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Abstract

Background Low birth weight (LBW) is a risk factor for chronic kidney disease (CKD) in later life and is becoming increas-
ingly common in developed countries, including Japan. Furthermore, a serial decrease in birth weight has been associated
with an increasing prevalence of CKD stage 2 in male Japanese adolescents. Sex-specific differences affect CKD suscepti-
bility, and the association between birth weight and CKD in women, has not been elucidated. In this study, we investigated
the sex-specific effect of LBW on renal function.

Methods Annual cross-sectional data of 2417 Japanese adolescents (males 1736; females 681), aged 15-16 years, were
evaluated over 8 years (2007-2014).

Results Over the study period, mean birth weights decreased significantly in males (p <0.01) and females (p <0.05). Fur-
thermore, both sexes showed significant decrease in estimated glomerular filtration rates corresponding to the birth weight
reduction. The prevalence of CKD stage 2 also increased in males (from 26.0 to 32.4%, p <0.01) and females (from 6.3 to
18.5%, p <0.05). The incidence of CKD stage 2 was significantly related to history of LBW (males: odds ratio 1.73; 95%
confidence interval 1.06-2.80; p < 0.05; females: odds ratio 3.29; 95% confidence interval 1.25-8.02; p <0.05).
Conclusions Our data revealed that renal function and birth weight have decreased over time, in healthy Japanese adoles-
cents. In view of the recent declining trend demonstrated by birth weight in Japan, we speculate that the prevalence of CKD
might increase in the future.
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Introduction associated with non-communicable diseases such as obesity,

diabetes, and hypertension. In addition to these disorders,

Chronic kidney disease (CKD) contributes to the global
disease burden because it is an independent risk factor for
cardiovascular diseases and end-stage renal disease (ESRD)
[1]. There has been a substantial increase in the incidence of
CKD in Japan and other developed countries [2, 3]. Causes
of CKD are multifactorial, and the disorder is usually
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intrauterine growth retardation (IUGR) is also emerging
as a contributor to CKD [4], with low birth weight (LBW)
(<2500 g) acting as a surrogate marker of IUGR. Birth
weight shows a linear correlation with the total number of
functional nephrons, and LBW infants have to contend with
reduced numbers of compensatory hypertrophied glomeruli
[5, 6]. This can, in turn, predispose an individual to develop
CKD during adulthood, according to the hyperfiltration
theory [7]. Animal experiments have demonstrated a direct
correlation between LBW on one hand and reduced nephron
numbers and impaired renal function on the other [8].
LBW increases the risk of infant mortality and is linked
to higher risk of development of non-communicable diseases
such as hypertension, diabetes, and CKD, according to the
developmental origins of health and disease theory [9-11].
LBW has a reported global incidence of 15-20%, and affects
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infants in both developing and developed countries [4, 12].
From the mid- to late-twentieth century, the mean birth
weight had increased globally and has since, shown a declin-
ing trend, [13] with an increase in prevalence of LBW noted
in most developed countries [12]. Recently, the prevalence
of LBW in Japan, has been estimated to be ~ 10%, which is
the highest among that in developed countries. Therefore,
there is a concern that this increased prevalence will affect
the rates of LBW-related diseases in Japanese patients [14,
15]. Considering this, we have previously reported that the
increasing LBW prevalence in Japan is associated with an
increasing prevalence of renal dysfunction in male adoles-
cents [16].

The degree of susceptibility to development of CKD is
known to be sex-specific [17, 18], and meta-analyses have
shown that renal function declines more slowly in women
than in men, when adjusted for risk factors such as blood
pressure or serum lipid levels [19]. Some studies have
shown that the effect of LBW on renal outcomes is weaker
in women [20, 21], though there are conflicting observa-
tions regarding the association of LBW with the risk of CKD
development in this population [22].

In this study, we investigated changes in estimated glo-
merular filtration rates (¢GFRs) and birth weights in healthy,
Japanese male and female adolescents (1516 years of age),
before occurrence of overt manifestations of metabolic dis-
orders and/or hypertension. We also examined sex-specific
differences while determining the effect of LBW on renal
function in these adolescents.

Materials and methods

The study participants included 2417 Japanese high school
students (1736 males, 681 females), from four private high
schools in Tokyo, Saitama and Kanagawa, who attended
annual school medical checkups conducted by the Health
Center of Keio University, between 2007 and 2014. We
excluded individuals with missing birth weight data from the
study. The study protocol was approved by the review com-
mittee of Keio University (approval number 18-001) and was
conducted in accordance with the Declaration of Helsinki.
The annual medical checkup of each participant was
conducted, as previously reported [16]. Each participant’s
height was measured, to the nearest centimeter, while stand-
ing without shoes. Body weights were determined to the
nearest 100 g using an automatic device, while each partici-
pant was wearing light clothing. Body mass indices (BMIs)
were calculated by dividing the participant’s weight (kg)
by the square of his/her height (m). Blood pressure (BP)
was measured, after the participant had remained seated for
at least 3 min, using an automatic electronic sphygmoma-
nometer. If a student’s blood pressure was > 140/90 mm Hg

(until 2010) or > 140/85 mm Hg (2011-2014), the BP was
measured again. These cutoff values were based on the Japa-
nese Society of Hypertension Guidelines for the Manage-
ment of Hypertension [23]. If > 1 measurement was taken,
the average BP was used to denote the systolic and diastolic
BPs. Urine samples were examined using dipstick tests.
Blood samples were collected, after overnight fasting, to
determine serum levels of total cholesterol (TC), triglycer-
ides (TG), high-density lipoprotein cholesterol (HDL-C),
glucose, uric acid (UA), and serum creatinine (Cr), using
standard methods. The eGFRs were calculated using the fol-
lowing Cr-based equation, adjusted for Japanese children
and adolescents [24]: eGFR =110.2 X (reference serum Cr/
patient serum Cr) +2.93. While reference serum Cr level for
males was calculated using the formula: — 1.259 X (height
[m])°> + 7.815 x (height [m])*— 18.57 x (height
[m])? +21.39 x (height [m])>— 11.71 X height (m) +2.628,
that for females was determined using: —4.536 X (height
[m])° +27.16 x (height [m])* — 63.47 x (height
[m])?+72.43 x (height [m])? — 40.06 X height (m) + 8.778.
Based on derived eGFR values, each participant was
classified into one of five stages, as defined by the National
Kidney Foundation Kidney Disease Outcomes Quality Ini-
tiative guidelines [25]. The birth weight, height, and gesta-
tional age, recorded at the time of each participant’s delivery,
were obtained from routine obstetric records. The students
were further divided into three groups, based on their birth
weights. Only four female students demonstrated high birth
weights and were included in the normal birth weight group.

Statistical analyses

The anthropometric and laboratory characteristics were
summarized and analyzed annually. The data are expressed
as means + standard deviations (SDs) or as medians and
interquartile ranges (IQRs) for TG levels. The prevalences
of LBW, pre-term birth (<37 weeks), and CKD stage 2
(60 mL/min/1.73 m* <eGFR <90 mL/min/1.73 m?) were
also evaluated annually. The annual trends of continuous
variables were examined yearly, using trend-tests in lin-
ear regression models. Linear trends for proportions of
students with LBW, pre-term birth, and mild renal dys-
function were estimated using the Cochran—Armitage test
[26]. The odds ratio (OR) for CKD stage 2 was determined
using multivariate logistic regression analyses. BP, TC,
TG, glucose, and UA levels were expressed as values per
unit SD, and being overweight was defined as current BMI
at or above the 85th percentile of the recommended cutoff
(sex-specific) BMI values for Japanese adolescents [27].
We examined the associations between eGFR and birth
weight using simple linear regression analysis or multi-
ple linear regression analysis as follows: Model 1; unad-
justed; Model 2: adjusted for current BW/SD, mean BP/
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SD; Model 3: Model 2+ TC/SD, TG/SD; Model 4: Model
3+ UA/SD, Glu/SD. TG levels were log,,-converted prior
to inclusion in calculations. All analyses were performed
using JMP 12 (SAS Institute, Cary, NC, USA) software,
and each test was two-sided with a significance level of
5%.

Results
Characteristics

The trends for current body weight, birth weight, BP, and
serum metabolic parameters are summarized in Table 1.
Gestational ages of 2242 study participants were avail-
able. While current body-weight trends were similar in
both male and female adolescents across the 8-year study
period, the birth-weight trends showed a significant
decline (males: 3159 +360 g in 2007 to 3088 +342 ¢
in 2014, p <0.05; females: 3114 +307 g in 2007 to
2988 +384 g in 2014, p < 0.01). Previously, we reported
that the prevalence of LBW in males had increased sig-
nificantly over 18 years [16]. However, in this study, the
prevalence of LBW was similar across both sexes, over
the 8-year study period. This occurred probably due to
the shorter observational period (Table 2). None of the
individual students had an eGFR <60 mL/min/1.73 m?,
reflecting a healthy study population. The mean eGFR
of females was higher than that of males, every year.
However, both sexes displayed a significant decrease in
eGFR over time [mean eGFR for males was 99 + 14 mL/
min/1.73 m? in 2007 and 96 + 13 mL/min/1.73 m* in
2014 (p <0.01) while for females it was 107 +£ 15 mL/
min/1.73 m* in 2007 and 100+ 11 mL/min/1.73 m® in
2014 (p<0.01)] (Table 1). Accordingly, the prevalence
of CKD stage 2 increased in both sexes between 2007 and
2014 (males: from 26.1 to 32.2% (p < 0.01); females: from
6.3 to 18.5% (p <0.05) (Table 2). While the rate of uri-
nary protein positivity reduced significantly in males, this
decrease was not observed in the female study population
(Table 2). Serum TG levels increased significantly from
2007 to 2014 (Table 1). Although, the mean BP of male
participants was found to decrease over the study period,
an opposite trend was observed in females.

Table 3 shows the trends for various parameters, accord-
ing to birth weight categories. We found that in both male
and female adolescents, birth weight was significantly asso-
ciated with eGFR as well as with current height and body
weight. We examined the prevalence of CKD stage 2 in rela-
tion to birth weight (Fig. 1) and observed that it was com-
moner in the lower than in the normal birth-weight group,
for both sexes.

@ Springer

CKD stage 2 risk

The interactions between CKD stage 2 and various risk fac-
tors [10] were investigated using multiple logistic regres-
sion analyses. Being overweight, having a low birth weight,
and levels of TC and UA were found to be risk factors for
CKD stage 2 in males (Table 4, left panel). On the other
hand, mean blood pressure, birth weight, and levels of TG,
TC, and UA were the most predictive risk factors in females
(Table 4, right panel). The ORs for CKD stage 2 were higher
in the LBW groups (males: OR 1.73; 95% CI 1.06-2.80;
p <0.05; females: OR 3.29; 95% CI 1.25-8.02; p < 0.05).

Relationships between renal function and birth
weight, BP, and metabolic parameters

We demonstrated the associations between eGFR levels and
birth weight, current body weight, mean BP, and metabolic
parameters in Table 5. In male and female adolescents, the
unadjusted analysis revealed that birth weight was positively
associated with eGFR. Specifically, each 1-kg decrease in
birth weight was associated with a decrease in eGFR [coef-
ficient 5.17 mL/min/1.73 m? in males (p <0.01) and 3.67
mL/min/1.73 m? in females (p<0.05)] (Table 5). After
adjusting for the current body weight, BP, and metabolic
parameters, a significant correlation was found to persist
between birth weight and eGFR (males: coefficient 4.44;
95% CI 2.70-6.19; p < 0.01; females: coefficient, 2.97; 95%
CI0.01-5.93; p <0.05). Conversely, eGFR levels were found
to correlate inversely with metabolic parameters including
TC and UA values.

Discussion

LBW is associated with the risk of development of non-
communicable diseases, according to the developmental
origins of health and disease hypothesis, and there has been
concern that the serial increase in prevalence of LBW in
Japan will affect the future incidence of CKD [4, 28]. We
had previously published results of an 18-year study on the
relationship between birth weight and renal function in male
adolescents [16]. Since sex-specific differences may affect
the influence of LBW on renal disease [21], we included
both male and female adolescents in this study. In the pre-
sent study, we focused on these differences and clarified the
adverse effects of serial decrease in birth weight on renal
function in both healthy male and female adolescents. We
found that the mean birth weights of healthy Japanese ado-
lescents recruited into the study between 2007 and 2014,
showed a significant decreasing trend. Furthermore, this
decrease in birth weight was associated with a similarly
reducing trend with respect to eGFR values. Thus, we found
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Table 2 The percentages of low birth weight, CKD stage 2, proteinuria and pre-term deliveries among the study population, each year

2007 2008 2009 2010 2011 2012 2013 2014 p value
LBW (<2500 g)
M 3.4(7/208) 3.9 (8/207) 4.0 (9/226) 5.9(13/220) 4.5 (9/201) 4.3 (13/224) 4.3 (9/211) 5.0 (12/239) 0.34
F 2.5 (2/80) 1.2 (1/83) 1.4 (1/74) 4.8 (4/84) 5.8 (5/86) 9.0 (8/89) 5.4 (5/93) 7.6 (7/92) 0.08
CKD stage 2 (60 mL/min/1.73 m? < eGFR <90 mL/min/1.73 m?)
M 26.0(54/208) 22.7 (47/207) 21.2 (48/226) 29.1 (64/220) 36.3 (73/201) 26.3 (59/224) 31.8(67/211) 32.2(77/239) <0.01
F 6.3 (5/80) 8.4 (7/83) 10.8 (8/74) 8.3 (7/84) 8.1 (7/86) 4.5 (4/89) 12.9 (12/93)  18.5(17/92) <0.05
Proteinuria
M 6.3(13/208) 5.3 (11/207) 9.3 (21/226) 14.6 (32/220) 7.0 (14/201) 4.0 (9/224) 4.7 (10/211)  2.5(6/239)  <0.05
F 1.3 (1/76) 0.0 (0/81) 0.0 (0/74) 1.1 (1/84) 3.5 (3/84) 0.0 (0/89) 1.1 (1/93) 0.0 (0/92) 0.86
Pre-term (GA <37 week)
M 6.7(5/75) 3.5(7/202) 5.5(12/220) 4.2 (9/213) 3.1 (6/197) 4.1 (9/221) 4.3 (9/209) 3.8 (9/237) 0.51
F 1.3 (1/78) 3.7 (3/81) 1.4 (1/72) 3.7 (3/72) 2.4 (2/84) 2.3 (2/88) 2.2 (2/93) 3.3 (3/91) 0.75
The trends over 8 years were estimated using the Cochran—Armitage trend test
M male, F female, GA gestational age
Table 3 Parameter comparisons, according to birth weight category
Birth weight (g)
Males Females
<2500 2500-2999 23000 p value <2500 2500-2999 23000 p value
n=80 n=527 n=1129 n=33 n=246 n=402
Height (cm) 168.8+4.9 169.3+5.3 171.7+£5.7 <0.01 156.6+6.2 158.0+£5.3 159.9+5.1 <0.01
Weight (kg) 582+74 58.9+8.1 61.4+8.8 <001 474+58 48.0£4.9 50.5+£5.7 <0.01
BMI (kg/m?) 20.4+2.2 20.5+£2.5 20.8+2.6 <0.05 19.3+22 192+1.8 19.7+1.9 <0.05
SBP (mmHg) 114.3+£10.6 115.6+134 114.8+13.2 0.51 101.7+11.8 102.5+11.6 102.4+£11.1 0.92
DBP (mmHg)  63.2+8.5 64.7+10.4 64.5+9.2 0.67 58.4+82 57.9+6.7 57.5+7.2 0.35
Mean BP 80.3+8.3 81.7+£10.5 81.3+9.7 0.74 72.8+89 72.8+7.7 72.5+7.8 0.60
(mmHg)
Gestational age  37.1+1.7 38.7+1.5 39.4+1.3 <001 374+28 389+1.3 39.6+1.0 <0.01
(week)
Cr (mg/dL) 0.81+0.11 0.80+0.10 0.81+0.10 0.87 0.61+0.09 0.60+0.08 0.60+0.08 0.82
eGFR(mL/ 95+14 97+13 99+14 <0.01 103x16 106 +14 108+14 <0.05
min/1.73 m?)
TC (mg/dL) 167.1+30.3 168.1+27.3 167.3+27.0 0.74 180.5+24.1 179.0+26.4 180.4+29.5 0.66
TG (mg/dL) 58.0 (42.3- 55.0 (43.0- 55.0 (40.0- 0.89 52.0 (37.5- 49.0 (37.0- 46.0 (35.0- 0.07
78.0) 78.0) 79.0) 71.5) 63.0) 61.0)
HDL (mg/dL)  63.7+12.3 63.9+12.0 63.6+11.9 0.70 68.1+14.1 68.4+12.4 68.7+12.3 0.66
UA (mg/dL) 6.0x+1.1 6.0+12 59+1.1 0.05 4.8+0.8 4.7+0.8 4.6+0.9 0.08
Glu (mg/dL) 86.0+6.6 86.3+7.1 86.1+7.1 0.59 81.5+54 83.1+5.6 83.0+5.9 0.38

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, Cr creatinine, eGFR estimated glomerular filtration rate, 7C
total cholesterol, HDL high-density lipoprotein, 7G triglyceride, UA uric acid, Glu glucose

LBW to be an independent risk factor for mild reduction
in renal function, regardless of current body weight, blood
pressure, and laboratory variables. This indicates that both
male and female adolescents are vulnerable to the influence
of LBW on long-term renal function.

The prevalence of LBW in Japan has been increasing
during the last 3 decades and is among the top 10% among
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developed countries [15, 29]. In addition to smoking, older
age at the time of conception, and multiple fertilization pro-
cedures, an increasing prevalence of underweight women
of reproductive age (due to dieting and inadequate weight
gain during pregnancy) may also contribute to this trend
[15, 30]. In this study, mean birth weight declined signifi-
cantly in both male and female adolescents between 2007
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Table 4 The odds ratio Male Female

for parameters associated
with CKD stage 2 (60 mL/
min/1.73 m? £ eGFR <90 mL/
min/1.73 m?)

Odds ratio® 95% CI p value Odds ratio 95% CI p value

Birth weight (g)

<2500 1.73 1.06-2.80 <0.05 3.29 1.25-8.02 <0.05

2500-2999 1.48 1.18-1.87 <0.01 1.17 0.66-2.05 0.58

23000 1.00 1.00
Current BMI overweight 1.94 1.49-2.52 <0.01 1.07 0.30-2.91 0.91
Blood pressure/SD 0.96 0.86-1.07 0.46 0.73 0.55-0.97 <0.05
Total cholesterol/SD 1.12 1.00-1.26 <0.05 1.44 1.11-1.87 <0.01
Triglyceride/SD 1.01 0.89-1.13 0.92 0.74 0.56-0.97 <0.05
Glucose/SD 091 0.82-1.01 0.08 0.87 0.72-1.09 0.21
Uric acid/SD 1.31 1.17-1.46 <0.01 1.51 1.15-1.99 <0.05

Overweight BMI 2 85th percentile in BMI standardization curve for Japanese adolescents, SD standard

deviation

*The odds ratio for each parameters potentially associated with mildly reduced renal function was esti-
mated using multiple logistic regression analysis

and 2014 (Table 1). However, while the LBW (i.e., birth
weight <2500 g) prevalence in males was not observed to
change during this study period (Table 3), the prevalence of
males who weighed <3000 g at birth increased significantly
in these 8 years (from 28.3% in 2007 to 38.9% in 2014,
p <0.05) and that of females showed an upward trend (from
35.0% in 2007 to 45.7% in 2014, p=0.07). To elucidate the
influence of this birth weight reduction on renal outcomes,
we analyzed the annual checkup data of all adolescents, who
were free of any overt manifestations of metabolic disorders
and/or hypertension at this early age. We found that LBW
was an independent risk factor for CKD stage 2 in both male
and female adolescents and that birth weight <3000 g was
an independent risk factor in males (Table 4). Moreover, we
derived a positive linear association between birth weight
and eGFR values (Table 5). These data suggest that birth
weight is a major determinant of renal function in later
life for both sexes. The Japanese national survey showed

an increase in the prevalence of proteinuria in high school
students since 2000s and similar results were obtained in
our previous study, using dipstick tests for urinalysis [16].
However, in this study, we did not observe a similar trend. It
might be due to the comparatively short observation period
or because of the small number of subjects included in this
study. Furthermore, it has been reported that [IUGR and
LBW interfere with renal development and lead to a reduc-
tion in nephron numbers. This decrease results in develop-
ment of glomerular hypertension and hyperfiltration, which
might cause glomerular sclerosis. The sclerosis further
reduces filtration area and worsens extent of hyperfiltration
[5-7]. Although, we could not conduct confirmatory renal
pathological examination in this study population of healthy
adolescents, based on our findings, we believe that nephron
numbers were reduced in those with history of LBW.
Sex-specific differences also affect susceptibility to CKD
[17, 18], and the cumulative incidence of ESRD in Japan
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Table 5 Linear regression analysis of factors associated with estimated glomerular filtration rates in male and female adolescents

Model 12 Model 2° Model 3¢ Model 4¢
R? M: 0.02, F: 0.01 R? M: 0.02, F: 0.01 R? M: 0.02, F: 0.01 R? M: 0.02, F: 0.01
Coeff 95% CI p value Coeff 95% CI p value Coeff 95% CI pvalue Coeff 95% CI p value
Birth weight/kg
M 517 34310691 <0.01 528 351t07.05 <001 520 34310697 <001 444 270t06.19  <0.01
F 367 0.78t06.56 <0.05 393 09010695 <0.05 426 125t0726 <001 297 00110593 <0.05
Current BW/SD
M —0.24 —0.92t0 0.44 0.50  —0.10 —0.79 to 0.59 0.79 0.43 —0.26 t0 1.12 0.23
F —0.33 —1.47 t0 0.80 0.56  —0.48 —1.60 to 0.65 041 —0.15-1.271t00.96 0.79
Mean BP/SD
M 0.42 —0.25 to 1.09 0.22 0.56 —0.12 to 1.23 0.10 0.47 —0.20to 1.14 0.16
F 0.90 —0.19t0 —2.00  0.11 0.92 —0.17 to 2.01 0.10 0.58 —0.49 to 1.65 0.29
TC/SD
M -0.99 —1.70t0 —0.28 <0.01 —0.94 —1.64t0—0.25 <0.01
F -229 -338t0—-1.19 <001 —2.38 -346t0—1.32 <0.01
TG/SD
M —0.26 —0.98 t0 0.46 048 —0.37 —1.09 t0 0.35 0.31
F 0.39 —0.72 to 1.49 0.49 0.35 —0.73 to 1.43 0.53
UA/SD
M —258 32410192 <0.01
F —2.97 —4.02t0 —1.91 <0.01
Glu/SD
M 0.44 —0.19 to 1.08 0.17
F 1.16 023t02.09 <0.05

M male, F female, Coeff coefficient, CI confidence interval, BW body weight, SD standard deviation, BP blood pressure, TC total cholesterol, TG

triglycerides, UA uric acid, Glu glucose
*Unadjusted

bAdjusted for current BW/SD, mean BP/SD
“Model 2+ TC/SD, TG/SD

4Model 3+ UA/SD, Glu/SD

was shown to be higher in men than in women [17]. The
rate of ESRD in women was also shown to be lower during
their reproductive years, and rising thereafter [17]. There-
fore, a woman’s postmenopausal status is likely to accelerate
progression of CKD. In addition, eGFR values are higher in
females than in males at younger ages [24, 31]. In the present
study, eGFR values and incidences of CKD stage 2 were
significantly lower in female than in male adolescents, which
corroborated with findings of previous studies [31, 32]. The
association between LBW and renal outcomes in females
is reportedly insignificant in later life [20, 21]. Our study
demonstrated that LBW is significantly associated with mild
reduction in renal function in both female and male ado-
lescents, but the impact of birth weight on eGFR values of
females was weaker (coefficient 2.97; 95% CI 0.01-5.93;
p <0.05) than that of males (coefficient 4.44; 95% CI
2.70-6.19; p<0.01) (Table 5). One possible explanation for
weaker association between LBW and eGFR in female ado-
lescents may be due to a protective effect of estrogen against

@ Springer

renal injury [33, 34]. Some researchers demonstrated that
estrogen prevented renal sclerosis and proliferation in mice
and postulated that the hormone might have a role in delay-
ing progression of CKD in humans [35, 36]. However, the
influence of LBW may become more apparent with increas-
ing age [37]. As an example, obesity in those with a history
of LBW, also increases the risk of development of CKD [4,
21], and while the prevalence of obesity among Japanese
men has increased, it has remained stable among Japanese
women [38], making the former population more susceptible
to renal dysfunction. Therefore, further longitudinal studies
are needed to clarify the sex-specific differences in LBW-
associated renal effects occurring in later life.

Serum TC and UA levels were also found to be associated
with decreased eGFR values in this study. LBW is report-
edly associated with high serum TC [39] and UA [40] lev-
els, and the latter can lead to reduced nephron numbers and
development of hypertension [41]. In our study, while serum
TC and UA levels were found to correlate significantly with
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CKD stage 2 (Table 4), they did not demonstrate a parallel
association with birth weight, over time. Therefore, the role
of serum TC and UA in regulating renal function requires
further investigation.

There are several limitations of this study. First, this study
population was small and was collated from only four private
high schools, which might limit generalization of results.
Second, birth weight was found to be significantly associ-
ated with current body height (Table 3). The current height,
which was also possibly influenced by the birth weight, was
used for the calculation of eGFR (along with Cr level) of
each participant. Therefore, it would have been more accu-
rate to directly evaluate kidney function using an exogenous
substance such as inulin, which would have been independ-
ent of the effects of a person’s physique. Finally, the cross-
sectional nature of the study disallows determination of the
cause of impaired renal function.

In conclusion, we found that the mean annual eGFRs in
both male and female adolescents decreased over the period
of the study and were associated with an observed, associ-
ated decrease in the birth weights of the study participants.
These findings suggest that adolescents with history of
LBW may be particularly vulnerable to CKD during their
adult years. In Japan, the prevalence of obesity is increas-
ing among men, but not among women [38]. Considering
the recently observed trend of decreasing birth weight, and
accounting for the weight changes that occur through later
life, further study is needed to investigate the sex-specific
differences in the prevalence of CKD.
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