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Reference Birth Weight, Length, Chest Circumference, and Head Circumference

by Gestational Age in Japanese Twins

Syuichi Ooki," and Yoshie Yokoyama.?

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;' 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.® 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.® 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.”* Other
body size parameters at birth, such as birth length,* chest circum-
ference,*” and head circumference®* 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;" 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).

sex

maternal age at twins birth (year) *

paternal age at twins birth (year)

interval between marriage and twin birth (year) °

use of ovulatory drugs

presentation

gestational age (day) °

parity

zygosity

neonatal asphyxia

male 997 (47.0%)
female 1125 (53.0%)
means 29.0
median 28.0
range 19-43
means 319
median 31.0
range 19-53
means 3.6
median 3.0
range 0-19
yes 58 ( 2.7%)
no 1914 (90.2%)
unknown 150 ( 7.1%)
vertex 1353 (63.8%)
non-vertex 500 (23.6%)
unknown 269 (12.7%)
means 265.5
median 268
range 190-320
0 1094 (51.6%)
1 804 (37.9%)
2 200 ( 9.4%)
34 22 ( 1.0%)
unknown 2(0.1%)
monozygotic 1434 (67.6%)

same-sex dizygotic
opposite-sex dizygotic

296 (13.9%)
242 (11.4%)

unclassified 150 ( 7.1%)
yes 121 ( 5.7%)
no 2001 (94.3%)

a: 8 missing values (4 pairs)
b: 24missing values (12 pairs)
¢: 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 questionnaire''® 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 population' and twins' in Japan.

Statistical analyses were performed using SAS® for Windows."
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." 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.” 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 (R*=0.31,
p=0.0001 for birth weight, R*=0.30, p=0.0001 for length, R*=0.25,
p=0.0001 for chest circumference, and R*=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 (R*=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 (1=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
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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 singletons'” and twins,"
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).”” 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 twins" 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.

male female ®
parity standard standard
n mean . mean
deviation deviation
0 514 245 0.45 575 2.39 043
weight (kg) 1 384 2.56 0.44 417 2.50 0.39
2-3 95 2.63 0.53 127 2.60 0.47
0 471 46.9 2.6 540 46.2 2.6
length (cm) 1 368  47.1 25 393 46.8 2.5
2-3 90 47.6 2.6 124 46.9 24
0 436 29.6 2.2 515 29.5 2.2
chest circumference (cm) 1 339 30.0 2.2 360 29.9 2.2
2-3 81 30.3 2.5 106 30.2 2.4
0 437 323 1.7 515 320 1.5
head circumference (cm) 1 339 32.6 1.6 361 32.1 1.6
2-3 81 32.6 2.0 106 323 1.8

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.

male
length . chest circumference head circumference
data exist data not exist data exist data not exist data exist data not exist
weight (kg) 2.54 (n=929) 2.00 (n=64)*** 2.55 (n=856) 2.25 (n=137)*** 2.55 (n=857) 2.25 (n=136)***
length (cm) - - 47.0 (n=854) 46.9 (n=75) 47.0 (n=855) 47.0 (n=74)
female
length chest circumference head circumference
data exist data not exist data exist data not exist data exist data not exist
weight (kg) 2.48 (n=1056) 2.03 (n=65)*** 2.49 (n=980) 2.21 (n=141)*** 2.49 (n=981) 2.22 (n=140)***
length (cm) - - 46.5 (n=979) 46.1 (n=80) 46.5 (n=980) 46.1 (n=79)

**% : p<0.001.

data exist vs data not exist.
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gestational age e percentiles e percentiles

(week) n omean  SD —Gi=TSoh oom n mean  SD G om0

2732 70 1694 0.163 1342 1734 2018 23 1574 0236 1402 1.853 2.009

33 15 1885 0250 1456 1826 2190 11 1.838 0307 1.537 1901 2.099

34 19 1872 0273 1.585 1954 2365 19 2109 0223 1.659 1986 2.235

35 46 2080 0326 1722 2102 2537 59 2046 0298 1769 2097 2401

weight (kg) 36 48 2314 0280 1861 2259 2704 32 2152 0240 1869 2222 2.580
primipara 37 58 2466 0347 1994 2409 2860 84 2422 0307 1959 2352 2756
38 117 2544 0323 2113 2539 3002 122 2473 0363 2039 2475 2911

39 87 2673 0408 2212 2635 3126 119 2583 0419 2.110 2581 3.028

40 62 2630 0389 2284 2684 3226 72 2681 0358 2173 2659 3.091

41 32 2770 0493 2321 2671 3300 16 2647 0283 2228 2697 3.083

2732 9 1672 0212 1489 1.781 2.09 71619 0.181 1653 1.801 2294

33 13 1932 0229 1606 1941 2.258 S 2129 0198 1.662 1948 2377

34 21 2060 0366 1731 2.108 2.442 15 2108 0262 1713 2042 2489

35 A1 2313 0296 1.861 2275 2636 69 2.184 0380 1794 2162 2.621

weight (kg) 36 44 2397 0359 1980 2435 2829 32 2273 0412 1896 2296 2765
multipara 37 93 2525 0206 2112 2582 3009 81 2517 0287 2008 2433 2912
38 106 2699 0420 2224 2709 3167 133 2576 0319 2121 2562 3.055

39 70 2837 0370 2320 2810 3291 110 2664 0340 2225 2671 3.184

40 58  2.882 0404 2397 2877 3371 64 2757 0376 2308 2749 3291

41 11 2880 0324 2448 2905 3396 15 3003 0516 2361 2784 3.368

2732 14 408 19 380 405 430 18 414 23 375 413 450

33 2 433 25 399 433 461 16 428 20 405 430 450

34 33 439 22 411 444 470 33 441 1.6 410 440 461

35 80 453 23 423 453 479 114 447 23 417 448 472

length (cam) 36 87 461 21 435 462 487 57 448 24 425 456 481
37 142 470 17 445 470 494 160 466 20 433 464 488

38 219 477 21 453 477 500 250 467 23 441 470 495

39 150 484 18 458 482 504 26 474 21 446 476 499

40 119 480 23 459 486 506 129 480 20 450 481 502

41 40 483 23 455 487 505 31 482 23 451 484 504

27-32 10 252 17 233 251 215 12 253 15 235 253 2710

33 20 266 1.6 242 267 288 12 269 18 241 269 288

34 30 273 17 252 275 299 28 272 13 249 215 295

chest 35 75 282 20 260 284 307 102 279 23 256 281 303
direumte o 36 83 294 18 267 292 314 57 288 22 264 288 311
o 37 132 297 18 273 299 319 148 297 19 270 294 318
38 203 301 21 278 304 324 233 300 19 276 300 325

39 143 309 18 282 308 329 213 304 20 281 306 330

40 106 307 20 285 311 334 128 308 18 285 310 333

41 34 313 22 287 311 341 28 313 18 287 314 333

27-32 10 287 12 270 287 303 12 291 14 275 288 310

33 20 306 13 287 309 322 12 304 1.1 292 306 317

34 30 306 15 291 3L1 327 28 309 12 288 308 325

35 76 314 16 296 315 331 103 309 15 290 311 330

_ head 36 84 320 15 302 320 336 57 314 21 294 315 334
circumference 37 131 325 16 307 325 340 148 320 13 300 320 336
(cm) 38 203 326 15 312 330 344 232 323 14 306 325 338
39 143 331 14 315 333 347 215 325 14 310 328 341

40 106 332 15 316 334 349 127 327 14 310 330 345

41 34 333 15 314 333 351 28 328 18 305 330 350

SD: standard deviation
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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.”* A contribution of chorionisity to birth
weight has also been pointed out."*? 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.® In Japan, the birth record in the vital
statistics is available for birth weight information,'*'" 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.* 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,® 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.* 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 reported®’ 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,"
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.’
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.?** 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," 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.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the help of Toshimi
Ooma in data analysis.

REFERENCES

1. Imaizumi Y, Nonaka K. The twinning rates by zygosity in
Japan, 1975-1994. Acta Genet Med Gemellol 1997;46:9-22.

2. Imaizumi Y. Infant mortality rates in single, twin and triplet
births, and influencing factors in Japan, 1995-98. Paediatr
Perinat Epidemiol 2001;15:346-51.

3. Glinianaia SV, Skjaerven R, Magnus P. Birthweight per-
centiles by gestational age in multiple births. A population-
based study of Norwegian twins and triplets. Acta Obstet
Gynecol Scand 2000;79:450-8.

4. McKeown T, Record RG. Observations on foetal growth in
multiple pregnancy in man. J Endocrinol 1952;8:386-401.

5. Naeye RL, Benirschke K, Hagstrom JW, Marcus CC.
Intrauterine growth of twins as estimated from liveborn birth-
weight data. Pediatrics 1966;37:409-16.

6. Leroy B, Lefort F, Neveu P, Risse RJ, Tr&ise P, Jeny R.
Intrauterine growth charts for twin fetuses. Acta Genet Med
Gemellol 1982;31:199-206.

7. Fliegner JR, Eggers TR. The relationship between gestational
age and birth-weight in twin pregnancy. Aust N Z J Obstet
Gynaecol 1984; 24:192-7.

8. Fukuda M. Clinical study of twins. Part 1. Intrauterine
growth curve of twins. Acta Neonat Jpn 1990;26:366-71. (in

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Reference Birth Size in Japanese Twins

Japanese)

. Ooki S, Asaka A. Physical growth of Japanese twins. Acta

Genet Med Gemellol 1993;42:275-87.

Arbuckle TE, Wilkins R, Sherman GJ. Birth weight per-
centiles by gestational age in Canada. Obstet Gynecol
1993,81:39-48.

Teng RJ, Jou HI, Ho MM. Intrauterine growth of twins in
Taiwan. Zhoughua Min Guo Xiao Er Ke Yi Xue Hui Za Zhi
(Acta Paed Sin) 1994,35:266-72.

. Buckler JM, Green M. Birth weight and head circumference

standards for English twins. Arch Dis Child 1994;71:516-21.
Ananth CV, Vintzileos AM, Shen-Schwarz S, Smulian JC,
Lai YL. Standards of birth weight in twin gestations stratified
by placental chorionicity. Obstet Gynecol 1998;91:917-24.
Kato N, Asaka A. Reference birthweight for multiple births
in Japan. Nippon Koshu Eisei Zasshi 2002;49:361-70. (in
Japanese)

Ooki S, Yamada K, Asaka A, Hayakawa K. Zygosity diagno-
sis of twins by questionnaire. Acta Genet Med Gemellol
1990;39:109-15.

Ooki S, Yamada K, Asaka A. Zygosity diagnosis of twins by
questionnaire for twins® mothers. Acta Genet Med Gemellol
1993:42:17-22.

Ogawa Y, Iwamura T, Kuriya N, Nishida H, Takeuchi H,
Takada M, et al. Birth size standards by gestational age for
Japanese neonates. Acta Neonat Jpn 1998;34:624-32. (in
Japanese)

SAS INSTITUTE Inc, SAS/STAT Software: Change and
enhancement through Release 6.12. Cray, NC: SAS Institute
Inc.1997.

Corney G, Thompson B, Campbell DM, MacGillivray I,
Seedburgh D, Timlin D. The effect of zygosity on the birth
weight of twins in Aberdeen and northeast Scotland. Acta
Genet Med Gemellol 1979;28:353-60.

Ramos-Arroyo MA, Ulbirght TM, Yu PL, Christian JC. Twin
study: relationship between birth weight, zygosity, placenta-
tion, and pathologic placental changes. Acta Genet Med
Gemellol 1988;37:229-38.

Blickstein I, Zalel Y, Weissman A. Pregnancy order. A factor
influencing birth weight in twin gestations. J Reprod Med
1995;40:443-6.

Corey LA, Nance WE, Kang KW, Christian JC. Effects of
type of placetation on birthweight and its variability in
monozygotic and dizygotic twins. Acta Genet Med Gemellol
1979;28:41-50.

Grennert L, Persson PH, Gennser G, Gullberg B. Zygosity
and intrauterine growth of twins. Obstet Gynecol
1980;55:684-7.

Reece EA, Yarkoni S, Abdalla M, Gabrielli S, Holford T, O
Connor TZ, et al. A prospective longitudinal study of growth
in twin gestations compared with growth in singleton preg-
nancies. I. The fetal head. J Ultrasound Med 1991;10:439-43.
Kuno A, Akiyama M, Yanagihara T, Hata T. Comparison of



Qoki S, et al. 341

fetal growth in singleton, twin, and triplet pregnancies. Hum
Reprod 1999;14:1352-60.



