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ABSTRACT The predictors of autopsy and the accuracy of European short list (E) codes of respiratory
diseases lack recent knowledge.

A 10% random sample (n=6811) of inhabitants of Bergen, Norway, aged 20–70 years, was invited to
participate in a survey in 1965–1971 (participation rate 83%).

By December 31, 2005, 4387 (64%) participants had died and 1163 (27% of the deceased) had been
given an autopsy. Causes of death were tuberculosis (E02, 0.2%), lung malignancy (E15, 3.5%), influenza
(E38, 0.2%), pneumonia (E39, 6.5%) and chronic lower respiratory diseases (E40, 3.2%). Male sex, early
deaths in the surveillance period and E15 were positive predictors of an autopsy examination, whereas old
age and E39 were strong negative predictors. Among those referred for a post mortem examination, the
cause of death was verified as tuberculosis in 0.3%, lung cancer in 8.1%, acute pneumonia in 2.0% and
chronic obstructive lung diseases in 4.9%. Cohen’s kappa coefficients (E codes versus autopsy) were 0.91
(95% CI 0.86–0.96) for E15, 0.37 (95% CI 0.20–0.54) for E39 and 0.65 (95% CI 0.54–0.76) for E40.

These findings matter when deaths from respiratory diseases are used as end-points in epidemiological
association studies and clinical trials.
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Introduction
Statistics of deaths from respiratory diseases were once dominated by infectious diseases but over the last
50 years, there has been a shift towards diseases caused by tobacco smoking [1]. New technologies have
improved the accuracy of the diagnosis of respiratory diseases, but post mortem examination is still
regarded as the gold standard to determine the cause of death [2, 3].

The few published population-based autopsy studies that exist are more than 30 years old [4] and indicates
that autopsies are heavily biased according to sex, age, race, marital status, place of death and underlying
cause of death. Most studies were performed in selected populations and restricted to a single respiratory
disease like asthma [5], pneumonia [6], chronic obstructive pulmonary diseases [7], lung cancer [8], other
malignant tumours in the lung [9] and pleural diseases [10].

The European short list of causes of death (E codes) groups the diseases from the World Health
Organization’s International Classification of Diseases (ICD) into 65 different codes [11, 12]. Respiratory
diseases include neoplastic diseases of the trachea, bronchus and lung (E15), and non-neoplastic diseases
of respiratory system (E37), including influenza (E38), pneumonia (E39) and chronic lower respiratory
diseases (E40) including asthma (E41). The majority of fatal cases of tuberculosis (E02) are also respiratory
diseases. Since 1958, chronic lower respiratory disease has been based on the term chronic nonspecific
lung diseases or obstructive lung diseases [13, 14]. Seven E-codes are more convenient for planning
healthcare than 150 ICD diagnoses of respiratory disease. The validity of E-codes of respiratory diseases
has not been examined in the light of autopsy findings.

The aims of this study were to investigate the accuracy and the exposure–disease relationships of the
respiratory diagnoses given in mortality statistics by comparing the specific E codes to autopsy findings.
Furthermore, we wanted to identify predictors of post mortem referral in a general population.

Methods
Study population
A 10%, random, population-based sample of 6811 adults aged 20–70 years in the city of Bergen, Norway,
was invited to participate in the Bergen Clinical Blood Pressure Survey in 1965–1971. The medical history
including smoking habits and pack-years, and a standardised clinical examination was recorded for each of
the participants. Registration of mortality started on January 1, 1964, and ended on the date of death, date
of emigration or on December 31, 2005, whichever occurred first; a death certificate was issued by a
physician and sent to Statistics Norway [15, 16].

Death certificates and E codes
The underlying cause of death is the disease (or injury) that initiated the series of events that subsequently
lead to death [17]. Employees at Statistics Norway transformed these diagnoses on the death certificate
into ICD codes [18]. The relevant ICD codes of respiratory causes of death and E codes from 1964 to
2005 are given in online supplementary table S1. The Data Inspectorate, the Norwegian Directorate of
Health and Social Services, and the Regional Committee in Western Norway for Ethics in Medical
Research granted permissions for this study.

Autopsy records
Autopsy findings were recorded using the Systematized Nomenclature of Medicine (SNOMED) codes at
the Gades Institute of Pathology, University of Bergen [19]. The autopsy procedure did not change
between 1964 and 2005. However, in general, more uncertain clinical diagnoses tended to be referred to
autopsy and the pathologists tended to favour the more unusual diagnostic groups [20]. The underlying
cause of death with topographical (Ibt) and morphological (Ibm) codes were always decided by a senior
pathologist and linked to the data file on the basis of the individual identification number. Table S2 shows
the selection of SNOMED codes representing respiratory causes of death.

Statistical analyses
Estimates of agreements between E codes and autopsy findings were calculated for lung cancer, acute
pneumonia and chronic obstructive pulmonary disease (COPD) (i.e. emphysema, chronic bronchitis,
bronchiectasis and bronchial asthma) and non-neoplastic respiratory diseases. Sensitivity, positive
predictive value, false positives (overdiagnosis) and false negatives (underdiagnosis) were calculated as
previously described [16]. The 95% confidence intervals for the indicators of validity were estimated for
binomial distribution. Overall agreement between the mortality statistics and the autopsy results, taking
chance value into account, was assessed by Cohen’s kappa [21] and using the LANDIS and KOCH [22]
classification. Univariate and multivariate logistic regression were used to explore potential predictors of an
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autopsy. Analyses were performed using the statistical software SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA).

Results
Population sample
The study population included 3098 men and 3713 women. 5653 (83%) persons participated in the survey
and the participation rate did not differ by sex (fig. 1). The crude participation rate was slightly lower for
those aged <30 and ⩾60 years (79%) than for the middle aged (85%). Among the participants, 58% were
ever-smokers, of whom 27% smoked 1–9 cigarettes, 16% smoked ⩾10 cigarettes, 4% were pipe smokers
only and 11% were former smokers. The median (interquartile range) exposure in former smokers was 8.3
(3.0–18.8) pack-years and in smokers was 9.8 (4.6–18.8) pack-years.

During the follow-up period, 4387 (64%) persons died. The crude death rate was 68 per 100 and 64 per 100
in survey nonparticipants and participants, respectively. The number of deaths per year varied considerably,
from 42 persons in 1964 to 147 persons in 1987. A larger proportion of men (69%) than women (60%) had
died (fig. 1). The age at death varied from 22 to 103 years with a mean±SD of 75±12 years (78±11 in
women and 72±12 years in men). At the end of the follow-up period, 65% of the ever-smokers had died
versus 61% of those who had never smoked. The crude death rates of smokers of 1–9 cigarettes, ⩾10
cigarettes and pipes only were 62%, 68% and 81%, respectively.

Sample for autopsy
Of the deceased, 1163 (27%) were referred for a post mortem examination (fig. 1) and of these, 23 (2%)
had an external examination only. The number of autopsies performed varied per year from a maximum
of 53 in 1986 to a minimum of seven in 1999. The autopsy percentage declined from 41% for 1964–1973
to 10% for 1996–2005. More men (32%) than women (21%) were referred for autopsy. Age at death was
71±11 years. Autopsy results existed for 929 (26%) out of 3597 survey participants who had died.

Distribution of E codes of respiratory diseases
In mortality statistics, death due to respiratory diseases was recorded in 618 (14.1%) cases (sum of E02,
E15 and E37). Death due to disease in the circulatory system (E33) was recorded in 2084 (47.5%) cases.
The largest group of respiratory cause of death was E39, with 654 per 10 000 deaths, while E40 and E15
each had half the death rate of E39 (table 1). E41 represented only 14% of all causes with deaths due to
E40. E38 and E02 caused few deaths. 16 (3.5%) cases of death from other nonmalignant diseases of the
respiratory system were recorded as E37.

Distribution of topographical–morphological diagnoses of autopsy-verified respiratory deaths
The underlying cause of death was topographically located in the heart for 391 (34%) cases, the respiratory
system for 190 (16%) cases (including 13 (1%) cases of fatal lung embolisms), the digestive system for 203
(18%) cases, the brain/nervous system for 141 (12%) cases, the peripheral vascular system for 43 (4%)
cases and other organs for 195 (17%) cases. Of the 177 autopsy-verified respiratory deaths, about half had
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FIGURE 1 Deaths with autopsy, deaths without autopsy and survival to December 31, 2005, in those a) not participating and b) participating in a survey of a
general population sample (n=6811) of the city of Bergen, Norway, in 1964, by sex and by age group.
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lung cancer and one-third COPD, including emphysema (20%), chronic bronchitis/bronchiectasis (10%)
and bronchial asthma (1%). Only 12% had acute pneumonia (table 2).

Predictors of autopsy
Autopsy referral was associated with male gender, age below 60 years, early deaths in the surveillance
period and E15. E39 was strongly inversely associated with autopsy examination. Participation in the
survey and E40 had no significant association with autopsy after multivariate adjustment (table 3).

Agreement between E codes and autopsy findings
Agreement between E codes and autopsy findings is summarised in figure 2. Further information can be
found in the online supplementary text (including table S3) and in the following sections.

E15: malignant neoplasm of the lung
Cohen’s kappa for E15 showed almost perfect agreement between the E coding and autopsy results. The
sensitivity and positive predictive value of E15 were ⩾90%.

TABLE 1 Distribution of European short list (E) codes of respiratory causes in the deceased
subjects of 10% of the population of Bergen, Norway, and in a subsample referred for post
mortal examination, initially aged 20–70 years in 1964 and followed until December 31, 2005

E code Disease Population sample n
(per 10 000 deaths)

Autopsy subsample n
(% deaths with this E code)

E02 Tuberculosis 7 (16) 4 (57)
E15 Malignant neoplasm of trachea, bronchus

or lung
157 (357) 89 (57)

E37 Diseases of the respiratory system 454 (1035) 77 (17)
E38 Influenza 8 (18) 0
E39 Pneumonia 287 (654) 31 (11)
E40 Chronic lower respiratory diseases 146 (326) 43 (30)
E41 Asthma 20 (56) 6 (30)
E01–E65 All deaths 4386 (10 000) 1163 (27)

In the autopsy subsample, in 170 (14.6%) cases, of the respiratory diseases E02, E15 and E37 were given
as the cause of death. Higher proportions of the autopsies found for E15 and E02 than E39. None of the
eight cases was E38 were given an autopsy.

TABLE 2 Distribution of fatal respiratory disease# defined by topographical and morphological
pathology (SNOMED) in 1163 persons with autopsy from the population of Bergen, Norway,
initially aged 20–70 years in 1964 and followed until December 31, 2005

Pathologically defined disease as cause of death Persons n (%)

Lung cancer 86 (48.6)
Other neoplasms located in respiratory organs¶ 7 (4.0)
Acute pneumonia 21 (11.9)
Emphysema 35 (20.0)
Chronic bronchitis, bronchiectasis 17 (9.6)
Bronchial asthma 1 (0.6)
Diffuse lung parenchymal diseases 6 (3.3)
Pleural empyema 1 (0.6)
Tuberculosis of the lung 3 (1.7)
All respiratory diseases 177 (100)

SNOMED: Systematized Nomenclature of Medicine. #: there were in addition 13 cases with fatal embolism
of the lung; ¶: including larynx cancer 3, malignant mesothelioma 2, sarcoma 1 and unspecified 1.
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E39: pneumonia
The Cohen’s kappa coefficient for E39 of 0.37 reflects only fair agreement between the E code from the
mortality statistics and the autopsy results. The sensitivity and positive predictive value for E39 were both
poor, and all the validity indicators for this E code had wide confidence intervals.

E40: chronic lower respiratory diseases
There was substantial agreement between E40 and autopsy-verified emphysema, chronic bronchitis/
bronchiectasis and asthma, with a Cohen’s kappa coefficient of 0.65. The sensitivity and positive predictive
value for E40 were higher than for E39 but lower than for E15.

E37: diseases of the respiratory system
All nonmalignant fatal diseases of the respiratory system in E37 produced substantial agreement, with a
kappa coefficient of 0.62. Sensitivity and positive predictive value for E37 were 63% and 67%, respectively.

Risks associated with diseases
The association in the autopsy sample between ever-smokers at survey and deaths due to E15 and E40 had
odds ratios (95% CI) of 9.3 (3.4–25.7) and 3.6 (1.3–10.3), respectively. The association between
ever-smoking and autopsy-verified cancer and COPD (emphysema, chronic bronchitis and asthma) as the
underlying cause of death had odds ratios of 8.7 (3.1–24.1) and 2.4 (1.0–6.0), respectively.

Discussion
The validity of mortality statistics using E codes for respiratory diseases varies from perfect agreement for
neoplastic disease (E15) to only fair agreement for pneumonia (E39). Disagreement between E codes and
autopsy findings was four times more frequent in non-neoplastic respiratory disease (E37) than neoplastic
disease (E15). Autopsy referral was biased by age, sex, decade of death and E code. The associations
between smoking habits and deaths due to lung cancer or COPD were similar using E codes and
autopsy-verified diagnoses.

Mortality statistics are important in the quality assurance of diagnoses and effects of treatment. Coding of
the underlying cause of deaths involves 1) the diagnostic process, 2) the completion of death certificate
and 3) coding of the death certificates [23]. Each of these steps can reveal errors. Physicians’ knowledge of
the fatal event, history of the patient’s disease and comorbidities vary.

TABLE 3 Multivariate adjusted odds ratios for autopsy versus non-autopsy in 4387 deaths of the Bergen, Norway, cohort initially
aged 20–70 years in 1964 and followed until December 31, 2005

Deaths n Autopsy n (%) Univariate OR (95% CI) Adjusted# OR (95% CI)

Sex
Female 2238 475 (21.2) 1 1
Male 2149 688 (32.0) 1.7 (1.5–2.0) 1.4 (1.2–1.6)

Age in 1964
60–75 years 1419 390 (27.5) 1 1
40–59 years 2377 613 (25.8) 0.9 (0.8–1.1) 1.4 (1.2–1.6)
20–39 years 591 160 (27.0) 1.0 (0.8–1.2) 1.8 (1.4–2.2)

Survey 1965–1971
Nonparticipants 790 234 (29.6) 1 1
Participants 3597 929 (25.8) 0.8 (0.7–1.0) 1.0 (0.8–1.2)

Year of death
1995–2005 1281 135 (10.5) 1 1
1985–1994 1290 367 (28.4) 3.4 (2.7–4.2) 4.0 (3.2–5.0)
1975–1984 1065 359 (33.7) 4.3 (3.5–5.4) 5.2 (4.1–6.6)
1965–1974 751 302 (40.2) 5.7 (4.5–7.2) 7.3 (5.6–9.4)

Causes of death
All except E15, E39 and E40 3800 1000 (26.3) 1 1
E15 157 89 (56.7) 3.7 (2.7–5.1) 4.0 (2.8–5.6)
E39 287 31 (10.8) 0.4 (0.2–0.5) 0.4 (0.3–0.6)
E40 143 43 (30.1) 1.2 (0.8–1.7) 1.4 (0.9–2.0)

E15: malignant neoplasm of trachea, bronchus or lung; E39: pneumonia; E40: chronic lower respiratory diseases. #: for all other covariates
except for the variable of interest.
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The validity (an expression of the degree to which a measurement measures what it purports to measure)
of autopsy is dependent on the macroscopic and microscopic criteria of the diseases of the respiratory
system. Neoplastic lung diseases may have less ambiguous criteria than acute and chronic inflammatory
diseases with destruction and remodelling. The dissemination of the inflammatory and emphysematous
changes is not examined morphometrically in a post mortem examination. Respiratory diseases, except for
pulmonary neoplasm [24], may have more ambiguous autopsy criteria than cardiovascular diseases or
neoplasms in other organs. JøRGENSEN et al. [25] stated that after autopsy and histological examination of
asthma deaths in Denmark, many cases were coded by the pathologist as due to emphysema and/or
bronchitis. However, E40 groups the chronic inflammatory lower respiratory diseases and may thus
improve its validity.

Autopsy has been regarded as the absolute truth for determining the cause of death [26, 27]. The autopsy
rates have declined heavily in our university hospital (Haukeland University Hospital, Bergen), as in other
pathology departments in Norway and internationally. For the total Norwegian population, only 4.3% out
of 41 152 deaths were sent for autopsy in 2005 [28]. Both the pre and post mortem diagnosis and coding
can, however, be incorrect. It is well known that clinical observations of the physical signs of chest
ailments do vary considerably among respiratory physicians [29]. The interobservation variation in the
underlying cause of death measured with Cohen’s kappa among pathologists was as high as 0.9 [30].
“Neoplasm” is, for clinicians, a pathologically and anatomically defined disease. Furthermore, the
electronic communication between the cancer registry and Statistics Norway is good for malignant cases.
This may explain the almost perfect agreement between E codes of lung cancer and autopsy findings.
Quantitative examinations of morphometric measurements of the lung have, so far, not been applied for
pathological changes in emphysema, chronic bronchitis or pneumonia in post mortem examinations, while
computer tomographic measurement of emphysema and air wall thickness when alive have been used as
predictors of mortality [31].

Our distribution of the mortality of E02, E15 and E37 in Bergen between 1964 and 2005 was in crude
agreement with the statistics of all E codes of deaths in Norway from 1951 to 2007, being 0.4%, 2.7% and
8.9%, respectively [12]. The slight discrepancy for tuberculosis and neoplasm was because the national
report included all ages as well as deaths between 1951 and 1963. Our findings were collected from a
closed cohort, whereas the official mortality statistics record information on deaths in the entire (open)
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population. The percentage of E40 was 3.2% in the Bergen population cohort and 3.6% in the autopsy
cohort. In a Danish population cohort from Copenhagen of persons aged >19 years followed for almost 25
years, 3.6% died due to COPD [7]. The percentage of fatal pulmonary embolism (1.1%) of all deaths in
our autopsy sample was identical to that of fatal embolism (1.2%) in the national sample of autopsies in
Norway in 2005 [28].

Autopsies represent a skewed sample of all deaths. The bodies of women and elderly people were less
often sent for autopsy compared with those of men and younger people. An explanation may be that
women are older than men when they die and more women die in nursing homes without the
opportunity for an autopsy [32, 33]. This trend of autopsies relative to E codes was also present after
taking account of sex, age and decade for autopsy since 1965 (table 3). In an autopsy study of deaths in
nursing homes in Oslo, Norway, in 1980–1981 with an average age of 84 years, the majority of deaths
were verified as pneumonia [32]. Similar to our study, a study from Minnesota, USA, showed that the
proportion of pneumonia cases sent for autopsy was very low [33].

Our sample of 1163 autopsies had approximately the same proportion of deaths defined by E codes and
by autopsy, with 7.7% and 7.4% for lung cancer, respectively, and 6.6% and 6.9% for nonmalignant
diseases of the lung, respectively. Errors in death certificates have a tendency to cancel each other out [20],
giving false confidence in the overall mortality statistics. In agreement with an autopsy study in nursing
homes [32], more cases of pneumonia were diagnosed clinically than by autopsy (31 versus 21 cases) while
chronic lower respiratory diseases were more often diagnosed by autopsy (52 versus 43 cases).

Many authors have raised questions regarding the accuracy of the clinical diagnosis in patients dying from
cardiovascular diseases [34], malignant neoplasms [35] and pulmonary embolism [36]. Few studies have
raised questions about the validity of the mortality figures for respiratory diseases (E37). Our study showed
that after autopsy, almost 50% of the false positives were within the respiratory system. However, for the
false negatives, almost half of the cases had an initial E code diagnosis outside the respiratory and
circulatory system. The differential diagnosis between pneumonia and lung oedema can be clinically
difficult, especially in the case of elderly patients. In our study, the majority of overdiagnosed cases of
pneumonia were other respiratory or cardiovascular diseases. There are few studies on the validity of
combinations of symptoms, clinical signs including fever, white cell count and infiltrates on chest X-ray,
for the autopsy-verified diagnosis of pneumonia in elderly [37]. In the future, the validity of a diagnosis of
fatal pneumonia needs to be improved.

E40 includes ICD J40–J47 or previous equivalent ICD codes for bronchitis, emphysema, other chronic
pulmonary diseases, asthma and bronchiectasis. There are no accepted definitions when deaths are caused
by or related to COPD. In large, multicentre, controlled clinical trials, specific causes of deaths have been
used as additional outcome variables [38, 39]. In such a selected sample, complete agreement between site
investigators and the mortality adjudication committee of the specific cause of death was observed in only
50% of the cases. It was particularly difficult to distinguish between pneumonia and COPD exacerbation
as the presenting terminal illness. In Denmark, JENSEN et al. [7] found poor predictions of spirometric
results for fatal chronic lower respiratory disease. Half of those with COPD as the specific cause of death
had been found to have normal lung function at a clinical survey <25 years previously. In a recent
Norwegian study, the diagnosis of pneumonia and COPD on the death certificate was confirmed by
autopsy in only 20% of subjects [28].

One strength of our study is that it included all deaths and all autopsies in a defined urban population
over 40 years. This enables us to generalise our findings to the whole population, taking the bias of the
autopsy selections into account. It is a real-life study from the daily routines of Statistics Norway and a
large, regional department of pathology. A second strength is seen in the comparisons of the validity of
mortality statistics of all E codes due to respiratory diseases. Lung cancer has a high validity and
pneumonia has a very low validity. The poor validity of mortality from pneumonia reduces its
applicability for epidemiological studies on the associations between environmental factors and fatal
pneumonia. However, the associations between smoking and deaths from of lung cancer and COPD did
not differ overtly from the results of autopsy or mortality statistics.

The weakness of our study is that only hospital deaths were included in the autopsy sample. The sample
size of the population, with almost 7000 persons and four decades of follow-up, was too small to acquire
precise knowledge on the validity of E02, E38 and E41. Most of the E41 cases had an autopsy diagnosis of
emphysema and chronic bronchitis, while half of the E02 cases had another diagnosis of the respiratory
system. Furthermore, one-third of the cohort was still alive at the end of the follow-up. This study did not
include valid knowledge on respiratory deaths in nursing homes, which have a large proportion of deaths
due to pneumonia and stroke [32]. Previously, deaths due to ICD classifications of stroke and ischaemic
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heart disease were examined by autopsy in this community 13, and this showed a better validity for
diagnoses of ischaemic heart disease than for stroke.

To improve the mortality statistics, the cause of death should be given electronically by experienced
physicians rather than by physicians still in training. Furthermore, the autopsy results should be available
within a week after death and their findings should be routinely incorporated into the death certificate.

Conclusion
Comparing mortality statistics with autopsy shows almost perfect agreement for E15, substantial agreement
for E40 but only fair agreement for E39. An autopsy referral is biased by sex, age and the underlying cause
of death. Improving the diagnosis of fatal pneumonia in the elderly should be a priority.
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