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Original Article

Objectives: We investigated trends in the incidence rate of macrosomia and its association with parental nationalities using Vital Sta-

tistics data in Japan.

Methods: We used singleton birth data every 5 years from 1995 to 2020. The incidence rate of macrosomia was calculated according 

to specific attributes (maternal age, infant’s sex, parental nationalities, parity, and household occupation) over time (years). In addi-

tion, a log-binomial model was used to investigate the relationship between the incidence of macrosomia and the attributes. This 

study compared Korea, China, the Philippines, Brazil, and other countries with Japan in terms of parental nationalities. “Other coun-

tries” indicates countries except for Japan, Korea, China, the Philippines, and Brazil.

Results: The study included 6 180 787 births. The rate of macrosomia in Japan decreased from 1.43% in 1995 to 0.88% in 2020, and 

the decrease was observed across all parental nationalities. The rates for Japanese parents were the lowest values among parental na-

tionalities during the timespan investigated. Multivariate regression analysis showed that mothers from Korea, China, the Philippines, 

Brazil, and other countries had a significantly higher risk of macrosomia than those from Japan (risk ratio, 1.91, 2.82, 1.59, 1.74, and 

1.64, respectively). Furthermore, fathers from China, the Philippines, Brazil, and other countries had a significantly higher risk of mac-

rosomia than those from Japan (risk ratio, 1.66, 1.38, 1.88, and 3.02, respectively).

Conclusions: The rate of macrosomia decreased from 1995 to 2020 in Japan for parents of all nationalities, and the risk of macrosomia 

incidence was associated with parental nationality.
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INTRODUCTION

Macrosomia is an adverse birth outcome, and it is associated 
with maternal health issues, such as cesarean section, post-
partum hemorrhage, and the incidence of type 2 diabetes 
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[1,2]. Furthermore, it is known that macrosomic infants have a 
higher risk of birth trauma, sepsis, and neonatal or infant mor-
tality [3-5], and they tend to become overweight or obese ear-
ly in childhood [6]. Therefore, it is important to understand the 
incidence rate and associated risk factors.

Some studies in Japan [7-9] have investigated characteris-
tics associated with macrosomia and identified several risk 
factors, such as a male fetus, multiparity, pre-pregnancy body 
mass index (BMI), and weight gain during pregnancy. In addi-
tion, the incidence rate of macrosomia from 1969 to 1981 was 
investigated using Vital Statistics data [10]. However, a study 
surveying the incidence of macrosomia and its attributes us-
ing national data has not been conducted in recent years. In 
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addition, an association of macrosomia with parental nation-
ality has not been studied yet. In Japan, it is known that the 
rate of preterm birth or infant mortality varies depending on 
maternal nationality [11,12], and the rate of macrosomia may 
vary depending on parental nationality. Studies in other coun-
tries have demonstrated that immigrant mothers have a high-
er risk of bearing macrosomic infants [13,14]. Moreover, trends 
in the incidence rate of macrosomia have not been examined 
in recent years in Japan, and these trends may differ depend-
ing on the attributes of infants and parents.

In this study, we investigated the incidence of macrosomia 
over time and its association with parental nationalities using 
Vital Statistics data from Japan.

METHODS

We used birth data from Vital Statistics every 5 years from 
1995 to 2020. Data were provided by the Ministry of Health, 
Labor, and Welfare on September 14, 2022 on the basis of Ar-
ticle 33 of the Statistics Act in Japan. We used data on the in-
fant’s sex, whether the infant was a single birth or one of mul-
tiple births, the infant’s gestational age, and its birthweight; 
data on the mother’s age, parity, and nationality; and data on 
household occupation, paternal age, and paternal nationality. 
Macrosomia was defined as newborns weighing 4000 g or 
more at birth. Parity was categorized into primiparous and 
multiparous. Household occupation consisted of farmer, self-
employed, full-time worker 1 (worker in a company with 99 or 
fewer employees), full-time worker 2 (worker in a company 
with 100 or more employees), and other occupations. As pa-
rental nationalities, Japan, Korea, China, the Philippines, Thai-
land, the United States, the United Kingdom, Brazil, Peru, and 
other countries were available. We grouped Thailand, the 
United States, the United Kingdom, and Peru into the category 
of “other countries” because the number of births was relative-
ly small. We classified maternal and paternal ages as <20 
years, 20-24 years, 25-29 years, 30-34 years, 35-39 years, and 
40 years or more. 

We tallied the number of births by each attribute for each of 
the analyzed years. The rate of macrosomia was calculated ac-
cording to these attributes and years. Moreover, the parental 
age-adjusted incidence rate of macrosomia was calculated for 
each maternal and paternal nationality by the direct standard-
ization method, using total births in 2020 as the standard 
population. Maternal and paternal ages were used for calcu-

lating the age-adjusted rates of maternal and paternal nation-
alities, respectively. In the calculation of paternal age-adjusted 
rate, a combined group “≤24 years” was used instead of “<20 
years” and “20-24 years” because the “<20 years” group had 
zero births for some nationalities in 1995. Furthermore, the 
log-binomial model was used to evaluate a link between the 
incidence of macrosomia and the attributes. The statistical 
model of the log-binomial model is as follows:

 indicates the incidence rate of macrosomia for birth ; , in-
tercept; , number of explanatory variables; , number of cat-
egories for  explanatory variable; , dummy variable for 

 category of  explanatory variable for birth ; and , re-
gression coefficient for  category of  explanatory variable. 

 is zero for the reference category in each of the explanato-
ry variables. The risk ratio (RR) for the  category of the  ex-
planatory variable can be expressed as exp ( ) in the model. 
The explanatory variables included the year, infant’s sex, ma-
ternal age group, paternal age group, parity, maternal nation-
ality, paternal nationality, and household occupation. The re-
spective reference values were “1995,” “female,” “30-34 years,” 
“30-34 years,” “primiparous,” “Japan,” “Japan,” and “full-time 
worker 2.” Each attribute’s RR, 95% confidence interval (CI), and 
p-value were calculated. A p-value <0.05 was defined as sta-
tistically significant. 

We restricted the study population to singleton births. Fur-
thermore, because we considered paternal nationality, we only 
included infants born within a marriage. Complete-case analy-
sis was conducted for dealing with missing data. In addition, 
the multiple imputation method was adapted for sensitivity 
analysis using mice [15], and variables with missing values 
(household occupation, birthweight, maternal age group, and 
paternal age group) were imputed. Predictive mean matching 
was an imputation method in the multiple imputation, and  
10 imputed datasets were generated in the analysis. Statistical 
analyses were conducted using R version 4.1.3 (R Foundation 
for Statistical Computing, Vienna, Austria). The statistics shown 
in this study were prepared by the author using the Vital Sta-
tistics data; these are not the statistics published by the Minis-
try of Health, Labor, and Welfare.

Ethics Statement 
This study was conducted in accordance with the Statistics 

Act with the permission of the Ministry of Health, Labor, and 
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Welfare and was approved by the ethical committee of our in-
stitution (No. 22221-01). In addition, informed consent was 
not required because we used the official statistics data that 
were provided from the government on the basis of the Statis-
tics Act.

RESULTS

Figure 1 shows the flowchart for selecting the study popula-
tion. In total, 6 180 787 births were used in the analysis.

Table 1 shows the number of births by the infants’ character-
istics and the year. The majority of births were from households 
with a full-time worker 1 or a full-time worker 2, and with Jap-
anese fathers or mothers. The number of births from Korean 
fathers and mothers decreased over the years, whereas the 
number of births from Chinese fathers and mothers increased.

Table 2 shows the rate of macrosomia (%) by the infants’ 
characteristics and the year. The rate of macrosomia in Japan 
decreased from 1.43% in 1995 to 0.88% in 2020, and the de-
crease was identified in all attributes. They fell between 1995 
and 2015; an obvious decline was observed from 1995 to 2010. 
The rate of macrosomia was high among male infants and 
mothers with multiple pregnancies or of older age, and among 
household types, it was highest for farmer or unemployed house-
holds across the years studied. The rates of macrosomia in Jap-
anese mothers and fathers were smaller than 1% in recent years 
and was the lowest over time among parental nationalities. The 
rates in mothers and fathers from China and other countries 
tended to be the highest, larger than 3% in most cases.

Table 3 presents the results of the macrosomia incidence 
rate by maternal and paternal nationalities, adjusted for pa-
rental age; the adjusted and crude rates were similar. The inci-
dence rate of macrosomia was the lowest in Japanese mothers 
and fathers when considering parental nationalities over time, 

and a decreasing trend from 1995 to 2020 was observed re-
gardless of nationality.

Table 4 depicts a multivariate regression analysis for investi-
gating factors linked with macrosomia. Older maternal and 
paternal ages, male infants, and multiparity were statistically 
significantly associated with macrosomia. Households with a 
full-time worker 2 had a significantly lower risk compared with 
the other households. In addition, mothers from Korea, China, 
the Philippines, Brazil, and other countries had a significantly 
higher risk of macrosomia than those from Japan (RR, 1.91, 
2.82, 1.59, 1.74, and 1.64, respectively). Furthermore, fathers 
from China, the Philippines, Brazil, and other countries had a 
significantly higher risk of macrosomia than those from Japan 
(RR, 1.66, 1.38, 1.88, and 3.02, respectively).

Supplemental Material 1 shows the number of births and 
the percentage for each category of household occupation, 
birthweight, maternal age group, and paternal age group for 
the imputed datasets used in the sensitivity analysis. The im-
puted data were similar to the unimputed data because the 
percentages of missing data were low for those variables.

Supplemental Material 2 shows the results of multivariate 
regression analysis using multiple imputations to investigate 
factors associated with macrosomia. The result was similar to 
that of the complete-case analysis.

DISCUSSION

We investigated the epidemiology of macrosomia incidence 
in Japan, and an association between parental nationality 
and macrosomia was discovered for the first time in Japan. In 
this section, we link the results of this research with previous 
studies.

It was demonstrated that the rate of macrosomia decreased 
from 1995 to 2020 regardless of maternal nationalities, and a 
decreasing trend was identified particularly from 1995 to 2010 
in Japanese mothers. It is known that the mean birthweight in 
Japan decreased from 3152 g in 1979 to 3018 g in 2010 [16]. 
Furthermore, it is known that the low birthweight rate increased 
until around 2010 and then decreased [17]. As a result, it is like-
ly that the change in mean birthweight in Japan affected the 
rate of macrosomia. An increase in the proportion of females 
with low BMI among the young population and more empha-
sis on weight control during pregnancy may have decreased 
the mean birthweight in Japan from 1980 to 2010 [16,18]. Low 
gestational weight gain was noted as a factor for the temporal 

Figure 1. Flowchart of selecting the study population.

All live births 
(n=6 442 997)

Multiple births 
(n=126 464)

Fatherless births 
(n=135 746)

Singleton births
(n=6 316 533)

Study population 
(n=6 180 787)
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Table 1. Number of births (%) by the infants’ characteristics and years

Characteristics
Year

1995 2000 2005 2010 2015 2020

Total 1 161 390 (100) 1 158 044 (100) 1 026 325 (100) 1 038 810 (100) 975 728 (100) 820 490 (100)
Maternal age (y)
   ≤19 14 257 (1.2) 16 700 (1.4) 13 463 (1.3) 10 012 (1.0) 8204 (0.8) 4676 (0.6)
   20-24 189 233 (16.3) 156 819 (13.5) 123 362 (12.0) 105 740 (10.2) 79 415 (8.1) 62 645 (7.6)
   25-29 484 363 (41.7) 461 372 (39.8) 331 556 (32.3) 300 806 (29.0) 257 629 (26.4) 215 263 (26.2)
   30-34 364 183 (31.4) 386 912 (33.4) 392 412 (38.2) 376 147 (36.2) 357 761 (36.7) 299 363 (36.5)
   35-39 97 098 (8.4) 121 859 (10.5) 146 591 (14.3) 212 662 (20.5) 221 333 (22.7) 191 011 (23.3)
   ≥40 12 254 (1.1) 14 377 (1.2) 18 937 (1.8) 33 440 (3.2) 51 386 (5.3) 47 532 (5.8)
   Missing 2 (0.0) 5 (0.0) 4 (0.0) 3 (0.0) 0 (0.0) 0 (0.0)
Paternal age (y)
   ≤19 5890 (0.5) 7768 (0.7) 5335 (0.5) 4264 (0.4) 4114 (0.4) 2320 (0.3)
   20-24 110 531 (9.5) 107 195 (9.3) 84 152 (8.2) 69 048 (6.6) 53 103 (5.4) 43 677 (5.3)
   25-29 337 282 (29.0) 346 275 (29.9) 263 398 (25.7) 239 831 (23.1) 201 766 (20.7) 167 269 (20.4)
   30-34 411 139 (35.4) 394 555 (34.1) 379 400 (37.0) 353 952 (34.1) 327 949 (33.6) 272 058 (33.2)
   35-39 212 728 (18.3) 214 442 (18.5) 205 015 (20.0) 256 907 (24.7) 245 630 (25.2) 205 220 (25.0)
   ≥40 83 807 (7.2) 87 797 (7.6) 89 018 (8.7) 114 802 (11.1) 143 162 (14.7) 129 945 (15.8)
   Missing 13 (0.0) 12 (0.0) 7 (0.0) 6 (0.0) 4 (0.0) 1 (0.0)
Sex
   Female 565 455 (48.7) 562 418 (48.6) 499 519 (48.7) 504 700 (48.6) 475 454 (48.7) 400 011 (48.8)
   Male 595 935 (51.3) 595 626 (51.4) 526 806 (51.3) 534 110 (51.4) 500 274 (51.3) 420 479 (51.2)
Parity
   Primiparous 554 693 (47.8) 566 799 (48.9) 495 446 (48.3) 494 617 (47.6) 463 795 (47.5) 383 550 (46.7)
   Multiparous 606 697 (52.2) 591 245 (51.1) 530 879 (51.7) 544 193 (52.4) 511 933 (52.5) 436 940 (53.3)
Household occupation
   Farmer 56 453 (4.9) 35 196 (3.0) 23 053 (2.2) 17 822 (1.7) 12 663 (1.3) 8459 (1.0)
   Self-employed 107 736 (9.3) 98 195 (8.5) 81 986 (8.0) 76 809 (7.4) 70 138 (7.2) 57 163 (7.0)
   Full-time worker 1 353 007 (30.4) 404 500 (34.9) 371 306 (36.2) 366 123 (35.2) 328 131 (33.6) 255 525 (31.1)
   Full-time worker 2 480 175 (41.3) 474 209 (40.9) 411 679 (40.1) 439 273 (42.3) 449 045 (46.0) 400 169 (48.8)
   Other occupations 145 697 (12.5) 114 402 (9.9) 96 083 (9.4) 93 886 (9.0) 82 160 (8.4) 74 231 (9.0)
   Unemployed 10 320 (0.9) 15 242 (1.3) 14 800 (1.4) 14 839 (1.4) 10 254 (1.1) 6613 (0.8)
   Missing 8002 (0.7) 16 300 (1.4) 27 418 (2.7) 30 058 (2.9) 23 337 (2.4) 18 330 (2.2)
Maternal nationality
   Japan 1 139 286 (98.1) 1 134 932 (98.0) 1 004 958 (97.9) 1 016 932 (97.9) 954 484 (97.8) 796 638 (97.1)
   Korea 7159 (0.6) 6015 (0.5) 4183 (0.4) 3374 (0.3) 2683 (0.3) 1736 (0.2)
   China 4181 (0.4) 5322 (0.5) 5685 (0.6) 7813 (0.8) 8315 (0.9) 7427 (0.9)
   Philippines 5677 (0.5) 4994 (0.4) 4850 (0.5) 3951 (0.4) 2639 (0.3) 2593 (0.3)
   Brazil 1690 (0.1) 2698 (0.2) 2085 (0.2) 1668 (0.2) 1334 (0.1) 1513 (0.2)
   Other countries 3397 (0.3) 4083 (0.4) 4564 (0.4) 5072 (0.5) 6273 (0.6) 10 583 (1.3)
Paternal nationality
   Japan 1 145 815 (98.7) 1 139 502 (98.4) 1 008 932 (98.3) 1 019 019 (98.1) 954 359 (97.8) 795 268 (96.9)
   Korea 6895 (0.6) 6065 (0.5) 4183 (0.4) 3716 (0.4) 3239 (0.3) 2636 (0.3)
   China 2635 (0.2) 3166 (0.3) 3147 (0.3) 4872 (0.5) 6026 (0.6) 6221 (0.8)
   Philippines 209 (0.0) 327 (0.0) 400 (0.0) 608 (0.1) 938 (0.1) 1343 (0.2)
   Brazil 1433 (0.1) 2623 (0.2) 2284 (0.2) 1877 (0.2) 1610 (0.2) 1704 (0.2)
   Other countries 4403 (0.4) 6361 (0.5) 7379 (0.7) 8718 (0.8) 9556 (1.0) 13 318 (1.6)
Birth weight (g)
   <4000 1 144 490 (98.5) 1 144 803 (98.9) 1 016 465 (99.0) 1 029 685 (99.1) 967 416 (99.1) 813 174 (99.1)
   ≥4000 16 594 (1.4) 13 082 (1.1) 9684 (0.9) 8923 (0.9) 8176 (0.8) 7233 (0.9)
   Missing 306 (0.0) 159 (0.0) 176 (0.0) 202 (0.0) 136 (0.0) 83 (0.0)
Gestational age (wk)
   ≤36 48 788 (4.2) 51 098 (4.4) 45 863 (4.5) 48 556 (4.7) 45 135 (4.6) 37 073 (4.5)
   ≥37 1 112 189 (95.8) 1 106 551 (95.6) 980 141 (95.5) 989 998 (95.3) 930 467 (95.4) 783 324 (95.5)
   Missing 413 (0.0) 395 (0.0) 321 (0.0) 256 (0.0) 126 (0.0) 93 (0.0)
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variation in the rate of macrosomia in Korea as well [19]. More-
over, the shortening of gestational periods due to an increase 
in cases of cesarean section was pointed out as another factor 
for the trend in birthweight in Japan [18]. These tendencies 
might also have been true for non-Japanese females in Japan. 
In contrast, there was a subtle increase in the rate of macroso-
mia from 2015 to 2020; in this study, the incidence rate of mac-
rosomia increased among younger mothers and fathers from 
2010 to 2020. It is possible that a change in physical character-
istics, such as BMI, among younger individuals was associated 
with the result. Regarding the trend in rate of macrosomia for 
each parent by their nationality, it is considered that the trend 
for each maternal nationality is related to that of the mother’s 
homeland. In Korea, it is known that the mean birthweight 
decreased from 3360 g in 1993 to 3200 g in 2016 [20], and the 
rate of macrosomia decreased from 3.7% in 2000 to 2.5% in 
2020 [19]. In China, a decrease in the rate of macrosomia was 
found from 4.0% in 2005 to 2.5% in 2017 in one region [21], 
whereas an increase in the rate was observed from 6.00% in 
1994 to 7.83% in 2005 in another region [22]. In Brazil, the in-
cidence rate of macrosomia decreased from 5.6% in 2001 to 
5.1% in 2010 [23]. No data were available for the Philippines. 

In addition, we found that the risk of macrosomia for non-
Japanese mothers was higher than that for Japanese mothers, 
whose rate was smaller than 1% in recent years. It is well known 

Table 2. Rate of macrosomia (%) by the infants’ characteris-
tics and year

Characteristics
Year

1995 2000 2005 2010 2015 2020

Total 1.43 1.13 0.94 0.86 0.84 0.88 

Maternal age (y)

   ≤19 0.82 0.71 0.67 0.35 0.77 0.75 

   20-24 1.04 0.81 0.78 0.68 0.69 0.76 

   25-29 1.21 0.97 0.82 0.74 0.75 0.78 

   30-34 1.66 1.28 0.98 0.87 0.85 0.86 

   35-39 2.32 1.64 1.22 1.08 0.94 1.01 

   ≥40 2.80 1.91 1.51 1.12 1.04 1.12 

Paternal age (y)

   ≤19 0.87 0.70 0.47 0.28 0.66 0.69 

   20-24 0.97 0.83 0.76 0.67 0.72 0.80 

   25-29 1.13 0.92 0.80 0.74 0.69 0.79 

   30-34 1.40 1.12 0.91 0.81 0.83 0.85 

   35-39 1.86 1.38 1.07 0.97 0.87 0.90 

   ≥40 2.32 1.80 1.40 1.15 1.04 1.07 

Sex

   Female 1.06 0.81 0.68 0.60 0.58 0.63 

   Male 1.78 1.43 1.19 1.10 1.09 1.12 

Parity

   Primiparous 0.91 0.76 0.68 0.65 0.67 0.73 

   Multiparous 1.90 1.48 1.19 1.05 0.99 1.02 

Household occupation

   Farmer 1.90 1.50 1.08 1.10 0.92 0.98 

   Self-employed 1.54 1.24 1.02 0.92 0.95 0.97 

   Full-time worker 1 1.42 1.14 0.94 0.88 0.86 0.92 

   Full-time worker 2 1.33 1.06 0.90 0.80 0.78 0.81 

   Other occupations 1.49 1.18 0.99 0.89 0.88 0.95 

   Unemployed 1.87 1.28 1.24 1.03 1.22 1.36 

Maternal nationality

   Japan 1.39 1.09 0.90 0.82 0.80 0.83 

   Korea 2.49 2.38 2.53 1.51 1.57 2.36 

   China 4.16 4.23 3.29 3.66 3.17 2.89 

   Philippines 2.25 2.26 2.06 1.62 1.71 1.70 

   Brazil 3.49 3.19 3.45 2.94 1.65 3.11 

   Other countries 5.15 3.82 3.55 3.35 3.03 2.61 

Paternal nationality

   Japan 1.40 1.10 0.91 0.82 0.80 0.83 

   Korea 2.23 2.00 1.63 0.94 0.96 1.37 

   China 4.59 3.98 3.40 3.80 3.17 2.88 

   Philippines 2.39 1.83 2.00 1.81 1.81 1.71 

   Brazil 3.42 3.05 3.15 2.93 2.05 2.88 

   Other countries 5.52 4.24 3.50 3.65 3.03 2.87 

Table 3. Parental age-adjusted rate of macrosomia by mater-
nal and paternal nationalities

Nationality
Year

1995 2000 2005 2010 2015 2020

Maternal nationality

   Japan 1.67 1.23 0.96 0.84 0.80 0.83 

   Korea 2.69 2.51 2.54 1.49 1.62 2.39 

   China 4.41 4.47 3.44 3.70 3.12 2.90 

   Philippines 2.15 2.46 2.20 1.71 1.74 1.68 

   Brazil 3.89 3.08 3.67 2.60 1.72 3.19 

   Other countries 6.18 4.11 3.64 3.19 3.23 2.83 

Paternal nationality

   Japan 1.55 1.20 0.96 0.84 0.80 0.82 

   Korea 2.39 2.01 1.63 0.89 0.86 1.22 

   China 4.74 4.12 3.42 3.79 3.18 2.80 

   Philippines 2.25 1.48 3.22 2.30 1.87 1.90 

   Brazil 3.92 3.25 3.18 2.86 2.08 2.94 

   Other countries 5.72 4.38 3.56 3.50 3.02 2.86 

Maternal and paternal ages were adjusted for rates by maternal and pater-
nal nationality, respectively.
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that among Asian countries, the rate of macrosomia in Japan 
was low, smaller than 1% in many studies, while the rate in 
China was high, higher than 6% in many studies [24]. This ten-
dency was consistent with our study’s findings. It was shown 
in a previous study that the incidence rate of low birthweight 
is higher for Japanese mothers than for non-Japanese mothers 
in Japan [12], and the tendency for low birth weight in Japa-
nese mothers is considered to be a reason. Japanese mothers’ 
babies have lower birth weights than babies with mothers of 
other Asian nationalities in the United States [25], and factors 
such as pre-pregnancy weight and gestational weight gain 
were considered as possible causes. Maternal BMI is a major 
factor affecting the trend of birthweight in Japan [16], and low 
BMI among mothers may be a reason for the decrease in birth-
weight in Japan. In addition, gestational diabetes is a risk factor 
for macrosomia [26]. In the United States, it was shown that 
Japanese mothers had a low rate of gestational diabetes com-
pared with foreign-born mothers of other nationalities [27], 
and it is possible that the risk of gestational diabetes may dif-
fer by nationality in Japan as well. Moreover, genetic factors in 
mothers and infants have been associated with variations in 
infant birthweight [28,29], and it is possible that differences by 
maternal nationality in genetic factors related to diseases or 
BMI affected birthweight within our study’s scope. Regarding 
a link with paternal nationality, the risk for macrosomia for fa-
thers from China, the Philippines, Brazil, and other countries 
was higher compared with those from Japan. Because pater-
nal BMI and height are known to positively affect birthweight 
[30,31], they are potential causes. The height of Japanese 
males is relatively low among worldwide countries [32], and it is 
known that the average BMI for Japanese males is not high 
when considered worldwide [33]. 

Other factors may confound the relationship between pa-
rental nationality and macrosomia in Japan. Difficulties for im-
migrant females in Japan during the perinatal period [34] in-
clude a lack of access to services, lack of support, and difficul-
ties in Japanese communication. Lesser access to medical care 
or lack of support might lead to insufficient management of 
blood glucose levels or gestational bodyweight gain among 
non-Japanese mothers. Prenatal visits were shown to be effec-
tive for glycemic control in pregnant females with type 2 or 
gestational diabetes in the United States [35]. Low economic 
status has been noted as another difficulty for immigrant fe-
males in Japan [34]. Lower socioeconomic status was suggest-
ed as a possible factor for a higher risk of macrosomia among 

Table 4. Multivariate regression analysis for investigating fac-
tors associated with macrosomia

Variables Adjusted RR (95% CI) p-value

Maternal age (y)
   ≤19 0.83 (0.74, 0.92) <0.001
   20-24 0.85 (0.82, 0.89) <0.001
   25-29 0.91 (0.89, 0.93) <0.001
   30-34 1.00 (reference)
   35-39 1.12 (1.09, 1.14) <0.001
   ≥40 1.15 (1.10, 1.21) <0.001
Paternal age (y)
   ≤19 0.89 (0.76, 1.05) 0.173
   20-24 0.99 (0.95, 1.04) 0.777
   25-29 0.97 (0.95, 1.00) 0.035
   30-34 1.00 (reference)
   35-39 1.07 (1.05, 1.09) <0.001
   ≥40 1.23 (1.20, 1.27) <0.001
Sex
   Female 1.00 (reference)
   Male 1.77 (1.74, 1.79) <0.001
Parity
   Primiparous 1.00 (reference)
   Multiparous 1.65 (1.62, 1.68) <0.001
Household occupation
   Farmer 1.31 (1.26, 1.37) <0.001
   Self-employed 1.07 (1.04, 1.10) <0.001
   Full-time worker 1 1.08 (1.06, 1.10) <0.001
   Full-time worker 2 1.00 (reference)
   Other occupations 1.11 (1.08, 1.14) <0.001
   Unemployed 1.11 (1.04, 1.19) 0.001
Maternal nationality
   Japan 1.00 (reference)
   Korea 1.91 (1.73, 2.10) <0.001
   China 2.82 (2.60, 3.05) <0.001
   Philippines 1.59 (1.45, 1.75) <0.001
   Brazil 1.74 (1.41, 2.13) <0.001
   Other countries 1.64 (1.51, 1.77) <0.001
Paternal nationality
   Japan 1.00 (reference)
   Korea 1.11 (0.99, 1.24) 0.062
   China 1.66 (1.51, 1.83) <0.001
   Philippines 1.38 (1.07, 1.78) 0.012
   Brazil 1.88 (1.53, 2.30) <0.001
   Other countries 3.02 (2.84, 3.21) <0.001
Year
   1995 1.00 (reference)
   2000 0.78 (0.77, 0.80) <0.001
   2005 0.64 (0.62, 0.65) <0.001
   2010 0.56 (0.55, 0.58) <0.001
   2015 0.54 (0.52, 0.55) <0.001
   2020 0.54 (0.53, 0.56) <0.001

RR, risk ratio; CI, confidence interval.
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immigrant mothers in Italy [13], and a higher educational level 
among pregnant females was associated with a lower risk of 
gestational diabetes in China [36]. 

An association between macrosomia and other attributes 
also merits discussion. Male infants, multiparity, and older ma-
ternal and paternal ages were associated with a higher rate of 
macrosomia. Male infants and multiparity are known to be risk 
factors for macrosomia in Japan [7], and older maternal and 
paternal ages are also known to be risk factors [37]. Regarding 
household occupation, the rate of macrosomia in unemployed 
households tended to be high in recent years, probably because 
of low socioeconomic status. In contrast, households with farm-
ers had the highest risk in the regression analysis. It is known 
that the mean birthweight is high among farmer households 
in Japan, and its family structure is pointed out as a factor [38].

It was discovered that the risk of macrosomia differed de-
pending primarily on maternal nationality, and glycemic con-
trol or governance of gestational weight gain might be more 
important for non-Japanese mothers [8,39]. Improving access 
to medical care or support for non-Japanese mothers may help 
to alleviate disparities. In addition, it is important to compare 
the physical and socioeconomic characteristics of mothers by 
nationality to understand the reasons for the difference in the 
future. It is also true that some macrosomia prevention mea-
sures are required for non-Japanese males.

There are some limitations in this study. We used data from 
Japan’s Vital Statistics, and data on several factors associated 
with macrosomia, such as BMI, smoking status, and pregnancy 
complications, were unavailable. Epidemiological studies are 
needed to take into account these factors. In addition, we used 
data on household occupation, but data on parental educa-
tional level or income were not available. In the future, it will 
be useful to use a wider range of socioeconomic factors in or-
der to verify the association between parental nationality and 
socioeconomic status among birth data.
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