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Abstract

Context: Multiple studies suggest that adults who were normal weight at diabetes diagnosis are at higher risk for all-cause mortality than those
who had overweight or obesity at diagnosis.

Objective: While obesity is a known risk factor for cardiometabolic disease, differences in body fat distribution in those without obesity are
understudied, especially in African Americans.

Methods: In 1005 participants of the Jackson Heart Study, without cardiovascular disease at baseline, we used logistic regression to inves-
tigate the longitudinal association of body fat distribution by CT scan with metabolic syndrome (MetS) or type 2 diabetes (T2D). We used the
harmonized International Diabetes Federation criteria to define MetS. We included only normal weight or overweight participants (BMI: 18.5 to
< 30.0 kg/m?). We created separate models for MetS and T2D adjusted for a standard set of covariates. \We excluded participants with prevalent
MetS or T2D, respectively in sensitivity.

Results: Higher visceral fat, subcutaneous fat, BMI, and insulin resistance (HOMA-IR) were significantly associated with MetS and T2D after ad-
justment. Visceral fat was strongly associated with both outcomes (MetS OR = 2.07 [1.66-2.68]; T2D OR = 1.51 [1.21-1.88]), and the association
for MetS persisted in the normal weight only group. Estimates were robust to sensitivity analysis and were only modestly mediated by insulin
resistance. Physical activity was not associated with MetS or T2D.

Conclusion: Visceral fat is strongly associated with developing MetS, even in normal weight individuals, suggesting that excess visceral fat

plays a role in cardiometabolic risk beyond that of overall adiposity and obesity in African Americans.

Key Words: type 2 diabetes, metabolic syndrome, visceral fat, normal weight, African American

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CT, computed tomography; CVD, cardiovascular disease; HOMA-IR, homeostasis model assess-
ment of insulin resistance; JHS, Jackson Heart Study; MetS, metabolic syndrome; T2D, type 2 diabetes.

Evidence suggests that those who were normal weight at
diagnosis of type 2 diabetes (T2D) are at higher risk for all-
cause mortality than those who had overweight or obesity
at diagnosis, and this association was similar for white and
non-white participants [1-3]. Some suggest that this finding
is due to collider stratification bias from selecting only those
with T2D into these studies [4]. In contrast, evidence suggests
several mechanisms by which T2D could have an impact on
morbidity and mortality even in those without obesity [5], and
that these mechanisms may have the largest impact on racial/
ethnic minority populations [6, 7]. Given the focus on obesity
as a primary risk factor for T2D, prevention strategies for the
normal weight group have been more limited. For instance,
the U.S. Preventive Services Task Force continues to focus
T2D screening recommendations on those with overweight
or obesity [8]. Few studies have investigated risk factors for
the development of T2D in the absence of obesity and the few

studies that exist focus predominantly on genetic predispos-
ition. Several conditions, such as polycystic ovary syndrome,
are associated with high levels of visceral fat and metabolic
dysregulation in individuals with normal weight; however,
while insulin resistance has exhibited patterns within families
in close connection to body fat distribution and metabolic
syndrome, the drastic changes in the prevalence of obesity
and T2D over the last several decades implicate systematic
changes instead. Perhaps due to the overrepresentation of
obesity and T2D in African Americans, the determinants of
metabolic dysfunction in the absence of obesity have been
poorly studied specifically in this group. This question is par-
ticularly pressing, as diabetes prevalence is higher for African
Americans compared with white populations even in the
normal weight and overweight categories [6]. Furthermore,
there is some evidence to suggest that obesity-associated risk
differs by race, at least partially due to differences in body
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fat composition [9-12]. This evidence combined with the con-
cept of “normal weight obesity” offers a hypothesis to ex-
plain why some groups may be at higher cardiometabolic risk
even in the lower body mass index (BMI) categories. Other
work has focused on the role of visceral fat in transition to
each risk factor separately, but it is well recognized that risk
factor clustering has a synergistic effect on cardiovascular
disease (CVD) outcomes [13]. Metabolic syndrome (MetS)
provides a concise way of defining that risk factor clustering.
Prior studies have shown that visceral fat is a stronger pre-
dictor of cardiometabolic outcomes (T2D and metabolic
syndrome [MetS], for the purposes of this study) than BMI
[14, 15], but few studies have investigated the role that body
fat composition may play in risk stratification for individuals
without obesity. This problem is exacerbated by the paucity
of high-quality data on computed tomography (CT)-derived
measurements of fat mass in cohorts with non-white partici-
pants [9-11, 16].

Further complicating this issue is the methodological con-
cern about the current classification of body size phenotypes
that focuses on metabolically healthy obesity and therefore
includes BMI less than 30 kg/m? in the “normal weight” or
“non-obese” reference category [17, 18]. Combining over-
weight and normal weight groups may lead to biased esti-
mates, as the literature suggests that the relationship between
BMI and T2D or CVD is positive and linear [19]. For this
reason, understanding the determinants of cardiometabolic
risk, including body fat distribution, may require separate
investigations by BMI category especially for those who fall
into the true normal weight category.

The determinants of MetS and T2D in the absence of
obesity, and specifically the normal weight category, have
been poorly studied in African Americans. This is especially
the case for gold standard measurements of body fat distri-
bution. We therefore hypothesized that body fat distribution,
specifically higher visceral fat, along with lower physical ac-
tivity, and higher insulin resistance are associated with MetS
and T2D separately in Jackson Heart Study participants
without obesity. Specifically, we hypothesized that the positive
relationship between visceral fat and cardiometabolic out-
comes is mediated by insulin resistance, but that C-reactive
protein (CRP) will not be independently associated with the
outcomes. We further hypothesized that the association for
visceral fat would be present specifically in normal weight
individuals and would not differ from that in overweight
individuals.

Methods

Study Population

The Jackson Heart Study (JHS) began in 2000 by enrolling
5306 African American participants between the ages of 35
and 84 years from the Jackson, Mississippi metropolitan
area [20]. Extensive data collection included demographics
and socioeconomic status, lifestyle factors, traditional and
suspected risk factors for T2D and CVD, laboratory assays
conducted at a central laboratory, and imaging. Follow-up in-
cluded 2 additional exams (Visit 2 in 2005-2008 and Visit
3 in 2009-2013), annual phone calls, and confirmation of
vital statistics. Body fat composition, including visceral and
subcutaneous fat, was measured from CT scans conducted
at Visit 2. Therefore, we consider Visit 2 as baseline for this
analysis. We excluded participants with obesity (n=2822,
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BMI > 30 kg/m?) or underweight (n = 40, BMI < 18.5 kg/m?).
Then we excluded participants without data on visceral and
subcutaneous fat (n = 1085), as well as those missing essen-
tial covariates like age, sex, socioeconomic status (income
and education), and smoking status (n = 207). Since we were
interested in MetS and T2D as separate outcomes, we cre-
ated 2 separate analysis datasets. For the MetS dataset, we ex-
cluded participants with unknown MetS status due to missing
data (n = 10), and participants with prevalent MetS at Visit 1
(n = 215). Similarly, for the T2D dataset, we excluded those
missing data on T2D (n =137), and cases of T2D that oc-
curred before the measurement of body fat distribution at
Visit 2 (n = 10). This left a final sample size of 927 for analysis
of MetS and 1005 for T2D. Finally, to specifically investigate
incident events, we excluded 132 participants with prevalent
MetS and 61 with prevalent T2D at Visit 2 in sensitivity ana-
lysis. All participants provided written informed consent and
all procedures were approved by the University of Mississippi
Medical Center Institutional Review Board.

Measurement of Potential Determinants

BMI was calculated as weight in kg divided by height in
meters squared, using a standardized measurement procedure.
Absence of obesity was defined as a BMI between 18.5 and
< 30 kg/m? and all primary analyses focused on this group.
Normal weight was defined as a BMI between 18.5 kg/m? and
< 25 kg/m? and was used in secondary analysis. Visceral and
subcutaneous fat were measured from CT scans using semi-
automated volume analysis software (Advantage Windows;
GE Healthcare, Waukesha, WI) at the core reading center. Fat
was determined by a density of -190 to -30 Hounsfield units
at the L4-L5 vertebral level [21].

Physical activity was self-reported. Physical activity was de-
fined using the American Heart Association Life’s Simple 7
criteria with 3 categories: poor (0 minutes physical activity),
intermediate (1-150 minutes of moderate activity or 1-75
minutes vigorous activity per week), and ideal (2150 minutes
of moderate activity or > 75 minutes of vigorous activity per
week), with ideal as the reference [22]. CRP and the homeo-
stasis model assessment for insulin resistance (HOMA-IR)
were measured from assays of fasting plasma. CRP was as-
sayed by immunoturbidimetric CRP-Latex on a Hitachi 911
analyzer from Roche Diagnostics [23], and HOMA-IR was
calculated as (insulin [uU/mL]* glucose [mmol/L])/22.5.
Other covariates including age, sex, income, education, and
smoking status were self-reported.

Measurement of Cardiometabolic Outcomes
(Metabolic Syndrome and Type 2 Diabetes)

MetS was defined using the Harmonized International Criteria
as 3 or more of the following: (1) fasting glucose > 100 mg/dL
or glucose-lowering treatment; (2) blood pressure > 130
systolic and/or > 85 diastolic or antihypertensive treatment;
(3) HDL < 50 mg/dL for women or < 40 mg/dL for men
or treatment for low HDL; (4) triglycerides > 150 mg/dL
or triglyceride-lowering treatment; and (5) waist circumfer-
ence > 88 cm for women or > 102 cm for men [13]. MetS
components were measured at every visit using standardized
protocols. T2D was defined using the 2010-2021 American
Diabetes Association criteria based on: (1) glucose-lowering
medication use; (2) fasting glucose > 126 mg/dL; and/or
(3) glycated hemoglobin (HbA1lc) > 6.5%. The definition
of T2D also included self-reported diagnosis. Oral glucose
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tolerance testing results are also part of the American Diabetes
Association criteria but were not available in JHS. T2D was
assessed at every visit using standardized protocols [24, 25].

Statistical Analysis

To investigate determinants of cardiometabolic dysfunction
in those without obesity, we assessed associations of body fat
distribution, insulin resistance, physical activity,and CRP with
MetS and T2D. For all models, MetS and T2D were modeled
separately as distinct outcomes. Continuous variables were
standardized to investigate outcomes per 1 standard devi-
ation difference in exposures. We described the Visit 2 char-
acteristics of the non-obese Jackson Heart Study participants
without obesity by MetS and T2D status at follow-up. We
then used logistic regression to model the longitudinal asso-
ciation between potential determinants and cardiometabolic
dysfunction, with body fat distribution (visceral and subcuta-
neous fat) as the primary determinants of interest. For all
models we adjusted for confounding by including age, sex,
education, income, and smoking status followed by further
mutual adjustment for other body fat composition variables.
Final models included full adjustment, except that models in-
cluded either BMI or subcutaneous fat but not both. Based
on a priori understanding of the causal pathway, we used
the Valeri and VanderWeele mediation approach and PROC
CAUSALMED with only main effects to assess how much of
the association between visceral fat and cardiometabolic out-
comes (MetS and T2D, respectively) was mediated by insulin
resistance (HOMA-IR) [26, 27].

We investigated these associations in the normal weight
and overweight groups separately in order to determine
whether discrepancies in prior associations could be ex-
plained by considering the inclusion of the overweight cat-
egory (BMI between 25 and 30 kg/m?) into the non-obese
group as misclassification of normal weight. We formally
investigated heterogeneity in the estimates for visceral fat
and HOMA-IR by BMI category by including an interaction
term. We also formally tested for interaction with visceral fat
by age and sex by including an interaction term in the fully
adjusted model. Finally, we used sensitivity analysis to test
the robustness of our results by: (1) excluding participants
known to have taken hormone replacement therapy (HRT) or
with unknown HRT status, as HRT is associated with body
fat composition and with cardiometabolic disease; (2) using
an abbreviated definition of MetS with waist circumference
criterion removed and requiring 2 or more of the 4 remaining
criteria to eliminate concern about the overlap between BMI
and waist circumference; and (3) excluded participants with
prevalent MetS or T2D, respectively, to investigate incident
outcomes specifically.

Results

All baseline characteristics (Visit 2 for this analysis) except
smoking and physical activity differed significantly by visceral
fat quartile (Table 1). Trends were generally in the expected
direction, with participants in higher visceral fat quartiles
characterized on average by older age, higher percentage
male, higher insulin resistance, and higher prevalence of MetS
criteria. Average weight was similar between Visit 2 and 3
(mean = 78.2 kg for both visits), but some increases were
noted in the groups in the third and fourth quartile of visceral

fat. Similarly, prevalence of MetS components was also higher
at Visit 3 (Table 1). Those with higher visceral fat quartile at
baseline (Visit 2) also generally had higher incidence of MetS
and T2D at follow-up (Visit 3). There were 212 MetS cases
and 116 T2D cases across a median of 5 years of follow-up.
Of those with MetS, 44 (21%) also had T2D.

MetS and T2D were modeled separately, but results were
generally similar between the 2 outcomes. Higher visceral
fat was significantly associated with both MetS and T2D
(Fig. 1 and Table 2). MetS and T2D estimates for subcuta-
neous fat were partially attenuated by adjustment for visceral
fat (Table 2). HOMA-IR estimates were mildly attenuated by
the inclusion of visceral fat in the model and visceral fat esti-
mates were mildly attenuated by the inclusion of HOMA-IR
(Table 2), suggesting weak mediation of the relationship
of visceral fat with MetS and T2D by insulin resistance. In
formal mediation analysis, HOMA-IR mediated 15% (6%-
24%) of the association between visceral fat and MetS and
19% (5%-34%) of the association between visceral fat and
T2D. In contrast, physical activity and CRP were not signifi-
cantly associated with either MetS or T2D in any model (For
poor physical activity compared to ideal: Fig. 1 and OR = 0.97
[0.69-1.38] for MetS and OR = 1.05 [0.68-1.63] for T2D; for
CRP: OR =1.13 [0.98-1.30] for MetS and OR = 1.01 [0.90-
1.14] for T2D adjusted for demographics and smoking).

Table 2 shows that estimates for the normal weight
(18.5 kg/m? < BMI < 25 kg/m?) and overweight groups (25 kg/
m? < BMI < 30 kg/m?) analyzed separately produced similar
results with higher visceral fat significantly associated with
MetS. The estimate for HOMA-IR was partially attenuated
and not significant in the normal weight group, and the T2D
estimates for visceral fat and HOMA-IR were almost com-
pletely attenuated when restricted to the normal weight group
(Table 2); however, there were only 35 MetS and 15 T2D
events in the normal weight group. There was no statistically
significant difference between normal weight and overweight
estimates (interaction between BMI category and visceral
fat for MetS P = 0.52, and for T2D P = 0.50; interaction be-
tween BMI category and HOMA-IR for MetS P = 1.00, and
for T2D P = 0.27). Other sensitivity analyses also produced
similar results for visceral fat when restricting to participants
known not to have taken HRT (n = 923), using a definition
of MetS that does not include waist circumference, and using
only incident cases (Table 3). There was no statistically signifi-
cant heterogeneity by age (P = 0.28 for MetS and P = 0.32 for
T2D), but there was some evidence of heterogeneity by sex,
with a stronger association for women than for men for both
MetS and T2D; however, the estimates for interaction were
not significant (Table 3).

Discussion

Higher visceral fat was strongly and significantly associ-
ated with higher odds of incident MetS and T2D in normal
weight and overweight participants from the Jackson Heart
Study. The MetS association was consistent when restricted
to normal weight participants and there was no significant
heterogeneity between the normal weight and overweight
groups with regards to either visceral fat or HOMA-IR. This
association was also consistent after adjustment for BMI or
subcutaneous fat as markers of overall adiposity. Visceral fat
and HOMA-IR were more strongly associated with MetS and
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Table 1. Baseline characteristics (mean [SD] or percentage) in 1005 Jackson Heart participants without obesity and type 2 diabetes at baseline, by

visceral fat quartile

Characteristic at baseline (visit 2)

Visceral Fat Quartile”

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value
for trend
N™ 251 251 252 251
Visceral fat, cm? 329.7 541.4 731.6 1089.2
Age, years 51.6 (11.4) 54.8 (11.2) 54.8 (10.8) 59.1 (10.3) <0.01
Sex, % female 67.7% 58.6% 55.6% 37.5% <0.01
Education, % high school graduate 91.6% 89.2% 88.5% 80.1% <0.01
Income, % >lower-middle 86.5% 94.0% 91.7% 88.8% 0.03
Smoker, % current) 16.3% 8.4% 13.9% 13.5% 0.06
Weight, kg 70.0 (10.5)  76.0 (10.7)  77.9(10.1)  82.7(10.2) <0.01
Height, cm 167.8 (9.0) 170.0 (9.4) 170.3 (9.3) 173.9 (9.4) <0.01
Body mass index, kg/m? <0.01
Normal weight 52.0% 20.2% 13.6% 8.4%
Overweight 48.0% 79.8% 86.4% 91.6%
Subcutaneous fat, cm? 1374 (651.6) 1682 (565.8) 1729 (581.8) 1732 (525.7) <0.01
HOMA-IR 2.2 (1.0) 2.9 (3.4) 3.0 (1.4) 3.2 (1.6) <0.01
CRP, mg/L 0.3 (0.4) 0.3 (0.5) 0.4 (0.8) 0.4 (0.5) <0.01
Physical activity 0.53
Poor 41.0% 35.5% 38.1% 43.4%
Intermediate 33.5% 39.8% 35.3% 31.9%
Ideal 25.5% 24.7% 26.6% 24.7%
MetS criteria at baseline (visit 2)
Fasting glucose, % 2100 mg/dL or glucose-lowering treatment) 13.6% 21.4% 37.3% 44.4% <0.01
Blood pressure, % >130 mmHg systolic and/or 285 mmHg 62.9% 64.5% 69.8% 80.5% <0.01
diastolic or antihypertensive treatment
HDL, % <50 mg/dL in women or <40 mg/dL in men, or treatment 9.0% 14.6% 29.9% 26.9% <0.01
Triglycerides, % 2150 mg/dL or triglyceride-lowering treatment 2.8% 9.9% 15.5% 22.2% <0.01
Wiaist circumference 17.9% 23.1% 27.4% 40.6% <0.01
(% >88 cm in women or 2102 ¢cm in men)
Weight and MetS criteria at follow-up (visit 3)
Weight, kg 70.2 (11.8)  77.3(11.5)  79.9 (11.7)  78.2(12.8) <0.01
Fasting glucose, % 2100 mg/dL or glucose-lowering treatment 18.0% 21.9% 42.1% 44.9% <0.01
Blood pressure, % >130 mmHg systolic and/or > 85 mmHg 69.3% 73.2% 77.7% 83.8% <0.01
diastolic or antihypertensive treatment
HDL, % <50 mg/dL in women or <40 mg/dL in men, or treatment 4.9% 10.0% 18.3% 23.3% <0.01
Triglycerides, % >150 mg/dL or triglyceride-lowering treatment 5.8% 9.0% 10.5% 20.7% <0.01
Waist circumference, % >88 cm in women or >102 ¢cm in men 22.5% 38.7% 47.6% 56.2% <0.01
Metabolic syndrome, % 4.8% 9.2% 21.6% 23.8% <0.01
Type 2 diabetes, % 4.8% 6.4% 12.7% 13.9% <0.01

*Visceral fat quartiles: Quartile 1 < 461.034; 461.034 < Quartile 2 < 627.875; 627.875 < Quartile 3 < 849.101; 849.101 < Quartile 4.
““Sample size is for those participants without type 2 diabetes at baseline, and therefore includes 78 participants with prevalent metabolic syndrome. Those

participants were further excluded for the analysis of metabolic syndrome.

T2D than other indices of obesity (BMI or subcutaneous fat)
and other determinants such as physical activity. Further, vis-
ceral fat and HOMA-IR were both strongly and significantly
associated with cardiometabolic disease, with only moderate
evidence that HOMA-IR mediated the association of visceral
fat with MetS or T2D.

Liu et al have previously shown a cross-sectional associ-
ation of higher visceral and subcutaneous fat with MetS and
T2D in the Jackson Heart Study [28]. This analysis builds
on that work by adding the longitudinal associations and ad-
dressing the specific question of the role that adiposity plays

in individuals without obesity. This fills a meaningful gap in
the literature, as several studies have shown that higher vis-
ceral fat is associated with MetS, but do not offer evidence of
this association specifically in the context of overweight or
normal weight. This disambiguation between general obesity
measured using BMI and visceral fat level is particularly im-
portant for understanding the development of metabolic risk
in individuals without obesity. Also noteworthy is that while
this study is consistent with the bulk of the literature, most of
the evidence in this area is cross-sectional [29-36] or provides
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Figure 1. Determinants of metabolic syndrome and type 2 diabetes in Jackson Heart Study participants without obesity: odds ratio and 95% Cl per 1
SD difference*. All models are mutually adjusted, except for BMI, which is adjusted for visceral but not subcutaneous fat. Models are also adjusted for
age, sex, education, income, and smoking. *Per 1 SD difference for visceral fat, subcutaneous fat, BMI, and HOMA-IR. Per 1 category difference for

physical activity (Ideal, Intermediate, or Poor).

evidence only on obesity or aggregated across BMI categories
[15,37].

This work is also consistent with prior longitudinal ana-
lyses showing that higher visceral fat is significantly associ-
ated with incident MetS and T2D in 2 prior studies. Shah
et al report that visceral fat is associated with incident
MetS in the Multi-Ethnic Study of Atherosclerosis, but do
not provide specific evidence of this longitudinal associ-
ation persisting in non-obese or normal weight participants
[14]. Kuwahara et al similarly link higher visceral fat with
incident T2D in the Japan Epidemiology Collaboration on
Occupational Health Study and suggest that this association
is independent of BMI, but also do not provide specific evi-
dence about the normal weight group [15]. Consistent with
our finding of moderate mediation in the relationship be-
tween visceral fat and incident cardiometabolic disease by
insulin resistance, Kuwahara et al also report that higher
HOMA-IR and increasing HOMA-IR are associated with
incident T2D, suggesting that visceral fat increases insulin
resistance as a mediator leading to T2D. Both studies also
found that change in visceral fat over time may confer add-
itional risk. Other hypothesized mechanisms include CRP as
an intermediary in the development of MetS and CVD risk,
and CRP is even included in CVD risk assessments like the
Reynolds Risk Score. In contrast, our results are consistent
with those suggesting that while CRP is a strong marker of
inflammation, it is likely not on the causal pathway between
body fat distribution and metabolic dysfunction. Our find-
ings further support the idea that insulin resistance plays a
role in the causal pathway between visceral adiposity and

cardiometabolic disease, but the modest amount of medi-
ation (15% and 19%, respectively) suggests that investi-
gation of other pathways between excess visceral fat and
cardiometabolic dysfunction in individuals without obesity
is warranted.

Given the known dimorphisms by sex in body fat distri-
bution and function, investigating heterogeneity by sex in
associations with visceral and subcutaneous fat is warranted
[38]. Shah et al did not find evidence of heterogeneity by
sex or race/ethnicity [14], and Kuwahara et al utilized a co-
hort that was predominantly male, and the authors specify
that generalizing to women many be inappropriate [15]. In
studies that investigated the role of body fat composition on
cardiometabolic risk across the full BMI range or only in those
with obesity, there has been inconsistency with some finding
heterogeneity by sex [35], and others not [37]. Our results
are consistent with those showing a qualitatively stronger as-
sociation for women than for men for the association of vis-
ceral fat with incident MetS [35], but the lack of a statistically
significant finding may be the result of being underpowered
to detect heterogeneity. In addition to differences by sex, dif-
ferences by race/ethnicity should also be considered. While
distributions of visceral fat have been shown to be lower for
African American individuals at the same BMI compared to
white cohorts [11], this does not necessarily mean that the
underlying relationship between body fat distribution and
cardiometabolic disease differs by race/ethnicity. While the
strong focus of research in African American cohorts has been
on the high prevalence and impact of obesity in the commu-
nity, evidence for the importance of cardiometabolic risk in



6 Journal of the Endocrine Society, 2022, Vol. 6, No. 6

Table 2. Association of baseline characteristics with metabolic syndrome and type 2 diabetes in participants without obesity in the Jackson Heart
Study: odds ratio and 95% CI*

Normal weight and overweight combined Metabolic syndrome Type 2 diabetes
OR 95% CI OR 95% CI
Adjusted for age, sex, education, income, and smoking
Visceral fat, cm”? 2.49 2.05-3.02 1.68 1.38-2.05
Subcutaneous fat, cm”? 1.82 1.51-2.19 1.44 1.15-1.81
Body mass index, kg/m? 1.34 1.08-1.67 1.39 1.06-1.81
HOMA-IR 1.84 1.50-2.26 1.57 1.34-1.85
Adjusted for age, sex, education, income, smoking, subcutaneous fat, and physical activity
Visceral fat, cm”? 2.27 1.86-2.78 1.59 1.29-1.97
HOMA-IR 1.88 1.46-2.42 1.52 1.23-1.87
Adjusted for age, sex, education, income, smoking, visceral fat, subcutaneous fat, HOMA-IR, and physical activity™
Visceral fat, cm”? 2.07 1.66-2.58 1.51 1.21-1.88
Subcutaneous fat, cm”? 1.44 1.15-1.80 1.20 0.92-1.55
Body mass index, kg/m? 1.34 1.08-1.67 1.39 1.06-1.81
HOMA-IR 1.59 1.24-2.05 1.39 1.12-1.72

Restricted to Normal Weight

Adjusted for age, sex, education, income, smoking, visceral fat, subcutaneous fat, HOMA-IR, and physical activity”™

Visceral fat, cm”**" 2.08 1.25-3.45 1.06 0.57-1.98
Subcutaneous fat, cm”3* 1.90 1.02-3.54 1.11 0.50-2.47
Body mass index, kg/m? 2.11 1.13-3.95 0.96 0.50-1.85
HOMA-IR" 1.22 0.77-1.93 1.52 0.92-2.49

Restricted to Overweight

Adjusted for age, sex, education, income, smoking, visceral fat, subcutaneous fat, HOMA-IR, and physical activity"™

Visceral fat, cm”3" 1.97 1.55-2.51 1.57 1.24-2.00
Subcutaneous fat, cm”3* 1.24 0.96-1.60 1.18 0.88-1.58
Body mass index, kg/m? 1.00 0.82-1.22 1.29 1.02-1.64
HOMA-IR" 1.61 1.18-2.21 1.35 1.05-1.73

Bold indicates significant at the P < 0.05 level

*Per 1 SD for all variables except physical activity.

**Except for body mass index (BMI) model which does not include adjustment for subcutaneous fat.

***Number of incident events/n: Normal weight participants (35/252 for MetS & 15/272 for T2D); Overweight participants (177/675 for MetS &
101/733 for T2D); Combined numbers are added.

Table 3. Sensitivity analyses (odds ratios and 95% Cl) for association of 1 SD difference in visceral fat with metabolic syndrome and type 2 diabetes in
participants without obesity in the Jackson Heart Study

Model Metabolic syndrome Type 2 diabetes
OR 95% CI OR 95% CI

Primary analysis” 2.07 1.66-2.58 1.51 1.21-1.88
Incident cases only 2.00 1.49-2.69 1.70 1.29-2.25
Excluding waist circumference from MetS definition™ 1.74 1.41-2.15 1.51 1.21-1.88
No hormone replacement therapy usage in women 1.88 1.47-2.40 1.57 1.23-2.01
By sex

‘Women 2.60 1.83-3.70 1.80 1.28-2.54

Men 1.74 1.30-2.33 1.29 0.96-1.73

P value for difference by sex 0.06 0.13

BOLD indicates significant at the P < 0.05 level.
*Primary analysis includes adjustment for age, sex, education, income, smoking, visceral fat, subcutaneous fat, HOMA-IR, and physical activity.
**Sample size for incident analysis is 795 for MetS and 944 for T2D, and analysis excluding women with known hormone replacement therapy is 923.

normal weight is increasing for African Americans as well as levels of visceral fat may contribute to MetS and T2D risk in
other underserved racial/ethnic populations [2, 6, 7]. Our re- the African American participants of the Jackson Heart Study.
sults contribute to understanding the source of these inequi- ~ While it has long been argued that BMI categories alone are

ties by showing that even in the absence of obesity, higher  insufficient for risk stratification, our findings further suggest
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that interventions to prevent cardiometabolic disease are
needed across the full range of BMI.

The limitations of this study include relatively short
follow-up for events and self-reported data for physical ac-
tivity. The small number of cases, especially in the normal
weight group and for the incident analysis, creates additional
uncertainty around those estimates. Furthermore, JHS does
not have repeated measurements of visceral and subcutaneous
fat and we cannot assess the added risk of change over time.
Strengths of this study include the novel approach to under-
standing MetS and T2D in participants without obesity and the
direct measurement of visceral and subcutaneous fat separately.
Also, this study uses gold standard measurements of body fat
composition in an African American cohort, a population that
is understudied. Finally, this study adds additional prospective
evidence of the association between adiposity and insulin re-
sistance with the development of cardiometabolic disease.

Given compelling evidence suggesting that those who are
normal weight when diagnosed with T2D have the highest
risk of mortality [1-3], the need to understand what causes
cardiometabolic disease in normal weight and overweight in-
dividualsis clear. Our findings show that adiposity, particularly
visceral fat, plays a role in development of cardiometabolic
dysfunction even in the absence of obesity. This suggests that
there is a missed prevention opportunity if we only focus on
individuals with generalized obesity. Thus, we need to deter-
mine how we can identify these high-risk individuals who
would not be detected by traditional measures. Advances in
dual-energy X-ray absorptiometry (DEXA) technology for
measuring body composition may offer a more accessible and
lower radiation option for risk stratification.
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