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Reference Birth Weight, Length, Chest Circumference , and Head Circumference b
y Gestational Age in Japanese Twins 

Syuichi Ooki,1 and Yoshie Yokoyama.2

 BACKGROUND: Numerous birth weight standards for twins have been reported in western countries , 
whereas little is in Japan. The aim of this study is to present birth weight, birth length, chest circumfer-
ence, and head circumference references, clarifying features related to these body size parameters , 
and to compare our birth weight references with recent report of birth weight norms of Japanese twins 
using the vital statistics. 

 METHODS: The subjects consisted of 1,061 twin pairs in total, with birth years ranging from 1968 
through 1990. Data was obtained from the Twins Protocol Questionnaire , which asked for information 
about twins' growth and development in infancy, and the "Maternal and Child Health Handbook," which 
was presented by Ministry of Health and Welfare. Statistical means, standard deviations , and selected 
percentiles by gestational age were calculated and smoothed using data that contained at least gesta-
tional age and one of the four items. 

 RESULTS: Birth weight was significantly lighter than that of singletons when three additional parame-
ters, especially chest and head circumference, were not measured. Gestational age was correlated with 
weight, length, chest circumference, and head circumference, in that order , for both sexes. Compared 
with singletons, birth weight difference in twins was marked and slight difference was observed as to 
length, whereas no difference was observed as to chest and head circumference. The present results 
as to birth weight were consistently similar to the birth weight norms of twins using vital statistics in 
Japan. 
 CONCLUSION: Growth standards for twins, especially as to birth weight, are essential to understand 
and evaluate intrauterine growth of twins. 
J Epidemiol 2003;13:333-341. 
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  In Japan, like as in other developed countries, twinning rates 

have been increasing;1 here, however, little information is avail-

able concerning twins' growth, partly because there is no popula-

tion-based twin registry, making it very difficult to collect growth 

data of twins at birth. 

  Twins in Japan are known to be several times more prone to die 

perinatally than singletons.2 The increased risk of adverse out-

comes in twin births is mainly attributed to a markedly greater 

proportion of very low birth weights. Because birth weight is the 

strongest indicator of the risk of perinatal death, birth weight 

norms are important both for clinical practices and for epidemio-

logic studies.3 It is well known that intrauterine growth of twins

differs from that of singletons. Many studies concerning birth 

weight standards by gestational age have been reported.3-14 Other 

body size parameters at birth, such as birth length,6.9 chest circum-

ference,6,9 and head circumference6.9.12 have not been reported as 

consistently as birth weight, partly because these parameters are 

not routinely used as indicators of perinatal risk. Comparing these 

characteristics in twins with those of singletons may provide clues 

about the patterns of twin growth. 

 Previous studies have been conducted mainly in western coun-

tries. In Japan, relevant factors, such as the perinatal medical sys-

tem, twins' birth rates, and body size of mothers, differ signifi-

cantly from western countries. Recently, twin birth weight norms
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in Japan based on birth records in the vital statistics were present-

ed;14 these norms are probably the most reliable ones in Japan. 

The limitations of these norms are that the data is calculated by 

100g intervals, and the gestational ages are recorded in weeks, not 

days. Moreover, no norms are presented regarding birth length, 

chest circumference and head circumference at birth. The aim of 

this study is to compare our birth weight data with these norms 

and to present birth references for other body size parameters 

using a large-scale sample of normally developed Japanese twins.

METHODS

Subjects 
 The subjects consisted of 1,061 twin pairs (2,122 twins), all of 

whom were applicants to the secondary education school attached 
to the faculty of education of the University of Tokyo from 1981 
through 2002 (birth year ranged: 1968-1990). This school was 
established in 1948 and adopted a unique entrance system. Of the 
approximately 50 pairs of twins, 12 years of age and living in the

Table 1. Basic characteristics of the subjects (2122 twins).

a: 8 missing values (4 pairs) 

b: 24missing values (12 pairs) 

c: 26 missing values (13 pairs)
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Tokyo metropolitan area, who take an examination every year, 
about 15 pairs are admitted. All the parents of applicants must 
hand in a Twins Protocol Questionnaire, which gathers informa-
tion on family structure, obstetrical findings of mothers, physical 

growth, zygosity, and motor and mental development of twins 
from birth through 11 years of age. One of the parents of each 
applicant, usually the mother, participates in a medical interview 
by two or three interviewers (including, from 1988 on, one of the 

present authors, Ooki), in which their responses to the question-
naire are checked carefully. The data of this study are based on 
the records from the Twins Protocol Questionnaire and the 
"Maternal and Child Health Handbook

," presented by the 
Ministry of Health and Welfare for all pregnant women, including 
obstetrical records written by obstetricians. The data obtained by 
these procedures were accepted without modification; therefore, 
the method and accuracy of measurements could not be ascer-
tained. 
  Zygosity was determined by means of the questionnaire15,16 and 
DNA/blood testing. All same-sex twins and their mothers 
answered the zygosity questionnaire, on the basis of which twins' 
zygosity was determined with an accuracy of more than 95%. 
Zygosity diagnosis using genetic markers or DNA polymor-

phisms was performed for those twin pairs who were admitted to 
the school. The characteristics of the subjects are presented in 
Table 1. 

  Birth complications of mothers or twins, for example placenta 

previa, placental abruption, coiling of the umbilical cord, neonatal 
asphyxia, growth discordant twins, and twin-to-twin transfusion 
syndrome, were observed to varying degrees. None of these were 

grounds for exclusion from the study. In general, it was very diffi-
cult to set clear and consistent inclusion/exclusion criteria, as 
more than ten percent of the present subjects had at least one of 
the complications mentioned above. Moreover, no subjects 
showed apparent growth retardation at 11 or 12 years of age. 
Surely this represents one of the largest and most thorough sets of 
accurate growth data on twins in Japan, especially because zygos-
ity testing is very rare in Japan. Informed consent concerning sta-

tistical analysis of the subjects' data was performed by written 
documents as part of the application process. 

Statistical Methods 
  First, factors that affect body size parameters at birth were con-

firmed by stepwise regression analysis, with a threshold signifi-
cance level of 0.10. The variables considered were sex, birth 
order in twins (first-twin or second-twin), gestational age, mater-
nal and paternal age at twin birth, intervals between marriage and 
twin birth, birth year of twins, parity, zygosity, and presentation. 
For qualitative variables, the following codes were used. Sex, 

female: 0, male: 1; Birth order, first-born: 1, second-born:0; 
Zygosity, monozygotic:0, dizygotic:1; Presentation, non-vertex:0, 
vertex: 1. 

  Next, body size parameters were analyzed according to the 
missing data conditions; for example, birth weight was analyzed

whether or not birth length was measured. 
 The effect of parity was analyzed according to sex. Next, the 

correlations of gestational age and body size parameters were 
analyzed. 
 Reference body size parameters at birth were analyzed accord-

ing to sex, considering the results of above mentioned procedures. 
Means, standard deviations, and selected percentiles by gestation-
al age were calculated. In the process of calculating percentile 
values, the critical effect of outliers based on birth complications, 
if they existed, were expected to be excluded. 

 Smoothing of growth curves was performed by a cubic spline 
function and compared with previously reported norms for the 

general population17 and twins14 in Japan. 
  Statistical analyses were performed using SAS® for Windows.18 

Smoothing of growth curves was performed using PROC TRAN-
SREG program, by specifying the 'pspline' model. 

Comparison standards 
  The general population standards (i.e., singletons) that we 

adopted were based on hospital data presented by a research 

group of the Ministry of Health and Welfare in 1998.17 In this 
study, standards for birth weight, length, chest circumference, and 
head circumference by gestational ages from 22 to 41 weeks were 
determined by the analyses of birth size data on 1,133 infants 
whose gestational ages were confirmed by ultrasonographic tech-
niques in early gestation with the cooperation of 21 major medical 
centers throughout Japan. The 10th, 50th, and 90th percentiles for 
each body size parameter according to sex are presented. For birth 
weight, parity was also considered. 

  The twins' standards we adopted were the recently reported 
birth weight standards in Japan.14 These standards were calculated 
based on birth records in the vital statistics from 1988 through 
1992, which included about 64,000 live birth twin individuals. 
The 10th, 50th, and 90th percentiles of birth weight by gestational 
ages from 24 to 41 weeks according to sex and parity are present-
ed. No reliable standards for length, chest circumference, and 
head circumference were available for twins in Japan. 

            RESULTS 

  The results of stepwise regression analysis showed that the 
contribution of gestational age was the strongest (R2=0.31, 

p=0.0001 for birth weight, R2=0.30, p=0.0001 for length, R2=0.25, 
p=0.0001 for chest circumference, and R2=0.18, p=0.0001 for 
head circumference). Sex and parity also contributed to body size 

parameters, albeit slightly. The effect of parity was second largest 
(p=0.0001) influence on birth weight, though the effect itself was 
not so large (R2=0.02). 

  Body size parameters according to sex and parity are shown in 
Table 2. Irrespective of sex, body size parameters of twins 
became larger for multipara than for primipara. This tendency 
was clearly seen in relation to birth weight. 

  From analyzing the body size parameter data in terms of miss-
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ing data, it became obvious that birth weight and length were 
measured more often than chest circumference and head circum-
ference. The number of missing values for birth weight and length 
were 8 (0.4%) and 134 (6.3%) respectively, whereas the number 
of missing values for chest circumference and head circumference 
were 283 (13.3%) and 281 (13.2%), respectively. Two possible 

reasons were (1) the avoidance of troublesome work, or (2) an 
emergency circumstance, in which there was no time to measure 

parameters other than weight and/or length. To confirm the latter 
possibility, birth weight or birth length was compared according 
to the missing data condition; the results are shown in Table 3. 
Indeed, a significantly light birth weight was observed when the 

other three items were not measured. No significant difference of 
length was observed when chest or head circumference were not 
measured. Thus, birth weight could be underestimated if stan-
dards were developed using only subjects with a full set of mea-
surements. 
 Using subjects that had data on gestational age and all four 

parameters (n=841 for males and n=962 for females), we calculat-
ed correlation coefficients of body size parameters. Gestational 
age was correlated with weight (r=0.576 for males, r=0.538 for 
females), length (r=0.555 for males, r=0.514 for females), chest 
circumference (r=0.513 for males, r=0.492 for females), and head

circumference (r=0.462 for males, r=0.418 for females), in this 

order for both sexes; the results were in accordance with the 

regression analyses. Birth weight showed high correlations with 

length (r=0.801 for males, r=0.770 for females) and chest circum-

ference (r=0.828 for males, r=0.810 for females), and a slightly 

lower correlation with head circumference (r=0.691 for males, 

r=0.688 for females). 

 Reference growth standards data are presented in Table 4. Birth 

weight references were calculated separately for primipara and 

multipara according to the standards for singletons17 and twins,14 

considering the effect of parity. As the sample size below 32 

weeks was small, smoothing was performed only for 33-41 weeks 

gestation. Smoothed 50th percentile curves are compared with 
singleton norms (Figure 1).17 Compared with singletons, the 

weight deficit started from 33 weeks' gestation and became more 

marked by the week. Not so markedly as weight, the size deficit 

according to gestational week was observed primarily in regards 

to length. No deficit was observed for chest or head circumfer-

ence. 

 A comparison with the birth weight standards for twins14 is 

shown in Figure 2. Figures for the 50th percentile of the present 

curves mostly landed consistently near the norms irrespective of 

parity and sex.

Table 2. Birth weight, length, chest circumference, and head circumference of twins according to parity.

a: Parity was unknown as to one set of female twin pairs.

Table 3. Birth weight and length according to several conditions of missing data.

*** : p<0 .001. data exist vs data not exist.
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Table 4. Birth weight. length, chest circumference, and head circumference of twins by gestational age.

SD: standard deviation
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Birth weight Birth length Chest circumference Head circumference

Figure 1. 50th percentiles for twins compared with singletons standards.

Gestational age (week) Gestational age (week)

Figure 2. Birth weight percentiles for twins compared with twins standards.
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DISCUSSION

 Gestational age proved the strongest contributing factor to body 

size parameters at birth. Other significant factors were sex and 

parity. Males were heavier and larger than females. The results of 
stepwise regression analysis and the data in Table 2 indicated that 
the effect of parity on body size parameters, especially on birth 
weight, was independent of gestational age. An effect of zygosity 
on birth weight and length was also observed, but the effect was 
not as large (data not shown). These results were in accordance 
with previous reports.19-21 A contribution of chorionisity to birth 
weight has also been pointed out.13,22 The present data did not con-
tain information on chorionisity. 

  The sample size of this study is not as large as population-
based twin studies often performed in western countries, especial-
ly for lower gestational weeks. In Japan, it is considerably diffi-
cult to simultaneously obtain obstetrical records and body size 

parameters at birth on a large number of twins, since there is no 
population-based twin registry. Previous norms of twin birth 
weights reported in Japan have been mainly based on hospital 
data with several hundred twin pairs; these have considerably 
underestimated birth weight.8 In Japan, the birth record in the vital 
statistics is available for birth weight information,1,2,14 calculated 
by 100g intervals. From 1996 on, birth length was added to the 
vital statistics and birth weight was recorded to an accuracy of 
1g.14 Birth weight or length norms of twins using this new data 
have not yet been presented. Other body size parameters at birth 
cannot be obtained through the birth record at present. In contrast, 
the present data was based on the records in the "Maternal and 
Child Health Handbook," which was recorded by obstetricians 
with considerable accuracy, though the methods of measurements 
may vary and thus the accuracy of data could not be ascertained 
directly. 
  The present subjects were normally developed twins. 
Therefore, growth norms seemed to be larger than the general 
twin population. Compared with hospital data,8 which includes 
data from a disproportionate number of high-risk twins and is 
known to underestimate body size parameters, however, the pre-

sent percentiles should more closely reflect the characteristics of 
the general twin population. As shown in Figure 2, the present 
results of 50th percentile curves consistently fell near the norms 
of primipara and multipara of birth weight norms of twins using 
the vital statistics in Japan.14 This fact supports our claim that pre-
sent data more closely reflects real body size parameters of the 

general twin population than hospital data. 
 Birth weight in twins was well correlated with birth length and 

chest circumference, although the correlation between birth 
weight and head circumference was slightly lower, suggesting a 
need for growth standards on head circumference. Birth weight 

was significantly lighter when chest or head circumference could 
not be measured. To ascertain the possible cause of the absence of 
certain data, we analyzed the frequencies of neonatal asphyxia 
according to the missing data condition. In cases in which length,

chest circumference, and head circumference were not measured, 
the frequency of neonatal asphyxia was 14.2% (19/134), 10.6% 

(30/283), and 10.7% (30/281), respectively. In cases in length, 
chest circumference, and head circumference were measured, the 
frequency of neonatal asphyxia was 5.1% (102/1988), 5.0% 

(91/1839), and 4.9% (91/1841), respectively. These findings 
strongly suggested that the reason for missing data was an emer-

gency situation; these subjects may include a disproportionate 
number of unhealthy or at-risk infants. Conversely, chest or head 
circumference may only be measured for relatively healthy 
neonates. For these two parameters, it seems important to bear the 

possibility of positive selection bias in mind. 
 As shown in Figure 1, the growth curves of birth weight for 

twins were considerably different from singletons, a phenomenon 
which has been pointed out many times. The present study con-
firms this point using a Japanese sample. 

 As to length, a slight deficit in twins was observed. About a 
lcm deficit was observed at 41 weeks for both sexes. Little has 
been reported6,9 as to this parameter; moreover, it has been pointed 
out" that length is unreliable, with many different measurement 
techniques. Nevertheless, the results of this study were in accor-
dance with previous reports. The length of twins became larger 
with gestational age, and males were, on average, larger. 

  Chest and head circumference were nearly the same as or even 
larger than those of singletons, partly suggesting the positive 
selection bias mentioned above. According to Bucker and Green,12 
who analyzed over 5,300 head circumferences of twins, differ-
ences in head circumferences between singletons and twins are 
only evident with gestations longer than 35 weeks, and from 37 
weeks' gestation onwards, the mean head circumference of single-
tons exceeded that of twins by only 5 mm. The deficit of head cir-
cumference in twins, though it exists, is certainly not so large as 
birth weight. 

 It is said that previous population-based and large hospital-
based investigations do not agree with regard to the gestational 
age at which singleton and twin growth curves start to differ.3 
Besides, the difference between the results of most of the studies 
may partly result from the differences in study populations. 
Taking all these things in consideration, it seems very difficult to 
clarify the growth difference between singletons and twins mean-
ingfully using the present sample. 

 It is important to recognize that often-reported body size stan-
dards by gestational age are cross-sectional and essentially differ-
ent from real intrauterine growth or longitudinal measurements by 
ultrasound examination.23-25 Each method has its merits and 
demerits. 
 Birth years of the present sample were distributed roughly over 

twenty years. It has been recommended that birth weight norms 
should be updated every 5-10 years,10 because secular trends have 
been observed. In this study, secular trends of body size were not 
considered, partly because no strong birth year effect was 
observed by regression analysis. 

 In interpreting the results of the present study, the following
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selection biases should be considered. First, both twins are alive 
and have shown no marked growth disturbance through age 11 or 
12. Second, the subjects are only in the Tokyo Metropolitan aria. 
Third, the subjects are all applicants to an entrance examination 

for a university-affiliated school. The direct effect of these selec-
tion biases is difficult to specify. The selection bias should be 
much lower in the population-based study using the vital statis-
tics, which theoretically contain the data of most live-born twins 
of the year. We think the present data may offer reference birth 
size parameters for normal development through infancy, or the 
upper limit of intrauterine growth norms. 

  Though there were several limitations in the present results, 
some of the features related to body size parameters at birth in 
twins were made clear. As shown in Figure 2, the present results 
were consistently similar to the only report of birth weight norms 
of twins that uses vital statistics in Japan. This corroboration inde-

pendently supports the claim that both of the studies more closely 
reflect real body size parameters of the general twin population 
than hospital data. It was concluded that growth standards for 
twins are essential for understanding and evaluating intrauterine 

growth of twins. Moreover, both our report and that based on vital 
statistics are critical for gauging the health and viability of twins 
in Japan. 
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