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Abstract Background and aim: Sarcopenia is a condition mainly due to loss of fat-free mass
(FFM) in elderly individuals. RFFMD, however, is also frequent in obese subjects due to abnormal
body composition. Objective of this study was to evaluate the impact of relative fat-free mass
deficiency (RFFMD) on cardiometabolic (CM) risk in obese normoglycemic individuals.
Methods and results: Overweight/obese American Indians from the Strong Heart Study popula-
tion, without diabetes and with FBG �110 mg/dL and with GFR >60 mg/mL/1.73 m2 were
selected for this analysis (n Z 742). RFFMD was defined on the basis of a multivariable equation
previously reported. Fasting glucose and 2 h-OGTT were measured together with urine albumin/
creatinine excretion, laboratory and anthropometric parameters. In addition to lower FFM and
greater adipose mass, participants with RFFMD had higher body mass index, waist circumfer-
ence, C-reactive protein, fibrinogen, insulin resistance and urinary albumin/creatinine than par-
ticipants with normal FFM (all p < 0.001); they also had a greater prevalence of hypertension,
impaired glucose tolerance (IGT) or OGTT-diabetes than participants with normal FFM (all
p < 0.003) and a near 2-fold greater probability of significant proteinuria (p < 0.01). RFFMD
was more frequent in women than in men: significant sex-RFFMD interactions were found for
BMI and waist circumference (both p < 0.0001).
Conclusions: RFFMD in overweight/obese normoglycemic individuals is associated with greater
probability of hypertension, abnormalities of glucose tolerance and proteinuria. Assessment of
RFFRMD might, therefore, help stratifying cardiometabolic risk among normoglycemic individ-
uals with overweight/obesity.
ª 2013 Elsevier B.V. All rights reserved.

Introduction

Sarcopenia reflects a progressive decrease of anabolism
and an increase of catabolism, along with reduced capa-
bility of muscle regeneration. Sarcopenia is also charac-
terized by a disproportion between adipose body mass and

fat-free mass (FFM) [1]. The decline of FFM increases with
age but is already detectable as early as in the third decade
[2]. Studies with computed tomography [3e5], MRI [6] or
ultrasonography [7] suggest that loss of muscle mass is
accompanied by infiltration with fat and connective tissue
into the skeletal mass.

The consequent alteration of body composition is
associated with macrophage-mediated release of pro-
inflammatory cytokines (such as TNF-a, IL-6, IL-1) and* Corresponding author. Tel./fax: þ39 (0)817462302.
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adipokines (leptin, adiponectin and resistin) from adipo-
cytes [8]. Increasing evidence exists that chronic inflam-
mation might be one of the factors promoting or
worsening insulin resistance [9] and yielding metabolic
syndrome [10]. The loss of muscle mass aggravates insulin
resistance, causing a vicious cycle, which results in further
reduction of mobility and further loss of muscle mass. In a
recent national survey performed in more than 13,500 US
inhabitants within a wide range of BMI and a low-
moderate prevalence of overweight/obesity, FFM defi-
ciency relative to body height or body weight was asso-
ciated with more severe insulin-resistance [11]. To date
limited information is available on the relationship be-
tween FFM deficiency and cardiometabolic (CM) risk.

The amount of fat mass and FFM can be estimated or
directly measured by the assessment of body composition,
using either bioelectric impedance analysis (BIA) or dual-
energy X-ray absorptiometry [12]. Debate exists about the
best way to determine the relative deficiency of fat-free
mass in the context of obesity, a condition in which fat-
free mass is increased in absolute terms [13]. We have
recently developed a new method to estimate the amount
of sex-specific FFM expected for a given BMI and fat dis-
tribution, based on the comparison between the amount of
BIA-measured FFM and the value empirically predicted by
a number of correlates in a reference normal population
[14], to determine the “relative fat-free mass deficiency”
(RFFMD) by offsetting the absolute increase in FFM often
found in obesity.

The goal of the present analysis was to evaluate the
impact of RFFMD on cardiometabolic risk and on early
signs of end-organ damage of arteriosclerosis in a cohort of
overweight/obese men and women with fasting glucose
�110 mg/dL from the Strong Heart Study population.

Methods

Study population

The Strong Heart Study (SHS) is a population-based survey
designed to estimate CV risk factors and disease in 4549
American Indians, aged 45e74 yrs, from 13 communities in
Arizona, Southwestern Oklahoma and South and North
Dakota, which has been extensively described [15e17]. For
the purpose of the present analysis we analyzed participants
of the 2nd exam, meeting the following inclusion criteria:

a) Presence of overweight or obesity, according to the
NIH Clinical Guidelines [18]

b) ATP III-defined normal fasting glucose (<110 mg/dL)
and absence of antidiabetic therapy;

c) no prevalent CV disease (stroke, coronary heart dis-
ease, congestive heart failure), adjudicated by the
SHS Mortality and Morbidity Committees [19];

d) no prevalent moderate-to-severe chronic renal dis-
ease, adjudicated by an estimated glomerular filtra-
tion rate (eGFR) �60 ml/min by the simplified MDRD
formula [20];

e) fasting triglycerides < 750 mg/dl;

Laboratory tests and definitions

Clinical examination and collection of blood samples after
a 12-h fast were performed in the morning at local Indian
Health Service facilities by the study staff. All participants
without known diabetes (fasting plasma glucose �
126 mg/dL or ongoing antidiabetic treatment or history of
diabetes indicated via questionnaire) underwent a stan-
dardized oral glucose tolerance test (OGTT). Homeostatic
model assessment index was used to estimate insulin
resistance (HOMA-IR) [21].

Waist circumference was used as a measure of central
fat distribution: an anthropometric tape was applied at the

Table 1 Characteristics of the population sample based on relative
fat free mass deficiency.

RFFMD�
(n Z 494)

RFFMDþ
(n Z 248)

Age (yrs) 57.8 � 7.5 58.4 � 7.4
Sex (M/F) (n) 252/242 51/197b

Heart Rate (bpm) 69.6 � 10.4 71.1 � 10.8
BMI (kg/m2) 29.9 � 3.6 33.1 � 5.7b

Waist circumference (cm) 103.0 � 10.1 109.0 � 13.8b

Fat-free mass (kg) 56.7 � 11.1 46.7 � 7.0b

Adipose mass (kg) 28.5 � 8.0 36.4 � 11.4b

C-reactive protein (mg/dL)a 1.06(0.98e1.14) 1.38(1.32e1.55)b

Fibrinogen (mg/dL) 326 � 61 352 � 62b

Fasting glucose (mg/dL) 98 � 7 98 � 7
2 h-OGTT (mg/dL) 127 � 42 142 � 46b

HbA1c (%) 5.3 � 1.0 5.2 � 0.8
HOMA 3.6 � 2.7 4.4 � 3.3b

Cholesterol (mg/dL) 193 � 36 189 � 36
Triglycerides (mg/dL) 140 � 79 130 � 62
HDL-cholesterol (mg/dL) 41 � 13 46 � 13b

Glomerular filtration rate
(mg/mL/1.73 m2)

90 � 53 89 � 27

Urinary albumin/creatinine
(mg/mg)a

6.7(0.86e0.94) 9.2(1.00e1.13)b

M � SD.
a Median (IQ).
b p < 0.001.

Figure 1 Prevalence of hypertension, proteinuria, impaired glucose
tolerance and diabetes in 742 participants with normal fasting glucose,
divided into two groups (with and without fat-free mass deficiency).
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