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Abstract. Record linkage of the Finnish Twin Cohort Study with the Hospital Discharge 
Registry and with the Registry of Rights to Free Medication kept by the Social Insurance 
Institution gave following numbers of twin pairs with an ophthalmic disease (one or both 
members of the pair had the disease) in each disease category:98 with glaucoma simplex 
(5 concordant pairs), 38 with capsular glaucoma (no concordant pairs), 58 with iritis (no 
concordant pairs) and 149 with strabismus (2 concordant pairs). 

The number of concordant pairs in each disease category was small, except for 
glaucoma simplex in which concordant pairs could be broken down by zygosity. The 
ratio of observed to expected (based on association by chance) was 6.96 for MZ and 1.74 
for DZ pairs. This result suggests that genetic factors play some role in the variability of 
prevalence of simple glaucoma. Main etiologic factors are stili to be found in the environ-
ment. Data on occurrence of other diseases of ophtalmologic importance is presented. 
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INTRODUCTION 

The use of MZ and DZ twins in estimating the heritable and environmental factors contri-
buting to the etiology of different chronic illnesses is a powerful and modem method. 
Large-scale twin registries are few, because of the relative rarity of twins and the difficulty 
in many countries to establish such registries. 

Previously the largest materials using twins in ophthalmology have been presented in 
studies of myopia [9,13,16,22,28,33], corticosteroid response of the eye [29] and the 
cup/disc ratio of the optic nerve head [17,30]. Both genealogical and twin methods are 
used in the heritability calculations of metric traits of the eye and body [19]. 

The Finnish Twin Cohort Study (FTCS) consists of 16.067 pairs of adult twins, of 
the same sex and born before 1958. Zygosity was determined by a postai questionnaire 
in 1975 and valited in a subsample by an analysis of 11 blood markers. 

The number of pairs with both members alive in 1975 was: 4137 MZ, 9162 DZ and 
2768 pairs of undetermined zygosity. 

The present report gives an overall view of the Finnish Twin Cohort Study and its 
application to studies of hereditary and environmental factors in the etiology of different 
chronic diseases of the eye. 

THE- FINNISH TWIN COHORT STUDY 

Compilation 

The procedures and algorithms used in the compilation of FTCS are presented in detail in 
earlier reports [14,26]. The registry was compiled in 1975 at the Department of Public 
Health in the University of Helsinki, Finland. The Central Population Registry keeps files 
of ali Finnish citizen for electoral rolls, tax records, etc. The basic mode of registration is 
based on the personal identification number which was assigned to every Finnish citizen 
between 1964 and 1967 and thereafter at birth. Only those twins born before 1958 with 
both members of the same sex were included. The compilation is considered to be rather 
complete [15] compared to estimates based on numbers of twin births and mortality 
data. 

Zygosity Determination 
The zygosity classification was: monozygotic (MZ), dizygotic (DZ) and undetermined 
zygosity (XZ): 93% of ali respondent pairs could be classified by the questionnaire method 
as being MZ or DZ. A subsample was taken to verify the classification by using 11 blood 
markers [27]. The classification results by the questionnaire method and by blood markers 
agreed in 100% [27]. The probability of misclassification of a blood marker concordant 
pair being DZ was 1.7% [25 ]. 

There were three reasons for a pair to fall in the category of undetermined zygosity: 
1) One or both twins had died before 1975; 2) One or both twins did not participate in 
the health questionnaire in 1975 where zygosity classification was performed; 3) The an-
swers to the questions concerning zygosity were controversial. 
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Analysis of Observed and Expected Numbers of Concordant Pairs 
The advantage of a large twin population of known size is that the number of unaffected 
pairs in also known. Thus the prevalence or incidence of the disease under study can be 
determined. Concordance for a disease in a twin pair can arise by chance. The value for 
expected number of concordant pairs is computed as the square of the prevalence rate 
multiplied by the total number of pairs. If the disease prevalence is very age-dependent, 
this is done by age-groups and summed over age-groups. A ratio of observed (O) to expec­
ted (E) number can be computed. If the O/E-ratio is significantly increased for DZ pairs, 
a hypothesis for familial factors in the etiology of the disease is supported. If the O/E­
ratio for MZ pairs is significantly greater than for DZ pairs, a genetic hypothesis is 
supported. 

The O/E numbers of concordance were calculated by using the expected prevalence 
in any given subpopulation of FTCS to be the total number of pair affected divided by 
the total number of pairs in the registry. Confidence limits (95% ) were calculated using 
the Poisson distribution estimates [8]. 

The age standardized prevalences of glaucoma simplex were calculated by direct 
standardization using the Finnish Population of the year 1980 as a reference population. 

SOURCES FOR RECORD LINKAGE 

In Finland the social security number of 10 digits serves as a code for many different 
registries. These registriesare nationwide and the validity has been tested in some of them. 
The validity has been found to be satisfactory for epidemiological purposes whenever 
tested. Record-linkage between registries by the 10 digit personal identification number is 
possible for large materials by using the modem data handling techniques provided by 
computers. 

Probands in the study of glaucoma simplex and glaucoma capsulare were selected 
from the Hospital Discharge Registry for the years 1972-1979 and from the Registry of 
Rights for Free Medication according to the situation in 1982. In the latter compilation 
a present valid right for free medication was a criterion for entry into this study while the 
hospital discharges account for hospital admission after 1971. 

Other diagnoses of ophthalmologic importance were compiled from the Hospital 
Discharge Registry for the years 1972-1983. 

Hospital Discharge Registry (HDR) 
The Hospital Discharge Registry (HDR) was established in 1967 and it covers ali discharges 
from ali public hospitals in Finland and it is kept by the National Board of Health [36]. 
This Registry receives some 800.000 records annually. The registry contains the following 
data: date of birth, sex, maritai status, occupation, social class, date of admission to 
hospital, date of discharge, place of residence, principal diagnosis, two other diagnoses 
and the diagnosis of death. 

The validity of this registry has so far been tested for five alcohol-related diseases 
[21], for stroke and myocardial infarction [12] and for acute closed angle glaucoma [35]. 
In the first study of alcohol-related diseases, the obtained validity was 98% for the 
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date of birth, 96% for the date of admission, 94% for the date of discharge, 93% for the 
place of residence, 91% for the principal diagnosis, 84% for maritai status, 83%for third 
diagnosis, 76% for secon diagnosis, 74% for social group and 60% for occupation. The 
coverage of the diagnoses for stroke and myocardial infarction (MI) was assessed in a later 
study [12]. The reexamination of the survivors of these diseases after five years showed 
that the HDR covered 78.2% of the patients with these diagnoses. The specific diagnoses 
of stroke and MI agreed with the HDR data in 81.2% and 84% of cases examined, respe-
ctively. A total of 172 patient records were collected for patients with acute glaucoma 
[35]. The principal diagnosis of acute glaucoma in the HDR agreed in 80% in a reexami­
nation of patient records. 

This registry was available at our research unit until the year 1979 at the time of 
compilation of simple and capsular glaucoma as well as diabetes. The computer run for 
other ophthalmologic diagnoses was performed later and the years until 1983 were inclu-
ded. 

Registry of Rights for Free Medication (RFM) 
The National Insurance Institution keeps a patient Registry of Free Medications (RFM) 
for 46 chronic diseases. A total of 25,916 persons received free medication for ali types 
of glaucoma in 1981 giving an overall prevalence of 0.54% Previous estimates of prevalen­
ce in other countries are difficult to be compared because of differences in case ascertain-
ment "and criteria for diagnosis. Two large scale population screenings may anyhow be 
presented. The first was performed in Sweden where 7275 persons of the residents of 
Skòvde were examined [34]. A total prevalence of 0.41% for glaucoma was obtained. 
Another estimate is from England where 5941 self-selected volunteers attended a glauco­
ma screening examination [7]. The total prevalence of glaucoma was 0.76%. 

The registry may be considered accurate because every patient with right to free 
medication has to be fully examined and the determinants for diagnosis are evaluated by 
a board in the National Insurance Institution, which receives a comprehensive medicai 
documentation from the treating physicians. Patients with glaucoma receive the free 
medication routinely at the time of diagnosis and start of treatment of glaucoma. Un-
detected cases of glaucoma are of course not included in the registry. It may be assumed 
that most of the more severe cases of glaucoma are included and this may increase the 
validity of estimates in the present investigation. 

RESULTS 

Glaucoma Simplex 
A record linkage of the twin registry with the HDR for years 1972-1979 and the RFM 
for glaucoma was performed in 1983. 

The result was 103 twins with the ICD-8 code 375.10. The distribution by zygosity 
is presented in Table 1. The re were altogether 5 concordant pairs: 3 MZ, 1 DZ and 1 of 
unknown zygosity. The mean ages of twins in both male and female groups are presented 
in Table 1. The mean age for ali twins was 72.8 years. The age-specific prevalence of the 
twins with glaucoma simplex is presented in the Figure. A steep rise can be seen in age-spe­
cific incidence of glaucoma simplex intheolder age-groups. The pairwise and probandwise 
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Table 1 - Distiibution in the FTCS with glaucoma simplex in one or both members of the pair (ICD-8 
code 375.10) by sex 

MZ 
DZ 
UZ 

Total 

Mean age 

N 

10 
24 

4 

38 

71.1 

Male pairs 

Concordant 

2 
0 
1 

3 

(SD 16.5) 

N 

16 
37 

7 

60 

73.9 

Female pairs 

Concordant 

1 
1 
0 

2 

(SD 11.4) 

N 

26 
61 
11 

98 

72.8 

Total 

Concordant 

3 
1 
1 

5 

(SD 13.6) 

PREVALENCE % 
MALE 

FEMALE 

*T* tfr* ^ ^ <p& •*** 
AGE GROUP 

Figure. Age-specific prevalence of chronic open-angle glaucoma in the Finnish Twin Cohort Study 

concordance ratios are given for both zygosity classes in Table 2, as well as the observed 
and expected concordance with the O/E ratio and 95% confidence limits. The O/E ratio 
for MZ twins was 17.0 and for DZ twins 2.64. 

Capsular Glaucoma 

A total of 38 cases of capsular glaucoma were found through the HDR for the years 
1972-1979 and the RFM. No concordant pairs were found. There were 11 MZ, 20 DZ 
and 7 XZ pairs. Their age distribution is illustrated in Table 3. The mean age for this 
group of patients was 77.9 years (SD = 7.16), some five years more than for the glauco­
ma simplex group. 

Glaucoma simplex showed a three times higher prevalence in the FTCS than capsular 
glaucoma. After adjustment for age the prevalence of glaucoma simplex was 21.7 per mil-
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Table 2 - The pairwise (P ) and probandwise (P„) and the observed vs expected concordance ratios 
of twins with glaucoma simplex in the FTCS by zygosity 

MZ pairs DZ pairs MZ/DZ 

P w ratio 
P R ratio 
Observed concordance 
Expected concordance 
Observed/Expected 
95% Confidence limits 

0.10 
0.19 
3 
0.177 

17.0 
3.4-49.6 

0.016 
0.03 
1 
0.378 
2.64 

0.04-14.7 

6.25 
6.33 

Table 3 - Age distribution of twin pairs with capsular glaucoma in the FTCS 

Age group (years) Male pairs Female pairs Total 

60-69 
70-79 
80-89 
> 9 0 

Total 

Mean age 

1 
9 
5 
1 

16 

79.8 (SD 9.85) 

2 
13 

7 

22 

80.1 (SD 9.25) 

3 
22 
12 

1 

38 

lion and that of capsular glaucoma 8.0 per million. The ratio of the prevalence is 2.7 
after adjustment for age. 

Iritis 

Patients with the ICD-8 code 364 were drawn from the HDR for the years 1972-1982. 
This diagnosis group includes acute iridocyclitis, Possner Schlossman syndrome and 
chronic uveitis. A total of 57 pairs were found in the FTCS. There were no concordant 
pairs. The distribution of cases by zygosity is presented in Table 4. 

The mean age of the male group was 37 years (SD 9.7). In the female group the mean 
age was 43.8 years (SD 17.9). 

Strabismus 

ICD-8 code 373 covers ali types of strabismus. These are concomitant, convergent and 
divergent strabismus, hypo- and hyperphoria and paralytic strabismus. A total of 149 
pairs with strabismus were identified from the HDR for the years 1972-1982. The dis­
tribution of the twins to different zygosity classes is presented in Table 5. There were 2 
concordant pairs. Both were female MZ pairs. 
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Table 4 - The distributione of affected twin pairs with iritis (ICD-8 code 364) by zygosity in the 
record linkage of FTCS with the HDR for the years 1972-1982 

Male pairs Female pairs Total 
N Concordant 

MZ 10 6 16 0 
DZ 16 17 33 0 
UZ 5 3 8 0 

Total 31 26 57 0 

Table 5 - The distribution in the FTCS of twin pairs with strabismus by zygosity in the record linkage 
between FTCS and the HDR for the years 1972-1982 

MZ 
DZ 
XZ 

Total 

N 

12 
36 
14 

62 

Male pairs 

Concordant 

0 
0 
0 

0 

N 

18 
59 
10 

87 

Female pairs 

Concordant 

2 
0 
0 

2 

N 

30 
95 
24 

149 

Total 

Concordant 

2 
0 
0 

2 

Other Ophthalmic Diagnoses 

Other hospital admission for ophthalmic diseases were identified for the years 1972-
1983. Zygosity, sex and concordance are shown in Table 6. 

DISCUSSICI 

Materials and methods. The sex distribution of the twins is well in accordance with the 
age-matched population distribution in Finland for the year 1975: 52.5% of the twins 
were women vs 52.7% in the adult population. For both women and men the age distri­
bution of those who answered the health questionnaire was skewed towards the younger 
age groups. This did not affect the results of this study because data was obtained from 
other registries. In further analyses of risk factors the age has to be kept in mind to obtain 
relevant information. 

Completeness of linkage-systematic errore. The maritai status of the FTCS twin pairs 
shows that this material is not representative of the Finnish population. The maritai 
status of men is similar to that of women in the FTCS. However, the proportion of single 
persons is greater among twins than in the population as a whole. There are also relati-
vely more rural inhabitants in the twin material than in the wole population of Finland. 
This could be explained by a selective migration from the rural areas to the cities or a 
higher twin birth rate in the rural areas of Finland. 
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Ascertainment through regìstries. Hospital Discharges Registry is a nationwide registry with 
good coverage for those illness that need hospital care. Diseases in this study are mainly 
treated outside hospitals. 

Patients with simple and capsular glaucoma, who receive laser treatment primarily 
instead of medication could be such patients who wre only found in the HDR. However, 
laser treatment is routinely administered for inpatients of hospital only in Finland. 

The RFM however, is considered to cover the prevalence of glaucoma in Finland 
accurately. A routine practice in the Finnish healt care system is that whenever the 
diagnosis of glaucoma is settled the medication is applied free of charge from the Social 
Insurance Institution. This registry has data of ali persons who are alive and receiving free 
medication. Many of the glaucoma patients have received free medication for decades. 

The ascertainment of patients with glaucoma is considered to be rather valid. The 
only exception are the new cases (after 1983). Data of these patients was not available at 
the time of the computer run. This limits the ascertainment to most severe cases which 
in turn could give more valid estimates of prevalence. 

Patients with strabismus are treated in hospitals only for operation. So, the most 
severe cases are included in this study trough the sources used. Iritis is likewise often 
treated outside hospitals and only the most severe cases are ascertained. 

The Finnish Twin Cohort Study is nationwide and so are both regìstries used. Prima-
ry ascertainment should be complete. Secondary ascertainment (ie, the chance of a co-
twin to be included in the study because of the ascertainment of the first member of the 
pair) may be considered small. AH types of pairs have an equal chance of being included 
in the FTCS. This is often the case in large population-based twin panels [32]. 

Glaucoma simplex. The age standardized prevalence of glaucoma simplex in the FTCS 
was 0.54% in males and 0.86% in females. The crude prevalence for persons aged 40 years 
and over was 0.34% , which is well in accordance with the population prevalence !18]. 
Age-standardized figures are not available in the literature. The FTCS seems to be a rep-
resentative subpopulation of the Finnish population with respect to glaucoma simplex. 

The low concordance is a striking finding and should be carefully interpreted. This 
finding is not in accordance with the previous risk factor studies, where a positive family 
history is very often found [11,20]. The possible explanation might be that the diagnosis 
was formerly very much based on the level of intraocular pressure, which could be genet-
ically determined [4]. Other contributing factors which might be genetically determined 
are: the size of the optic cup [3] and the outflow facility [5]. 

An overestimation of heritability by the classical twin method, because nongenetic 
familial effects are assumed to be the same for MZ and DZ pairs, has been claimed by 
some authors [1,32]. The small number of pairs with glaucoma, together with the age-
dependence of glaucoma, make it difficult to estimate heritability in the present material. 
Another possible explanation for the low concordance of glaucoma simplex would be 
that it is a disease with an environmental etiology. These factors could then aggregate 
familially, and could contribute independently or interact with heredity. 

Age is previously known risk factor for chronic open-angle glaucoma [6,31] which 
was found also in this study. The steep rise in prevalence starts after the age of 40 years. 
The peak prevalence is in the age-group 80 years and over where 7.14% of the twins in 
FTCS had this disease. 

https://doi.org/10.1017/S0001566000006905 Published online by Cambridge University Press

https://doi.org/10.1017/S0001566000006905


532 J.M. Teikari et al. 

There is no uniform sex difference although variation between sexes occurs in dif-
ferent age-groups. The increase in agespecific prevalence from 50-59 years to 80-89 years 
is sevenfold among males. 

Capsular glaucoma. The mean age of patients with capsular glaucoma was 77.9, ie, 5 years 
higher than that of glaucoma simplex. The age-specific prevalence of capsular glaucoma 
showed a similar distribution to glaucoma simplex. The peak prevalence was anyhow in 
the age-group 70-79 years. The higher mean age was due to the fact that there were no 
cases of capsular glaucoma younger than 60 years. The lack of concordance in the capsu­
lar glaucoma group is an interesting finding. This might support the hypothesis of cap­
sular glaucoma being a secondary form of glaucoma. 

Iritis. In iritis both genetic and environmental etiologies are found [10]. The 16 discord-
ant pairs in this study mostly represent environmental causes of this disease. The zero 
concordance is anyhow striking keeping in mind the association of iritis to HLA-B-27 
[24]. A careful history of eye disease among these MZ pairs is planned in order to find 
the true concordance. The record linkage with HDR gives information on only those 
patients who have been inpatients in any Finnish hospital for at least 24 hours. So cases 
treated by private practitioners are not included. The cases of iritis in this study represent 
the most difficult patients. 

Strabismus. There were two female MZ pairs concordant for strabismus. This is a low num-
ber taking into account that there were altogether 28 MZ discordant pairs. This result is 
difficult to interpret mainly because the source of these data is the HDR. There is no free 
medication for these patients. The yongest twins at the start of the compilation (1972) 
were 14 years old. Many twins with strabismus have been treated before this age. A registry 
with younger twins would be better suited for a genetic analysis of strabismus. A previous 
study found 2 MZ pairs concordant for esotropia among 18 MZ and 8 DZ pairs of twins 
reared apart [37]. 

Previous studies by Waardenburg [37] show a mudi higher concordance among MZ 
twins: 81.2% among MZ vs 13.7% among DZ twins. Another study by Richter [23] gives 
similar results: 92% concordance among MZ and 26% among DZ twins. 

In conclusion, the heritability of strabismus cannot be estimated by this study, 
because only hospital inpatients are included. These patients have possibly been operated 
on their squint. 

Other diagnoses. The numbers of other diagnoses of ophthalmologic importance given in 
Table 6 should be interpreted with caution. No heritability estimates should be drawn 
because of incomplete ascertainment. A clinical study of patients in each disease category 
is needed. Senile cataract has no known heritability. This study shows only one concor­
dant pair. The number of cataract patients (N = 104) would permit a risk factor analysis 
in further studies. 
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