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Abstract
Purpose: Neighborhood-level factors have been shown to in�uence surgical outcomes through material
deprivation, psychosocial mechanisms, health behaviors, and access to resources. To date, no study has
been conducted to examine the relationship between area-level deprivation (ADI) and post-mastectomy
outcomes.

Methods: A cross-sectional survey of all adult female breast cancer patients who underwent lumpectomy
or mastectomy between January 2018 to June 2019. Patient-speci�c demographics, clinical history and
ADI information were abstracted and correlated with post-operative global- (SF-12) and condition-speci�c
(Breast-Q) quality-of-life performance via multivariable regression. Patients were classi�ed into three
groups based on their ADI scores: 0–39 (prosperous/comfortable), 40–59 (mid-tier), and 60–100 (at
risk/distressed).

Results: A total of 564 consecutive patients were identi�ed; mostly white (75%) with a mean age of
60.2±12.4, mean body mass index (BMI) of 28.8±7.1, mean Charlson Comorbidity Index of 3.5±2.0, and
mean ADI of 42.3±25.7. Minority patients and those with high BMI were more likely to reside in highly-
deprived neighborhoods (p=0.003 and p<0.001). In adjusted models, Patients at risk/distressed had
signi�cantly lower mean SF-12 physical (44.9 [95%CI, 43.8-46.0] vs. 44.9 [95%CI, 43.7-46.1] vs. 46.3
[95%CI, 45.3-47.3], p=0.03) and BREAST-Q psychosocial well-being scores (63.5 [95%CI, 59.32-67.8] vs.
69.3 [95%CI, 65.1-73.6] vs. 69.7 [95%CI, 66.4-73.1], p=0.01) than the mid-tier and prosperous/comfortable
groups.

Conclusions: Patients residing in deprived neighborhoods were more likely to have worse psychological
well-being and quality of life. ADI should be incorporated in the shared-decision making process and
perioperative counselling to engender value-based and personalized care, especially for vulnerable
populations.   

Introduction
Breast cancer health disparities have persisted in the United States (US), despite signi�cant
advancements in cancer therapy, screening, diagnosis, and prevention. Recently, there has been a growing
recognition that socioeconomic factors have a signi�cant impact on health, quality of life, and mortality.
[1, 2] Previous studies have demonstrated that socioeconomic risk factors may negatively impact
surgical outcomes, with higher adjusted rates of mortality, surgical complications and readmission rates.
[3-9] Of note, the overwhelming majority of these studies examining the impact of socioeconomic status
on surgical outcomes have leveraged proxies such as age, gender, race/ethnicity, insurance status, and
income.

Broadly speaking, the social determinants of health (SDoH) denote the conditions within which
individuals grow up, live, work and age that impact their health status.[10] Examples include food
insecurity, poor transportation, built environment, and housing instability.[11-13] This relationship to
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health outcomes is believed to be mediated via several mechanisms such as material deprivation,
psychosocial stressors, maladaptive health behaviors, and limited access to resources.[14] As US health
systems increasingly adopt value-based care payment models to incentivize lower spending and
improved clinical outcomes, payers and hospital administrators have acknowledged that accounting for
the SDoH must be a key element of these efforts.[15, 16]

The area-deprivation index (ADI) is a validated composite measure of SDoH that offers policy-makers
and the health services research community a more holistic view, relative to aforementioned proxies like
race, education level and insurance status, of the drivers of health outcomes and disparities. Prior studies
have shown that patients living in more deprived neighborhoods, as measured by ADI, had higher overall
mortality and worse surgical outcomes.[7, 17-21] To date, there is a paucity of literature examining the
relationship between ADI and postoperative outcomes in breast cancer patients despite the high annual
incidence and availability of condition-speci�c patient reported outcome (PRO) instruments like Breast-Q.
In the present study, we evaluate the association between ADI and quality-of-life (QOL) after breast cancer
surgery. We hypothesize that patients from more deprived neighborhoods will report lower post-operative
QOL and psychosocial well-being, and that certain demographic characteristics are differentially
associated with ADI.

Methods

Study Design and Participants
This is a secondary analysis of a previously described single-institution, cross-sectional study of all
patients who underwent lumpectomy or mastectomy, with or without reconstruction at the University of
Texas MD Anderson Cancer Center over an 18-month period (January 2018 to June 2019).[22, 23] Adult
(> 18 years) female who underwent surgery for a diagnosis of breast cancer, genetic predisposition (e.g.
BRCA, Li-Fraumeni syndrome), or ductal carcinoma in-situ were identi�ed and administered the BREAST-
Q[24] and 12-Item Short Form Health Survey (SF-12).[25] The BREAST-Q is a validated condition-speci�c
patient-reported outcome measure with procedure-speci�c modules for assessing quality of life and
satisfaction following breast surgery.[24] Items are converted to an overall score ranging from 0 to 100,
with a lower score indicating a poorer outcome. The SF-12 is a global health patient-reported outcome
measure that can be used as a utility measure.[26] It is a variation of the SF-36, with scores ranging from
0 to 100 for two domains, and lower scores indicating lower quality of life. It is most effective when
applied to overall physical and mental health.[27] Male patients, international patients seeking treatment,
those with incomplete PRO responses or missing home address information were excluded from the
analytic sample. The MD Anderson Cancer Center's Institutional Review Board (IRB) approved this study,
and all respondents provided consent as part of the questionnaire to have their answers linked to data
obtained from our electronic medical record (EPIC; Epic Systems Corp., Verona, Wis.)

Survey
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Our survey administration work�ow has been previously described.[22, 28] In brief, the survey was
delivered via email in English, with three electronic reminders sent in the event of a nonresponse. No
monetary or in-kind incentive were provided to participants. Given the sample frame and concerns about
undue survey burden by the IRB committee, a non-responder analysis was not pursued. Responses were
recorded in Research Electronic Data Capture (REDCap) and linked to corresponding electronic medical
record for the following patient-level information: age, race/ethnicity, body mass index (BMI), insurance
type, cancer stage, ablative surgery type, laterality (unilateral or bilateral), reconstruction sub-type
(autologous, implant-based), reconstruction timing (immediate or delayed), and receipt of chemotherapy
and/or radiotherapy.

ADI Construction
Similar to published methods, the permanent address on �le for each patient was geocoded and the
associated census block group was then linked to a national ADI percentile score.[29] National and not
state-level percentile scores were used to enhance the generalizability of our results. The ADI strati�es
geographic areas at a granular block group level utilizing 17 American Community Survey variables from
the US Census, such as poverty, housing, employment, and education.[11, 20, 30] Scores range from 1 to
100, with higher scores indicating greater disadvantage.[20, 30] To facilitate our analysis, patients were
categorized using the following previously described criteria[18, 31, 32]: 1) 0–39
(prosperous/comfortable), 40–59 (mid-tier), and 60–100 (at risk/distressed).

Outcomes
Our primary aim is to investigate the independent relationship between ADI and post-operative condition-
speci�c (BREAST-Q) and global (SF-12) QOL. To ensure uniformity throughout our patient sample, we
selected one quality of life domain (psychosocial well-being) and two satisfaction domains (breasts and
surgeon) from the BREAST-Q instrument. i.e. those who did and did not undergo breast reconstruction
received similar surveys.

Statistical Analysis
Descriptive statistics and frequency/percentages were used to present the continuous and categorical
variables. Chi-squared or Fisher’s exact tests were used to compare the percentage of patients’
characteristic among ADI groups. Continuous variables were compared using the two-sample t-test or
ANOVA if data had normal distribution. Otherwise, Wilcoxon rank sum test or Kruskal Wallis test were
used alternatively. Missing values were imputed using normal distribution, Bernoulli distribution and
multinomial distribution. BREAST-Q and SF-12 were measured at least 60 days after surgery. Univariate
and multiple linear regression models were used to assess the effect of ADI and patient’s characteristic
on BREAST-Q/SF-12. Residual plots were used for model diagnosis. Adjusted least squares means were
estimated for PROs in each ADI category, controlling for other risk factors. Parsimonious multiple
regression models were �t using the stepwise selection method with least Akaike information criterion
(AIC). All statistical tests were 2-sided and p-values less than 0.05 were considered statistically
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signi�cant. All analyses were performed in SAS Enterprise Guide version 9.4 (SAS Institute Inc., Cary, NC,
USA).

Results

Patient Demographics and Characteristics
Overall, 2,293 consecutive patients were identi�ed, with 647 surveys returned (28.2% response rate).
Those who were male, did not have breast cancer, could not be linked to clinical records, or did not
complete the BREAST-Q or SF-12 questionnaires were excluded from the study. Patients who satis�ed
these criteria (n = 564, 87%) comprised the �nal analytic sample, and 361 were found to have had breast
reconstruction (64%).

Patients had a mean age of 60.2±12.4, mean BMI of 28.8±7.1, mean Charlson Comorbidity Index (CCI) of
3.5±2.0. The majority of patients were white (74.5%), had early stage cancer (0-2; 84%), managed with
lumpectomy (56%), radiation (66%), and hormonal therapy (65%). Most patients (55.5%) did not receive
chemotherapy. Among reconstruction recipients, 63% had immediate reconstruction, and the most
common reconstruction subtype was oncoplastic (50%), followed by expander-based reconstruction
(38%). The mean ADI was 42.3±25.7. Using the 3-category ADI, most patients (49.2%) were
prosperous/comfortable, 23.2% were mid-tier, and 27.5% were at risk/distressed.

Area Deprivation Index and Patient Characteristics
Patients who were at risk/distressed had signi�cantly higher BMI than those who were in the mid-tier and
prosperous/comfortable groups (30.52±6.4 vs. 29.26±8.11 vs. 27.73±5.72, p<0.001) (Table 1). While the
overall proportion of ethnic/racial minorities was low (25.5%), minorities made up signi�cantly higher
proportion of patients with high ADI. We found a signi�cantly higher proportion of African American
patients in the at risk/distressed groups than were in the mid-tier and prosperous/comfortable groups
(41% vs. 25% vs. 34%, p=0.003). Similarly, we found that the at risk/distressed groups had a signi�cantly
higher proportion of Hispanic patients than the mid-tier and prosperous/comfortable groups (48% vs.
17% vs. 35%, p=0.003). On the other hand, we found a signi�cantly higher proportion of white patients in
prosperous/comfortable groups than those who were in the mid-tier at risk/distressed groups (53% vs.
24% vs. 23%, p=0.003).

Area Deprivation Index and PROs
Overall, the mean BREAST-Q psychosocial well-being score was 71.7±20.4, mean satisfaction with
breasts score was 68.3±20.7, and mean satisfaction with surgeon score was 92.4±14.9. The mean SF-12
physical component was 46.4±6.2, and the mean mental score was 45.6±6.0. Univariate models were
used to examine the relationship between ADI, BREAST-Q, and SF-12 (Table 2). Patients who were at
risk/distressed had signi�cantly lower mean SF-12 physical (44.87±6.67 vs. 45.51 ±6.39 vs. 47.56±5.54,
p<0.001) and BREAST-Q psychosocial well-being scores (65.49±18.8 vs. 72.2±21 vs. 74.48±20.35,
p<0.001) than those who were in the mid-tier and prosperous/comfortable groups.
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After controlling for age, race, BMI, CCI, type of mastectomy, complications and length of stay on
multivariable analyses, ADI remained associated with BREAST-Q and SF-12 (Table 3). Patients who were
at risk/distressed had signi�cantly lower adjusted mean SF-12 physical (44.9 [95%CI, 43.8-46.0] vs. 44.9
[95%CI, 43.7-46.1] vs. 46.3 [95%CI, 45.3-47.3], p=0.03) and BREAST-Q psychosocial well-being scores
(63.5 [95%CI, 59.32-67.8] vs. 69.3 [95%CI, 65.1-73.6] vs. 69.7 [95%CI, 66.4-73.1], p=0.01) than those who
were in the mid-tier and prosperous/comfortable groups.

Discussion
This study sought to illuminate the relationship between ADI and QOL performance following ablative
surgery for breast cancer. After adjusting for competing risk factors, we found that patients from high ADI
neighborhoods had signi�cantly lower BREAST-Q psychosocial well-being and SF-12 global physical
quality of life. In addition, our unadjusted results suggest that residents of areas with high economic
deprivation were likely to have a high BMI and a racial background that was Black or Hispanic. This latter
�nding is consistent with a larger body of work that has documented racialized economic and residential
segregation, upheld by sustained divestment, predatory lending policies, limited educational
opportunities, and structural racism.[33, 34] Collectively, these results also suggest that the assertion “zip
codes matter more than genetic code”[35, 36] has some credence with respect to surgical outcomes
(clinical and PROs). Therefore, initiatives designed to improve surgical outcomes must address both
patient- and community-level factors.

Neighborhoods are complex environments with a variety of economic, social, and physical characteristics
that have a signi�cant impact on the health of the residing individual.[37] According to some estimates,
the SDoH contribute > 50% of the modi�able factors that drive health outcomes.[38, 39] A recent paper by
Hyer et al documented a higher risk of adverse outcomes and 20% lower odds of attaining “textbook
outcomes” among individuals with high social vulnerability following major cancer surgery.[21] Therefore,
contextualizing the association between the SDoH, as represented by area-level deprivation, and health
outcomes in cancer care is of great interest to payers, physicians, patients, and policymakers. In light of
recently signaled Medicare interest in utilizing PROs and functional outcomes as markers of healthcare
quality, our aforementioned results also enrich the policy salience of the extant literature.[40]

There are several conceivable explanations for our �nding, including the premise that patients from
vulnerable neighborhoods are more likely to face cumulative lifelong stress (i.e. allostatic load), such as
anxiety for personal safety, chronic food and housing insecurity, and exposure to violence, the enduring
impact of which has implications for QoL outcomes.[19, 37] Additionally, �nancial toxicity, which is the
economic burden of treatment-associated costs on patients and their families, has been strongly
correlated with worse post-operative condition-speci�c and global QOL in breast cancer patients.[23, 41]
This provides an additional explanatory framework for our �ndings as ADI is likely to be highly correlative
with �nancial toxicity. Lastly, patients from vulnerable neighborhoods have been associated with low
health literacy and reduced access to physicians, resulting in differences in health maintenance and
knowledge gaps.[42, 43] This is important because the surgical management of breast cancer is
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preference-sensitive with different risks, complications and bene�ts associated with each choice i.e.
lumpectomy, mastectomy, and receipt of reconstruction. These knowledge gaps not only undermine the
quality of patient decision-making, but they also contribute to a discrepancy between pre-operative
expectations and post-operative outcomes, which subsequently engenders poor QoL performance.[44]

Previous studies have also shown that unrealistic patient expectations predict adverse outcomes, such as
a worsening in functional status and health-related quality of life.[45] Unrealistic expectations, for
example, may cause patients to become easily discouraged with postoperative therapy and nonadherent
to postoperative recommendations. Patients with low expectations may also lack the motivation needed
to continue with therapy, resulting in patients not receiving the full bene�t of breast cancer surgery.
Therefore, measures should be taken to better understand what patients in deprived neighborhoods
expect after breast cancer surgery, so that services may be provided to ful�ll these needs and ensure
alignment between patients and breast surgeons as they jointly work toward the same goals.

Although beyond our study scope and the expertise of our research team, we hope that our results serve
to catalyze efforts to operationalize the assessment of the SDoH in breast cancer care encounters.
Pursuant to this, ADI can be used as a scalable tool for identifying populations at high risk of poor
outcomes following breast cancer surgery by integrating it with the electronic medical record. A treatment
plan based on this assessment might now entail a social work consult, use of patient navigators, and
referrals to community-based services and �nancial assistance for immediate resource allocation.
Furthermore, increasing the interdisciplinary care team’s awareness of and engagement with the SDoH
will measurably enhance the patient-provider relationship.[46]

Our study should be viewed in light of limitations including the single-institution, cross-sectional design.
Our institution is a specialized, quaternary referral center, and results may not be generalizable to all
practice settings. Our study included only a population of insured women undergoing breast cancer
surgery, yet ADI was still associated with patient-reported outcomes. This only strengthens our �ndings;
effect sizes are expected to be magni�ed in the general population with worse socioeconomic
characteristics, particularly among those without baseline insurance coverage. The outcomes were
measured at a single point in time and do not demonstrate a causal relationship. Finally, all patient-
reported outcomes were self-reported. We minimized reporting bias by using objective data from patient
medical records, employing validated patient-reported outcome measures, and administering the survey
within 18 months of surgery. In addition, by including only consecutive patients, we were able to minimize
selection bias. Future prospective multicenter studies that address these limitations are needed.
Notwithstanding, our study is the �rst to assess the impact of ADI on patient-reported outcomes after
breast cancer surgery using validated measures and robust statistical analysis.

Conclusion
Patients residing in vulnerable neighborhoods characterized by high ADI who underwent breast cancer
surgery were more likely to have worse psychological well-being and quality of life. Patients of color (i.e.
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African American and Hispanic) and those with high BMI were also likely to come from an economic
background characterized by high deprivation. These data suggest that ADI is an important driver of
quality of life and psychosocial well-being after breast cancer surgery, and advocate for the incorporation
of this metric in a “patient-centric” approach to facilitate personalized care, especially for vulnerable
populations.
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Tables
Table I

Patient characteristics strati�ed by 3-category area deprivation index



Page 13/16

Variables All Prosperous/comfortable

(ADI: 0–39)

Mid-
tier

(ADI:
40–
59)

At
risk/distressed

(ADI: 60–100)

P-
value

Number of patients 564 278 131 155  

Age, year, (mean ± SD) 60.01
±
12.42

60.75 ± 11.93 59.4 ±
13.83

59.18 ± 12.03 0.375

BMI, kg/m2, (mean ± SD) 28.85
± 6.62

27.73 ± 5.72 29.26
± 8.11

30.52 ± 6.4 <0.001

Race/Ethnicity, n (%)         0.003

  White        420
(74.5)

224 (53.3) 100
(23.8)

96 (22.9)  

  Black 56
(9.9)

19 (33.9) 14
(25)

23 (41.1)  

  Hispanic 48
(8.5)

17 (35.4) 8
(16.7)

23 (47.9)  

  Asian 4 (0.7) 3 (75) 1 (25) 0 (0)  

  Native American 1 (0.2) 0 (0) 0 (0) 1 (100)  

  Other 35
(6.2)

15 (42.9) 8
(22.9)

12 (34.3)  

Charlson comorbidity
index (mean ± SD)

3.51 ±
2

3.41 ± 1.82 3.45 ±
2.09

3.74 ± 2.2 0.539

Type of mastectomy, n
(%)

        0.971

 
Lumpectomy/Segmental
        

314
(55.7)

157 (50) 69
(22)

88 (28)  

  Unilateral total  50
(8.9)

23 (46) 15
(30)

12 (24)  

  Bilateral total 15
(2.7)

8 (53.3) 3 (20) 4 (26.7)  

  Modi�ed radical 11 (2) 7 (63.6) 2
(18.2)

2 (18.2)  

  Unilateral Skin Sparing 78
(13.8)

36 (46.2) 19
(24.4)

23 (29.5)  

  Bilateral Skin Sparing  57
(10.1)

26 (45.6) 13
(22.8)

18 (31.6)  
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  Unknown 39
(6.9)

21 (53.8) 10
(25.6)

8 (20.5)  

Reconstruction, n (%)         0.524

  No 203
(36)

104 (51.2) 49
(24.1)

50 (24.6)  

  Yes 361
(64)

174 (48.2) 82
(22.7)

105 (29.1)  

Preoperative radiotherapy,
n (%)

        0.935

  No 547
(97)

271 (49.5) 126
(23)

150 (27.4)  

  Yes 14
(2.5)

7 (50) 4
(28.6)

3 (21.4)  

  Unknown 3 (0.5) 0 (0) 1
(33.3)

2 (66.7)  

ADI, area deprivation index; BMI, body mass index; SD, standard deviation

 Table II 

Univariate analysis of patient reported outcomes by 3-category area deprivation index
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  All Prosperous/comfortable

(ADI: 0–39)

Mid-
tier

(ADI:
40–
59)

At
risk/distressed

(ADI: 60–100)

P-
value

Mean SF-12 physical,
(SD)

46.38 ±
6.16

47.56 ± 5.54 45.51
±
6.39

44.87 ± 6.67 <0.001

Mean SF-12 mental,
(SD)

45.56 ±
6

45.32 ± 5.9 46.28
±
5.35

45.37 ± 6.72 0.328

Mean BREAST-Q
satisfaction with breasts
(SD)

68.31 ±
20.68

70.16 ± 19.8 64.02
±
18.2

68.72 ± 23.91 0.137

Mean BREAST-Q
psychosocial wellbeing
(SD)

71.7 ±
20.43

74.48 ± 20.35 72.2
± 21

65.49 ± 18.8 <0.001

Mean BREAST-Q
satisfaction with
surgeon (SD)

92.38 ±
14.92

92.4 ± 16.11 91.1
±
14.57

93.56 ± 12.55 0.448

ADI, area deprivation index; SF-12, 12-Item Short Form Health Survey; SD, standard deviation.

Table III

Multivariable analysis of patient reported outcomes by 3-category area deprivation index
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  Prosperous/comfortable

(ADI: 0–39)

Mid-tier

(ADI: 40–
59)

At
risk/distressed

(ADI: 60–100)

P-
value

  Score (95% CI) Score (95%
CI)

Score (95% CI)  

SF-12 physicala 46.3 (45.3-47.3) 44.9 (43.7-
46.1)

44.9 (43.8-
46.0)

0.032

SF-12 mentalb 45.5 (44.5-46.6) 46.9 (45.6-
48.2)

46.1 (44.8-
47.5)

0.123

BREAST-Q satisfaction with
breastsc

69.2 (65.3-73.1) 64.9 (59.3-
70.5)

69.7 (64.3-
75.0)

0.386

BREAST-Q psychosocial
wellbeing d

69.7 (66.4-73.1) 69.3 (65.1-
73.6)

63.5 (59.32-
67.8)

0.011

BREAST-Q satisfaction with
surgeone

92.0 (90.2-93.9) 91.2 (88.5-
93.9)

94.1 (91.5-
96.8)

0.289

ADI, area deprivation index; SF-12, 12-Item Short Form Health Survey; CI, confidence
interval. a: The model was adjusted for age, body mass index (BMI), Charlson
Comorbidity Index (CCI), overall complications and race
b: The model was adjusted for type of mastectomy, age, BMI
c: The model was adjusted for age, BMI, CCI and overall complications
d: The model was adjusted for age, BMI, CCI, overall complications and type of
mastectomy
e: The model was adjusted for BMI, CCI and overall complication

 


