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Abstract

The metabolic syndrome is defined as a cluster of cardio-
metabolic risk factors which are related to insulin resistance.
Beyond the importance of each separate risk factor, the ag-
gregation of abdominal obesity, impaired glucose metabo-
lism, dyslipidemia and hypertension, summarized as the
metabolic syndrome, characterizes individuals with a signif-
icant increase in the risk for type 2 diabetes and cardiovas-
cular disease. In the prosperous countries of the world, the
prevalence of the metabolic syndrome is about 20% in the
adult population, and increases with increasing age, which
is mainly attributed to the significantincrease in overweight
and obesity, alsoin elderly. Current data indicate that weight-
loss therapy improves physical function, quality of life and
the medical complications associated with obesity. This re-
view summarizes epidemiologic data, diagnostic criteria
and the clinical importance of the metabolic syndrome, the
complex pathophysiologic mechanisms involved in the de-
velopment of insulin resistance in elderly, and the various
therapeutic options. According to these data the identifica-
tion and treatment of patients with a metabolic syndrome
would be an important approach to reduce morbidity and
impairments in the elderly. Copyright © 2008 S. Karger AG, Basel

Introduction

In the prosperous countries of the world, life expec-
tancy has revealed a continuous increase during the last
decades, paralleled by an increase in age-associated dis-
eases and disabilities. Beside aging, the high prevalence
of overweight, obesity and the related co-morbidities, af-
fecting also the elderly population, are considered as ma-
jor healthcare problems [1]. Obesity causes several seri-
ous medical complications, including metabolic abnor-
malities, cancer, physical disability, obstructive sleep
apnea syndrome and urinary incontinence [2]. Insulin
resistance, as the main underlying disorder of obesity-re-
lated diseases, is more pronounced in overweight and
obese individuals. The degree of insulin resistance re-
veals an increase with increasing age [3], and elderly are
therefore at a higher risk to develop the cardiometabolic
risk factors summarized as the metabolic syndrome [4,
5]. Beyond the importance of each separate risk factor, the
aggregation of abdominal obesity, impaired glucose me-
tabolism, dyslipidemia and hypertension seems to iden-
tify individuals with a significant increase in the risk for
cardiovascular disease and type 2 diabetes [6-8]. In el-
derly patients the diagnosis of a metabolic syndrome is
furthermore related to a more pronounced cognitive de-
cline [9] and thus disability. With respect to this enhance-
ment of the most significant health problems among peo-
ple >65 years of age, the identification and treatment of
patients with a metabolic syndrome would be an impor-
tant approach to reduce morbidity and impairments in
elderly.
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Definition and Prevalence of the Metabolic
Syndrome

According to the original definition by Reaven [4],
the most common components of the metabolic syn-
drome are central obesity, insulin resistance, hyperin-
sulinemia and glucose intolerance, dyslipidemia and
hypertension. Medical conditions, such as a prothrom-
botic and pro-inflammatory state, fatty liver disease
and obstructive sleep apnea syndrome were consecu-
tively defined as symptoms of the metabolic syndrome
[7]. The European Diabetes Epidemiology Collaborative
survey analysis Of Diagnostic criteria in Europe (DE-
CODE) study could recently demonstrate that the diag-
nosis of a metabolic syndrome results in a significant
increase in cardiovascular and all-cause mortality, even
in non-diabetic patients [6]. In general, the risk for car-
diovascular events is doubled in patients with a meta-
bolic syndrome compared to those without it; the risk
for type 2 diabetes is increased for about 5-fold [7]. Var-
ious definitions of the metabolic syndrome are current-
ly available. A majority of epidemiologic and clinical
studies performed their evaluations according to the
National Cholesterol Education Program Adult Treat-
ment Panel (NCEP) criteria [10], where patients are con-
sidered to have the metabolic syndrome if they meet =3
of 5 criteria (abdominal obesity, hypertriglyceridemia,
low HDL cholesterol, high blood pressure or the use of
antihypertensive medication, high fasting glucose or
the use of antidiabetic medication). In the International
Diabetes Federation (IDF) definition of the metabolic
syndrome, abdominal obesity is considered as the cen-
tral diagnostic criteria [11] (table 1). Recommendations
to measure waist circumference rather than the body

Table 1. Criteria for clinical diagnosis of the metabolic syndrome

mass index (BMI) support the central importance of ab-
dominal obesity in the metabolic syndrome [12].

Both of the definitions of the metabolic syndrome,
NCEP-ATP III or IDF criteria, are frequently applied in
clinical practice and identify patients at an increased car-
diovascular risk. The application of the IDF criteria in
patients with type 2 diabetes resulted — compared to the
NCEP definition - in a higher estimated prevalence of
the metabolic syndrome, but did not improve the prog-
nostic value [13].

In a recently published analysis of the Italian longitu-
dinal study of aging the diagnosis of a metabolic syn-
drome according to the IDF criteria showed no relation-
ship to the risk for myocardial infarction or stroke in el-
derly [14]. This lack of a predictive value in an older
population might be explained by the fact that the cur-
rently available definitions of the metabolic syndrome do
not consider the effect of aging on the various diagnostic
variables. The BMI, calculated as body weight (kg) di-
vided by the square meter of height, is applied as a simple
method to classify weight categories. Independent of age,
overweight is defined as a BMI of 25.0-29.9 and obesity
as a BMI =30 [15, 16]. In elderly, however, the relation-
ship between BMI and the percentage of body fat is al-
tered as a consequence of the age-associated loss of body
height caused by compression of vertebral bodies, and the
changes of body composition with a decrease in muscle
mass and an increase in fat mass [2]. The age-related
height modification induces a false BMI increase of 1.5 in
men and 2.5 in women. Overweight in elderly is defined
as a BMI =27.0 [17], for the BMI range between 25.0 and
27.0 no increase in cardiovascular and all-cause mortal-
ity could be demonstrated [18].

Clinical measure NCEP, 2001

IDF, 2005

Diagnosis 3 of the following 5 features increased waist circumference plus 2 of the follow-
ing features
Body weight - waist circumference >102 cm in men or 288 cmin  waist circumference 294 cm in men or = 80 cm in

waist circumference women

women

Lipid values triglycerides 2150 mg/dl triglycerides 2150 mg/dl
HDL-C <40 mg/dl in men or <50 mg/dl in women  HDL-C <40 mg/dl in men or <50 mg/dl in women
Glucose fasting glucose =110 mg/dl (includes diabetes) fasting glucose >100 mg/dl (includes diabetes)

Blood pressure >130/85 mm Hg

>130/85 mm Hg or antihypertensive medication
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It is widely assumed that body weight tends to increase
with increasing age, peaks between the age of 50 and 59
years, and then decreases [19]. The value of these obser-
vational data remains a matter of debate regarding the
bias that obese patients reveal a high premature mortal-
ity and a shorter life expectancy, compared to non-obese
patients with a significantly higher chance to reach an
advanced age [20]. Results from longitudinal cohort stud-
ies could demonstrate that body weight and BMI values
decrease only slightly in older adults [21-23]. More con-
clusive data are available about the age-associated chang-
es in body composition. Muscle mass decreases up to 40%
from 20 to 70 years of age [2], fat mass increases with the
predominance of abdominal fat accumulation [24], and
all of these aging-associated changes result in an in-
creased prevalence of most of the metabolic and cardio-
vascular abnormalities contributing to the metabolic
syndrome [21, 25]. Fasting glucose, diabetes risk and sys-
tolic blood pressure values reveal a linear relationship
with aging and the BMI [26].

In most industrialized countries the prevalence of the
metabolic syndrome is about 20% in the overall popula-
tion, and increases with increasing age. Data from the
Third National Health and Nutrition Examination Sur-
vey could recently demonstrate that the presence of the
metabolic syndrome is 7% in the age group of 20-29
years, increases to 44% in the age group of 60-69 years,
and is 42% in people aged 70 years or older [27].

Pathophysiology

The pathophysiology of the metabolic syndrome seems
to be largely attributable to insulin resistance [5, 6]. Ag-
ing, genetic and environmental factors, such as high cal-
orie intake and sedentary lifestyle, increase the degree of
insulin resistance. Overweight, obesity and especially a
central pattern of fat accumulation are associated with
insulin resistance.

Obesity is the result of a long-term positive energy bal-
ance based on complex interactions between environ-
mental factors and the genetic background. A strong ge-
netic influence was suggested by the results of adoption
and twin studies [28, 29] which could demonstrate that
the BMI values correlated among family members also
when reared apart. Beside the rare monogenic forms of
obesity, more than 100 candidate genes for common obe-
sity in humans have been identified until now [30]. These
susceptibility genes affect body weight regulation, adipo-
cyte differentiation and metabolism. Based on this ge-
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netic background, environmental factors, including sed-
entary lifestyle, high energy intake and social aspects, en-
hance the risk for obesity. A recently published evaluation
of the Framingham Study provides an interesting alter-
native explanation for the worldwide increase in the prev-
alence of obesity, by demonstrating that the chance of a
person to become obese is significantly higher when a
friend, sibling or spouse are obese [31]. The social net-
work could be a relevant factor in the obesity epidemic.

Obesity increases the risk for various co-morbidities,
and recent advances in the understanding of adipose tis-
sue biology offer an insight into the complex pathophysi-
ologic mechanisms (fig. 1). Various endocrine and pro-
inflammatory products from the visceral adipose tissue,
which interact with the insulin signaling cascade, could
be identified [32]. Among these products, adiponectin
protects from insulin resistance and cardiovascular dis-
ease [33], while free fatty acids, leptin, resistin and pro-
inflammatory substances promote the development of
insulin resistance [34]. Leptin, the product of the obesity
gene, is primarily produced by the adipose tissue, regu-
lates food intake and energy expenditure, skeletal muscle
fatty acid metabolism and hepatic glucose production
[35]. Most common forms of obesity are characterized by
high levels of circulating leptin and leptin resistance.
Leptin reveals structural similarities with pro-inflam-
matory cytokines, such as interleukin (IL)-6, which in-
terferes with insulin action. Cells of the stroma vascular
fraction in adipose tissue, and especially in visceral fat,
are an important source of IL-6 production [36]. Tumor
necrosis factor-a (TNF-a) is a further adipocytokine
which was extensively studied as a possible link between
obesity, subclinical inflammation and insulin resistance.
TNF-a impairs insulin action by inhibitory effects on the
insulin signaling cascade and by suppressing the tran-
scription of adiponectin [37]. Various new adipocyto-
kines with effects on insulin sensitivity could be recently
identified, including visfatin, which enhances the pro-
duction of IL-6 and TNF-a [38], retinol-binding protein-
4, vaspin and omentin [39].

Beside adipocytokines, the excessive flux of fatty acids
from adipose tissue is a central component in the devel-
opment of the metabolic syndrome. Free fatty acids are
released from adipose tissue triglycerides through the ac-
tion of hormone-sensitive lipase, and from triglyceride-
rich lipoproteins undergoing lipolysis by lipoprotein li-
pase. Because both mechanisms are regulated by insulin,
insulin resistance leads to a further enhancement of free
fatty acid release from adipose tissue and an impaired
clearance of triglyceride-rich lipoproteins [40]. Increased
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Fig. 1. Pathophysiology of the metabolic
syndrome.
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plasma levels of free fatty acids, associated with a higher
degree of insulin resistance, result in an impaired inhib-
itory effect of insulin on hepatic glucose production and
lipogenesis [40]. As a consequence, lipid deposition in ec-
topic sites, such as liver, skeletal muscle and pancreatic
islets, can occur with a functional impairment of
the specific organ (lipotoxicity) [41]. It is furthermore
hypothesized that an inadequate high energy intake
causes — as an initial event in the development of insulin
resistance — overloading of adipose tissue, the capacity to
store free fatty acids in adipocytes is exceeded, and lipids
accumulate in ectopic sites (overflow hypothesis) [42].
Considering the aging-associated increase of insulin re-
sistance, it could be speculated that aging of the adipo-
cytes with an impaired capacity to store lipids is involved
in the complex mechanisms leading to an increase in the
prevalence of the metabolic syndrome in elderly [43]. The
age-associated changes in body composition with a de-
crease in muscle mass and an increase in fat mass en-
hance insulin resistance [6], and are the result of complex
hormonal changes, comprising a decrease in growth hor-
mone and testosterone, and an impaired responsiveness
to thyroid hormone and leptin [2, 44-46]. A further ex-
planation for the aging-associated increase in insulin re-
sistance is the observation of an impaired mitochondrial
function and reduced cellular energy supply in elderly
[47]. Defects in mitochondrial oxidative phosphorylation
were found to be related to lipid accumulation in the mus-
cle of elderly patients [48].
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Therapeutic Options

Large trials could demonstrate the effectiveness of
lifestyle modification in the prevention of obesity- and
obesity-associated co-morbidities [49]. Especially the risk
to develop type 2 diabetes reveals a strong relationship to
overweight and physical inactivity. Diabetes prevention
studies, such as the Finnish Diabetes Prevention Pro-
gram [50] and the US Diabetes Prevention Program [51],
confirmed that modest weight reduction and physical ac-
tivity retard the progression from impaired glucose toler-
ance to overt type 2 diabetes. In the recently published
20-year follow-up evaluation of the China Da Quing Pre-
vention Study, participants with combined lifestyle inter-
vention showed a 51% lower incidence of type 2 diabetes
during the active intervention period and a 43% lower
incidence over the observation period of 20 years [52].
These favorable and sustained long-term effects of life-
style interventions are of great importance with respect
to a retarded manifestation of type 2 diabetes and thus
lower risk of related disabilities in elderly. Weight loss
therapy in elderly obese persons improves physical func-
tion and performance and the quality of life [2, 53].

In addition to weight reduction and an increase in the
level of physical exercise, metformin, glitazones, statins,
ACE inhibitors and sartanes were found to be effective in
improving insulin sensitivity in high-risk patients [54,
55]. A modest intended weight loss of 5-15% significant-
ly reduces the associated excess risk in overweight and
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obese patients [55]. Because clear data about the prognos-
tic importance of overweight and obesity in elderly per-
sons (=65 years) are until now not available [2], caution
is recommended regarding a pronounced weight reduc-
tion with strict target values. This critical view is sup-
ported by studies in the very elderly suggesting a protec-
tive effect of moderate overweight [56, 57]. In a recent-
ly published meta-analysis, including 13 studies, a BMI
in the range of 25-27 - and thus in the slightly over-
weight range — could not be confirmed as a risk factor for
all-cause and cardiovascular mortality in the elderly [18].
Indices of visceral obesity — such as waist circumfer-
ence - seem to be better indicators for the cardiovascular
risk than the BMI [44, 58]. Increased abdominal fat mass
was found to be independently associated with the meta-
bolic syndrome in men and women also at an advanced
age of 70-79 years [59].

Weight reduction is achieved by low-calorie and low-
fat diets and an increase in physical activity. The thera-
peutic procedures can be intensified by anti-obesity
drugs, or, as an ultimate procedure and rarely performed
in elderly, bariatric surgery [55]. Because most clinical
trials have excluded older people [60-62], little is known
about the benefits and possible disadvantages of intended
weight loss by dietary programs or medication in older
overweight or obese patients. Weight loss regimens that
minimize muscle and bone losses are especially recom-
mended for older obese patients in order to prevent an
enhancement of the unfavorable age-related changes in
body composition [2]. Physical exercise increases insulin
sensitivity and is especially recommended for elderly, but
has to be adapted to the individual situation. The Amer-
ican Cardiovascular Health Study evaluated the role of
physical activity in a large group of men and women aged
from 65 to 100 years, and could demonstrate that disabil-
ity is strongly related to fat mass [21]. Regular and sus-
tained physical activity improves all risk factors for the
metabolic syndrome [63], while low levels of walking in-
crease the likelihood for the metabolic syndrome also in
older adults [64]. Aerobic exercise stimulates mitochon-
drial biosynthesis, endurance exercise training increases
mitochondrial size, number, and oxidative activity in el-
derly patients [65].

Metabolic Syndrome and Type 2 Diabetes
The metabolic syndrome is present in a majority of

obese patients with type 2 diabetes. In the treatment of
type 2 diabetes, metformin and the glitazones are classi-
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fied as substances that increase insulin sensitivity. Met-
formin was applied in the Diabetes Prevention Program
[51], where 648 of the 3,234 participants were older than
60 years of age. A recently published analysis of the Dia-
betes Prevention Program could demonstrate that life-
style interventions and metformin reduced the develop-
ment of a metabolic syndrome in high-risk patients [66].
Glitazones are antidiabetic drugs which improve insulin
sensitivity through a reduction in muscle lipid content
and re-distribution of lipid into adipose tissue [67]. Cau-
tion is indicated in elderly patients with respect to data
about an increased rate of heart failure and an increase in
bone fractures in elderly women under glitazone ther-
apy.

New therapeutic strategies are offered by the incretin
system. Glucagon-like pepetide-1 (GLP-1) is a gastroin-
testinal hormone that is secreted by the L-cells of the in-
testine after meal ingestion. GLP-1 stimulates pancreatic
insulin secretion, suppresses glucagon production, pro-
longs gastric emptying and satiety indices in the central
nervous system. Especially by reducing appetite and thus
weight, GLP-1 may also improve insulin sensitivity [68].
GLP-1 has a very short half-life because it is degraded by
the ubiquitous enzyme dipeptidyl-peptidase IV (DPP-
IV). The DPP-IV-resistant incretin mimetic exendin-4
and DPP-IV inhibitors have recently become available for
clinical application. With respect to long-term safety, the
tull scope of the incretin effects need to be elucidated.

Management of the Cardiovascular Risk in Patients
with a Metabolic Syndrome

The results of recently published statin trials show that
a strict LDL cholesterol-lowering results in a significant
reduction of cardiovascular morbidity and mortality,
also in elderly patients [69]. Insulin resistance is related
to an atherogenic lipoprotein phenotype with hypertri-
glyceridemia, an increase in the plasma level of apo-B-
containing lipoproteins, a reduction of HDL cholesterol
and small dense LDL particles [70]. The primary target
in lipid-lowering therapy, however, remains LDL choles-
terol.

Hypertension is very common in the older popula-
tion, affecting up to 50% of all persons aged >65 years
[2]. Combined antihypertensive medication is frequent-
ly necessary to lower blood pressure to the recommend-
ed goal of <130/80 mm Hg [71], and successful antihy-
pertensive therapy results in a lower risk of stroke, car-
diovascular events and heart failure [71]. The efficacy
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and safety of antihypertensive treatment regimens could
be demonstrated by several trials also for elderly pa-

tients.

The cluster of cardiometabolic risk factors, summa-
rized as the metabolic syndrome, identifies patients

also with the aim to prevent aging-associated diseases
and disabilities. Especially in elderly, the patient’s indi-

vidual situation has to be considered, including the ad-

regimens.

with a need for a more strict therapeutic management,
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