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Key Points 

• In this nationwide cohort study of 1,620,376 persons born in Denmark, mortality was 

increased for persons with epilepsy and co-morbid schizophrenia. 

• More than one in four persons with epilepsy and schizophrenia died between the age of 

25 and 50 years. 

• Adjusting for parental age at birth and parental socio economic status did not change the 

estimates. 

• Stratification on sex revealed no difference between men and women. 

• Persons with epilepsy and schizophrenia are at a great risk of dying prematurely.   
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Abstract  

Objective: To determine the mortality for persons with epilepsy and schizophrenia in absolute and 

relative measures. 

Methods: This is a population based nationwide cohort study of persons born in Denmark from 

1960-87 who were alive and residing in Denmark by their 25th birthday. We identified persons 

diagnosed with epilepsy and schizophrenia prior to their 25th birthday and followed them to 

death, emigration, or December 31st 2012 whichever came first. The primary outcome was 

overall mortality. Data were analysed using Cox regressions. 

Results: Persons were followed for 24,167,573 person years; the median was 15 years. The 

mortality rate ratio (MRR) was 4.4 (95% confidence interval (95% CI; 4.1-4.7)) for persons with 

epilepsy, 6.6 (95% CI; 6.1-7.1) for persons with schizophrenia, and 12.8 (95% CI; 9.1-18.1) for 

persons with both disorders compared with persons without these disorders. The estimated 

cumulative mortality at the age of 50 was 3.1 % (95% CI; 3.0-3.1 %) for persons without 

epilepsy and schizophrenia, 10.7 % (95% CI; 9.7-11.8 %) for persons with epilepsy, 17.4% (95% 

CI; 16.0-18.8 %) for persons with schizophrenia, and 27.2 % (95% CI; 15.7-40.1 %) for persons 

with both disorders. 

Significance: Persons with epilepsy and schizophrenia have very high mortality: more than one 

in four persons with both disorders died between the age of 25 and 50 years, indicating that these 

patients need special clinical attention.  

Keywords: Cohort studies, Psychiatric disorders, Seizures, Natural history studies (prognosis) 

and Risk factors in epidemiology. 
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Introduction 

Studies have found a clear link between epilepsy and psychiatric disorders including depression, 

anxiety, schizophrenia, and psychosis.(1, 2) A study from Denmark has shown that persons with 

epilepsy have a 2.5 fold higher risk of developing schizophrenia than persons without 

epilepsy,(3) and a meta-analysis from other countries showed an association between having 

epilepsy and the risk of developing schizophrenia with a pooled odds ratio of 7.8 (4, 5)  Persons 

with epilepsy are at increased risk of premature death from a wide number of causes,(6-9) and 

psychiatric comorbidity has been identified as a predicting factor.(10, 11) 

Although premature mortality has been extensively studied for both disorders, very few studies 

have focused specifically on the link between epilepsy and schizophrenia and the effect on 

mortality.(10) Many studies have used relative outcome measures; however, to our knowledge, 

no study has provided estimates of absolute risk of mortality for persons with comorbid epilepsy 

and schizophrenia. We conducted a large-scale, population-based cohort study to assess the 

overall mortality for people with epilepsy and schizophrenia in absolute and relative measures. 
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Methods 

Setting 

We conducted a longitudinal, nation-wide cohort study in Denmark using data from national 

registries. Denmark has tax-paid universal health care with free and equal access to healthcare 

services for all residents. All persons residing in Denmark receive a unique ten-digit personal 

identification number which is used in all Danish registers allowing for accurate linkage of data 

within and between registries. The study was approved by the Danish Data Protection Agency 

(2015-57-0002). 

 

Participants and follow-up 

The Danish Civil Registration System(12) was used to identify the cohort. The register contains 

information on all persons residing in Denmark including their personal identification number, 

gender, date of birth, parental identity, and vital status from 1968 and onwards. The cohort 

included 1,620,376 singletons born in Denmark between January 1st 1960 and December 31st 

1987. To be included in the cohort, participants had to be alive and residing in Denmark by their 

25th birthday and both parents had to be born in Denmark. Participants were followed from their 

25th year birthday until death, emigration, disappearance, or December 31st 2012, whichever 

came first. Participants were divided into four groups according to diagnoses prior to their 25th 

birthday: 1) persons diagnosed with epilepsy, 2) persons diagnosed with schizophrenia, 3) 

persons diagnosed with both epilepsy and schizophrenia, and 4) persons diagnosed with neither. 

Overall death was the primary study outcome. 
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Assessment of epilepsy and schizophrenia 

Data on schizophrenia diagnoses were obtained from the Danish Psychiatric Central Register(13) 

which contains information on all inpatient contacts to psychiatric hospitals since 1969. Data on 

epilepsy diagnoses were obtained from the Danish National Hospital Register(14) which 

includes information on all inpatient contacts with discharge diagnoses from 1977. Since 1995, 

both the Danish Psychiatric Central Register and the Danish National Hospital Register include 

information on outpatient contacts and contacts to emergency departments. The International 

Classification of Diseases 8th revision (ICD-8) was used from 1977 to 1993; in 1994, it was 

replaced by the 10th revision (ICD-10). The diagnostic codes for schizophrenia, including 

schizophrenia-like psychoses, were ICD-8: 295.09-99, 296.89, 297.09-99, 298.29-99, 299.04-05, 

299.09, 301.83, and ICD-10: F20-29. We also used a narrower definition of schizophrenia: ICD-

8: 295.09-69, 295.89-99, and ICD-10: F20. The diagnostic codes for epilepsy were ICD-8: 

345.00-99 (except 345.29), 331.29, and ICD-10: G40.0-40.9, F80.3. Furthermore, persons with 

epilepsy were divided into two sub-categories: 1) Persons diagnosed with epilepsy with focal 

onset seizures (ICD-8: 345.30-1, 345.38-9, and ICD-10: G40.0-2), and 2) persons diagnosed with 

epilepsy with (primary) generalized seizures (ICD-8: 345.09-11, and ICD-10: G40.3). From the 

register data, it is difficult to handle persons who were diagnosed both with epilepsy with 

generalized seizures and with epilepsy with focal onset seizures. We therefore chose not to 

include these persons in any of the two groups (i.e. focal and generalized). In order to provide the 

most conservative estimate of mortality associated with epilepsy with generalized and focal 

seizures, we chose to include these persons in the background population. Therefore, the number 

of persons in the analyses of epilepsy subtypes does not add up to the total number of persons 

with epilepsy, schizophrenia, co-morbid epilepsy, and schizophrenia.  
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Onset of epilepsy and schizophrenia was defined as the date of the first admission/outpatient 

contact with a primary or secondary discharge diagnosis of these disorders. 

 

Data on covariates 

Data on birthday, sex, parental identity, vital status, and emigration were retrieved from the 

Danish Civil Registration System.(12) The Integrated Database for Labor Market Research(15) 

provided data on parental socioeconomic factors such as education level, income level, and 

employment status.  

 

 

Analytic approach 

Mortality rates (MRs) with 95% confidence intervals (CI) were calculated for the three exposure 

groups and the reference group by dividing the number of deaths with the person time.  

Data were analyzed in two models using Cox proportional hazards regression(16) with age as the 

underlying time scale and with mortality rate ratios (MRRs) with 95% CI as the outcome 

measure. The first model was adjusted for sex and calendar time. Calendar time was grouped 

from 1985 to 1993 in 4-year intervals and thereafter in 3-year intervals to account for changes in 

ICD-code systems (1994), inclusion of outpatients in the registries (1995), and developments in 

treatment and diagnostics over time. The second model was further adjusted for parental 

socioeconomic status (SES) and parental age at birth. Parental age at birth was divided into five 

groups: <20, 20-24, 25-29, 30-34, and 35+. We used the parental SES at the participant's 25th 

birthday as a proxy for the individual’s SES. SES was determined at three levels (low, medium, 

and high) plus a level where one or both parents had died before the participant’s 25th birthday. 
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All analyses were repeated with the narrow definition of schizophrenia and epilepsy subtypes. In 

subsequent analyses, adjusted MRRs were calculated for men and women separately to 

investigate whether sex modified the estimates. To investigate whether the inclusion of 

outpatients in the registries modified the estimates, the adjusted mortality rate ratio (aMRR) was 

calculated for persons included in the study before and after 1995.  

We conducted sensitivity analyses with follow-up starting at the 20th and 30th birthday instead of 

the 25th birthday used in the primary analyses.  

The assumption of proportional hazards was validated by comparing log-log survival functions 

for all variations of the included variables. Differences were tested with a chi-squared test using 

the log(HR) and corresponding Standard Error, assuming estimates are independent. 

The cumulative mortality was computed using Cox regressions based on competing risks, with 

emigration and disappearance as the competing events, and corresponding cumulative incidence 

rates at the age of 50 were calculated.(17)   

All analyses were performed in Stata (StataCorp. 2013. Stata Statistical Software: Release 13, 

StataCorp 2013 College Station, TX). 

 

Data Availability Statement 

Individual level data from this study cannot be shared according to Danish law, but anonymized 

summary data will be shared by request from any qualified investigator. 
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Results 

A total of 1,620,376 persons born in Denmark between 1960 and 1987, who were alive and 

residing in Denmark by their 25th birthday, were included in the study. At the start of follow-up, 

18,943 persons were diagnosed with epilepsy, 10,208 were diagnosed with schizophrenia, and 

471 were diagnosed with both epilepsy and schizophrenia. The total follow-up time was 

24,167,573 person years with a median follow-up time of 15 years (range 0-28 years). Overall, 

25,596 (1.58 %) persons died, and 40,434 (2.50%) were censored due to either emigration 

(2.46%) or disappearance (0.03%).  

MRs and MRRs were increased for persons with epilepsy, persons with schizophrenia, and 

persons with both epilepsy and schizophrenia compared with persons without these disorders 

(Table 1). Adjusting further for parental age at birth and parental SES did not change the 

estimates (Table 1). Stratification on sex revealed no difference in MRRs between men and 

women (p=0.99).  

The mortality associated with the narrow definition of schizophrenia (aMRR 7.85 (95% CI; 7.08-

8.70)) was slightly higher than the mortality associated with the broad definition of 

schizophrenia (aMRR 6.79 (95% CI; 6.28-7.34) (P = 0.03). The mortality associated with the 

narrow definition of schizophrenia and epilepsy (aMRR 18.31 (95% CI; 11.52-29.08)) was not 

different from the mortality associated with the broad definition of schizophrenia and epilepsy 

(aMRR 12.89 (95% CI; 9.16-18.14) (P = 0.23) (Table 2).  

In the sensitivity analyses with follow-up start at the 20th birthday, the aMRR was 4.42 (95% CI; 

4.10-4.76) for persons with epilepsy, 6.23 (95%; 5.55-6.98) for persons with schizophrenia, and 

8.42 (95% CI; 4.78-14.82) for persons with both disorders; and with follow-up from the 30th 

birthday, the aMRR was 5.01 (95% CI; 4.63-5.42) for persons with epilepsy, 6.77 (95% CI; 6.28-
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7.29) for persons with schizophrenia, and 13.38 (95% CI; 10.13-17.66) for persons with both 

disorders.  

The aMRRs were significantly higher for persons who had been included in the study before 

1995 than for persons included in the study after 1995 (p<0.001). For persons included before 

1995, the aMMR was 6.29 (95 % CI; 5.07-7.80) for persons with epilepsy, 8.13 (95% CI; 6.63-

9.98) for persons with schizophrenia, and 16.15 (95% CI; 5.20-50.14) for persons with both 

disorders. For persons included in the study after 1995, the effect sizes of the aMRRs were 

similar to the overall estimates (Table 3).  

Table 4 shows the MRRs stratified by epilepsy subtypes. There was a tendency for the mortality 

to be lower for persons with epilepsy with (primary) generalized seizures (aMRR 3.39 (95% CI; 

2.86-4.01)) compared to the mortality for persons with epilepsy with focal seizures (aMRR 4.28 

(95% CI; 3.48-5.27)) (P = 0.09), but numbers were small and the estimate was non-significant 

(Table 4). There was no difference in the mortality in persons with epilepsy with (primary) 

generalized seizures and schizophrenia (aMRR 13.79 (95% CI; 6.20-30.71) and the mortality in 

persons with epilepsy with focal seizures and schizophrenia (aMRR 9.79 (95% CI; 4.08-23.54)) 

(P = 0.57) (Table 4). 

 

Figure 1 shows the gender-specific cumulative mortality functions; the corresponding estimates 

of cumulative mortality at the age of 50 years are shown in Table 5.  
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Discussion 

Key findings 

This nationwide, population-based cohort study found very high mortality in persons with 

epilepsy and schizophrenia and even higher mortality among persons with both disorders. More 

than one in four (27.2% (95% CI; 15.7-40.1%)) persons with comorbid epilepsy and 

schizophrenia died between the age of 25 and 50 years, compared with one in thirty (3.1% (95% 

CI; 3.0-3.1 %)) persons without epilepsy and schizophrenia. 

When comparing the relative mortality in each of the disorders separately, we found that the 

relative mortality estimates are higher than what has previously been estimated in both adults 

with epilepsy (9, 18) and adults with schizophrenia.(19, 20) We found a more than four times 

increased mortality associated with epilepsy (aMRR: 4.46 (95% CI: 4.13-4.82)) which is higher 

than a pooled mortality estimate from a meta-analysis that was only threefold increased (relative 

risk 3.33, 95% CI: 2.83-3.92). (18) However, in a global review, the standard mortality rates was 

closely linked to age, with consistently higher standard mortality ratios in all age groups younger 

than 45 years (range 6.4 –8.5) and comparatively lower standard mortality ratios in age groups 

older than 64 years (range 1.4–2.6).(21) Our cohort was quite young with ages ranging from 25 

to 53 years, and studies of young adults with epilepsy have provided mortality estimates similar 

to ours.(11, 22, 23)   

For persons with schizophrenia, we found an almost seven times increased mortality (aMMR: 

6.79, 95% CI: 6.28-7.34), which is higher than reported in a global review where the median 

standard mortality rate was 2.5 times increased (2.58, 10% to 90 % quantiles range 1.18-

5.76).(20) A recent systematic review and meta-analysis of mortality among people with mental 

disorders found a similar increase in mortality associated with psychoses (pooled relative risk of 
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mortality was 2.54 (95% CI: 2.35–2.75)).(24) As for epilepsy, mortality associated with 

schizophrenia was linked to age e.g. Laursen et al found substantially higher mortality associated 

with schizophrenia in men aged 25-39 years (MRR: 11.18 (95% CI: 10.36-12.07)) and women 

aged 25-39 years (MRR: 13.81 (95% CI: 12.09 - 15.78)) than among men aged 40-80+ years 

(MMR range 4.91 to 1.3) and women aged 40-80+ years (MMR range 4.47 to 1.49). (23, 25)  

A previous study comparing relative mortality in persons with comorbid disorders has described 

high relative mortality associated with comorbid epilepsy and psychiatric disorders.(10) A 

particularly high risk was found in persons with epilepsy and comorbid depression, and 

comorbid alcohol and substance abuse.(10, 26) In contrast, a Canadian study found no added 

effect on mortality for persons with comorbid epilepsy and psychiatric disorders including 

depression, psychosis, and alcohol and drug abuse compared with persons with epilepsy without 

psychiatric comorbidity,(27) but a short follow-up may account for the lack of association 

between psychiatric comorbidity and mortality. 

The aim of this study was to examine how epilepsy and schizophrenia affected mortality. Other 

comorbidities (e.g. cardiovascular disease and substance abuse) may follow the diagnosis of 

epilepsy and/or schizophrenia, and could thus be viewed as intermediates through which the 

epilepsy and schizophrenia exert their effects on mortality. Therefore, adjusting for these 

comorbidities may attenuate the association between epilepsy and/or schizophrenia and 

mortality, and we did not adjust for them. 

Restricting the definition of schizophrenia to only include persons who had been given the 

diagnostic code F20 (i.e. excluding persons with schizophrenia-like psychoses) revealed a non-

significant higher mortality epilepsy and schizophrenia than the analysis of persons with the 

broader definition of schizophrenia (i.e. including persons with schizophrenia-like psychosis). 
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This suggests that persons with the narrower definition of schizophrenia suffer from more severe 

symptoms and consequences of schizophrenia. However, the groups were small and the 

difference between the two estimates were not significant.  

Stratification by epilepsy subtypes identified a tendency towards higher mortality in persons with 

epilepsy with focal onset seizures, and lower mortality in persons with epilepsy with generalized 

seizures. This is in line with previous findings of higher mortality in persons with symptomatic 

epilepsy than in persons with idiopathic or cryptogenic epilepsy.(28) The higher mortality 

associated with epilepsy with focal seizures as compared to epilepsy with generalized onset 

seizures may relate to the underlying cause of epilepsy  e.g. brain tumors, traumatic brain injury 

and stroke. These causes all are associated with increased risk of epilepsy with focal seizures as 

well as death. However, we included persons diagnosed with epilepsy before 25 years of age, 

and these causes of epilepsy are relatively rare in this age group. Restricting the epilepsy cases 

into those with focal and generalized seizures reduced the groups substantially and subgrouping 

epilepsy into focal and generalized epilepsies using ICD codes may be misleading since the 

validity of the ICD coding of epilepsy subtypes is low.(29) 

Absolute mortality was higher for men than for women in all groups. These findings are 

supported by previous studies of absolute mortality in epilepsy(22) and schizophrenia.(30) 

We found no significant difference in aMMR between men and women. This is in contrast to 

other studies of mortality in epilepsy, where most studies (6, 7, 28) found higher relative 

mortality in men than in women. However, Christensen et al.(22) found higher relative mortality 

associated with epilepsy in women than in men. The absence of a sex difference in aMMRs in 

persons with schizophrenia in the present study also contrasts with previous studies (20, 31) of 

mortality in persons with schizophrenia, where mortality rates have tended to be higher for men 
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than for women. From our estimates of absolute mortality, women have lower baseline mortality 

than men, and this may explain why we found no difference in the relative estimates.  
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Strengths and weaknesses 

Our study benefitted from a population-based cohort identified from Danish national registries 

which minimized selection bias. Hence, loss to follow-up accounted for less than 3% of the 

population and is therefore unlikely to explain our findings.(12) Additionally, we were able to 

adjust for a number of potential confounders at an individual level such as parental 

socioeconomic status and parental age at birth, although these adjustments did not change 

estimates considerably. 

Previous studies have validated the diagnoses of epilepsy in Danish healthcare systems, 

providing a positive predictive value of an epilepsy diagnosis of 81% (95% CI; 75-87%).(29) 

The persons who did not fulfill the diagnosis for epilepsy will likely have a lower mortality than 

persons with epilepsy, and the inclusion of these persons would therefore lead to an 

underestimation of the association between epilepsy and premature mortality.  

The positive predictive value of a schizophrenia diagnosis in the Danish Central Psychiatric 

Register was 89.7% (95% CI; 85.7-92.9%).(32) Inclusion of persons who did not fulfill all the 

diagnostic criteria for schizophrenia would also most likely lead to an underestimation of the 

association between schizophrenia and premature death. 

Hence, not all persons with epilepsy and schizophrenia included in our study would meet the 

diagnostic criteria for these disorders, which would most likely bias our results towards the null.  

In addition, the Danish health registers may not capture all patients in the outpatient or inpatient 

hospital setting with epilepsy and schizophrenia. These persons will be included in the 

background population and therefore lead to an underestimation of the association between the 
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epilepsy and schizophrenia and premature mortality. However, considering the size of the 

background population, this underestimation would likely be small.  

In the present study, follow-up started from the day the participants turned 25 years, but some 

persons may not have been diagnosed with these disorders until after their 25th birthday and 

therefore would be included in the background population. This may lead to an underestimation 

of the mortality associated with the two disorders. However, sensitivity analyses with follow-up 

start at the 20th and 30th birthday demonstrated the same trend as the primary analyses with 

follow-up start at the 25th birthday, suggesting that our method provided reliable mortality 

estimates.  

Relative mortality estimates were significantly higher for persons diagnosed before 1995 than for 

persons diagnosed after 1995, though they demonstrated the same trend. Outpatient data were 

not included in the registries until 1995, and the prevalence of epilepsy and schizophrenia before 

1995 may therefore have been underestimated. Inpatients may suffer from more severe epilepsy 

and schizophrenia which would tend to overestimate mortality, and thus could potentially 

explain why relative mortality for persons diagnosed before 1995 was higher than for persons 

diagnosed after 1995. Additionally, the classification of disease used in the Danish National 

Hospital Register(14) and the Danish Psychiatric Central Register (13) was changed in 1994 

from ICD8 to ICD10. Changes in classification of epilepsy and schizophrenia, may partly 

explain the difference in mortality observed. The analyses were adjusted for calendar time to 

account for the change in classification used and for the inclusion of outpatient in the registers. 

The causes of deaths were not examined in this study, but previous studies have found that 

persons with epilepsy (8, 22) and persons with schizophrenia ((20, 33) have higher mortality 
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from both natural and unnatural causes. Future research needs to determine if these elevated 

death rates are related to the disorder, underlying etiology, comorbid diseases, or treatment. 

 

Conclusions 

In conclusion, we found alarmingly high estimates of the overall mortality for persons with 

epilepsy and schizophrenia and, in particular, in persons with both disorders. MRR estimates for 

the combination of the two disorders and the very high cumulative mortality should create 

awareness of the burden of disease among persons with epilepsy and schizophrenia and assist 

clinicians in developing strategies for early identification and timely treatment in order to reduce 

mortality.  
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Table 1. Mortality rates and adjusted mortality rate ratios in a Danish national birth cohort according to diagnoses of epilepsy 

and schizophrenia (Danish birth cohort 1960-1987). 

Diagnoses of 

epilepsy and 

schizophrenia* 

Deaths 

(n) 

Person 

years 

Mortality rate  per 

1,000 person years 

(95% CI) 

Adjusted mortality rate 

ratio  

(95% CI)** 

Adjusted mortality 

rate ratio  

(95% CI)*** 

No 

 

Epilepsy 

 

Schizophrenia 

 

Epilepsy and 

schizophrenia 

23,495 

 

818 

 

791 

 

38 

23,824,571 

 

215,967 

 

122,898 

 

4,137 

1.01 (0.99-1.02) 

 

3.79 (3.54-4.06) 

 

6.44 (6.00-6.90) 

 

9.18 (6.68-12.62) 

1.00 (ref) 

 

4.59 (4.28-4.92) 

 

6.63 (6.18-7.12) 

 

12.77 (9.29-17.56) 

1.00 (ref) 

 

4.46 (4.13-4.82) 

 

6.79 (6.28-7.34) 

 

12.89 (9.16-18.14) 

All 25,596 24,167,573 1.06 (1.05-1.07) - - 

*Diagnosis given prior to the participant’s 25th birthday. 

** Adjusted for age, sex, and calendar time.  
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*** Adjusted for age, sex, calendar time, parental socioeconomic status, and parental age at birth. 
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Table 2. Mortality rates and adjusted mortality rate ratios in a Danish national birth cohort according to diagnoses of epilepsy 

and a broad and a narrow definition of schizophrenia (Danish birth cohort 1960-1987). 

 

 Broad definition of schizophrenia Strict definition of schizophrenia P-value*** for 

diffference 

Diagnoses of epilepsy and 

schizophrenia* 

Deaths  

(n) 

Mortality rate ratio** 

(95% CI) 

Deaths  

(n) 

Mortality rate ratio** 

(95% CI) 

 

No 

Epilepsy 

Schizophrenia 

Epilepsy and schizophrenia 

23,495 

818 

791 

38 

1.00 (ref) 

4.46 (4.13-4.82) 

6.79 (6.28-7.34) 

12.89 (9.16-18.14) 

24,288 

836 

452 

20 

1.00 (ref) 

4.46 (4.13-4.81) 

7.85 (7.08-8.70) 

18.31 (11.52-29.08) 

 

P = 1.00 

P = 0.03 

P = 0.23 

All 25,596 - 25,596 -  

*Diagnosis given prior to the participant’s 25th birthday. 

** Adjusted for age, sex, calendar time, parental socioeconomic status, and parental age at birth. 

 

*** tested with a chi-squared test using the log(HR) and corresponding Standard Errors, assuming estimates are independent. 
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Table 3. Mortality rates and adjusted mortality rate ratios in a Danish national birth cohort according to diagnoses of epilepsy 

and a broad definition of schizophrenia according to inclusion before and after 1995 (Danish birth cohort 1960-1987). 

 

 Included before 1995 Included after 1995 Total P-value*** 

for difference 

Diagnoses of 

epilepsy and 

schizophrenia* 

Deaths  

(n) 

Mortality rate 

ratio** 

 (95% CI) 

Deaths  

(n) 

Mortality rate ratio** 

 (95 % CI) 

Deaths 

(n) 

 

Mortality rate ratio** 

 (95 % CI) 

 

No 

Epilepsy 

Schizophrenia 

Epilepsy and 

schizophrenia 

18,627 

420 

481 

17 

1 (ref) 

6.29 (5.07-7.80) 

8.13 (6.63-9.98) 

16.15 (5.20-50.14) 

5,405 

365 

260 

21 

1 (ref) 

4.27 (3.94-4.64) 

6.60 (6.06-7.18) 

12.60 (8.81-18.04) 

24,032 

785 

741 

38 

1 (ref) 

4.46 (4.13-4.82) 

6.79 (6.28-7.34) 

12.89 (9.16-18.14) 

 

P = 0.003 

P = 0.0001 

P = 0.46 

All 19,545 - 6,051 - 25,596 -  

*Diagnoses given prior to the 25th birthday 

**Adjusted for sex, calendar time, parental socioeconomic status, parental age at birth, and inclusion before/after 1995 

 

*** tested with a chi-squared test using the log(HR) and corresponding Standard Errors, assuming estimates are independent. 
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Table 4. Adjusted mortality rate ratios (aMRR) in a Danish national birth cohort according to epilepsy subtype and schizophrenia (Danish 

birth cohort 1960-1987). 

 Epilepsy subtypes P – value*** for 

difference between 

epilepsy with focal 

and epilepsy with 

generalized seizures 

All epilepsy subtypes 1. Epilepsy with focal onset 

seizures 

2. Epilepsy with (primary) 

generalized seizures 

Diagnoses of 

epilepsy and 

schizophrenia* 

Deaths 

(n) 

Adjusted 

mortality rate 

ratio**  

(95% CI) 

Deaths  

(n) 

Adjusted 

mortality rate 

ratio** 

(95% CI) 

Deaths  

(n) 

Adjusted 

mortality rate 

ratio** 

(95% CI) 

 

No 

 

Epilepsy 

 

Schizophrenia 

 

Epilepsy and 

schizophrenia 

23,949 

 

818 

 

791 

 

38 

1.00 (ref) 

 

4.46 (4.13-4.82) 

 

6.79 (6.28-7.34) 

 

12.89 (9.16-18.14) 

24,661 

 

106 

 

823 

 

6 

1.00 (ref) 

 

4.28 (3.48-5.27) 

 

6.75 (6.25-7.29) 

 

13.79 (6.20-30.71) 

24,607 

 

160 

 

823 

 

6 

1.00 (ref) 

 

3.39 (2.86-4.01) 

 

6.77 (6.27-7.31) 

 

9.79 (4.08-23.54) 

 

 

P = 0.09 

 

P = 1.00 

 

P = 0.57 

All 25,596 

 

- 25,596 

 

- 25,596 

 

-  

*Diagnoses of epilepsy and schizophrenia given prior to the 25th birthday.  
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*** tested with a chi-squared test using the log(HR) and corresponding Standard Errors, assuming estimates are independent.

**Adjusted for sex, calendar time, parental age, and socioeconomic status. 
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Table 5. Cumulative mortality at the age of 50 in men and women diagnosed with epilepsy, schizophrenia, and comorbid 

epilepsy and schizophrenia prior to their 25th birthday (Danish birth cohort 1960-1987)*.  

 

Diagnoses of 

epilepsy and 

schizophrenia** 

Men Women Men and women 

Cases 

(n) 

Cumulative mortality 

(95% CI) 

Cases 

(n) 

Cumulative mortality 

(95 % CI) 

Cases 

(n) 

 

Cumulative mortality 

(95 % CI) 

No 

 

Epilepsy 

 

Schizophrenia 

 

Epilepsy and 

schizophrenia 

15,229 

 

526 

 

553 

 

24 

3.91 % (3.83-3.98 %) 

 

13.51 % (11.89-15.23 %) 

 

20.60 % (18.72-22.55 %) 

 

31.18 % (16.57-46.98 %) 

7,518 

 

277 

 

217 

 

14 

2.21 % (2.15-2.27 %) 

 

7.82 % (6.61-9.16 %) 

 

12.97 % (11.04-15.07 %) 

 

23.78 % (8.59-43.14 %) 

22,747 

 

803 

 

770 

 

38 

3.08 % (3.03-3.13 %) 

 

10.67 % (9.65-11.75 %) 

 

17.39 % (16.01-18.81 %) 

 

27.24 % (15.74-40.05 %) 

All 16,332 - 8,026 - 24,358 - 

* The cumulative mortality at the age of 50 in this table corresponds to the estimates in Figure 1.  

**Diagnosis given prior to the participant’s 25th birthday. 
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Figure 1. Cumulative (absolute) mortality in men and women diagnosed with epilepsy, 

schizophrenia, and comorbid epilepsy and schizophrenia before their 25th birthday (Danish 

birth cohort 1960-1987). 
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