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he purpose of this study was to clarify the

genetic contribution to finger-sucking and nail-
biting in childhood using the largest databases
available on Japanese twins. The subjects were
1131 pairs of 12-year-old twin children, consisting of
1057 males and 1205 females. All data were gath-
ered by maternal questionnaire, and responses to
the questionnaire were checked in the medical
interview. The prevalence of finger-sucking
between 0 to 2 years was 40% in males and 43%
in females (p = .0053). The prevalence of nail-biting
up until the age of 12 years was 28% in males and
26% in females (nonsignificant). Concordance rates
and polychoric correlations were all higher in
monozygotic pairs than in dizygotic pairs, irrespec-
tive of the sex combination. Univariate and bivariate
genetic analyses using structural equation modeling
was performed. The results showed that the pro-
portion of total phenotypic variance attributable to
genetic influences was 66% in males and 50% in
females for finger-sucking, and 50% in both males
and females for nail-biting. A co-occurrence of
finger-sucking and nail-biting was observed in
17.7% of males (tetrachoric correlation: r = .40) and
15.7% of females (r = .32), which was attributed
partly to common genetic or environmental factors.
The proportion of total shared variance explained by
genetic factors was 67%.

. _______________________________________________________________________|
Finger-sucking, mainly thumb-sucking, and nail-biting
are both oral habits that occur often in childhood.
Finger-sucking occurs in the early months and peaks
at about 18 months to 2 years. Most children stop
finger-sucking by age 4, although a few continue to
suck their fingers into adulthood (Lubitz, 1992). Nail-
biting is also a common oral habit in children and
young adults, but is a rare habit in children under the
age of 3 years. From the ages of 3 to 6 years, there is
a significant increase in the number of children who
bite their nails (Leung & Robson, 1990).

As with many complex behavioral traits or disor-
ders, most finger-sucking and nail-biting cases in the
population are probably mild in severity. Among
young children, partial or complete recovery from

finger-sucking or nail-biting is common. Parents,
however, are frequently concerned about their chil-
dren’s repetitive or stereotyped behavior patterns.
These habits are important; they are common in chil-
dren with a normal psychological status, but may also
occur in children with developmental problems or
emotional difficulties, or may be secondary to physi-
cal disorders (Lubitz, 1992).

Despite nearly a century of research activity, the
etiology of finger-sucking and nail-biting remains
uncertain. The etiologies have been explained mainly
in the light of developmental psychology. Often,
finger-sucking is simply a pleasurable activity unre-
lated to any underlying emotional or other
disturbance (Peterson & Schneider, 1991). Finger-
sucking before the ages of 4 to 6 years is typically not
considered problematic, although there are dental
concerns (Lubitz, 1992; Watson et al., 2002). After
this age, however, chronic finger-sucking may lead to
dental problems, such as malocclusion and other diffi-
culties, and problems with peers or parents (Friman et
al., 1993). Unlike with finger-sucking, the role that
anxiety, nervousness, tension or stress play in the eti-
ology of nail-biting has been well documented
(Bosnjak et al., 2002; Leung & Robson, 1990).
Moreover, imitation of other family members, trans-
ference from the finger-sucking habit, and poorly
manicured nails in the etiology of nail-biting have
also been pointed out (Leung & Robson, 1990).
Contrary to other habitual behaviors in childhood,
genetic studies of finger-sucking and nail-biting have
seldom been performed.

The aim of this study was to describe the preva-
lence of finger-sucking and nail-biting in normally
developing twin children in Japan, and to clarify the
genetic contributions of each trait and the relation-
ship between the two traits.
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Materials and Methods

Outline of the Present Samples

The present sample consisted of volunteer-based
Japanese twin databases. These databases were con-
structed for the purpose of providing maternal and child
care assistance to families with multiples, and as data-
bases for genetic epidemiologic twin family studies. The
basic characteristics of the databases have been reported
in detail elsewhere (Ooki & Asaka, 2005). The subjects
were a total of 1131 twin pairs, consisting of 1057 males
and 1205 females in the sixth grade of primary school,
all of whom were applicants to the secondary education
school attached to the faculty of education at the
University of Tokyo from 1981 through 2004 (birth year
ranged from 1968 to 1992). At the time the data were
collected, most of the twins were 12 years old.

Zygosity Classification

The zygosity of the twins was determined primarily by
questionnaire (Ooki & Asaka, 2004), which was com-
pleted by the mothers. The zygosity types were
monozygotic (MZ), unclassified (UZ) and dizygotic
(DZ), according to a similarity score that was calcu-
lated using five questions regarding physical similarity
and confusion of identity between the twins.

The zygosity of 224 pairs who were actually
admitted to the school was determined by many
DNA/genetic markers as part of entrance procedure to
the school, prior to being determined by question-
naire. Of these 224 pairs, the zygosity of 204 pairs
was also determined by questionnaire, though 20 pairs
were not classified by questionnaire. When zygosity
determination by DNA/genetic markers was regarded
as the gold standard, the accuracy of the zygosity
questionnaire was 97.5% (199/204; Ooki & Asaka,
2004). The accuracy was a trade-off according to the
percentage of unclassified pairs.

The pairs were classified as follows: 754 MZ con-
sisting of 336 male-male and 418 female-female
pairs; 273 DZ consisting of 77 male-male, 69
female-female, 70 male—female, and 57 female-male
pairs; and 104 UZ consisting of 52 male-male and 52
female—female pairs. All twins were analyzed as to the
calculation of prevalence. Only those pairs whose
zygosity was classified were used for genetic analyses.

Data Collection
Data were collected through hand-delivered question-
naires. The questions covered family structure,
obstetric findings on the mothers, the twins’ physical
growth and development, habitual behaviors and any
behavioral problems the twins had had. One of the
parents of each applicant, usually the mother, partici-
pated in a medical interview conducted by two or
three interviewers (including the present author from
1988 onwards), in which their responses to the ques-
tionnaire were carefully checked.

From these data, the author analyzed finger-
sucking and nail-biting in childhood. The frequency of
finger-sucking between 0 and 2 years and nail-biting
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up until the age of 12 years was obtained. The mothers
identified the frequency from four categories: often,
sometimes, rarely or never, or don’t know. The occur-
rence of nail-biting in the parents of these children in
their own childhood was also obtained. Since these
data were collected as a portion of the data collected to
estimate the total growth and development of these
twins, more detailed information was not obtained.

One limitation of the questionnaire survey was
that strict medical criteria defining finger-sucking and
nail-biting were not used. It would have been difficult
to obtain correct answers regarding events and behav-
iors that had, for some subjects, ceased several years
prior to the administration of the questionnaire.

Statistical Methods

The prevalence of finger-sucking and nail-biting was
calculated according to sex, including the subjects of
unclassified zygosity. Sex difference was tested by the
X’ test.

Parent—offspring transmission of nail-biting was
then analyzed. The nail-biting of the parents when they
were children was classified according to the number of
parents who had this habit, namely 2, 1 or 0. The nail-
biting of their offspring (twins) was classified into two
categories, often or sometimes or rarely or never. The
results were summarized in 3 X 2 contingency tables
and tested by the x? test. This analysis was performed
according to the birth order of the twins (first-born or
second-born) to avoid the effects of within-pair similar-
ity, which would make the significant relationship
between parent and offspring more detectable.

Next, genetic analysis was performed using MZ and
DZ pairs with the complete data on the frequency of
the two traits in both twins as described in detail else-
where (Ooki, 2005). Twin similarity for ordinal data
can be estimated using a concordance rate. In the calcu-
lation of concordance rates, the answers were
summarized in the form of 2 X 2 contingency tables.
The following two patterns of categorization were per-
formed: often or sometimes versus rarely or never
(pattern 1), and often versus sometimes or rarely or
never (pattern 2). Proband-wise concordance rates
were calculated as 2 X Conc/(2 X Conc + Disconc) and
pairwise concordance rates were calculated as
Conc/(Conc + Disconc), assuming complete ascertain-
ment, where Conc denotes the numbers of affected
concordant pairs and Disconc denotes the numbers of
discordant pairs (McGue, 1992).

When the number of unaffected twin pairs is
known, the polygenic multifactorial model, assuming
a latent variable called liability to the traits can be
used. When a certain threshold of liability is reached,
the traits become manifest. The correlation of liability
was obtained as a polychoric correlation (Neale &
Cardon, 1992). This correlation of the latent liability
was calculated directly from the 3 X 3 table cross-clas-
sifying the affected status of the first and second twin
in each twin pair. The basic statistics, concordance
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Table 1

Prevalence Rates of Finger-Sucking and Nail-Biting According to Sex

Males Females p
N 1057 1205
Finger-sucking at age 0 to 2 years Often 182 (18.1%) 273 (23.6%)
Sometimes 224 (22.2%) 225 (19.4%)
Rarely or never 601 (59.7%) 660 (57.0%) .0053
Missing value 50 47
Nail-biting until 12 years Often 56 (5.5%) 63 (5.3%)
Sometimes 228 (22.3%) 247 (20.9%)
Rarely or never 737 (72.2%) 871(73.8%) ns
Missing value 36 24

Note: Sex difference was tested by x?test.

rates, and polychoric correlations were computed
using PC SAS version 8 (SAS, 1999).

The author used structural equation modeling tech-
niques to estimate the variance components and to
compare different genetic models by carrying out stan-
dard univariate twin analysis (Neale & Cardon, 1992).
As the data of opposite-sex DZ twin pairs were
obtained, homogeneity and heterogeneity of the parame-
ters effects on males and females could be compared
directly. The male and female parameters are set to be
equal in a homogeneity model. The genetic analyses
were conducted on the polychoric correlations.

These models postulated four sources of variance in
liability to the traits: (1) additive genetic factor (A); (2)
nonadditive genetic factor (D); (3) shared environmen-
tal factor (C); or (4) nonshared environmental factor
(E). The proportion of the total variance in liability due
to additive and nonadditive genetic factors and shared
and nonshared environmental factors were termed a2,
d?, ¢ and €2, respectively, where a, d, ¢ and e denote
each path coefficient from latent variables (A, D, C, E)
to observed variables. It is possible to fit models based
on the different combinations of these four parameters.
The best-fitting model was chosen using the informa-
tion criteria of Akaike (AIC; 1987), the chi-square
value minus twice the degree of freedom. The model
with the lowest value of AIC reflects the best balance of
goodness-of-fit and parsimony.

Next, phenotypic correlations between finger-
sucking and nail-biting were calculated as polychoric
correlations, and bivariate genetic analyses (Neale &
Cardon, 1992) were performed. A Cholesky decompo-
sition was utilized. Structural equation modeling was
performed by the Mx software package (Neale, 2000).

Ethical Issues

Informed consent concerning the statistical analysis of
the data was obtained from each twin and his or her
parents, mainly in writing, as part of the application
process (Ooki & Asaka, 2005).

Results

Prevalence of Finger-Sucking and Nail-Biting

The prevalence and number of subjects in each fre-

quency category for the occurrence of finger-sucking

and nail-biting in childhood are given in Table 1.
Finger-sucking was significantly (p = .0053) more

common in females than in males. There was no sex dif-

ference in nail-biting. Finger-sucking and nail-biting were

not significantly related to zygosity and birth order, that

is, first-born and second-born (data not shown).

Parent-to-Offspring Transmission of Nail-Biting in Childhood
The results are summarized in Table 2. A strong

parent—offspring relationship was observed irrespec-
tive of birth order (p < .0001).

Table 2
Parent—Offspring Transmission of Nail-Biting

Nail-biting in twins

Number of parent(s) who displayed nail-biting in childhood

Twin 1 (first-born) Twin 2 (second-born)

Yes No Yes No
0 132 (52.6%) 444 (72.0%) 131(53.0%) 443 (711.5%)
1 100 (39.8%) 158 (25.6%) 95 (38.5%) 164 (26.5%)
2 19(7.6%) 15 (2.4%) 21(8.5%) 13(2.1%)
p<.0001 p<.0001

Note: Parent-offspring transmission was tested by x? test.
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Concordance in Twin Pairs

Table 3 shows the pairwise and proband-wise concor-
dance rates. All pairwise and proband-wise
concordance rates of MZ pairs were higher than those
observed in DZ pairs. The ratios of concordance rates,
namely, the concordance rate of MZ pairs divided by
that of same-sex DZ pairs, were all higher in pattern 2
than in pattern 1.

Based on the 3 X 3 contingency tables, polychoric
correlations (r) were computed. These results are also
shown in Table 3. The correlations of MZ pairs were
higher than those of DZ pairs.

Models of Genetic and Environmental Factors
The results of the univariate genetic analysis are
shown in Table 4.

As to finger-sucking, a heterogeneity ACE model
was selected as best-fitting model, whereas a homo-
geneity ACE model did not fit well. The contribution
of nonshared environmental factor was relatively
small. As to nail-biting, a homogeneity ACE model
showed the best fit, though the heterogeneity model
also fit well. These results were in some degree
expected based on the polychoric correlations. The
path coefficients and variance components with 95%
confidence intervals are also shown in Table 4. In the
best-fitting models, the estimated proportion of total
phenotypic variance attributed to the genetic compo-
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nent was 66% in males and 50% in females for finger-
sucking (heterogeneity model), and 50% in both males
and females for nail-biting (homogeneity model).
Common environmental factors were also observed
regarding both finger-sucking (26% as to males and
31% as to females) and nail-biting (23% as to both
males and females).

Bivariate Genetic Analyses of Finger-Sucking and Nail-Biting
Co-occurrence between finger-sucking and nail-biting
was observed in 17.7% (173/975) of males and 15.7%
(179/1137) of females, when including often and
sometimes in one category, as shown in Table 5.

Polychoric correlations calculated using the 3X3
contingency table were 7 = .40 in males and r = .32 in
females.

Polychoric correlations according to zygosity were
pooled over sex to stabilize the results of model fitting.
The MZ pairs showed higher correlations than the DZ
pairs in both finger-sucking (r = .86 vs. r = .59) and
nail-biting (r = .74 vs. r = .47). Phenotypic correla-
tions of finger-sucking and nail-biting in the same
individual were relatively high (r = .34 to .43) irre-
spective of zygosity and birth-order. The
cross-correlations between finger-sucking and nail-
biting of the MZ pairs were higher than or as high as
those of the DZ pairs (r = .31 vs. r = .17 or r = .26 vs.
r = .27). The best fitting model was the bivariate

Table 3

Concordance Rates and Polychoric Correlations of Finger-Sucking and Nail-Biting According to Zygosity and Sex Combination

Mz Dz
MM FF Total MM FF Total FM
(same-sex)
N (pairs) an 393 704 68 66 134 112
Finger-sucking between
0 and 2 years Pattern 1
Proband-wise .89(218/245)  .81(280/347) .84 (498/592) .69 (40/58)  .72(42/58) .71(82/116) .66 (56/85)
Pair-wise .80(109/136) .68 (140/207) .73 (249/343) .53(20/38)  .57(21/37) .55 (41/75) .49 (28/57)
Pattern 2
Proband-wise .77 (92/120) .72 (150/208)  .74(242/328) .54 (14/26) .46 (12/26)  .50(26/52) 45 (14/31)
Pair-wise .62 (46/74) .56 (75/133)  .58(121/207) 37(119) .30(6/20)  .33(13/39) .29 (7/24)
Polychoric r .92 .81 .86 .61 .57 .59 .55
Nail-biting until
12 years Pattern 1
Proband-wise .72(132/184)  .65(144/220) .68 (276/404) A41(14/34)  .52(16/31) .46 (30/65) .48 (24/50)
Pair-wise .56 (66/118) 49(72/148) .52 (138/266) .26 (7/27) .35(8/23)  .30(15/50) .32(12/38)
Pattern 2
Proband-wise .55(18/33) .50 (22/44) .52(40/77) .25 (2/8) .33 (2/6) .29(4/14) .20 (2/10)
Pair-wise .38 (9/24) .33 (11/33) .35(20/57) A4(1/7) .20 (1/5) 17(2/12) A1(1/9)
Polychoricr .76 12 14 37 .58 A7 .50

Note: MZ = monozygotic; DZ = dizygotic; MM = male-male; FF=female—female; FM = female-male.

Pattern 1: often and sometimes vs. rarely or never.
Pattern 2: often vs. sometimes and rarely or never.
Polychoric correlations were calculated according to 3 X 3 contingency tables.
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Cholesky decomposition ACE model (AIC = -2.941, p
= .93). The path coefficients of the best-fitting model
are shown in Figure 1. The proportion of total shared
variance explained by genetic factors was 67 %,
which was calculated as (.73 X .33)/ ((.73 X .33) +
(.57 X .10) + (.37 X .17)).

Discussion

The prevalence rates of finger-sucking and nail-biting
reported in the literature have been widely divergent.
The reason for this variation partly reflects differences
across studies in sample characteristics, for example,
subject age, sampling methods (interview vs. question-
naire, self-reports vs. reports by others), and subject
selection (clinic-based vs. population-based), as well as
diagnostic criteria (Farsi, 2003; Ravin, 1974).
Moreover, the influence of cultural variations on
finger-sucking (Lubitz, 1992), including the wide-
spread use of a dummy or pacifier (Ravin, 1974), have
been pointed out.

Regarding the prevalence of finger-sucking,
between 30% and 40% of preschool children
(Watson et al., 2002) or 50% of children in total
(Lubitz, 1992) develop this behavior. According to
Ravin (1974), the prevalence of a sucking habit,
including finger-sucking, varied between 61% and
87% in nine reports on the subject. Regarding the
prevalence of nail-biting, Leung and Robson (1990)
stated in a review that 28% to 33% of children aged
7 to 10 years were nail-biters. Nail-biting was
observed in 9% (96/10235, including other biting) of
6- to 11-year-old children (Bos$njak et al., 2002), in
23% (91/394) of children aged 9 to 14 years (Sari &
Sonmez, 2002), and in 28% (308/1113) of children
aged 3 to 15 years (Farsi, 2003). There have been few
reports, however, on the prevalence of these habits in
twins. Of them, Bakwin (1971a) reported that 30%
(203/676) of twins aged 6 to 18 years engaged in nail-
biting. The prevalence of finger-sucking and
nail-biting in the present sample was within the range
of these various reports. With regards to the sex dif-
ference in the prevalence of both finger-sucking and
nail-biting, the results reported are inconsistent.

The familial transmission of nail-biting was recog-
nized decades ago. According to Bakwin (1971a), the
prevalence of nail-biting in offspring decreases accord-
ing to the number of parents who were nail-biters
during their own childhood. It has been suggested that
children learn to bite their nails by imitating their
parents, but this is not a valid explanation, as parents
usually stop the habit before their children are born
(Bakwin, 1971a). The prevalence in the children of
parents who had been nail-biters was almost three
times greater than in children whose parents (both
parents) had not been nail-biters (Bakwin, 1971a).
The present results also provided good support for
these tendencies. If both parents were nail-biters in
childhood, their children showed about a three to four
times higher prevalence of nail-biting than children

Table 4
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Results of Univariate Sex-Limitation ACE Model

Variance component (%) with 95% confidence intervals

Path coefficients

df
1
4
1

4

19(17-22)

50 (24-76) 31 (5-56)

26 (6-50)  8(7-9)

Vil 55 44 66 (42-86)

.28

81

-1.76
53.63
-39

.62
.00
21

.25
61.63
1.61

5.20

Finger-sucking between 0 and 2 years Heterogeneity

Homogeneity

28 (24-32)
26 (24-29)

24(21-29) 39(5-63) 33(10-66)

16 (1-34)
23 (4-39)

40 49 62 58 53 60(41-76)
48 51

a7
Al

Heterogeneity
Homogeneity

Nail-biting until 12 years

26 (24-29) 50 (34-70) 23(4-39)

50 (34-70)

51 1

48

—-2.80

21

=male; f = female.

Note: m
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Table 5

Co-occurrence Between Finger-Sucking and Nail-Biting

Nail-biting until 12 years

Finger-sucking between

Males Females
0 and 2 years - -
Often Sometimes Rarely or never Often Sometimes  Rarely or never
Often 15 65 99 31 n 164
Sometimes 21 72 122 n 66 143
Rarely or never 14 81 486 18 105 528

polychoric r=.40

polychoric r=.32

whose parents had not had this habit, as shown in
Table 2.

Twin studies can directly show the genetic contribu-
tion made by parents. Questions concerning knowledge
of zygosity determination based on DNA/blood testing
were also asked during the medical interview conducted
on the present subjects. It was confirmed that most
mothers of the same-sex twin pairs did not have much
knowledge of their twins’ zygosity. Moreover, zygosity
misclassification at birth due to findings made from
studying placenta frequently occurs in Japan (Ooki et
al., 2004). Therefore, mothers of same-sex twins often
did not know the correct zygosity of their children.
Taking all these things into consideration, the higher
similarity in MZ pairs compared to DZ pairs strongly
suggests a genetic contribution to both finger-sucking
and nail-biting.

A twin study of nail-biting using large samples has
only been performed by Bakwin (1971a). He ana-
lyzed 203 twins of 338 same-sex twin pairs who
showed nail-biting, and found higher pairwise con-
cordance rates in MZ pairs than in same-sex DZ

Finger-Sucking

pairs. Moreover, he found a clearer difference in the
concordance rates between MZ and same-sex DZ
pairs when only severe nail-biters were analyzed.
These findings were in good accordance with the
present study. The genetic contribution to severe nail-
biting may be higher than to the usual type of
nail-biting. Bakwin (1971b) also performed a twin
study of persistent finger-sucking, defined as finger-
sucking after 3 years, using the same sample. He
found a higher pairwise concordance rate in MZ
pairs than in DZ ones, although it was not statisti-
cally significant. Including the information from
opposite-sex DZ pairs in the present study permitted
direct detection of the sex-specific effects by struc-
tural equation modeling. The results showed that the
proportion of total phenotypic variance attributable
to genetic influences was 66% in males and 50% in
females regarding finger-sucking at 0 to 2 years, and
50% in both males and females regarding nail-biting
until age 12.

Finger-sucking and nail-biting were apt to co-
occur for both males and females. According to

Nail-Biting

Figure 1
Path coefficient of best-fitting Bivariate Cholesky Decomposition Model.

A = additive genetic factor; C = shared environmental factor; E = nonshared environmental factor. The proportions of the total variance in liability
due to additive genetic, shared environmental and nonshared environmental factors are calculated by squaring each path coefficient from latent

variables (A, C, E) to observed variables.

Twin Research and Human Genetics August 2005

https://doi.org/10.1375/twin.8.4.320 Published online by Cambridge University Press

325


https://doi.org/10.1375/twin.8.4.320

Syuichi Ooki

Leung and Robson (1990), nail-biting may follow
finger-sucking, and the habit serves a need for oral
gratification. This chronological relationship is sup-
ported by a longitudinal study of children from 2 to §
years of age (Leung & Robson, 1990). In Japan, the
Ministry of Health, Labor and Welfare has been per-
forming a nationwide survey of child development
every 10 years at the change of each decade to
compile and present growth and developmental stan-
dards for children. On this survey, parents report on
behavioral habits which they find annoying (Nihon
syoni hoken kyokai, 2002). The results show that in
children ages 1 to 6, finger-sucking decreases with age
whereas nail-biting increases with age. This tendency
is explained partly by the fact that nail-biting follows
finger-sucking. However, a bivariate twin study
between finger-sucking and nail-biting has never been
conducted. The present results suggest that nail-biting
following finger-sucking is partly explained by
common genetic and environmental factors for these
two traits. The proportion of total shared variance
explained by genetic factors was 67%.

The limitations of this study are as follows. First,
the prevalence was calculated only by retrospective
maternal reports, not by observation, and, therefore,
some unexpected bias may be involved. Second, the age
effect was not taken into consideration. Since behav-
ioral characteristics in childhood vary greatly with age,
it is necessary to increase the accuracy of information
about the age of occurrence and duration. The age of
the children in the present sample was almost 12 years,
and these subjects had, for the most part, already
stopped the target behaviors. Third, the total MZ/DZ
ratio of the present sample (in which the birth year
ranged from 1968 to 1992) was 2.76 (754/273), which
was beyond the upper limit of the recent Japanese
MZ/DZ ratio, decreasing from 1.90 (1979) to 1.09
(1994; Imaizumi & Nonaka, 1997).

In spite of these limitations, the present study indi-
cated significant genetic effects on the occurrence of
finger-sucking in early childhood and nail-biting until
the age of 12 years. Moreover, it was suggested that
the etiology of the co-occurrence of nail-biting fol-
lowing finger-sucking was in part attributed to the
common genetic and environmental background for
the two traits.
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