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Background. Among the obese, the so-called metabolically healthy obese (MHO) phenotype is thought to confer a lower CVD risk
as compared to obesity with typical associated metabolic changes. The present study aims to determine the relationship of different
subtypes of obesity with inflammatory-cardiometabolic abnormalities. Methods. We evaluated 5,519 healthy, Brazilian subjects
(43 + 10 years, 78% males), free of known cardiovascular disease. Those with <2 metabolic risk factors (MRF) were considered
metabolically healthy, and those with BMI > 25 kg/m* and/or waist circumference meeting NCEP criteria for metabolic syndrome as
overweight/obese (OW). High sensitivity C reactive protein (hsCRP) was measured to assess underlying inflammation and hepatic
steatosis (HS) was determined via abdominal ultrasound. Results. Overall, 40% of OW individuals were metabolically healthy, and
12% normal-weight had >2 MRE. The prevalence of elevated CRP (>3 mg/dL) and HS in MHO versus normal weight metabolically
healthy group was 22% versus 12%, and 40% versus 8% respectively (P < 0.001). Both MHO individuals and metabolically unhealthy
normal weight (MUNW) phenotypes were associated with elevated hsCRP and HS. Conclusion. Our study suggests that MHO
and MUNW phenotypes may not be benign and physicians should strive to treat individuals in these subgroups to reverse these
conditions.

1. Introduction

Obesity has been clearly linked with dyslipidemia, hyperten-
sion, and insulin resistance; however not every obese patient
has these metabolic derangements [1]. A new phenotype has
been identified within the obese population who do not have

the typical milieu of obesity-related metabolic disturbances.
These patients are termed “metabolically healthy obese”
(MHO) [2-4] and were initially thought to have little or
no increased risk of cardiovascular disease (CVD) or cancer
when compared to metabolically healthy normal weight
controls (MHNW).
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Published literature is in disagreement regarding the
relative risk of disease in the MHO population. Several epi-
demiologic studies have shown that MHO participants are at
similar or decreased risk of developing CVD compared with
MHNW participants [5-11]. Studies with longer follow-up
periods (>15 years) have demonstrated that MHO individuals
were at an increased risk of major CVD events as compared
to MHNW individuals [12, 13]. However, there are very
few studies examining the relationship between the MHO
phenotype and subclinical markers of CVD.

In addition, another subgroup of obesity has been
defined, variously referred to as “metabolically obese but
normal weight” or “metabolically unhealthy normal weight”
(MUNW) [14]. This group, in contrast to the MHO group,
displays the typical obesity related metabolic disturbances
of hyperinsulinemia, premature insulin resistance, hyper-
triglyceridemia, and possibly elevated risk of developing
diabetes and CVD [14]. There are few studies examining
vascular inflammation or hepatic steatosis (HS) explicitly in
this population.

The aim of this study was to explore the association
among MHO, MUNW, and markers of subclinical CVD bur-
den as assessed by high sensitivity C-reactive protein (CRP)
and hepatic steatosis (HS) in individuals without overt CVD.
We sought to identify whether MHO and MUNW individuals
had similar risk profiles to MHNW individuals and were
therefore at a lower risk than metabolically unhealthy obese
(MUHO) phenotypes.

2. Methods

This cross sectional study was conducted among asymp-
tomatic individuals without a history of coronary heart
disease or CVD events presenting to the Preventive Medical
Center of the Hospital Israelita Albert Einstein, Sao Paulo,
Brazil, as part of a mandatory occupational health evaluation.
The study was approved by the Hospital’s Institutional Review
Board. A total of 6461 healthy subjects were evaluated.
Information collected included demographic details, self-
reported history of medical conditions, and use of medication
including antihypertensives, antidiabetics, and lipid lower-
ing medications. Anthropometric measurements included
weight, height and waist circumference.

Fasting blood samples were obtained for plasma lipids
including high density lipoprotein cholesterol (HDL), low
density lipoprotein cholesterol (LDL), triglycerides (TG),
blood glucose, liver enzymes (AST, ALT, and GGT), and high-
sensitivity C-reactive protein (hs-CRP). Elevated hs-CRP was
defined as >3 mg/L and was determined by immunoneph-
elometry (Dade-Behring). Presence of HS was assessed by
abdominal ultrasound [15]. All tests were performed at the
central laboratory of the Albert Einstein Hospital. Metabolic
risk factors (MRFs) were defined according to updated NCEP
ATP III criteria as follows: triglycerides > 150 mg/dL; HDL <
40 mg/dL in males or HDL < 50 mg/dL in females, blood
pressure >130/85 mm Hg or on antihypertensives, and fasting
glucose > 100 mg/dL or on antidiabetic medications. Those
individuals with less than two MRFs were considered to be
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metabolically healthy and those with two or more MRFs were
labeled metabolically unhealthy [16]. Obesity was defined
as BMI > 25 kg/m® and/or waist circumference > 40 inches
in males and >35 inches in females. Four groups were
identified: metabolically healthy normal weight (MHNW),
metabolically unhealthy normal weight (MUNW), metabol-
ically healthy obese (MHO), and metabolically unhealthy
obese (MUHO).

2.1. Statistical Analysis. All statistical analyses were per-
formed with STATA Statistical Software, Release 12.0 (Stata
Corporation Inc., College Station, TX). After removing sub-
jects with missing data, 5,519 participants were included in
the analyses. Metabolically healthy normal weight individ-
uals formed the referent group. Analysis of variance tests
(ANOVA) and chi-square tests of independence were used
for continuous and categorical variables, respectively. Logistic
regression analysis was performed, adjusting for age, gender,
physical activity, LDL, and current smoking status. A P
value < 0.05 was considered to be statistically significant.

3. Results

The majority of participants were male (78%). Surprisingly,
62% of the participants were found to be obese (BMI >
25kg/m?) and 37% of the participants were identified as
being MHO. Table1 shows the baseline characteristics of
the population selected for analysis, stratified according to
metabolic status and presence of obesity. The most common
phenotypes were MHO (37%) and MHNW (34%). MHO
individuals tended to be older than the referent group but
had a lower average age than the MUHO group (P <
0.001). Almost all variables assessed including determinants
of metabolic syndrome and metabolic parameters (LDL, total
cholesterol and liver enzymes) differed significantly across
groups. The “higher risk” values were detected in the MUHO
group, followed by the MHO, MUNW, and MHNW groups,
respectively. The prevalence of hypertension, diabetes, and
dyslipidemia was higher in the metabolically unhealthy
groups as compared to the metabolically healthy phenotypes
(Table 1).

Table 2 shows the prevalence for elevated hsCRP and hep-
atic steatosis among the four groups. The highest prevalence
of elevated hsCRP and hepatic steatosis was observed in the
MUHO group, followed by the MHO and MUNW groups.
Although individuals with both metabolic abnormalities and
obesity were at the highest risk of CRP and steatosis, the
presence of metabolic abnormalities or obesity alone was
associated with an almost 2-fold higher risk of vascular
inflammation as well as a 3-5 fold risk of steatosis, respec-
tively. In a subgroup analysis, MUNW was not associated
with increased prevalence of hsCRP >3 in females. Apart
from this difference, similar graded associations between
MHO and MUHO were observed in both genders for
both vascular inflammation and hepatic steatosis (Table 2),
although with lower precision, that is, wider confidence
intervals.
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TABLE 1: Baseline population characteristics according to metabolic status and obesity.

Metabolically Metabolically Me}tlabolically Metabolically
fealthy normal unhealthy normal e.althy unhealthy P Values. (between
weight (n = 1864)  weight ( = 259) overwe_lght/obese overwe_lght/obese group differences)
(n = 2025) (n=1371)
Age (yrs) 41+9 46 +10 43+9 47 +10 <0.001
Male 1 (%) 1100 (59%) 209 (80%) 1731 (85%) 1264 (92%) <0.001
Metabolic syndrome determinants
BMI (kg/m?) 22.58 +1.73 23.47 +1.25 27.97 +2.85 29.70 + 3.74 <0.001
Systolic BP (mm Hg) 112+10 121+13 119 + 10 128 +13 <0.001
Diastolic BP (mm Hg) 73+7 77+ 8 7747 82+7 <0.001
Glucose (mg/dL) 85+ 8 90 +9 89+8 94 +14 <0.001
Triglycerides (mg/dL)" 89 (69-117) 183 (145-236) 107 (82-137) 189 (154-245) <0.001
HDL (mg/dL) 55 + 14 40+9 49 +11 39+9 <0.001
Hypertension 139 (7%) 116 (45%) 397 (20%) 919 (67%) <0.001
Diabetes/]FPG 7 (<1%) 12 (5%) 13 (<1%) 183 (13%) <0.001
Dyslipidemia 462 (25%) 256 (98%) 700 (35%) 1344 (98%) <0.001
Anthropometric data
Waist (cm) 81+7 86 + 6 96+ 9 102 + 10 <0.001
Waist hip ratio 0.84 + 0.07 0.90 + 0.06 0.92 + 0.07 0.96 + 0.06 <0.001
Other variables
Total cholesterol (mg/dL) 199 + 33 208 + 41 208 + 37 214 + 41 <0.001
Non-HDL (mg/dL) 143 + 35 168 + 42 159 + 37 175 + 40 <0.001
LDL (mg/dL) 124 + 31 129 + 35 136 + 33 134 + 35 <0.001
AST (IU/L) 28+10 30+9 32+11 34412 <0.001
ALT (IU/L) 29+15 36 +16 40 +22 46 + 24 <0.001
GGT (IU/L) 29 +21 39 +26 41+37 52 + 47 <0.001
hs-CRP* 0.8 (0.5-1.6) 1.1(0.6-2.2) 1.4 (0.8-2.7) 1.7 (1.0-3.0) <0.001
Presence of steatosis 71 (%) 152 (8%) 70 (27%) 805 (40%) 952 (70%) <0.001
Elevated CRP 7 (%) 223 (12%) 44 (17%) 452 (22%) 343 (25%) <0.001

*Data expressed as median (interquartile range).

4. Discussion

The present study shows that MHO and MUNW groups
have a higher prevalence of elevated hs-CRP levels and
hepatic steatosis as compared to MHNW group. However,
the highest prevalence of these markers was recorded in the
MUHO group. This suggests that obesity per se in absence of
metabolic risk factors is not entirely benign and is in fact asso-
ciated with subclinical vascular inflammation. In addition, we
also document a higher-than-expected prevalence of obesity
in otherwise healthy Brazilian subjects, possibly due to the
selection bias of government employees.

Adipose tissue is increasingly being recognized as an
endocrine organ as well as a highly metabolically active tissue,
responsible for production of a large number of cytokines
including TNF-« and IL-6 [17, 18]. These adipocytokines are
in turn believed to contribute to the metabolic disturbances
associated with obesity. This understanding suggests that
obesity may result in a proinflammatory metabolic state and
may explain the higher prevalence of elevated inflammatory
markers in our MHO population. The MHO population

would therefore be expected to have greater endothelial dys-
function and subclinical atherosclerotic disease as compared
to MHNW [19-21]. A recent study examined the natural
history of the MHO phenotype and found that over half of
subjects progressed to frank metabolic syndrome over a 10
year period [22]. Our results, may reflect this phenomenon,
as the MHO population is younger than that of the MUHO
cohort, thus the MHO individual may be a harbinger of
the future MUHO patient. A recent review by our team
demonstrated that the MHO phenotype was linked with
adverse CVD outcomes; however, systemic inflammation was
not explicitly assessed in the majority of the studies reviewed
[23]. The few that did examine systemic inflammation failed
to demonstrate a relationship with CVD outcomes. This
does not, however, disprove the present hypothesis of a
proinflammatory state being present in the MHO phenotype,
although it does raise questions about the potential clinical
implications.

Also, MUNW phenotype is thought to represent a fun-
damental dysfunction of metabolism that is thought to be
closely related to obesity, but is not uncommon among those
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with normal weight. Seppéla-Lindroos et al. also documented
higher liver fat concentration and derangement of insulin
and lipid metabolism in MUNW individuals [24], suggesting
that the MUNW should be considered a high risk phenotype.
The present study is in agreement, in that an overwhelming
number of subjects who were classified as metabolically
unhealthy suffered from dyslipidemia, which is a classical and
well established risk factor for cardiovascular disease. Unfor-
tunately, the relatively small number of individuals classified
as MUNW in our study (n = 259), limits the statistical power
of subgroup analysis exploring the possible additive effect
of hypertension and dyslipidemia on promoting vascular
inflammation.

Our findings should be considered in the light of a
few limitations. Firstly, we employed surrogate markers for
cardiovascular disease; the true risk in this population may
thus be lower than our estimates suggest; however, the
magnitude of our results makes our findings relatively robust.
Secondly, this is a cross sectional study and therefore can only
demonstrate associations and not causation. Consequently,
longitudinal studies are needed in order to assess the relation-
ship between these phenotypes, subclinical disease markers
and hard outcomes in order to accurately determine this
population’s true risk. While a growing body of literature has
suggested that this population may be at higher risk [23], no
consensus has yet been reached.

In conclusion, our study indicates that both MHO and
MUNW phenotypes are associated with higher burden of
inflammation when compared to MHNW subjects, albeit
not as strongly as the MUHO phenotype. Certainly, future
research should be devoted to refine CVD risk in these
newly appreciated subpopulations, so that physicians can
effectively identify individuals at risk for tailored therapeutic
and preventive interventions.

Conflict of Interests

Sameer Shaharyar, Lara L. Roberson, Omar Jamal, Adnan
Younus, Shozab S. Ali, Kenneth Zide, Arthur A. Agatston,
Roger S. Blumenthal, Raquel D. Concei¢do, and Khurram
Nasir declare that there is no conflict of interests regarding the
publication of this paper. Michael J. Blaha has served on an
advisory board with Pfizer. Raul D. Santos received Honoraria
for consulting and speaker activities on the last 2 years
from Amgen, Aegerion, Astra Zeneca, Biolab, Bristol Myers
Squibb, Boehringer-Ingelheim, Eli-Lilly, Merck, Novartis,
Jansen, Genzyme, Sanofi/Regeneron, Pfizer, Unilever, and
Nestle.

References

[1] C. G. Solomon and J. E. Manson, “Obesity and mortality: a
review of the epidemiologic data,” The American Journal of
Clinical Nutrition, vol. 66, supplement 4, pp. 1044S-1050S, 1997.

[2] S. Velho, E Paccaud, G. Waeber, P. Vollenweider, and P.
Marques-Vidal, “Metabolically healthy obesity: different preva-
lences using different criteria,” European Journal of Clinical
Nutrition, vol. 64, no. 10, pp. 1043-1051, 2010.

[3] M. Blither, “The distinction of metabolically ‘healthy’ from
‘unhealthy’ obese individuals,” Current Opinion in Lipidology,
vol. 21, no. 1, pp. 38-43, 2010.

[4] A. D. Karelis, “Obesity: to be obese—does it matter if you are
metabolically healthy?” Nature Reviews Endocrinology, vol. 7,
no. 12, pp. 699-700, 2011.

[5] P. T. Katzmarzyk, I. Janssen, R. Ross, T. S. Church, and S. N.
Blair, “The importance of waist circumference in the definition
of metabolic syndrome: prospective analyses of mortality in
men,” Diabetes Care, vol. 29, no. 2, pp. 404-409, 2006.

[6] K. E. Kip, O. C. Marroquin, D. E. Kelley et al., “Clinical
importance of obesity versus the metabolic syndrome in car-
diovascular risk in women: a report from the Women’s Ischemia
Syndrome Evaluation (WISE) study,” Circulation, vol. 109, no. 6,
pp. 706-713, 2004.

[7] Y. Song, J. E. Manson, J. B. Meigs, P. M. Ridker, J. E. Buring,
and S. Liu, “Comparison of usefulness of body mass index
versus metabolic risk factors in predicting 10-year risk of
cardiovascular events in women,” The American Journal of
Cardiology, vol. 100, no. 11, pp. 1654-1658, 2007.

[8] J. B. Meigs, P. W. E. Wilson, C. S. Fox et al, “Body mass
index, metabolic syndrome, and risk of type 2 diabetes or
cardiovascular disease,” Journal of Clinical Endocrinology and
Metabolism, vol. 91, no. 8, pp. 2906-2912, 2006.

[9] A.C. St-Pierre, B. Cantin, P. Mauriége et al., “Insulin resistance
syndrome, body mass index and the risk of ischemic heart
disease,” Canadian Medical Association Journal, vol. 172, no. 10,
pp- 1301-1305, 2005.

[10] G. Calori, G. Lattuada, L. Piemonti et al., “Prevalence, metabolic
features, and prognosis of metabolically healthy obese Italian
individuals: the cremona study,” Diabetes Care, vol. 34, no. 1, pp.
210-215, 2011.

[11] A. D. Ogorodnikova, M. Kim, A. P. McGinn, P. Muntner, U.
Khan, and R. P. Wildman, “Incident cardiovascular disease
events in metabolically benign obese individuals,” Obesity, vol.
20, no. 3, pp. 651-659, 2012.

[12] J. Arnlov, E. Ingelsson, J. Sundstrom, and L. Lind, “Impact
of body mass index and the metabolic syndrome on the risk
of cardiovascular disease and death in middle-aged men,
Circulation, vol. 121, no. 2, pp. 230-236, 2010.

(13] A.]. Flint, E B. Hu, R. J. Glynn et al., “Excess weight and the
risk of incident coronary heart disease among men and women,”
Obesity, vol. 18, no. 2, pp. 377-383, 2010.

[14] R. V. Dvorak, W. F. DeNino, P. A. Ades, and E. T. Poehlman,
“Phenotypic characteristics associated with insulin resistance
in metabolically obese but normal-weight young women,’
Diabetes, vol. 48, no. 11, pp. 2210-2214, 1999.

[15] S. Bellentani, G. Saccoccio, F. Masutti et al., “Prevalence of and
risk factors for hepatic steatosis in northern Italy,; Annals of
Internal Medicine, vol. 132, no. 2, pp. 112-117, 2000.

[16] P. L. Huang, “A comprehensive definition for metabolic syn-
drome;” Disease Models & Mechanisms, vol. 2, no. 5-6, pp. 231-
237,2009.

[17] R. S. Ahima and J. S. Flier, “Adipose tissue as an endocrine
organ,” Trends in Endocrinology and Metabolism, vol. 11, no. 8,
pp. 327-332, 2000.

[18] T. H. Lee, W. S. Jeon, K. J. Han et al., “Comparison of serum
adipocytokine levels according to metabolic health and obesity
status,” Endocrinology and Metabolism. In press.

[19] H.Oflaz, N. Ozbey, FE Mantar et al., “Determination of endothe-
lial function and early atherosclerotic changes in healthy obese



[20

[21

(22

(24

]

]

]

women, Diabetes, Nutrition and Metabolism: Clinical and
Experimental, vol. 16, no. 3, pp. 176-181, 2003.

M. A. Marini, E. Succurro, S. Frontoni et al.,, “Metabolically
healthy but obese women have an intermediate cardiovascu-
lar risk profile between healthy nonobese women and obese
insulin-resistant women,” Diabetes Care, vol. 30, no. 8, pp. 2145-
2147, 2007.

C. H. Jung, M. J. Lee, J. Y. Hwang et al, “Association of
metabolically healthy obesity (MHO) with subclinical coronary
atherosclerosis in a Korean population,” Obesity, vol. 22, no. 12,
pp. 2613-2620, 2014.

R. Eshtiaghi, S. Keihani, E Hosseinpanah, M. Barzin, and
E Azizi, “Natural course of metabolically healthy abdominal
obese adults after 10 years of follow-up: the Tehran Lipid and
Glucose Study;” International Journal of Obesity, 2014.

L. L. Roberson, E. C. Aneni, W. Maziak et al., “Beyond BMI:
the ‘metabolically healthy obese’ phenotype & its association
with clinical/subclinical cardiovascular disease and all-cause
mortality—a systematic review;” BMC Public Health, vol. 14, no.
1, article 14, 2014.

A. Seppald-Lindroos, S. Vehkavaara, A.-M. Hakkinen et al., “Fat
accumulation in the liver is associated with defects in insulin
suppression of glucose production and serum free fatty acids
independent of obesity in normal men,” Journal of Clinical
Endocrinology and Metabolism, vol. 87, no. 7, pp. 3023-3028,
2002.

Journal of Obesity



MEDIATORS

INFLAMMATION

The SCientiﬁc Gastroentero\ogy & . Journal of )
World Journal Research and Practice Diabetes Research Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal "’f
Obesity

Evidence-Based

Journal of Stem CGHS Complementary and L o' ‘ Journal of
Ophthalmology International Alternative Medicine & Oncology

Parkinson’s
Disease

Computational and . z
Mathematical Methods Behavioural AI DS Oxidative Medicine and
in Medicine Neurology Research and Treatment Cellular Longevity



	Baptist Health South Florida
	Scholarly Commons @ Baptist Health South Florida
	2015

	Obesity and metabolic phenotypes (metabolically healthy and unhealthy variants) are significantly associated with prevalence of elevated C-reactive protein and hepatic steatosis in a large healthy Brazilian population
	Sameer Shaharyar
	Lara Roberson
	Omar Jamal
	Adnan Younus
	Shozab Ali
	Citation
	See next page for additional authors

	Authors


	tmp.1438885939.pdf.MXtZ4

