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Obesidad
Definiciones

• OMS: Define obesidad como la condición en la que el porcentaje de
grasa corporal se incrementa, a una extensión en la cual la salud y el
bienestar se afectan→ 𝐼𝑀𝐶	 ≥ 30𝑘𝑔 𝑚⁄ 2.

• OMS la clasificó como enfermedad en 1948

• American Medical Association en el 2013, reconoce a la obesidad
como una enfermedad que requiere intervenciones médicas en su
prevención y tratamiento.
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Obesity figures	among Costa	Rica’s population
increased almost four times	in	the last 39	years,	
from 6.3	percent in	1975 to	23.7	percent in	2014.

Generalidades
Obesidad

En 2015, 107,7 millones de niños y 603,7 millones de
adultos eran obesos en todo el mundo. La prevalencia general
de obesidad era del 5% entre los niños y del 12% entre los
adultos3.

3. N	Engl	J	Med	2017;	377:13-27



Generalidades

• World Cancer Research Fund (WCRF): Altos IMC se asocian a ciertos
tipos de cáncer: mama, endometrio, ovario, próstata, colorectal,
renal, páncreas, hígado, vesícula, esófago.

• Sin embargo…

• Schlesinger S y cols. Cancer Causes Control. 2014;25:1407–18.

• Hakimi AA y cols. J Natl Cancer Inst. 2013;105: 1862–70.

• Amptoulach S. y cols. J Surg Res. 2015;199:378–85.

• Brunner AM y cols. Am J Hematol. 2013;88:642–6.

• Tsang NM y cols. Cancer Med 2016.
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IMC	elevados	en	pacientes	con	cáncer	se	asociaban	a	mayor	
Sobrevida

Paradoja	de	la	obesidad



Generalidades

• Paradoja	en	enfermedad	CV

this phenomenon as a ‘paradox’. The term paradox is of Greek ori-
gin (‘para’ means ‘beside’ and ‘doxa’ means ‘opinion’) and is used to
indicate self-contradictory situations. The observation of an inverse
association of body weight with outcome has been confirmed mul-
tiple times and in numerous patient cohorts over a wide spectrum of
CV diseases and disease severities and using various methods. The
results are also implemented in risk assessment scores we use on a
daily basis. So why would this still be considered an unexpected and
contradictory or ‘paradoxical’ finding?

Of course, this inverse association is still in total contrast to the
deeply internalized wisdom of obesity as a trigger for many illnesses
and a burden to society. In healthy and young(ish) people, this view
appears to be correct. However, in anyone else, it may not be. It
may be the time to propagate a more differentiated position on
weight management that distinguishes more carefully between
healthy and young subjects and those with an established CV disease
(Figure 1). Avoiding overweight and obesity may doubtless benefit
one’s long-term health in the absence of any disease. The metabolic
imbalance in chronic disease (as is also the case in CV diseases10)
may, however, be far too complex to be reduced to the unisono clin-
ical recommendation of weight reduction in all cases of overweight
and obesity. Weight gain and weight loss are frequently observed in
many chronic illnesses and affect all body compartments,11 and this
has various consequences besides survival per se.12

It appears clear from all the research available that the optimum
(or ideal) body weight is shifting to a higher BMI range, once a chron-
ic disease of some kind is present. This view acknowledges a cardio-
protective effect of overweight as reported by Hansel et al.6 To
pursue a more considered weight recommendation that appreciates
the patient’s individual disease, a more constructive terminology is
needed than that of a ‘paradox’. Therefore, a ‘cardiovascular
obesity paradigm’ (or overweight paradigm) may be pro-
posed, to appreciate more positively the shifting association of high-
er body weight and outcome in CV disease.

Lifestyle recommendations for those patients who are over-
weight should be made, with more careful consideration of the of-
ten catabolic condition of chronic CV disease,13 and may be more

focused on encouraging exercise and a healthy diet that may not ne-
cessarily include caloric restriction. Weight recommendations
should be made with the clear understanding of the different meta-
bolic conditions in healthy subjects and those with established CV
disease.13

Conflict of interest: none declared.
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Figure 1 The cardiovascular overweight paradigm: weight management recommendation should clearly differentiate between the primary pre-
vention in healthy subjects and the secondary outcome prevention in patients with established cardiovascular (CV) disease or an advanced risk
profile (*see Table 1 for details). Adapted from Doehner et al.5
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Paradoja viene del griego ”para” significa “al lado” y “doxa”
significa “opinión” ≈ 𝑆𝑖𝑡𝑢𝑎𝑐𝑖𝑜𝑛𝑒𝑠	𝑐𝑜𝑛𝑡𝑟𝑎𝑑𝑖𝑐𝑡𝑜𝑟𝑖𝑎𝑠1

La	paradoja	de	la	obesidad	se	produce	cuando	el	riesgo	de	
desenlace,	generalmente	la	mortalidad,	se	reduce	
significativamente	para	los	valores	de	IMC	por	encima	del	
referente	(22.5	kg/m2).	
En	valores	de	IMC	muy	altos,	el	riesgo	vuelve	a	aumentar.

methodological (observed associations that contradict under-
lying causality due to confounding and bias) to clinical (seek-
ing mechanistic explanations for obesity acting protectively in
specific populations). In this review, we first explain what the
obesity paradox is; summarize the current epidemiological
findings for the association between overweight or obese sta-
tus at cancer diagnosis and subsequent survival; review clin-
ical and methodological explanations for the obesity paradox;
and conclude with clinical implications and recommendations
for further research.

What Is the Obesity Paradox?

A BMI of 22.5 kg/m2 has been widely accepted as a mid-
reference point for normal weight [22]. The obesity paradox
occurs where the risk of outcome, typically mortality, is sig-
nificantly reduced for BMI values above this referent, where
an increased risk is expected. At very high BMI values, risk
either returns to unity or is increased as illustrated in Fig. 1.

Epidemiological Evidence

There have been mixed findings in incident cancer popula-
tions where there has been exploration for the obesity para-
dox, with the paradox being observed in some studies [8–11,
13–15, 23], but not in all [24–26]. Consequently, there have
been attempts to unify the conflicting results in the literature
with systematic reviews on adiposity and cancer survival
[27–30] but with inconsistent summaries.

The obesity paradox has been observed in different cancer
settings including, for example, in patients with colorectal
cancer undergoing surgery [11]; patients with renal cancer
undergoing surgery [10, 12]; patients with colorectal metasta-
ses undergoing liver resection [13]; elderly patients with acute
myeloid leukemia [14]; and patients with lymphoma undergo-
ing autologous hematopoietic cell transplantation [9]. The
obesity paradox is not limited to non-metastatic disease and
has been observed in a study of 4010 Taiwanese patients
where the most common metastases were the lungs, liver,
brain, and bone, requiring radiotherapy [15], and the hazard
ratios decreased across BMI categories (overweight: HR 0.84
and obese: HR 0.67).

General Points on Interpretation

Given the variations in study findings, there is a need to have
an initial framework to interpret whether the obesity paradox
is a true or artificial association. There are two broad princi-
ples to consider in the study characteristics: (i) when (in rela-
tion to cancer diagnosis) BMI was determined and (ii) the age
of the participants under study.

When BMI was determined is relevant. The recent WCRF
report on the effect of risk factors on survival among women
with breast cancer added a very useful classification—namely,
determination of BMI either at pre-, peri-, or post-diagnosis
(the later typically 12 months after the initial treatment) of
cancer [31]. From these, different patterns of associations
emerge. In a meta-analysis of 29 studies evaluating the impact
of BMI on survival in patients with colorectal cancer,Wu et al.
[30] observed that increasing pre-diagnosis BMI prognosticat-
ed for a poor survival but that post-treatment overweight was
associated with improved survival, i.e., the obesity paradox.
Table 1 demonstrates that the obesity paradox can be illustrat-
ed in all three settings of pre- [32], peri- [15], and post-
diagnosis [11] for different cancer types.

Age is an additional attribute for consideration. For exam-
ple, studies involving patients with leukemia are challenging
to interpret due to the great age ranges of included individuals.
Navarro and colleagues [33] showed that in over 4000 adults
with acute myeloid leukemia under marrow transplantation,
the obesity paradox was absent in young patients but present
in those over age 60. Similar findings were noted by Brunner
and colleagues, in a treatment cohort of adults with AML aged
greater than 60 years [14].

Explanations for the Obesity Paradox

Determining whether the obesity paradox is a causal phenom-
enon among patients with cancer is clinically relevant, as it
informs weight management strategies among cancer

Fig. 1 An illustration of the obesity paradox. The vertical axis represents
hazard ratio of mortality (log scale), compared with the baseline BMI of
22.5 kg/m2. The plot represents a population in which the obesity paradox
is observed, since the hazard ratio is below 1 in the overweight and obese
range. The 95 % confidence intervals are shown with dashed lines
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Pero	por	qué	existe	la	paradoja	de	la	obesidad?	Se	mantiene	siempre?

• Explicación de metodología
• Métodos de análisis:

• Por covariable: Tienen efecto en el resultado evaluado (mortalidad) como en la
exposición (obesidad) y sesgo de selección, conocida como el sesgo de estratificación.

• Inadecuado seguimiento:3Muchos de los OB mórbidos son jóvenes con poca patología
CV (o leve) con aún preservada función cardiovascular.

• IMC: Población catalogada por IMC como sobrepeso puede tener mayor masa
muscular (comparados con pesos normales) lo que podría explicar sus
resultados de mejor respuesta1

1. Am J Clin Nutr. 2014 May;99(5):999-1005
2. Curr Oncol Rep	(2016)	18:	56	
3. Obes.	Rev.	2016	17(10):989



independently describes high-risk subjects (4). Interest-
ingly, mortality is highest in CHD patients with both
low body fat and low LMI, whereas it is the lowest in
the subgroup of high body fat and high LMI (69). In pa-
tients with HF, the combination of increased lean body
mass and reduced body fat describes a favourable prog-
nostic profile (52); in such patients, BMI is a better
index of lean body mass rather than obesity or body fat.

Cardiorespiratory fitness
Cardiorespiratory fitness (CRF) is an important predictor
of cardiovascular risk (70), cardiovascular and total
mortality (71); indeed, maintaining a high CRF was more
important than weight change in preventing all-cause and
cardiovascular mortality in a cohort of 14,435 middle-
aged men followed for 11.4 years (72). For every increase
of CRF by 1MET, there is a 13% decrease in the
incidence of total mortality (73). Taking into account
CRF levels significantly improves the predictive value of
statistical models for short-term and long-term CVD risk
(74). This has led to the ‘fat and fit hypothesis’, according
to which the obesity paradox may be partially explained by
differences in CRF (75). In a study of 12,417 middle-aged

men, patients in the overweight or obesity group had a
more favourable risk profile, but only when obesity was ac-
companied by high CRF levels (76). Similarly, in another
cohort of 9,563 male CHD patients, an obesity paradox
was documented across categories of BMI, body fat per-
centage and WC only in men with low levels of CRF
(77). Lack of CRF in the normal overweight BMI groups
of patients with HF (due to tissue cachexia too) may drive
the obesity paradox in these populations (78). A meta-
analysis of 10 studies demonstrated that unfit individuals
carry a twofold higher mortality risk versus fit normal
weight individuals independently of BMI (79). Notably,
such a strong confounder of the relationship between
BMI and mortality as CRF remains frequently overlooked
in clinical studies.

Other potential explanations
Other possible explanations for the obesity paradox
include the higher incidence of bleeding events in the
lower BMI groups because antithrombotic/antiplatelet
medication carry an increased risk for adverse events in
the extreme low of body weight (even when adjusted for
it) (35). Another explanation that has been proposed for

Figure 2 Body composition and body fat distribution for risk stratification in coronary heart disease. Body mass index (BMI) does not provide information
about body composition and body fat distribution. Therefore, it cannot distinguish between individuals with high versus low lean body mass as well as
lower body versus abdominal (visceral) obesity, which are important predictors of cardiometabolic health. Alternative measurements such as %body
fat, lean body mass, waist circumference, waist-to-hip ratio or even quantification of adipose tissue by computed tomography imaging may be needed
to provide this information.

Obesity paradox in CHD A. S. Antonopoulos et al 7obesity reviews

© 2016 World Obesity
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Qué	cambió?	
• Ahora	se	utilizan	más	métodos	de	composición	corporal	2

1. Am J Clin Nutr. 2014 May;99(5):999-1005
2. J Cachexia Sarcopenia Muscle (2014) 5:183–192 

As shown in this study, BMI did not identify most of the
patients with excess FM. Patients with excess FM were mis-
classified as overweight or even normal weight according to BMI
criteria. This misclassification can explain the controversial re-
sults of the obesity paradox reported in studies that used BMI as
a classification criterion for obesity.

In this study, body composition was estimated by using
BIA. Although other body-composition techniques are con-
sidered the gold standard (eg, dual-energy X-ray absorpti-
ometry and MRI), BIA is still a reliable and portable method
for body-composition assessment in clinical practice and al-
lows for a better understanding of body compartments. Fur-
thermore, BIA has been proven as a useful prognostic tool in
several conditions (12). The exploration of the value of FFM
depletion (ie, sarcopenia) associated with malnutrition, aging,
or cachexia as a risk factor in cancer patients is of crucial
interest. Sarcopenia is frequently associated with wasting
syndromes such as cancer, where the combination of decreased
nutrient intake and mild to moderate chronic inflammation
(chronic disease-related malnutrition) have an impact on
muscle anabolism and catabolism, which ultimately determines
the loss of skeletal muscle mass and function over the course of
the illness (27).

In our study, sarcopenia, as defined by a low FFMI, was an
independent risk factor for higher mortality, even after adjust-
ments were made for other well-recognized risk factors, in-
cluding BMI, in the multivariate Cox analysis. Previous studies
have also shown that low skeletal muscle mass predicts toxicity
and the drug concentration in cancer patients receiving chemo-
therapy (28, 29). In patients with cirrhosis with or without he-
patocellular carcinoma, sarcopenia was a strong and independent
risk factor for mortality, even after controlling for other factors
related to disease severity (30, 31). In other clinical situations,
such as in hemodialysis patients, weight loss, skeletal muscle
mass loss, and decreasing serum concentrations of creatinine,
a marker of a skeletal muscle mass, were predictors of higher
mortality rates (32). In agreement with our results, Kalantar-
Zadeh et al concluded that skeletal muscle mass is a better de-
terminant of mortality rates than BMI. As illustrated in our study,
a sharper decline was observed in FFMI curves (Figure 2B) than
BMI curves (Figure 2A).

When both compartments were taken into account (FFMI and
FMI), the 2 groups with sarcopenia (even with a normal or high
FMI) had the shortest survival time. Most research on risk of
outcomes associated with body composition has been focused
on markers of obesity (25). Low skeletal muscle mass is also an

FIGURE 2. Kaplan-Meier survival curves according to BMI (in kg/m2) or body-composition analysis. A: Survival curves according to BMI groups. B:
Survival curves according to a low FFMI or a normal or high FFMI. C: Survival curves according to FMI. D: Survival curves according to body-composition
classification. FFMI, fat-free mass index; FMI, fat mass index.
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Masa	Muscular	–Real	Predictor-

• Baja masa muscular se asocia a mayores costos en los 
servicios de salud

PLoS One. 2017; 12(10): e0186547

€4,979 (P = 0.002). After classifying patients in sex-specific quartiles based on skeletal muscle
mass, a decreasing trend in median total hospital costs per patient was observed per incremen-
tal quartile (1st quartile €18,320; 2nd quartile €16,172; 3rd quartile €15,501; 4th quartile
€14,655; P = 0.029, Fig 1).

Median hospital costs were also higher for patients with low skeletal muscle mass compared
to patients without low skeletal muscle mass within the subgroup of males (€17,823 [IQR
12,816–24,973] versus €15,444 [IQR 10,363–22,396], P = 0.006) and females (€16,755 [IQR
12,081–25,257] versus €14,606 [IQR 11,152–20,898], P = 0.121) (Fig 2A), patients <65 years
(€17,184 [IQR 12,619–25,073] versus €14,572 [IQR 10,151–21,250], P = 0.025) and�65 years
(€18,256 [IQR 12,808–25,131] versus €15,490 [IQR 11,060–21,098], P = 0.041) (Fig 2B) and
with overweight (€17,392 [IQR 12,808–23,851] versus €14,667 [IQR 10,277–21,263],
P = 0.018) and under- or normal weight (€17,410 [IQR 12,457–25,351] versus €15,444 [IQR
10,905–21,179], P = 0.048) (Fig 2C).

Table 3. Total hospital costs per cancer type.

Cancer type Total hospital costs, € (IQR) p-value

Colorectal 15,121 (11,718–19,945) <0.001

CRLM 12,431 (8,721–14,679)

HCC 22,396 (16,368–32,474)

Pancreatic/periampullary 22,057 (18,509–25,445)

ICC 30,130 (18,710–40,827)

PHC 36,542 (28,122–53,126)

Abbreviations: IQR, Interquartile Range; CRLM, Colorectal Liver Metastases, HCC, Hepatocellular

Carcinoma; ICC, Intrahepatic Cholangiocarcinoma; PHC, Perihilar Cholangiocarcinoma.

https://doi.org/10.1371/journal.pone.0186547.t003

Fig 1. Total hospital costs by skeletal muscle mass in sex-specific quartiles. The total hospital costs significantly decreased per skeletal muscle
index sex-specific quartile (P = 0.029).

https://doi.org/10.1371/journal.pone.0186547.g001

Low muscle mass is associated with increased hospital costs in cancer patients undergoing surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0186547 October 31, 2017 5 / 12

cost increase of €4,061 (95% confidence interval [CI] 809–7,312; P = 0.015). When skeletal
muscle index was used as a continuous parameter, an incremental increase in skeletal muscle
index (cm2/m2) was associated with €278 (95% CI 32–524, P = 0.027).

Discussion

In this study in a Western-European healthcare system among patients undergoing gastro-
intestinal cancer surgery we found that the costs were €2,183 higher in patients with low skele-
tal muscle mass. Furthermore, total costs increased gradually across four levels of the skeletal
muscle index for both men and women, which is in line with a previous study [7]. Finally, sig-
nificant differences in costs in patients with low skeletal muscle mass compared with patients
without low skeletal muscle mass were observed in patients undergoing major surgery, while
this difference was not significant in patients undergoing minor surgery.

Advanced age is associated with both an increased risk of cancer and an increased risk of
postoperative complications [25]. With increasing longevity and an increasingly aging popula-
tion, the number of older cancer patients is steadily growing. About 58% of all cancers and
69% of cancer deaths occur in patients aged 65 years and older [26]. The number of elderly
patients undergoing cancer surgery is also rapidly growing. For example, 50% of patients with
colorectal cancer are 70 years or older [27]. Therefore, low skeletal muscle mass, resulting

Fig 3. Total hospital costs stratified by the presence of low skeletal muscle mass per treatment outcome. * P<0.05.

https://doi.org/10.1371/journal.pone.0186547.g003

Low muscle mass is associated with increased hospital costs in cancer patients undergoing surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0186547 October 31, 2017 7 / 12



Por	qué	es	necesario	conservar	la	masa	muscular?



Por	qué	es	tan	importante	el	músculo	
esquelético?
• Lo	conocido
• Lo	poco	comentado

JAMDA 17 (2016) 789e796
Nutrients 2018, 10, 391 

Muscle Basics

Muscle Structure and Classification

Skeletal muscle comprises the fibrillar proteins myosin (a thick
filament) and actin (a thin filament) that interact to cause muscle
contraction, a process requiring energy in the form of adenosine
triphosphate (ATP). Different muscle types have been classified ac-
cording to histochemical features, structural protein composition, and
major metabolic properties.5,6 Most commonly, skeletal muscles are
referred to as either “slow” or “fast” to reflect speeds of contraction, or
the shortening of myosin heavy chain (MHC) protein.6 The velocity of
this shortening is dependent on the MHC isoform present; “fast” fiber
isoforms MHCIIa and IIb demonstrate a higher shortening velocity
than their “slow” fiber MHCI counterparts.6,7 Classic histochemical
staining methods also classify muscle as type I (slow) and type II (fast)
based on the myosin ATPase enzyme forms revealed. Recently, these
types have been further distinguished based on histology (types I, IC,
IIC, IIAC, IIA, IIAB, and IIB).6

Muscle Metabolism and Interorgan Crosstalk

Glucose regulation is central to energy balance both within muscle
fibers and throughout the body. In the cytoplasm of most cells, glucose
undergoes glycolysis to produce the substrate for ATP generation.
Muscle fibers are also characterized on the basis of the speed and
manner inwhich theymetabolize glucose. The terms “fast” and “slow”
can indicate the type of glucosemetabolism occurringwithin the fiber.
Slow muscles, which use aerobic metabolism, contain a high density
of capillaries and oxidative enzymes that allow a greater resistance to
fatigue.7 Fast muscles, which depend on anaerobic metabolism, or
glycolysis, can quickly generate ATP and therefore contract more
readily. Fast muscles also fatigue sooner than slow fibers, as the
conversion of glucose to pyruvate generates less ATP than can be
generated by using the rest of central metabolism, ultimately gener-
ating CO2.

Muscle has the ability to store glucose in the form of glycogen,
which facilitates the rapid initiation of energy production for
contraction even when glucose is not readily available from the diet.
This unique capacity, shared also by the liver and kidneys, makes
skeletal muscle an important metabolic organ that helps all organs
have access to essential energy substrates during fasting. Furthermore,
the amino acids stored in muscle as protein can be broken down as a
last resort during times of starvation or extreme energy shortfalls.4

Patterns of glucose utilization throughout the body as a whole
reflect feeding status (Figure 1; Table 1). Based on a classic study of the
fed state (measurement within 3 hours of eating), researchers esti-
mated that 25% to 35% of an ingested carbohydrate load was quickly
extracted from circulation and stored by the liver.3 Of the remaining
glucose, approximately 40%was disposed in themuscle and 10% in the
kidney.3 The brain used 15% to 20% of post-meal glucose.3

In the fasted state (after 14 to 16 h without eating), the liver pro-
vides approximately 80% of glucose that is released into circulation.
About half of this glucose comes from the breakdown of stored
glycogen, and the rest from the metabolism of sources other than
carbohydrate or glycogen, including certain amino acids, through a
process known as gluconeogenesis.8 Interactions between muscle and
liver are largely responsible for regulating carbohydrate metabolism
and for achieving energy balance in normal fed and fasted states; the
kidneys play a role similar to that of the liver, but to a lesser extent.3,8

In addition, muscle tissue stores amino acids as protein, and adipose
tissue serves as a depot of glycerol and fatty acids. As needed, amino
acids and fatty acids can bemetabolized to form acetyl coenzyme A for
the tricarboxylic acid (TCA) cycle.

As glycogen stores become depleted, increasingly more glucose is
produced by gluconeogenesis. Gluconeogenesis provides 70% of
glucose released into the body 24 hours after eating, and 90% by
48 hours.8 As fasting is prolonged, the kidneys contribute increasingly
higher amounts of glucose from gluconeogenesis.

Ultimately, amino acids stored in skeletal muscle are metabolized
when the need for gluconeogenesis substrate is greatest. Skeletal
muscle houses nearly 75% of all protein in the body and constitutes an
important contributor to gluconeogenesis in states of drastic deple-
tion. Maintenance of muscle protein content depends on the balance
between protein synthesis and degradation.5 Under normal condi-
tions, muscle protein mass gains during the fed state balance losses
during the fasted state.4 However, under severe metabolic stress
generated by serious illness or injury, muscle protein can become

Fig. 1. Glucose metabolism in fed, fasted and malnourished states. A, Glucose, lipids,
and amino acids from the diet circulate during the fed state for use or storage in body
organs. In the fasted state, glucose is released from the muscles, kidneys, and liver for
whole-body metabolism, along with lipids from adipose tissue and amino acids from
the muscle. B, When glucose stores have been depleted, amino acids are provided by
the muscles to support crucial bodily functions.

J.M. Argilés et al. / JAMDA 17 (2016) 789e796790
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Figure 3. The fate of amino acids (AAs) in muscle cell: physiologic (top) and hypercatabolic syndrome
(HS) and/or insulin resistance (IS) (bottom). The increase in catabolic stimuli enhances protein
breakdown and AA release in the blood stream. These AAs are used almost exclusively for energy
production and gluconeogenesis, but not for de novo protein synthesis. This favors the onset and
aggravation of muscle wasting.

Recently, protein intake above the current recommended dietary allowance (RDA; 0.8 g/kg/day)
has been proposed to preserve muscle health in later life [14–17]. It, therefore, appears appropriate to
promote protein intake of 1.0–1.2 g/kg/day, while 1.2–1.5 g/kg/day of protein may be required in
older adults with acute or chronic conditions [16–18]. Finally, older people with severe illnesses or
overt malnutrition may need as much as 2.0 g/kg/day of protein [17].

It is also important to consider that HS induces “insulin resistance” (IR), a condition which reduces
cytoplasmic and mitochondrial cell protein synthesis and impaired cell metabolism. This reinforces
the protein-amino acid disarrangement [10,19].

3. Clinical Impact of Protein Disarrangements

Alterations in protein balance have been associated with muscle wasting in patients aged 65+,
hospitalized for a variety of chronic disease conditions [20]. Furthermore, approximately 30% of
patients with chronic heart failure exhibit reduced serum albumin (<3.5 g/dL) [21]. Notably, these
conditions are related to increased morbidity, hospitalization, and mortality, independent of primary
diseases, and so increases health-related costs and worse prognosis [11,22].

The central role of muscle proteins for the maintenance of whole-body metabolism, especially
in response to stress (e.g., HS following chronic disease conditions) has recently gained support [23].
Indeed, the maintenance of muscle mass and protein metabolism has been suggested as being a
relevant parameter to include in future studies because of its clinical relevance [23].
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Prolonged survival with increased BMI may be
explained by a variety of factors such as these indi-
viduals receiving higher rates of optimal medical
attention/treatment. The availability of energy
reserves during acute catabolic illness is also
another plausible explanation leading to survival
bias, index event bias or reverse causation [3]. The
protective effect of anti-inflammatory cytokines or
adipokines, including soluble tumour necrosis fac-
tor-alpha receptors and lipopolysaccharides, is also
hypothesized to neutralize the inflammatory
milieu of catabolic diseases [3]. Higher BMI may
also be related to protective factors such as
younger age.

Nonetheless, several shortcomings should be
considered when interpreting studies reporting
the obesity paradox. These include:

(1) use of incorrect reference values (lower overall
BMI reference ranges) [4];

(2) collider stratification bias, a type of selection
bias wherein the conditioning on a variable
affected by exposure shares common causes
with the outcome producing a spurious protec-
tive prognostic effect of obesity [5];

(3) observational and cross-sectional study designs;
and

(4) inadequacy of BMI as an obesity classifier.

As discussed by Heymsfield and Cefalu [6], the
use of BMI as a health risk phenotype has several
limitations. BMI accounts for about two-thirds of
the between-individual variability in total adiposity.
In spite of the high correlation of BMI with adi-
posity, a two to three-fold variation in visceral adi-
posity is observed at any given BMI, illustrating how
BMI is not a specific index of abnormal fat accumu-
lation. Therefore, among equally overweight indi-
viduals, differences in overall quantity and
distribution of adipose tissue, muscularity, nutri-
tional status disease risk factors (disease severity
and comorbidities), age, race and sex may explain
the greater risk for shorter survival [4,6].

Of our particular interest, and the focus of this
review, is the use of BMI to diagnose obesity in view
of the variability in body composition phenotypes
of the contemporary population. As we will discuss
next, BMI does not accurately depict different com-
ponents of body composition and is therefore
unable to predict the prognostic effect of individual
tissues, Fig. 1.

BODY COMPOSITION PHENOYPES:
DEMYSTIFYING THE OBESITY PARADOX?
Higher BMI is generally found to be associated with
greater muscle mass and strength. This is because fat

KEY POINTS

! Obesity paradox is a topic of intense interest yet with
notably contradictory findings.

! Shortcomings associated with these contradictory
findings may be explained by the inadequacy of BMI
as an obesity classifier.

! Variability in body composition phenotypes (i.e.
adipose versus muscle tissues) of contemporary
population indicates different nutritional status even in
individuals with identical BMI.

! The use of body composition analysis indicates that
excess adipose tissue has no protective effect in the
presence of low muscle mass.

Obese with normal 
lean mass

Obese with low 
lean mass

Obese with high 
lean mass

FIGURE 1. Illustration scheme of potential differences in body composition in individuals with identical BMI (grey represents
fat mass and black represents lean mass).
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elderly seem to be still underestimated because of the
difficulty in the definition of SO. However, it is possible to
hypothesize that sarcopenia and obesity may potentiate
each other to determine clinical adverse consequences in
the elderly (Fig. 3). More studies are needed to confirm this
hypothesis.

Treatment

Several studies addressed the treatment of sarcopenia in the
elderly [57e59]. Hormonal replacement (testosterone,
dehydroepiandrosterone and growth hormone) has been
proposed to reverse age-related muscle mass and strength
loss, with inconsistent results [57]. Furthermore these

approaches, even though theoretically correct, require cau-
tion because of possible detriment to other tissues or be-
cause of possible pathological growth promotion [57,59].
Resistance training seems to be the most effective interven-
tion to reverse sarcopenia in the elderly [57]. Resistance
training has been shown to be effective and safe even in
very old (mean age 90 years) and frail subjects [58]. Inter-
estingly, it has recently been shown that even at old age
endurance physical exercise may counteract muscle loss
via attenuation of skeletal muscle apoptosis [60].

Concern has been raised for years about the treatment
of obesity in the elderly [61]. It is important to note that
quality of life and physical function improvement as well
as muscle mass maintenance should be taken into consider-
ation in the treatment of obesity in the elderly [54] and
even more in the treatment of subjects with SO.

Villareal et al. showed that 6 months of weekly behav-
ioural therapy for weight loss (aimed to be no more than
1.5% per week and to induce a weight loss goal of 10%) com-
bined with exercise training three times per week (with
each session lasting 90 min) ameliorates function and frailty
in obese older subjects [62]. Recently, we [63] observed
that a moderate weight loss (nearly 5%) in a group of elderly
women determines a significant improvement in insulin re-
sistance, fat distribution and more importantly of muscle
lipid infiltration, with just a 2.8% decrease in appendicular
lean tissue and no significant decrease of thigh muscle mass
as assessed by computed tomography (Table 2). No clinical
studies specifically addressed the topic of treatment of SO.

All together, ours [63] and the findings of Villareal et al.
[62] seem to suggest that moderate weight loss in the obese
elderly may improve function and preserve muscle mass at
least at the level of thigh. Further studies will be necessary

AGEING

↑ Fatigability

Muscle weakness
↓ Endurance capacity

Muscle wasting

Physical activity

↓ Energy expenditure

Total/abdominal fat

↑ Insulin resistance

↑ Leptin
↑ TNF-alpha
↑ IL-6

↓ Adiponectin

Leptin resistance

?

↑ Fatty infiltration

Macrophage
recruitment

↑ MCP-1

Inflammation

WEIGHT GAIN

Inflammation↑

Lipid oxidation↓

Figure 2 Inter-relationships between adipose tissue and muscle. A mechanism leading to sarcopenic obesity.
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CVD

Insulin
resistance

Figure 3 Possible consequences of sarcopenic obesity in the
elderly.

392 M. Zamboni et al.



availability. Myocyte enhancer factor 2 (MEF2) is a downstream
mediator of many of these signals and plays a critical role inmus-
cle metabolism by stimulating the transcriptional activity of two
key metabolic regulators: peroxisome proliferator-activated re-
ceptor alpha (PPARa) and peroxisome proliferator-activated re-
ceptor gamma coactivator 1 alpha (PGC1a) (Czubryt et al.,
2003). These factors, in turn, coordinate with others such as
GLUT4 enhancer factor (GEF), cAMP response element-binding
protein (CREB), and nuclear respiratory factor (NRF) to mediate
transcription of genes involved in fatty acid and glucose meta-
bolism (reviewed in Egan and Zierath, 2013).

During exercise, many signaling pathways are activated that
ultimately lead to transcriptional changes in muscle. For
example, increased intracellular calcium activates calcium/
calmodulin-dependent protein kinase II (CaMKII), mechanical

stretch activates mitogen-activated protein (MAP) and c-Jun
N-terminal (JNK) kinases, and changes in NAD/NADH and
AMP/ATP ratios activate sirtuins and AMP-activated protein ki-
nase (AMPK), respectively (Egan and Zierath, 2013). As a result,
PPARa and PGC1a transcriptional activity is increased, mito-
chondrial biogenesis is induced, and fatty acid oxidation is
enhanced. Conversely, in metabolic syndrome, adiposity is
increased as energy supply outpaces demand. Circulating
glucose, triglycerides, and free fatty acids are increased, as
well as inflammatory mediators, insulin, leptin, and other adipo-
kines. Excess free fatty acids and inflammatory cytokines
released from adipose tissue macrophages disrupt insulin
signaling and lead to a decrease in heart and skeletal muscle
glucose utilization (Malik et al., 2004). Transcriptional regulation
of metabolic genes is essential for adaptation of striated muscle
to physiological challenges, and is predominantly regulated
by NRs.

Metabolic Control by NRs in Muscle
NRs are transcription factors that are activated by multiple li-
gands including lipids, steroids, retinoids, and hormones (Burris
et al., 2013). Many NRs are expressed in skeletal muscle and
heart and transcriptionally regulate various aspects of meta-
bolism including mitochondrial biogenesis, substrate utilization,
and fiber type switching (Fan et al., 2013; Huss and Kelly,
2004). NRs well studied in this regard are peroxisome prolifera-
tor-activated receptors (PPARs), estrogen-related receptors
(ERRs), thyroid hormone receptors (TRs), and Nur77 (Figure 1B).
PPARs are critical regulators of metabolic genes in striated

muscle (Madrazo and Kelly, 2008). PPARa is expressed in tis-
sues with a high capacity for fatty acid catabolism, such as heart
and skeletal muscle. When bound to long chain fatty acids or
eicosanoids, PPARa activates transcription of genes required
for fatty acid uptake and oxidation. The role of PPARa in muscle
and heart has been revealed using genetic mouse models.
Ppara-deficient mice developmyocardial lipotoxicity, and inhibi-
tion of fatty acid metabolism in these mice results in lethal hypo-
glycemia (Djouadi et al., 1998) (Table 1). PPARa activation also
robustly induces fatty acid utilization in human muscle cells
(Muoio et al., 2002). In transgenic mousemodels of skeletal mus-
cle (Finck et al., 2005) and cardiac-specific overexpression of
PPARa (Finck et al., 2002), skeletal muscle and the heart become
insulin resistant. In diabetic patients, insulin resistance enhances
PPARa activation in the heart resulting in altered cardiac meta-
bolism (Young et al., 2002), and PPARa activity is decreased in
the failing human heart (Lopaschuk et al., 2010).
PPARb/d, like PPARa, is activated by fatty acids derived from

triglycerides (Neels and Grimaldi, 2014). PPARb/d facilitates the
formation of oxidative muscle fibers through PGC1a activation
(Schuler et al., 2006), and its overexpression in skeletal muscle
causes a lean phenotype, mimicking exercise training (Wang
et al., 2004). While deletion of Pparb/d in cardiac muscle causes
lipotoxicity and progressive heart failure (Cheng et al., 2004), its
overexpression in the heart increases cardiac glucose meta-
bolism and protects the heart from ischemia-reperfusion injury
(Burkart et al., 2007) (Figure 1B). PPARb/d may be a beneficial
therapeutic target to combat metabolic syndrome given the
role of the PPARb/d-selective agonist GW501516 as a potential
exercise mimetic, although side effects of PPARb/d activation

Figure 1. The Role of Muscle Fiber Types in the Regulation
of Systemic Metabolism
(A) Slow-twitch myofibers have a high oxidative capacity and prefer fatty acids
as substrate for ATP production. Fast-twitch fibers have a lower oxidative
capacity and prefer glucose. Muscle fiber type can be altered by external and
internal factors. Exercise increases the number of slow-twitch fibers, thus
enhancing fatty acid utilization, while obesity increases fast-twitch fibers and
causes slow-twitch fibers to become insulin resistant. Muscle fiber type is
transcriptionally regulated, ultimately impacting systemic metabolism.
(B) Nuclear receptors, such as PPARs, ERRs, TRs, and Nur77 activate
transcription of genes involved in myofiber switching. PGC1a is a coregulator
and acts with PPAR, ERR, and TR to drive the switch from fast to slow fibers.
RIP140 and NCoR1 are corepresors for PPARs, ERRs, and TRs. TZDs, insulin
sensitizing drugs, reactivate PPAR in the setting of diabetes and obesity, which
can also lead to myofiber switching. PPAR, peroxisome proliferator-activated
receptor; ERR, estrogen-related receptor; TR, thyroid hormone receptor;
Nur77, orphan nuclear receptor NR4A1; PGC1a, peroxisome proliferator-
activated receptor gamma coactivator 1 alpha; RIP140, corepressor receptor-
interacting protein 140; NCoR, nuclear receptor corepressor; TZD, thiazolidi-
nediones.
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almost all by 50 years of age.15 Any earlier loss in muscle mass
is attributable to a loss in the CSA of individual fibres due to a
sedentary lifestyle, because no difference in the number of fibres is
observed between 20 and 50 years of age (Fig. 2a). Between 50 and
80 years of age, the number of fibres in the large thigh muscle, the
vastus lateralis, of men decreased by 50%, from 600 000 fibres to
323 000 fibres (Fig. 2a). Although a comparable study has not been
undertaken for women, the age-related changes in muscle mass
suggest similar, if not identical, changes occurring.16,18 The loss of
fast type 2 fibres appears to be immutable,11,15 but the impact of
the fibre loss on muscle mass depends to a substantial degree on the
regularity and intensity of the physical activity in which elderly people
are engaged. Physical activity impacts directly on the CSA of the fibres
that remain, such that rather than atrophying, fibres may maintain
CSA,32,33 or even hypertrophy.10,11,34 The tendency is for the mean CSA
of the fast type 2 muscle fibres to decrease with ageing whereas slow
type 1 fibres tend to maintain their CSA, even in elderly subjects.11,15

The large thigh muscles of humans consist of hundreds of
thousands of fibres.15 Despite the substantial sampling problems
associated with obtaining small needle-biopsy samples from these
large muscles, the impact on the measurements of CSA, absolute
and specific forces and absolute and normalized powers of single
permeabilized fibres from the biopsies, these data have proved
insightful.32,33,35 Studies of young and elderly persons, both men and
women, after carefully designed programmes of weight lifting and
equally state-of-the-art measures of structure and function of
permeabilized single fibres demonstrate hypertrophy of both slow
type 1 and fast type 2 fibres32,35 and, on other occasions, no change
in fibre CSA.33 The discrepancies among these data are likely attributable
to differences in the initial fitness level of the individual subjects,
the intensity and supervision of the training programme and the
aforementioned problem of sampling only a few hundred fibres at
each biopsy site in the large thigh muscles.32–35

MECHANISMS RESPONSIBLE FOR LOSS OF 
MUSCLE FIBRES

A decrease in muscle mass and in the number of muscle fibres has
been observed in every species in which age-related changes have

been studied, including humans,11,15 rats36–39 and mice.40 Although
many of the mechanisms underlying the age-related changes in
skeletal muscles remain of unknown origin, progress has been made
elucidating the contribution of muscle fibre denervation to the loss
of muscle fibres,41 the loss of motor units42–44 and the remodelling
of motor units.45 The major underlying cause of the muscle fibre loss
appears to be the loss of motor units (Fig. 2b). The phenomenon of
a loss of motor units has been reported in muscles of both rats43,45–47

and humans.42,48,49 Although in humans numbers of motor units were
measured in small toe42 or thenar48,49 muscles by indirect techniques,
the number of fibres in a large thigh muscle of rats was counted
directly.15

Although observations of age-related changes to skeletal muscles
of humans are the most relevant,15,42,48–50 investigations of the
underlying mechanisms of age-related changes in skeletal muscles
of small, short-lived mammalian species, such as mice20,40 and rats,45

provide many advantages. The advantages of rodent models are
clearly evident for those variables for which only less precise,
indirect measures are possible in humans. Such variables include
whole muscle mass,40 fibre number,36,39 absolute and specific force of
whole muscles,40 absolute power and normalized power of whole
muscles,20 as well as motor unit number, innervation ratio and
remodelling.43,45–47 Taking into account the short 2–3 year lifespan
of rats, the timing of the onset, as well as the rate and magnitude,
of the loss of motor units in rats,43,47 the relative time-course and
magnitude of the losses in humans and rats are in exceptionally good
agreement for each of the two variables (Fig. 2). Furthermore, counts
of the number of motor axons innervating skeletal muscles are
decreased in both old rats41,46,51 and elderly humans.52 The decreases
in the number of motor neurons and in the number of motor units
in old compared with adult rats are of similar magnitudes.46 Despite
this agreement, no cause–effect relationship between the loss in the
number of axons in motor nerves and the loss in the number of motor
units or muscle fibres has been established in either rats or humans.53

In addition to the loss of motor units as a major contributor to
muscle atrophy, denervation atrophy of single fibres independent of
the motor unit loss is also a possibility.54,55 In rats, the loss of motor
units is exclusively from the pool of fast, powerful motor units.45

The loss of the fast motor units leaves some fast fibres within

Fig. 2 (a) Relationship between the total number of fibres in the vastus lateralis muscles and the age of men between 18 and 82 years of age. The average
number of fibres in the vastus lateralis muscle does not change between 18 and 50 years of age but, by age 80, the mean number of fibres decreases to 50% of the
number for younger men. (Modified from Lexell et al.15 and published with the permission of Elsevier BV.) (b) Relationship between the number of motor units
in the extensor digitorum brevis muscles and the age of men between 5 and 88 years of age. The number of motor units remained constant from 5 to 50 years of
age, but then decreased linearly with a zero intercept at 95 years of age. (Adapted from Campbell et al.42 and published with the permission of BMJ Journals.)
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Definición	OS

• Asociación	de	músculo	(sarcopenia)	y	obesidad:	Primera	vez	que	se	
utilizó	el	concepto:	Roubenoff (2000)1

• Grasa	Visceral	

• Catabolismo	Muscular

• Se	asocia	a	mayor	comorbilidad	que	cada	entidad	por	separado

1. Roubenoff R. Ann N Y Acad Sci 2000;904: 553-557 
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close relationship between muscle cross-sectional area and 
mass in younger people is not maintained in sarcopenia 
(Klein et al. 2002). Moreover, this notion asserts that the 
loss of skeletal muscle quality is a significant contributor to 
age-related frailty (Goodpaster et al. 2006). Therefore, the 
term ‘dynapenia’ has been proposed as a more clinically 
relevant alternative to sarcopenia, to reflect the fact that 
loss of muscle function and mass is not reciprocally related 
and that the former is more relevant to an increased risk 
of adverse events, such as falls (reviewed in Manini & 
Clark 2012). Indeed, using a tertile-based classification 
of both muscle strength and adiposity in a small study 
population, it was shown that the presence of ‘dynapenic 
obesity’, but not SO, was predictive of increased risk of 
falls (Scott et  al. 2014). However, as sarcopenia and SO 
are the terms that are best established in clinical use  
(Cruz-Jentoft et al. 2010), we have used these terms in this 
review. A general summary of the factors involved in SO 
is presented as Fig. 1.

Although numerous animal models have been 
established to study muscle atrophy associated with 
disuse (Bodine et  al. 2001a), denervation (Muller et  al. 
2007), sepsis (Breuille et  al. 1998), cancer cachexia 
(Temparis et al. 1994) and glucocorticoid administration 
(Gardiner et al. 1980), it seems that sarcopenia associated 
with ageing is mechanistically distinct from acute 
atrophy induced by such disease processes (Edstrom et al. 
2006). Furthermore, the study of bona fide sarcopenia in 
animal models is hampered by the length of time animals 
must be housed in order to reach an age at which it is 
detectable (20–24 months for rodents) (Muller et al. 2007, 
Bollheimer et al. 2012, Bernet et al. 2014, Tardif et al. 2014, 
Fry et  al. 2015). In addition, studies of animal models 
of SO demonstrating pathophysiological or molecular 
mechanisms pertinent to the development of the 
syndrome in humans have rarely been reported. However, 
some researchers have studied aged rats with diet-induced  
obesity (Bollheimer et al. 2012, Tardif et al. 2014), whereas 
obese Zucker rats are characterised by marked obesity, IR 
and generalised muscle atrophy (Nilsson et al. 2013), and 
thus may be useful for the study of SO at a younger age.

IR with respect to skeletal muscle glucose, 
lipid and protein metabolism

Peripheral glucose utilisation is reduced as part of the 
IR that develops with age (Gumbiner et al. 1992) and is 
substantially impaired in T2D (Cusi et al. 2000); however, 
protein turnover is also dysregulated. Skeletal muscle 
accounts for 40–50% of lean body mass in an adult human 
and therefore for the majority of whole-body insulin-
stimulated glucose disposal (Baron et al. 1988, DeFronzo & 
Tripathy 2009). Thus, muscle mass is an important 
determinant of glucose and energy homeostasis (Wolfe 
2006) and is determined by the balance between protein 
synthesis and breakdown in the tissue. An abundant 
supply of essential amino acids both inhibits proteolysis 
and stimulates protein synthesis (Castellino et al. 1987, 
Giordano et al. 1996, Cuthbertson et al. 2005), whereas at 
least in younger people, insulin has a predominant effect 
to inhibit protein catabolism in muscle (Fukagawa et al. 
1985, Gelfand & Barrett 1987, Abdulla et al. 2016).

Insulin-mediated accretion of muscle mass has been 
ascribed to activation of p38 MAPK and mammalian target 
of rapamycin (mTOR)/p70S6 kinase, and thus stimulation 
of mRNA translation (Kimball et  al. 1998, Guillet et  al. 
2004a, Fujita et al. 2007). In humans, it is most likely that 
these effects are mediated through enhanced amino acid 
availability or delivery through increased perfusion (Fujita 
et al. 2006, Timmerman et al. 2010), all of which have been 
reported to be impaired in aged muscle (Bell et al. 2005, 
Cuthbertson et  al. 2005, Rasmussen et  al. 2006, Groen 
et  al. 2014). Thus, the concept of age-related ‘anabolic 
resistance’ has been proposed to describe the reduced 
muscle protein synthesis that occurs in response to 
nutrients (Cuthbertson et al. 2005) or insulin (Rasmussen 
et  al. 2006, Fujita et  al. 2009) and the reduced insulin-
mediated suppression of proteolysis (Guillet et al. 2004b, 
Wilkes et al. 2009) that is associated with sarcopenia. 

Interestingly, resistance to the anabolic action of 
insulin has been demonstrated in older individuals  
of normal muscle mass and may therefore precede the physical 
manifestations of sarcopenia (Rasmussen et al. 2006). Indeed, 

Figure 1  
Clinical characterisation of sarcopenic obesity (SO). 
Sarcopenia, obesity and insulin resistance (IR) 
increase in prevalence with advancing age. When 
individuals display several of the clinical signs 
listed, they may be defined as showing SO. Dotted 
arrows indicate likely causative relationships and 
suggest that IR may be central to the syndrome.
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Table 4: Prevalence of sarcopenic obesity in the study cohort (! = 120) using various sex-specific definitions determined by anthropometric and dual-energy X-ray absorptiometry
measurements amongst studies investigating sarcopenic obesity.

Variablesa Reference Females (! = 103) Males (! = 17)
Cut point Prevalence (%) Cut point Prevalence (%)

LSTI (kg/m2) Zoico et al., 2004 [27] <5.70 0 NA NA
LST by weight × 100 (%) Kim et al., 2009 [28] <30.70 0 <35.71 0

Zoico et al., 2004 [27] (I) 23.1–26.7
(II) <23.1 0

0
NA
NA

NA
NA

ASM (kg) Batsis et al., 2015 [8] <15.02 0 <19.75 0

ASMI (kg/m2)b Zoico et al., 2004 [27] (I) 4.7–5.6
(II) <4.7 0

0
NA
NA

NA
NA

Kim et al., 2009 [28] <5.14 0 <7.40 0
Baumgartner et al., 1998 [7],
2004 [37] <5.45 0 <7.26 0
Newman et al., 2003 [29] <5.67 0 <7.23 0
Bouchard et al., 2009 [30] <6.29 0 <8.51 0
Kim et al., 2009 [28] <7.36 4.9 <8.81 5.9

ASM by weight × 100 (%) Levine & Crimmins, 2012
[31] <19.43 23.3 <25.72 58.8
Oh et al., 2015c [32] <23.4 84.5 <29.6 100

ASM by BMI (kg/m2) Batsis et al., 2015 [8] <0.512 18.4 <0.789 47.1
ASM adjusted for height and fat mass (residuals)b Newman et al., 2003 [29] < −1.73 0 < −2.29 23.5
ASMI and FMI (phenotype) Prado et al., 2014 [18] HA-LMd 12.6 HA-LMd 17.6
FM : FFM ratio Siervo et al., 2015 [33] ≥85th percentile 28.2 ≥85th percentile 76.5
aTerminology for variables is selected for consistency and may differ from terms used by original authors. bWhere applicable, equivalent cut points derived from the study-specific cohort are listed in the text. cCut
points determined from reported sex-specific mean and standard deviation in Oh et al., 2015[32]. dHA-LM: high adiposity (FMI 50–100) and low muscle mass (ASMI 0–49.99) with individual z-scores based upon
age, sex, and BMI. LSTI: lean soft tissue index; NA: not applicable; LST: lean soft tissue; ASM: appendicular skeletal muscle mass; BMI: body mass index; ASMI: appendicular skeletal mass index; FMI: fat mass
index; FM: fat mass; FFM: fat-free mass.
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reported. This likely underestimates the prevalence of comor-
bidities. For example, for each known case of diabetes, there
exists one unknown case.38 The sample of obese subjects
with sarcopenia was modest in the current study, and there-
fore our analysis that examined sarcopenia and obesity was
limited to all-cause mortality as an outcome and considered
exploratory.

We found that the prevalence of sarcopenia among
community-dwelling older adults was 36.5%, a higher preva-
lence than previously estimated by a review conducted by
the International Sarcopenia Initiative (estimated range be-
tween 1 and 29%).39 The heterogeneity in published esti-
mates of sarcopenia prevalence may be influenced by
multiple factors such as the age and sex distribution of the
population, and the methods and cut-points used to measure
muscle mass and muscle function to define sarcopenia.39 In
our sample age and sex were both associated with
sarcopenia, such that older (vs. younger) adults and males
(vs. females) were more likely to have sarcopenia. Our results
are consistent with prior work defining age and sex as

correlates of sarcopenia.20,39 We used validated methods to
assess muscle mass and muscle function, and recommended
cut-points to identify sarcopenia.2

This study identified sarcopenia as a risk factor for all-
cause mortality. We adjusted for potential confounders that
included demographic, behavioural, and clinical characteris-
tics, and sarcopenia remained a significant predictor of all-
cause mortality. This finding is consistent with prior reports
documenting the deleterious effect of sarcopenia on all-
cause mortality.14–16 Sarcopenia was also a significant risk
factor for cardiovascular-specific mortality for females, but
not males. These data substantiate earlier findings that
sarcopenic females are more likely to have greater arterial
stiffness than non-sarcopenic females, an observation that
was not observed among males.40 Sarcopenia was not asso-
ciated with cancer-specific mortality, but was associated
with other-causes of mortality (i.e. non-cardiovascular and
non-cancer). Collectively, these data indicate that sarcopenia
portends a poor prognosis among community-dwelling older
adults.

The prevalence of obesity among older adults has in-
creased dramatically in the past three-decades.34 Although
sarcopenia and obesity have been hypothesized to potentiate
each other causing deleterious effects on disability and mor-
tality,41 our exploratory subgroup analysis of obesity did not
identify any interactions of obesity on the association of
sarcopenia with mortality. We defined obesity both by BMI
and waist circumference, with similar findings. These data
align with prior reports in males7 and females10 that obesity
does not appear to modify the relationship between
sarcopenia and all-cause mortality. Nonetheless, given the
high prevalence of sarcopenia and obesity among older
adults, this area of research warrants additional investigation.

Sarcopenia is characterized by the age-associated loss of
skeletal muscle mass and loss of muscle function (defined
by measures of muscle strength or performance).2,3 Studies
have demonstrated that muscle strength predicts mobility
disability,4 and mortality,5 among older adults, independent
of muscle mass. Exercise, such as slowly-progressive weight
lifting, may increase muscle strength and improve physical
function among older adults.42 Aerobic exercise such as brisk
walking is efficacious to preserve physical function among
older adults.43 However, few studies have examined the effi-
cacy of exercise specifically among persons with sarcopenia.39

The potential efficacy of exercise in this population warrants
further investigation.

In summary, sarcopenia is highly prevalent among
community-dwelling older adults in the United States and
is a strong prognostic factor for premature mortality among
older adults. Exercise is positioned as a potentially effica-
cious intervention for older adults with sarcopenia. However,
randomized clinical trials are necessary to demonstrate effi-
cacy and to clarify the safety profile of exercise in this
population.

Figure 3 Survival of study participants, stratified by sarcopenia status
and obesity, with obesity defined using: A) body mass index; and B) waist
circumference.
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Fenotipo	Metabólico	en	Obesidad	y	
Sarcopenia

• Obesos	vs	no	obesos	con	y	sin	
sarcopenia

• Obeso	metabólicamente	“sano“
• 10-40%
• Menos	grasa	visceral

• Obeso	metabólicamente	“no	
sano“

• Sarcopenia	se	asoció	más	al	OB	
metabólicamente	no	sano
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be defined in conjunction with weight loss(23). The under-
standing of abnormal BC in cancer has also impacted the
definition of cancer cachexia. The international consen-
sus group definition now recognises cancer cachexia as a:

‘Multifactorial syndrome defined by an ongoing loss of skel-
etal muscle mass (with or without fat mass) that cannot be
fully reversed by conventional nutritional support and leads
to progressive functional impairment‘(emphasis added)(23).

Therefore, sarcopenia, sarcopenic obesity and cancer
cachexia can manifest at any given BMI and body
weight, which may be undetected by use of these an-
thropometric tools alone, hence the importance of

additional assessment using BC techniques. The most
commonly used cutpoints to define sarcopenia have
been developed in obese patients with lung or gastro-
intestinal cancer using optimal stratification analysis.
The gender-specific values below which patients are
categorised as sarcopenic are 52·4 cm2/m2 for men and
38·5 cm2/m2 for women(10). These cutpoints have been
used in many different cohorts of patients and clinical
populations, consistently demonstrating an association
with patient prognostication(2,4,24). In the optimal stratifi-
cation analysis approach, patients are stratified from
least to most muscular and a gender-specific threshold
for increased risk of a clinical outcome (in this case

Fig. 2. (Colour online) Trapezium model of body composition in cancer illustrating the variability in
body composition in patients with identical BMI. Male patients with lung or colorectal cancer.
Muscle cross-sectional area (cm2): (a) = 28·6, (b) = 51·5, (c) = 40·3, (d) = 52·8, (e) = 35·3, (f) = 51·3, (g) =
33·7, (h) = 70·7, (i) = 50·1 and for total adipose tissue cross-sectional area (cm2/m2): (a) = 2·7, (b) = 5·0,
(c) = 3·5, (d) = 27·9, (e) = 27·9, (f) = 146·8, (g) = 161·2, (h) = 175·3, (i) = 218·3. Cancer patients of the
same height, weight and hence BMI category can present with very distinct amount of skeletal
muscle mass. Non-sarcopenic patients are depicted on the left side, while sarcopenic patients are
shown on the right side. This figure also illustrates how overweight and obese cancer patients can
present with severe muscle depletion, highlighting how sarcopenic obesity is a potential hidden
condition to health care professionals.

C. M. Prado et al.190
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Cómo	reconocerla?

applied to the Italian population cause misclassi-
fications,  and  a  considerable  number  of  subjects,  both  
males and females, will not be classified as obese 
based on their BMI alone[19].

The disagreement became impressive in the 
classification of obese women: in the class of age 
30-40 the proportion of obese women according to 
BMI is 30% reaching about 82% if the classification 
is based on PBF. Notably, among women that were 
classified  as  normal  according  to  their  observed  PBF,  
the median BMI was 20.1, ranging from 15.6 to 26.7.

For the Italian population, the percentage of obese 
women  according  to  PBF  classification  increases  as  age  
increases, ranging from 63.17% in women younger 
than 20 years to 87.39% in women older than 60[20].

Moreover, values corresponding to normal weight, 
overweight, and various subgroups of obesity are 
confounded by body frame and muscularity, fluid 
retention, sarcopenia in aging or disease, spinal 
deformities, physical disabilities, and transcultural 
differences. A person with the same BMI, may have a 
large proportion of total body fat mass and be obese, 
or may have a considerable muscle mass and be a 
weight-lifter. Moreover, PBF at a given BMI will tend to 
vary across gender, age, and race-ethnicity[21-23]. 

Moreover, it is recommended to measure waist 
circumference (WC) in adults with BMIs below 35 
kg/m2, to further assess disease risk[24].

Anyway, obese individuals differ not only in the 
amount of excess fat mass, but also in the regional 
distribution of the fat within the body. The fat distri-
bution affects the risk associated with obesity. It is 
useful therefore, to be able to distinguish between 
those at increased risk as a result of abnormal fat 
distribution or android obesity from those with the less 
serious gynoid fat distribution, in which fat is more 

evenly and peripherally distributed around the body[2].
On the hand even if there are some obese people 

are prone to develop alterations in fat distribution 
and metabolic disease, others are protected from the 
adverse metabolic effects of weight gain and increased 
adiposity[25].

Some studies suggested that the main issue to 
explain the metabolic abnormalities in normal weight 
individuals was fat distribution. 

Certain attributes of visceral fat, the adipose 
tissue surrounding abdominal organs, make its accu-
mulation more worrisome than the accumulation of 
subcutaneous fat, which resides below the skin[26-28].

Other markers for excess body fat evaluation have 
to be used in clinical practice and investigation (e.g., 
WC, skin fold thickness, waist-to-hip ratio, waist-to-
height ratio). 

WC or waist-to-hip ratio has been used as a proxy 
measure for body fat distribution when investigating 
the health risk increased with an increasing ratio. 
Some studies have suggested that WC, either singly 
or in combination with BMI, may have a stronger 
relation to some health outcomes than BMI alone[29]. 
Moreover, progressively higher values of BMI and WC 
are associated with a progressive elevation in metabolic 
markers of cardiovascular disease (CVD) risk such as 
total serum cholesterol, triglycerides, blood glucose 
and a progressive reduction of HDL-cholesterol, with 
a clear-cut increase in the incidence of all-cause and 
cardiovascular deaths as well as of cardiovascular 
morbid and fatal events[30]. In post-menopausal women, 
it was reported that both BMI and WC were associated 
with mortality, but WC may be more important than 
BMI[31], as it reflects abdominal fat levels. In the 
Nurses’ Health Study, waist-to-hip ratio and WC were 
also independently strongly associated with increased 
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Surrogate measures of relative fatness 
and muscle mass.

Used to predict and evaluate disease 
risk in epidemiological studies
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Figure 1  Techniques in body composition.
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World J Gastroenterol 2016 January 14; 22(2): 681-703 

Composición	Corporal
• Masa	Muscular	

(Sarcopenia)

Índice	de	Músculo	
Esquelético	Apendicular	

(DEXA)

Índice	muesculoesquelético
(BIA)

Grasa	Corporal	
(Obesidad)

IMC

Porcentaje	de	Grasa

Baja	Fuerza	Muscular	(dinamometría)

y/o
Bajo	Desempeño Físico



Tratamiento



Tratamiento

• Intervenciones	más	efectivas

• Ejercicio	físico
• Adecuada	ingesta	proteica

• Reducción	de	la	incidencia	en	el	20%	de	sarcopenia.	1

1 Di Renzo L y cols. Dis Markers 2014; 2014: 743634 
Deutz y cols. Clin Nutr. 2014;33(6):929–36. 

Bauer y cols. J Am Med Dir Assoc. 2013;14(8):542–59.
Clinical Interventions in	Aging 2015:10	



• Aumenta IGF-1. 2,4

• ê la expresión de TLR43

• Reduce	la	expresión	de	miostatina
• Restaura	la	sensibilidad	anabólica	a	la	insulina
• Favorece	la	función	mitocondrial
• Activa	las	cc	satelitales
• Favorece	las	adaptaciones	neuromusculares,	
hipertrofia	de	miofibrillas,	ganancia	de	poder	y	
fuerza.

Tratamiento
Actividad física:

.	
2Waters	D,	y	cols,.	(2010).	Clinical	Interventions	in	Aging.	5:	263-270.
3Beyera,	I.	Y	cols.	(2012)	Curr Opin Clin Nutr Metab Care.	15:12	– 22

4Bouchonvillea	M	y	Villarealb G.	Curr Opin Endocrinol Diabetes	Obes.	2013	October ;	20(5):	412–419.
Cell Metabolism 23,	June	14,	2016	

increased during acute exercise, accumulates in the nucleus,
and shows enhanced DNA binding, coincident with a decrease
in pVHL expression (Ameln et al., 2005). HIF-related processes
are relevant to exercise-induced skeletal muscle metabolism
and adaptation (Mason et al., 2004; Formenti et al., 2010) and
likely regulate the beneficial effects of simulated altitude training
practiced by athletes (Vogt et al., 2001).
Cellular Energy Status, ATP Turnover, and AMP-
Activated Protein Kinase Signaling
AMP-activated protein kinase (AMPK) is a serine/threonine
kinase that modulates cellular metabolism acutely through
phosphorylation of metabolic enzymes (Carling and Hardie,
1989) and, over time, via transcriptional regulation (Bergeron
et al., 2001; Jäger et al., 2007). AMPK activation is regulated
allosterically by a cellular energy deficit, which is reflected by
increases in the AMP/ATP and Cr/PCr ratios (Kahn et al.,
2005). In addition to intense exercise (Green et al., 1992; Howlett

et al., 1998), cellular stresses that deplete ATP (such as meta-
bolic poisons) or increase the cellular AMP/ATP ratio (such as
glucose deprivation or oxidative stress) also activate AMPK
(Kahn et al., 2005). Given the rate of ATP turnover during muscle
contraction, AMPK acts as a signal transducer for metabolic
adaptations by responding to an altered cellular energy status.
Acute exercise increases AMPK phosphorylation and enzymatic
activity in an intensity-dependent manner (Wojtaszewski et al.,
2000; Egan et al., 2010), reflecting intensity-dependent effects
of exercise on ATP turnover and adenine nucleotide concen-
trations (Howlett et al., 1998).
Overall, AMPK activation acts to conserve ATP by inhibiting

biosynthetic pathways and anabolic pathways, while simulta-
neously stimulating catabolic pathways to restore cellular energy
stores (Kahn et al., 2005). In skeletal muscle, acute AMPK acti-
vation suppresses glycogen synthesis (Carling and Hardie,
1989) and protein synthesis (Bolster et al., 2002), but promotes

Figure 4. Schematic of Excitation-Transcription Coupling in Skeletal Muscle
The onset of myofibrillar activity via shortening (concentric) and lengthening (eccentric) contractions during exercise results in a milieu of biochemical and
biophysical stimuli localized within the contracting muscle. These perturbations in skeletal muscle homeostasis lead the activation of networks of signaling
molecules including protein kinases, phosphatases, and deacetylases, which are integrated into physiological processes by downstream targets, including
transcription factors and transcriptional coregulators. These events occur in a temporal manner, such that kinase activation and pretranscriptional regulation
occur rapidly during exercise and recovery, whereas transcript alterations are subsequently observed. The relative activation, contribution, andmagnitude of the
described pathways and downstream targets are dependent on the intensity, duration, and mode of the exercise stimulus, and on imposed environmental
variables. Here, linear pathways are depicted, but in fact, these pathways demonstrate some degree of dependence, crosstalk, interference, and redundancy in
their regulation, making the exact contribution of each signaling pathway to measured changes in gene expression difficult to isolate. A multiple signal trans-
duction-to-transcription-coupled control system with inherent redundancy allows for fine-tuning of the adaptive responses to exercise training.

Cell Metabolism 17, February 5, 2013 ª2013 Elsevier Inc. 169
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Tratamiento

• Lograr	al	mismo	tiempo:	Ganancia	Muscular	mientras	se	pierde	masa	Grasa	
(Seguimiento	con	composición	corporal	y	pruebas	funcionales)

• Restricciones 200–750 kcal/d (pérdida de 0.5–1 kg/semana o 8%–10% del peso
inicial) con la correcta ingesta proteica.

Clinical	Interventions	in	Aging	2015:10	1267–1282
Adv	Nutr	2017;8:511–9;	doi:10.3945/an.116.014506.	



Proteínas	

Weight loss

Weight decreased significantly in both groups over time
(p < 0.001) with no significant difference between
groups (Supplementary figure S1). Total weight lost was
9.7 ! 2.9 kg in the HPD group and 6.6 ! 1.4 kg in the SPD
group (p Z 0.32 between groups). The average percentage
body weight lost was 8.7% (range þ5.5% to #34.7%) in the
HPD and 6.3% (range þ4.0% to #17.3%) in the SPD. 24
participants lost more than 5% body weight (10 HPD and
14 SPD) and 15 volunteers lost more than 10% body weight
(8 HPD and 7 SPD). Weight change between 6 and 12
months was insignificant (þ0.5 kg in HPD and #1.4 kg in
SPD; p Z 0.29).

A total of 7 volunteers gained an average of 3.1 kg
overall (4.6 kg HPD vs. 2.5 kg SPD).

Body composition was measured using dual-energy
X-ray absorptiometry (DXA). The percentage fat mass
(FM) decreased significantly with time (p < 0.01), with no
difference between groups. The percentage lean body
mass (LBM) increased significantly in both groups with
time (p < 0.01) with no significant treatment effect
(Fig. 1).

Renal function

iGFR decreased in the HPD by 9.3 ! 4.8 and increased by
2.4 ! 3.9 ml/min/1.73 m2 in the SPD (p Z 0.34 for time
and p Z 0.38 between treatments). eGFR decreased in the

HPD from 98 to 97 ml/min/1.73 m2 while it decreased in
the SPD from 91 to 90 ml/min/1.73 m2 (p Z 0.6 for time
and p Z 0.9 for treatment). Albumin excretion rate
decreased in the HPD by 8.9 ! 8.6 and increased by
1.6 ! 13.7 mg/min in the SPD (p Z 0.82 for time and
p Z 0.13 between treatments). A decrease in hyper-
filtration in the group with eGFR > 120 ml/min (n Z 12)
of 15 ml/min (p Z 0.001) was seen. Participants with an
eGFR < 120 ml/min (n Z 33) improved their eGFR by
4 ml/min (p Z 0.03). This improvement was directly
related to weight loss (r Z 0.43, p Z 0.01) in this group
but not in the participants with hyperfiltration. Dietary
treatment group and protein intake were not related to
the change in eGFR. Baseline eGFR remained a predictor
of the change even after adjusting for weight loss
(p Z 0.001). The full report on renal function has been
published elsewhere [8].

Glycaemic control

Fasting blood glucose decreased significantly and
remained lower than baseline throughout the study
period (#1.0 ! 0.3 and #1.5 ! 0.5 mmol/L in HPD and
SPD respectively at 12 months (p < 0.001 for time, NS
for diet)). HbA1c decreased significantly with time
(p < 0.01). The change in HbA1c was significantly different
between groups (HPD #0.9 vs. SPD #0.3%; p Z 0.039) at
6 months but not at 12 months (HPD #0.4 vs. SPD #0.3%)
(Fig. 2).

a

ab

Figure 1 Body composition. Data are means (SEM). a) is weight change in kg, b) is % fat mass change and c) is % lean body mass change, HPD high
protein diet (dark grey), SPD standard protein diet (light grey). Weight decreased significantly from baseline to 6 months and from baseline to 12
months (*p < 0.001). The change between 6 and 12 months was not significant. The change in weight was unrelated to diet (p Z 0.17 at 6 m and
p Z 0.39 at 12 m). The %FM decreased significantly with time (p < 0.01), with no difference between groups (p Z 0.67). The LBM increased
significantly in both groups with time (p < 0.01) with no significant treatment effect (p Z 0.86). Paired samples T-test was used to determine
significance of change over time and treatment effect was analysed with values adjusted for baseline using a repeated measures analysis of
covariance (ANCOVA). p Values are 6 and 12 months for body weight and 12 month values for %FM and %FFM.
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12 meses de intervención nutricional 
IMC	> 27	kg/m2,	18-75	a
DM2	
AEC>40	ml/min/1.73	m2
DHP	(30:30:40%)	vs	DSP	(20:30:50	%)

Serum lipids

At baseline all volunteers were well treated for dyslipi-
daemia. Total cholesterol (TC), low density lipoproteins
(LDL), high density lipoproteins (HDL) and triglycerides
(TG) were all within the recommended range (TC < 4.0,
TG< 2.0, LDL< 2.0 and HDL>0.9; all measured as mmol/L)
with no significant difference between groups at baseline.

Total cholesterol did not change significantly between
baseline and 12 months or between groups but showed
significant changes in response to caloric restriction at 1
month (Supplementary data figure S2). TG decreased
significantly with time (p < 0.001) with no treatment ef-
fect. HDL increased significantly in both groups with time
(p Z 0.001) with no significant treatment effect. There
were no significant changes in LDL. Adjusting for baseline
values, there was a borderline significant difference in LDL
cholesterol between the randomized groups at 12 months
(2.02 in the HPD and 1.68 in the SPD group p Z 0.049).
Statin use decreased in the HPD and increased in the SPD.
When the analysis was confined to those who did not
change medication no effect of diet was seen in LDL
cholesterol. Non-HDL cholesterol differed significantly
between groups at baseline (p Z 0.041). There was a sig-
nificant change in non-HDL cholesterol with time
(p < 0.005), but no treatment effect when adjusting for
baseline (Fig. 3).

Blood pressure

The change in SBP and DBP between baseline and 12
months was not significant.

However, when adjusting DBP for baseline values there
was a significant difference between treatments, with
lower DBP in the HPD at twelve months (Fig. 4, pZ 0.024).

Adding weight loss as covariate did not change the
significance (p Z 0.03). Nine volunteers decreased their
blood pressure medication. When the data was analysed
excluding these participants both SBP (p Z 0.036) and DBP
(p Z 0.054) were lower in HPD compared with SPD at 12
months.

Discussion

This study showed a significant improvement in weight
which reached a plateau after 6 months with no differ-
ences between treatments (as planned). The 13% differ-
ence in urinary urea at 12 months confirms that the
planned dietary protein separation was maintained. It has
been suggested that an HPD will have a negative effect on
renal function in T2DM participants with renal impair-
ment; but the evidence is scant and there is not sufficient
evidence to recommend a protein intake lower than usual
intake in T2DM with mild renal impairment nor is there
evidence of harm with a higher intake [9,10]; however in
this study renal function showed a trend towards a
beneficial effect of weight loss in both those patients with
hyperfiltration and those with slightly impaired GFR
regardless of diet allocation.

Some researchers have shown that weight loss is
greater in subjects using a high protein diet [11,12]
although others have reported similar weight loss in HPD
and SPD when using controlled energy restricted diets
[13e15]. By design we achieved matched weight loss in
both groups so that we could tease out the effect of the
different macronutrient prescription on metabolic pa-
rameters. Even a modest weight loss has been shown to
improve metabolic control [16]. Müller et al. in their
structured diabetes treatment and teaching program were

Figure 3 Changes in serum lipids (mmol/L). Data are means (SEM). p Values at 6 months (6) and 12 months (12) are changes between baseline and
6 months and changes between baseline and 12 months. Time effect was analysed using paired samples T-test (time *p < 0.001; yp < 0.005).
Significant differences between treatments were analysed using analysis of covariance (ANCOVA) with baseline values as covariates. Only LDL was
significantly different between treatments at 12 month (treatment #pZ 0.049). Abbreviations: HPD high protein diet and SPD standard protein diet.
TC total cholesterol, HDL high density lipoprotein, LDL low density lipoprotein, Non-HDL-c non-HDL cholesterol, TG triglyceride. All values are in
mmol/L.
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able to show continued benefit on HbA1c over 24 months
with a modest weight loss of less than 2 kg [17]. While FBG
decreased significantly from baseline and did not increase
significantly between 6 and 12 months, the weight loss of
more than 6 kg did not result in a sustained improvement
in HbA1c. There are several explanations. Firstly, the initial
optimizing of glycaemic control the volunteers went
through in the run in period would have limited the scope
for further reductions in HbA1c. Müller et al. showed a
significant decrease in HbA1c only in the group with
elevated HbA1c (>7.5%) [17]. Major improvements in
HbA1c would demand a very high level of compliance to
the planned energy prescription in which this study was
not strictly maintained beyond 4 months. Secondly, some
subjects reduced the number or dosage of diabetes med-
ications as they lost weight. This will have attenuated the
improvements seen in glycaemic control. Although we did
not find any evidence of hypoglycaemia as control
improved, those subjects who did not reduce medications
may have been more cautious with dietary restriction so as
to prevent hypoglycaemia.

It has been suggested that postprandial blood glucose is
an independent predictor of decline in GFR [18]. In this
study we found a significant correlation between changes
in albumin excretion and changes in Gmax but the linear
regression did not show a significant independent contri-
bution of Gmax. This may be explained by the very strict
control of HbA1c and BP (7% and 125/74 mmHg respec-
tively) in this group. It has been reported in a group of
T2DM with HbA1c < 7.5% and a BP < 140/90 mmHg that
postprandial blood glucose did not predict a change in GFR
whereas the group with HbA1c > 7.5e8% had a marked
decline in GFR with postprandial levels above 10 mmol/L
[18]. Exchanging carbohydrate with protein or fat has been
shown to be beneficial in lowering triglycerides, and
increasing HDL [19,20] in clinical trials. However the

Nurses’ Health study found no association with low car-
bohydrate diet scores and total, HDL or LDL cholesterol.
They did however report a beneficial effect on triglyceride
levels [21]; but we failed to observe this in this study
probably because the carbohydrate changes were too
small at 12 months and the triglyceride levels were very
normal. Higher HDL has been proposed to decrease the
risk of incident chronic kidney disease in type 2 diabetes
[22]. In the present study HDL increased throughout and
was significantly higher than baseline in both groups at
the end of the study. It was surprising that HDL increased
from the start of the study and no further decrease was
seen in response to the rather significant weight loss
which is what is usually observed [23].

It has been proposed that non-HDL cholesterol is a
better predictor of CVD risk as it may include a wider array
of atherogenic particles such as intermediate density li-
poproteins (IDL), very low density lipoproteins (VLDL), li-
poprotein (a) and LDL and it can be calculated in a non-
fasting sample [24,25]. In a population based study Lu
et al. [25] found a strong association between non-HDL
cholesterol and CVD in both men and women. The hazard
ratio in the highest quartile of non-HDL cholesterol was
2.23 for men and 1.80 for women, higher than either LDL
cholesterol alone or total cholesterol-to-HDL ratio. In our
study, non-HDL cholesterol decreased significantly with
time in both groups (p < 0.05) with weight loss alone with
no effect of diet. The small increase in LDL cholesterol in
the HPD was due to greater reductions in statin prescribing
in this group.

BP was not significantly different from baseline at the
end of the study; however DBP was significantly lower in
the HPD compared to the SPD at the end of the study after
adjustment for baseline values. It has been shown that
partially exchanging carbohydrate with protein may
reduce blood pressure [26]. In a meta-analysis it was

Figure 4 Changes in blood pressure over time. Data are means (SEM). p Values are 6 and 12 months values adjusted for baseline using a repeated
measures analysis of covariance (ANCOVA). DBP was significantly lower with HPD at 12 months #p Z 0.024. Abbreviations: HPD high protein diet
(dark grey), SPD standard protein diet (light grey), SBP systolic blood pressure, DBP diastolic blood pressure.
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 Abstract 
  Objective : The aim of this study was to evaluate the efficacy of a nutritional program, which 
is characterized by a different modulation of proteins, in adult patients with sarcopenic obe-
sity.  Methods:  We studied 18 obese women aged 41–74 years. Obesity was diagnosed as fat 
mass > 34.8% and sarcopenia was defined when lean body mass was <90% of the subject’s 
ideal fat free mass. All subjects were randomly assigned to different nutritional interventions: 
Hypocaloric diet plus placebo (A) and hypocaloric high-protein diet (1.2–1.4 g / kg body 
weight reference / day) (B). Anthropometric measurements, body composition, resting en-
ergy expenditure, handgrip test, Short Physical Performance Battery (SPPB), and SF-36 ques-
tionnaire were evaluated at baseline and after 4 months.  Results : Weight significantly de-
creased in both groups. Women with high-protein diet preserved lean body mass compared 
to low-calorie diet and improved significantly muscle strength; SPPB score did not change in 
both groups. SF-36 test showed a significant change for general health after 4 months in 
group B.  Conclusions:  In our study, sarcopenic obese patients with high-protein diet showed 
an improvement in muscle strength. Furthermore, dietary protein enrichment may represent 
a protection from the risk of sarcopenia following a hypocaloric diet. 
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 – essential amino acids < branched-chain amino acids < leucine equal to 15 g/day by administration of 
supplement;  

 – carbohydrate: 60–65% of kcal complex 
 – fat: to satisfy the required amount of energy; 30% saturated  
 – report non-protein kcal/g nitrogen = 100/1  
 – sodium: less than 5 g/day in hypertensive subjects.  

 Adherence to diets was evaluated by a 7-day dietary record at baseline and at week 4, 8, 12, 16, and was 
reinforced by the dietitians through counseling and phone calls every 2 weeks.

  All data were computerized and analyzed with a dedicated software (SPSS for Windows version 14 (IBM 
Corp, Armonk, NY, USA)). All results are expressed as mean ± SD. Student’s t-test for unpaired data was used 
to evaluate the differences between groups. Two-way analysis of variance (ANOVA) was performed to 
compare data between different groups. Wilcoxon and Mann Whitney test were performed for non-para-
metric data.

  Differences were considered statistically significant for p values < 0.05.

  Results 

 At entry, anthropometric measurements and body composition of the two groups showed 
no significant differences for age (group A vs. B: 58 ± 10 vs. 53 ± 8.9 years), weight (A vs. B: 
108 ± 10.2 vs. 99 ± 12.7 kg), BMI (A vs. B: 43.6 ± 4.3 vs. 39.2 ± 5.4 kg/m²), FFM (A vs. B: 47.7 
± 3.34 vs. 47.6 ± 2.45 kg), whereas fat mass (A vs. B: 59.9 ± 9.35 vs. 51.3 ± 10.9 kg) was signif-
icantly lower in group B.

  Changes in weight, body composition, and resting energy expenditure of 18 women 
divided into two diet groups after the 4 months of treatment are reported in  table 1 . 

 Table 1.  Body composition and REE in two groups of sarcopenic obese women after 4 months of treatment

Group A (n = 9) Group B  (n = 9)
baseline 4 months

(Δ %)
p ba seline 4 months

(Δ %)
p

Weight, kg 107.6 ± 10.2 103.5 ± 11.9
(–3.8)

0.05 98.9 ± 12.7 95.0 ± 13.3
(–3.9)

0.01

FFM, kg 47.7 ± 3.34 48.0 ± 2.83
(0.6)

n.s. 47.6 ± 2.45 48.7 ± 2.11
(2.3)

0.05

FAT, kg 59.9 ± 9.35 55.5 ± 10.7
(–7.3)

0.03 51.3 ± 10.9 46.3 ± 12.3
(–9.7)

0.01

FAT, % 55.4 ± 4.46 53.2 ± 4.8
(–4.0)

0.05 51.4 ± 4.52 48.0 ± 6.1
(–6.6)

0.05

AF, degree 5.6 ± 0.6 5.6 ± 0.5
(0)

n.s. 6 ± 0.5 5.8 ± 0.5
(–3.3)

n.s.

REE, kcal/day 1751 ± 175 1,708 ± 234
(–2.5)

n.s 1,678 ± 221 1613 ± 246
(–3.9)

n.s.

QR 0.85 ± 0.09 0.80 ± 0.05
(–5.9)

n.s. 0.86 ± 0.08 0.82 ± 0.02
(–4.7)

n.s.

REE/FFM, kcal/kg 36.7 ± 1.99 36.5 ± 3.04
(–0.5)

n.s 35.2 ± 3.64 34.4 ± 4.36
(–2.3)

n.s.

 Δ % = Percent change versus baseline.
Group A: low-calorie diet.
Group B: low-calorie high-protein diet (1.2–1.4 g / kg body weight reference / day obtained with the 

addition of 15 g daily of protein supplement).

•41–74	años
•Plan	A:	(REE)	-10%– protein :	0.8–1	g	/	kg	/	d	
•CHOS:	60–65%	

•Plan	B	:	(REE)	-10%– protein :	1,2–1,4g	/	kg	/	d	con	extra	15	g	
de	alto	VB	en	cada	comida
•CHOS:	60–65%		



n engl j med 376;20 nejm.org May 18, 20171952

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

adults25,26 and support the results of previous 
studies that showed that exercise training was 
most beneficial in frail older adults in the ear-
lier stages of frailty.27 Given the exercise goals 
for our frail and obese participants,28 we designed 

the aerobic and resistance training to be moder-
ate to vigorous in intensity to induce exercise 
adaptations29 while keeping exercise volumes 
moderate.27 Using these exercise strategies, we 
found additive effects of aerobic and resistance 
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training without interference effect from con-
current training.12-14 Adherence to exercise was 
high despite frailty, and adverse events were 
relatively few and consistent with coexisting med-
ical conditions. Our findings suggest that the 
recommendation by the American Heart Asso-
ciation and American College of Sports Medicine 
to combine aerobic exercise with resistance exer-
cise for overall health30 extends to obese older 
adults undertaking weight loss.

The improvements in objective measures of 
frailty in our participants may have important 
implications for preserving independent living. 
The Physical Performance Test assesses multiple 
domains of physical function15 and predicts dis-
ability, loss of independence, and death.31,32 The 
peak oxygen consumption relative to body weight 
is the best indicator of cardiovascular endur-
ance33 and is important for performing daily 
tasks with increased body weight.3,34 Improve-
ments in the objective Physical Performance Test 
score and peak oxygen consumption were con-
sistent with improvements in Functional Status 
Questionnaire and SF-36 scores, which indicate 
subjective improvements in functional ability.

Although combined aerobic and resistance 
training improved physical function the most 
among the interventions, the reductions in lean 
mass and bone mineral density that were attenu-
ated but not prevented might represent an adverse 

effect in that these reductions further diminish 
tissue reserves superimposed on age-related 
losses. However, resistance training improved 
strength despite muscle loss induced by weight 
loss. Conversely, whether improved physical 
function lowers the risks of falls and fractures 
despite the decline in bone mineral density is 
currently unclear. In future studies, additional 
strategies to preserve lean mass might include 
improving the efficiency of vitamin D and pro-
tein intake, increasing weight-bearing exercis-
es, and perhaps administering anabolic hor-
mone therapy.35,36 Another adverse effect was 
exercise-related musculoskeletal injuries, which 
could be minimized through individualized ex-
ercises.

Strengths of our study include the random-
ized, controlled trial design, the comprehensive 
lifestyle programs, the high rate of adherence to 
the trial interventions, the similar weight-loss 
management that allowed for unbiased group 
comparisons, and the use of objective and sub-
jective measures of physical function. Because 
this was an efficacy study, the 6-month duration 
was appropriate to determine which exercise was 
most efficacious in improving physical function 
during weight loss. Data from long-term studies 
that show whether weight loss plus combined 
aerobic and resistance training prolongs physi-
cal independence in obese older adults are cur-

Figure 3. Mean Percent Changes in Body Weight during the Interventions.

Percent changes are presented as least-squares–adjusted means; I bars in-
dicate standard errors.
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Figure 2 (facing page). Mean Percentage Changes in 
Physical Function, Lean Mass, and BMD at the Total 
Hip during the Interventions.

Measures of physical function included the Physical 
Performance Test (PPT; scores range from 0 to 36, with 
higher scores indicating better functional status), peak 
oxygen consumption, Functional Status Questionnaire 
(FSQ; scores range from 0 to 36, with higher scores in-
dicating better functional status), and strength (measured 
as total one-repetition maximum [i.e., the total of the 
maximum weight a participant can lift, in one attempt, 
in the biceps curl, bench press, seated row, knee exten-
sion, knee flexion, and leg press]). Scores on the PPT 
were used as an objective measure of frailty (primary 
outcome), and scores on the FSQ were used as a sub-
jective measure of frailty. The asterisk indicates P<0.05 
for the comparison with the control group, the dagger 
P<0.05 for the comparison with the aerobic group, and 
the double dagger P<0.05 for the comparison with the 
resistance group. Percentage changes are presented as 
least-squares–adjusted means; T bars indicate standard 
errors. BMD denotes bone mineral density.
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BACKGROUND
Obesity causes frailty in older adults; however, weight loss might accelerate age-
related loss of muscle and bone mass and resultant sarcopenia and osteopenia.

METHODS
In this clinical trial involving 160 obese older adults, we evaluated the effectiveness 
of several exercise modes in reversing frailty and preventing reduction in muscle 
and bone mass induced by weight loss. Participants were randomly assigned to a 
weight-management program plus one of three exercise programs — aerobic train-
ing, resistance training, or combined aerobic and resistance training — or to a 
control group (no weight-management or exercise program). The primary outcome 
was the change in Physical Performance Test score from baseline to 6 months 
(scores range from 0 to 36 points; higher scores indicate better performance). 
Secondary outcomes included changes in other frailty measures, body composi-
tion, bone mineral density, and physical functions.

RESULTS
A total of 141 participants completed the study. The Physical Performance Test score 
increased more in the combination group than in the aerobic and resistance groups 
(27.9 to 33.4 points [21% increase] vs. 29.3 to 33.2 points [14% increase] and 28.8 to 
32.7 points [14% increase], respectively; P = 0.01 and P = 0.02 after Bonferroni correc-
tion); the scores increased more in all exercise groups than in the control group 
(P<0.001 for between-group comparisons). Peak oxygen consumption (milliliters per 
kilogram of body weight per minute) increased more in the combination and aerobic 
groups (17.2 to 20.3 [17% increase] and 17.6 to 20.9 [18% increase], respectively) than 
in the resistance group (17.0 to 18.3 [8% increase]) (P<0.001 for both comparisons). 
Strength increased more in the combination and resistance groups (272 to 320 kg 
[18% increase] and 288 to 337 kg [19% increase], respectively) than in the aerobic 
group (265 to 270 kg [4% increase]) (P<0.001 for both comparisons). Body weight 
decreased by 9% in all exercise groups but did not change significantly in the control 
group. Lean mass decreased less in the combination and resistance groups than in 
the aerobic group (56.5 to 54.8 kg [3% decrease] and 58.1 to 57.1 kg [2% decrease], 
respectively, vs. 55.0 to 52.3 kg [5% decrease]), as did bone mineral density at the 
total hip (grams per square centimeter; 1.010 to 0.996 [1% decrease] and 1.047 to 
1.041 [0.5% decrease], respectively, vs. 1.018 to 0.991 [3% decrease]) (P<0.05 for all 
comparisons). Exercise-related adverse events included musculoskeletal injuries.

CONCLUSIONS
Of the methods tested, weight loss plus combined aerobic and resistance exercise 
was the most effective in improving functional status of obese older adults. (Funded 
by the National Institutes of Health; LITOE ClinicalTrials.gov number, NCT01065636.)
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-Mensajes	a	casa-
• La paradoja de la obesidad se dió cuando se utilizó el IMC, pero no cuando se utilizan
métodos de composición corporal

• La presencia de Sarcopenia en la Obesidad incrementa la morbimortalidad en las
personas

• Mejor Diagnóstico de la Obesidad Sarcopénica es mediante el análisis de la composición
corporal, asociando pruebas funcionales

• Intervención Nutricional y ejercicio con seguimiento estricto
• Proteínas de la dieta o suplementadas
• Ejercicio mixto en obesos sarcopénicos
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