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Abstract

Background—The overlap of somatic symptoms of depression with symptoms of cancer 

treatment is widely acknowledged and studied. However, this literature provides little guidance for 

clinicians as to whether these items should be used in assessing depression. The current study 

examined the appropriateness of using somatic items for assessment of depression in people with 

cancer.

Methods—People with newly diagnosed breast, lung or colorectal cancer (n=251) completed the 

Patient Health Questionnaire-9 (PHQ9) shortly after cancer diagnosis but before cancer treatment 

(baseline), 4 months later, typically during or shortly after treatment, and 12 months later. 

Pharmacy data was used to classify participants as having low somatic symptoms or high somatic 

symptoms. Differential item function (DIF) compared the functioning of the somatic items of the 

PHQ9 in the low vs. high symptom groups and the chemotherapy vs. no chemotherapy groups at 

the 4-month assessment.

Results—Significant DIF was not found on any of the four somatic items of the PHQ9 and 

differences in the item parameters of the somatic items was not consistent across the groups. 

However, fatigue and sleep indicated only mild depression. Only removing the fatigue item 

greatly affected the number screening positive for depression at 4 months (8.3%) but removing the 

other somatic items did not have as large an effect. Only one participant at baseline screened 
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positive for depression by somatic symptoms alone (no psychological symptoms) and no 

participants screened positive by somatic symptoms alone at 4 months and 12 months.

Limitations—The sample size was small for DIF and consisted of mostly women with breast 

cancer.

Conclusions—Somatic symptoms of depression can continue to be administered to people with 

cancer, however the fatigue and sleep items should be used with caution.
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Introduction

Previous research has shown that depressive symptomatology is common in people with 

cancer (Mitchell et al., 2011); however somatic symptoms of depression overlap with 

common symptoms of cancer and cancer treatments (Trask, 2004). These overlapping 

symptoms, manifesting both in depression and cancer, include fatigue, sleep disturbance, 

appetite changes and perceived cognitive disturbance. Several methods have been proposed 

to account for the potential symptom overlap (Trask, 2004). The first approach, called the 

inclusive approach, counts any symptom reported toward a diagnosis of depression, 

regardless of the cause, while the second approach, the etiologic approach, only counts 

symptoms if the psychological disorder is clearly contributory. Other approaches are the 

substitutive approach that replaces somatic symptoms with additional psychological 

symptoms (brooding, etc.) and the exclusive approach that disregards somatic symptoms 

without replacement. A specific example of the substitutive approach is the Endicott criteria 

(Endicott, 1984) and a specific example of the exclusive approach is the Cavanuagh criteria 

(Cavanaugh, 1995). Most questionnaires of depressive symptoms use an inclusive approach. 

Most clinical interviews for diagnosis of major depressive disorder (MDD) use either an 

etiologic or an inclusive approach.

While these alternative criteria have been proposed to compensate for somatic symptom 

overlap, few studies have actually empirically examined whether the symptom overlap is 

problematic for assessing depression in people with cancer. These studies suggest that 

utilizing substitutive or exclusive criteria leads to lower prevalence of MDD than DSM-IV 

criteria (Grassi & Rosti, 1996; Ryan, Gallagher, Wright, & Cassidy, 2012; Uchitomi et al., 

2001). However, some studies suggest somatic symptoms may still provide useful 

information especially for screening (Akechi et al., 2009; Mitchell, Lord, & Symonds, 2012; 

Traeger et al., 2011). Psychometric studies comparing medical populations to healthy 

controls also support the continued use of somatic items of depression in other medical 

populations including traumatic brain injury (Cook et al., 2011), spinal cord injury 

(Bombardier, Richards, Krause, Tulsky, & Tate, 2004), HIV (Perkins et al., 1995) and 

chronic disease (Simon & Von Korff, 2006). Research from primary care populations shows 

a high prevalence of somatic symptoms in depression (Simon, Gater, Kisely, & Piccinelli, 

1996; Simon, VonKorff, Piccinelli, Fullerton, & Ormel, 1999; Tylee & Gandhi, 2005). 

Reductions in prevalence with alternative criteria does not conclusively support inflated 
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rates of depression with standard criteria. The reductions could result from true negatives, in 

which case alternative criteria would be indicated, or the reductions in prevalence could 

result from false negatives, in which case alternative criteria would not be indicated. The 

inconclusive literature on measurement of somatic symptoms of depression in people with 

cancer suggests that further investigation is required before somatic symptoms are 

abandoned.

Current Study

The purpose of the current study was to use item response theory (IRT), differential item 

function (DIF), and other analyses to examine empirically what effect somatic symptoms 

may have on the measurement of depressive symptoms in people recently diagnosed with 

cancer. Given the high prevalence of depression and adjustment disorders with depressed 

mood in people with cancer, appropriate screening and monitoring of both depressive and 

somatic symptoms is important for supportive cancer care. However, if somatic symptoms 

do inflate the rate of depression, this would indicate that measures of depression excluding 

somatic symptoms should be used instead of measures that use these symptoms. In this case, 

either a substitutive or exclusive approach would be indicated. The current study addressed 

the following questions:

1. Do somatic items function differently in groups with high somatic symptoms 

compared to those with low somatic symptoms? Do these items function differently 

in people who receive chemotherapy versus those who do not? If high somatic 

symptoms do inflate depressive symptoms, somatic items on a depression measure 

would not indicate the same depression severity in those with high somatic 

symptoms compared to those with low somatic symptoms. Somatic items would 

also be less accurate at measuring depressive symptoms in those with high somatic 

symptoms compared to those with low somatic symptoms.

2. How crucial are the somatic symptoms to depression assessment and diagnosis? 

Removing items from a measure changes the psychometric properties of the 

measure. Before excluding all somatic symptoms from depression assessment, it is 

important to know how many people with cancer report both somatic and 

psychological symptoms to inform the importance of the symptoms to screening 

and monitoring of depression.

Methods

Participants and Procedures

People with incident breast, lung or colorectal cancer (n=251) were recruited to participate 

in a nurse navigator intervention trial. The trial took place at Group Health Cooperative, an 

integrated healthcare delivery system in Washington State. Participants were recruited after 

being diagnosed but before cancer treatment began and were assigned to either usual care or 

the nurse navigator intervention, which has been described elsewhere (Horner et al., 2013; 

Wagner et al., 2014). Assessments were conducted at baseline, which generally occurred 

before cancer treatment, 4-months post-baseline, which typically occurred when most 

participants were in active treatment (chemotherapy, radiation) or had just ended treatment, 
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and 12-months post-baseline. The study procedures were approved by the Group Health 

Institutional Review Board before the study was conducted. All participants provided 

informed consent before entering the study.

Measures

The Patient Health Questionnaire 9 (PHQ9) is one of the most widely used measures of 

depression (Kroenke, Spitzer, & Williams, 2001; Spitzer, Kroenke, & Williams, 1999). It 

consists of 9 items corresponding to the symptoms of a major depressive episode as defined 

in both the Diagnostic and Statistical Manual (DSM) IV and the DSM-5 (American 

Psychiatric Association, 2000, 2014). Respondents rate each item on a 0 to 3 scale. 

Numerous studies have supported a unidimensional factor structure for the PHQ9 (Cameron, 

Crawford, Lawton, & Reid, 2008; Dum, Pickren, Sobell, & Sobell, 2008; Hansson, Chotai, 

Nordstöm, & Bodlund, 2009; Kalpakjian et al., 2009) and have shown the scale to be 

reliable and valid (Kroenke, Spitzer, Williams, & Löwe, 2010). A score of 10 or higher has 

been shown to be a sensitive and specific screen for a major depressive episode (Kroenke et 

al., 2001).

To classify participants as having high or low somatic symptoms, we collected pharmacy 

data from participants’ electronic medical records during the first six months that each 

person was in the study. Collecting this data after study enrollment and diagnosis helped 

ensure that the medication was likely prescribed for treating side effects of treatment. We 

collected data on the number of fills for medications commonly used to treat effects of 

cancer and cancer treatment: anemia, nausea and pain. Medications included Epogen and 

Procrit for anemia, Zofran for nausea and hydrocodone for pain. These effects are also likely 

to confound depressive symptom measurement either directly due to the symptom or side 

effect or indirectly due to treatment for the symptom or side effect. The side effects could 

potentially be fatigue, sleep disturbance and appetite changes and the medications used to 

treat these side effects could also lead to temporary cognitive changes. Using prescription 

fills to measure somatic symptoms is not confounded by similar methodology to the PHQ9 

(i.e. self-report questionnaire) and also helps to distinguish mild somatic symptoms from 

somatic symptoms that necessitated treatment. It also provides a more accurate measure of 

whether the symptoms required treatment. Participants were classified as high somatic 

symptoms if they filled any anemia medications or any nausea medications, or had 2 or 

more pain medication fills. All other participants were classified as low somatic symptoms. 

Whether participants received chemotherapy for their cancer treatment was also pulled from 

medical records. Participants were coded into never received chemotherapy for this 

diagnosis (no chemotherapy) or received chemotherapy for this diagnosis at some point 

(chemotherapy).

Statistical Analyses

Differential Item Function (DIF)—DIF was used to determine whether participants with 

high levels of somatic symptoms responded to the PHQ9 questions differently than 

participants with low levels of somatic symptoms. DIF uses item response theory models 

(IRT) to determine whether item responses are comparable between the groups. Differences 

between groups on an item could be due to the actual level of the construct, such as 
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depression, or it could be due to each group responding differently to the item. If groups 

respond differently to an item, this means that identical scores on an item do not represent 

the same level of depression across groups and are not comparable. DIF identifies whether 

groups responded differently to an item while controlling for the actual level of depression.

One IRT model is the two-parameter logistic (2PL) model (Birnbaum, 1968). This model is 

appropriate for dichotomous items (yes/no) and models the accuracy of the item (also called 

the slope) for measuring the construct as well as what level of the construct (also called 

threshold) the item measures. Threshold is usually defined as the level of the construct at 

which the probability of endorsing the item is 50%. For example, one item could measure 

low levels of depression (sad mood) while another could measure very high levels of 

depression (suicidality). The slope and threshold parameter can be used to estimate the 

probability of reporting a symptom (endorsing an item) at different levels of depression. DIF 

uses the 2PL to create different measures of slope and threshold between two groups while 

controlling for the level of the construct (depressive symptoms). The level of the construct is 

estimated from the other items, called an anchor. The significance of the differences 

between the accuracy and threshold parameters can then be tested. If the threshold 

significantly differs between two groups, this indicates the item is measuring different levels 

of depression in the two groups. If the slope significantly differs, this indicates that the item 

measures depression more accurately in one group compared to the other group.

DIF was run on the 4-month assessment because that is when most participants are likely to 

have side effects from treatment and it would increase the possibility of finding DIF. Two 

DIF analyses were conducted. In the first analysis, participants were divided into low and 

high somatic symptom groups based on medication use (anemia, nausea, pain). In the 

second analysis participants were divided into chemotherapy or no chemotherapy. We then 

used differential item function between the two groups in each analysis to compare the 

functioning of the PHQ9 items. Due to low numbers in some response categories (n<5), 

responses 1, 2 and 3 were collapsed for all items and a 2-parameter logistic (2PL) model was 

used to test for DIF. IRTPRO version 2.0 was used to test for sufficient unidimensionality 

and lack of local dependence (assumptions of IRT) and was used to test for DIF. For this 

study, we used the Wald statistic (Lord, 1977) to test for significant DIF on the PHQ9. The 

Wald test calculates a chi-square value on the separate parameter estimates between the low 

somatic symptom group and the high somatic symptom group. As we were only interested in 

whether there was DIF on the somatic items, the psychological symptoms (items 1 [mood], 

2 [no interest], 6 [guilt], 8 [psychomotor], and 9 [suicidality]) were the anchor items used to 

estimate the level of depressive symptoms and the somatic items (items 3 [sleep], 4 

[fatigue], 5 [appetite] and 7 [cognition]) were the only items tested for DIF.

Longitudinal Analyses of Removing Somatic Items—At each assessment, we 

examined how many participants were classified as depressed/not depressed with and 

without the somatic items using the PHQ9≥10 cutoff. Non-parametric tests (McNemar Test) 

were used to test for significant change in group (depressed, not depressed) with the somatic 

item compared to without the item. We also examined just the participants who screened 

positive (≥10) on the PHQ9. Among this subsample, we examined how many people met the 

≥10 point criterion with just somatic symptoms but did not report any psychological 
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symptoms as well as how many participants screened positive by the full PHQ9 but screen 

negative when all somatic symptoms are removed.

Results

A total of 251 participants enrolled in the study and completed the baseline assessment. At 

baseline, 13.5% (n=34) screened as depressed using the ≥10 criterion on the PHQ9. At the 

4-month assessment, 242 participants completed the assessment and 14.9% (n=36) screened 

as depressed on the PHQ9. At the 12-month assessment, 230 participants completed the 

assessment and 8.7% (n=20) screened as depressed on the PHQ9. See Table 1 for baseline 

disease and demographic variables. Slightly more than half the sample at 4 months was 

classified as high somatic symptoms (n=137) and the remainder were classified as low 

somatic symptoms (n=105) based on pharmacy fills. At the 4-month assessment, the high 

somatic symptom group reported significantly more depressive symptoms on the full PHQ9 

(mean=5.92, SD=4.837) than the low somatic symptoms group (mean=3.52, SD=3.372; p<.

001). At the 4-month assessment, significantly more people with high somatic symptoms 

(22%, n=30 out of 137) screened positive for depression than people with low somatic 

symptoms (6%, n=6 out of 105; χ2=12.29, p<.001). Of the total sample (n=251), most 

received some form of chemotherapy or radiation (73%, n=183), with 16% (n=39) receiving 

only chemotherapy, 32% (n=80) receiving only radiation and 25% receiving both (n=64).

Differential Item Function: Somatic Symptoms

Using a 2PL model on the whole sample at 4-months (n=242), local independence was 

supported. No LD statistics were over 10 and only one item (#8, psychosomatic retardation 

or agitation) had a significant S-Χ2 statistic (p=.02; all other ps>.40). This indicated that the 

unidimensional model fit well overall and we proceeded with the DIF analyses comparing 

people with low somatic symptoms (n=105) and high somatic symptoms (n=137) as defined 

by use of medication for symptoms and side effects.

Different slope (accuracy) and threshold (level of depressive symptoms) parameters by 

somatic symptom group are reported in Table 2 as well as parameters for the five anchor 

items. Although parameters differed slightly between groups, no significant overall DIF was 

found on any item (all p’s>.14). This means somatic items were not more or less accurate in 

the high somatic symptom group compared to the low somatic symptom group and the 

symptoms did not indicate different levels of depression between the two groups. 

Interestingly, the slope parameters, an indicator of how accurately the item measures 

depressive symptoms, were not uniformly lower in the high somatic symptom group (see 

Table 2). Slopes were also sometimes higher for the high somatic symptom group (items #4 

and #7) whereas others were higher for the low somatic symptom group (items #3 and #5). 

The threshold parameters were also not uniformly lower or higher in the high somatic 

symptom group compared to the low somatic symptom group. Items #3 (sleep disturbance) 

and #4 (fatigue) indicated the high somatic symptom group needed lower levels of 

depression to endorse the item than the low somatic symptom group whereas for items #5 

(appetite changes) and #7 (cognitive changes) the high somatic symptom group needed 

higher levels of depression before endorsing the item. This indicates that somatic symptoms 
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overall are neither a better nor worse measure of depression in the high symptom group 

compared to the low symptom group.

However, some results supported continued caution when using certain somatic symptoms. 

Item #3, disturbed sleep, had the lowest slope parameter in both samples and both slope 

parameters were below 1.0. Ideally, slope parameters are at least 1.0 (Hays, Morales, & 

Reise, 2000). The items with the two lowest threshold parameters were items #3 and #4, 

fatigue, indicating that these two somatic items measured the lowest level of depression. 

While there was no significant DIF, caution should be used when using sleep disturbance 

and fatigue to measure depressive symptoms in cancer patients.

Differential Item Function: Chemotherapy

Different slope (accuracy) and threshold (level of depressive symptoms) parameters by 

chemotherapy group are reported in Table 3 as well as parameters for the five anchor items 

in this model. Similar to results for low and high somatic symptoms, no significant DIF was 

found on the somatic items between the chemotherapy and no chemotherapy groups (all 

p’s>.07). Consistent with the results for somatic symptom groups, some slope and threshold 

parameters were higher in the chemotherapy groups while others were higher in the no 

chemotherapy group. Items #4 (fatigue) and #7 (cognition) had higher slope parameters in 

the chemotherapy group than the no chemotherapy group, indicating more accurate 

measurement in the chemotherapy group whereas the slopes for items #3 (sleep disturbance) 

and #5 (appetite) were higher in the no chemotherapy group. Items #3 (sleep disturbance) 

and #4 (fatigue) had lower threshold parameters in the chemotherapy group than the no 

chemotherapy group, indicating that those who received chemotherapy need a lower level of 

depression before reporting the symptom. Items #5 (appetite) and #7 (cognition) showed the 

reverse pattern for thresholds. It should be noted that, similar to the previous analyses, these 

results were not significant. However, fatigue and sleep both had low threshold values, 

indicating those symptoms are markers of mild, but not moderate or severe, depression.

Longitudinal Analyses

Removing the somatic items affected the number of participants classified as depressed. See 

Table 4. At baseline, removing one of the somatic items resulted in 4.0 to 4.4% of the 

sample changing classification from depressed to not depressed. At 4 months, removing a 

somatic item resulted in 5.0 (cognitive changes) to 8.3% (fatigue) changing groups from 

depressed to not depressed. At 12 months post-diagnosis, the proportion changing from 

depressed to not depressed ranged from 2.6 (cognitive changes) to 4.3% (sleep) depending 

on the item removed. All the changes were significant (all p’s<.05). While removing the 

somatic items individually affected the number of participants screened as depressed, 

removing all the somatic items had a predictably much larger effect.

Analyses on just the participants who screened positive on the total PHQ9 revealed that 

removing all the somatic items would, understandably, require recalibration of the PHQ 

cutoff. Only one participant screened positive by somatic symptoms alone (no psychological 

symptoms reported) at baseline and no participant screened positive by somatic symptoms 

alone at 4 months and 12 months post-diagnosis. This essentially indicates that false 
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positives due to overlapping somatic symptoms are likely rare. However, the majority of 

people who screened positive on the total PHQ9 would no longer screen positive if all four 

somatic items were removed and the ≥10 criterion was retained. Only 3 people at baseline, 2 

at 4 months and 1 person at 12 months could screen positive on psychological symptoms 

alone, although all of these participants also reported somatic symptoms. The majority of 

people screening positive on the total PHQ9 had a combination of somatic and 

psychological symptoms without clearly screening positive based on one set of symptoms 

alone (baseline n=30; 4-months n=34; 12-months n=19).

Discussion

This study combined self-report data (PHQ9) with pharmacy information to examine 

somatic symptoms of depression in cancer. Differential item function (DIF) compared 

people with high somatic symptoms to those with low somatic symptoms and compared 

people who received chemotherapy with those who did not. As no significant DIF was 

found, analyses suggested that somatic items could be used in depressive symptom 

assessment in cancer but sleep and fatigue only indicated mild depression. Removing any 

one somatic item only affected screening results for a small portion of the total sample and 

somatic symptoms did not appear to be a substantial problem by 12-months post-diagnosis. 

However, the largest effect was for the fatigue item during the 4-month assessment (active 

cancer treatment) when 8.3% of the sample would not screen positive if the item was 

removed. Analysis of persons who screened positive on the PHQ9 (score of 10 or higher) 

showed few if any people screened positive on somatic symptoms alone. More commonly, 

people screening positive had a combination of somatic and psychological symptoms. Given 

that the majority of this sample underwent some form of adjuvant treatment, the symptom 

levels were not surprising. Overall, somatic items performed acceptably across people with 

high and low somatic symptoms although fatigue and sleep may not be the best indicators of 

depression during active treatment.

Our findings add to the growing literature on the use of somatic symptoms to assess 

depression in people with cancer. These results support previous studies that showed 

removing somatic items reduced the rates of depression in people with cancer (Grassi & 

Rosti, 1996; Ryan et al., 2012; Uchitomi et al., 2001). However, our results support the 

continued use of somatic symptoms in the assessment of depression with caution when sleep 

disturbance or fatigue is reported during active treatment. This is consistent with previous 

work showing that somatic symptoms may also be useful for screening for MDD when 

combined with other symptoms (Mitchell et al., 2012). Our results showed the majority of 

people screening positive on the PHQ9 reported both somatic and psychological symptoms. 

These results further support the use of somatic items and suggest an exclusive approach 

should not be used. Additionally, removing all somatic items would require recalibration of 

a measure, both for a screening cutoff and for determining clinically important differences. 

Given that the majority of gold-standard criteria for MDD or any depressive disorder include 

somatic symptoms, a new criterion may also need to be developed. Therefore, excluding all 

somatic symptoms may be detrimental to depression screening and symptom monitoring in 

people with cancer, especially given the work suggesting the utility of continued use of 

somatic symptoms.
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While these results inform depressive symptom screening and monitoring in those with 

cancer, this might not translate to those with other conditions. Several studies have 

examined other measures of depression and these studies show DIF between women with 

breast cancer and women with MDD but no cancer diagnosis (Waller, Compas, Hollon, & 

Beckjord, 2005) but no DIF between women with breast cancer and healthy women from a 

population-based sample (Osborne, Elsworth, Sprangers, Oort, & Hopper, 2004; Zigmond & 

Snaith, 1983). As mentioned in the introduction, comparisons of the PHQ9 in healthy 

controls and other medical populations (rehabilitation, chronic disease) found items did not 

function differently between medical samples and non-medical, healthy controls. This 

literature suggests that depression measures may function similarly in healthy adults and 

people with medical conditions but function differently in those with a psychiatric disorder. 

When these results are considered with the high number of people with cancer who meet 

criteria for adjustment disorder but not MDD (Mitchell et al., 2011), it seems the type of 

distress experienced from cancer diagnosis or other chronic illness likely differs from classic 

MDD but these measures can still identify clinically significant distress.

Limitations

The contributions of the study should be considered within the limitations. First, this was a 

very small sample for IRT analysis. Even though the models converged, the results should 

be considered preliminary. Due to the small sample, we were unable to examine all the 

response categories and could only conduct DIF analyses on whether the symptom was 

reported or not. DIF may be present when all response categories are examined. 

Additionally, due to the small sample size, we were unable to compare people on 

chemotherapy (active treatment) to people who had stopped chemotherapy. The sample 

consisted of mostly women with breast cancer so results might not generalize to other types 

of cancer. Also, this study was unable to address validity of these symptoms compared to a 

gold-standard, criterion diagnosis. We were only able to pull prescription medication fills 

and not prescription use or use of over-the-counter medication. In non-cancer populations, 

the use of over-the-counter pain medications can range from 17% to 28% (Qato et al., 2008; 

Sugumaran, Cohen, & Kacker, 2012). We also did not compare people with cancer to 

healthy controls but this was one of the first studies to use DIF to examine depressive 

symptoms by level of somatic symptoms. Although the timing of the assessments provided a 

longitudinal look at somatic symptoms of depression, the results should be considered 

preliminary pending replication.

Conclusions

Based on our study results and the research literature, we conclude that continued use of 

somatic items in measures of depression is acceptable in people with cancer, although sleep 

disturbance and fatigue are not the strongest markers of depression. Somatic items 

functioned similarly in people with low somatic symptoms compared to people with high 

somatic symptoms and in people who received chemotherapy compared to those who did 

not. Somatic items also did not show a consistent pattern indicating more or less depression 

or being more or less accurate in low versus high symptom groups. If the somatic symptoms 

of cancer and cancer treatment did inflate depression assessment, we would expect 

consistently lower accuracy and items consistently indicating less depression in those with 
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high somatic symptoms. Somatic symptoms may also provide important clinical information 

and, combined with the acceptable functioning of these items in cancer, suggest assessment 

of these symptoms when screening for or monitoring depression in cancer. However, further 

research with larger samples is needed to better examine the functioning of somatic items of 

depression in cancer.
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Table 1

Descriptive statistics by PHQ9 classification as likely depressed or not likely depressed at the baseline 

assessment.

Variable Mean (SD) or % (n)

Depressed at baseline (n=34) Not depressed at baseline (n=217)

Stage

 0-I 10.9% (14) 89.1% (115)

 II 13.5% (10) 86.5% (64)

 III 25.7% (9) 74.3% (26)

 IV 8.3% (1) 91.7% (11)

 Unknown 0.0% (0) 100.0% (1)

Site

 Breast 12.1% (23) 87.9% (167)

 Lung 6.7% (2) 93.3% (28)

 Colorectal 29.0% (9) 71.0% (22)

Chemotherapy

 Yes 13.6% (14) 86.4% (89)

 No 13.5% (20) 86.5% (128)

Radiation

 Yes 9.7% (14) 90.3% (130)

 No 18.7% (20) 81.3% (87)

Gender

 Female 13.5% (30) 86.5% (193)

 Male 14.3% (4) 85.7% (24)

Marital Status

 Married or partnered 12.1% (21) 87.9% (153)

 Not married or partnered 16.9% (13) 83.1% (64)

Charlson

 0 9.8% (16) 90.2% (148)

 1+ 18.8% (12) 81.2% (52)

 Unknown 26.1% (6) 73.9% (17)

Education

 % with some college or less 15.5% (18) 84.5% (98)

 % with bachelor’s or higher 11.9% (16) 88.1% (119)

Age at baseline 58.79 (12.49) 62.84 (11.79)

Race/Ethnicity

 Caucasian 11.2% (23) 88.8% (183)

 African American 40.0% (4) 60.0% (6)

 Asian 26.7% (4) 73.3% (11)

 Native American 25.0% (3) 75.0% (9)

 Hispanic 0.0% (0) 100.0% (9)

 Other 0.0% (0) 100.0% (6)
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Table 2

Differential Item Function (DIF) results for low and high somatic symptoms. Item response theory parameters 

for participants with low and high physical symptoms as measured by side effect medication use.

Slope Threshold parameter Wald Χ2 statistic p-value for overall DIF

Item #1 Mood 3.76 1.28 - -

Item #2 No interest 1.42 1.64 - -

Item #3 Sleep

 Low somatic sxs .99 .11 1.5 .48

 High somatic sxs .64 −.42

Item #4 Fatigue

 Low somatic sxs 1.06 −.37 3.9 .15

 High somatic sxs 1.47 −.90

Item #5 Appetite

 Low somatic sxs 2.80 .76 1.3 .51

 High somatic sxs 1.41 .93

Item #6 Guilt 1.45 2.17 - -

Item #7 Cognition

 Low somatic sxs 1.13 1.28 3.7 .16

 High somatic sxs 2.18 1.40

Item #8 Psychomotor 1.30 2.20 - -

Item #9 Suicidality 1.22 3.76 - -
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Table 3

Differential Item Function (DIF) results for no chemotherapy and received chemotherapy.

Slope Threshold parameter Wald Χ2 statistic p-value for overall DIF

Item #1 Mood 4.24 1.00 - -

Item #2 No interest 1.71 1.29 - -

Item #3 Sleep

 No chemotherapy 1.03 −.07 1.0 .59

 Chemotherapy .67 −.62

Item #4 Fatigue

 No chemotherapy 1.24 −.48 5.1 .08

 Chemotherapy 1.75 −1.13

Item #5 Appetite

 No chemotherapy 2.95 .57 2.2 .33

 Chemotherapy 1.43 .73

Item #6 Guilt 1.78 1.72 - -

Item #7 Cognition

 No chemotherapy 1.63 .99 .5 .79

 Chemotherapy 2.11 1.06

Item #8 Psychomotor 1.55 1.76 - -

Item #9 Suicidality 1.64 2.88 - -
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Table 4

Proportion of participants with probable major depression with physical symptoms removed. The percent 

depressed by full PHQ9 was 13.5% (n=34) at baseline, 14.9% (n=36) at four months and 8.7% (n=20) and is 

the comparison used for the significance tests.

% (n) classified as depressed with 
item but not depressed without 
item

% (n) still depressed by PHQ9 
with item removed

P-value testing standard PHQ9 
scoring with scoring with item 
removed

Baseline, PHQ9>=10

 Sleep item removed 4.4% (11) 9.2% (23) .001

 Fatigue item removed 4.4% (11) 9.2% (23) .001

 Appetite item removed 4.0% (10) 9.6% (24) .002

 Cognition item removed 4.0% (10) 9.6% (24) .002

4-month, PHQ9>=10

 Sleep item removed 7.0% (17) 7.9% (19) <.001

 Fatigue item removed 8.3% (20) 6.6% (16) <.001

 Appetite item removed 7.0% (17) 7.9% (19) <.001

 Cognition item removed 5.0% (12) 9.9% (24) <.001

12-month, PHQ9>=10

 Sleep item removed 4.3% (10) 4.3% (10) .002

 Fatigue item removed 3.9% (9) 4.8% (11) .004

 Appetite item removed 3.0% (7) 5.7% (13) .016

 Cognition item removed 2.6% (6) 6.1% (14) .031
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