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Data from 16-year-old Finnish twin pai rs were used to estimate fami l ial  effects on rel igiosi ty and
the modification of those effects by sex and residential  region. The sample of 2265 twin boys and
2521 twin gi r ls formed 779 monozygotic and 1614 dizygotic pai rs, 785 of the same sex and 829 of
opposi te sex. We compared rel igiosi ty scores of tw ins l iving in more rural  and tradi tional  nor thern
Finland wi th those l iving in the more urban and secular  southern region. Gi r ls had higher
rel igiosi ty scores than did boys, and twins l iving in nor thern Finland had higher  rel igiosi ty scores
than those resident in southern Finland. Correlations for  monozygotic tw ins were sl ightly higher
than those for  dizygotic tw ins, and covar iance model ing found modest her i tabi l i ty of rel igiosi ty
[11% (95% CI  0–24) for  gi r ls; 22% (95% CI  6–38) for  boys], and substantial  shared envi ronmental
effects [60% (95% CI  49–69) and 45% (95% CI  31–57)] among gi r ls and boys, respectively. The
correlation between shared envi ronmental  effects in boys and gi r ls was estimated to be 0.84 (95%
CI 0.73–0.99). In analyses distinguishing region of residence, gi r ls l iving in southern Finland were
found to have significantly higher  unshared envi ronmental  effects than gi r ls in nor thern Finland,
whi le boys l iving in the urban south appeared to have lower  shared envi ronmental  effects, and
higher  addi tive genetic effects, than boys l iving in the rural  nor th.
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Introduction

Finnish studies of adolescent alcohol  use show
regional  variation that reflects social  norms and
rel igious cul tures, as wel l  as socio-economic di ffer-
ences.1 There is regional  variation also in the
relationship of parents’ alcohol  use to the heal th
behavior of thei r adolescent chi ldren. Parents’ drink-
ing habi ts in the more densely populated southern
Finland appear to exert less influence on rates of
abstinence of adolescent offspring than in the north
of the country.2 Other comparisons of youth behav-
ior between Ostrobothnia, in northern Finland, and
Uusimaa, in southern Finland,3–5 further highl ight
the relevance of investigating regional  and rel igious
di fferences.

Rel igiosi ty has been conceptual ized as a cogni tive/
personal i ty attribute that, in adolescence, functions
to control  deviant behavior;6 that control  may be
mediated in di fferent, convergent ways: (i ) participa-
tion in rel igious ri tuals places the adolescent in
conventional  social  activi ties and a sanctioning

network; (i i ) rel igious teaching can foster awareness
of moral  standards; (i i i ) rel igious ideology may foster
personal  control  via anticipated punishment for
transgression; and (iv) emotional  rel igious experi -
ence may generate a devout, reverent, obedient
adjustment. There is substantial  evidence that rel igi -
osi ty does buffer adolescents (and adul ts) against
substance abuse and heal th-compromising behav-
ior,7,8 and some evidence suggests that the buffering
effect is largely indi rect, through peer-selection
processes9,10 that promote affi l iation among con-
forming, non-deviant, rel igious adolescents. In Fin-
land, too, adul ts and adolescents who regard them-
selves as rel igious, and those who attend church,
drink less than others.11

Finland is a qui te homogeneous country in rela-
tion to rel igious matters. The Protestant church has
played an important role in shaping the nation and
i ts cul ture and today 86% of the population are
members of the Evangel ical  Lutheran Church. Only
1% belongs to the Orthodox church, and 1% to other
rel igious communi ties, 12% are not church mem-
bers, but only 16% of these regard themselves as
atheists.12 For the last two decades, rel igion in
Nordic countries has been an individual  matter, not
something people do together. Compared wi th other
countries, Finns very seldom go to church (1.8 times/
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year), and Finland can, in this respect, be seen as a
secularised society.12 However, according to opinion
pol ls, Finns regard the church as an important
insti tution, and, for example, 97% of Finns have a
church funeral .13 Importantly, nearly al l  adolescents
at age15 attend confirmation classes (91% of church
members, and 41% of non-members), evidence of i ts
importance in the l ives of Finnish adolescents.

Most of those who do not belong to the Church, do
not bel ieve in God, and seldom pray, l ive in the
greater Helsinki  capi tal  area and the old industrial
capi tal  of Tampere, both in the southern area of
Finland.13 Most of the rel igious movements operate
wi thin the church; they are often rather fundamental
(revival ist), and find thei r supporters mostly in the
northern, rural  parts of the country.14 One of oldest
and most widespread of these is the Laestadian
movement, which became active at least in part to
promote abstinence.15 Prohibi tion of alcohol  use
remains a central  tenet of the Laestadian
movement.

Twin and fami ly studies document transmission of
both genetic and fami l ial–envi ronmental  influences
on adolescent alcohol  use, and, because fami l ial
influences may be mediated by rel igious bel iefs and
practices, we have assessed contributions of genetic
and shared envi ronmental  effects on rel igiosi ty in a
population-based sample of adolescent tw ins in
Finland. And, because the southern and northern
regions of Finland di ffer in the extent of rel igious
bel iefs and use of alcohol , we have asked whether
the relative role of genetic and envi ronmental  effects
on rel igiosi ty vary between the two regions of
Finland.

Mater ials and methods

Subjects

Finnish twins from five consecutive and complete
bi rth cohorts, born in 1975–1979, form a study
(FinnTwin16), in which basel ine assessments were
sequential ly made, during 1991–1995, wi thin two
months of the twins’ 16th bi rthdays.2 The basel ine
questionnai re assessment included i tems on heal th,
heal th behavior and atti tudes, as wel l  as 163 i tems,
forming six scales from the MMPI. The ful l  five-year
cohort of tw ins born in 1975–1979 yielded repl ies
from 5563 twin individuals (response rates were
88% for boys and 93% for gi rls). The average age of
respondent tw ins was 16.2 years. In 81% of the
fami l ies, both parents l ived together wi th the
twins.

We excluded individual  tw ins from our analysis
for one or more of the fol lowing reasons: (i ) only one
twin in a pai r returned the basel ine questionnai re
(n = 93); (i i ) zygosi ty could not be determined from

questionnai re responses (n = 202); (i i i ) tw ins
resided on the Å land islands (n = 21) or were
resident abroad (n = 9); (iv) tw ins could not answer
the questionnai re themselves due to i l lness/disabi l -
i ty (n = 11); (v) respondent tw ins omi tted up to three
of the 12 REL scale i tems (n = 273) or only one twin
in the pai r had a REL score (n = 191). A total  of 777
twins were excluded, as there was some overlap in
exclusion cri teria. The remaining 4786 twins
(2265 boys and 2521 gi rls) were included in our
analyses.

Zygosi ty was determined by questionnai re
responses, as described in detai l  elsewhere.16 Sup-
plemental  information on zygosi ty was obtained
from photographs and DNA fingerprinting in some
cases. The 2393 twins pai rs were classified into
female and male monozygotic (MZ) pai rs
(FMZ = 460 pai rs, MMZ = 319 pai rs) and two groups
of dizygotic (DZ) pai rs; same-sex dizygotic (SSDZ,
FDZ = 386 pai rs, MDZ = 399 pai rs) and opposi te-sex
dizygotic (OSDZ, 829 pai rs).

Measures: the REL scale

Rel igiosi ty was measured wi th the (REL)l igious
Fundamental ism scale,17 one of 13 scales identified
by content analysis of the i tem pool  of the MMPI, the
Minnesota Mul tiphasic Personal i ty Inventory. The
REL scale consists of 12 declarative statements
(l isted in Table1) that respondents are asked to
endorse as true or false. The 12 i tems were distrib-
uted, as ordered in the ful l  MMPI, wi thin 163 MMPI
i tems included in the basel ine questionnai re. The
internal  consistency of the REL scale, assessed by
Cronbach’s alpha, is satisfactory: 0.82 for gi rls, and
0.81 for boys; test–retest rel iabi l i ty of 0.95 for males
and 0.93 for females has been reported.17

Differentiation of Finland into northern and
southern regions

To study regional  effects on REL scale scores and on
thei r genetic and envi ronmental  influences, we used
the Nomenclature des Unités Terri toriales Statis-
tiques, a regional  classification system of the Euro-
pean Union.18 We divided the country into two
areas, one consists of Uusimaa, the area surrounding
Helsinki , together wi th other southern regions (here
cal led southern Finland), the other consisting of al l
remaining central , eastern, and northern areas of
Finland (here cal led northern Finland). The popula-
tion of southern Finland, so defined, is 3.14 mi l l ion,
yielding a densi ty of 45 inhabi tants/km2, contrasted
wi th a population densi ty of seven inhabi tants/km2

for the 1.97 mi l l ion Finns resident in what we are
cal l ing northern Finland.19 There were two pai rs
discordant for residence, one twin residing in the
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Southern region, the other in the Northern region.
These pai rs were randomly assigned to the regions,
one to the Southern region, the other pai r to the
Northern region. The Swedish-speaking population
makes up about 6% of the population. The data
includes both Finnish and Swedish-speaking adoles-
cent tw ins; response rates were almost the same for
both language groups. The few pai rs l iving in the
Å land island archipelago were excluded, because of
the islands’ special  historical  posi tion wi thin
Finland.

Statistical analyses

Statistical  analyses were performed by standard
methods in SAS, TWINAN20 and Mx.21 TWINAN
was used to test for homogenei ty of means and
variances across twin type. We fitted standard sex-
l imi tation models22 to the twin covariance matrices
for the five zygosi ty groups. These models al low
estimation of the genetic and envi ronmental  effects
influencing REL scores, tests of di fferences in the
magni tude of genetic and envi ronmental  effects for
gi rls and boys, and a test of the hypothesis that
di fferent shared envi ronmental  or genetic effects
may be influencing REL in gi rls and boys. After
estimating this model  for the complete sample, we
fitted a ten-group model  that distinguished twins
l iving in the north and the south. This model
al lowed addi tional  tests of di fferences in genetic and
envi ronmental  influences on REL in di fferent
regions of the country.

Resul ts

Endorsement frequencies for the 12 REL scale i tems
by region and sex are shown in Table1. For 10 of the

i tems, gi rls l iving in Northern Finland have the
highest endorsement percentages, and in these
i tems, boys l iving in Southern Finland have the
lowest endorsement percentages. Among the gi rls,
those resident in the northern region have sig-
nificantly higher scores for 10 i tems than do gi rls
from the southern region. For hal f of the i tems, boys
from the north have significantly higher endorse-
ment rates; there are no i tems that boys from the
south endorse more than do boys from the north, and
the same is true among the gi rls. Responses to the
i tem ‘I feel  sure that there is only one true rel igion’
are an exception, in that endorsement rates are
higher among boys in both the south and the north
than among gi rls. At the same time boys show less
tolerance against those who bel ieve there is only one
true rel igion.

Mean REL scores were higher for gi rls than for
boys in the ful l  sample, and in al l  zygosi ty and
residential  areas groups (Table2). Scale means and

Table 1 Percentage answering ‘true’ to the 12 i tems Wiggins Rel igious Fundamental ism (REL) scale; 16-year-old adolescents in the
north and south of Finland (N = 4786)

South North χ2 P-value
boys girls boys girls boys girls

1. Everything is turning out just l ike the prophets of the
Bible said i t would 14 16 20 28 0.001 0.001

2. I go to church almost every week 2 3 3 5 0.554 0.026
3. I bel ieve in the second coming of Christ 22 25 31 38 0.001 0.001
4. I bel ieve in a l i fe hereafter 50 63 52 66 0.619 0.108
5. I am very rel igious (more than most people) 13 16 18 19 0.002 0.044
6. I bel ieve there is a Devi l  and Hel l  in the afterl i fe 25 27 30 39 0.011 0.001
7. I bel ieve there is a God 59 73 63 80 0.125 0.001
8. I feel  sure that there is only one true rel igion 29 24 36 31 0.001 0.001
9. Christ performed miracles such as changing water into wine 52 62 59 73 0.002 0.001

10. I pray several  times a week 17 32 20 42 0.129 0.001
11. I read the Bible several  times a week 2 4 3 6 0.086 0.042
12. I have no patience with people who bel ieve there is only one

true rel igion 25 29 25 29 0.924 0.970

Table 2 Means and standard deviations for the Wiggin’s REL
scale among adolescent Finnish twins (FinnTwin16 study) by
zygosi ty (the whole country) and by sex (the whole country),
North; South (n = 4786)

Area No. subjects Mean Standard
deviation

Al l MZ gi rls 920 4.47 2.90
MZ boys 638 3.78 2.79
SS DZ gi rls 772 4.71 3.02
SS DZ boys 798 3.90 2.70
OS DZ gi rls 829 4.35 2.85
OS DZ boys 829 3.75 2.79

Ful l  sample Girls 2521 4.50 2.92
Boys 2265 3.81 2.76

Southern region Girls 1409 4.15 2.79
Boys 1283 3.61 2.66

Northern region Girls 1112 4.96 3.01
Boys 982 4.08 2.86

SS = same sex pai rs, OS = opposi te sex pai rs
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variances did not di ffer by zygosi ty wi thin sexes.
Twins l iving in northern Finland had higher scores
than those in southern Finland for both sexes.

The REL correlations were sl ightly higher for MZ
pai rs than for DZ pai rs (Table3). The correlations for
SS DZ pai rs were higher than for OS DZ pai rs in the
nationwide sample. In southern Finland, the correla-
tions among gi rls did not di ffer for MZ and SS DZ
pai rs, whi lst male MZ pai rs had a higher correlation
than SS DZ pai rs. In northern Finland the MZ/DZ
di fferences were very smal l  for both gi rls and boys.

A general  sex-l imi tation model  estimating addi -
tive genetic (A), shared envi ronmental  (C), and
unshared envi ronmental  (E) effects on REL, and
al lowing di fferent shared envi ronmental  effects for
boys and gi rls, provided an excel lent fi t to the data
(�2 = 5.411, df = 8, P = 0.713). Parameter estimates
(standardized to reflect percentage of phenotypic
variance accounted for) and 95% confidence inter-
vals for the estimates are provided in Table4. For
gi rls, C and E effects were substantial , but the smal l
addi tive genetic effects were not significantly di ffer-
ent from zero. For boys, A, C, and E effects were al l

significant contributors to variation in REL, but the
shared envi ronmental  effects were not as prominent
as those for gi rls. A comparison model  constraining
the A, C, and E effects for males and females to be
equal  could be rejected by �2 di fference test
(�2 = 6.69, df = 2, P < 0.05). This is a 2 df test
because, wi th % variance parameters, once two are
constrained to be equal , the thi rd must also be equal .
A l though the correlation between the shared envi -
ronmental  effects for gi rls and boys was significantly
less than 1.0, the estimated correlation was qui te
high (0.84), and the confidence interval  for the
correlation ranged up to 0.99. Thus, the model  does
indicate the presence of sex-specific shared envi ron-
mental  effects on REL, but these effects appear to be
qui te smal l . Given the modest level  of sex-specific
variation in REL, a model  posi ting sex-specific
genetic variation in place of sex-specific shared
envi ronments would have fi tted the data almost as
wel l . Given the non-significant genetic effects for
gi rls, and the substantial  shared envi ronmental
effects for both groups, we focus on the shared
envi ronmental  correlation here.

Parameter estimates and confidence intervals for
the model  distinguishing twins l iving in the north-
ern and southern regions are presented in Table5.
This model  also provided an excel lent fi t to the data
(�2 = 8.70, df = 16, P = 0.925). Confidence intervals
are broader in this analysis, reflecting the fact that
there are fewer twin pai rs in each sex by region
grouping. Power to make comparisons across sex
wi thin region, and across regions wi thin sex is
simi larly reduced. Like the ful l  sample analysis, the
regional  analyses suggested the presence of sex-
specific shared envi ronmental  effects, al though

Table 3 Pairwise correlations for REL in the whole cohort, and
among pairs l iving in the southern and northern parts of Finland

Zygosity and gender All  pairs South North

Female MZ 0.71 (460) 0.63 (265) 0.79 (195)
Male MZ 0.67 (319) 0.72 (182) 0.60 (137)
Female SS DZ 0.67 (386) 0.62 (212) 0.70 (174)
Male SS DZ 0.54 (399) 0.51 (232) 0.58 (167)
OS DZ 0.51 (829) 0.46 (455) 0.55 (374)

SS = same sex pai rs, OS = opposi te sex pai rs

Table 4 Parameter estimates from best-fi tting sex-l imi tation model  for the ful l  sample

Full  sample Variance components estimates Correlation between
(95% confidence intervals) common environmental effects

Additive Common Unique Rc
genetic environment environment

Females 0.11 0.60 0.29
(0.00–0.24) (0.49–0.69) (0.26–0.34)

Males 0.22 0.45 0.34 0.84
(0.06–0.38) (0.31–0.57) (0.29–0.39) (0.73–0.99)

Table 5 Parameter estimates from best-fi tting sex-l imi tation model  by region

Variance components estimates Correlation between
(95% confidence intervals) common environmental effects

Additive Common Unique Rc
genetic environment environment

Southern region Females 0.05 0.58 0.37
(0.00–0.25) (0.41–0.67) (0.31–0.43)

Males 0.34 0.35 0.31 0.88
(0.14–0.53) (0.18–0.52) (0.25–0.38) (0.67–1.00)

Northern region Females 0.19 0.59 0.22
(0.04–0.35) (0.44–0.72) (0.18–0.27)

Males 0.07 0.55 0.38 0.85
(0.00–0.33) (0.34–0.66) (0.30–0.47) (0.72–0.99)
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those effects reached significance only in the north-
ern region. For twins l iving in the north, the only
significant sex di fference in parameter estimates was
for unshared envi ronmental  effects (�2 = 10.85,
df = 1, P < 0.01), which explained a higher percent-
age of the variance in REL for boys. In the south, the
only significant sex di fference was for addi tive
genetic effects (�2 = 4.00, df = 1, P < 0.05). For boys,
genetic effects accounted for 34% of the total
variation, and 49% of the fami l ial  variation (34/69).
In contrast, genetic effects in gi rls (which were non-
significant) accounted for only 5% of the total
variation and 8% of fami l ial  variation (5/63). Gi rls in
the south had significantly higher unshared envi ron-
mental  estimates than gi rls in the north (�2 = 13.03,
df = 1, P < 0.01), whi lst unshared envi ronmental
estimates for boys were qui te simi lar in the two
regions. Nei ther addi tive genetic nor shared envi ron-
mental  estimates di ffered significantly wi thin sex
but across the two regions, reflecting the low power
of the classical  tw in model  to di fferentiate addi tive
genetic and shared envi ronmental  effects, partic-
ularly when using only hal f of the sample for each
comparison.

In order to use al l  the data, we asked a sl ightly
di fferent question. Are the A, C, or E estimates for a
given sex by region group significantly di fferent from
the pooled estimates from the remaining three
groups? This was accompl ished by setting a non-
l inear constraint in Mx. For addi tive genetic effects
only the boys in the southern region, who had higher
genetic effects, were found to di ffer significantly
from the pooled estimates (�2 = 3.91, df = 1,
P < 0.05). In a corresponding manner, the boys in the
southern region also had significantly lower shared
envi ronmental  effects than the other groups
(�2 = 5.03, df = 1, P < 0.05). Shared envi ronmental
estimates in the other groups were very simi lar. Gi rls
in the northern region had significantly lower
unshared envi ronmental  estimates (�2 = 13.634,
df = 1, P < 0.01). Estimates in the other three groups
were very simi lar.

Discussion

Among Finnish adolescents during the 1990s, the
heri tabi l i ty of rel igiosi ty, as assessed by the REL
scale, is very modest, and shared envi ronmental
effects account for most of the variation in rel igios-
i ty. The contribution of fami l ial  factors to individual
di fferences in rel igiosi ty appears to di ffer somewhat
by sex and residential  area.

Rel igiosi ty of Finns, assessed wi th the REL scale,
may di ffer from that of the USA. In a structured
telephone interview of a population sample in the
midwest Uni ted States (age range 19–99, n = 1408),

raw score REL means were > 7 among women and
> 6 among men. The means increased wi th age,
especial ly among women and were negatively corre-
lated wi th education, especial ly among men.23 REL
means among col lege men (mean age 20, n = 800)
were comparable.24 In the present study, mean
scores are considerably lower than in these Amer-
ican samples, indicating a higher prevalence of
secular bel iefs. The analysis of i tem specific endorse-
ment frequencies indicated that across nearly al l
i tems, gi rls endorsed i tems more frequently than
boys, and those l iving in northern Finland more than
those in southern Finland. Items measuring church-
going and Bible reading (see Table1) had the lowest
percentages and bel ief in God was the highest, which
nicely demonstrates the typical  Finnish (and Scandi -
navian) way of rel igiousness.

Earl ier tw in, fami ly, and adoption studies of
rel igiosi ty suggest significant, and often substantial
shared envi ronmental  effects. A large study of
col lege-age twins,25 using a factor-derived MMPI
scale of Rel igious Orthodoxy, found only sl ightly
higher MZ than DZ correlations, wi th c2 estimates of
0.48 (in women) to 0.65 (in men), and smal l
estimates of genetic variance. Adding adoption data,
mostly on adolescents and young adul ts, from the
Texas Adoption Project, to these col lege-age twin
data, an estimated c2 of 50% was obtained.26 Resul ts
from the present study, wi th the 12-i tem REL scale,
are qui te consistent wi th these American reports.

Other studies have used somewhat di fferent scales
and measures of rel igiosi ty. A recent study of
> 1900 adul t female twins27 found significant shared
envi ronmental  effects for three rel igiosi ty scales of
personal  devotion (24%), personal  conservatism
(45%) and insti tutional  conservatism (51%) among
1902. Genetic effects were significant only for per-
sonal  devotion (29%) and insti tutional  conservatism
(12%). In the same sample, rel igiosi ty was protective
of substance use and abuse, but not associated wi th
psychiatric symptoms or disorders. A study of
extended twin kinships28 showed that shared envi -
ronmental  effects (accounting for over 20% of
variance) were important also for church attendance
frequency.

In contrast to these studies of tw ins reared
together, data of the REL scale in a smal l  sample of
twins reared apart29 reported intraclass correlations
for MZ twins reared apart (n = 50 MZA pai rs) of 0.55
but, for 30 DZA twin pai rs, a correlation not sig-
nificantly di fferent from zero. A lso assessed were
four other measures of rel igious interests, atti tudes
and values for which somewhat higher DZ correla-
tions were found. For al l  five measures the MZ
correlations exceeded the DZ correlations, and
model  fi tting indicated heri tabi l i ties of 40–50% for
these scales. In an updated analysis wi th more
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pai rs,30 the correlation of REL for 65 MZA pai rs was
0.63 and for 54 DZA pai rs –0.12. Model -fi tting
indicated that this scale was the only one of the
13 Wiggins Content Scales to fi t poorly a genetic
model  speci fying addi tive genetic variance and
unique envi ronmental  factors. To the degree that the
MZA resul ts are inconsistent wi th other research
l i terature, such inconsistency may reflect smal l
samples.

Earl ier Finnish studies reported that rel igiosi ty
varies by sex and residential  area.3–5 These studies
show adolescents in the south to be more secularized
than the youth from Ostrobothnia (north-western
coastal  region). There are also clear di fferences in
rel igious behavior (attending rel igious meetings,
churchgoing and bel ieving as the church teaches)
between the more urban south and the other more
rural  areas.31 How should these regional  di fferences
be reflected in changes in the genetic and envi ron-
mental  determinants of individual  di fferences in
rel igiosi ty? Cross-cul tural  studies have suggested
that the effect of fami ly rel igiosi ty on chi ldren’s
rel igious views is stronger in countries where aver-
age rel igiosi ty is lower,32 which would suggest that
there should stronger common (fami ly) envi ron-
mental  effects on rel igiosi ty in the more secular
southern parts of the country. In contrast, a study of
adolescent drinking behavior33 reported that gi rls
from rural  areas showed greater vulnerabi l i ty to
fami ly influences than gi rls from other areas, imply-
ing that non-fami l ial  sources of variance may be
more important in the urban areas. Our resul ts were
not enti rely consistent wi th ei ther of these simple, i f
contradictory, predictions. For gi rls, our resul ts
showed no di fference in fami ly envi ronmental  influ-
ence in the north and south, but non-fami l ial  sources
of variance were significantly greater in the urban
south, consistent wi th the latter view. It is possible
that this reflects a greater diversi ty of non-fami l ial
envi ronmental  influences to which adolescents may
be exposed in urban areas. For boys, however, we
found no increase in non-fami l ial  envi ronmental
effects in the urban areas. Instead, boys l iving in the
urban south appeared to have decreased fami ly
envi ronmental  effects and increased genetic effects
compared wi th the other groups of subjects. This
resul t can be reconci led wi th the general  hypothesis
of greater diversi ty of non-fami l ial  envi ronments in
urban areas only by posi ting that genetic influences
are being expressed in the choice of rel igion-relevant
envi ronments to which the boys are being exposed,
so that greater variation in non-fami l ial  envi ron-
ments is reflected in a higher estimate of genetic
influence. Unfortunately, the current data on the
rel igiosi ty phenotype alone provide rather l imi ted
information on the urban–rural  di fferences and are
not adequate to support a specific view of the

processes underlying those di fferences. In addi tion
to measures of rel igiosi ty, future studies should
strive to measure hypothesized rel igion-relevant
envi ronments, thei r distribution in di fferent regions,
and thei r covariance among fami ly members. Such
studies would offer a more complete description of
the processes underlying regional  di fferences in the
determinants of individual  di fferences in
rel igiosi ty.
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16 Kaprio J, Rimpel ä A, Winter T, Viken RJ, Rimpel ä M, Rose J.
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Hämeenl inna, 1997.

20 Wi l l iams CJ, Christian JC, Norton JA. TWINAN90: A FORTRAN

program for conducting ANOVA-based and l ikel ihood-based
analyses of tw in data. Comput Meth Programs Biomed 1992;
38: 167–176.

21 Neale MC, Boker SM, Xie G, Maes HH. Mx: Statistical
Model ing. 5th edn. Department of Psychiatry, MCV: Rich-
mond, VA.

22 Neale MC, Cardon LR. Methodology for Genetic Studies of
Twins and Famil ies. Kluwer Academic: Dordrecht, 1992.

23 Col l igan RC, Offord KP. Contemporary norms for the Wiggins
content scales: a 45-year update. J Cl in Psychol 1988; 4:
23–32.

24 Knowles EE, Schroeder DA. Personal i ty characteristics of sons
of alcohol  abusers. J Stud Alcohol 1990; 51: 142–147.

25 Rose RJ. Genetic and envi ronmental  variance in content
dimensions of the MMPI. J Pers Soc Psychol 1988; 55:
302–311.

26 Beer JM, Arnold RD, Loehl in JC. Genetic and envi ronmental
influences on MMPI factor scales: joint model  fi tting to twin
and adoption data. J Pers Soc Psychol 1998; 74: 818–827.

27 Kendler KS, Gardner CO, Prescott CA. Rel igion, psychopathol -
ogy, and substance use and abuse: a mul timeasure, genetic-
epidemiologic study. Am J Psychiatry 1997; 154: 322–329.

28 Truett KR, Eaves LJ, Wal ters EE, Heath AC, Hewi tt JK, Meyer
JM, Si lberg J, Neale MC, Martin NG, Kendler KS. A model
system for analysis of fami ly resemblance in extended kin-
ships of tw ins. Behav Genet 1994; 24: 35–49.

29 Wal ler NG, Kojetin BA, Bouchard TJ jr, Lykken DT, Tel legren
A. Genetic and envi ronmental  influences on rel igious inter-
ests, atti tudes and values: a study of tw ins reared apart and
together. Psychol Science 1990; 1: 138–142.

30 DiLal la DL, Carey G, Gottesman II, Bouchard TJ jr. Heri tabi l i ty
of MMPI personal i ty indicators of psychopathology in twins
reared apart. J Abnorm Psychol 1996; 105: 491–499.

31 Sorri  H. Itsemurha ja uskonnol l isuus (Suicide and rel igiosi ty).
Sarja A no. 61. Ki rkon tutkimuskeskus: Pieksämäki , 1993, 266
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