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Background: To reduce the increasing burden of pneumonia hospitalizations, we need to 

understand their determinants. Being married may decrease the risk of severe infections, due 

to better social support and healthier lifestyle.

Patients and methods: In this population-based case-control study, we identified all adult 

patients with a first-time pneumonia-related hospitalization between 1994 and 2008 in Northern 

Denmark. For each case, ten sex- and age-matched population controls were selected from 

Denmark’s Civil Registration System. We performed conditional logistic regression analysis 

to estimate the odds ratios (ORs) for pneumonia hospitalization among persons who were 

divorced, widowed, or never married, as compared with married persons, adjusting for age, sex, 

19 different comorbidities, alcoholism-related conditions, immunosuppressant use, urbanization, 

and living with small children.

Results: The study included 67,162 patients with a pneumonia-related hospitalization and 

671,620 matched population controls. Compared with controls, the pneumonia patients were 

more likely to be divorced (10% versus 7%) or never married (13% versus 11%). Divorced 

and never-married patients were much more likely to have previous diagnoses of alcoholism-

related conditions (18% and 11%, respectively) compared with married (3%) and widowed 

(6%) patients. The adjusted OR for pneumonia-related hospitalization was increased, at 1.29 

(95% confidence interval [CI]: 1.25−1.33) among divorced; 1.15 (95% CI: 1.12−1.17) among 

widowed; and 1.33 (95% CI: 1.29−1.37) among never-married individuals as compared with 

those who were married.

Conclusion: Married individuals have a decreased risk of being hospitalized with pneumonia 

compared with never-married, divorced, and widowed patients.

Keywords: marital status, risk, mortality, immune function

Introduction
Hospitalizations with pneumonia have increased by up to 50% in western populations 

during the past 15 years,1−3 and pneumonia is one of the main causes of mortality 

for hospitalized patients.4−6 To reduce the burden of pneumonia hospitalizations, we 

need to understand the determinants that increase the risk of hospitalization with 

pneumonia.

Epidemiological studies suggest that marriage has a protective effect on 

hospitalization and mortality for a number of diseases;7−12 in addition to higher 

social support, this association may be related to lower psychological distress, 

better immune function, a healthier lifestyle, and more positive health behav-

iours.7,9,11,13 Studies examining the association between marital status and risk of 
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pneumonia are sparse. In a questionnaire-based case-control 

study including 563 patients (178  surviving pneumonia 

cases and 385 randomly selected controls from the same 

area), Farr et al found that individuals with single marital 

status had higher risk of hospitalization for pneumonia 

compared with individuals who were married (odds ratio 

[OR]: 1.74, 95% confidence interval [CI]: 1.19−2.54).14 Farr 

et al raised the hypothesis that doctors were more likely to 

admit single patients compared with married individuals, 

due to single patients with pneumonia being less able to 

take care of themselves at home. Also, divorce or widow-

ing may predict decreasing social support and increasingly 

negative health behaviors.

To our knowledge, no previous study has estimated the 

risk of incident pneumonia hospitalization among divorced, 

widowed, and never-married individuals. We thus undertook 

a large population-based case-control study to explore the 

association between marital status and risk of hospitalization 

for pneumonia.

Material and methods
We conducted this study in Northern Denmark, with a mixed 

rural and urban population of approximately 1.15 million 

inhabitants. The Danish National Health Service provides 

free health care for all residents, including free access to 

primary care and hospitals and reimbursement of a portion 

of the cost of most prescription drugs.15 The use of central 

personal registration numbers, unique identifiers assigned 

to each Danish citizen at birth or immigration, allowed for 

accurate linkage between all health care registries used in 

this study.16

Identification of patients hospitalized  
with pneumonia
The Danish National Registry of Patients (DNRP) contains 

information on all hospitalizations in Denmark that have 

occurred since 1977, and all outpatient and emergency room 

visits have also been included since 1995.17 The DNRP 

includes information on the patient’s central personal reg-

istration number and the primary discharge diagnosis and 

up to 20 secondary discharge diagnoses, according to the 

International Classification of Diseases (ICD) (eighth edition 

until the end of 1993 and tenth edition thereafter).

We identified all hospitalized patients aged 15 years 

or older who had lived in Northern Denmark at least 

12 months before admission and who had one of the fol-

lowing first-time primary (first listed) or secondary dis-

charge diagnoses recorded between 1994 and 2008: viral or 

bacterial pneumonia (J12.x-J18.x), legionellosis (A481.x), 

or ornithosis (A709.x).3

Selection of population controls
The civil registration system (CRS) contains all electronic 

records of vital status (alive, date of death, or emigration); 

place of residence (address); and marital status, for the 

entire Danish population since 1968 and is updated daily.16 

On the date of each patient’s first (incident) pneumonia-

related hospital admission (the index date), we selected ten 

controls from the CRS, matched by year of birth, sex, and 

residence. We employed the risk set sampling technique,18 

ie, the eligible controls had to be alive and at risk of a first 

hospitalization with pneumonia on the date the correspond-

ing case was admitted.

Data on marital status
For both cases and controls, information on marital status 

was obtained from the CRS. The civil status on the index date 

was selected as the current marital status. We categorized 

the patients into four subcategories: (1) married; (2) never 

married; (3) divorced; and (4) widowed. A total of 179 (0.3%) 

cases and 1374 (0.2%) controls had unknown marital status 

and were omitted from further analyses.

Data on potential confounders
We obtained data on potential confounding factors from 

several registries, including the DNRP, the Aarhus University 

Prescription Database,19 and the CRS. To control for comor-

bidities that may be associated with pneumonia risk, we 

assessed for the presence of the 19 major disease categories 

included in the Charlson Comorbidity Index (CCI), for each 

pneumonia case and population control subject, based on the 

case and control subject’s complete hospital contact history 

before the index date.20,21 The CCI includes major risk factors 

for pneumonia, such as chronic obstructive pulmonary disease 

(COPD), previous cardiovascular and cerebrovascular disease, 

heart failure, diabetes, cancer, and human immunodeficiency 

virus (HIV)/acquired immunodeficiency syndrome (AIDS).20 

Based on the CCI score, we defined three comorbidity levels: 

low (score of 0), medium (score of 1−2), and high (score of 

3+). In addition, we also collected hospital registry data on 

previous alcoholism-related conditions (yes/no) not included 

in the CCI and retrieved data on prescriptions for immunosup-

pressant drugs, including corticosteroids prescribed within 

1 year prior to the index date (see Supplementary material 

for Anatomical Therapeutic Chemical [ATC] codes), as 

these factors increase the risk of pneumonia. As a proxy for 
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socioeconomic status, we used information from the CRS 

regarding the degree of urbanization (residence in a rural 

area with a population of 0−10,000, in a provincial town 

with a population of 10,000−100,000, or in a city with more 

than 100,000  inhabitants). To further control for possible 

confounding by household living conditions and children 

as key transmitters of microbial agents, we used the CRS to 

retrieve data on persons living with small children (younger 

than 6 years of age [yes/no]).

Statistical analysis
We used conditional logistic regression to compute crude 

and adjusted OR as a measure of the incidence rate ratio 

for pneumonia-related hospitalization according to marital 

status (married, single, divorced, and widowed), with asso-

ciated 95% CI. We adjusted for comorbidities, history of 

alcoholism-related conditions, previous immunosuppressant 

use, household presence of small children attending day care 

centers, and degree of urbanization. To assess the influence of 

potential mediators on our estimates, we performed sequen-

tial cumulative adjustment analysis to estimate whether 

differences in these mediators accounted for the variation 

in our results. We further analyzed the data, after stratifying 

by sex, age-groups, comorbidities, and alcoholism-related 

conditions.

We externally adjusted for unmeasured confounding by 

low educational status, based on the knowledge from previ-

ous reports that low education doubles the risk of pneumonia, 

and – in the absence of Danish data – on recent data from the 

USA that the proportion of married and unmarried individuals 

with low education is 18% and 16%, respectively.22−24

All analyses were conducted using SAS® 9.2 software 

(SAS Institute Inc, Cary, NC, USA). The Danish Data 

Protection Agency approved the study (record number: 

2009-41-3866).

Results
Descriptive data
We identified 67,162 patients with incident pneumonia-related 

hospitalization and 671,620 age-, sex-, and residence-matched 

population controls. The study population constituted 53% 

males, and the median age was 73 years (interquartile range 

60−81). Of the 67,162 pneumonia-hospitalized cases, 31,746 

(47%) were married, 8,471 (13%) were never married, 7,008 

(10%) were divorced, and 19,758 (29%) were widowed at 

the index date. Data on marital status was missing for 179 

(,1%) cases. Compared with their matched population 

controls, the pneumonia cases were more likely to be never 

married (12.6% versus 11.3%), and considerably more likely 

to be divorced (10.4% versus 7.4%) (Table 1). Table 1 also 

shows the characteristics of cases and controls, stratified by 

exposure (marital status). Widowed individuals were more 

likely to be females and older than 80 years, whereas never-

married individuals were more likely to be younger than 

40 years. Divorced persons were more likely to have previous 

chronic pulmonary disease and alcoholism-related conditions 

compared with the individuals in the other marital-status 

exposure groups (Table 1).

Risk estimates
Table 2 summarizes the analyses of the impact of marital 

status on the risk of hospitalization with pneumonia. As 

seen from the age- and sex-matched risk estimates, being 

never married, divorced, or widowed was associated with 

substantially increased risk of pneumonia hospitalization. 

The unadjusted OR for pneumonia hospitalization was 

1.30 (95% CI: 1.26−1.34), 1.59 (95% CI: 1.54−1.63), and 

1.22 (95% CI: 1.20−1.25) for never-married, divorced, and 

widowed patients, respectively, compared with patients who 

were married. After adjusting for the comorbidities listed in 

the CCI, alcoholism-related conditions, living with small 

children, degree of urbanization, and immunosuppressant 

use, the association remained significant, with adjusted ORs 

of 1.33 (95% CI: 1.29−1.37) for never-married individuals, 

1.29 (95% CI: 1.25−1.33) for divorced, and 1.15 (95% CI: 

1.12−1.17) for widowed individuals (Table 2).

Controlling for comorbidities only reduced the OR from 

1.59 (95% CI: 1.54−1.63) to 1.40 (95% CI: 1.36−1.44) in 

divorced individuals but yielded no change in the never-

married group. After controlling for alcoholism-related 

conditions only, the OR was reduced from 1.30 (95% 

CI: 1.26−1.33) to 1.23 (95% CI: 1.19−1.26) for never-married 

individuals and from 1.59 (95% CI: 1.54−1.63) to 1.43 (95% 

CI: 1.39−1.74) in divorced individuals (Table  3). When 

controlling for both alcoholism-related conditions and other 

comorbidities together in the model, the OR reduced substan-

tially in both divorced (OR: 1.32, 95% CI: 1.28−1.36) and 

never-married patients (OR: 1.25, 95% CI: 1.21−1.29). Thus, 

alcoholism-related conditions alone appeared to explain 

approximately 25% of the association between divorced and 

never-married status and increased risk of pneumonia.

Table  4 presents the stratified multivariable adjusted 

ORs for marital status, according to age groups, sex, 

comorbidity level, and alcoholism-related conditions. The 

association between never-married status and increased 

pneumonia-related hospitalization risk was clearly stronger in 
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men (OR: 1.35, 95% CI: 1.30−1.40) than women (OR: 1.21, 

95% CI: 1.16−1.27), whereas the sex differences were small 

for divorced or widowed people. For all exposure groups, the 

apparent harmful effect on pneumonia risk decreased both 

with higher age, and with increasing comorbidity.

The external adjustment for possible unmeasured con-

founding by low educational level reduced the crude OR 

from 1.30 to 1.24.

Discussion
This large population-based study of more than 67,000 patients 

with first-time pneumonia-related hospitalization provides 

evidence that never-married, divorced, and widowed 

individuals have an increased risk of hospitalization with 

pneumonia compared with married individuals, the effect 

being most pronounced in divorced people. We found that 

alcoholism-related conditions and other comorbidities seem 

to explain much of the increased pneumonia hospitalization 

risk in divorced and never-married individuals.

There is limited evidence to compare with the results of 

our population-based study of pneumonia hospitalization risk, 

as most previous pneumonia-related studies have focused 

only on the prognostic effect of marital status. However, 

in a small case-control study, Farr et  al identified single 

marital status as an independent risk factor for pneumonia 

(OR: 1.74, 95% CI: 1.19−2.54) which is consistent with the 

results of the present study.14 Seymour et  al found, in the 

USA, increased risk for sepsis-related hospitalization among 

singles (incidence rate ratio [IRR]: 3.5, 95% CI: 3.1−3.9), 

widowed (IRR: 1.4, 95% CI: 1.2−1.6), and divorced (IRR: 

1.5, 95% CI: 1.2−1.8) compared with married patients, which 

is consistent with our findings, as pneumonia is a major 

risk factor for being hospitalized with sepsis.25 A recent 

Danish nationwide cohort study of population mortality 

found increased risk of death due to respiratory tract dis-

eases, including pneumonia, in never-married, widowed, 

and divorced men (hazard ratios [HRs] between 1.60–2.00) 

and women (HRs between 1.63–1.79), as compared with 

married individuals.12 Finally, Yu et al26 and Metersky et al27 

reported increased mortality in patients hospitalized with can-

cer or pneumonia who were unmarried, possibly explained 

by lower socioeconomic status and delayed hospitalization. 

Supporting this explanation, a recent Danish study reported 

a highly increased risk of community-acquired bacteremia 

in individuals with low socioeconomic status.28

There are several possible mechanisms behind an 

association of marriage with decreased risk of pneumonia 

hospitalization. First, the Health Selection hypothesis sug-

gests that healthy individuals are selected for marriage.29 

In accordance, we observed a rather high prevalence of 

comorbidity and especially, alcoholism-related conditions 

in never-married individuals, in particular when consider-

ing that these individuals were much younger on an average 

compared with married individuals.

Table 3 Odds ratios for pneumonia hospitalization associated with marital status, adjusted individually for selected important 
variables

Variables Married 
OR (95% CI)

Never married 
OR (95% CI)

Divorced 
OR (95% CI)

Widowed 
OR (95% CI)

Unadjusted OR 1.00 (ref) 1.30 (1.26-1.33) 1.59 (1.54-1.63) 1.22 (1.20-1.25)
OR adjusted for:
  Comorbidity index 1.00 (ref) 1.31 (1.27-1.35) 1.40 (1.36-1.44) 1.17 (1.14-1.20)
 A lcoholism-related conditions 1.00 (ref) 1.23 (1.19-1.26) 1.43 (1.39-1.47) 1.19 (1.17-1.22)
  COPD 1.00 (ref) 1.30 (1.26-1.34) 1.48 (1.44-1.52) 1.19 (1.17-1.22)
 I mmunosuppressant use 1.00 (ref) 1.36 (1.30-1.37) 1.54 (1.49-1.58) 1.21 (1.18-1.24)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; ref, reference.

Table 2 Adjusted odds ratios for pneumonia hospitalization associated with marital status

Exposure Cases 
N (%)

Population controls 
N (%)

Unadjusted  
OR (95% CI)

Adjusted  
ORa (95% CI)

Married 31,746 (47.3) 356,144 (53.0) 1.00 (ref) 1.00 (ref)
Never married 8,471 (12.6) 76,102 (11.3) 1.30 (1.26-1.33) 1.33 (1.29-1.37)
Divorced 7,008 (10.4) 49,844 (7.4) 1.59 (1.54-1.63) 1.29 (1.25-1.33)
Widowed 19,758 (29.4) 188,156 (28.0) 1.22 (1.20-1.25) 1.15 (1.12-1.17)
Unknown 179 (0.3) 1,374 (0.2) 1.48 (1.27-1.73) 1.64 (1.39-1.93)

Note: aORs adjusted for comorbidities, alcoholism-related conditions, use of immunosuppressant before index hospitalization, household presence of small children, and 
degree of urbanization.
Abbreviations: CI, confidence interval; OR, odds ratio; ref, reference.
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Second, the ‘social causation hypothesis’ argues that 

marriage in itself has a protective effect against diseases, 

through higher socioeconomic security, healthier lifestyle, 

and higher degree of social integration.30,31 We found 

that the association between being unmarried and risk of 

pneumonia-related hospitalization was stronger in men than 

in women, and lack of marriage may be a risk factor for 

unhealthy choices. Corroborating this, Eng et al,32 in a study 

of 38,865 men, found an association between divorced or 

widowed status and decreased intake of vegetables (2.05 and 

2.91 servings/week in divorced and widowed men, respec-

tively), decreased body mass index (−0.31 and −0.35 kg/m2 

in divorced and widowed men, respectively), increased alco-

hol intake (+0.51 servings of alcohol per week in widowed 

men), and increased cigarette consumption (+0.32 cigarettes 

per day in divorced men) as compared with men who were 

married.32 Our finding that alcoholism-related conditions 

along with comorbidities explained much of the increased 

risk of pneumonia in divorced and widowed individuals is 

consistent with this hypothesis, although our data did not 

allow us to disentangle the exact time order of marriage, 

divorce, and lifestyle-related comorbidity. We also found 

increased prevalence of in particular, COPD (a surrogate 

measure for smoking) among divorced individuals, which 

may be due to the occurrence of divorced individuals indulg-

ing in unhealthy behaviors or smokers getting divorced more 

often. Both tobacco smoking and alcohol overuse are well-

established risk factors for pneumonia.33 Unfortunately, we 

lacked the necessary lifestyle factor data to investigate these 

hypotheses further.

Finally, spouses may exert possible benefits, either by 

functioning as home health assistants or by functioning as 

higher-order decision makers34 encouraging their spouses to 

seek early medical attention and antibiotic treatment, both 

potentially leading to avoidance of hospitalization with 

pneumonia. On the other hand, spouses may advocate hospi-

tal versus home treatment of the patient, potentially leading 

to less severe pneumonia cases being hospitalized. In line 

with this, Metersky et al found that married individuals with 

hospitalized pneumonia were less likely to require intensive 

care admission or mechanical ventilation than unmarried 

individuals, pointing toward decreased severity of pneumonia 

at the time of hospitalization.27

The strengths of our study include its large size, 

population-based design, and adjustment for several impor-

tant confounders, made possible through access to medical 

databases providing a complete medical and prescription 

history. Despite inevitable coding errors in clinical practice, 

the estimated predictive value of a diagnosis of pneumonia 

in Denmark is 90%.3 The main limitations include potential 

un- and undermeasured confounding, lack of history of 

marital status, and misclassification. The role of tobacco 

smoking and alcohol overuse, well-established risk factors 

for pneumonia,33 was possibly only partially removed by 

controlling for COPD and alcohol-related disorders. We did 

not have access to data on employment or household income, 

Table 4 Association between marital status and pneumonia hospitalization, stratified by sex, age and comorbidity

Married Never married Divorced Widowed

Adjusted  
ORa (95% CI)

Adjusted  
ORa (95% CI)

Adjusted  
ORa (95% CI)

Adjusted  
ORa (95% CI)

Sex
  Male 1.00 (ref) 1.35 (1.30-1.40) 1.58 (1.52-1.64) 1.24 (1.20-1.28)
  Female 1.00 (ref) 1.21 (1.16-1.27) 1.59 (1.53-1.66) 1.21 (1.17-1.25)
Age group in years
  15-39 1.00 (ref) 1.00 (0.93-1.08) 1.41 (1.23-1.61) 2.20 (1.14-4.24)
  40-64 1.00 (ref) 1.67 (1.59-1.75) 1.83 (1.75-1.91) 1.46 (1.36-1.57)
  65-79 1.00 (ref) 1.32 (1.25-1.39) 1.57 (1.50-1.64) 1.26 (1.22-1.30)
  80+ 1.00 (ref) 1.00 (0.94-1.07) 1.18 (1.10-1.27) 1.06 (1.02-1.10)
Comorbidity level
 L ow 1.00 (ref) 1.34 (1.28-1.40) 1.52 (1.45-1.60) 1.22 (1.17-1.27)
  Medium 1.00 (ref) 1.25 (1.18-1.33) 1.35 (1.28-1.42) 1.15 (1.11-1.20)
 H igh 1.00 (ref) 0.94 (0.82-1.09) 1.07 (0.95-1.21) 1.04 (0.96-1.13)
COPD 1.00 (ref) 1.08 (0.93-1.24) 1.25 (1.12-1.40) 1.13 (1.04-1.23)
Alcoholism-related conditions 1.00 (ref) 1.40 (1.09-1.79) 1.40 (1.11-1.77) 1.76 (1.15-2.70)
Immunosuppressant use 1.00 (ref) 1.25 (1.08-1.44) 1.47 (1.30-1.65) 1.20 (1.10-1.30)

Note: aORs adjusted for comorbidities, alcoholism-related conditions, use of immunosuppressant before index hospitalization, household presence of small children, and 
degree of urbanization.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; ref, reference.
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but adjustment for urbanization, number of children, and 

external adjustment for educational status may have removed 

some possible confounding by socioeconomic status. We 

used data on educational level from marital status from the 

USA. Even when considering both the USA and Denmark 

as developed western countries with high educational level, 

there may still be some differences in the educational level 

between these countries, according to the marital status. 

Lack of data on important lifestyle factors and other pneu-

monia predictors, such as immunizations, additionally 

may have hampered our ability to further investigate the 

mechanisms behind the association between marital status 

and pneumonia. Furthermore, marriage may have a cumula-

tive effect, and not considering the history and transition of 

marital status may have hampered our results.29 We only had 

information of marital status at the time of hospitalization 

and since our dataset lacked details about the transitions of 

marital status, we could not further elucidate their effects. 

For example, the rather low risk estimate for the widowed 

group observed in our study might point toward a cumulative 

effect of previous marriage. Finally, in Denmark, it is rather 

frequent to live together with a partner on a long-term basis 

without being married (cohabitation).12 This misclassifica-

tion of exposure may have diluted our risk estimate for the 

never-married group, and the true pneumonia risk associ-

ated with living without a partner might be even stronger 

than predicted.

Conclusion
In conclusion, our data, combined with previous results, 

provide evidence that single marital status is associated with 

an increased risk of pneumonia hospitalization. The present 

study highlights the need to elucidate the underlying mecha-

nisms that link marital status to pneumonia hospitalization 

risk, focusing on socioeconomic factors, including education 

and personal income, and lifestyle factors, including health 

consciousness, healthy choices, and access to health care.
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Supplementary material
World Health Organization International Classification of Diseases (ICD)-10 codes and Anatomical Therapeutic Chemical 

classification system (ATC) codes1 used in this study:

Pneumonia
J12-J18, A481 and A709

Alcoholism-related disorders
F10, K86.0, Z72.1, R78.0, T51

Systemic antibiotics
ATC code: J01.

Immunosuppressive drugs
ATC codes: L01, L04, and H02AB
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2013. Available from: http://www.whocc.no/atc_ddd_index/. Accessed September 4, 2013.
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