 
appears to be more robust in normal-weight 
men with higher BF%, as they have 6.86 
times greater odds to have IR in the sex-
stratified analysis. On the other hand, meta-
bolic characteristics such as lipid panel 
components (triglycerides or low-density li-
poprotein) differed among different BMI 
groups. 

Increased body adiposity has changes in 
body composition, inflammation, oxidative 
stress, and subclinical cardiometabolic dis-
ease compared with normal BF amount 
with normal BMI and normal BF mass. 
There are several possible mechanisms that 
underlie the association between metabolic 
diseases and increased body adiposity in 
normal BMI. First, obesity is accompanied 
by subclinical chronic inflammation, in 
which there is overexpression of proinflam-
matory cytokines in adipose tissue. 16 Hyper-
trophic adipocytes are a source of 
proinflammatory cytokines that enhance IR 
in tissues. 17 Second, increased body 
adiposity is exposed to oxidative stress 
compared with the normal population. 18 

Third, abnormal fat distribution character-
ized by higher visceral fat content and lower 
extremity fat content has been observed in 
individuals with a normal BMI. 19

Body mass index is not a reliable index 
of metabolic syndrome due to its limitations 
in capturing factors such as body composi-
tion and distribution of fat. Therefore, it is 
crucial to consider additional measures 
such as DEXA and other metabolic parame-
ters when evaluating metabolic syndrome. 
In this study, body composition was deter-
mined using DEXA, which is more accurate 
than other measurements 20-26 commonly 
used in epidemiologic studies assessing 
NWO, strengthening the validity of our 
results.

Our findings align with results from pre-
vious studies. A recent systematic review 
and meta-analysis found that subjects with 
NWO were more likely to have hyperglyce-
mia, DM, HTN, dyslipidemia, and lower 
high-density lipoprotein levels than those 
who were normal-weight non-obese. 9 How-
ever, a proportion of the original studies 
included in this meta-analysis did not adjust 
for potential confounders limiting the reli-
ability of the results; similarly, none of these 
studies clearly described a specific measure 
of BF%. In another similar meta-analysis, 
Rakhmat et al 27 found that those with 
NWO had a higher prevalence of cardiome-
tabolic disorders; however, the study did not 
describe adjustment for potential confound-
ing factors. Additionally, it had high hetero-
geneity of the cross-sectional studies 
included, limiting the validity of the find-
ings. Coelho et al 28 analyzed individuals 
with a BMI within the normal range but 
with excess BF% and reduced muscle 
mass, reporting similar risk of developing 
MS as individuals who are overweight or 
obese. Studies conducted in other popula-
tions, such as adolescents, report that body 
adiposity in subjects with normal BMI is 
associated with the presence of cardiometa-
bolic risk factors. 29

Romero-Corral et al 10 verified that 
women with NWO showed a significant 
2.2-fold increased risk for cardiovascular 
mortality. Similarly, another study also 
based on NHANES III showed that NWO 
in older adults was associated with cardio-
metabolic dysregulation and was a risk for 
cardiovascular mortality independent of
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TABLE 3. Association Between Total Fat Percentage and Metabolic Disorders by Fat Percentage Tertiles Among Participants With Normal
BMI a,b,c

Variables

Total BF tertiles for women with normal BMI Total BF tertiles for men with normal BMI

Total ≤31.6%
31.6% to 

35.9% >35.9% P trend Total ≤19.6%
19.6% to 

24% >24% P trend

Insulin resistance d 170 (10.4) 34 (5.2) 48 (9.6) 88 (16.2) .007 e 196 (14.0) 28 (6.2) 57 (12.9) 111 (22.2) <.001 e

Metabolic syndrome by ATP III 
criteria f

75 (4.5) 10 (1.3) 14 (2.3) 51 (9.8) .005 e 63 (5.2) 9 (1.6) 14 (3.5) 40 (10.0) .24

Dyslipidemia g 378 (34.3) 84 (23.6) 97 (29.3) 197 (48.4) <.001 e 435 (47.6) 87 (36.2) 154 (48.6) 194 (55.3) .33

Type 2 diabetes h 33 (1.4) 11 (1.8) 8 (0.6) 14 (1.9) .60 47 (3.0) 5 (0.8) 16 (3.0) 26 (5.0) .76

Hypertension i 198 (12.2) 46 (7.8) 56 (9.6) 96 (18.9) .16 201 (14.7) 50 (11.5) 56 (11.7) 95 (20.2) .04 e

All-cause mortality 39 (2.4) 10 (1.3) 9 (1.8) 20 (4.1) .16 73 (6) 25 (4.6) 16 (4.4) 32 (8.8) .09
a ATP III, Adult Treatment Panel III; BF, body fat; BMI, body mass index; DBP, diastolic blood pressure; HbA 1c , hemoglobin A 1c ; HDL, high-density lipoprotein; HOMA-IR, 
homeostatic model assessment for insulin resistance; SBP, systolic blood pressure.

b Values are n (%).
c Adjusted for age, sex, race/ethnicity, education, marital status, poverty, alcohol, and current smoking. These conditions were assessed only in the fasting sample (n were 
expressed as unweighted total, % were survey weighted within the analytic group).

d Insulin resistance is defined as HOMA-IR ≥2.5.
e P<0.05.
f Metabolic syndrome is defined as having three or more of the following traits: (1) waist circumference ≥102 cm in men and ≥88 cm in women; (2) HDL <1.04 mmol/L 
(40 mg/dL) in men and <1.30 mmol/L (50 mg/dL) in women; (3) triglycerides >1.7 mmol/L (150 mg/dL) or specific treatment for this lipid abnormality; (4) SBP ≥130 mm 

Hg or DBP ≥85 mm Hg or treatment of previously diagnosed hypertension; and (5) fasting glucose ≥5.5 mmol/L (100 mg/dL) or previously diagnosed diabetes.
g Dyslipidemia is defined as current usage of lipid medications, self-reported diagnosis of hypercholesterolemia, and/or HDL-cholesterol < 40 mg/dL in men and <50 mg/dL 
in women, and/or triglycerides ≥150 mg/dL, and/or LDL-cholesterol ≥160 mg/dL.

h Diabetes is defined as self-reported history, use of antidiabetic medication, fasting glucose ≥126 mg/dL, or HbA 1c ≥6.5%. Persons who reported using insulin alone were 
classified as having type 1 diabetes. Diagnosed with diabetes and not type 1, defined as type 2.

i Hypertension is defined as self-reported history, use of antihypertensive medication, SBP≥140 mmHg or DBP≥90 mmHg.
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BMI and central fat distribution. 30 This 
study did not draw conclusions about car-
diovascular deaths because of multiple 
adjusted factors, and the model reported er-
rors when analyzing cardiovascular deaths 
when weighting factors were considered. 
This study confirmed that normal-weight 
people with higher percentage of adiposity 
have higher risk of all-cause mortality. 

Sahakyan et al 31 confirmed that normal-
weight central obesity defined by waist-to-
hip ratio is associated with higher mortality 
than BMI—defined obesity. Among post-
menopausal women, compared with normal 
weight without central obesity, normal-
weight central obesity was associated with 
higher risk of CVD mortality. 32 Coronary 
artery disease patients with normal BMI 
and central obesity had the highest mortality 
risk as compared with other adiposity pat-
terns. 33 Our analysis revealed that the 
average WC measurements for both sexes 
were below the established cutoff values 
for central obesity diagnosis. In this study, 
there was an interaction between race and

BF in NWO subjects in mortality analysis; 
however, no relevant prior studies were 
found. We attributed this to chance.

This analysis has several strengths that 
warrant consideration. First, most previous 
studies have been conducted in White 
women 6 or small samples, whereas we 
analyzed a large sample from a US nationally 
representative survey. Second, body compo-
sition measurements using DEXA scans are 
considered highly reliable and valid. Third, 
we adjusted for multiple potential con-
founders such as sex, age, race, marital sta-
tus, poverty, education, alcohol, and 
current smoking, considering the complex 
sampling and weighing. Furthermore, sensi-
tivity analyses adjusting for BMI and WC 
also indicated an association between BF% 
and mortality. Last, our research included 
cross-sectional analyses and a follow-up to 
assess mortality, all in relation to adiposity 
in the setting of normal BMI, providing a 
unique perspective.

However, there are certain limitations. It 
is recommended that future research further 
explore the interrelationship between body 
fat, hypertension, and diabetes, particularly 
focusing on the potential differential effects 
across various populations or subgroups.

Study Limitations 
First, there are no uniform standards for the 
definition of normal body adiposity, as cut-
offs used in prior reports range from 20% 
to 25% for men and 30% to 37% for women. 
However, the 2016 American Association of 
Clinical Endocrinologists/American College 
of Endocrinology published clinical practice 
guidelines defining obesity as BF% greater 
than or equal to 20% for men and greater 
than or equal to 25% for women. 5,34,35 

Although we applied a tertile-based analysis, 
the cut-offs for these tertiles corresponded 
to cutoffs that were similar albeit not iden-
tical to those used in other studies. Second, 
the DEXA scan cannot distinguish between 
visceral and subcutaneous fat, limiting our 
capability to distinguish both types of fat 
in our analysis. Even though previous 
studies have shown different results 
regarding the association of visceral fat or
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FIGURE 3. Association of insulin resistance with body fat (BF) among 
normal-weight populations. Adjusted for age, sex, race/ethnicity, education, 
marital status, poverty, alcohol, and current smoking.
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subcutaneous fat with metabolic features, 
some studies suggest no association with 
subcutaneous fat, whereas others suggest 
an association with subcutaneous fat. 36,37 

Third, obesity-related genes are associated 
with multiple cardiometabolic diseases, 
especially type 2 diabetes. Fourth, there is 
a lack of recorded data on family history 
and/or genetics in NHANES. 38

CONCLUSION
Less than one-third of subjects in a repre-
sentative national sample had a normal 
BMI. In these subjects, body adiposity is 
significantly associated with higher cardio-
metabolic disease and mortality. Measuring 
body adiposity in individuals with normal 
BMI may help to identify individuals at 
risk for metabolic and cardiovascular dis-
eases and higher mortality risk. It is recom-
mended that future research further explore 
the interrelationship between BF, HTN, and 
dyslipidemia, particularly focusing on the 
potential differential effects across various 
populations.
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