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NEWS IN EXHALED NITRIC OXIDE MEASUREMENT 
IN CLINICAL PRACTICE  
(SUBJECTIVE REVIEW)

ALICA BENČOVÁ1, EVA ROZBORILOVÁ1, MARTINA ANTOŠOVÁ2
1Clinic of Tuberculosis and Respiratory Diseases, Jessenius Faculty of Medicine, Comenius University

and Martin Faculty Hospital, Slovakia
2Institute of Pharmacology, Jessenius Faculty of Medicine, Comenius University, Slovakia

A b s t r a c t
The use of exhaled nitric oxide (eNO) measurements in clinical practice is really beneficial and common. There

are number of new theoretical and practical factors which underline this fact. Exhaled NO is a good marker for
eosinophilic airway inflammation. eNO levels may be used to distinguish eosinophilic from non-eosinophilic pat-
hologies, in the assessment of patients with non-specific respiratory symptoms, to identify and monitor steroid res-
ponse as well as steroid requirements in the diagnosis and management of airways disease and are also helpful in
identifying patients who do/do not require ongoing treatment with inhaled steroids. We summarize news of using
this diagnostic tool especially in the field of interpretation and reference values according to the last findings.  

Key words: nitric oxide, asthma bronchiale, allergy

INTRODUCTION

Many lung diseases, including asthma, chronic obstructive pulmonary disease (COPD),
bronchiectasis, cystic fibrosis, and interstitial lung disease, involve chronic inflammation
and oxidative stress. Yet these are not measured directly in routine clinical practice becau-
se of the difficulties in monitoring inflammation. 

The need to monitor inflammation in the lungs has led to the exploration of exhaled gases
and condensates. Noninvasive monitoring may assist in differential diagnosis of pulmonary
diseases, assessment of disease severity and response to treatment. Because these techni-
ques are completely noninvasive, they can be used repeatedly to give information about
kinetics, they can be used in patients with severe disease, which has been previously diffi-
cult to monitor, and they can be used to monitor disease in children, including infants. Bre-
ath analysis may have an important place in the diagnosis and management of lung dise-
ases (1).

EXHALED NITRIC OXIDE 

Nitric oxide (NO) is an important endogenous regulatory molecule that is widely distribu-
ted throughout the body. It acts as a messenger in many different biological processes, i.e.
regulation of peripheral blood flow, platelet function, immune reactions and neurotrans-
mission (2). 

The detection of NO in exhaled air was first reported in 1991 (3) and soon after, it was dis-
covered, that NO in exhaled air was elevated in patients with asthma (4). Since then, many
studies have confirmed the clinical usefulness of NO measurements in exhaled air.

1.1 Formation of nitric oxide

Endogenous NO is derived from L-arginine by the enzyme NO synthase (NOS) (Fig. 1), of
which at least three distinct isoforms exist (5). Two of these enzymes are constitutively
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expressed and are activated by small rises in intracellular calcium concentration, seconda-
ry to cell activation. Neuronal NOS (NOS1, nNOS) is predominantly expressed in neurones
and endothelial NOS (NOS3, eNOS) mainly in endothelial cells, although other cell types
also express both of these isoforms. A third enzyme is inducible (NOS2, iNOS), has a much
greater level of activity, and is independent of calcium concentration. NOS2 may be induced
by inflammatory cytokines, endotoxin, and viral infections and may show increased expres-
sion in inflammatory diseases (6).

In inflammatory diseases such as asthma it is likely that the increase in exhaled NO ref-
lects further induction of NOS2 in response to inflammatory signals such as proinflamma-
tory cytokines. Indeed, increased NOS activity has been demonstrated in lung tissue of pati-
ents with asthma, cystic fibrosis, and obliterative bronchiolitis (7). In asthmatic patients
there is evidence for increased expression of NOS2 in airway epithelial cells (8), and this is
likely to be due to increased transcription mediated via the transcription factors STAT-1 and
nuclear factor-κB (NF-κB), and increased availability of L-arginine (9).

1.2 Relationship with eosinophilic inflammation and lung function

Eosinophilic inflammation is a hallmark of bronchial asthma (10). Several studies confirm
that measurements of exhaled nitric oxide correlate well with airway eosinophilia in indu-
ced sputum (11), biopsy material (12), and bronchoalveolar lavage fluid (13). In one study
a significant relationship between eNO and blood eosinophils was also reported (14). A simi-
lar relationship has been described between eNO and sputum eosinophilic cationic protein
in patients with asthma (15). In generally exhaled NO measurements correlate well with
eosinophilic airway inflammation (16).

Overall, most studies indicate that there is little or no correlation between exhaled NO
levels and standard pulmonary function tests in patients with asthma. In summary, lung
function tests and exhaled NO measure different aspects of asthma (17, 18, 19).

1.3 Nitric oxide and steroid treatment

Treatment with corticosteroids results in a reduction in airway eosinophilia in asthma and
a simultaneous improvement in clinical parameters (20). A number of studies have shown
that ICS treatment results in a fall in eNO levels in patients with mild asthma (21). Both
the magnitude and the time interval over which the reduction occurs are dose-dependent
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Fig. 1: Nitric oxide formation by NO synthase involves conversion of L-arginine to L-citruline. Several cofactors are
necessary for enzyme activity, including flavones (FAD, FMN) and tetrahydrobiopterin (BH4). NO synhases is inhi-
bited competitively by arginine derivates NG-mono-methyl-L-arginine (L-NMMA), NG- nitroarginine methyl ester
(L-NAME) and NG- nitroarginine (L-NOARG). Nitric oxide itself may be oxidized to nitrite (NO2

-), nitrate (NO3
-) and

peroxynitrite (ONOO-) ions (6).
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(22) and the response is reproducible (23). eNO levels tend to plateau at higher doses of ICS
(24). In addition, there are highly significant correlations between the changes in eNO and
changes in induced sputum eosinophils with ICS therapy (25). 

1.4 Nitric oxide in clinical situations

Diagnosis of asthma
Measurement of exhaled NO provides a useful method of differentiating asthma from other

conditions. The diagnostic value of NO measurements and the ability of the method to differen-
tiate between subjects with airway symptoms and patients with true asthma were analysed by
Dupont et al. Exhaled NO measurement has been shown to be superior to the majority of con-
ventional tests recommended in international clinical guidelines for the diagnosis of asthma in
symptomatic patients. Correct asthma diagnosis can be ascertained in around 80% of patients,
using a cut-off of around 25 ppb in adults and 20 ppb in children (depending on age) (26).  

Alternatives to airway hyperresponsiveness test
Airway hyperresponsiveness is the ‘gold standard’ test of airway inflammation and is the

hallmark of asthma. However, the test is time consuming and invasive, and impractical for
screening. Exhaled NO offers a more practical alternative. Several studies have investigated
the link between exercise-induced bronchoconstriction and NO in patients with asthma. 

Exhaled NO is a simple, time-efficient and resource-efficient screening tool for airway
hyperresponsiveness and exercise-induced bronchoconstriction (27). Patients will not
demonstrate bronchial hyperresponsiveness using a pre-exercise cut-off of < 12 ppb (28).
In this respect, exhaled NO may replace bronchial provocation tests and outperforms FEV1
as a predictor for airway hyperresponsiveness.

Prediction of steroid response
Exhaled NO levels can be used to identify patients who are likely to respond to anti-inflam-

matory treatment with corticosteroids. A high level of exhaled NO (> 47 ppb in adults) serves
as a positive indicator that the patient will respond to inhaled corticosteroids. Exhaled NO
assessment is important when considering the potential usefulness of inhaled anti-inflamma-
tory therapy. Interestingly, the ability of NO to predict responsiveness to steroids was indepen-
dent of the diagnosis underlying the persistent respiratory symptoms in the participants (29). 

Response to anti-inflammatory treatment
An impressive number of studies show that anti-inflammatory treatment reduces levels of

exhaled NO in asthma. The response to corticosteroids is both rapid (within 1 week, poten-
tially as early as 48 hours) (30) and dose-dependent (31). The higher the exhaled NO value
the higher the dose needed to normalize it. Anti-leukotrienes also reduce exhaled NO levels
in asthma, albeit to a lesser extent (32). Omalizumab is a monoclonal antibody to IgE that is
used in the treatment of moderate to severe atopic asthma. One preliminary study suggests
that omalizumab reduces exhaled NO levels to a similar extent to inhaled corticosteroids,
indicating an anti-inflammatory affect for this agent (33). Dinakar and colleagues investiga-
ted changes in exhaled NO during the build-up phase of traditional (slow build up) and rush
(rapid build up) immunotherapy regimens. The authors concluded that initiation of immu-
notherapy produces significant immunomodulatory changes evidenced by the rise in exha-
led NO, and that these changes are accelerated by rapid build up of immunotherapy (34). 

1.5 Dose optimization of steroid treatment

Evidence is accumulating that exhaled NO monitoring can improve the management of
asthma. Smith et al. showed that using exhaled NO measurements helps to guide treatment
rather than conventional guidelines, the dose of inhaled corticosteroids can be reduced by
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more than 40%. Despite this reduction in dose, exacerbations were less frequent in the exha-
led NO group (by 45%), although this was not statistically significant. These results suggest
that the routine use of exhaled NO monitoring could optimize corticosteroid treatment  (35). 

1.6 Exhaled NO and steroid resistance

Although anti-inflammatory treatment usually reduces NO, some patients continue to have
persistently elevated levels of exhaled NO and symptoms, despite corticosteroid treatment.
Non-compliance with treatment, poor inhalation technique and, in some cases, inadequate
corticosteroid dosage are the most likely reasons for this. Continuous high levels of allergen
exposure create an overwhelming inflammatory activity (36). There may also be a small num-
ber of patients, especially those with severe asthma, who are unresponsive to steroid treat-
ment (37). Patients with persistent airway eosinophilia despite steroid treatment have higher
NO levels compared with those in whom eosinophil counts responded to treatment. Given
that exhaled NO measurements are more convenient than bronchoscopy, exhaled NO may
allow the easy identification of patients at risk of severe clinical outcomes (38).

1.7 Prediction of loss of asthma control

Prevention of exacerbations is an important goal in the management of asthma, and pre-
diction of imminent exacerbations before the onset of clinical symptoms and airway obstruc-
tion could be of considerable value. There is a high positive predictive value (a rise in exha-
led NO is very likely to be followed by loss of control), but the negative predictive value is low;
i.e. a low exhaled NO value does not exclude the possibility of exacerbation (39, 40). 

1.8 Safe withdrawal of inhaled corticosteroids

Exhaled NO levels may help physicians decide whether it is safe to avoid prescribing anti-
inflammatory treatment. Pijnenburg and co-workers showed that an exhaled NO level
of > 49 ppb 4 weeks after steroids were stopped in symptom free asthmatic children was
a good predictor of asthma relapse (41). Exhaled NO levels are reduced in such individuals
in response to treatment. Thus, the response of exhaled NO to treatment in asymptomatic
individuals with a history of asthma may indicate whether treatment should be continued
or not. Zacharasiewicz et al. showed that exhaled NO levels predict which patients will have
worsening of symptoms if steroid doses are reduced (42). 

1.9 Measurement of exhaled NO

Exhaled NO is usually determined during single-breath exhalation. The recommended
technique for adult patients involves inspiration of NO-free air via a mouthpiece to total
lung capacity, followed immediately by full exhalation at an even rate through the mouth-
piece into the apparatus (American Thoracic Society/European Respiratory Society 2005)
(43). During exhalation closure of the velum prevents contamination of the sample with
nasal air. This is important as nasal air contains high concentrations of NO, probably deri-
ved from paranasal sinuses (44). The guidelines state that exhaled NO measurements must
be performed at a controlled and standardized exhalation flow rate as the eNO value is high-
ly flow dependent. The results are processed using dedicated software, expressed as the NO
concentration in ppb (parts per bilion).

1.10 Reference values for healthy individuals

In 2008 were assessed the influences and interactions of factors such as smoking, respi-
ratory tract infections and respiratory allergy concerning exhaled nitric oxide values, with
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the aim to derive a scheme for adjustment. The expected normal value in patient is depen-
dant also on height and sex (45) (Fig. 2).

1.11 Guide to interpretation of the NIOX value in patients with airway disease 

The values from NIOX are influenced with various factors. Therefore, an accurate and re-
liable NO value is important for the physician and the patient, too. The NIOX value, above
as, together with other diagnostic options will be the basis for patients with airway disease
care management (Fig. 3). 
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Fig. 2: NIOX® reference values (45)
Infection = respiratory tract infections
Allergy = respiratory allergies, allergic rhinitis
Values are given as geometric mean. The data based on 897 subjects, primarily Caucasian, aged 34±13 years.
Adapted from Dressel H, de la Motte D, Reichert J, Ochmann U, Petru R, Angerer P, Holz O, Nowak D, Jörres RA.
Exhaled nitric oxide: Independent effects of atopy, smoking, respiratory tract infection, gender and height. Respir
Med. 2008 Apr 4.

Fig. 3: Guide for interpretation of NO (46)
Adapted from Taylor DR, Pijnenburg MW, Smith AD, De Jongste JC. Exhaled nitric oxide measurements: clinical
application and interpretation. Thorax 2006; 61: 817-27.
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1. LOW:
Consider: primary ciliary dyskinesia (check nasal NO), cystic fibrosis, chronic lung dise-

ase of prematurity.
2. NORMAL:
a) If symptomatic - review diagnosis 
Consider: Neutrophilic asthma, anxiety/hyperventilation, vocal cord dysfunction, gastro-

esophageal reflux, rhinosinusitis and cardiac disease 
b) If symptomatic and on treatment:

– implies that patient is compliant
– consider dose reduction or withdrawal of anti-inflammatory drug

3. INTERMEDIATE:
– interpretation based on clinical presentation

a) If symptomatic and on anti-inflammatory treatment, consider:
– infection as reason for worsening
– high levels of allergen exposure
– dose increase
– adding LABA

b) If asymptomatic and on treatment:
– no change of anti-inflammatory drug dose, if patient is stable

4. HIGH: 
– consider atopic asthma if the history is appropriate
– a positive response to a trial of inhaled or oral steroids is likely

a) If symptomatic and on anti-inflammatory treatment:
– check  compliance, inhalation technique, drug dose
– consider high levels of allergen exposure,  imminent exacerbation or relapse, 

steroid resistance (rare)
b) If asymptomatic and on treatment:

– no change of anti-inflammatory drug dose, if patient is stable (46)

1.12 Factors affecting the NIOX® value

The values of exhaled NO are between healthy subjects and subjects with airway disease
different. In this time we know several factors, which may influence and change NO level in
both groups e.g. sex, age, environmental factors, lung functions, lifestyle (smoking) etc. 
The following can cause an increase:

❍ Several airways diseases (asthma, viral infection, allergic rhinitis etc.) (47,48)
❍ Nitrate-rich food (49)
❍ Drugs - ACE-inhibitors (50), L-arginine (51)
❍ Environmental factors - e.g. air pollution (52)

The following can cause a decrease:
❍ Several airways diseases (e.g cystic fibrosis (46))
❍ Drugs - NOS inhibitors (53)
❍ Medical examination  - repeated spirometry (54), sputum  induction (55)
❍ Exercise  (56)
❍ Bronchoconstriction (56)
❍ Menstrual cycle (57)
❍ Alcohol ingestion (58)
❍ Body temperature reduction (59)
❍ Smoking - near-normal levels may be seen despite the presence of inflammation. Smo-

kers normally have NIOX Values between 2–10 ppb. However, increased levels in smokers
still indicate ongoing eosinophilic inflammation. Results should be interpreted with cauti-
on (60, 61).
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CONCLUSION

Exhaled NO measurement has been shown to be superior to the majority of conventional
tests recommended in international clinical guidelines for the diagnosis of asthma in symp-
tomatic patients. Exhaled NO is a simple, time-efficient and resource-efficient screening
tool for airway hyperresponsiveness and exercise-induced bronchoconstriction. In this res-
pect, exhaled NO may replace bronchial provocation tests and outperforms FEV1 as a pre-
dictor for airway hyperresponsiveness. A high level of exhaled NO serves as a positive indi-
cator that the patient will respond to inhaled corticosteroids. Exhaled NO assessment is
important when considering the potential usefulness of inhaled anti-inflammatory therapy.
A number of studies indicate that monitoring inflammation and titrating the dose of anti-
inflammatory medication accordingly has real clinical benefits. As the measurement of
exhaled NO is simpler and less time-consuming than measurement of sputum eosinophils,
it is better suited for routine clinical practice and allows more frequent assessment of
inflammation in the airways. Although exhaled NO levels are reduced by inhaled corticos-
teroids they are not totally suppressed and continue to correlate with clinical markers of
disease control, such as symptom frequency and with the need for rescue medicine. NO
levels are higher in patients who require an increased dose of inhaled corticosteroids. Exha-
led NO measurement is an easily performed, non-invasive tool to monitor adherence to ste-
roid treatment. High levels of exhaled NO and sputum eosinophils are markers of loss of
asthma control. Measurement of eNO is a step forward in the assessment of airway disease.
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A b s t r a c t
Sixty nine (69) samples of breast carcinoma and ten (10) samples of normal breast tissue were immunohis-

tochemicaly analyzed for glycoprotein 96 (gp96 or glucose-regulated protein 94/grp96). To detect the protein the
primary polyclonal antibody GRP94 was used. The breast carcinoma samples were divided according the histo-
pathological type into 3 groups: 1. ductal carcinoma (45 samples), 2. lobular carcinoma (10 samples) and  3. other
types (14 samples). Four categories of gp96 quantity were distinguished: [3+] = high level (90 -100% of positive
cells), [2+] = medium level (10 - 90% of positive cells), [1+] = low level (up to 10% of positive cells), [-]  = negative
cells (0% of positive cells). For statistical analysis as positive were considered only samples with high [3+] and
medium level [2+] protein expressions. Samples scored as [1+] or [-] were considered negative. Our findings rece-
ived in different types of breast cancer samples were compared to each other and subsequently with samples of
normal breast tissue. Significant difference was found in the expression of gp96 in cancer cells in comparison with
cells of normal breast tissue. The highest expression was observed in samples of ductal carcinoma, samples of
lobular and most samples of the other types showed medium or low level of expression of gp96. All ten samples of
normal breast tissue were gp96 negative. It is suggested that high frequency of expression of gp96 in breast car-
cinoma cells and on the other side no expression in normal breast tissue can confirm that tumor microenviron-
ment is a potent physiological inducer of gp96. 

Key words : gp96, heat shock protein, normal breast tissue, breast carcinoma, immunohistochemistry

INTRODUCTION

Heat shock protein (HSP) gp96 is a member of the HSP90 family. This is a large family of
proteins with different molecular weights and different intracellular localizations. HSPs are
present in all living cells. They can exist in an unbound state or bound to specific client pro-
teins. HSPs affect as molecular chaperones in numerous processes, such as protein folding,
assembly and transport, peptide trafficking, and antigen processing under physiologic and
stress conditions (1, 2). Expression of HSPs can be induced by several stressors, such
as fever, oxidative stress, alcohol, inflammation and heavy metals, and by conditions cau-
sing injury and necrosis, such as infection, trauma and ischemic reperfusion. They serve
to attenuate the damage and misfolding of proteins caused by these various stressors. HSPs
are potent inducers of innate and antigen-specific immunity. Their role as „danger signals“
that prime multiple host defense pathways is being exploited in vaccine development for
cancer and infections (3).

Gp96, a 96-kDa glycoprotein, is the most abundant glycoprotein in the endoplasmic reti-
culum (ER). Mazzarella and Green in their early study (1987) (4) proposed  that gp96 spans
the ER membrane based on the hydrophobicity mapping. A later study, immuno-electron
microscopy staining shows that this protein is uniformly distributed in the ER lumen, with
no preference to associate with the membrane (5).
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Human gp96 gene is located on chromosome 12. It encodes a protein of 803 amino acids.
Mature gp96 consists of three distinct structural domains: an N-terminal ATP-ase domain,
a highly charged intermediate domain and a C-terminal dimerization domain. Native gp96
assembles as a homodimer with an extended rod-like shape (6). Gp96 was reported to have
multiple enzymatic activities (7, 8).

MATERIAL AND METHODS

Clinical samples. In this study we have used 69 samples of breast carcinoma and 10 sam-
ples of normal breast tissue. The breast carcinoma samples were according the histo-pat-
hological type divided into 3 groups: 1. ductal carcinoma (45 samples), 2. lobular carcino-
ma (10 samples) and  3. other types (14 samples). The samples of breast carcinoma were
obtained from the Department of Pathological Anatomy, J. A. Comenius University, Jesse-
nius Faculty of Medicine in Martin and samples of normal mammary gland from the Dept.
of  Plastic and Reconstructive Surgery in Košice.

Immunohistochemical detection of gp96. We have used indirect enzymatic immunohisto-
chemical method. Formalin fixed, paraffin embedded tissue blocks were cut (7 μm) and
attached to the slides. The slides were processed for immunohistochemistry. 

Goat polyclonal antibody GRP 94 (C-19, Santa Cruz Biotechnology, Inc.) was used as pri-
mary antibody and the rabbit anti-goat antibody conjugated with horseradish peroxidase
(Pierce Biotechnology, Inc.) as secondary antibody.  The sections were then visualized with
3,3’-diaminobenzidine tetrachloride (DAB). Slides were counterstained with hematoxylin,
dried, mounted and coverslipped. Sections processed with omission of primary antibody
served as a negative control of immunohistochemical procedure.

Statistical analysis. Statistical evaluation was performed using the chi-square (χ2) test.
p<0.05 was considered to be significant. Differences in the staining of carcinoma samples
were compared to normal breast tissue samples. 

RESULTS

Sixty nine (69) samples of  breast carcinoma and ten (10) samples of normal breast tis-
sue were imunohistochemically analyzed for gp96 expression. Although gp96 is normally
localized intracellularly, we have found the expression of this protein on the surface of some
of cancer cells. Specimens of normal breast tissue we have marked as control group. In tis-
sue of control group we have detected very low or negative intracellular cytoplasmic locali-
zation of gp96. 

The breast carcinoma samples were according the histo-pathological type divided into  3
groups: 1st ductal carcinoma (45 samples), 2nd lobular carcinoma (10 samples) and 3rd
other types (14 samples of papillary, cribriform, mucinous, medullary and tubular carcino-
ma). We have distinguished four categories of quantity of these proteins: [3+] = high level
(90 -100% of positive cells), [2+] = medium level (10 - 90% of positive cells), [1+] = low level
(up to 10% of positive cells), [-]  = negative cells (0% of positive cells). For statistical analy-
sis as positive were considered only samples with high level [3+] and medium level [2+] pro-
tein expressions. Samples scored as [1+] or [-] were considered negative. The evaluation of
immunostaining results was scored independently by three investigators and agreement
was reached in all cases, in difficult cases after discussion.

Immunohistochemistry. 
In the first group (ductal carcinoma), 32/71% tissue samples were gp96 positive, the rest

(13/29%) showed no gp96 positivity.
In the second group (lobular carcinoma), gp96 immunopositivity was detected in 1/10%

case of lobular carcinoma. The signal was low or not present in 9/90% samples and these
samples were considered negative.
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In third group (other type of breast carcinoma), gp96 expressed high and medium levels
in 6/43% and 9/57% specimens were negative.

Taken together, 39/57% samples of breast carcinoma were gp96 positive and 30/43%
cases were negative.

In control group (normal breast tissue), 4/40% samples showed low and 6/60% no
expression of gp96. According to the evaluation manner all these samples were considered
as negative (Table 1). 

Statistical analysis (Table 2). We have found significal differences in gp96 expression in
tumor cells vs. normal breast tissue (p< 0.001).
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3.                                                                              4. 

Fig. 3. Demonstration of gp96 expression in lobular breast carcinoma as detected by immunostaining of paraffi-
ne tissue sections with GRP94. We can see low level of gp96 positivity in tumor cells. Fig. 4. Normal breast tissue
with no positivity of gp96.

1.                                                                              2. 

Figs. 1, 2. Gp96 expression of ductal breast carcinoma with GRP94 goat polyclonal antibody shows high positivi-
ty in tumor cells.            
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DISCUSSION

The heat shock protein gp96 has been described as a classical ER-resident  protein, but
Robert’s and other later studies show surface expression on plasma membrane of some
tumor cells (9, 10). The mechanism by which gp96 is directed and retained on the plasma
membrane is still unknown. 

Gp96 exerts protective function during cellular stress and plays an important role in the
maintenance of protein homeostasis. The houskeeping activity of this protein is ascribed to
its ability to chaperone nascent or aberrantly folded proteins (11). Recent studies have
shown that gp96 can additionally exert potent stimulatory activity on both innate and adap-
tive immunity. The basis for the immunological activity of this protein is known to reflect
two intrinsic functions of hsp96: a) the ability of chaperoning tumor Ag-derived immuno-
genic peptides and delivering them to antigen-presenting cells (APCs), such as macropha-
ges and dendritic cells, for specific T cell stimulation (2), and b) the activity as natural adju-
vant, promoting maturation and activation of APCs and eliciting secretion of proinflamma-
tory cytokines and chemokines  (12). 

In the present study, we have compared the  expression of gp96 in three groups of breast
carcinoma with one control group (normal breast tissue). Gp96 expression was detected in
32/71% cases of ductal carcinoma, in 1/10% slide of lobular carcinoma and in 6/43% tis-
sue samples of other types. Control group shows no gp96 immunopositivity. Next, we have
revealed significant statistical differences between gp96 expression in ductal vs. lobular
type of breast carcinoma. Consequently, high level of this protein in ductal type and low
expression in samples of lobular breast carcinoma could serve as a relevant diagnostic mar-
ker to determine histo-pathological type of breast cancer. 
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Table 1: Various levels of expression of gp96 in 69 samples of breast carcinoma tissue
in comparison with 10 samples of normal mammary gland.

Tissue samples                         3+                 2+                1+                   –

Ductal carcinoma 19/42%         13/29%          3/7%           10/22%

Lobular carcinoma                  0/0%            1/10%          3/30%            6/60%

Other type                             4/29%           2/14%          3/21%           5/36%

Normal mammary gland           0/0%             0/0%           4/40%          6/60%

Table 2: Statistical evaluation was performed using the chi-square (χ2) test. p<0.05 was
considered to be significant. Differences in the staining of carcinoma samples were com-
pared to normal breast tissue samples. 

Tissue samples

Ductal carcinoma

Lobular carcinoma

Other type 

Normal tissue

χ2

Number 
of positive 
samples 

32/71%

1/10%

6/43%

0/0%

Number 
of negative 
samples

13/29%

9/90%

8/57%

10/100%

p< 0.001
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However breast cancer is an extremely expanded disease in industrial countries of the
world over the last 30 to 40 years, substantial progress has been made in the diagnosis and
treatment of the mentioned disease. Recent pharmacological treatment regimens of breast
cancer include conventional chemotherapy on the basis of cytotoxic drugs, an endocrine
therapy in steroid receptor-positive patients and imunotherapy in gp96-positive neoplasms
of breast. For its imunological features, gp96 is deemed to be an appealing tool for immu-
nization against tumor and infection.                                                                             

An active immunotherapy generates an adaptive immune response by introducing an
antigen into a patient, often in combination with other component that can enhance an
immune response to antigen. Purified antigens, peptides, gene-based systems or antigens
contained in whole cells or cells lysates are used in active specific immunotherapy for can-
cer, also known as cancer vaccines. Cancer vaccines do not directly kill cancer cells, but
instead generate a specific and targeted humoral and cellular immune response against the
cancer and stimulate an increase in the number and type of immune cells and antibodies
capable of responding to cancer. In addition, cancer vaccines may activate the immune sys-
tem to overcome the immunosuppression caused by tumor growth and development
(13,14).     

As the role of heat shock protein (HSP) to cancer imunity being studied, HSP-based can-
cer vaccines have been one of the focus of cancer therapy research. Early animal studies
have clearly demonstrated that HSP-based cancer vaccines can elicit a strong tumor speci-
fic immune response and act as a potent multivalent vaccines. These vaccines are not
restricted to animals, but many of them have been under clinical trials. For example, oncop-
hage (kind of autologous tumor derived gp96-peptide complex), has been currently in clini-
cal trials for metastatic melanoma, kidney cancer, lymphoma, pancreatic and gastric can-
cer (15).

HSP-based cancer vaccines constitute a biological way of tumor therapy, that can kill
tumor cells with the help of immune system in vivo. Their role is specific and potent in prec-
linical tests and their results in clinical trials have been promising. Cancer vaccines have
brought hope for hundreds of cancer patients, also for women with breast carcinoma (main-
ly with ductal carcinoma). It can be speculated that cancer vaccines may replace chemot-
herapy within several years.
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A b s t r a c t

Antipsychotic drugs, the foundation of treatment for psychotic disorders, are widely used to treat a variety of
psychiatric disorders and are also in widespread use in somatic medicine. They have been shown to be highly effec-
tive as first line treatment for schizophrenia, as well as in many other indications and in managing violence,
aggression, irritability, restlessness and agitation. However, there have been numerous studies that certain atypi-
cal antipsychotics may be associated with a greater risk of weight gain and risk of the metabolic syndrome, an
established cardiovascular risk factor. These can impair quality of life, cause stigma, lead to poor adherence with
medication and cause physical morbidity. It’s known that individuals with schizophrenia have shorter life expec-
tancy than the population at large and a greater vulnerability to several illnesses. But still antipsychotics don’t
appear to be the only causation of higher prevalence of metabolic disturbances in schizophrenia patients as they
have higher rates of diabetes independent of medications taken. Certainly, lifestyle factors may contribute to hig-
her metabolic risks in these patients, too. These include poor dietary habits, sedentary lifestyle, obesity, high rates
of smoking, and the use of alcohol and street drugs. There has also been some speculation that genetic factors
could play some role in mentioned disturbances.

This review article summarizes antipsychotics-induced weight gain and its association with the metabolic syn-
drome. It also provides results of our retrospective study and recommendations for the systematic body weight
monitoring of individuals receiving antipsychotic medication.

Key words: antipsychotics, schizophrenia, weight gain, metabolic disturbances 

INTRODUCTION

The aim of this review article is to summarize the current knowledge on metabolic adver-
se effects of antipsychotics, which have been observed especially with the second-generati-
on drugs, namely on metabolic syndrome and changes in body weight.

Antipsychotic medications are widely used to treat a variety of psychiatric disorders. They
have been shown to be highly effective, and in general safe, obtaining widespread use in
medicine. They are the basis of treatment of psychotic disorders and are primarily indica-
ted to treat acute exacerbations of schizophrenia and to prevent relapses.

Schizophrenia is a chronic, severe, and disabling psychotic disorder that can affect all
functional areas of an individual’s life. It is characterized by specific disturbances of thin-
king, emotions, perception, will and acting and personality. Years of research have shown
that schizophrenia is a biologically based disease with dysregulation of brain dopamine
activity. The large majority of people with schizophrenia show substantial improvement
when treated with antipsychotics. These medications reduce the psychotic symptoms of
and usually allow the patient to function more effectively and appropriately. 

Their high efficacy has been confirmed in many other indications, including schizoaffec-
tive disorder, psychotic and treatment-resistant depressions,  manic and mixed phases of
bipolar disorder, either as monotherapy or as adjuncts to mood stabilizers. Antipsychotics
have become indispensable in the somatic departments, as well. They are frequently used
to treat irritability, restlessness, agitation, also to manage qualitative disorders of consci-
ousness associated with severe acute somatic disorders and decompensated chronic soma-
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tic disorders. In these cases, antipsychotics are usually administrated for a short term, they
have appeared effective and safe.

Other common uses of these agents include the treatment of the behavioral symptoms of
dementia, childhood autism, behavioral problems associated with developmental disorders
and the whole spectrum of anxious disorders. 

The first-generation antipsychotics such as haloperidol, previously referred to as „con-
ventional“ or „typical“, are effective in treating positive symptoms of schizophrenia, such as
delusions, hallucinations, hostility and aggression. The primary disadvantage of this drug
group has been the lack of response of negative symptoms including apathy, social isolati-
on and withdrawal as well as lack of motivation. Their another drawback was the high rate
of extrapyramidal side effects comprising dystonic reactions, akathisia, drug-induced Par-
kinsonism and tardive dyskinesia. However, most of extrapyramidal symptoms can be
successfully and promptly treated with anticholinergic drugs, benzodiazepines or eventual-
ly with betablockers, therefore first-generation antipsychotics are being used continually.
The development of the second-generation agents also known as „atypicals“ came from the
need for effective antipsychotics that would cause fewer and less severe side effects. The
effectiveness of these newer drugs appears to be comparable to that of older agents in tre-
ating positive symptoms of schizophrenia (1). This class of medications differed primarily by
producing minimal or no extrapyramidal side effects (2). Another positive finding was  the
fact that the newer second-generation drugs are more effective in treating both negative
symptoms and cognitive deficits when compared with conventional antipsychotics. Howe-
ver, there have been numerous studies that certain antipsychotic medications may be asso-
ciated with a greater risk of metabolic abnormalities than others, including weight gain, inc-
reases in levels of plasma lipids, and new-onset type II diabetes mellitus (3, 4, 5).

It’s known, that individuals with schizophrenia have shorter life expectancy than the
population at large (6) and a greater vulnerability to several illnesses. While suicide and
injury account for about 30%-40% of excess mortality in schizophrenia patients, 60% of
premature deaths are due to „natural causes“ similar to those found in the general popu-
lation (7). These causes include diabetes, cardiovascular diseases, respiratory diseases and
some infectious diseases. One set of explanations for these vulnerabilities points to the life-
styles of people with serious mental illnesses, which are often associated with poor dietary
habits, obesity, high rates of smoking, and the use of alcohol and „street drugs“. The pati-
ents often live in social isolation without much contact with other people. They tend to lead
sedentary life and buy cheap, high-calorie foodstuffs in consequence of lack of financial
resources. All these factors and partly antipsychotic medications themselves may contribu-
te to increased risk of cardiovascular diseases in treated patients.

Because of the heightened health risks associated with schizophrenia and the medica-
tions used in its treatment, physical health monitoring is especially important in this pati-
ent population. Despite the recognition of elevated risks of medical comorbidity in schi-
zophrenia and other mental illnesses, at present the detection and treatment of these
comorbidities remains poor. This article summarizes antipsychotics-induced weight gain
and their association with the metabolic syndrome. Together we present results of our own
retrospective study and the recommendations concerning the monitoring of weight gain in
patients who take an antipsychotic medication. Right monitoring leads to early detection of
the metabolic disturbances and subsequent appropriate interventions can substantially
lower the risk of cardiovascular disease, which dominates as the number one cause of death
in patients with schizophrenia (8).

METABOLIC SYNDROME

It is no surprise that the second-generation antipsychotics are associated with an eleva-
ted risk of metabolic syndrome, given the body of evidence linking them to weight gain,
hyperglycemia, and lipid abnormalities (9). The metabolic syndrome (also known as deadly
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quartet or syndrome X) is a cluster of risk factors for diabetes and cardiovascular disease
consisting of:

❍ central (abdominal) obesity
❍ diabetes, IFG (impaired fasting glycaemia) and IGT (impaired glucose tolerance) 
❍ hypertension
❍ dyslipidaemia (elevated triglyceride levels, low HDL cholesterol levels)

The new International Diabetes Federation definition (10) is presented in Table 1 (focus-
ses on abdominal obesity rather than insulin resistance). 
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Table 1. International Diabetes Federation Consensus Definition of  Metabolic Syndrome (MS) (2005)

Central Obesity - waist circumference – ethnicity specific
– for Europids: Male ≥ 94 cm

Female ≥ 80 cm

Plus any two of the following:

Raised triglycerides

Reduced HDL cholesterol

Raised blood pressure

Raised fasting plasma glucose

> 150 mg/dL (1,7 mmol/L)
or specific treatment for this lipid abnormality

< 40 mg/dL (0,9 mmol/L) in males
< 50 mg/dL (1,1 mmol/L) in females
or specific treatment for this lipid abnormality

Systolic : ≥ 130 mmHg or
Diastolic: ≥ 85 mmHg or
Treatment of previously diagnosed hypertension

Fasting plasma glucose ≥ 100 mg/dL (5,6 mmol/L) or previously dia-
gnosed type 2 diabetes
If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly recommended but
is not necessary to define presence of the syndrome.

Each component of the metabolic syndrome is an established cardiovascular risk factor,
and the presence of multiple components confers greater risk than the sum of the risks
associated with each individual factor (11). It’s known that those with the syndrome have a
two- to threefold increase in cardiovascular mortality and a twofold increase in all-cause
mortality (12). The significant two-fold increase in the risk of coronary heart disease and
higher incidence of stroke or myocardial infarction in these patients makes this condition
dangerous (13).

Using baseline data from the Clinical Antipsychotic Trials of Intervention Effectiveness
(CATIE) Schizophrenia Trial, McEvoy and others (14) have confirmed this link, noting high
prevalence (40.9%) of the metabolic syndrome in patients with schizophrenia. Interesting-
ly, in females it was 51.6%  compared to 36.0% for men. Prevalence rates of the metabolic
syndrome in the patients with chronic schizophrenia (42.6% of men and 48.5% of women)
were approximately 2 times published rates in the US adult population (15). Similarly, Lam-
berti and colleagues (16) found that the prevalence of the metabolic syndrome exceeds 50%
in their clozapine-treated sample. It was more than twice the rate reported for an epidemi-
ological normal comparison group. Alméras and others (17) conducted study to evaluate
whether risperidone and olanzapine differ regarding their impact on the cardiovascular
disease risk profile. After 6 months treatment, olanzapine-treated patients had significant-
ly higher plasma triglyceride concentrations, lower HDL-cholesterol levels and higher fas-
ting insulin concentrations than risperidone-treated patients. Moreover, 33% of olanzapine-
treated patients were carriers of 3 atherogenic features of the metabolic syndrome as oppo-
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sed to a prevalence of only 11% of risperidone-treated patients and so had more deteriora-
ted metabolic risk factor profile. 

The pathogenesis of the metabolic syndrome is complex and remains poorly uderstood.
It’s unclear, whether all entities are mechanistically related. The most widely accepted the-
ory describes the complicated interaction between metabolically active visceral adipose tis-
sue and resultant insuline resistance. 

The presence of visceral obesity is thought to be atherogenic due to increased lipolysis
and release of nonesterified free fatty acids (FAAs). The elevated hepatic and plasma FAA
concentrations result in abnormal gluconeogenesis or glucose dysregulation. Other by-pro-
ducts of adipose tissue that damage the vascular system include interleukin-6, tumor nec-
rosis factor-α, angiotensinogen, adipsin and leptin (18, 19, 20). Beside causing direct
endothelial dysfunction, TNF-α decreases the activity of lipoproteine lipase, which causes
atherogenic dyslipoproteinemia or elevated triglycerides and decreased HDL. Insulin resi-
stance also decreases lipoprotein lipase activity and results in dyslipidemia. Hyperinsuli-
nemia increases the activity of the sympathetic nervous system, which can lead to hyper-
tension. As resistance to insulin progresses, insulin loses its ability to effect vasodilatation,
which can further increase blood pressure (21).

Whether the risk of metabolic syndrome varies among the different second-generation
antipsychotics remains unclear. Also unclear is the relative contribution of second-genera-
tion antipsychotics to the metabolic syndrome in patients with schizophrenia. It is possible
that any differential weight gain liability between these agents is lost or „masked“ by pro-
longed exposure to the environmental and lifestyle adversities that characterize the lives of
many people with this disease.  For instance, poor dietary habits, smoking and sedentary
lifestyle. Moreover, the illness itself may contribute to development of the metabolic syn-
drome. Data suggest that those with schizophrenia have higher rates of diabetes, one of the
components of metabolic syndrome, independent of medications taken  (22). Also Cohn and
others (23) confirmed reduced insulin sensitivity in antipsychotics - free patients in the ear-
liest stages of schizophrenia In addition, negative symptoms of schizophrenia such as avo-
lition and anergia may thwart healthy behaviors. Therefore, antipsychotics don’t appear to
be the only causation of higher prevalence of metabolic disturbances in schizophrenia pa-
tients.

WEIGHT GAIN AND OBESITY

Individuals with schizophrenia are more likely than members of the general population
to be overweight or obese (24, 25). Greater risk for obesity may be partly explained by adver-
se health behaviours of chronic psychiatric patiens, such as inactive lifestyle and poor die-
tary choices. Moreover, some antipsychotics, drugs used as a first-line treatment of schi-
zophrenia, are associated with weight gain. Obesity can have serious effects on health and
life expectancy through a number of disease processes. It increases the risk for many medi-
cal disorders, including hypertension, coronary artery disease, osteoarthritis, type II diabe-
tes mellitus, and stroke but also some forms of cancer, and all-cause mortality (26, 27). 

Reports of weight gain induced by conventional antipsychotics began to appear soon
after their availability (28, 29). Although atypical antipsychotics offer enhanced efficacy in
the treatment of psychotic disorders  and an improved neurological side-effect profile, some
of them appear to possess greater weight gain liability than conventional antipsychotics.
Using a body mass index (BMI) of 27 or higher as a definition of obesity, Allison et al. (24)
found that 42% of a group of patients with schizophrenia, compared to 27% of the general
population, met this criterion. This difference was particularly due to the high proportion
of obese women with schizophrenia and severe obesity was present predominantly in young
women. It’s known that excessive weight and obesity, moreover combined with smoking,
which has a high prevalence in patients with schizophrenia, increases patients’ risk for car-
diovascular morbidity and mortality. In addition, it can have important effects on an indi-
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vidual’s adjustment in the community, ability to participate in rehabilitation efforts, and
self-image. Antipsychotic-induced weight gain has been described as highly distressing to
patients, adversely affecting selfesteem, and, although difficult to quantify, decreasing tre-
atment adherence (30).

Previous reviews have documented that treatment with first- and second-generation
antipsychotics can contribute to weight gain (31 - 33). Further, the reviews indicate mar-
ked differences among the antipsychotics in their relationship with obesity. Allison and
Casey (33) in their meta-analysis provided an estimate of mean weight gain over a 10-week
period of administration of antipsychotics. The mean increases were 4.45 kg with clozapi-
ne, 4.15 kg with olanzapine, 2.92 kg with sertindole, 2.10 kg with risperidone, and 0.04 kg
with ziprasidone. Other randomized, controlled trials provided evidence for differences
among the antipsychotics in their weight gain liabilities, too (34 - 38). Wirshing and others
retrospectively assessed weight gain in 92 male patients with schizophrenia enrolled in 8
antipsychotic efficacy studies conducted over 6 years. Clozapine and olanzapine increased
the body weight the most, risperidone was intermediate, and sertindole induced less weight
gain than haloperidol. Weight gain plateaued at 20 weeks with olanzapine and clozapine
versus 10 weeks with risperidone and sertindole (32). These weight gain data converge with
results from other short-term studies comparing risperidone and olanzapine (39 - 42) (Table 2).
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Table 2. Studies comparing weight gain associated with risperidone and olanzapine treatment

Study

Tran and 
others (39)

Conley and 
others (40)

Guille and 
others (42)

Sample

339 schizophrenia,   
schizoaffective
disorder

407 schizophrenia,   
schizoaffective
disorder

43 
bipolar disorder,      
schizoaffective
disorder

Treatment

risperidone 
versus 
olanzapine    

risperidone 
versus 
olanzapine  

risperidone 
versus 
olanzapine 
versus  
clozapine  

Duration

28 weeks

8 weeks

12 weeks

Findings

Olanzapine significantly > efficacy; risperidone
in negative symptoms
Weight gain: olanzapine 4.1 kg,                   

risperidone 2.3kg

Both significant efficacy but risperidone > olan-
zapine for positive and mood or anxiety symp-
toms
Weight gain: olanzapine 3.9 kg >   

risperidone 2.0kg

Comparable efficacy for all treatments                
Weight gain: olanzapine 10.6 kg,   

risperidone 1.7kg, 
clozapine - sample size too small   

In summary, individual antipsychotic agents exhibit differential weight gain liability, what
can be explained by their various pharmacodynamic activities (31, 43). Younger patients
appear to be be at higher risk of weight gain (44), the relative risk of sex remains to be elu-
cidated because results are contradictory (45, 46). Also correlation between weight gain and
psychopathological improvement require further elucidation because different investigators
have obtained variable results (47 – 49). Umbricht et al. (47) studied correlation of weight
gain with treatment response in 82 patients with chronic schizophrenia who received clo-
zapine treatment for up to 90 months. Psychopathology was assessed with the Brief Psy-
chiatric Rating Scale (BPRS) and the Clinical Global Impressions scale. A clinically signifi-
cant weight gain occurred mostly during the first 6 to 12 months. Weight gain and treat-
ment response were not correlated, and early weight gain was not a predictor of response.
Conversely, Leadbetter and collaborators (48) concluded that propensity to induce weight
gain may relate to the drug's efficacy as the improvements in BPRS total score and compo-
site negative symptom score were significantly greater for the patients with marked weight
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gains during clozapine treatment than for those who experienced moderate or no weight
gains. 

Wetterling and Mubrigbrodt (50) concluded from their retrospective study that weight gain
was significantly greater in patients receiving atypical antipsychotics (when compared with
conventional), in younger patients, in patients with a baseline normal weight (BMI
20.0–24.9 kg/m2), and in persons not previously treated with antipsychotics .

Most authors report an absolute weight change, but probably more clinically relevant are
measurements such as weight gain greater than or equal to 7% from baseline or peripheral
versus central adiposity.

The most widely accepted monitoring standard for determining the need for intervention
is BMI (computed by using the formula kg/m2). Weight classification by Body Mass Index
following World Health Organization and U.S. National Institutes of Health recommendati-
ons is presented in Table 3.
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Table 3. Weight classification by Body Mass Index 

NHLBIa terminology

Underweight

Normal

Overweight

Obesity class 1

Obesity class 2

Obesity class 3

BMI (kg/m2) range

< 18.5  

18.5–24.9   

25.0–29.9   

30.0–34.9  

35.0–39.9  

≥ 40.0      

WHOb classification

Underweight

Normal range

Preobese

Obese class 1

Obese class 2

Obese class 3

aNational Heart, Lung, and Blood Institute (26); bWorld Health Organization (51)

Another useful risk indicator is the patient’s waist size. A waist size of 89 cm (35 inches)
or more for women and 102 cm (40 inches) or more for men is associated with increased
health risks, including increased risks of high blood pressure, dyslipidemia, type II diabe-
tes, and metabolic syndrome (52). Interestingly, women having a waist size of 89 cm (35
inches) or more are at higher risk regardless of their BMI category. For men, high-risk waist
measurement was associated with somewhat less health risk if their BMI was in the nor-
mal range (52). Standard waist size recommended for Slovak population are up to 88 cm for
females and up to 102 cm in males (53).

The participants of The Mount Sinai Conference, held in 2002, at the Mount Sinai Scho-
ol of Medicine in New York City, reviewed the literature in several areas regarding adverse
effects af antipsychotics. Experts for each topic area formulated monitoring recommendati-
ons that were discussed by all of the participants until a consensus was reached.

The recommendations concerning the monitoring of weight gain associated with antipsy-
chotic drugs are following: 

1. Mental health providers should monitor and chart the BMI of every patient with schi-
zophrenia, regardless of the antipsychotic medication prescribed.

a. Clinics that provide treatment for patients with schizophrenia should have the capabi-
lity of weighing patients at every visit and of tracking those weights.

b. Mental health care providers should instruct patients to monitor and chart their own
weight.

c. BMI monitoring should be supplemented by measurement and recording of the patien-
t’s waist circumference.
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d. Patients should be weighed/measured before medication initiation or change and at
every visit for the first 6 months after medication initiation or change. When the patient’s
weight stabilizes, the patient should be weighed (and the BMI recorded) at least quarterly
and more often if the patient is overweight.

2. The relative risk of weight gain for the different antipsychotic medications should be
a consideration in drug selection for patients who have a BMI of 25 or higher.

3. Unless a patient is underweight (BMI < 18.5), a weight gain of one BMI unit indicates
a need for an intervention. Mental health providers should also initiate an intervention if
the patient’s waist circumference is 89 cm or greater for a woman and 102 cm or greater
for a man.

4. Interventions may include closer monitoring of weight, nutritional counseling, initiati-
on of a personal exercise program, use of an adjunctive treatment to reduce weight, or
changes in a patient’s antipsychotic medication. If a patient is taking a medication that is
associated with a higher risk for weight gain, the mental health care provider should con-
sider switching the medication to one with less weight gain liability (54).

Seeing that weight loss is very difficult to achieve and existing interventions to promote
weight loss are often ineffective, in the first place, clinicians should focus on preventing ini-
tial weight gain and obesity. They ought to sensitize patients to the health risks associated
with excess weight, especially those with a family history of diabetes or obesity.

Our experiences confirm the association between  antipsychotic treatment and weight
gain. In our survey we selected  randomly one hundred clinical records of patients hospi-
talized at the Clinic of Psychiatry Jessenius Faculty of Medicine Comenius University in
Martin in the years 2007-2008. They suffered from either affective disordes, schizoaffective
disorders or psychotic disorders. Antipsychotics presented primary medication in all of
these patients, 95 percent of patients received 2nd generation antipsychotics (olanzapine
(Zyprexa) was the most common agent), 5 % received conventional antipsychotics. Antidepres-
sant comedication occurred in 54 percent of patients and hypnotic comedication in 87 percent
of patients.  The mean age of patients was 43.2 years, the hospitalization lasted on average 34.7
days. The body weight increased in 61 patients with a mean weight gain of 3.9 kg. In 20 % of
the patients, there was no weight change and 19 of them experienced weight loss. 

Also in our previous study we analysed body weight changes after four weeks of antipsy-
chotic treatment in patients hospitalized at the Clinic of Psychiatry. We have found out the
significant increase in body weight (p < 0.001, Wilcoxon) with initial weight of 75.5 ± 15.5
kg and weight after four-week treatment with antipsychotic reaching 78.6 ± 14.5 kg. In
addition, the age negatively correlated with percentage deviation in weight (r = - 0.36, Spe-
arman). That means, in younger patients were observed higher increases in weight after
antipsychotic administration than in older ones (55). 

We conclude that observed high increases in weight are especially implication of antipsy-
chotic treatment. The long-lasting lifestyle factors, mainly inactivity, poor dietary habits,
smoking and high rates of substance abuse, may also play an important role in develop-
ment of these disturbances.

CONCLUSION

It has long been known that schizophrenia is associated with a shortened life expectancy
and with morbidity and mortality rates that far exceed those of the general population.
Important risk factors especially for cardiovascular disorders in these patients are obesity
and the metabolic syndrome, which have been reported to have a higher frequency in schi-
zophrenic patients. Appropriate clinical attention must be given to monitoring for this syn-
drome, and minimizing metabolic risks associated with antipsychotic treatment. It remains
to be established what the individual risks are for the various agents in this drug class. 

Current evidence related to issues of illness and lifestyle of schizophrenia patients sug-
gests that regular monitoring for metabolic disturbances is critical for all patients no mat-
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ter the antipsychotic they receive. Numerous guidelines have been issued to help the psy-
chiatrists, but this knowledge has not yet been translated into clinical practice  . This artic-
le provides recommendations for the body weight monitoring of individuals with schizoph-
renia for whom antipsychotic medication is prescribed. 

The adverse effects of antipsychotics including weight gain are a major factor in promo-
ting poor adherence to, and even discontinuation of, antipsychotic treatment on the one
hand, and increasing the risk of cardiovascular and metabolic disease on the other. There-
fore, they merit recognition and either harm minimization strategies such as use of the
minimum effective dose, or use of lower doses of combinations of antipsychotics, or in extre-
me cases discontinuation of the offending drug. Indeedy, evaluation of metabolic syndrome
risk factors before starting treatment should play an important role in selection of an ade-
quate medication for the individual patient. High risk patients (adiposity, hyperlipidaemia,
hyperglycaemia, preexisting diabetes) should maintain an antipsychotic agent with a favou-
rable side effect profile. Selection of an antipsychotic should be on an individual patient
basis and the clinicians must every time balance the significant benefits of an antipsycho-
tic drug against the risk of the metabolic disturbances.

However, the contribution of medication effect to increased risk of coronary heart disease
and stroke should not be overemphasized, becasuse the increased risk of cardiovascular
mortality in people with schizophrenia is more likely to be due to a combination of factors
that includes antipsychotic medication effect as well as other factors such as poor dietary
habits, obesity, sedentary lifestyle, high rates of smoking, and the use of alcohol and „stre-
et drugs“ (57). 
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CONSEQUENCES OF EXPLOSION IN NOVÁKY

1JELA VALACHOVÁ J, 1OTO OSINA, 2JANA BUCHANCOVÁ
1Clinic of Occupational Medicine and Toxicology, Comenius University, Jessenius Faculty of Medicine and

Faculty Hospital, Martin, Slovakia
2Institute of Public Health, Comenius University, Jessenius Faculty of Medicine, Martin, Slovakia

A b s t r a c t
Objective: Aim of this work was to measure the concentrations of chromium (Cr) and lead (Pb) in employees of

the VOP Nováky (military repair facility). The employees have been removing the consequences of the explosion
from 2nd of March, 2007. It is very likely that the mentioned metals were released into the area, as well. 

Methods: The authors examined content of Cr and Pb in the blood and urine of 25 men. Average age of the expo-
sed workers was 35.52 ± 7.86 years (x ± SD). The used analytical method was the atomic absorption spectrosco-
py in graphite furnace (GFAAS). The collection of biological material was realized after 4 month exposure. These
values were compared to the concentrations of Cr and Pb in the blood and urine of the control group (CG) that
consisted of 25 persons – professional soldiers from different areas of Slovakia. Average age of CG was 33.64  11.26
years (x ± SD).

Results: The acquired concentration of blood chromium was moderately increased within exposed group in com-
parison to control (0.086 μmol.l-1; 0.064 respectively, p<0.050). The average concentration of Cr in urine was sig-
nificantly increased within exposed group in comparison to control (6.098 μmol.mol creatinine (cr.)-1; 3.410 res-
pectively, p<0.010). The values of Pb in blood of analysed cohort were 0.166 vs. 0.135 μmol.l-1 of CG and Pb in
urine 0.951 vs. 1.473 μmol.mol cr.-1 of CG. The professional lead exposure was not substantial. 

Conclusions: The moderately increased values of Cr in blood (p<0.050) and in urine (p<0.010) in exposed group
against the control indicated increased professional exposure of this metal. As Cr (VI) is a carcinogen of 1st cate-
gory, we find important to continue in the monitoring of this group and we recommend repeating the analyses after
1 year. 

Key words: chromium, lead, occupational exposure, toxicity, carcinogenicity

INTRODUCTION

Only two of the several oxidation states of chromium (Cr), Cr(III) and Cr(VI), are reviewed
for their predominance and stability in the ambient environment and their toxicity in
humans. Trivalent chromium Cr(III) is an essential element and plays an important role in
glucose (component of glucose tolerance factor) and cholesterol metabolism. Cr(III) influen-
ces insulin action in peripheral tissues. With high probability it plays significant role in
other enzymatic reactions – activation of thromboplastin, ß-glukuronidase and bacterial
urease (1). The toxic effects, mainly allergic and carcinogenic are said to be caused its hexa-
valent form Cr(VI). This form is easy reduced to Cr(III) because of that Cr(VI) is strong oxi-
dant and biological very active element (2).

Chromium(VI) is generally produced by industrial processes. Chromium has the wide
range of industrial application (as metal and ferrochrome in metallurgy, color pigments in
leather tanning and photography procedures, chemical industry, mirror production, wood
impregnation. It is anticipated that 10% of whole working population is professionally chro-
mium exposed (3).

Toxic effect of lead (Pb) is already well known: hematologic effects (microcytic or normo-
cytic anemia); toxicity for central and peripheral nervous system (encephalopathy, neuro-
behavioral changes); kidney toxicity (damage of tubular cells, possible kidney failure);
immunotoxicity (decreases level of immunoglobulins and other components of the immune
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system) and danger for cardiovascular system (changes in plasma renin). From late effects,
lead is carcinogen of group 2B (IARC), mutagen and teratogen (4).

After the explosion (8 dead, 15 injured) in Military repair facility VOP Nováky from 2nd of
March, 2007 some production halls were wrecked. We supposed that quantities of organic,
inorganic substances and toxic heavy metals were released into the area as well as into the
farther environment. Chromium and lead were present in different materials and explosi-
ves. During long-term removing of consequences, the employees have been doing following
operations: manipulation with the rests of ammunition, ferroconcrete and other burnt
waste, manual separation, scission of metal construction, arc cutting, ruins loading and
removal. There were working in dusty atmosphere as the wreckers, during 4 months, 5 wor-
king days a week, 8 hours a shift. Protective means as protective face masks, safety gloves
and safety spectacles were used by employees. 

Aim of this study was to determine the concentration of two heavy metals (Cr, Pb) in the
biological material of employees of VOP Nováky military plant.

IARC (The International Agency for Research on Cancer) classed Cr(VI) components as
carcinogen of category 1 „the evidenced human carcinogen“. US EPA (US Environmental
Protection Agency) classed Cr(VI) into group A. „substance with carcinogen effect for people“
and Cr(III) into group D. „substance has no carcinogen effect for people“ (5).

METHODS

We determine the concentration of two heavy metals (Cr, Pb) in the biological material –
blood and urine. A group consisted of 25 men, the employees of Military repair facility Nová-
ky (VOP). Average age of the workers was 35.52 ± 7.86 years (x ± SD) and duration of occu-
pation exposure was 4 months.

In the control group (CG) were examined 25 persons with average age 33.64  ± 11.26 years
(x ± SD). There were people from different parts of Slovakia without occupational exposure
to these elements.

The samples were prepared from 5 ml of heparinized blood and 20 ml morning urine. All
samples were stored in refrigerator at 5 °C and analysed within three days. 

The used analytical method was the atomic absorption spectroscopy in graphite furnace
(GFAAS) with detection limit of sample 0.003 μmol.l-1. This method is able to specify total
value of Cr. The atomic absorption spectrophotometer AAS Varian Spectr. AA 30 P was used
with graphite furnace GTA – 96 and with condition presented in Table 1. We compared
exposed and control group to estimate degree of exposition. 

Results of the examinations were processed by statistical methods of program MS EXCEL
(arithmetic average values (x) and standard deviations (± SD) were calculated). 
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Table 1. Measurement conditions of AA 30P for chromium and lead

Analysed element

Biologic material

Decomposition sample

Wave length (mA)

Spectral slit width (nm)

Current Cathode Lamp (mA)

Atomisation Temperature (°C)

Cr

blood, urine

GTA – 96

357.9

0.2

7

2600

Pb

blood, urine

GTA – 96

283.3

0.5

5

2600 blood, 1800 urine
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RESULTS

The values of Cr and Pb in biological material are in Figure 1 and 2.
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Basic characteristics of the examined groups are in Table 2.

Table 2. Study groups characteristics 

Cohort

Number of persons (n)

Average age in years ± SD

MAX. in years

MIN. in years

VOP

25

35.52 ± 7.86

60

24

CG

25

33.64 ± 11.26

60

20

Fig. 1 Values Cr and Pb in blood of examined groups

The average concentrations of Cr and Pb in the analyzed blood of the exposed group were
increased in comparison to the control group GC – Cr: 0.086 vs. 0.064 μmol.l-1; Pb: 0.166
vs. 0.135 μmol.l-1, significantly increased value was confirmed only for Cr (p<0.100).

The concentrations of metals in urine were calculated to creatinine values. The acquired
average concentration of urine chromium was significantly increased within exposed group
in comparison to control (6.098 μmol.mol creatinine (Cr)-1; 3.410 respectively, p<0.010).
Lead in urine of examined cohort (0.951 μmol.mol Cr-1) and CG (1.473 μmol.mol Cr-1) was
not statistically different. 

μm
ol

 .
  

l-1
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Fig. 2 Values Cr and Pb in urine of examined groups 

DISCUSSION

Despite the fact that the samples have been measured with expected occupational expo-
sure, all results had desirable concentrations and they did not exceed the maximal avera-
ge concentrations. 

Recent studies (6, 7) focused on Cr concentration in the blood of 31 welder cohort with
9.33 years of occupational Cr exposure from middle Slovakia presented as an average Cr
concentration the value 0.050 μmol.l-1. This value was lower than our measured average
level of whole Cr in blood – 0.086 μmol.l-1. On the other hand, our level 0.086 μmol.l-1, was
2-times lower then the average concentration of 40 foundry metallurgists aged 39.4 years
after the exposure lasting 14.8 years in ferrochromium production (8). Other authors pre-
sented range of the average concentrations in blood 20 – 30 μg.l-1 too (= 0.385 – 0.576 μmol.l-1
- 9; 10). Current referent values are < 2.0 μg.l-1 (=0.039 μmol l-1 – 11).

The average value of chromium in urine 6.098 μmol.mol-1 creatinine (cr.) was higher than
the presented average normal value 2.237±1.930 μmol.mol cr.-1; but this value have not
exceeded the maximal normal value 8.0 μmol.mol-1 (12). The maximum allowed concentra-
tion for Cr in blood was presented 28.0 μmol.mol cr.-1 in the past. The overload of this level
indicates the risk of the increased exposure. An urgent action is required. According to the
valid legislation (Law No.2/2002 Z. z.; No.163/2001 Z. z. – 13) chromium and its com-
pounds are not classified as dangerous chemistry substances. Guide to trace elements
monitoring service of Laboratory for Toxicology in Great Britain referred to as reference
range Cr in urine < 1μg.g-1 cr. (=2.176 μmol.mol-1 cr. - 11).

As already mentioned, the higher loss Cr in urine could be caused by more factors: occu-
pational exposure and smoking, but also over-consummation of sweet food, higher level of
insulin  and stress (14). 

The average value of lead in the heparinised blood of the examined group: 0.166 μmol.l-1
was lower than the value of the control group and lower than other published results –
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0.450Ī0.210 μmol.l-1 for the normal average value Pb in blood. Also our value was 6-times
lower than the maximum normal concentration of Pb in blood: 1.040 μmol.l-1 (15). Law No.
355/2006 Z. z. authorises biological limit of Pb in blood 400 μg.l-1 (1.930 μmol.l-1 – 13).

The average value Pb in urine in cohort VOP 0.951 μmol.mol cr. -1 was 10-times lower
than the maximum normal concentration Pb in urine: 10.43 μmol.mol cr.-1 (12).  

CONCLUSION

According to the presented results, we can conclude that professional exposure to chro-
mium was present. We suppose that our group of respondents was still able to eliminate Cr
from body without bioaccumulation. A short exposure time and low values Cr in blood indi-
cate that Cr cumulation in body organs is not probable at present. Unfortunately, the cho-
osen examination method can determine just whole level of chromium without specificati-
on of Cr compounds. 

In case we want to differentiate deal Cr(III) and Cr(VI) from whole value of chromium, we
have to consider HPLC/ICP-MS. High-performance liquid chromatography (HPLC) can
separate Cr compounds. Than inductively coupled plasma mass spectrometry (ICP/MS) as
a type of mass spectrometry can monitor species of ions (16). 

Increase of Cr content in blood during occupational exposure follows increase of Cr in
erythrocytes. However, this method is laborious and time-consuming. Samples of heparin
blood must be examined still within the same day. In case of screening examinations this
is not possible to manage. 

The measured low Pb concentrations proved that the respondents were not excessively
exposed to Pb. There were no reasons to perform more biological exposure tests – determi-
nation of δ-aminolevulinic acid and coproporphyrins III. 

We find the monitoring of this service as necessary. The reason is Cr occupational expo-
sure. Monitoring of chromium in biological material will be repeated after one year.
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WHOQOL: ASSESSMENT OF QUALITY OF LIFE IN PATIENTS AFTER
LOWER LIMB AMPUTATION
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A b s t r a c t
Lower limb amputation presents a demanding life experience, which also influences the quality of life in such

patients. The aim of the research was to measure the quality of life and emotional experience in patients after lower
limb amputation. The quality of life serves for assessment of efficiency of contemporary medicine and for exami-
ning the impact of a disease on patient’s life. For measurement of quality of life WHOQOL-BREF questionnaire was
used. It examines quality of life in four domains, namely: in physical, psychological and social spheres and envi-
ronment. For measurement of emotional experience PANAS scale was used. In the studied group of patients (n =
62) significantly lower score of quality of life was determined in physical, psychological and social spheres (not in
domain environment) compared with reference population. Patients after amputation over 60 had significantly
lower score of quality of life only in the physical sphere when compared with reference population over 60 years.
However decreased quality of life in these patients also correlates with emotional balance in physical and psycho-
logical domains. Comprehensive interdisciplinary treatment is needed to improve the quality of life in these pati-
ents.

Key words: quality of life, amputation, lower limb, patient

INTRODUCTION

According to IHIS (Institute of Health Information and Statistics of the Czech Republic,
ÚZIS) in 1989 there were 3714 lower limb amputees for different reasons in Czechoslova-
kia. This number has doubled during the last 15 years and is continually increasing (1).
Most common indications for lower limb amputations are venous diseases and trauma. The
result of an amputation is a big locomotive handicap for the patients. 

Lower limb amputation also presents a demanding life situation to the patients because
it can act negatively in a long term, it can increase stress and cause many complications.
The patient must adapt to a new situation and to physical, mental and social changes,
which the amputation breeds and that impacts perception of quality of life. The term qua-
lity of life is being used in different branches. There is no generally accepted definition. For
medicine and health service definitions based on WHO health conception are relevant, when
health is understood not only as absence of an disease but also as condition of full physi-
cal, mental and social well-being. Then, quality of life means how the individual perceives
his/her position in the world in connection with culture and value systems, in which one
is living in relation to one’s personal aims, expectation, interests and life style (2). Accor-
ding to the WHO concept the quality of life reports on influence of health and conditions on
the individual. 

In contemporary medicine quality of life is considered to be an appropriate indicator of
physical, mental and social health and helps evaluate efficiency of the treatment, examine
impact of the disease on patient’s life and investigate effects of socio-economic conditions
on population’s health (3). In health service the focus of survey on quality of life is pushed
into the spheres psychosomatic and physical health. Then the term „health related quality
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of life“ is used, that is quality of life affected by health. This term can be specified as sub-
jective feeling of well-being, which is associated with disease, trauma, therapy and its side
effects (3).

However measurement of positive and negative emotions also shows an important com-
ponent of quality of life (4). Number of studies concentrate on measurement of psychologi-
cal distress with emphasis on anxiety, fear and depression. Less attention is paid to the
level of negative or positive feelings, which can be indicators for so called psychological well-
being. That is an important component of quality of life as well (5). 

According to research on quality of life in patients suffering from long-lasting health pro-
blems it was proved that impaired state of health negatively impacts on all spheres of qua-
lity of life (6). Not too much attention has been paid to the quality of life in patients after
amputation in the Czech Republic, no articles regarding this problem have been found. In
abroad literature e.g. Huang et al. (7), Deneuville et al. (8) and Argoff et al. (9) engaged in
these issues.

The aim of the study was to measure quality of life and emotional experience in patients
after amputation and to compare the results with common population. Further, to analyse
impact of lower limb amputation on patient’s quality of life and emotional life. 

Defined hypotheses:
H1 Patients after lower limb amputation have significantly lower score of quality of life in

all domains measured by means of WHOQOL-BREF questionnaire than reference popu-
lation.

H2 Score quality of life in patients after lower limb amputation in all domains measured by
WHOQOL-BREF questionnaire is connected with emotional balance measured by
PANAS questionnaire in identical patients.

MATERIAL AND METHODS

For measurement of quality of life the World Health Organization questionnaire
WHOQOL-BREF was used (6). It comprises 24 issues compound into four domains (physi-
cal, mental, social sphere and environment) and two independent items evaluating general
quality of life and health condition. Domain number 1 (physical health) aims at evaluation
of pain, dependence on medical care, fatigue, mobility, sleep, activities of daily living and
occupation. Domain number 2 (experience – psychological sphere) focuses on joy of life,
meaning of life, concentration, acceptance of physical appearance, satisfaction at oneself
and negative feelings. Domain 3 (social relations) concentrates on personal relations, sexu-
al life, friends‘ support and personal safety. Domain 4 (environment) is focused on sur-
roundings, financial situation, access to information, preferences, environment in one’s
place of residence, accessibility of health care and transportation.

The modified questionnaire PANAS (Positive and Negative Affect Schedule) was used for
findings of mental condition and emotions by means of which the emotional balance was
measured (10). The questionnaire was used e.g. by Voogt et al. (5) for measurement of emo-
tional balance in patients with cancer diagnosis. In the Czech Republic this scale was trans-
lated and modified for the Czech conditions by Hnilica (11), who measured emotional balan-
ce in different groups of healthy and ill respondents (e.g. patients with asthma). The ques-
tionnaire consists of 16 descriptors of various emotional conditions, 7 of them are positive
and 9 are negative emotions. The subjects registered on a seven-point scale (from 1 = always
to 7 = never) how often they had experienced these emotions during last four weeks.

The research set of patients comprised patients after lower limb amputation staying in the
rehabilitative facility Chuchelná. All the patients (n = 86) were interviewed at admission
during the period from 01.05.2007 until 15.11.2007. 63 subjects agreed to be included into
the research study, which represents 73 %. All of the 63 respondents filled the WHOQOL
questionnaire. One questionnaire was excluded because of data incompleteness. Only 50
respondents completed the PANAS questionnaire.
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The research group comprised 46 men and 14 women (2 respondents did not indicate
gender). Most subjects had secondary education without A levels (n = 32), followed by pri-
mary education (n = 15), secondary with A levels (n = 14) and only one respondent had uni-
versity education. There were 35 married respondents or living with a partner, living alone
(single, widowed and divorced) were 27. 

Average individual’s age was 60.1 years (standard deviation s = 9.5). The age ranged from
28 to 83 years. The subjects were divided into 5 groups in compliance with their age. The
age groups were created according to age distribution of population norms WHOQOL-BREF
for age groups. Mostly age groups 45 - 59 years (n = 26) and 60 - 74 years (n = 24) were
included.

Average time span after lower limb amputation was 2.2 years (standard deviation s = 3.6,
variation interval: 8 month - 20 years). For data analysis two groups of respondents were
formed, patients less than 1 year after amputation (n = 36) and patients longer than 1 year
after amputation (n = 22). 21 respondents have stated a different disease the patient is
being treated for at the present, namely: diabetes (n = 10), cardiovascular diseases (n = 8),
fibrosarcoma (n = 1), arthritis (n = 1), schizophrenia (n = 1).

Two representative sets of Prague population acquired by means of multi-stage random
sampling were used as the base for population norms (reference population). The sampling
sets were constructed in order to correspond by their structure to the basic sets from the
points of view sex and age. The first representative set consisted of 310 individuals (52 %
women) at the age from 18 to 59 years and average age of 38 years. The second set joins
together the data of 325 individuals (60 % women) aged from 60 to 93 years with the ave-
rage 71 years. There is no other representative set in the Czech Republic for now (6). 

The results of the WHOQOL-BREF questionnaire were evaluated as A) domain scores,
which represent average gross score calculated from respective items including transfor-
mation on scale from 4 to 20 and B) answer values of two single items, which evaluate ove-
rall quality of life and overall health status. One questionnaire lacking 10 answers was exc-
luded from the set because of data incompleteness. Two subjects did not give their age and
sex. These respondents were included in the set. Thus the whole set consisted of 62 res-
pondents.

The emotion analysis from the PANAS questionnaire led to extraction of two factors, which
were positive and negative emotions (commonly called as PA and NA). Positive emotions
were united into one scale and negative emotions to another on grounds of simple average.
During analysis the scale was reversed so that higher value shows more frequent occur-
rence of emotion. Index of emotional balance was set up according to the formula AB = ave-
rage PA frequency minus average NA frequency. The higher was the difference, the more
appreciative emotional balance (4).

For data conversion from questionnaires into electronic form the programme Epi-
Data was used. Data check was carried out by dual insertion and subsequent check and
data revision. The programme Stata v.10 was used for data analysis. Gross domain scores
and their transformation were carried out according to WHOQOL-BREF methodology (3). 

RESULTS

Mean scores of single items in the WHOQOL-BREF questionnaire
First average scores of particular items and domains were calculated and then gross sco-

res of particular domains, which were subsequently transformed into the scale 4 – 20.
Transformed domain scores are mentioned in the tables. The scale range in single domains
is 4-20 thereby the higher score the better quality of life.

Later on the data were analysed in accordance with sex, age, education, marital status,
time span after amputation and the presence of a different disease. In men higher scores of
quality of life in domains 1 (physical health), 2 (mental health) and 4 (environment) were
found out. On the contrary, women had higher score in domain 3 (social relations). No sta-
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tistically relevant differences were proved. Not markedly higher score in domains quality of
life and in single items Q1 (general quality of life) and Q2 (health condition) were determi-
ned in respondents who were married or living with a partner, in domains 1 (physical
health), 2 (mental health) and 3 (social relations) then in respondents with secondary and
tertiary education. These differences were of no statistical significance. No statistically sig-
nificant differences in studied items were found according to time passed since amputati-
on, the presence of a different disease and subject’s age.
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Table 1 Domain scores WHOQOL-BREF and total evaluation items in reference population and in studied group
of patients

Domains

dom 1 – physical health

dom 2 - mental health

dom 3 – social relations

dom 4 – environment

Q1 - general quality of life

Q2 – health condition

reference popula-
tion  (n=398)

mean ±± s

15.49 ± 2.56

14.80 ± 2.34

14.93 ± 2.74

13.41 ± 2.07

3.82 ± 0.72

3.68 ± 0.85

t-test

–8.876

–3.612

–3.198

1.242

–4.888

–7.578

p value

0.000

0.000

0.001

0.214

0.000

0.000

patients 
(n=62)
meanĪs

12.45 ± 2.13

13.63 ± 2.51

13.76 ± 2.17

13.52 ± 2.11

3.32 ± 0.78

2.79 ± 0.81

s - standard deviation

Testing differences between the studied group and reference population
For testing the determined hypothesis H1 t-test for two samplings was chosen. Table 1

shows that statistically significant differences between reference population and monitored
group were found in domains 1 (physical health), 2 (mental health), 3 (social relations) and
in single items Q1 (general quality of life), Q2 (health condition), not in domain 4 (environ-
ment).

Patients after lower limb amputation have significantly lower score in quality of life in
domains 1 (physical health), 2 (mental health) and 3 (social relations) measured by
WHOQOL-BREF questionnaire than reference population.

Testing differences between the studied group and reference population according
to age groups

Further differences between age groups of the monitored set and reference population of
the same age group were tested. For the reason of low number of respondents in some age
groups in monitored set the results were evaluated for two age categories, namely 26 – 59
years (n = 28) and over 60 (n = 30). 

For testing the difference the t-test for two samplings was chosen. Table 2 shows that sta-
tistically significant differences between reference population and monitored set aged from
26 to 59 years were found again in domains 1 (physical heath), 2 (mental health), 3 (social
relations) and not in domain 4 (environment). Table 3 demonstrates statistically significant
differences between reference population and monitored set at the age over 60 were found
only in the domain 1 (physical health).

Results of particular age groups imply that amputation of the limb influences the score of
quality of life in domains psychological and social areas only until the age of 59 years. Res-
pondents after lower limb amputation over 60 and reference population of the same age
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group were compared. It emerges that with increasing age the quality of life in the field expe-
rience and social relations without dependence on amputation decreases. Patients after
lower limb amputation over 60 had significantly lower score in quality of life only in the field
physical life in comparison with reference population.

Evaluation of emotional balance
In evaluation of experiencing feelings and emotions we monitored the incidence of positi-

ve (PA) and negative (NA) emotions and emotional balance. In table 4 there are particular
emotions according to the frequency of their occurrence are given. Score is mentioned on
the scale 1-7, thereby, the higher value the more frequent incidence of emotions. The out-
comes of the research make it obvious that the respondents mentioned positive emotions
more frequently than the negative. The most often mentioned positive emotions were quiet,
well-being and happiness, on the contrary least frequently given positive emotions were
strength and eagerness. The most frequently given negative emotions were fatigue, exhaus-
tion, on the contrary the least were envy and shame. 

Average emotional balance was 0.7 (s = 1.9). Emotional balance was compared with the
set of healthy individuals (4). Lower emotional balance was found in patients after lower
limb amputation in comparison to the healthy ones. This difference was not statistically sig-
nificant.

For testing the connection between emotional balance and quality of life in single doma-
ins the Pearson’s correlation coefficient was used. As Table 5 shows, relatively high corre-
lation in domains 1 (physical health) and 2 (mental health) was proved.
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Domains

Dom 1 – physical health

Dom 2 – mental health 

Dom 3 – social relations

Dom 4 – environment

Reference popula-
tion (18–59) n=308

mean±± s

15.55 ± 2.55

14.78 ± 2.43

14.98 ± 2.89

13.30 ± 2.08

t-test

–5.546

–2.161

–2.481

0.180

p value

0.000

0.031

0.013

0.857

Patients (18-59) 
n=28

mean ± s

12.79 ± 2.09

13.73 ± 2.57

13.57 ± 2.71

13.37 ± 2.41

s - standard deviation

Table 2 Domain scores in reference population and in studied group aged 26 – 59 years

Domains

Dom 1 – physical health

Dom 2 – mental health

Dom 3 – social relations

Dom 4 – environment

Reference populati-
on (60+) n=325

mean ±± s

13.71 Ī 3.00

13.95 ± 2.38

13.96 ± 2.25

13.58 ± 2.11

t-test

–2.535

–1.058

0.307

0.302

p value

0.012

0.290

0.759

0.763

Patients (60+)
n=30

mean±s

12.29 ± 2.23

13.47 ± 2.54

14.08 ± 1.55

13.70 ± 1.78

s - standard deviation

Table 3 Domain scores in reference population and studied group of subjects at the age over 60 
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Independent items of overall quality of life evaluation Q1 and health status Q2 were tes-
ted by analysis of variance. Category 1 and 2 (very poor and poor, very unsatisfied and
unsatisfied) in both items of total evaluation were linked for the reason of low number of
respondents in single categories. Statistically significant connection was found between
emotional balance and overall evaluation of quality of life and overall satisfaction evaluati-
on with the health condition. From the data analysis higher score in emotional balance is
obvious in patients aged to 60 and in women. Nevertheless, this difference is not statisti-
cally significant. 

DISCUSSION

The results of the research on measurement of quality of life show that the fact of suffe-
ring from long-lasting health problems itself, in our case because of lower limb amputati-
on, is not critical for the quality of his/her life conditions (domain environment). However,
decreased perception of quality of life in these patients is significantly important in physi-
cal, psychic and social areas in comparison to reference population. Also Dragomírecká and
Bartoňová (3) prove this fact when comparing domain scores in patients and reference
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Positive 
emotions PA

quiet and well-being

happiness

enthusiasm

Vigour

Love

eagerness

Strength

Score

4.70

4.44

4.24

4.16

3.80

3.78

3.76

Negative 
emotions NA

fatigue

exhaustion

nervousness

irritation

sadness

worries and anxiety

depression

shame

envy

Score

4.12

3.82

3.82

3.66

3.50

3.38

3.10

2.88

2.34

s

1.26

1.21

1.51

1.41

1.24

1.61

1.65

1.72

1.63

s

1.49

1.42

1.49

1.41

1.81

1.42

1.57

s - standard deviation

Table 4 Frequency of experiencing particular emotions

Emotional balance

Dom1 – physical health

Dom 2 – mental health

dom3 – social relations

dom4 – environment

Emotional
balance

1.0000

0.6298

0.7127

0.2310

0.4520

Dom 2

1.0000

0.3414

0.4762

Dom 3

1.0000

0.3806

Dom 4

1.0000

Dom 1

1.0000

0.7143

0.3170

0.5906

Table 5 Pearson’s correlation coefficient of emotional balance and single domains
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population. Decreased perception of overall evaluation of quality of life in the patients after
lower limb amputation (Q1) and significantly lower satisfaction at his/her health (Q2) in
comparison to reference population seem to be significantly important, too. Huang et al. (7)
demonstrates as well that lower limb amputation in patients with diabetes significantly
decreases the quality of life in these patients.

In the monitored group no statistically relevant differences in particular domains by sex,
age, education, marital status or time span since amputation were found. Through testing
the differences between the monitored group and reference population by age was valida-
ted again that negative health condition does not affect the domain 4 (environment) in any
age group of the respondents. Decreased score in the domains 2 (mental health) and 3 (soci-
al relations) is statistically important only in the age group over 60 years when compared
to reference population. With increasing age the quality of life in these domains decreases
without any significant connections to lower limb amputation. Significantly decreased score
in quality of life in domain 1 (physical health) was proved in all age groups. Deneuville et
al. (8) compared quality of life in patients after lower limb amputation to the patients after
artery revascularisation and detected statistically significantly decreased quality of life in
the patient’s group after amputation. In the group of patients after lower limb amputation
there was significantly lower quality of life in patients over 80 years, furthermore in pati-
ents with frequent pains and in patients who missed prosthetic devices.

When assessing positive and negative emotions the respondents of the monitored set
most often gave positive emotions – quiet, well-being and happiness, on the contrary the
least often mentioned emotions were the negative ones – envy and shame. Hnilica (12) con-
firms this fact by his research on healthy and ill respondents when regardless of the state
of health, the most frequently given emotions were happiness and well-being and the most
infrequent were shame and envy. Our monitored group of patients showed lower emotio-
nal balance in comparison to the health, as Hnilica (4) cites as well. Non-proving of sta-
tistically significant difference between emotional balance in the followed group by age and
sex was confirmed. Hnilica (4) also demonstrates that the age does not significantly influ-
ence the emotional balance. However, the emotional balance corresponds to the quality of
life, namely in domains 1 (physical health) and 2 (mental health) and to overall quality of
life and health condition evaluation. It can be stated that actual evaluation of quality of
life and overall evaluation of health condition affect experiencing of positive and negative
emotions.

From the references and our practical experience follows that the issue of amputees is still
on the margin of interest both of the surgeons who consider the amputation to be the final
phase of the patient’s treatment with blood vessel problems in the lower extremities and the
physiotherapists who do not have enough knowledge in this field. There is no complete tre-
atment of the mental and social aspect, which substantially participates in further patien-
t’s life from the perspective on its quality.

The demands and extensiveness of this problem then necessarily result in the fact that
an interdisciplinary team for care of patients after lower limb amputation should be formed,
which would comprise specialists surgeons, physiologists, physiotherapists, occupational
therapists, psychologists, prosthetists and social workers. Only co-operation of these spe-
cialists can ensure that the patient will be treated with regard to his/her status of health
before the amputation but also with the outlook for his/her further life with the amputated
limb. His/her physical, psychic and social possibilities and opportunities must be conside-
red to the maximum extent and they must stand a chance to take advantage of them abso-
lutely.

Our study set a task to evaluate the quality of life in amputees. The results of quality of
life, which were presented, clearly show the necessity to continue this research and to add
other possibilities of objective quality of life evaluation. The Prosthetic Evaluation Questi-
onnaire (13), which was drawn up to evaluate the quality of life in amputees, could contri-
bute to this goal as well.
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