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Relationship between ma
rital status and survival
in patients with lung adenocarcinoma
A SEER-based study
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Abstract
Numerous studies have focused on whether the marital status has an impact on the prognosis in patients with non-small cell lung
cancer, but none have focused on lung adenocarcinoma.
We selected 61,928 eligible cases with lung adenocarcinoma from the Surveillance, Epidemiology, and End Results database from

2004 to 2016 and analyzed the impact of marital status on cancer-specific survival (CSS) using Kaplan–Meier and Cox regression
analyses.
We confirmed that sex, age, race, cancer TNM stage and grade, therapeutic schedule, household income, andmarital status were

independent prognostic factors for lung adenocarcinoma CSS. Multivariate Cox regression showed that widowed patients had
worse CSS (hazard ratio 1.26, 95% confidence interval 1.20–1.31, P< .001) compared with married patients. Subgroup analysis
showed consistent results regardless of sex, age, cancer grade, and TNM stage. However, the trend was not significant for patients
with grade IV cancer.
These results suggest that marital status is first identified as an independent prognostic factor for CSS in patients with lung

adenocarcinoma, with a clear association between widowhood and a high risk of cancer-specific mortality. Psychological and social
support are thus important for patients with lung adenocarcinoma, especially unmarried patients.

Abbreviations: CSS = cancer-specific survival, HR = hazard ratio, ICD-O-3 = International Classification of Diseases for
Oncology, 3rd edition, NSCLC = non-small cell lung cancer, SEER = Surveillance, Epidemiology, and End Results.
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1. Introduction

Lung cancer is considered the most common cancer worldwide,
affecting 1.8 million people and accounting for 13% of all
diagnosed cancers. It is also the main cause of cancer-related
death worldwide, being responsible for 19% of all cancer-related
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deaths representing about 1.6 million people.[1] Despite new
treatments, the 5-year survival rate remains as low as 12% to
15%.[2] In the last 2 decades, adenocarcinoma has replaced
squamous cell cancer as the most prevalent subtype of non-small
cell lung cancer (NSCLC),[2] accounting for 40% of all lung
cancer patients.[3]

Although previous studies have examined the impacts of
demographic factors (e.g., age and sex) and clinicopathologic
factors (e.g., presence of pulmonary symptoms, larger tumor size,
nonsquamous histology, vascular invasion) on cancer survival,[4]

the impact of marriage is still unclear. Wu et al[4] demonstrated
that marriage was protective on the survival of patients with
NSCLC; however, Kumi et al[5,6] and Jatoi et al[7] reached
opposing conclusions. In addition, as far as we have known,
previous researchers did not pay attention to the impact of
marital status on the survival of patients with lung adenocarci-
noma.
In the present study, we aimed to explore the relationship

between marital status and the prognosis of lung adenocarcino-
ma by analyzing data from the Surveillance, Epidemiology, and
End Results (SEER) cancer registry database.

2. Materials and methods

2.1. Data source

All data in our study were acquired from the SEER 18 registry,
which is currently the largest publicly available cancer database,
covering approximately 28% of the US population.[8] We used
the Incidence-SEER 18 Registries Custom Data with additional
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treatment fields, Nov 2018 Sub (1975– 2016 varying), which
contains information on patient demographics and cancer
characteristics, including sex, age at diagnosis, race, marital
status, cancer TNM stage, and grade at diagnosis, treatment
regimen, and patient survival time. We took 2004 as the first year
of the study, given that several employed covariates were
introduced in SEER in that year.[9] Ethical approval was waived
by the institutional review board of the First People’s Hospital of
Yongkang City because SEER data is publicly accessible and
deidentified.
2.2. Patient selection

Patients with International Classification of Diseases for
Oncology, 3rd edition (ICD-O-3) site code C34.0-C34.9 from
2004 to 2016 were identified in the SEER database. Unless they
were excluded by the following criteria: ICD-O-3 morphology
code did not indicate lung adenocarcinoma (8140); diagnosis of
cancer made at autopsy; age at diagnosis <18years; prior
Table 1

Baseline characteristics of patients with lung adenocarcinoma.

Characteristic Married Divorced

Number of patients 33,713 (54.4) 8804 (14.2)
Sex
Male 18,731 (55.6) 3742 (42.5)
Female 14,982 (44.4) 5062 (57.5)
Age
<65 13,783 (40.9) 4326 (49.1)
≥65 19,930 (59.1) 4478 (50.9)
Race
White 26,685 (79.2) 6942 (78.9)
Black 2759 (8.2) 1384 (15.7)
Other 4269 (12.7) 478 (5.4)
Grade
I 2549 (7.6) 597 (6.8)
II 7176 (21.3) 1742 (19.8)
III 8714 (25.8) 2301 (26.1)
IV 176 (0.5) 49 (0.6)
Unknown 15,098 (44.8) 4115 (46.7)
TNM stage
I 7111 (21.1) 1904 (21.6)
II 2315 (6.9) 639 (7.3)
III 5930 (17.6) 1649 (18.7)
IV 18,357 (54.5) 4612 (52.4)
Surgery
Yes 9467 (28.1) 2322 (26.4)
No 24,246 (71.9) 6482 (73.6)
Radiotherapy
Yes 14,900 (44.2) 4077 (46.3)
None, refused or unknown 18,813 (55.8) 4727 (53.7)
Chemotherapy
Yes 20,380 (60.5) 4850 (55.1)
No/unknown 13,333 (39.5) 3954 (44.9)
Cancer-specific death
Events 20,452 (60.7) 5469 (62.1)
Censored 13,261 (39.3) 3335 (37.9)
Median household income
<3946 8319 (24.7) 2374 (27)
3946–4494 8118 (24.1) 2178 (24.7)
4494–5400 8384 (24.9) 2277 (25.9)
≥5400 8892 (26.4) 1975 (22.4)

Values are n (%). According to the quartiles, the median household income variable was divided into 4 gro
5400, respectively.
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malignancy diagnosed; cause of death unknown; survival time
unknown or <1month; and incomplete clinical information.
2.3. Study variables

Information on the patients’ demographic and clinical character-
istics was extracted from the database, including sex, age at
diagnosis, race, tumor grade, AJCC TNM stage, marital status,
surgical information, radiotherapy information, and chemother-
apy information. Group assignments were made via the following
factors: age (<65 and ≥65years old); race (White, Black, and
other); marital status (married, single, separated, divorced, and
widowed); separated and divorced patients were combined into a
single category in alignment with previous studies.[10–12]); tumor
grade (I, well-differentiated; II, moderately differentiated; III,
poorly differentiated; IV undifferentiated); surgery (yes or no);
and radiotherapy and chemotherapy (yes or no/unknown).
Median household income was calculated to represent socioeco-
nomic status. The primary study endpoint was cancer-specific
Single Widowed Total P value

9516 (15.4) 9895 (16) 61,928 (100)
<.001

4767 (50.1) 2220 (22.4) 29,460 (47.6)
4749 (49.9) 7675 (77.6) 32,468 (52.4)

<.001
5850 (61.5) 1251 (12.6) 25,210 (40.7)
3666 (38.5) 8644 (87.4) 36,718 (59.3)

<.001
6217 (65.3) 7911 (79.9) 47,755 (77.1)
2637 (27.7) 1042 (10.5) 7822 (12.6)
662 (7) 942 (9.5) 6351 (10.3)

<.001
542 (5.7) 826 (8.3) 4514 (7.3)

1739 (18.3) 2111 (21.3) 12,768 (20.6)
2614 (27.5) 2218 (22.4) 15,847 (25.6)

58 (0.6) 45 (0.5) 328 (0.5)
4563 (48) 4695 (47.4) 28,471 (46)

<.001
1784 (18.7) 2490 (25.2) 7111 (21.5)
623 (6.5) 796 (8) 2315 (7.1)

1675 (17.6) 1716 (17.3) 5930 (17.7)
5434 (57.1) 4893 (49.4) 18,357 (53.8)

<.001
2125 (22.3) 2286 (23.1) 16,200 (26.2)
7391 (77.7) 7609 (76.9) 45,728 (73.8)

<.001
4252 (44.7) 3933 (39.7) 27,162 (43.9)
5264 (55.3) 5962 (60.3) 34,766 (56.1)

<.001
5270 (55.4) 4193 (42.4) 34,693 (56)
4246 (44.6) 5702 (57.6) 27,235 (44)

<.001
6031 (63.4) 6112 (61.8) 38,064 (61.5)
3485 (36.6) 3783 (38.2) 13,261 (38.5)

<.001
2235 (23.5) 2418 (24.4) 15,346 (24.8)
2727 (28.7) 2469 (25) 15,492 (25)
2355 (24.7) 2544 (25.7) 15,560 (25.1)
2199 (23.1) 2464 (24.9) 15,530 (25.1)

ups. Among all patients, the lower quartile, the median, and the upper quartile were 3946, 4494, and
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survival (CSS). For CSS analysis, deaths from lung adenocarci-
noma were considered events, while survivors or deaths
attributed to other causes were censored.
2.4. Statistical analysis

Categorical variables were expressed as counts and percentages
and compared using x2 tests across groups according to marital
status. CSS was estimated using Kaplan–Meier analysis. Factors
with a P value <.05 in log-rank tests were entered into the
multivariate Cox regression model. All statistical analyses were
conducted using SPSS software (version 24; IBM Corp, Armonk,
NY). Statistical significance was set at a 2-sided P< .05.
Figure 1. Kaplan–Meier curves of lung adenocarcinoma cancer-specific
survival by marital status.
3. Results

3.1. Baseline patient characteristics

We selected 61,928 eligible cases with lung adenocarcinoma
(29,460 males and 32,468 females) through the SEER database
from 2004 to 2016. Of these, 33,713 patients (54.4%) were
married, 8804 were divorced (14.2%), 9516 were single
(15.4%), and 9895 were widowed (16.0%). Most married
patients were men (55.6%), and most widowed patients were
women (77.6%). Most widowed patients were ≥65years old
(87.4%), while most single patients were <65years old (61.5%).
Single patients were more likely to have TNM stage IV cancer
(57.1%). Married patients had the highest proportions of
patients with surgery (28.1%) and chemotherapy (60.5%).
While widowed patients had the lowest proportions of patients
with radiotherapy (60.3%) and chemotherapy (57.6%). The
patients’ characteristics are summarized in Table 1.
3.2. Effect of marital status on lung adenocarcinoma CSS

We estimated the lung adenocarcinoma CSS by the Kaplan–
Meier method and analyzed it using log-rank tests. CSS was
strongly associated with marital status (P< .001, Fig. 1), and
married patients had the highest CSS (28.3%) (Table 2).
Multivariate analysis revealed that divorced (hazard ratio
(HR) =1.1, 95% confidence interval (CI): 1.05–1.15, P< .001),
single (HR=1.1, 95% CI: 1.05–1.15, P< .001), and widowed
(HR=1.21, 95% CI 1.15–1.26, P< .001) patients had higher
risks of cancer-specific death compared with married patients
after adjusting the covariates. In addition, sex, race, cancer TNM
stage and grade, therapeutic schedule, and median household
income were also identified as independent factors related to CSS.
Briefly, male sex, higher tumor grade, higher TNM stage, low
median household income, no surgery, and no chemotherapy
were associated with higher risks of lung adenocarcinoma-
specific death.

3.3. Subgroup analysis by sex, cancer grade, and TNM
stage

We further investigated the prognostic effect of marital status
according to sex, cancer grade, and TNM stage using log-rank
tests and the Cox regression analysis. Widowed patients had the
worse 5-year CSS in both sexes, and widowed men had the worst
5-year CSS (Supplementary Figure 1, http://links.lww.com/MD/
G573). Cox regression analyses indicated that widowed patients
had a greater risk of cancer-specific mortality compared with
their married counterparts (P< .001) regardless of sex. The
3

prognosis of lung adenocarcinoma varied according to cancer
grade. As shown in Supplementary Table 1, http://links.lww.com/
MD/G576, married patients had the highest 5-year CSS for all
cancer grades, and widowhood was identified as an independent
risk factor (Supplementary Figure 2, http://links.lww.com/MD/
G574, P< .05). Similarly, widowed patients had the worst 5-year
CSS in all TNM stage subgroups, and marital status was
significantly related to CSS (Supplementary Figure 3, http://links.
lww.com/MD/G575). In contrast to married patients, widowed
patients had significantly lower 5 year-CSS in the TNM I, TNM
III, and TNM IV groups but not in TNM stage II patients
(Supplementary Table 1, http://links.lww.com/MD/G576).
4. Discussion

The study revealed that marital status may be an independent
prognostic factor in patients with lung adenocarcinoma, with and
5 year CSS in married patients were higher than divorced,
widowed, and single patients, regardless of sex, cancer grade, and
TNM stage.
Our key findings are in line with previous reports with other

types of cancer.[10,13–15] Several hypotheses have been proposed
to elucidate the poorer prognosis in widowed patients. One
possible cause may be the undertreatment for this situation. Zhou
et al[16] similarly found that widowed patients with gastric cancer
were more likely to decline the surgery. Undertreatment may be
attributed to the lack of required support from a spouse, and a
lack of financial resources, given that spousal support can assist
with activities of daily living,[17] compliance with the prescribed
treatment protocol, and receiving medical assistance.[17–19] In
addition, married patients with more financial resources are more
likely to access medical care for early detection and timely and
advanced treatment.[20–22] A lack of these advantages thus means
that widowed patients are prone to undertreatment. Low
adherence to the prescribed treatments may also be a factor.
Cohen et al[23] found that unmarried patients always had poorer

http://links.lww.com/MD/G573
http://links.lww.com/MD/G573
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Table 2

Univariate and multivariate analyses of lung adenocarcinoma cancer-specific survival.

Univariate analysis Multivariate analysis

Variable 5-yr CSS Log rank x2 test P value HR (95% CI) P value

Sex 634.3 <.001
Male 23.8% Reference
Female 31.1% 0.77 (0.75–0.8) <.001

Age 4.8 .030
<65 27.5% Reference
≥65 27.8% 1.18 (1.14–1.22) <.001

Race 89.0 <.001
White 28.1% Reference
Black 25.3% 0.97 (0.93–1.02) .268
Other 27.1% 0.77 (0.73–0.81) <.001

Grade 6887.4 <.001
I 63.7% Reference
II 46.4% 1.38 (1.29–1.46) <.001
III 26.7% 1.79 (1.68–1.9) <.001
IV 29.3% 1.58 (1.36–1.84) <.001

TNM stage 20450.4 <.001
I 71.6% Reference
II 49.9% 2.47 (2.29–2.65) <.001
III 26.6% 3.81 (3.57–4.06) <.001
IV 7.1% 7.27 (6.84–7.73) <.001

Surgery 14212.2 <.001
No 12.4% Reference
Yes 67.0% 0.39 (0.37–0.41)

<0.001
Radiotherapy 1571.4 <.001
No 34.6% Reference
Yes 18.3% 1.08 (1.05–1.12)

<0.001
Chemotherapy 1616.5 <.001
No/unknown 41.0% Reference
Yes 17.5% 0.63 (0.61–0.65)

<0.001
Median household income 144.9 <.001
<3946 25.9% Reference
3946–4494 26.5% 0.9 (0.87–0.93) <.001
4494–5400 28.4% 0.99 (0.96–1.02) .452
≥5400 29.8% 0.99 (0.96–1.02) .372

Marital status 108.3 <.001
Married 28.3% Reference
Divorced 27.6% 1.1 (1.05–1.15) <.001
Single 26.5% 1.1 (1.05–1.15) <.001
Widowed 26.9% 1.21 (1.15–1.26) <.001

CSS = cancer-specific survival.

Wu et al. Medicine (2022) 101:1 Medicine
adherence to treatments than married patients. In breast cancer
patients, a low compliance rate to tamoxifen was related to an
increased risk of death,[24] and delayed or missed radiotherapy
increased the risk of locoregional recurrence and death in
patients with head/neck cancers.[25] Psychological support is
also an important factor. People diagnosed with cancer may
suffer from depression, anxiety, and psychosocial distress,[26]

which are deleterious to the endocrine and immune systems.[27]

Immune dysfunction may in turn lead to a decrease of natural-
killer cell cytotoxicity,[28] while endocrine dysfunction affects
the secretion of catecholamines and cortisol.[28,29] These
mechanisms may accelerate cancer development and metasta-
sis.[30] Furthermore, a significant decrease in medical compli-
ance was observed in patients with clinical depression,[31] and
psychological support was shown to improve the prognosis
4

amongmarried patients by having a spouse to help fight against
negative emotions and provide social supports strong-
ly.[22,32,33] In the current study, after controlling the treatment
variables including surgery, radiotherapy, and chemotherapy,
we could not distinguish if patients received standard of care or
not and exclude the effect of treatment. Therefore, inadequate
treatment is still a possible reason for the poor survival of
unmarried patients.
In accordance with the previous research,[4] the current study

also showed that male patients had a poorer prognosis. Further
analysis of the effect of marital status on CSS showed that
widowed male patients had the worst 5-year CSS. This may be
because, although both sexes suffer from the loss of a spouse, men
are subsequently more prone to develop depressive symp-
toms.[22,32,33]
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Numerous studies[4–6,34] have analyzed the relationship between
marital status and NSCLC, but none have focused on lung
adenocarcinoma. Treatment for patients with NSCLC varies
according to pathological type, which may affect the results.
However, the present study only enrolled patients with lung
adenocarcinoma. In addition,we further investigated the prognostic
effect of marital status according to sex, which has not been
examined in previous studies, and analyzed a larger sample size
(61,928 eligible patients) over a longer period (2004–2016).
This study had some limitations. First, it was a retrospective

study with clear inherent limitations. Second, some important
confounding variables that could not be obtained from the SEER
database such as smoking habits, complications, and cancer-
targeted therapy, and other details on treatment. Third, marital
status is documented at diagnosis, but it may change in the follow-
up. In addition, the database does not contain psychosocial distress
measurement which may be linked to the prognosis of patients.
5. Conclusions

The study demonstrates the marital status seems to be an
independent prognostic factor in patients with lung adenocarci-
noma. Compared with married patients, widowed, divorced, or
single patients showed a significantly higher risk of cancer-
specific mortality. These results highlight the importance of
providing adequate psychological and social support for cancer
patients, especially unmarried patients.
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