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Summary. We studied the cumulative incidence, concord- 
ance rate and heritability for diabetes mellitus in a nation- 
wide cohort of 13,888 Finnish twin pairs of the same sex. The 
twins were born before 1958 and both co-twins were alive in 
1967. Data on diabetes were derived through computerized 
record linkage from death certificates, the National Hospital 
Discharge Register and the National Drug Register. Records 
were reviewed in order to assign a diagnostic category to the 
738 diabetic patients identified. Of these patients 109 had 
Type 1 (insulin-dependent) diabetes, 505 Type 2 (non-in- 
sulin-dependent) diabetes, 46 gestational diabetes, 24 sec- 
ondary diabetes, 38 impaired glucose tolerance and 16 re- 
mained unclassified. The cumulative incidence of diabetes 
was 1.4 % in men and 1.3 % in women aged 28-59 years and 

9.3 % and 7.0 % in men and women aged 60 years and over, 
respectively. The cumulative incidence did not differ be- 
tween monozygotic and dizygotic twins. The concordance 
rate for Type 1 diabetes was higher among monozygotic 
(23 % probandwise and 13 % pairwise) than dizygotic twins 
(5 % probandwise and 3 % pairwise). The probandwise and 
pairwise concordance rates for Type 2 diabetes were 34 0/0 
and 20% among monozygotic tiwns and 16% and 9% in 
dizygotic twins, respectively. Heritability for Type 1 diabetes 
was greater than that for Type 2 where both genetic and envi- 
ronmental effects seemed to play a significant role. 

Key words: Diabetes mellitus, twins, prevalence, concord- 
ance, heritability. 

Both Type 1 (insulin-dependent) and Type 2 (non-insulin 
dependent)  diabetes mellitus result f rom an interaction 
between genetic and environmental  factors, but  the fac- 
tors responsible for diabetes, as well as the mode  of inhe- 
ritance, are not known for either disease [1, 2]. Compari- 
son of concordance in monozygotic and dizygotic twins 
provides information regarding relative importance of 
genetic and environmental  factors in the aetiology of 
diabetes, Earlier  twin studies have suggested that among 
monozygotic twins the concordance for Type 2 diabetes is 
very high, ranging from 55 % to almost 100 % whereas the 
concordance for Type i diabetes is lower, ranging from 
25 % to 50 % [3-9]. No study has estimated the concord- 
ance for Type 1 and Type 2 diabetes among monozygotic 
and dizygotic twins in the same population. As the degree 
of the relationship decreases from monozygotic twin to 
first degree relatives to second degree to third degree rela- 
tives, the risks for Type i and Type 2 diabetes tend to de- 
crease in a non-linear fashion [10]. 

Twin studies of diabetes have usually ascertained the 
twins through reporting of the diagnosis of the diabetic 
twin. Previously we have reported that the selection bias 
in twin studies is likely to influence estimated heritability 

for chronic diseases in geographically or otherwise re- 
stricted population samples [11]. Consequently the con- 
cordance rates may have been overestimated due to a se- 
lection or reporting bias. 

Finland has the highest incidence of childhood Type 1 
diabetes [12, 13], and the prevalence of Type 2 diabetes in 
the elderly is comparable with the highest reported pre- 
valences in other western countries [14,15]. Since Finland 
is one of the few countries with a population-based twin 
registry [16, 17], it offers a unique opportunity to provide 
essential unbiased data on diabetes among twins. The ob- 
jective of the present study was to estimate the concord- 
ance rate for Type i and Type 2 diabetes among the adult 
twin pairs separately for monozygotic and dizygotic twins. 

Subjects and methods  

The Finnish Twin Cohort was compiled from the Central Population 
Registry of Finland using selection procedures described elsewhere 
(16-18). In brief, the Central Population Registry of Finland is a 
computerized and centralized data bank of personal information on 
all Finnish citizens from 1,967 onwards. To identify twin pairs, we se- 
lected aU sets of persons with the same birth date, same sex, same 
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surname at birth and same local community of birth. This yielded all 
pairs (n = 17,357 pairs) of same-sex adult twins born in Finland be- 
fore 1958 with both co-twins alive in 1967 as well as a small number 
of subjects who satisfied these criteria, but who were not biological 
twins. A baseline questionnaire, administered in August through 
October 1975, asked whether the subjects were twins including ques- 
tions for zygosity classification (see below). The questionnaire also 
contained medical and psychosocial questions. The overall response 
rate was 89 %. Further inquiries of local parish records were made of 
all non-repondents and conflicting responses to determine twinship. 

The questions used to assign zygosity of twins were similar to 
those employed in questionnaires of other large twin samples [19- 
24]; within the Finnish cohort, their validity was confirmed by blood- 
typing a subsample of 104 twin pairs living in the Helsinki area [19]. 
About 93 % of all responding pairs were classified as monozygotic or 
dizygotic with only a 1.7 % probability of misclassification. A total of 
13,888 (4,307 monozygotic and 9,581 dizygotic) pairs, who were 
18 years of age or older at baseline were identified. 

A total of 3,469 pairs were left unclassified by zygosity. These 
consisted of pairs, where both twins had died between 1967 and 1975, 
or they had an unknown address or did not reply to the 1975 ques- 
tionnaire. In addition the algorithm for classifying zygosity left 7 % 
of pairs unclassified because of conflicting responses to the items 
[24]. 

Hospital discharge data 

The National Agency for Welfare and Health, (formerly the Na- 
tional Board of Health, Finland) has kept a national registry of hos- 
pital discharges since 1969. This registry covers all discharges of in- 
patients from all hospitals in Finland using the manual of the 
International Classification of Diseases. The diagnoses have been 
assigned by those physicians who treated the patient. Up to four dif- 
ferent diagnoses per patient could be listed at each discharge. For the 
years 1972-1985, these data were linked with the Twin Cohort using 
a unique social security identification number assigned to each Fin- 
nish citizen. For the present study, an individual was considered to be 
diabetic if any of the discharge diagnosis codes was 250 (diabetes 
mellitus), 

Registry of the Social Insurance Institution for the 
reimbursement of free-of-charge medication 

In Finland, patients with diabetes are provided with anti-diabetic 
drug therapy free of charge. The prerequisite for such free medica- 
tion is the patient's application, based on a detailed medical certifi- 
cate, which must be approved by the Social Insurance Institution. 
The Institution keeps a registry of all persons who are provided with 
free-of-charge medication. This registry is virtually complete with 
regard to the patients with Type 1 diabetes. However, the registry is 
incomplete for Type 2 diabetic patients because a large number of 
these patients are treated with diet only, for at least some time after 
their diagnosis, and thus are not included in the drug registry [25]. 
The social security number enabled the twin cohort to be linked to 
the free-of-charge drug registry with a starting date for the reim- 
bursement of drug costs for diabetes during the years 1964-1987. 

Classification of diabetes 

While the validity of the Finnish nationwide medical registries has 
been found to be satisfactory for identification of cases with specific 
diagnoses in epidemiotogical studies [26], information concerning 
different types of diabetes has not been included in the compu- 
terized records of the hospital discharge registry nor the drug regis- 
try. Therefore, copies of original records for all subjects with 
diabetes were obtained and reviewed in order to classify the type of 
diabetes, 

Copies of the certificates of application for free-of-charge medi- 
cation for diabetes, identified through the drug registry, were ob- 
tained from the local offices of the Social Insurance Institution. For 
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patients identified through the National Hospital Discharge Regis- 
try copies were obtained of the hospital records indicating the first 
and the latest hospitalization because of diabetes. If the mode of 
treatment for diabetes had been changed, data related to such 
changes were also collected from the appropriate hospital records. 
Copies of death-certificates of the deceased were also collected. 

The classNcation of diabetes was based on the current WHO 
criteria [27]. All individual records were reviewed independently 
without knowledge of the zygosity status or the identity of the co- 
twin. Those patients who had an abrupt onset of the disease and re- 
quired insulin therapy from the time of diagnosis were classified as 
having idiopathic Type 1 diabetes, provided no other primary dis- 
ease had been identified. Those patients who had only received oral 
anti-diabetic drugs or dietary therapy for diabetes or both, were 
classified as having Type 2 diabetes. All diabetic patients with am- 
biguous information concerning the type of therapy and the cases 
where the treatment modality had varied were subjected to a de- 
tailed review independently completed by two of the author-investi- 
gators (J. T. and J. E.). Any discrepancies were resolved by an addi- 
tional review of the records. The diagnosis of Type i diabetes was 
accepted if the development of insulin dependency was clearly dem- 
onstrated and documented by the clinical findings in the hospital rec- 
ords. Patients in whom insulin therapy had been implemented as an 
adjuvant treatment to oral hypoglycaemic drugs to improve metabo- 
lic control were classified as Type 2 diabetic. Women who had been 
diagnosed with diabetes during pregnancy with a documented post- 
partum normal glucose toIerance were classified with gestational 
diabetes. In the same manner, patients with a diagnosed unequivocal 
primary cause for diabetes, such as pancreatitis or steroid therapy, 
were classified as having secondary diabetes. Hospital records of pa- 
tients who were not on drug therapy, yet had an assigned diagnosis of 
diabetes due to increased blood glucose levels during hospitalization 
were screened further. If the blood glucose levels had been elevated 
but did not meet the current WHO criteria for diabetes, the patients 
were classified as having an impaired glucose tolerance. In order to 
avoid potential misclassification, records of those twin pairs where 
one twin had been assigned as Type 1 diabetic and the other as 
Type 2 diabetic were evaluated simultaneously. Using this method a 
discrepancy was confirmed in five twin pairs (two monozygotic and 
three dizygotic). 

Among the 27,776 twins with known zygosity in the Finnish Twin 
Cohort, 738 were classified as diabetic during the study period: 539 
were hospitalized with a diagnosis of diabetes, 445 had free-of- 
charge medication, and 262 were registered on both registries (277 
only on the former and 183 only on the latter). Diabetes was found to 
be an underlying cause of death in 16 co-twins who died between 
1975-1985. All of the deceased diabetic twins had also been regis- 
tered on the hospital discharge registry. 

The availability of these two data sources for case-ascertainment 
made it possible to estimate the completeness of the overall case-as- 
certainment and the true number of diabetic cases in the twin cohort 
using the capture-mark-recapture method [28, 29]. The estimated 
real number of diabetic twins was 9t5 (95 % confidence interval (CI) 
864 to 966). The point prevalence of diabetes was 3.3 % (95 % CI 
3.1% to 3.5 %). The estimated completeness of cases in our present 
study was 80.7 % (95 % C176.4 % to 85.4 %). The completeness cal- 
culated this way reflects, to a large extent, Type 2 diabetic patients 
treated with diet alone, because not every diabetic subject who is 
hospitalized in Finland requires or receives antidiabetic drug ther- 
apy. Although some of the diet-treated diabetic patients have been 
included in our present material among the hospitalized cases, our 
method of case-ascertainment has obviously missed many mild 
Type 2 diabetic subjects who were treated with diet alone and who 
were not hospitalized for any reason during 1972-1985. 

Statistical analysis 

The cumulative incidence of diabetes was calculated separately by 
gender and zygosity for the twins in the 28-39, 40-49, 50-59, 60-69, 
70-79 and 80 year and over age groups, respectively (age calculated 
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Table 1. Cumulative incidence (%) of diabetes mellitus in twins by age, sex and zygosity. The total number of individuals with diabetes was 738 

Birth year Age in 1985 Cumulative incidence 

(years) Men Women Monozygotic Dizygotic 

~vpe 1 Type 2 Other All Type 1 Type 2 Other All 

1946.1957 28-39 0.6 1.2 0.4 0.03 0.5 0.9 0.5 0.04 0.4 0.9 
1936-i945 4049 1.4 1.0 0.2 0.8 0.5 1.5 0.4 0.4 0.3 1.1 
1926.1935 50-59 3.3 1.9 0.2 0.7 0.7 1.6 0.5 2.3 0.2 3.0 
1916-1925 60-69 5.9 6.3 0.4 6.0 0.2 6.6 0.4 5.0 0.5 5.9 
1906-1915 70-79 7.5 10.8 0.2 8.7 1.2 10.1 0.2 7.9 0.9 9.0 

-1905 80 + 5.9 12.3 0.3 11.7 0.9 12.9 0.2 6.9 0.7 7.8 

Total number of individuals 13,910 13,866 8,614 

Number of 
diabetic patients 324 414 247 

Type 1 57 52 26 
Type 2 227 278 171 
Gestational - 46 19 
Secondary 15 9 9 

Impaired glu- 
cose tolerance 16 22 18 
Unclassified 9 7 4 

1.9,162 

491 
83 

334 
27 
15 

20 
12 

as of 1985). These age groups correspond to the birth cohorts born in 
1946-1957, 1936-1945, 1926-1935, 1916-1925, 1906.1915 and 1905 
or earlier (Table 1). Subjects who did not meet the criteria for Type 1 
or Type 2 diabetes were not included in the further analyses. 

Concordance was assessed using two concordance rates, each 
calculated separately for monozygotic and dizygotic twin pairs [30, 
31]. These are called rates in the twin literature, but are in reality ra- 
tios. Pairwise analyses were completed separately for Type 1 and 
Type 2 diabetes. To allow for comparison with earlier studies, where 
the number of unaffected pairs was unknown, the concordance rate 
was computed by both the probandwise and the pairwise method 
[31]. Each case was ascertained independently in this study and none 
were ascertained through a proband partner. Under such ascertain- 
ment conditions, the two concordance rates are a simple function of 
each other [31]. Pairwise concordance rates give the proportion of 
affected pairs that are concordant and are descriptive statistics. The 
probandwise concordance rate is the proportion of all probands that 
belong to concordant pairs and is informative of the recurrence risk 
of disease (corresponding to cumulative risk) associated with the de- 
gree of relationship of the pair. These can be compared to the risk of 
disease in the background population. 

When the number of unaffected twin pairs in the population or 
the population rate of disease is known, various models can be used 
to estimate the contribution of genetic factors to the susceptibility to 
diabetes. For complex disease, the polygenic, multifactorial model is 
most frequently used. It assumes that there is normally distributed 
liability to disease. When a certain level or threshold of liability is 
reached, the disease becomes manifest [31]. Both genes and environ- 
mental factors are assumed to contribute to the liability and they re- 
sult from the joint effects of many genes with small effects and a 
multitude of environmental effects. These assumptions were con- 
sidered reasonable for this analysis based on prior knowledge of the 
genetic and environmental determinants of Type i and Type 2 
diabetes. 

Finally, we used structural equation modelling techniques with 
the MX software package [32] to estimate the variance components 
and to compare different genetic modeIs. The MX software package 
is comparable to the widely-used LISREL software programmed for 
twin analyses [33]. Using these techniques, threshold models with ad- 
ditive genetic (A), dominance (D), shared environmental (C) or 
unique environmental (E) sources of variation in the underlying lia- 
bility to disease can be fitted to the 2 by 2 contingency tames (disease 
present/absent in twin i vs disease present/absent in twin 2) [32, 33]. 
The contingency tames are set out for each type of diabetes separately 
for monozygotie and dizygotic pairs. This could be done separately by 

sex for Type 2 diabetes where sufficient numbers of affected pairs 
were available, but not for Type i diabetes. The correlation in disease 
liability between the two members of each kind of twin pair is ob- 
tained as the tetrachoric correlation; the tetrachoric correlation is the 
correlation of a bivariate normal distribution that duplicates the cell 
probabilities from a 2 by 2 contingency table. In the structural equa- 
tion models, parameter estimates and goodness-of-fit statistics are 
computed as described in detail elsewhere [33, 34]. The goodness-of- 
fit statistics assess the degree to which the model specified by the in- 
vestigators adequately corresponds to the data; a small goodness-of- 
fit chi-squared value and highp-valueindicates good correspondence 
between the model and data. Alternative models that specify differ- 
ent components of variance can be comparedby assessing the change 
in chi-square relative to changes in the degrees of freedom between 
models [34]. This permits the assessment of the significance of addi- 
tive genetic effects and shared environmental effects to the variation 
of disease susceptibility in the population. Heritability is a popula- 
tion-spedficparameter, which gives the proportion ofoverall,pheno- 
typic variance attributable to genetic factors [31]. 

Results 

T h e  n u m b e r  of  d iabe t i c  subjects  was 247 a m o n g  m o n o z y -  
got ic  twins  and  491 a m o n g  d izygot ic  twins (Table  1), the  
m a j o r i t y  wi th  Type  2 d iabe tes .  G e s t a t i o n a l  d i a b e t e s  was 
found  in 46 f ema le  twins,  and  s e c o n d a r y  d i abe t e s  (usual ly  
fo l lowing acute  o r  chron ic  pancrea t i t i s )  was d i scove red  in  
24 twins.  T h e r e  were  54 pa t i en t s  iden t i f i ed  t h r o u g h  the  
hosp i t a l  records ,  who  h a d  r ece ived  no  an t id i abe t i c  d rug  
therapy ,  and  w h e r e  the  d iagnos is  o f  d i abe te s  r e m a i n e d  un- 
ce r t a in  a f te r  the  r ev i ew  of  al l  ava i l ab le  records .  O f  these ,  
38 m e t  t he  W H O  cr i te r ia  fo r  i m p a i r e d  g lucose  to le rance ,  
a n d  it was no t  poss ib le  to  classify the  d i a b e t e s  s ta tus  o f  
16 subjec ts  using the  cu r r en t  d iagnos t ic  cr i ter ia .  

The  cumula t ive  inc idence  of  d i abe t e s  was 1.4 % in m e n  
and  1.3 % in w o m e n  aged  28-59 years;  bu t  i t  was  h igher  in 
w o m e n  than  m e n  in the  age  g roup  of  60 yea r s  or  o v e r  
(9.3 % vs 7.0 %,  p < 0.01) (Table  1). T h e  a ge -ad ju s t ed  cu- 
mu la t i ve  inc idence  d id  no t  d i f fer  b e t w e e n  m o n o z y g o t i c  
and  d izygot ic  twins. T h e  monozygo t i c /d i zygo t i c  ra t io  in 
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Table 2. Number of concordant and discordant pairs and concordance rates for Type I (insulin-dependent) diabetes by gender and zygosity 

Gender Zygosity Concordant Discordant Concordance rate Number of cases Persons at risk 
pairs pairs Probandwise Pairwise 

Men MZ 1 9 0.182 0.100 11 4,100 
DZ 0 46 0.000 0.000 46 9,810 

Women MZ 2 11 0.267 0.154 15 4,514 
DZ 2 33 0.054 0.057 37 9,352 

All MZ 3 20 0.231 0.130 26 8,614 
(95 % CI) (0.09 to 0.44) (0.03 to 0.34) 

DZ 2 79 0.048 0.025 83 19,162 
(95 % CI) (0.01 to 0.12) (0.003 to 0.09) 

MZ, Monozygotic pail3; DZ, dizygotic pairs; CI, confidence interval 

Table 3. Results from fitting threshold models to Type 1 (insulin-de- 
pendent) diabetes data in the Finnish Twin Cohort 

Components of variance 

Model A C D E 

Goodness-of-fit tests 

chi 2 df p-value AIC 

A,C,E 0.757 0.00 - 0.243 2.34 3 0.50 -3.66 
A, E 0.757 - - 0.243 2.34 4 0.67 -5.66 
A,D,E 0.664 - 0.10 0.236 2.31 3 0.51 -3.69 
E . . . .  1.0 30.5 5 < 0.001 20.5 

A, Additive genetic effects; C, shared (family) environmental ef- 
fects; D, effects due to dominance; E, unshared environmental ef- 
fects; AIC, Akaike's information criterion is a statistic, which com- 
bines information on the goodness-of-fit and the simplicity of the 
model [34]. The best model is thus generally the one with a lowest 
AIC value 

incidence of Type i diabetes was 0.90 (95 % CI 0.75 to 
1.09) and in incidence of Type 2 diabetes 1.43 (95 % CI 
0.92 to 2.22). 

The vast majority of the 104 twin pairs with one Type 1 
diabetic twin was discordant for diabetes (Table 2). The 
concordance rate was clearly higher among monozygotic 
than dizygotic twins, but even in monozygotic twins it was 
quite low, being 23 % probandwise and 13 % pairwise. 
The correlation in liability for Type I diabetes in monozy- 
gotic twins was 0.727 (S.E. 0.11). Among dizygotic pairs 
the correlation was 0.359 (S.E. 0.13). A model  with envi- 
ronmental  effects only fitted the data poorly (Table 3) 
with a goodness-of-fit chi-square of 30.5 (p < 0.001), while 
all the remaining models fitted the data equally well. The  
best fitting model was the simple model  with additive 
genetic (A) and unshared environmental effects (E). Ef- 
fect due to dominance (D) in the A D  E model was about 
10% whereas the additive genetic effects were 66%. 
Shared (family) environmental effects (C) were small. 
The overall concordance rate for Type 2 diabetes (34 % 
probandwise) was higher in monozygotic twins than that 
for Type 1 diabetes and among dizygotic twins it was 16 % 
(Table4).  The concordance rate was slightly higher 
among women than men. The highest concordance rate 
was found among monozygotic women aged 60 years or 
over, 40.4 % probandwise and 25 % pairwise. The correla- 
tions in liability for Type 2 diabetes were somewhat higher 
among women than men for both monozygotic and dizy- 
gotic pairs with an overall correlation of 0.726 in monozy- 
gotic and 0.50 in dizygotic pairs (Table 5). 

Table 6 summarizes the results of the model  fitting pro- 
cedures to the Type 2 diabetes data. For  men both the A E 
and A C E models fit the data adequately. The proport ion 
of variance attributable to additive genetic effects was 
48 % in the A C E model and 69 % in the A E model, which 
was the best fitting one (A E  model vs A C E  model: 
AZ~ = 1.01, p = 0.32). Among women, the A C E  model 
fitted significantly bet ter  than the A E  model  (A% 2 = 6.84, 
p = 0.009) yielding an estimate for additive genetic effects 
(A) of 38 % and shared environmental effects (C) 37 %. 
Based on the A E  model  the heritability for Type 2 
diabetes was 79 %. 

To test for heterogeneity of effects across gender, we 
combined the data and fit models. If we assume the 
threshold to be different in men and women, the A C E  
models fit bet ter  than assuming equal thresholds for both 
sexes (model 7 vs model 5 A%~ = 3.57, p = 0.059), though 
the difference was not statistically significant. The male 
threshold was higher than the female threshold refec- 
ting the higher incidence of Type 2 diabetes in women. 
The A E model assuming the threshold to be different in 
men and women fit somewhat better  than the model as- 
suming equal thresholds for both sexes (model 8 vs 
model 6 AZ~ = 3.74, p = 0.053), though the difference was 
not statistically significant. All models combining men 
and women gave adequate fits (Table 6). Tests for hete- 
rogeneity of gender effects were not significant (for 
A CE-models  AZ32, homogeneity = 6.46, p = 0.091). Finally, we 
also fitted A E  and A C E  models to the Type 2 diabetes 
data with two age-group-specific thresholds, because the 
incidence of Type 2 diabetes was higher in subjects aged 
60 years or more than in younger subjects. Both models 
had similar p-values, but the Akaike's information 
criterion for the A E was slightly smaller, suggesting that 
this simpler model fit the data better. The proport ion 
of variance in liability due to genetic factors under this 
A E  model was 0.64 and under the A C E  model  it was 
0.47. 

Discuss ion  

The results from our population-based twin study showed 
that the notion of a possible selection bias in previous 
studies of diabetes in twins leading to too high concord- 
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Table 4. Number of concordant and discordant pairs and concordance rates for Type 2 (non-insulin-dependent) diabetes by age, gender and 
zygosity 

Gender Zygosity Age group Concordant Discordant Concordance rate Number of Persons 
(years) pairs pairs Probandwise Pah-wise cases at risk 

Men MZ 28-59 3 13 0.316 0.188 19 
60 + 7 39 0.264 0.152 53 
Total 10 52 0.278 0.161 72 4,100 

DZ 28-59 3 54 0.100 0.053 60 
60 + 6 83 0.126 0.067 95 
Total 9 137 0.116 0.062 155 9,810 

Women MZ 28-59 0 5 0.000 0.000 5 
60 + 19 56 0.404 0.253 94 
Total 19 61 0.384 0.238 99 4,514 

DZ 28-59 0 29 0.000 0.000 29 
60 + 18 114 0.240 0.136 150 
Total 18 143 0.203 0.112 179 9,352 

All MZ 29 113 0.339 0.204 171 8,614 
(95 % CI) (0.27 to 0.41) (0.14 to 0.27) 

DZ 27 280 0.162 0.088 334 19,162 
(95 % CI) (0.12 to 0.20) (0.06 to 0.13) 

MZ, Monozygotic pairs; DZ, dizygotic pairs; CI, confidence intervaI 

Table 5. Correlations in liability for developing Type 2 (non-insulin- 
dependent) diabetes in Finnish monozygotic and dizygotic twins 

Monozygotic Dizygotic 
twin pairs twin pairs 

Men 0.669 (0.08) 0.418 (0.08) 
Women 0.761 (0.05) 0.557 (0.04) 

Atl 0.726 (0.04) 0.500 (0.05) 

Values shown are correlation coefficients (standard error) 

ance rates, as suggested by some of the investigators them- 
selves, is appropriate [10, 35, 36]. The pairwise concord- 
ance rate for Type 1 diabetes in the Finnish twin cohort  
was 13 % and 2.5 % among monozygotic and dizygotic 
twins, respectively. The observed concordance in the pros- 
pective diabetic twin study in the UK was 34 % when the 
median age was 30 years and the median follow-up time 
was 12 years [10]. In preliminary data from an ongoing 
twin study in the United States, the pairwise concordance 
for diabetes was about  29 % [37], We believe that our 
study has overcome the problem of overselection of the 
concordant pairs, which is probably the main reason for 
the lower concordance rate in comparison with the earlier 
studies mentioned. Based on the approval of formal appli- 
cation to the Social Insurance Institution, diabetes drug 
treatment has been free of charge to patients in Finland 
since 1965. Virtually all Type 1 diabetic patients and a 
large proport ion of Type 2 diabetic patients (i. e. those 
being treated with oral antidiabetic agents) apply for this 
benefit  resulting in a high degree of case-ascertainment 
based on the drug registry. Therefore,  it is likely that our 
estimates for concordance among monozygotic twins are 
very close to reality. However,  we should be careful when 
interpreting the results of our study, also, because the 
number  of concordant pairs for Type 1 diabetes was rela- 
tively small and because there was the possibility of a se- 
lective underestimation of mild cases of Type 2 diabetes. 

Less data exist about the concordance for Type 1 
diabetes among dizygotic twins. In a recent nationwide 
study of childhood diabetes in Finland, the prevalence of 
Type 1 diabetes among the siblings of Type 1 diabetic 
probands was about 3 % at the time of the diagnosis of the 
proband [38] increasing to 5 % after a 3-year follow-up. 
Generally, one would assume that the concordance rate 
among dizygotic twins might resemble the usual risk 
found among siblings, which was also found in our study. 

Up to now, data on putative genetic and environmental 
factors for Type i diabetes have not been systematically 
investigated among diabetic twin pairs, with the exception 
of a number  of reports from a twin study in the UK [39]. 
The results of that study suggest that co-twins of twin pairs 
under  15 years of age and possessing H LA -D R3  and DR4 
antigens may have a higher concordance rate for Type 1 
diabetes. The results from the U K  suggest that a diabe- 
togenic process may have been initiated in non-diabetic 
co-twins which for some reason has not led to B eta-cell de- 
struction [40]. These findings need to be confirmed in a 
population twin-based study. Finland has the highest in- 
cidence of Type i diabetes. If this is due to a very strong 
environmental  exposure unmasking the underlying 
genetic susceptibility responsible for this excess in in- 
cidence, an increased concordance for Type i diabetes 
among monozygotic twins should also be seen. However, 
this was not the case. On the other hand, if the genetic sus- 
ceptibility to Type i diabetes had a higher penetrance in 
Finland than for instance in the UK, an increased con- 
cordance would be seen in Finland. Thus, additional re- 
search on the genetic-environmental interaction in the de- 
velopment of Type i diabetes among twins in Finland is 
necessary. 

The method of creating the Finnish twin cohort re- 
quired that both of the co-twins were alive in 1967. If a 
diabetic twin had died prior to this date, the twin pair was 
not included in the cohort. This reduced the number  of 
diabetic subjects in the cohort, but as selective mortality 
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Table 6. Results of fitting threshold models to Type 2 (non-insulin-dependent) diabetes data in the Finnish Twin Cohort 
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Components of variance Goodness-of-fit tests 

Model A C E chi 2 df p-value AIC 

Men 

A, C, E 0.480 0.183 0.337 0.46 3 0.93 - 5.54 
A, E 0.692 - 0.308 1.47 4 0.83 - 6.53 

Women 

A, C, E 0.381 0.373 0.246 0.94 3 0.82 - 5.06 
A, E 0.794 - 0.206 7.80 4 0.10 - 0.20 

All subjects (combined data, equal thresholds for both genders') 

A, C, E 0.424 0,295 0.282 7.87 9 0.55 -10.13 
A, E 0.756 - 0.244 14.79 10 0.14 - 5.21 

All subjects" (combined data, gender-specific thresholds) 

A, C, E 0.427 0.292 0.282 4.30 8 0.83 -11.70 
A, E 0.756 - 0.244 11.05 9 0.27 - 6.95 

All subjects (age-specific thresholds,for 28-59 years and 60 + years) 

A, C, E 0.465 0.150 0.385 11.26 8 0.19 - 4.74 
A, E 0.643 0.000 0.357 12.57 9 0.18 - 5.43 

A, Additive genetic effects; C, shared (family) environmental effects; D, effects due to dominance; E, unshared environmental effects; AIC, 
Akaike's information criterion is a statistic, which combines information on the goodness-of-fit and the simplicity of the model [34]. The best 
model is thus generally the one with a lowest AIC value 

should be similar for concordant and discordant pairs con- 
cordance rates should not be affected. On the other hand, 
we could not avoid the underestimation of diabetic sub- 
jects in the present study where our data sources were 
limited to the hospital records and to the documents of the 
Central Drug Registry. Thus, a considerable number of 
diabetic patients treated with diet alone and those who 
were unaware of their diabetes were missed. 

Twin data are used to measure the relative importance 
of heredity and environment on the development of spe- 
cific quantitative traits. In a narrow sense, heritability con- 
siders the additive portion of the genetic variability in re- 
lation to the phenotypic variability [41, 42]. The formulae 
for estimating heritability are based on the differential in 
concordance rates among monozygotic and dizygotic 
twins. Heritability estimates previously have not been 
given separately for Type I and Type 2 diabetes. In two 
earlier studies, heritability of diabetes was found to de- 
crease with the increasing age of onset of diabetes [43, 44], 
suggesting a higher heritability for Type i diabetes which 
has a younger age at onset than does Type 2 diabetes. For 
the first time, our present results provide a heritability es- 
timate for Type 1 diabetes which was relatively high 
(0.736), suggesting that Type I diabetes has a very strong 
genetic component.  This is in agreement with the present 
knowledge about the genetics of Type i diabetes [45]. The 
major genetic susceptibility to Type 1 diabetes is con- 
ferred by a gene or genes in the H L A  region [45-48]. A 
linkage between the H L A  system and the putative gene 
coding for susceptibility to Type I diabetes has been clear- 
ly shown in studies of affected siblings [49, 50]. Family 
studies show that over  10 % of H L A  identical siblings of 
children with Type 1 diabetes also develop Type 1 
diabetes, the risk among HLA-haploidentical  siblings is 
intermediate and virtually zero in HLA-non-identical  
siblings [47]. Heritability estimates may depend on the oc- 

currence of the disease and therefore vary between popu- 
lations. In addition, heritability estimates, based solely on 
the comparison of similarity of monozygotic and dizygotic 
pairs with respect to a certain disease, tend to overesti- 
mate the genetic component  as the correlation of environ- 
mental  factors is higher among monozygotic than dizy- 
gotic co-twins [49-53]. 

Although the observed concordance rate for Type 2 
diabetes was higher than that for Type 1 diabetes in this 
study, it was considerably lower than in the earlier twin 
studies of Type 2 diabetes [7, 10]. These studies which 
were all relatively small in size (the largest series compris- 
ing only 85 pairs with a Type 2 diabetic twin [10] ) have re- 
ported concordance from 55 % to 100 % among monozy- 
gotic twins, while in our study it was 40 % and at the most 
55 % to 100 %. Concordance was overestimated because 
the diabetic twin pairs were usually identified through a 
diabetic proband. It is well-known that the pairs concord- 
ant for a disease are more likely to participate in twin 
studies than discordant pairs. Only the study by Newman 
et al. [7] has partially overcome this problem, but their 
male twin cohort  was very small (only 250 monozygotic 
and 264 dizygotic pairs) examined twice at mean ages of 47 
and 57 years, respectively. They reported probandwise 
concordances for Type 2 diabetes of 28.6% among 
monozygotic twins and 14.3 % among d~ygotic twins at 
the first examination. The estimates are quite similar to 
our results among the Finnish male twins aged 28- 
59 years: 31.6 % among monozygotic and 10.0 % among 
dizygotic twins. 

The diagnosis of Type 2 diabetes in this study was 
based on the use of oral antidiabetic drugs or hospital ad- 
mission with diabetes as a diagnosis, or both. The validity 
of diagnosis was confirmed by a review of medical records 
which was independently completed by two of the auth- 
ors. Patients identified in this way most likely have 
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diabetes which is either moderate  or severe. The high con- 
cordance rate for Type 2 diabetes in earlier studies has 
been speculated as being partially due to a bias in clinic- 
based studies to include more  severe cases. The age-spe- 
cific cumulative incidence in this twin cohort was slightly 
lower than the known prevalence of diabetes in Finland 
but in agreement with the known prevalence after correc- 
ting the observed prevalence among twins using the cap- 
ture-mark-recapture method [15, 16, 25, 54]. One might 
argue that we should have tested the non-diabetic co- 
twins for glucose intolerance. However,  ascertainment 
through a proband partner  would have resulted in a bias 
leading to overestimation of concordance rates, if non- 
diabetic twin pairs were not tested in the same way. Addi- 
tional testing in co-twins would have also invalidated the 
calculation of the probandwise concordance rate. 

Unlike all other  previous diabetic twin studies this 
study was also able to include those twins who had died 
since the twin cohort had been defined. All 19 patients 
with diabetes listed among the diagnoses on the death cer- 
tificate, were also found to be diabetic through the hospi- 
tal discharge registry. The concordance rate did not in- 
crease with age among men, which indicated that the 
concordance may not increase with a longer follow-up. 
This is in agreement with the findings from other  studies 
which suggest that the interval for the other co-twin to de- 
velop Type 2 diabetes is usually not very long [7,10]. In the 
UK twin study with 48 diabetic pairs, 35 became concord- 
ant within 5 years [7]. In the American study, only one of 
15 originally discordant monozygotic pairs remained dis- 
cordant for Type 2 diabetes during the 10-year follow-up, 
but follow-up infolanation was missing for six monozy- 
gotic pairs originally discordant for Type 2 diabetes [8]. 

Unfortunately, our study design did not permit  meta- 
bolic studies among the co-twins of diabetic probands. In 
the UK twin study, all non-diabetic twins including five 
pairs discordant for Type 2 diabetes showed metabolic ab- 
normalities and insulin deficiency similar to that seen in 
overt Type 2 diabetes [7]. Similarly in the 10-year follow- 
up examination of the American cohort, non-diabetic 
twin brothers of the Type 2 diabetic twins diagnosed after 
the first examination, had a significantly higher 1-h post- 
load blood glucose than other monozygotic non-diabetic 
twins [8]. Therefore ,  some of the non-diabetic twins in the 
present study may have met  the current criteria for Type 2 
diabetes [27], had they been tested for glucose intoler- 
ance. This may explain some of the relatively low concord- 
ance for Type 2 diabetes in our study in comparison with 
other studies where glucose tolerance has been tested for 
in both co-twins. In the future we will at tempt to carry out 
metabolic investigations in a representative sample of our 
Finnish twin cohort. 

The  review of the hospital records revealed that there 
were five pairs concordant for diabetes - two monozy- 
gotic, three dizygotic - where one twin had Type 1 
diabetes but the co-twin had Type 2 diabetes. If these pairs 
were included as diabetic pairs when computing the con- 
cordance rate, the concordance for Type i diabetes in par- 
ticular would have been much higher: in monozygotic 
twins 21.7 % and dizygotic twins 6.2 % pairwise. It has 
been demonstrated that non-diabetic co-twins may have 
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immune and metabolic changes associated with Type 1 
diabetes without causing the disease [40]. It has also been 
suggested that the family history of Type 2 diabetes might 
be increased in children with Type 1 diabetes [55]. Such 
twin pairs concordant for diabetes but discordant for the 
type of diabetes have, however, not been described in ear- 
lier studies. 

In conclusion, this population-based twin study of 
diabetes showed that genetic factors play a major role in 
the risk of developing Type i diabetes, whereas in Type 2 
diabetes the environmental effects also seem to be im- 
portant. Environmental  effect may be a possible reason 
for the higher concordance rate for Type 2 diabetes than 
for Type I diabetes. 
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