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Abstract

We analyzed birth order differences in means and variances of height and body mass index (BMI)
in monozygotic (MZ) and dizygotic (DZ) twins from infancy to old age. The data were derived
from the international CODATwins database. The total number of height and BMI measures from
0.5 to 79.5 years of age was 397,466. As expected, first-born twins had greater birth weight than
second-born twins. With respect to height, first-born twins were slightly taller than second-born
twins in childhood. After adjusting the results for birth weight, the birth order differences
decreased and were not statistically significant anymore. First-born twins had greater BMI than the
second-born twins over childhood and adolescence. After adjusting the results for birth weight,
birth order was still associated with BMI until 12 years of age. No interaction effect between birth
order and zygosity was found. Only limited evidence was found that birth order influenced
variances of height or BMI. The results were similar among boys and girls and also in MZ and DZ
twins. Overall, the differences in height and BMI between first and second born twins were
modest even in early childhood, while adjustment for birth weight reduced the birth order
differences but did not remove them for BMI.
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It is well known that growth patterns of twins during the third trimester of pregnancy differ
from those of singletons. In addition to having two fetuses in wfero, there are twin-specific
factors, such as birth order (Glinianaia et al., 2000; Gielen, et al., 2007), zygosity (Loos,et
al., 2005; Daw, et al., 1975; Buckler & Green, 2008) and chorionicity (Gruenwald, 1970;
Ananth, et al., 1998; Naeye, et al., 1966; Bleker, et al., 1979; Gielen M, et al., 2009; van
Beijsterveldt et al. 2015), which are associated with intrauterine twin growth. Previous
studies of twins have reported that the second-born twin is, on average, lighter than the first-
born twin at birth (Glinianaia et al., 2000; Gielen, et al., 2007; van Baal and Boomsma,
1998). The factors determining birth order have a greater influence on birth weight than
zygosity or chorionicity (Gielen, et al., 2007; Sheay, et al., 2004).

The lower birth weight for second-born twins could be due to the fact that first-born twins
have higher placental weights and have more often a central insertion of the umbilical cord,

Tdeceased



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yokoyama et al.

Page 2

which are both positively correlated with birth weight. Possibly, first-born twins are also
more optimally positioned with respect to nutrients intake (Gielen et al., 2006; Heinonen, et
al, 1996). In addition, previous studies have shown that first-born twins are, on average,
taller and heavier than second-born twins until adolescence (Silventoinen et al., 2007;
Pietilainen et al., 2002). Second-born twins have also higher morbidity and mortality
(Armson, et al., 2006; Smith, et al., 2007; Shinwell et al., 2004; Luo, et al., 2014).

The persistence of the birth-order association suggests that prenatal factors can have long-
lasting effects on body size. However, it is not known how these associations may change
over the life course. Studies on age-dependent birth order differences in height and body
mass index (BMI) are scarce, and small sample sizes make comparisons of the existing
results difficult. Further, it is not known whether the factors behind birth order differences in
height and BMI also induce variance differences. In this study, we aim to analyze birth-order
differences in means and variances of height and BMI among MZ and DZ twins from
infancy to old age and to test whether they can be explained by differences in birth weight.
The data were derived from the large international CODATwins database, which was
intended to collect together height and weight measurements from all twin cohorts in the
world.

Data and methods

In the CODATwins database (Silventoinen, et al., 2015), there are 960,859 height and weight
measures from twins at ages ranging from 0.5 to 103 years. Information on birth order,
height and weight measures were self-reported (67%), parentally reported (19%), or based
on measures by nurses and clinicians (14%). In this study, we included the following cohorts
with information on birth order: Australian Twin Registry, Boston University Twin Project,
Carolina African American Twin Study of Aging, FinnTwin12, FinnTwin16, Gemini Study,
Guangzhou Twin Eye Study, Guinea-Bissau Twin Study, Hungarian Twin Registry, Japanese
Twin Cohort, Korean Twin-Family Register, Longitudinal Israeli Study of Twins, Michigan
Twins Study, Murcia Twin Registry, Norwegian Twin Registry, Peri/Postnatal Epigenetic
Twins Study, Qingdao Twin Registry of Children, Quebec Newborn Twin Study, Queensland
Twin Register, Swedish Young Male Twins Study of Adults, Swedish Young Male Twins
Study of Children, South Korea Twin Registry, Swedish Twin Cohorts, Twins Early
Developmental Study, West Japan Twins and Higher Order Multiple Births Registry and
Young Netherlands Twin Registry. Height and weight measurement protocols, sample
frames and other basic information of these cohorts have been described elsewhere
(Silventoinen, et al., 2015). Age was classified to 1-year age groups from age 1 to 19 years
(e.g., age 1 refers to 0.5-1.5 years range), and 10-year age groups from age 20 to 79 years
(e.g., 20-29, . .., and age 70-79 years). Since the number of twin participants at 80 years of
age or older was small, this group was excluded from the analyses.

In total, we had 429,587 height and BMI measurements at ages 0.5-79.5 years with
information on birth order. Additionally we had information on birth weight from 107,782
and birth length from 54,941 twin individuals. BMI was calculated as weight (kg)/square of
height (m2). Outliers were checked by visual inspection of histograms for each age and sex
group. They were removed to obtain an approximately normal distribution of height,
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whereas the distribution of BMI was allowed to be positively skewed. The number of
observations removed (n=1134) represented less than 0.3% of the whole database. We also
excluded extreme birth length (<25cm or >65 cm) or birth weight (<5009 or >6000g) values.
For the purpose of this study, we restricted the analyses to one observation per individual in
each age group. The total number of height and BMI measures in this study was 397,466; in
307,606 of these cases we had information also on birth weight.

Equality of mean values between first- and second- born twins by zygosity, age group and
sex was tested using fixed effects regression analysis corrected for clustering of twin pairs.
Equality of variances was tested using the Levene’s clustered test based on the 10% trimmed
mean (lachine et al. 2010). This clustered version of the Levene’s test is robust under the
non-normality of outcomes. The interaction effects between zygosity and birth order were
tested using Bonferroni correction of multiple testing with alpha level 0.0005 (0.05/100
tests). Percentage difference (%) between first- and second-born twins in mean values [(first
born mean-second born mean) / second born mean] * 100 and standard deviations (SD)
[(first born SD-second born SD) / second born SD] * 100 of height and BMI were calculated
by sex. We also tested how the adjustment for birth weight affected the birth order difference
on height and BMI in the cohorts having this information available using the fixed effects
multiple regression model in each age groups. Statistical analyses were conducted using the
Stata statistical software package (version 12.0; StataCorp, College Station, Texas, USA).

The pooled analysis was approved by the ethical board of the Department of Public Health,
University of Helsinki. The data collections procedures of participating twin cohorts were
approved by local ethical boards following the regulation in each country. Only anonymized
data were delivered to the data management center at University of Helsinki.

Table 1 provides the mean birth length and birth weight according to birth order, sex and
zygosity. In MZ twins, the first-born male twins had greater length than the second-born
male twins. However, in DZ twins, average birth length was not significantly different
between the first-born and the second-born twins. In MZ and DZ twins, the first-born twins
had greater birth weight than the second-born twins. The SDs of birth weight in the first-
born and the second-born twins in MZ and DZ twins were significantly different except in
MZ boys.

Descriptive statistics by birth order, age, and sex in MZ and DZ twins are presented in Table
2 and 3 for height, respectively. Sample size for each birth order, age, and sex group ranged
between 421 and 5,407 individuals from age 1 through 19 years, and between 117 and 4,398
individuals in adulthood (=20 years). The 6 and =70-year age groups in MZ twins had the
smallest sample sizes. In MZ twins, significantly taller height in the first-born than in the
second-born twins were observed at the age of one, three, five, eight and 10 years in men
and from the age of one to three, seven and 12 years in women (Table 2). However, in DZ
twins, average height was not significantly different between the first-born and the second-
born twins (Table 3). The SDs of height in the first-born and the second-born twins in MZ
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and DZ twin were not significantly different in the majority of age groups. Results were
similar in men and women.

Table 4 and 5 shows the respective results for BMI. The sample sizes are same as for height.
In MZ twins, the first-born twins had greater BMI than the second-born twins except the 18
and =50-year age groups in men, and the 40-49 year age group in women. Statistical
significance was attained in the majority of age groups until 12 years age groups (Table 4).
In DZ twins, first-borns had greater BMI than the second-born twins except the 14 and 60—
69 years old men. The differences were also statistically significant particularly until 5 years
of age. The SDs of BMI in the first-born and the second-born twins in MZ twins were not
significantly different. However, the SDs of BMI in the first-born and the second-born twins
in DZ twins were significantly different at the age of one, three, 10, 15, 17, and 18 years in
men, and the age of 16, 18, and 20-29 years in women (Table 5).

Because the interaction effects between birth order and zygosity were not statistically
significant after Bonferroni correction for height or BMI (nominal p-values 0.047-0.008),
data from MZ and DZ twins were combined in the further analyses. Figure 1 illustrates the
percentage difference (%) in the mean and SD of height between the first-born and the
second-born twins in men and women in the pooled data of MZ and DZ twins. Figure 2
presents the same results for BMI. Both for height and BMI, the first-born twins showed
almost always higher mean values than the second-born twins. The mean differences in
height between the first-born and the second-born twins ranged from -0.1% to 0.3% in men
(at the age of 15 years and 5 years) and from —0.3% to 0.4% in women (at the 15 and =70-
year age groups). The first-born male twins presented up to 1.4% greater BMI than the
second-born male twins until 17 years of age and decreased with age in adulthood. The
mean differences between the first-born and the second-born twins ranged from 0.2% to
1.4% in women (at the age of 15 years and 18 years). For SD the differences were small and
did not show any systematic pattern varying from negative to positive.

Table 6 shows the results of fixed effects regression analysis of height and BMI at each age
in the sub-cohort with information on birth weight. Adjustment for birth weight decreased
the birth order differences in height and BMI. After adjusting for birth weight, birth order
was associated with height at the age of one, three, five, seven and 10 years in men, whereas
birth order was not associated with height in women. Moreover, as adjusting for birth
weight, birth order was associated with BMI from the age of one to five, seven, 10, 11 and
12 years in men, and from the age of one to five, seven, 10 and 12 years in women.

Discussion

The CODATwins study established database with data on body size from twin cohorts in
different countries from infancy to old age. Previous studies in twins have reported that the
second-born twin was lighter than the first-born twin at birth (Glinianaia et al., 2000; Gielen
M, et al., 2007) and our results from this very large international database are consistent with
these studies. First-born twins were slightly taller than second-born twins in MZ pairs at
some ages until 12 years of age. After adjustment for birth weight, birth order was
associated with height in males only at some ages until 10 years of age. We did not find any
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strong evidence that birth order differences varied according to zygosity since the interaction
effects between zygosity and birth order were not statistically significant after Bonferroni
correction. These results suggest that birth order has a slight influence on height in twins
during childhood mainly explained by birth weight.

Meanwhile, the current study revealed birth order differences in mean BMI until 12 years of
age in MZ pairs, and in mean values of BMI until 5 years of age in DZ twin pairs. These
birth order differences in mean values of BMI were generally modest but still statistically
significant. Adjustment for birth weight reduced these differences, but a significant
association of birth order with BMI remained until 12 years of age. Jelenkovic et al. (2015)
reported that DZ twins are consistently taller than MZ twins, but mean BMI is not
significantly different between MZ and DZ twins at young ages. Based on our study, birth
order difference seems to associate more strongly with BMI than zygosity difference. For
SDs of height and BMI the results were not statistically significant and did not show any
systematic pattern either. Thus, it seems that the factors behind the mean differences
between first-born and second-born twins were not associated with variances.

According to the Developmental Origins of Health and Disease hypothesis, birth weight is
associated with disease risk later in life and is a determinant of adult health (Barker, 1998;
Brodsky and Christou, 2004). This appears more salient for twins, who are born earlier and
weigh less as compared to singletons (Loos, et al., 2005). However, it is indicated that
growth of twins is not equal to growth of singletons after 29 weeks of gestation (Loos, et al.,
2005), and the optimal intrauterine growth and lowest morbidity is achieved earlier in
gestation for twins than for singletons (Luke, et al., 1993; Soucie, et al., 2006). In addition,
previous studies in twins have reported that the second-born twin was lighter than the first-
born twin at birth (Glinianaia et al., 2000; Gielen M, et al., 2007). Moreover, low birth
weight predicts lower adult BMI in twins (Johansson & Rasmussen, 2001; Pietildinen et al.,
2001). Whitfield et al. (2001) reported that the correlation between birth weight and BMI in
adulthood was positive, and the correlation is due to genetic factors and non-shared
environmental factors. Gielen et al. (2007) indicated that the factors determining birth order,
which is one of twin-specific factors, have a greater influence on birth weight than zygosity,
chorionicity and fusion of the placentas. However it was not known how the birth order
differences change over the life course. We found residual differences in BMI between the
first-born and the second-born twins until 12 years of age in boys and girls after adjusting
for birth weight. Our findings are in accordance with a previous Dutch study showing that
the first-born twins were slightly heavier form three to 12 years of age (Silventoinen et al.,
2007).

The reasons for the birth order difference in BMI in twins are not clear. It is possible that
vascular and placental circumstances are important. Twins offer an opportunity to
distinguish between maternal factors (smoking, alcohol, and total placental weight) affecting
both twins and factors unique to each twin, such as individual placental weight and site of
the insertion of the umbilical cord. Gielen et al. (2007) reported that the individual placental
weight has a stronger association with birth weight than the total placental weight. This
suggests that the unique factors are more important than the maternal factors. While
placental factors appear to be important, consideration of chorionicity is also necessary.

Twin Res Hum Genet. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yokoyama et al.

Page 6

There are three types of MZ twins based on chorionicity. MZ twins can either share one
chorion and one amnion, each twin can have own amnion, or MZ twins can, like all DZ
twins, each have their own chorion and amnion. Sharing the same chorion could create
either a more similar or a more dissimilar prenatal environment (van Beijsterveldt et al.
2015). Kent et al. (2011) reported that monochorionic twins had higher rates of marginal and
velamentous placental cord insertion, and noncentral cord insertion contributed to birth
weight discordance in monochorionic twin pregnancies. Antoniou et al. (2011), who
examine the genetic and environmental etiology of the umbilical cord in a large population
of twins, indicated that partly genetic and unique environmental factors influence a number
of the morphological characteristics of the overall umbilical cord development. Thus, even
in the very early stages of life, twins can experience unique environmental influences
(Antoniou et al., 2011). Unfortunately, our database does not have information on
chorionicity, which is gathered reliably in few cohorts.

The birth order of twins is determined in early pregnancy, and the first twin at the beginning
of pregnancy intrinsically remains in this position (Bronshtein et al., 1998). However, the
relationship between the amniotic sac and the cervix, which remains relatively constant
throughout gestation, may change near term or during labor in about 10% of twin pairs
discordant for sex leading to a change in the anticipated twin order (Bronshtein et al., 1998).
Since we did not find the interaction effects between birth order and zygosity, potential
prenatal environmental differences between MZ and DZ twins do not seem to modify the
birth order differences in BMI or height. However, we observed that birth order effects on
BMI appear to last longer in MZ twins than in DZ twins, which may reflect the differences
in chorionicity. The differences of intrauterine environment between the first-born and the
second-born twins need more detailed research.

Birth order differences have been analyzed previously for perinatal and neonatal outcomes.
Previous studies (Smith, et al., 2002; Sheay, et al., 2004; Smith, et al., 2005; Armson, et al.,
2006; Smith, et al., 2007) have reported an increased risk of perinatal death of second-born
compared with first-born twins. It has been proposed that this may be mainly a problem of
more stillbirths in the second twins (Smith, et al., 2002). Luo et al. (2014) reported that
perinatal mortality risk differences in second vs first twins depended on their relative birth
size, and vaginal delivery at term was associated with a substantially greater risk of perinatal
mortality in second twins. These early deaths would have resulted in such pairs not being
included in our database.

With regard to neonatal morbidity, the studies of Hacking et al. (2001) and Donovan et al.
(1998) both found that second-born twins have increased risk for respiratory distress
syndrome. Shinwell et al. (2004) reported that very low birthweight (< 15009) second twins
were at increased risk for acute and chronic lung disease and neonatal mortality, irrespective
of mode of delivery. Moreover, Marttila et al. (2004), who analyzed respiratory distress
syndrome by gestational age in singletons, first-born and second-born twins, indicated that
first-born twins had a significantly lower incidence of respiratory distress syndrome
compared with second-born twins and singletons, except at less than 28 weeks of gestation.
By being delivered by the same mother at the same time and gestational age, these factors
cannot influence postnatal difference in growth, perinatal mortality, and neonatal morbidity
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risk between the second-born and the first-born twins. So, any such differences are likely to
be attributable to birthweight, fetal growth, and intrauterine environment. Our study suggests
that the impact of early morbidity, to the degree that it is indexed by birth order, is limited in
time to early childhood, and more so on BMI than height.

The major strength of the present study is the large sample size of our international database
of twin cohorts with height and weight measures covering almost the whole lifespan.
However, a limitation is that countries or geographical regions are not equally represented,
and the database is heavily weighted toward Caucasian populations. Accordingly, we could
not study in detail possible ethnic differences in birth order differences. In addition, the
number of twin participants in the oldest age groups is small. Multiple testing may have
resulted in false-positive differences between the first-born and the second-born twins.
However, mean values showed a consistent pattern across age and sex groups in both MZ
and DZ twins, which provides considerable robustness to the results. Finally a large majority
of height, weight and birth order measures are self- or maternally reported. This probably
increases random error which lead to decreasing effect sizes. Our results may thus be
underestimations of the real birth order differences.

In conclusion, the first-born twins had greater BMI and are slightly taller than the second-
born twins. Birth order showed a significant association with BMI before 12 year of age.
However, in generally, the differences in BMI and height between first-born and second-
born twins were very modest even in early childhood. Adjustment for birth weight reduced
the birth order differences but did not fully remove them for BMI. Evidence that birth order
affects variances of height and BMI was limited.
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Mean and standard deviation differences (%) in height between first- and second- born twins
across ages.
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Mean and standard deviation differences (%) in BMI between first- and second- born twins
across ages.
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