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Abstract
Introduction: There is still controversy about the favorable prognosis of
“metabolically healthy” (MH) obese. This study evaluated mortality and the
use of myocardial perfusion scintigraphy (MPS) for risk stratification of MH
or metabolically unhealthy (MU) obese or nonobese patients.
Material and methods: Patients without dyslipidemia, hypertension, or diabetes were considered MH, and those with ≥ 1 of these risk factors were
considered MU. The MPS was categorized as normal, abnormal or ischemic.
Patients were followed for 4.0 ±1.0 years for all-cause death.
Results: Of 2450 patients, 613 were obese. The MH obese patients less often
had ischemia than MU obese, but there was no significant difference in the
prevalence of ischemia compared to all nonobese. The annualized death rate
of MH obese was 1.3% and of nonobese 1.0% (p = 0.4). An abnormal MPS
and the MU status were independently associated with death, with hazard
ratios of 1.85 and 1.72, respectively. A normal MPS identified patients with
low risk among all subgroups; annualized rates of death were 1.0%, 1.1%
and 1.0% for all nonobese, MH obese and MU obese, respectively (p = 0.63).
Conclusions: The annualized death rate of MH obese patients was not significantly different from that of nonobese individuals. Myocardial perfusion
scintigraphy was able to stratify prognosis in the overall patient population.
These data may be helpful to identify high-risk individuals, thereby improving patient management.
Key words: obesity, metabolically healthy obesity, myocardial perfusion
SPECT, coronary artery disease, prognosis.

Introduction
Obesity is a major health concern, associated with a wide range of
diseases, from cardiovascular to cancer [1]. However, not all obese individuals have the same metabolic or risk factor profile. Individuals without insulin resistance, lipid disorders, or hypertension have been called
“metabolically healthy” (MH) obese [2]. These are considered to have
a risk of cardiovascular disease and mortality that is intermediate between MH nonobese individuals and metabolically unhealthy (MU) obese
adults [3, 4]. Nonetheless, this concept is controversial, as the “benign”
nature of MH obesity has not been definitely established [5].
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The noninvasive assessment of cardiovascular prognosis has an important role in the care of
patients with increased baseline risk, such as the
obese, as a more refined evaluation may allow
more individualized management. Myocardial perfusion scintigraphy (MPS) has been employed for
over 2 decades [6], has well-established prognostic
value [7], and has undergone technological advances that have enabled its use in populations previously considered to present limitations for imaging,
such as the obese [8]. The study of obesity phenotypes with MPS may therefore cast additional light
on the discussion regarding MH obesity.

Material and methods
Study population
Subjects (n = 3476) without known coronary
artery disease (defined as a history of myocardial infarction, myocardial revascularization by
coronary angioplasty or bypass surgery, or the
presence of known obstructive epicardial coronary disease detected by coronary computed tomography or coronary angiography and treated
medically) were selected among 4737 patients
who underwent MPS for clinically indicated reasons at a single center in Rio de Janeiro, Brazil,
between 2011 and 2015. Those with nonischemic cardiomyopathies, significant valvular
heart disease or who had early revascularization after MPS (< 60 days) were excluded (n =
540). From the remainder, 16.5% were lost to
follow-up, leaving a population of 2450 patients,
followed for 4 ±1 years.
Demographic and clinical variables were ascertained at the time of the MPS study by patient
interview and review of medical records. Obesity
was defined as a body mass index (BMI) ≥ 30 kg/
m2. Patients were assigned according to the World
Health Organization into the following categories: normal weight (BMI: 18.5–24.9 kg/m2), overweight (BMI: 25–29.9 kg/m2), obesity class I (BMI:
30–34.9 kg/m2), class II (BMI: 35–39.9 kg/m2), or
class III (BMI ≥ 40 kg/m2) [9].
Individuals were considered metabolically
healthy (MH) if they had none of the following:
dyslipidemia, considered as a history of hypercholesterolemia, hypertriglyceridemia or low HDL,
alone or in combination (defined by self-report
plus the referring physician’s report or the prescription of specific medications for the control of
blood lipids); systemic hypertension, defined by
history or use of antihypertension medication; or
diabetes, considered as a history of diabetes with
the use of hypoglycemic medication. Metabolically unhealthy (MU) individuals were considered as
those with at least 1 of these 3 risk factors (diabetes, hypertension or dyslipidemia).

The research complies with the Declaration of
Helsinki and was approved by the institutional
review board, and written informed consent was
obtained from all patients.

Myocardial perfusion scintigraphy
Patients underwent treadmill exercise or pharmacological stress using standard dipyridamole or
dobutamine infusion protocols [10]. Exercise testing was performed using a symptom-limited Bruce
protocol. A 1-day, rest/stress protocol was used,
with injection of 222-370 MBq of Tc-99m sestamibi at rest and 666-1110 MBq at stress. The injected
radiotracer activity was scaled according to the patient’s weight. For rest studies, < 80 kg: 222 MBq;
80–90 kg: 259 MBq; 91–100 kg: 296 MBq;
101–110 kg: 333 MBq; > 110 kg: 370 MBq. Poststress prone acquisitions were performed in all
patients. For stress studies, injected activity was 3
times the rest dose.
MPS was performed with a CZT-SPECT system
(Discovery 530, GE Healthcare, Milwaukee, USA)
using previously described protocols [8, 11]. Images were reconstructed on a dedicated Xeleris workstation (GE Healthcare). Assessment of
perfusion abnormalities was performed using
combined supine and prone images, by two experienced nuclear cardiologists blinded to patient
characteristics, who employed a standard 5-point
scoring system for semiquantitative visual interpretation of myocardial perfusion images, generating summed stress and rest scores (SSS and
SRS), while their difference was recorded as the
summed difference score (SDS). Discrepancies in
perfusion scores between the readers were resolved by consensus. Patients with SSS ≥ 3 were
considered to have abnormal MPS, while patients
with SDS > 1 were considered to have ischemic
MPS. Post-stress left ventricular ejection fraction
(LVEF) was calculated from the post-stress gated
images using commercially available software
(QGS, Cedars-Sinai Medical Center, Los Angeles,
California, USA).

Follow-up and outcomes
The primary outcome of the study was allcause death. Vital status was ascertained by
integrating data from telephone interviews performed every 6 months (up to May 2016) and
medical records.

Statistical analysis
Continuous variables were expressed as
mean±standard deviation or median and interquartile range and were compared by Student’s
t test. Categorical variables were expressed as
number and percentage and compared by the c2
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or Fisher’s exact test. Kaplan-Meier curves were
constructed to analyze survival free of all-cause
death and were compared with a log-rank test.
A Cox proportional hazards analysis was performed to identify, among demographic, clinical
and MPS variables, those independently associated with all-cause death, and to obtain the risk-adjusted hazards ratio of baseline (clinical and scintigraphic) factors associated with all-cause death.
Analyses were performed with SPSS software,
version 20.0. A p-value < 0.05 was considered statistically significant.

Results
Of 2450 patients, 613 (25.0%) were obese, of
whom 413 (67.4%) were class I, 120 (19.6%) class II,
and 80 (13.0%) class III. In addition, 829 (33.8%)
of the patients were overweight, and therefore
58.9% were above normal weight. The proportion of MH subjects was lower in obese patients
than in nonobese (13.3% vs. 25.0%, p < 0.001).
Demographic, clinical and MPS variables of MH
or MU obese patients are shown in Table I. The
MH phenotype was predominantly found in class I
obese patients. MH patients were younger, more
frequently in obesity class I or II and more frequently able to exercise than MU patients, while
they less often had ischemic MPS studies. When
Table I. Comparison between metabolically healthy
and metabolically unhealthy obese patients
Parameter

MH obese
(n = 82)

MU obese
(n = 531)

Age [years]

55.3 ±13.6

60.8 ±11.2*

Male

43 (52.4)

262 (49.3)

BMI [kg/m2]

33.9 ±4.7

34.9 ±5.1

Obesity class I

61 (74.4)

Obesity class II
Obesity class III

MH obese patients were compared to nonobese
individuals (Table II), the former were younger and
less often able to exercise. However, there were no
significant differences regarding the prevalence of
abnormal MPS or of ischemic MPS.

Outcomes
The annualized death rate of MH obese patients was 1.3% and of nonobese 1.0% (p = 0.4).
A normal MPS study was able to identify patients
with low risk among all subgroups; annualized
rates of death were 1.0%, 1.1% and 1.0% for all
nonobese, MH obese and MU obese, respectively
(p = 0.63). Overall, an abnormal MPS study and
the MU status (but not BMI) were independently
associated with death, with hazard ratios of 1.85
(95% CI: 1.23–2.79) (p = 0.003) and 1.72 (95% CI:
1.02–3.1) (p = 0.04), respectively (Figure 1).

Discussion
Obesity is a global problem of increasing magnitude which is associated with and a contributor
to several chronic pathological states, with cardiovascular disease being one of the most frequent
and serious [12]. A subgroup of obese individuals,
referred to as “metabolically healthy”, has been
considered of lower cardiovascular risk, closer to
normal weight individuals; however, its true phenotype, definitions and risk of incident cardiovascular disease are still a matter of debate [13–22].
Therefore, further data on the prognosis of this
Table II. Comparison between metabolically
healthy obese and all nonobese patients
Parameter

MH obese
(n = 82)

Nonobese
(n = 1837)

350 (65.9)*

Age [years]

55.3 ±13.6

63.9 ±12.2*

14 (17.1)

110 (20.7)*

Male

43 (52.4)

866 (47.1)

7 (8.5)

71 (13.4)*

BMI [kg/m ]

33.9 ±4.7

25.4 ±2.6*

Diabetes

193 (36.3)

Diabetes

320 (17.4)

Hypertension

467 (87.9)

Hypertension

1048 (57.0)

Dyslipidemia

310 (58.4)

Dyslipidemia

914 (49.8)

22 (26.8)

201 (37.8)

Smoking

Typical angina

1 (1.2)

11 (2.1)

Exercise stress

67 (59.8)

Abnormal MPS
Ischemic MPS

Smoking

LVEF (%)

22 (26.8)

645 (35.1)

Typical angina

1 (1.2)

23 (1.3)

247 (46.5)*

Exercise stress

67 (59.8)

1159 (63.1)*

10 (12.1)

73 (13.7)

Abnormal MPS

10 (12.1)

207 (11.3)

9 (10.9)

79 (14.9)*

Ischemic MPS

9 (10.9)

154 (8.4)

61.6 ±9.2

59.9 ±10.0

LVEF (%)

61.6 ±9.2

61.0 ±9.5

Numbers are n (%) or mean ± standard deviation. *p < 0.05. BMI
– body mass index, LVEF – left ventricular ejection fraction, MPS –
myocardial perfusion scintigraphy.
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Numbers are n (%) or mean ± standard deviation. *p < 0.05. BMI
– body mass index, LVEF – left ventricular ejection fraction, MPS –
myocardial perfusion scintigraphy.
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Survival

subgroup are valuable to understand its pathophysiology as well as to identify high-risk individuals who merit more intensive management. This
study has searched for further evidence in a cohort of patients who underwent MPS, which offers
the additional opportunity to evaluate the use of
this noninvasive imaging method for risk stratification of this patient population.
In this study, the MH phenotype was present
in 13.3% of the obese patients. Studies indicate
that 10–30% of obese adults can be categorized
as MH [2, 20, 21], but the definitions of MH obesity are very heterogeneous [14–16, 22], limiting
the comparisons among studies. Obese individuals, especially if MU, were less frequently able to
exercise than those without obesity, as previously described [23, 24] underscoring that regular
engagement in physical activity should be reinforced, especially because increased physical activity tends to offset the increased cardiovascular
mortality seen in obese populations [24, 25].
Within the obese population, the MU status
was associated with a higher prevalence of ischemic MPS, as expected due to the clustering of cardiovascular risk factors [26]. However, when MH
obese individuals were compared to nonobese,
the prevalence of ischemic MPS was not significantly different, as previously demonstrated [27].
It should be noted that while in our prior study we
observed that class III obese patients, even when
MH, had an increased prevalence of myocardial
ischemia compared to nonobese [27], in the current study we did not assess class III obese patients individually due to their small number.
Despite the similar prevalence of ischemic MPS
studies between MH obese or nonobese individuals, other factors, such as inability to exercise
or obesity itself, with its cluster of associated abnormalities, might influence outcomes [14–16,
28–30]. Thus, the prognostic capacity of MPS –
widely employed in several patient populations
over the last decades [31] – is well suited for risk
stratifying this patient subgroup. In this study,
the overall annualized rates of all-cause death
of MH obese or all nonobese patients were not
significantly different. When mortality predictors
were evaluated, the MU status and an abnormal
MPS test were found to be independently associated with all-cause death. A normal MPS scan
was associated with similar mortality rates (~1%/
year) across all patient subgroups (MH obese, MU
obese or nonobese), as previously demonstrated
in other populations [31]. Of note, BMI was not
independently associated with death. Johnson
et al. [32], in a study using myocardial perfusion
imaging, showed an inverse impact of BMI on
mortality, after controlling for confounding variables. This “obesity paradox” is another contro-
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Figure 1. Kaplan-Meier curves showing survival
free of all-cause death in nonobese (blue line) or
metabolically healthy obese (red line) individuals.
Value of p = 0.63 for the comparison between
curves

versial issue, suggesting that “moderate” obesity
may in fact be protective, and only higher values
of BMI (as well as low BMI) negatively impact
survival [33, 34]. Our findings suggest that metabolic risk factors are more important predictors
of all-cause death than BMI, which is in line with
recent data from a large study of several cohorts
[35]. Thus, the current results are consistent with
the MH obesity concept. Unfortunately, due to the
small number of class III obese patients, we were
not able to investigate whether higher BMI, despite the MH status, would negatively impact survival, following the “obesity paradox” [33].
Nonetheless, several points should be raised.
When the follow-up is longer, increased risk associated with MH obesity may be found [36]. The
MH obesity is possibly a transitional state, from
“apparently healthy” to “evidently sick” [37, 38].
Additionally, obesity is associated with several medical complications [39], and weight loss
should be targeted to prevent these nonmetabolic diseases. Also, obesity itself is a chronic, progressive disorder, which worsens unless treated.
Finally, a healthy metabolic profile is desirable,
irrespective of BMI.
This study has limitations. This is a single-center study whose population is composed of outpatients without known coronary artery disease,
which may drive cardiovascular risk towards lower levels. If patients with coronary artery disease
were included, mortality rates would be likely
higher, the predictors of death would be different, and MH obesity might have a different impact on mortality as well. However, we chose to
study patients without known coronary artery
disease because the disease itself is closely
linked to prognosis – therefore, the influence of
the MH phenotype on prognosis might be overcome by the presence of coronary artery disease.
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Additionally, biochemical data were not available
for all patients, and therefore our definition of
metabolic health included the components of the
metabolic syndrome which could be most easily
recorded during the patient interview before the
MPS study, based on history plus medical reports
or drug prescriptions. However, that approach is
similar to a previous large study [40]. It is worth
noting that knowledge on different patterns of
obesity and its associations with metabolic disorders and prognosis keeps evolving, including new
biomarkers such as microRNAs, which have been
able to distinguish metabolically healthy from unhealthy obese [41].
On the other hand, and also to be kept in mind,
our definition of MH considered the absence of
dyslipidemia, hypertension or diabetes, which is
a “stricter” criterion (compared to other studies
which allowed the MH definition to consist of
1 risk factor) and might be a better definition of
this condition, as it eliminates the “contamination” of data by any of the abovementioned risk
factors. This might also have approximated the
mortality rate of MH obese to that of nonobese,
differently from other recent studies [5].
In conclusion, all-cause mortality rates were
not significantly different between metabolically
healthy obese and all nonobese individuals, supporting the concept of the “metabolically healthy
obese”. Myocardial perfusion scintigraphy was
able to stratify prognosis in the overall patient
population, being an independent predictor of
death when abnormal and defining low mortality
when normal. The metabolically unhealthy status
was also associated with death, underscoring the
need for continuous efforts to improve the metabolic profile of obese individuals. These data may
be helpful for the phenotyping of obese persons,
which is important both to understand the pathophysiology of metabolic disturbances in obesity
and to identify high-risk individuals or subgroups,
thereby improving patient management.
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