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Table 2 Univariate logistic regression analysis for low birth weight, according to survey year

Variables Survey
1980
No. OR 95%CI PAF
LBW/ total (%) (%)
Infants
Gestational length
Preterm 86/190 (45.3) 68.90 43.90-108.00 72.4
Term (37-39 weeks) 107/2511 (4.3) 371 2.49-5.52
Term (40-41 weeks) 27/2454 (1.1) 1.00 Referent
Sex
Female 114/2498 (4.8) 1.28 0.98-1.67
Male 101/2657 (3.8) 1.00 Referent
Mothers
Parity
None 106/2057 (5.2) 1.44 1.10-1.87 1.5
1+ 114/3098 (3.7) 1.00 Referent
Plurality
Multiple 29/69 (42.0) 19.20 11.70-31.40 40.1
Single 191/5086 (3.8) 1.00 Referent
Height - 0.93 0.92-0.95
Short stature (<150 cm) 55/747 (7.4) 2.04 1.49-2.80 3.7
2150 cm 16574403 (3.7} 1.00 Referent
Age category (years)
<20 ) - - - -
20-24 - - - -
25-29 -~ - - -
30-34 - - - -
>35 - - - -
Prepregnancy body mass index (kg/mz)
-18.98 - - -
18.99-20.30 - - -
20.31-21.93 - - -
>21.94 - - -

Smoking status
Smoker -
Non-smoker -

Drinking
Drinker ~
Non-drinker -

Population attributable fractions (PAF) were calculated for variables significantly associated with low birth weight (LBW). -, Data not avail-

able; CI, confidence interval; OR, odds ratio.

In order to identify factors that could explain the
increase in LBW between the two recent survey peri-
ods (1990 and 2000), we applied the multivariate logis-
tic regression analysis using the data set of 1990 and
2000 surveys, as shown in Table 3. For both model 1
(using all variables) and for model2 (applying. the
stepwise method), preterm delivery, early term deliv-
ery, female sex of the infant, maternal primiparity, mul-
tiple gestation, maternal short stature, older maternal
age (>24 years), and maternal smoking were indepen-

dent factors with regard to LBW risk. After adjustment
for these factors, the survey period was no longer
related to the prevalence of LBW (OR = 1.05, P =0.66
in model 1, whereas OR without adjustment =1.37,
P <0.01) suggesting that these factors sufficiently
explained the increase in the LBW rate between the
1990 and 2000 surveys.

The frequency of LBW among the combination
groups of multiple gestation and gestational length for
1990 and 2000 is summarized in Table 4. The PAF for
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year of children and infant growth surveys

1990 2000

No. OR 95%CI PAF No. OR 95%C1 PAF
LBW /total (%) (%) LBW /total (%) (%)

73/127 (57.5) 125 67.5-232 83.5 103/161 (64.0) 172 87.70-339.00 87.0
126 /1953 (6.5) 6.39 3.72-10.9 117/1551 (7.5) 7.92 4.25-14.80

15/1345 (1.1) 1.00 Referent 11/1051 (1.0) 1.00 Referent
126/1682 (7.5) 1.52 1.15-2.01 2.50 124/1331 (9.3) 1.27 0.97-1.67

88/1743 (5.0) 1.00 Referent 107/1432 (7.5) 1.00 Referent

99/1459 (6.8) 1.16 0.88-1.52 106/1341 (7.9) 0.88 0.67-1.15
115/1966 (5.8) 1.00 Referent 125/1422 (8.8) 1.00 Referent

30/56 (53.6) 20.4 11.8-35.2 50.9 60/78 (76.9) 49.9 28.80-86.40 75.4
184 /3369 (5.5) 1.00 Referent 169/2669 (6.3) 1.00 Referent

27/230 (11.7) 2.14 1.39-3.28 6.1 20/126 (15.9) 2.17 1.32-3.57 8.4
187/3193 (5.9) 1.00 Referent 211/2636 (8.0) 1.00 Referent

2/31 (6.5) 0.94 0.22-4.10 8/49 (16.3) 4.37 1.77-10.80 53.7

37 /542 (6.8) 1.00 Referent 16/376 (4.3) 1.00 Referent

85/1482 (5.7) 0.83 0.56-1.24 82/1113 (7.4) 1.78 1.03-3.09

61/1045 (5.8) 0.85 0.55-1.29 94/907 (10.4) 2.59 1.51-4.46

29/322 (9.0) 1.35 0.81-2.24 31/314 (9.9) 2.46 1.32-4.58
- - - 67/700 (9.6) 1.70 1.13-2.57 314
- - - 74/701 (10.6) 1.88 1.26-2.82
- - - 51/702 (7.3) 1.25 0.81-1.92
- - - 39/655 (6.0) 1.00 Referent

25/222 (11.3) 2.03 1.31-3.16 5.6 32/303 (10.6) 1.36 0.92-2.01
189/3201 (5.9) 1.00 Referent 199/2457 (8.1) 1.00 Referent
- - - 6/39 (15.4) 2.05 0.85-4.93
- - - 224/2712 (8.3) 1.00 Referent

each survey period were calculated by applying the
OR shown in Table 3 to these frequency data. The PAF
for LBW in multiple gestations and under-term deliv-
ery was 85.1% in 1990 and 89.3% in 2000, clearly indi-
cating that the majority of LBW were attributable to
multiple gestations and under-term delivery. In the
same manner, we also examined the effect of smoking
and maternal age distribution by using the data shown
in Tables 3 and 4. The PAF for smoking alone was 6.4%
in 1990, and 7.6% in 2000. The PAF for smoking and

maternal age distribution was 37.5% in 1990 and 41.6%
in 2000.

Discussion

The data from the CIG survey from 1980 to 2000 were
used to identify the underlying factors influencing the
recent rise in LBW Japanese infants, and to investigate
the current risk factors for LBW. The increase in the
number of preterm deliveries and multiple gestations
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Table 3 Multivariate logistic regression analysis for low birth weight in the 1990 and 2000 surveys

Variables Model 1 Model 2
OR 95%CI P-value OR 95%CI P-value
Survey period (2000 vs 1990) 1.05 0.83-1.33 0.66 - - -
Infants
Gestational length (weeks)
Preterm 128.00 79.50-207.00 <0.01 129.00 79.80-207.00  <0.01
Term (37-39) 6.66 4.37-101.00 <0.01 6.66 4.38-10.20 <0.01
Term (40-41) 1.00 Referent 1.00 Referent
Female (vs male) 1.79 1.41-2.26 <0.01 1.78 1.41-2.26 <0.01
Mothers
Primiparity (vs multiparity) 1.62 1.26-2.07 <0.01 1.62 1.27-2.08 <0.01
Multiple gestation (vs single) 19.20 12.30-30.20 <0.01 19.30 12.30-30.30 <0.01
Short stature (vs normal stature) 1.84 1.22-2.26 <0.01 1.83 1.21-2.76 <0.01
Age category (years)
<20 2.23 0.95-5.22 0.07 2.26 0.97-5.28 0.06
20-24 1.00 Referent 1.00 Referent
25-29 1.57 1.07-2.03 0.02 1.57 1.07-2.31 0.02
30-34 1.75 1.16-2.64 0.01 1.77 1.18-2.66 0.01
235 1.73 1.06-2.81 0.03 1.74 1.07-2.83 0.02
Smoker (vs non-smoker) 2.19 1.55-3.09 <0.01 2.20 1.56-3.11 <0.01

Model 1: All variables were forced to enter into the model. Model 2: Significant variables were selected using the stepwise method.

CI, confidence interval; OR, odds ratio.

Table 4 Prevalence of low-birth-weight (LBW) infants according to selected factors

Combination of variables 1990 2000
No. (%) No. (%)
LBW /total LBW /total
Plurality Gestational length (weeks)
Multiple Preterm 12/14 85.7 36/38 94.7
Term (37-39) 18/42 429 24/38 63.2
Term (40-41) 0/0 - 0/2 0.0
Single Preterm 61/113 54.0 66/122 54.1
Term (37--39) 108/1911 57 93/1505 6.2
Term (40-41) 15/1345 1.1 10/1042 1.0
Smoking Age at delivery (years)
Smokers <20 0/9 0.0 4/15 26.7
20-24 10/62 16.1 3/79 3.8
25-29 7/79 8.9 14/130 10.8
30-34 6/48 12.5 8/59 13.6
235 2/24 8.3 3/19 15.8
Non-smokers Under 20 2/22 9.1 4/34 11.8
20-24 27 /480 5.6 13/297 44
25-29 78/1403 5.6 68/982 6.9
30-34 55/997 55 86/848 10.1
235 27/297 9.1 28/294 9.5

was found to be an important factor with regard to the
increase in the LBW rate. The increased prevalence of
maternal smoking and changes in maternal age distri-
bution did not substantially explain the increase in
LBW infants in Japan.

The present study showed a consistency with prior
investigations™" regarding the relationship between

LBW and its risk factors. All of the factors shown in
Table 3, such as shorter gestational length, female sex
of the infant, maternal primiparity, both young and
advanced maternal age, and smoking, have been dem-
onstrated as risk factors for LBW.*Y However, the
temporary trend for an increased rate of LBW as a
result of increased preterm deliveries and multiple
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gestations is uniquely observed in Japan, while other
industrialized countries”™ have experienced a decrease
in LBW despite increased preterm deliveries and
multiple gestations.” In these countries, an increase in
fetal growth, particularly of term infants, has been
observed over time, which is attributed to increased
maternal size and decreased maternal smoking.

Why then, are Japanese infants born lighter despite a
decrease in short-statured mothers? The mean mater-
nal height has also been increasing during the study
period, as shown in Table 1. This suggests that nutri-
tional status was adequate in these mothers during
their period of physical growth, but that it somehow
deteriorated in adulthood. Through the analysis of
25 years of anthropometric data in young women
(aged 15-29 years), we observed an increase in the pro-
portion of underweight women (BMI <18.5 kg/m?) to
nearly one-quarter of the survey population.” Also,
our previous study on pregnant women showed that
dietary intake was low, with a mean energy intake of
7827 £2080 k] /day® We speculate that the increase
in nutritionally deprived underweight women with
insufficient diet while pregnant has led to poor mater-
nal weight gain and is affecting optimal fetal growth.

An increase in both young (<20 years) and
advanced-aged mothers (>34 years) was observed dur-
ing the survey period, together with a rise in smoking
prevalence. Although not statistically significant
(P =0.06), the OR for LBW in young mothers was 2.26
(95% CI=0.97-5.28) compared with the reference age
group of 20-24 years. We could not demonstrate a
strong effect of smoking and maternal age on LBW
increase, but the present trend, as shown in Figure 1
and Table 4, might affect maternal and child health in
the near future. Attention by government officials and
health professionals is needed to encourage smoking
cessation among young women to prevent LBW
infants.

Our present analyses have several limitations due to
the data collection methods used in the CIG survey.
First, as already mentioned, participants in this survey
were limited to live infants who were able to attend
infant health examinations at local public health cen-
ters. This is most likely to be the reason for the decrease
in the survey participation rate between 1990 and 2000.
Non-participants in the 2000 survey might have been
mostly LBW, who were either hdspitalized, or were
currently ill, although information on non-participants
was not assessed in this survey. Our LBW sample
might have been limited to low-risk infants, as shown
in the low percentage of VLBW infants and early pre-

Increase in low birth weight in Japan

term infants compared with the vital statistics data
(Table 1).

Second, the information on maternal smoking and
drinking habits was only obtained from self-report.
This might have led to under-reporting, as suggested
in former validation studies in pregnant women.”
Third, important factors influencing pregnancy out-
comes, such as prior obstetric history,” weight gain
during pregnancy,” maternal anemia,® pregnancy
complications,” and use of assisted reproductive tech-
nologies,28 were not assessed in this survey. Lastly,
there was no information on whether the surveyed
infants were delivered spontaneously or not. Sched-
uled cesarean deliveries, labor induction,. and indi-
cated preterm deliveries” are known to affect
gestational length, and therefore, birth weight.

However, our study has illustrated the emergent
need to identify the etiology of preterm deliveries in
Japan, which is the major factor for the LBW increase.
There are interactions between the increase in preterm
deliveries and multiple gestations, because multiple
gestations are reported to be at an increased risk for
preterm delivery, compared with singletons.” They are
also at an increased risk of LBW even at term, as shown
in Table4. Moreover, women delivering preterm
infants are at a higher risk of a subsequent preterm
delivery."

In order to develop effective prevention strategies to
decrease LBW, further research should be conducted
to: (i) identify factors influencing preterm deliveries,
including the use of assisted reproductive technolo-
gies; (ii) collect accurate information on smoking and
drinking prevalence in pregnancy; and (iii) monitor
weight gain in pregnancy according to maternal
prepregnancy body size to develop appropriate weight
gain goals. A public health approach to educate ado-
lescents to prevent teenage child birth might also be
necessary.

Acknowledgments

This study was supported by the Kodomo Mirai
Zaidan, Grant for Children’s Environment Research
Project.

References

1. Statistics and Information Department, Minister’s Secretariat
Ministry of Health Labour and Welfare. Vital Statistics of Japan
1980-2000, Vol. 1. Tokyo: Ministry of Health Labour and
Welfare, 1982-2002. (In Japanese.)

—203—



~

10.

11.

12.

13.

14.

15.

16.

. Takimoto et al.

. Ananth CV, Wen SW. Trends in fetal growth among singleton

gestations in the United States and Canada, 1985 through
1998. Semin Perinatol 2002; 26: 260-267.

. Odlind V, Haglund B, Pakkanen M, Olausson PO. Deliveries,

mothers and newborn infants in Sweden, 1973-2000. Acta
Obstet Gynecol Scand 2003; 82: 516-528.

. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by ges-

tational age in Norway. Acta Obstet Gynecol Scand 2000; 79:
440-449.

. Fujita T, Minowa M, Miura Y, Kamiya K. [Risk factors for

neonatal and postneonatal mortality — a record-linkage study
based on vital statistics.] Nippon Koshu Eisei Zasshi 1994; 41:
34-45. (In Japanese.)

. Alexander GR, Kogan M, Bader D, Carlo W, Allen M, Mor J.

US birth weight/gestational age-specific neonatal mortality:
1995-1997 rates for whites, Hispanics, and blacks. Pediatrics
2003; 111: e61-e66.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ.
Weight in infancy and death from ischaemic heart disease.
Lancet 1989; 2: 577-580.

. Eriksson ]G, Forsen T, Tuomilehto ], Winter PD, Osmond C,

Barker DJ. Catch-up growth in childhood and death from
coronary heart disease: Longitudinal study. BM] 1999; 318:
427-431.

. Forsen T, Eriksson JG, Tuomilehto J, Osmond C, Barker DJ.

Growth in utero and during childhood among women who
develop coronary heart disease: Longitudinal study. BM]
1999; 319: 1403-1407.

Lithell HO, McKeigue PM, Berglund L, Mohsen R, Lithell UB,
Leon DA. Relation of size at birth to non-insulin dependent
diabetes and insulin concentrations in men aged 50-60 years.
BM] 1996; 312: 406-410.

Yoshimura K, Kato K. [A study on the secular trend of aver-
age birth weight in the last ten years.] Shoni-Hoken Kenkyu
1994; 53: 557-561. (In Japanese.)

Ohmi H, Hirooka K, Hata A, Mochizuki Y. Recent trend of
increase in proportion of low birthweight infants in Japan.
Int | Epiderniol 2001; 30: 1269-1271.

Equal Employment, Children and Families Bureau, Ministry
of Health, Labour, and Welfare. [Year 2000 Report of the Chil-
dren and Infant Growth Survey.] Tokyo: Ministry of Health
Labour and Welfare, 2001. {In Japanese.)

Hanley JA. A heuristic approach to the formulas for popula-
tion attributable fraction. | Epidemiol Community Health 2001;
55: 508-514.

Kramer MS. Intrauterine growth and gestational duration
determinants. Pediatrics 1987; 80: 502-511.

Abrams B, Newman V. Small-for-gestational-age birth:
Maternal predictors and comparison with risk factors of
spontaneous preterm delivery in the same cohort. Am | Obstet
Gynecol 1991; 164: 785-790.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

—204—

Lang JM, Lieberman E, Cohen A. A comparison of risk factors
for preterm labor and term small-for-gestational-age birth.
Epidemiology 1996; 7: 369-376.

Blondel B, Kogan MD, Alexander GR ¢t al. The impact of the
increasing number of multiple births on the rates of preterm
birth. Am ] Public Health 2002; 92: 1323-1330.

Takimoto H, Yoshiike N, Kaneda F, Yoshita K. Thinness
among young Japanese women. Am | Public Health 2004; 94:
1592-1595. ‘
Takimoto H, Yoshiike N, Katagiri A, Ishida H, Abe S. Nutri-
tional status of pregnant and lactating women in Japan: A
comparison with non-pregnant/non-lactating controls in the
National Nutrition Survey. | Obstet Gynaecol Res 2003; 29: 96—
103.

Walsh RA, Redman S, Adamson L. The accuracy of self-
report of smoking status in pregnant women. Addict Behav
1996; 21: 675-679.

Secker-Walker RH, Vacek PM, Flynn BS, Mead PB. Exhaled
carbon monoxide and urinary cotinine as measures of smok-
ing in pregnancy. Addict Behav 1997; 22: 671-684.

Chang G, Goetz MA, Wilkins-Haug [, Berman S. Prenatal
alcohol consumption: Self versus collateral report. | Subst
Abuse Treat 1999; 17: 85-89.

Kristensen J, Langhoff-Roos J, Kristensen FB. Implications of
idiopathic preterm delivery for previous and subsequent
pregnancies. Obstet Gynecol 1995; 86: 800-804.

Siega-Riz AM, Adair LS, Hobel CJ. Maternal underweight
status and inadequate rate of weight gain during the third
trimester of pregnancy increases the risk of preterm delivery.
J Nutr 1996, 126: 146~153.

Murphy JF, O'Riordan J, Newcombe RG, Coles EC,
Pearson JF. Relation of haemoglobin levels in first and
second trimesters to outcome of pregnancy. Lancet 1986; 1:
992-995.

Martius JA, Steck T, Oehler MK, Wulf KH. Risk factors asso-
ciated with preterm (<37 + 0 weeks) and early preterm birth
(<32 + 0 weeks): univariate and multivariate analysis of 106
345 singleton births from the 1994 statewide perinatal survey
of Bavaria. Eur ] Obstet Gynecol Reprod Biol 1998 October; 80:
183-189.

Rebecca AJ, Kimberly AG, Yvonne WW, Mary SC. Perinatal
outcomes in singletons following in vitro fertilization: A
meta-analysis. Obstet Gynecol 2004; 103: 551-563.

Meis PJ, Goldenberg RL, Mercer BM et al. The preterm pre-
diction study: Risk factors for indicated preterm births.
Maternal-Fetal Medicine Units Network of the National Insti-
tute of Child Health and Human Development. Am J Obstet
Gynecol 1998; 178: 562-567.

Minakami H, Kosuge S, Fujiwara H, Mori Y, Sato I. Risk of
premature birth in multifetal pregnancy. Twin Res 2000; 3: 2—
6.



J. Obstet. Gynaecol. Res. Vol. 31, No. 1: 43-49, February 2005

Reference birth-length range for multiple-birth neonates
in Japan

Noriko Kato! and Yuko Uchiyama®

Departments of 'Education Training Technology and Development and *Health Promotion and Research, National Institute
of Public Health, Saitamna, Japan

Abstract

Aim: To clarify the birth length of twins according to gestational age.

Methods: We studied a total of 51 910 live-birth-live-birth pairs of twins, 4561 triplet live births and 256 qua-
druplet live births, using data obtained from corresponding birth certificates. The birth length of twins was
analyzed according to gestational age.

Results: Compared to singleton neonates, the median birth length of twins was approximately 0.5 cm smaller
after the gestational age of 34 weeks, increasing to approximately 2.0 cm at 42 weeks of gestation. The median
birth length according to gestational age was found to be the greatest in twins, lower in triplets and the lowest
in quadruplets, in which the difference was <2.0 cm.

Conclusion: The birth length of twins was smaller than that of singletons, but the difference was smaller than
the difference in birthweight between twins and singletons.

Key words: asymmetrical growth, birth length, gestational age, twins.

cal.”® To determine if fetal growth is symmetrical or
not, other measurements such as birth length and head
circumference should be taken into account.”®

Since 1995, the birth-length has been included in the
birth certificate, so the authors were able to analyze
birth length according to gestational week for neonates
born in Japan.

Background

Since the introduction of assisted reproductive tech-
nology, the rate of multiple births has increased rap-
idly in Japan.' Required promptly in the clinical
setting, studies on the birthweight of twins have been
conducted in many countries.”® Kato has previously
analyzed the birthweight of multiple-birth neonates
according to gestational age, using data from corre-
sponding birth certificates.®

Materials and Methods

For the assessment of fetal intrauterine growth, it is
not adequate to use only the birthweight according to
gestational weeks. The intrauterine growth of multi-
ple-birth neonates is often reported to be asymmetri-

In Japan, birth, death, and stillbirth certificates are cur-
rently stored in data files on magnetic tapes. This data-
base contains information about the neonate, including
the sex, birthweight, birth length, gestational age, the
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parity of the mother, and the ages of the father and
mother. From this database, we identified 105 382
twins, 4561 triplets and 256 quadruplets born in Japan
between 1995 and 1999. The data related to multiple
births were not linked to each other.

In order to determine whether both twins of each
pair were still alive, the twins were arranged into pairs,
based on both births occurring in the same municipal-
ity, within 10 days of each other, and to parents of the
same age. Using this method, 51 910 live-birth~live-
birth pairs of twins were selected for analysis in this
study.

Birthweight was recorded to 1 g, birth length was
rounded to 1 cm, and gestational age to 1 day.

The means and standard deviations of gestational
age were calculated for twins, triplets and quadruplets
according to'sex and parity. The means and standard
deviations of birthweight and birth length were calcu-
lated for twins, triplets and quadruplets according to
sex, parity and birth order. The significance of differ-
ences between mean values was tested using Student’s
f-test where the comparison was between two groups,
and using one-way ANOVA where the comparison was
between more than three groups.

A reference birth-length curve was calculated using
Altman’s method.” The normality of the distribution
for birth length in each gestational week was tested
and the null hypothesis was not rejected.

The smoothed standard deviation for each gesta-
tional age was calculated using linear regression
weighted by the number of cases for each gestational
week.

The number of subjects at each gestational age is
shown in Table 1.

Results

The mean gestational age, birthweight, and birth

length were analyzed according to sex, birth order and

parity, with statistical significance shown in Table 2.

Female, and multiparous neonates had a longer gesta-

tional age and the difference was significant among

twins. Male, multiparous and lower birth order neo-

nates were found to have a greater birthweight and

longer birth lengths. These differences were statisti- .
cally significant, except for the difference between

parity in triplets and between sex in quadruplets.

For multiple-birth neonates, the median birth length
according to gestational age was shown to be the long-
est in twins, followed by triplets and quadruplets
(Figs 1,2). The difference in the median birth length for
each gestational age between singletons and quadru-
plets was <2.0 cm in both male and female neonates.

Birth length according to the gestational age in
twins, as calculated in our study, and according to the
results among Japanese singletons as reported by

Table 1 Number of subjects used in the analysis for each gestational week

Gestational age Twins Triplets Quadruplets
(weeks) Male Female Male Female Male Female
24 154 108 25 19 2 2
25 200 161 28 27 3 1
26 220 180 45 43 10 9
27 322 219 54 43 8 7
28 397 358 63 46 18 9
29 448 371 74 82 14 6
30 522 485 151 155 32 35
31 774 700 181 164 15 25
32 1094 1009 240 248 11 13
33 1660 1476 31 310 14 6
34 2701 2710 405 405 8 3
35 4824 4 604 336 314

36 9859 9 360 208 216

37 14915 14 925 92 130

38 8160 8496 12 13

39 3781 3962

40 1488 1643

41 247 328

42 24 44
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Birth length of multiple births

Table 2 Gestational age, birthweight and birth length of twins, triplets and quadruplets according to variables

Twins Triplets Quadruplets

No. of Mean Standard No. of Mean Standard No. of Mean Standard

cases deviation cases deviation cases deviation
Gestational age (weeks)
Total 102 755 36.6 2.6 4521 33.2 3.0 256 30.1 2.4
Male 51965 36.6 26 ... 2297 33.1 3.0 135 30.2 2.4
Female 51 060 36.7 25 2224 33.2 2.9 121 30.1 2.5
Primipara 57 997 36.6 26 .., 3529 33.2 2.9 216 30 2.5
Multipara 44 758 36.7 2.5 984 33.2 2.9 39 31.3 1.6
Birthweight (kg)
Total 103 264 2.30 0.49 4534 165 0.46 265 1.19 0.35
Male 51974 2.33 0.50,.. 2299 1.68 047+ .. 135 1.23 0.38
Female 51290 2.26 0.47 2235 1.62 0.45 121 1.15 0.32
Primipara 58 285 2.24 0487, .. 3542 1.64 0.45— 216 1.15 0.357,..
Multipara 44 979 2.36 0.49 984 1.69 0.48 39 1.45 027
First born 51 634 2.33 0487, .. 1521 1.71 0.46 65 1.24 0.34
Second born 51 630 2.26 0.49 1522 1.65 0.46:‘*** 65 1.23 034 |,
Third born 1491 1.58 0.44 63 1.22 0.36
Fourth born 63 1.07 0.36
Birth length (cm)
Total 100 621 45.3 3.4 4192 41.2 4.1 240 37.2 4.2
Male 50 603 45.6 35 M., 2133 41.4 41 = 127 37.5 45
Female 50018 45.1 33 2059 40.9 3.9 113 36.8 3.8
Primipara 56 673 45.1 3.4 :l**"' 3263 41.2 4.0 200 36.7 4.2 ]H*
Multipara 43 948 45.6 3.3 923 41.3 4.1 39 40.0 2.5
First born 50 335 45.4 3.3 e 1408 41.5 4.0 61 374 4.5
Second born 50 286 452 3.5 1406 41.2 4.0 ]*** 61 37.5 38 |,
Third born 1378 40.8 4.2 59 37.6 4.0
Fourth born 59 36.2 4.2

*P < 0.05, **P < 0.01, **P < 0.001.

Ogawa et al.,'* are shown in Figures 3 and 4 and in
Table 3. At a gestational age of <36 weeks, the mean
birth length of twins was 0.5 cm shorter than that of
singletons. This difference increased to 2.0 cm after
40 weeks of gestation. Male neonates were longer than
female, and the average difference over all gestational
ages was 0.5 cm.

Twins were classified into four groups according to
birthweight and birth length whether they were larger
or smaller than the 10th percentile value of the single-
ton standard of the corresponding gestational week™
(Table 4).

While the rate of twins with birthweights that were
less than the 10th percentile of singletons was 31.6%,
that of twins with birth lengths that were less than the
10th percentile of singletons was 16.0%. The rate of
twins with birthweights that were less than the 10th
percentile of singletons and also with birth lengths that
were greater than the 10th percentile of singletons was
19.6%.

In triplets, the median birth length was 0.4 cm longer
in male neonates than in female (Fig. 5; Table 5). In
quadruplets, male neonates were 1.5 cm longer than
female after 34 weeks of gestation (Fig. 6; Table 5).

Discussion

We found that the birth length of twins that were born
after 34 weeks of gestation was longer than that calcu-
lated by Fukuda." This discrepancy is thought to be
because Fukuda obtained data from a hospital that
specialized in high-risk pregnancies.

The gestational age of multiple-birth neonates was
shorter than that of singletons, and this difference
increased with an increasing number of fetuses. The
difference in birth length according to sex and parity
was comparable with previous studies.””™

Karn reported that twins exhibited greater weight
deficits than singletons after 30 weeks of gestation."
According to a report by Naeye et al., after 33 weeks of
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Figure 1 Median birth length of multiple-birth neonates
(male). (- -) Singletons, (—) twins, (- - -) triplets, (==)
quadruplets.
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Figure 2 Median birth length of multiple-birth neonates
(female). (—-) Singletons, (—) twins, (- - -) triplets, (=)
quadruplets.
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Figure 3 Birth-length percentile curves of twins (male).
(- - -) Singletons, (—) twins. The three lines of each

category correspond to the 10th, 50th and 90th
percentiles.
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Figure 4 Birth-length percentile curves of twins
(female). (- - -) Singletons, (—) twins. The three lines of
each category correspond to the 10th, 50th and 90th
percentiles.

gestation, the mean weight of twins was markedly less
than that of singletons.” Birth-length curves are said to
show few differences, with a significant fall beginning
from 39 weeks of gestation.® In the present study, the
birth length showed deficits after 37 weeks of gesta-
tion. Compared with birthweight, birth length showed
less deficit,*" with normal twins said to show ‘asym-
metrical” hypotrophy.” The median birthweight curves
of the subjects in this study, which are similar to
those of McKeown and Record,'® suggest that growth
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Table 3 Birth-length percentiles of twins (cm)

Birth length of multiple births

Gestational age Male percentile Female percentile

(weeks) 10th 50th 90th 10th 50th 90th
24 27.6 30.6 33.6 26.9 30.1 33.3
25 29.0 32.0 35.0 28.3 315 34.6
26 304 334 36.3 29.6 32.8 35.9
27 318 347 377 . 309 34.1 372
28 332 36.1 39.0 323 354 38.5
29 34.5 37.4 40.3 33.6 36.7 39.8
30 359 38.8 41.7 35.0 38.1 412
31 37.3 40.1 43.0 36.4 39.4 42.5
32 38.6 414 442 37.7 40.8 43.8
33 39.8 42.6 45.5 39.0 42.0 45.1
34 41.0 43.8 46.6 402 432 46.2
35 421 44.8 47.6 41.3 44.3 47.3
36 43.0 45.8 48.5 42.2 452 48.2
37 43.9 46.6 49.3 43.1 46.0 49.0
38 44.5 47.2 50.0 43.7 46.7 49.6
39 451 47.8 50.5 44.3 47.2 50.2
40 45.6 48.2 50.9 448 47.7 50.6
41 46.0 48.6 513 453 48.2 51.0

Table 4 Number of twins above or below the 10th percentile for birthweight and

birth length

Birth length Total (%)
>10th percentile (%) <10th percentile (%)
Birthweight
>10th percentile 66 675 (64.2) 4375 (4.2) 771 050 (68.4)
<10th percentile 20591 (19.8) 12279 (11.8) 32 870 (31.6)
Total 87 266 (84.0) 16 654 (16.0) 103 920 (100.0)
55 50
50
45 |
5 45 €
£ =
%D gf) 40 L.
5 §
£ 40 =
0 =
m
35 35 F
30 e . N L . . . . s -
27 28 29 30 31 32 33 34 35 36 37 38 39 30 - i L : ' :

Gestational age (weeks)

Figure 5 Birth-length percentile curves of triplets. (- - -)
Female, (—) male. The three lines of each category cor-
respond to the 10th, 50th and 90th percentiles.

27 28 29 30 31 32 33 34
Gestational age (weeks)
Figure 6 Birth-length percentile curves of quadruplets.

(- - -) Female, (—) male. The three lines of each cate-
gory correspond to the 10th, 50th and 90th percentiles.
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Table 5 Birth-length percentiles of triplets and quadruplets (cm)

Gestational age Triplets

Quadruplets

(weeks) Male percentile Female percentile Male percentile Female percentile
10th 50th 90th 10th  50th 90th 10th  50th  90th 10th 50th  90th

27 317 34.7 37.6 313 34.1 37.0 312 33.8 36.3 309 33.6 36.4

28 33.2 36.2 39.2 326 35.5 38.3 32.6 35.2 377 32.3 351 37.8

29 34.6 37.6 40.7 33.8 36.7 39.6 341 36.7 39.2 33.8 36.5 39.3

30 35.9 38.9 42.0 35.0 379 40.9 35.7 38.3 40.8 35.1 37.9 40.6

31 37.1 40.2 433 36.1 39.1 42.1 374 39.9 42.5 36.4 39.1 41.9

32 38.3 41.4 445 372 40.2 43.3 39.0 41.5 441 375 40.2 43.0

33 39.4 42.5 45.7 382 41.3 44.4 40.6 43.1 457 384 411 43.9

34 40.5 43.6 46.8 39.2 42.3 45.4

35 41.5 44.7 47.9 401 43.3 46.4

36 425 45.7 48.9 40.9 441 47.3

37 433 46.6 49.8 41.6 44.8 48.0

38 44.1 47.3 50.6 42.0 45.3 48.5

limitations within the uterus become more marked
with increasing numbers of fetuses.

The difference between the median birthweight
curve of singletons and that of twins was approxi-
mately 0.5 kg at 40 weeks of gestation, which is similar
to the interval between the 10th and 50th percentile
lines of birthweight according to Kato.® The interval
between the corresponding median birth-length curve
was approximately 2.0 cm, approximately half of the
interval between the 10th and 50th percentile lines of
birth length. Therefore, the differences were relatively
small for birth length.

As for triplets, Yokoyama ef al. demonstrated that
the birthweight of triplets was associated with sex, sex
combination and birth order, and that birth length was
associated only with sex.”” The mean birth length that
Yokoyama et al. showed indicated a larger value than
this study, which is caused by the difference in study
population.

After birth, catch-up growth has been shown to
occur in multiple births. Ooki and Asaka showed that
the size deficit at birth was recovered over the first
6 years of life, and no size deficit was observed in
school-age children.”® According to Wilson, body
length is less depressed than weight at birth, and
recovery also occurs during the first year of life.”

Buckler and Buckler studied the growth of multiple
birth children at various ages throughout childhood.®
The height of twins was comparable with the overall
population of singletons, but that of higher multiples
was slightly below average.

Intrauterine growth standards are referred to in the
assessment of birth length according to gestational age.

The present research indicates that the same standard
can be used to estimate birth length with gestational
age <35 weeks, although the standard for multiple
births is necessary after 36 weeks of gestation. This
report shows a birth-length reference range for exclu-
sive use in the assessment of multiple births.

In conclusion, the mean birth length of multiple-
birth neonates is shorter than that of singletons. More-
over, the mean birth length of higher order multiple
births is shorter than that of twins, but intrauterine
growth of length was less depressed than growth of
weight. Our results can be used in the assessment of
birth lengths of multiple births in Japan.
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Strategies for Prevention and Management of Hypertension throughout Life

Katsuyuki Miura'

Hypertension has been acknowledged as one of the greatest and established risk factors for cardiovas-
cular diseases. In this special article, strategies for the prevention and management of hypertension
throughout human's life were discussed. Studies showing the relationship of birth weight and height
increase in childhood to future blood pressure suggest that both environments during pregnancy and
during childhood and adolescence are important to prevent hypertension. The promotion of a DASH
(Dietary Approach to Stop Hypertension) dietary pattern, rich in fruits and vegetables, is important not
only for treatment of high blood pressure but also for long-term prevention of blood pressure rise as
well. Blood pressure measured in young adulthood can effectively predict long-term risks of cardiovas-
cular and all-cause mortality, so population-wide primary prevention of high blood pressure for young
adults is important. Recent large scale cohort studies confirmed that detection and evaluation of hyper-
tension based mainly on systolic blood pressure remains the most practical and easy approach in the
general population for young adult, middle-aged, and older men and women. Researchers in Asia are
desired to establish high-quality epidemiologic evidences for Asian for the prevention and management

of hypertension.
J Epidemiol 2004;14:112-117.
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Introduction

Hypertension has been acknowledged as one of the greatest and
established risk factors for cardiovascular diseases (heart diseases
and stroke). Particularly in Asian countries, where the mortality
and morbidity of stroke are higher than in western countries, mea-
sures against hypertension are considered very important in the
prevention of stroke.'? Hypertension affects a majority of the
elderly, and drug therapies for hypertension have greatly added to
medical costs in most developed countries. The conquest of
hypertension is now a major challenge.*

This special article is written on the occasion that I was given
the Young Investigator's Award of the Japan Epidemiological
Association in January 2004. I have been involved mainly in epi-
demiologic researches on the prevention and management of
hypertension, and the award was given for these researches. In
this article, I would attempt to discuss strategies for the preven-
tion and management of hypertension throughout human's life,

showing results from my related research papers.

Birth weight, childhood growth, and future blood
pressure

Recent epidemiologic studies have demonstrated that birth weight
and other measures of prenatal growth are associated with adult
blood pressure (BP)*7 and with cardiovascular disease mortality in
later life.*"" On the other hand, it has also been suggested in
Western populations that short stature is an important risk factor
for cardiovascular diseases.'>'® Although Barker et al hypothe-
sized that malnutrition during pregnancy is responsible for the
development of short stature and overweight as well as of several
risk factors in adult life, including hypertension,” socioeconomic
conditions that persist throughout life can cause both lower birth
weight and slower increase in height during adolescence.®® Some
cross-sectional within-population studies, especially in children
and adolescents, have shown a positive relationship between

Received June 23, 2004, and accepted June 29, 2004,

Katsuyuki Miura, MD, PhD won the Young Investigator Award of the Japan Epidemiological Association in 2003. The summary of
this paper was presented at the 14th Annuat Scientific Meeting of the Association in Yamagata, Japan on January 22, 2004.

' Department of Epidemiology and Public Health, Kanazawa Medical University, Ishikawa, Japan

Address for corespondence: Katsuyuki Miura, MD, PhD, Department of Epidemiclogy and Public Health, Kanazawa Medical

University, 1-1 Daigaku, Uchinada, Ishikawa, 920-0293, Japan.

—212—



Miura K.

height and BP,"? and another inter-population study showed
inverse relation between height and BP."® Thus, the underlying
mechanism of the association of height with cardiovascular dis-
ease is not yet clear. However, findings on the effect of height
increase during childhood, independent of birth weight, on cardio-
vascular disease and its major risk factors are limited.

To determine whether birth weight and childhood growth, espe-
cially height increase rate, independently relate to BP in adult life,
we conducted a 20-year follow-up study, using the record-linkage
method, in a Japanese population.” In this study, both birth
weight and rate of height increase in childhood and adolescence
were inversely and independently associated with BP at age 20
years (Table 1). These results suggest that both environments dur-
ing pregnancy and during childhood and adolescence indepen-
dently affect subsequent BP level.

Food intake and long-term BP increase

By the early 1990's, based on scientific evidence available at the
time, nutritional guidelines for prevention and control of high
blood pressure recommended weight control, reduced intake of
sodium chioride (salt), avoidance of heavy alcohol consumption,
and increased dietary potassium intake.™? The DASH (Dietary
Approach to Stop Hypertension) study recently added further
dietary approaches to reduce BP in both nonhypertensive and
hypertensive individuals using a "combination" dietary pattern
during an 8-week intervention.®? This dietary pattern emphasizes
higher than usual intakes of fruit and vegetables and low-fat dairy
products. It also includes selection of whole grains, poultry, fish,
and nuts, and reduced intake of total fats, saturated fats, choles-
terol, red meats, sweets, and sugar-containing beverages. This diet
is high in potassium, magnesium, phosphorus, calcium, fiber, and
protein. The DASH-Sodium trial also showed that the combina-
tion diet plus reduced salt intake (at about 50 mmol/day) yielded

substantial combined reductions in BP of both nonhypertensive
and hypertensive persons. The DASH dietary concept, emphasiz-
ing a healthy pattern based on food rather than nutrient intake, has
been incorporated into recent dietary guidelines by the American
Heart Association® and by JNC7 (the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure).”” While the DASH combina-
tion diet is effective in lowering blood pressure, influences of spe-
cific foods and food groups (e.g., vegetables, fruits, fish, red
meats) on BP have not been well studied long-term. Information
is especially sparse on relationships of food groups to BP change
in populations followed prospectively for years.

We reported relationships of food intake to BP change in a
prospective cohort study of 1,710 middle-aged men, the Chicago
Western Electric Study.* The Generalized Estimating Equation
method was used to analyze relationships of food group intakes to
average annual BP change, adjusting for age, weight at each year,
alcohol, calories, and other foods. Men who consumed 0.5-1.5
cups vegetables/day were estimated to have 2.8 mmHg less sys-
tolic BP (SBP) rise in 7 years than men who consumed <0.5
cups/day. Men who consumed 0.5-1.5 cups fruit/day were esti-
mated to have 2.2 mmHg less SBP increase in 7 years than men
who consumed <0.5 cups/day. Beef-veal-lamb intake and poultry
intake were related directly to greater BP rise. These findings lend
further support to the promotion of a DASH-style dietary pattern
not only for treatment of high blood pressure but also for long-
term prevention of BP rise as well.

BP in young adults can predict future cardiovascular mortality

For middle-aged and older populations worldwide, BP has repeat-
edly been shown to be a significant risk factor for coronary heart
disease (CHD), stroke, and the major cardiovascular diseases
(CVD)."* These relationships, for both SBP and diastolic BP

Table 1. Predicted differences in systolic blood pressure (mmHg) at age 20 for 1 standard deviation higher values of
birth weight, % increase in height, and weight at age 20 estimated by multiple linear regression analysis,
among 2,198 men and 2,428 women born in 1965-1974, Ishikawa, Japan.

Men Women
95% 95%
1 standard  Predicted confidence 1 standard  Predicted confidence
deviation difference interval deviation  difference interval
Model 1
Birth weight 0.44 kg -1.5 -2.0,-1.0 0.41 kg -1.0 -1.4,-0.5
Weight at age 20 9.4 kg 4.4 40,49 73 kg 33 29,37
Model 2
Birth weight 0.44 kg -1.6 -2.1,-1.1 041 kg -1.0 -1.4,-05
% increase in height (age 3 to 20) 54 % -0.7 -1.1,-0.2 4.9 % -0.5 -0.9,-0.1
Weight at age 20 94 kg 4.5 40,50 7.3 kg 34 30,38

Both models are also adjusted for gestational age.
Modified {rom reference 22.
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(DBP), are continuous, graded, strong, independent of other risk
factors, consistent, predictive, and generally assessed as etiologi-
cally significant. In contrast, long-term observations on blood
pressure and CHD-CVD mortality in young adults are limited.
Because major CVD events are rare before age 50 years in men
and 60 in women, studies on risk factors measured at an average
age of about 30 years require long-term follow-up or large sample
sizes to accrue adequate numbers of events. The few reports of
prospective population-based studies are from nested case-control
investigations in former college students.*** Other evidence
comes from autopsy studies showing that coronary risk factors
relate to early atherosclerotic lesions in young adults.** Although
hypertension treatment guidelines are usually considered applica-
ble for persons ages 18 and older,*?* there is limited documenta-
tion supporting screening and treatment of young adults.

The Chicago Heart Association Detection Project in Industry
Study is one of the largest and longest prospective studies provid-
ing CVD mortality data. Approximately 11,000 men ages 18-39
at baseline (30 years on average) were followed for 25 years, and
we reported the relationship of baseline BP to 25-year CHD,
CVD, and all-cause mortality.” The main findings on this cohort
of young adult men are: (1) BP measured in young adulthood pre-
dicted long-term risks of CHD, CVD, and all-cause mortality. As
in middle-aged and older persons,* relationships of SBP, DBP,
and SBP/DBP (JNC-VI strata”™) to mortality were generally grad-
ed, strong, and independent. (2) Multivariate-adjusted HRs tended
to be greater for SBP than DBP, and similar in size to those for
middle-aged men. And (3) for the two large strata with high-nor-
mal BP and with stage 1 hypertension, 25-year absolute risks and
absolute excess risks of mortality were substantial, e.g., all causes
death rates of 63 and 72 per 1,000, absolute excess rates of 10 and

20 per 1,000, translating into estimated shorter life expectancy of
2.2 and 4.1 years. These two strata accounted for 59% of all
excess deaths attributable to SBP/DBP above normal (Figure 1).
These data lend strong support to two strategic concepts: First,
the importance of population-wide primary prevention by safe
nutritional-hygienic means of adverse BP levels, so that a sub-
stantial increase is achieved in the proportion of people in the
population who, throughout life, have favorable levels of BP (and
other risk factors). Second, population-wide efforts for early
detection of children, teenagers, and young adults — as well as
others — with unfavorable BP levels, so that therapeutic efforts
can be instituted early, first and foremost to improve lifestyles.

Importance of SBP and DBP in various age groups
Some recent epidemiologic studies reported that pulse pressure
(PP), the difference between SBP and DBP, is a useful predictor
for CHD or total CVD especially in middle-aged or older peo-
ple.**1 These reports emphasized the importance of PP as a CHD
or CVD risk factor, especially because PP is often higher after age
50, apparently due to increased arterial stiffness.’>*® In regard to
prior reports on PP, many did not compare the significance of PP
with that of SBP or DBP, and some others were studies on hyper-
tensive persons only. Therefore, it was uncertain whether PP is
superior to SBP or DBP in predicting future CHD, CVD, and ali-
cause deaths in various age-sex groups of the general (i.e., appar-
ently healthy) population. Moreover, because recent discussions
have emphasized the importance of SBP compared to DBP*
and these are strongly correlated, it is also important to assess
whether DBP has any additional role in predicting risks indepen-
dently from SBP.

We reported relations of four BP indices — PP, SBP, DBP, and
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% 100 EEEE] % of all excess deaths 107.6
> i 4 40 «
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4 Excess all-cause mortality o
« 80 F 3
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g o
g 60 | : %
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Figure 1. Absolute excess risk per 1,000 in 25 years and percentage of all excess deaths from all causes in strata of INC-VI
classification” in 10,874 men aged 18-39 years at baseline, the Chicago Heart Association Detection Project in Industry.
Percentage of all excess deaths was calculated from estimated number of excess deaths compared with the normal blood
pressure stratum by JNC-VI criteria during 25 years of follow-up. Modified from reference 37.
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mean arterial pressure (MAP) — to 25-year mortality risks from
CHD, CVD, and all causes in five population cohorts (total
28,360 men and women) classified by age and sex from the
Chicago Heart Association Detection Project in Industry Study.”
The main findings from this study were: (1) Relationships of PP
were less strong than those of SBP for all endpoints in all age-sex
groups studied. (2) Relationships of PP were less strong than
those of DBP for all endpoints in middie-aged men and women
and in older women. (3) Among the four BP indices, the strongest
relationship was observed either for SBP or MAP in all age-sex
groups. (4) Relationships of SBP to mortality tended to be
stronger than or similar to those of DBP. And (5) with control for
SBP, DBP was positively and significantly related to mortality in
middle-age men and women, but not in younger men and older
men and women.

As to implications of these results for public health policy and
clinical practice: (1) They affirm continued emphasis on SBP,**
particularly for younger men and older people. For middle-aged
people ages 40-59, DBP should be given concomitant careful con-
sideration because of its strong independent relationship to mor-
tality. (2) In younger and middle-aged people, emphasis on PP
should be avoided. There is no evidence, in a general population
less than age 60, showing that PP is superior to SBP in predicting
CVD or total mortality. Emphasizing risks associated with PP is
likely to underestimate true risks. And (3) relationships of MAP
to risk were generally as strong as or slightly stronger than those
of SBP. However, use of this index may not be practical in daily
clinical and public health practice, because there are no guidelines
for hypertension diagnosis and management using MAP.
Detection and evaluation of hypertension based mainly on SBP
remains the most practical and easy approach in the general popu-
lation for young adult, middle-aged, and older men and women
(at least up to about age 63 years). After this report, several cohort
studies including older people did the same kind of analysis and
showed that the relationship of PP to mortality from total cardio-
vascular diseases and coronary heart disease was less strong than
those of other BP indexes.*

Making evidences for Asian people

Very fortunately, I was able to contribute to long-term, large-
scale cohort studies in Chicago. However, most study participants
in these studies were Caucasian, and, as it is commonly true for
many other major hypotheses in preventive cardiology, epidemio-
logic evidences for Asian people tend to be sparse. Recently 1
have had a good opportunity to participate in the INTERnational
cooperative study of MAcro- and micro-nutrients and blood
Pressure (the INTERMAP) and found that there are big differ-
ences in body mass, fat intake, cigarette smoking, etc., between
Asian and Western people.”** Strategies for the prevention and
management of hypertension and cardiovascular diseases for
Asian would be different from those for Western people.
Researchers in Asia should establish high-quality epidemiologic
evidences for Asian and accomplish the prevention of hyperten-

sion and cardiovascular diseases throughout life.
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