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Physical health examination in outpatients 
with schizophrenia: the cost effectiveness 
of laboratory screening tests
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Abstract 

Background:  Guidelines on laboratory screening in schizophrenia recommend annual monitoring of fasting lipids 
and glucose. The utility and the cost effectiveness of more extensive laboratory screening have not been studied.

Methods:  The Living Conditions and the Physical Health of Outpatients with Schizophrenia Study provided a com-
prehensive health examination, including a laboratory test panel for 275 participants. We calculated the prevalence of 
the results outside the reference range for each laboratory test, and estimated the cost effectiveness to find an aber-
rant test result using the number needed to screen to find one abnormal result (NNSAR) and the direct cost spent 
to find one abnormal result (DCSAR, NNSAR x direct cost per test) formulas. In addition, we studied whether patients 
who were obese or used clozapine had more often abnormal results.

Results:  A half of the sample had 25-hydroxyvitamin D below, and almost one-fourth cholesterol, triglycerides or 
glucose above the reference range. One-fifth had sodium below and gamma glutamyltransferase above the refer-
ence range. NNSAR was highest for potassium (137) and lowest for 25-hydroxyvitamin D (2). DCSAR was below 5€ for 
glucose, all lipids and sodium, and below 10€ for creatinine and gamma glutamyltransferase. Potassium (130€), pH-
adjusted ionized calcium (33 €) and thyroid stimulating hormone (33€) had highest DCSARs. Several abnormal results 
were more common in obese and clozapine using patients.

Conclusions:  An annual laboratory screening panel for an outpatient with schizophrenia should include fasting glu-
cose, lipids, sodium, creatinine, a liver function test and complete blood count, and preferably 25-hydroxyvitamin D.
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Background
Health care workers providing services for people with 
schizophrenia and other severe mental disorders are 
advised to pay close attention to the physical well-being 
of their patients [1]. Patients with schizophrenia are 
prone to a variety of physical illnesses and risk factors, 
and have a shortened life-expectancy [2–4]. Especially 
cardiovascular diseases and metabolic disturbances, such 

as metabolic syndrome, type 2 diabetes and obesity, are 
substantially more common than in the general popula-
tion [5–8].

Guidelines on laboratory monitoring in schizophre-
nia usually recommend fasting lipids and glucose testing 
annually after the first year of antipsychotic medication 
use [9]. The aim of the testing is to reveal increased car-
diovascular risk, established diabetes, or severe hyper-
lipidemia, and subsequently offer preventive measures 
and/or timely treatment for these disturbances [1, 9]. In 
addition to the aforementioned laboratory tests, weight, 
blood pressure and cigarette smoking should be assessed 
at least once a year. Moreover, the British guideline for 
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people with psychosis and schizophrenia recommends 
comprehensive, annual health checks that focus on com-
mon physical health problems [10]. Due to the extensive 
physical comorbidity [2], the question arises whether 
additional laboratory tests beyond fasting lipids and glu-
cose that ought to be monitored in the annual physical 
health check for individuals with schizophrenia.

The need of laboratory screening among psychiatric 
patients has gained some scientific interest in the 1970s 
and 1980s [11, 12]. More recent research, conducted 
especially in the field of the emergency medicine, has 
mainly focused on the utility of medical clearance, i.e., 
use of laboratory testing in the differential diagnostics 
between physical and mental illnesses, once a patient 
with psychiatric symptoms is treated in the emergency 
department [13]. In addition, a few studies have exam-
ined thyroid function testing among psychiatric patients 
[14–16].

To our knowledge, three studies have assessed the need 
and the cost effectiveness of routine laboratory screening 
upon patient´s admission to a psychiatric facility [17–19]. 
Nowadays the treatment of schizophrenia is primar-
ily provided on an outpatient basis. However, no studies 
exist on utility and cost effectiveness of routine labora-
tory screening panels as a part of physical health moni-
toring in outpatients with schizophrenia.

The aims of this study were to examine: (1) the propor-
tion of test results outside the reference range in a basic 
laboratory panel and (2) the cost effectiveness of these 
tests among outpatients with schizophrenia. In addi-
tion, we studied whether patients who used clozapine 
or olanzapine or were obese had more abnormal labora-
tory results and would need more extensive laboratory 
screening.

Methods
The sample
The Living Conditions and the Physical Health of Out-
patients with Schizophrenia Study offered a comprehen-
sive health examination to patients with schizophrenia 
spectrum disorders treated in the outpatient clinic of 
Kellokoski Hospital, Finland, between 2009 and 2013. 
The participants filled in a questionnaire, attended an 
appointment by a nurse, had laboratory tests taken and 
attended an appointment with a general practitioner 
(GP). The GP checked patients´ medication use, took 
the medical history and conducted a structured clinical 
examination. The findings of the health examination were 
discussed and a written summary mailed to the patient 
and his/her GP. For the detailed description of the health 
examination protocol, see [3].

The study was approved by the Ethics Committee of 
the Hospital District of Helsinki and Uusimaa and by the 

Hyvinkää Hospital Area. All participants gave a written 
informed consent.

Laboratory tests
The nurse instructed the patients verbally and with a 
written note to fast the night before the laboratory tests. 
The following fasting laboratory tests were included in 
the protocol: complete blood count with neutrophil count 
(CBC + Ne), plasma sodium, potassium, creatinine, glu-
cose, total cholesterol, high (HDL) and low (LDL) density 
lipoprotein cholesterol, triglycerides, gamma glutamyl-
transferase (GGT), thyroid stimulating hormone (TSH), 
25-hydroxyvitamin D (Vit D), and serum pH-adjusted 
ionized calcium (Ca-ion). The blood tests were taken in 
the morning and analyzed at HUS Helsinki University 
Hospital, HUSLAB Laboratories (HUSLAB).

Calculations
The prevalence of results outside the reference range was 
calculated for each laboratory test. The costs of the labo-
ratory tests in 2018 were obtained from HUSLAB labora-
tories. The expenses to find an aberrant test result were 
estimated in Euros using the NNSAR number needed to 
screen to find one abnormal result (NNSAR) and DCSAR 
direct cost spent to find one abnormal result (DCSAR) 
formulas as proposed by Arce-Gordon [18] and Lopez-
Castroman [19]. NNSAR is calculated as 1/prevalence of 
abnormal results in the studied population, and DCSAR 
as NNSAR x direct cost per test [19].

Results
Of 409 patients treated at the clinic, 275 (67.2%) par-
ticipated in the health examination. The mean age of the 
participants was 44.9  years (SD 12.6) and 55.1% were 
men, 190 (68.8%) were diagnosed with schizophrenia, 
49 (17.8%) with schizoaffective disorder, and 37 (13.4%) 
with other schizophrenia spectrum disorders (hereafter 
referred as schizophrenia). Of the sample, 96.4% used 
antipsychotic medication. Somatic medication use was 
common, as only 38 (13.8%) did not use any somatic 
drugs. Mean number of separate somatic medica-
tions was 3.3 (SD 2.69, min 0-max 13). Of the patients, 
75 (27.2%) used lipid-lowering medication, 59 (21.4%) 
antihypertensives, 37 (13.4%) diabetes medication and 
34 (12.3%) medication for hypothyroidism. A detailed 
description of the sample is given in Eskelinen et al. [3].

Abnormal laboratory results
The frequency of laboratory results outside the refer-
ence range is presented in Table  1. The highest preva-
lence of aberrant results was in Vit D, where 129 (47.1%) 
of the participants had a level below 50 mU/l (low) and 
8 (2.9%) below 20 mU/l (very low). Regarding metabolic 
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test results, almost one-fourth of the participants had 
total cholesterol, triglycerides or glucose above the refer-
ence range. While 119 (43.4%) had LDL cholesterol above 
the reference range, 85 (31.0%) had low HDL cholesterol. 
Hyponatremia was common, 55 (20.1%) had sodium level 
below the reference range. GGT levels above the refer-
ence range were also relatively common (47 (17.2%)).

Abnormal laboratory results related to clozapine 
or olanzapine medication and obesity
Clozapine was the most commonly used antipsychotic 
drug in the sample, 114 (41.5%) participants used it. 
When testing whether aberrant laboratory results dif-
fered between patients using clozapine and those using 
other antipsychotics, the following statistically sig-
nificant results were found. Clozapine users had more 
often high triglycerides (47.8% vs. 31.1%, p = 0.005) and 
high glucose (46.0% vs. 33.5%, p = 0.037). Regarding the 
CBC + Ne, clozapine users had more often low throm-
bocyte count (8.0% vs. 0.6%, p = 0.002). Instead, mean 

corpuscular hemoglobin (0.9% vs. 7.5%, p = 0.009) and 
mean corpuscular hemoglobin concentration (2.7% vs. 
11.8%, p = 0.004) were less often below the range. Eryth-
rocyte count (0% vs. 5.0%, p = 0.013) was less often high. 
In addition, clozapine users had less often low sodium 
(10.6% vs. 26.7%, p = 0.001) and high TSH (4.4% vs. 
14.4%, p = 0.008). As a secondary analysis, we compared 
patients who used olanzapine to the other patients, 
excluding those who used clozapine. The only signifi-
cant differences were that patients who used olanzapine 
more often had high lymphocyte count (15.0% vs. 4.2%, 
p = 0.030) and high creatinine (17.5% vs. 2.5%, p = 0.003).

Obesity was common: 47.6% of participants had a body 
mass index (BMI) above 30. Several abnormal laboratory 
results were more common in obese patients: HDL cho-
lesterol was more often low (41.1% vs. 21.8%, p < 0.001), 
whereas glucose (49.6% vs. 28.9%, p < 0.001), triglycer-
ides (55.8% vs. 21.8%, p < 0.001), GGT (28.7% vs. 7.0%, 
p < 0.001) and TSH (15.5% vs. 5.0%, p = 0.004) were 
more often above the reference range. In CBC + Ne, low 

Table 1  Frequency of  laboratory results that  were below  or  above the  reference range in  275 outpatients 
with schizophrenia

a   Missing from one participant, b missing from two participants, c missing from eight participants

B, blood, P, plasma, S, serum, e, erythrocyte, f, fasting, SD, standard deviation, min, minimum value, max, maximum value

NCS, not clinically significant; only values above the reference range were taken into account in NNSAR

Laboratory test Reference range, units Frequency (N (%)) 
below the reference 
range

Frequency (N (%)) 
above the reference 
range

Mean (SD) Min–max

B-Leukocytesa 3.4‒8.2, E9/l 4 (1.5%) 50 (18.3%) 6.7 (2.3) 2.1‒21.2

B-Neutrophilsb 1.5‒6.7, E9/l 5 (1.8%) 17 (6.3%) 3.8 (1.9) 0.8‒19.3

B-Erythrocytesa Men 4.25‒5.7
Women 3.9‒5.2, E12/l

9 (3.3%) 8 (2.9%) 4.8 (0.4) 3.0‒6.0

B-Thrombocytesb 150–360, E9/l 10 (3.7%) 16 (5.9%) 248.0 (65.0) 50‒464

B-Hemoglobina Men 134‒167
Women 117‒155, g/l

13 (4.7%) 10 (3.7%) 142.8 (14.2) 57‒175

B-Hematocrita Men 39‒50,
Women 35‒46, %

6 (2.2%) 5 (1.8%) 42.7 (3.6) 21‒52

e-Mean corpuscular volumea 82‒98, fl 13 (4.7%) 2 (0.7%) 88.4 (4.2) 70‒100

e-Mean corpuscular hemoglobina 27‒33, pg/cell 13 (4.7%) 0 29.6 (1.7) 19‒33

P-Potassiuma 3.3‒4.9, mmol/l 0 2 (0.7%) 4.0 (0.3) 3.4‒5.1

P-Sodiuma 137‒145, mmol/l 55 (20.1%) 2 (0.7%) 138.4 (3.2) 120‒147

S-pH-adjusted ionized calciumc 1.16‒1.3, mmol/l 24 (9.0%) 8 (3.0%) 1.2 (0.04) 1.03‒1.42

P-Creatinineb Men 60‒100/women 50‒90, µmol/l 19 (7.0%) 16 (5.9%) 73.2 (18.0) 38‒237

P-Gamma glutamyltransferasea Men < 60/women < 40, U/l NCS 47 (17.2%) 38.7 (31.4) 10‒203

fP-Total cholesterola  < 5, mmol/l NCS 103 (37.6%) 4.8 (1.0) 2.4‒8.2

fP- Low density cholesterola  < 3, mmol/l NCS 119 (43.4%) 2.9 (0.9) 0.9‒5.8

fP- High density cholesterola Men > 1/
Women > 1.2, mmol/l

85 (31.0%) NCS 1.4 (0.5) 0.48‒4.1

fP-Triglyceridesa  < 1.7, mmol/l 104 (38.0%) 1.7 (1.1) 0.4‒7.0

fP-Glucosea 4.0‒6.0, nmol/l 0 106 (38.7%) 6.1 (1.1) 4.5‒11.2

P- Thyroid stimulating hormonea 0.5‒3.6, mu/l 7 (2.6%) 28 (10.3%) 2.1 (1.2) 0.3‒7.1

P- 25-Hydroxyvitamin Da  > 50, nmol/l 129 (47.1%) NCS 53.1 (19.6) 11–124
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lymphocyte count (8.8% vs. 18.4%, p = 0.023), and low 
neutrophil count (0% vs. 3.5%, p = 0.040) were less com-
mon, and high erythrocyte count (6.2% vs. 0%, p = 0.002) 
more common.

Cost‑effectiveness of laboratory testing
The number needed to screen to find one abnormal 
result (NNSAR) was highest for potassium (137) and 
lowest for Vit D [2]. Direct cost spent to find one abnor-
mal result (DCSAR) was highly variable: below 5€ for 
glucose, all lipids and sodium, and below 10€ for creati-
nine and GGT. DCSARs were highest for potassium (130 
€), Ca-ion (33 €) and TSH (33€). Calculating DCSAR was 
complex for the CBC + Ne. The total cost for the test was 
used for each of its components, which overestimates the 
cost of one test. Of the patients, 111 had any abnormal 
test result in the CBC + Ne, based on this the DCSAR 
would be 7.4€. The costs of the separate tests in 2018 in 
HUSLAB, and their NNSSARs and DCSARs are pre-
sented in Table 2.

Discussion
We evaluated the proportion and the cost-effectiveness 
of abnormal results in a basic laboratory test panel in a 
sample of outpatients with schizophrenia. Most partici-
pants of our study had a long duration of psychotic dis-
order and were clinically stable, and the majority of them 
had medications for physical illnesses and multiple physi-
cal health care needs [3].

If the direct cost spent to find one abnormal result 
(DCSAR) is used as the criterion to select screening labo-
ratory tests, our results support the inclusion of glucose, 
lipids, sodium, creatinine, GGT, and CBC in the protocol. 
The DCSAR was below 10 € for all of them, and from 13 
to 43% of the patients had abnormal test results in these 
tests. In an earlier study of newly hospitalized psychiat-
ric patients, of whom 39% had a schizophrenia spectrum 
disorder, abnormal test results were less common, except 
for total cholesterol [18]. However, DCSAR values used 
in the study by Arce-Cordon are not directly comparable 
with ours, as we used the costs from the laboratory serv-
ing in our catchment area.

If the test with the highest number of abnormal results 
(NNSR) was to be chosen for screening, Vit D ought to 
be routinely measured. Vit D deficiency has been shown 
to be more common among individuals with psycho-
sis compared to the general population [20, 21], and it 
increases the risk of osteoporosis and fractures, common 
in this patient group [22–23]. In Finland a systematic Vit 
D fortification of liquid dairy products and fat spreads 
was started in 2003, and the dose was doubled in 2010. 
As a result, the mean Vit D concentration has increased 
at the population level from 48 (2000) to 65 (2011) [24]. 
Among the participants of our study conducted between 
2009–2013, the mean Vit D level was lower (53). In 
addition, Vit D deficiency (< 50) was five times as com-
mon, compared to the Finnish adult population in 2011: 
47% vs. 9% [24]. To date, the evidence does not support 
screening for Vit D deficiency in community-dwelling, 
asymptomatic adults [25]. However, patients with schizo-
phrenia could be considered as a high-risk population for 
whom screening would be indicated. They often have an 
unhealthy diet and stay indoors, are smokers, have diffi-
culties in moving, and may have extrapyramidal, anticho-
linergic and hypogonadal side-effects from antipsychotic 
medication, features that increase the risk of Vit D defi-
ciency, falls and fractures. The DSCAR of Vit D testing 
was 15€ because the test is fairly expensive compared to 
the other tests. However, the testing could be reasonable 
due to straight forwardness of prescribing a Vit D supple-
mentation for a deficient patient.

One in ten of the sample had TSH above the reference 
range (at highest 7.1), indicative of subclinical hypothy-
roidism. Among psychiatric patients, reversible and irrel-
evant abnormalities in thyroid function tests are frequent 
and often due to other factors such as acute psychiatric 
state, starvation or substance use, rather than to a thy-
roid problem per se [14]. Lachman and Garnier do not 
recommend TSH testing upon admission to psychiatric 
hospital due to low clinical utility and high costs [16]. In 
our analysis, TSH had the second highest DCSAR of all 
tests (33 €) and eight patients had to be screened to get 

Table 2  Costs, NNSAR and DCSAR of laboratory tests

a  NNSAR, number needed to screen to find one abnormal result (1/prevalence 
of abnormal result)
b  DCSAR, NNSAR × direct cost
c  Complete blood count with neutrophil count
d  In 2018 HUS Helsinki University Hospital HUSLAB Laboratories

B, blood, P, plasma, S, serum, f, fasting

Laboratory test Costd NNSARa DCSARb

B-CBC + Nec 3.0 € 2.469 7.4 €
P-Potassium 0.95 € 137 130.2 €
P-Sodium 0.95 € 4.8 4.6 €
S- pH-adjusted ionized calcium 4.0 € 8.3 33.4 €
P- Creatinine 0.95 € 7.8 7.4 €
P- Gamma glutamyltransferase 0.95 € 5.8 5.5 €
fP-Total cholesterol 1.10 € 2.6 2.9 €
fP- Low density cholesterol 1.30 € 2.3 3.0 €
fP- High density cholesterol 1.30 € 3.2 4.2 €
fP-Triglycerides 1.10 € 2.6 2.9 €
fP-Glucose 0.95 € 2.6 2.5 €
P- Thyroid stimulating hormone 4.20 € 7.8 32.9 €
P-25-Hydroxyvitamin D 7.0 € 2.1 14.9 €
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an abnormal result. Interestingly, elevated TSH was three 
times more common in obese than in non-obese patients. 
The relationship between thyroid function and obesity 
has been reported to be bidirectional: hypothyroidism is 
associated with weight gain, but obesity also influences 
thyroid function [26]. The association between elevated 
TSH and obesity is mainly regarded as an adaptation, and 
the appropriate therapy is adjustment of energy balance 
and body weight [27]. Based on the current evidence, an 
annual screening of TSH in obese patients with schizo-
phrenia is not necessary, but the possibility of hypothy-
roidism should be kept in mind in patients with rapid 
weight gain.

Elevated GGT was strongly associated with obesity in 
our sample. This finding, along with a notable proportion 
of obese patients with high triglycerides and low HDL 
cholesterol would fit with the features of non-alcoholic 
fatty liver disease (NAFLD) [28]. Obesity is the major risk 
factor for NAFLD, and a subtype of NAFLD (NASH, non-
alcoholic steatohepatitis) may progress to liver cirrho-
sis, cancer and extrahepatic diseases [29, 30]. In a study 
assessing first episode, drug-naïve psychosis patients, 
one-fourth with normal NAFLD index at the baseline had 
an index indicative of NAFLD at 3-year follow-up from 
the initiation of antipsychotic medication [31]. Several 
risk factors of liver disease are common in patients with 
schizophrenia: obesity, medications involving hepatic 
metabolic pathways, higher prevalence of hepatitis C and 
alcohol use disorder. Therefore, we recommend routine 
monitoring of a liver function test among patients with 
schizophrenia.

Clozapine, along with olanzapine, is metabolically the 
most hazardous antipsychotic drug [32], yet the most 
effective one [33]. Our findings are in line with the pre-
vious research: patients using clozapine hade more often 
triglycerides and glucose above the reference range. It 
should be noted that hypertriglyceridemia can be dan-
gerous. Drug-induced acute pancreatitis may rarely be 
secondary to antipsychotic use-induced hypertriglyc-
eridemia (usually triglyceride level has to rise above 10) 
[34]. In our sample, thrombocytes were more often below 
the reference range among clozapine users. However, 
clozapine-induced thrombocytopenia is often mild and 
transient and seldom causes clozapine discontinuation 
[35].

As a secondary analysis, we excluded patients who used 
clozapine and compared patients who used olanzapine to 
the other patients. There were no differences in lipids or 
glucose levels. However, olanzapine is often switched to 
another antipsychotic if significant weight gain or meta-
bolic abnormalities emerge [36], and therefore current 
users may be those who were less prone to these side-
effects. Regarding elevated creatinine in patients using 

olanzapine, a recent study found that second-generation 
antipsychotic use was associated with elevated risk of 
chronic kidney disease, and the highest risk was found 
for clozapine use, followed by olanzapine [37]. As there 
were only 41 patients who used olanzapine in our study 
sample, this finding warrants further investigation in a 
larger study sample.

In the 1980s study of 205 stable psychiatric outpatients, 
with mixture of psychiatric diagnoses, 43% had high 
fasting glucose, 14% anemia and 5% hyponatremia [11]. 
In our study almost 40% had high glucose, less than 5% 
low hemoglobin and 20% hyponatremia. In the study by 
Beresford [11], anemia was especially prevalent among 
the aged participants, whereas our study group consisted 
mainly of middle-aged patients. Higher prevalence of 
hyponatremia may be due to common use (32% of the 
sample) of antidepressive medication, mainly selective 
serotonin reuptake inhibitors, which may cause hypona-
tremia [32]. However, primary polydipsia is also relatively 
common in patients with schizophrenia and may contrib-
ute to the high prevalence of hyponatremia as well [38].

According to a recent review, a routine laboratory 
screening is not recommended for patients admitted 
in the emergency department for a psychiatric reason 
[13]. In the outpatient care, the rationale for laboratory 
screening is somewhat different. Patients often develop 
metabolic disturbances during the treatment with 
antipsychotics, and the use of other psychotropics (e.g., 
lithium, valproic acid, antidepressants) may require labo-
ratory monitoring as well [32]. In addition, concomitant 
use of psychiatric and somatic medications may cause 
need for laboratory controls (e.g., selective serotonin 
reuptake inhibitors and diuretic medication may increase 
the risk of hyponatremia).

Clinical implications
Routine screening without intervening, when needed, 
will not improve the health of patients with schizophre-
nia, instead it leads to extra expenses and workload. 
Psychiatrists ordering the laboratory test panels may be 
unaware if an abnormal result has a clinical significance. 
Hence, they should be assisted in the interpretation of the 
laboratory test results and medical decision-making by 
straightforward algorithms (e.g., Lester tool, SCORE) and 
by straightforward consultations by a GP or a somatic 
specialist. In some countries, primary health care ser-
vices are advised to organize regular health evaluations 
for patients with schizophrenia. In these settings, close 
collaboration between primary care practitioners and 
psychiatrists is needed, because some of the abnormal 
test results may be related to psychotropic medication 
or symptoms like polydipsia. Moreover, since metabolic 
disturbances (glucose, lipids, liver function tests) are 
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extremely common among patients with schizophrenia, 
targeted prevention and treatment of obesity should be 
emphasized at all levels of the health care system, from 
the onset of the psychotic disorder.

Of outmost importance is to ensure that the patients 
receive and understand the laboratory test results. Being 
aware that, e.g., the glucose level is above the refer-
ence range may motivate the patient to lose weight and 
increase physical activity and seek professional help for 
the condition if needed. For example, in the case of Vit 
D, patients would probably adhere better to use the vita-
min supplementation if they are aware of their vitamin 
level.

Strengths and limitations
Our study sample can be considered representative of 
Finnish outpatients with schizophrenia. All outpatients 
with schizophrenia from three municipalities—one 
urban and two rural—were invited to the study, and 
the participation rate was good. Clozapine was used by 
over 40 percent of the sample, consistently with the high 
prevalence of clozapine use in Finland [39]. Therefore, 
we were also able to study abnormal test results found 
in patients using clozapine compared to patients using 
other antipsychotics.

A limitation of the study is the original choice of labo-
ratory tests. It covered tests we assumed to be reasonable 
in a routine health evaluation but could have been more 
comprehensive. In addition, we used GGT as a liver func-
tion test instead of alanine aminotransferase (ALT). ALT 
could have been more reasonable choice since it is more 
specific for liver damage, whereas GGT has high sensitiv-
ity but low specificity [40].

Furthermore, 32.2% patients treated in the clinic 
refused to participate, which might have caused self-
selection bias [3]. We have no health information from 
the non-participants, but there were no age or gender dif-
ferences between participants and non-participants [3].

This was a cross-sectional, observational study. The 
next step would be to carry out longitudinal studies to 
examine the long-term effectiveness of routine health 
evaluations in the reduction of morbidity and mortality 
in patients with schizophrenia.

Conclusions
According to our results, glucose, lipids, sodium, creati-
nine, liver function test, CBC, and preferably Vit D ought 
to be screened annually among outpatients with schizo-
phrenia. There is no need for more extensive routine 
laboratory monitoring among clozapine users or obese 
patients, with the exception of TSH if the weight gain 

has been rapid. Most importantly, clinically significant 
abnormal laboratory test results should be evaluated and 
followed by relevant interventions.

Abbreviations
NNSAR: Number needed to screen to find one abnormal result; DCSAR: Direct 
cost spent to find one abnormal result; GP: General practitioner; CBC + Ne: 
Complete blood count with neutrophil count; HDL: High density lipoprotein 
cholesterol; LDL: Low density lipoprotein cholesterol; GGT​: Gamma glutamyl-
transferase; TSH: Thyroid stimulating hormone; Vit D: 25-Hydroxyvitamin D; 
Ca-ion: Serum pH-adjusted ionized calcium; HUSLAB: HUS Helsinki University 
Hospital, HUSLAB Laboratories; NAFLD: Non-alcoholic fatty liver disease; NASH: 
Non-alcoholic steatohepatitis; ALT: Alanine aminotransferase.

Acknowledgements
We thank Marjut Grainger from the National Institute for Health and Welfare 
for data management.

Authors’ contributions
SE and JMS designed the study. SE conducted the health examinations and 
managed the literature searches for the manuscript. JMS undertook the 
statistical analysis. JVJS provided clinical laboratory expertise. SE, JMS and JVJS 
wrote the first draft of the manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by the Hyvinkää Hospital Area and by unrestricted 
research grants from Lundbeck Inc., Finnish Foundation for Psychiatric 
Research, The Finnish Medical Foundation, Jalmari and Rauha Ahokas’s 
Foundation and Emil Aaltonen’s Foundation. Funding sources played no 
further role in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the paper for 
publication.

Availability of data and materials
Data are from the Living Conditions and the Physical Health of Outpatients 
with Schizophrenia Study, whose authors may be contacted at University 
of Helsinki and Helsinki University Hospital, (principal investigator: Saana 
Eskelinen, saana.eskelinen@hus.fi). In research collaboration, sharing of the 
data is possible but requires amendment to the ethics committee permission 
and a separate agreement with University of Helsinki and Helsinki University 
Hospital. The ethics committee will evaluate on a case-by-case basis whether 
the intended collaboration is concordant with the consent given by the 
participants.

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Hospital District of 
Helsinki and Uusimaa and by the Hyvinkää Hospital Area. All participants gave 
a written informed consent.

Consent for publication
Not applicable.

Competing interests
Saana Eskelinen has received Speaker Honoraria from Lundbeck, Otsuka and 
Sunovion, and has been a consultant for Finnish Lung Health Association. 
Janne Suvisaari and Jaana Suvisaari report no conflicts of interest. The authors 
alone are responsible for the content and writing of the paper.

Author details
1 Psychiatry, University of Helsinki and Helsinki University Hospital, P.O. Box 590, 
00029 Helsinki, Finland. 2 Department of Public Health Solutions, Mental 
Health Unit, National Institute for Health and Welfare, P.O. Box 30, 00271 Hel-
sinki, Finland. 3 HUSLAB Laboratories, University of Helsinki and Helsinki 
University Hospital, P.O. Box 720, 00029 Helsinki, Finland. 

Received: 6 February 2020   Accepted: 30 November 2020



Page 7 of 8Eskelinen et al. Ann Gen Psychiatry           (2020) 19:70 	

References
	1.	 Guidelines for the management of physical health conditions in adults 

with severe mental disorders. Geneva: World Health Organization. 2018. 
https​://apps.who.int/iris/bitst​ream/handl​e/10665​/27571​8/97892​41550​
383-eng.pdf?ua=1. Accessed 26 Jan 2020.

	2.	 De Hert M, Correll C, Bobes J, Cetkovich-Bakmas M, Cohen D, Asai I, 
Detraux J, Gautam S, Moller H, Ndetei D, Newcomer J, Uwakwe R, Leucht 
S. Physical illness in patients with severe mental disorders. I. Prevalence, 
impact of medications and disparities in health care. World Psychiatry. 
2011;10:52–77.

	3.	 Eskelinen S, Sailas E, Joutsenniemi K, Holi M, Koskela TH, Suvisaari J. 
Multiple physical healthcare needs among outpatients with schizo-
phrenia: findings from a health examination study. Nordic J Psychiatry. 
2017;71:448–54.

	4.	 Keinänen J, Mantere O, Markkula N, Partti K, Perälä J, Saarni S, Härkänen T, 
Suvisaari J. Mortality in people with psychotic disorders in Finland: a pop-
ulation-based 13-year follow-up study. Schizophr Res. 2018;192:113–8.

	5.	 Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, 
Thapa-Chhetri N, Fornaro M, Gallicchio D, Collantoni E, Pigato G, Favaro 
A, Monaco F, Kohler C, Vancampfort D, Ward PB, Gaughran F, Carvalho 
AF, Stubbs B. Prevalence, incidence and mortality from cardiovascular 
disease in patients with pooled and specific severe mental illness: a large-
scale meta-analysis of 3,211,768 patients and 113,383,368 controls. World 
Psychiatry. 2017;16:163–80.

	6.	 Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, Ward PB, 
Rosenbaum S, Correll CU. Risk of metabolic syndrome and its compo-
nents in people with schizophrenia and related psychotic disorders, 
bipolar disorder and major depressive disorder: a systematic review and 
meta-analysis. World Psychiatry. 2015;14:339–47.

	7.	 Stubbs B, Vancampfort D, De Hert M, Mitchell AJ. The prevalence and 
predictors of type two diabetes mellitus in people with schizophrenia: a 
systematic review and comparative meta-analysis. Acta Psychiatr Scand. 
2015;132:144–57.

	8.	 Manu P, Dima L, Shulman M, Vancampfort D, De Hert M, Correll CU. 
Weight gain and obesity in schizophrenia: epidemiology, pathobiology, 
and management. Acta Psychiatr Scand. 2015;132:97–108.

	9.	 De Hert M, Dekker JM, Wood D, Kahl KG, Holt RI, Moller HJ. Cardiovascular 
disease and diabetes in people with severe mental illness position state-
ment from the European Psychiatric Association (EPA), supported by the 
European Association for the Study of Diabetes (EASD) and the European 
Society of Cardiology (ESC). Eur Psychiatry. 2009;24:412–24.

	10.	 Psychosis and schizophrenia in adults: Prevention and management. 
Clinical guideline 178. Updated edition. National Institute for Health and 
Care Excellence. 2014. https​://www.nice.org.uk/guida​nce/cg178​/evide​
nce/full-guide​line-49050​3565. Accessed 26 Jan 2020.

	11.	 Beresford TP, Hall RC, Wilson FC, Blow F. Clinical laboratory data in psychi-
atric outpatients. Psychosomatics. 1985;26:731–44.

	12.	 Anfinson TJ, Kathol RG. Screening laboratory evaluation in psychiatric 
patients: a review. Gen Hosp Psychiatry. 1992;14:248–57.

	13.	 Conigliaro A, Benabbas R, Schnitzer E, Janairo MP, Sinert R. Protocolized 
laboratory screening for the medical clearance of psychiatric patients 
in the emergency department: a systematic review. Acad Emerg Med. 
2018;25:566–76.

	14.	 Dickerman AL, Barnhill JW. Abnormal thyroid function tests in psychiatric 
patients: a red herring? Am J Psychiatry. 2012;169(2):127–33.

	15.	 Garnier KA, Ismail KA, Moylan S, Harvey R. Thyroid function testing in an 
inpatient mental health unit. Australas Psychiatry. 2016;24:256–60.

	16.	 Lachman A, Cloete KJ, Kidd M, Schoeman R. The clinical utility and cost 
effectiveness of routine thyroid screening in adult psychiatric patients 
presenting at Stikland Hospital, Cape Town, South Africa. Afr J Psychiatry 
(Johannesburg). 2012;15:36–41.

	17.	 Sheline Y, Kehr C. Cost and utility of routine admission laboratory testing 
for psychiatric inpatients. Gen Hosp Psychiatry. 1990;12:329–34.

	18.	 Arce-Cordon R, Perez-Rodriguez MM, Baca-Baldomero E, Oquendo MA, 
Baca-Garcia E. Routine laboratory screening among newly admitted 
psychiatric patients: is it worthwhile? Psychiatr Serv. 2007;58:1602–5.

	19.	 Lopez-Castroman J, Blasco-Fontecilla H, Paz-Yepes M, Montoya-Ferrer 
A, De Leon-Martinez V, Alvarez R, Baca-Garcia E. Cost-efficiency of 
laboratory testing among psychiatric inpatients. Int J Psychiatry Med. 
2012;44:211–24.

	20.	 Adamson J, Lally J, Gaughran F, Krivoy A, Allen L, Stubbs B. Correlates of 
vitamin D in psychotic disorders: a comprehensive systematic review. 
Psychiatry Res. 2017;249:78–85.

	21.	 Suetani S, Saha S, Eyles DW, Scott JG, McGrath JJ. Prevalence and cor-
relates of suboptimal vitamin D status in people living with psychotic 
disorders: Data from the Australian survey of high impact psychosis. 
Aust N Z J Psychiatry. 2017;51:921–9.

	22.	 Stubbs B, De Hert M, Sepehry AA, Correll CU, Mitchell AJ, Soundy A, 
Detraux J, Vancampfort D. A meta-analysis of prevalence estimates 
and moderators of low bone mass in people with schizophrenia. Acta 
Psychiatr Scand. 2014;130:470–86.

	23.	 Stubbs B, Gaughran F, Mitchell AJ, De Hert M, Farmer R, Soundy A, 
Rosenbaum S, Vancampfort D. Schizophrenia and the risk of fractures: 
a systematic review and comparative meta-analysis. Gen Hosp Psychia-
try. 2015;37:126–33.

	24.	 Jääskeläinen T, Itkonen ST, Lundqvist A, Erkkola M, Koskela T, Lakkala 
K, Dowling KG, Hull GL, Kröger H, Karppinen J, Kyllönen E, Härkänen 
T, Cashman KD, Männistö S, Lamberg-Allardt C. The positive impact 
of general vitamin D food fortification policy on vitamin D status in a 
representative adult Finnish population: evidence from an 11-y follow-
up based on standardized 25-hydroxyvitamin D data. Am J Clin Nutr. 
2017;105:1512–20.

	25.	 Final Recommendation Statement: Vitamin D Deficiency: Screening. 
U.S. Preventive Services Task Force. 2016. https​://www.uspre​venti​veser​
vices​taskf​orce.org/Page/Docum​ent/Recom​menda​tionS​tatem​entFi​nal/
vitam​in-d-defic​iency​-scree​ning. Accessed 26 Jan 2020.

	26.	 Pearce EN. Thyroid hormone and obesity. Curr Opin Endocrinol Diabe-
tes Obes. 2012;19:408–13.

	27.	 Laurberg P, Knudsen N, Andersen S, Carle A, Pedersen IB, Karmisholt J. 
Thyroid function and obesity. Eur Thyroid J. 2012;1:159–67.

	28.	 Wang Q, Zheng D, Liu J, Fang L, Li Q. Atherogenic index of plasma is a 
novel predictor of non-alcoholic fatty liver disease in obese partici-
pants: a cross-sectional study. Lipids Health Dis. 2018;17:284–90.

	29.	 Tanaka N, Kimura T, Fujimori N, Nagaya T, Komatsu M, Tanaka E. Current 
status, problems, and perspectives of non-alcoholic fatty liver disease 
research. World J Gastroenterol. 2019;25:163–77.

	30.	 Younossi ZM. Non-alcoholic fatty liver disease—a global public health 
perspective. J Hepatol. 2019;70:531–44.

	31.	 Morlán-Coarasa MJ, Arias-Loste MT, de la Ortiz-García V, Martínez-
García O, Alonso-Martín C, Crespo J, Romero-Gómez M, Fábrega E, 
Crespo-Facorro B. Incidence of non-alcoholic fatty liver disease and 
metabolic dysfunction in first episode schizophrenia and related psy-
chotic disorders: a 3-year prospective randomized interventional study. 
PsychopharmacologyBerl. 2016;233:3947–52.

	32.	 Correll CU, Detraux J, De Lepeleire J, De Hert M. Effects of antipsychot-
ics, antidepressants and mood stabilizers on risk for physical diseases 
in people with schizophrenia, depression and bipolar disorder. World 
Psychiatry. 2015;14:119–36.

	33.	 Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F, Samara M, 
Barbui C, Engel RR, Geddes JB, Kissling W, Stapf MP, Lässig B, Salanti 
G, Davis JM. Comparative efficacy and tolerability of 15 antipsychotic 
drugs in schizophrenia: a multiple-treatments meta-analysis. Lancet. 
2013;382:951–62.

	34.	 Elkhouly MA, Salazar MJ, Simons-Linares CR. Hypertriglyceridemia-
associated drug-induced acute pancreatitis. Pancreas. 2019;48:22–35.

	35.	 Nielsen J, Correll CU, Manu P, Kane JM. Termination of clozapine treat-
ment due to medical reasons: when is it warranted and how can it be 
avoided? J Clin Psychiatry. 2013;74:603–13.

	36.	 Keinänen J, Mantere O, Kieseppä T, Mäntylä T, Torniainen M, Lindgren 
M, Sundvall J, Suvisaari J. Early insulin resistance predicts weight gain 
and waist circumference increase in first-episode psychosis-A one year 
follow-up study. Schizophr Res. 2015;169:458–63.

	37.	 Højlund M, Lund LC, Herping JLE, Haastrup MB, Damkier P, Henriksen DP. 
Second-generation antipsychotics and the risk of chronic kidney disease: 
a population-based case-control study. BMJ Open. 2020;10(8):e038247.

	38.	 Verbalis JG, Goldsmith SR, Greenberg A, Korzelius C, Schrier RW, Sterns 
RH, Thompson CJ. Diagnosis, evaluation, and treatment of hyponatremia: 
expert panel recommendations. Am J Med. 2013;126(Suppl 1):1–42.

	39.	 Bachmann CJ, Aagaard L, Bernardo M, Brandt L, Cartabia M, Clavenna 
A, Coma Fusté A, Furu K, Garuoliené K, Hoffmann F, Hollingworth S, 
Huybrechts KF, Kalverdijk LJ, Kawakami K, Kieler H, Kinoshita T, López SC, 

https://apps.who.int/iris/bitstream/handle/10665/275718/9789241550383-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/275718/9789241550383-eng.pdf?ua=1
https://www.nice.org.uk/guidance/cg178/evidence/full-guideline-490503565
https://www.nice.org.uk/guidance/cg178/evidence/full-guideline-490503565
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/vitamin-d-deficiency-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/vitamin-d-deficiency-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/vitamin-d-deficiency-screening


Page 8 of 8Eskelinen et al. Ann Gen Psychiatry           (2020) 19:70 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Machado-Alba JE, Machado-Duque ME, Mahesri M, Nishtala PS, Piovani 
D, Reutfors J, Saastamoinen LK, Sato I, Schuiling-Veninga CCM, Shyu YC, 
Siskind D, Skurtveit S, Verdoux H, Wang LJ, Zara Yahni C, Zoëga H, Taylor 
D. International trends in clozapine use: a study in 17 countries. Acta 
Psychiatr Scand. 2017;136:37–51.

	40.	 Giannini EG, Testa R, Savarino V. Liver enzyme alteration: a guide for clini-
cians. CMAJ. 2005;172:367–79.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Physical health examination in outpatients with schizophrenia: the cost effectiveness of laboratory screening tests
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	The sample
	Laboratory tests
	Calculations

	Results
	Abnormal laboratory results
	Abnormal laboratory results related to clozapine or olanzapine medication and obesity
	Cost-effectiveness of laboratory testing

	Discussion
	Clinical implications
	Strengths and limitations

	Conclusions
	Acknowledgements
	References




