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ARTICLE INFO ABSTRACT

Keywords:

People with major depressive disorder (MDD) have an increased burden of chronic physical illnesses (CPI).
However, information about the effect of CPIs on recurrent MDD treatment outcome is limited. The objective of
this study was to explore whether the number of CPIs in patients with recurrent MDD was associated with higher
rate of psychiatric admissions. Data were collected for a consecutive sample of 190 patients diagnosed with
recurrent MDD. The key outcome was the number of psychiatric admissions following psychiatric diagnosis. The
independent variable was the number of CPIs. The effects of different clinical, sociodemographic, and lifestyle
confounding factors were controlled using robust regression. The patients with CPI had significantly more
psychiatric admissions than the patients without CPI, and the number of CPIs was significantly associated with
the number of psychiatric admissions. The results of our study largely confirmed that more than two CPIs in
patients diagnosed with recurrent MDD are associated with higher rates of psychiatric admission, independent of
psychiatric comorbidities and other clinical and sociodemographic factors. These findings indicate that to im-
prove treatment outcome and to reduce recurrence, it is crucial to enhance early recognition and treatment of

Depression

Chronic medical condition
Somatic comorbidity
Psychiatric comorbidity
Rehospitalization

Severe mental illness

physical comorbidity.

1. Introduction

Major depressive disorder (MDD) is among the leading causes of the
worldwide burden of disease and disability due to its pervasiveness and
often chronic and recurrent course (Ferrari et al., 2013; GBD 2015
Disease and Injury Incidence and Prevalence Collaborators, 2016). Also,
evidence suggest that depression is associated with increased and pre-
mature mortality due to suicide and co-morbid chronic physical ill-
nesses (CPIs) (cardiovascular disease, metabolic syndrome, diabetes,
respiratory disease, cancer, etc.) (Bradford et al., 2008; Jones et al.,
2004; Laursen et al., 2016; Walker et al., 2015). Co-morbidity is one of
the greatest research and clinical challenges to contemporary psy-
chiatry and medicine (Jakovljevi¢, 2009; Sartorius, 2018). In general,
people with MDD are at significantly increased risk of developing CPI,
at an earlier age due to both maladaptive health risk behaviors and the
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physiological effects of their psychiatric illnesses (Campayo et al., 2010;
Holt et al., 2014; Lu et al., 2016; Penninx, 2016; Saveanu et al., 2015;
Shen et al., 2016; Vancampfort et al., 2016). Furthermore, studies have
shown that when depression occurs with CPI, the consequences are
symptom exacerbation, reduced adherence, functional impairment,
worse outcomes for the CPI, and increased work absenteeism (Buist-
Bouwman et al., 2005; Katon and Ciechanowski, 2002). The comorbid
of depression incrementally worsens health compared with depression
alone, with any of the chronic diseases alone, and with any combination
of chronic diseases without depression (Moussavi and Chatterji, 2007).

The increasing prevalence of CPI and depression leads to questions
regarding how these disorders compare in concern of their effects on
overall individual health and how they affect each other (Moussavi and
Chatterji, 2007). In recent years, a compelling body of evidence has
emerged to suggest that the relationship between MDD and CPI is
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bidirectional at the pathophysiological and clinical levels and that the
mechanisms responsible for it are complex and multifaceted (Dhar and
Barton, 2016; Gleason et al., 2013; Hackett and Pickles, 2014; Han
et al., 2016; Holt and Mitchell, 2015; Katon, 2011, 2003; Katon et al.,
2004). One of several mechanisms that has been proposed to clarify the
relationship between possible MDD courses in the presence of CPIs is
underlying biological pathways (e.g., inflammation and dysregulation
of the hypothalamic-pituitary—adrenocortical axis), which may result
in a worse depression treatment outcome (Bair et al., 2003; Brown
et al., 2004; Capuron and Castanon, 2017; Cizza, 2011; Wolkowitz
et al., 2011).

Although the effect of depression on CPI outcomes has received
substantial attention, the impact of co-occurring CPI on depression is
insufficiently explored. Therefore, much less is known about the asso-
ciation of CPIs with the depression treatment outcome, and the evi-
dences are inconsistent. Some studies shown negative effect of the
number of CPIs to the clinical outcome defined as chronicity of de-
pression, higher relapse rates, utilization of medical resources and
disability, lower remission and recovery rates, reduced quality of life.
(Bogner et al., 2005; Deschénes et al., 2015; Filip¢i¢ et al., 2016; Gerrits
et al., 2013; Otte, 2008; Yates et al., 2007, 2004). Additionally, the total
burden of CPIs and the number of organ systems involved have been
negatively associated with clinical outcomes in MDD, as well as a high
number of physical symptoms (Huijbregts et al., 2013; Iosifescu et al.,
2003). Conversely, other researchers have found that MDD patients
with or without CPI have an equal or minimally different treatment
response to antidepressants. Furthermore, they found no association
between a heightened risk for recurrent depression and co-morbid CPIs
(Kok et al., 2013; Morris et al., 2012; Papakostas et al., 2003; Small
et al., 1996; Wise et al., 2007). A systematic review performed by
Kok et al. (2013) found the inconsistent results regarding the associa-
tion of CPI with MDD recurrence. They concluded that new longitudinal
and longer-term studies with different outcomes are needed, and among
other recommendations, they proposed the use of the number of re-
hospitalizations as the targeted outcome (Kok et al., 2013).

Despite the evidence that CPI with depression is the norm and not
the exception, the most common current approach still separates phy-
sical and mental health care in terms of access to preventive interven-
tions, the quality of detection, and adequate treatment, and clinical
trials of antidepressants even exclude patients with CPIs. The objective
of the present study was to explore whether the number of CPIs in
patients with recurrent MDD was associated with more psychiatric
admissions, independent of psychiatric comorbidities and other clinical
and sociodemographic parameters.

2. Methods
2.1. Study design

This combined cross-sectional study and the retrospective chart
review was conducted in 2016 at the Psychiatric Hospital Sveti Ivan,
Zagreb, Croatia. It was nested within the prospective cohort study
“Somatic Comorbidities in Psychiatric Patients (SCPP).” The study
protocol was registered at ClinicalTrials.gov (NCT02773108). It was
approved by the Ethics Committee of Psychiatric Hospital Sveti Ivan.
Informed consent was obtained from all the patients. The study com-
plied with the World Medical Association Declaration of Helsinki 2013
(World Medical Association, 2013).

2.2. Study population

The targeted population was patients diagnosed with recurrent
MDD (ICD-10 F33; DSM-V) who are treated or controlled in a psy-
chiatric hospital in any way, either as being hospitalized, or as an
outpatient in the daily hospital or just being controlled by the hospital
psychiatrist. The inclusion criteria were confirmed recurrent MDD
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diagnosis, both genders, age =18 years, inpatient or outpatient treat-
ment at a psychiatric hospital, and ability to answer the questionnaire.
Exclusion criteria were acute psychosis and intoxication. From the sub-
population of outpatients, we selected a consecutive sample in the order
of patients’ arrival at the hospital for any reason: control exam, relapse,
other conditions, social reasons. From the sub-population of hospita-
lized patients we selected all patients who were treated as the hospi-
talized patients during the enrollment period. We recruited patients
who had a Mini-International Neuropsychiatric Interview-confirmed
diagnosis of recurrent MDD (ICD-10 F33; DSM-V).

2.3. Needed sample size

A power analysis was performed before the start of enrollment in
the main prospective cohort study. It was not calculated specifically for
this analysis.

2.4. Outcomes

The outcome was the number of psychiatric admissions following
psychiatric diagnosis. It was obtained from the hospital medical re-
cords. This is the surrogate outcome of treatment success (Burns, 2007).
The retrospective follow up depended on the duration of the disorder
since the diagnosis. This was median (IQR) follow up of 6 (2-11) years.

2.5. Independent variables (predictors)

The independent variable was the number of CPIs. It was assessed
from the hospital medical records. Chronicity was defined as the
duration of the illness or somatic therapy of at least six months.

2.6. Possible confounders

Confounders whose effects were controlled by multivariate analysis
were: number of psychiatric comorbidities, gender, age, education,
marital status, number of household members, self-reported monthly
income per household member, work status, diet operationalized as
frequency of having a breakfast, eating fruits or vegetables, physical
activity measured by EHIS-PAQ (Finger et al., 2015) and dichotomized
into non-sufficient or sufficient - performing =150 min of aerobic PA or
=2 muscle-strengthening PA weekly (Finger et al., 2015), smoking of
tobacco, excessive alcohol consumption defined as more than 20 g/day
(2 standard units) for men and 10 g/day (1 standard unit) for women
(Catapano et al.,, 2016), being treated as outpatient or inpatient,
duration of MDD, severity of MDD at diagnosis measured by the Clinical
Global Impression-Severity (CGI-S) scale, treatment with different an-
tidepressants classes, treatment with 1st or 2nd generation anti-
psychotics and benzodiazepines at the assessment day.

2.7. Statistical analysis

We did the primary analysis by robust regression and iteratively
reweighted least squares on all variables used simultaneously. Multi-
collinearity was tested by tolerance, variance inflation factor (VIF), and
eigenvalues/condition numbers. Independence of residuals was tested
by the Durbin-Watson test. Normality of distributions was analyzed by
Shapiro-Wilk and D'Agostino's omnibus K2 tests. The model fit to the
data was expressed by the coefficient of determination (R2) after robust
weighting and by prediction error sum of squares (PRESS). Cases with
missing data were omitted from multivariate analysis. According to the
protocol, it was planned that in the case of >5% of participants with
missing data, multiple imputations would be done by fully conditional
specification of the iterative Markov chain Monte Carlo method and
that we would do a sensitivity analysis. No correction for multiple
testing was needed, as all analyses were pre-planned, and only one
multivariate analysis was interpreted. Sensitivity analysis was done
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Fig. 1. Study flow.

after multiple imputations of confounders’ missing data. The level of
statistical significance was set at two-tailed p < 0.05, and confidence
intervals at 95% level. Statistical data analysis was done by NCSS 11
Statistical Software (2016). NCSS, LLC. Kaysville, Utah, USA, ncss.com/
software/ncss.

3. Results

In the primary prospective cohort study, we assessed 1060 patients
for eligibility and analyzed the final sample of 190 patients diagnosed
with MDD (ICD-10 F33; Fig. 1). None of the contacted patients refused
to participate. Approximately half of the enrolled patients were female,
and the patients’ ages ranged from 21 to 82 years (Table 1). The
duration of MDD ranged from 2 to 37 years (Table 2). The majority of
the patients, 152 (80.0%), had at least one CPI, and 106 (55.8%) had
two or more (Table 2). Half of these CPIs, 99 (52.1%) were endocrine,
nutritional and metabolic diseases, followed by diseases of the circu-
latory system (Table 3). The number of psychiatric admissions ranged
from one to 33 with a mean (SD) of 4.4 (5.87; Table 2). The patients
with CPIs had significantly more psychiatric admissions than the pa-
tients without CPIs (Student's t-test for independent samples and equal
variances not assumed, t = —2.65; df = 98; p = 0.009). The mean (SD)
number of psychiatric admissions was 4.8 (6.25) for the patients with
CPI and 2.7 (3.65) for the patients without them. The number of psy-
chiatric admissions significantly increased according to the number of
CPIs (Jonckheere-Terpstra test; standardized J-T statistic = 3.31;
p = 0.001; Fig. 2). The main multivariate robust regression was per-
formed in 18 iterations on 190 cases with complete data. The dis-
tribution of residuals was not significantly different from the normal:
Shapiro Wilk test, p = 0.318; D'Agostino skewness, p = 0.375; kurtosis,
p = 0.264, and omnibus K2 test, p = 0.361. We did not detect serial
correlation of the residuals; the Durbin-Watson test result was 1.94.
Multicollinearity of the included variables was not the problem. The
largest condition number was 15.03. The largest variance inflation
factor was 3.17. The smallest tolerance was 0.32. The deviation from
the linear correlation between number of admissions and the number of
chronic somatic illnesses was not significant (p = 0.275). After the
adjustment for all pre-established possible confounders — number of
psychiatric comorbidities, gender, age, education, marital status,
number of household members, monthly income per household
member, work status, diet, physical activity, smoking, alcohol con-
sumption, treatment as outpatient or hospitalized, duration of primary
psychiatric illness, clinical global impression severity scale at diagnosis,
treatment with antidepressants, antipsychotics and benzodiazepines —
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Table 1
Patients’ sociodemographic and life-style characteristics (n = 190).

n (%)
Gender
Men 101 (53.2)
Women 89 (46.8)
Age (years), mean (SD) 52 9.97)
Education
Primary 24 (12.6)
Secondary 125 (65.8)
University 41 (21.6)
Marital status
Single 34 (17.9)
Married 191 (47.9)
Widowed or divorced 65 (34.2)
Number of household members, mean (SD) 1.4 (1.03)
Monthly income per household member (EUR), mean (SD) 413 (263.2)
Work status
Employed 85 (44.7)
Unemployed 28 (14.7)
Retired 77 (40.5)
Body mass index (kg/m?), mean (SD) 28.0 (5.27)
Body mass index (kg/m?)
Normal (< 25.0) 58 (31.7)
Overweight (25.0-29.9) 67 (36.6)
Obese (=30.0) 58 (31.7)
Diet
Having a breakfast
Up to once a week 65 (34.2)
Several times a week 43 (22.6)
Every day 82 (43.2)
Eating fruits every day 57 (30.2)
Eating vegetables every day 58 (31.2)
Sufficient physical activity* 118 (62.1)
Smoking tobacco 101 (53.2)
Excessive alcohol consumption' 8 (4.2)

Data are presented as number (percentage) of participants if not stated other-
wise.
Abbreviation: SD = standard deviation.

* Sufficient physical activity was defined as aerobic physical activity
=150 min/week or =2 muscle-strengthening physical activity weekly.

T Excessive alcohol consumption was defined as > 20 g/day men; >10 g/day
women.

using robust regression, the number of CPIs was significantly correlated
with the number of previous psychiatric admissions (8 = 0.28;
p < 0.001; Table 4). This effect did not change in the sensitivity ana-
lysis performed after the multiple imputations of missing data
(B =0.27; p < 0.001). The result of the adjusted correlation of the
number of psychiatric comorbidities and the number of psychiatric
admissions was not significant (8 = 0.04; p = 0.490) (Table 4).

4. Discussion

We found a significant and clinically relevant association between
the number of CPIs and the number of psychiatric admissions in pa-
tients diagnosed with recurrent MDD, independent of psychiatric co-
morbidities and other relevant clinical, sociodemographic, and lifestyle
parameters. This finding indicates a relationship between the number of
CPIs and worse MDD treatment outcomes.

4.1. CPI's effect on MDD treatment outcomes

Different studies of CPI's effect on MDD treatment success have used
various outcome measures. To the best of our knowledge, this is the first
study on the subject to use long-term hospital admissions as the sur-
rogate outcome for treatment success, as proposed in a systematic re-
view by Kok et al. (2013). Additionally, the majority of the studies only
assessed the current episode, which might not have picked up the
fluctuating recurrent course that was assessed within our study. Thus,
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Table 2 Table 3
Patients’ clinical characteristics (n = 190). Chronic physical illnesses and psychiatric comorbidities (n = 190).
n (%) n (%)
Outpatients 91 (47.9) Chronic physical illnesses
Hospitalized 99 (52.1) 1V Endocrine, nutritional and metabolic diseases (E00-E90) 99 (52.1)
Duration of primary psychiatric illness (years), median (IQR) 6 (2-11) IX Diseases of the circulatory system (100-199) 84 (44.2)
Clinical global impression — severity scale (CGI-S) at diagnosis XIII Diseases of the musculoskeletal system and connective tissue 44  (23.2)

Up to mildly ill 30 (15.8) (M00-M99)

Moderately ill 83 (43.7) XI Diseases of the digestive system (K00-K93) 25 (13.2)

Significantly ill 71 (37.4) X Diseases of the respiratory system (J00-J99) 16 (84

Severely ill 6 (3.2) VI Diseases of the nervous system (G00-G99) 15 (7.9)
Antidepressants * III Diseases of the blood and blood-forming organs and certain

No antidepressants 17 (8.9) disorders

Monotherapy 149 (78.4) involving the immune mechanism (D50-D89) 6 3.2)

Combination 24 (12.6) XII Diseases of the skin and subcutaneous tissue (L00-L99) 5 (2.6)
Antidepressants classes XIV Diseases of the genitourinary system (NO0-N99) 5 (2.6)

Selective serotonin reuptake inhibitors (SSRI) 85 (44.7) XVIII Symptoms, signs and abnormal clinical and laboratory

Serotonin-norepinephrine reuptake inhibitors (SNRI) 43 (22.6) findings, not

Noradrenergic and specific serotonergic (NaSSA) 34 (17.9) elsewhere classified (R00-R99) 5 (2.6)

Serotonin modulator and stimulator (SMS) 12 (6.3) 1I Neoplasms (C00-D48) 2 1.1)

Tricyclic (TCA) 4 2.1) VII Diseases of the eye and adnexa (H00-H59) 3 (1.6)

Tetracyclic (TeCA) 1 (0.5) Other diseases >1% each 5 (2.6)
Particular antidepressants Psychiatric comorbidities

Venlafaxine 32 (16.8) Disorders of adult personality and behavior (F60-F69) 79 (41.6)

Mirtazapine 30 (15.8) Neurotic, stress-related and somatoform disorders (F40-F48) 67 (35.3)

Sertraline 28 (14.7) Mental and behavioral disorders due to psychoactive substance 33 (17.4)

Escitalopram 22 (11.6) use (F10-F19)

Fluvoxamine 19 (10.0) Organic, including symptomatic, mental disorders (FO0-F09) 33 17.4)

Duloxetine 17 (8.9) Schizophrenia, schizotypal and delusional disorders (F20-F29) 15 (7.9)

Paroxetine 14 (7.4) Behavioral syndromes associated with psychological disturbances 7 3.7)

Vortioxetine 9 4.7) and physical factors (F50-F59)

Other, individually >3% ' 25 (13.2) Intentional self-harm (X60-X84) 4 2.1)
Antipsychotics 91 (47.9) Persons with potential health hazards related to socioeconomic 1 (0.5)
Antipsychotics and psychosocial circumstances

1st generation 22 (11.6)

2nd generation 84 (44.2)

Clozapine 8 4.2) 2 8 1
Benzodiazepines 171 (90.0) o
Number of chronic physical illness, mean (SD) 2.2 1.79) g 7
Number of chronic physical illness é 6

None 38 (20.0) -

1 46 (24.2) 8 5

2 32 (16.8) ‘: 4

3 32 (16.8) o

=4 42 (22.1) o 3
Number of psychiatric comorbidities, mean (SD) 2.4 (0.79) 2
Number of psychiatric comorbidities g 27

None 26 (13.7) 2 1 -

1 83 (43.7)

=2 81 (42.6) 0 T T T
Number of hospitalizations, mean (SD) 4.4 (5.87) none 1 2 >3

Data are presented as number (percentage) of participants if not stated other- Number of CPI

wise.
Abbreviation: IQR = interquartile range; SD = standard deviation.
* Sum exceeds 100% because of combination therapies.
" Other includes: fluoxetine, tianeptine, amitriptyline, maprotiline.

we could not directly compare our findings with those of other studies;
however, indirect comparisons were performed.

Our findings were comparable with those of Yates et al. (2004).
They found a significant difference between the 6.4 MDD episodes in
patients with CPI and the 4.8 episodes in patients without them; ad-
ditionally, they found that the patients with CPI, the current MDD
episode had a longer duration. Although the difference in HAM-D;,
scores was significant, the absolute difference was small and of ques-
tionable clinical importance. Morris et al. (2012) found a significant
increase in the duration of the current episode according to the increase
in the number of CPIs, a result that is consistent with our findings. In
contrast, they also found a negative association between the number of
prior episodes and the number of CPIs, which appears to contradict our
results. However, Morris et al. presented only a univariate analysis of
these two variables, ignoring the fact that the duration of MDD might
be different between the patients with and without CPI. They should

Fig. 2. The number of psychiatric admissions by the number of CPI; error lines
represent 95% confidence interval (n = 190).

have adjusted the analysis for the duration of MDD. In their specific
sample, Morris et al. found that the rate of remission (defined as the last
two QIDS-SR;¢ scores being <6) at the 12th week follow up was 41.2%
in patients without CPI and 30.4% in the patients with =3 CPIs. This
26% difference was not statistically significant (p = 0.290), but it
should be noted that the Morris et al. study did not perform an a priori
power analysis for this specific outcome (Morris et al., 2012). The re-
sults of this analysis of MDD were similar to the results of our previous
analysis of schizophrenia (Filipcic et al., 2017). In both cases, the
number of CPIs was an independent significant predictor of the number
of psychiatric admissions.

Co-occurring CPIs may affect the presentation, diagnosis, manage-
ment and treatment outcomes of recurrent MDD in many ways.
Clinicians may have difficulty distinguishing the adjustment to physical
illness from the presentation of MDD as some physical symptoms
characteristic of CPIs (e.g., fatigue, weight loss) may also be MDD
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Table 4
Robust regression on number of previous psychiatric hospitalizations (n = 190).
Univariate Multivariate
Bunw Punw Bagj Bagj t p

Number of chronic physical illnesses 0.57 0.32 0.54 0.28 4.00 <0.001
Confounders controlled
Number of psychiatric comorbidities 0.43 0.12 0.20 0.04 0.69 0.490
Sex (female vs. male) -0.79 -0.13 -0.70 -0.10 —1.45 0.148
Age (years) 0.03 0.10 —-0.03 —-0.08 -0.99 0.322
Education

Secondary vs. primary 0.39 0.06 0.38 0.05 0.56 0.568

University vs. primary —0.94 -0.12 -1.05 -0.12 -1.35 0.178
Marital status

Married vs. single 0.30 0.05 0.15 0.02 0.20 0.840

Widowed or divorced vs. single 2.45 0.36 1.61 0.21 2.29 0.024
Number of household members -0.25 —-0.08 0.11 0.03 0.43 0.672
Monthly income per household member —0.00 -0.07 0.00 —0.01 0.80 0.426
Work status

Unemployed vs. employed 0.76 0.08 0.97 0.10 1.34 0.183

Retired vs. employed 1.05 0.16 1.06 0.15 1.92 0.057
Diet

Having a breakfast several times a week* —-0.43 —0.06 —0.60 —0.07 —0.96 0.337

Having a breakfast every day -0.78 -0.12 -0.48 -0.07 —0.88 0.380

Eating fruits every day -0.10 —0.02 -0.36 —0.05 —0.637 0.525

Eating vegetables every day -0.50 -0.07 -0.34 —0.04 —0.63 0.532
Sufficient physical activity' 0.80 0.12 0.72 0.10 1.55 0.123
Smoking tobacco 0.86 0.14 0.01 0.00 0.03 0.980
Excessive alcohol consumption” 1.79 0.12 2.52 0.15 2.24 0.026
Treated as outpatient vs hospitalized 3.11 0.47 2.85 0.41 5.82 <0,001
Duration of primary psychiatric illness (years) 0.09 0.20 0.09 0.18 2.64 0.009
Clinical global impression - severity scale (CGI-S) at diagnosis 1.19 0.29 0.51 0.11 1.66 0.010
Antidepressants classes

No antidepressants —0.02 —-0.00 —-0.49 —0.04 —-0.53 0.595

Selective serotonin reuptake inhibitors (SSRI) -0.13 —0.02 —0.44 —0.06 —-0.78 0.437

Serotonin-norepinephrine reuptake inhibitors (SNRI) 0.49 0.07 -1.15 -0.14 -1.84 0.068

Noradrenergic and specific serotonergic (NaSSA) 0.08 0.01 0.61 0.06 0.85 0.394
Antipsychotics

No antipsychotics —1.40 —0.22 —0.32 —0.05 —0.25 0.805

1st generation 1.46 0.23 0.68 0.10 0.55 0.581

2nd generation 0.93 0.09 0.11 0.01 0.123 0.902

Clozapine 0.73 0.05 —-0.08 0.00 —0.06 0.955
Benzodiazepines 0.81 0.08 0.08 0.01 0.10 0.919

Abbreviation: S, = standardized regression coefficient in univariate analysis; p,., = two-tailed test statistical significance of univariate regression coefficient;
Bqgj = unstandardized multivariate (adjusted) regression coefficient; B4 = standardized multivariate (adjusted) regression coefficient; t = t-test statistic with n-p-1
degrees of freedom where p is total number of parameters in the model; p = two-tailed test statistical significance of multivariate regression coefficient.

* Referent value was: up to once a week.

 Sufficient physical activity was defined as aerobic physical activity =150 min/week or =2 muscle-strengthening physical activity weekly.

i

symptoms. Comorbidity of mental illness and CPI often leads to a tacit
collusion between patients and the clinician, who agree to address the
CPI as if the mental disorder did not exist (Sartorius, 2013). In cases of
CPI exacerbation, when treatments need to be intensified and hospita-
lization is necessary, the patient may even discontinue psychiatric
therapy. Causes of treatment low adherence in patients with co-occur-
ring CPI and MDD may accumulate, and therefore, more physically ill
patients may have even higher incidences of therapy discontinuation
due to polypharmacy, increased risk of drug interactions, and lower
tolerance of antidepressants (DiMatteo et al., 2000; Holvast et al., 2017;
Spina et al., 2012). Furthermore, patients may erroneously consider CPI
symptoms side-effects of psychiatric therapy, which may further affect
adherence and consequently reduce the efficacy of psychiatric treat-
ment. The side effects of somatic therapies and CPI treatment may in-
terfere with psychiatric treatment and affect patients’ quality of life,
causing pain, negative coping strategies, an unfavorable work status or
social stigma that may further increase the risk of worsened MDD
symptoms (Bair et al., 2003; Fenton and Stover, 2006; Fortin et al.,
2007; Gerrits et al., 2014; Morris et al., 2012; Yates et al., 2004).
Furthermore, CPIs may cause frequent absence from psychotherapy
sessions or reduced capacity for productive participation in psy-
chotherapy because of a focus on the symptoms instead of on the
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psychotherapy and treatment of MDD. The activation of the immune
response system by CPI may worsen depressive symptoms (Halaris,
2017; Herder et al., 2016; Kim et al., 2016; Kohler-Forsberg et al., 2017;
Patel, 2013; Jeon and Kim, 2016). As noted by Gerrits et al. (2014),
poorly controlled diabetes mellitus may provoke neuro-chemical
changes that may affect depression (Gerrits et al., 2014). Some CPIs and
MDD may share a common pathophysiological mechanism (Bair et al.,
2003). Recent studies have confirmed that severe and especially in-
escapable psychological and/or physical stress, such as the stress as-
sociated with CPIs, can result in homeostatic imbalances and abnormal
immune responses and lead to pervasive mental status changes (Halaris,
2017; Jeon and Kim, 2016). Examples include the stress caused by the
knowledge of the diabetes diagnosis, the burden of managing the
condition and its complications, surgery with general anesthesia, COPD
exacerbation, hypoglycemia and fear from death (Baldessarini et al.,
2016; Holt and Mitchell, 2015; Leonard, 2010; Jeon and Kim, 2016).
Consequently, CPIs co-occurring with MDD can significantly increase
the probability of treatment resistance or difficult-to-treat depression
(Leonard, 2010).



I Simunovi¢ Filip¢ic et al.
4.2. Prevalence of CPI in patients with MDD

The percentage of MDD patients with co-occurring CPI in our study
(80.7%) was higher than that found in the four studies included in the
systematic review performed by Kok et al. (2013)and in several other
studies (Gerrits et al., 2013; Morris et al., 2012; Sartorius, 2013;
Saveanu et al., 2015; Yates et al., 2007). This difference was primarily
but not exclusively caused by our focus on recurrent MDD (ICD-10
F33), while other studies included depressive episodes (ICD-10 F32). In
our main, prospective cohort study, patients with a depressive episode
(ICD-10 F32) accounted for 24% of all MDD patients, 64.8% had any
CPL, and the mean number of CPIs (1.4) was significantly lower than in
the sample of patients with recurrent MDD (ICD-10 F33). In an article
from 2004, Yates et al. presented the prevalence of CPI based on the =1
Cumulative Illness Rating Scale (CIRS) score criterion, and their Fig.
(87.8%) was even higher than the one we found (. Our results were
comparable to those of Koike et al. (2002). In the sample of 1356 de-
pressed patients, they found a CPI prevalence of 79.1% .

4.3. Limitations of the study

As we conducted the study only in one center, our results may not
be representative of the entire Croatian population of patients diag-
nosed with recurrent MDD. It is reasonable to assume that the asso-
ciation between CPI and psychiatric admissions may be different in
different clinical settings. Furthermore, we did not collect data on the
duration, severity, and treatment of CPI. Future studies should look at
this problem more closely. Our main independent variable was just the
number of CPIs, and we ignored differences between specific CPIs.
Future studies should address this problem but from the perspective of
multimorbidity and not the particular CPI. In addition, we did not
control for possible confounding effects of psychotropic drugs dosages
or patient adherence to the recommended treatment. In addition, data
were collected from a consecutive sample and not a random one.
Therefore, a certain unknown amount of the sampling bias may have
also affected our results. We have not objectively assessed psychiatric
and somatic diagnosis, but just obtained them from the hospital medical
records.

Specific strengths of our study were the relatively large number of
possible confounders that we controlled and the consequence of the
outcome we used: number of admissions over the longer period. Many
studies have focused on the effects of particular CPIs on MDD treatment
success (Kisely and Simon, 2005; Wells et al., 1993), but it is entirely
possible that specific multimorbidities caused the additional effect.
Although we did not analyze specific multimorbidity clusters, our
outcome comprises them implicitly and indicates that such an analysis
or study would be worthwhile.

5. Conclusion

The results of our study largely confirmed that more than two CPIs
in patients diagnosed with recurrent MDD are associated with higher
rates of psychiatric admission, independent of psychiatric comorbidities
and other clinical and sociodemographic factors. Clinicians who are
treating MDD patients should consider that co-occurring CPIs are as-
sociated with a range of unfavorable outcomes and that an integrative,
multidisciplinary approach should be the imperative in clinical prac-
tice. CPI treatment in depressive patients should be prompt and ade-
quate, not only because of the physical health consequences and the
impact on patients’ quality of life but also to optimize the long-term
depression treatment outcome and reduce recurrence. Future studies
with different treatment outcomes are needed to improve comparability
and enhance the accumulation of knowledge.
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