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Abstract
Introduction: Although there are several reports on the prevalence of underweight or obesity in
low birth weight (LBW, <2.5 kg) children, there are few longitudinal studies from birth to early
infancy. Methods: We enrolled 177 (93 boys) LBW and 2485 (1267 boys) normal birth weight
(NBW, ≥2.5 and <4.0 kg) children. Height and weight data at birth and at 1.5, 3.5, and 5 years were
obtained from mother-health child records. Underweight and obesity were defined as <5th percentile and ≥90th percentile of the body mass index (BMI), respectively, based on reference values for
Japanese children. Results: LBW children had accelerated growth from birth to age 3.5 years, but
at Age 5, both sexes had significantly lesser height and weight z-scores, with notably lesser BMI
percentile scores for girls, compared with NBW children. The prevalence of underweight was significantly higher in the LBW children throughout the study period. There were no significant differences in the prevalence of obesity between the two groups, except for at birth. Multiple regression analysis revealed that small-for-gestational age was associated with underweight at Age 5
years. Conclusions: This study indicates that, up to Age 5, underweight is a more serious problem
than obesity in LBW children. Our results suggest that careful observation of growth from early
infancy is necessary to prevent the occurrence of underweight in early infancy.
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1. Introduction
Advances in perinatal care over the past two decades have reduced the mortality rate associated with very low
birth weight (VLBW, <1.5 kg) [1] [2]. However, VLBW children are at high risk of adverse long-term medical
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and developmental outcomes [3]. In Japan, unlike other developed counties, the rate of low birth weight (LBW,
<2.5 kg) has almost doubled from 5% in the late 1970s to approximately 10% in the late 2000s [4]. In 2012, the
rate of LBW was 9.6% in Japan [5], which was the highest rate among developed countries [4].
After initial postnatal growth failure, most preterm infants exhibit catch-up growth in weight, height, and head
circumference, generally starting early in the neonatal period and with catch-up occurring by early infancy [6]
[7]. However, some investigators have reported delayed catch-up growth to childhood [7] [8] or adolescence [9].
In addition, Roberts et al. [10] reported that height at age 2 was a good predictor of height at age 18 in extremely
preterm children whose gestational age was less than 28 weeks, when mid parental heights were used as a reference. Taken together, these data suggest that monitoring growth in infancy is important for predicting subsequent catch-up growth in LBW children.
A large body of reports exists on the association of LBW and postnatal growth in early infancy with later
health consequences in adolescence or in adulthood [11]-[18]. This is particularly so since the Barker hypothesis
[19] and the developmental origins of health and disease model [20] were proposed. Barker et al. [13] documented the association of LBW and low weight gain in the first year of life with death from ischemic heart disease. Recent studies focusing on excessive weight gain in early life have also shown that LBW combined with
rapid weight gain in early infancy is associated with greater risk for the development of obesity [14], hypertension [15], insulin resistance [16] [17], and cardiovascular disease [18]. Therefore, growth among LBW infants is
thought to influence the occurrence of noncommunicable diseases in later life.
Based on this knowledge, the present study aimed to follow-up the growth of LBW and normal birth weight
(NBW, ≥2.5 and <4.0 kg) children from birth to 5 years of age, longitudinally. In addition to comparing the two
groups, we aimed to determine the prevalence of both underweight and obesity in relation to the physical characteristics of LBW children at birth.

2. Methods
2.1. Low Birth Weight Children
We retrospectively included 1635 patients admitted to the neonatal intensive care unit of the Nara Medical University Hospital, Nara, Japan, from 1994 to 2007. Current addresses were missing for 312 patients, and the birth
weight of 675 patients were ≥2.5 kg. Consequently, we sent questionnaires to the parents of 648 children whose
birth weight was <2.5 kg between September 2012 and December 2013, and 240 questionnaires (37.0%) were
returned. We excluded the questionnaires for patients with cerebral palsy, trisomy 8 syndrome, and DiamondBlackfan anemia and patients who received growth hormone. Therefore, a total of 177 children (93 boys, 84
girls) were enrolled. Perinatal and birth data were collected from medical charts, and values of height and weight
from birth to 5 years of age were obtained from mother-health child records maintained by the mother.
This project was approved by the ethical and epidemiological committees of both the Nara Women’s University and Nara Medical University Hospital. In the questionnaire, we explained that parental consent was implied
by completing and returning it.

2.2. Normal Birth Weight Controls
We enrolled 2485 children (1267 boys, 1218 girls) aged 5 years old who were attending kindergarten or nursery
school in the Nara Prefecture of Japan. Their birth weight was required to be ≥2.5 kg and <4.0 kg. The details of
these participants and the method of data collection are available elsewhere [21].

2.3. Definition of Underweight and Obesity
Body mass index (BMI) was calculated as body weight in kilograms divided by height in meters squared
(kg/m2). We defined underweight and obesity by the BMI as that less than the 5th percentile and that equal to or
more than the 90th percentile, respectively, based on the standards of the Japanese Association for Human Auxology [22]. A BMI below the 5th percentile has been widely used to define childhood and adolescent underweight [23]-[25]. Cole et al. [26] reported that a BMI of 25.0 at age 18 corresponded to the 90th percentile for
males and the 88th percentile for females. Therefore, considering that a BMI of ≥25.0 defines obesity in Japanese
adults [27], we adopted the 90th BMI percentile at each age as a suitable cut-off value for obesity.
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2.4. Data Analysis

Differences by sex in the perinatal and birth data were examined by the Student t-test or Fisher exact test. The
Student t-test was used to compare the physical characteristics from birth to Age 5 years between the LBW and
NBW children. The prevalence of underweight and obesity in LBW and NBW children was compared by the
Fisher exact test. Comparison of the physical characteristics of LBW children at birth for those who were underweight, normal weight, and obese at Age 5 was also made using the Student t-test or Fisher exact test. The
association between underweight at Age 5 and physical characteristics at birth were determined by multiple logistic regression analysis, with odds ratios (ORs) and confidence intervals (CIs). The characteristics of LBW
children included sex, birth weight, height, gestational age, the presence of small-for-gestational age (SGA), and
multiple births in LBW children. Data analysis was performed using Excel Statistics, version 2010 (SSRI Co.,
Ltd., Tokyo, Japan). P values less than 0.05 were considered significant.

3. Results
3.1. Physical Characteristics at Birth in Low Birth Weight Children
Physical characteristics at birth, including birth weight and height, gestational age, and the prevalence of SGA
and multiple births, are shown in Table 1. Among these data, a significant difference was only found between
the sexes for the prevalence of SGA.

3.2. Comparison of Physical Characteristics at Birth and at 1.5, 3.5, and 5 Years of Age
between Low Birth Weight and Normal Birth Weight Children
Table 2 indicates the longitudinal changes in height and weight z-scores, increments of height and weight zscores, and BMI percentiles from birth to Age 5 in LBW and NBW children. LBW children exhibited significantly higher growth from birth to age 3.5 compared with NBW children, but still had significantly lower height
and weight z-scores than NBW children of either sex at Age 5. In contrast, BMI percentiles at Age 5 are statistically smaller in only LBW girls.

3.3. Comparison of the Prevalence of Underweight and Obesity between Low Birth Weight
and Normal Birth Weight Children
The prevalence of underweight was significantly higher in LBW children than in NBW children in both sexes,
except for boys at age 1.5 (Table 3). In addition, no statistical differences existed in the prevalence of obesity
between LBW and NBW children, except for at birth. Although not statistically significant, the prevalence of
obesity tended to be higher in LBW boys and lower in LBW girls aged 1.5, 3.5, and 5 years.
Table 1. Physical characteristics at birth in low birth weight children.
Total (n = 177)

Boys (n = 93)

Girls (n = 84)

P-value

Birth weight (kg ± SD)

1.64 ± 0.47

1.65 ± 0.45

1.63 ± 0.50

0.72b

≥1.5 kg, <2.5 kg (%)

112 (63.3)

60 (64.5)

52 (61.9)

≥1.0 kg, <1.5 kg (%)

46 (26.0)

24 (25.8)

22 (26.2)

<1.0 kg (%)

19 (10.7)

9 (9.7)

10 (11.9)

Birth height (cm ± SD)

40.3 ± 4.0

40.3 ± 3.8

40.3 ± 4.3

0.93b

Gestational age (wk ± SD)

32.7 ± 3.6

32.3 ± 3.3

33.2 ± 3.8

0.09b

SGAa (%)

42 (23.7)

16 (17.2)

26 (31.0)

<0.05c

Muptiplebirths (%)

34 (19.2)

18 (19.4)

16 (19.0)

0.56c

a

0.90c

SGA: Small for gestational age, defined as a sex-specific birth height and weight below the 10th percentile gestational age of the Japanese standard; bThe difference between genders was examined by the Student’s t-test; cThe
difference between genders was examined by the Fisher’s exact test.
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Table 2. Comparison of the physical characteristics at each time point between low and normal birth
weight children.
Boys
LBW (n = 93)

Girls

P-value a

NBW (n = 1267)

P-valuea

LBW (n = 84) NBW (n = 1218)

Height Z-score
Birth

−4.12 ± 1.8

0.17 ± 0.94

<0.001

−3.91 ± 2.07

0.14 ± 0.98

<0.001

1.5 y

−0.84 ± 2.1

0.17 ± 1.61

<0.001

−0.81 ± 1.70

0.17 ± 1.66

<0.001

3.5 y

−0.67 ± 1.3

−0.05 ± 1.29

<0.001

−0.50 ± 1.26

0.04 ± 1.21

<0.001

5y

−0.35 ± 1.3

0.23 ± 1.13

<0.001

−0.34 ± 1.43

0.25 ± 1.18

<0.001

Increment of height Z-score
Birth - 1.5 y

3.28 ± 2.71

0.00 ± 1.70

<0.001

3.10 ± 2.24

0.03 ± 1.79

<0.001

1.5 y - 3.5 y

0.17 ± 2.12

−0.22 ± 1.18

<0.05

0.31 ± 1.37

−0.14 ± 1.28

<0.01

3.5 y - 5 y

0.32 ± 0.92

0.28 ± 1.11

0.34

0.16 ± 0.80

0.21 ± 1.02

0.26

Weight Z-score
Birth

−3.37 ± 1.12

0.31 ± 0.80

<0.001

−3.44 ± 1.28

0.11 ± 0.76

<0.001

1.5 y

−0.42 ± 0.97

0.18 ± 1.06

<0.001

−0.67 ± 1.37

0.32 ± 1.23

<0.001

3.5 y

−0.51 ± 0.99

−0.03 ± 0.95

<0.001

−0.53 ± 1.16

0.16 ± 0.99

<0.001

5y

−0.31 ± 1.00

0.11 ± 1.00

<0.001

−0.54 ± 0.99

0.14 ± 0.94

<0.001

Increment of weight Z-score
Birth - 1.5 y

2.95 ± 1.33

−0.12 ± 1.15

<0.001

2.77 ± 1.50

0.20 ± 1.27

<0.001

1.5 y - 3.5 y

−0.09 ± 0.67

−0.21 ± 0.68

0.06

0.14 ± 0.80

−0.16 ± 0.83

<0.001

3.5 y - 5 y

0.19 ± 0.55

0.14 ± 0.65

0.17

−0.01 ± 0.60

−0.02 ± 0.60

0.45

BMI % tile
Birth

6.9 ± 13.6

53.6 ± 26.8

<0.001

6.6 ± 14.5

55.4 ± 26.7

<0.001

1.5 y

50.9 ± 30.4

51.8 ± 27.6

0.38

43.6 ± 31.5

55.5 ± 28.1

<0.001

3.5 y

49.5 ± 31.9

54.3 ± 26.4

0.08

38.5 ± 29.2

54.7 ± 26.6

<0.001

5y

45.8 ± 30.5

49.6 ± 26.7

0.12

34.2 ± 27.4

50.5 ± 25.7

<0.001

a

Data represents means ± SD. LBW: Low Birth Weight; NBW: Normal Birth Weight. Differences in the physical characteristics between LBW and NBW children were examined by the Student’s t-test.

3.4. Comparison of the Physical Characteristics at Birth Classified by a Body Status at Age
5 in Low Birth Weight Children
We classified all LBW children into one of the three groups (underweight, normal weight, and obese) based on
their BMI percentile at 5 years of age and compared the physical characteristics at birth between them. As
shown in Table 4, the number of underweight, normal weight, and obese children was 23 (13.0%), 144 (81.4%),
and 10 (5.6%), respectively. The distribution of birth weight and prevalence of SGA among the underweight
children were significantly different from those in normal weight children (Table 4). Notably, the prevalence of
SGA in underweight children was approximately 3.8 times than that in normal weight children. Finally, for LBW
children, we examined the association between being underweight at Age 5 and several variables, including sex,
birth weight, height, gestational age, presence of SGA, and multiple births, by multiple logistic regression analysis
(Table 5). Consequently, SGA was found to be the only factor associated with underweight at Age 5 (OR 8.14,
95%; CI 2.01 - 32.93).
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Table 3. Differences in the prevalence of underweight and obesity between low and normal birth weight children.
Total

Boys

P-valuea

LBW (n = 177) NBW (n = 2485)

Girls

P-valuea

LBW (n = 93) NBW (n = 1267)

P-valuea

LBW (n = 84) NBW (n = 1218)

Prevalence of underweight
Birth

127 (71.8)

35 (1.4)

<0.001

65 (69.9)

21 (1.7)

<0.001

62 (73.8)

14 (1.1)

<0.001

1.5 y

18 (10.2)

74 (3.0)

<0.001

5 (5.4)

40 (3.2)

0.19

13 (15.5)

34 (2.8)

<0.001

3.5 y

21 (11.9)

61 (2.5)

<0.001

10 (10.8)

32 (2.5)

<0.001

11 (13.1)

29 (2.4)

<0.001

5y

23 (13.0)

89 (3.6)

<0.001

10 (10.8)

47 (3.7)

<0.01

13 (15.5)

42 (3.4)

<0.001

Prevalence of obesity
Birth

2 (1.1)

270 (10.9)

<0.001

1 (1.1)

126 (9.9)

<0.001

1 (1.2)

144 (11.8)

<0.001

1.5 y

22 (12.4)

284 (11.4)

0.34

14 (15.1)

121 (9.6)

0.07

8 (9.5)

163 (13.4)

0.25

3.5 y

15 (8.5)

211 (8.5)

0.55

12 (12.9)

109 (8.6)

0.11

3 (3.6)

102 (8.4)

0.08

5y

10 (5.6)

145 (5.8)

0.54

8 (8.6)

76 (6.0)

0.21

2 (2.4)

69 (5.7)

0.15

a

LBW: Low Birth Weight; NBW: Normal Birth Weight. The prevalence of underweight and obesity between LBW and NBW children was compared
by the Fisher’s exact test.

Table 4. Comparison of the physical characteristics at birth by body status at 5 years in low birth weight children.
Body status at 5 years
Thin (n = 23)

Normal weight (n = 144)

Obese (n = 10)

Sex (boys %)

10 (43.5)

75 (52.1)

8 (80.0)

Birth weight (kg ± SD)

1.52 ± 0.49

1.66 ± 0.47

1.67 ± 0.55

≥1.5 kg, <2.5 kg (%)

b

10 (43.5)

96 (66.7)

7 (70.0)

≥1.0 kg, <1.5 kg (%)

11 (47.8)b

31 (21.5)

2 (20.0)

<1.0 kg (%)

2 (8.7)b

17 (11.8)

1 (10.0)

Birth height (cm ± SD)

39.6 ± 4.3

40.4 ± 4.0

39.6 ± 5.0

Gestational age (wk ± SD)

34.0 ± 3.6

32.6 ± 3.5

31.7 ± 3.8

SGAa (%)

16 (69.6)c

26 (18.1)

0 (0.0)

a

SGA: Small for gestational age, defined as a sex-specific birth height and weight below the 10th percentile for gestational age of the Japanese standard; bSignificantly different from normal-weight children, P < 0.05 (Fisher’s exact test); cSignificantly different from normal-weight children, P <
0.001 (Fisher’s exact test).

4. Discussion
Monitoring growth and neurological development are key issues in the follow-up of LBW children [3]. Investigators have reported retarded height and weight growth among LBW, especially in VLBW children [10] [11].
Although most LBW children experience catch-up growth by adolescence, the precise time of catch-up is highly
diverse and appears to depend on their weight and gestational age at birth [6]-[9]. In fact, several studies have
reported that SGA infants were more likely to remain smaller throughout childhood and adulthood than infants
born at weights appropriate for gestational age (AGA) [8] [11] [28].
In the present study, we demonstrated that LBW children experienced accelerated growth from birth to age
3.5 years, but that they still had significantly smaller height and weight z-scores than the NBW controls, regardless of sex, at Age 5. These results were consistent with those of previous studies, in which preterm or VLBW
children showed steady increases in height and weight standard deviation scores from birth to Age 6, but that
they remained smaller and lighter than their term-born or NBW peers [8] [29]. In addition, adolescents and
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Table 5. Multiple logistic regression of the association between underweight at 5 years and physical characteristics at birth
in low birth weight children.
Independent variable: Underweight at 5 years
Dependent variables
Coefficient (95% CI)

Standardized coefficient

OR (95% CI)

P-value

Sex

0.02 (−0.98, 1.03)

0.01

1.02 (0.38, 2.79)

0.95

Birth weight (kg)

0.31 (−1.24, 1.87)

0.15

1.37 (0.29, 6.47)

0.67

Birth height (cm)

−0.12 (−0.33, 0.10)

−0.46

0.89 (0.72, 1.11)

0.32

Gestational age (wk)

0.05 (−0.22, 0.31)

0.16

1.05 (0.80, 1.36)

0.79

SGA

2.10 (0.70, 3.49)

0.91

8.14 (2.01, 32.93)

<0.001

Muptiple births

−0.83 (−2.43, 0.78)

−0.33

0.44 (0.09, 2.17)

0.35

a

b

(R² = 0.53)
Ten obese children were excluded from this analysis. aFor the analysis, 1: Boys, 0: Girls, 1: AGA, 0: AGA, 1: Multiple births, 0: Single birth, were
allocated. bSGA: Small for gestational age, defined as a sex-specific birth height and weight below the 10th percentile for gestational age of the Japanese standard.

adults born preterm or LBW have also been shown to be shorter and lighter than their peers [9] [10] [28] [30]
[31]. For example, Saigal et al. [31] reported that the mean height of young adults born extremely LBW (<1.0
kg) was below their target height.
Since catch-up growth for height and weight is not necessarily proportionate [30], it is important to assess
BMI for judgment of adiposity. Although underweight should be evaluated using the BMI, epidemiological studies on the prevalence of underweight in LBW children based on BMI are limited. Hack et al. [28] demonstrated
that 6% of VLBW males were underweight (BMI < 18.5) compared with 2% of their controls at Age 20. Equally,
Yang et al. [32] showed that 7.77% and 1.46% of children whose birth weights were <2.5 and ≥2.5 kg, respectively, were underweight at Ages 3 - 6, according to the National Center for Health Statistics standards and that
LBW children were at higher risk for underweight (OR 3.68, 95% CI 3.11 - 4.37). Additionally, the prevalence
of underweight (BMI < 5th percentile) in extremely LBW children has been reported to be significantly higher in
girls at Age 8, becoming similar to that of NBW children at Age 14 [33]. For both sexes, the mean BMI of young
adults born preterm or extremely LBW was close to that of the reference population in most previous studies [10]
[31]. However, another study showed lower BMIs among only males at 20 years [28].
When comparing LBW and NBW children, we found a significant difference only in BMI percentiles for girls,
except for at birth. A possible reason for this difference between the sexes was that the prevalence of SGA was
significantly higher in LBW girls compared with that in LBW boys. The prevalence of underweight was significantly higher at Age 5 in both sexes, and the multiple regression analysis indicated that SGA at birth was only
associated with underweight in 5-year-old children. Indeed, a review of childhood undernutrition risk based on
SGA and preterm birth found that SGA, irrespective of gestational age, was risk factor for underweight at 12 60 months compared with AGA or term births [34].
A number of studies have examined the relationship between birth weight and overweight or obesity [31] [33]
[35]-[39]. Several studies have reported that LBW was a protective factor against overweight or obesity in infancy, particularly in girls [35], or in childhood [36]. Hirschler et al. [36] showed that by school age, LBW children of both sexes had almost 70% lower odds of being overweight or obese. Other investigators have demonstrated higher BMIs in females born at low birth weights [37] and higher rates of obesity in LBW adults [38]. In
addition, Eriksson et al. [38] demonstrated J-shaped associations in males, with a higher prevalence of obesity
observed for LBW and higher birth weight than in those with a birth weight of 3.0 - 3.5 kg. In contrast, there
were no differences in the prevalence of overweight or obesity in childhood and adolescence [33], or young adulthood [31], between extremely LBW and NBW subjects. Finally, in a systematic review and meta-analysis of the
association between birth weight and subsequent risk of obesity, Yu et al. [39] found no evidence for a significant association between LBW and obesity. Taken together, these findings suggest that the association between
LBW and later-life obesity remains controversial. The present study found similar obesity rates between 1.5 and
5 years of age in LBW and NBW children. However, further follow-up to adolescence and adulthood is neces-
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sary, given that obesity and its related disorders seem to appear later in life [11] [12] [19] [20].
There are several limitations in the present study. First, the retrospective design resulted in a substantial number of children without present addresses at the time of investigation and a questionnaire return rate of approximately 37%. In addition, the investigation was carried out at single hospital in the Nara Prefecture. These facts
undoubtedly led to a degree of selection bias that must be considered in any interpretation. Second, we followed
the growth of LBW children from birth to Age 5 only, making a longer follow-up study to later childhood or
adulthood necessary. Third, the study collected only height and weight as anthropometric measures and used BMI
as the sole indicator for assessing adiposity in children. Other anthropometric indicators, such as waist circumference [40], lean and fat mass [41], or visceral and subcutaneous fat [41], may be required to ensure precise
evaluation.
A major strength of this study was that it examined the growth of LBW children from birth to Age 5 longitudinally. Moreover, the data for LBW children were compared with a large sample of NBW children, with particular attention given to the prevalence of both underweight and obesity. The accuracy of the data obtained from
mother-health child records maintained by the mother is also considered as strength. In Japan, a regular health
check is carried out by experts at birth and at Ages 1.5 and 3.5 years, and the results are recorded in these notebooks.

5. Conclusion
The prevalence of underweight was higher in LBW children than in NBW controls, but the rates of obesity were
comparable. Thus, our data support underweight being a more serious problem than obesity in LBW children at
Age 5. The facts that height and weight z-scores were significantly lower at each time point, and that SGA was
the only risk factor for underweight at Age 5, were important findings. These suggest that careful observation of
growth and intervention from early infancy may be necessary to prevent the development of underweight.
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