
Scand J Work Environ Health 10 (1984) 3 11-316 

Effect of cohort definition and follow-up length 
on occupational mortality rates1 
by Riitta-Sisko Koskela ,  M S o c S c ,  Erkki J a rv inen ,  MSc ,  Pertt i  J Kolari, MSc2 

KOSKELA R-S, JARVINEN E, KOLARI PJ. Effect of definition of a cohort and length of follow-up 
on occupational mortality rates. Scand J Work Environ Health 10 (1984) 311-316. The purpose of this 
study was to clarify the effects of cohort formation, period of entry, and period of follow-up on occupa- 
tional mortality figures. The study material comprised three cohorts of metal industry workers (6 415 
iron foundry workers, 3 901 metal product workers, and 5 398 workers manufacturing electrical 
devices). The men, hired between 1950 and 1976, were followed until the end of 1978. The number of 
person-years was approximately 215 800. Different cohort formation criteria and variations in the 
follow-up modify the results of occupational mortality studies. A cross-sectionally based cohort (workers 
employed in a certain year or years) produces results different from those for an open cohort (new 
workers hired during a certain period of time) although the cohorts are formed from the same workpla- 
ces. The cohorts for retrospective cohort studies usually contain various periods of entry, periods of 
follow-up, and age structures. Increased or decreased mortality in a cohort depends on this internal struc- 
ture. The structure of the cohort becomes especially important when a certain cause of death is con- 
centrated in certain age classes and/or when a period of latency is required, as for tumors. In an attempt 
to reveal this internal structure the three cohorts were analyzed in five-year calendar periods and strat- 
ified according to the length of follow-up. The mortality pattern remained nearly unchanged when the 
number of periods of entry increased, and it was also comparable with the mortality pattern of the 
general male population. But as the period of follow-up grew longer, the mortality pattern changed, 
partly due to the ageing of the cohort and partly due to increasing periods of exposure and latency. A 
cohort of Finnish granite workers was used for testing the stratified analysis. 
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Different cohort  formation criteria and variations in 
follow-up modify the results of  occupational mortali- 
ty studies (2, 4). A cross-sectionally based cohort 
(workers employed in a certain year o r  years) will 
produce results that differ f rom those of  a n  open 
cohort  (new workers hired during a certain period of  
time) even if the cohorts have been formed f rom the 
same workplaces. The former cohort  is affected, like 
cross-sectional study designs in general, by health 
selection, and the latter is liable t o  weaken the possi- 
ble effects of  exposure, especially in  occupations with 
rapid turnover. Even if the direction of  the results in 
the designs were the same, the total  mortality rates 
may vary and  may cause differences in cause-specific 
figures (3, 4, 7). 
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The length of  the period of  entry similarly causes 
variations in mortality rates. In  addition, restriction 
of  the cohort, sampling, and orientation towards, eg, 
certain age groups, matching, o r  the requirement of  
a minimum length o f  exposure, modify the  results of  
occupational mortality studies (2, 3, 4, 5). 

The purpose of  the present study was t o  clarify the 
effects of  cohort  formation, period of  entry, and  
period of  follow-up on  occupational mortality 
figures. 

Materials and methods 

The study material comprised three cohorts of  metal 
industry workers (6 415 iron foundry workers, 3 901 
metal product workers, and 5 398 workers manufac- 
turing electrical devices). The men, hired between 
1950 and 1976, were followed until the  end of  1978. 
The number of  person-years was approximately 
215 800. During the period 1950-1978, there were 
1 407 deaths. In  addition another methodological 
(cross-sectional) cohort  was comprised of  1 526 
workers who had been hired earlier and were still 
working in 1950. The  basic information was collected 
from the employers' records. Data  for the analysis of  



Table 1. Standardized mortality ratios (SMR) for cross-sectionally based (workers at work in 1950 but hired earlier) and open 
cohorts (workers who had entered the industries in 1950-1976). 

Industry 

Cause of death Foundry Metal products 

< 1950 > 1950 < 1950 r 1950 

All deaths 87 127* 83 * 95 
Violent deaths 96 170" 97 110 
Respiratory diseases 109 162" 57 88 
Cardiovascular diseases 87 11 1 79* 98 
Tumors 98 85 91 86 

Electrical devices 

< 1950 2 1950 

p < 0.05, * *  p < 0.01; test of significance for the null hypothesis of SMR = 100 based on the Poisson distribution. 
a Based on only four subjects. 
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Figure 1. Mortality from all cardiovascular diseases and coro- 
nary heart disease. Comparison of the workers who entered 
the industries in 1950-1976 and those who entered earlier 
but were still at work in 1950. 

mortality were obtained from the national death reg- 
ister. The official statistics on causes of death in 
1970 were selected for comparison with the general 
male population in the analysis of the open cohorts 
(hired between 1950 and 1976), and the official statis- 
tics for 1965 were used in the analysis of the cross- 
sectional cohorts (still a t  work in 1950 but hired 
earlier). These years were chosen on the basis of the 

median year of the deaths in the cohorts. The mate- 
rial was also stratified according to the periods of 
entry and follow-up. Then the period-specific morta- 
lity figures of the total male population were used to 
calculate the expected number of deaths. 

When the cohorts and the subcohorts were com- 
pared with the general male population, the standar- 
dized mortality ratio was computed according to the 
cause of death. Because the age structure of the 
cohorts, and also of the subcohorts, did not essential- 
ly deviate from each other, the method yielded results 
analogous to the comparison of incidences between 
the cohorts. 

Results 

Comparison of the cross-sectionally based and open 
cohorts 
Comparison of the cross-sectional and open cohorts 
produced different mortality patterns. The cross-sec- 
tional cohorts had lower standardized mortality ra- 
tios than the open cohorts, which thus were highly 
selected groups (table 1). Health selection during 
employment was indicated, eg, by the results for 
mortality from all cardiovascular diseases combined 
and from coronary heart disease separately (figure 1). 
The younger cohort of foundry workers had a higher 
mortality from cardiovascular diseases than the older 
cohort. The difference occurred mainly in the morta- 
lity from coronary heart disease. A similar difference 
was found for the cohorts of the metal product 
workers, but coronary heart disease did not explain 
this difference. The electrical workers, however, had 
an opposite model. The older cohort had higher cu- 
mulative incidences than the younger one. This result 
suggests that the electrical workers' health selection 
during employnient was low. 

Variations in time-specific rates 
The standardized mortality ratios of the cohorts 
clearly depended on whether they were calculated as 
period-specific or cumulative or according to years 
since entry (figure 2). Thus, if the study had been 
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Figure 2. Standardized mortality ratios (SMR) for the three Figure 3. Distribution of person-years for the three cohorts 
cohorts (including workers hired between 1950 and 1974 and according to age and period of follow-up. 
followed until 31 December 1978) calculated according to 
calendar time as period-specific and cumulative ratios and 
according to the number of years since entry. 

done at some other time or if the data had been ana- 
lyzed in some other way, the results would also have 
been somewhat different. Calculation of the results 
for the periods since entry showed the ageing of the 
cohorts, whereas calculation for the calendar periods 
showed the same or somewhat younger age structure 
of the cohorts as the number of periods of entry 
increased (figures 3 & 4). 

Changes in age structure also mean changes in 
mortality pattern (figure 5). The proportions of vio- 
lent deaths, deaths from cardiovascular diseases, and 
tumors per age class varied according to the period of 
entry and the period of follow-up (years since entry). 
The mortality pattern remained nearly unchanged 
when the number of periods of entry increased, and 
it was also comparable with the mortality pattern of 
the general male population. But as the period 
of follow-up grew longer, the mortality pattern 
changed, partly due to  the ageing of the cohort and 
partly due to increasing periods of exposure and 
latency. 

Internal structure of cohorts 
The cohorts for retrospective cohort studies usually 
contain various periods of entry, periods of follow- 
up, and age structure (figure 6). In an attempt to 
reveal this internal structure, the three open cohorts 
were analyzed in five-year calendar periods and stra- 
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Figure 4. Distribution of person-years for the three cohorts 
according to age and period of entry. 



% PERIOD OF FOLLOW-UP PERIOD OF ENTRY 

0.0- 4.91 1 1950-1954 1 

AGE: a AGE:a 

[ . ~ ] I ~ ~ J [ .  Violent deaths  
Cardiovascular diseases - Tumors  

Figure 5. Proportions of violent deaths, deaths from cardio- 
vascular diseases, and tumors per age class and the distribu- 
tion of person-years in the cohort of foundry workers ac- 
cording to period of follow-up. The corresponding distribu- 
tions of the general male population are presented for com- 
parison. 
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Figure 6. Expected and observed period-specific deaths in 
the three cohorts stratified according to the length of follow- 
up. The expected numbers were stratified according to the 
percentage distribution of person-years in each calendar 
period. The observed numbers were stratified according to 
the percentage distribution of person-years weighted by stan- 
dardized mortality ratio for the specific period of follow-up. 
The figures are expressed as index numbers (the expected 
numbers in each calendar period among metal product 
workers = 100). 
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Figure 7. Mortality from tumors 
among foundry workers according to 
calendar periods. The expected num- 
bers were stratified into the periods of 
follow-up (as in figure 6). The observed 
numbers are designated with a sym- 
bol for the period of follow-up that pro- 
duced the highest standardized mor- 
tality ratio. (Calculation of the index 
numbers is presented in figure 6). 



tified according to the length of follow-up. The 
period-specific mortality figures of the total male 
population were used to calculate the expected num- 
ber of deaths. The expected numbers were divided 
into different follow-up periods according to the per- 
centage distribution of person-years in each calendar 
period. The observed numbers were divided ac- 
cording to the percentage distribution of person- 
years weighted by the standardized mortality ratio 
(based on age-specific figures) for a specific period of 
follow-up. The figures ivere transformed into index 
numbers with the calendar period-specific expected 
numbers of the metal product workers as indices. 

Increased or decreased mortality in a cohort 
depends on the internal structure of the cohort. The 
structure of the cohort becomes especially important 
when a certain cause of death is concentrated in cer- 
tain age classes and/or when a period of latency is re- 
quired, as for tumors. The importance of cohort 
structure was verified in the cohort of foundry 
workers (a cohort with cancer risk) (figure 7). Ac- 
cording to calendar periods mortality from tumors 
was not excessive until the internal structure of the 
cohort contained at least ten-year periods of follow- 
up. In this context the expected numbers were calcu- 
lated in the same way as for all causes of death. The 
follow-up period for which the highest standardized 
mortality ratio was detected was used to indicate the 
observed number in each calendar period and thus 
was designated with only one symbol. The clearest 
excess mortality from tumors was found in the calen- 
dar period of 1970 to 1974 and was located in a 15- 
to 20-year follow-up period. The observed numbers 
were no longer excessive in the next follow-up period. 

The clearest evidence of excess mortality from 
tumors was detected when the optimum composition 
coefficient prevailed for both the age structure (45- 
64 years) and the latency period (15-20 years). The 
period of entry then was 1950 to 1964, the calendar 
period 1970 to 1974. It is worth noting that excessive 
mortality from tumors thereafter decreased con- 
siderably (figure 8). 

Adaptation of the optimum composition method 

Many epidemiologic cohort studies are methodolog- 
ically insufficient to reveal occupational mortality, 
especially from cancer. This lack has surfaced in 
cohorts that have been followed up several times. 
One example is a cohort of Finnish granite workers. 
The cohort comprised 1 086 granite workers hired 
between 1940 and 1971 and followed up three times 
- until the end of 1972, 1975, and 1981 (1). The first 
follow-up indicated slightly higher mortality from 
respiratory diseases and from cancer of digestive 
organs, but the findings were not statistically signifi- 
cant. The second follow-up then clearly confirmed an 
excess mortality from both types of diseases. In- 
creasing mortality from lung cancer was revealed by 
the third follow-up (table 2). 
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Figure 8. Age-specific expected and observed numbers of 
tumors in a closed cohort of foundry workers hired between 
1950 and 1964 and followed until 31 December 1978. The ob- 
sewed numbers were stratified according to the percentage 
distribution of person-years in a specific age class. 

Table 2. Standardized mortality ratios (SMR) for the cohort of 
granite workers at the end of the years of follow-up. The 
period of entry was defined from 1950 to 1971. 

Cause of death 1972 1975 1981 

Cardiovascular diseases 71' 70' 80 
Tumors 86 100 92 

Lung cancer 44a 74 112 
Cancer of digestive organs 185 203' 130 

Respiratory diseases 200 265" 174" 

Total 91 94 93 

p < 0.05, ' *  p < 0.01; test of significance for the null 
hypothesis of SMR = 100 based on the Poisson distribu- 
tion. 

a Based on only four subjects. 
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Figure 9. Overall mortality and mortality from tumors among 
granite workers hired between 1940 and 1971 and followed 
until 31 December 1981. The expected and observed numbers 
were stratified into periods of follow-up (as in figure 6). 
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Figure 10. Mortality from tumors in the cohort of granite 
workers from 1940 to 1981. Standardized mortality ratios 
(SMR) for all tumors, lung cancer, and cancer of digestive 
organs according to years of follow-up. 

The internal structure of the cohort showed that 
excess overall mortality did not become evident until 
the granite workers had been followed up at least 20 
years, but in 1981 only 15 070 of the granite workers 

could be followed for so long (figure 9). This finding 
reveals that potential excess mortality from a certain 
disease can be hidden in the internal structure of the 
cohort and can be detected by stratification of the 
material according t o  periods of entry, periods of 
follow-up, and age structure. 

Even though excess mortality from tumors was not 
incontestably detected in the whole cohort of granite 
workers, it was clear in the group of workers fol- 
lowed up for 20 years or more. The greatest excess 
was found for the latency period of 25 to 29 years. 
The excess was mainly caused by lung cancer (figure 
10). 

Conclusion 

Discrepancies between different mortality studies in 
the same occupational groups may be caused by dif- 
ferent criteria for cohort formation and by variations 
in follow-up. To  detect the optimum composition of 
the cohort to  reveal potential excess mortality from a 
certain disease, the age distribution of person-years in 
different periods of follow-up and the percentage of 
different periods of follow-up in a certain age class 
are needed, in addition to  age-specific occurrences of 
the disease. The optimum composition of the cohort 
varies according to exposure and period of latency. It 
is also affected by various confounding factors in dif- 
ferent occupational cohorts, as well as by turnover 
rates. However, stratified analysis is a tool that can 
be used to point out the informativeness of the 
cohort study at  a certain time. 
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