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Abstract
Circadian rhythmicity is associated to clinical variables that play an important role in both schizophrenia (SZ) and substance 
use disorders (SUD), although the characteristics of the coexistence of these two diagnoses (SZ +) remain mostly unknown. 
Hence, we studied a sample of 165 male patients divided in three groups each of 55, according to their diagnoses (SZ + , SZ, 
and SUD), as well as a healthy control (HC; n = 90) group. Alongside with sociodemographic and clinical variables, circadian 
rhythms were registered through a sleep–wake data structured interview, a circadian typology questionnaire, and distal skin 
temperature (DST) using the Thermochron iButton every 2 min during 48 h. Analyses showed that SZ + and SZ patients 
presented a longer sleep (delay in wake-up time) and mostly an intermediate circadian typology, while SUD patients slept 
less hours, displaying a morning typology. The DST showed the highest daily activation and stability for the SUD group, 
even when compared with the HC group. The presence of schizophrenia (SZ + and SZ) was related to a DST pattern with 
a reduced amplitude determined by a wakefulness impairment, which was more pronounced for SZ patients whose sleep 
period was adequate. The assessment of circadian rhythms in under treatment male patients with SZ should be focused on 
the diurnal period as a possible marker of either treatment adherence or patient's recovery, irrespective of the presence of 
a comorbid SUD. Further research with additional objective measures may provide knowledge transferable to therapeutic 
strategies and could be useful to establish possible endophenotypes in the future.

Keywords Circadian rhythmicity · Schizophrenia · Dual schizophrenia · Dual disorders · Substance use disorders · Distal 
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Introduction

Substance use disorders (SUD) are a global public health 
problem, that require treatment and in which a clear differ-
ence between the sexes is observed, with the admissions 
of men accounting for around three quarters [1]. SUD is 
especially prevailing in patients with schizophrenia (SZ); 
prevalence rates of SUD in patients with psychotic spectrum 
disorders are around 50% [2]. This comorbidity, termed dual 
schizophrenia (SZ +), is also more frequent in men [3] and 
linked to worse sociodemographic profile and clinical sever-
ity [4]. In patients with SZ + , poorer therapeutic results and 
less adherence to treatment was observed [5], as well as 
more suicide attempts [6] and an earlier onset of SUD and 
SZ [7] compared to those with single diagnosis.

Circadian rhythmicity has clinical and social relevance 
[8], with variability in its expression among individuals. 
Circadian typology is based on differences in the phase of 
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circadian rhythmicity (morning-, intermediate-, and even-
ing-type) and is related to health habits and lifestyles [9]. 
Evening-type is associated with less healthy habits and is 
considered a risk factor for developing mental disorders 
[10]. The distal skin temperature (DST) rhythm is an indi-
rect measure of the functioning of biological clocks, pos-
tulated as a marker rhythm due to its ease of measurement 
in the consensus document “Developing Biomarker Arrays 
Predicting Sleep and Circadian-Coupled Risks to Health” 
that was sponsored by the US Department of Health & 
Human Services [11]. DST measurement has shown valid-
ity in detecting the sleep–wake [12] cycle, ability to discern 
among the three circadian typologies [13] and its stable 
phase relationship with melatonin secretion pattern [14].

Alterations in circadian rhythms have been observed in 
patients with SUD even after months of abstinence, being 
the most frequent a phase delay (eveningness) and a reduc-
tion in amplitude [15]. These patients complain about the 
quality of their sleep and sleep disturbances which do not 
always respond to medication [3]. In this sense, imposing 
stable schedules during SUD treatment is a positive factor 
in the recovery of circadian rhythmicity, which is better in 
residential vs. outpatient treatment [16].

Patients with SZ also exhibit sleep–wake rhythm distur-
bances associated with a worse clinical status and poorer 
therapeutic outcomes [17, 18]. These disturbances are pre-
sent before the first psychotic episode with insomnia in up to 
50% of the cases [19] along with higher rates of hypersomnia 
than in healthy controls and bipolar disorder patients [17]. 
Insomnia would exacerbate psychotic symptomatology and 
vice versa [20]. The few studies evaluating circadian rhyth-
micity in SZ point to an alteration in its regulation [21, 22] 
that could be related to poor endogenous control (i.e. mela-
tonin secretion) and to lifestyle habits that hinder adequate 
exposure to external synchronizers [23]. Furthermore, the 
presence of evening typology in SZ is higher than in control 
individuals and is three times higher than in bipolar disor-
der [17], being associated with greater sleep phase delay 
and irregularity, which in turn is related to a worse clinical 
condition [23]. Sleep disturbances and circadian rhythmicity 
were analyzed as a possible endophenotype for SZ [24] and, 
in this line, our study is a novel contribution.

Finally, in the only study, we found on circadian rhyth-
micity in SZ + , assessed by DST, a greater affectation is 
observed with respect to patients with comorbid depression 
and bipolar disorder [25]. Other studies focus on sleep and 
indicate that a SUD aggravates the reduction of sleep dura-
tion and quality, and increases the prevalence of insomnia, 
affecting psychotic symptomatology [17, 26]. The exist-
ence of possible alterations in SZ + is frequently extrapo-
lated from studies in patients with only SUD and/or only SZ 
[27]. In such cases, the rate of sleep disturbances is higher 
in patients with SZ and history of SUD [17].

Our work addresses, for the first time, possible differ-
ences in the circadian rhythm of SZ patients with/without a 
diagnosis of SUD (SZ + , SZ) compared to patients with only 
SUD and to healthy controls (HC). The circadian rhythm 
was assessed with self-assessed sleep parameters and circa-
dian typology, and with DST rhythm recording which pro-
vides comprehensive information on the circadian system 
and the quality of wakefulness.

Methods

Participants and study design

A final total sample of N = 165 under treatment patients in 
different public/private centers in the province of Barcelona 
(Catalonia), were assigned to one of the three groups (each 
of N = 55) according to their diagnosis (see Fig. 1). The 
inclusion criteria were: (1) male sex because of the higher 
prevalence rates of SZ and SUD in males as well as to con-
trol the possible differences in the clinical manifestations of 
both SZ and SUD between men and women; (2) aged 18–55, 
excluding adolescents and older people for being a minority 
in treatment centers and with differential rhythmic aspects 
associated with age; (3) under treatment and stabilized; 
(4) with a SUD diagnosis in initial remission for SUD and 
SZ + groups, according to Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) criteria [26]; (5) with a diag-
nosis of schizophrenia for the SZ and SZ + groups, according 
to DSM-5 criteria. In the groups with SUD, abstinence was 
verified by urinalysis. The exclusion criteria were presenting 
with induced disorders, not yet with stabilized symptoms or 
in remission, and any condition that affected the assessments 
process (i.e. neurological and neurocognitive disorders).

We included a HC group (N = 90 males) whose epidemi-
ology and DST data were provided by Chronobiology Lab 
(University of Murcia). These participants met the same 
inclusion and exclusion criteria, adding that they must not 
present any current/past DSM-5 diagnosis.

Procedure

Patients were referred to our research from their treatment 
centers by their professionals based on inclusion/exclusion 
criteria. We contacted each participant and they were pro-
vided and signed an informed consent, participants were 
not compensated for their participation. The study protocol, 
which is part of a wider research project, was administered 
during approximately 2 h individually for each participant 
by a postgraduate psychologist at their treatment center. The 
protocol administration order was as follows: sociodemo-
graphic, clinical and circadian assessment, and placement 
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of Thermochron  iButton® which was collected after 48 h 
of registration.

Sociodemographic and clinical assessment

We used a structured interview for collecting sociodemo-
graphic and clinical variables. We converted the dose of 
antipsychotic drugs to milligrams of chlorpromazine. Diag-
noses were confirmed and detailed with the Structured Clini-
cal Interview (SCID-I) for DSM-IV-TR [28]. The Spanish 
version of Global Assessment of Functioning (GAF) scale 
was administered to assess general functioning [28]. The 
validated Spanish version of Drug Abuse Screening Test 
[29] (DAST-20) was applied for measuring severity of addic-
tion in the SUD and SZ + groups, since it has shown very 
good psychometric properties [29]. The DAST-20 provides a 
value for severity of addiction following these cut-off points: 
0 no addiction, 1–5 mild, 6–10 intermediate, 11–15 high, 
and 16–20 severe [29]. For assessing psychotic symptoms 
in SZ and SZ + groups, we used the Spanish version of the 

Positive and Negative Syndrome Scale (PANSS) [30] which 
has demonstrated to be an adequate instrument for this popu-
lation [30].

Circadian rhythms assessment

We collected sleep–wake data with a structured interview 
specifically designed; we asked for habitual wake-up time, 
bedtime, total time sleeping, and absence/presence of nap 
and its duration.

To assess circadian typology, we administered the Com-
posite Scale of Morningness (CSM) in its Spanish version 
[31] with an adequate internal consistency in our total 
sample of patients (Cronbach´s alpha = 0.845). The CSM 
gives a score which classifies circadian typology as follows: 
0–25 evening-type, 26–36 neither-type, and scores from 37 
morning-type.

We registered DST every 2 min for 48 h using the Ther-
mochron  iButton® DS1921H device (Maxim Integrated 
Products, Sunnyvale, California, USA). The sensor was 

SZ+ Group 

n = 63

n = 55

with SZ+ finally included

n = 55

with SZ finally included

n =8 excluded

n = 1 had a relapse during the 

assessment sessions period

n = 1 did not complete DST registry

n = 4 preferred not to participate

n = 2 dropout 

n =192 

Initially enrolled in the study

n =6 excluded 

n = 2 showed unstable 

symptomatology

n = 3 preferred not to participate

n = 1 dropout 

SZ Group 

n = 61

SUD Group

n = 68

n = 13 excluded

n = 3 did not complete DST registry

n = 8 preferred not to participate

n = 2 dropout 

n =165 

Completed the assessment protocol

n = 55

with SUD finally included

Fig. 1  Study sample flow diagram. SZ + dual schizophrenia, SZ schizophrenia only, SUD substance use disorder, DST distal skin temperature
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placed in the wrist of the non-dominant hand, over the radial 
artery, to reduce the potential masking effects generated by 
the higher activity of the dominant hand [32]. We carried out 
two types of analyses by the  Circadianware™ software ver-
sion 7.1.1 [33] for obtaining several parameters [34]. First, 
we obtained minimum, maximum, mesor, acrophase, Ray-
leigh vector, Fourier analysis with the first 12 harmonics, 
circadianity index [CI; calculated as first harmonic power 
(P1)/sum of 12th harmonics power (P12)], a measure of 
relative power of the circadian component compared with 
the ultradian components, and maximum and minimum 
temperature with cosinor analysis (parametric). Second, we 
conducted a nonparametric analysis and calculated interdaily 
stability (IS), intradaily variability (IV), relative amplitude 
multiplicated per 10 (RA_10), maximum mean temperature 
in 5 consecutive hours (M5) and its time (TM5), minimum 
mean temperature in 10 consecutive hours (L10) and its time 
(TL10). Two days of recording are sufficient for the reliabil-
ity of all parametric and most nonparametric parameters. 
Thus, the nonparametric IS index requires a minimum of 
3 days and we have followed the recommendation of Van 
Someren et al. [35] to eliminate from the analysis values > 1.

Statistical analysis

Descriptive data (mean, standard deviation and percent-
ages) were obtained for sociodemographic and clinical data. 
Group differences in these variables were explored with 
analysis of covariance (ANCOVA) for continuous data, and 
Kruskall–Wallis tests for non-continuous data. When the 
variables affected only two groups (data from SZ or SUD 
diagnoses), we applied the student´s t-test (t) if the quan-
titative data fulfilled the necessary conditions; otherwise, 

Mann–Whitney U test was used. Chi-Square contrast was 
applied for categorical variables.

We carried out an ANCOVA for CSM scores, and three 
multiple analysis of covariance (MANCOVA) considering 
sleep schedule, and nonparametric and parametric DST data 
as dependent variables. In all cases, we considered group as 
independent variable, and age as covariate since it could be 
a confounding factor [34, 36]. Post hoc comparisons were 
Bonferroni corrected to adjust the level of significance to the 
multiple comparisons and partial square Eta (ηp

2) or Cohen’s 
d were calculated to measure the effect size.

All data were analyzed using the SPSS 25.0 software 
(IMB Corp, Armonk, NY, USA). All tests were two-tailed 
(p < 0.05) and no data were excluded from the analyses since 
all the participants that were finally included in the sample 
completed all the assessment protocol.

Results

Sociodemographic and clinical variables

Table 1 presents sociodemographic data for the four groups, 
and clinical data for the three groups with a diagnostic. 
Mean age for the total sample was 37.30 ± 8.82 years old, 
without differences among groups. The HC group included 
a higher number of married or stable partner than the clini-
cal groups. In the clinical groups, the majority of patients 
were single, although we found differences between the SZ 
and SUD groups (p = 0.013), with fewer people married or 
with a partner in the former case. On the other hand, in 
the HC group, there was a higher percentage of employed 
people compared to the clinical groups, in which the SUD 
group contributed more employed patients compared to the 

Table 1  Sociodemographic data for the clinical and control groups. Means, standard deviation, percentages, and statistical contrasts

HC healthy controls, SUD substance use disorder, SZ + dual schizophrenia, SZ schizophrenia only
***p < 0.001

SZ + (n = 55) SZ (n = 55) SUD (n = 55) HC (n = 90) Contrasts

Age (years) 36.00 ± 8.19 39.07 ± 8.72 35.78 ± 6.98 37.94 ± 10.04 F(3,251) = 1.86
Marital status χ2

(2) = 59.06***
 Single 76.4% 83.6% 58.2% 24.2%
 Married/stable partner 12.7% 9.1% 25.5% 64.7%
 Separated/divorced 10.9% 7.3% 16.4% 11.0%

Employment situation χ2
(4) = 228.36***

 Working 10.9% 9.1% 30.9% 96.6%
 Unemployment compensation 5.5% 3.6% 25.5% 1.1%
 On sick leave 7.3% 0% 16.4% 0%
 Disability pensión 61.8% 81.8% 12.7% 2.3%
 No income 14.5% 5.5% 14.5% 0%

Years of schooling 9.62 ± 2.31 9.71 ± 2.15 10.38 ± 2.20 12.76 ± 1.96 F(3,251) = 25.13***
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SZ and SZ + groups (p ≤ 0.010 in both cases). Finally, we 
found differences in the years of schooling (F(3,251) = 25.13; 
p < 0.001; ηp2 = 0.26), with a higher level of education in the 
HC group compared to the clinical groups (p < 0.001 in all 
cases), which had not any differences among them.

Regarding clinical data (Table 2), we found differences 
between groups in the presence of family history of SUD, 
which was higher for SZ + and SUD than for SZ (p < 0.031 
in both cases). In addition, the SZ + group showed a higher 
number of suicide attempts than the SUD group (p = 0.011), 
which had the lowest number. Moreover, in relation to medi-
cal disease comorbidity, as can be seen in Table 2, patients in 
the SUD group present more respiratory pathologies, while 
those in the SZ groups present more metabolic and cardio-
vascular pathologies (p < 0.01). The SUD group showed a 
better GAF and a lower number of prescribed psychotropic 
drugs (p < 0.001 in all cases) than the SZ and SZ + groups, 
with no differences between them. The intake of typical and 
atypical antipsychotics was higher in the two SZ groups than 
in the SUD group (p < 0.001) where only 3.6% of patients 
used antipsychotics. The SZ + and SZ groups differed only 
in the conversion to milligrams of chlorpromazine with the 
SZ group almost doubling that of the SZ + group (p < 0.001). 
Finally, prescription of interdictor drugs was higher for 
SZ + than for the SUD group (p = 0.049).

Considering the clinical characteristics of the SUD, the 
SZ + group had an earlier age of onset (p = 0.019) and a 
longer duration of the disorder (p = 0.049) compared to the 
SUD group. In addition, the SZ + group had consumed a 
greater number of substances (p = 0.033), with no differ-
ences in the type of main substance of consumption and a 
majority of polydrug users in both groups. Differences were 
only observed in the use of cannabis (p = 0.010) and anxi-
olytics-hypnotics (p = 0.008) as substances, both higher in 
SZ + than in SUD. We found no differences between groups 
in the time of abstinence or in the severity of addiction, 
although the SZ + group presented a greater number of pre-
vious relapses than the SUD group (p = 0.002). Regarding 
the clinical characteristics of SZ, we only found differences 
between the SZ + and SZ groups in the general psychopa-
thology score, which was higher in SZ + (p = 0.004).

Circadian rhythms

In relation to the sleep parameters, the results revealed dif-
ferences with large effect sizes between the clinical groups 
in the number of sleeping hours (F(2,162) = 29.29; p < 0.001; 
ηp2 = 0.267) and in the time to wake-up (F(2,162) = 18.65; 
p < 0.001; ηp2 = 0.188). The SUD group slept fewer hours 
and wake-up earlier than the SZ + and SZ groups (p < 0.001, 

in all cases). The SZ groups did not differ from each other in 
any sleep parameter or in the presence/absence of napping 
or its duration (Table 3).

Regarding circadian typology, differences with large effect 
sizes were obtained between the groups in the mean direct 
CSM score (F(2,162) = 26.47; p < 0.001; ηp2 = 0.25), being 
higher in the SUD group than in the SZ + and SZ groups 
(p < 0.001, in both cases), which did not differ among them 
(Table 3). Furthermore, we found differences in the distribu-
tion of typologies between the SUD group and the SZ + and 
SZ groups (p < 0.001, in both cases), with the SUD group 
having more morning-type patients and fewer evening-type 
patients. The SZ group has the highest proportion of evening-
type patients, although without significant differences with 
respect to the SZ group.

Several parameters of the DST showed differences among 
clinical groups (see Fig. 2 and Table 3). The SUD group 
presented lower values with large effect sizes for minimum, 
mesor, and L10 with respect to the SZ + and SZ groups 
(p < 0.001, in all cases) and higher values with large medium 
sizes for A_10 and accumulated power of the first 12 harmon-
ics (P12) than the other two groups (p ≤ 0.05, in all cases). In 
addition, the SUD group had higher IS than the SZ + group 
(p = 0.013), lower M5 (p = 0.044) and higher P1 than the SZ 
group (p = 0.029); with medium effect sizes in all cases. No 
significant differences were found between the SZ + and SZ 
groups in any of the indexes analyzed.

On the other hand, in the posteriori MANCOVA contrasts 
with the HC group (see Table 3), the SZ + group presented 
higher Rayleigh vector, IS, M5, and P12 (p < 0.023, in all 
cases), as well as lower CI (p = 0.025). Effect sizes for these 
mean differences were medium for Rayleigh vector, M5, and 
P12; and large for IS. In addition, the SZ group had higher 
mesor, Rayleigh vector, IS, and M5 (p < 0.029, in all cases) 
than the HC group, but lower CI (p = 0.006). In these cases, 
effect sizes were medium for mesor, M5, and IC; and large for 
Rayleigh vector and IS.

Finally, the SUD group showed lower minimum and mesor 
than the HC group (p = 0.004 in both cases), higher Rayleigh 
vector, P1, P12, RA_10 and IS (p < 0.001, in all cases) and 
lower L10 (p < 0.001) than the HC group (Fig. 3). Effect sizes 
for mean differences between SUD and HC groups were 
medium for minimum, mesor, Rayleigh vector, and P1; and 
large for P12, RA_10, Is, and L10 (see Table 3).

For the SZ groups considered together, we observed mixed 
results when compared to the HC group (Fig. 3) with higher 
DST values both for the sleep period and much more markedly 
for the waking period. This results in a lower amplitude of the 
rhythm and most impaired DST pattern, most marked in the 
SZ group (Fig. 2).
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Table 2  Clinical data: schizophrenia and substance use disorder related variables

Means, standard deviation, percentages, and statistical contrasts
CPZ chlorpromazine, DAST-20 drug abuse screening test, GAF global assessment functioning, PANSS positive and negative syndrome scale, 
SUD substance use disorder, SZ + dual schizophrenia, SZ schizophrenia only
a Percentages will not equal 100 as each patient may be included in different category
*p < 0.05
**p < 0.01
***p < 0.001

SZ + (n = 55) SZ (n = 55) SUD (n = 55) Contrasts

Family history of psychiatric disorders 29.1% 34.5% 21.8% χ2
(1) = 2.20

Family history of SUD 21.8% 7.3% 29.1% χ2
(1) = 8.68*

Medical disease  comorbiditya

 Respiratory 9.1% 9.1% 15% χ2
(1) = 11.72**

 Metabolic 34.5% 43.6% 26.6% χ2
(1) = 15.80**

 Cardiovascular 23% 28% 12% χ2
(1) = 13.80**

 Other (HIV, epilepsy, slipped disk, rheumatism) 12.7% 14.5% 11% χ2
(1) = 3.21

Suicide attempts 1.25 ± 1.82 0.69 ± 1.57 0.42 ± 0.90 F(2,162) = 4.56*
GAF 63.13 ± 11.22 59.75 ± 10.15 74.50 ± 10.06 F(2,162) = 29.52***
Number of psychiatric medications 3.30 ± 1.68 3.22 ± 1.46 0.93 ± 1.14 F(2,162) = 47.81***
 Typical antipsychotics 22.2% 25.5% 0% χ2

(1) = 15.80***
 Atypical antipsychotics 96.3% 94.5% 3.6% χ2

(1) = 134.74***
 Interdictor 37% 0% 20.0% χ2

(1) = 24.45***
 CPZ equivalent dosage (mg) 350.55 ± 281.35 617.07 ± 522.12 6.06 ± 32.13 F(2,162) = 43.56***

SZ age of onset 23.35 ± 6.96 23.65 ± 6.71 t(1,108) = 0.24
Duration of SZ (years) 12.65 ± 8.01 15.42 ± 9.30 t(1,108) = 1.67
PANSS scores
 Positive symptoms 11.83 ± 5.70 10.30 ± 4.19 t(1,108) = 1.46
 Negative symptoms 15.58 ± 7.39 14.18 ± 7.40 t(1,108) = 0.89
 General psychopathology 31.10 ± 10.91 24.70 ± 9.01 t(1,108) = 2.99**

SUD age of onset 17.60 ± 5.65 20.55 ± 7.24 t(1,108) = 2.38*
Duration of SUD (years) 17.85 ± 8.03 14.61 ± 8.94 t(1,108) = 2.00*
Number of substances used 3.62 ± 1.75 2.93 ± 1.61 t(1,108) = 2.16*
Main substance of dependence χ2

(4) = 6.66
 Cocaine 10.9% 12.7%
 Alcohol 12.7% 9.1%
 Alcohol + Cocaine 9.1% 27.3%
 Polydrug use 67.3% 50.9%

Type of substances  useda

 Cocaine 92.70% 89.10% χ2
(1) = 0.44

 Alcohol 76.40% 80.00% χ2
(1) = 0.21

 Cannabis 76.40% 52.70% χ2
(1) = 6.71**

 Psychodysleptics 40.00% 27.30% χ2
(1) = 1.99

 Opioids 25.50% 14.50% χ2
(1) = 2.05

 Anxiolytics-hypnotics 16.40% 1.80% χ2
(1) = 7.04**

Abstinence period (months) 6.57 ± 3.64 7.55 ± 2.61 t(1,108) = 1.62
Number of relapses 2.25 ± 2.97 0.82 ± 1.48 t(1,108) = 3.21**
DAST-20 (severity of addiction) 13.44 ± 2.86 13.05 ± 3.47 t(1,108) = 0.54
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Table 3  Sleep–wake data and circadian typology (for the clinical groups); and Distal Skin Temperature (for the clinical and control groups). 
Means, standard error, percentages, and statistical contrasts

SZ + (n = 55) SZ (n = 55) SUD (n = 55) HC (n = 90) Contrasts Significant differ-
ences (Cohen’s d)

Sleep–wake data
 Total sleep time (hours) 9.53 ± 1.77 9.71 ± 1.45 7.86 ± 0.96 F(2,162) = 29.29*** SZ +  > SUD = 1.171

SZ > SUD = 1.505
 Bed  timea 22:54 ± 01:10 23:12 ± 01:19 23:08 ± 00:48 F(2,162) = 2.20
 Wake-up  timea 07:56 ± 01:45 08:34 ± 01:21 06:56 ± 00:57 F(2,162) = 18.65*** SZ +  > SUD = 0.907

SZ > SUD = 1.882
 Presence of nap 40.0% 30.9% 27.3% χ2

(1) = 2.15
Nap duration 81.14 ± 37.79 65.29 ± 26.49 59.00 ± 35.62 F(2,51) = 2.15
Circadian tipology χ2

(2) = 30.31***
 Evening-type 12–7% 16.4% 3.6%
 Intermediate-type 47.3% 60.0% 20.0%
 Morning-type 40.0% 23.6% 76.4%
 CSM direct score 34.01 ± 0.87 31.28 ± 0.88 40.12 ± 0.87 F(2,162) = 26.47*** SZ +  < SUD = 0.915

SZ < SUD = 1.208
Distal Skin Temperature MANCOVA

F(3,251) ηp
2

 Maximum 35.92 ± 0.07 35.91 ± 0.07 35.93 ± 0.07 36.09 ± 0.05 2.10 0.03
 Minimum 31.14 ± 0.20 31.21 ± 0.20 29.67 ± 0.20 30.56 ± 0.16 12.72*** 0.13 SZ +  > SUD = 1.096

SZ > SUD = 1.190
SUD < HC = 0.643

 Mesor 33.95 ± 0.11 34.02 ± 0.11 33.15 ± 0.11 33.63 ± 0.09 13.37*** 0.14 SZ +  > SUD = 0.907
SZ > SUD = 0.917
SZ > HC = 0.514
SUD < HC = 0.563

  Acrophasea 01:44 ± 03:44 00:50 ± 04:20 00:58 ± 03:38 02:00 ± 02:47 1.89 0.02
 Rayleigh Vector 0.89 ± 0.03 0.96 ± 0.03 0.90 ± 0.03 0.75 ± 0.02 17.37*** 0.17 SZ +  > HC = 0.662

SZ > HC = 1.461
SUD > HC = 0.785

 P1 0.60 ± 0.09 0.46 ± 0.09 0.82 ± 0.09 0.38 ± 0.07 5.51*** 0.06 SZ < SUD = 0.520
SUD > HC = 0.746

 P12 1.12 ± 0.13 0.99 ± 0.13 1.83 ± 0.13 0.65 ± 0.10 17.60*** 0.17 SZ +  < SUD = 0.631
SZ < SUD = 0.766
SZ +  > HC = 0.553
SUD > HC = 1.271

 CI 39.48 ± 2.84 37.86 ± 2.85 41.50 ± 2.85 49.50 ± 2.22 4.95** 0.06 SZ +  < HC = 0.471
SZ < HC = 0.567

 IS 0.68 ± 0.02 0.72 ± 0.03 0.78 ± 0.02 0.39 ± 0.02 85.10*** 0.55 SZ +  < SUD = 0.636
SZ +  > HC = 1.702
SZ > HC = 2.133
SUD > HC = 2.756

 IV 0.02 ± 0.33 0.05 ± 0.33 0.71 ± 0.33 0.24 ± 0.26 0.95 0.01
 RA_10 0.28 ± 0.02 0.25 ± 0.02 0.36 ± 0.02 0.23 ± 0.02 9.01*** 0.10 SZ +  < SUD = 0.497

SZ < SUD = 0.701
SUD > HC = 0.974

 M5 34.94 ± 0.09 34.97 ± 0.09 34.61 ± 0.09 34.57 ± 0.07 6.13*** 0.07 SZ > SUD = 0.445
SZ +  > HC = 0.606
SZ > HC = 0.661

  TM5a 01:37 ± 05:13 00:38 ± 04:55 01:47 ± 03:55 02:30 ± 03:16 2.12 0.03
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Discussion

In the first place, no differences were observed among 
groups in mean age and this is relevant since circadian 
rhythmicity varies throughout the life cycle in sleep char-
acteristics [34], circadian typology [9, 35], and circadian 
rhythm of DST [36]. Epidemiological data confirmed pre-
vious findings in similar groups [25, 37]; SZ + , SZ, and 
SUD diagnoses were associated to not having a partner, 
unemployment, disability pension, and lower level of edu-
cation than HC. The SZ and SZ + groups showed a worse 
sociodemographic and clinical profile than the SUD group, 
which would confirm the presence of a greater impairment 
associated with SZ [4].

The groups with a diagnosis of addiction presented more 
family history of SUD, supporting the evidence regarding 
family history as a risk factor for developing the disorder 
[38]; the existence of family history should be considered 
in SUD preventive strategies. On the other hand, in line with 
previous studies [39, 40], the SZ + group showed earlier 
onset and longer duration of SUD, and greater number of 
substances consumed. All these characteristics are associ-
ated with worse psychopathological involvement and clinical 
course [41]. This underlines the importance of early problem 
detection and the usefulness of research for easily detectable 
risk factors, such as circadian disturbances (i.e. phase delay, 
decreased amplitude) [16]. In this sense, patients with first 
episodes of SZ could obtain greater benefits in the course 
of their disease than chronic patients such as those in our 
research, the consideration of the duration of untreated psy-
chosis (DUP) being a possible clinical explanatory aspect 
of this.

Regarding substance use, consistent with previous stud-
ies [25, 40], most of the patients were polydrug users, 

CI circadian index, M5 maximum mean temperature in 5 consecutive hours, L10 minimum mean temperature in 10 consecutive hours, IS inter-
daily stability, IV intradaily variability, P1 1st harmonic power, P12 12th harmonic accumulated power, RA_10 relative amplitude per 10, SUD 
substance use disorder, SZ + dual schizophrenia, SZ schizophrenia only, TM5 maximum mean temperature time in 5 consecutive hours, TL10 
minimum mean temperature time in 10 consecutive hours
a Data expressed in hours and minutes (mean and standard deviation)
**p < 0.01
***p < 0.001

Table 3  (continued)

SZ + (n = 55) SZ (n = 55) SUD (n = 55) HC (n = 90) Contrasts Significant differ-
ences (Cohen’s d)

 L10 33.19 ± 0.14 33.36 ± 0.14 32.21 ± 0.14 33.04 ± 0.11 12.45*** 0.13 SZ +  > SUD = 0.849

SZ > SUD = 0.959

SUD < HC = 0.778
  TL10a 14:55 ± 04:37 14:06 ± 04:02 14:21 ± 04:15 14:14 ± 03:54 0.229 0.01

Fig. 2  Distal skin temperature mean waveforms. Waveforms data 
are expressed as mean ± SEM in function of local time (hours). SUD 
substance use disorder (continuous red line, n = 55), SZ + dual schizo-
phrenia (dashed blue line, n = 55), SZ schizophrenia only (dashed 
green line, n = 55)

Fig. 3  Distal skin temperature mean waveforms. Waveforms data 
are expressed as mean ± SEM in function of local time (hours). HC 
healthy controls (dotted purple line, n = 90), SUD substance use dis-
order (continuous red line, n = 55), SZ schizophrenia groups (dashed 
blue line, n = 110)
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although we found a higher consumption of cannabis in 
SZ + compared to SUD. This data is relevant since can-
nabis use is a risk factor for developing SZ [42]. It is also 
confirmed that the onset of SUD is earlier than that of SZ 
in the SZ + group [40, 43], emphasizing the importance 
of paying attention to cannabis use in adolescents/young 
adults, especially if they are risk population for developing 
a psychotic disorder. Finally, the general psychopathology 
score was higher in SZ + than in SZ, confirming that these 
patients present a worse general health status [40, 44].

Considering sleep schedules and circadian typology, the 
SUD group presented sleep time and duration characteris-
tics similar to normal population data [34], and a tendency 
toward morningness, in line with what was expected for 
being under treatment. The SZ groups showed schedules 
and scores more typical of an intermediate-type (although 
in the SZ + group, there was also a greater tendency toward 
morningness with respect to norms), and more sleeping 
hours. Therefore, assessing sleep schedules and circadian 
typology may aid in better clinical management of both 
addiction [9, 45] and schizophrenia (with/without SUD). 
A comprehensive relapse prevention strategy could be tak-
ing these measures into account during treatment or even 
when changes that may affect treatment take place (i.e. 
withdrawal of pharmacological prescription).

The analysis of the DST pattern reflected a better cir-
cadian functioning of the SUD group with respect to SZ, 
SZ + , and HC groups. Thus, greater diurnal activation or 
less somnolence, greater endogenous control and stabil-
ity were observed, similar to that previously described in 
patients under treatment [16, 44]. Therefore, the circadian 
rhythm of the SUD group has a greater day/night contrast, 
which would reflect a better lifestyle influenced, probably 
by the imposed schedule [16, 32]. In contrast, the SZ groups 
exhibit a DST pattern with greater rhythm stability and bet-
ter nocturnal rest (greater Rayleigh vector, IS and M5) but 
with daytime sleepiness, which is remarkable for the SZ 
group, as it was previously described for sleep disordered 
breathing [46]. Such impairment implies a reduction in the 
zone of maintenance of wakefulness in the afternoon, which 
is associated with the presence of drowsiness, similar to the 
pattern observed in the elderly people [16, 47]. Likewise, 
the lower CI in the SZ groups may indicate a more imma-
ture circadian system [47]. These findings could be caused 
by alterations in thermoregulation [16, 47] or by the seda-
tive effect of the schizophrenia medication itself [46], which 
should be elucidated in future studies.

The results suggest that the presence of the diagnosis of 
SZ is related to a worse circadian rhythmicity compared to 
patients with only SUD. The symptomatology of SZ favors 
a more sedentary lifestyle and inadequate exposure to exter-
nal synchronizers [48], which has been associated with both 
worse rhythmic expression [23, 49] and clinical status [50]. 

Furthermore, circadian disturbances observed in prodromal 
phases of SZ points out to the possibility that these may 
be a key mechanism in the pathology [24, 37]. Circadian 
alterations in SZ contribute to poorer therapeutic outcomes 
[51, 52], so their evaluation and the implementation of 
chronobiological intervention strategies to improve rhyth-
mic expression in these patients are of particular relevance. 
Thus, approaches that have proven effective in the treatment 
of other mental disorders [45, 53] could also be effective for 
SZ. These include the regular time patterns of meals, daily 
physical and social activity, and sleep–wakes synchronized 
to the light–dark cycle, without forgetting the best time to 
prescribe medication [54].

The study of SZ and SZ + patients indicates that rhyth-
mic impairment is greater in the former and that it is con-
centrated in the wakefulness period. These data are in line 
with previous studies carried out in other areas, showing 
better premorbid functioning, executive functions, and social 
skills for SZ + compared to SZ. This has led to suggest that 
the SZ + group has a lower vulnerability for the develop-
ment of SZ, although this would be modified by their sub-
stance consumption [53, 54]. Some studies suggest that the 
general condition of SZ + patients worsens with age, due 
to the cumulative neurotoxic effects of consumption [39]. 
Our design precludes drawing conclusions in this regard and 
future longitudinal research is necessary.

On the other hand, our results contrast with data about 
evening typology as a risk factor for the development 
and maintenance of SUD [9, 45]. However, research with 
patients under treatment and in abstinence for several months 
has found data similar to ours [16, 44]. The presence of a 
higher percentage of morning-type patients than in popula-
tion norms could be interpreted as a result of the establish-
ment in SUD treatment of healthy lifestyle habits necessary 
for abstinence [16, 25]. Although we do not have data on 
the circadian typology of the HC group, their worse DST 
rhythm could be due to more sedentary and delayed phase 
habits, in line with those results of a large part of the Span-
ish population, together with inadequate exposure to light 
both during day and night [49]. For all these reasons, our 
findings should be interpreted with caution. Previous studies 
on circadian rhythmicity in patients with SZ are scarce [55, 
56] and show inconclusive results. However, DST, as a valid 
marker of sleep–wake rhythm and internal temporal order 
[12, 14], seems a sensitive measurement to differentiate 
between both SZ and SUD diagnoses. It is required future 
research evaluating DST at baseline and end of treatment, 
for more days (ideally a week), along with repeated measure-
ments throughout treatment to assess the evolution and the 
presence of critical periods. Furthermore, since DST used 
alone cannot exclude masking effects produced by activity 
or changes in sleep, to validate the obtained results, it would 
be necessary to extend the assessment with more complete 
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objective measurements, including at least light and physical 
activity. Moreover, the study of women in SUD and SZ + , to 
whom we cannot generalize our results, is urgently needed 
in order to provide a gender perspective in both research 
and treatment. All of this should be also done controlling 
for possible modulating factors such as medication [23] or 
withdrawal time [16].

Conclusions

This study provides information not previously evaluated 
in any publication on circadian rhythmicity differences in 
under treatment male patients with diagnoses of SZ + , SZ 
and SUD, as well as comparing them with a HC group for 
DST. Our results suggest that the presence of the diagnosis 
of SZ (SZ + and SZ) is related to a worse circadian rhyth-
micity independently of the presence of a SUD. In under 
treatment patients with SZ, we should focus on the diurnal 
period assessment of circadian rhythms as possible marker 
of recovery, irrespective of the presence of a SUD. Our 
findings from male patients with a mean abstinence period 
longer than 6 months support the idea that the circadian 
rhythm of DST could be a biomarker of adherence or treat-
ment efficacy and relapse prevention in SUD early remis-
sion, althougth these results should be confirmed with 
additional objective measures. Further research focused 
on circadian rhythmicity in patients with SZ (with/without 
SUD) may provide new knowledge transferable to their 
therapeutic management and could be a promising line to 
establish possible endophenotypes in the future.
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