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SYNOPSIS
Objective. The purpose of this study was to assess the effect of low birthweight on chronic renal failure among young Medicaid patients with diabetes
and/or hypertension.
Methods. The study included Caucasian and African American young adults,
aged 18–50, who enrolled in the Medicaid program from 1993 to 1996 in
South Carolina and were diagnosed with diabetes and/or hypertension. The
odds of chronic renal failure by low birthweight (⬍2,500 grams) was estimated
using logistic regression.
Results. Of the 7,505 Medicaid patients with diabetes and/or hypertension,
179 (2.4%) were diagnosed with chronic renal failure. These patients were
younger (mean age of 33.9 vs. 37.6, p⫽0.0024) and had a higher proportion of
low birthweight (15.1% vs. 11.4%, p⫽0.07) compared with the 7,326 patients
without renal failure. The odds ratio of chronic renal failure for low birthweight
was significantly higher compared with normal birthweight (2,500–3,999 grams)
(adjusted odds ratio [OR] 1.56, 95% confidence interval [95% CI] 1.0, 2.4). The
association between low birthweight and chronic renal failure was stronger
among the 888 patients with both diabetes and hypertension (OR 2.6, 95% CI
1.3, 5.7) than the 1,812 diabetes or the 4,805 hypertension patients.
Conclusions. The odds of chronic renal failure by low birthweight was highest
in patients with both diabetes and hypertension, suggesting that the mechanism(s) involved in the disease progression to chronic renal failure may have a
fetal early life origin.
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Rates of end-stage renal disease (ESRD) or chronic
renal failure have been increasing over the past several decades, in particular among African Americans
and residents of the southeastern United States.1–4 The
reasons for this epidemic have not been fully elucidated, though certainly multiple inherited and environmental factors are involved.5–7
Recently, ESRD has been proposed to have a fetal
and early life origin. Low birthweight has been associated with treated ESRD in the southeastern U.S.6 and
with renal disease in the Australian aboriginal population.7 This suggests that impaired kidney development in utero may have lasting effects on renal function.8 The pathophysiological mechanism of the low
birthweight-ESRD association remains unclear. However, low birthweight has been hypothesized to contribute to ESRD through its association with decreased
nephron number,9 functional and structural changes
that modulate arterial blood pressure,10,11 and glucose
intolerance.12,13 Moreover, low birthweight has been
associated with an increased rate of cardiovascular disease, hypertension, and type 2 diabetes in adulthood.14–16
Studies on lower socioeconomic status (SES) (low income) as a risk factor for higher incidence of ESRD
have been controversial.17–19
The objective of this study was to assess the effect of
low birthweight on chronic renal failure among a highrisk population composed of young adults enrolled in
the Medicaid program who had either diabetes or
hypertension or both. We restricted the patient group
to the Medicaid program (low income) to control for
the effect of SES. We also excluded patients with diagnoses other than diabetes and/or hypertension to control for the potential confounding effect on chronic
renal failure of diabetes and hypertension. This unique
cohort of chronic renal failure patients was not on
dialysis at the time of their enrollment in the Medicaid program and therefore they were not listed in the
United States Renal Data System (USRDS). The
ﬁndings from our analysis of this high-risk population
extends our understanding of the risk factors associated with chronic renal failure and may shed light on
prevention strategies.
METHODS
Data source
This study used a merged dataset from Medicaid
records and South Carolina birth certiﬁcates. The
Medicaid database provided information for all beneﬁciaries on date of birth, gender, race, and diagnosis
of diabetes, hypertension, and chronic renal failure.
Birthweight was determined from the weight reported

on South Carolina birth certiﬁcates available for babies born in the state in 1950 or after. This study
identiﬁed 17,499 Medicaid beneﬁciaries who enrolled
in the Medicaid program with a diagnosis of diabetes
or hypertension from 1993 to 1996 and were born
after January 1, 1950. These data were matched on
name and date of birth to South Carolina birth certiﬁcates using a computer process and manual search for
the birth certiﬁcate.6 The Ofﬁce of Vital Records successfully matched 9,747 beneﬁciaries (44.3% of the
total; 61.2% of males and 37.9% of females). The
unsuccessful matches were attributed in part to subjects who were born outside of South Carolina and to
women who changed their surname at marriage. Age
was calculated in completed years as of July 1, 1999. As
part of subsequent data checking, 2,242 (23%) subjects were excluded because they were under age 18,
data were missing, or the birthweight listed on the
birth certiﬁcate was illegible.
Study population
We included 7,505 African American and Caucasian
Medicaid beneﬁciaries who were aged 18–50 and were
diagnosed with either diabetes (ICD-9-CM 250) or
hypertension (ICD-9-CM 401) or both on the claim
forms.20 The analysis identiﬁed the participants with
diagnosis of chronic renal failure (ICD-9-CM 585) compared to those without renal failure. The study subjects with chronic renal failure would later undergo
dialysis or kidney transplant, but were not in the USRDS
(for dialysis patients) at the time of data collection.
Birthweight was recorded in pounds and ounces and
converted to grams for analysis. Subjects were categorized according to birthweight as low (⬍2,500 grams),
normal (2,500–3,999 grams), or high (ⱖ4,000 grams).
Statistical analyses
Differences in the patients’ demographic information
were assessed for chronic renal failure patients and
those with no renal failure using chi-square test and
student’s t-test. The odds ratio for chronic renal failure
by birthweight was estimated using logistic regression
with subjects who had no renal failure as a comparison
group. Additional multivariate logistic regression analyses were conducted controlling for patients’ age, gender, race, and co-morbid condition of diabetes and/or
hypertension.
RESULTS
The study identiﬁed 7,505 Caucasian or African American Medicaid beneﬁciaries born in South Carolina
whose Medicaid claim forms listed diabetes and/or
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diabetes or hypertension alone (Table 3). The effect
of low birthweight, however, was greatest among patients with both diabetes and hypertension (Figure 2).
DISCUSSION
This study, focused on a high-risk population, extends
previous positive ﬁndings on low birthweight/ESRD
association observed in South Carolina. An earlier casecontrol study by Lackland et al. in the southeastern
United States demonstrated the enhanced risk of low
birthweight on ESRD among dialysis patients.6 In the
current study, chronic renal failure patients were not

Table 1. Characteristics of Medicaid patients with diabetes and/or hypertension (N=7,505)

Age, mean⫾SE
Gender (percent)
Male
Race (percent)
African American
Birthweight group (percent)
⬍2,500 grams
2,500–3,999 grams
ⱖ4,000 grams
Co-morbid conditions (percent)
Diabetes only
Hypertension only
Diabetes and hypertension
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Figure 1. Percent of co-morbid conditions among
Medicaid chronic renal failure patients (n=179)
and those with no renal failure (n=7,326)

Percent

hypertension. Of the Medicaid patients aged 18 to 50
in this study cohort, 5,863 (78.1%) were African American (1,491 men and 4,369 women) and 1,642 (21.9%)
were Caucasian (837 men and 805 women). There
were 1,812 (24.2%) patients with diabetes, 4,805
(64.0%) with hypertension, and 888 (11.8%) with both
diabetes and hypertension (Table 1). Chronic renal
failure was diagnosed among 179 (2.4%) patients. The
mean age of the 179 chronic renal failure patients was
four years younger (33.9) than the 7,326 patients without renal failure (37.6) (p⫽0.0024). A higher proportion of males (49.7% vs. 30.6%, p⬍0.0001) and low
birthweight (15.1% vs. 11.4%, p⫽0.07) was observed
among the chronic renal failure patients compared to
those without renal failure. For patients with both
diabetes and hypertension, the proportion of chronic
renal failure was three-fold higher compared to those
without renal failure (31.8% vs. 11.3%, Figure 1.)
Table 2 shows the odds ratios of chronic renal failure with several covariates using multivariate logistic
regression. The odds ratio (OR) of chronic renal failure was signiﬁcantly higher in the low birthweight
group compared with the normal birthweight group
(adjusted OR 1.54, 95% conﬁdence interval [CI] 1.01,
2.34). This signiﬁcant effect was not changed after
adjusting for co-morbid conditions (Table 2).
The odds ratio of chronic renal failure for low
birthweight to normal birthweight was more than twofold for the 888 patients with both diabetes and hypertension (OR 2.6, 95% CI 1.3, 5.3), higher than the
effects of the 1,812 patients with diabetes only and the
4,805 patients with hypertension only (Table 3). The
effects of age, gender, and race decreased in patients
with both diabetes and hypertension compared with
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(n⫽179)
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33.9⫾0.1
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49.7
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20 (11.2)

833 (11.4)
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20 (11.2)
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a

Student’s t-test or chi-square test

SE ⫽ standard error
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Table 2. Adjusted odds ratios of chronic renal failure among
Medicaid patients with diabetes and/or hypertension (N=7,505)
Adjusted odds ratio (95% confidence interval) a

Variables

Not adjusting for co-morbid conditions

Age
Race
African American
Caucasian
Gender
Male
Female
Birthweight group (grams)
⬍2,500
2,500–3,999
ⱖ4,000
Co-morbid conditions
Diabetes and hypertension
Diabetes or hypertension
Diabetes only
Hypertension only

Adjusting for co-morbid conditions
“Diabetes or hypertension”
as reference group

“Diabetes only” as
reference group

1.03 (1.01, 1.05)

1.02 (0.99, 1.04)

1.02 (1.00, 1.03)

2.36 (1.73, 3.23)
1.0

1.77 (1.18, 2.67)
1.0

2.31 (1.69, 3.17)
1.0

1.84 (1.23, 2.77)
1.0

2.34 (1.71, 3.19)
1.0

1.74 (1.15, 2.62)
1.0

1.54 (1.01, 2.34)
1.0
1.31 (0.81, 2.13)

1.56 (1.02, 2.39)
1.0
1.29 (0.79, 2.09)

1.58 (1.03, 2.42)
1.0
1.30 (0.80, 2.12)

—
—
—
—

3.23 (2.32, 4.51)
1.0
—
—

5.14 (3.03, 8.71)
—
1.0
1.78 (1.10, 2.89)

a

Logistic regression modeling the probability of chronic renal failure

included in the USRDS at the time of the data collection. A signiﬁcant effect of low birthweight on chronic
renal failure was observed among the Medicaid beneﬁciaries (with low income), after adjusting for patient age, gender, and race. The magnitude of the
effect was not changed when the co-morbid conditions of diabetes and/or hypertension were considered in the logistic regression model (Table 2). The
association was more striking among patients with both

diabetes and hypertension. The odds ratio of chronic
renal failure for low to normal birthweight increased
from 1.54 for all patients (Table 2) to 2.63 for patients
with both diabetes and hypertension (Figure 2). This
is opposite to the effects of age, gender, and race,
which decreased in the patients with both diabetes
and hypertension compared with diabetes or hypertension alone (Table 3). The positive ﬁndings on the
low birthweight/renal failure association suggest that

Table 3. Adjusted odds ratios of chronic renal failure by birthweight among
Medicaid patients with different co-morbid conditions
Adjusted odds ratio (95% confidence interval) a

Variables

Age
Gender
Male
Female
Race
African American
Caucasian
Birthweight group
(grams)
⬍2,500
2,500–3,999
ⱖ4,000

Diabetes only
( n⫽1,802)

Hypertension only
( n⫽4,805)

Diabetes and hypertension
( n⫽888)

Diabetes or hypertension
( n⫽6,617)

1.06 (1.00, 1.11)

1.02 (0.99, 1.04)

1.00 (0.96, 1.03)

1.02 (1.00, 1.05)

3.51 (1.33, 9.25)
1.0

2.42 (1.60, 3.64)
1.0

1.81 (1.03, 3.19)
1.0

2.63 (1.80, 3.82)
1.0

2.05 (0.66, 6.32)
1.0

2.24 (1.25, 4.02)
1.0

1.06 (0.54, 2.09)
1.0

2.27 (1.35, 3.80)
1.0

1.54 (0.43, 5.48)
1.0
2.25 (0.71, 7.16)

1.15 (0.62, 2.12)
1.0
1.33 (0.70, 2.53)

2.63 (1.31, 5.29)
1.0
0.94 (0.36, 3.19)

1.19 (0.68, 2.06)
1.0
1.46 (0.83, 2.55)

a

Logistic regression modeling the probability of chronic renal failure
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Figure 2. Adjusted odds ratios of chronic renal failure
for low birthweight (<2,500g) compared to normal
weight (2,500–3,999g): diabetes only (n=1,802),
hypertension only (n=4,805), and diabetes and
hypertension (n=888)

Adjusted odds ratio

4.00

3.51

3.00

2.42
2.05

2.00
1.00

2.24
1.54

2.63
1.81

1.15

1.06

0.00
Diabetes
only

Hypertension
only

Diabetes and
hypertension

Low birthweight
Gender (male vs. female)
Race (African American vs. Caucasian)
NOTE: The odds ratio of chronic renal failure for low to normal
birthweight increased for patients with both diabetes and
hypertension relative to patients with diabetes or hypertension
alone, opposite to the effects of gender and race.

low birthweight could be a risk factor for chronic renal failure among young adults with diabetes and/or
hypertension in the Medicaid population.
Diabetes and hypertension are independent risk
factors for ESRD.4 Diabetes is associated with an accelerated progression of vascular disease and a substantially increased risk of renal failure.21,22 Hypertensive
nephrosclerosis is hypothetically the most common
determinant of ESRD in African American patients.23
Epidemiological studies, however, suggest that blood
pressure control in African Americans with essential
hypertension does not consistently halt progression of
renal dysfunction.24,25 For example, Rostand et al. reported that 15% of patients with essential hypertension had progressive deterioration in renal function
despite good blood pressure control and that this occurred signiﬁcantly more often in African American
patients.26 The kidneys have long been thought to play
a central role in the etiology of essential hypertension.27,28 Brenner and colleagues have suggested that a
congenital reduction in nephron number is an unappreciated risk factor for the development of adult systemic hypertension.29 Our study suggested that low
birthweight, at least in part, contributed to chronic
renal failure among these high-risk patients. For patients with both diabetes and hypertension, the association between low birthweight and chronic renal
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failure was even stronger. This may imply that structural changes in the kidney induced by low birthweight
make it more susceptible to the combined effects of
diabetes and hypertension than to diabetes or hypertension in isolation. This may be a clinically signiﬁcant
ﬁnding because almost 50% of new patients in the
U.S. have three or more co-morbid conditions when
they initiate ESRD therapy.4
This study has several limitations. The age restriction to young adults was due to the fact that birthweight
data have only been included on South Carolina birth
certiﬁcates since 1950, which precluded older patients
from our study group. However, understanding the
causes of chronic renal failure that develop in a young
population was a major objective. In line with this
objective, we excluded children aged 18 and younger,
who constitute about 51% of all Medicaid beneﬁciaries,30 from the study population. While being age 65
and older is a signiﬁcant risk factor for chronic renal
failure,4 we observed 2.4% of young adults (aged 18–
50) with chronic renal failure at a mean age of 34,
four years younger than the mean age of the nonrenal failure patients among Medicaid diabetic and/
or hypertensive patients. Another limitation in this
study is the potential diagnosis bias of chronic renal
failure. We speculate this limitation may introduce a
random error that results in an underestimation of
the true odds ratio based on the fact that the patient
was not aware of the diagnosis before participating in
the Medicaid program, and the patient’s birthweight
was matched based on identiﬁcation but not on the
status of chronic renal failure. The lower match rates
for birthweight for females would only bias the results
if association between birthweight and chronic renal
failure were different in men and women who were
born outside South Carolina or between women who
were married or single.
These data did not distinguish between insulindependent childhood onset diabetes (type 1) and noninsulin-dependent diabetes mellitus (NIDDM, type 2).
For the patients with diabetes only, the effect of both
low and high birthweight on chronic renal failure was
observed, with a higher effect among the high
birthweight group (Table 3). This may reﬂect a mixture of type 1 and type 2 diabetes. Studies have identiﬁed a U-shaped association between birthweight and
diabetic ESRD in South Carolina,6 and birthweights
and elevated urinary albumin excretion in Pima Indians with NIDDM.31 These previous studies may help to
explain the effect of diabetes with high birthweight on
chronic renal failure observed in our study. The effect
of high birthweight among diabetes patients disappeared, however, when hypertension patients were

Public Health Reports / May–June 2006 / Volume 121

244 䉫

Research Articles

included in the model. In contrast, the association
between low birthweight and chronic renal failure after adjusting for diabetes remained strong, suggesting
the effect of low birthweight on chronic renal failure
was independent.
This study explored the low birthweight/chronic
renal failure association among diabetes and/or hypertension patients enrolled in the Medicaid program.
The results of this observational study suggest that the
odds ratio of chronic renal failure was signiﬁcantly
associated with low birthweight among patients with
both diabetes and hypertension. The combined detrimental effects of low birthweight and co-morbid conditions of diabetes and hypertension may act in concert with each other to increase the risk of chronic
renal failure.
The authors thank Drs. Brent Egan, Tim Garvey, and Florence
Hutchison for review of the analyses. The interpretation and
reporting of these data are the responsibility of the authors and
in no way should be seen as an ofﬁcial policy or interpretation of
the Southeastern Kidney Council Inc. or the Center for Medicare
& Medicaid Services.
The study was funded, in part, by grants from the Oriana
Bethea Research Endowment (DTL), U.S. Department of Energy
DE-FG01-92EW50625 (DTL), and the Black Pooling Project
5R01HL72377-3.
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