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Abstract
Objective: International studies have examined mental health outcomes among rural and urban cancer survivors; however, analyses of national US data are limited. This study explores mental health outcomes in adults with cancer or a history of cancer in rural versus urban US populations.
Methods: We conducted a cross-sectional study using the National Health Interview Survey (2021-2023). Adults with a cancer diagnosis within the past 10 years were included (n=6,593).
Results: The data indicate 25% higher odds of depression in the unadjusted rural compared to urban cancer survivors (OR=1.25, p<0.01). However, there was no significant association between anxiety or depression and rural status when controlling for age, sex, race, education level, marital status, poverty level, type of health insurance, and general health status (Odds Ratio (OR)=0.88, p=0.08 OR=1.10, p=0.19). Among rural cancer survivors, anxiety was highly associated with poverty (p<0.05), and those with poor health status had greater levels of anxiety and depression (OR=3.79, p<0.01, OR=5.25, p<0.01) compared to those with excellent health. 
Conclusion: These findings reveal one or more factors influencing the association between depression and rurality among cancer survivors and imply that rural healthcare infrastructure requires upscaled resources to meet their specific needs. This study can inform policy decisions and support the development of evidence-based interventions to improve mental health outcomes among this population.


INTRODUCTION
The burden of cancer extends past physiological, with financial, emotional, and social tolls contributing to cancer patients’ wellbeing. Mental health struggles resulting from cancer require unique consideration of individual needs as well as the identification of rural versus urban needs. 
People with cancer have worse mental health outcomes than those without.1-6 Disparities in mental health outcomes for rural, when compared to nonrural, cancer survivors have been described in Spain, Australia, and Germany.3,4,6-9 However, analysis comparing rural and nonrural cancer survivors in the United States is limited and primarily constricted to small cohort studies.2,10 
Ongoing research on cancer and its impacts is necessary to improve holistic health and wellbeing of cancer survivors. Mental health challenges may differ depending on the environments and expectations of different patients, including between rural versus urban settings. Therefore, development of prevention and management strategies will require consideration of all social determinants of health. This research will explore how mental health outcomes compare among adults with a history of cancer in rural versus urban  populations. 

METHODS
The National Health Interview Survey (NHIS) is a cross-sectional survey that serves as one of the major data collection programs of the Centers for Disease Control and Prevention, National Center for Health Statistics.1 The main objective of the NHIS is to monitor the health of the United States population through the collection and analysis of data on a broad range of health topics.
The NHIS (2021-2023) was used to examine mental health outcomes for adults with a reported cancer diagnosis or cancer diagnosis within the last 10 years. The data was stratified by rurality according to RUCA codes. Mental health outcomes were classified as a response of “yes” to the composite variables anxiety and depress, which included the component variables anxev, depev, phqscreen, gadscreen, phqcat, gadcat, dep_level, and anx_level. Bivariate analyses were conducted using chi-squared tests. Logistic regression models, based on a conceptual model-derived selection of covariates, were used. The analysis included anxiety, depression, rural category, age, sex, race category (white or BIPOC), education level, poverty level, type of health insurance, and general health status. The primary outcome was the effect of living in a rural area on mental health outcomes of cancer survivors. 
 	This research met IRB exemption criteria by the University of Vermont Committees on Human Research. Analyses were performed using STATA version 18.0 (StataCorp LLC). A two-sided p<0.05 was considered statistically significant.
	Finally, to understand what factors might be associated with depression and anxiety for rural residents, the sample was subset to include only rural cancer survivors.

RESULTS
Of the 6,593 adults with a diagnosis of cancer, 1,188 (18%) resided in rural areas and 5,405 (82%) resided in urban areas. Anxiety prevalence was similar between urban and rural adults (40.2% vs. 40.7%, p-value (p)=0.74) while depression was slightly lower among urban adults compared to rural adults (33.85% vs. 38.9%, p<0.001). In urban areas, 84.5% of adults identified as White and 15.5% identified as Black, Indigenous, or People of Color (BIPOC). Rural adults were less diverse at only 8.6% BIPOC. Urban adults had higher education levels, with more urban adults having a bachelor's degree or higher than rural adults (43.5% vs. 25.4%, p<0.001), and less poor, as 6.6% of rural adults fell below the federal poverty line as opposed to 11.6% for their urban counterparts (p<0.001). 
Without controlling for potential confounders, rural adults had 2% higher odds of anxiety (Unadjusted Odds Ratio (OR)=1.02), which was not significant (p=0.78). There were 24% higher odds of depression in these adults (Unadjusted OR=1.24, p=0.001); however, the effect of rurality on depression was attenuated when controlling for age, sex, race, education level, marital status, poverty level, type of health insurance, and general health status (OR=1.10, p=0.19). Rurality appeared to have a protective effect for anxiety, with a 12% reduction in the odds (OR)=0.88), yet this effect remained insignificant (p=0.08). BIPOC adults with cancer had lower odds of being diagnosed with either anxiety (OR=0.69, p<0.001) or depression (OR=0.73, p<0.001) compared to White adults. Married (OR=0.75, p<0.001) and unmarried patients living with partners (OR=0.68, p=0.02) had reduced odds of depression compared to single patients, but did not have significant differences in anxiety. Compared to those with excellent health, those with poor health had far greater odds of both anxiety (OR=3.79, p<0.001) and depression (OR=5.25, p=<0.001). 
After stratifying results based on rural status, anxiety was highly associated with poverty level and health status among rural cancer survivors. Those reporting good or poor health status had higher odds of anxiety compared to those reporting excellent health (OR=1.75, p<0.001, OR=5.18, p<0.001). Depression among rural cancer survivors was significantly associated with health status, with those in good or poor health again having higher odds of depression (OR=1.94, p<0.001, OR=7.36, p<0.001).

DISCUSSION
This study is among the first exploring the rural-urban differences in anxiety and depression among cancer survivors using a nationally representative sample. The findings indicated no significant association between the odds of anxiety or depression among cancer survivors based on rurality, consistent with previous literature. A systematic literature review concluded that, although psychosocial needs and available resources of rural and urban cancer survivors often differed, mental health outcomes between groups overall did not.12
Rural cancer survivors’ mental health outcomes were associated with age, sex, and health status. Those reporting good or poor health status had increased odds of anxiety and depression, and those above the federal poverty line had reduced odds of anxiety. This is consistent with previous literature that demonstrated markers of low socioeconomic status were associated with higher rates of psychological distress.13
Notably, rural status was associated with depression in the unadjusted model, and became insignificant once controlling for the covariates, pointing to certain factors affecting mental health outcomes among rural cancer survivors. There is robust literature exploring the unique aspects of rural communities that may have contributed to this outcome. Limited access to healthcare and specialty providers makes it difficult to receive treatment in rural areas, and additional potentially moderating factors are stigma around mental health, limited health literacy, and lack of transportation.14 This may indicate opportunities for further research into social and contextual factors impacting mental health care utilization among rural cancer survivors. 

Limitations
The results of this study are generalizable for non-institutionalized US civilians due to the nature of the sampling methods utilized for the NHIS. The NHIS accounts for the sample clustering and stratification utilized and weights data to adjust for demographic variables as determined by the US census.15 Therefore, a key strength of the study is its applicability to public health practice at a national scale. However, due to the cross-sectional design, it is not possible to establish causality between cancer diagnosis and mental health. Additionally, NHIS data are self-reported, and diagnoses are not confirmed by medical records, which may contribute to a misrepresentation of the true prevalence of reported conditions.15

Public Health Implications
These findings imply that rural healthcare infrastructure requires upscaled resources to meet the specific needs of rural cancer survivors. This study can inform policy decisions and support the development of evidence-based interventions to improve mental health outcomes among this population. Given that health status and poverty level were most associated with mental health outcomes, these factors should be the focus of public health agendas for rural cancer survivor health. 
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	Urban
	Rural
	Total Population

	N
	5,405 (82.0%)
	1,188 (18.0%)
	6,593 (100.0%)

	Anxiety
	
	
	

	0: No
	3,230 (59.8%)
	704 (59.3%)
	3,934 (59.7%)

	1: Yes
	2,173 (40.2%)
	484 (40.7%)
	2,657 (40.3%)

	Depression
	
	
	

	0: No
	3,575 (66.2%)
	725 (61.1%)
	4,300 (65.2%)

	1: Yes
	1,829 (33.8%)
	462 (38.9%)
	2,291 (34.8%)

	Age
	67.057 (13.289)
	67.073 (13.284)
	67.060 (13.287)

	Sex
	
	
	

	0: Female
	2,945 (54.5%)
	606 (51.0%)
	3,551 (53.9%)

	1: Male
	2,460 (45.5%)
	582 (49.0%)
	3,042 (46.1%)

	Race Category
	
	
	

	0: White Caucasian
	4,517 (84.5%)
	1,065 (91.4%)
	5,582 (85.7%)

	1: BIPOC
	831 (15.5%)
	100 (8.6%)
	931 (14.3%)

	Educational Level
	
	
	

	0: Less than High School
	330 (6.1%)
	144 (12.2%)
	474 (7.2%)

	1: High School Diploma or Equivalent
	1,173 (21.8%)
	392 (33.1%)
	1,565 (23.8%)

	2: Some College or Two Year Degree
	1,539 (28.6%)
	348 (29.4%)
	1,887 (28.7%)

	3: Bachelor's Degree or Higher
	2,344 (43.5%)
	301 (25.4%)
	2,645 (40.3%)

	Current Marital Status
	
	
	

	0: Single
	2,404 (45.8%)
	514 (44.4%)
	2,918 (45.5%)

	1: Married
	2,672 (50.9%)
	603 (52.1%)
	3,275 (51.1%)

	2: Unmarried Living with Partner
	178 (3.4%)
	41 (3.5%)
	219 (3.4%)

	Ratio of Family Income to Poverty Threshold
	
	
	

	0: 0.00-0.99
	357 (6.6%)
	138 (11.6%)
	495 (7.5%)

	1: 1.00-1.99
	814 (15.1%)
	290 (24.4%)
	1,104 (16.7%)

	2: 2.00-2.99
	868 (16.1%)
	224 (18.9%)
	1,092 (16.6%)

	3: 3.00-3.99
	714 (13.2%)
	172 (14.5%)
	886 (13.4%)

	4: 4.00 or greater
	
	
	

	Health Insurance Type
	
	
	

	0: No Coverage
	80 (1.5%)
	27 (2.3%)
	107 (1.7%)

	1: Medicare
	2,057 (38.9%)
	451 (38.7%)
	2,508 (38.9%)

	2: Medicaid
	359 (6.8%)
	111 (9.5%)
	470 (7.3%)

	3: Private (Including Military)
	2,789 (52.8%)
	577 (49.5%)
	3,366 (52.2%)

	General Health Status
	
	
	

	0: Excellent
	2,251 (41.7%)
	363 (30.6%)
	2,614 (39.7%)

	1: Good
	2,720 (50.4%)
	694 (58.4%)
	3,414 (51.8%)

	2: Poor
	429 (7.9%)
	131 (11.0%)
	560 (8.5%)



	Anxiety
	Total Population
	Rural
	Urban
	Depression
	Total Population
	Rural
	Urban

	
	OR (95% CI), p-value
	
	
	
	OR (95% CI), p-value
	
	

	Rural
	
	
	
	
	
	
	

	0: Urban
	
	
	
	0: Urban
	
	
	

	1: Rural
	0.88 (0.76-1.01), 0.077
	
	
	1: Rural
	1.1 (0.95-1.28), 0.19
	
	

	Age
	0.97 (0.96-0.97), 0.000
	0.97 (0.96-0.98), 0.000
	0.97 (0.96-0.97), 0.000
	
	0.63 (0.56-0.71) 0.000
	0.97 (0.96-0.98), 0.000
	0.98 (0.97-0.98), 0.000

	Sex
	
	
	
	
	
	
	

	0: Female
	
	
	
	0: Female
	
	
	

	1: Male
	0.50 (0.96-0.97), 0.000
	0.47 (0.36-0.62) 0.000
	0.52 (0.46-0.59), 0.000
	1: Male
	0.63 (0.56-0.70), 0.000
	0.7 (0.54-0.92), 0.01
	0.61 (0.54-0.70), 0.000

	Race Category
	
	
	
	
	
	
	

	0: White Caucasian
	
	
	
	0: White Caucasian
	
	
	

	1: BIPOC
	0.69 (0.58-.0.82), 0.000
	0.90 (0.56-1.45), 0.663
	0.67 (0.56-0.80), 0.000
	1: BIPOC
	0.73 (0.61-0.86), 0.000
	0.95 (0.59-1.52) 0.82
	0.70 (0.59-0.85), 0.000

	Educational Level
	
	
	
	
	
	
	

	0: Less than High School
	
	
	
	0: Less than High School
	
	
	

	1: High School Diploma or Equivalent
	0.95 (0.75-1.21), 0.682
	0.59 (0.38-0.93), 0.024
	1.31 (0.85-1.50), 0.39
	1: High School Diploma or Equivalent
	1.12 (0.88-1.43), 0.34
	1.04 (0.66-1.64), 0.85
	1.16 (0.87-1.55), 0.31

	2: Some College or Two Year Degree
	1.03 (0.81-1.30), 0.806
	0.89 (0.56-1.42) 0.644
	1.12 (0.85-1.49), 0.41
	2: Some College or Two Year Degree
	1.34 (1.05-1.71), 0.02
	1.25 (0.78-1.99), 0.36
	1.40 (1.05-1.86)

	3: Bachelor's Degree or Higher
	0.99 (0.78-1.27). 0.970
	0.67 (.0.41-1.11), 0.123
	1.14 (0.86-1.52), 0.36
	3: Bachelor's Degree or Higher
	1.23 (0.96-1.58), 0.11
	1.1 (0.66-1.82), 0.71
	1.29 (0.96-1.74), 0.09

	Current Marital Status
	
	
	
	
	
	
	

	0: Single
	
	
	
	0: Single
	
	
	

	1: Married
	0.92 (0.82-1.03), 0.167
	1.03 (0.77-1.37), 0.846
	0.9 (0.79-1.03), 0.12
	1: Married
	0.75 (0.67-0.85), 0.000
	0.91 (0.69-1.21), 0.53
	0.72 (0.63-0.82), 0.000

	2: Unmarried Living with Partner
	1.09 (0.78-1.48), 0.594
	0.91 (0.44-1.86), 0.792
	1.1 (0.78-1.56) 0.59
	2: Unmarried Living with Partner
	0.68 (0.49-0.94), 0.02
	0.78 (0.38-1.61), 0.50
	0.65 (0.45-0.93), 0.02

	Ratio of Family Income to Poverty Threshold
	
	
	
	
	
	
	

	0: 0.00-0.99
	
	
	
	0: 0.00-0.99
	
	
	

	1: 1.00-1.99
	0.80 (0.62-1.03), 0.090
	0.59 (0.36-0.96), 0.035
	0.90 (0.67-1.21), 0.49
	1: 1.00-1.99
	0.85 (0.66-1.09), 0.20
	0.67 (0.41-1.08), 0.10
	0.93 (0.69-1.25), 0.63

	2: 2.00-2.99
	0.70 (0.54-0.92), 0.009
	0.46 (0.27-0.78), 0.004
	0.80 (0.59-1.09) 0.17
	2: 2.00-2.99
	0.71 (0.55-0.93), 0.01
	0.75 (0.44-1.26), 0.28
	0.70 (0.51-0.95), 0.02

	3: 3.00-3.99
	0.70 (0.53-0.93), 0.013
	0.54 (0.30-0.96), 0.036
	0.77 (0.56-1.06), 0.12
	3: 3.00-3.99
	0.72 (0.55-0.96), 0.02
	0.75 (0.42-1.32), 0.31
	0.71 (0.51-0.98), 0.04

	4: 4.00 or greater
	0.64 (.49-0.83), 0.001
	0.50 (0.29-0.87), 0.014
	0.70 (0.52-0.95), 0.02
	4: 4.00 or greater
	0.68 (0.52-0.89), 0.01
	0.62 (0.36-1.07), 0.08
	0.69 (0.51-0.94), 0.02

	Health Insurance Type
	
	
	
	
	
	
	

	0: No Coverage
	
	
	
	0: No Coverage
	
	
	

	1: Medicare
	1.23 (0.79-1.91), 0.359
	4.02 (1.47-10.94), 0.006
	0.86 (0.51-1.44), 0.57
	1: Medicare
	1.13 (0.73-1.76), 0.58
	1.79 (0.72-4.47), 0.21
	0.94 (0.57-1.57), 0.82

	2: Medicaid
	1.46 (0.91-2.33), 0.116
	4.06 (1.44-11.45), 0.008
	1.07 (0.62-1.86), 0.80
	2: Medicaid
	1.34 (0.84-2.24), 0.214
	2.41 (0.93-6.25), 0.07
	1.07 (0.62-1.84), 0.81

	3: Private (Including Military)
	1.28 (0.83-1.97) 0.263
	4.23 (1.57-11.41), 0.004
	0.90 (0.54-1.50), 0.69
	3: Private (Including Military)
	1.08 (0.70-1.67), 0.71
	2.17 (0.88-5.36), 0.09
	0.86 (0.52-1.42)

	General Health Status
	
	
	
	
	
	
	

	0: Excellent
	
	
	
	0: Excellent
	
	
	

	1: Good
	1.80 (1.60-2.03), 0.000
	1.75 (1.29-2.38), 0.000
	1.82 (1.60-2.07), 0.000
	1: Good
	2.21 (1.95-2.51), 0.000
	1.94 (1.42-2.64), 0.000
	2.29 (1.99-2.63), 0.000

	2: Poor
	3.79 (3.05-4.71), 0.000
	5.18 (3.15-8.52), 0.000
	3.45 (2.70-4.40), 0.000
	2: Poor
	5.25 (4.22-6.54), 0.000
	7.36 (4.45-5.36), 0.000
	4.79 (3.75-6.12), 0.000




