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winning rates have changed substantially over

time for reasons that are only partly known. In
this study we studied smoking, coffee and alcohol
intake, and their possible interaction with obesity as
potential determinants of twinning rates using data
from the Danish National Birth Cohort between
1996 and 2002. We identified 82,985 pregnancies:
81,954 singleton and 1031 twins. For the twins we
had data to classify 121 as monozygotic, 189 dizy-
gotic (same sex), 313 dizygotic (opposite sex) but,
408 were of the same sex but with unknown zygos-
ity. All mothers were interviewed about their
prepregnancy weight and height, coffee and alcohol
intake, smoking habits, and potential confounding
factors at early stages of pregnancy. We identified
smoking (> 10 cigarettes/day) as a possible deter-
minant of twinning, particularly for dizygotic
twinning rates (same sex) and furthermore corrobo-
rated that obesity and the mother’s age are strong
correlates of twinning. Others have found coffee
intake to increase twinning rates but that is not
seen in these data.

. _______________________________________________________________________|
Changes in the frequency of dizygotic (DZ) twins are
among the best documented alterations in reproduc-
tive health in the second half of the last century
(Belaisch-Allart et al., 19935; Botting et al., 1987). DZ
twins declined over time in Denmark and in many
other countries (Elwood, 1973; MacGillivray, 1970;
Olsen et al., 1988) until the increasing use of certain
types of infertility treatment changed that trend and
the decline in natural twinning may even have
stopped (Herskind et al., 2005). We do not know the
causes of these changes in DZ twinning rates, nor do
we know much in general about the determinants of
DZ twinning, except that age and ethnicity play a role
(Nylander, 1983). DZ twinning has been viewed as a
marker of both reproductive failures and high fecun-
dity (Bulmer, 1959; Eriksson & Fellman, 1967;

Nylander, 1975; Pollard, 1969) and the decline in DZ
twinning has been interpreted as a sign of declining
fecundity. Monozygotic (MZ) twinning rates tend to
remain constant over time.

Common lifestyle factors are the best causal candi-
dates for these substantial changes in DZ twinning
over time. Smoking, coffee intake, obesity and alcohol
habit have increased in many countries as a result of
female emancipation and related changes in lifestyles.
Some of these factors have decreased again as people
realized that these exposures may cause harm to the
unborn child (Kapidaki et al., 1995; Parazzini et al.,
1996). Dietary factors and physical activity have also
changed over time (Flegal et al., 2002; Seidell &
Flegal, 1997) followed by a widespread increase in
obesity, especially in developed countries (Basso et al.,
2004). In Denmark, the proportion of women with a
body mass index (BMI) of 30 or more in the general
population increased from 5.5% in 1987 to 9.5% in
2000 (Basso et al., 2004).

Caffeine and nicotine are among the most fre-
quently used, self-administered, legal psychoactive
drugs in western countries (Knight et al., 2004; Olsen
et al., 1988), and caffeine is being consumed by a
large part of the population (Bunker & McWilliams,
1979), with an average caffeine intake between 70 to
76 mg/person/day worldwide (Gilbert, 1981; Mandel,
2002). The highest caffeine intake is seen in the
Nordic countries with an intake around 400
mg/person/day (Barone & Roberts, 1996; Debry,
1994; Gilbert, 1984).

There are several plausible biological pathways by
which caffeine affects human reproduction (Burg,
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1975; Debry, 1994; Jensen et al., 1998; Olsen, 1991;
Petridou, 1992; Viani, 1996), and possibly, the rate of
twinning. Ovulation may be affected by caffeine-
induced reduction of estradiol (London et al., 1991;
Petridou et al., 1992), which may increase the levels of
pituitary gonadotropins, and, accordingly, ovarian
stimulation (Hack et al., 1970; Webster & Elwood,
1985; Wyshak, 1978). Transportation of the concep-
tus through the fallopian tube may also be affected by
caffeine (Takizawa et al., 1983).

Previous studies on these lifestyle factors and
twinning have given ambiguous results perhaps
because most studies either rely on retrospective
recall over longer time periods or they have used
small sample sizes. In 1988, Olsen et al. observed an
association between smoking and twinning, but
Kapidaki et al. (1995) considered this finding to be
confounded by coffee intake and reported that a
higher twinning rate rather correlated with coffee
intake. Furthermore, Parazzini et al. found similar
results in 1996, although with different associations
between MZ and DZ twins. Since then, the role of
coffee and smoking on twinning rates has been unset-
tled. Recently in 2004 and 2005, Basso et al. and
Reddy et al. found an association between maternal
BMI and twinning rates and it is possible that the
effect of coffee on twinning rates could be modified
by maternal BMI.

This study presents data from the Danish
National Birth Cohort (DNBC; Olsen et al., 2001)
and includes lifestyle data that have been collected
prospectively early in pregnancy before a twin preg-
nancy was diagnosed. Our aim was to estimate the
association between coffee and tobacco intake and
zygosity-specific twinning occurrence by taking
maternal prepregnancy BMI and alcohol consump-
tion into consideration.

Material and Methods

Study Population

The study was carried out within the DNBC, which is
a study of pregnant women and their offspring. From
March 1996 to November 2002, a total of about
100,000 pregnant women gave written informed
consent to participate in the DNBC. Women were
recruited from their general practitioners and around
60% of those invited by about half of all Danish prac-
titioners in Denmark gave consent. The pregnant
women received a written report about the DNBC at
their first antenatal visit, usually scheduled at 6 to 10
weeks of gestation. The study population comprised
of women who gave birth to live-born singletons or
twins and who had participated in the first pregnancy
interview in the DNBC (z = 88,719), which took place
at approximately 16 weeks of gestation. The interview
was classified as missing if we could not reach the
woman at the scheduled time after three additional
attempts to make contact, or if the woman was no
longer pregnant at the time of the interview. Women

who reported receiving infertility treatment were fur-
thermore excluded from the study (n = 5734). The
study was approved by all the Ethic Committees in the
country and by the Danish Data Protection Board.

Outcome Assessment

For the main analysis, we had data on 81,954 single-
ton and 1031 twin births. We categorized twin births
into MZ, DZ same sex (DZ-SS), DZ opposite sex
(DZ-0S) and unknown zygosity same sex (UZ).
Zygosity classification was made according to a stan-
dardized questionnaire on ‘likeness’ by linkage to the
Twin Register which updated zygosity information
until the year 2000, see Skytthe et al., 2002. Zygosity
assessment was based on an established similarity
questionnaire, (Christiansen et al., 2003) administered
in 2003 when the twins were 3 to 5 years of age. The
questions were: (1) Are/were you and your twin as like
as two peas in a pod or as ordinary siblings?
(2) Are/were you mistaken by family and friends?
(3) Are/were you mistaken by kindergarten teachers
and mates? (4) Do/did you have the same eye and hair
color? The questionnaires were answered by the twins’
parents. Twins described as being as alike as two peas
in a pod, with the same eye and hair color, were classi-
fied as MZ if at least one of the questions about being
mistaken was answered ‘yes’. Twins described as alike
as ordinary siblings and answering ‘yes’ to all the
other questions were also classified as MZ. The rest
were classified as DZ. All inconsistent answers were
classified as having unknown zygosity.

Exposure Assessment

The main exposures of interest were coffee and
smoking. Participants were asked about daily coffee
intake. We coded the answers according to the
number of cups or mugs per day; a mug was coded as
two cups. Similar questions were asked about tea con-
sumption. We asked women for details about their
smoking habits at the time of the interview and
throughout pregnancy. Information on parity, socioe-
conomic status, alcohol consumption and
prepregnancy BMI was also collected in the first inter-
view based on self-reported information about
prepregnancy data. All interviews are available at
http://www.ssi.dk/sw9653.asp.

Statistical Analyses

We estimated odds ratios (OR) for twinning rates
according to coffee intake and smoking by uncondi-
tional logistic regressions separately for MZ, DZ-SS,
DZ-0OS and UZ twins. The unit of observation was a
confinement.

In the analysis, we categorized coffee intake
according to the number of cups per day (0, 1-3, 4-8,
and 9+), and we used the number of cups when testing
for trend. If coffee intake was less than one cup per
day but more than zero, we coded it as one cup of
coffee per day. We also analyzed data according to
caffeine intake by using average levels of 100 mg of
caffeine for a cup of coffee and 50 mg for a cup of tea
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(Bunker & McWilliams, 1979), and disregarding caf-
feine intake from other sources. We went on to
categorize smoking (using nonsmoking as a reference)
into 1 to 9 and more than 10 cigarettes per day on
average during the peri-conceptional period (before
and during the first pregnancy period). Finally, we
converted alcohol consumption into a daily number of
drinks. In Denmark, a standard drink contains an
average of 12 g of alcohol (one glass of wine, one beer
or 4 cl of spirits).

We classified BMI as underweight, normal weight,
overweight, or obese (< 18.4, 18.5-25, 25.1-29.9,
> 30, respectively), according to the World Health
Organization definitions.

We used likelihood ratio tests to assess whether the
associations between coffee intake and smoking on
twinning were modified by alcohol or BMI. We used
the SPSS software (version 12.0; SPSS Inc, Chicago,
III) to perform all the analyses. We deleted all the per-
sonal identification numbers after register linkage.

Results

A total of 82,985 pregnant women fulfilled the inclu-
sion criteria of this study; 81,954 (98.75%) of the
pregnancies resulted in a singleton pregnancy, and
1031 (1.24%) in a twin pregnancy. Of the 1031 twins
that had been notified to the Danish Twin Registry at
the time of study, we could classify 121 as MZ, 189 as
DZ-SS, and 313 as DZ-OS. It was not possible to clas-
sify the remaining 408 same-sex twins (UZ) because
infants were still very young during the study period.

Women with a high intake of coffee had a high
crude twinning rate, especially for DZ-OS and UZ.
However after adjustment for potential confounders,
this odds ratio attenuated and was no longer statisti-
cally significant (Table 1). We found no association
between tea intake and the rate of twinning. Using
caffeine intake from both coffee and tea showed no
association with multiple pregnancies.

Smokers presented a statistically significant
adjusted odds ratio (ORa) of twinning rates, especially
for DZ. We found no significant associations with
twinning rates for prepregnancy alcohol consumption,
alcohol consumption recorded at the time of preg-
nancy, or for changes in alcohol habits from before
pregnancy to early pregnancy (data not shown). In
addition, we noted a relation between obesity (BMI >
30) and twinning rates, especially for DZ-SS twins (see
Table 2) and twinning rates were high for obese
smoking mothers. Age increased twinning rates in
general, although we saw no association with MZ.

Discussion

Common lifestyle factors may modify twinning rates
and are perhaps partly responsible for the secular
changes in twinning rates over time. We found DZ
twinning to be associated with smoking habits and the
multiplicative effect measure was not modified by
BMI. We saw no association between caffeine and DZ

twinning when we adjusted for confounding factors.
Other studies have shown that nutritional components
also correlate with twinning rates (Mills et al., 1993).

The strength of this study is its large sample size
and the prospectively collected data on lifestyle factors.
At the time of the first interview, women were unaware
of a possible twin pregnancy and it is thus unlikely that
reporting lifestyle factors correlates with twinning
rates. Our results further indicate that changes in
alcohol consumption in early pregnancy are the same
for both twin and singleton pregnancies. We believe
this assumption also holds for smoking, but it could be
different for coffee intake if adhesion to coffee drink-
ing habits is related to the higher estrogen level seen in
twin pregnancies (Bunker & McWilliams, 1979;
Gavaler & Van Thiel, 1987; Mills et al., 1993). Our
negative results for coffee intake can, therefore, be
explained by differential misclassification.

Previous studies on coffee and twinning rates con-
ducted by Kapidaki et al. (1995) and Parazzini et al.
(1996) showed an increased twinning rate related to
coffee intake. Kapidaki et al. found an OR for coffee
intake of 1.31 for DZ twinning while our study gave
an OR for coffee intake of 1.83 for DZ-OS, which
approaches the finding in the study by Parazzini et al.
with an OR of 1.7. However, our adjustments
removed the association between coffee intake and
multiple pregnancies. Coffee intake was higher in our
data than that found in the aforementioned papers.

Smoking and alcohol consumption during early
pregnancy may reflect peri-conceptional consumption
better than consumption before pregnancy for those
who planned their pregnancy, and a total of 88% of
all pregnancies were planned in our study. It is reason-
able to believe that women consume less fetotoxic
substances during the period when they try to con-
ceive. We did not find results that differ much from
those presented in the tables when we restricted our
analyses to pregnancy planners only (n = 72,458).

Changes in lifestyle factors vary in different coun-
tries and smoking frequencies have changed
substantially over time as have the chemical contents
of cigarettes and types of tobacco used (blond,
black). If our associations are causal, we would
expect to see twinning rates continue to vary over
time due to changes in smoking, obesity, and the age
of reproduction. It is of interest that some of these
lifestyle factors, like obesity and smoking (Table 2),
are also strong determinants of subfecundity, as
described by Olsen (1991). A similar finding was
found by Basso et al. (2004), using an early segment
of data from the DNBC.

Epidemiologic studies over the years have identi-
fied smoking as an important hazard for reproductive
health. We believe DZ twinning may be one of the
reproductive factors that is modified by smoking. This
study showed that BMI, smoking habits and the
mother’s age may play an important role in the occur-
rence of twin pregnancies.
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Table 2

Adjusted* Odds Ratio (ORa) (and 95% Confidence Intervals) for all Twins, Monozygotic, Dizygotic Same Sex, Dizygotic Opposite Sex and Unknown
Zygosity Same Sex According to Smoking and Prepregnancy BMI (PP BMI)

PP BMI#
All twins Smoking 18.5-25.0 <185 25.0-29.9 >30 Smoking
ORa ORa ORa ORa ORa
(95%Cl) (95%ClI) (95%Cl) (95%Cl) (95%Cl)
0 1 0.72 0.90 0.84 1
(Reference) (0.49, 1.07) (0.64, 1.27) (0.58, 1.22) (Reference)
1-9 1.02 0.69 0.87 1.26 1.13
(0.68, 1.54) (0.40,1.19) (0.59, 1.30) (0.78,2.01) (0.95, 1.35)
>10 1.94 1.01 1.23 1.42 1.47
(1.1, 3.40) (0.58, 1.75) (0.82, 1.85) (0.87,2.33) (1.14,1.90)
PP BMI 1 0.25 1.23 1.73
ORa (Reference) (1.01, 1.54) (0.96, 1.58) (1.31,2.29)
95%Cl)
Monozygosity (MZ)
0 1 0.40 1.01 0.92 1
(Reference) (0.1, 1.44) (0.36, 2.82) (0.31, 2.76) (Reference)
1-9 1.03 1.82 0.95 1.30 1.21
(0.31, 3.48) (0.51, 6.46) (0.29, 3.10) (0.32,5.22) (0.78, 1.87
>10 0.88 1.42 1.26 0.91 0.73
(0.99, 7.94) (0.31, 6.41) (0.37, 4.34) (0.16, 4.99) (0.29, 1.82)
PP BMI 1 1.4 1.34 1.26
ORa (Reference) (0.80, 2.46) (0.70, 2.57) (0.55, 2.88)
(95%Cl)
Dizygosity same sex (DZ-SS)
0 1 1.82 1.55 1.33 1
(Reference) (0.63, 5.28) (0.56, 4.28) (0.45, 3.87) (Reference)
1-9 2.16 0.32 1.23 1.03 0.87
(0.72, 6.50) (0.03,2.91) (0.39, 3.88) (0.23, 4.60) (0.59, 1.29)
>10 2.84 1.41 2.32 3.16 1.15
(0.63, 12.74) (0.31,6.33) (0.75,7.14) (0.92, 10.84) (0.66, 2.02)
PP BMI 1 1.06 1.00 1.66
ORa (Reference) (0.70, 1.60) (0.60, 1.64) (0.96, 2.88)
(95%Cl)
Dizygosity opposite sex (DZ-0S)
0 1 0.55 0.82 0.84 1
(Reference) (0.28, 1.05) (0.47,1.41) (0.46, 1.51) (Reference)
1-9 0.867 0.27 0.44 1.16 0.84
(0.84, 1.67) (0.08, 0.95) (0.21,0.93) (0.54, 2.48) (0.59, 1.20)
>10 1.04 0.73 0.80 0.59 1.53
(0.34,3.17) (0.28, 1.90) (0.40, 1-62) (0.21, 1.65) (0.99, 2.38)
PP BMI 1 1.34 1.50 1.72
ORa (Reference) (0.94,1.89) (1.01,2.23) (1.08, 2.75)
(95%Cl)
Unknown zygosity same sex (UZ)
0 1 0.70 0.79 0.714 1
(Reference) (0.38,1.31) (0.45,1.38) (0.38, 1.30) (Reference)
1-9 0.88 0.88 1.19 1.44 1.62
(0.45, 1.73) (0.39, 1.99) (0.64, 2.20) (1.69, 2.99) (1.21,-2.15)
>10 2.99 1.09 1.38 1.98 2.04
(0.35, 6.62) (0.45, 2.60) (0.72, 2.63) (0.95, 4.13) (1.35,3.09)
PP BMI 1 1.1 1.15 1.63
ORa (Reference) (0.83, 1.48) (0.82, .62) (1.11, 2.40)
(95%Cl)

Note: *Register with complete information on covariates used in the adjusted analysis
tORa Adjusted for: maternal age, parity, coffee intake and socioeconomic status

1 95% CI: 95% confidence interval
§ Smoking: Cigarettes/day
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