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Infant Mortality Among Singletons and Twins
in Japan During 1999–2008 on the Basis
of Risk Factors

Yoko Imaizumi and Kazuo Hayakawa
Department of Health Sciences, Graduate School of Medicine, Osaka University, Suita City, Japan

The infant mortality rate (IMR) among single and twin births from 1999 to 2008 was analyzed using Japanese
Vital Statistics. The IMR was 5.3-fold higher in twins than in singletons in 1999 and decreased to 3.9-fold in
2008. The reduced risk of infant mortality in twins relative to singletons may be related, partially, to survival
rates, which improved after fetoscopic laser photocoagulation for twin — twin transfusion syndrome. The
proportion of neonatal deaths among total infant deaths was 54% for singletons and 74% for twins. Thus,
intensive care of single and twin births may be very important during the first month of life to reduce the
IMR. The IMR decreased as gestational age (GA) rose in singletons, whereas the IMR in twins decreased as
GA rose until 37 weeks and increased thereafter. The IMR was significantly higher in twins than in singletons
from the shortest GA (<24 weeks) to 28 weeks as well as ≥38 weeks, whereas the IMR was significantly
higher in singletons than in twins from 30 to 36 weeks. As for maternal age, the early neonatal and neonatal
mortality rates as well as the IMR in singletons were significantly higher in the youngest maternal age group
than in the oldest one, whereas the opposite result was obtained in twins. The lowest IMR in singletons
was 1.1 per 1,000 live births for ≥38 weeks of gestation and heaviest birth weight (≥2,000 g), while the
lowest IMR in twins was 1.8 at 37 weeks and ≥2,000 g.
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In 1974, the infant mortality rate (IMR) for twins in Japan
was reportedly higher in like-sexed than in unlike-sexed
twins (Imaizumi et al., 1981). Imaizumi (2001) also re-
ported IMRs for singletons and twins during 1995–1998
when the IMR was five-fold higher in twins than in single-
tons. Risk factors for the IMR in twins were males, second-
born twins, and lower birth weight (BW).

The purpose of this study was to identify risk factors for
infant mortality in singletons and twins using vital statistics
data from 1999 to 2008. Risk factors were sex, maternal age,
gestational age (GA), BW, and birth order of twins.

Materials and Methods
Infant mortality data were obtained from Japanese Vital
Statistics for 1999–2008 (Health and Welfare Statistics and
Information Department, Ministry of Health, Labour and
Welfare, Japan), which covers the entire Japanese popula-
tion. The infant death certificate records provide informa-
tion concerning nationality, sex, dates of birth and death,
BW, maternal age, GA, single or multiple birth, birth order
of multiple births, cause of death, and other details. Early
neonatal mortality (ENM) refers to the death of a live-born

baby within the first 7 days of life, whereas late neonatal
mortality (LNM) covers the time after 7 days until before
28 days. The sum of these two represents neonatal mortal-
ity (NM). The ENM rate (ENMR) and NM rate (NMR)
define the number of ENM and NM per 1,000 live births,
respectively. In contrast, the LNM rate (LNMR) defines the
number of LNM per 1,000 survivors. Odds ratio (OR) and
95% confidence intervals (CIs) were used to test mortality
rates between singletons and twins.

The numbers of infant deaths excluded were 271 (6.8%)
in 1999, 268 (7.0%) in 2000, 259 (7.2%) in 2001, 220
(6.3%) in 2002, 206 (6.1%) in 2003, 199 (6.4%) in 2004, 209
(7.1%) in 2005, 185 (6.5%) in 2006, 169 (6.0%) in 2007, and
192 (6.9%) in 2008. These data did not distinguish between
singletons and multiple births.
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TABLE 1

Yearly Change of Infant, Neonatal and the First Day Mortality Rates in Singletons and Twins, 1999–2008

Singletons Twins Twins/Singletons

Year Males Females Total Males Females Total Odds ratio [95% CI] Singletons Twins Twins/Singletons Singletons Twins

Infant deaths Neonatal deaths Deaths at 1st day
1999 1,846 1,521 3,367 191 142 333 1,826 (54) 242 (73) 565 (17) 74 (22)
2000 1,756 1,447 3,203 169 159 328 1,796 (56) 242 (74) 585 (18) 68 (21)
2001 1,692 1,349 3,041 150 131 281 1,656 (55) 210 (75) 529 (17) 55 (20)
2002 1,627 1,372 2,999 146 121 267 1,687 (56) 224 (84) 568 (19) 57 (21)
2003 1,508 1,324 2,832 154 149 303 1,592 (56) 234 (77) 527 (19) 70 (23)
2004 1,450 1,177 2,627 148 120 268 1,387 (53) 192 (72) 484 (18) 52 (19)
2005 1,372 1,108 2,480 141 113 254 1,277 (52) 190 (75) 459 (19) 64 (25)
2006 1,301 1,129 2,430 141 88 229 1,244 (51) 162 (71) 441 (18) 57 (25)
2007 1,304 1,127 2,431 126 94 220 1,239 (51) 165 (75) 481 (20) 62 (28)
2008 1,269 1,131 2,400 99 88 187 1,161 (48) 117 (63) 443 (18) 40 (21)
Total 15,125 12,685 27,810 1,465 1,205 2,670 14,865 (54) 1,978 (74) 5,082 (18) 599 (22)

Infant mortality rate per 1,000 LBs Neonatal mortality rate per 1,000 LBs Death rate at 1st day
per 1,000 LBs

1999 3.1 2.7 2.9 17.6∗ 13.3 15.5 5.4 [4.8–6.0] 1.6 11.2 7.1 0.5 3.4
2000 2.9 2.6 2.7 14.7 14.2 14.5 5.3 [4.8–6.0] 1.5 10.7 6.9 0.5 3.0
2001 2.9 2.4 2.7 13.3 11.8 12.6 4.8 [4.2–5.4] 1.4 9.4 6.5 0.5 2.5
2002 2.8 2.5 2.7 12.2 10.3 11.3 4.3 [3.8–4.9] 1.5 9.4 6.3 0.5 2.4
2003 2.7 2.5 2.6 12.6 12.7 12.6 5.0 [4.4–5.6] 1.4 9.8 6.7 0.5 2.9
2004 2.6 2.2 2.4 12.1 9.9 11.0 4.6 [4.1–5.2] 1.3 7.9 6.2 0.5 2.1
2005 2.6 2.2 2.4 11.9 9.7 10.8 4.6 [4.0–5.2] 1.2 8.1 6.6 0.4 2.7
2006 2.4 2.2 2.3 11.6∗ 7.5 9.6 4.3 [3.7–4.9] 1.2 6.8 5.8 0.4 2.4
2007 2.4 2.2 2.3 10.7 8.0 9.4 4.1 [3.6–4.8] 1.2 7.0 6.1 0.5 2.6
2008 2.3 2.2 2.2 9.1 8.1 8.6 3.9 [3.3–4.5] 1.1 5.4 4.9 0.4 1.8
Total 2.7 2.4 2.5 12.6∗ 10.5 11.5 4.6 [4.4–4.8] 1.3 8.6 6.3 0.5 2.6

Note: Figures in parentheses indicate the percentage of neonatal deaths or deaths at the first day among total infant deaths in singletons and twins;
CI = confidence interval;∗Significant at the 5% level (males vs. females); Bs = Live births.

TABLE 2

Early Neonatal, Late Neonatal, and Infant Mortality Rates by Gestational Age in Singletons and Twins, 1999–2008

Early neonatal deaths Late neonatal deaths Infant death rate

Gestation Singletons Twins Odds ratio Singletons) Twins Odds ratio Singletons Twins N Odds ratio
(weeks) N (ENMR) N (ENMR) [95% CI] N (LNMR) N (LNMR) [95% CI] N (IMR) N (IMR) [95% CI]

<24 1,267 (395.8) 302 (453.5) 1.27 [1.07–1.50] 377 (194.9) 81 (222.5) 1.18 [0.9–1.55] 1,867 (583.3) 436 (654.7) 1.35 [1.14–1.61]
24 508 (147.1) 134 (192.3) 1.38 [1.12–1.70] 294 (99.8) 88 (156.3) 1.67 [1.29–2.16] 1,024 (296.5) 265 (380.2) 1.46 [1.23–1.74]
25 360 (85.5) 116 (126.2) 1.54 [1.24–1.93] 202 (52.5) 71 (88.4) 1.75 [1.32–2.32] 781 (185.6) 233 (253.5) 1.72 [1.44–2.05]
26 292 (59.8) 104 (87.9) 1.51 [1.20–1.91] 170 (37.1) 63 (58.4) 1.16 [1.20–2.17] 637 (130.5) 217 (183.4) 1.50 [1.26–1.77]
27 266 (45.4) 83 (53.8) 1.20 [0.93–1.54] 146 (26.1) 46 (31.5) 1.21 [0.87–1.70] 561 (95.7) 178 (115.4) 1.2 3 [1.03–1.47]
28 277 (37.2) 83 (41.7) 1.12 [0.88–1.44] 97 (13.5) 42 (22.0) 1.64 [1.14–2.36] 507 (68.2) 169 (84.9) 1.27 [1.06–1.52]
29 276 (32.6) 51 (23.2) 0.70 [0.52–0.95] 86 (10.5) 28 (13.0) 1.24 [0.81–1.91] 499 (58.9) 109 (49.5) 0.83 [0.67–1.03]
30 295 (27.5) 49 (18.0) 0.65 [0.48–0.88] 71 (6.8) 21 (7.9) 1.16 [0.71–1.88] 513 (47.8) 87 (31.9) 0.66 [0.52–0.83]
31 307 (21.8) 47 (12.4) 0.56 [0.41–0.77] 88 (6.4) 11 (2.9) 0.46 [0.24–0.86] 544 (38.6) 83 (21.8 0.56 [0.44–0.70]
32 381 (20.6) 44 (8.3) 0.40 [0.29–0.54] 84 (4.6) 17 (3.2) 0.70 [0.41–1.17] 625 (33.8) 83 (15.7) 0.45 [0.36–0.57]
33 395 (14.7) 42 (5.6) 0.38 [0.28–0.52] 79 (3.0) 9 (1.2) 0.41 [0.20– 0.81] 678 (25.2) 73 (9.8) 0.38 [0.30–0.49]
34 484 (10.7) 55 (4.3) 0.40 [0.30–0.52] 124 (2.8) 23 (1.8) 0.65 [0.41–1.01] 914 (20.2) 109 (8.5) 0.41 [0.34–0.50]
35 532 (5.9) 70 (2.9) 0.50 [0.39–0.64] 156 (1.7) 8 (0.3) 0.19 [0.10–0.40] 1,108 (12.2) 126 (5.3) 0.43 [0.36–0.52]
36 683 (2.7) 82 (1.5) 0.54 [0.43–0.67] 227 (0.9) 19 (0.3) 0.37 [0.23–0.60] 1,628 (6.5) 166 (3.0) 0.45 [0.39–0.53]
37 931 (1.0) 80 (1.1) 1.13 [0.90–1.42] 382 (0.4) 37 (0.5) 1.27 [0.81–1.78] 2,745 (2.9) 204 (2.8) 0.98 [0.85–1.13]
38 895 (0.4) 33 (1.3) 3.23 [2.28–4.57] 507 (0.2) 7 (0.3) 1.21 [0.57–2.55] 3,425 (1.6) 74 (3.0) 1.89 [1.50–2.38]
39 868 (0.3) 11 (1.3) 4.63 [2.56–8.40] 483 (0.2) 2 (0.2) 1.51 [0.38–6.07] 3,443 (1.1) 25 (2.9) 2.66 [1.79–3.94]
≥40 1,461 (0.3) 7 (2.1) 6.15 [2.93–12.94] 617 (0.1) 5 (1.5) 10.42 [4.32–25.14] 4,823 (1.1) 21 (6.4) 5.61 [3.65–8.63]
Totala 10,594 (1.0) 1,397 (6.0) 6.32 [5.98–6.68] 4,271 (0.4) 581 (2.5) 6.53 [5.99–7.12] 27,810 (2.5) 2,670 (11.5) 4.62 [4.44–4.81]

Note: aIncluding unknown gestational age; ENMR = early neonatal mortality rate; LNMR = late neonatal mortality rate; IMR = infant mortality rate;
CI = confidence interval.

Results

Infant Mortality Trends

Table 1 shows the number of infant deaths and IMRs for
singletons and twins according to sex during 1999–2008.
IMRs decreased significantly from 1999 (2.9 per 1,000 live

births in singletons and 15.5 in twins) to 2008 (2.2 and
8.6, respectively). The IMR was 5.3-fold higher in twins
than in singletons in 1999 and decreased to 3.9-fold in
2008. Subsequently, the IMR rapidly decreased in twins
than in singletons. The overall IMR in singletons tended
to be higher in males (2.7) than in females (2.4), but the
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difference was not significant at the 5% level. The IMR was
significantly higher in male (12.6) than in female (10.5)
twins. The overall IMR decreased to 26% in singletons and
45% in twins during the last decade.

Table 1 also presents the NMR and first-day death rate in
singletons and twins during 1999–2008. The NMR in sin-
gletons decreased significantly from 1.6 per 1,000 live births
in 1999 to 1.1 in 2008. Similarly, the corresponding rates in
twins were 11.2 in 1999 and 5.4 in 2008, which were signif-
icantly different. The first-day death rate decreased signif-
icantly year by year during the period for both singletons
and twins. The proportion of first-day deaths among infant
deaths was 18% for singletons and 22% for twins. Overall
proportions of neonatal deaths among infant deaths were
54% for singletons and 74% for twins during 1999– 2008.

Neonatal and Infant Mortality by GA

Table 2 shows GA-specific ENMR, LNMR, and IMR in sin-
gletons and twins during 1999–2008. Categories of GA are
as follows: <24, 24, 39, and ≥40 weeks. The ENMR de-
creased with GA from the shortest week (395.8 per 1,000
live births) to the longest week of gestation (0.3) in single-
tons, whereas the ENMR in twins decreased with GA from
the shortest week (454.5) to 37 weeks (1.1) and increased
thereafter (2.1 at 40 weeks and over). The ENMR was signif-
icantly higher in twins than in singletons during the period
from the shortest GA (<24 weeks) to 26 and ≥38 weeks. In
contrast, the ENMR was significantly higher in singletons
than in twins for the GA of 29–36 weeks. The highest rela-
tive risk was 6.2-fold higher in twins than in singletons at
≥40 weeks and the second highest was 4.6-fold at 39 weeks,
whereas the lowest risk in twins was 0.38-fold at 33 weeks
of gestation and the second lowest was 0.4-fold at 32 and 34
weeks of gestation.

The LNMR decreased with GA from the shortest (194.9
per 1,000 survivors) to the longest week of gestation (0.1)
in singletons, whereas with three exceptions (32, 34, and
37 weeks of gestation), the LNMR in twins decreased with
GA from the shortest week (222.5) to 39 weeks (0.2) and
increased thereafter (1.5 at ≥40 weeks). The overall risk was
6.5-fold higher in twins than in singletons.

The IMR decreased with GA from the shortest (583.3
per 1,000 live births) to the longest week of gestation (1.1)
in singletons, whereas the IMR in twins decreased with
GA from the shortest week (654.7) to 37 weeks (2.8) and
increased thereafter (6.4 at ≥40 weeks; Figure 1). The IMR
was significantly higher in twins than in singletons during
the period from the shortest (<24 weeks) to 28 as well as
38 weeks and over. In contrast, the IMR was significantly
higher in singletons than in twins from 30 to 36 weeks
of gestation. The highest risk was 5.6-fold higher in twins
than in singletons at ≥40 weeks and the second highest
was 2.7-fold at 39 weeks, whereas the lowest risk of twins
was 0.38-fold at 33 weeks of gestation and the second was
0.41-fold at 34 weeks of gestation.

FIGURE 1

The infant mortality rates in singletons and twins according to risk
factors, 1999–2008.

Maternal Age

Table 3 shows a comparison of mortality rates between sin-
gletons and twins according to maternal age group in EN-
MRs, NMRs, and IMRs. Regarding the ENMR, the highest
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TABLE 3

Infant Mortality and Neonatal Mortality Rates by Maternal Age, 1999–2008

No. of deaths Mortality rate

Maternal age (years) Single Twins Single Twins Odds ratio [95% CI]

Early neonatal mortality (ENM)
<20 238 24 1.32 12.56 9.60 [6.29–14.65]
20–24 1,249 143 0.89 7.85 8.90 [7.48–10.59]
25–29 3,153 437 0.82 6.46 7.90 [7.15–8.73]
30–34 3,644 509 0.92 5.36 5.85 [5.33–6.42]
35–39 1,848 245 1.27 5.54 4.38 [3.84–5.01]
≥40 428 39 2.27 7.20 3.19 [2.30–4.44]
<25 0.94 8.30 8.92 [7.59–10.47]
≥35 1.38 5.72 4.15 [3.67–4.70]

Neonatal mortality (NM)
<20 310 33 1.72 17.27 10.18 [7.09–14.62]
20–24 1,782 201 1.27 11.03 8.79 [7.60–10.18]
25–29 4,445 612 1.16 9.04 7.87 [7.23–8.56]
30–34 5,031 733 1.27 7.73 6.11 [5.66–6.61]
35–39 2,561 349 1.76 7.89 4.52 [4.04–5.05]
≥40 628 48 3.33 8.86 2.68 [2.00–3.60]
<25 1.32 11.63 8.91 [7.78–10.20]
≥35 1.94 8.00 4.15 [3.74–4.61]

Infant mortality (IM)
<20 682 48 3.79 25.12 6.77 [5.03–9.11]
20–24 3,357 282 2.39 15.48 6.57 [5.81–7.43]
25–29 7,636 838 1.99 12.38 6.29 [5.85,6.75]
30–34 8,366 963 2.11 10.15 4.84 [4.17–4.52]
35–39 4,209 461 2.89 10.42 3.63 [3.30–4.00]
≥40 1,032 66 5.46 12.19 2.25 [1.75–2.88]
<25 2.55 16.40 6.53 [5.83–7.31]
≥35 6.19 10.62 3.36 [3.07–3.67]

<20 vs. ≥40 odds ratio [95% CI] <25 vs. ≥35 odds ratio [95% CI]
Singletons Twins Singletons Twins

ENM 0.58 [0.50–0.68] 1.75 [1.05–2.93] 0.68 [0.63–0.72] 1.45 [1.20–1.76]
NM 0.52 [0.45–0.59] 1.96 [1.26–3.07] 0.68 [0.64–0.72] 1.46 [1.24–1.72]
IM 0.69 [0.63–0.73] 2.09 [1.43–3.04] 0.80 [0.77–0.83] 1.55 [1.35–1.78]

Note: CI = confidence interval.

TABLE 4

Comparison Between Infant Mortality Rates for Singletons and Twins According to Birthweight,
1999–2008

Singletons Twins

Birthweight (g) No. IMR No. IMR Odds ratio [95% CI]

<500 1,156 611.64 353 682.79 1.37 [1.11–1.68]
500–999 4,163 181.59 1,138 197.91 1.11 [1.03–1.20]
1,000–1,499 2,185 59.94 404 35.16 0.57 [0.51–0.64]
1,500–1,999 3,106 33.28 344 9.05 0.27 [0.24–0.30]
2,000–2,499 4,285 6.07 290 2.70 0.44 [0.39–0.50]
2,500–2,999 6,235 1.50 112 1.82 1.22 [1.01–1.47]
≥3,000 5,355 0.89 21 3.25 3.65 [2.38–5.61]

Note: IMR = infant mortality rate; CI = confidence interval.

rate was 2.27 per 1,000 live births for singletons aged ≥40
years and 12.6 for twins aged <20 years, whereas the lowest
rate was 0.82 for singletons aged 25–29 years and 5.36 for
twins aged 30–34 years. The relative risk of IMR in twins
was 9.6-fold for the youngest mothers and decreased as
maternal age group rose to 3.2-fold for mothers aged ≥40
years. The same tendency was also observed for the NMR
and IMR. ENMRs, EMRs, and IMRs were also higher for
mothers aged <25 years than for those aged ≥35 years in
singletons, whereas opposite results were obtained in twins
(Figure 1).

BW

Table 4 shows BW-specific IMRs in singletons and twins
during 1999–2008. Categories of BW are divided into seven
groups: <500, 500–999, 1,000–1,499, 1,500–1,999, 2,000–
2,499, 2,500–2,999, and ≥ 3,000 g. For singletons, the IMR
was 612 per 1,000 live births for <500 g and drastically
decreased to 60 for 1,000–1,499 g, and the lowest IMR was
0.9 for ≥3,000 g. In contrast, the highest IMR in twins
was 683 for <500 g and decreased to 1.82 for 2,500–2,999
g and increased thereafter to 3.25. The risk of IMR was
significantly higher in twins than in singletons for four
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TABLE 5

Infant Mortality Rate According to Birthweight and Gestational Age (GA) in Singletons and Twins, 1999–2008

GA <500 500–999 1,000–1,499 1,500–1,999 ≥2,000 <500 500–999 1,000–1,1499 1,500–1,999 ≥2,000

Number of infant deaths in singletons Number of infant deaths in twins
<24 697 1,162 3 0 0 211 223 2 0 0
24 131 889 4 0 0 36 227 2 0 0
25 113 648 16 4 0 24 202 5 1 1
26 81 461 82 9 4 29 162 25 1 0
27 66 293 179 18 5 12 117 41 6 2
28 34 198 222 33 19 21 73 64 10 1
29 15 165 204 75 39 11 39 52 4 3
30 11 120 204 112 65 4 32 35 11 5
31 4 83 169 205 83 0 18 34 24 6
32 0 55 178 224 168 2 15 30 25 10
33 2 26 178 244 227 2 6 23 27 15
34 1 20 183 297 412 0 10 30 46 23
35 0 11 186 268 643 1 5 23 50 47
36 0 3 162 406 1,055 0 2 19 54 91
37 0 4 121 484 2,134 0 2 16 64 122
≥38 1 7 84 715 10,872 0 1 3 19 96
Totala 1,157 4,164 2,185 3,106 15,875 353 1,138 404 344 423

Infant mortality rate in singletons Infant mortality rate in twins
<24 771.9 509.2 600.0 – 0.0 824.2 550.6 1,000.0 – –
24 539.1 278.7 400.0 – 0.0 562.5 362.0∗ 333.3 – –
25 487.1 166.2 262.3 666.7 0.0 545.5 234.9∗ 454.5 1,000.0 1,000.0
26 433.2 115.3 123.3 562.5 1,000.0 604.2∗ 158.8∗ 231.5∗ 333.3 0.0
27 404.9 94.0 70.9 666.7 227.3 387.1 120.5∗ 77.8 600.0 500.0
28 400.0 92.4 47.2 287.0 49.4 552.6 104.6 51.9 625.0 500.0
29 428.6 108.1 35.9 96.8 88.4 733.3 100.8 30.8∗ 40.0 375.0
30 647.1 100.8 36.1 32.9 137.7 363.6 116.4∗ 18.9∗ 19.3∗ 384.6
31 1,000.0 103.9 39.1 28.4 47.7 0.0 94.7 19.8∗ 13.2∗ 90.9
32 – 142.5 48.8 20.3 49.1 1,000.0 98.0 22.6∗ 7.2∗ 28.7
33 1,000.0 134.7 61.0 19.9 19.7 1,000.0 74.1 24.5∗ 5.6∗ 9.3∗

34 – 206.2 75.2 25.1 13.4 – 200.0 39.3∗ 7.5∗ 3.9∗

35 – 297.3 106.7 23.6 8.3 1,000.0 238.1 39.6∗ 7.7∗ 2.8∗

36 – 187.5 141.1 33.1 4.5 – 400.0 43.6∗ 7.1∗ 1.9∗

37 – 190.5 210.1 41.2 2.2 – 500.0 67.2∗ 11.6∗ 1.8∗

≥38 – 777.8 259.3 63.7 1.1 – 1,000.0 62.5 12.6∗ 2.7∗

Totala 612.2 181.6 59.9 33.3 1.5 682.8∗ 197.9∗ 35.2∗ 9.0∗ 2.4∗

Note: aIncluding unknown gestational age;∗significant at the 5% level (twins vs. singletons).

categories (<500, 500–999, 2,500–2,999, and ≥3,000 g). In
contrast, the risk was significantly higher in singletons than
in twins for 1,000–1,499, 1,500–1,999, and 2,000–2,499 g
(Figure 1).

GA and BW

Table 5 shows the IMR according to BW and GA in sin-
gletons and twins. Excluding the small number of infant
deaths (<10), the OR between IMRs of twins versus sin-
gletons was computed for 44 categories (combinations of
BW and GA = 80–36). The IMR was significantly higher in
twins than in singletons for the category <500 g and 26
weeks of gestation, five categories of GA (24–27 weeks and
30 weeks) for 500–999 g, 1,000–1,499 g and 26 weeks, and
≥2,000 g and ≥38 weeks. However, the IMR was signifi-
cantly higher in singletons than in twins for nine categories
of GA (29–37 weeks) for 1,000–1,499 g, nine (from 30 weeks
to ≥38 weeks) for 1,500–1,999 g, and five (33–37 weeks) for
≥2,000 g. The lowest IMR was 1.1 per 1,000 live births
in singletons for the heaviest BW and longest GA where
the proportion was 87% (9,550,618/11,024,236) among the
number of live births and 41% (10,872/26,294) of infant
deaths. In contrast, the lowest IMR in twins was 1.8 per 1,000

live births for the heaviest BW and 37 weeks of gestation, and
the corresponding proportions were 29% (35,058/231,144)
and 5% (122/2,655), respectively. The optimum condition
of the IMR for singletons was the heaviest BW (≥2,000 g)
and longest GA (≥38) and for twins, the heaviest BW and
37 weeks of gestation.

Discussion
The relative risk for the IMR for twins compared with sin-
gletons was 5.3-fold in 1999 and decreased to 3.9-fold in
2008. The reduced risk of IMR in twins relative to single-
tons may be related to a part of the medical treatment for
twin — twin transfusion syndrome now available in Japan
(Imaizumi & Hayakawa, 2012).

According to Luke and Brown (2007), IMRs in single-
tons and twins were higher in mothers aged <20 years
than in those aged ≥40 years in the United States during
1995–2000. In the present study, identical results were ob-
tained in twins, but in singletons, the opposite result was
obtained. The IMR of twins by maternal age in 1975 was
recomputed using Table 6 of Imaizumi et al. (1981). The
IMR was 50 (90/1,800) in mothers aged <25 years, 42.3
(164/3,869) for those aged 25–29 years, and 31.1 (64/2,056)
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for those aged ≥30 years. Furthermore, in 1975, the IMR
in twins was higher in younger mothers in Japan. How-
ever, data in the United States were remitted, because the
data used only full-term (37 weeks and over) and non-low
BW (>2,500 g) infants. In Japan, the IMR in singletons
was 1.16 per 1,000 live births (11,590/9,970,060) under the
conditions of ≥37 weeks and >2,500 g during 1999–2008.
On the other hand, the IMR in singletons was 1.98 per
1,000 live births under the same conditions in the United
States.

Hansen and Kiely (1992) mentioned the importance of
the first-day death rate in infant mortality in the United
States (36% for the white and 41% for the black popula-
tion). In the present study, the proportion of first-day deaths
was 18% for singletons and 22% for twins. According to
Imaizumi (2001), the proportions of neonatal deaths were
54% for singletons and 77% for twins during 1995–1998,
whereas in the present study, these values were 54% and
74%, respectively. The importance of the neonatal death
rate was recognized for both singleton and twin births in
Japan. Thus, the intensive care of singletons and twins dur-
ing the neonatal period may therefore be very important to
reduce the IMR.

Tobe et al. (2011) studied early neonatal mortality during
2001–2005 in Japan. These twin data (n = 22,240) were
collected from 147 secondary and tertiary hospitals in all
47 prefectures. They indicated that the risk factors for early
neonatal mortality were GA, chorionicity (monochorionic
or dichorionic), and mode of delivery (vaginal delivery or
caesarean section). However, early neonatal mortality was
similar for maternal age groups <35 years (3.12%) and

≥35 years (3.05%). In the current study, the corresponding
values were 6.09% (1,113/182,702) and 5.72% (284/49,643),
respectively. These values were not in significant at the 5%
level (OR 1.07; 95% CI 0.93–1.21).

Acknowledgments
We are grateful to the staff of the Statistics and Informa-
tion Department, Ministry of Health, Labour and Welfare,
Japan.

References
Hansen, H., & Kiely, M. (1992). Importance of the first day

death rate in infant mortality. Paediatric and Perinatal Epi-
demiology, 6, 193–197.

Imaizumi, Y. (2001). Infant mortality rates in single, twin and
triplet births, and influencing factors in Japan, 1995–98.
Paediatric and Perinatal Epidemiology, 15, 346–351.

Imaizumi, Y., & Hayakawa, K. (2012). Deaths from twin-twin
transfusion syndrome in Japan, 1995–2008. Gynecology &
Obstetrics, 2, 116.

Imaizumi, Y., Inouye, E., & Asaka, A. (1981). Mortality rate
of Japanese twins: Infant deaths of twins after birth to one
year of age. Social Biology, 28, 176–186.

Luke, B., & Brown, M. B. (2007). Maternal risk factors for
potential maltreatment deaths among healthy singleton and
twin infants. Twin Research and Human Genetics, 10, 778–
785.

Tobe, R. G., Mori, R., Shinozuka, N., Kubo, T., & Itabashi,
K. (2011). A nationwide investigation on gestational age
specific birthweight and mortality among Japanese twins.
Paediatric Perinatal Epidemiology, 25, 228–235.

644 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2012.156 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2012.156

