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Introduction: The research on heterogeneity among obese individuals has identified the
metabolically healthy, but obese (MHO) phenotype as a distinct group that does not
experience the typical cardiovascular-related diseases (CVD). It is unclear if this group
differs with regard to preconditions for CVDs. Our aim was to assess differences in
echocardiographic parameters and inflammatory biomarkers between MHO and metaboli-
cally healthy, normal weight individuals (MHNW).

Methods: The analyses used data from 1412 elderly participants from a German population-
based cohort study (CARLA), which collected detailed information on demographic, biochem-
ical, and echocardiographic variables. Participants were subdivided into four groups (MHNW,
MHO, MUNW (metabolically unhealthy, normal weight) and MUO (metabolically unhealthy,
obese)) based on BMI>30 kg/m? (obese or normal weight) and presence of components of the
metabolic syndrome. The clinical characteristics of the 4 groups were compared with ANOVA or
Chi-Square test, in addition to two linear regression models for 16 echocardiographic parameters.
The difference in inflammatory biomarkers (hsCRP, IL-6 and sTNF-RI) between the groups was
examined with a multinomial logistic regression model.

Results: The MHO individuals were on average 64.2+8.4 years old, with a higher proportion
of women (71.6%), low percentage of smokers, larger waist circumference (109.3+10.5 cm
vs 89.1410.8 cm, p<0.0001) and higher odds ratios for hsCRP, IL-6 and sTNF-RI compared
to MHNW individuals. Linear regression models revealed greater left atrial (LA) diameter
(2.73 (95% CI: 1.35-4.11) mm), LA volume (7.86 (95% CI: 2.88-12.83) mL), and left
ventricular mass index (LVMI) (11.82 (95% CI: 4.43-19.22) g/m'”) in the MHO group
compared to the MHNW group.

Conclusion: The MHO phenotype is associated with echocardiographic markers of cardiac
remodeling (LA diameter, volume and LVMI) and higher odds ratios for inflammatory
biomarkers.

Keywords: obesity phenotypes, visceral adipose tissue, cardiac remodeling, inflammatory

biomarkers

Introduction

Population-based studies have identified an obesity subgroup which is hypothesized to
have lower risk of cardiovascular system-related complications due to absence of
accompanying metabolic disorders — described as having “uncomplicated obesity”.'

These individuals have been designated as obese, but metabolically healthy (MHO).*’
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A limited number of studies evaluated the cardiac char-
acteristics of MHO individuals and have reported contradict-
ing findings. Two studies found subtle impairments of left
ventricular (LV) systolic® and/or diastolic function,” while
one study reported normal myocardial performance.'’
Mechanisms affecting cardiovascular health in this subset
of individuals are still being examined, such as the effect
from increased visceral adipose tissue, which is clinically
quantified by measuring the waist circumference.'' Research
on fat storage in different body compartments, specifically
the subcutaneous and visceral depots,'? and their association
with systemic inflammation'? requires another evaluation in
MHO individuals. Inflammation plays an important role in
the onset of cardiovascular disease, with the visceral adipose
tissue incriminated as a responsible site for chronic low-
grade inflammation termed “meta-inflammation”.'* The
interplay between inflammation and obesity in the MHO
phenotype has only been partially described, usually by
only examining the concentration of C-reactive protein
(CRP)."

Previously published studies have not considered the
unique characteristics of obesity in an elderly population,
where due to changes in body composition, lifestyle beha-
viors, physical and immunological parameters, the possi-
bility of preserving metabolic health could have important
public health relevance.'® Therefore, the aim of the current
study was to investigate the myocardial structure and
function, as well as, inflammatory biomarkers concentra-
tion in 2 specific obesity phenotypes (MHO and metabo-
lically unhealthy obese — MUO), one normal weight, but
metabolically unhealthy phenotype (MUNW) and compare
them to the metabolically healthy and normal weight
(MHNW) participants enrolled in an elderly, population-
based cohort. We hypothesized that MHO individuals will
show subclinical perturbations in their cardiac structure
and increased levels of inflammatory biomarkers, despite
the absence of the metabolic syndrome.

Methods

Study Population
Data from the
CArdiovascular Risk Factors, Living and Ageing in Halle
(CARLA), were used for analysis. Details on the study
design and methods have been described elsewhere.'”'® In
brief, CARLA is a cohort study of elderly inhabitants of the
city of Halle (Saale) in Germany with a focus on examining
The baseline

first follow-up examination of the

risk factors for cardiovascular diseases.

examination was conducted between December 2002 and
January 2006 and included 1779 participants (812 women
and 967 men, between 45 and 83 years old). The first follow-
up (CARLA-1) was conducted from March 2007 to
March 2010, in which 1436 (45% women) individuals parti-
cipated. During CARLA-1 the enrolled participants under-
went deep cardiovascular ultrasound phenotyping.

The study was approved by the Ethics Committee of the
Medical Faculty of the Martin-Luther University Halle-
Wittenberg and by the State Data Privacy Commissioner
of Saxony-Anhalt and conforms with the Declaration of
Helsinki. All participants gave their written informed con-
sent. After removing individuals with missing information
(n=24) on body mass index (BMI), blood pressure (BP),
biochemical parameters or medication history, the final
analytical sample comprised 1412 participants.

Clinical and Biochemical Data Collection

Data were collected with standardized computer-assisted
personal interviews and medical examinations by trained
study nurses. Information on demographic characteristics,
medical history, and lifestyle factors were recorded,
including questions on current smoking and sport activity.
In addition, each participant’s BP, height, weight and heart
rate were measured. BP was calculated as the mean of
the second and third measurement out of three consecutive
measurements. BMI was calculated as weight in kilograms
divided by height in meters squared. Waist circumference
was measured at the midpoint between the anterior super-
ior iliac spine and the lower edge of the ribcage. The
estimated glomerular filtration rate (eGFR), calculated
with  the
Collaboration formula, was used to assess renal function.

Chronic Epidemiology

19

Kidney Disease

Venous blood samples were collected, and glucose,
total cholesterol, high-density lipoprotein (HDL) choles-
terol, triglycerides and creatinine levels were measured
using automated enzymatic methods in a single certified
laboratory. While participants were not required to fast
before blood collection, the time from last meal or bev-
erage intake was more than 2 hours in 95% of participants.
Serum high-sensitivity CRP (hsCRP) was measured using
a high-sensitivity immunoturbidimetric method (CRP
[Latex] HS, Roche, Mannheim, Germany) on a Hitachi
auto-analyzer (Roche Diagnostics, Mannheim, Germany).
Measurement of soluble tumor necrotic factor receptor
I (sTNF-RI) concentration was carried out using the
Human sTNF-RI/TNFSF1IA Immunoassay Quantikine
ELISA kit (BioTek, Bad Friedrichshall, Germany), while
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interleukin-6 (IL-6) measurements were carried out
using the IL-6 electrochemiluminescence immunoassay
(ECLIA) kit (Roche Diagnostics, Rotkreuz, Switzerland).

Echocardiographic Assessment

Doppler echocardiographic examination was performed by
a trained and certified study nurse, and the stored echocar-
diographic recordings were subsequently evaluated by
a trained physician. All echocardiographic examinations,
including standard M-mode, two-dimensional and TDI
echocardiography, were performed using the GE Vivid
ultrasound system (GE Vivid, GE Vingmed, Norway)
according to the guidelines from the American Society of
Echocardiography (ASE).?® Left ventricular ejection frac-
tion (LV EF) was estimated by the modified Simpson’s
rule.?! The ASE-cube formula indexed to height raised by
an exponent of 1.7 was used to calculate the LV mass index
(LVMI) as recommended by a previous publication.?
Trans-mitral Doppler parameters included mitral early (E)
and late (A) wave velocities, from which the E/A ratio was
calculated. Additionally, tissue Doppler measurements
were obtained including mitral annular early diastolic (e”)
and late (a’) diastolic velocities from which the E/E’ ratio,
an index of left ventricular filling pressure, was calculated.

Definition of the Phenotypes
We considered four components of the metabolic
syndrome® 1) systolic BP >130 mmHg or diastolic BP
>85 mmHg, or intake of antihypertensive medication; 2)
plasma glucose >5.6 mmol/L or intake of antidiabetic
medication; 3) HDL cholesterol <1.0 mmol/L for men
and <1.3 mmol/L for women, or dyslipidemia treatment,
and 4) triglycerides >1.7 mmol/L. Participants with two or
defined as

remaining as

more components
the

Individuals with BMI >30 kg/m? were considered obese,

were metabolically

unhealthy; metabolically healthy.
according to the World Health Organization classification.
Status of metabolic health and obesity categories were
combined to create the four phenotypes: MHNW, MHO,
MUNW, and MUO.

Statistical Methods

Data are presented as mean + SD or median (first quartile
(Q1) — third quartile (Q3)) for continuous variables and
absolute and relative frequencies for categorical variables.
For metric variables, comparisons among the 4 groups
were performed with a one-way analysis of variance
(ANOVA). In case of inequality of group variances, as

ascertained by the Levene’s test, Welch ANOVA p-values
are reported. For the variables with non-normally distrib-
uted residuals, the Kruskal-Wallis test was used. Post-hoc
tests, such as the Games-Howell test or the Dunn’s test,
with the MHNW phenotype as the reference group, were
used to determine between-group differences. For catego-
rical variables, the Chi-square or Fisher’s exact test was
used.

To assess the association between the 4 phenotypes and
the echocardiographic parameters, two general linear
regression models were applied for each echocardiographic
The followed
a normal distribution and the linear regression model was

variable. echocardiographic variables
deemed the most fitting to analyze the parameters in their
original units. The first model adjusted for age and sex,
while the second model additionally adjusted for current
smoking, sport activity, and medication use (antihyperten-
sive, lipid-lowering and anti-diabetic medication). Directed
acyclic graphs (DAGs) were used to identify the minimally
sufficient adjustment set for the second model by using the
program DAGitty (Johannes Textor, Theoretical Biology &
The

Netherlands). The significance threshold was a=0.05, how-

Bioinformatics Group, University of Utrecht,
ever, to account for multiple testing the significance level
was corrected by the Bonferroni method, setting the thresh-
old at 0=0.003 (given 16 variables). Model fit was assessed
using quantile-quantile (QQ) plots and standardized resi-
duals against predicted means plot.

The associations between inflammatory biomarkers
and the 4 phenotypes were analyzed with a multinomial
logistic regression model to examine the difference in risk
of inflammation for the groups in reference to the MHNW
group. We used the logistic model to calculate odds ratios
with the biomarkers as exposure, in line with other studies
studying inflammation. The model was only adjusted for
age and sex, in order to avoid overfitting, taking into
account the small sample size. The biomarker measure-
ments were logarithmically transformed to the base of 2
due to skewed distributions. Statistical analyses were per-
formed with SAS 9.4 (SAS Institute, Cary, NC, USA).

Missing Data

After examining the missing data pattern of the echocar-
diographic variables, no regular pattern was observed;
hence, the missing data were assumed to be missing at
random (MAR). The percentage of missing values ranged
from 3% for LA diameter and 6% for LA volume to 19%
wall diameter and 30% for

for LV posterior
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interventricular septal diameter. The missing values were
imputed using the Markov Chain Monte Carlo (MCMC)
imputation method which assumes that all variables in
the imputation model have a joint multivariate normal
distribution with defined minimum and maximum
values for each variable as present in the sample
population.?**> Using the PROC MI procedure and the
NIMPUTE=PCTMISSING option, 44 imputed datasets
were created. Participants’ clinical and biochemical char-
acteristics were used as auxiliary variables to improve the
quality of imputed values generated with the imputation

model.

Results

Clinical Characteristics of Participants

In total, one third of the CARLA-1 participants were obese
(30.38%). Sixty participants (4%) were classified in the
MHO group, 345 (24%) in the MHNW group, 638 (45%)
in the MUNW group, and 369 (26%) in the MUO group
(Table 1). The MHO individuals had a mean age of 64.2+8.4
years with a high proportion of women (71.6%). When this
group was compared to the reference (MHNW) phenotype,
differences were found in larger waist circumference
(p<0.0001) and higher concentrations of inflammatory bio-
markers (hsCRP, p<0.0001; IL-6, p<0.0001; and sTNF-R1,

Table | Demographic and Clinical Characteristics of Study Participants

Characteristics MHNW (n=345) MHO (n=60) MUNW (n=638) MUO (n=369) p value
Continuous variables Mean £ SD/median (IQR)
Age, years 64.0+9.6 64.2+8.4 68.9+9.7* 67.7+9.0% <0.0001
BMI, kg/m? 25.0+2.7 34.1£3.4% 26.412.4% 33.84£3.8* <0.0001
Waist circumference, cm 89.1£10.9 109.3+10.5* 96.449.6* 112.9+10.4* <0.0001
Systolic BB, mmHg 130.9+17.9 133.7x17.4 139.3£19.9% 139.9+19.6* <0.0001
Diastolic BP, mmHg 79.5%9.1 80.9+9.0 80.1+10.8 79.9+10.3 0.68
Heart rate, beats/min 69.2+10.2 70.5£10.5 68.4x11.0 68.9x11.5 0.41
Cholesterol, mmol/L 5.6+0.9 5.6x1.0 5.4x].1* 5.3%1.0% 0.0002
HDL, mmol/L 1.6+£0.4 1.5+0.3 1.3£0.4* 1.2+0.3* <0.0001
Triglycerides, mmol/L 1.2 (0.9-1.5) 1.3 (1.1-1.5) 1.9 (1.4-2.6)* 1.9 (1.4-2.7)* <0.0001
Apo Al, g/L 1.7£0.3 1.6+0.2 1.5+0.3* |.4+0.2* <0.0001
Apo B, g/L 0.89+0.2 0.88+0.2 0.93+0.2 0.95+0.2* 0.007
Glucose, mmol/L 5.1 (4.8-5.4) 5.2 (5.0-5.4) 5.6 (5.1-6.1)* 5.8 (5.2-6.8)* <0.0001
HbA,., % 5.5+0.4 5.7+0.4 5.9+0.8* 6.2+0.9% <0.0001
hsCRP, mg/L 1.1 (0.7-2.1) 3.2 (1.7-5.1)* 1.5 (0.9-3.0)* 2.8 (1.6-5.4)* <0.0001
IL-6, pg/mL 1.8 (1.0-2.9) 3.1 (244.7)* 2.3 (1.0-3.8)* 3.2 (2.3-5.1)* <0.0001
sTNF-RI, pg/mL 1078.1 128].8* 1201.5% 1286.9* <0.0001
(946.9-1266.1) (1140.1-1452.3) (1052.6-1437.2) (1135.3-1574.7)
NT-proBNP, pg/mL 86.5 (52.2-161.2) 85.3 (41.6-157.1) 125.9% (62.1-244.3) 119.2% (59.1-236.6) <0.0001
v-GT, ukat/L 0.4 (0.3-0.5) 0.4 (0.3-0.6) 0.4 (0.3-0.7)* 0.5 (0.4-0.8)* <0.0001
eGFR, mL/min/1.73 m? 85.1+15.7 81.8+16.6 78.6+18.3*% 78.1+18.3*% <0.0001
Categorical variables n (%)
Women 186 (53.9) 43 (71.6) 235 (36.8) 167 (45.3) <0.0001
Current sport activity 186 (53.9) 34 (56.7) 293 (45.9) 147 (39.8) 0.0008
Current smokers 68 (19.7) 7(11.7) 101 (15.8) 45 (12.2) 0.03
University education 111 (32.2) 10 (16.7) 181 (28.4) 90 (24.4) 0.02
Diabetes medication 3 (0.9) I (1.7) 97 (15.2) 96 (26.0) <0.0001
Antihypertensive 108 (31.3) 29 (48.3) 463 (72.6) 307 (83.2) <0.0001
medication
Lipid-lowering medication 7 (2.0) 2 (3.3) 217 (34.0) 116 (31.4) <0.0001

Notes: Results presented as mean * SD for normally distributed residuals with one-way ANOVA p-values reported, when there was equal variance between groups, or

Welch ANOVA. p-values reported, when variance was unequal. Frequencies with percentages for categorical variables (Chi-square or Fisher’s exact test). Non-normally
distributed residuals reported with median and IQR (p-value from Kruskal-Wallis test). Games-Howell or Tukey-Kramer post-hoc test (after ANOVA) and Dunn’s post-hoc
test (after Kruskal-Wallis). * significant difference (p<0.05) when compared to the reference group (MHNW).

Abbreviations: MHNW, metabolically healthy, normal weight; MHO, metabolically healthy obese; MUNW, metabolically unhealthy, normal weight; MUO, metabolically

unhealthy obese; IQR, interquartile range; SD, standard deviation.
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p<0.0001). Interestingly, the MHO group had the highest
reported proportion for current sport activity (56.7%) and
lowest proportion of current smokers (11.7%). The MUNW
group had an average age of 68.9+9.7 years and was char-
acterized with larger waist circumference (p<0.0001), higher
concentration of NT-proBNP (p<0.0001), and higher con-
centration of inflammatory biomarkers (hsCRP, p<0.001;
IL-6, p<0.0001; and sTNF-R1, p<0.0001), but lower eGFR
(p<0.0001) when compared to the reference phenotype. As
expected, the MUO group, with average age 67.7+9.0 years,
had the worst profile with presence of many traditional
cardiovascular risk factors. The MUO group had the highest
proportion of anti-diabetic (26%) and antihypertensive med-
ication (83.2%) use, with the exception of lipid-lowering
therapy, which was higher in the MUNW group (34%).

Associations with Echocardiographic

Parameters

Considering cardiac morphology and function, the MHO
phenotype was associated with greater left atrial (LA)
diameter (p=0.003) and LA volume (p=0.01), as well as

Table 2 Echocardiographic Characteristics of Study Participants

greater LVMI (p=0.01) compared to the MHNW group
(Table 2, Figure 1). The parameters for diastolic function,
E/e’ ratio, E/A ratio and mitral e’, and the parameter for
systolic function (EF), were not different between the
MHO and MHNW groups. In the MUNW group differ-
ences for LV structural parameters were observed, such as
larger septal thickness (p<<0.0001), posterior wall thickness
(p=0.001) and higher E/e’ (p<0.0001), compared to the
reference group. Finally, the MUO group was character-
ized with higher measurements for almost all echocardio-
graphic parameters compared to the MHNW group.
Differences persisted even after age and sex adjust-
ment and adjustment for additional confounders (Table 3,
Models 1 and 2). MHO individuals had greater LA dia-
meter (2.73 (95% CI: 1.35 to 4.11) mm), LA volume
(7.86 (95% CI: 2.88 to 12.83) mL) and LVMI (11.82
(95% CI: 4.43 to 19.22) g/m"7) compared to MHNW
individuals. The MUNW group, reflecting participants
with absence of obesity, but presence of metabolic
abnormalities, was associated with greater LA diameter
(1.39 (95% CI: 0.65 to 2.13) mm), LVMI (5.90 (95% CI:
2.04 to 9.76) g/m'”), and interventricular septal diameter

Characteristics MHNW (n=345) MHO (n=60) MUNW (n=638) MUO (n=369) p value
LA structure
LA diameter, mm 37.41t5.4 39.98+5.3* 40.40+5.3* 43.20+5.4* <0.0001
LA volume, mL 35.25+18.3 43.06+18.5* 39.85+18.9* 48.32+18.9* <0.0001
LV structure
Mass/height'”7, g/m'” 74.89+26.5 85.89+27.4% 87.15+27.8% 98.79+26.5% <0.0001
Septal thickness, mm 10.754£2.2 11.30£2.4 11.58+2.4* 11.84+2.4* <0.0001
Posterior wall thickness, mm 10.34+2.3 10.69+2.3 10.91+2.2% 11.29+2 4% <0.0001
Diastolic volume, mL 89.2+37.5 98.1+38.4 95.1+37.8 106.2+38.5* <0.0001
Systolic volume, mL 34.0+17.4 36.0+17.8 36.7x17.6 40.9+18.0%* <0.0001
Diastolic diameter, mm 46.851+6.7 48.52+7.3 48.89+7.3* 51.3817.0* <0.0001
Systolic diameter, mm 29.32+6.5 30.02+7.2 30.65+6.6* 32.40+6.7* <0.0001
LV systolic function
Ejection fraction, % 60.61+7.0 61.62+7.2 60.2417.0 60.3417.3 0.49
LV diastolic function
E/A ratio 1.06£0.4 1.031£0.4 1.02+0.4 0.99+0.4 0.19
E/e’ ratio 10.40+4.5 11.08+4.5 | 1.85+4.4* 12.59+4.6* <0.0001
E peak, cm/s 66.2+18.0 68.42+17.8 66.0£17.9 70.37+18.4* 0.001
A peak, cm/s 66.0+£20.9 68.57+20.5 70.0+20.8* 75.6+21.2% <0.0001
e’ peak, cm/s 6.78+1.8 6.52+1.9 5.97+1.8* 591+1.8*% <0.0001
a’ peak, cm/s 9.58+2.3 9.62+2.3 9.46+ 2.3 9.26+2.3 0.27

Notes: Results presented as mean + SD for normally distributed residuals, difference in means ANOVA for equal variance or Welch ANOVA for unequal variance with
Tukey-Kramer post-hoc test. * significant difference (p<0.05) when compared to the reference group (MHNW).
Abbreviations: MHNW, metabolically healthy, normal weight; MHO, metabolically healthy obese; MUNW, metabolically unhealthy, normal weight; MUO, metabolically

unhealthy obese; LA, left atrium; LV, left ventricle; SD, standard deviation.
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Figure | Differences in means with 95% ClI for selected echocardiographic parameters.
Abbreviations: MHNW, metabolically healthy, normal weight; MHO, metabolically healthy obese; MUNW, metabolically unhealthy, normal weight; MUO, metabolically

unhealthy obese; LV, left ventricle; Cl, confidence interval.

(0.59 (95% CI: 0.27 to 0.91) mm), but lower e’ peak
(-0.39 (95% CI: —0.64 to —0.14) cm/s). In the MUO
group, where both obesity and metabolic abnormalities
were present, an association with LV diastolic dysfunc-
tion parameters (greater LA volume, LA diameter, LVMI

and E/e’ ratio) was more evident.

Associations with Inflammatory

Biomarkers

Odds ratios for each phenotype were calculated, after age
and sex adjustment (Figure 2, Model 1), with the MHNW
group as reference. The MHO group had higher odds ratios
for hsCRP (2.44 (95% CI: 1.83-3.24)), IL-6 (2.02 (95% CI:
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Table 3 Multivariable-Adjusted Regression Models for Echocardiographic Parameters

Echocardiographic | MHNW MHO (n=60) p-value [ MUNW (n=638) p-value | MUO (n=369) p-value
Parameters (n=345)
LA diameter, mm
Model | Reference 3.06 (1.67 to 4.46) <0.0001 | 2.08 (1.39 to 2.77) <0.0001 | 5.24 (4.48 to 6.00) <0.0001
Model 2 Reference 2.73 (1.35 to 4.11) <0.0001 | 1.39 (0.65 to 2.13) 0.0002 4.31 (3.48 to 5.15) <0.0001
LA volume, mL
Model | Reference 8.78 (3.77 to 13.79) 0.0006 2.59 (0.13 to 5.04) 0.03 11.80 (9.08 to 14.52) [ <0.0001
Model 2 Reference 7.86 (2.88 to 12.83) 0.002 0.19 (—2.44 to0 2.83) 0.88 8.8! (5.84 to 11.79) <0.0001
LVMI, g/m'7
Model | Reference 12.84 (5.45 to 20.23) 0.0007 8.71 (5.1 to 12.30) <0.0001 | 21.70 (17.81 to <0.0001
25.59)
Model 2 Reference 11.82 (4.43 to 19.22) 0.001 5.90 (2.04 to 9.76) 0.002 18.21 (13.88 to <0.0001
22.54)
IVSd, mm
Model | Reference 0.68 (0.03 to 1.33) 0.03 0.62 (0.33 to 0.92) <0.0001 | 0.97 (0.64 to 1.29) <0.0001
Model 2 Reference 0.64 (—0.007 to 1.28) 0.05 0.59 (0.27 to 0.91) 0.0003 0.89 (0.54 to 1.25) <0.0001
LVPWd, mm
Model | Reference 0.50 (—0.12 to 1.13) 0.11 0.34 (0.04 to 0.65) 0.02 0.82 (0.47 to 1.16) <0.0001
Model 2 Reference 0.47 (—0.15 to 1.10) 0.13 0.33 (0.002 to 0.66) 0.04 0.80 (0.43 to 1.18) <0.0001
Lvvd, mL
Model | Reference 13.02 (2.94 to 23.10) 0.0l 4.63 (—0.18 to 9.45) 0.05 16.94 (11.64 t0 22.23) | <0.0001
Model 2 Reference 12.42 (2.30 to 22.55) 0.0l 3.03 (—2.21 to 8.28) 0.25 15.01 (9.11 to 20.91) [ <0.0001
LVVs, mL
Model | Reference 3.68 (—1.06 to 8.42) 0.12 1.91 (—0.36 to 4.19) 0.09 6.69 (4.17 t0 9.22) <0.0001
Model 2 Reference 3.52 (-1.24 to 8.28) 0.14 1.05 (—1.43 to 3.54) 0.40 5.75 (2.94 to 8.56) <0.0001
LVDd, mm
Model | Reference 2.44 (0.55-4.32) 0.0l 1.39 (0.48 to 2.30) 0.002 4.21 (3.21 to 5.22) <0.0001
Model 2 Reference 2.20 (0.33 to 4.07) 0.02 0.66 (—0.30 to 1.63) 0.17 3.34 (2.23 to 4.45) <0.0001
LVDs, mm
Model | Reference 1.31 (—0.58 to 3.20) 0.17 0.76 (—0.09 to 1.61) 0.08 2.80 (1.83 to 3.76) <0.0001
Model 2 Reference 1.19 (—0.68 to 3.08) 0.21 0.07 (—0.84 to 0.98) 0.87 2.02 (0.97 to 3.07) 0.0002
EF, %
Model | Reference 0.90 (—1.07 to 2.88) 0.37 —0.07 (—1.01 t0 0.85) | 0.86 —0.08 (—1.14 t0 0.98) | 0.88
Model 2 Reference 0.82 (—1.16 to 2.81) 0.41 0.04 (—0.97 to 1.06) 0.93 —0.0001 (—1.18 to 0.99
1.18)
E/A ratio
Model | Reference —0.01 (-0.12 to 0.09) 0.77 —0.006 (—0.05 to 0.04) | 0.80 —0.03 (-0.09 to 0.01) | 0.19
Model 2 Reference —0.02 (-0.13 to 0.08) 0.63 —0.02 (-0.08 to 0.02) | 0.32 —0.06 (-0.12 to 0.05
—0.001)
Ele’ ratio
Model | Reference 0.56 (—0.63 to 1.75) 0.35 0.93 (0.35 to 1.51) 0.001 1.78 (1.14 to 2.42) <0.0001
Model 2 Reference 0.39 (—0.79 to 1.58) 0.51 0.43 (—0.19 to 1.05) 0.17 1.03 (0.33 to 1.74) 0.003
E peak, cm/s
Model | Reference 1.65 (—3.22 to 6.52) 0.50 0.39 (—2.01 to 2.80) 0.74 4.46 (1.77 to 7.14) 0.001
Model 2 Reference I.15 (-3.71 to 6.02) 0.64 —1.33 (-394 to 1.26) | 0.31 1.97 (-0.98 t0 4.93) | 0.19
(Continued)
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Table 3 (Continued).

Echocardiographic | MHNW MHO (n=60) p-value [ MUNW (n=638) p-value | MUO (n=369) p-value
Parameters (n=345)
A peak, cm/s
Model | Reference 1.32 (—4.01 to 6.66) 0.62 1.87 (—0.79 to 4.54) 0.16 7.71 (4.76 to 10.65) <0.0001
Model 2 Reference 1.42 (-3.91 to 6.76) 0.60 1.62 (—1.26 to 4.51) 0.26 6.85 (3.60 to 10.10) <0.0001
e’ peak, cm/s
Model | Reference —0.25 (-0.73 to 0.22) 0.29 —0.48 (-0.71 to <0.0001 | —0.63 (—0.89 to <0.0001
—0.25) —-0.37)
Model 2 Reference —0.20 (—0.68 to 0.27) 0.39 —0.39 (-0.64 to 0.001 —0.50 (-0.79 to 0.0006
—0.14) -0.21)
a’ peak, cm/s
Model | Reference 0.1'1 (—0.50 to 0.73) 0.71 —0.03 (-0.35 to 0.27) | 0.80 —0.24 (-0.58 t0 0.09) | 0.16
Model 2 Reference 0.19 (-0.41 to 0.81) 0.52 0.21 (—0.12 to 0.55) 0.21 0.06 (—0.30 to 0.44) 0.72

Notes: Results presented as effect estimate+95% Cl, effect estimate considered significant if a<0.003. Model | is adjusted for age and sex. Model 2 is adjusted for Model |
and sport activity, current smoking and use of medication for hypertension, diabetes or hyperlipidemia.

Abbreviations: LA, left atrium; LV, left ventricle; LVMI, LV mass index; 1VSd, interventricular septal diameter; LVPWd, LV posterior wall diameter; LVVd/LVVs, LV end-
diastolic/end-systolic volume; LVDd/LVDs, LV end-diastolic/end-systolic diameter; EF, ejection fraction; Cl, confidence interval.

1.53-2.67)), and sTNF-RI (2.22 (95% CI: 1.62-3.05)) com-
pared to the other phenotypes. For the MUNW group,
a more attenuated effect was found, hsCRP (1.33 (95%
CL 1.14-1.55)), IL-6 (1.26 (95% CI: 1.08-1.48)) and
sTNF-RI (1.36 (95% CI: 1.13-1.64)), while the MUO
group had similar odds ratios, with overlapping confidence
intervals, as the MHO group.

Discussion

In our study of elderly individuals, we explored the associa-
tion between cardiac geometry, function and inflammation
in 4 subgroups based on presence of obesity and metabolic
abnormalities. The MHO phenotype showed associations
with LA diameter and volume, along with LVMI, para-
meters usually associated with cardiac remodeling. We
additionally identified, after age and sex adjustment, that
there were higher odds ratios for inflammatory biomarkers
for the MHO phenotype compared to the MHNW pheno-
type. We postulate that chronic, low-grade inflammation in
the elderly, obese, but metabolically healthy individuals is
one of the factors that propagates cardiac remodeling, and
has its origin in the visceral adipose tissue.

Echocardiographic Characteristics of the
4 Phenotypes

Echocardiography detects myocardial geometric altera-
tions before the onset of hemodynamic abnormalities.
Individuals with obesity and/or metabolic syndrome are
known to have changes in cardiac structure and function,

such as LV hypertrophy or diastolic dysfunction. LVMI
has been shown to predict future risk of cardiovascular
events in both men and women.?® These subclinical
changes precede the development of heart failure, espe-
cially the development of heart failure with preserved
ejection fraction.”” For the MHO group, the adjusted
regression models showed an association with LA size
and volume, as well as LVMI, but not with parameters
for left ventricular diastolic (e’ or E/e’ ratio) or systolic
function (EF). Reports from previous studies are conflict-
ing. A study by Wang et al found that MHO individuals
had both systolic and diastolic dysfunction.® Additionally,
a study by Park et al reported associations with LVMI and
LV diastolic function in MHO individuals, but not with LV
systolic function.” On the other hand, the study by Dobson
et al, reported that MHO individuals had normal myocar-
dial performance and concluded that the negative influence
on cardiac structure and function originates only from the
metabolic abnormalities.'® However, with a very limited
sample size (n=15), the lack of evidence could be due to
the study being under-powered to detect any real differ-
ence. The limited number of available studies and differ-
ences in the definition of the MHO phenotype makes
reaching a consensus difficult.

Visceral Adipose Tissue as a Site of

Subclinical Chronic Inflammation
It has been suggested that MHO individuals have
a different body fat distribution that accounts for their
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a. Model 1 - hsCRP

1
MHNW + Reference Odds ratio (95% Cl) p-value
I
MHO | - 2.44 (1.83to 3.24) <0.0001
I
MUNW | —a— 1.33 (1.14 to 1.55) 0.0002
I
MUO : —_— 2.38 (2.01to 2.83) <0.0001
1 I 1 T 1 L] ] L]
0.8 1.0 1.4 1.8 22 2.6 3.0 3.4
c. Model 1 - IL-6
1
|
MY § Reference Odds ratio (95% Cl) p-value
|
MHO | = 2.02 (1.53t02.67) <0.0001
|
MUNW| | e 126 (1.08 to 1.48) 0.003
|
MUO : e — 2.07 (1.75t0 2.46) <0.0001
]
1 T i T T [
0.8 1.0 14 1.8 22 2.6
e. Model 1 - sTNF-RI
1
MHNW + Reference Odds ratio (95% CI) p-value
I
MHO | = 2.22 (1.62 to 3.05) <0.0001
I
MUNW[ | 1.36 (1.13 to 1.64) 0.0008
I
MUO : - 213 (1.74 to 2.59) <0.0001
|
L] 1 1 1 L] 1 ] ]
081.012 1.6 2.0 24 2.8 312
Figure 2 Forest plots of odds ratios and 95% Cl for inflammatory biomarkers. Model | — age and sex adjusted. Odds ratios shown are for a 1-SD increment.

Abbreviations: MHNW, metabolically healthy, normal weight; MHO, metabolically healthy obese; MUNW, metabolically unhealthy, normal weight; MUO, metabolically
unhealthy obese; Cl, confidence interval.
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favorable metabolic profile.”® Visceral adipose tissue is
recognized as a risk factor for diabetes and cardiovascular
disease (CVD), whereas subcutaneous adipose tissue is
considered as more benign.'>**>° Genome-wide associa-
tion studies have shown that impaired capacity to store
fat in the subcutaneous adipose tissue can lead to metabo-
lically harmful ectopic fat storage. Several adiposity-
increasing variants that have protective effects on
cardiometabolic outcomes, such as IRS1, COBLLI1/
GRB14, PLA2G6 and TOMMA40, have been identified.’’
Waist circumference is an alternative, clinically impor-
tant indicator for visceral adiposity and a possible site for
subclinical systemic inflammation.'' In our cohort, MHO
individuals presented with a higher waist circumference
compared to the MHNW group. Visceral obesity has been
linked with inflammatory biomarkers IL-6 and hsCRP,** as
well as, increased oxidative stress.'> This dysfunctional
tissue, constituted by adipocytes and cytokine-producing
macrophages, is hypothesized to contribute to the devel-
opment of metabolic complications. Increase in the num-
ber of macrophages is characteristic for obese individuals
and is responsible for TNF-o and IL-6 expression.”’
STNF-RI is an inhibitory biomarker for TNF-o and
increases as a response to more TNF-o production.”?
A state of sustained metabolic health in obese individuals
was shown only when they maintained a lower waist
circumference, as reported by a previous cohort study.**
The factors that induce immune cells to infiltrate adipose
tissue are unknown, but may be related to free fatty acids
released from adipocytes that activate macrophages, which
in turn increase cytokine levels, such as TNF-q, that per-

petuates and sustains lipolysis and fatty acid release.®>°

Potential Mechanisms of Action

Several studies have shown that MHO individuals have
a different inflammation profile in comparison to MHNW
individuals. The study by Iglesias Molli et al concluded
that MHO is a pro-inflammatory state.'> Chronic inflam-
mation is a possible explanation for the association with
echocardiography parameters for LV hypertrophy and dia-
stolic dysfunction.’”*® Inflammatory biomarkers act in
a negative inotropic manner and cause changes in turnover
of the extracellular matrix resulting in myocardial fibrosis.
Elevated concentrations of TNF-a, as well as IL-6, have
cardio-depressive properties and cause apoptosis.>® The
development of progressive cardiomyocyte apoptosis
plays a critical role on LV geometry and adverse cardiac
remodeling that occurs in the setting of sustained

inflammation.*>*° In addition, obesity is associated with
increased gut permeability to bacteria and their products,
which further 4
Opposite this, one study reported that MHO individuals

propagates systemic inflammation.
present with a favorable inflammation profile. However,
this study had a different definition for the MHO pheno-
type, with younger participants, without reporting waist
circumference measurements.*? Obesity-related or unre-
lated inflammation is managed differently in young versus
elderly individuals.'® Our results have shown similar odds
for inflammatory biomarkers between MHO and MUO
elderly individuals, however more attenuated odds for the
MUNW phenotype, compared with MHNW. The implica-
tion of this finding is that increased inflammation stems
from the adipose tissue, and is less influenced by other
metabolical abnormalities.

Several studies have explored the longitudinal aspect
of the MHO phenotype and have concluded that the MHO
state may be transient and over time MHO individuals will
develop metabolic abnormalities and clinical disease;****
however, it can still be an opportunity for primary preven-
tion for CVDs.*> An important finding is that the role of
chronic inflammation was ascertained longitudinally as an
important predictor for CVD risk in the MHO group.*
Finally, physical fitness is an important effect-modifier of
CVD risk.*’ In our cohort, MHO individuals had the high-
est percentage (=57%) of reported current sport activity.
Several studies have shown that MHO individuals have

4849 and physical activity™°

higher cardiorespiratory fitness
that act as protective factors. Obesity imposes a persistent
lipid burden on muscle mitochondria, and the subsequent
acylcarnitine accumulation and mitochondrial dysfunction

can be improved with physical exercise.”’

Strengths and Limitations

Our population-based cohort, representative of the elderly
population, is  well phenotyped and contains
a comprehensive set of cardiac structural and functional
parameters that offer robustness to our results. However,
they have to be interpreted by taking certain limitations into
account. The study participants were not required to fast
before blood sample collection, which could influence the
levels of glucose and incur misclassification bias. However,
95% of participants reported abstaining from food and bev-
erages consumption more than 2 hours before coming to the
study center, so we expect this bias to be small. Due to the
relatively small sample size of the MHO group, separate

analysis for gender differences was not performed. The
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potential implications are important since research has shown
that the association between visceral adipose tissue and
inflammatory biomarkers, such as TNF-o and IL-6, is weaker
in older men.>* In addition, waist circumference is only an
indirect measurement of visceral adipose tissue. This tissue is
not homogeneous and is best analyzed by CT, ultrasound or
whole body DXA scans. Other parameters for assessing
systolic function, including longitudinal strain, strain rate,
and LV dyssynchrony assessed by speckle tracking, were
not measured. Future studies should implement the measure-
ment of these parameters, since abdominal obesity was
shown to be associated with systolic mechanics.® Finally,
considering the cross-sectional nature of the study, causal
inferences cannot be determined.

Conclusion

To summarize, the MHO phenotype was characterized
with greater LA diameter and volume, greater LVMI, and
higher levels of inflammatory biomarker concentrations
compared to the MHNW group. The lack of metabolic
burden offers advantages that are inhibitory in the progres-
sion of cardiac remodeling in an aging population. Further
examination of pathophysiological mechanisms could
unravel new points of care and treatment.
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