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Risk of Developing Diabetes and Cardiovascular
Disease in Metabolically Unhealthy Normal-Weight
and Metabolically Healthy Obese Individuals
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Context: The risk of cardiovascular disease (CVD) and type 2 diabetes mellitus (DM) associated with
obesity appears to be influenced by the coexistence of other metabolic abnormalities.

Objective: We examined the risk of developing CVD and DM in metabolically healthy obese (MHO)
and metabolically unhealthy normal weight (MUH-NW) individuals.

Design and Setting: We analyzed prospective data of the San Antonio Heart Study, a population-
based study among Mexican Americans and non-Hispanic whites (median follow-up, 7.4 y).

Participants: Incident DM and CVD were assessed in 2814 and 3700 participants aged 25 to 64 years,
respectively.

Main Measures: MHO was defined as obesity (body mass index = 30 kg/m?) with no more than one
metabolicabnormality, and MUH-NW was defined as body mass index <25 kg/m? with two or more
abnormalities.

Results: In logistic regression models, BMI was associated with incident DM after controlling for
demographics, family history of DM, and fasting glucose (odds ratio X 1SD, 1.7 [95% Cl, 1.5-2.0]).
Both MUH-NW and MHO individuals had an increased DM risk (2.5 [1.1-5.6] and 3.9 [2.0-7.4],
respectively). Similarly, BMI was related to incident CVD after adjusting for demographics and
Framingham risk score (1.3 [1.1-1.6]). Incident CVD was also increased in MUH-NW and MHO
individuals (2.9 [1.3-6.4] and 3.9[1.9-7.8], respectively). Results were consistent across gender and
ethnic categories.

Conclusion: The risk of developing DM and CVD is increased in MUH-NW and MHO individuals. Screen-
ing for obesity and other metabolic abnormalities should be routinely performed in clinical practice to
institute appropriate preventive measures. (J Clin Endocrinol Metab 99: 462-468, 2014)

besity has reached epidemic proportions (1). Obesity
O is certainly an independent risk factor for cardio-
vascular disease (CVD) and type 2 diabetes mellitus (DM)
(2-4). However, the metabolic disturbances associated
with obesity may not be present in all obese individuals.
Metabolically healthy obese (MHO) individuals might
represent one end of the spectrum of obesity. There is no
consensus on how to define the MHO phenotype (5, 6).
The prevalence of MHO varies across studies (up to 30%
of the obese individuals in some studies) (5, 7). Similarly,
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there is conflicting evidence regarding the risk of CVD and
mortality associated with the MHO phenotype. MHO in-
dividuals may not be at increased short-term risk of CVD
(7, 8), but studies with longer follow-up have found in-
creased likelihood of both CVD and mortality (9, 10).
A related concept, metabolically unhealthy normal
weight (MUH-NW), has been coined to refer to those in-
dividuals who by standard weight tables are not obese or
even overweight and yet who have obesity-related meta-
bolic abnormalities (11, 12). The MUH-NW phenotype is
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Abbreviations: BMI, body mass index; CVD, cardiovascular disease; DM, type 2 diabetes
mellitus; HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment for
insulin resistance; hsCRP, high-sensitivity C-reactive protein; MHO, metabolically healthy
obese; MUH-NW, metabolically unhealthy normal weight; OR, odds ratio.
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also ill-defined. Among normal-weight individuals aged
20 years or older in the Third National Health and Nu-
trition Examination Survey (NHANES III), 4.6 % of men
and 6.2% of women had three or more metabolic abnor-
malities (ie, the metabolic syndrome) (13). It is important
to identify the dissociation between obesity and obesity-
related metabolic abnormalities because MUH-NW indi-
viduals are at increased risk of CVD and total mortality
(14, 15).

Wildmanetal (16) have reported that MHO prevalence
varies according to ethnicity. Compared with non-His-
panic whites, MHO prevalence has been described as
higher in non-Hispanic blacks and similar in Mexican
Americans. Because prospective data are limited in His-
panic populations, the objective of this study was 2-fold:
1) to determine the risk of developing DM or CVD asso-
ciated with MHO or MUH-NW in Mexican American
and non-Hispanic white participants in the San Antonio
Heart Study (SAHS); and 2) to assess the effect of gender
and ethnicity on MHO and MUH-NW associations.

Subjects and Methods

Subjects

The SAHS was designed as a population-based study on DM
and CVD risk factors among Mexican Americans and non-His-
panic whites of San Antonio. The SAHS had approved protocols
by the Institutional Review Board of the University of Texas
Health Science Center at San Antonio. All subjects gave written
informed consent. Detailed descriptions have been published al-
ready (17). Briefly, all Mexican American and non-Hispanic
white men and nonpregnant women aged 25 to 64 years that
resided in randomly selected households from low-, middle-, and
high-income census tracts were invited to participate (response
rate 65.3%). Mexican American and non-Hispanic white eth-
nicities were defined by previously published algorithm.

Acquisition of data and definition of variables and
outcomes

Data on demographics, cigarette smoking, treatment with
medications, and anthropometric measurements were gathered
by trained personnel. Systolic (first phase) and diastolic (fifth
phase) blood pressures were recorded with a random-zero sphyg-
momanometer (Hawksley-Gelman) and with the participant in
the sitting position. Three readings were recorded for each in-
dividual, and the average of the second and third readings was
defined as the subject’s blood pressure to reduce the measure-
ment error. Blood specimens were obtained after a 12-hour fast.
A 75-goral glucose load (Orangedex; Custom Laboratories) was
administered to ascertain DM status at the baseline and fol-
low-up examinations. Plasma glucose and serum lipids were
measured with an Abbott Bichromatic Analyzer (Abbott Labo-
ratories) in the laboratory of the Department of Medicine, Di-
vision of Clinical Epidemiology, at the University of Texas
Health Science Center.
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Serum insulin was measured by a RIA (Diagnostic Products
Corporation) that had a high degree of cross-reactivity with pro-
insulin (70-100%). The homeostasis model assessment of insu-
lin resistance (HOMA-IR) was computed using Matthews’ for-
mula: HOMA-IR = basal insulin (wU/mL) X basal glucose
(mmol/L)/22.5).

We used body mass index (BMI) to define obesity (=30 kg/
m?), overweight (25-29.9 kg/m?), and normal weight (<25 kg/
m?). Metabolic abnormalities were defined as reported by Wild-
man et al (16), except for high-sensitivity C-reactive protein
(hsCRP) level because the SAHS does not have information for
hsCRP. The five metabolic abnormalities considered to define
whether one is “metabolically unhealthy” or not were elevated
blood pressure, elevated triglyceride and glucose levels, insulin
resistance, and decreased high-density lipoprotein (HDL) cho-
lesterol level. Elevated blood pressure was defined as systolic
blood pressure =130 mm Hg, diastolic blood pressure =85 mm
Hg, or antihypertensive medication use. Elevated triglyceride
level was defined as fasting triglyceride level =150 mg/dL (=1.7
mmol/L). Elevated glucose level was defined as fasting glucose
level =100 mg/dL (=5.6 mmol/L). Decreased HDL cholesterol
level was defined as HDL cholesterol level <40 mg/dL (<1.0
mmol/L) in men or <50 mg/dL (<1.3 mmol/L) in women, or
lipid-lowering medication use. Insulin resistance was defined as
HOMA-IR > 5.13.In the SAHS, 12.1% of the participants who
were free of DM and CVD at the baseline visit had a HOMA-
IR > 5.13. We used the presence of two or more metabolic
abnormalities as the threshold to define metabolically unhealthy
individuals. Thus, we defined MUH-NW as individuals with
normal weight and two or more metabolic abnormalities; MHO
as individuals with obesity and no more than one metabolic
abnormality.

The median follow-up period was 7.4 years (range, 6.3-10.3
y). The frequency of newly developed DM and CVD was ob-
tained from follow-up data. Incident DM was defined according
to the plasma glucose cut-points of the 2003 American Diabetes
Association (fasting glucose =126 mg/dL [=7.0 mmol/L] and/or
2-h glucose =200 mg/dL [=11.1 mmol/L]). Regardless of glu-
cose values, subjects who reported current therapy with antidi-
abetic medications were considered to have DM. The same cri-
teria were applied to define DM at the baseline and follow-up
examinations. We defined history of CVD as self-reported myo-
cardial infarction, stroke, coronary revascularization procedure,
or angina (by Rose Angina questionnaire) at baseline; and we
defined incident CVD as self-reported myocardial infarction,
stroke, or coronary revascularization procedure at follow-up or
any mention of cardiovascular death on the death certificate
(International Classification of Diseases, ninth revision, codes of
390-459) (17).

Statistical analyses

Statistical analyses were performed with the SAS version 9.2
(SAS Institute Inc) and R project statistical software packages
(version 2.9.2; The R Foundation for Statistical Computing). In
order to take into consideration the effect of age, sex, and eth-
nicity, differences in baseline characteristics between categories
of BMI were assessed by one-way analysis of covariance (con-
tinuous variables) or logistic regression analysis (dichotomous
variables). Logistic regression analysis was also used to compare
outcome rates between categories of BMI and metabolic status.
We carried out additional analyses on CVD-free survival rates,
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Table 1. Age-, Sex-, and Ethnic Origin-Adjusted Characteristics by Categories of Adiposity in 3700 Participants Who

Were Free of DM and CVD at Baseline

Metabolically Healthy

Metabolically Unhealthy

Normal Weight* Overweight MHO MUH-NW Overweight Obese
n 1267 946 382 186 441 478
Age, y 39.8+03 42.0 £ 0.3§ 41.8 = 0.5 46.1 = 0.8§ 459 * 0.58 44.2 = 0.58
Female, %t 72.0(69.4-74.4) 47.5 (44.3- 50.7)8 62.8(57.9-67.5)8 50.5(42.9-57.1)8 36.5(32.1-41.1)8 54.6 (50.1-59.0)§
Mexican Americans, %t 50.2 (47.4-52.9) 64.0 (60.8-67.0)§ 75.1(70.5-79.2)§ 48.4 (41.3-55.6) 71.0 (66.6-75.0)§ 75.5 (71.5-79.2)§
Family history of DM, %t 22.7 (20.5-25.1) 31.9(29.0-34.9)8 37.5(32.7-42.5)8 21.9(16.5-28.4) 33.9(29.6-38.4)8 36.3(32.1-40.8)8
Smoking, %t 27.6(25.2-30.2) 23.4(20.8-26.2)# 26.4(22.3-31.1) 36.6 (30.0-43.7)# 29.7 (25.6-34.1) 24.7 (21.0-28.8)
BMI, kg/m? 222 0.1 27.1 £0.18 33.6 +0.18 232 £0.28 27.6 =0.18 352 +0.18
Waist circumference, cm 78.1+0.3 87.8 = 0.3§ 101.0 £ 0.58 80.6 = 0.7§ 90.2 = 0.58 105.7 = 0.48
Systolic blood pressure, mm Hg 109.7 £ 0.4 113.3 £ 0.48 116.8 = 0.6§ 119.1 £ 0.98 121.0 £ 0.68 124.7 = 0.68
Diastolic blood pressure, mm Hg 68.1 =0.2 70.9 + 0.3§ 73.1 = 0.48 72.6 + 0.68 745 + 0.48 77.0 + 0.48
HDL cholesterol, mg/dL 589 £ 0.4 54.5 + 0.48 515+ 0.7§ 445 + 0.98 42.9 + 0.68 41.3 = 0.68
Triglycerides, mg/dL# 86.9 = 1.0 98.0 = 1.48 107.1 = 2.48 163.5 £ 5.18 189.0 = 4.08 181.6 = 3.7§
Fasting glucose, mg/dL 84.7 0.3 86.3 = 0.3§ 87.8 £ 0.58 89.1 £ 0.78 91.6 = 0.58 93.7 £ 0.48
2-h Glucose, mg/dL 98.0 = 0.9 101.3 = 1.01 107.1 £ 1.58 108.7 + 2.28 115.5 £ 1.48 1235 £ 1.48
Fasting insulin, uU/mL# 6.5+ 0.1 8.2 +0.28 11.5 £ 0.48 9.3 +0.58 13.0 £ 0.48 22.1+£0.78
HOMA-IR¥ 1.35 +0.03 1.73 £ 0.048 2.47 = 0.098 2.01 £0.118 2.92 +0.108 5.06 = 0.17§
Framingham risk, % 1.90 = 0.03 2.28 = 0.048 2.55+0.078 3.64 £ 0.158 3.61 £0.108 3.96 = 0.108

Data are expressed as number, mean * SE, or percentage (95% confidence interval). *, P value for test of difference in baseline characteristics
using the category of lean and metabolically normal individuals as the referent group. §, P < .001; 9, P < .01; #, P < .05; 1, nonadjusted values;
%, log-transformed variable, then back-transformed for presentation in the table. Lean indicates BMI < 25 kg/m?; overweight, BMI of 25-29.9 kg/
m?; obese, BMI = 30 kg/m?; metabolically normal, no more than one metabolic abnormality; and metabolically abnormal, at least two metabolic

abnormalities.

taking into consideration that time to new CVD events was
known in all but 16 participants. CVD-free survival curves were
compared by the log rank test (unadjusted analyses). In Cox
proportional hazard models, we examined the relation of group
membership based on BMI and metabolic status to new CVD
events after taking into consideration the effect of relevant con-
founding variables. We could not generate DM-free survival
curves because the assessment of DM was only performed at two
time points, baseline and follow-up visits, by oral glucose toler-
ance test. We used log-transformed values of triglycerides, fast-
ing insulin,and HOMA-IR, and logit-transformed values of Fra-
mingham risk in all analyses to minimize the influence of extreme
observations. We considered a P value <.05 to be statistically
significant.

Results

A total of 5158 individuals participated in the SAHS.
Among 4202 participants who had neither DM nor CVD
at baseline, information on incident CVD and incident
DM was available in 3700 and 2814 individuals,
respectively.

Among 3700 participants who were free of DM and
CVD at baseline, older age, male gender, and Mexican
American ethnic origin were independently related to be-
ing metabolically unhealthy (P < .001 for all three asso-
ciations). Older age, Mexican American ethnic origin, and
family history of DM were independently related to obe-
sity (P < .001 for all three associations). The MUH-NW
phenotype was identified in 12.8% (186 of 1453) of lean
individuals and MHO in 44.4% (382 of 860) of obese
individuals. Age-, sex-, and ethnic origin-adjusted partic-
ipant characteristics by BMI categories and metabolic sta-

tus are shown in Table 1. Individuals with either
MUH-NW or MHO had worse metabolic profiles (in-
cluding BMI, blood pressure, insulin resistance, dyslipi-
demia, and dysglycemia) and 10-year CHD risk than lean,
metabolically healthy individuals. MUH-NW individuals
had higher systolic blood pressure (P = .008), triglycerides
(P <.001), and 10-year CHD risk (P < .001) than MHO
individuals, but lower HDL cholesterol (P < .001), waist
circumference (P < .001), fasting insulin (P < .001), and
HOMA-IR (P <.001). Both groups had similar values of
plasma glucose (P > .05).

A total of 262 (9.3%) and 137 (3.4%) participants
developed incident DM and CVD, respectively. In multi-
ple logistic regression models, BMI was associated with an
increased risk of age-, sex-, and ethnicity-adjusted incident
DM (odds ratio [OR] X 1 SD, 2.0 [95% CI, 1.7-2.2]; P <
.001) and incident CVD (OR, 1.4 [95% CI, 1.2-1.7]; P <
.001).Indeed, BMI remained associated with incident DM
after controlling for family history of DM and fasting
plasma glucose (OR X 1 SD, 1.7 [95% CI, 1.5-2.0]; P <
.001), and with incident CVD after adjusting for Framing-
ham risk score (OR, 1.3 [95% CI, 1.1-1.6]; P = .008).

We analyzed the risk of incident DM and CVD by cat-
egories of BMI and metabolic status (Table 2). The risk of
developing DM rose in a stepwise fashion with increasing
BMI in both metabolically healthy and unhealthy individ-
uals (P < .001 for both trends), but only metabolically
healthy individuals had a graded increase in incident CVD
(P for trend < .001 and .359 in metabolically healthy and
unhealthy individuals, respectively). Although some of the
excess risk of DM was explained by demographics, family
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Table 2. Incident DM and Incident CVD by Categories of BMI and Metabolic Status
OR (95% CI)
No. With Incident
DM or CVD No. at Risk Rate, % Model 1 Model 2
Incident DM
Metabolically unhealthy obese 110 361 30.5 3.0(13.7-38.5) 10.9(6.2-19.2)
Metabolically unhealthy overweight 63 353 17.8 1.4 (6.6-19.5) 5.8 (3.2-10.4)
MUH-NW 12 148 8.1 6(2.2-9.8) 2.5(1.1-5.6)
MHO 26 276 9.4 4(2.9-10.1) 3.9(2.0-7.4)
Metabolically healthy overweight 33 714 4.6 2 5(1.4-45) 1.8(1.0-3.4)
Metabolically healthy normal weight 18 962 1.9 Referent Referent
Incident CVD
Metabolically unhealthy obese 30 478 6.3 5.2 (2.8-9.7) 3.9(2.0-7.4)
Metabolically unhealthy overweight 25 441 5.7 4.7 (2.5-8.9) 2.5(1.3-4.9)
MUH-NW 12 186 6.5 5.4 (2.5-11.6) 2.9(1.3-6.4)
MHO 18 382 4.7 3.9(2.0-7.7) 3.9(1.9-7.8)
Metabolically healthy overweight 26 946 2.7 2.2(1.2-4.1) 1.7 (0.9-3.2)
Metabolically healthy normal weight 16 1,267 1.3 Referent Referent

Model 1 consists of unadjusted results. Model 2 consists of results adjusted for age, sex, ethnic origin, family history of DM, and fasting glucose in
the model with incident DM as the dependent variable; and results adjusted for age, sex, ethnic origin, and smoking in the model with incident

CVD as the dependent variable.

history of DM, and fasting plasma glucose, both
MUH-NW and MHO remained related to DM incidence.
Similarly, both MUH-NW and MHO remained associ-
ated with increased risk of developing CVD after adjusting
for demographics and smoking. However, demographics
and smoking accounted for little of the excess risk of CVD
in MHO individuals.

In separate models, we included appropriate interac-
tion terms to test the impact of gender and ethnicity on the
relation of MUH-NW and MHO to incident CVD and
incident DM. None of the interaction terms were statis-
tically significant for developing CVD (P > .58) or DM
(P > .09). Heterogeneity analyses on the development of
DM and CVD were also performed by stratification of the
data by gender (male and female) or ethnic origin (Mex-

ican Americans and non-Hispanic whites) (Table 3). Re-
gardless of gender and ethnicity, MUH-NW and MHO
conditions were associated with increased risk of incident
DM and incident CVD.

Because insulin resistance is a factor not routinely mea-
sured in clinical practice, we examined the risk of devel-
oping DM and CVD by dropping the insulin resistance
criterion from the “metabolic status” group definition.
MUH-NW and MHO individuals had an increased CVD
incidence (OR, 3.1 [1.4-6.8] and 3.4 [1.7-6.8], respec-
tively) after controlling for age, sex, ethnicity, and smok-
ing. DM incidence was also elevated in MUH-NW (OR,
2.8 [1.3-6.1]) and MHO individuals (OR, 4.0 [2.2-7.5])
after adjusting for age, sex, ethnicity, family history of
DM, and fasting plasma glucose.

Table 3. Heterogeneity Analysis of Incident DM and Incident CVD by Sex and Ethnic Origin

Mexican
Men? Women? Americans® Non-Hispanic WhitesP
Incident DM
Metabolically unhealthy obese 24.7 (8.6-70.6) 16.9 (9.1-31.4) 15.0 (8.1-27.7) 37.6(13.7-103.8)
Metabolically unhealthy overweight 7.0(2.4-20.4) 13.7 (7.0-26.9) 7.3 (3.8-14.0) 19.9 (6.8-57.7)
MUH-NW 5.4 (1.5-19.2) 3.0(1.0-8.6) 4.4(1.8-10.9) 3.5(0.8-15.4)
MHO 3.4(0.9-13.1) 5.3(2.6-10.9) 4.1(2.0-8.3) 5.8 (1.5-22.5)
Metabolically healthy overweight 2.5(0.8-7.6) 2.3(1.1-4.7) 2.2(1.1-4.3) 2.4(0.7-8.0)
Metabolically healthy normal weight Referent Referent Referent Referent
Incident CVD events
Metabolically unhealthy obese 4.4(1.8-11.0) 3.3(1.3-8.6) 4.2 (1.5-11.5) 4.0(1.7-9.7)
Metabolically unhealthy overweight 2.5(1.0-6.3) 2.4 (0.8-7.5) 3.4(1.2-9.7) 1.7 (0.6-4.3)
MUH-NW 1.9(0.6-6.2) 5.4(1.9-15.2) 4.0(1.1-14.3) 2.5(0.9-6.8)
MHO 45(1.6-12.5) 3.4(1.2-9.1) 46(1.6-13.4) 3.1(1.1-8.8)
Metabolically healthy overweight 1.8(0.7-4.3) 1.5(0.5-4.1) 2.0(0.7-5.7) 1.4 (0.6-3.3)
Metabolically healthy normal weight Referent Referent Referent Referent

Data are expressed as odds ratio (95% confidence interval).
@ Results adjusted for age and ethnic origin.
b Results adjusted for age and sex.
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Figure 1. CVD-free survival curves in normal-weight and obese
individuals with normal and abnormal metabolic status. MHO (solid
curve), MUH-NW (dashed curve), and metabolically unhealthy obese
(dotted curve) individuals had a higher risk of developing CVD than
metabolically healthy normal-weight individuals (long-dashed curve)
(log rank test, P < .001 for all three comparisons). CVD risk in MUH-
NW individuals did not differ from that in MHO (P = .225) and
metabolically unhealthy obese individuals (P = .939).

We also performed analyses on CVD-free survival
rates, taking into consideration that time to new CVD
events was available for all but 16 participants. Figure 1
presents CVD-free survival curves in normal weight and
obese individuals with normal and abnormal metabolic
status. MHO, MUH-NW, and metabolically unhealthy
obese individuals had higher probability of developing
CVD than metabolically healthy normal-weight individ-
uals (log rank test, P <.001 for all three comparisons). The
CVD-free survival curve of MUH-NW individuals did not
differ from that of MHO (P = .225) and metabolically
unhealthy obese individuals (P = .939). In Cox models,
time to event in MHO and MUH-NW individuals was
shorter than that in metabolically healthy normal-weight
individuals, even after adjusting for age, sex, ethnicity, and
smoking (Table 4).

Discussion

In the SAHS, 12.8% of participants were characterized as
MUH-NW among those who were lean and free of DM

J Clin Endocrinol Metab, February 2014, 99(2):462-468

and CVD. Among obese individuals, 44.4 % were catego-
rized as MHO. Both phenotypes (MHO and MUH-NW)
were associated with increased risk of developing DM and
CVD. These relationships were demonstrated in men and
women and in Mexican Americans and non-Hispanic
whites.

Some studies have reported that MHO individuals are
not at increased risk for CVD complications (7, 8, 18-20).
A different response to short-term lifestyle interventions
has also been described in MHO individuals relative to
that in obese individuals with multiple metabolic abnor-
malities (21, 22). Therefore, it has been suggested that
MHO individuals might not benefit from lifestyle inter-
ventions. However, evidence that MHO individuals are at
increased morbidity and mortality risk also exists (10).
The controversy is particularly significant in long-term
studies (9, 10, 19, 23, 24). The MHO phenotype has also
been associated with the development of DM, hyperten-
sion, and the metabolic syndrome (25, 26). Our results
also suggest that MHO is not a benign condition. MHO
individuals are at increased risk for developing both DM
and CVD.

BMI is often used in prediction models for identifying
persons at risk of developing DM, including one derived
from the SAHS (27). Risk of DM is decreased by lifestyle
interventions aimed to reduce weight in high-risk individ-
uals (28). Our data suggest that BMI is a risk factor for DM
regardless of the metabolic status of the individual. The
graded increase in CVD risk is also observed in metabol-
ically normal individuals, suggesting that obesity influ-
ences future metabolic derangements in MHO individu-
als. The prevalence of the MHO phenotype across studies
varies greatly (5, 7) but tends to be more common at a
younger age and with lower abdominal fat distribution
(16,18).Inthe SAHS, more than 40 % of obese individuals
aged 25 to 64 years can be considered metabolically
healthy. The relationship between obesity and metabolic
abnormalities is a continuum (29, 30) with the MHO phe-
notype at the lower-risk end (6). Limited data are available
on the future stability of the MHO phenotype, but recent

Table 4. Risk of Incident CVD Events by Categories of BMI and Metabolic Status

New CVD No. at %1000

Events Risk Person-Years HR (95% CI)? HR (95% CI)®
Metabolically unhealthy obese 28 476 7.3 7.1 (3.6-14.0) 5.2(2.6-10.4)
Metabolically unhealthy overweight 22 438 6.7 5.9(2.9-12.0) 3.2 (1.5-6.5)
MUH-NW 12 186 8.5 7.2 (3.2-16.1) 3.9(1.7-8.7)
MHO 15 378 5.2 4.5(2.1-9.7) 4.4 (2.0-9.5)
Metabolically healthy overweight 23 943 3.2 2.7 (1.3-5.3) 2.0(1.0-4.1)
Metabolically healthy normal weight 12 1263 1.2 Referent Referent

Abbreviations: HR, hazard ratio; Cl, confidence interval.
@ Unadjusted results.
b Results adjusted for age, sex, ethnic origin, and smoking.
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reports suggest that this phenotype is transient in a sig-
nificant proportion of individuals (26, 31). Appleton et al
(26) have reported that MHO individuals are at increased
risk of developing DM only if they progress to an un-
healthy phenotype. Consequently, management of excess
weight and any metabolic abnormality appears to be im-
portant for all individuals.

In severely obese individuals, adipose tissue of the in-
sulin-resistant group, as judged by HOMA and/or clamp
studies, shows a higher expression of inflammatory genes
and decreased mitochondrial genes than that of the insulin
sensitivity group (32, 33). Associated to glucose and lipid
homeostasis and insulin sensitivity, AMP kinase activity is
down-regulated in experimental models of obesity (34).
AMP kinase activity is diminished, and oxidative stress is
increased in morbidly obese insulin-resistant individuals
relative to counterparts who are insulin sensitive (33). In
the prospective, controlled Swedish Obese Subjects study,
plasma insulin was associated with increased risk of CVD
events (35). Compared with individuals who received con-
ventional treatment, the greatest relative decline in CVD
risk was observed among those who had increased plasma
insulin levels and undergo bariatric surgery (35). It re-
mains to be determined whether the decline in CVD risk
associated with bariatric surgery is directly linked to the
effect on insulin resistance or is mediated by the effect on
established CVD risk factors.

Absence of a graded increase in CVD risk among met-
abolically abnormal individuals appears to indicate that
obesity-related risk factors for CVD are already present in
MUH-NW individuals. MUH-NW individuals represent
another end of the spectrum of obesity (36). These indi-
viduals tend to have more adiposity, including more ab-
dominal fat distribution, and dyslipidemia than lean met-
abolically healthy individuals (37). It has been suggested
that an anomaly in fat storage in adipose tissue could ex-
plain the increase in triglyceride levels and the ectopic fat
deposition in the liver and muscle (38). MUH-NW indi-
viduals appear to have decreased compensatory insulin
response as compared with lean metabolically healthy in-
dividuals (39). The available literature indicates that
MUH-NW individuals are at increased risk of DM, CVD,
and mortality (9, 10, 25, 40). Our data are in agreement
with the previous reported findings in terms of the risk of
developing DM and CVD.

The strengths of our study include a well-characterized
biethnic cohort and a large sample size. Results are con-
sistent in men and women and both ethnic groups. Our
study also has several limitations. First, it is difficult to
compare our results with other studies because of differ-
ences in the definition of the metabolic healthy state and
in the characteristics of the reference group. Second, the
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identification of subjects focused largely on five metabolic
abnormalities without taking into account subclinical in-
flammation. The SAHS lacks information on hsCRP.
However, a small change in the prevalence of the MHO
phenotype may be expected in our study because the C-
reactive protein criterion has a high cut-point (>90 per-
centile) using Wildman’s criteria (16).

In summary, metabolic derangements that place an in-
dividual at increased risk of developing DM and CVD are
found in a proportion of normal-weight individuals (those
who have multiple metabolic abnormalities) as well as in
obese individuals who otherwise are metabolically
healthy. Physicians must not be overly complacent in as-
sessing future cardiometabolic risk in either MHO or
MUH-NW individuals. As previously recommended, an
expert consensus is needed to characterize both pheno-
types (32).
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