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Abstract. The metabolic syndrome is comprised of several cardiovascular risk factors such as central
obesity, hyperglycemia, hypertension and hyperlipidemia, most probably pathogenically correlated. Pa-
tients with schizophrenia have an increased risk of developing metabolic syndrome due to inappropriate
physical activity, disorders of food intake or secondary to antipsychotic medication. Due to the increased
prevalence of metabolic syndrome and diabetes mellitus in patients with schizophrenia, the American
Association of Psychiatry recommends screening and follow-up for metabolic risk factors. Thus the recom-
mendation is to assess fasting glycemia and glycated hemoglobin at 4 months from commencement of a
new drug therapy, then annually. BMI has to be monitored every 3 to 6 months. Except for the patients
with a BMI below 18.5, every increment of their BMI of 1kg/m2 should be followed by either a change
in antipsychotic medication or the admission of the patient in a weight control program.
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Introduction

T he metabolic syndrome is comprised of

A4 several cardiovascular risk factors such
as: central obesity, hyperglycemia, hypertension,
and hyperlipidemia, most probably pathogenically
correlated. Several expert groups: World Health
Organization (WHO) [1], European Group for the
Study of Insulin Resistance (EGIR) — 1992 [2], The
National Cholesterol Education Program (NCEP) —
2001 [3] have established and reviewed diagnostic
criteria for the metabolic syndrome.

In 1999 the WHO has defined metabolic
syndrome as the association of diabetes mellitus
or impaired glucose tolerance with two of the
following: hypertension, (BP >140/90 mmHg), hy-

perlipidemia (plasma triglycerides > 150 mg/dl or
HDL cholesterol < 35 mg/dl in men and > 39 mg/
dl in women), albuminuria > 20 pg/min, obesity
(BMI > 30kg/™ or waist to hip ratio > 0.90 in men,
respectively >0.85 in women). The EGIR definition
of metabolic syndrome is slightly different from the
WHO one: this uses hyperinsulinemia as marker
for insulin resistance and abdominal circumference
as measure of obesity.

In 2001 the NCEP ATP III revised the above
criteria and defined metabolic syndrome as the
association of 3 or more of the following:

+ waist > 102 cm in men and >88cm in wom-
en

+ plasma triglycerides > 150 mg/dl or HDL cho-
lesterol < 40 mg/dl in men, respectively HDL
< 50 mg/dl in women,

+ fasting glycemia 2110 mg/dl,

+ blood pressure > 130/85 mmHg.

In 2005 the International Diabetes Federation
(IDF) revised the diagnostic criteria for metabolic
syndrome [4] defined by central obesity plus at
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least two of the following:
+ plasma triglycerides > 150 mg/dl or treatment
for hyperlipidemia
+ HDL cholesterol < 40 mg/dl
+ BP> 130/85 mmHg or antihypertensive drugs
+ fasting glycemia 2100 mg/dl, or known diabetes
mellitus

These obesity-focused criteria are easy to apply in
clinical settings. They also have sharp cutoff values
that are very close to the upper limit of what was
previously considered normal.

This great variety of definitions renders difficult
the comparison between various studies that have
looked at the epidemiology of the syndrome. Thus
in European population the incidence of metabolic
syndrome as defined by WHO varies between 7
and 36% in men of 40-55 years of age and 5-22%
in women of the same age [5].

+-Epidemiological studies have demonstrated
that the incidence of metabolic syndrome has
increased overall in population, especially increas-
ing with aging. Patients with schizophrenia have a
higher risk of developing metabolic syndrome due
to inappropriate physical activity, disorders of food
intake or secondary to antipsychotic medication.
De Hert et. al. have published a prospective study
on the prevalence of metabolic syndrome in 415
patients with schizophrenia [6]. They used ATP III,
slightly modifying fasting plasma glucose threshold
to > 100 mg/dl. The study has shown a higher
prevalence of metabolic syndrome and diabetes
mellitus in the schizophrenic patients compared
to general population. Over time the prevalence
of metabolic syndrome in schizophrenic patients
increases with age as in general population and
also with the duration of psychiatric disorder. In
contrast, diabetes mellitus has a dramatic increase
from 1.6% in age group 15-25 to 19.2% in age group
55-65. The prevalence of diabetes mellitus in age
groups is 4-5 fold higher in schizophrenic patients
as compared to general population.

The pathogeny of metabolic syndrome has not
been completely elucidated. The suggested mecha-
nisms involved are:

+ insulin resistance

+ increased release of free fatty acids from vis-
ceral fat that are subsequently used in VLDL
synthesis and gluconeogenesis in the liver

+ increased inflammatory cytokines and de-
creased adiponectin production in visceral
fat [8].

Metabolic side effects of antipsychotic drugs:

+ Glucose homeostasis disorders. Second genera-
tion antipsychotic drugs increase the risk of
hyperglycemia and diabetes mellitus. Clozap-
ine has been associated with ketoacidosis and
hyperosmolar coma. However, the intimate
mechanisms through which antipsychotic
drugs cause hyperglycemia are not completely
clear.

« Hypertriglyceridemia

+ Weight gain can occur during antipsychotic
therapy with 1** and 2" generation drugs. This
is encountered progressively during the first
6 months of treatment, but the process can
continue in some patients beyond this period,
too. The weight gain is presumably due to de-
regulation of various neurotransmitters [7].

Metabolic Syndrome- Associated conditions

1. Endothelial dysfunction. Disorders as-
sociated to metabolic syndrome alter endothelial
auto- and paracrine function, thus impairing the
vascular tonus. Endothelial cells release several
vasoregulators, out of which the best-known is
nitric oxide. Nitric oxide has vasodilating effects,
but also exerts antiatherogenic actions by reduc-
ing proliferation of parietal smooth muscle cells,
platelets aggregation, LDL oxidation, expression
of adhesion molecules and monocyte adhesion.
Metabolic syndrome components have a negative
influence on nitric oxide production and its bio-
logical function, thus inducing oxidative stress and
proinflammatory status. Endothelial dysfunction
diminishes fibrinolysis, favoring platelets’ aggrega-
tion and atherogenesis. Thus metabolic syndrome
speeds up the atherogenic process.

2. Hypertension. Systolic hypertension in pa-
tients with metabolic syndrome is related to arterial
stiffness. This is, at least partly, due to hyperinsu-
linemia in diabetic patients and in patients with
impaired glucose tolerance. The two neurohormonal
systems involved in hypertension and hyperinsu-
linemia are the sympathetic nervous system and
the hypothalamus-pituitary-adrenal axis. Trigger
factors involved in metabolic syndrome, such as ex-
cessive food intake, economic/social stress, anxiety,
depression generate alteration in cortisol secretion,
increase of leptin and sympathetic nervous system
tonus, favoring hypertension, insulin resistance and
central obesity.

3. Hyperlipidemia. Hypertriglyceridemia
and low HDL-colesterol are present in 40-50%
of patients diagnosed with metabolic syndrome.
However the condition is more complex involving

316

Therapeutics, Pharmacology and Clinical Toxicology



Miulescu Dénciulescu Rucsandra et al.

alterations in fatty acids degradation and triglycer-
ides composition. Increase of LDL in triglycerides
favors glycosilation and oxidation processes. Thus
hyperlipidemia is a major risk factor in diabetes
and atherosclerosis.

4. Insulin resistance plays a major role in
metabolic syndrome pathogeny. It is involved in
hyperlipidemia, hypertension, endothelial dysfunc-
tion, inflammatory and hypercoagulation status.
Insulin also influences ions change, thermogenesis
and cardiac function.

5. Hepatic steatosis. Several studies have sug-
gested that non-alcoholic hepatic steatosis is as-
sociated with metabolic syndrome. The condition,
characterized by excessive lipid storage in the liver
and moderate hepatic cytolysis, is a major risk factor
for type 2 diabetes and cardiovascular disease. The
causes for non-alcoholic hepatic steatosis are insulin
resistance and serum adipokines alteration [9].

6. Endocrine disorders.

In women, insulin resistance is associated with
hyperandrogenism. Policystic ovary syndrome is the
most frequent endocrine disease in women of fertile
age. Insulin resistance is involved in the etiopatho-
geny of the syndrome. There is a close correlation
between hyperinsulinemia and hyperandrogenism
in polycystic ovary syndrome:

» Increased levels of insulin bind to IGF1 (insulin-
like growth factor I) receptors which resemble
insulin receptors thus signaling through tyrozin
kinase activation. In the ovary, IGF1 increases
androgen production in theca cells in response
to LH stimulation [10]. Insulin stimulates LH
secretion from the pituitary, which in turn
increases androgen production in the ovary
[12].

+ Hyperinsulinemia blocks SHBG (sex hormone
binding globulin) synthesis in the liver, thus
increasing free androgens and estrogens in
plasma. Hyperinsulinemia also blocks the
IGFBP-1 (insulin-like growth factor binding
protein) level which releases free IGF1 and
IGF2 which act in the ovary [11]

«+ Activation of IGF1 receptors in the endome-
trium increases proliferation and the risk of
neoplasia.

In men, metabolic syndrome is frecquently
associated with low testosterone. Several studies
have emphasized that low seric testosterone is an
independent risk factor for metabolic syndrome.
It is not clear what causes the decrease of testos-
terone in metabolic syndrome. One of the factors

involved is likely to be increased aromatization of
androgenes in the adipose tissue [13].

In psychiatric patients, various drugs can in-
crease prolactin levels due to dopaminergic inhi-
bition. Hyperprolactinemia in women gives rise
to menstrual abnomalities, galactorrhea, infertility
and osteoporosis. In men hyperprolactinemia gives
rise to gynecomastia, erectile dysfunction and
osteoporosis. In these patients with symptomatic
drug-induced hyperprolactinemia, the American
Association of Psychiatry recommends lowering
of dosage or change in antipsychotic medication. If
neither is possible, then bromocriptin 2-10 mg/day
should be added to the psychiatric medication.

Complications of metabolic syndrome

Cardiovascular disease. Patients with metabolic
syndrome have a double risk of cardiovascular
disease compared to normal population and an
increased mortality from cardiovascular causes (12%
vs. 2% in normal population). Osby et al. studied
mortality over 22 years (1973-1995) in 3928 men and
3855 women with schizophrenia. There was an in-
creased overall mortality in schizophrenic patients.
While suicide was the most frequently encountered
cause of death in men, in women cardiovascular
events were on the first place [14, 15].

Diabetes mellitus. Patients with metabolic syn-
drome have a fivefold risk of developing type 2
diabetes compared to general population. In schizo-
phrenic patients the diabetes incidence is 4-5 fold
higher compared to general population.

IDF Recommendations for therapy in meta-
bolic syndrome

Once the diagnostic of metabolic syndrome has
been established, the therapeutic goal is decreasing
cardiovascular and diabetes risk.

First line intervention acts towards changes in
lifestyle by:

+ Reducing calory intake to obtain a weight loss
of 5-10% within the first year

+ Moderately increasing physical activity

+ Optimizing nutrient composition of food intake
with an increase of fibers

+ Avoiding alcohol excess and ceasing smoke

Secondary intervention with drug therapy should
be commenced in patients with a higher cardiovas-
cular risk or in those in which the primary measures
did not meet therapeutic goals. All the features of
metabolic syndrome should be addressed.

A. Goals in reducing hyperlipidemia:

+ Decrease of serum triglycerides
+ Increase HDL
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+ Reduce LDL

Means for tapering hyperlipidemia:

+ Fibrates (alpha PPAR agonists) amend all com-
ponents of hyperlipidemia in metabolic syn-
drome and seem to decrease cardiovascular risk
in these patients. The VA-HIT trial (Veterans
Affairs High Density Lipoprotein Intervention
Trial) showed that fibrates increase HDL and
reduce the incidence of acute coronarian events
in patients with cardiovascular disease [16].

+ Statins decrease ApoB- containing lipoproteins.
There are several studies that emphasize the
benefits of this therapy in metabolic syndrome
[17,18].

+ Fibrates-statins association if necessary should
be closely monitored for an increased frequency
of adverse events.

B. Hypertension therapy intervention:

+ TA >140/90 mmHg should be treated accord-
ing to the Seventh report of the Joint National
Committee on prevention, detection, evalu-
ation and treatment of high blood pressure
(JNC7) [19].

« TA > 130/80 mmHg should be addressed in
all patients with diabetes mellitus.

Antihypertensive drug choice: ACE inhibitors or
angiotensin receptor blockers. There are no recom-
mendations for using a certain antihypertensive
drug to control hypertension in association with
metabolic syndrome.

C. Insulin resistance and hyperglycemia:

Diabetes Prevention Programme has stipulated
that metformin therapy could prevent or delay
diabetes onset in patients with prediabetes. Other
studies suggest that thiazolidinedione, acarbose or
orlistat could also delay diabetes onset in patients
with impaired glucose tolerance [20, 21, 22, 23,
24].

Due to the increased prevalence of metabolic
syndrome and diabetes in patients with schizo-
phrenia, the American Association of Psychiatry
recommends screening for monitoring metabolic
risk factors in these patients.

At first visit the following should be noted:

+ Family history

o Weight, height, BMI, waist measurement. A
BMI 25-29.9kg/mp is considered a cut-off for
the overweight threshold and a BMI over 30
for obesity.

+ Blood pressure

+ Fasting plasma glucose and diabetes risk fac-
tors (age over 45, low physical activity, first

grade relatives with diabetes mellitus, offsprings
with an increased birth weight >4kg, history
of gestational diabetes* or impaired fasting
glucose* or glucose tolerance®, obesity, poly-
cystic ovary syndrome, hypertension, valvular
disease, HDL < 35 mg/dl and/or triglycerides >
250 mg/dl). If one or two risk factors marked
as * is present, standard glucose tolerance test
is recommended.
« Lipid level
D. The monitoring of metabolic risk factors is
not standardized. There is a reccommendation to
monitor BMI at 3 to 6 months. An increase with
1 unit in BMI assessment indicates the necessity
of introducing the patient in a program of weight
maintenance or reduction (if BMI is not <18.5 kg/
mp) or a change in antipsychotic therapy. Fasting
plasma glucose or HbA1C should be reassessed at 4
months after starting a new drug, then annually.
Periodic assessment of metabolic risk factors is
important in the prevention of metabolic syndrome
and its complications in schizophrenic patients.
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