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Abstract 

Background: Metabolic syndrome (Mets), which consist of several metabolic abnormalities, is an 

important clinical issue in patients with schizophrenia and a key risk factor for cardiovascular diseases 

and type-2 diabetes mellitus, both of which impact heavily upon life quality as well as expectancy. 

Objectives: The aim of this study was to determine the prevalence of Mets in chronic institutionalized 

patients with schizophrenia and to find out association between Mets, sociodemographic and clinical 

variables. 

Materials and methods: The study was carried out at Psychiatry wards of the Psychiatric Hospital, 

SMS Medical College, Jaipur. Sixty male schizophrenic inpatients (with at least 6 months of hospital 

stay at their last admission), diagnosed according to ICD-10 criteria were evaluated for Mets as per 

the criteria of the International Diabetes Federation (IDF). Patients with Mets were compared to those 

without Mets on the basis of demographic and clinical characteristics. Binary logistic regression 

analysis was conducted to find out the association between Mets, demographic and clinical variables. 

Results: Schizophrenia patients with Mets were older, have a longer duration of illness, using 2
nd

 

generation antipsychotics and more likely to be smokers as compared to patients without Mets. Mets 

was significantly correlated with age, waist circumference, BMI and presence of negative symptoms. 

Conclusion: The study showed that prevalence of Mets in chronic institutionalized patients with 

schizophrenia as per IDF was 31.66 percent. This mandates systematic screening as well as 

elimination of risk factors such as poor lifestyle, obesity and metabolic disturbances in these indoor 

patients. Further study on a larger number of samples is needed to be done.  

http://iaimjournal.com/
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Introduction  

Schizophrenia is a most devastating psychiatric 

disorder which has worldwide distribution and 

associated with several health concerns and risks. 

The metabolic syndrome (Mets); also known as 

syndrome x, Reaven’s syndrome is an 

increasingly prevalent and important clinical 

issue in patients with schizophrenia [1-3]. It is 

characterized by co-occurrence of obesity, 

hypertension, hyperglycemia, dyslipidemia, and 

is a key risk factor for cardiovascular diseases 

and type-2 diabetes mellitus, both of which 

impact heavily upon life quality and expectancy 

[4].The mechanism involved in its pathogenesis 

are not fully understood; however insulin 

resistance and central obesity are considered to 

be important underlying causes of Mets [5-6]. 

 

Mets is one of the primary reasons for increased 

morbidity and mortality in schizophrenia 

patients. The frequency of Mets in medicated 

patients is two to four times higher than in 

appropriate reference population [7]. The life 

expectancy is 20 to 25 years lower and that life 

expectancy worsen over time[8].Most of the 

excess mortality in individuals suffering from 

schizophrenia is attributed to physical illness, 

with cardiovascular diseases being the major 

contributor [9]. Several factors like poor diet, 

lack of exercise, use of antipsychotics, sex 

hormone abnormalities, changes in pituitary-

adrenal axis functioning, difficulty dealing with 

stress and genetic predisposition may contribute 

to increase risk for Mets [1, 10]. The current 

study was therefore aimed to determine 

prevalence of Mets in chronic institutionalized 

patients with schizophrenia and to find out 

association between Mets, sociodemographic and 

clinical variables. 

 

Material and methods 

The study was carried out at Psychiatry wards of 

the Psychiatric Hospital, SMS Medical College, 

Jaipur, India after approval by the Research 

Committee of College. Sixty male schizophrenia 

inpatients (with at least 6 months of hospital stay 

at their last admission), diagnosed with ICD-10 

criteria were screened for prevalence of Mets, as 

per the criteria of International Diabetes 

Federation (IDF). In IDF criteria presence of 

abdominal adiposity is an essential criteria along 

with at least two other criteria in order to 

determine the presence of Mets as stated below. 

 

Waist Circumference (WC) >90 for Males 

Fasting plasma Glucose 

(mg/dl) 

≥ 100 mg/dl 

High Triglycerides (mg/dl) ≥ 150 mg/dl 

Raised BP (mmHg) ≥ 130/≥85 mmHg 

Low HDLc (mg/dl) < 40 mg/dl 

 

The study patients were between the age of 18 to 

60 years. Patients with organic brain damage, 

mental retardation, substance abuse/drug 

dependence or withdrawal, impairment of 

renal/hepatic functions, and diagnosed with any 

part of metabolic abnormalities (hypertension, 

diabetes mellitus and hyperlipidemia) were all 

excluded from the study. Sociodemographic 

characteristics, data regarding onset of illness, 

disease duration and medication treatment were 

collected in demographic data sheet. Written 

informed consent was taken from the all patients 

or their primary caregivers when the patient was 

incompetent to give consent. All participants 

underwent physical examinations including 

anthropometric assessments and biochemical 

assessments. Waist circumference was measured 

in centimeter (cm) with a non elastic tape applied 

at a point between the inferior costal margin and 

superior iliac crest at the end of normal 

expiration while standing. Weight in kilogram 

(kg) and height in cm was measured by 

calibrated scales. Body mass index was 

calculated as weight in kg divided by the square 

of height in meters. BP was measured using 

digital sphygmometer on right and left arm in 

seated position following rest of 5 minutes and 
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average values for systolic and diastolic BP were 

noted. Fasting venous blood samples were 

collected for biochemical investigations and 

measured by enzymatic colorimetric methods 

using an automated clinical chemistry analyzer 

(Selectra E; Merck, Netherlands). 

Psychopathology was assessed by Positive and 

Negative Syndrome Scale (PANSS) on the day 

of blood collection. Patients were divided into 2 

groups: Schizophrenia with Mets and without 

Mets according to IDF criterion. 

 

Statistical Analysis 

Data were analyzed using a statistical package 

program (SPSS 17 Inc; Chicago II, USA) for 

social science.  For numerical data mean and 

standard deviation (SD) were calculated. Pearson 

chi-square test was used to compare 

sociodemographic variables and student-t-test for 

comparison of the mean between the groups. 

Binary logistic regression analysis was 

conducted for association between Mets, clinical 

and demographic variables. Statistical 

significance was established at p<0.05. 

 

Results 

The prevalence of metabolic syndrome in 

chronic institutionalized patients with 

schizophrenia was 31.66% (19/60). 

Sociodemographic characteristics of the study 

groups revealed no significant differences except 

smoking and use of antipsychotic medications 

(Table - 1). In both the groups, most subjects 

were married, Hindu, unemployed, educated up 

to sr.sec standard, having monthly income upto 

Rs. 6000/- and from an urban extended nuclear 

family. The clinical variables of the study groups 

were as per Table - 2.  

 

Schizophrenia patients with metabolic syndrome 

were older (38.47±12.35) and have a longer 

duration of illness (10.95±7.42) than those 

without Mets (32.07±8.12; 7.15±5.11). Among 

metabolic syndrome parameters, waist 

circumference, BMI, fasting blood sugar, and 

blood pressure were significantly higher in 

schizophrenia patients with metabolic syndrome. 

In lipid parameters serum triglyceride levels 

were significantly higher and HDL levels were 

lower but did not reach to a significant level. 

Mean BMI of schizophrenia patients with 

metabolic syndrome (26.92±3.62) was 

statistically higher as compared to without 

metabolic syndrome (23.43±4.15). A majority of 

patients with Mets were overweight (31.57% vs 

14.63%) and obese (47.36% vs19.5%) compared 

to those in the non metabolic group. As regards 

the severity of illness, patients with Mets 

obtained higher PANSS total score on Positive 

and Negative Syndrome Scale (PANSS). 

 

The result of regression analysis was as per 

Table - 3. Waist circumference and BMI among 

all the criteria for metabolic syndrome were most 

strongly identifying the presence of metabolic 

syndrome (odd ratio 2.13, 2.11 respectively; 

p<0.05).In clinical variables age (odd Ratio 2.29; 

p<0.05) and presence of negative symptoms 

(2.27; 0.023) was significantly associated with 

Mets. This is similar to study of Elgamal M, et 

al. (2012) and Sicras- Mainar A, et al. (2015) 

[11-12]. 

 

Discussion 

In the present study, prevalence of Mets 

according to IDF was 31.66% which is 

significantly higher than that seen in general 

population and drug naïve schizophrenic patients 

[13-16]. Several factors like obesity, sedentary 

lifestyle, lack of exercise and high intake of fat 

and carbohydrate diet, that are frequently seen in 

people with mental disorders are associated with 

Mets [17]. In addition schizophrenia may 

predispose individuals to physiological changes, 

like abnormalities in glucose regulation along 

with a pattern of insulin resistance that have been 

observed even prior to the onset of disease or the 

use of antipsychotics; further increases the risk of 

Mets. 
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Table - 1: Comparison of sociodemographic characteristics between the patient groups. 

 

(*P<0.05, **p<0.01, ***p<0.001) 

 

 

 

 

 

Variables 

 

With Mets 

(Group-I) (n=19) 

Without Mets 

(Group-II) (n=41) 

X2(df) p- value 

Marital status n (%) n (%)   

Married 

Single/Widower 

11 (57.89) 

8 (42.10) 

27 (65.85) 

14 (34.15) 

0.354 (1) 0.577 

Occupation n (%) n (%)   

Unemployed 

Skilled worker 

Semi-skilled 

Farmer 

Professional 

6 (31.58) 

0 (0.00) 

7 (36.84) 

5 (26.32) 

1 (5.26) 

15 (36.59) 

2 (4.88) 

15 (36.59) 

8 (19.51) 

1 (2.44) 

1.608 (4) 

 

0.874 

Education n (%) n (%)   

Uneducated 

Up to middle 

Middle to Sr. sec. 

Grad to postgraduate 

3 (15.79) 

4 (21.05) 

12 (63.16) 

0 (0.00) 

4 (9.76) 

19 (46.34) 

17 (41.46) 

1 (2.44) 

4.299 (3) 0.232 

Monthly income n (%) n (%)   

Low to medium 

Medium to high 

17 (89.47) 

2 (10.53) 

34 (8.93) 

7 (17.07) 

0.436 (1) 0.750 

Religion n (%) n (%)   

Hindu 

Muslim 

17 (89.47) 

2 (10.53) 

35 (85.37) 

6 (14.63) 

0.109 (1) 0.716 

Family type n (%) n (%)   

Nuclear 

Nuclear extended 

Joint/Others 

5 (26.32) 

11 (57.89) 

3 (15.79) 

11 (26.83) 

19 (46.34) 

11 (26.83) 

1.026 (2) 0.628 

Locality n (%) n (%)   

Urban 

Rural 

14 (73.68) 

5 (26.32) 

37 (90.24) 

4 (9.75) 

2.792 (1) 0.126 

 

Smoking n (%) n (%)   

Yes 

No 

16 (84.21) 

3 (15.79) 

26 (63.41) 

15 (36.85) 

3.911(1) 0.047* 

 

Medication n (%) n (%)   

1st generation 

2nd generation 

Mixed 

0 (0.00) 

19 (100) 

0 (0.00) 

10 (25.00) 

19 (58.35) 

7 (16.66) 

8.334 (2) 0.017* 
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Table - 2: Comparison of clinical variables between patient groups. 

 

Variables With  Mets 

(Group-I) (n=19) 

Without Mets 

(Group-II) (n=41) 

t value p-value 

Age 38.47±12.35 32.07±8.12 -2.061 0.050* 

Onset of  Disease 24.53±7.01 22.93±6.60 -0837 0.409 

Duration of illness 10.95±7.42 7.15±5.11 -2.020 0.054 

Waist circumference 100.33±6.70 87.13±7.83 -6.712 0.000*** 

BMI (kg/m2) 26.92±3.62 23.43±4.15 -3.303 0.002** 

Fasting Blood Sugar 104.84±20.41 88.61±22.29 -2.782 0.008** 

Triglycerides 186.79±52.80 152.54±46.42 -2.121 0.040* 

High Density Lipoprotein 40.92±8.75 42.02±10.89 0.422 0.675 

Systolic BP 124.77±12.07 114.80±13.86 2.837 0.007** 

Diastolic BP 82.54±10.67 75.84±12.70 2.049 0.050* 

(*P<0.05, **p<0.01, ***p<0.001) 

 

Table - 3: Binary logistic regression analysis for association between presence of Mets and specified 

variables. 

 

Variables Coef(B) Standard error Odd ratio p-value 

Waist circumference .1386 .06525 2.13 0.034* 

BMI .5995 .2848 2.11 0.035* 

Total Negative score -.1926 .8484 2.27 0.023* 

Age .1215 .05311 2.29 0.022* 

(*P<0.05, **p<0.01, ***p<0.001) 

 

Among the 60 studied patients 23 patients 

(38.33%) suffered from diabetes mellitus, 26 

patients (43.33%) with dyslipidemia and 8 

patients (13.33%) had hypertension.  A prior 

study by Heiskanen T, et al. (2003) found 2 to 4 

times higher frequency of Mets in group of 

people with schizophrenia, treated with typical 

and atypical antipsychotics than in appropriate 

reference population [7]. Uses of atypical 

antipsychotics are also associated with impaired 

glucose regulation and increased risk of 

hyperglycemia, which consequently increase the 

risk of Mets [18]. 

 

In our study the mean age of patients having 

Mets was significantly higher as compared to 

patients having no Mets syndrome. In regression 

analysis age is significantly associated with 

Mets. Similar findings were reported previously 

by Kang S, et al. (2011) [19]. Mean value of all 

metabolic components were significantly higher 

except HDLc which was lower in patient with 

Mets but differences were not significant. 

 

Among component of Mets, WC and BMI 

showed a significant association with Mets. WC 

is a marker of visceral fat and abdominal 

adiposity [20]. Visceral adipose tissue has 

number of metabolic, endocrine and 

immunological functions that are intricately 

linked to the pathogenesis of Mets [21]. Ryan 

MC, et al. (2004) found that individual with 

schizophrenia have more than three times as 

much intra-abdominal fat as controls matched for 

age, gender, and lifestyle [22].  

 

Earlier studies (Siddichha S, et al. (2007) and 

Uma Devi P, et al. (2009)) have reported 31.8% 
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prevalence of obesity, 10.1% incidence of 

obesity and 18.2% prevalence of Mets after 6 

weeks of treatment with antipsychotics and 

increased FBS, total cholesterol and TG levels in 

patients with schizophrenia [23-24]. Obesity is 

one of the most important risk factor for type-2 

diabetes mellitus. Higher prevalence of type-2 

DM in these patients might be a function of 

illness itself and genetic predisposition. 

Unaffected 1
st
 degree relatives of   schizophrenia 

also have high rates of type-2 DM (19-30%), 

indicates a genetic association between these two 

disorders [25]. 

 

In clinical variables negative symptoms were 

significantly associated with Mets. Association is 

expected as negative symptoms are reflective of 

marked decrease in physical activity, which in 

turn is important risk factor for Mets. Negative 

symptoms are key components of disease which 

affects patients’ ability to cope with daily 

activities as well as have a negative impact on 

their quality of life which predispose an 

individual to develop Mets [12]. 

 

Conclusion 

Our findings showed a high risk of Mets in 

chronic institutionalized patients with 

schizophrenia. Presence of negative symptoms is 

an important predictor of development of 

metabolic syndrome. Furthermore, for early 

identification of Mets clinicians should keep 

close watch on patients’ waist circumference and 

BMI. Though, further studies on a larger sample 

are required to substantiate the findings.  

 

Limitations 

Finding higher prevalence of Mets in patients 

with schizophrenia; the present study should be 

viewed with its limitations. First, as this was a 

case control study, the causal pathway of Mets 

could not be inferred. Secondly, we did not have 

a reference population without psychopathology.  

 

References 

1. Ventriglio A, Gentile A, Stella E, 

Bellomo A. Metabolic issues in patients 

affected by Schizophrenia: Clinical 

characteristics and medical management. 

Front Neurosci., 2015;  9: 297.  

2. Papanastasiou E. The prevalence and 

mechanisms of metabolic syndrome in 

schizophrenia: a review. Ther Adv 

Psychopharmacol., 2013; 3(1): 33–51.  

3. De Hert M, Schreurs V, Vancampfort D, 

Van Winkel R. Metabolic syndrome in 

people with schizophrenia: a 

review. World Psychiatry, 2009; 8: 15–

22.  

4. De Hert MA, Winkel RV, Eyck V, 

Hanssens L, Wampers M, Scheen A, 

Peuskens J. Prevalence of diabetes, 

metabolic syndrome and metabolic 

abnormalities in schizophrenia over the 

course of the illness: a cross-sectional 

study. Clinical Practice and 

Epidemiology in Mental Health, 2006; 2: 

14. 

5. Anderson PJ, Critchley JA, Chan 

JC, Cockram CS, Lee ZS, Thomas GN, 

Tomlinson B. Factor analysis of the 

metabolic syndrome: obesity vs insulin 

resistance as the central abnormality. Int 

J Obes Relat Metab Disord., 2001; 

25(12): 1782-8. 

6. Nesto RW. The relation of insulin 

resistance syndromes to risk of 

cardiovascular disease. Rev Cardiovasc 

Med., 2003; 4 Suppl 6: S11-8. 

7. Heiskanen T, Niskanen L, Lyytikainen 

R, Saarinen PI and Hintikka L. 

Metabolic syndrome in patients with 

schizophrenia. J Clin Psy., 2003; 64: 

575-579. 

8. Colton CW, Manderscheid CW. 

Congruencies in increased mortality 

rates, years of potential life lost, and 

causes of death among public mental 

health clients in eight states. Prev 

Chronic Dis., 2006; 3: A42–A42. 

9. Brown S, Inskip H, Barraclough B. 

Causes of the excess mortality of 

schizophrenia. Br J Psychiatry, 2000; 

177: 212-217. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomlinson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11781758


Singh M, Swami MK, Singh L, Solanki RK. A study of metabolic syndrome in chronic institutionalized patients with 

schizophrenia. IAIM, 2016; 3(3): 99-105.     

 Page 105 
 

10. Nousena EK, Francoa JG, Sullivana EL. 

Unraveling the mechanisms responsible 

for the comorbidity between metabolic 

syndrome and mental health disorders. 

Neuroendocrinology, 2013; 98(4): 254–

266. 

11. Elgamala M, Eltayebanib M, Fathyc S. 

Metabolic syndrome and type 2 diabetes 

in chronic institutionalized patients with 

schizophrenia. Egyptian Journal of 

Psychiatry, 2012; 33: 171-180. 

12. Sicrs-Mainar A, Maurino J, ruiz-Beato 

E, Navarro-Artieda R. Prevalence of 

metabolic syndrome according to the 

presence of negative symptoms in 

patients with schizophrenia. 

Neuropsychiatric Disease and Treatment, 

2015; 11: 51-57. 

13. Deepa M, Farooq S, Datta M, Deepa R, 

Mohan V. Prevalence of metabolic 

syndrome using WHO, ATPIII and IDF 

definitions in Asian Indians: The 

Chennai Urban Rural Epidemiology 

Study (CURES-34). Diabetes Metab Res 

Rev., 2007; 23: 127–134.  

14. Gupta R, Deedwania PC, Gupta 

A, Rastogi S, Panwar RB, Kothari K. 

Prevalence of metabolic syndrome in an 

Indian urban population. Int J cardiol., 

2004; 97(2): 257-61. 

15. Grover S, Nebhinani N, Chakrabarti S, 

Parakh P, Ghormode D. Metabolic 

syndrome in antipsychotic naïve patients 

diagnosed with schizophrenia. Early 

Interv Psychiatry, 2012; 6: 326–31.  

16. Padmavati R, McCreadie R, Tirupati S. 

Low prevalence of obesity and metabolic 

syndrome in never-treated chronic 

schizophrenia. Schizophr Res., 2010; 

121: 199–202. 

17. Davidson S, Judd F, Jolley D, Hocking 

B, Thompson S, Hyland B. 

Cardiovascular risk factors for people 

with mental illness. Aust N Z J 

Psychiatry, 2001; 35(2): 196-202. 

18. Newcomer JW, Haupt DW, Fucetola R, 

et al. Abnormalities in glucose regulation 

during antipsychotic treatment of 

schizophrenia. Arch Gen Psy., 2002; 59: 

337-45. 

19. Kang SH, Kim KH, Kang GY, Lee KH, 

Kim KK, Soh M, et al .Cross-sectional 

prevalence of metabolic syndrome in 

Korean population with 

schizophrenia. Schizophr Res., 2011; 

128: 179–81.  

20. Amato MC, Giordano C. Visceral 

adiposity index: an indicator of adipose 

tissue dysfunction. Int J Endocrinol., 

2014; 1-7. 

21. Doyle SL, Donohoe CL, Lysaght J, 

Reynolds JV. Visceral obesity, metabolic 

syndrome, insulin resistance and cancer. 

Proc Nutr Soc., 2012; 7(1): 181-89. 

22. Ryan MC, Flanagan S, Kinsella U, 

Keeling F, Thakore JH. The effects of 

atypical antipsychotics on visceral fat 

distribution in first episode, drug-naive 

patients with schizophrenia. Life Sci., 

2004; 74: 1999–2008. 

23. Saddichha S, Ameen S, Akhtar S. 

Incidence of new onset metabolic 

syndrome with atypical antipsychotics in 

first episode schizophrenia: A six-week 

prospective study in Indian female 

patients. Schizophr Res., 2007; 95: 247.  

24. Uma Devi P, Murugam S. Metabolic 

Disturbances in Schizophrenia Patients 

with Positive, Negative and Cognitive 

Symptoms. J k science, 2009; 11(3): 

114-118. 

25. Rautio N, Jokelainen J, Oksa H, Saaristo 

T, Peltonen M, Puolijoki H, Tuomilehto 

J, Vanhala M, Moilanen L, Uusitupa 

M, Keinänen-Kiukaanniemi S. Family 

history of diabetes and effectiveness of 

lifestyle counselling on the cardio-

metabolic risk profile in individuals at 

high risk of Type 2 diabetes: 1-year 

follow-up of the FIN-D2D 

project. Diabet Med., 2012; 29(2): 207-

11. 

  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deedwania%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rastogi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panwar%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kothari%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15458693
http://anp.sagepub.com/search?author1=Sandra+Thompson&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/11284901
http://www.ncbi.nlm.nih.gov/pubmed/11284901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rautio%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jokelainen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oksa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saaristo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saaristo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peltonen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puolijoki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuomilehto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuomilehto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vanhala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moilanen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uusitupa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uusitupa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21781153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kein%C3%A4nen-Kiukaanniemi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21781153

