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Abstract

Objective—To assess the stability of metabolic status and BMI status, and their relative
contribution to risk of diabetes, cardiovascular events, and mortality.

Methods—14,685 participants from ARIC, and 4,990 from CARDIA. We defined people with
healthy obesity (HO) as meeting all 3 indices of blood pressure, blood glucose, and blood lipids.
People with unhealthy obesity crossed the risk threshold for all 3 criteria.

Results—In both healthy and unhealthy subgroups, risks for CHD, stroke, and mortality were
comparable among BMI status during a mean 18.7-year follow-up. When compared with HO,
hazard ratios were increased for diabetes (5.56, 95% CI 4.12-7.48), CHD (5.60, Cl 3.14-9.98),
stroke (4.84, Cl 2.13-10.97), and mortality (2.6, Cl 1.88-3.61) in people with unhealthy obesity.
BMI only moderately increased the risks for diabetes among healthy subjects. In CARDIA over 20
years, 17.5 % of lean subjects and 67.3% of overweight subjects at baseline became obese during
follow-up. Despite rising BMI, metabolic status remained relatively stable.

Conclusions—Metabolic status is relatively stable despite rising BMI. HO had lower risks for
diabetes, CHD, stroke, and mortality than unhealthy subjects, but increased diabetes risks than
healthy lean people. Cardiometabolic risk factors confer much higher risk than obesity per se.
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Introduction

Methods

Obesity is associated with elevated risk for morbidity and mortality (1), and has become an
epidemic both in the United States and worldwide (2, 3). Body Mass Index (BMI) is widely
used as a population-based tool to assess adiposity (2), and is also used in individual patients
as a basis for therapeutic decisions according to guidelines for obesity management (4).
However, BMI does not directly reflect the degree of excess adiposity or how it impacts
health risks in individual patients. While obesity can exacerbate insulin resistance and impel
the progression of cardiometabolic disease, lean individuals can be afflicted with insulin
resistance and cardiometabolic disease, albeit with relative fat distribution to the intra-
abdominal compartment, and individuals with obesity can be relatively insulin sensitive and
without manifestations of cardiometabolic disease (5-9). Thus obesity and cardiometabolic
disease can segregate independently, at least in part.

Consistent with the above formulation, we have developed the Cardiometabolic Disease
Staging (CMDS) system, which predicts differential risk in people with obesity for future
T2DM and cardiovascular disease mortality based on the presence or absence of metabolic
syndrome traits (10). Individuals with obesity who are free of cardiometabolic disease risk
factors, such as hypertension, dyslipidemia, and hyperglycemia, have been termed the
‘metabolically healthy obesity’ (11, 12). Physiological studies have demonstrated that these
subjects with obesity without metabolic syndrome traits are relatively insulin sensitive (5-9,
12), and epidemiological data indicate low risk of progression to diabetes and cardiovascular
disease (10, 13-16).

However, there has been an escalating debate (17-24) disputing whether people with
metabolically healthy obesity are indeed at low risk, and the degree to which uncomplicated
obesity places individuals at risk of cardiometabolic disease. “Metabolically healthy
obesity” in these studies routinely included subjects with risk factors, and, therefore, would
predictably be relatively insulin resistant (6) and at higher risk than those lacking all
manifestations of cardiometabolic disease (10). To more definitively address this
controversy, we have employed exacting definitions of metabolic health status and studied
large cohorts, including both young and older adults, featuring rigorous follow-up for
identification of health outcomes including incident diabetes, coronary heart disease, stroke,
and all-cause mortality.

Cardiometabolic Heath

We categorized cardiometabolic health status as healthy, unhealthy, and suboptimal health
using criteria from the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel 111)
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(25) and the American Heart Association (26) for blood pressure, fasting blood glucose, and
lipid profile. Cardiometabolically healthy subjects exhibit normal values for all 3 risk
factors: (i) blood pressure (untreated systolic <130 mmHg and diastolic <85); (ii) blood
glucose (untreated fasting <100 mg/dl or HbAlc <5.7%); (iii) blood lipids (untreated total
cholesterol <240 mg/dl, and HDL =40 mg/dl in men and =50 in women).
Cardiometabolically unhealthy individuals cross the risk threshold for all 3 factors, and meet
Adult Treatment Panel |11 criteria for metabolic syndrome. All other subjects met criteria for
one or two risk factors, and were defined as having suboptimal cardiometabolic health
status. Obesity was defined according to BMI status: =30 kg/m?2, overweight: 25-29.9
kg/m?2, and lean: < 25 kg/m2.

Study Population

To test our hypotheses regarding interactions between obesity and cardiometabolic health,
we employed data of participants from the Atherosclerosis Risk in Communities (ARIC)
Study enrolled as young elders, and the Coronary Artery Risk Development in Young
Adults (CARDIA) Study enrolled as young adults. Detailed information about the ARIC
study and the CARDIA study can be found elsewhere (27, 28). After excluding participants
with missing information on BMI status (n=35 in CARDIA, n=867 in ARIC) or
cardiometabolic health status (n=90 in CARDIA, n=240 in ARIC), we got 4,990 participants
from CARDIA and 14,685 participants from ARIC. For the analysis of cardiometabolic
outcomes, we also excluded participants who had already developed those outcomes at
baseline. We assessed stability of the cardiometabolic health status category over 10 years
from Visit 1 to Visit 4 in ARIC, and during year 0 to year 10 and year 10 to year 20 in
CARDIA, which is when the required data on body measures and metabolic health status
were available. ARIC data were also used to examine the impact of BMI and health status
on outcome events, including incident diabetes, coronary heart disease (CHD) event
(myocardial infarction, coronary death), stroke, and mortality with follow up through
December, 2009 (mean follow-up time 18.7 years).

Statistical Analysis

Cox regression models and Kaplan-Meier survival curves were constructed to analyze long-
term health outcomes as a function of BMI and cardiometabolic health status. For the ARIC
study, follow-up time was calculated as the difference between the baseline and the year
when events were first identified, or the year a participant was censored, whichever came
first. Multivariable adjusted cox model was adjusted for age (log transformed), sex, race,
income, education, tobacco smoking and alcohol drinking. For models assessing risk for
incident diabetes, multivariable adjusted cox model was further adjusted for parental
diabetes history. The proportional hazards assumption for cox models was assessed using
Schoenfeld residuals. We analyzed the added discriminative power offered by including
BMI category or cardiometabolic health category to a basic multivariable model including
above-mentioned clinical characteristics using the Harrell C-index (29, 30). Statistical
analyses were carried out with SAS for Windows version 9.3 (SAS Institute). A 2-sided P
<0.05 was determined to be statistically significant.
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Baseline characteristics of individuals in the ARIC study are delineated in Table 1, stratified
by BMI status and cardiometabolic health. The study population was comprised of 4007
participants with obesity, 5808 overweight participants, and 4870 lean participants,
including 6694 men and 7991 women, and 3679 Blacks and 11006 Whites. Regarding
cardiometabolic health status, 2641(18.0%) subjects were metabolically healthy, 2540
(17.3%) were unhealthy, and 9504 (64.7%) subjects had suboptimal cardiometabolic health.

Diabetes, CHD and Mortality

During a mean 18.7-year follow-up in the ARIC study, there were 3,667 cases of new-onset
diabetes, 2,102 cases of CHD (myocardial infarction and coronary death), 1,044 cases of
stroke, and 3,960 cases of deaths.

Kaplan-Meier plots for event probability as a function of cardiometabolic health and body
weight status are shown in Figures 1 and 2, and multivariate adjusted hazard ratios with
healthy obesity as reference are shown in Table 2 for incident diabetes, CHD, stroke, and
all-cause mortality. Overall, the presence of metabolic syndrome risk factors was more
predictive of outcomes than BMI status (i.e., lean, overweight, obesity). BMI status had no
effect on the risks for CHD, all-cause mortality, or stroke, either in the healthy or unhealthy
subgroups. We also assessed risk of cardiovascular disease outcomes in subjects with one or
two metabolic syndrome traits (i.e., suboptimal health). It was clear that cumulative
incidence rates for CHD, stroke, and survival probability over the 20 year period in subjects
with suboptimal health were intermediate between those in the healthy and unhealthy
subgroups with no effect of BMI status. Subjects with 2 risk factors had higher risks for
those outcomes than subjects with only 1 risk factor (Table 2). In contrast to BMI, metabolic
health status was a powerful predictor of cardiovascular events. When compared with
healthy lean participants, overweight participants and participants with obesity, their BMI
counterparts who were unhealthy or with suboptimal health exhibited increased cumulative
incidence rates of CHD and stroke, and decreased survival probability.

For diabetes, cumulative diabetes rates over 20 years of follow-up remained low in healthy
subjects regardless of their BMI status (Figure 2). However, incident diabetes was increased
in all unhealthy subgroups. Importantly, lean subjects who were unhealthy displayed a >2-
fold increase in cumulative diabetes when compared with healthy individuals with obesity.
However, among unhealthy subjects, diabetes risk rose progressively as BMI status
increased from lean to overweight to obesity. Cumulative diabetes rates in subjects with
suboptimal health status (with 1 or 2 metabolic syndrome traits) were observed to be
intermediate between unhealthy and healthy subgroups, and higher BMI status also tended
to increase diabetes risk in subjects with suboptimal health. We interpret the data in Figure
1A and Table 2 to mean that weight gain against an insulin sensitive background (i.e.,
metabolically healthy) exerts a relatively small effect to increase risk of diabetes, but can
significantly augment diabetes risk in insulin resistant patients with suboptimal health and
more so in unhealthy individuals. Along these lines, it is important to consider that the
unhealthy subjects (mean HOMA-IR 8.71, 95% CI 7.54-9.89) and the suboptimal health
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subgroup were more insulin resistant (mean HOMA-IR 3.37, 95% CI 3.13-3.61) than the
healthy subjects (HOMA-IR 1.29, 95% CI 1.25-1.32, Table 1).

The Harrell C-statistic was significantly increased when adding the cardiometabolic health
category into the basic model for both diabetes (increased from 0.6097 to 0.6771) and CHD
(0.6934 to 0.7239). When only the BMI category was included in the basic model, the
Harrell C-statistic was significantly increased for diabetes (0.6097 to 0.6721) albeit to a
lesser degree than for cardiometabolic health status, whereas BMI category exerted no
significant effect regarding CHD (0.6934 to 0.7024).

Stability of BMI and Cardiometabolic Health Status

BMI Status—The stability of BMI status and metabolic health (i.e., healthy and unhealthy
categories) were assessed in both ARIC and CARDIA. These two cohorts allowed us to
study changes over a 10-year period in ARIC which featured older subjects (mean age at
baseline was 54 years) and over 20 years in CARDIA comprised of younger subjects (mean
age 25 years at baseline). During follow-up, the prevalence of obesity progressively
increased, concomitant with a diminishing prevalence of lean in both men and women,
Blacks and Whites. In both studies, however, subjects with obesity at baseline rarely became
lean or overweight during the follow-up period (Figure 3). Specifically, over 20 years in
CARDIA, only 1.5% (4 women) individuals with obesity at baseline became lean, and as
few as 0.4% of subjects with obesity became lean over 10 years in ARIC. On the other hand,
individuals who were lean or overweight at baseline did demonstrate a proclivity for
transition to obesity in young adults but not older adults. In CARDIA over 20 years, 17.5 %
of lean subjects at baseline and 67.3% of overweight subjects at baseline transitioned to
obesity at the year 20 examination. Fewer of the older patients in ARIC transitioned from
lean to obesity, or overweight to obesity, relative to the younger patients in CARDIA,
indicating that BMI status was more stable over a 10 year period in subjects in their 61 and
7t decade compared with middle-aged adults.

Cardiometabolic Health Status—We also assessed stability of cardiometabolic health
categories. Figures 4 and 5 show the cardiometabolic health status after 10 years follow-up
in both ARIC and CARDIA. Very few subjects who were metabolically healthy at baseline
transitioned to unhealthy status (2.8% in ARIC and 0.5% in CARDIA) after 10 years.
Similarly, few if any subjects who were unhealthy at baseline became metabolically healthy
(0.5% in ARIC and 9.1% in CARDIA. However, significant percentages of healthy subjects
did develop 1 or 2 risk factors (51.6% in ARIC and 35.2% in CARDIA), as did smaller
percentages of subjects who were unhealthy at baseline (37.8% in ARIC and 45.5% in
CARDIA). Most of the individuals with 1 or 2 risk factors at baseline remained within this
category of suboptimal health after 10 years. These same patterns were maintained in
CARDIA during the follow-up from year 10 to year 20 as shown in Figure 6.

Discussion

Using data from two large cohorts, the CARDIA study and the ARIC study, we assessed
body weight status and cardiometabolic health over an extended period of follow up in both
young adults and young-elder adults. Importantly, we have defined metabolic health status
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as healthy only if no metabolic syndrome risk factors were present, unhealthy if subjects met
criteria for metabolic syndrome, and also included a category for suboptimal health for those
individuals meeting criteria for one or two metabolic syndrome risk factors. It allowed us to
determine the relative impact of metabolic health status and BMI on long-term health
outcomes, such as incident diabetes, coronary heart disease, stroke, and mortality. We found
that metabolic health status predominated in determining cardiovascular disease risk for
outcomes including coronary artery disease, stroke, and mortality, while BMI status exerted
no influence on the risks. With respect to diabetes risk, metabolic health status again proved
to be a more powerful indicator of risk compared with healthy subjects in all BMI strata.

The relatively small contribution of generalized adiposity measured by BMI to individual
differences in insulin sensitivity has been well documented (5-9) and insulin resistance is
central in the pathophysiology responsible for cardiometabolic disease. In the current study,
the metabolically unhealthy were markedly insulin resistant compared with healthy subjects
based on HOMA values, independent of BMI in agreement with the previous reports. We
have shown that increasing obesity leads to much greater absolute increases in diabetes
incidence rates in metabolically unhealthy compare to healthy subjects. We interpret this to
mean that excess adiposity will substantially augment incident diabetes in subjects if weight
gain occurs against a background of insulin resistance, while a comparable amount of
weight gain will not lead to high incidence rates if acquired in insulin sensitive individuals.

We were also able to assess the stability of BMI and metabolic health status over time in
adults. We found that subjects with obesity at baseline remained obesity and rarely became
lean whether in the young adults with obesity or in the young-elder adults with obesity
during the extended follow-up periods. On the other hand, ~18% of young lean adults
became obese during a 20-year follow-up period in CARDIA, whereas lean young-elder
adults seldom became obese during the ensuing 10-year follow-up period in ARIC.
However, a significant portion of lean subjects at baseline became overweight and
overweight subjects became obese. Despite this overall progressive increase in mean BMI,
metabolic health status stood in contrast as being rather stable. In both ARIC and CARDIA,
most of the healthy participants with obesity remained healthy; and, while a minority did
develop one or two metabolic syndrome risk factors (i.e., suboptimal health), very few
became unhealthy over 10 years of follow-up. Similarly, the clear majority of metabolically
unhealthy subjects with obesity at baseline remained unhealthy during follow-up in both
cohorts. Interestingly, the majority of subjects with suboptimal metabolic health at baseline
also remained in this category over the course of follow-up. Thus, despite rising BMI in
these adult cohorts the metabolic status remained relatively stable.

Cardiometabolic Health in People with Healthy Obesity

Subjects with obesity who are free of cardiometabolic disease risk factors are termed as
‘metabolically healthy obesity’ (11, 12). However, the existence of the metabolically healthy
obesity remains controversial and it has been debated whether the healthy obesity are in fact
at lower risk for developing future cardiometabolic disease compared with subjects with
equal BMI who are metabolically unhealthy (17-22). For example, Thomsen et al studied
71,527 individuals from the Copenhagen General Population Study with a median of 3.6
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years’ follow-up and concluded that subjects with obesity, whether or not they had
metabolic syndrome, had significantly higher risk for myocardial infarction compared with
normal weight individuals (18). These authors defined metabolically healthy and unhealthy
obesity as the absence or presence of the metabolic syndrome. They used a modified
definition of metabolic syndrome by defining glycemic criteria as registry-documented
diagnosis of diabetes mellitus and/or self-reported diabetes mellitus and/or antidiabetic
treatment and/or nonfasting plasma glucose level more than 200 mg/dl. Thus, in this study,
over 10% of participants with obesity had overt diabetes, which is accepted as equivalent to
pre-existing coronary artery disease as a vascular disease risk factor (26). The key
consideration in this study is that only 0.1% of subjects with obesity had no metabolic
syndrome traits and would satisfy the current criteria for metabolically healthy (18). We (5,
6, 10) and others (14-16) have shown that one or two metabolic syndrome traits confer
increased risk of diabetes and cardiovascular disease, and that these individuals are
relatively insulin resistant. Even Thomsen et al (18) demonstrated that their subjects with 1
or 2 traits had increased risk of myocardial infarction compared with the small group with
no risk factors, and that the risk of infarction was statistically similar in comparing these
subjects with those meeting criteria for the metabolic syndrome. Thus, the population
studied by Thomsen et al was highly co-morbid, and their ‘healthy’ population with obesity
was almost entirely comprised of insulin resistant subjects with risk factors.

This discussion highlights the importance of a rigorous definition for metabolically healthy
obesity, and the risk conferred by even 1 or 2 traits when addressing the relative importance
of BMI versus metabolic status as risk factors for cardiometabolic disease outcomes. Several
other authors have examined this issue with respect to both diabetes and vascular disease
events, and tended to belittle the concept of the metabolically healthy obesity (17-22).
However, in all these studies, the metabolically healthy group similarly included a large
proportion of subjects who had at least one risk factor. Moreover, the data in these papers
demonstrated that regardless of BMI status, subjects with the metabolic syndrome
consistently had 2- to 4-fold higher incident rates of diabetes and cardiovascular disease than
their weight-matched counterparts assigned to the metabolically healthy subgroup. Our data
support previous epidemiological (10-16) and physiological (5-9) studies demonstrating
that significant numbers of individuals with obesity are insulin sensitive, lack
cardiometabolic disease risk factors, and are at markedly reduced risk of diabetes and
cardiovascular disease.

In an effort to harmonize the discrepant conclusions offered by all authors, it is important to
consider several salient points. First, with respect to the vascular component of
cardiometabolic disease, the presence of metabolic syndrome and its risk factors clearly
predominate over BMI as a predictor of cardiovascular disease events. Second, with respect
to the metabolic component of cardiometabolic disease, increasing BMI does increase the
hazard ratio for diabetes in metabolically healthy subjects, but, importantly, the cumulative
incidence rates remain quite low. In contrast, the presence of the metabolic syndrome results
in much higher rates of incident diabetes regardless of BMI (even when comparing
unhealthy lean with healthy obesity). However, BMI does interact with metabolic status to
significantly augment cumulative incident rates of diabetes. Whether one accepts the term
metabolically healthy obesity may revolve around the relative importance attributed to the
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fold increase in diabetes risk due to BMI in healthy subjects even though cumulative
incidence rates remain quite low (i.e., a nay vote), or the much higher incident rates
observed in subjects with the metabolic syndrome irrespective of BMI status (i.e., an aye
vote). Suffice it to say that cardiometabolic risk factors confer much higher risk of diabetes,
CVD, stroke and mortality, than obesity per se, and that there is a population of individuals
with obesity devoid of metabolic syndrome risk factors who are at markedly reduced risk of
cardiometabolic disease.

Clinical Implications

Without intensive interventions, people with obesity will stay obesity and will not lose
enough body weight to become lean, whether in young adults or young-elder adults. On the
other hand, young-elder lean people seldom become obesity, but ~18% of young lean adults
will become obesity in their middle age. These data imply that among adults primary efforts
to prevent obesity should be directed at young adults.

Our data also have potential implications regarding the treatment of obesity. The American
Association of Endocrinologists have advanced a complications centric approach to weight
loss therapy, which advocates for more aggressive treatment in those patients with obesity
with complications or at higher risk of complications in order to optimize outcomes, the
benefit/risk ratio of the intervention, and cost effectiveness of care (31, 32). In conformity
with this approach regarding cardiometabolic disease, weight loss therapy should be more
aggressively targeted to those individuals at highest risk of diabetes and cardiovascular
disease. We have demonstrated that metabolically healthy obesity have significantly lower
risks for diabetes, CHD, stroke, and mortality compared with unhealthy obesity. Thus, in
terms of preventing diabetes and improving cardiovascular risk factors, a far greater
percentage of individuals with metabolically unhealthy obesity will realize the benefits of
weight loss pharmacotherapy compared with individuals with healthy obesity. It is for this
reason we established CMDS as a guide to clinical decision making in obesity (10).
However, even after the implementation of weight loss strategies, metabolically unhealthy
obesity still have a higher risk profile compared to metabolic healthy subjects with obesity
(33-35).

Strength and Limitations

The main strengths of this study involve using data from participants of two large
longitudinal cohorts, young adults from the CARDIA study and young-elders from the
ARIC study. CARDIA and ARIC included multiple follow up visits and ARIC also had data
on long period of annual follow up. Those cohorts included both men and women, and
Blacks and Whites.

Limitations in this study include that the sample size in the CARDIA study is not large
enough to permit extensive subgroup analyses. Further, the ARIC study only recruited
young-elder adults (age 45-65 years), and our findings regarding the long-term health
outcomes in metabolically healthy obesity may not be readily applied to other age groups.
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Conclusions

In conclusion, (i) in free-living populations people with obesity rarely become lean, but lean
young adults may become obesity; (ii) people with healthy obesity have lower risks for
diabetes, CHD, stroke, and mortality compared with unhealthy subjects regardless of their
BMI status. Obesity did not affect risks of CHD, stroke, and mortality, but did increase
diabetes risk although cumulative incidence remained low in healthy people. The data
support risk stratification in an effort to identify those patients with obesity who will realize
greater benefits of weight loss interventions with respect to treatment and prevention of
cardiometabolic disease.
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What is already known about this subject?
»  Obesity is associated with elevated risk for morbidity and mortality.

»  Adults with obesity and no metabolic syndrome traits are at lower risks of future
diabetes and mortality compared to those with risk factors.

What does this study add?

»  People with obesity will not become lean in the free-living population, and lean
people may become people with obesity if they are young.

» Metabolic status remains relatively stable. Very few metabolically healthy
people at baseline transition to unhealthy status.

» Metabolically healthy people with obesity do not have increased risks for
cardiovascular outcomes or mortality, but have a small increase in risks for
future diabetes compared with healthy lean people.
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Figure 1.

CHD, stroke, and mortality according to cardiometabolic health and body status in subjects
from the ARIC study.

A. CHD; B. Stroke; C. All-cause Mortality.

CHD: coronary heart disease (myocardial infarction, coronary death).

ARIC: Atherosclerosis Risk in Communities.
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Incident diabetes according to cardiometabolic health and body status in subjects from the

ARIC study.
ARIC: Atherosclerosis Risk in Communities.
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Original Status at Baseline
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Lean

Overweight
CARDIA: Visit at year 10

Mean age at baseline: 25, at year 10: 35
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A

Obesity

CARDIA: Visit at year 20
age at baseline: 25, at year 10: 45

A 3:?:3:32

ARIC: Visit 4
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Z&
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O Obesity

Body Weight status changes in participants from the CARDIA study and the ARIC study.
A. Changes from baseline to year 10 in participants from the CARDIA study; B. Changes
from baseline to year 20 in participants from the CARDIA study; C. Changes from baseline
to Visit 4 in participants from the ARIC study.

CARDIA: Coronary Artery Risk Development in Young Adults.
ARIC: Atherosclerosis Risk in Communities.
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Figure 4.

Caridometabolic health status changes from baseline to Visit 4 in participants from the

ARIC study.

Data are presented as percentages.
ARIC: Atherosclerosis Risk in Communities.
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Figure 5.

Caridometabolic health status changes from year 0 to year 10 in participants from the
CARDIA study.

Data are presented as percentages.

CARDIA: Coronary Artery Risk Development in Young Adults.
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Figure 6.
Caridometabolic health status changes from year 10 to year 20 in participants from the

CARDIA study.
Data are presented as percentages.
CARDIA: Coronary Artery Risk Development in Young Adults.
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