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Abstract 

Background Racial and ethnic disparities in mortality persist among US cancer survivors, with social determinants 
of health (SDoH) may have a significant impact on these disparities.

Methods A population-based cohort study of a nationally representative sample of adult cancer survivors, who 
participated in the US National Health and Nutrition Examination Survey from 1999 to 2018 was included. Sociode-
mographic characteristics and SDoH were self-reported using standardized questionnaires in each survey cycle. 
The SDoH was examined by race and estimated for associations with primary outcomes, which included all-cause 
and cancer-specific mortality. Multiple mediation analysis was performed to assess the contribution of each unfavora-
ble SDoH to racial disparities to all-cause and cancer-specific mortality.

Results Among 5163 cancer survivors (2724 [57.7%] females and 3580 [69.3%] non-Hispanic White individuals), 
only 881 (24.9%) did not report an unfavorable SDoH. During the follow-up period of up to 249 months (median 
81 months), 1964 deaths were recorded (cancer, 624; cardiovascular, 529; other causes, 811). Disparities in all-cause 
and cancer-specific mortality were observed between non-Hispanic Black and White cancer survivors. Unemploy-
ment, lower economic status, education less than high school, government or no private insurance, renting a home 
or other arrangements, and social isolation were significantly and independently associated with worse overall 
survival. Unemployment, lower economic status, and social isolation were significantly associated with cancer-specific 
mortality. Compared to patients without an unfavorable SDoH, the risk of all-cause mortality was gradually increased 
in those with a cumulative number of unfavorable SDoHs (1 unfavorable SDoH: hazard ratio [HR] = 1.54, 95% CI 
1.25–1.89; 2 unfavorable SDoHs: HR = 1.81, 95% CI 1.46–2.24; 3 unfavorable SDoHs: HR = 2.42, 95% CI 1.97–2.97; 4 unfa-
vorable SDoHs: HR = 3.22, 95% CI 2.48–4.19; 5 unfavorable SDoHs: HR = 3.99, 95% CI 2.99–5.33; 6 unfavorable SDoHs: 
HR = 6.34 95% CI 4.51–8.90). A similar trend existed for cancer-specific mortality.

Conclusions In this cohort study of a nationally representative sample of US cancer survivors, a greater number 
of unfavorable SDoH was associated with increased risks of mortality from all causes and cancer. Unfavorable SDoH 
levels were critical risk factors for all-cause and cancer-specific mortality, as well as the underlying cause of racial all-
cause mortality disparities among US cancer survivors.
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Background
An increase in the cancer survivor population poses a sig-
nificant health care and economic burden worldwide, and 
cancer is the second leading cause of death in the United 
States (US). Specifically, there will be approximately 
2,001,140 new cancer cases and an estimated 611,720 
deaths from cancer in the US in 2024 [1]. Although can-
cer mortality has declined overall by 33% since 1991, 
improved survival outcomes have not benefitted equally 
for all cancer populations [1, 2]. Substantial racial and 
ethnic disparities in all-cause and cancer-related mor-
tality rates persist in US cancer survivors [1–4]. For 
example, Black individuals have lower relative cancer 
survival rates than White individuals for almost every 
cancer type [1, 5]. Interestingly, the most striking gaps in 
survival involve cancers that are most amenable to pre-
vention and early detection, such as cervical cancer [5]. 
Recently, the racial and ethnic disparities in cancer mor-
tality have slowly narrowed; however, these disparities in 
cancer health have become increasingly understood in 
the context of social determinants of health (SDoH) [2, 
5, 6], which are responsible for an extremely important 
factor associated with cancer risk and treatment [7]. The 
World Health Organization (WHO) defined SDoH as 
non-medical factors that affect health outcomes, includ-
ing the conditions in which people are born, grow, live, 
work, and age, and a wider set of forces and systems 
shaping daily life conditions [8]. The SDoH included fac-
tors related to economic stability, education, health care 
access, residential environment, and social context and 
support [9–11], associated with the health outcomes of 
cancer survivors [12, 13]. Addressing social disparities in 
cancer health is essential in the quest to improve survival 
outcomes among cancer survivors, which reflects a com-
mitment to health equity to achieve optimal health for 
everyone.

Previous studies have tended to examine the con-
tribution of individual variables involving unfavora-
ble SDoHs in the separate associations with mortality 
or morbidity, most of which focused on the direct 
and indirect influence of socioeconomic factors on 
the disparity in survival [9, 14–23]. Among the gen-
eral population, a large multicohort study and meta-
analysis with more than 1.7 million individuals from 
7 WHO member countries reported that low socio-
economic status was associated with a 46% (95% CI, 
39–53%) and 43% (95% CI, 34–52%) greater risk of 
all-cause and cancer mortality, respectively, com-
pared to high socioeconomic status [15]. A low level 

of education, poverty, and a lack of health insurance 
coverage explain in part the continuous widening in 
mortality inequities across some adult sociodemo-
graphic groups in the US [14, 17, 20, 24]. Additionally, 
a recent analysis demonstrated that the cumulative 
SDoH count was associated with an increased prema-
ture mortality risk [25]. However, limited evidence has 
been reported on the effect of SDoH in cancer survi-
vors. Although previous cohort studies have shown 
that disadvantaged SDoH are associated with poor 
mental and physical health [26], resulting in a delay in 
medical and surgical treatment [27], and an increased 
risk of all-cause and cancer-related mortality among 
patients with cancers (such as breast and pancreatic 
cancer) [12, 13]. To the best of our knowledge, few 
studies have examined the impact of the comprehen-
sive and accumulating burden of SDoH on all-cause 
and cause-specific mortality, using methods pub-
lished previously [13, 25]. There is no study that has 
reported the relative contributions of these SDoH on 
racial disparities in the all-cause and cancer-specific 
mortality rates among the US cancer survivors at the 
population level.

The objective of the present study was to evaluate the 
relationships of multiple SDoH with all-cause, cancer-
specific, and non-cancer mortality, and to investigate 
how SDoH mediates racial differences in all-cause and 
cancer-specific mortality among cancer survivors. We 
hypothesized that disparities exist in the cumulative 
number of unfavorable SDoH across racial and ethnic 
groups and that a higher number of these unfavorable 
SDoH is associated with higher mortality rates.

Methods
Study population
In this retrospective study, 10 cycles of cross-sectional 
data were collected from the National Health and 
Nutrition Examination Survey (NHANES) database, 
which used a complex, multistage, and probability 
sampling design to recruit participants representative 
of the civilian non-institutionalized US population 
[28]. Each participant was invited to attend an in-
person or in-home interview to complete the ques-
tionnaire. The present study examined and analyzed 
existing data involving sociodemographic characteris-
tics and several SDoH co-variables among cancer sur-
vivors of 20 years or older with information linked to 
the National Death Index through 31 December 2019 
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for 10 survey cycles of NHANES from 1999–2000 to 
2017–2018. All the NHANES protocols were approved 
by the Research Ethics Review Board of the National 
Center for Health Statistics (NCHS), and written 
informed consent was provided by all participants at 
the time of recruitment.

Sociodemographic characteristics
In each 2-year survey, age, gender, and racial or ethnic 
groups (non-Hispanic White [NHW], Hispanic, non-
Hispanic Black [NHB], and other [American Indian/
Alaska Native/Pacific Islander, Asian, and multiracial]) 
were obtained from standardized questionnaires of in-
home interviews by self or parent/guardian report from 
provided categories.

SDoH assessment
We included several variables that reflected SDoH infor-
mation from standardized questionnaires, which were 
defined according to the Healthy People 2030 [11] and 
World Health Organization [29] by the following factors: 
economic stability; education access and quality; health 
access and quality; neighborhood and built environment; 
and social and community context. In the present study, 
we finally chose eight SDoH variables (employment sta-
tus, family poverty income ratio, food security, education 
level, regular health care access, type of health insurance, 
home ownership, and marital status) in each NHANES 
cycles from 1999 to 2018, according to previously pub-
lished studies [25, 30]. Social support was excluded 
because it was only visible in surveys conducted between 
1999 and 2008. More detailed description information on 
SDoH was provided in the supplement (Additional file 1: 
Table  S1) [31–33], and the definition for unfavorable 
SDoH was based on the conventional cutoff points [10, 
11, 23, 34, 35]. Furthermore, the associations between 
several single SDoH measures and all-cause mortal-
ity were investigated using various categorizations with 
adjustment for age, gender, race, and ethnicity regard-
less of survey weights (Additional file 1: Table S2). Each 
SDoH was divided into two levels based on the conven-
tional cut-off points [11, 23, 34, 35]. Unfavorable SDoH 
was significantly associated with a lower survival rate. 
During the in-person interview, participants were asked 
to respond to several questions about these SDoH. Eco-
nomic stability was operationalized using self-reported 
measures of the family poverty income ratio (PIR, less 
than 2.4 [unfavorable SDoH] and more than 2.4 [favora-
ble SDoH]), employment status (employed, student, or 
retired [favorable SDoH] and unemployed [unfavorable 
SDoH]) and household food security category, which 
was dichotomized as fully food security (no affirmative 

response) or marginal, low, or very low security (1–10 
affirmative responses) based on the responses to the US 
Food Security Survey Module questions (Bickel et  al. 
[36]). Education access and quality measurement used 
the highest grade or level of schooling completed or the 
highest degree received, dichotomized as less than high 
school (unfavorable SDoH) and high school graduate or 
higher (favorable SDoH). Health care access and qual-
ity were assessed by self-reported questionnaire about 
routine places for health care (at least one regular health 
care facility [favorable SDoH] and none or hospital emer-
gency room [unfavorable SDoH]) and health insurance 
type (private [favorable SDoH] and none or government 
[unfavorable SDoH]). The residential environment was 
assessed by home ownership (owned or being bought 
[favorable SDoH] and rental or other arrangement [unfa-
vorable SDoH]). Social community context was assessed 
by self-reported marital status (defined as married or liv-
ing with a partner [favorable SDoH] and not married nor 
living with a partner [unfavorable SDoH]).

The cumulative number of unfavorable SDoH variables 
with a range from 0 (no unfavorable SDoH) to 6 or more 
(≥ 6 unfavorable SDoH) was calculated to explore the 
cumulative effect of unfavorable SDoH on all-cause and 
cancer-specific mortality. Because only a small propor-
tion of participants reported having 6, 7, or 8 unfavorable 
SDoH variables simultaneously, thus we created a cate-
gory of six or more, indicating the combination of 6, 7, or 
8 unfavorable SDoH variables.

Definition of cancer survivors
Information on cancer diagnosis was collected from sur-
vey questionnaires during the in-person interview using 
the computer-assisted personal interview system, includ-
ing cancer type(s), with up to three cancer diagnoses 
recorded and the age at first diagnosis for each cancer. 
Participants were asked, “Have you ever been told by a 
doctor or other health professional that you had cancer or 
a malignancy of any kind?” If individuals who answered 
“yes” were defined as cancer survivors and were asked 
further, “What kind of cancer was it?” and “How old were 
you when this cancer was first diagnosed?”.

Ascertainment of mortality
The NCHS provided mortality data that were linked 
to the National Death Index, with follow-up until 31 
December 2019 [37]. Cause-of-death coding for all US 
deaths occurring after 1998 followed the 10th revision 
of the International Statistical Classification of Dis-
eases, Injuries, and Causes of Death (ICD-10) guide-
lines. Cancer-related mortality was classified as death 
due to malignant neoplasms (ICD-10, codes C00-C97). 
The follow-up duration was defined as the interval 
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elapsing from the date of the baseline interview to the 
date of death or the follow-up cut-off (31 December 
2019) for those participants who did not have a death 
event in the whole study. We investigated the association 
between SDoH and all-cause, cancer-related, and non-
cancer mortality (mortality instead of cancer, ICD-10 
codes instead of C00-97). All-cause and cancer-specific 
mortality were the main outcomes of this study. The 
all-cause mortality was measured from the date of the 
baseline interview to the date of death from any cause or 
the follow-up cut-off. The cancer-specific mortality was 
calculated from the date of the baseline interview to the 
date of death from cancer.

Statistical analysis
All statistical analyses were conducted with the use of 
R (version 4.3.1) following the NHANES analysis guid-
ance. The survey interview weights were used for analysis 
as appropriate to obtain nationally representative esti-
mates. We calculated weighted sample sizes to be nation-
ally representative and population-weighted percentages 
according to race and ethnicity. The chi-square test was 
used to determine the differences in participants’ soci-
odemographic characteristics and SDoH variables across 
four classifications of racial and ethnic groups. The pair-
wise correlation among the eight dichotomous SDoH 
was evaluated using the Spearman method. The weighted 
proportions of cancer survivors in each number of unfa-
vorable SDoH category were estimated by gender, race, 
and ethnicity. Kaplan–Meier survival curves were exam-
ined to determine the all-cause cumulative mortality and 
cancer-specific cumulative mortality rates among can-
cer survivors stratified by SDoH. Furthermore, Kaplan–
Meier analysis was used to plot the cumulative hazard 
for all-cause and cancer-specific mortality in entire and 
gender subgroups and race and ethnicity subgroups using 
age as the timescale [38].

Multivariable Cox proportional hazards regression 
models with the use of imputation-adjusted survey 
weights were applied to estimate the mortality risks (haz-
ard ratio [HR]) and 95% confidence interval (CI) for the 
associations between cumulative SDoH variables and 
race with all-cause, cancer-specific, and non-cancer mor-
tality. Final stage multivariable Cox models were adjusted 
for age, gender, race, and ethnicity, and additionally 
included the other SDoHs to identify independent, indi-
rect associations. We plotted the HRs of the cumulative 
SDoH variables to visualize whether the relationship with 
all-cause and cancer-specific mortality was linear or non-
linear. Sensitivity analyses were performed by exclud-
ing participants of deaths that occurred within the first 
2-year follow-up to lessen the probability of reverse cau-
sation [39]. All statistical tests were 2-sided and P < 0.05 

was considered statistically significant. Data analyses 
were performed from 1 June to 1 August 2023.

Because of racial disparity in all-cause and cancer-
specific mortality between NHW and NHB among can-
cer survivors in the US, therefore mediation analysis was 
performed to explore whether SDoH factors contributed 
to White-Black disparity in mortality or not. We esti-
mated the relative effect (corresponding direct or indirect 
effect divided by the total effect) of each SDoH variable 
to explain the racial and ethnic difference in mortality 
using R package mma [31–33]. More detailed informa-
tion was contained in the Supplementary material (Addi-
tional file 1: Methods S1).

Results
NHANES (1999–2018) data from 5163 individuals were 
enrolled in the final analysis (Additional file 1: Fig. S1). A 
total of 101,316 persons ≥ 1 year of age who participated 
in the in-person or in-home interview and 96,153 were 
excluded, as follows: (1) 46 235 participants < 20 years of 
age; (2) 49,915 whom were not diagnosed with cancer, 
and (3) 3 individuals who did not have unique identifiers 
to allow linkage to the National Death Index. Of the 5163 
cancer survivors (weighted population, 32,623 176; 57.7% 
female) in this study cohort, 3580 (69.3%) were NHW, 
631 (12.2%) were Hispanic, 718 (13.9%) were NHB, and 
234 (4.5%) individuals of were classified as race and eth-
nicity, including American Indian/native Alaskan, Pacific 
Islander, Asian, and multiracial (Table  1). Compared to 
NHW, Hispanic, NHB and other race and ethnic cancer 
survivors were more likely to have unfavorable SDoH fac-
tors, including not being married nor living with a part-
ner, education less than high school, a PIR < 2.4, renting 
a home or other arrangement, unemployment, govern-
ment or none health insurance, and marginal, low, or 
very low security. However, a lower proportion of NHB 
participants had no place routine place when sick or in 
need of advice about healthcare compared with cancer 
survivors from all other racial and ethnic subgroups. 
Approximately 24.9% of cancer survivors did not have 
a cumulative number of unfavorable SDoH. The higher 
proportion of NHW cancer survivors with 0 and 1 
cumulative unfavorable SDoH was observed compared 
to patients from all other race and ethnic subgroups. In 
addition, a higher proportion of Hispanic cancer survi-
vors with 3, 4, 5, and 6 or more unfavorable SDoH was 
observed compared to patients from all other race and 
ethnic subgroups. NHB and Hispanic individuals had a 
higher prevalence of multiple unfavorable SDoH (cumu-
lative of 3 or more) compared to NHW cancer survivors.

Then, we analyzed the relationship between the eight 
SDoH variables. The results showed that all eight SDoH 
variables were significantly correlated with each other 
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Table 1 Sample  sizea and characteristics for US cancer survivors age 20 years and older, NHANES 1999 to 2018

Abbreviations: NHANES National health and nutrition examination survey, NHW non-hispanic white, NHB non-hispanic black
a  Weighted to be nationally representative. Weighted percentage may not sum to 100% because of missing data
b  Including American Indian/Alaska Native/Pacific Islander, Asian, and multiracial
c  P value is for the comparison of age group, sex, and each SDoH variable’s prevalence by racial and ethnic group
d  Cumulative number of unfavorable SDoH ranging from 0 (no risk at all) to 6 or more (highest risk), indicating that individuals with SDoH risk factors are more socially 
disadvantaged

No. of participants by race and ethnicity (weighted %)

Characteristic All NHW Hispanic NHB Otherb P  valuec

Overall (N = 5163) (N = 3580) (N = 631) (N = 718) (N = 234)

Age, years  < 0.001

 20–39 341 (8.5) 215 (7.8) 67 (18.9) 45 (10.8) 14 (7.1)

 40–59 1033 (29.9) 652 (29.0) 159 (38.2) 147 (32.1) 75 (36.4)

 60–79 2578 (47.1) 1658 (47.5) 352 (37.7) 450 (48.0) 118 (48.9)

  ≥ 80 1211 (14.5) 1055 (15.7) 53 (5.3) 76 (9.1) 27 (7.6)

Sex  < 0.001

 Male 2439 (42.3) 1758 (43.3) 213 (28.6) 373 (42.6) 95 (37.5)

 Female 2724 (57.7) 1822 (56.7) 418 (71.4) 345 (57.4) 139 (62.5)

Marital status  < 0.001

 Married or living with a partner 3049 (64.8) 2201 (66.4) 372 (60.4) 333 (43.7) 143 (63.6)

 Not married nor living with a partner 2076 (34.5) 1355 (33.0) 253 (37.8) 379 (55.2) 89 (36.0)

Educational attainment  < 0.001

 High school graduate or higher 3920 (85.0) 2917 (87.4) 320 (57.8) 491 (72.0) 192 (85.7)

 Less than high school 1234 (14.9) 660 (12.6) 308 (41.8) 225 (27.8) 41 (14.1)

Family poverty income ratio  < 0.001

  < 2.4 2323 (33.7) 1491 (31.1) 375 (56.7) 357 (49.6) 100 (38.7)

  ≥ 2.4 2345 (57.6) 1787 (60.6) 176 (30.3) 283 (39.2) 99 (49.6)

Home ownership  < 0.001

 Owned or being bought 3931 (79.9) 2888 (82.6) 404 (59.2) 475 (62.9) 164 (70.0)

 Rent home or other arrangement 1146 (18.2) 643 (15.5) 209 (37.8) 234 (36.0) 60 (27.7)

Employment status  < 0.001

 Employed, student, or retired 4096 (81.4) 2998 (83.4) 411 (67.2) 527 (70.4) 160 (69.1)

 Unemployment 1061 (18.5) 578 (16.5) 220 (32.8) 191 (29.6) 72 (30.4)

Access to routine place for health care 0.002

 At least one regular health care facility 4778 (92.4) 3338 (92.7) 562 (88.0) 671 (93.3) 207 (89.9)

 None or Hospital emergency room 384 (7.6) 241 (7.3) 69 (12.0) 47 (6.7) 27 (10.1)

Health insurance  < 0.001

 Private 2939 (65.0) 2243 (67.9) 228 (40.8) 357 (50.7) 111 (51.6)

 Government or none 2188 (34.4) 1318 (31.7) 396 (58.3) 353 (48.3) 121 (47.3)

Food security  < 0.001

 Fully food security 4058 (83.1) 3017 (86.0) 368 (55.0) 507 (67.8) 166 (74.2)

 Marginal, low, or very low security 972 (14.3) 480 (11.4) 238 (41.0) 197 (30.4) 57 (23.1)

Cumulative number of unfavorable SDoH  variabled  < 0.001

 0 881 (24.9) 734 (27.2) 43 (8.2) 71 (9.1) 33 (15.2)

 1 1049 (23.9) 832 (25.3) 66 (9.8) 119 (16.8) 32 (19.9)

 2 817 (14.2) 592 (14.3) 80 (12.3) 105 (13.1) 40 (16.7)

 3 630 (10.2) 440 (9.8) 71 (14.5) 95 (12.5) 24 (10.3)

 4 553 (8.0) 304 (6.9) 115 (17.6) 101 (14.5) 33 (11.0)

 5 369 (5.2) 182 (4.1) 84 (12.9) 84 (13.0) 19 (6.9)

 6 or more 273 (3.2) 129 (2.5) 78 (9.8) 51 (7.4) 15 (6.5)
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(Additional file 1: Fig. S2). Furthermore, the proportion of 
male participants decreased stepwise from 34.8% (0 unfa-
vorable SDoH) to 2.2% (6 or more number of unfavora-
ble SDoH), whereas the proportion of female participants 
increased from 22.6% (0 unfavorable SDoH) to 24.8% (1 
unfavorable SDoH), and then gradually decreased to 4.7% 
(6 or more number of unfavorable SDoH; Additional 
file 1: Fig. S3). Breast and prostate cancer were the most 
common malignant neoplasm type in males and females, 
respectively (Additional file 1: Table S3).

During the median follow-up of 81  months (ranged 
0–249 months) in the 10 NHANES cycles linked mortal-
ity file cohort, a total of 1964 deaths occurred (all-cause), 
including 624 cancer patients who died from cancer (can-
cer-related mortality), 529 who died from cardiovascular 
disease, and 811 who died from other cause. Compared 
to participants who were NHW, NHB adults with cancer 
had a significantly higher overall mortality rate (HR, 1.57; 
95% CI, 1.34–1.89) and cancer-specific mortality (HR, 
2.03; 95% CI, 1.60–2.59; Fig.  1). Cancer survivors with 
each unfavorable SDoH variable, except access to regular 
health care, was significantly associated with higher all-
cause, cancer-specific, and non-cancer mortality in the 
multivariable model adjusted for age (MV model 1), and 
adjusted for age, gender, race and ethnicity (MV model 2; 
Table 2). After adjustment for age, gender, race and eth-
nicity and other SDoHs, including unemployment status 
(HR, 1.83; 95% CI, 1.58–2.12; P < 0.001), family income-
to-poverty less than 2.4 (HR, 1.51; 95% CI, 1.32–1.72; 
P < 0.001), education less than high school attached 

(HR, 1.23; 95% CI, 1.05–1.44; P = 0.012), government or 
none of health insurance (HR, 1.19; 95% CI, 1.05–1.36; 
P = 0.007), renting a home or other housing arrangement 
environment (HR, 1.39; 95% CI, 1.20–1.62; P < 0.001), and 
not being married nor living with a partner (HR, 1.22; 
95% CI, 1.08–1.38; P < 0.001) were significantly associ-
ated with an increased risk for all-cause mortality, which 
was similar to non-cancer mortality (Table  2). Further-
more, unemployed individuals (HR, 2.13; 95% CI, 1.62–
2.79; P < 0.001), family income-to-poverty less than 2.4 
(HR, 1.35; 95% CI, 1.09–1.66; P = 0.006), and not being 
married nor living with a partner (HR, 1.22; 95% CI, 
1.08–1.38; P < 0.001) were significantly associated with 
an increased cancer-specific mortality risk compared to 
those with favorable SDoH (Table  2). Specifically, indi-
viduals of being unemployed status were associated with 
almost more than 1.9- and 2.2-fold higher all-cause mor-
tality and cancer-specific mortality rates, respectively.

Cancer survivors with a greater cumulative num-
ber of SDoHs were significantly associated with an 
increased risk of death from all-cause and cancer 
(Additional file  1: Fig. S4; P < 0.001). In the multivari-
able of MV model 1 (adjusted for age, gender, race, 
and ethnic), the HRs for all-cause and cancer-specific 
mortality were 1.54 (95% CI, 1.25–1.89) and 1.52 (95% 
CI, 1.04–2.22) for cancer survivors with 1 unfavora-
ble SDoH, 1.81 (95% CI, 1.46–2.24) and 1.70 (95% 
CI, 1.20–2.24) for those with 2 unfavorable SDoHs, 
2.42 (95% CI, 1.97–2.97) and 2.22 (95% CI, 1.51–3.26) 
for those with 3 unfavorable SDoHs, 3.22 (95% CI, 

Fig. 1 All-cause mortality (A), cancer-specific mortality (B), and hazard ratios in US adults diagnosed with cancers aged 20 years or older by race 
and ethnicity. Note: Kaplan–Meier curves showed cumulative mortality probability race and ethnicity using age as the timescale. The number 
at risk was unweighted observed frequencies. Cumulative mortality rates were estimated with the use of survey weights. The bar chart showed HRs 
of all-cause and cancer-specific mortality associated with race and ethnicity, adjusted for age, and gender. Error bars were 95% CIs. NHW indicated 
non-Hispanic White; NHB indicated non-Hispanic Black; HR indicated hazard ratio; ns was the abbreviation of no significance; *** meant p < 0.001, ** 
meant p < 0.01, and * meant p < 0.05
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Table 2 Association of SDoH With All-Cause and Cancer Mortality Among US Cancer Survivors Age 20 Years or Older, NHANES, 1999 
to 2018

Hazard ratio (95% CI)

Mortality outcome Death/No. Weighted death ( % 
[95%CI])

Age  adjusteda P value MV model  1a,b,c P value MV model  2a,b,c,d P value

All cause 1964/5163 5 653 048 (100%)

Employment status

 Employed, student, 
or retired

1580/4096 4 486 752 (26.6% [25.0-28.3]) 1 [Reference] 1 [Reference] 1 [Reference]

 Unemployed 382/1061 1 163 126 (30.4% [27.2-33.6]) 1.97 (1.72-2.26) <0.001 2.17 (1.89-2.51) <0.001 1.83 (1.58-2.12) <0.001

Family income-to-poverty ratio

 >=2.4 745/2345 2 421 629 (20.3% [18.6-22.1]) 1 [Reference] 1 [Reference] 1 [Reference]

 <2.4 1027/2323 2 722 447 (39.1% [36.5-41.7]) 1.77 (1.58-1.99) <0.001 1.88 (1.66-2.12) <0.001 1.51 (1.32-1.72) <0.001

Food security

 Full security 1646/4058 4 853 469 (28.2% [26.5-30.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 Marginal, low, or very low 
security

267/972 660 807 (22.3% [19.0-25.5]) 1.57 (1.32-1.87) <0.001 1.65 (1.39-1.95) <0.001 1.03 (0.84-1.25) 0.786

Education level

 High school graduate 
or higher

1317/3920 4 177 555 (23.7% [22.2-25.3]) 1 [Reference] 1 [Reference] 1 [Reference]

 Less than high school 644/1234 1 470 342 (47.7% [43.3-52.1]) 1.62 (1.42-1.85) <0.001 1.62 (1.41-1.88) <0.001 1.23 (1.05-1.44) 0.012

Regular health-care access

 At least one regular 
health-care facility

1852/4778 5 347 052 (28.0% [26.4-29.5]) 1 [Reference] 1 [Reference] 1 [Reference]

 None or emergency room 112/384 305 995 (19.4% [15.3-23.6]) 1.07 (0.80-1.42) 0.652 1.05 (0.80-1.39) 0.725 1.01 (0.75-1.35) 0.956

Type of health insurance

 Private 1052/2939 3 156 032 (23.5% [21.7-25.2]) 1 [Reference] 1 [Reference] 1 [Reference]

 Government or none 895/2188 2 458 097 (34.5% [32.2-36.8]) 1.47 (1.30-1.66) <0.001 1.47 (1.31-1.66) <0.001 1.19 (1.05-1.36) 0.007

Home ownership

 Own home or being 
brought

1510/3931 4 476 806 (27.1% [25.4-28.7]) 1 [Reference] 1 [Reference] 1 [Reference]

 Rent home or other 
arrangement

435/1146 1 128 558 (30.1% [26.5-33.6]) 1.65 (1.45-1.86) <0.001 1.73 (1.52-1.97) <0.001 1.39 (1.20-1.62) <0.001

Marital status

 Married or living 
with a partner

1047/3049 3 123 525 (23.3% [21.5-25.1]) 1 [Reference] 1 [Reference] 1 [Reference]

 Not married nor living 
with a partner

893/2076 2 453 699 (34.3% [32.0-36.6]) 1.37 (1.23-1.53) <0.001 1.53 (1.37-1.72) <0.001 1.22 (1.08-1.38) 0.001

 Per 1 unfavorable SDoH 
increased

NA NA 1.44 (1.31-1.57) <0.001 1.64 (1.50-1.78) <0.001 NA

Cancer-specific 624/5163 1 863 858 (100%)

Employment status

 Employed, student, 
or retired

476/4096 1 394 041 (8.3% [7.3-9.2]) 1 [Reference] 1 [Reference] 1 [Reference]

 Unemployed 148/1061 469 817 (12.3% [10.1-14.4]) 2.13 (1.69-2.67) <0.001 2.36 (1.85-3.03) <0.001 2.13 (1.62-2.79) <0.001

Family income-to-poverty ratio

 >=2.4 252/2345 920 138 (7.7% [6.7-8.8]) 1 [Reference] 1 [Reference] 1 [Reference]

 <2.4 330/2323 838 185 (12.0% [10.6-13.4]) 1.58 (1.32-1.88) <0.001 1.66 (1.40-1.99) <0.001 1.35 (1.09-1.66) 0.006

Food security

 Full security 508/4058 1 579 770 (9.2% [8.2-10.2]) 1 [Reference] 1 [Reference] 1 [Reference]

 Marginal, low, or very low 
security

101/972 247 400 (8.3% [6.6-10.1]) 1.47 (1.14-1.91) 0.003 1.50 (1.15-1.97) 0.003 1.00 (0.76-1.33) 0.973
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Table 2 (continued)

Hazard ratio (95% CI)

Mortality outcome Death/No. Weighted death ( % 
[95%CI])

Age  adjusteda P value MV model  1a,b,c P value MV model  2a,b,c,d P value

Education level

 High school graduate 
or higher

432/3920 1 450 299 (8.2% [7.4-9.1]) 1 [Reference] 1 [Reference] 1 [Reference]

 Less than high school 191/1234 411 577 (13.4% [11.0-15.7]) 1.47 (1.16-1.85) 0.001 1.42 (1.12-1.81) 0.004 1.08 (0.81-1.44) 0.586

Regular health-care access

 At least one regular 
health-care facility

581/4778 1 747 065 (9.1% [8.3-10.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 None or emergency room 43/384 116 793 (7.4% [4.8-10.0]) 1.09 (0.75-1.57) 0.662 1.06 (0.73-1.54) 0.756 1.04 (0.70-1.54) 0.853

Type of health insurance

 Private 339/2939 1 063 829 (7.9% [6.8-9.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 Government or none 280/2188 791 069 (11.1% [9.8-12.4]) 1.47 (1.23-1.77) <0.001 1.45 (1.21-1.74) <0.001 1.18 (0.97-1.44) 0.102

Home ownership

 Own home or being 
brought

482/3931 1 518 767 (9.2% [8.2-10.2]) 1 [Reference] 1 [Reference] 1 [Reference]

 Rent home or other 
arrangement

138/1146 339 039 (9.0% [7.4-10.7]) 1.40 (1.12-1.75) 0.003 1.42 (1.13-1.79) 0.002 1.11 (0.85-1.44) 0.440

Marital status

 Married or living 
with a partner

342/3049 1 067 533 (8.0% [7.0-10.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 Not married nor living 
with a partner

273/2076 765 428 (10.7% [9.4-12.1]) 1.38 (1.17-1.64) <0.001 1.54 (1.29-1.84) <0.001 1.30 (1.07-1.56) 0.007

 Per 1 unfavorable SDoH 
increased

NA NA 1.39 (1.31-1.46) <0.001 1.53 (1.45-1.60) <0.001 NA

Non-cancer 1340/5163 3 789 190 (100%)

Employment status

 Employed, student, 
or retired

1104/4096 3 092 711 (18.4% [16.8-19.9]) 1 [Reference] 1 [Reference] 1 [Reference]

 Unemployed 234/1061 693 309 (18.1% [15.4-20.8]) 1.90 (1.57-2.29) <0.001 2.08 (1.70-2.55) <0.001 1.69 (1.36-2.10) <0.001

Family income-to-poverty ratio

 >=2.4 493/2345 1 501 492 (12.6% [11.2-14.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 <2.4 697/2323 1 884 262 (27.0% [24.5-29.6]) 1.88 (1.62-2.18) <0.001 1.99 (1.70-2.33) <0.001 1.60 (1.36-1.87) <0.001

Food security

 Full security 1138/4058 3 273 698 (19.0% [17.5-20.6]) 1 [Reference] 1 [Reference] 1 [Reference]

 Marginal, low, or very low 
security

166/972 413 408 (13.9% [11.0-16.9]) 1.62 (1.28-2.03) <0.001 1.73 (1.37-2.17) <0.001 1.06 (0.82-1.37) 0.650

Education level

 High school graduate 
or higher

885/3920 2 727 255 (15.5% [14.2-16.8]) 1 [Reference] 1 [Reference] 1 [Reference]

 Less than high school 453/1234 1 058 764 (34.4% [30.3-38.5]) 1.69 (1.45-1.97) <0.001 1.72 (1.46-2.02) <0.001 1.30 (1.09-1.54) 0.003

Regular health-care access

 At least one regular 
health-care facility

1271/4778 3 599 988 (18.8% [17.5-20.2]) 1 [Reference] 1 [Reference] 1 [Reference]

 None or emergency room 69/384 189 202 (12.0% [8.1-15.9]) 1.05 (0.69-1.60) 0.814 1.04 (0.68-1.58) 0.856 0.98 (0.64-1.53) 0.945

Type of health insurance

 Private 713/2939 2 092 202 (15.5% [14.2-16.9]) 1 [Reference] 1 [Reference] 1 [Reference]

 Government or none 615/2188 1 667 028 (23.4% [21.1-25.7]) 1.46 (1.27-1.68) <0.001 1.47 (1.28-1.70) <0.001 1.20 (1.03-1.40) 0.018

Home ownership

 Own home or being 
brought

1028/3931 2 958 039 (17.9% [16.5-19.3]) 1 [Reference] 1 [Reference] 1 [Reference]

 Rent home or other 
arrangement

297/1146 789 519 (21.0% [17.5-24.5]) 1.77 (1.48-2.11) <0.001 1.89 (1.57-2.27) <0.001 1.57 (1.28-1.92) <0.001
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2.48–4.19) and 2.44 (95% CI, 1.60–3.72) for those with 
4 unfavorable SDoHs, 3.99 (95% CI, 2.99–5.33) and 
3.60 (95% CI, 2.25–5.75) for those with 5 unfavorable 
SDoHs, and 6.34 (95% CI, 4.51–8.90) and 5.00 (95% 
CI, 3.00–8.31) for those with 6 or more unfavorable 
SDoHs, respectively, compared with of whom with-
out unfavorable SDoH (Fig.  2). Kaplan–Meier curves 
were used to estimate the cumulative probability of 
all-cause and cancer-specific mortality using age as the 
timescale. The all-cause and cancer-specific mortality 
rates were significant across the several groups with 
a cumulative number of unfavorable SDoHs (Fig.  2, 
P < 0.001). Pairwise comparison using log-rank showed 
that the all-cause mortality rate was similar and not sig-
nificantly different among cancer survivors with 0, 1, 2, 
and 3 cumulative number of unfavorable SDoH across 
the entire age cohort (Additional file 1: Table S4). There 
was no significant difference in cancer-specific mortal-
ity among cancer survivors with 0, 1, 2, 3, and 4 cumu-
lative number of unfavorable SDoH (Additional file  1: 
Table  S5). Based on the linear dose–response analysis 
fitted curves (unfavorable SDoH ranged from 0 to 8), 
every cumulative unfavorable SDoH increase was sig-
nificantly associated with 64% increased risks of death 
from all-cause (HR per 1-number increase, 1.64 [95% 
CI, 1.50–1.78]), and 53% of cancer (HR per 1-number 
increase, 1.53 [95% CI, 1.45–1.60]) (Additional file  1: 
Fig. S5 and Table 2; P < 0.001 for linear trend).

Age-adjusted/ age-gender-adjusted all-cause mortality 
and cancer-specific mortality risk were significantly higher 
in NHB cancer survivors when compared with NHW. 
Further adjustment for all SDoH factors, black-white dis-
parity in cancer-specific mortality was still observed (HR 

1.45, 95% CI 1.07–1.96), and the all-cause mortality did 
not show a statistically significant difference (HR, 1.08; 
95% CI 0.89–1.30; Table 3). In the mediation analysis, the 
socioeconomic factor of unemployment (17.5% for all-
cause mortality; 15.3% for cancer-specific mortality) can 
mostly explain the racial disparity in all-cause and can-
cer-specific mortality, and unemployment was associated 
with a nearly 90% and 120% greater all-cause and can-
cer-specific mortality, respectively. A family income-to-
poverty ratio less than 2.4 (15.7%), an education less than 
high school (8.1%), government health insurance (6.9%), 
renting a home or other housing arrangement (15.4%), 
and not being married nor living with a partner (13.4%) 
indicated effective relative contribution to the disparity of 
all-cause mortality between NHB and NHW cancer sur-
vivors. An additional factor (not being married nor living 
with a partner [10.2%]) contributed significantly to the 
racial difference in cancer-specific mortality (Table 3).

In the subgroup analysis, NHW cancer survivors who 
were unemployed, a lower level of PIR, an education less 
than high school, government or none of health insur-
ance, renting a home or other housing arrangement, and 
not being married nor living with a partner were signifi-
cantly more likely to die of all-cause mortality compared 
to NHW cancer survivors without unfavorable SDoH. 
Unemployment and not being married nor living with a 
partner were significantly associated with a higher risk 
of cancer-specific mortality (Additional file 1: Table S6). 
Being unemployed and having no access to a regular 
health care facility or emergency room was significantly 
associated with all-cause mortality in NHB cancer survi-
vors. Only unemployed status was associated with can-
cer-specific mortality (Additional file 1: Table S6). In the 

Number of deaths, and number of participants in each category are unweighted observed frequencies. HRs (95% CIs) were estimated with imputation-adjusted 
survey weights. MV Multivariable
a Adjusted for age
b Multivariable model additionally adjusted for sex (male/female)
c Multivariable model additionally adjusted for race and ethnicity (non-Hispanic Black, Hispanic, non-Hispanic White, other race or ethnicity [including American 
Indian/Alaska Native/Pacific Islander, Asian, multiracial])
d Multivariable model additionally adjusted for other SDoH

Table 2 (continued)

Hazard ratio (95% CI)

Mortality outcome Death/No. Weighted death ( % 
[95%CI])

Age  adjusteda P value MV model  1a,b,c P value MV model  2a,b,c,d P value

Marital status

 Married or living 
with a partner

705/3049 2 055 991 (15.3% [13.7-17.0]) 1 [Reference] 1 [Reference] 1 [Reference]

 Not married nor living 
with a partner

620/2076 1 688 271 (23.6% [21.5-25.8]) 1.36 (1.17-1.58) <0.001 1.53 (1.30-1.79) <0.001 1.18 (1.01-1.39) 0.041

 Per 1 unfavorable SDoH 
increased

NA NA 1.47 (1.27-1.66) <0.001 1.69 (1.46-1.93) <0.001 NA
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stratified analysis by gender (female and male), almost 
all unfavorable SDoH were significantly associated with 
greater all-cause and cancer-specific mortality for female 
and male subgroups after adjusting for age, except for 
cancer-specific mortality for unfavorable home owner-
ship (Additional file 1: Table S7). In all sensitivity analy-
ses excluding mortalities that happened during the first 
2-year follow-up since the baseline interview, all results 
remained similar in association with unfavorable SDoH 
with all-cause, cancer-specific, and non-cancer mortality 
(Additional file 1: Table S8).

In this US nationally representative cohort study of 
cancer survivors, we found that NHB and Hispanic adult 
cancer survivors self-reported a higher proportion of 
multiple unfavorable SDoHs compared to NHW adults 
diagnosed with cancer. Compared to NHW cancer sur-
vivors, NHB cancer survivors had significantly higher 
all-cause and cancer-specific mortality after adjusting for 
age and gender. In addition, after further adjusting for all 
SDoH, there was no longer a difference between NHB 
and NHW cancer survivors in all-cause mortality, but a 
significant difference in cancer-specific mortality was still 
observed. These findings suggest that racial differences 
in all-cause mortality between NHW and NHB cancer 
survivors were largely attributable to the explained by 
differences in SDoH, while cancer-specific mortality dis-
parities were partly explained by differences in SDoH. 
Furthermore, unfavorable SDoH were associated with a 

higher risk of all-cause and cancer-specific mortality for 
cancer survivors. During the 20  years of follow-up, an 
increasing number of unfavorable SDoHs in the same 
individual was associated with an increased risk of dying 
from all causes, cancer, and noncancer causes, even after 
adjusting for demographic factors, such as age, gender, 
and race. Of note, there were significantly linear dose–
response relationships between the cumulative number 
of unfavorable SDoHs and all-cause and cancer-specific 
mortality among cancer survivors, and cancer survivors 
having six or more unfavorable SDoH increased the HR 
for mortality of 6.34 and 5.00 compared to those having 
no unfavorable SDoH, respectively.

NHB cancer survivors were more likely than NHW 
patients to have unfavorable levels of all SDoH. Com-
pared to NHW cancer survivors, NHB and Hispanic 
cancer survivors were 3.0 times and 3.9 times more likely 
to experience six or more unfavorable SDoHs, respec-
tively, which may partly explain the racial disparity in 
mortality. Most predominantly, NHB cancer survivors 
were 1.6 times more likely than NHW cancer survivors 
to have family PIR less than 2.4, which was associated 
with almost 50% and 25% greater all-cause mortality and 
cancer-specific mortality, respectively. Most recently, 
Connolly et al. [30] conducted a study involving a cohort 
of 3590 participants from NHANES between 1999 and 
2014, and demonstrated that the SDoH level was more 
favorable for NHW compared to NHB adolescents. Our 

Fig. 2 All-cause mortality (A), cancer-specific mortality (B), and hazard ratios in US adults diagnosed with cancer aged 20 years or older according 
to the cumulative number of unfavorable SDoH. Note: Kaplan–Meier curves showed cumulative mortality probability by age and a cumulative 
number of unfavorable SDoH using age as the timescale. The number at risk is unweighted observed frequencies. Cumulative mortality rates 
were estimated with the use of survey weights. Bar chart showed hazard ratios of all-cause mortality and cancer-specific mortality associated 
with a number of unfavorable SDoH, adjusted for age, gender, and race and ethnicity; error bars were 95% CIs. A Compared to those with 0 
unfavorable SDoH, all-cause mortality of hazard ratios (95% CI) for cancer survivors with 1, 2, 3, 4, 5, or ≥ 6 unfavorable SDoH were 1.54 (1.25–1.89), 
1.81 (1.46–2.24), 2.42 (1.97–2.97), 3.22 (2.48–4.19), 3.99 (2.99–5.33), and 6.34 (4.51–8.90), respectively. B Compared to those with 0 unfavorable 
SDoH, cancer-specific mortality of hazard ratios (95% CI) for cancer survivors with 1, 2, 3, 4, 5, or ≥ 6 unfavorable SDoH were 1.52 (1.04–2.22), 1.70 
(1.20–2.24), 2.22 (1.51–3.26), 2.44 (1.60–3.72), 3.60 (2.25–5.75), and 5.00 (3.00–8.31), respectively. ns was the abbreviation of no significance; *** 
meant p < 0.001, ** meant p < 0.01, and * meant p < 0.05
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finding was consistent with another previous study that 
reported a lower level of PIR, lower level of education 
attachment, lack of health insurance coverage, dietary 
insecurity, and limited health access were more common 
in NHB compared to NHW, which was a key mediator in 
explaining race disparity in all-cause and cause-specific 
mortality, especially cardiovascular disease and neo-
plasms [17, 40].

The persistent disparities in survival by race and eth-
nicity among cancer patients have been well-docu-
mented [2–4, 6, 41], and these disparities between NHB 
and NHW cancer survivors were particularly stark [42]. 
Indeed, the overall cancer mortality in 2022 for male and 
female together was 12% (166.8 vs. 149.3 per 100,000 

persons, respectively) higher in NHB compared to NHW 
cancer survivors [6]. However, racial differences were not 
the only factor that contributed to observed mortality 
disparity and the underlying causes attributed to these 
disparities have not been well established [43]. Vari-
ous factors have been suggested as contributors to these 
racial and ethnic disparities in survival outcomes among 
cancer survivors, including differences in tumor charac-
teristics [44, 45], neighborhood socioeconomic depriva-
tion [42], and accessibility to health care. In the current 
study, disparities in the all-cause mortality HR for NHB 
cancer survivors compared to NHW cancer survivors 
decreased from 1.59 (95% CI, 1.36–1.86) to 1.09 (95% CI, 
0.91–1.31) after adjusting for all SDoHs, which mostly 

Table 3 Mediation analysis by SDoH of the difference between NHB and NHW racial groups in all-cause death among US cancer 
survivors aged 20 or older

Abbreviations: SDoH Social determinants of health, NHB non-Hispanic Black, NHW non-Hispanic White

All-cause mortality Hazard ratio (95% 
CI)

Relative contribution, % (95% 
CI)

Age adjusted

 NHB vs. NHW 1.59 (1.36–1.86) -

Adjusted for age and gender

 NHB vs. NHW 1.57 (1.35–1.84) -

Adjusted for age, gender and all other SDoH

 NHB vs. NHW 1.09 (0.91–1.31) -

Stratified by race and adjusted for age and gender

 Unemployed vs. employed, student, or retired 1.89 (1.64–2.19) 17.5% (6.0 to 29.1)

 Family income-to-poverty ratio < 2.4 vs. ≥ 2.4 1.47 (1.28–1.69) 15.7% (4.9 to 26.5)

 Marginal, low, or very low security vs. full security 1.04 (0.84–1.29) 2.0% (− 6.4 to 10.4)

 Less than high school vs. high school graduate or higher 1.23 (1.04–1.45) 8.1% (0.1 to 16.1)

 None or emergency room vs. at least one regular health care facility 0.95 (0.70–1.28) 0.6% (− 2.5 to 3.6)

 Government or none vs. private health insurance 1.22 (1.07–1.40) 6.9% (0.6 to 13.3)

 Rent a home or other arrangements vs. own home or being brought 1.40 (1.20–1.64) 15.4% (3.3 to 27.4)

 Not married nor living with a partner vs. married or living with a partner 1.26 (1.10–1.44) 13.4% (4.1 to 22.7)

Cancer-specific mortality Hazard ratio (95% CI) Relative contribution, % (95% CI)

Age adjusted

 NHB vs. NHW 2.04 (1.60–2.62) -

Adjusted for age and gender

 NHB vs. NHW 2.03 (1.59–2.59) -

Adjusted for age, gender and all other SDoH

 NHB vs. NHW 1.45 (1.07–1.96) -

Stratified by race and adjusted for age and gender

 Unemployed vs. employed, student, or retired 2.19 (1.65–2.90) 15.3% (4.7 to 26.0)

 Family income-to-poverty ratio < 2.4 vs. ≥ 2.4 1.25 (1.00–1.56) 3.9% (− 3.3 to 11.0)

 Marginal, low, or very low security vs. full security 1.02 (0.75–1.39)  − 0.4% (− 8.4 to 7.6)

 Less than high school vs. high school graduate or higher 1.11 (0.83–1.50) 3.1% (− 5.5 to 11.7)

 None or emergency room vs. at least one regular health care facility 0.99 (0.64–1.51) 0.3% (− 1.6 to 2.3)

 Government or none vs. private health insurance 1.21 (0.98–1.50) 4.7% (− 0.9 to 10.4)

 Rent home or other arrangement vs. own home or being brought 1.10 (0.84–1.44) 4.3% (− 4.4 to 13.0)

 Not married nor living with a partner vs. married or living with a partner 1.34 (1.10–1.65) 10.2% (0.8 to 19.6)
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mediated the racial disparity in all-cause mortality. With 
respect to cancer-specific mortality, the HR for NHB 
cancer survivors compared to NHW cancer survivors 
decreased from 2.04 (95% CI, 1.60–2.62) to 1.45 (95% 
CI, 1.07–1.96) after adjusting for all SDoHs, which has 
a partly mediator role in the racial difference. We found 
that cancer survivors with employed, student or retired 
status (17.5% relative contribution), and PIR more than 
2.4 (15.7% relative contribution) explained the greatest 
percentage of disparities in all-cause mortality. Further-
more, we also showed that employed, student, or retired 
status (15.3% relative contribution) and being married 
or living with a partner (10.2% relative contribution) 
explained the largest portions of disparities in cancer-
specific mortality. Taken together, the traditional socio-
economic factors consisting of household income, level 
of education completed, and unemployment status were 
important explanatory factors, that mediated around 
45% and 25% of all-cause and cancer-specific mortality 
in survival inequities between NHB and NHW cancer 
survivors, respectively, which was consistent with the 
findings of Bundy et al. (nearly 50% mediated the differ-
ential in all-cause premature mortality) [25]. The SDoH, 
through an impact on occupational opportunities and 
income levels, have a substantial influence on insurance 
coverage, which was one of the main factors determining 
access to and delivery of health care services in the US as 
well as associated disparities in survival [40]. Conversely, 
these traditional economic factors have a greater effect 
on the racial/ethnic disparities in the general population 
compared to cancer patients. Specifically, Luo et al. [20] 
suggested that income mediated 62% of the association in 
mortality between NHB and NHW, which was consistent 
with the dominant contributors to family income (40%) 
and education (19%) to the gap between NHB and NHW 
adult populations [17]. Interestingly, NHW cancer survi-
vors were approximately 25% more likely to be married 
or living with a partner compared to NHB cancer survi-
vors. Being married or living with a partner was associ-
ated with the cancer-related survival benefits, possibly 
due to increased social support and higher psychologi-
cal well-being and instrumental support, helping navi-
gate the health care system [46, 47]. According to Fuzzel 
et al. [48], barriers to health care accessibility and insur-
ance coverage have a significant impact on rates of can-
cer screening, as well as the burden and attributions of 
the disease. These findings suggested SDoH factors, as an 
important mediator, drive racial health disparities, as well 
as all-cause and cancer-specific mortality, highlighting 
the necessity of the level of SDoH contexts for all people, 
especially those who are more vulnerable to unfavorable 
SDoH.

The cumulative adverse SDoHs were associated 
with poor all-cause survival and cause-specific sur-
vival rates among the cancer-free population have been 
previously reported, e.g., among patients with car-
diovascular disease. Sameroff et  al. [49] reported that 
cumulative unfavorable social risk factors, such as food 
insecurity combined with social isolation and loneliness, 
have a higher relevance to poor health outcomes than 
single social risk factors. Jilani et  al. [50] suggested that 
greater SDoH adversity was linked to a higher burden of 
cardiovascular risk factors and poor health outcomes, 
such as stroke, myocardial infarction, coronary heart dis-
ease, heart failure, and mortality. Similarly, Zhang et  al. 
[16] combined family income level, occupation, education 
level, and health insurance to measure socioeconomic 
status, and reported that participants who met low socio-
economic status had higher risks of all-cause mortality 
(HR, 2.13 and 95% CI, 1.90–2.38 in the US NHANES; 
HR, 1.96 and 95% CI, 1.87–2.06 in the UK Biobank), car-
diovascular disease mortality (HR, 2.25; 95% CI, 2.00–
2.53), and incident cardiovascular disease (HR, 1.65; 95% 
CI, 1.52–1.79) in UK Biobank, compared to high socioec-
onomic status. Our results were consistent with the find-
ings of a study in which each additional SDoH conferred 
additional cancer-related mortality, compared to cancer 
survivors without any SDoH (1 SDoH [HR, 1.39; 95% 
CI, 1.11–1.75], 2 SDoHs [HR, 1.61; 95% CI, 1.26–2.07], 
and ≥ 3 SDoHs [HR, 2.09; 95% CI, 1.58–2.75]) [13]. In 
contrast, Weires et al. [51] observed that women with a 
higher socioeconomic status showed increased mortality 
due to breast cancer in Sweden. This finding may be due 
to the structure of the Swedish family cancer database 
(Swedes born after 1931 and their biological parents), as 
well as analytical restrictions on individuals 30–60 years 
of age in 1960, which may exclude low-socioeconomic 
adults with severe health problems. Previous studies have 
shown that these unfavorable SDoH have a tendency to 
cluster in individuals [13, 23]. For example, individuals in 
the general US population who self-reported food inse-
curity were more likely to be combined with a low level of 
education attachment, not being married, a low level of 
family income, and a bad lifestyle. This finding was con-
sistent with our observation that these unfavorable SDoH 
were not isolated but interrelated, and each unfavorable 
SDoH included in our study has been found to indepen-
dently increase the risk of mortality. Compared to most 
previous studies based on a single SDoH, we found that 
there was a simple linear dose–response relationship 
reflecting the cumulative effect of multiple unfavorable 
SDoHs on all-cause and cancer-specific mortality. Col-
lectively, these SDoH appear to synergistically increase 
the risk of all-cause and cancer-specific mortality among 
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number of unfavorable SDoHs also appeared to be asso-
ciated with higher risks of death from all-causes, and 
cause-specific (cancer and non-cancer). Taken together 
with previous findings, the unfavorable SDoH levels were 
the major risk factors for all-cause and cancer-specific 
mortality and were the underlying causes in all-cause 
racial health disparities among US cancer survivors. The 
entire government, civil society, local communities, busi-
nesses, and international agencies must pay more atten-
tion to the upstream SDoH, such as economic resources, 
employment, education quality, and racial discrimina-
tion [52]. We believe that these findings shed highlight 
on the cumulative burden of SDoHs on all-cause and 
cancer-specific mortality among cancer survivors, pro-
viding insight for ongoing and future initiatives aimed 
at mitigating mortality rates within vulnerable popula-
tions, including racial/ethnic minorities and individuals 
with an unfavorable level of SDoH status. Addressing 
social disparities in cancer health is a very important 
part of improving survival outcomes for cancer survi-
vors, reflecting a commitment to health equity—aimed at 
achieving the optimal health for everyone.
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cancer survivors. However, the cumulative risk derived 
from a sum of the number of unfavorable SDoH assumed 
that all SDoH had equal and independent effects on sur-
vival outcomes, which might not be precise. We suggest 
that future research may need to use more complex mod-
els, such as interaction models, to more accurately cap-
ture the complex interactions of unfavorable SDoH.

Strengths and limitations
The major strength of this study was the use of large 
sample size data from the NHANES, which provides an 
opportunity to comprehensively evaluate the complex 
relations of SDoH with all-cause and cancer-specific mor-
tality among cancer survivors. In addition, we focused on 
multiple SDoH factors and estimated the effect of accu-
mulating unfavorable SDoH burden on mortality. We also 
performed mediation analysis to show the contribution of 
SDoH to disparities in all-cause and cancer-specific mor-
tality. There were some limitations in the present study. 
First, we conducted the analyses based on the follow-up of 
time-to-event, however, all data on SDoH variables were 
only assessed at the baseline interview, which may not 
reflect factors that changed during the follow-up period. 
Therefore, our study was not able to quantify the effect of 
changes in eight SDoH on the mortality of cancer survi-
vors over time. It is essential to conduct several repeated 
interviews about the level of SDoH during the follow-up 
period to reveal the influence of SDoH factors on survival 
among cancer survivors. Second, the assessment of SDoH 
was limited by the availability of variables in the NHANES 
database. Some SDoH such as neighborhood environ-
ment, social support, and exposure to racism, were not 
widely available, which may also contribute to the all-
cause and cancer-specific mortality. Third, the follow-up 
duration was relatively short (median, 81 months) and an 
important bias among these cancer survivors such that 
socially disadvantaged who died during the study period 
might have had severe disease at baseline.

Conclusions
In conclusion, in this cohort study of a nationally repre-
sentative sample of US cancer survivors between 1999 
and 2018, there were significant differences in SDoH 
and mortality rates across self-reported racial and ethnic 
groups. Unfavorable SDoH were more common among 
NHB cancer survivors than NHW cancer survivors, were 
strongly associated with an increased risk of all-cause 
and cancer-specific mortality, and largely explained the 
difference between NHB and NHW cancer survivors in 
all-cause mortality, as well as partially explained these 
racial disparities in cancer-specific mortality. In addi-
tion, the cancer participants with a greater cumulative 
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unfavorable social determinants of health. Fig. S5 Linear dose–response 
association between cumulative number of unfavorable social determi-
nants of healthand all-cause of death, and cancer deathamong US cancer 
survivors.
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