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Abstract

Purpose.—Health-related quality of life (HRQOL) among older cancer survivors can be 

impaired by factors such as treatment, comorbidities, and social challenges. These HRQOL 

impairments may be especially pronounced in rural areas, where older adults have higher cancer 

burden and more comorbidities and risk factors for poor health. This study aimed to assess rural-

urban differences in HRQOL for older cancer survivors and controls.

Methods.—Data came from Surveillance, Epidemiology, and End Results-Medicare Health 

Outcomes Survey (SEER-MHOS), which links cancer incidence from 18 U.S. population-based 

cancer registries to survey data for Medicare Advantage Organization enrollees (1998–2014). 

HRQOL measures were 8 standardized subscales and 2 global summary measures. We matched 

(2:1) controls to breast, colorectal, lung, and prostate cancer survivors, creating an analytic dataset 

of 271,640 participants (ages 65+). HRQOL measures were analyzed with linear regression 

models including multiplicative interaction terms (rurality by cancer status), controlling for 

sociodemographics, cohort, and multimorbidities.

Results.—HRQOL scores were higher in urban than rural areas (e.g., global physical component 

summary score for breast cancer survivors: urban mean=38.7, standard error [SE]=0.08; rural 

mean=37.9, SE=0.32; p<.05), and were generally lower among cancer survivors compared to 

controls. Rural cancer survivors had particularly poor vitality (colorectal: p=.05), social 

functioning (lung: p=.05), role limitation-physical (prostate: p<.01), role limitation-emotional 

(prostate: p<.01), and global mental component summary (prostate: p=.02).
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Conclusion.—Supportive interventions are needed to increase physical, social, and emotional 

HRQOL among older cancer survivors in rural areas. These interventions could target cancer-

related stigma (particularly for lung and prostate cancers) and/or access to screening, treatment, 

and ancillary healthcare resources.
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Demographic trends [1] and improvements in cancer diagnosis and treatment [2] have 

resulted in increasing numbers of older adult cancer survivors. Health-related quality of life 

(HRQOL) is a multidimensional construct reflecting physical, psychological, and social 

well-being related to health [3]. HRQOL has been an area of research for cancer survivors 

for at least 25 years, especially as survival after cancer treatment has become longer [4].

Compared to younger cancer survivors, older cancer survivors experience multiple 

challenges to their HRQOL, including more comorbidities (e.g., depression, anemia) [5, 6]. 

Rural areas have greater proportions of older residents [7], and they also have elevated 

cancer rates [8, 9]. HRQOL among cancer survivors in rural areas is poorer than among 

other cancer survivors [10–12]. However, to our knowledge, no national studies have 

examined rural-urban differences in HRQOL among older cancer survivors compared to 

people who have not had cancer.

HRQOL is an important patient-reported outcome in its own right and due to its relationship 

with other clinical outcomes [13–17]. HRQOL among cancer survivors varies by health 

behaviors [18], social support [19], and cancer treatment [20], all of which may differ for 

people living in urban areas versus rural areas [21–24]. For example, smoking is more 

common in rural than urban areas [25], including among cancer survivors [26], and is 

associated with lower HRQOL among cancer survivors [18]. Similarly, definitive treatment 

is less common in rural than urban areas [22, 27], which could impair HRQOL. Thus, a clear 

understanding of the impact of rurality on HRQOL among cancer survivors is needed.

In this study, we used a large, national dataset linking cancer outcomes data from the 

National Cancer Institute (NCI)’s Surveillance, Epidemiology, and End Results (SEER) 

program [28] to HRQOL survey data from Medicare Advantage Organization (MAO) 

enrollees to examine the impact of rurality on HRQOL for older cancer survivors versus 

matched controls. We hypothesized that case-control differences in HRQOL would be 

greater for participants in rural than urban areas. As we anticipate the “silver tsunami” [1] of 

older cancer survivors in the coming years, these results can proactively identify additional 

needs for clinical, public health, and policy interventions to support HRQOL among 

survivors in rural areas.

Materials and Methods

Data source

SEER-Medicare Health Outcomes Survey (SEER-MHOS) is a dataset linking SEER cancer 

incidence data with survey responses from MHOS [29]. SEER is a collection of 18 
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population-based cancer registries [28], covering about 28% of the U.S. population [30]. 

Cancer cases diagnosed through 2013 were included in the current analysis. MHOS is a 

population-based survey measuring HRQOL, health issues, functioning, and demographics 

among MAO enrollees. Each year, MHOS is administered to a random sample of 

beneficiaries in MAO plans that have at least 500 enrollees. The survey is available in 

English, Spanish, Chinese, and Russian, and participants complete the survey via a mailed 

questionnaire or telephone-administered interview. We used SEER-MHOS data collected 

from 1998 to 2014 [29]. Collecting data on cancer cases through 2013 and MHOS through 

2014 increases the opportunity for recently-diagnosed patients to complete the MHOS 

survey post-diagnosis. NCI and Centers for Medicare and Medicaid Services (CMS) 

collaboratively link individuals in SEER and MHOS using identifiers from the SEER-

Medicare dataset [31]. Additional details on SEER-MHOS are available at https://

healthcaredelivery.cancer.gov/seer-mhos/.

Analytic sample

In the current analysis, we limited the sample to participants aged 65 years or older with a 

history of cancer before the baseline survey (“cancer survivors”) and participants who had 

never been diagnosed with cancer (“controls”). Response rates for the baseline survey were 

64%−72% across cohorts [31].

Cancer survivors were limited to participants who were diagnosed with one of the four most 

common types of cancer [32] prior to completing a baseline survey: breast (females only; 

n=28,398), colorectal (n=19,131), lung (n=16,491), or prostate (males only; n=31,607).

Controls were participants who (1) had no cancer diagnosis recorded in SEER and (1) did 

not self-report a cancer diagnosis on the survey. We performed a 2:1 match of controls to 

cancer survivors (respectively) based on sex (if applicable), age, race/ethnicity, and MHOS 

cohort. Each control participant could serve as a control in one or more cancer type groups 

(i.e., some non-cancer participants served as controls in two or more cancer patient groups), 

resulting in a sample of 176,013 controls (total n=271,640).

Measures

Dependent variables: HRQOL measures.—HRQOL was assessed using two tools: 

SF-36 [33] for years 1998–2005, and VR-12 [34] for years 2006–2014. Scores on the two 

HRQOL tools were standardized with a bridging algorithm to ensure comparability, as 

described elsewhere [35]. Resulting HRQOL scores ranged from 0 to 100, with a population 

mean of 50 and a standard deviation of 10, based on 1990 population norms, with higher 

scores indicating better HRQOL. We gathered standardized scores on ten HRQOL domains 

(Supplementary Table S1), including eight subscales: (1) physical functioning; (2) role 

limitation-physical; (3) pain; (4) general health; (5) vitality; (6) social functioning; (7) role 

limitation-emotional; and (8) emotional well-being; and two global summary measures: (9) 

physical component summary and (10) mental component summary. These subscales and 

global summary measures have demonstrated adequate psychometric properties in other 

studies [35, 36].
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Independent variable: Rurality.—We assessed rurality based on county of residence at 

the time of MHOS using the U.S. Department of Agriculture’s rural-urban continuum codes 

[37], which are based on population size, urbanization, and proximity to a metropolitan area. 

Per previous research studies [38], we coded counties with scores of 1–3 (metropolitan) as 

urban and counties with scores of 4–9 (non-metropolitan) as rural.

Control variables.—From SEER-MHOS, we gathered several control variables that could 

affect the relationship between rurality and HRQOL: sex (male vs. female); race/ethnicity 

(non-Hispanic white; non-Hispanic black; Hispanic; vs. other); annual household income 

($50,000 or more; less than $50,000; vs. missing); educational attainment (high school 

degree or more vs. less than a high school degree); marital status (married; divorced/

separated; widowed; vs. never married); Census region (Northeast; Midwest; South; vs. 

West); age (in years); and a multimorbidity index [39] summing selected self-reported 

comorbidities [40] (i.e., 1 point for each: angina/pectoris/coronary artery disease; arthritis; 

congestive heart failure; Crohn’s disease/ulcerative colitis/inflammatory bowel disease; 

diabetes/high blood sugar/sugar in urine; emphysema/asthma/COPD; hypertension; 

myocardial infarction; stroke). We also controlled for MHOS cohort year.

We summarized additional characteristics among the cancer survivors: cancer stage (in situ, 

localized, regional, distant, local+regional [prostate cancer only], or unstaged); time between 

cancer diagnosis and completing MHOS (in months); and characteristics of their census tract 

(percent of residents living in households below the federal poverty line and population 

density (residents per square mile)).

Statistical analysis

First, we generated descriptive statistics for the study variables. Next, we estimated the 

unadjusted mean and standard error (SE) of HRQOL subscale and global summary scores 

for each group (controls, breast cancer survivors, colorectal cancer survivors, lung cancer 

survivors, prostate cancer survivors). Using two-sample t-tests, we evaluated differences in 

these scores across levels of rurality.

Then, we used linear regression models to examine differences in HRQOL subscale and 

global summary scores for each group of cancer survivors compared to their matched 

controls, stratified by rurality. From these models, we gathered first the unadjusted 

differences (i.e., beta coefficients) using bivariate linear regression, and then the adjusted 

differences using multivariable linear regression, adjusting for the control variables 

described above. Finally, we reran the multivariable linear regression models adding 

multiplicative interaction terms for cancer status and rurality to test whether the difference in 

HRQOL subscale and global summary scores for cancer survivors versus controls varied for 

rural versus urban participants. We probed selected models with statistically-significant 

interaction terms (Wald chi-square p<.10) by estimating the adjusted marginal means for the 

HRQOL scores separately for urban controls, urban cancer survivors, rural controls, and 

rural cancer survivors. Models estimated robust standard errors to prevent against bias in 

case of heteroscedasticity.
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All analyses were conducted using SAS version 9.4 (Cary, NC) and, except where noted, 

used a two-sided p value of .05. The SEER-MHOS dataset is sponsored by NCI and CMS 

(https://healthcaredelivery.cancer.gov/seer-mhos/). The proposal for the current analysis was 

reviewed and approved by the SEER-MHOS team at NCI. The study was exempt from 

institutional review board review because it involved analysis of previously-collected, 

deidentified data.

Results

A summary of participant characteristics appears in Table 1. Overall, 5.7% of participants 

were living in rural areas at the time of the survey (controls: 5.7%; breast cancer survivors: 

5.6%; colorectal cancer survivors: 5.9%; lung cancer survivors: 5.3%; prostate cancer 

survivors: 5.6%). Most participants were non-Hispanic white (77.2%), had at least a high 

school degree (71.8%), and were married (58.0%). The average age was 74.70 years 

(SE=0.01), with a score of 1.92 (SE=<0.01) on the multimorbidity index. Among cancer 

survivors, the average time between cancer diagnosis and completing the survey was 83 

months (SE=0.54) for breast cancer, 65 (SE=0.60) for colorectal cancer, 27 (SE=0.45) for 

lung cancer, and 59 (SE=0.37) for prostate cancer.

Unadjusted (overall and case-control) differences in HRQOL by rurality

Participants tended to have the highest scores on the global mental component summary 

measure and the lowest scores on the physical functioning subscale or global physical 

component summary measure (Table 2). Generally, unadjusted HRQOL subscale and global 

summary scores were higher for participants in urban than rural areas. For example, scores 

on the physical functioning subscale were higher for urban than rural participants for lung 

cancer survivors (urban: mean=37.1, SE=0.11; rural: mean=35.3, SE=0.47; p<.001) and 

prostate cancer survivors (urban: mean=41.6, SE=0.08; rural: mean=40.0, SE=0.32; p<.001).

In addition, bivariate models examining case-control differences in unadjusted HRQOL 

subscale and global summary scores showed that, for urban and rural participants, scores 

were often lower for cancer survivors compared to controls (Supplementary Table S2).

Adjusted case-control differences in HRQOL by rurality

Multivariable models examining case-control differences in adjusted HRQOL subscale and 

global summary scores showed that, for urban and rural participants, scores were often lower 

for cancer survivors compared to their matched controls, even after adjusting for relevant 

control variables (Table 3). For example, among urban participants, physical functioning 

subscale scores were significantly lower for survivors versus controls for breast cancer 

(diff.=−0.40, SE=0.10, p<.001) and lung cancer (diff.=−1.93, SE=0.13, p<.001). Among 

rural participants, the scores did not differ for the breast, colorectal, and prostate cancer 

groups, but they were significantly lower for lung cancer survivors versus controls (diff.=

−1.88, SE=0.58, p<.01). Case-control differences were usually greatest for the lung cancer 

group compared to other cancer types.

Among urban participants, consistent case-control differences were observed across cancer 

types for two HRQOL subscales (role limitation-physical (all p<.01); general health (all 
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p<.001)), as well as the global physical component summary score (all p<.001). That is, 

compared to matched controls, survivors of breast, colorectal, lung, or prostate cancer living 

in urban areas had significantly lower HRQOL in these domains.

Among rural participants, fewer case-control differences were observed. However, for the 

lung and prostate cancer groups, survivors had lower HRQOL than matched controls across 

three subscales: role limitation-physical (both p<.05); general health (both p<.001); and 

social functioning (both p<.05).

Interactions between rurality and cancer status in their association with HRQOL

We found evidence of statistical interactions between rurality and cancer status in their 

relationship with HRQOL in eight models; for the remaining models, the case-control 

differences in HRQOL did not differ by rurality.

For the breast cancer group, rurality and cancer status interacted in their association with 

emotional well-being (interaction p=.09). Although the case-control differences on scores 

for this subscale did not achieve statistical significance, compared to their matched controls, 

urban survivors had slightly higher scores on this subscale (diff.=0.07, SE=0.09, p=not 

significant[NS]), while rural survivors had slightly lower scores (diff.=−0.43, SE=0.37, 

p=NS) (Table 3).

For the colorectal cancer group, rurality and cancer status interacted in their association with 

vitality (interaction p<.05). Compared to their matched controls, urban survivors had slightly 

lower scores on this subscale (diff.=−0.20, SE=0.11, p=NS), while rural survivors had 

slightly higher scores (diff.=0.65, SE=0.42, p=NS) (Table 3).

For the lung cancer group, rurality and cancer status interacted in their association with 

social functioning (interaction p=.05). Compared to their matched controls, both groups of 

survivors had lower scores on this subscale, but the case-control difference was smaller for 

urban survivors (diff.=−0.95, SE=0.13, p<.001) than for rural survivors (diff.=−1.68, 

SE=0.57, p<.01) (Table 3).

The remaining interactions were observed in the prostate cancer group for role limitation-

physical (p<.01), social functioning (p=.07), role limitation-emotional (p<.01), and 

emotional well-being (p=.01), as well as the global mental component summary measure 

(p=.02). For each of these domains, prostate cancer survivors had lower scores than their 

matched controls, but this difference was smaller for the urban survivors than for the rural 

survivors. For example, urban prostate cancer survivors had scores on the role limitation-

physical subscale that were 0.46 points (SE=0.09, p<.001) lower than urban controls, while 

rural prostate cancer survivors had scores that were 1.52 points (SE=0.38, p<.001) lower 

than rural controls (interaction p<.01) (Table 3).

Figures 1 and 2 illustrate the patterns of case-control differences in adjusted social 

functioning (Figure 1) and emotional well-being (Figure 2) subscale scores across rurality 

for the different cancer groups. (The remaining HRQOL subscales demonstrated 

statistically-significant interactions between cancer status and rurality for only one or zero 

cancer types; these patterns are not depicted in Figures.) For social functioning, no 
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interaction was observed for the breast or colorectal cancer groups; however, for lung and 

prostate cancer, the case-control differences were larger in rural than urban areas (Figure 1) 

(both interaction p<.10). For emotional well-being, no interaction was observed for the 

colorectal or lung cancer groups; however, for breast and prostate cancer, the case-control 

differences were larger in rural than urban areas (Figure 2) (both interaction p<.10).

Discussion

In this national study of HRQOL among MAO enrollees, we found systematic differences in 

subscale and global summary scores among cancer survivors compared to matched controls, 

predominately in HRQOL domains that measure physical health. These case-control 

differences of up to 2 points on the HRQOL subscales were generally similar for participants 

living in rural versus urban areas. However, in eight instances, the reductions in HRQOL for 

cancer survivors differed by rurality; thus, these results provided partial support for our 

hypothesis that case-control differences in HRQOL among older adult patients would be 

greater in rural compared to urban areas, albeit limited primarily to prostate cancer 

survivors. These findings hold several implications for future research and public health 

initiatives.

Lung and prostate cancer survivors: Potential role of rural-urban differences in stigma

Lung cancer (in both rural and urban areas) was associated with greater reductions in 

HRQOL than other cancer types, particularly for physical health. For example, physical 

functioning, role limitation-physical, general health, energy/fatigue, and global physical 

component summary scores were lower for urban survivors versus matched controls (Table 

3). Compared to the other cancer groups, lung cancer survivors had the shortest time 

between diagnosis and completing MHOS. Some of these lung cancer survivors may have 

been in active treatment or undergoing maintenance therapy [41] at the time of completing 

MHOS, which could have had negative impacts on their HRQOL. Cancer-related reductions 

in HRQOL usually diminish after treatment [42–44], which could explain the relatively 

smaller case-control HRQOL differences for the other cancers. Additional factors may have 

contributed to the large case-control differences in HRQOL for this group, including 

smoking [18, 45, 46]. That is, compared to their controls, lung cancer survivors who smoked 

may have had lower levels of HRQOL due to smoking, even before diagnosis and treatment. 

Patients diagnosed with lung cancer are encouraged to quit smoking to improve their clinical 

outcomes [47–49], and many are successful [50]. However, continuing to smoke may serve 

as a coping mechanism during cancer diagnosis and treatment [51], and quitting smoking 

does not reduce the social stigma associated with lung cancer [52]. In addition, HRQOL 

may be negatively impacted in the immediate aftermath of quitting [53]. Despite these 

issues, smoking cessation is clearly a benefit to cancer patients [54]. In this study, lung 

cancer survivors (particularly in rural areas, where smoking rates are higher [25]) 

experienced poorer social functioning (Figure 1C), perhaps due to changes in social 

interactions as a result of their lung cancer [55] or, potentially, their smoking cessation [56]. 

We were unable to examine current smoking or smoking history in this analysis because 

survey items assessing smoking changed over the study period, precluding meaningful 

analysis; future studies should test these hypotheses about the interrelationships of rurality, 
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smoking, cancer survivorship, quitting behaviors, and HRQOL. Additional interventions for 

smoking cessation [57] and social functioning in the face of a cancer diagnosis are needed to 

maintain physical HRQOL, social HRQOL, and clinical outcomes among older lung cancer 

survivors, particularly in rural areas.

Several rural-urban differences emerged in HRQOL for the prostate cancer group. Prostate 

cancer survivors in rural areas had lower scores than survivors in urban areas for each 

HRQOL subscale and global summary measure (Table 2), and case-control differences in 

rural areas were larger than in urban areas for HRQOL measures examining physical, social, 

and emotional domains. Treatment for prostate cancer can have side effects including 

incontinence or impotence [58], but reductions in HRQOL are usually minimal when 

compared to age-matched controls who may not have full continence or potency [59, 60]. 

Prostate cancer-related HRQOL concerns may be more pronounced in rural areas for at least 

three reasons. First, rural (including rural Appalachian [61]) patients may be diagnosed with 

more advanced or aggressive prostate cancer than other patients [22, 62], which could result 

in rural-urban differences in treatment [63] and subsequent physical side effects [64]. 

Second, prostate cancer is highly stigmatized because it is “a life-threatening illness and a 

disease that affects sexual organs and sexual function” [65] (p. 364). Stigma and norms 

around gender and masculinity related to sexual function, especially in rural areas [66, 67], 

may create challenges for prostate cancer patients in disclosing their diagnosis [65] or 

seeking formal psychosocial support [68], leading to reductions in social or emotional 

HRQOL. Third, access to mental health services in rural areas, in general, is very poor [69, 

70], and utilization of these services among rural older adults is low [71, 72]. Additionally, 

general attitudes towards mental health services among rural men are poor [73, 74], further 

contributing to rural-urban disparities in HRQOL. This combination of more advanced 

disease, increased stigma, and low access to mental health services may make prostate 

cancer survivors in rural areas particularly vulnerable to social and emotional HRQOL 

challenges (Figures 1D and 2D). Previous studies among rural older adults (i.e., not specific 

to cancer survivors) suggest that informal caregiving and support, such as support from 

married partners, is the most promising short-term solution to the mental health crisis in this 

population [71, 72, 75]. Additional research is needed to determine how effectively informal 

supports can attenuate physical, social, and emotional HRQOL declines among rural 

prostate cancer survivors.

Potential role of rural-urban differences in access to care in explaining HRQOL

Access to formal and informal healthcare resources may explain many of the rural-urban 

differences, or lack of differences, observed in the current study. First, few rural-urban 

HRQOL differences emerged for breast or colorectal cancer survivors, with more disparities 

observed for lung and prostate cancer survivors. Even though screening for these cancers is 

lower in rural areas than urban area [76–78], these modalities allow for earlier detection and 

improved treatment of these cancers, potentially reducing the deleterious impact of these 

cancers on HRQOL; that is, even though screening is imperfectly accessed in rural 

communities, these procedures potentially serve as equity-promoting interventions by 

minimizing the rural-urban disparities in HRQOL for breast and colorectal cancer survivors. 

Second, rural-urban disparities in access to healthcare providers may give rise to differences 
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in treatment options and, subsequently, HRQOL. For example, medical specialists, including 

oncologists, are concentrated in urban areas [76, 79], which makes accessing care more 

challenging in terms of time and distance for rural patients [80, 81]. These challenges may 

explain differences in cancer treatment [22, 82, 83] (e.g., early-stage breast cancer patients 

in rural areas are more likely to receive a mastectomy than patients in urban areas [84]), that 

may impact HRQOL. Third, rural areas have lower access to ancillary healthcare resources, 

including mental health providers [69, 70], pain management options [85, 86], and support 

groups for cancer survivors [87]. However, research suggests that the high level of social 

connectedness in rural communities [88] may provide some buffer for the impairments in 

social HRQOL for cancer survivors in these areas. Additional research is needed on how 

access to care impacts cancer survivors differently in rural versus urban communities, and 

whether these impacts are similar across cancer types. Policy efforts may be crucial for 

increasing access to screening, treatment, and ancillary healthcare services in rural areas, 

while researchers should continue to explore how to leverage social connectedness in rural 

communities to improve HRQOL among older cancer survivors.

Strengths and limitations

This study has several strengths and limitations. In terms of strengths, we leveraged a large, 

national sample of MAO enrollees to examine rural-urban differences in HRQOL among 

older cancer survivors. Our analyses used eight subscales and two global summary measures 

to assess several domains of HRQOL, which allowed us to examine cancer-specific effects 

on different aspects of HRQOL (e.g., physical, social, and emotional). Our primary study 

limitation was the small sample size in rural areas; even with the large SEER-MHOS 

dataset, only about 5% of the sample came from rural areas. As a result, estimates of 

HRQOL differences in rural areas were less precise (i.e., had larger SE’s), so even when 

effects estimates were of similar magnitude to estimates for urban areas, they did not reach 

statistical significance. Future studies should continue to examine HRQOL among larger 

samples of rural cancer survivors. The other main study limitation was the relatively small 

HRQOL differences (<4-point case-control and rural-urban difference on all subscale and 

global summary scores). However, some of these differences surpass the minimally-

important difference for clinical significance (i.e., 3-point difference on subscale scores; 2-

point difference on global summary scores) [89]. Further, at a population level, even small 

differences in HRQOL may result in large impacts on the healthcare system. Other study 

limitations include our inability to test all relevant variables, including health behaviors (e.g., 

smoking, obesity) and cancer treatment. We used a county-level measure of rurality, but 

other geographic scales (e.g., census tract [90]) may offer greater insight into the local 

relevance of rurality for cancer survivors. However, census tract-level rurality information 

was not available for controls in the SEER-MHOS dataset [91]. Finally, the SEER-MHOS 

sample is national, but it is not representative of all older populations or all MAO enrollees; 

caution should be used in generalizing these findings to other populations.

In conclusion, we found differences in HRQOL scores for older cancer survivors compared 

to their matched controls, with some differences pronounced in rural areas. Cancer stigma, 

particularly for lung and prostate cancer survivors, and access to screening, treatment, and 

ancillary healthcare resources in rural areas will continue to challenge HRQOL in these 
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communities. Additional research as well as clinical, public health, and policy interventions 

are needed to reduce disparities in physical, social, and emotional HRQOL in rural 

compared to urban areas, especially as the number of cancer survivors continues to grow [1].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Adjusted mean score for the social functioning health-related quality of life (HRQOL) 

subscale for controls and matched cancer survivors in urban and rural areas for (A) breast 

cancer (females only), (b) colorectal cancer, (c) lung cancer, and (d) prostate cancer (males 

only), SEER-MHOS, 1998–2014 (n=271,640). Note. Social functioning subscale has a 

population mean of 50 and a standard deviation of 10, based on 1990 population norms. 

Adjusted mean scores for the social functioning HRQOL subscale controlled for participant 

sex (where applicable), race/ethnicity, annual household income, educational attainment, 

marital status, age, multimorbidity index score, Census region, and survey cohort.
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Figure 2. 
Adjusted mean score for the emotional well-being health-related quality of life (HRQOL) 

subscale for controls and matched cancer survivors in urban and rural areas for (A) breast 

cancer (females only), (b) colorectal cancer, (c) lung cancer, and (d) prostate cancer (males 

only), SEER-MHOS, 1998–2014 (n=271,640). Note. Emotional well-being subscale has a 

population mean of 50 and a standard deviation of 10, based on 1990 population norms. 

Adjusted mean scores for the emotional well-being HRQOL subscale controlled for 

participant sex (where applicable), race/ethnicity, annual household income, educational 

attainment, marital status, age, multimorbidity index score, Census region, and survey 

cohort.
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Table 1.

Descriptive statistics for overall sample and by group, SEER-MHOS, 1998–2014 (n=271,640).

All participants Controls Breast cancer 
survivors

Colorectal 
cancer 

survivors

Lung cancer 
survivors

Prostate 
cancer 

survivors

n=271,640 n=176,013 n=28,398 n=19,131 n=16,491 n=31,607

% % % % % %

Rurality
1

 Urban 94.3 94.3 94.4 94.1 94.7 94.5

 Rural 5.7 5.7 5.6 5.9 5.3 5.6

Sex

 Male 51.0 50.9 -- 48.3 50.4 100.0

 Female 49.0 49.1 100.0 51.7 49.6 --

Race/ethnicity

 Non-Hispanic white 77.2 79.2 74.4 72.2 77.8 70.9

 Non-Hispanic black 8.3 7.6 8.6 9.1 8.8 11.3

 Hispanic 6.7 6.0 7.5 8.2 5.4 9.3

 Other 7.8 7.1 9.4 10.6 8.1 8.5

Annual household income

 $50,000 or more 11.8 11.0 10.9 11.2 8.6 18.7

 Less than $50,000 68.3 69.0 66.8 67.8 70.9 64.7

 Missing 20.0 20.0 22.3 21.0 20.5 16.6

Educational attainment

 High school degree or more 71.8 71.0 77.4 69.9 67.2 74.4

 Less than a high school 
degree

28.3 29.0 22.6 30.1 32.8 25.6

Marital status

 Married 58.0 58.2 43.9 54.3 53.5 74.4

 Divorced/separated 11.9 11.4 14.8 11.6 15.6 10.2

 Widowed 26.4 26.6 37.3 30.4 27.7 12.1

 Never married 3.7 3.8 4.1 3.8 3.2 3.4

Census region

 Northeast 18.9 21.4 12.7 15.3 14.5 14.3

 Midwest 18.0 22.6 9.2 8.9 9.5 8.6

 South 24.8 27.4 18.4 18.7 22.3 19.7

 West 38.3 28.7 59.7 57.1 53.8 57.4

Cancer stage

 In situ -- -- 16.4 5.6 1.8 0.8

 Localized -- -- 55.7 44.4 26.9 4.2

 Regional -- -- 19.1 30.5 22.9 1.5

 Distant -- -- 2.5 8.2 34.8 3.3

 Local+Regional -- -- -- -- -- 84.4
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All participants Controls Breast cancer 
survivors

Colorectal 
cancer 

survivors

Lung cancer 
survivors

Prostate 
cancer 

survivors

n=271,640 n=176,013 n=28,398 n=19,131 n=16,491 n=31,607

% % % % % %

 Unstaged -- -- 6.3 7.9 10.0 5.8

mean(SE) mean(SE) mean(SE) mean(SE) mean(SE) mean(SE)

Age, years (range: 65–108) 74.70(0.01) 74.74(0.02) 74.39(0.05) 75.93(0.06) 73.30(0.05) 74.86(0.04)

Multimorbidity index (range: 

0–9)
2

1.92(0.00) 1.92(0.0) 1.91(0.01) 1.92(0.01) 2.06(0.01) 1.84(0.01)

Time since diagnosis, months 
(range: 0–470)

-- -- 83.04(0.54) 64.57(0.60) 26.60(0.45) 59.33(0.37)

% census tract residents in 
poverty (range: 0–100)

-- -- 13.76(0.08) 14.03(0.10) 14.29(0.11) 13.71(0.07)

Census tract population 
density (range: 0–211,402)

-- -- 4113(41.9) 4165(53.0) 3882(56.2) 4052(38.0)

1
Participants were classified as urban if they lived in a county with a USDA rural-urban continuum code [37] of 1, 2, or 3 at the time of MHOS, 

and they were classified as rural if they lived in a county with a code of 4 or greater.

2
Multimorbidity index summed self-reported comorbidities including angina, stroke, chronic obstructive pulmonary disease, diabetes, 

hypertension, gastrointestinal disease, and arthritis.

Note. Percentages may not sum to 100% due to rounding and missingness.
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Table 2.

Unadjusted mean scores on health-related quality of life (HRQOL) subscales, stratified by rurality and cancer 

history, SEER-MHOS, 1998–2014 (n=271,640).

Urban

Controls Breast cancer 
survivors

Colorectal cancer 
survivors

Lung cancer survivors Prostate cancer 
survivors

Subscale mean SE mean SE mean SE mean SE mean SE

Physical 
functioning

39.7 0.03 38.0 0.08 38.7 0.10 37.1 0.11 41.6 0.08

Role 
limitation-
physical

42.3 0.03 41.2 0.08 41.4 0.10 40.2 0.10 42.8 0.07

Pain 44.0 0.03 42.8 0.07 43.9 0.09 42.7 0.10 44.9 0.07

General 
health

44.7 0.03 44.0 0.07 43.7 0.09 41.8 0.10 44.6 0.07

Vitality 47.4 0.03 46.4 0.07 46.9 0.09 45.2 0.09 48.3 0.07

Social 
functioning

46.9 0.03 46.0 0.08 46.2 0.10 45.1 0.11 47.4 0.07

Role 
limitation-
emotional

47.7 0.03 47.0 0.08 47.2 0.09 46.3 0.10 48.2 0.07

Emotional 
well-being

50.5 0.03 49.8 0.07 50.3 0.08 49.1 0.09 51.4 0.06

Physical 
component 
summary

40.1 0.03 38.7 0.08 39.3 0.09 37.7 0.10 41.1 0.07

Mental 
component 
summary

51.9 0.03 51.4 0.07 51.6 0.08 50.7 0.09 52.3 0.06

Rural

Controls Breast cancer 
survivors

Colorectal cancer 
survivors

Lung cancer survivors Prostate cancer 
survivors

Subscale mean SE p mean SE p mean SE p mean SE p mean SE p

Physical 
functioning

38.7 0.14 *** 37.7 0.35 38.1 0.41 35.3 0.47 *** 40.0 0.32 ***

Role 
limitation-
physical

41.1 0.13 *** 40.2 0.32 ** 39.9 0.38 *** 38.7 0.44 *** 40.2 0.31 ***

Pain 42.7 0.12 *** 41.8 0.29 ** 42.8 0.35 ** 40.7 0.40 *** 43.1 0.27 ***

General 
health

43.3 0.12 *** 43.0 0.30 *** 42.2 0.38 *** 39.5 0.43 *** 42.7 0.29 ***

Vitality 46.6 0.12 *** 45.7 0.30 * 46.4 0.36 43.6 0.42 *** 46.6 0.28 ***

Social 
functioning

46.1 0.13 *** 45.6 0.33 45.3 0.39 * 43.5 0.47 *** 45.9 0.31 ***

Role 
limitation-
emotional

47.0 0.12 *** 46.4 0.32 * 46.0 0.38 ** 45.3 0.45 * 46.5 0.31 ***

Emotional 
well-being

50.1 0.11 *** 49.2 0.30 49.5 0.34 * 48.1 0.41 *** 50.1 0.27 ***
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Physical 
component 
summary

38.7 0.13 *** 37.9 0.32 * 38.2 0.37 ** 35.7 0.43 *** 39.1 0.29 ***

Mental 
component 
summary

51.5 0.11 *** 50.9 0.30 50.9 0.34 * 49.7 0.41 * 51.1 0.27 ***

Note. P-values reflect the results of two-sample t-tests comparing mean HRQOL subscale scores for urban participants (top panel) versus rural 
participants [37] (bottom panel). SE=standard error.

*
p<.05

**
p<.01

***
p<.001.
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Table 3.

Adjusted case-control differences in mean scores on health-related quality of life (HRQOL) subscales, 

stratified by rurality, SEER-MHOS, 1998–2014 (n=271,640).

Urban participants

Breast cancer survivors v. 
controls

Colorectal cancer survivors 
v. controls

Lung cancer survivors v. 
controls

Prostate cancer survivors v. 
controls

diff. SE p diff. SE p diff. SE p diff. SE p

Physical 
functioning

−0.40 0.10 *** −0.21 0.12 −1.93 0.13 *** 0.06 0.09

Role 
limitation-
physical

−0.38 0.01 *** −0.37 0.12 ** −1.42 0.13 *** −0.46 0.09 ***

Pain −0.16 0.01 0.18 0.11 −0.42 0.12 *** −0.33 0.08 ***

General health −0.56 0.01 *** −0.67 0.10 *** −2.18 0.12 *** −0.72 0.08 ***

Vitality −0.47 0.01 *** −0.20 0.11 −1.49 0.12 *** −0.28 0.08 ***

Social 
functioning

−0.09 0.10 −0.15 0.12 −0.95 0.13 *** −0.22 0.09 *

Role 
limitation-
emotional

−0.06 0.01 0.13 0.12 −0.76 0.13 *** −0.21 0.09 *

Emotional 
well-being

0.07 0.09 0.10 0.11 −0.81 0.12 *** −0.17 0.08 *

Physical 
component 
summary

−0.53 0.09 *** 0.40 0.11 *** −1.70 0.12 *** −0.35 0.08 ***

Mental 
component 
summary

0.03 0.09 0.09 0.11 −0.59 0.12 *** −0.22 0.08 **

Rural participants

Breast cancer survivors v. 
controls

Colorectal cancer survivors 
v. controls

Lung cancer survivors v. 
controls

Prostate cancer survivors v. 
controls

diff. SE p diff. SE p diff. SE p diff. SE p

Physical 
functioning

0.22 0.42 0.35 0.49 −1.88 0.58 ** −0.09 0.38

Role 
limitation-
physical

−0.62 0.40 −0.10 0.47 −1.29 0.56 * −1.52 0.38 ***

Pain −0.18 0.36 0.89 0.42 * −0.71 0.50 −0.49 0.34

General health −0.33 0.35 −0.25 0.43 −2.57 0.51 *** −1.17 0.34 ***

Vitality −0.31 0.36 0.65 0.42 −1.63 0.52 ** −0.63 0.35

Social 
functioning

−0.14 0.41 0.36 0.46 −1.68 0.57 ** −0.84 0.38 *

Role 
limitation-
emotional

−0.38 0.39 0.16 0.47 −0.14 0.56 −1.24 0.37 ***

Emotional 
well-being

−0.43 0.37 0.58 0.42 −0.73 0.50 −0.97 0.34 **
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Physical 
component 
summary

−0.07 0.38 0.23 0.44 −1.76 0.53 *** −0.58 0.35

Mental 
component 
summary

−0.45 0.37 0.47 0.41 −0.58 0.50 −1.00 0.33 **

Note. P-values reflect the statistical significance of case-control differences in HRQOL subscale scores, evaluated using multivariable linear 
regression, controlling for participant sex, race/ethnicity, annual household income, educational attainment, marital status, age, multimorbidity 
index score, Census region, and survey cohort. Diff.=difference; SE=standard error.

*
p<.05

**
p<.01

***
p<.001.
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