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The purpose of this study was to determine the risk for divorce among cancer survivors. We

conducted a nationwide, population-based study of 46,303 persons aged 30–60 years in

whom selected cancers were diagnosed in 1981–2000 and 221,028 randomly sampled, can-

cer-free controls. Information on socioeconomic status, demographics and comorbidity

was obtained from Danish administrative registries. We analysed the risk for divorce,

adjusted for known risk factors, during follow-up and whether the socioeconomic and

health status at the time of diagnosis had an impact on the risk for divorce.

Except for survivors of cervix cancer, who had an increased risk for divorce, we found

that cancer survivors were not at greater risk for divorce than the general population (rate

ratios (RR), 1.06; 95% confidence interval (CI), 1.0;1.1 and RR, 0.98; 95% CI, 0.9;1.0 for women

and men, respectively). This finding shows that cancer survivors need not have unneces-

sary fears for their marriage.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

During a lifetime, nearly one of three persons in the Danish

population of 5.4 million will receive a diagnosis of cancer.1

Concurrently with advances in treatment and early detection,

more than 10 million people in the USA are cancer survivors,

indicating that more than 60% of persons with a newly diag-

nosed cancer in that country will expect to survive for more

than 5 years.2

The impact of cancer on the life trajectory depends on dis-

ease-related factors, treatment factors and possible late ef-

fects but also on life circumstances, such as personal

resources, socioeconomic status and social support.3 A sub-

stantial proportion of social support is provided by a partner,

and married cancer patients have consistently been found to
er Ltd. All rights reserved

ax: +45 35257731.
arlsen).
benefit from such support in terms of better survival than

unmarried cancer patients.4–6 It might be hypothesised that

a major life event such as diagnosis of cancer would have a

considerable effect on the quality of a marriage and that can-

cer patients are therefore at increased risk for divorce. Besides

loss of a spouse, divorce can also disrupt the social network of

survivors and reduce their socioeconomic status and overall

quality of life.7,8 In addition, divorce can increase the risk

for an unhealthy lifestyle, including increased consumption

of alcohol and tobacco smoking, reduced physical activity

and an unhealthy diet. Such changes can subsequently in-

crease the risks for recurrence and comorbidity and jeopar-

dise survival.9

Despite both public and clinical interest, only a few small-

and medium-sized studies have addressed the association
.
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between cancer and divorce;10–16 however, all these studies

suffer from one or more methodological problems, including

lack of a control group, low response rate or lack of adjust-

ment for important confounders.

In this nationwide, population-based study, we investi-

gated the extent to which diagnosis and treatment of cancer

increase the risk for divorce during up to 20 years of follow-

up. In addition, we analysed how socioeconomic and health

status at the time of diagnosis affect the divorce rate. We used

information from Danish administrative registers, allowing

us to account for factors such as age, gender, cancer site,

socioeconomic status and hospitalisation for major somatic

and psychiatric comorbidity.

2. Materials and methods

Since 1943, all incident cases of cancer in Denmark have been

registered in the Danish Cancer Registry. We obtained infor-

mation from the Registry on patients aged 30–60 years at

the date of diagnosis of an incident cancer between 1980

and 2000, who were alive 1 year after the date of diagnosis.

The selected cancer sites are listed in Table 1. In addition,

we obtained the unique personal identification number, the

date of diagnosis and stage of disease, defined as local, regio-

nal or metastatic, for each of the 65,510 persons with cancer

who fulfilled these criteria.

A random control cohort from the Danish population

(n = 316,925) was sampled from the Central Population Regis-

ter, which holds information on all persons in Denmark.

Approximately, five controls free of cancer and alive at the

time of sampling were frequency matched on gender and

date of birth to each cancer case. The entry for the controls

was the same calendar year as the year of cancer diagnosis

for the cases, so that the controls could change their status

to cases during follow-up.

2.1. Registers

Information on a number of demographic and socioeconomic

characteristics for the two cohorts was obtained by data link-

age to the population-based Integrated Database for Labour
Table 1 – Cancer sites included in the study cancer and
the risk for divorce

Site ICD-7 code No. of cases

Colorectum 153, 154 7269

Breast 170 24,711

Uterus 172 2962

Ovary 175 3011

Cervix 171 4868

Prostate 177 1252

Testis 178 3052

Kidney 180 1751

Urinary bladder 181 4227

Malignant melanoma of the skin 190 6795

Non-Hodgkin lymphoma 200, 202 2887

Hodgkin lymphoma 2001 904

Leukaemia 204 1821
Market Research, which has been administered by Statistics

Denmark since 1980. The core variables in the Database are

derived once a year by linkage with the Central Person Regis-

try, covering all persons in Denmark, all companies with more

than one employee, the taxation authorities, the Registry for

Education Statistics and the Registry Relating to Unemploy-

ment. In order to determine household income for both co-

horts, we identified partners and their income for each year

of the study period.

The demographic variables (Table 2) included age, gender,

degree of urbanicity and children living at home the previous

year. The socioeconomic variables included highest attained

educational level, job type and income the previous year, ad-

justed for the number of adults in the household and deflated

according to the 2001 value of the Danish crown.

By linking the personal identification number to the files of

the Hospital Discharge Register, which has registered infor-

mation on all hospitalisations in Denmark since 1978, we ob-

tained a full history of illness leading to hospitalisation or

outpatient visits for each cohort member from 1980 to

2001.17 We obtained information on date of admission and

discharge and all diagnoses and operations per hospitalisa-

tion. Comorbidity was defined according to the Charlson in-

dex of 19 selected diseases scored on a severity scale from 1

to 3.18 On the basis of the accumulated sum of scores, the

comorbidity index was grouped into scores of 0 and P1.

The nationwide Danish Psychiatric Central Register con-

tains data on all admissions to psychiatric hospitals and psy-

chiatric wards in general hospitals since 1969. We obtained

information on date of admission, date of discharge and

one main diagnosis for all cohort members. All hospital con-

tacts for depression were identified, and the variable was

dichotomised.19

2.2. Total sample

In total, the two cohorts consisted of 382,435 individuals,

representing 10.9% of the Danish population aged 10–60

years in 1980. We excluded persons for whom there were

errors in the data files (n = 8463), missing values for core

variables (n = 6657) or entry before January 1st, 1981

(n = 14,767). We also excluded persons who were not Danish

citizens (n = 8136) at entry on the basis of the possibility

that immigrants have a different family structure from that

of Danish citizens. We also excluded persons who were not

living with a partner in the year of entry (n = 77,081), leaving

46,303 persons in the cancer cohort and 221,028 controls for

analysis.

2.3. Follow-up

The outcome of the study was divorce, defined as a change in

civil status (unless the change was due to the death of a

spouse) for married persons and a change in cohabitating sta-

tus to living alone for persons registered as cohabitating. All

persons were followed from the date of cancer diagnosis

(case) or entry (control) until divorce, death of a spouse,

attaining 60 years of age, date of death or December 31st,

2001. Controls who became cases during follow-up (n = 6657)

were followed in the unexposed cohort until the year of



Table 2 – Descriptive characteristics at time of inclusion of 46,303 persons with selected cancers and 221,028 age- and
gender-matched cancer-free controls, Denmark 1981–2000

Characteristic Women Men

Case Control Case Control

(n = 32,897) (n = 158,203) (n = 13,406) (n = 62,825)
No. (%) No. (%) No. (%) No. (%)

Age (years)

30–39 4843 (15) 22,754 (14) 2324 (17) 11,190 (18)

40–49 12,633 (38) 56,776 (36) 3597 (27) 16,915 (27)

50–60 15,421 (47) 78,673 (50) 7485 (56) 34,720 (55)

Children aged 0–6 years

0 30,025 (91) 144,708 (91) 11,531 (86) 53,739 (86)

1 2872 (9) 13,495 (9) 1875 (14) 9086 (14)

Children aged 7–14 years

0 25,265 (77) 122,992 (78) 10,085 (75) 47,042 (75)

1 7632 (23) 35,211 (22) 3321 (25) 15,783 (25)

Children aged 15–17 years

0 27,261 (83) 132,216 (84) 11,368 (85) 52,861 (84)

1 5636 (17) 25,987 (16) 2038 (15) 9964 (16)

Highest attained educational level

Primary school and high school 15,296 (47) 77,503 (49) 4353 (32) 22,099 (35)

Vocational education 10,932 (33) 51,205 (32) 5952 (44) 27,456 (44)

Long education 6312 (19) 28,196 (18) 2918 (22) 12,544 (20)

Other or unknown 357 (1) 1299 (1) 183 (1) 726 (1)

Comorbidity (score)

0 30,755 (93) 46,330 (93) 11,891 (89) 57,119 (91)

P1 2142 (7) 11,873 (7) 1515 (11) 5706 (9)

Depressiona

Not present 32,389 (98) 155,389 (98) 3281 (99) 62,231 (99)

Present 508 (2) 2814 (2) 125 (1) 594 (1)

Household income per person (€)

<20,000 9201 (28) 43,305 (27) 3780 (28) 17,776 (28)

20,000–29,000 9293 (28) 44,656 (28) 4026 (30) 19,320 (31)

29,000–38,000 8826 (27) 41,718 (26) 3666 (27) 16,927 (27)

>38,000 5577 (17) 28,524 (18) 1934 (14) 8802 (14)

Job type

Employed 25,028 (76) 117,822 (74) 11,918 (89) 55,873 (89)

Unemployed 7869 (24) 40 381 (26) 1488 (11) 6952 (11)

Degree of urbanicity

Capital area 2094 (6) 9566 (6) 832 (6) 3847 (6)

Capital suburban area 4203 (13) 19,327 (12) 1787 (13) 7704 (12)

Provincial cities 3702 (11) 16,972 (11) 1520 (11) 6782 (11)

Rural area >10,000 inhabitants 9924 (30) 50,096 (32) 3983 (30) 19,975 (32)

Rural area <10,000 inhabitants 12,974 (39) 62,242 (39) 5284 (39) 24,517 (39)

Period of entry

1981–1985 7863 (24) 33,925 (21) 2852 (21) 13,077 (21)

1986–1990 8345 (25) 37,768 (24) 3171 (24) 14,677 (23)

1991–1995 8305 (25) 40,811 (26) 3555 (27) 16,541 (26)

1996–2000 8384 (25) 45,699 (29) 3828 (29) 18,530 (29)

a (ICD-8, 296.09-39, 296.89-99, 298.19, 301.19 and 300.49; ICD-10, F30-39).
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diagnosis and from that year onwards were followed in the

exposed cohort.

2.4. Statistical analysis

In this cohort–cohort study, the data were analysed by gender.

Rate ratios (RRs) for divorce and 95% confidence intervals (95%
CI) were estimated on the assumption that the events were

generated in a Cox proportional hazard model. To take into

account the fact that information on outcome was available

only once a year, discrete-time Cox regression models were

fitted with the follow-up time separated into 1-year age

groups by the GENMOD procedure in SAS 9.1.3 with the com-

plementary log–log function as link function.
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First, a model predicting the divorce rates among controls

was fitted with the variables listed in Table 2. All the variables

were entered as time-dependent variables with values for 1-

year intervals. For the continuous variables (calendar year,

duration of marriage and age), linearity was checked by test-

ing whether a description as a linear spline with 10 knots

placed at the percentiles gave a significantly better fit. All

three variables could be entered linearly.

Because of the large amount of material, a 5% significance

level was used for men and a 1% significance level for women,

and the model was reduced by removing insignificant vari-

ables one by one and collapsing levels of categorical variables

with similar divorce rates. Subsequently, the overall rate ra-

tios of divorce among cancer patients and controls were esti-

mated in a model including adjustment for the variables

found to be predictors of divorce among the controls.

Furthermore, we analysed how socioeconomic and health

status at the time of diagnosis influenced the divorce rate by

including in the model the same variables as above but with
Table 3 – Mutually adjusted rate ratio’s (RR’s) for divorce in 46
gender-matched cancer-free controls, Denmark 1981–2000

Characteristics

Cancer diagnosis

Yes

No

Age (per year)

Duration of marriage (per year)

Number of children at home 0–14 years the year before

0

P1

Number of children at home 15–17 years the year before entry

0

P1

Education

Primary and high school

Vocational education

Long education

Other or unknown

Employment

Unemployed

Employed

Household income per person the year before (€)

<22,000

22,000–30,000

30,000–38,000

>38,000

Depressiona

Yes

No

Comorbidity

Yes

No

a (ICD-8, 296.09–39, 296.89–99, 298.19, 301.19 and 300.49; ICD-10, F30-39)
the status at time of diagnosis. In this analysis, a variable

indicating time since diagnosis, categorised as 1–2 years, 3–5

years, 6–8 years and more than 9 years after diagnosis, was

included in the model. We tested for interaction between

the time since diagnosis and each of the variables expressing

status at diagnosis.

In addition to the adjusted estimate of divorce among all

cancer survivors and controls, we estimated separate effects

by cancer site, including time since diagnosis.

3. Results

At the time of entry, no major differences in demographic or

socioeconomic variables were observed between the two co-

horts (Table 2). A total of 21,965 persons (8%) were divorced

during the 20 years of follow-up (Table 3).

The factors associated with an increased risk for divorce

were similar among women and men and included having

no children below 14 years of age living at home, having at
,303 persons with selected cancers and 221,028 age- and

Women Men

No. of divorces: 15,297 No. of divorces: 6668

1.06 (1.0–1.1) 0.98 (0.9–1.1)

1.00 1.00

0.97 (1.0–1.0) 0.98 (1.0–1.0)

0.93 (0.9–0.9) 0.92 (0.9–0.9)

1.32 (1.3–1.4) 1.40 (1.3–1.5)

1.00 1.00

0.70 (0.7–0.7) 0.69 (0.7–0.7)

1.00 1.00

1.01 (1.0–1.1) 1.08 (1.0–1.1)

1.00 1.00

1.10 (1.1–1.2) 1.07 (1.0–1.1)

1.44 (1.2–1.7) 1.48 (1.2–1.8)

1.45 (1.4–1.5) 1.63 (1.5–1.8)

1.00 1.00

1.31 (1.2–1.4) 1.46 (1.3–1.6)

1.00 (1.0–1.1) 1.14 (1.1–1.2)

0.92 (0.9–1.0) 0.96 (0.9–1.0)

1.00 1.00

2.11 (2.0–2.3) 1.89 (1.6–2.2)

1.00 1.00

1.30 (1.2–1.4) 1.34 (1.3–1.4)

1.00 1.00

.



Table 4 – RR for divorce among 46,303 persons with selected cancers and 221,028 age- and gender-matched cancer-free
controls, Denmark 1981–2000a, by depression status and duration of marriage

Women Men

Control – no depression 1.00 1.00

Control – depression 2.15 (2.0–2.3) 1.99 (1.7–2.4)

Case – no depression 0.94 (0.9–1.0) 0.82 (0.7–0.9)

Case – depression at time of cancer diagnosis 1.58 (1.2–2.1) 0.80 (0.4–1.5)

Case – depression during follow-up 2.01 (1.8–2.3) 1.63 (1.3–2.0)

Control – duration of marriage (per year) 0.93 (0.9–0.9) 0.92 (0.9–0.9)

Case – duration of marriage at time of cancer diagnosis (per year) 0.94 (0.9–0.9) 0.94 (0.9–0.9)

a Adjusted for age, duration of marriage, children living at home, education, income, employment, depression and comorbidity.

Table 5 – Adjusted rate ratio’s (RR’s) for divorce in 32,897 women and 13,406 men diagnosed with selected cancer sites,
Denmark 1981–2000a

Cancer site Women RR (95% CI) p-Value Men RR (95% CI) p-Value

Bladder 1.12 (0.8–1.6) 0.48 1.04 (0.9–1.3) 0.68

Breast 1.05 (1.0–1.2) 0.28 – –

Cervix 1.43 (1.3–1.6) <0.0001 – –

Colorectal 1.20 (1.0–1.5) 0.07 0.88 (0.7–1.1) 0.24

Hodgkins lymphoma 1.26 (0.9–1.9) 0.23 0.96 (0.7–1.3) 0.81

Kidney 0.91 (0.6–1.4) 0.69 0.98 (0.7–1.3) 0.89

Leukaemia 1.36 (0.9–2.0) 0.11 1.24 (0.9–1.7) 0.15

Melanoma 1.01 (0.9–1.2) 0.87 1.01 (0.8–1.2) 0.94

Non-Hodgkin lymphoma 0.92 (0.7–1.2) 0.55 1.22 (1.0–1.5) 0.09

Ovary 1.00 (0.8–1.2) 0.98 – –

Prostate – – 1.12 (0.8–1.6) 0.55

Testis – – 0.92 (0.8–1.1) 0.34

Uterus 0.88 (0.7–1.1) 0.24 – –

a Adjusted for time since diagnosis, year of diagnosis, age, duration of marriage, children living at home, education, income, employment,

depression and comorbidity.
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least one child between 15 and 17 years of age living at home,

unknown educational level, unemployment and low income

(Table 3). Comorbidity, as measured by the Charlson index,

was a risk factor for divorce among both men and women

(RR, 1.30; 95% CI, 1.2;1.4 for women and RR, 1.34; 95% CI,

1.3;1.4 for men). Both men and women with a previous diag-

nosis of depression were at increased risk for divorce (RR,

2.11; 95% CI, 2.0;2.3 for women and RR, 1.89; 95% CI, 1.6;2.2

for men).

After adjustment for the identified risk factors for divorce

among persons with no diagnosis of cancer, the overall esti-

mated rate ratio for divorce among cancer survivors was close

to unity when compared with the cancer-free, age- and gen-

der-matched cohort (RR, 1.06; 95% CI, 1.0;1.1; p < 0,01 for wo-

men and RR, 0.98; 95% CI, 0.9;1.1; p = 0.46 for men) (Table 3).

No significant interactions were found between time since

diagnosis and the variables expressing socioeconomic and

health status at the time of diagnosis among cancer patients

(p P 0.03 for women and p P 0.07 for men).

There was no association between cancer and risk for di-

vorce among men who had had depression before their diag-

nosis of cancer (RR, 0.80; 95% CI, 0.4;1.5), whereas

experiencing depression after the diagnosis was associated

with an elevated risk (RR, 1.63; 95% CI, 1.3;2.0) that was of

the same magnitude among controls (Table 4). The associa-
tion between cancer and divorce was less dependent on the

length of marriage than among controls (Table 4). In general,

the identified risk factors were weaker if they had been pres-

ent at the time of diagnosis (data not shown).

In our estimates of the associations between cancers at

different sites and divorce, the risk estimates were close to

unity for all cancer sites selected (Table 5). For women, how-

ever, most of the estimates pointed in the direction of a

slightly increased risk for divorce. Only for women with cervix

cancer did the risk estimate reach statistical significance (RR,

1.43; 95% CI, 1.3;1.6).

4. Discussion

In this large, population-based, nationwide study with up to

20 years of follow-up, we observed that female cancer survi-

vors have a slightly increased risk for divorce, whereas the

risk of men is not higher than that of the general population.

This finding is in accordance with those of most previous

studies on this hypothesis.10–15,20,21 A slightly increased risk

during the first five years after diagnosis was observed in a

study of 403 survivors of Hodgkin disease, in which the mean

age of those who divorced after cancer was lower than the

mean age at divorce in the general population, so that future

marital disruptions are to occur.11
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In a Swedish register-based study, women with diagnosed

breast cancer had a significant, almost 25% increase in risk for

divorce, whereas men with diagnosed prostate cancer had

more than 40% reduction in risk.16 A possible explanation

for this finding is the lack of control for important confound-

ers, such as comorbidity and number of children living at

home, which were identified as risk factors for divorce in

the present study. The finding of a significantly increased risk

for divorce among cervix cancer survivors in both the Swed-

ish and our study might be explained by the relatively young

age at diagnosis of cervix cancer, in combination with the ef-

fect of treatment for cervix cancer on the fertility of women;

young age and nulliparity are known risk factors for divorce.22

Furthermore, the treatment of cervix cancer might also affect

sexual life23 and body image,24,25 perhaps giving rise to mari-

tal disharmony and thereby contributing to a higher risk for

divorce.

Our finding of an increased risk for divorce, albeit not sig-

nificant, among women with diagnosed Hodgkin disease is

not supported by the results of a cross-sectional study in

the USA of 222 men and 181 women with Hodgkin disease,

in which the overall rate of divorce among survivors (32%)

was comparable to that of the background population.11 As

the authors did not report separate analyses by gender, we

were unable to determine whether the risk for divorce in that

study was uniform for men and women.

For testis cancer, we found no increased risk for divorce

over that of the unexposed cohort, in line with the overall re-

sults of a French case-control study of 71 survivors of testis

cancer and 119 healthy controls.12 Likewise, Rieker et al., in

a retrospective study of 223 survivors of testis cancer diag-

nosed 2–18 years before the study and 120 age-matched con-

trols, observed no effect on marital status at the time of

interview.14 These two studies confirmed the findings of two

cross-sectional studies in the USA of 74 and 121 survivors of

testis cancer.13,15In comparison with survivors of other forms

of cancer, survivors of testis cancer have relatively little

chronic physical pain or disability; however, they do report

sexual impairment and problems with fertility.12–15 Neverthe-

less, testis cancer survivors reported that their marriages

were strengthened by the cancer experience.14

Although depression is known to be a strong risk factor of

divorce,16,22 we found that depression did not have an effect

on the divorce rate among men who had been hospitalised

for depression before cancer. One might speculate that mar-

riages that can accommodate a male partner with depression

are more likely to withstand yet another chronic disorder,

such as cancer. This hypothesis is underscored by the Cana-

dian study of 503 women with breast cancer, in which Dorval

et al.10 observed that couples who initially reported low mar-

ital satisfaction were more likely to divorce.

Unemployment, low income, living in an urban area, short

duration of marriage, nulliparity and psychiatric disease are

well-known risk factors for divorce.22 We also observed that

comorbidity is a predictor for divorce. Although most cancer

patients experience changes in physical appearance during

treatment, which persist for life in some patients, such

changes do not appear to increase the risk for divorce. In con-

trast, other serious diseases and disabling disorders are asso-

ciated with increased risks for divorce.16,22 We have no
explanation for this difference. One could hypothesise that

a diagnosis of cancer is a ‘major life event’ that can ‘be

fought’, giving a more time-limited perspective than, for in-

stance, towards cardiovascular disease and diabetes, which

might be seen as more chronic and thus infer more irrevers-

ible changes to the relationship between the survivor and the

spouse, leading to a higher risk for divorce. We could not eval-

uate this hypothesis further in our dataset.

The advantages of this study include the fact that it is

large, nationwide and population-based, with a matched con-

trol group, thus excluding the possibility of selection and

information biases. The data in the study were obtained from

public administrative registers established years before the

diagnoses, leaving little room for information bias. In addi-

tion, we were able to adjust for important confounding fac-

tors and also to include both officially married persons as

well as cohabitating couples, making it possible to quantify

the risk for a relationship dissolving in general. At least for

northern Europe, where unofficial marriages are prevalent

during the first years of cohabitation, this is an important

strength of this study. Most of the studies conducted so far

addressed breast cancer and testis cancer; to our knowledge,

our study is the first to evaluate the risk for divorce associated

with cancers at various sites. We were unable to adjust for

emotional factors, the quality of the relationship or marital

history. The last might be a confounder, because people in a

second marriage are generally at higher risk for divorce than

people in their first marriage.26

For an increasing proportion of cancer patients, the dis-

ease becomes a chronic disorder, as illustrated by the term

‘survivorship’.2,27,28 Many lay publications, especially in the

USA, focus on the fear felt by breast cancer patients of being

left by their husbands.29 Although we found an increased

risk for divorce among women with diagnosed cervix cancer,

the clinical message from the findings of our study is that

cancer patients face the same challenges with regard to

divorce as people who have never been confronted with can-

cer. In other words, cancer patients in a marital relationship

need not fear that their disease will have a more negative

impact on their marriage than would have been expected if

they had not had cancer. Although the marital relationship

is probably stressed by a diagnosis of cancer, most couples

appear to have the resources to meet this challenge,30 and

many couples find that cancer strengthens their relation-

ship.14,15 It is nevertheless important to point out that cancer

does not protect against divorce, even in the first years after

diagnosis.
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