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Abstract. Comorbid diseases are an important concern in oncology since they can 
affect the choice and effectiveness of treatment. What is particularly relevant is the 
fact that the diagnosis of depression in cancer patients has an important impact on 
the quality of life of these patients. Although there is no consensus about a specific 
relationship of depression with certain cancer types, some authors have proposed 
that depression constitutes a risk factor for cancer. The objective of this study is to 
identify the presence of comorbidities in a massive EHR system, between depression 
and the 10 most common cancers in women and men and to determine if there is a 
preferred temporal ordering in the co-occurrence of these diseases. All the cancers 
studied showed a significant co-occurrence with depression, more specifically, 
twice more frequent than what could be expected by chance. A preferred 
directionality was identified between some of the comorbid diseases, such as breast 
cancer followed by depression, and depression followed by either stomach cancer, 
colorectal cancer or lung cancer. Future work will address other potential factors 
that have an influence on the likelihood of suffering from depression in patients with 
cancer, such as drug therapies received, exposure to substance of abuse or other 
comorbidities. 
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1. Introduction 

Comorbid diseases are an important concern in oncology since they can affect the choice 
and effectiveness of treatment [1,2]. Of relevance is the fact that the diagnosis of 
depression in cancer patients has an important impact on the quality of life of these 
patients, anticancer treatment choice and compliance and the health care costs as well 
[3,4]. More than one third of cancer patients suffer from psychiatric disorders, including 
depression, and the incidence rate is 2-3 times higher than in the general population [3]. 
Besides, depression is said to be the least recognised symptom in people with cancer [5] 
and in fact depression is associated with a decrease in survival following the diagnosis 
of cancer [1]. Although there is no consensus about a specific relationship of depression 
with certain cancer types [2], some authors have proposed that depression constitutes a 
risk factor for cancer [3]. In addition, it has been reported that chemotherapeutic 
treatment can result in mood disorders and impaired cognition [2,3].  
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According to the International Agency for Research on Cancer of the World Health 
Organization, the 10 most common cancers in men in Spain are, in order of frequency: 
prostate, lung, large bowel, bladder, pharynx (including oral cavity), stomach, kidney, 
liver, non-Hodgkin lymphomas and pancreas cancers. The 10 most common in women 
are: breast, large bowel, corpus uteri, lung, ovary, cervix uteri, malignant melanoma of 
skin, non-Hodgkin lymphomas, pancreas and stomach cancers [6]. In order to explore 
the comorbidity between cancer and depression, we performed a study on an EHR system 
from Spain. The objective of this study was first, to assess the presence of comorbidities 
between depression and the most prevalent cancers and second, for those cases in which 
a comorbidity is detected, to determine if there is a preferred temporal ordering in the 
diagnosis of both disorders. We report on the preliminary results obtained and point out 
future directions of this work. 

2. Methodology 

2.1. Electronic Health Records (EHR) System 

The IMASIS information system is the Electronic Health Record (EHR) system of the 
Parc Salut Mar Barcelona Consortium, which is a complete healthcare services 
organization [7,8]. Currently, this information system includes and shares the clinical 
information of two general hospitals, one mental health care center, one social-healthcare 
center and five emergency room settings, which are offering specific and different 
services in the Barcelona city area (Spain). At present, IMASIS includes clinical 
information from patients who have used the services of this healthcare system since 
1990 and from different settings such as admissions, outpatients, emergency room and 
major ambulatory surgery with a mean of 6.37 years (SD±6.82) of patient follow-up. The 
database contains hospital-based information on approximately 1.4 million patients and 
half of them have at least one diagnosis coded using The International Classification of 
Diseases ICD-9-CM [9]. IMASIS-2 is the relational model database containing 
anonymized patient information from IMASIS used for research purposes.  

The study was performed on a corpus of 769,988 patient records from the IMASIS-
2 database collected in the period 1990-2016. Based on the ICD9-CM codification all 
the patients diagnosed with depression (in accordance with the DSM-5 mental disorders 
manual) [10] and the 10 most common cancers in Spain were selected. Specifically, we 
selected breast, large bowel, corpus uteri, lung, ovary, cervix uteri cancers in women and 
prostate, lung, large bowel, bladder, pharynx (including oral cavity) and stomach cancers 
in men. The ICD9-MC codes used to select the patients are shown in table 1. 

2.2. Analysis 

The statistical analysis was performed using the R package comoRbidity [11]. This 
package contains several functionalities to assess the comorbidity among diseases, 
including the temporal directionality, sex ratio analysis and provides a variety of 
visualization tools. For each pair of diseases, the Relative Risk (RR) was calculated to 
estimate the degree of association between diseases (RR is estimated as the fraction 
between the number of patients diagnosed with both diseases and the random expectation 
based on the diseases prevalence) [12]. In addition, the Fisher exact test was performed 
to assess the null hypothesis of independence between the two diseases. The Benjamini 
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& Hochberg false discovery rate method [13] was applied to correct for multiple testing. 
From all the pairs of diseases, only those with corrected p-value lower than 0.01 and with 
a RR score greater than 1 were defined as comorbid diseases and further analyzed. We 
then assessed the temporal ordering of the association of two diseases (from disease A 
to disease B and from disease B to disease A) for the comorbidities identified in the 
analysis (directionality analysis). Specifically, the number of patients for whom 
diagnosis A follows diagnosis B, or vice versa, was calculated and an exact binomial test 
was subsequently used with a probability of success equal to 0.5. A preferred 
(significant) direction was assigned to those pairs of diagnoses in which the null 
hypothesis is rejected with p < 0.05.  

 
Table 1. ICD9-CM codes used to select the diseases studied (depression and selected cancers) 

Disease ICD9-MC codes 
Depression 295.7,295.71-295.75,296.2,296.20-296.26,296.3,296.30-296.36,296.4,296.40-296.46, 

296.5,296.50-296.56,296.6,296.60-296.66,301.12,301.13,311,298.0,296.7, 296.8, 296.82, 
296.89 

Breast  174.9,174,174.0,174.1,174.2,174.3,174.4,174.6,174.8,174.9,233.0,238.3,239.3, V10.3 
Bladder  156.0, 1561.1, 156.2, V10.51 
Cervix 180,180.0,180.1,180.8,180.9,233.1,V10.41 
Bowel 153.9,230.3,235.2,V10.05,V10.06 
Lung 162.2,162.3,162.4,162.5,162.8,162.9,V10.11 
Ovary 183.0, 233.9, 236.2, V10.43 
Pharynx 149.0, 230.0, 235.1, 140.0-140.9, 145.9, V10.02 
Prostate 185, 233.4, 236.5, V10.46 
Stomach 151, 151.0-151.9, 209.23, V10.04 
Uterus 179, 233.2,236.0,V10.42 

3. Results 

In IMASIS there are 367,041 women and 402,947 men with at least one diagnosis in 
ICD9-CM. 36,389 women and 26,742 men suffer at least from one of the studied diseases. 
The number of patients with each disease stratified by gender is shown in table 2. 
Depression is the most frequent disorder among the considered diseases, while the least 
frequent is corpus uteri cancer. 
 

Table 2. Distribution of cases of the studied diseases stratified by gender. 
Disease Women Men Total 

Depression 22,859 11,181 34,040 
Breast 9,894 129 10,023 
Bladder 665 2,681 3,346 
Bowel 1,793 2,432 4,225 
Cervix 1,014 - 1,014 
Lung 1,074 5,208 6,282 
Ovary 715 - 715 
Pharynx 119 419 538 
Prostate - 6,181 6,181 
Stomach 771 1,227 1,998 
Uterus 622 - 622 

 
As is shown in table 3 the Fisher exact test for each pair of diseases (depression with any 
cancer) indicates that there is a significant p-value and a Relative Risk (RR) > 1 in all 
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the cancers considered, with at least 30 patients in common in each pair of diseases, 
regardless of gender.  
 
Table 3. Results of the analysis using the R package comoRbidity for association between depression and 
cancer (only significant p-values cases in the Fisher exact test for pairs of diseases are included in the table) 

 Disease A Disease B Cases A & B RR  Directionality 

Women      

Ut           Dp         131   3.383 No directionality 
Br           Dp         1165 1.893 From A to B 
Ce           Dp         164 2.600 No directionality 
St           Dp         117 2.434 From B to A 
Bo          Dp         378 3.392 From B to A 
Ov          Dp         119 3.018 No directionality 
Lu          Dp         208 3.108 From B to A 
Ph          Dp         31 4.184 No directionality 

Men          

Bl           Dp         267 3.590 No directionality 
 Pr             Dp         406 2.367 From A to B 
Lu                   Dp         376 2.600 No directionality 
Bo          Dp         232 3.749 No directionality 
St           Dp         94 2.920 No directionality 
Ph          Dp         46 3.943 No directionality 

Bl: bladder; Bo: bowel; Br: breast; Ce: cervix; Dp: depression; Lu: lung; Ph: pharynx; Pr: 
prostate; St: stomach; Ut: uterus; RR: Relative Risk. 

We then assessed the temporal ordering of the co-occurring diseases, to determine 
if there is a preferred temporal directionality by using a binomial test. The results are 
shown in table 3 under the directionality column. In some cases, as in stomach, lung, and 
bowel cancers in women, there is a preferred ordering in the disease onset where 
depression occurs previously to these cancers. In other cases, the diagnosis of depression 
occurs following the diagnosis of cancer such as breast cancer in women and prostate 
cancer in men. In this first phase of the study we have not analyzed differences of time 
span between the onset of the conditions considered that may offer additional 
information. 

4. Discussion and Conclusions 

The results here presented indicate that the comorbidity between depression and the most 
common cancers in both women and men is very common. Although it is expected to 
find some cases of depression in patients following the diagnosis of cancer, it is 
surprising that there are several associations in which depression precedes cancer.  In 
this sense, some authors propose that depression can be a risk factor for cancer [3]. At 
present, the pathogenesis of this risk is not known and this work is a first step towards 
the analysis of comorbiditites between depression and cancer. Future work includes a 
detailed analysis of the specific diseases at code level (e.g. using each ICD9-CM codes) 
that may show significant comorbidities to gain further insights on the disease subtypes 
involved. In addition, the analysis of other factors that can have potential influence on 
suffering from depression in patients with cancer, such as the use of pharmaceutical 
treatments, substance of abuse or either the presence of other co-occurring disorders and 
comorbidities. 
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There are some limitations that should be mentioned. On the one hand, depression is 
an under diagnosed and complex condition, above all when it coincides with cancer, and 
it is necessary to analyze the existence of other factors such as treatments received, 
substance abuse exposure or diseases. On the other hand, the selection of patients is 
hospital-based and these results can be different from clinical information coming from 
primary care settings. 
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