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Abstract: Background: It is unclear how associations of socioeconomic and behavioral factors with mortality in U.S.
working-age adults with cancer changed after implementing the Affordable Care Act (ACA). Therefore, we examined
changes in associations of prognostic factors with 4-year mortality risk in working-age American adults after imple-
menting the ACA by cancer status. Methods: We conducted 4 retrospective cohort studies, using the National Health
Interview Survey data from 2000 to 2015, linked to the National Death Index through December 2019. The primary
outcome was 4-year all-cause mortality. Multivariable logistic regression was used to quantify the associations
of various factors with 4-year mortality in each cohort for all, cancer and non-cancer participants. Difference-in-
difference analyses were performed to compare adjusted odds ratios (aOR) before and after the ACA implementa-
tion. Results: The 4 retrospective cohort studies included ~307 million U.S. working-age adults (aged 18-64 years,
with 74-78 million weighted participants in each cohort) who participated in the survey years 2000, 2005, 2010,
and 2015. Cancer prevalence among U.S. working-age adults rose 13.0% (5,150 per 100,000 in the 2015 cohort
versus 3,970 per 100,000 in the 2000 cohort). Difference-in-difference analyses showed aORs of cancer, sex, age,
race, and smoking-status for 4-year all-cause mortality risk remained unchanged throughout the 15 years. However,
post-ACA regional gaps widened among cancer patients, with increasing aORs in the South and West versus the
Northeast region. Post-ACA age-gaps reduced among non-cancer participants, with decreasing aORs in participants
aged 55-64 or 45-54 years (versus 18-34 years). Conclusions: Cancer prevalence among U.S. working-age adults
rose significantly during 2000-2015. There were no significant post-ACA changes in associations of key prognostic
factors with 4-year mortality in all participants. However, the influences of ACA implementation on socioeconomic
disparities differed by cancer status. Further works should focus on its influence by other disease status, including
diabetes and cardiovascular disease.
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Introduction Indeed, several related knowledge gaps are
yet critical and need urgent actions. First, most
of the related studies had major methodologi-
cal limitations. Nearly all published studies on
the association of ACA implementation with
mortality had unclear, no, or <4 years of follow-
up [7-9], except one (4-year overall survival
[0S]) [10]. Some performed only univariable
analyses [11-14].

The implementation of the Affordable Care Act
(ACA) that started in 2010 and completed in
2014 represented the most sweeping U.S.
health policy reform in decades and substan-
tially expanded insurance coverage and pre-
ventive care access [1, 2]. Insurance coverage
and other socioeconomic factors are known to
link to all-cause mortality, cancer mortality and
cardiovascular disease [1, 3-6]. However, the

association of ACA with mortality and its chan- Second, the ACA's association with mortality

ge in U.S. working-age adults with cancer is
largely unclear. We therefore aim to focus on
this key health policy issue.

in U.S. adults with cancer was conflicting
among studies. It was associated with a better
0S among working-age adults (18/20-62/64

https://doi.org/10.62347/HJWV4203


http://www.ajtr.org
https://doi.org/10.62347/HJWV4203

ACA and 4-year mortality in working-age adults with cancer

years) with newly diagnosed specific types of
cancer [6, 8, 15-18]. However, it was found not
linked to improved OS in working-age adults
with cancers in other studies [7, 10, 14, 19],
nor with reduced overall mortality of top-10 or
all cancers in working-age Americans (aged
30-64 years) [9].

Finally, the impact of the ACA implementation
on disparities in cancer mortality is conflicting
in studies. The ACA showed improved racial dis-
parities of incidence and mortality in patients
with stage IV breast, cervical or colon cancers
[20, 21] but not that in rectal or breast cancer
[24, 22]. In contrast, gender, socioeconomic
and racial/ethnic disparities in OS remained
unchanged in young adults with certain can-
cers after implementing the ACA [8, 18, 19,
21].

To address these knowledge gaps, we lever-
aged the National Health Interview Survey
(NHIS) linked with the National Death Index to
examine four population-based cohorts. This
study represents the first analysis on the inde-
pendent association of cancer diagnosis with
4-year all-cause mortality in US working-age
adults using NHIS-National Death Index data
across multiple decades. We also aimed to
examine whether the associations of socioeco-
nomic determinants with 4-year mortality risk
in U.S. cancer and non-cancer populations
changed in the broader policy environment
after the ACA implementation.

Materials and methods

Data source

The NHIS is a large, ongoing cross-sectional
household study conducted by the Centers
for Disease Control and Prevention [23]. It
uses household interviews with a focus on the
U.S. civilian non-institutionalized population.
Sample weights and stratum were provided at
individual level and permit inferences on the
U.S.-population based epidemiologic data. The
latest National Death Index linked public-use
mortality files (released in 2022) were used to
determine the vital status of the included indi-
viduals and contain the follow-up data through
December 2019 [24]. These mortality data
were reliably based on death certificate records
from the National Death Index and have been
used in many prior works [1, 25-29].
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Study cohorts

The cutoff year of the ACA implementation var-
ied by studies. Some used 2010 (before vers-
us after 2010, or states with versus without
Medicaid expansion) [6, 11, 30-33], while the
majority of the studies used 2014 [7, 12, 15,
16, 18, 19, 34-37]. The rest used a washout
period of 2-4 years [13, 17, 22, 38]. Therefore,
we chose the 2010 and 2015 cohorts as the
early and full post-ACA cohorts, respectively,
and chose the 2000 and 2005 cohorts as the
before-ACA cohorts.

The working age was defined as 18-64 years
since a majority of the studies used the age
range of 18/20-62/64 years to define working-
age adults [6, 15-18, 25]. Individuals were
included in the regression analyses only if they
responded to the question: “Have you ever
been told you had cancer?” (NHIS variable:
canev). Key covariates included age, sex, pov-
erty status (above or below the published fed-
eral poverty line for a single-person household)
[39], race, ethnicity (Latino/Hispanic or non-
Latino/Hispanic), citizenship, education (com-
pleted a college education or not), current
smoking status, insurance status, and region
of residence.

Study design

We conducted 4 retrospectively cohort stu-
dies, including the work-age U.S. adults partici-
pating in the NHIS surveys conducted in 2000,
2005, 2010 and 2015, respectively. The pri-
mary outcome of each study was the 4-year all-
cause mortality. The secondary outcome was
DID in the associations of key factors with
4-year all-cause mortality, that were assess-
ed by comparing adjusted odds ratios (aORs)
of multivariable logistic regression analyses
(MVA). A 4-year mortality variable was created
for each cohort that tracked participant vital
status four years after the survey year. The sen-
sitivity analyses using survival models were
considered but not performed. Because we
were concerned about the data quality and
missing data of cancer diagnosis time in cancer
patients, and the lack of universally agreed
entry time for non-cancer and all participants
(e.g., time of interview versus mid-year, versus
beginning of the year).
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The insurance variable was derived through
the NHIS survey questions asking participants
whether they had private insurance, military
health insurance, Medicaid, Medicare, another
state-sponsored health plan, or other govern-
ment program, respectively. Participants that
responded no to all of the questions were clas-
sified as not having insurance [2]. All analyses
incorporated the survey weights provided by
NHIS to produce estimates representative of
U.S. working-age adults.

Statistical analyses

Statistical analyses were conducted using
Stata (version 18. College Station, TX: Stata-
Corp LLC.), except the DID analyses. All uni-
variate and MVA were conducted by cohort
year. Univariable logistic regression was first
performed to examine the possible association
between individual variable and 4-year mortal-
ity. The factors that had a p-value <0.1 in uni-
variable regression would be included in the
MVA one to exclude potential confounding and
biases. Analyses were then repeated by cancer
diagnosis status as subgroup analyses. For all
MVA models, aORs and their corresponding
95% confidence intervals (Cls) were recorded.

The DID analyses were performed using pair-
wise comparisons of the aORs to assess pos-
sible differences in a factor’s associations with
4-year mortality among various cohorts [17,
40, 41]. Briefly, the difference in log aORs was
calculated, with standard error (SE) of the dif-
ference as sqrt(SE_a? + SE_b?). The test statis-
tic was Z = difference/SE_difference. The p-val-
ues were then calculated assuming 95% Cls
(Z-critical value = 1.96). For each aOR, the SE
of the log OR was derived as SE = [In(upper CI)
- In(lower CI)]/(2 x 1.96). The test statistic was
computed as Z = In(OR)/SE, with the two-tailed
p-value as 2 x (1 - norm.cdf (|Z])). The p values
of comparing the aORs were calculated using
the Cls, but not using assessment of Cis’ over-
laps [42-44]. A p-value <0.05% was considered
statistically significant for all tests.

Results
Baseline characteristics

Each of the 4 cohorts comprised about 74-78
million of weighted participants aged 19-64
years, totaling 307,657,954 (Table 1). There
were 33,108 (0.03%) to 82,119 (0.08%) of the
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participants who refused to answer the CANEV
question (“Have you ever been told you had
cancer?”), while 33,815 (0.03%) to 48,636
(0.05%) of them answered “don’t know” to this
question (Supplementary Table 1). Cancer prev-
alence was 3,970 per 100,000 (3.97%), 4,870
per 100,000 (4.87%), 5,830 per 100,000
(5.83%) and 5,150 per 100,000 (5.15%) in the
respondents of the 2000, 2005, 2010 and
2015 cohorts, respectively. It was statistically
different cross the years (Chi-squared test,
P<0.001 for all sequential comparisons of one
cohort versus the next). The weighted 4-year
all-cause mortality among cancer patients and
non-cancer participants significantly increased
in the early and full ACA implementation co-
horts, except non-cancer participants in the

2015 cohort (Supplementary Table 2).

Across all survey years, cancer patients were
consistently older than non-cancer partici-
pants, with the age gap widening in 2010 and
2015. The proportion of younger participants
declined across all cohorts, although this de-
cline was more significant among cancer pa-
tients (Table 1).

White participants were disproportionately rep-
resented as cancer patients compared with
non-cancer respondents (=90% vs. ~80%). Hi-
spanics had consistently lower representation
among cancer patients (approximately 4-5%
vs. 11-14% in non-cancer participants). This
pattern persisted across all four survey years.

Socioeconomic attributes of the participants
showed mixed patterns. Poverty and education
distributions did not differ significantly between
cancer and non-cancer participants in later
years (2010 and 2015), while insurance cover-
age was consistently higher among cancer
patients than non-cancer participants (87.8-
94.8% versus 78.4-87.4%, Supplementary
Table 3). While non-smokers comprised a great-
er proportion in both cancer and non-cancer
participants in all cohorts, former smokers
were substantiallyoverrepresentedincancerpa-
tients compared with those in non-cancer par-

ticipants (Supplementary Table 3).

Muiltivariable analyses in all participants

MVA on all participants revealed several fac-
tors independently associated with 4-year mor-
tality in the US working-age adults (Table 2).
Some exceptions were noticed, mostly in the
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Table 1. Prevalence of cancer survivors among US working-age adults, 2000-2015

2000 2005 2010 2015
Cancer p Cancer p Cancer p Cancer p
No Yes No Yes No Yes No Yes
Age (y) <0.001 <0.001 <0.001 <0.001
18-34 27,425,115 404,361 27,263,697 445,852 27,235,694 423,338 27,520,141 314,092
% 98.55% 1.45% 98.39% 1.61% 98.47% 1.53% 98.87% 1.13%
35-44 18,929,954 601,419 17,890,563 632,862 15,368,701 601,449 15,728,194 545,324
% 96.92% 3.08% 96.58% 3.42% 96.23% 3.77% 96.65% 3.35%
45-54 15,055,073 906,427 16,643,980 1,098,469 16,057,358 1,291,237 15,809,408 1,019,813
% 94.32% 5.68% 93.81% 6.19% 92.56% 7.44% 93.94% 6.06%
55-64 9,866,940 1,037,119 12,366,651 1,623,555 13,597,640 2,159,884 15,621,110 2,172,534
% 90.49% 9.51% 88.40% 11.60% 86.29% 13.71% 87.79% 12.21%
Sex <0.001 <0.001 <0.001 <0.001
Male 33,185,619 944,912 34,892,727 1,246,298 34,471,124 1,571,056 35,585,999 1,485,743
% 97.23% 2.77% 96.55% 3.45% 95.64% 4.36% 95.99% 4.01%
Female 38,091,463 2,004,414 39,272,164 2,554,440 37,788,269 2,904,852 39,092,854 2,566,020
% 95.00% 5.00% 93.89% 6.11% 92.86% 7.14% 93.84% 6.16%
Race <0.001 <0.001 <0.001 <0.001
White 56,513,126 2,659,206 60,125,796 3,456,861 56,879,735 3,940,670 57,837,181 3,550,990
% 95.51% 4.49% 94.56% 5.44% 93.52% 6.48% 94.22% 5.78%
Black 9,168,134 170,532 9,722,645 233,981 10,141,980 359,052 10,268,301 328,236
% 98.17% 1.83% 97.65% 2.35% 96.58% 3.42% 96.90% 3.10%
AIAN 515,588 26,626 537,321 15,192 616,826 42,910 724,807 28,966
% 95.09% 4.91% 97.25% 2.75% 93.50% 6.50% 96.16% 3.84%
Asian 2,305,242 37,031 2,733,369 60,367 3,328,648 46,405 4,227,267 73,936
% 98.42% 1.58% 97.84% 2.16% 98.63% 1.37% 98.28% 1.72%
Ethnicity <0.001 <0.001 <0.001 <0.001
Non-Hispanic 64,045,187 2,853,105 65,076,640 3,627,370 62,495,352 4,217,481 63,318,600 3,776,559
% 95.74% 4.26% 94.72% 5.28% 93.68% 6.32% 94.37% 5.63%
Hispanic 7,231,895 96,221 9,088,251 173,368 9,764,041 258,427 11,360,253 275,204
% 98.69% 1.31% 98.13% 1.87% 97.42% 2.58% 97.63% 2.37%
Citizenship <0.001 <0.001 <0.001 <0.001
US Citizen 5,293,861 43,044 6,050,932 85,079 6,328,007 84,948 6,696,221 95,559
% 99.19% 0.81% 98.61% 1.39% 98.68% 1.32% 98.59% 1.41%
Non US Citizen 65,817,334 2,906,282 67,891,196 3,713,784 65,852,314 4,389,581 67,864,227 3,956,204
% 95.77% 4.23% 94.81% 5.19% 93.75% 6.25% 94.49% 5.51%
Smoking Status <0.001 <0.001 <0.001 <0.001
NS 38,568,553 1,212,621 42,542,559 1,663,705 42,734,427 2,062,790 47,845,023 2,088,961
% 96.95% 3.05% 96.24% 3.76% 95.40% 4.60% 95.82% 4.18%
FS 13,181,740 821,594 13,200,262 1,118,207 12,831,453 1,262,432 13,217,591 1,161,592
% 94.13% 5.87% 92.19% 7.81% 91.04% 8.96% 91.92% 8.08%
CS 18,894,409 903,225 17,761,009 991,953 16,307,115 1,073,890 13,370,179 780,633
% 95.44% 4.56% 94.71% 5.29% 93.82% 6.18% 94.48% 5.52%
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Region of residence
Northeast
%
Midwest
%
South
%
West
%
Education Status
Below College
%
College and above
%
Income
>PIT
%
<PIT
%
Insurance Status
Noninsured
%
Insured
%
Vital status (4-year FU)
Alive
%
Dead
%
Total
Count
%

13,566,601
96.34%
18,296,912
96.28%
25,652,120
95.70%
13,761,449
95.99%

40,103,855
95.89%
30,589,419
96.18%

38,203,772
96.47%
7,385,918
95.91%

13,304,171
97.43%
57,599,421
95.68%

66,602,755
96.18%
956,933
83.78%

71,277,082
96.03%

ACA and 4-year mortality in working-age adults with cancer

0.24
515,270
3.66%
706,735
3.72%
1,152,937
4.30%
574,384
4.01%
0.29
1,716,781
4.11%
1,215,164
3.82%
0.19
1,396,712
3.53%
315,202
4.09%
<0.001
350,336
2.57%
2,598,990
4.32%
<0.001
2,648,791
3.82%
185,317
16.22%

2,949,326
3.97%

12,960,869
95.00%
18,822,602
95.20%
27,250,315
95.30%
15,131,105
94.82%

43,609,414
94.87%
29,880,130
95.45%

39,721,029
95.61%
6,798,882
95.66%

14,019,132
96.79%
59,847,065
94.73%

67,901,285
95.33%
997,812
81.71%

74,164,891
95.13%

682,098
5.00%
948,063
4.80%
1,344,418
4.70%
826,159
5.18%

2,358,114
5.13%
1,423,404
4.55%

1,821,811
4.39%
308,321
4.34%

464,536
3.21%
3,327,877
5.27%

3,328,246
4.67%
223,398
18.29%

3,800,738
4.87%

0.68

0.08

0.93

<0.001

<0.001

12,119,928
94.15%
17,329,190
93.88%
26,319,573
94.02%
16,490,702
94.72%

45,352,476
93.92%
26,684,191
94.58%

40,946,720
94.75%
6,967,568
94.95%

15,531,850
96.94%
56,483,563
93.42%

70,026,194
94.42%

1,083,357
78.25%

72,259,393
94.17%

752,713
5.85%
1,128,849
6.12%
1,675,161
5.98%
919,185
5.28%

2,935,598
6.08%
1,528,686
5.42%

2,270,720
5.25%
370,258
5.05%

489,490
3.06%
3,979,755
6.58%

4,135,411
5.58%
301,072
21.75%

4,475,908
5.83%

0.42

0.06

0.72

<0.001

<0.001

12,638,875
95.80%
17,642,439
94.67%
27,645,278
94.38%
16,752,261
95.12%

49,743,019
94.77%
24,666,817
94.99%

40,520,372
95.63%
9,585,857
97.22%

9,350,548
97.80%
64,919,608
94.43%

72,204,906
95.07%
1,059,579
79.93%

74,678,853
94.85%

554,036
4.20%
992,899
5.33%
1,645,817
5.62%
859,011
4.88%

2,744,368
5.23%
1,300,076
5.01%

1,853,485
4.37%
273,847
2.78%

210,055
2.20%
3,830,980
5.57%

3,743,351
4.93%
266,037
20.07%

4,051,763
5.15%

0.06

0.57

<0.001

<0.001

<0.001

Notes: AIAN, American Indian/Alaska Native; PIT, poverty income threshold; NS, never smoker; FS, former smoker; CS, current smoker; FU, follow up.
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Table 2. Multivariable adjusted odds ratios of 4-year mortality in patients during survey conducted in
2000, 2005, 2010, or 2015

Variabl 2000 2005 2010 2015
ariabie aOR (95% Cl) P vs. 2005 aOR (95% ClI) aOR (95% Cl)  Pvs. 2005 aOR (95% CI) P vs. 2005

Cancer diagnosis

No 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Yes 3.46 (2.56-4.67)" 0.84 3.55 (2.07-6.07)" 2.70 (1.60-4.56)" 0.48 3.05 (2.24-4.14)~ 0.63
Sex

Male 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Female 0.63 (0.50-0.78)" 0.45 0.53 (0.36-0.77)" 0.80 (0.56-1.15) 0.09 0.55 (0.44-0.70)* 0.90
Age (year)

18-34 1 [reference] 1 [reference] 1 [reference] 1 [reference]

35-44 2.39 (1.57-3.62)" 0.18 1.31(0.65-2.62) 1.98 (1.00-3.95) 0.36 1.30(0.72-2.53) 0.97

45-54 5.40 (3.64-8.02)" 0.74 4.91 (2.71-8.90) 3.97 (2.15-7.32)» 0.56 3.31(2.10-5.20)* 0.38

55-64 8.67 (5.91-12.72)» 0.63 10.08 (5.48-18.54)~ 5.35(2.73-10.49)" 0.23 7.92 (5.17-12.17) 0.54
Race

White 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Black 1.70 (1.30-2.22)» 0.44 1.56 (0.97-2.50) 1.99 (1.34-2.95)" 0.44 1.78 (1.34-2.36)" 0.64

Al/AN 1.85 (0.79-4.33) 1.42 (0.17-11.94) * 1.91 (0.89-4.11)

Asian 1.73(0.87-3.43) 0.28 0.58 (0.13-2.52) 0.67 (0.24-1.85) 0.86 0.95 (0.56-1.62) 0.42
Ethnicity

Non-Hispanic 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Hispanic 1.01 (0.67-1.54) 0.47 1.37 (0.76-2.49) 1.36 (0.79-2.31) 0.98 0.79 (0.51-1.22) 0.32
Citizenship Status

Citizen 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Noncitizen 0.90 (0.54-1.52) 0.81 0.85 (0.43-1.67) 1.73 (0.82-3.68) 0.17 1.38 (0.76-2.51) 0.36
Income

>PIT 1 [reference] 1 [reference] 1 [reference] 1 [reference]

<PIT n/a 2.05 (1.27-3.31)" 2.00 (1.25-3.20)" 0.94 n/a
Smoking Status

NS 1 [reference] 1 [reference] 1 [reference] 1 [reference]

FS 1.53 (1.15-2.05) 0.95 1.51 (0.95-2.39) 1.82 (1.21-2.75)* 0.54 1.46 (1.06-2.02)" 0.87

Cs 2.63 (1.99-3.49)" 0.95 2.60 (1.63-4.13" 1.51 (0.95-2.40) 0.12 2.86 (2.11-3.89)" 0.69
Education Status

College and above 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Below college 1.50 (1.18-1.92)* 0.43 1.14 (0.80-1.63) 1.40 (0.97-2.02) 0.43 1.54 (1.20-1.98)" 0.17

Notes: aOR, adjusted odds ratio; Cl, confidence intervals; AIAN, American Indian/Alaska Native; PIT, poverty income threshold; NS, never smoker; FS, former smoker; CS, current
smoker. *, P<0.05 in multivariable regression on that year’s cohort; *, collinear; n/a, not application because of non-significance in univariable regression analysis; P vs.
2005, p values for comparing with the respective aOR of the 2005 cohort. Insurance status showed lack of associations in the univariable regression analyses in all cohorts

and is omitted here.

2010 cohort. However, DID analyses showed
no significant differences in aOR of various
factors (Table 2).

Cancer diagnosis was consistently and inde-
pendently associated with increased 4-year
mortality (Table 2, aOR range, 2.70-3.55 ac-
ross cohorts, all P<0.001). Its aOR did not
differ significantly across cohorts or between
pre- and post-ACA periods.

Age was among the most significant prognos-
tic factor of mortality across all cohorts, with
progressively higher aORs in each older age
stratum (e.g., 55-64 years: aORs ranging from
5.35 to 10.08, all P<0.001). In contrast, sex

4902

and smoking status were both associated with
4-year mortality in 2000, 2005, and 2015,
except 2010. Black participants experienced
higher 4-year mortality than Whites in 2000,
2010, and 2015 (@aORs 1.70-1.99, all P<
0.001), although this difference did not reach
significance in 2005. However, region of resi-
dence, insurance status, ethnicity and citizen-
ship were not associated with 4-year morta-
lity in any of the cohorts.

Multivariable regression analyses in cancer
patients

Factors associated with 4-year all-cause mor-
tality varied substantially across survey years.
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Table 3. Multivariable adjusted odds of 4-year mortality in patients with cancer present during survey
conducted in 2000, 2005, 2010, or 2015

Variabl 2000 2005 2010 2015
arable aOR (95% Cl) P vs. 2005 aOR (95% CI) aOR (95% Cl) P vs. 2005 aOR (95% ClI) Pvs. 2005

Sex

Male 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Female 0.63 (0.37-1.09) 0.63 0.48 (0.22-1.06) 0.90 (0.51-1.58) 0.20 0.47 (0.26-0.86)" 0.96
Age (y)

18-34 1 [reference] 1 [reference] 1 [reference] 1 [reference]

35-44 0.85 (0.31-2.39) 0.95 0.76 (0.03-18.55 n/a 1.54 (0.20-11.70) 0.72

45-54 1.70 (0.81-3.53) 0.47 3.52 (0.28-45.59) n/a 9.95 (5.09-19.44)» 0.37

55-64 1.83(0.81-4.12) 0.63 7.92 (0.70-89.39) n/a 18.31(11.87-28.23) 0.46
Race

White 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Black 3.78 (2.08-6.87)" * n/a 1.22 (0.55-2.73)

Al/AN 2.25(0.59-8.61) * n/a *

Asian 1.53(0.78-2.98) * n/a 2.07 (0.51-8.40)
Education Status

College and above 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Below college n/a 1.41(0.62-3.22)  1.96 (1.04-3.69)" 0.53 1.86 (1.12-3.11)" 0.57
Income

>PIT 1 [reference] 1 [reference] 1 [reference] 1 [reference]

<PIT n/a 5.47 (1.78-16.84)~ 2.55(1.40-4.65)" 0.24 n/a
Region of residence

Northeast 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Midwest n/a 0.45 (0.18-1.16) n/a 1.79 (0.55-5.85) 0.18

South n/a 0.41 (0.14-1.26) n/a 3.49 (1.18-10.28)* 0.01

West n/a 0.24 (0.06-0.86)" n/a 1.60 (0.50-5.15) 0.03
Smoking status

NS 1 [reference] 1 [reference] 1 [reference] 1 [reference]

FS n/a 0.55(0.19-1.55)  2.51 (1.34-4.69)" 0.01 n/a

Cs n/a 1.85 (0.59-5.85) 1.17 (0.48-2.87) 0.54 n/a

Notes: aOR, adjusted odds ratio; Cl, confidence intervals; AIAN, American Indian/Alaska Native; PIT, poverty income threshold; NS, never smoker; FS, former smoker; CS,
current smoker. ~, P<0.05 in multivariable regression on that year’s cohort; *, collinear; n/a, not application because of non-significance in univariable regression analysis;
P vs. 2005, p values for comparing with the respective aOR of the 2005 cohort. Insurance status showed lack of associations in the univariable regression analyses in all
cohorts and is omitted here.

DID analyses could not substantiate that aORs
of the potentially interesting factors changed
significantly after the ACA implementation, ex-
cept that the regional gaps in aOR significantly
widened (Table 3).

Compared with adults aged 18-34 years,
older adults (45-54 and 55-64 years, res-
pectively) were independently associated with
4-year mortality in the full ACA cohort (2015)
but not in earlier cohorts. However, DID an-
alyses showed no differences in the aORs.
Although the aOR of Black (versus White) sig-
nificantly reduced from 2000 to 2015 (P =
0.03 for aOR comparison of 2000 and 2015),
being Black was not associated with 4-year
mortality in 2010. Therefore, the post-ACA
change cannot be ascertained due to the lack
of association/data in the 2005 cohort.
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Multivariable regression analyses in non-can-
cer participants

Age, race and smoking status remained as-
sociated with 4-year mortality in all cohort
years among non-cancer participants (Table 4).
Female sex was also consistently associated
with better 4-year mortality in all cohort years,
except 2010.

Similar to the MVA results of cancer popula-
tion, some factors associated with 4-year all-
cause mortality varied across survey years.
Our DID analyses showed that aORs of these
associated factors did not change significantly
before or after the ACA implementation, except
that age-associated aOR (versus 2005 cohort)
was decreased (Table 4).
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Table 4. Multivariable adjusted odds ratios of 4-year mortality in patients without cancer present dur-
ing survey conducted in 2000, 2005, 2010, or 2015

. 2000 2005 2010 2015
variable aOR (95% Cl)  Pvs. 2005 aOR (95% ClI) aOR (95% Cl) Pvs.2005 aOR (95% Cl) P vs. 2005
Sex

Male 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Female 0.60 (0.47-0.76)» 0.77 0.57 (0.45-0.73)» 0.74 (0.50-1.09) 0.27 0.57 (0.44-0.74)» 0.99
Age (year)

18-34 1 [reference] 1 [reference] 1 [reference] 1 [reference]

35-44 2.66 (1.69-4.16)" 0.64 2.24 (1.29-3.89)" 2.05 (1.01-4.14) 0.85 1.36 (0.75-2.47) 0.23

45-54 6.05 (4.00-9.15)" 0.78 6.62 (4.05-10.81)  3.55(1.87-6.75)" 0.13 3.18 (1.99-5.08)" 0.03

55-64 10.92 (7.27-16.41)" 0.17 17.04 (10.44-27.82)~ 6.30(3.20-12.40) 0.02 7.82 (5.03-12.16)" 0.02
Race

White 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Black 1.55 (1.19-2.02)* 0.47 1.80 (1.32-2.46)" 1.97 (1.30-2.99) 0.73 1.82 (1.35-2.45) 0.96

AIAN 1.76 (0.76-4.08) 0.93 1.86 (0.81-4.30) * 2.31(1.08-4.93) 0.71

Asian 1.73 (0.85-3.53) 0.38 1.07 (0.48-2.40) 0.51 (0.15-1.70) 0.32 0.87 (0.43-1.74) 0.70
Ethnicity

Non-Hispanic 1 [reference] 1 [reference] 1 [reference]

Hispanic 0.93 (0.64-1.36) 0.65 1.05 (0.73-1.53) n/a 0.82 (0.51-1.30) 0.42
Citizenship

Citizen 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Noncitizen n/a 1.01 (0.61-1.67) n/a 1.82(0.51-1.30) 0.09
Smoking Status

NS 1 [reference] 1 [reference] 1 [reference] 1 [reference]

FS 1.37 (0.99-1.90) 0.43 1.65 (1.20-2.28)" 1.56 (0.98-2.49) 0.85 1.38 (0.96-1.98) 0.47

Cs 2.85(2.12-3.84)" 0.64 3.16 (2.30-4.34)" 1.22(0.77-1.95) <0.001 3.32 (2.37-4.66)" 0.84
Education Status

College and above 1 [reference] 1 [reference] 1 [reference] 1 [reference]

Below college 1.57 (1.20-2.05)" 0.51 1.39 (1.10-1.77)» 1.39 (0.94-2.05) 0.99 1.47 (1.10-1.95)» 0.77

Notes: aOR, adjusted odds ratio; Cl, confidence intervals; AIAN, American Indian/Alaska Native; NS, never smoker; FS, former smoker; CS, current smoker. *, P<0.05 in
multivariable regression on that year’s cohort; *, collinear; n/a, not application because of non-significance in univariable regression analysis; P vs. 2005, p values for
comparing with the respective aOR of the 2005 cohort. Income and insurance status showed lack of associations in the univariable regression analyses in all cohorts and

is omitted here.

Discussion

Cancer prevalence rose 13.0% among U.S.
working-age adults (aged 18-64 years) in 4
population-based cohort studies, from 3,970
per 100,000 (3.97%) in 2005 to 5,150 per
100,000 (5.15%) in 2015. In MVA on all partici-
pants, cancer diagnosis, sex (except in 2010),
age and smoking status were associated with
4-year all-cause mortality. However, DID analy-
ses showed no significant changes of their
aORs after the ACA implementation. Among
participants with cancer, sex, age, education
and region of residence became associated
with 4-year all-cause mortality after ACA imple-
mentation, but the aOR of region of residence
significantly changed after the ACA implemen-
tation in DID analyses. Among the participants
without cancer, sex and age remained associ-
ated with 4-year all-cause mortality after ACA
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implementation, but only the aORs of age sig-
nificant changed and were reduced.

There seem to be two key scientific and public-
health impacts of our findings. Our DID data
highlights that ACA was associated with differ-
ent changes of disparities in 4-year mortality
risk by cancer status, despite few changes in
the factors’ associations in all participants. It
will be interesting to understand whether ACA’s
influences on the socioeconomic disparities of
mortality also differ by statuses of other dis-
eases, such as diabetes and cardiovascular
diseases. More works are warranted to investi-
gate the long-term impact of ACA implementa-
tion. Additional studies using large, population-
data (not national-representative datasets) are
also needed to rigorously examine its impact
on individual cancer types and resolve the
conflicting results of prior studies [6, 7, 14-18].
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The widened regional disparities in 4-year mor-
tality risk may be attributable to more states
without Medicare expansion in the South re-
gion [2, 45, 46] and a smaller insurance co-
verage rate in the South region and similar
insurance coverage rate in the West region
than the Northeast region [2]. As supported by
the largest aOR of cancer diagnosis for linking
to 4-year mortality among all factors, cancer
patients’ mortality appears more dependent
on the ACA and other health policy influencing
insurance coverage than that of non-cancer
participants. However, we could not incorpo-
rate state-level Medicaid expansion status in
the analyses due to lacking state-level resi-
dence data. Our data showed also no asso-
ciation of insurance status with 4-year mor-
tality in cancer, non-cancer or overall popula-
tion. Therefore, alternative explanations must
be sought, including regional or state-level dif-
ferences/heterogeneity in cancer mix, health
policy, healthcare infrastructure, or baseline
mortality trends.

Several strengths of this study appear note-
worthy. First, this is the first population-based
study on the factors associated with 4-year
all-cause mortality risk before versus after the
ACA implementation. All published studies had
unclear, no, or <4 years of follow-up, except a
National Cancer Database-based study on four
cancers with 4-year follow-up; however, it did
not cover all cancers or any of the other can-
cers [10]. Moreover, the National Cancer Da-
tabase is known for its selection bias of limit-
ing to the cancer programs accredited by the
Commission on Cancer of the American Colle-
ge of Surgeons and American Cancer Society
[47-49].

Second, this is one of the few studies on the
association of ACA with 4-year all-cause mor-
tality in working-age Americans using sample
weighting and large population datasets (>70
million in each cohort). Nearly all studies on the
association of ACA with mortality/survival used
the National Cancer Database or Surveillance,
Epidemiology, End Results data [9, 19, 21,
38]. Therefore, they had much smaller sample
sizes and statistical power than this one, while
the only study based on NHIS-linked National
Death Index data used unweighted data and
had a smaller sample size than ours [50].

Third, we exclusively focused on prevalence-
based 4-year mortality and included both can-
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cer survivors and patients with first-time can-
cer diagnosis. Since nearly all studies on the
association of ACA with all-cause mortality
in working-age Americans used the National
Cancer Database or Surveillance, Epidemio-
logy, End Results data, they exclusively focus-
ed on patients with newly diagnosed cancer.
Our inclusion of cancer survivor (who had a
cancer diagnosis at the time of survey) thus
fills a critical knowledge gap in the intermedi-
ate-term (e.g., 4 year) mortality of cancer survi-
vors. Indeed, we also showed increasing can-
cer prevalence through the 15 years. However,
cancer survivors and patients with first-time
cancer diagnosis have different prognoses [51,
52]. This heterogeneity may dilute or obscure
ACA-related effects, but would have little im-
pact on the DID of population-level associa-
tions that were examined here.

Fourth, this study has sound statistical meth-
odologies that are rarely combined in past
works. Its scientific rigors are strengthened
by its aOR-based DID analyses, cohort study
design and use of MVA. The DID comparison
of aOR in 2000, 2010 and 2015 with those in
the 2005 cohort not only examined the influ-
ence of ACA implementation in 2010 and be-
yond (2015), but examined the possible intrin-
sic changes in aOR before its implementation
(2000 vs 2005 cohort). The SE-based calcula-
tion of p values for comparing aORs is more reli-
able than detecting overlaps of Cis and has
been recommended [42-44].

Finally, it appears more sensible to use early
and full ACA implementation periods than just
use a simple cutoff as most studies did (see
the method section for summary of prior works).
A study on California cancer registry used the
same year grouping [8], while the similar strat-
egy of using washout period has also been
used [13, 17, 22, 38].

Limitations

The retrospective design of this study will inevi-
tably introduce biases. While our cohort study
design and MVA method have significantly
reduced confounding and biases, prospective
cohort studies can further reduce biases and
are needed. Moreover, NHIS relied on self-
reported cancer diagnosis and socioecono-
mic statuses that are mostly accurate but still
prone to recall biases and missing data. How-
ever, our DID analysis has mitigated the influ-
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ences of those biases unless, in an unlikely
event, the recall biases and missing-data rates
changed through the years. Our data indeed
showed similar missing-data rates among the
cohorts (approximately 0.08-0.12% of the re-
spondents refused to answer or stated “don’t
know” about the cancer diagnosis told by a
doctor). Furthermore, cancer staging, patholo-
gy and treatment are all important for cancer
survivals [53-56], but are not available in the
NHIS dataset. While this intrinsic limitation of
NHIS cannot be overcome, caution must be
used when interpreting our findings. For exam-
ple, the observed widening of regional dispari-
ties in cancer patients may be primarily driven
by certain cancer types that are particularly
sensitive to healthcare access barriers, such
as advanced-stage cancers. Therefore, studies
using local cohorts and cancer registry data are
warranted to incorporate these factors. In addi-
tion, we chose logistic regression to model
4-year mortality risk, but not Cox proportional
hazards model, which may be preferred by
some scholars. While Cox regression is more
robust in analyzing time-event based mortality,
its validity requires sufficient and good data in
event times and that survival (time-event) data
pass the test of proportional hazards; other-
wise, its results may be unreliable if not mis-
leading [57-59]. Future works may use Cox
regression, although MVA used here is suffi-
cient to test our scientific hypotheses. This
study is also limited by not incorporating state-
level Medicaid expansion status, and should be
interpreted with caution. Finally, while our find-
ings highlight interactions among poverty, edu-
cation, and smoking, further work is needed to
delineate potential causal relationship in trials
or prospective cohort studies.

Conclusion

This population-based retrospective cohort
study demonstrates rising cancer prevalence
among U.S. working-age adults from 2005 to
2015, with cancer diagnosis, sex, age, race,
and smoking status consistently linked to 4-
year all-cause mortality. DID analyses reveal
no significant post-ACA shifts in these associa-
tions for all participants. However, regional dis-
parities significantly increased post-ACA in can-
cer patients, while age-disparities significant-
ly reduced in non-cancer participants. These
results highlight that the influences of ACA
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implementation on socioeconomic disparities
differed by cancer status. Further works should
focus on its influence by other disease status,
including diabetes and cardiovascular disease.
Long-term, population-level studies are also
warranted to clarify ACA’'s impacts on specific
cancers and guide equitable policy reforms.
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Supplementary Table 1. Responses to the CANEV question in the survey by cohort year

Responses 2000 2005 2010 2015
Unweighted
Yes, n (%) 2,333 (8.59) 2,428 (71.73) 2,151 (6.64) 3,289 (9.77)
No, n (%) 24,804 (91.34) 28,969 (92.18) 30,195 (93.27) 30,350 (90.13)
Refused, n (%) 10 (0.04) 13 (0.04) 12 (0.04) 18 (0.05)
Don’t know, n (%) 10 (0.04) 18 (0.06) 16 (0.05) 15 (0.04)
Weighted
Yes, n (%) 6,533,841 (7.07) 7,922,662 (8.15) 9,225,585 (9.50) 10,412,971 (10.00)
No, n (%) 85,812,966 (92.84) 89,213,414 (91.75) 87,795,508 (90.43) 93,580,638 (89.88)
Refused, n (%) 37,680 (0.04) 42,981 (0.04) 33,108 (0.03) 82,119 (0.08)
Don’t know, n (%) 48,636 (0.05) 52,438 (0.05) 33,815 (0.03) 46,067 (0.04)

Supplementary Table 2. Comparison of weighted all-cause mortality between cohorts

2000 P value 2005 2010 P value 2015 P value

Cancer patients

Alive 2,648,791 <0.001 3,328,246 4,135,411 <0.001 3,743,351 <0.001

% 93.50% 93.70% 93.20% 93.40%

Dead 185,317 223,398 301,072 266,037

% 6.50% 6.29% 6.79% 6.64%
Non-cancer participants

Alive 66,602,755 <0.001 67,901,285 70,026,194 <0.001 72,204,906 0.155

% 98.60% 98.60% 98.50% 98.60%

Dead 956,933 997,812 1,083,357 1,059,579

% 1.40% 1.45% 1.52% 1.45%

P values were calculated using Chi-square test compared with the 2005 cohort.



Supplementary Table 3. Baseline characteristics of study participants (percentage by column)

ACA and 4-year mortality in working-age adults with cancer

2000 2005 2010 2015
Cancer p Cancer p Cancer p Cancer p
No Yes No Yes No Yes No Yes
Age (y) <0.001 <0.001 <0.001 <0.001
18-34 27,425,115 404,361 27,263,697 445,852 27,235,694 423,338 27,520,141 314,092
% 38.50% 13.70% 36.80% 11.70% 37.70% 9.50% 36.90% 7.80%
35-44 18,929,954 601,419 17,890,563 632,862 15,368,701 601,449 15,728,194 545,324
% 26.60% 20.40% 24.10% 16.70% 21.30% 13.40% 21.10% 13.50%
45-54 15,055,073 906,427 16,643,980 1,098,469 16,057,358 1,291,237 15,809,408 1,019,813
% 21.10% 30.70% 22.40% 28.90% 22.20% 28.80% 21.20% 25.20%
55-64 9,866,940 1,037,119 12,366,651 1,623,555 13,597,640 2,159,884 15,621,110 2,172,534
% 13.80% 35.20% 16.70% 42.70% 18.80% 48.30% 20.90% 53.60%
Sex <0.001 <0.001 <0.001 <0.001
Male 33,185,619 944,912 34,892,727 1,246,298 34,471,124 1,571,056 35,585,999 1,485,743
% 46.60% 32.00% 47.00% 32.80% 47.70% 35.10% 47.70% 36.70%
Female 38,091,463 2,004,414 39,272,164 2,554,440 37,788,269 2,904,852 39,092,854 2,566,020
% 53.40% 68.00% 53.00% 67.20% 52.30% 64.90% 52.30% 63.30%
Race <0.001 <0.001 <0.001 <0.001
White 56,513,126 2,659,206 60,125,796 3,456,861 56,879,735 3,940,670 57,837,181 3,550,990
% 82.50% 91.90% 82.20% 91.80% 80.10% 89.80% 79.20% 89.20%
Black 9,168,134 170,532 9,722,645 233,981 10,141,980 359,052 10,268,301 328,236
% 13.40% 5.89% 13.30% 6.20% 14.30% 8.18% 14.10% 8.24%
Al/AN 515,588 26,626 537,321 15,192 616,826 42,910 724,807 28,966
% 0.753% 0.92% 0.007 0.004 0.869% 0.978% 0.992% 0.727%
Asian 2,305,242 37,031 2,733,369 60,367 3,328,648 46,405 4,227,267 73,936
% 3.37% 1.28% 3.70% 1.69% 4.69% 1.06% 5.79% 1.86%
Ethnicity <0.001 <0.001 <0.001 <0.001
Non Hispanic 64,045,187 2,853,105 65,076,640 3,627,370 62,495,352 4,217,481 63,318,600 3,776,559
% 89.90% 96.70% 87.70% 95.40% 86.50% 94.20% 84.80% 93.20%
Hispanic 7,231,895 96,221 9,088,251 173,368 9,764,041 258,427 11,360,253 275,204
% 10.10% 3.26% 12.30% 4.60% 13.50% 5.77% 15.20% 6.79%
Citizenship <0.001 <0.001 <0.001 <0.001
US Citizen 5,293,861 43,044 6,050,932 85,079 6,328,007 84,948 6,696,221 95,559
% 7.44% 1.46% 8.20% 2.20% 8.77% 1.90% 8.98% 2.36%
Non-US Citizen 65,817,334 2,906,282 67,891,196 3,713,784 65,852,314 4,389,581 67,864,227 3,956,204
% 92.60% 98.50% 91.80% 97.80% 91.20% 98.10% 91.00% 97.60%
Smoking Status <0.001 <0.001 <0.001 <0.001
NS 38,568,553 1,212,621 42,542,559 1,663,705 42,734,427 2,062,790 47,845,023 2,088,961



% 54.60%
FS 13,181,740
% 18.70%
Cs 18,894,409
% 26.7%
Region of residence
Northeast 13,566,601
% 19.00%
Midwest 18,296,912
% 25.70%
South 25,652,120
% 36.00%
West 13,761,449
% 19.30%
Education Status
Below College 40,103,855
% 56.70%
College and above 30,589,419
% 43.30%
Income
2T 38,203,772
% 83.80%
<IT 7,385,918
% 16.20%
Insurance Status
Noninsured 13,304,171
% 18.80%
Insured 57,599,421
% 81.20%
Vital Status (4-year FU)
Alive 66,602,755
% 98.60%
Dead 956,933
% 1.40%
Total
71,277,082
96.03%

ACA and 4-year mortality in working-age adults with cancer

41.30%
821,594
28.00%
903,225
30.7%

515,270
17.50%
706,735
24.00%
1,152,937
39.10%
574,384
19.50%

1,716,781
58.60%
1,215,164
41.40%

1,396,712
81.60%
315,202
18.40%

350,336
11.90%
2,598,990
88.10%

2,648,791
93.50%
185,317

6.50%

2,949,326
3.97%

0.24

0.29

0.19

<0.001

<0.001

57.90%
13,200,262
18.00%
17,761,009
24.2%

12,960,869
17.50%
18,822,602
25.40%
27,250,315
36.70%
15,131,105
20.40%

43,609,414
59.30%
29,880,130
40.70%

39,721,029
85.40%
6,798,882
14.60%

14,019,132
19.00%
59,847,065
81.00%

67,901,285
98.60%
997,812
1.45%

74,164,891
95.13%

44.10%
1,118,207
29.60%
991,953
26.3%

682,098
17.90%
948,063
24.90%
1,344,418
35.40%
826,159
21.70%

2,358,114
62.40%
1,423,404
37.60%

1,821,811
85.50%
308,321
14.50%

464,536
12.20%
3,327,877
87.80%

3,328,246
93.70%
223,398
6.29%

3,800,738
4.87%

0.68

0.08

0.93

<0.001

<0.001

59.50%
12,831,453
17.90%
16,307,115
22.7%

12,119,928
16.80%
17,329,190
24.00%
26,319,573
36.40%
16,490,702
22.80%

45,352,476
63.00%
26,684,191
37.00%

40,946,720
85.50%
6,967,568
14.50%

15,531,850
21.60%
56,483,563
78.40%

70,026,194
98.50%
1,083,357
1.52%

72,259,393
94.17%

46.90%
1,262,432
28.70%
1,073,890
24.4%

752,713
16.80%
1,128,849
25.20%
1,675,161
37.40%
919,185
20.50%

2,935,598
65.80%
1,528,686
34.20%

2,270,720
86.00%
370,258
14.00%

489,490
11.00%
3,979,755
89.00%

4,135,411
93.20%
301,072
6.79%

4,475,908
5.83%

0.42

0.06

0.72

<0.001

<0.001

64.30%
13,217,591
17.80%
13,370,179
18.0%

12,638,875
16.90%
17,642,439
23.60%
27,645,278
37.00%
16,752,261
22.40%

49,743,019
66.90%
24,666,817
33.10%

40,520,372
80.90%
9,585,857
19.10%

9,350,548
12.60%
64,919,608
87.40%

72,204,906
98.60%
1,059,579
1.45%

74,678,853
94.85%

51.80%

1,161,592

28.80%

780,633

19.4%
0.07

554,036

13.70%

992,899

24.50%

1,645,817
40.60%
859,011

21.20%
0.57

2,744,368

67.90%

1,300,076

32.10%
<0.001

1,853,485

87.10%

273,847

12.90%
<0.001

210,055

5.20%

3,830,980

94.80%
<0.001

3,743,351

93.40%

266,037

6.64%

4,051,763

5.15%

Notes: AIAN, American Indian/Alaska Native; PIT, poverty income threshold; NS, never smoker; FS, former smoker; CS, current smoker; FU, follow-up.



