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Abstract 
Pain and depressive symptoms are prevalent in cancer patients with previous 

studies showing that pain increases the risk of depressive symptoms among cancer 

patients.  Though researchers have identified gender differences in the association 

between pain and depression in healthy pediatric populations in the U.S., little research 

has been conducted about the same association with cancer patients or in Singapore.  

In this study, we aim to first assess the proportion of advanced cancer patients in 

Singapore presenting to the National Cancer Center Singapore (NCCS) and Singapore 

General Hospital (SGH) during 2016 – 2017, who have pain conditions as well as the 

proportion of the patients with depressive symptoms. We are also interested to evaluate 

whether the positive association between pain and depressive symptoms previously 

identified in cancer patients holds in advanced cancer patients approaching their end of 

lives. Finally, we aim to test the moderating effect of gender on the association between 

pain and depressive symptoms in this special population.  

Our sample comprised 377 outpatient advanced cancer patients recruited from 

the National Cancer Center Singapore (NCCS) and Singapore General Hospital (SGH) 

during 2016 - 2017. We administrated Brief Pain Inventory (BPI)- Short form for pain 

assessment, and Hospital Anxiety and Depression Scale (HADS)- Depression Subscale 

for depressive symptoms. In multivariate analysis, we used Negative Binomial (NB) 
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regression to estimate the association between pain severity / pain interference and 

depressive symptoms, and the moderating effect of gender in these associations, while 

controlling for age, education level, and ethnicity. 

 We found that 74.40% patients had pain conditions, and 6.20% of them had 

depressive symptoms. We have also identified a positive association between pain 

severity and depressive symptoms, as well as between pain interference and depressive 

symptoms. We did not find evidence that gender moderates the association either 

between pain severity and depressive symptoms, or between pain interference and 

depressive symptoms. 

The positive association between pain and depressive symptoms in advanced 

cancer patients suggests equal necessity to assess and treat pain as well as depression in 

palliative care settings because they often coexist. There is no strong evidence that 

physicians should tailor pain and depression management to male and female patients 

since no significant gender difference was observed in the association between pain and 

depressive symptoms. 
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1. Introduction  
Cancer is the second leading cause of death and one of the most burdensome 

diseases worldwide. In 2015, globally there were 17.5 million cancer cases, 8.7 million 

deaths, and 208.3 million DALYs lost. Between 2005 and 2015, incident cancer cases 

increased by 33%, of which 12.6% were due to population growth, 16.4% due to an aging 

population, and 4.1 % due to increasing age-specific incidence rates (Fitzmaurice et al., 

2017).  One of the most common and burdensome symptoms that cancer patients have is 

pain. Early reports on the prevalence of pain in cancer patients ranged from 52% - 77% 

(Sung, Wang, & Yu, 1967; Lempinen, 1971; Twycross, 1973). More recent studies on the 

prevalence of pain in patients with cancer showed figures that ranged from 62%–86% in 

patients with advanced cancer (Bradley, Davis, & Chow, 2005; Di Maio et al., 2004; 

Wilson et al., 2004; van den Beuken-van Everdingen et al., 2007). The variation in cancer 

pain prevalence reported by different studies can be related to different types of cancer 

and types of treatments received (van den Beuken-van Everdingen et al., 2007). 

Another critical issue in cancer patients that is worth noting is the high 

prevalence of depressive symptoms in this population (Smith, Gomm, & Dickens, 2003). 

Studies report that 15% - 29% cancer patients experience depressive symptoms, which is 

approximately three to five times greater than the general population(Irwin, 2013). 

Among cancer patients in advanced stages, the prevalence of depressive symptoms 

ranged from 3% to 69% (Smith et al., 2003; Hotopf, Chidgey, Addington-Hall, & Ly, 
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2002; Holtom & Barraclough, 2000; Delgado-guay, Parsons, Li, Palmer, & Bruera, 2009.) 

The discrepancy in the prevalence estimates is partly the result of heterogeneous cancer 

patients, different diagnostic criteria for depression, and methodological differences 

between studies (Smith et al., 2003).  

A large body of literature has identified a positive association between pain and 

depressive symptoms in cancer patients (Porter & Keefe, 2011; Rief et al., 2011; Smith et 

al., 2003; Bužgová, Jarošová, & Hajnová, 2015; Zaza & Baine, 2002). From a biological 

perspective, pain and depression share the same neuro transmitter pathways, 

suggesting common etiology mechanisms (Campbell, Clauw, & Keefe, 2003). From a 

behavioral perspective, cognitive models suggest that both pain severity and 

interference contribute to behavioral disengagement, poor self- efficacy, helplessness 

and consequent depression (Campbell et al., 2003; Leeuw et al., 2007). 

The relationship between pain and depressive symptoms may vary by patient 

characteristics, such as gender. There is abundant evidence that pain perception is 

higher in females than in males (Soetanto, Chung, & Wong, 2004; Paulson, Minoshima, 

Morrow, & Casey, 1998). This gender difference in pain perception can be attributed to 

the effect of estrogens on dopaminergic systems (Fillingim et al., 2009). Recent studies 

found that estrogens play a critical role in maintaining the integrity and modulating the 

activity of dopamine system in the Central Nervous System (CNS) (Fillingim et al., 

2009). Since females usually have lower levels of estrogens in their bodies as compared 
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to males, we can expect that to some extents, their dopaminergic transmissions are less 

active or work differently than males, which in turn leads to higher perception of pain. 

On the other hand, dopamine, one of the three major monoamines, is closely associated 

with one’s mood. It has been widely recognized that lack of monoamine can cause 

depression, since in clinical settings, increasing monoamine in one’s body can effectively 

alleviate depressive symptoms (Eshel & Roiser, 2010). Thus, with relatively less active 

dopaminergic systems as compared to males due to lower estrogen levels, females can 

be more susceptible to depression. In summary, because of the effect of estrogens on 

dopamine, women have generally higher perception of pain, and increased 

susceptibility to depressive symptoms. In other words, when women experience pain, 

they can perceive them to be more intense, and can be more likely to develop depressive 

symptoms than males. As a result, we hypothesized that pain is more strongly related to 

depressive symptoms in females than in males. 

Two previous studies in pediatric settings supported our hypothesis, where both 

studies demonstrated that chronic pain is more strongly related to depression in girls 

than in boys (Egger, Costello, Erkanli, & Angold, 1999; Kaczynski, Claar, & Logan, 2009). 

However, up to now, there is a dearth of studies focusing on cancer patients in palliative 

care settings regarding this topic. 

The association between pain and depressive symptoms could be confounded by 

several factors, such as patient’s age, education level and ethnicity. A longitudinal study 
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reported that pain prevalence predominantly declined as one aged from 70 to 90. 

Specifically, headache and abdominal pain completely disappeared among the oldest 

old, in contrast with a far smaller decline in musculoskeletal and joint pain (Rottenberg, 

Jacobs, & Stessman, 2015). Similarly, study has reported that Major Depressive Episodes 

(MDE) were significant less prevalent among respondents aged ³ 65 than among 

younger adults aged from 21 to 65 years old (Kessler et al., 2010). Another potential 

confounder is education level. People with secondary or basic education were more 

likely to report pain and depressive symptoms than those with higher education 

(Saastamoinen, Leino-Arjas, Laaksonen, & Lahelma, 2005; Park et al., 2018). Lastly, 

ethnicity may also potentially confound the relationship between pain and depressive 

symptoms as ethnic differences have been reported both in the prevalence of pain and 

depressive symptoms in the United States. (Edwards, Fillingim, & Keefe, 2001)(Riolo, 

Nguyen, Greden, & King, 2005). Since age, education level, and ethnicity are all not on 

the causal pathways (if any) between pain and depression, they are considered as 

potential confounders in the association between pain and depressive symptoms in this 

study.  

In this study, we aimed to first assess the proportion of advanced cancer patients 

in Singapore presenting to National Cancer Center Singapore (NCCS) and Singapore 

General Hospital (SGH) during 2016 – 2017, who had pain conditions as well as the 

proportion of the patients with depressive symptoms. We also aimed to assess the 
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association of patients’ pain severity and extent of interference from pain in daily 

activities with their depressive symptoms, after controlling for age, education level, and 

ethnicity. We hypothesized that depressive symptom score will increase with severity of 

pain experienced and with increased interference from pain in daily activities. We were 

also interested in studying whether the above associations varied by patient’s gender. 

We hypothesized that the strength of the association between pain severity and 

depressive symptoms, and that between pain interference and depressive symptoms 

will be stronger in women than in men. Understanding the moderating effect of gender 

is crucial for tailoring pain and depression treatment to male and female with advanced 

cancer, especially in palliative care settings. 
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2. Methods 

2.1 Participants 

This study was a secondary analysis of an ongoing prospective cohort study in 

Singapore, i.e. the Cost and Medical Care of Patients with Advanced Serious Illnesses in 

Singapore (COMPASS) Study. A subsample of 377 advanced cancer patients enrolled in 

the COMPASS baseline were used for the secondary analysis. These patients were 

recruited from outpatient clinics of the National Cancer Center Singapore (NCCS) and 

Singapore General Hospital (SGH) during 2016 – 2017. Inclusion criteria were:  a) Age ≥ 

21 years old;  b) Singaporean or Singapore Permanent Resident;  c) Diagnosis of stage IV 

solid cancer (for breast or prostate cancer metastases to an organ);   d) Graded 0-2 on the 

Eastern Cooperative Oncology Group Performance Status; and e) Intact cognition (for 

patients ≥60 years of age, this was determined by the Abbreviated Mental Test). 

Physicians at participating hospitals helped identify eligible patients for the study. The 

study research coordinators then further screened patients for eligibility, and 

approached them for written consent. Patients were invited to participate in the study 

after written consent. This study has obtained exemption from Institutional Review 

Board at Duke University due to the nature of secondary data analysis. 
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2.2 Measures  

2.2.1 Brief Pain Inventory (BPI)- Short Form 

Brief Pain Inventory (BPI) – Short Form, a 9- item scale was used to measure 

patients’ pain severity, and the influence of the pain on patients’ daily lives (Litwin et 

al., 1999). The two indicators of pain are pain severity score and pain interference score. 

Patients were asked to rate their pain severity and to what extent the pain interfered 

with their daily functioning on a 10- point scale. The pain severity score ranged from 0-

10, and was calculated as the average of four single-item measures of pain severity in 

BPI measuring worst pain, least pain, average pain, and current pain, each assessed on a 

numeric scale of 0 to 10 where 0 was no pain and 10 was pain as bad as one could 

imagine. Pain interference score ranged from 0-10, and was calculated as the average of 

scores on interference from pain on seven aspects of life: general activity, mood, 

walking, working, relations with others, sleeping, and enjoyment of life, each one 

assessed on a numeric scale of 0 to 10 where 0 was no pain and 10 was pain as bad as 

one could imagine. 

2.2.2 Hospital Anxiety and Depression Scale- Depression (HADS- D) 

Depressive Symptoms were measured by Depression subscale of the Hospital 

Anxiety and Depression Scale (HADS- D). HADS is widely used tool to measure anxiety 

and depression in general medical population (Zigmond & Snaith, 1983). It’s depression 

subscale comprised seven questions asking patients how they felt in the past week. Total 
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score ranges from 0 – 21. A score less than seven is often considered normal, eight to ten 

is borderline, and a score over eleven is clinically relevant depression. A cutoff score of 

eight or more indicating clinically relevant depressive symptoms demonstrates a 

specificity of 0.79 and a sensitivity of 0.83 (Stern, 2014). In addition, one systematic 

review on the screening tools for depression in cancer patients found that the internal 

consistency of each subscale and of the total scale of HADS were adequate and sensitive 

to change in cancer patients. When compared to structural clinical assessment tools such 

as Clinical Interview Schedule and Psychiatric Assessment Schedule, HADS showed 

moderate to high discriminant validity in cancer patients (Vodermaier, Linden, & Siu, 

2009). 

2.3 Statistical Analyses 

We used baseline results on a subsample of the COMPASS study participants for 

statistical analysis, which comprised 377 patient observations. The results may change 

with full sample. The study variables in the analysis include two independent variables, 

one dependent variable, three potential confounding variables, and one potential 

moderating variable. The independent variables of interest were pain severity score and 

pain interference score, and the dependent variable of interest was depression score. The 

three potential confounding variables included age, education level, and ethnicity. In 

addition, we were mainly interested in studying the moderating effect of gender in the 

above associations. 
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Though in univariate analysis, we report the frequencies distributions, along 

with means and standard deviations for pain severity score, pain interference score, 

depressive score and age, in bivariate and multivariate analysis, pain severity score, pain 

interference score, and age were treated as continuous variables, and depression score 

took the form of count data. Other study variables including gender, education level, 

and ethnicity were treated as categorical variables. 

2.3.1 Univariate Analysis 

For univariate analysis of demographic and study variables, we described the 

means and standard deviations for each numeric variable, and summarized the 

observations in different group of categorical variables.  

2.3.2 Bivariate Analysis 

Bivariate analysis of all study variables was conducted to provide the 

foundations for multivariate analysis. For gender, we conducted t tests to assess its 

correlations with pain severity score, pain interference score and depression score. 

Means scores of the independent and the dependent variables in both male and female 

groups were reported, along with t statistics. For age, Spearman correlation coefficients 

were calculated pairwise among pain severity score, pain interference score, depression 

score and itself. For education level and ethnicity, ANOVA tests were conducted. Means 

of pain severity score, pain interference score and depression score were computed 
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across participants in different groups of education level and ethnicity, respectively, 

with F statistics reported. 

2.3.3 Multivariate Analysis 

In multivariate analysis, we fitted four models in total, with two main effect 

models and two interaction models. The dependent variables in all models were 

depressive symptoms. In the first main effect model, pain severity served as the 

independent variable while controlling for age, education level, and ethnicity. In the first 

interaction model, in addition to the terms in the main effect model, we added gender 

and the interaction term between gender and pain severity into the model. We then 

compared the log- likelihood of the main effect model and the interaction model by 

Likelihood Ratio (LR) test. If a p value less than the significance level, 0.05, was obtained 

in the LR test, plus the fact that a p value less than 0.05 was obtained in the significance 

test of the interaction term coefficients in the interaction model, we would conclude that 

gender was a moderator in the association between pain severity and depressive 

symptoms. If not, we would exclude the possibility of gender as a moderator in this 

association.  In the second set of main effect and interaction model, pain interference 

served as the independent variable, and the terms added to the interaction model was 

gender and the interaction model was that between gender and pain interference. Same 

model comparison was conducted by LR test for assessing the moderating effect of 

gender in the association between pain interference and depressive symptoms. 
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2.3.4 Models in Multivariate Analysis 

All multivariable models were built using Negative Binomial (NB) regression. 

Several steps were taken before NB regressions were chosen for multivariate analysis. 

First of all, we took into account that the distribution of the dependent variable, 

depression score, was count data with an excess of zeros. We first conducted an 

overdispersion test of Poisson model to assess the underlying distribution of the 

dependent variable. The sample estimate of the overdispersion statistic was greater than 

0 (overdispersion = 1.80, Z= 5.58, p < 0.001), which suggested that the variance of 

population’s depression score was not equal to the mean. Thus, it might not be 

appropriate to fit a Poisson regression since it assumed the variance of the data was 

equal to the mean. We then conducted another overdispersion test of Negative Binomial 

(NB) model and found that the sample estimate of the overdispersion statistic a was 

greater than zero as well (a = 0.22, Z= 5.29, p < 0.001), which indicated that the 

assumption of Negative Binomial (NB) distribution was met, i.e. the variance was a 

quadratic function of the mean. Thus, it was more reasonable to fit our data with a NB 

model than a Poisson model. 

Next, we compared the Akaike Information Criterion (AIC) values of four 

commonly used regression models for predicting outcome variables with count data, i.e. 

Poisson regression, Zero- Inflated Poisson (ZIP) regression, Negative Binomial (NB) 
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regression, and Zero- Inflated Negative Binomial (ZINB) regression. After conducting 

regression analysis for the two main effect models using the above four types of 

regression models, respectively, we compared the AIC values among each set of main 

effect models (Table 1). We found that AIC values of the Negative Binomial (NB) 

regression and the Zero- Inflated Negative Binomial (ZINB) regression were the smallest 

in the four commonly used regression models, which suggested these two types of 

regression models fitted best with our data, in agreement with the overdispersion test 

results.  

Since ZINB regressions usually comprise two sub- models, i.e. the count model 

and zero- inflated model, researchers are expected to identify variables that predict the 

existence of excess zeros in the outcome variable. However, in our case, though 

depression score had excess zeros, we were not able to find an established theory that 

helped identify the factors predictive of patients who had depression scores of zeros. 

Apart from that, ZINB and NB regressions models had very similar AIC values, which 

suggested they all worked well with our data. As a result, we decided to build our main 

effect and interaction models by Negative Binomial (NB) regressions. 
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Table 1: AIC Values of Main Effect Models fitted by Poisson, ZIP, NB, ZINB 
Regressions 

Main Effect Model n Type of Regression AIC Value 

Dep ~ PainS + Age + Edu + Eth 375 Poisson 1719.20 

 Zero- Inflated Poisson (ZIP) 1656.77 

 Negative Binomial (NB) 1609.40 

 Zero- Inflated Negative Binomial (ZINB) 1605.71 

Dep ~ PainI + Age + Edu + Eth 328 Poisson 1499.80 

 Zero- Inflated Poisson (ZIP) 1452.82 

 Negative Binomial (NB) 1422.60 

 Zero- Inflated Negative Binomial (ZINB) 1417.48 

*Note: PainS = pain severity score- Brief Pain Inventory (BPI)- Short Form; PainI = pain 
interference score- Brief Pain Inventory (BPI)- Short Form; Edu = participants’ education 
level; Eth = participants’ ethnicity. 
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3.  Results 

3.1 Demographic Information 

The 377 participants in the study were primarily female (n = 220; 58.36%), 

Chinese (N = 292 ;77.46%) and married (n = 273; 74.21%). They ranged in age from 25 to 

112 years old (M = 60.11 years; SD = 10.76), and the majority was over 50 years old. With 

regards to social economic status (SES), most participants did not go to college, with 

only 16.44 % (n = 62) of whom had received education in universities or above. One 

tenth of participants (n = 31; 8.22%) have not received any formal education, and about 

one third of them (n =101; 36.79%) had only gone to primary school. In addition, 

participants had a relatively even distribution of household income in each category, 

with 26.52% (n =100) of them have a monthly household income over S$ 5000.  

3.2 Prevalence of Pain and Depressive Symptoms 

74.4% participants had experienced some pain (n = 279) and about one third 

reported that pain they experienced was interfering with their lives (n = 100; 35.84%). 

6.2% had clinically relevant depressive symptoms (n = 23, cutoff point ³8) and the mean 

depression score was 2.91 (SD = 2.68) (Table 2). 
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Table 2: Descriptive Statistics of Demographic and Study Variables (n = 377) 

 N (%) Mean (SD) 
Gender   

Male 157 (41.64) - 
Female 220 (58.36) - 

Total 377 (100.00) - 
Age   

20 - 29 1 (0.03) 

60.11 (10.76) 

30- 39 14 (3.45) 
40- 49 41 (10.88) 
50- 59 120 (31.83) 
60- 69 141 (37.40) 
70- 79 47 (12.47) 

> 80 13 (3.44) 
Total 377 (100.00) 

Education Level   
No formal education 31 (8.22) - 

Primary 101 (26.79) - 
Secondary) 120 (31.83) - 

Vocational/ ITE 17 (4.50) - 
Junior College/ Polytechnic/ 

Diploma  
46 (12.20) - 

University and above 62 (16.44) - 
Don’t know/ 

Can’t remember 
0 (0.00) - 

No formal education 31 (8.22) - 
Total 377 (100.00) - 

Ethnicity   
Chinese 292 (77.46) - 

Malay 57 (15.12) - 
Indian 18 (4.77) - 
Other 10 (2.65) - 
Total 377 (100.00) - 

Marital Status   
Married 273 (72.41) - 

Separated 5 (1.33) - 
Widowed 21 (5.57) - 
Divorced 22 (5.74) - 

Never married 56 (14.85) - 
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Total 377 (100.00) - 
Household Income   

Less than $500 20 (5.31) - 
$500-$999 23 (6.10) - 

$1000-$1999 67 (17.78) - 
$2000-$2999 50 (13.26) - 
$3000-$3999 34 (9.02) - 
$4000-$4999 34 (9.02) - 

$5000 and above 100 (26.52) - 
Don’t know 49 (13.00) - 

Total 377 (100%) - 
Pain Severity   

No Pain 96 (25.60%) 
1.55 (1.75) Pain 279 (74.40%) 

Total 375 (100.00%) 
Pain Interference   

No Pain interference 228 (69.51%) 
0.89 (1.86) Pain interference 100 (30.49%) 

Total 328 (100.00%) 
Depressive Symptoms   

Normal (0-7) 353 (93.8) 

2.91 (2.68) 
Borderline (8-10) 16 (4.3) 

Clinically relevant case (³11) 7 (1.9) 
Total 376 (100.00) 

 

3.3 Correlations between Study Variables 

              In bivariate analysis, pain severity and pain interference were highly correlated 

(Spearman’s rho = 0.72, p < 0.01). In support of our hypotheses, both pain severity and 

pain interference were positively correlated with depressive symptoms, respectively 

(Spearman’s rho = 0.28, p < 0.01; Spearman’s rho = 0.37, p < 0.01). Age was significantly 

correlated with pain severity (Spearman’s rho = -0.16, p < 0.01), but not with pain 

interference or depression score (Table 3).  Gender was found not to be associated with 
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pain interference (t = 1.31, p = 0.19), pain severity (t = -0.24, p = 0.81) or depressive 

symptoms (t = -0.88, p = 0.38) (Table 4). The mean scores of pain severity significantly 

differed across respondents in different education level groups (F = 4.15, p < 0.01; Table 

5), and across those who in different ethnicity groups (F = 4.34, p < 0.01; Table 6), which 

suggested correlations between pain severity and education level/ ethnicity. There was 

no significant difference in mean scores of pain interference and depressive symptoms 

across respondents either in different education level groups or ethnicity groups (Table 

5; Table 6). 

Table 3: Correlations between Age, Pain and Depressive Symptoms (n = 377) 

 Age 
Pain 

Severity 
Pain  

Interference 
Depressive 
Symptoms 

Age - -0.16** -0.09 -0.01 
Pain Severity  -0.16** - 0.72** 0.28** 

Pain Interference -0.09 0.72** - 0.37** 
Depressive Symptoms -0.01 0.28** 0.37** - 

*p < 0.05 
**p < 0.01 
 

Table 4: Gender differences in pain severity, pain interference and depressive 
symptoms (n = 377) 

 Mean Score t p 

 
Female 
(n=220) 

Male 
(n=157) 

  

Pain Severity 1.65 1.42 1.31 0.19 
Pain Interference 0.87 0.93 -0.24 0.81 

Depressive Symptoms 2.80 3.06 -0.88 0.38 
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Table 5: Education Level differences in Pain and Depressive Symptoms (n = 
377) 

   Mean    F p 

 

No 
Formal 

Education 
(n=31) 

Primary 
(n=101) 

Secondary 
(n=120) 

Vocational/ 
ITE (n=17) 

Junior 
College 
(n=36) 

Univ. 
&Above 
(n=62) 

  

Pain 
Severity 

0.60 1.24 1.68 1.40 1.98 1.99 4.15 <0.01** 

Pain 
Interference 

0.12 0.82 0.85 1.02 0.96 1.40 1.78 0.12 

Depressive 
Symptoms 

2.74 3.26 2.83 2.06 2.70 2.97 0.79 0.55 

**p < 0.01 
 

Table 6: Ethnic differences in Pain and Depressive Symptoms (n = 377) 

 Mean Score F p 

 
Chinese 
(n=292) 

Malay 
(n=18) 

Indian 
(n=57) 

Others 
(n=10) 

  

Pain Severity 1.42 2.86 1.77 1.75 4.34 <0.01** 
Pain Interference 0.87 2.04 0.57 1.48 2.87 0.04* 

Depressive Symptoms 3.00 3.61 2.20 3.00 1.85 0.14 
*p < 0.05 
**p < 0.01 
 

3.4 The Association between Pain Severity and Depressive 
Symptoms 

In multivariable analysis, for the main effect model between pain severity and 

depressive symptoms, after controlling for age, education level and ethnicity, we found 

that pain severity was positively associated with depressive symptoms (b = 1.19, 95% CI 
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= (1.13, 1.25) (Table 7). Specifically, every one unit increase in pain severity score is 

associated with 19% unit increase in mean depression score.  

3.5 The Moderating Effect of Gender in the Association between 
Pain Severity and Depressive Symptoms 

After adding gender and the interaction term between pain severity and gender 

in the main effect model, it can be seen that the interaction term was not statistically 

significant (Table 8). The Likelihood Ratio (LR) test of the main effect model and the 

interaction model showed that adding gender and the interaction term between gender 

and pain severity in the main effect model did not significantly changed the log- 

likelihood values of the main effect model (Chi- sq = 1.68, 2 df, p = 0.43) (Table 11).  

3.6 The Association between Pain Interference and Depressive 
Symptoms 

For the main effect model between pain interference and depressive symptoms, 

we found that after controlling for the three potential confounders, pain interference was 

positively associated with depressive symptoms (b = 1.18, 95% CI = (1.13, 1.23) (Table 9). 

To be exact, every one unit increase in pain interference score is associated with 18% unit 

increase in mean depression score. 

3.7 The Moderating Effect of Gender in the Association between 
Pain Interference and Depressive Symptoms 

Similar to the first set of models, we found that the interaction term between 

gender and pain interference in the interaction model was not statistically significant 
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(Table 10). The LR result also demonstrated that adding gender and the interaction term 

between gender and pain interference in the main effect model did not significantly 

changed the log- likelihood value of the main effect model (Chi- sq = 1.47, p = 0.48) (Table 

11). 

Table 7: Results for the Main Effect NB Model: Association between Pain 
Severity and Depressive Symptoms (n = 375) 

Predictor 
Estimate 

(exponentiated) 
95% CI 

(exponentiated) 
Z p 

Intercept 3.53 (1.68, 7.41) 3.38 <0.001*** 
Pain Severity 1.19 (1.13, 1,25) 7.07 <0.001*** 

Age 0.99 (0.99, 1.00) -1.08 0.28 
Primary Education 1.04 (0.72, 1.49) 0.20 0.84 

Secondary Education 0.87 (0.60, 1.25) -0.76 0.45 
Vocational/ LTE Education 0.69 (0.39, 1.24) -1.23 0.21 
Junior College Education 0.69 (0.45, 1.07) -1.69 0.09 
Univ. & Above Education 0.74 (0.48, 1.12) -1.46 0.14 

Indian Ethnicity 0.87 (0.58, 1.33) -0.64 0.52 
Malay Ethnicity 0.67 (0.51, 0.88) -2.87 <0.01** 
Other Ethnicity 1.05 (0.61, 1.83) 0.19 0.85 

*Note: Pain Severity = pain severity score- Brief Pain Inventory (BPI)- Short Form; 
Education = participants’ education level, the reference group is ‘No Formal Education’; 
Ethnicity = participants’ ethnicity, the reference group is ‘Chinese’. 
*p < 0.05 
**p < 0.01 
***p < 0.001 
 
 
 
 
 
 
 
 
 
 
 
 



 

 21 

 
Table 8: Results for the Interaction Effect NB Model: Association between Pain 

Severity and Depressive Symptoms Moderated by Gender (n = 375) 

Predictor 
Estimate 

(exponentiated) 
95% CI 

(exponentiated) Z p 

Intercept 3.67 (1.75, 7.70) 3.48 <0.001*** 
Pain Severity 1.18 (1.11, 1.25) 5.26 <0.001*** 
Male Gender 1.06 (0.83, 1.36) 0.49 0.63 

Pain Severity* Male Gender 1.03 (0.94, 1.13) 0.57 0.57 
Age 0.99 (0.98, 1.00) -1.27 0.20 

Primary Education 1.02 (0.71, 1.46) 0.11 0.91 
Secondary Education 0.87 (0.60, 1.25) -0.76 0.45 

Vocational/ LTE Education 0.67 (0.37, 1.20) -1.35 0.18 
Junior College Education 0.69 (0.45, 1.06) -1.69 0.09 
Univ. & Above Education 0.73 (0.48, 1.10) -1.51 0.13 

Indian Ethnicity 0.88 (0.58, 1.33) -0.60 0.55 
Malay Ethnicity 0.68 (0.52, 0.89) -2.81 <0.01** 
Other Ethnicity 1.06 (0.62, 1.84) 0.22 0.83 

*Note: Pain Severity = pain severity score- Brief Pain Inventory (BPI)- Short Form; 
Gender = participants’ gender, the reference group is ‘Female’; Pain Severity* Male 
Gender = the interaction term between gender and pain severity score; Education = 
participants’ education level, the reference group is ‘No Formal Education’; Ethnicity = 
participants’ ethnicity, the reference group is ‘Chinese’. 
*p < 0.05 
**p < 0.01 
***p < 0.001 
 
 

Table 9: Results for the NB Main Effect Model: Association between Pain 
Interference and Depressive Symptoms (n = 328) 

Predictor 
Estimate 

(exponentiated) 
95% CI 

(exponentiated) 
Z p 

Intercept 3.89 (1.86, 8.14) 3.66 <0.001*** 
Pain Interference 1.18 (1.13, 1.23) 7.41 <0.001*** 

Age 1.00 (0.99, 1.01) -0.88 0.38 
Primary Education 0.99 (0.69, 1.44) -0.04 0.97 

Secondary Education 0.87 (0.60, 1.27) -0.72 0.47 
Vocational/ LTE 

Education 
0.63 (0.36, 1.12) -1.59 0.11 
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Junior College Education 0.80 (0.52, 1.23) -1.01 0.31 
Univ. & Above Education 0.70 (0.46, 1.07) -1.66 0.10 

Indian Ethnicity 0.88 (0.58, 1.34) -0.60 0.55 
Malay Ethnicity 0.76 (0.58, 1.00) -1.96 0.05* 
Other Ethnicity 1.10 (0.62, 1,97) 0.34 0.74 

*Note: Pain Interference = pain interference score- Brief Pain Inventory (BPI)- Short Form; 
Education = participants’ education level, the reference group is ‘No Formal Education’; 
Ethnicity = participants’ ethnicity, the reference group is ‘Chinese’. 
*p < 0.05 
**p < 0.01 
***p < 0.001 
 
 

Table 10: Results for the Interaction Effect NB Model: Association between 
Pain Interference and Depressive Symptoms Moderated by Gender (n = 328) 

Predictor 
Estimate 

(exponentiate
d) 

95% CI 
(exponentiated) 

Z p 

Intercept 3.97 (1.90, 8.30) 3.71 <0.001*** 
Pain Interference 1.17 (1.10, 1.24) 5.21 <0.001*** 

Male Gender 1.11 (0.90, 1.37) 0.96 0.34 
Pain Interference* Male Gender 1.01 (0.93, 1.10) 0.21 0.83 

Age 0.99 (0.99, 1.00) -1.08 0.28 
Primary Education 0.98 (0.68, 1.42) -0.10 0.92 

Secondary Education 0.88 (0.61, 1.27) -0.70 0.48 
Vocational/ LTE Education 0.61 (0.34, 1.08) -1.72 0.09 
Junior College Education 0.80 (0.52, 1.23) 1.01 0.31 
Univ. & Above Education 0.70 (0.45, 1.07) -1.68 0.09 

Indian Ethnicity 0.89 (0.59, 1.35) -0.54 0.59 
Malay Ethnicity 0.77 (0.59, 1.01) -1.87 0.06 
Other Ethnicity 1.11 (0.62, 1.98) 0.36 0.72 

*Note: Pain Interference = pain interference score- Brief Pain Inventory (BPI)- Short Form; 
Gender = participants’ gender, the reference group is ‘Female’; Pain Interference* Male 
Gender = the interaction term between gender and pain interference score; Education = 
participants’ education level, the reference group is ‘No Formal Education’; Ethnicity = 
participants’ ethnicity, the reference group is ‘Chinese’. 
*p < 0.05 
**p < 0.01 
***p < 0.001 
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Table 11: Likelihood Ratio Tests for the Association between Pain Severity/ 
Pain Interference and Depressive Symptoms Moderated by Gender 

NB Model 
 LR 

Test  
Log- 

Likelihood Chi-sq p 

Dep ~ PainS + Age + Edu + Eth -792.71 1.68 0.43 
Dep ~ PainS + Age + Edu + Eth + Gender + PainS*Gender -791.87 

Dep ~ PainI + Age + Edu + Eth -699.30 1.47 0.48 
Dep ~ PainI + Age + Edu + Eth + Gender + PainI*Gender -698.56 
*Note: PainS = pain severity score, Brief Pain Inventory (BPI) – Short Form; PainI= pain 
interference score, Brief Pain Inventory (BPI) - Short form; Dep = depression score, 
Hospital Anxiety and Depression Scale (HADS)- Depression Subscale; Age = 
participants’ age; Gender = participants’ gender; Edu = participants’ education level; Eth 
= participants’ ethnicity. 
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4 Discussion 

4.1 Prevalence of Pain 

We examined the prevalence of pain and depressive symptoms in a sample of 

outpatient advanced cancer patients in Singapore. Seventy- four point four percent of 

the respondents had some pain, indicated by pain severity scores larger than zero in 

Brief Pain Inventory (BPI)- Short Form. The prevalence of pain in our study agreed well 

with previous studies reported prevalence in advanced cancer patients, which ranged 

from 62% - 86% (Bradley, Davis, & Chow, 2005; Di Maio et al., 2004; Wilson et al., 2004; 

van den Beuken-van Everdingen et al., 2007). Because our sample comprised outpatient 

advanced cancer patients, those who were hospitalized were not included in the study. 

Since hospitalized advanced cancer patients usually had more severe symptoms related 

to cancer, we could hypothesize that they were more likely to experience pain, a typical 

cancer- related symptom. Thus, if we had surveyed advanced cancer patients from both 

outpatient clinics and from inpatient departments, we would expect a higher estimate of 

pain prevalence than 74.4%.  

However, it is also worth noting that in addition to pain severity, which 

indicated the presence of pain, we assessed the other aspect of pain, i.e. pain 

interference. The picture surfaced is that though 74.4% respondents had pain, only 

30.49% felt the pain they experienced was interfering with their daily lives. Though it 

was reasonable to assume that different patients had different perception and tolerance 
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of pain, our results went beyond previous studies and demonstrated that though the 

prevalence of pain was high in advanced cancer patients, pain might not be highly 

interfering with their lives.  

4.2 Prevalence of Depressive Symptoms 

Six point two percent of the respondents met the criteria of clinically relevant 

depression, according to a cutoff point ³8 in HADS- D. If we had used a cutoff point ³11, 

another commonly used cutoff point for HADS- D, we would have few respondents 

who met the criteria of depression. It is acknowledged that different screening tools and 

diagnostic criteria for depression resulted in different prevalence estimates. Though 

researchers used various screening tools and diagnostic criteria to assess depression, a 

recent meta- analysis on depression prevalence in cancer patients by diagnostic tools 

found that the pooled estimate of depression prevalence was 17% (95% CI = 16 – 19%) in 

cohorts using HADS- D with a cutoff point ³8, and 8% (95% CI = 7 – 9%) in cohorts using 

HADS- D with a cutoff point ³ 11 (Krebber et al., 2014).  

Since no systematic review has been done on the prevalence of depression in 

advanced cancer patients yet, also considering the discrepancy of depression prevalence 

in advanced cancer patients reported in previous studies (Smith et al., 2003; Hotopf, 

Chidgey, Addington-Hall, & Ly, 2002; Holtom & Barraclough, 2000; Delgado-guay, 

Parsons, Li, Palmer, & Bruera, 2009), it is hard to compare our prevalence estimate to 

other studies. Nevertheless, if we compare our depression prevalence of 6.20% in 
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advanced cancer patients to the pooled depression prevalence estimate of 17% in cancer 

patients (Krebber et al., 2014), our sample estimate seemed relatively low.  

This could be because our sample comprised outpatient advanced cancer 

patients, who might be less ill and had fewer symptoms than hospitalized advanced 

cancer patients. If we had sampled a more representative sample of advanced cancer 

patients including those from inpatient and outpatient departments, we may have had a 

higher estimate of depression prevalence than 6.2%.  

4.3 The Association between Pain and Depressive Symptoms 

With regards to the association between pain and depressive symptoms, our 

investigation demonstrated that pain severity and pain interference were both 

independently and positively associated with depressive symptoms in advanced cancer 

patients. In many respects, the results were consistent with previous research conducted 

in cancer patients (Porter & Keefe, 2011; Rief et al., 2011; Smith et al., 2003; Bužgová, 

Jarošová, & Hajnová, 2015; Zaza & Baine, 2002). We found that in addition to general 

population of cancer patients, the association between pain and depressive symptoms 

also held in cancer patients who were approaching their end of lives.  

It is widely acknowledged that pain and depression often coexist in cancer 

patients, and the combination of pain and depression is linked to worsen clinical 

outcome, compared to either condition alone. In addition, the presence of pain usually 

negatively affects the treatment of depression. It has been proposed that depression is 
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often under recognized and thus, undertreated in patients with pain conditions (Bair, 

Robinson, Katon, & Kroenke, 2003). Physicians should be aware of the fact that pain 

conditions in advanced cancer patients could be a symptom of depression, despite the 

fact that it could be caused by cancer itself. One step further, it has been reported that 

treatment of depression simultaneously improved depressive symptoms as well as pain 

conditions (Bair et al., 2003). As a result, it is critical for physicians in palliative care 

settings to evaluate and treat depression as they assess and manage pain conditions in 

advanced cancer patients for more optimal clinical outcomes.  

4.4 Gender Difference in the Association between Pain and 
Depressive Symptoms 

Contrary to our hypothesis, we did not find evidence that gender moderates the 

association between pain severity and depressive symptoms, or between pain 

interference and depressive symptoms. In other words, the strength of the association 

between pain and depressive symptoms is not significant different for males and 

females. On the surface, our results contrast with those reported by two previous studies 

in pediatric settings, which found that pain was more strongly related to depressive 

symptoms in girls than in boys. Specifically, Egger et al. found that among children aged 

9 to 13, depressed girls were 13 times more likely to report musculoskeletal pain 

symptoms than girls who were not depressed while boys were 10 times more likely to 

report musculoskeletal pain symptoms than boys without depressive symptoms (Egger, 

Costello, Erkanli, & Angold, 1999). Kaczynski et al. reported that among children aged 8 
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to 17, girls with pain conditions were more likely to experience depressive symptoms 

than boys with pain conditions (Kaczynski, Claar, & Logan, 2009). 

                The difference in findings between the two previous studies and our study can 

be attributable to several factors. First of all, the study populations were different. As 

compared to our study, Egger et al. had a large sample of 4500 pediatric patients aged 9, 

11, and 13 from The Great Smokey Mountain Study, and Kaczynski et al. enrolled 266 

new patients aged 8 to 17, seen at a large pediatric hospital. Our sample, however, was 

comprised of adult advanced cancer patients, majority of whom over 60 years old. It is 

possible that the gender difference in the association between pain and depressive 

symptoms exist only in pediatric population, and not in adult cancer population due to 

some biological and environmental factors that need more future research on. One 

biological factor that can help explain the difference in findings is the effect of estrogen 

levels on dopaminergic functions. As we hypothesized, women generally have lower 

estrogen levels than males, which gives rise to less active or different dopaminergic 

functions as compared to their male counterparts, which in the end leads to higher 

perception of pain and increased susceptibility of depressive symptoms. The two 

previous studies in pediatric settings focused on children and adolescents, and those 

participants were in the growth and development period. Thus, the difference in 

estrogen levels as well as the dopaminergic functions between girls and boys may be 

more significantly different than adult females and males, which can explain their 
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findings, that pain was more strongly associated with depressed symptoms in girls than 

in boys. However, in our study, our population comprised of advanced cancer patients. 

Though little studies have been conducted to assess the estrogen level and dopamine 

function difference between female and male cancer patients, we may assume that 

because of cancer and subsequent pathophysiology changes in patients, the difference in 

estrogen levels and subsequent dopaminergic functions between female and male cancer 

patients may change or even shrink, which can help explain our null findings in the 

moderating effect of gender.  

                 The second is that the study locations were different. Egger et al. and 

Kaczynski et al. both carried out their studies in the United States, while our study was 

conducted in Singapore. The cultural difference in western and eastern cultures, along 

with the race and ethnicity difference in U.S. and Singapore may contribute to the 

difference in findings.  

4.5 Strengths and Limitations 

4.5.1 Strengths 

Our study possesses several strengths. First of all, we are the first few studies 

estimating the prevalence of pain and depressive symptoms in advanced cancer patients 

in Singapore. Second, we have proved that the association between pain and depressive 

symptoms also holds in advanced cancer patients approaching end of lives, in addition 

to general population with cancer as found by previous studies. Third, to our 
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knowledge, we are the first study systematically assessing the gender difference in the 

association between pain and depression in cancer patients. Since the assessment of 

pain, the adequacy in pain management as well as other cancer related symptoms 

management is a priority area identified in Singapore’s National Strategy for Palliative 

Care as having significant knowledge gaps, our study will shed lights on the 

management of pain and depression in palliative care settings by suggesting that 

treating pain and depression together can help improve patients’ quality of life in their 

end of lives. 

4.5.2 Limitations 

This study’s limitations merit consideration. First of all, external validity and 

representativeness of the sample. As discussed earlier, our sample is comprised of 

outpatient advanced cancer patients in Singapore presenting to National Cancer Center 

Singapore (NCCS) and Singapore General Hospital (SGH) during 2016- 2017, and we 

did not include hospitalized patients. As a result, we could only generalize (if possible) 

our findings to advanced cancer patients seen at outpatient clinics in Singapore. In other 

words, our study has limited external validity and researchers should be cautious when 

interpreting the results.  However, even though we were to only make inferences to the 

population of outpatient advanced cancer patients, concerns could be raised that our 

sample might not be representative of this population. This is because we were not able 

to perform random sampling at patient recruitment. Nevertheless, since National Cancer 
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Center Singapore (NCCS) and Singapore General Hospital (SGH) were the main 

hospitals where cancer patients visit in Singapore, it is possible that the patients enrolled 

in the study came from a source population comprised of majority of advanced cancer 

patients. In this regard, we consider our sample to be a fairly representative sample of 

outpatient advanced cancer patients in Singapore. 

Second, data quality in the secondary analysis. Since this study is a secondary 

analysis of the baseline results on a subsample of the COMPASS participants, the data 

quality of the COMPASS study will have direct influence on the data analysis as well as 

result interpretation. Several factors in the data collection process in the COMPASS 

study could affect the data quality. One of the most important factors is related to how 

the baseline surveys were conducted. The respondents in the COMPASS baseline were 

interviewed in the hallway of the clinics while they waited to be seen by their doctors. 

Each question in the survey was read out to the patients and they were expected to 

answer them instead of filling out the questionnaires by themselves in private. In this 

case, the COMPASS study may suffer from social desirability bias, that the respondents 

might answer questions in a way that was favorable by the interviewers, rather than 

according to their true conditions. In addition, though interviewers strived to keep 

interviews as private as possible, it was a public environment and other patients in the 

hallway could possibly hear them. Moreover, these advanced cancer patients were 

accompanied by their family members sitting next to them. These could also hinder 
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respondents from answering questions by how they truly felt. For instance, a respondent 

might say they did not feel any pain or depressed because they did not want to be 

overheard by other patients in the clinics, or to worry their family members. All factors 

discussed above could lead to the inaccurate information on study variables collected in 

the baseline. Thus, in the analysis, we might have a patient scored zero on depression 

subscale, but was in fact depressed. However, it is hard to quantify how these factors 

influence the analysis because we do not know in what direction will our estimates be 

biased. For instance, will social desirability bias affect females and males equally? If not, 

this would lead to differential misclassification of the study variables which could bias 

the estimates either towards or away from the null hypothesis. Another question worth 

considering is whether social desirability bias would influence the measurement of all 

study variables or just the variables related to sensitive questions.  

Third, the lack of causal inference using cross- sectional data. Because we used 

cross- sectional data, we can only make inferences regarding the association between 

pain and depressive symptoms. Since we assessed pain and depression at the same time, 

we did not know which of them happened first, thus we were not able to address the 

causation between pain and depression, i.e. whether pain could cause depressive 

symptoms and vice versa.  

The last limitation is the lack of clinical implications. In multivariate analysis, 

pain severity, pain interference and depressive symptoms were treated as continuous 
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variables/ count data. If we could have treated both pain and depression as categorical 

variables, the association between pain and depressive symptoms that we have 

identified may have more clinical implications, since in clinical settings, physicians care 

more about whether patients are in pain or depressed. It would also be easier to 

interpret the results of our study if the variables were treated as categorical variables in 

analysis. However, in our study, if pain and depression were all treated as categorical 

variables, we would have 74.4% patients in the with pain severity group (cutoff scores 

>0), 30.49% patients in the with pain interference group (cutoff scores >0), and 6.20% in 

the depressed group (cutoff scores ³8). Since the groups were too imbalanced, we would 

lose much power in the multivariate analysis. In this regard, we kept pain severity, pain 

interference and depressive symptoms in their original data forms. 
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Conclusion 
In conclusion, we found that a large proportion of advanced cancer patients in 

Singapore experienced pain conditions and a small portion of them had depressive 

symptoms. Both pain severity and pain interference were positively associated with 

depressive symptoms, which indicated the equal necessity to assess and treat pain as 

well as depression in palliative care settings because they often coexisted. There is no 

strong evidence that physicians should tailor pain and depression management to male 

and female patients since we did not observe significant gender difference in the 

association between pain and depressive symptoms in advanced cancer patients. 
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