
INTRODUCTION

In 2019, there were more than 16.9 million cancer survivors 
in the United States [1]. The 5-year relative survival rates 
increased from 49% during 1975-1977 to 67% during 2010-
2016, due to advances in treatment and earlier diagnosis 
for some cancers [1,2]. Although survival of cancer patients 
has improved, 1.9 million new cancer cases were expected 
to be diagnosed in 2021 and 608,570 cancer patients were 
estimated to die [1,3]. Particularly, lung and bronchus, as 

the most common cause of cancer death for both men and 
women, accounted for 22% of total cancer deaths in 2021, 
which is two times higher than the number of prostate can-
cer deaths and 1.47 times higher than the number of breast 
cancer deaths [3]. The 5-year relative survival rate for lung 
cancer patients was only 21% during 2010-2016, increasing 
from 12% during 1975-1977 [1,2]. 
	 Common risk factors of cancer incidence [4-7], mortality 
[4,5,7-9], and survival [4,5,8,10-14] are well-documented, 
including sex, race/ethnicity, income, education level, occupa-
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tion, housing tenure, cigarette smoking, excess body weight, 
alcohol consumption, physical activity, and psychological 
distress [4-6,12,14,15]. Besides these factors, use of screen-
ing tests has decreased mortality rates [4,8], and stage at 
diagnosis and treatment affect cancer mortality or survival 
rates [8]. Non-Hispanic Blacks have higher death rates for all 
cancers combined, compared with other racial/ethnic groups 
[5,8,16]. Low socioeconomic position in education, occupa-
tion, and income has been shown to increase risk of lung 
cancer incidence by 61%, 48%, and 37%, compared with the 
highest socioeconomic status (SES) levels [6], while one me-
ta-analyses found that lung cancer survival was associated 
with income but not consistently with education [10]. Health 
behaviors are important factors, given that 28.8% of cancer 
deaths are attributable to cigarette smoking, followed by obe-
sity (6.5%), alcohol intake (4.0%), fruit and vegetable con-
sumption (2.7%), and physical inactivity (2.2%) [7]. Cancer 
mortality has been shown to be 33% higher for adults with 
serious psychological distress, compared to those without 
psychological distress [9].
	 Existing registry-based studies of survival have focused 
on disparities in survival of cancer patients by sex and race/
ethnicity, limited measures of SES, comorbidity, stage, or 
area-level SES. Patient survival rates are found to be signifi-
cantly lower for males and non-Hispanic blacks, compared 
with females and non-Hispanic whites [1,2,5,8]. During 2010-
2016, the 5-year relative survival rate for all cancers com-
bined for females was 68.5%, higher than the rate of 66.4% 
for males [2]. The 5-year relative survival rate for whites 
was 68%, compared with 63% for blacks [1,2]. The 5-year 
survival for lung cancer female patients aged 66-74 years 
with no comorbidity was 60.3% at localized disease stage, 
27.8% at regional disease stage, and 3.7% at distant disease 
stage, while those with severe comorbidity presented 36.3%, 
15.9%, and 1.8% [17]. Differences in cancer survival have 
also been found by socioeconomic deprivation. During 1988-
1999, the 10-year survival rate for cancer patients was 41% 
in the most-deprived neighborhoods, compared with 60.4% 
for those in the least-deprived neighborhoods [5]. However, 
most research on cancer patient survival uses registry-based 
(e.g., Surveillance, Epidemiology, and End Results [SEER]) 
incidence and survival data that have limited SES, nativity/
immigrant status, and health-risk information.
	 To address this gap in research, given the highest rate of 
lung cancer incidence in the United States, our study exam-
ines disparities in the predicted all-cause and cancer survival 
rates among all cancer patients and lung cancer patients in 
the United States by sociodemographic, health, and behav-
ioral characteristics, using a nationally representative longitu-
dinal dataset with a 19-years of mortality follow-up.

MATERIALS AND METHODS

Data
The data for this study are derived from the 1997-2014 
cross-sectional National Health Interview Survey (NHIS) 
linked to the 1997-2015 cumulative National Death Index 
(NDI) [18]. As a nationally representative, annual cross-sec-
tional household interview survey, NHIS provides demo-
graphic, socioeconomic, and health characteristics of the 
civilian, non-institutionalized population in the United States 
[19]. The NHIS uses geographically clustered sampling tech-
niques to select the sample of dwelling units [19]. The sample 
is designed each month’s sample to be nationally represen-
tative and collected continuously from January to December 
each year [19]. We used the NHIS Sample Adults file includ-
ing more specific and detailed information such as cancer 
diagnosis or cancer type [20]. NHIS sample size varies from 
year to year. In the Sample Adult files, for example, the 1997 
NHIS contains 36,116 persons with an 80.4% response rate 
[21], and the 2014 NHIS contains 36,697 persons with a 
58.9% response rate [20]. The National Center for Health 
Statistics (NCHS) developed public-use versions of the NHIS 
linked with death certificate records from the NDI. For this 
study, we used the 1997-2015 pooled NHIS linked mortality 
file containing 19 years of longitudinal mortality follow-up data 
from the date of survey participation through December 31, 
2015 [22,23]. 

Sample
The study sample was restricted to cancer patients aged 18 
and older from the years of 1997 to 2014 NHIS sample adult 
files (n = 42,767, Fig. 1). Cancer patients were identified by 
asking respondents whether they were ever diagnosed by a 
doctor or other health professional as having cancer. Then, 
cancer patients without mortality status (n = 1,230), those 
without information on age at first diagnosis for cancer (n = 
626), or sample with death month being earlier than inter-
view month (n = 4), were eliminated from the analysis. The 
final pooled eligible sample size excluding missing values in 
covariates was 40,291 for all cancer patients and 1,287 lung 
cancer patients. Missing values, accounting for less than 
1% of the study sample, for race/ethnicity (0.01%), nativity 
(0.10%), education (0.43%), marital status (0.14%), housing 
tenure (0.12%), self-reported physical health status (0.16%), 
and smoking (0.66%) were excluded from the analyses. 
	 For missing values accounting for more than 1% of the to-
tal observations, poverty status (17.52%), psychological dis-
tress (1.94%), regular physical activity (2.96%), body mass 
index (BMI) (2.99%), and alcohol consumption (1.45%), we 
created missing categories so as to not lose too many obser-
vations in the analysis. Although a knowledgeable proxy can 
respond for sample adults, if they are physically or mentally 
unable to respond to survey, there might be a potential se-
lection bias since survey respondents were healthy enough 
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to participate in the survey and survived a substantial period 
after the cancer diagnosis.

Measurement
We examined all-cause mortality and cancer mortality (ICD-
10 codes: C00-C97)-related outcomes: age-adjusted and 
covariate-adjusted predicted cancer-specific survival rates for 
all cancer patients and for lung cancer patients. 
	 Follow-up time for individuals who died during the study 
period was estimated by the number of months from age 
first diagnosed with cancer to the month/year of death. For 
individuals who were alive was estimated by the number of 
months from age first diagnosed with cancer to December 
31, 2015. For cancer patients with more than one cancer, we 
calculated the mean of years since first diagnosis on multiple 
cancers. Since the NHIS-NDI database provides only the 
quarter of death, we assumed that death occurred in the mid-
dle of the quarter, February, May, August, or November [24]. 

Sociodemographic, health, and behavioral 
characteristics
Based on the previous literature, we selected the following 
determinants of health for model estimation of cancer mortali-
ty: age, sex, race/ethnicity, education, poverty status, occupa-
tion, housing tenure, marital status, nativity/immigrant status, 
region of residence, self-reported physical health status, 
psychological distress, regular physical activity, BMI, smoking 
status, alcohol consumption, and survey years [4-10]. Defini-
tion of measures is provided in Table S1. 

Analytic approach
Weighted proportions of all-cause death and cancer death by 

each covariate were calculated for all cancer patients and for 
lung cancer patients, using survey weight. For the lung can-
cer model, binary measure of the US-born/foreign-born vari-
able was used and alcohol consumption was dropped. Cox 
proportional hazards models were used to derive predicted 
all-cause and cancer-specific survival rates among cancer 
patients, controlling for individual characteristics and year-
fixed effects. 
	 First, we examined the Cox models controlling for a differ-
ent set of covariates: 1) age and survey year (age-adjusted 
model); 2) age, survey year, sex, race/ethnicity, education, 
poverty status, occupation, housing tenure, marital status, na-
tivity/immigrant status, and region (SES-adjusted model); and 
3) all covariates in the SES-adjusted model plus self-reported 
health status, psychological distress, regular physical activity, 
BMI, smoking status, and alcohol consumption (fully-adjusted 
model). All Cox regression analyses with hazard ratios were 
reported in Table S2, 3. 
	 Second, the predicted survival rates were estimated for 
each of the sociodemographic, health, and behavioral char-
acteristics using Stata post-estimation command, survci, at 
the mean age and reference group for other characteristics. 
This approach provides survival rates for prototypical individ-
uals,’ which is different from the average survival rates of the 
sample. Since Cox regression is a semi-parametric model, 
Stata first estimates the baseline survivor function, when all 
covariates are equal to zero [25,26]. Once Stata has an es-
timate of the baseline survivor function, a covariate-adjusted 
survival rate was predicted at the specified characteristics 
[26]. These are the characteristics of the prototypical individ-
ual for this study: age = 63.52 years for all cancer patients 
(68.11 years for lung cancer patients); male; non-Hispanic 

1997 2015 NHIS-NDI sample adults file
n = 552,837

Cancer patients
n = 42,767

Cancer patients
n = 41,537

Cancer patients
n = 40,911

Cancer patients
n = 40,907

Final sample size for all cancer patients
n = 40,291

Final sample size for lung cancer patients
n = 1,287

Non-c ncer patients
n = 510,070

a

Missing in mortality status
n = 1,230

Missing in age at first diagnosis for cancer
n = 626

Dropping left censoring
n = 4

Missing in covariates
n = 616

Non-lung cancer patients
n = 39,004

Figure 1. Flow chart of final sample 
size for all cancer patients and lung 
cancer patients in 1997-2015 NHIS-
NDI. NHIS-NDI, National Health Inter-
view Survey-National Death Index.
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white; master’s degree or higher; income ≥ 400% of federal 
poverty level (FPL); professional and managerial occupation; 
homeowner; married; US-born; West region; excellent/very 
good/good health; no serious psychological distress; regular 
physical activity; BMI < 25; never smoker; lifetime abstainer; 
and year = 1997. 
	 We separately estimated and reported survival rates for 
each individual characteristic by all-cause and cancer specific 
death, by 1-year, 5-year, and 10 year-follow-up, and by age-, 
SES-, and fully-adjusted models for both all cancer patients 
and lung cancer patients [27]. Cancer specific survival rate 
and SES- and fully-adjusted model analyses were reported in 
Tables S4-S7.
	 Our approach is different from previous studies using 
SEER data, in which expected survival rates are derived 
from life tables by SES, geography, and race developed by 
the SEER program [2,27,28]. For cancer death, individuals 
surviving beyond the follow-up period and those dying from 
causes other than cancer were treated as right-censored 
observations. The model assumes that hazard rates are a 
log-linear function of parameters representing the effects of 
covariates [29,30]. We checked the hazards proportionality 
assumption [30] by inspecting the plots of [log(-log) survival 
function] against survival time t for the various covariate cat-
egories including those for all covariates in the fully-adjusted 
model [31]. These plots were found to be approximately 
parallel and hence the proportionality assumption was taken 
to be satisfied by the data. All analyses were conducted by 
Stata 17 (StataCorp LLC, College Station, TX, USA) , and the 
Cox model was fitted using stcox (Stata) procedure [32]. The 
study was exempt from Institutional Review Board approval 
as it utilized a de-identified public use dataset.

RESULTS

Descriptive statistics
Our study sample of cancer patients were more likely to be 
female (57.46%), non-Hispanic white (87.95%), those with 
a high school diploma (30.85%), those at or above 400% 
of the poverty level (34.35%), those with professional and 
managerial occupations (27.33%), homeowners (80.57%), 
currently married (61.61%), the US-born (93.21%), residents 
of the South (37.51%), those with excellent/very good/good 
health status (73.82%), those without psychological distress 
(42.31%), those with no regular physical activity (42.50%), 
those with BMI < 25 (36.62%), never smokers (45.29%), and 
current drinkers (57.40%) (Table 1). Lung cancer patients 
showed a similar pattern, except that they were more likely 
to be male (51.98%), unemployed or outside the labor force 
(31.82%), to report fair/poor health status (52.96%), and for-
mer smokers (64.05%). The total number of all-cause deaths 
and cancer deaths during the 19-year follow-up were 11,840 
and 4,229 for all cancers combined, and 798 and 499 for lung 
cancer patients. 

All-sites combined 

1) Survival rates by sociodemographic characteristics
Lower survival was associated with racial minority and low-
er SES such as education, income, or occupation among 
cancer patients. The estimated difference in the 10-year 
age-adjusted all-cause survival rate between non-Hispanic 
black and non-Hispanic white cancer patients was 5.92 per-
centage points (79.52% vs. 85.44%). The estimated 10-year 
age-adjusted all-cause survival rate for cancer patients with 
less than high school was 81.58% and 88.38% for cancer pa-
tients with master’s degree or higher (Table 2). The estimated 
difference in the 10-year age-adjusted all-cause survival rate 
between cancer patients below the poverty level and those 
with income ≥ 400% of the FPL was 7.38 percentage points 
(80.63% vs. 88.01%). The 10-year age-adjusted all-cause 
survival rate for cancer patients with professional and man-
agerial occupations was 89.66%, significantly higher than 
the survival rate for cancer patients with other occupations. 
The estimated 10-year age-adjusted all-cause survival rate 
for cancer patients renting house was 82.65%, significantly 
lower than the survival rate of 85.80% for cancer patients 
owning house. The 10-year age-adjusted all-cause survival 
rate for cancer patients currently married was 85.42%, higher 
than the survival rate for cancer patients divorced/separated 
(84.35%), or never married (82.75%). The estimated 10-
year age-adjusted all-cause survival rate for US-born cancer 
patients was 84.98%, lower than the survival rate for for-
eign-born cancer patients residing in the US for 15 years or 
longer (85.94%). The gap in cancer survival narrowed with 
additional sociodemographic, health, or behavioral adjust-
ment (Table S4).

2) Survival rates by health status and health behaviors
Lower survival was consistently associated with poor physical 
and mental health status. The estimated 10-year age-adjust-
ed all-cause survival rate for cancer patients with fair or poor 
health status was 77.92%, significantly lower than the surviv-
al rate of 87.99% for cancer patients with excellent/very good/
good health status. The estimated 10-year age-adjusted all-
cause survival rate for cancer patients with serious psycho-
logical distress was 79.57%, significantly lower than the sur-
vival rate of 86.71% for cancer patients with no psychological 
distress. 
	 The estimated 10-year age-adjusted all-cause survival rate 
for cancer patients with regular physical activity was 90.18%, 
significantly higher than the survival rate for cancer patients 
without regular physical activity (83.24%) or those with less 
than regular physical activity (87.92%). The 10-year age-ad-
justed all-cause survival rate for cancer patients with BMI 
< 25 was 84.49%, significantly higher than the survival rate 
for cancer patients with severe obesity (BMI ≥ 40 [82.37%]) 
but lower than the survival rate for cancer patients with BMI 
25 to 29 (85.93%), BMI 30 to 39 (84.83%). Among cancer 
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Table 1. Weighted proportion (%) of socio-demographic, health, and behavioral characteristics of US cancer patients and lung cancer 
patients aged ≥ 18 years, 1997-2015

Characteristics
All cancers patients 

 (n = 40,291)
Lung cancer patients

 (n = 1,287)

Patients Weighted proportion Patients Weighted proportion

All-cause deaths 11,840 26.89 (0.28) 798 62.37 (1.62)
Cancer deaths 4,229 9.87 (0.18) 499 39.62 (1.70)
Sex
   Male 15,640 42.54 (0.31) 626 51.98 (1.69)
   Female 24,651 57.46 (0.31) 661 48.02 (1.69)
Race/ethnicity
   Non-Hispanic white 33,543 87.95 (0.21) 1,026 85.46 (1.08)
   Non-Hispanic black 3,312 5.60 (0.15) 160 8.43 (0.87)
   Hispanic/Latino 2,519 4.38 (0.13) 75 4.38 (0.58)
   American Indian/Alaska native 212 0.50 (0.05) 9 0.71 (0.29)
   Asian/Pacific islander 620 1.40 (0.07) 15 0.91 (0.28)
   Non-Hispanic other race 85 0.17 (0.03) 2 0.10 (0.07)
Education
   Less than high school 6,666 14.31 (0.24) 320 22.98 (1.34)
   High school 12,326 30.85 (0.29) 467 38.58 (1.60)
   Some college   11,065 27.37 (0.30) 287 21.24 (1.44)
   Bachelor’s degree 6,034 16.31 (0.25) 127 10.41 (1.09)
   ≥ Master’s degree 4,200 11.16 (0.22) 86 6.79 (0.83)
Poverty status (%), ratio of family income to FPL
   < 100 4,349 7.76 (0.16) 184 10.91 (0.99)
   ≥ 100 to < 200 7,103 14.91 (0.22) 282 19.59 (1.32)
   ≥ 200 to < 300 6,033 14.93 (0.23) 212 17.79 (1.31)
   ≥ 300 to < 400 4,047 10.57 (0.19) 122 10.13 (1.03)
   ≥ 400 11,857 34.35 (0.36) 251 22.74 (1.29)
   Missing 6,902 17.48 (0.27) 236 18.84 (1.24)
Occupation
   Professional and managerial 10,018 27.33 (0.31) 210 17.88 (1.39)
   Sales/clerical and tech support 8,827 22.44 (0.26) 219 17.63 (1.31)
   Service 4,376 10.46 (0.19) 121 8.79 (0.91)
   Craft and repair 4,549 11.84 (0.23) 204 16.01 (1.15)
   Laborer 1,448 3.71 (0.13) 61 6.05 (0.89)
   Others 595 1.50 (0.07) 25 1.81 (0.42)
   Unemployed/outside labor force 10,478 22.72 (0.30) 447 31.82 (1.46)
   Housing tenure (home ownership)
   Renter 10,178 19.43 (0.30) 373 22.90 (1.40)
   Owner 30,113 80.57 (0.30) 914 77.10 (1.40)
Marital status
   Currently married 19,172 61.61 (0.31) 566 57.07 (1.52)
   Widowed 9,122 15.62 (0.21) 353 20.18 (1.10)
   Divorced/ separated 8,205 15.14 (0.21) 269 16.04 (1.06)
   Never married 3,792 7.63 (0.16) 99 6.71 (0.97)
Years in the USa

   US-born 37,269 93.21 (0.16) 1,188 92.30 (0.95)
   < 15 years 374 0.88 (0.06) 99 7.70 (0.95)
   ≥ 15 years 2,648 5.91 (0.15) N/A
Region
   Northeast 6,877 18.10 (0.34) 236 19.63 (1.39)
   Midwest 9,522 24.27 (0.37) 324 25.75 (1.38)
   South 14,895 37.51 (0.48) 505 40.55 (1.61)
   West 8,997 20.12 (0.37) 222 14.07 (1.22)
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patients, the 10-year age-adjusted all-cause survival rate 
for non-smokers was 88.31%, substantially higher than the 
survival rate for former smokers (84.48%) or current smokers 
(78.92%). Among cancer patients, the 10-year age-adjusted 
all-cause survival rate for lifetime abstainers was 85.10%, 
significantly higher than the survival rate for former drinkers 
(81.78%) but lower than the survival rate for current drinkers 
(86.49%). Similar to all-cause survival rates, the lower can-
cer-specific survival rates were associated with lower SES, 
poor health status, and health-risk behaviors (Table S6).

Lung cancer

1) Survival rates by sociodemographic characteristics
The covariate-adjusted survival rates for lung cancer were 
much lower than the survival rates for all cancers combined, 
but the pattern of association between individual characteris-
tics and survivorship was consistent with all-cancer survival 

rates (Table 3, Table S5). The estimated 10-year age-adjust-
ed all-cause survival rate for lung cancer patients with less 
than high school education was 46.67%, substantially lower 
than the survival rate of 57.51% for lung cancer patients with 
master’s degree or more (Table 3). The 10-year age-adjust-
ed all-cause survival rate for lung cancer patients below the 
poverty level was 50.19%, significantly lower than the surviv-
al rate of 56.37% for lung cancer patients with income at or 
above 400% FPL. The 10-year age-adjusted all-cause sur-
vival rate for lung cancer patients with professional and man-
agerial occupations was 59.22%, significantly higher than the 
survival rate of 51.43% for the unemployed. Differences in 
all-cause survival rates for lung cancer patients by housing 
tenure, marital status, and Nativity status were not statistically 
significant. 

2) Survival rates by health status and health behaviors
The estimated 10-year age-adjusted all-cause survival rate 

Table 1. Cotinued

Characteristics
All cancers patients 

 (n = 40,291)
Lung cancer patients

 (n = 1,287)

Patients Weighted proportion Patients Weighted proportion

Self-reported health status
   Excellent/very good/good 28,980 73.82 (0.29) 588 47.04 (1.72)
   Fair/poor 11,311 26.18 (0.29) 699 52.96 (1.72)
K-6 distress scale              
   0 16,689 42.31 (0.33) 465 36.73 (1.61)
   1-2 8,362 21.05 (0.24) 228 17.74 (1.27)
   3-5 6,552 16.24 (0.22) 207 15.28 (1.17)
   6-12 6,001 14.21 (0.22) 255 20.42 (1.34)
   ≥ 13 2,059 4.57 (0.13) 99 7.01 (0.84)
   Missing              628 1.61 (0.10) 33 2.81 (0.57)
PA
   No regular PA 18,246 42.50 (0.34) 827 63.34 (1.56)
   Less than regular PA 10,704 27.38 (0.29) 266 21.05 (1.44)
   Regular PA 10,388 27.55 (0.29) 175 13.74 (1.09)
   Missing 953 2.57 (0.11) 19 1.87 (0.48)
BMI
   < 25 14,945 36.62 (0.28) 591 44.60 (1.71)
   ≥ 25 to < 30 14,043 35.30 (0.28) 420 33.73 (1.65)
   ≥ 30 to < 40 8,923 22.26 (0.26) 226 18.29 (1.24)
   ≥ 40 1,412 3.31 (0.11) 29 2.10 (0.46)
   Missing 968 2.51 (0.09) 21 1.28 (0.32)
Smoking status
   Never smoker 18,348 45.29 (0.32) 203 15.60 (1.25)
   Former smoker 14,910 37.75 (0.31) 804 64.05 (1.61)
   Current smoker 7,033 16.96 (0.24) 280 20.34 (1.35)
Alcohol consumption
   Lifetime abstainer 8,178 18.67 (0.27)
   Former drinker 9,759 23.14 (0.28)
   Current drinker 22,023 57.40 (0.34)
   Unknown 331 0.79 (0.05)

Values for each characteristic are presented as numbers or weighted proportion and standard errors. PA, physical activity; FPL, Federal 
Poverty Level; K-6, Kessler 6; BMI, body mass index. aFor the lung cancer model, binary measure of the US-born/foreign-born variable 
was used and alcohol consumption was excluded.
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Table 2. Age-adjusted all-cause survival rates by socio-demographic, health, and behavioral characteristics among US cancer patients 
aged ≥ 18 years, 1997-2015 (n = 40,291)

Characteristics 1 year follow-up 5 year follow-up 10 year follow-up

Sex
   Male 98.79 (98.62, 98.94) 91.52 (90.91, 92.09) 80.94 (79.81, 82.02)
   Female 99.23 (99.12, 99.32) 94.52 (94.13, 94.89) 87.42 (86.65, 88.15)
Race/ethnicity
   Non-Hispanic white 99.10 (98.97, 99.21) 93.61 (93.16, 94.03) 85.44 (84.59, 86.25)
   Non-Hispanic black 98.69 (98.49, 98.86) 90.83 (90.00, 91.59) 79.52 (77.92, 81.02)
   Hispanic 99.07 (98.92, 99.20) 93.44 (92.72, 94.09) 85.07 (83.6, 86.42)
   American Indian/Alaska native 98.82 (98.39, 99.14) 91.74 (89.04, 93.79) 81.43 (75.89, 85.81)
   Asian/Pacific islander 99.21 (99.01, 99.37) 94.40 (93.21, 95.39) 87.17 (84.61, 89.33)
   Non-Hispanic other race 98.87 (98.14, 99.32) 92.09 (87.35, 95.10) 82.18 (72.49, 88.71)
Education
   Less than high school 98.83 (98.67, 98.98) 91.82 (91.20, 92.39) 81.58 (80.42, 82.68)
   High school 99.04 (98.90, 99.16) 93.20 (92.69, 93.67) 84.53 (83.56, 85.45)
   Some college 99.20 (99.08, 99.30) 94.31 (93.86, 94.73) 86.97 (86.08, 87.8)
   Bachelor’s degree 99.23 (99.11, 99.33) 94.50 (94.01, 94.95) 87.37 (86.38, 88.29)
   ≥ Master’s degree 99.29 (99.18, 99.39) 94.95 (94.46, 95.41) 88.38 (87.36, 89.33)
Poverty status (%), ratio of family income to FPL
   < 100 98.77 (98.58, 98.93) 91.36 (90.63, 92.04) 80.63 (79.23, 81.95)
   ≥ 100 to < 200 98.95 (98.80, 99.08) 92.63 (92.06, 93.16) 83.32 (82.23, 84.36)
   ≥ 200 to < 300 99.02 (98.88, 99.15) 93.10 (92.54, 93.62) 84.34 (83.24, 85.37)
   ≥ 300 to < 400 99.09 (98.95, 99.21) 93.57 (92.99, 94.11) 85.36 (84.19, 86.45)
   ≥ 400 99.27 (99.16, 99.36) 94.78 (94.36, 95.17) 88.01 (87.17, 88.79)
   Missing 99.11 (98.98, 99.22) 93.68 (93.18, 94.15) 85.59 (84.61, 86.51)
Occupation
   Professional and managerial 99.37 (99.28, 99.46) 95.53 (95.10, 95.91) 89.66 (88.78, 90.48)
   Sales/clerical and tech support 99.33 (99.23, 99.42) 95.24 (94.79, 95.66) 89.03 (88.10, 89.89)
   Service 99.24 (99.11, 99.34) 94.57 (93.99, 95.10) 87.55 (86.34, 88.65)
   Craft and repair 98.99 (98.83, 99.13) 92.86 (92.14, 93.51) 83.80 (82.37, 85.13)
   Laborer 98.94 (98.75, 99.11) 92.56 (91.58, 93.43) 83.17 (81.16, 84.99)
   Others 99.18 (98.99, 99.34) 94.20 (93.08, 95.13) 86.71 (84.34, 88.75)
   Unemployed/ outside labor force 98.98 (98.83, 99.10) 92.79 (92.28, 93.27) 83.66 (82.69, 84.58)
Housing tenure (home ownership)
   Renter 98.91 (98.75, 99.04) 92.31 (91.73, 92.85) 82.65 (81.55, 83.69)
   Owner 99.12 (99.00, 99.23) 93.77 (93.33, 94.19) 85.80 (84.96, 86.60)
Marital status
   Currently married 99.09 (98.97, 99.21) 93.59 (93.13, 94.03) 85.42 (84.53, 86.27)
   Widowed 99.10 (98.97, 99.21) 93.62 (93.13, 94.08) 85.48 (84.52, 86.38)
   Divorced/ separated 99.02 (98.88, 99.15) 93.10 (92.53, 93.62) 84.35 (83.25, 85.38)
   Never married 98.91 (98.74, 99.06) 92.35 (91.60, 93.05) 82.75 (81.24, 84.15)
Years in the US
   US-born 99.06 (98.93, 99.18) 93.39 (92.93, 93.82) 84.98 (84.10, 85.81)
   < 15 years 99.00 (98.66, 99.25) 92.93 (90.82, 94.57) 84.00 (79.56, 87.54)
   ≥ 15 years 99.13 (98.99, 99.25) 93.83 (93.19, 94.41) 85.94 (84.63, 87.14)
Region
   Northeast 99.03 (98.89, 99.15) 93.14 (92.59, 93.65) 84.43 (83.36, 85.43)
   Midwest 99.06 (98.93, 99.18) 93.39 (92.88, 93.86) 84.97 (83.98, 85.91)
   South 99.02 (98.89, 99.14) 93.11 (92.61, 93.59) 84.38 (83.41, 85.30)
   West 99.17 (99.05, 99.27) 94.11 (93.65, 94.55) 86.55 (85.64, 87.42)
Self-reported health status
   Excellent/very good/good 99.27 (99.17, 99.36) 94.80 (94.43, 95.16) 87.99 (87.26, 88.69)
   Fair/poor 98.59 (98.39, 98.76) 90.12 (89.41, 90.78) 77.92 (76.63, 79.15)
K-6 distress scale            
   0 99.18 (99.07, 99.28) 94.20 (93.76, 94.60) 86.71 (85.87, 87.51)
   1-2 99.17 (99.05, 99.27) 94.08 (93.61, 94.51) 86.46 (85.53, 87.32)
   3-5 99.04 (98.90, 99.16) 93.22 (92.67, 93.73) 84.59 (83.52, 85.60)
   6-12 98.88 (98.72, 99.03) 92.16 (91.53, 92.74) 82.30 (81.09, 83.44)
   ≥ 13 98.69 (98.48, 98.87) 90.86 (89.93, 91.71) 79.57 (77.75, 81.26)
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for lung cancer patients with fair or poor health status was 
42.38%, significantly lower than the survival rate of 63.26% 
for lung cancer patients with excellent/very good/good health 
status. The estimated 1-year age-adjusted all-cause survival 
rate for lung cancer patients with serious psychological dis-
tress was 40.96%, significantly lower than the survival rate 
of 58.93% for lung cancer patients with no psychological dis-
tress. 
	 The estimated 10-year age-adjusted all-cause survival 
rate for lung cancer patients with regular physical activity was 
67.10%, significantly higher than the survival rate for lung 
cancer patients without regular physical activity (48.36%) or 
those with less than regular physical activity (61.57%). The 
estimated 10-year age-adjusted all-cause survival rate for 
lung cancer patients with BMI < 25 was 49.88%, lower than 
the survival rate for lung cancer patients with BMI 25 to 29 
(54.45%), BMI 30 to 39 (59.75%), or BMI ≥ 40 (64.33%). 
Among lung cancer patients, the estimated 10-year age-ad-
justed all-cause survival rate for non-smokers was 65.00%, 
significantly higher than the survival rate for former smokers 
(53.52%) or current smokers (44.79%). We found a similar 
pattern of association between cancer-specific survival rates 
and sociodemographic, health, and behavioral characteristics 
for lung cancer patients (Table S7).

DISCUSSION

In this large prospective study of 40,291 US cancer patients 
using a relatively long mortality follow-up of 19 years, we 

found marked and consistent gradients in age-adjusted 
all-cause and cancer-specific survival rates by sociodemo-
graphic, health, and behavioral characteristics. Even after 
controlling for socioeconomic and demographic covariates, 
health-risk behaviors, and health status, significant disparities 
in survival rates existed but narrowed for the cancer patients. 
Computation of predicted survival rates for each character-
istic, adjusting for other sociodemographic, health, and be-
havioral characteristics, is a particularly novel feature of our 
study. 
	 Our findings on survival gap by sex, race/ethnicity, educa-
tion, income was consistent with previous studies in terms of 
higher survival rates for females, whites, individuals with high 
education level, high income, or insurance, married individ-
uals, home owners, or those in Western states, compared 
with their counterparts [1,2,11-14]. However, in terms of the 
magnitude, we found higher survival rates since we estimat-
ed survival rates for the prototypical individuals who are most 
likely to have higher survival rates than others given their 
better SES and health-risk profiles. Our estimates are not 
directly comparable with the average survival rates for cancer 
patients, but we recommend interpreting the results by com-
paring across covariate categories and focusing on the gap 
in survival, such as between homeowners and renters. 
	 Our study contributes to the existing literature on social 
determinants of health and cancer health disparities by esti-
mating survival rates by various individual-level sociodemo-
graphic, behavioral, and health status factors among cancer 
patients, which have not been well studied in prior studies. 

Table 2. Continued

Characteristics 1 year follow-up 5 year follow-up 10 year follow-up

PA
   No regular PA 98.95 (98.81, 99.08) 92.61 (92.09, 93.09) 83.24 (82.27, 84.17)
   Less than regular PA 99.26 (99.16, 99.36) 94.75 (94.33, 95.15) 87.92 (87.07, 88.72)
   Regular PA 99.41 (99.32, 99.48) 95.76 (95.40, 96.10) 90.18 (89.44, 90.88)
BMI
   < 25 99.03 (98.90, 99.15) 93.16 (92.67, 93.63) 84.49 (83.54, 85.39)
   ≥ 25 to < 30 99.13 (99.01, 99.24) 93.83 (93.37, 94.26) 85.93 (85.04, 86.78)
   ≥ 30 to < 40 99.05 (98.92, 99.17) 93.33 (92.79, 93.82) 84.83 (83.79, 85.81)
   ≥ 40 98.89 (98.68, 99.06) 92.18 (91.13, 93.11) 82.37 (80.23, 84.30)
Smoking status
   Never smoker 99.29 (99.19, 99.38) 94.92 (94.54, 95.28) 88.31 (87.56, 89.02)
   Former smoker 99.03 (98.90, 99.15) 93.17 (92.67, 93.64) 84.48 (83.51, 85.39)
   Current smoker 98.65 (98.45, 98.82) 90.55 (89.81, 91.23) 78.92 (77.54, 80.22)
Alcohol consumption
   Lifetime abstainer 99.07 (98.94, 99.19) 93.45 (92.95, 93.93) 85.10 (84.11, 86.03)
   Former drinker 98.85 (98.68, 98.99) 91.91 (91.31, 92.47) 81.78 (80.65, 82.86)
   Current drinker 99.17 (99.05, 99.27) 94.09 (93.66, 94.49) 86.49 (85.66, 87.27)
   Unknown 98.82 (98.51, 99.06) 91.70 (89.95, 93.16) 81.34 (77.75, 84.42)

Values for each characteristic are presented as survival rates and 95% confidence interval. All cancer patients were defined by individuals 
who were ever diagnosed with cancer regardless of cancer type. The total number of all-cause deaths was 11,840 (272 deaths for 
1-year follow-up; 1,907 deaths for 5-year follow-up; 4,207 deaths for 10-year follow-up). Age-adjusted survival rates were estimated after 
estimating Cox proportional hazards model adjusted for age and survey year. PA, physical activity; FPL, Federal Poverty Level; K-6, 
Kessler 6; BMI, body mass index.
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Table 3. Age-adjusted all-cause survival rates by socio-demographic, health, and behavioral characteristics among US lung cancer 
patients aged ≥18 years, 1997-2015 (n = 1,287)

Characteristics 1 year follow-up 5 year follow-up 10 year follow-up

Sex
Male 93.07 (90.45, 94.98) 66.50 (58.86, 73.04) 49.25 (40.14, 57.73)
Female 94.38 (92.21, 95.95) 72.00 (65.17, 77.72) 56.54 (47.83, 64.35)

Race/ethnicity
Non-Hispanic white 93.90 (91.59, 95.59) 69.95 (62.93, 75.91) 53.76 (45.02, 61.72)
Non-Hispanic black 92.97 (89.96, 95.10) 66.14 (56.92, 73.83) 48.77 (37.80, 58.85)
Hispanic 94.14 (91.01, 96.20) 70.98 (60.21, 79.34) 55.14 (41.61, 66.76)
American Indian/Alaska native 97.62 (90.43, 99.43) 87.24 (57.05, 96.73) 78.88 (37.77, 94.38)
Asian/Pacific islander 93.39 (87.28, 96.62) 67.85 (47.39, 81.75) 50.98 (27.44, 70.40)
Non-Hispanic other race 98.60 (90.14, 99.81) 92.34 (55.90, 98.91) 87.07 (36.44, 98.12)

Education
Less than high school 92.58 (89.71, 94.67) 64.51 (56.24, 71.62) 46.67 (37.03, 55.74)
High school 94.09 (91.79, 95.76) 70.72 (63.54, 76.74) 54.75 (45.73, 62.89)
Some college 94.94 (92.78, 96.47) 74.45 (67.10, 80.40) 59.87 (50.22, 68.24)
Bachelor’s degree 93.26 (90.12, 95.42) 67.25 (57.27, 75.40) 50.16 (38.16, 61.02)
≥ Master’s degree 94.56 (91.82, 96.39) 72.75 (63.22, 80.19) 57.51 (45.26, 67.98)

Poverty status (%), ratio of family income to FPL
< 100 93.24 (90.29, 95.32) 67.23 (58.01, 74.87) 50.19 (39.07, 60.31)
≥ 100 to < 200 93.21 (90.47, 95.18) 67.09 (58.80, 74.07) 50.00 (40.04, 59.16)
≥ 200 to < 300 93.73 (91.16, 95.58) 69.28 (61.20, 76.00) 52.87 (42.87, 61.90)
≥ 300 to < 400 93.66 (90.70, 95.70) 68.96 (59.34, 76.74) 52.44 (40.62, 62.97)
≥ 400 94.35 (91.99, 96.03) 71.89 (64.21, 78.20) 56.37 (46.59, 65.04)
Missing 93.95 (91.44, 95.74) 70.19 (62.19, 76.81) 54.08 (44.08, 63.05)

Occupation
Professional and managerial 94.85 (92.30, 96.57) 74.04 (65.03, 81.06) 59.22 (47.45, 69.20)
Sales/clerical and tech support 96.23 (94.32, 97.51) 80.40 (73.06, 85.93) 68.37 (58.07, 76.64)
Service 93.63 (90.20, 95.88) 68.78 (57.32, 77.75) 52.09 (38.08, 64.37)
Craft and repair 94.62 (91.89, 96.45) 73.05 (63.46, 80.50) 57.85 (45.48, 68.37)
Laborer 94.27 (90.64, 96.52) 71.51 (58.60, 81.03) 55.75 (39.57, 69.19)
Others 94.46 (89.61, 97.08) 72.34 (54.76, 84.02) 56.87 (35.13, 73.75)
Unemployed/ outside labor force 93.50 (91.08, 95.29) 68.28 (61.09, 74.42) 51.43 (42.65, 59.51)

Housing tenure (home ownership)
Renter 93.01 (90.22, 95.02) 66.29 (57.99, 73.33) 48.96 (39.06, 58.14)
Owner 93.90 (91.62, 95.58) 69.99 (63.07, 75.86) 53.80 (45.20, 61.65)

Marital status
Currently married 93.57 (91.09, 95.38) 68.63 (61.14, 74.98) 52.04 (42.86, 60.44)
Widowed 93.59 (91.03, 95.44) 68.73 (60.83, 75.35) 52.16 (42.47, 60.98)
Divorced/ separated 93.85 (91.34, 95.65) 69.81 (61.91, 76.39) 53.60 (43.76, 62.46)
Never married 94.30 (91.35, 96.26) 71.71 (61.51, 79.64) 56.15 (43.22, 67.23)

Nativity status
US-born 93.63 (91.26, 95.37) 68.87 (61.81, 74.90) 52.34 (43.67, 60.3)
Foreign-born 94.55 (91.81, 96.39) 72.79 (63.24, 80.24) 57.61 (45.34, 68.09)

Region
Northeast 93.35 (90.65, 95.29) 67.68 (59.44, 74.61) 50.73 (40.73, 59.88)
Midwest 94.33 (92.00, 96.00) 71.82 (64.24, 78.06) 56.24 (46.59, 64.81)
South 93.07 (90.41, 95.02) 66.55 (58.71, 73.24) 49.27 (39.89, 57.96)
West 94.62 (92.38, 96.22) 73.08 (65.64, 79.16) 57.96 (48.35, 66.42)

Self-reported health status
Excellent/very good/good 95.58 (93.83, 96.83) 77.09 (71.14, 81.97) 63.26 (55.21, 70.26)
Fair/poor 91.87 (88.85, 94.09) 61.40 (53.16, 68.62) 42.38 (33.16, 51.30)

K-6 distress scale
0 94.82 (92.77, 96.30) 73.83 (67.13, 79.39) 58.93 (50.19, 66.65)
1-2 94.29 (91.86, 96.02) 71.54 (63.51, 78.10) 55.77 (45.55, 64.81)
3-5 93.48 (90.80, 95.40) 68.10 (59.77, 75.07) 51.19 (41.03, 60.44)
6-12 92.55 (89.56, 94.71) 64.31 (55.55, 71.78) 46.32 (36.13, 55.90)
≥ 13 91.41 (87.44, 94.17) 59.93 (48.55, 69.58) 40.96 (28.55, 52.96)
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For example, estimating cancer survivorship associated with 
self-assessed health status, psychological distress, smok-
ing, and BMI is especially new and shows the significance 
of these factors in determining cancer survival. Showing the 
large gap in all-cause survival between non-smokers and 
current smokers and between cancer patients with regular 
physical activity and those with no regular physical activity, 
our study findings provided the evidence of smoking status 
and physical activity as important factors in all-cause survival 
for cancer patients. Public health programs and policy inter-
ventions such as physical activity and tobacco control/ces-
sation campaigns among cancer patients might be effective 
measures to improve survival rates. 
	 Persistence of marked disparities in cancer survivorship 
among racial/ethnic and SES groups might reflect healthcare 
access and treatment disparities and shows the potential 
for further improvements in cancer survival [5,33]. Future 
research is needed to examine differentials in survival rates 
by neighborhood SES or built environmental factors, levels 
of urbanization/rurality [10,33,34], social supports [35], or 
quality of health care [36-38]. Although we focused on indi-
vidual-level SES factors due to data availability, area-based 
SES has been strongly associated with cancer survival 
[10,33,34]. Cancer patients in neighborhoods with lower SES 
have markedly lower survival rates than those in higher SES 
neighborhoods [10,33,34]. Furthermore, it would be important 
to determine if similar individual patient-level socio-behav-
ioral inequalities in survival exist for other major cancer sites 
such as colorectal, prostate, breast, and cervical cancer. 
Social isolation has been shown to increase risk of all-cause 
mortality by 66% and breast cancer mortality by 114% [35]. 
Considering that our study found significant disparities in 
survival by psychological distress among cancer patients, it 
may be worthwhile to examine the effect of any mediators 

such as social network or supports, alleviating the associa-
tion between psychological distress and cancer survival. High 
quality cancer care is also important in improving survivorship 
among cancer patients. Stratifying follow-up care by cancer 
patients’ risk, such as a supported self-management for pa-
tients at low risk, a shared care for those at moderate risk, 
and complex case management for those at high risk, will 
help improve quality of care [37,38]. Using patient-reported 
outcome measures integrated into eHealth platforms will help 
stratify risk among patients [37,38]. Based on risk-stratifica-
tion, various healthcare professionals, including survivorship 
clinics, psychosocial and medical experts, and consultants, 
need to collaborate at all points of the cancer care pathways 
from cancer diagnosis through end of life care [36-38].
	 This study has limitations. First, our study only contains 
the NHIS sample eligible for linkage to the NDI. Excluding 
samples ineligible for linkage may lead to biased mortality 
or survival estimates. To address this bias, we used the ad-
justed original sampling weight to account for the NHIS-NDI 
mismatches [23]. Second, our findings may be affected by 
the omitted-variable bias. While our Cox regression models 
were controlled for self-reported BMI, fair/poor health status, 
and psychological distress, there could be other potential 
confounders of cancer-related information, such as site, 
stage at diagnosis, and first course treatment, all of which 
are not available in the NHIS. Third, since the NHIS excludes 
the institutionalized population, cancer survivors participating 
in NHIS might be likely diagnosed with earlier stage, more 
treatable, and less fatal cancers than cancer survivors as a 
whole, which would have overestimated the survival time. 
Our survey analyses are not generalizable to the total can-
cer patients due to this potential selection bias. Finally, all 
the covariates in the NHIS-NDI database were time-fixed at 
the baseline as of the survey date. Several of the covariates 

Table 3. Continued

Characteristics 1 year follow-up 5 year follow-up 10 year follow-up

PA
No regular PA 92.98 (90.38, 94.90) 66.00 (58.49, 72.46) 48.36 (39.44, 56.70)
Less than regular PA 95.26 (93.21, 96.70) 75.77 (68.63, 81.51) 61.57 (52.04, 69.75)
Regular PA 96.08 (94.27, 97.33) 79.60 (72.85, 84.84) 67.10 (57.70, 74.87)

BMI
< 25 93.21 (90.65, 95.09) 67.04 (59.50, 73.49) 49.88 (40.81, 58.29)
≥ 25 to < 30 94.04 (91.69, 95.74) 70.50 (63.14, 76.67) 54.45 (45.21, 62.78)
≥ 30 to < 40 94.93 (92.70, 96.49) 74.37 (66.75, 80.50) 59.75 (49.75, 68.39)
≥ 40 95.64 (91.37, 97.82) 77.60 (60.83, 87.86) 64.33 (42.25, 79.79)

Smoking status
Never smoker 95.74 (93.79, 97.09) 78.08 (71.00, 83.64) 65.00 (55.30, 73.10)
Former smoker 93.88 (91.56, 95.57) 69.84 (62.81, 75.79) 53.52 (44.78, 61.48)
Current smoker 92.20 (89.10, 94.45) 63.05 (54.18, 70.67) 44.79 (34.65, 54.41)

Values for each characteristic are presented as survival rates and 95% confidence interval.The total number of all-cause deaths was 
798 (70 deaths for 1-year follow-up; 345 deaths for 5-year follow-up; 519 deaths for 10-year follow-up). Age-adjusted survival rates were 
estimated after estimating Cox proportional hazards model adjusted for age and survey year. PA, physical activity; FPL, Federal Poverty 
Level; K-6, Kessler 6; BMI, body mass index.
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such as SES, health status, behavioral risk factors, and psy-
chological distress could have varied over the long mortality 
follow-up period of 19 years, which would have influenced 
their estimated impact on cancer mortality and survivorship. 
In particular, mental health-related indicators and subjective 
health status can be severely affected by reverse causation 
as the more advanced the stage, the worse these indicators 
can be. Future studies need to examine the association 
using longitudinal data on individual sociodemographic and 
health-related characteristics.
	 In a nationally representative study, we found marked and 
consistent gradients in age-adjusted all-cause and cancer 
survival rates by socioeconomic, demographic, health, and 
behavioral characteristics. The disparities in survival rates for 
the cancer patients narrowed with the additional covariate ad-
justment. Smoking status and physical activity were the most 
important risk factors influencing all-cause survival among 
cancer patients, while self-reported health status and psycho-
logical distress showed the largest differentials in cancer-spe-
cific survival. 
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