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Hypertension is one of the leading causes of cardiovascular 
disease. The prevalence of essential hypertension is increas-
ing worldwide, and this affects 25% of the world population.1 
According to the concept of fetal origin of adult disease, the 
prenatal environment affects fetal programming and the 
subsequent development of adult-life diseases. Intrauterine 
growth retardation in particular, which is characterized clini-
cally by low birth weight (LBW), is known to be an important 
determinant of the development of hypertension, atheroscle-
rotic vascular disease, obesity, and type II diabetes in later 
life.2–7 It has now been shown convincingly that there is an 
association between LBW and later hypertension, and that 
this association is independent of genetic and socioeconomic 
factors.8,9 Feig et al. recently suggested that uric acid plays a 

key causal role in the development of hypertension in relation 
to birth weight. In that report, nearly 90% of adolescents with 
newly diagnosed hypertension were hyperuricemic, and their 
uric acid levels correlated with the severity of both systolic and 
diastolic hypertension, and inversely with birth weight.10,11 In 
addition, control of uric acid levels resulted in a reduction of 
blood pressure.12

Several hypotheses explaining this association between LBW, 
hyperuricemia, and hypertension have been proposed, includ-
ing impairment of renal development and sodium excretion, 
and endothelial dysfunction.11,13–15 Although the effect of 
LBW on the future development of hypertension is well estab-
lished, there is also an accumulating body of evidence show-
ing that it is not LBW per se but postnatal catch-up growth 
that plays a key role in the development of hypertension and 
other cardiovascular diseases.16,17 However, there has been 
no investigation of whether either LBW or catch-up growth 
is also responsible for the development of hyperuricemia as a 
 precursor to hypertension.

We therefore proposed a hypothesis that both prenatal and 
postnatal growth status are associated with subsequent serum 
uric acid levels in early childhood.

This research was undertaken prospectively to study the 
effects of prenatal and postnatal growth status on serum uric 
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Background
Recent studies suggest that uric acid plays a causal role in the 
development of hypertension in relation to birth weight. The aim 
of the study was to elucidate the effect of prenatal and/or postnatal 
growth status on serum uric acid levels in children at 3 years of age.

methodS
A total of 178 children from the birth cohort at Ewha Womans 
University Hospital were followed. Anthropometric characteristics, 
blood pressure, and serum uric acid were measured at 3 years of age.

reSultS
The level of serum uric acid was significantly higher in hypertensive 
children (3.8 mg/dl) than in nonhypertensive children (3.4 mg/dl). 
Preterm birth and lower placental weight were the preterm factors 
significantly associated with increased serum uric acid in early 

childhood. In addition, current weight, body mass index, and  
change-in-weight s.d. score from birth to current were also 
associated with serum uric acid level. Both the first- and  
fourth-quartile groups for weight and weight gain presented higher 
levels of serum uric acid. We found that the highest uric acid level 
belonged to the group of preterm or low birth weight (LBW) and 
higher change in weight s.d. score. Children who were born at full 
term or with a normal birth weight and lower change in weight s.d. 
score had the lowest serum uric acid levels.

concluSion
Preterm birth and a subsequent high rate of postnatal weight gain 
are risk factors for increased serum uric acid levels in early childhood.
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acid levels in children at 3 years of age. We also analyzed the 
individual and combined effects of prenatal growth (LBW) 
and postnatal growth (change in weight s.d. score) on serum 
uric acid levels in children at 3 years of age.

methodS
Study population. Participants were recruited from two differ-
ent cohorts. Cohort I originated from a hospital-based cohort 
study of pregnancy and its outcomes at the Department of 
Obstetrics and Gynecology, Ewha Womans University Hospital 
(Seoul, South Korea). Around 50% of the women who received 
prenatal care between August 2001 and September 2003 
agreed to enroll their babies into cohort I (n = 519). Cohort II 
 comprised 177 growth-retarded infants (birth weight under 
2.5 kg or born before 37 weeks) born in the same period as the 
cohort I babies.

Follow-up examinations were performed 3 years later, from 
November 2005 to September 2006. Parents of individual sub-
jects were contacted by telephone to arrange for their child to 
undergo a physical examination and blood sampling. Of the 
entire cohort, 50.4% was contactable by phone (cohort I: n = 
226; cohort II: n = 125). Of these, 46% (n = 103) and 60% (n = 
75) from cohorts I and II, respectively, underwent a 3-year fol-
low-up examination between November 2005 and September 
2006.

Children born as a member of multiple birth (n = 24) and 
those born to mothers who suffered from maternal hyper-
tension during pregnancy (n = 18) were excluded from the 
analysis, giving a final cohort of 136 children in the study. 
There were no significant differences between participants 
and nonparticipants with regard to maternal age, body mass 
index, education status, family monthly income, mother’s job 
status, blood pressure during the second trimester, and infant 
birth weight. These parameters also did not differ significantly 
between the two cohorts (data not shown).

We obtained informed consent from parents for the par-
ticipation of every child, and the study was approved by the 
Institutional Review Board on Human Subjects at Ewha 
Womans University.

Data collection. We obtained the infants’ birth data, including 
sex, gestational age, birth weight, birth length, and placental 
weight at delivery, from their medical records. Gestational age 
was estimated based on a maternal report of her last men-
strual period and on ultrasound measurements made by 
obstetricians. Preterm birth was defined as birth earlier than 
the 37th gestational week. LBW was defined as a birth weight 
less than 2.5 kg.

During the medical examination of each 3-year-old child, the 
parents completed a structured questionnaire, which included 
questions about the infant’s age (in days) and the socioeco-
nomic status of the household. Current height, weight, and 
blood pressure were measured. The height without shoes was 
measured to the nearest 0.1 cm using a stadiometer. The weight 
while wearing light clothing and no shoes was measured to the 
nearest 0.1 kg using a well-calibrated weighing balance. Body 

mass index (in kg/m2) was calculated as weight divided by the 
height squared.

Blood pressure was measured twice after the subjects had 
been seated comfortably for 5 min. We used an automatic 
blood pressure monitor (Critikon, Tampa, FL) with a blood 
pressure cuff that was matched carefully to the size of the 
child’s left upper arm circumference so as to improve measure-
ment accuracy. The average of the two measurements was used 
for analysis. Hypertension is defined as a blood pressure above 
the 95th percentile adjusted for sex, age, and height percentile.

Venous blood was drawn from the children at around 9 
o’clock in the morning. Serum uric acid was measured using 
the uricase- and peroxidase-coupled reaction method on a 
Hitachi 7180 chemistry analyzer (Hitachi, Fukuoka, Japan).

Statistical analysis. Data analysis was performed using the sta-
tistical package SAS (version 8.0). Student’s t-test was used for 
comparisons of the participant’s general characteristics. We 
calculated the partial correlation coefficients between uric acid 
concentration and blood pressure at 3 years while adjusting for 
covariates.

To assess the effect of birth weight and postnatal growth 
status on serum uric acid, we performed general linear model 
after adjusting for age, sex, gestational age, and 3 years of 
weight. Data are expressed as adjusted means (95% confidence 
intervals). We conducted post hoc analysis using Tukey’s mul-
tiple comparison tests. A P value of <0.05 was considered to be 
statistically significant.

table 1 | characteristics of the study participants, mean (s.d.)

Characteristic Boys (N = 62) Girls (N = 74)

Growth indices

 At birth

  Birth weight s.d. score –1.02 (1.61) –1.45 (2.28)

  Birth weight (g) 3,043 (657) 2,850 (696)

  Gestational age (weeks) 38.0 (2.5) 37.4 (3.2)

  Placenta weight (g) 0.6 (0.1) 0.6 (0.1)

 At 3 years of age

  Weight s.d. score 0.25 (0.89) 0.10 (0.82)

  Weight (kg)* 15.9 (1.9) 14.9 (1.6)

  Height (cm)* 100.8 (4.2) 97.7 (4.4)

  BMI (kg/m2) 15.7 (1.5) 15.6 (1.3)

  Weight gain from birth to  
  3 years (kg)*

12.9 (1.9) 12.0 (1.5)

  Change in weight s.d. score 
   from birth to 3 years

1.26 (1.91) 1.54 (2.69)

Blood pressure at 3 years of age

 Systolic blood pressure (mm Hg) 96 (10) 94 (9)

 Diastolic blood pressure (mm Hg) 59 (8) 58 (6)

Serum uric acid at 3 years of age 
(mg/dl)

3.5 (0.7) 3.4 (0.8)

BMI, body mass index.
*P < 0.05.
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reSultS
Table 1 summarizes the characteristics of the subjects accord-
ing to sex: 37 (27.4%) were preterm and 32 (23.5%) were LBW 
children. The systolic and diastolic blood pressures of the 
3-year-old children were 95 ± 10 mm Hg (mean ± s.d.) and 
59 ± 7 mm Hg, respectively. The anthropometric data values 
were significantly higher in boys than in girls, whereas blood 
pressure and uric acid levels were comparable between the 
sexes. Hypertension was present in 19 children (14.0%). Blood 
pressure did not differ significantly between the clinically nor-
mal group and the preterm, Intrauterine growth retardation, 
or “small for gestational age” groups (data not shown). The 
mean uric acid level was 3.4 mg/dl (range 1.8–5.4 mg/dl).

The level of serum uric acid was significantly negatively 
correlated with gestational age (partial r = –0.28, P < 0.05). 
Table 2 lists the effects of prenatal growth on serum uric acid 
level at 3 years. Serum uric acid level was significantly higher 
in children who were preterm or had LBW than in their coun-
terparts. Elevated serum uric acid and preterm birth were cor-
related after adjusting for sex, age, and current weight (P < 
0.05). Interestingly, lower placental weight was also linked to 
higher uric acid levels. The group with the smallest placental 
weight had the highest uric acid level among the four quartiles 
after adjusting for sex, age, and gestational age (P < 0.05).

The subjects were divided into four subgroups to allow 
examination of the interactive effect of LBW and preterm birth 
on serum uric acid levels. Serum uric acid level was higher 
in the preterm birth and LBW groups than in the other three 
groups. Interestingly, the uric acid level was higher in the pre-
term birth group than in the full-term, LBW group (P = 0.001 
for trend, Figure 1a).

Table 3 indicates the relationship between current weights 
or weight gain and serum uric acid. Both the first- and fourth-
quartile groups of weight and weight gain presented higher 

levels of serum uric acid. Change in weight s.d. score was also 
related to serum uric acid level. The fourth-quartile group 
exhibited the highest serum uric acid level. In an adjusted 
model, however, differences between adjusted means did not 
reach statistical significance except for current weight.

When we considered the status of prenatal and postnatal 
growth together in the relationship with serum uric acid, we 
found that the uric acid levels were highest in the preterm or 
LBW group, along with a higher change in weight s.d. score. 
Children who were born full term or had a normal birth 
weight and lower change in weight s.d. score had the lowest 
serum uric acid levels (Figure 2). This difference was signifi-
cant in a Tukey’s post hoc test (P < 0.05).

Figure 3 shows the correlation between serum uric acid and 
blood pressure in children at 3 years of age. Partial correlation 
show that serum uric acid was positively correlated with systo-
lic or diastolic blood pressure (P < 0.05). The levels of uric acid 

table 2 | the effects of prenatal growths on serum uric acid level 
at 3 years of age

Crude model Adjusted model

Means  
(95% CI)

P 
value

Means  
(95% CI)

P 
value

Preterm delivery (week)a

 Yes (<37) 3.77 (3.53–4.00) 0.002 3.79 (3.57–4.02) 0.001

 No (≥37) 3.32 (3.17–3.46) 3.31 (3.17–3.45)

Low birth weights (g)b

 Yes (<2,500) 3.68 (3.42–3.93) 0.038 3.55 (3.24–3.85) 0.464

 No (≥2,500) 3.36 (3.22–3.51) 3.41 (3.27–3.56)

Placenta weightb,c

 Quartile 1 (lowest) 3.80 (3.47–4.13) 0.009 4.01 (3.60–4.41) 0.005

 Quartile 2 3.38 (3.12–3.65) 3.38 (3.12–3.64)

 Quartile 3 3.14 (2.77–3.51) 3.02 (2.63–3.41)

 Quartile 4 (highest) 2.95 (2.55–3.36) 2.83 (2.40–3.26)

aAdjusted for sex and age (days). bAdjusted for sex, age (days), and gestational age. 
cQuartile cut-points: placenta, g: Q1 (<0.52), Q2 (0.52 to <0.60), Q3 (0.60 to <0.65),  
Q4 (≥0.65).
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Figure 1 | Effect of prenatal growth characteristics on serum uric acid levels at 
3 years of age. (a) Means of uric acid by preterm and low birth weight (Means, 
95% CI). (b) Correlation between gestational age and serum uric acid—
adjusted for sex, age (days), and 3 years weight. LBW, low birth weight.
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were significantly greater in hypertensive children (3.8 mg/dl) 
than in nonhypertensive children (3.4 mg/dl).

diScuSSion
This study found that preterm birth combined with postna-
tal accelerated growth was associated with increased serum 
uric acid in early childhood. The intrauterine environment 
plays an important role in regulating the risk of developing 
of hypertension.18–20 Many pathways have been proposed as 
links between the intrauterine environment and postnatal 
hypertension.21–24 A recent epidemiologic study found that 
uric acid might contribute to the development of hypertension. 
The Framingham Heart Study found that serum uric acid was 
an independent predictor of the presence and progression of 
hypertension.25 Feig and Johnson observed strong correlations 
between serum uric acid and systolic and diastolic blood pres-
sure in hypertensive patients (r = 0.80 and r = 0.66 for systo-
lic and diastolic blood pressure, respectively).10 The Moscow 
Children’s Hypertension Study found that 49% of hyperuri-
cemic (>8.0 mg/dl) children have moderate hypertension.26 
Therefore, serum uric acid was considered to be one of the 

factors responsible for the development of hypertension. We 
also confirmed an association between increased serum uric 
acid and hypertension and high blood pressure in children at 
3 years of age.

LBW is usually considered to be an indicator of the status of 
the intrauterine environment. During the past few years, epide-
miologic and clinical observations have shown that LBW is an 

table 3 | the effects of postnatal growths on serum uric acid 
level at 3 years of age

Crude model Adjusted model

Means  
(95% CI)

P 
value

Means  
(95% CI)

P 
value

Weighta,b

 Quartile 1 (lowest) 3.63 (3.35–3.91) 0.043 3.80 (3.52–4.07) 0.005

 Quartile 2 3.31 (3.08–3.54) 3.33 (3.12–3.54)

 Quartile 3 3.26 (3.01–3.51) 3.19 (2.96–3.43)

 Quartile 4 (highest) 3.68 (3.42–3.94) 3.58 (3.33–3.83)

Body mass indexa,b

 Quartile 1 (lowest) 3.77 (3.51–4.04) 0.013 3.70 (3.44–3.96) 0.067

 Quartile 2 3.27 (3.02–3.52) 3.27 (3.03–3.52)

 Quartile 3 3.24 (3.00–3.49) 3.32 (3.08–3.55)

 Quartile 4 (highest) 3.54 (3.30–3.79) 3.52 (3.29–3.76)

Weight gainb,c

 Quartile 1 (lowest) 3.45 (3.20–3.71) 0.039 3.72 (3.34–4.11) 0.091

 Quartile 2 3.20 (2.93–3.47) 3.27 (2.99–3.55)

 Quartile 3 3.37 (3.12–3.61) 3.34 (3.10–3.57)

 Quartile 4 (highest) 3.72 (3.48–3.97) 3.45 (3.05–3.85)

Change in weight s.d. scoreb,c

 Quartile 1 (lowest) 3.37 (3.11–3.62) 0.037 3.39 (3.09–3.68) 0.561

 Quartile 2 3.30 (3.03–3.55) 3.34 (3.08–3.60)

 Quartile 3 3.35 (3.10–3.60) 3.40 (3.14–3.65)

 Quartile 4 (highest) 3.76 (3.51–4.01) 3.65 (3.33–3.96)

aAdjusted for sex, age (days), gestational age, and 3 years weight gain. bQuartile   cut-
points: weight, kg: Q1 (<14.1), Q2 (14.1 to <15.1), Q3 (15.1 to <16.3), Q4 (≥16.3); body 
mass index, kg/m2: Q1 (<14.6), Q2 (14.6 to <15.6), Q3 (15.6 to <16.4), Q4 (≥16.4); weight 
gain, kg: Q1 (<11.3), Q2 (11.3 to <12.2), Q3 (12.2 to <13.4), Q4 (≥13.4); change in weight 
s.d. score: Q1 (<0.08), Q2 (0.08 to <1.00), Q3 (1.00 to <2.10), Q4 (≥2.10). cAdjusted for sex, 
age (days), gestational age, and 3 years weight.
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Figure 2 | Effect of prenatal and postnatal growth on serum uric acid levels 
at 3 years of age. (a) Adjusted means of uric acid by stratified groups of 
preterm and change in weight s.d. score—adjusted for sex and age (days), 
*P < 0.05. (b) Adjusted means of uric acid by stratified groups of low birth 
weight and change in weight s.d. score—adjusted for sex and age (days). 
BW, birth weight; CWS, change in weight s.d. score from birth to 3 years; GA, 
gestational age.
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important risk factor for hypertension.5,27,28 Serum uric acid 
was also found to be associated with birth status. In a study of 
Japanese schoolchildren, LBW was significantly correlated with 
increased serum uric acid.21 Maria et al. observed that eleva-
tion of serum uric acid was related to LBW.29 In the present 
study, LBW was also associated with increased uric acid levels, 
but most of this relationship might be shorter gestation ages 
because the significance of birth disappeared in the gestational 
age adjusted model. We found that gestational age and placenta 
weight were significantly associated with higher serum uric 
acid levels. These results suggest that the risk of high serum uric 
acid in early childhood is the result of an adverse fetal environ-
ment, such as defective placental development or function.

Disruption of the normal pattern of placental development 
might lead to functional anomalies, including placental angio-
genesis or nephrogenesis.30–33 Preterm births are often associ-
ated with a low placenta weight compared with term births. 
Preterm delivery is also associated with fetal nephrogenesis and 
leads to a reduction in the number of nephrons that develop.23,24 
In a study on preeclampsia, Dahlstrom showed that the presence 
of a small placenta is strongly associated with preterm birth.34

Accelerated catch-up growth was also strongly suggested 
as a mechanism for the early development of hypertension. 
A recent epidemiological study found that LBW children 
undergo accelerated catch-up growth and tend to be more 
obese or experience obesity in childhood, which is a strong risk 
factor for hypertension in adults.16,35–37 Huxley’s study shows 
that not only being small at birth but also subsequent acceler-
ated postnatal growth tends to lead to high blood pressure in 
the adolescent period.6 In a previous study, we also found that 
accelerated postnatal growth is related to an increased risk of 
increased blood pressure in early childhood.17 Therefore, it is 
possible that postnatal accelerated growth is itself an impor-
tant risk factor for raised serum uric acid and blood pressure, 
and ultimately hypertension in later life. In this study, those 
who had high levels of change in weight s.d. score had higher 
serum uric acid levels at 3 years.

We also found a combined effect of intrauterine growth retar-
dation and postnatal growth velocity on serum uric acid at 3 
years of age. Vulnerable children were found to be those who 
were born preterm and/or had LBW and whose subsequent 
growth was accelerated. The preterm birth or LBW and higher 
change in weight s.d. score group had significantly the highest 
serum uric acid compared to the other three groups. Even for 
those born with normal birth weights or at term, subsequent 
accelerated postnatal growth was independently associated with 
high levels of serum uric acid. This finding thus shows that pre-
term birth combined with high weight gain velocity promotes a 
greater risk for increased serum uric acid in early childhood.

This study has some limitations, such as the potential pres-
ence of selection bias due to this being hospital-based research 
and the small sample possibly limiting the statistical power. 
However, this study has several strengths. The prospective 
cohort design could have elucidated true cause-and-effect 
relationships. In addition, this study was conducted on chil-
dren during the early childhood period; to the best of our 

knowledge, this is the first study to show the combined risk 
of intrauterine growth retardation and postnatal catch-up 
growth associated with high serum levels of uric acid, which 
may induce hypertension, in early childhood.

This study suggests that it is necessary to identify high-risk 
groups from birth and to intervene appropriately. The rate of 
weight gain might need to be controlled in order to maintain 
adequate uric acid levels and thereby prevent the development 
of higher blood pressure in children.

Acknowledgment: This work was supported by the Seoul Development 
Institute (10621M0207331).

Disclosure: The authors declared no conflict of interest. 

1. Murray CJ, Lopez AD. Mortality by cause for eight regions of the world: global 
burden of disease study.  Lancet 1997; 349:1269–1276.

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

3. Barker DJP. Fetal origins of coronary heart disease. BMJ 1995; 311:171–174.
4. Martyn CN, Barker DJP, Osmond C. Mother’s pelvic size, fetal growth, and death 

from stroke and coronary heart disease in men in the UK. Lancet 1996; 348: 
1264–1268.

5. Law C, Shiell A. Is blood pressure inversely related to birth weight? The strength of 
evidence from a systematic review of the literature. J hypertens 1996; 14:935–941.

6. Huxley R, Shiell A, Law M. The role of size at birth and postnatal catch-up growth 
in determining systolic blood pressure: a systemic review of the literature.  
J hypertens 2000; 18:815–831.

7. Matthes JW, Lewis PA, Davies DP, Bethel JA. Relation between birth weight at term 
and systolic blood pressure in adolescence. BMJ 1994; 308:1074–1077.

8. Bergvall N, Iliadou A, Tuvemo T, Cnattingius S. Birth characteristics and risk of high 
systolic blood pressure in early adulthood: socioeconomic factors and familial 
effects. Epidemiology 2005; 16:635–640.

9. Bergvall N, Iliadou A, Johansson S, de Faire U, Kramer MS, Pawitan Y,  
Pedersen NL, Lichtenstein P, Cnattingius S. Genetic and shared environmental 
factors do not confound the association between birth weight and hypertension: 
a study among Swedish twins. Circulation 2007; 115:2931–2938.

10. Feig DI, Johnson RJ. Hyperuricemia in childhood essential hypertension. 
Hypertension 2003; 42:247–252.

11. Feig DI, Nakagawa T, Karumanchi SA, Oliver WJ, Kang D-H, Finch J,  
Johnson RJ. Hotophesis: uric acid, nephron number, and the pathogenesis of 
essential hypertension. Kidney Int 2004; 66:281–287.

12. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pressure of 
adolescents with newly diagnosed essential hypertension: a randomized trial. 
JAMA 2008; 300:924–932.

13. Manning J, Beutler K, Knepper MA, Vehaskari VM. Upregulation of renal BSC1 and 
TSC in prenatally programmed hypertension. Am J Physiol Renal Physiol 2002; 
283:F202–F206.

14. Sanchez-Lozada LG, Tapia E, Santamaria J, Avila-Casado C, Soto V,  
Nepomuceno T, Rodriguez-Iturbe B, Johnson RJ, Herrera-Acosta J. Mild 
hyperuricemia induces vasoconstriction and maintains glomerular hypertension 
in normal and remnant kidney rats. Kidney Int 2005; 67:237–247.

15. Michiel S, Henriette D, Ans V. Consequences of intrauterine growth restriction for 
the kidney. Kidney Blood Press Res 2006; 29:108–125.

16. Eriksson JG, Forsen T, Tuomilehto J, Winter PD, Osmond C, Barker DJ. Catch-up 
growth in childhood and death from coronary heart disease: longitudinal study. 
BMJ 1999; 318:427–431.

17. Min JW, Kong KA, Park BH, Hong JH, Park EA, Cho SJ, Ha EH, Park HS. Effect of 
postnatal catch-up growth on blood pressure in children at 3 years of age.  
J Hum Hypertens 2007; 11:868–874.

18. Myatt L. Placenta adaptive responses and fetal programming. J physiol 2006; 
572:25–30.

19. Jansson T, Powell TL. Role of the placenta in fetal programming: underlying 
mechanisms and potential interventional approaches. Clin Sci 2007; 113:1–13.

20. Baker DJ. Fetal programming of coronary heart disease. Trends Endocrinol Metab 
2002; 13:364–368.

21. Kaneshi T, Yoshida T, Ohshiro T, Nagasaki H, Asato Y, Ohta T. Birth weight and risk 
factors for cardiovascular diseases in Japanese schoolchildren. Pediatr Int 2007; 
49:138–143.

22. Feig DI, Rodriguez-Iturbe B, Nakagawa T, Johnson RJ. Nephron number, uric acid, 
and renal microvascular disease in the pathogenesis of essential hypertension. 
Hypertension 2006; 48:25–26.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/22/4/403/155179 by guest on 16 M

ay 2023



408   APRIL 2009 | VOLUME 22 NUMBER 4 | AMERICAN JOURNAL OF HYPERTENSION

articles Association Between Fetal and Postnatal Growth Status

23. Rodríguez MM, Gómez AH, Abitbol CL, Chandar JJ, Duara S, Zilleruelo GE. 
Histomorphometric analysis of postnatal glomerulogenesis in extremely preterm 
infants. Pediatr Dev Pathol 2004; 7:17–25.

24. Rodriguez MM, Gomez A, Abitbol C, Chandar J, Montané B, Zilleruelo G. 
Comparative renal histomorphometry: a case study of oligonephropathy of 
prematurity. Pediatr Nephrol 2005; 7:945–949.

25. Sundström J, Sullivan L, D’Agostino RB, Levy D, Kannel WB, Vasan RS. Relations 
of serum uric acid to longitudinal blood pressure tracking and hypertension 
incidence. Hypertension 2005; 45:28–33.

26. Rovda IuI, Kazakova LM, Plaksina EA. Parameters of uric acid metabolism in healthy 
children and in patients with arterial hypertension. Pediatriia 1990; 8:19–22.

27. Leon DA, Lithell HO, Vâgerö D, Koupilová I, Mohsen R, Berglund L, Lithell UB, 
McKeigue PM. Reduced fetal growth rate and increased risk of death from 
ischaemic heart disease: cohort study of 15,000 Swedish men and women born 
1915–29. BMJ 1998; 317:241–245.

28. Irving RJ, Belton NR, Elton RA, Walker BR. Adult cardiovascular risk factors in 
premature babies. Lancet 2000; 355:2135–2136.

29. Franco MC, Christofalo DM, Sawaya AL, Ajzen SA, Sesso R. Effects of low birth 
weight in 8- to 13-year old children: implications in endothelial function and uric 
acid levels. Hypertension 2006; 48:45–50.

30. Krebs C, Macara LM, Leiser R, Bowman AW, Greer IA, Kingdom JC. Intrauterine 
growth restriction with absent end-diastolic flow velocity in the umbilical artery 
is associated with maldevelopment of the placental terminal villous tree.  
Am J Obstet Gynecol 1996; 175:1534–1542.

31. Hinchliffe SA, Lynch MR, Sargent PH, Howard CV, Van Velzen D. The effect of 
intrauterine growth retardation on the development of renal nephrons.  
Br J Obstet Gynaecol 1992; 99:296–301.

32. Beech DJ, Sibbons PD, Howard CV, van Velzen D. Renal developmental delay 
expressed by reduced glomerular number and its association with growth 
retardation in victims of sudden infant death syndrome and in “normal” infants. 
Pediatr Dev Pathol 2000; 5:450–454.

33. Mañalich R, Reyes L, Herrera M, Melendi C, Fundora I. Relationship  
between weight at birth and the number and size of renal  
glomeruli in humans: a histomorphometric study. Kidney Int 2000; 58: 
770–773.

34. Dahlstrom B, Romundstad P, Aian P, Vatten LJ, Eskild A. Placenta weight  
in pre-eclampsia. Acta Obstet Gynecol Scand 2008; 87:608–611.

35. Forsén T, Eriksson JG, Tuomilehto J, Osmond C, Barker DJ. Growth in utero 
and during childhood among women who develop coronary heart disease: 
longitudinal study. BMJ 1999; 319:1403–1407.

36. Valsamakis G, Kanaka-Gantenbein C, Malamitsi-Puchner A,  
Mastorakos G. Causes of intrauterine growth restriction and the postnatal 
development of the metabolic syndrome. Ann N Y Acad Sci 2006; 1092: 
138–147.

37. Abe Y, Kikuchi T, Nagasaki K, Hiura M, Tanaka Y, Ogawa Y, Uchiyama M. Lower 
birth weight associated with current overweight status is related with the 
metabolic syndrome in obese Japanese children. Hypertens Res 2007;  
30:627–634.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/22/4/403/155179 by guest on 16 M

ay 2023


	The Association Between Fetal and Postnatal Growth Status and Serum Levels of Uric Acid in Children at 3 Years of Age
	Abstract
	Methods
	Study population
	Data collection
	Statistical analysis

	Results
	Discussion
	Acknowledgment
	Disclosure


