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Abstract
Background—There are known racial disparities in the prevalence of anemia in adults with
chronic kidney disease (CKD), but these differences have not been well described in children.

Study Design—Cohort study, cross-sectional analysis.

Setting and Participants—The Chronic Kidney Disease in Children (CKiD) Study is a multi-
center prospective cohort study of children with mild-to-moderate CKD. This analysis included
429 children of African-American or white race.

Predictor—Race.

Outcomes & Measurements—This study examined the association of race with level of
hemoglobin. Both multiple linear regression and generalized gamma modeling techniques were
used to characterize the association between race and hemoglobin.

Results—79% of the cohort was white, 21% African-American. Neither median hemoglobin
levels nor frequency of ESA use differed by race. In multivariate analysis, lower levels of iohexol-
measured glomerular filtration rate (mGFR), African-American race, and glomerular disease (vs.
non-glomerular disease) as the underlying cause of CKD were independently associated with
decreased hemoglobin levels; independent of GFR and CKD diagnosis, African-American
children displayed average hemoglobin levels 0.6 g/dL (95% confidence interval −0.9, −0.2 g/dL)
lower than those of white children. Generalized gamma modeling demonstrated that the
differences in hemoglobin observed by race become more pronounced when moving from high to
low in the overall hemoglobin distribution.
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Limitations—Cross-sectional analysis cannot establish causality, and data on iron stores were
not available for all patients.

Conclusions—African-American children compared to white children demonstrate lower
hemoglobin values in CKD, independent of the underlying cause of CKD. These racial differences
in hemoglobin appear to increase at the lower end of the hemoglobin distribution in this
population.

INDEX WORDS
kidney disease; hemoglobin; disparity; erythropoietin stimulating agent; glomerular filtration rate;
generalized gamma

Introduction
Anemia is a common and treatable co-morbid condition in children with chronic kidney
disease (CKD). The anemia of CKD is associated with increased risk for development and
progression of left ventricular hypertrophy (LVH), and accelerated CKD progression.1, 2 In
addition, anemia has been associated with lower health-related quality of life and increased
risk of hospitalization in children with CKD.3, 4 Despite the widespread use of iron
supplementation and erythropoietin stimulating agents (ESA), anemia remains common in
both end stage renal disease (ESRD) and CKD populations.5

Racial disparities in hemoglobin (Hb) levels among both adults and children with ESRD are
well established; black adults typically initiate dialysis with significantly lower Hb
compared to whites, and African-American race has been shown to be a significant risk
factor for anemia among children and teenagers on dialysis.6–8 Among adults with earlier
stages of non-dialysis CKD, anemia is more prevalent in African-American compared to
white patients.9, 10 In children with CKD, differences in Hb values and anemia prevalence
by race have not been well described. Our objective in this analysis was to examine the
associations between race and Hb level in children with CKD.

Methods
Study Population and Design

We analyzed baseline data collected on participants enrolled in the Chronic Kidney Disease
in Children (CKiD) Study, an observational prospective cohort study of CKD in children
conducted at 44 pediatric centers in North America.11 Eligibility criteria for enrollment in
CKiD include: age 1–16 years, estimated glomerular filtration rate (GFR) 30 – 90 ml/min/
1.73m2 by the Schwartz formula,12 no prior organ transplant, and informed consent by a
parent or guardian.

Analysis was cross-sectional and restricted to individuals who self-reported their race as
only African-American or only Caucasian (white). Additional inclusion criteria were: valid
concomitant measurements of Hb and GFR, self-reported medication use, and known age,
sex, ethnicity, and CKD diagnosis.

Measurements
Blood and urine samples are collected at the time of each baseline CKiD study visit. A
complete blood count panel, including measurement of Hb, is performed locally. Albumin,
urine creatinine and urine protein is performed by the CKiD central laboratory (University
of Rochester, Rochester, NY). GFR is measured directly by iohexol plasma disappearance
(mGFR), details of which have been published previously.13 Additional data used in this
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analysis include age, sex, height, weight, blood pressure, primary CKD diagnosis
(glomerular or non-glomerular), medication use during the past 30 days, Tanner stage
(Tanner stage 1 = pre-pubertal) and self-reported race, ethnicity, household income, and
maternal education (12+ years vs. < 12 years). Age and sex specific height and body mass
index (BMI) percentiles, as well as normalized scores for age and sex (z-scores), are
calculated using standard growth charts for United States children. Blood pressure is
measured by aneroid sphygmomanometer.14

Statistical Analyses
Hb levels, prevalence of Hb < 5th normative percentile for age and sex (based on NHANES
III data in healthy children)15, and current ESA and iron supplement use were reported in
African-American and white subjects. Continuous data were characterized with medians and
25th and 75th percentiles; categorical data were described by percentages and frequencies.
Differences in the prevalence of categorical variables were tested using Fisher’s exact tests
and of continuous variables using Wilcoxan rank sum tests.

A scatterplot of hemoglobin by mGFR (log-scale) and race was developed and overlaid with
race-specific linear regression curves. Race specific uni- and multivariate modeling using
linear ordinary least squares (OLS) regression was performed. Piecewise linear models
allowing for effect modification of the Hb-mGFR relationship by race were tested. Potential
covariates in the final model included race, log(mGFR), age, sex, CKD diagnosis, maternal
education, BMI z-score, pubertal status, iron supplement use and ESA use. Model
parameters were evaluated using a Wald Test. Statistical significance was evaluated at the
α=0.05 level.

To further characterize differences in the distribution of Hb between racial groups we used
percentile plots and generalized gamma models in a classic 2-sample problem – African-
American vs. white subjects. Percentile plots are an extension of the classic boxplot,
highlighting additional quantiles beyond the 25th, 50th, and 75th (we show the 5th, 10th, 90th

and 95th as well as individual observations that sit outside of the 5th and 95th quantile values,
respectively).16 The width of the percentile plot decreases in proportion to departures from
the 50th percentile. Thus, in comparison to the width of the plot at the median (50th

percentile), the plot is half as wide at the 25th and 75th percentiles, and 1/5th as wide at the
10th and 90th percentiles.

generalized gamma models draw upon the family of generalized gamma distributions that
are characterized by three parameters: location (β), scale (σ), and shape (λ).17 This family
includes commonly used distributions (e.g., lognormal characterized by λ = 0) and it is
particularly useful for describing effects of exposures not just at the mean but at all
percentiles (e.g., effects on the tails of the distribution). Differential effects of an exposure at
different percentiles is accomplished by allowing the exposure not only to modify the
location (β) but also the scale (σ) and/or shape parameters (λ). Using results from the
generalized gamma models, we plotted race-specific probability density functions of Hb and
calculated relative Hb percentiles. relative percentiles are simply the ratios of the pth
percentile of Hb among black children to the pth percentile of Hb among white children for
each value of p between 1 and 100. If the relative percentiles are equal to 1, this will
correspond to the null hypothesis of no association with race; if they are < 1 this will
indicate that African-American children have lower levels of Hb even in children with
similar values of other covariates present in the model. An attractive feature of the model is
that it allows for heterogeneity of the RP across different values of p. As such, it is possible
that the lower half of the Hb values may show stronger differences by race than seen in the
upper half of the race specific Hb distributions. To allow race to have differential effects at
different percentiles, generalized gamma models with unique σ and λ estimates for each
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racial group were tested. To account for the effect of ESA therapy on Hb, individuals
currently receiving an ESA had their Hb left-censored or considered to be equal to or less
than the value measured but greater than zero. To achieve this, the model redistributes the
Hb levels of treated individuals to values equal to or lower than their observed Hb, by
looking at other subjects with similar covariates who are NOT on ESAs.18 Valid analyses
allowing for left-censoring of hemoglobin by ESA use assume that ESA use is at random
within racial groups and the measured covariates (i.e., two individuals with the same race
and covariate values are equally likely to use ESA). Inclusion of parameters in the final
model was based on the comparison of nested models using Akaike Information Criterion
(AIC).19 Confidence intervals for the RP curves were calculated using the Delta Method.

All analysis was performed using SAS 9.2 (SAS Institute, Inc., www.sas.com). Figures were
produced using S Plus 8.0 statistical software (TIBCO Software Inc., spotfire.tibco.com).

Results
As of January 2009, 565 children had completed baseline CKiD visits; 118 (21%) were
African-American and 378 (67%) were Caucasian. Of these 496 children, 51 (10%) were
excluded from analysis due to missing Hb, mGFR, medication use, or CKD diagnosis data.
Of the 107 remaining African-American children, 16 reported a ‘multi-racial’ background
and were excluded. This left 429 children who met eligibility criteria for the analysis. Of
these, 79% (338) were white and 21% (91) African-American.

Demographic, clinical, and socioeconomic characteristics for African-American and white
children are compared in Table 1. No differences in median age, gender distribution, or
proportions of patients reporting Hispanic ethnicity were noted. There were no differences in
the proportions of children who were pre-pubertal by race. African-American children
compared to white children had higher median BMI percentile. Additionally, African-
American children had higher prevalence of hypoalbuminemia (defined as albumin < 4 g/
dL) compared to white children, although no difference in the prevalence of nephrotic-range
proteinuria was observed. Although neither median Hb levels nor frequency of ESA or iron
supplement use differed by race, the prevalence of Hb less than the 5th percentile for age and
sex was higher in African-American children compared to white children (44% vs. 29%,
p=0.01). Moreover, African-Americans had better kidney function as a group (mGFR 49 vs.
41 ml/min/1.73m2, p<0.001). African-American children were also more likely to have
glomerular disease as the underlying cause of CKD compared to whites (37% vs. 17%,
p<0.001).

Compared to white children, African-Americans were disproportionately more likely to
come from households with annual income of less than $36,000 (61% vs. 32%, p<0.001).
There was no significant difference in maternal education by race.

Figure 1 displays a scatterplot of Hb by mGFR and race, overlaid with race-specific least-
squares linear regression curves. This figure illustrates that Hb decreases as mGFR
decreases in all children, but that Hb values in African-American children are on average
lower than those in white children across the spectrum of mGFR.

The results of uni- and multivariate linear regression models of Hb on race as well as age,
sex, BMI, pubertal status, mGFR, CKD diagnosis, maternal education, current ESA use, and
current iron supplement use are presented in Table 2. In the univariate (unadjusted) models,
decreasing mGFR, African-American race, glomerular disease as the underlying cause of
CKD, current ESA use, and current iron supplement use were all associated with decreased
Hb, while higher maternal education and higher normalized BMI (z-score) were associated
with increased Hb. Male sex was associated with higher Hb amongst the peri- and post-
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pubertal children. Among male subjects only, being pre-pubertal vs. peri- or post-pubertal
was associated with lower Hb. Univariately, annual household income was not associated
with significant difference in Hb (not shown in Table 2). After adjusting for all risk factors
reported in Table 2, average Hb levels for African-American children were estimated to be
0.6 g/dL (95% CI: −0.9, −0.2) less than white subjects with similar anthropometric, clinical
and SES characteristics. In addition, lower BMI for age and sex, lower mGFR, glomerular
diagnosis, and use of iron supplements continued to be independently associated with lower
Hb. For all children, a 20% decrease in mGFR was associated with an average decrease in
Hb of 0.2 to 0.4 g/dL. Iron supplement use was also associated with Hb levels on average
0.5 g/dL lower than in children not receiving iron. As in the univariate analysis, an
interaction (effect modification) was observed between sex and pubertal status. Among peri-
and post-pubertal children, average Hb levels were estimated 0.7 g/dL lower in females than
males. Among males only, pre-pubertal status was independently associated with lower Hb.

The linear regression models reported above (Figure 1 and Table 2), while informative,
describe only the differences in mean Hb levels by race. However, the mean difference
between the two groups does not fully characterize the differences in Hb distribution by
race. Figure 2 shows race and ESA use-specific Hb distributions using percentile plots. The
plots show that for the lower ¾ of the distributions, the relative Hb percentile levels of
blacks are consistently lower than those of whites, independent of ESA use. Moreover, the
discrepancy in Hb level at any given percentile increases as percentile decreases, suggesting
that the greatest difference in Hb between the two racial groups may be found in the lower
tails of the distributions.

Figure 3 compares the Hbs for African-American and white children, respectively. These s
are derived from fitting the data with race-specific, unadjusted generalized gamma models
and left-censoring the Hb levels for children currently treated with ESAs. While little
difference is seen in the upper tails of the two curves, differences between the two racial
groups in the modeled distributions of Hb are apparent in the lower range. As such, 28% of
African-American and 16% of white children were estimated to have ESA-free Hb levels
below 11 g/dL.

A multivariate generalized gamma model allowing race to modify the scale parameter only
and covariates to modify the location parameter provided an appropriate fit to the data.
Covariates included in the final model included: sex, BMI z-score, pubertal status, mGFR,
CKD diagnosis, and iron supplement use. Using the parameters estimated from such a
model, adjusted (i.e., for individuals with same covariates) Hb relative percentiles were
calculated as the ratio of the African-American percentile value to the white value at each
percentile level (Figure 4). relative percentiles close to 1 suggest no difference in Hb level
between the two racial groups at a given percentile, while departures from 1 indicate
discrepancies between groups. The estimated relative percentiles are shown with the thick,
solid curve and the 95% CI is shown with thin lines. This relative percentile curve suggests
that independent of sex, BMI, pubertal status, GFR, CKD diagnosis, and iron use, black
subjects have lower Hb levels at any given percentile of the Hb distribution, but that this
difference becomes more pronounced as one moves from high to low in the distribution on
Hb (right to left in Figure 4).

Discussion
Our analysis shows that among children with pre-dialysis CKD, African-American race is
associated with lower Hb levels. Compared to white children, African-Americans
demonstrated lower Hb values, on average 0.6 g/dL lower than their white counterparts,
independent of mGFR or cause of kidney disease. In addition, fewer African-American
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children overall achieved Hb values > 5th percentile for age and sex as recommended by the
KDOQI guidelines for anemia in CKD.15 This racial disparity in Hb values increases at the
lower end of the Hb distribution. These differences were observed despite similar ESA and
iron supplement use across racial groups. However, no difference in the magnitude of the
association between Hb and mGFR was noted by race.

There is evidence that normal Hb values differ by race and ethnicity even amongst healthy
children. An analysis of non-iron deficient African-American children aged 2–18 years
carried out in the NHANES III database found that African-American children have
significantly lower mean Hb levels, in every gender- and age-group, compared to white
children.20 The presence of iron deficiency, sickle cell anemia or α-thalassemia among
African-American children does not appear to explain these observed differences. In a study
of African-American and white adults, whites on average exhibited higher mean Hb levels
than African-Americans (difference of means: 0.72 g/dL in women, 0.58 g/dL in men).21

When those with iron-deficiency were excluded, the gap narrowed to 0.6 g/dL in women
and was unchanged in men. However, further exclusion of patients with sickle cell trait did
not change point estimates, and the frequency of the α-thalassemia trait among African-
Americans was found to account for only about one-third of the difference in Hb levels
between African-Americans and whites. The remainder of the Hb difference was due to
other, as-yet undefined mechanisms.

The magnitude of the average Hb difference seen by race in our analysis (0.6 g/dL) does
appear to parallel differences noted among healthy children.20, 21 Reasons for this difference
in the healthy population have been widely discussed in the literature, with speculation that
socioeconomic factors (including access to an iron-rich diet) may play a role.22, 23 We did
observe differences in markers of socioeconomic status including household income by race
in this cohort. Also, the higher BMI values noted among the African-American children in
the cohort is of interest, given some evidence that increased BMI may be associated with
functional iron deficiency, which may in turn contribute to anemia.24 However, adjustment
for socioeconomic factors and BMI in the multivariate model failed to eliminate the
observed difference in Hb by race. Regardless of racial differences in Hb values in healthy
children, the current KDOQI clinical practice recommendations for anemia in CKD do not
suggest that Hb targets should be race dependent. Further studies of the clinical significance
of this Hb difference will be necessary before race-specific guidelines could be considered.

In our analysis, African-American children were more likely to have glomerular disease as
the underlying cause of CKD compared to whites. African-American children also
experienced a higher prevalence of hypoalbuminemia. This raises the question of whether
differences in underlying diagnosis may explain the observed racial differences in Hb.
However, after adjusting for mGFR, age, sex, and glomerular causes of CKD, African-
American race continued to be associated with an approximate 0.6 g/dL decrease in Hb.
This suggests that African-American race and glomerular causes of CKD may both
independently lead to lower Hb values in children with CKD.

A substantial body of literature suggests that disparity in anemia prevalence by race does
seem to widen as patients, both adults and children, approach ESRD and initiate renal
replacement therapy. The utilization of generalized gamma modeling techniques in our
analysis has allowed us to demonstrate that in fact, although African-American patients
overall have lower average Hb values than whites as suggested by our linear regression
analyses, this difference is accentuated in the lower tail of the Hb distribution. In other
words, while African-American children as a group exhibit lower Hb levels than white
children, the greatest racial disparity occurs amongst those children who are the sickest (i.e.,
those with the lowest Hb levels). Although our linear regression analysis did not
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demonstrate a quantitative difference by race in the Hb - mGFR relationship, we can
speculate that specific factors promoting anemia in children with progressive CKD,
including erythropoietin deficiency, inflammation, and hyperparathyroidism, may have
differential effects in children of different races. African-American children may start off
with slightly lower Hb levels which may or may not have clinical implications; as these
children become more anemic in the context of CKD progression, the racial disparity in Hb
levels widens. Of course, this cannot be fully demonstrated on the basis of cross-sectional
data alone, but will also be more clearly delineated as longitudinal analysis of the cohort
progresses.

Among adult CKD patients, non-Hispanic African-American adults have been shown to
initiate dialysis with lower hematocrit levels and be more likely to commence dialysis as
ESA naïve.9 This does not appear to be the case in this population of 429 children with
CKD: there were no differences in the proportions of African-American and white children
treated with iron supplements or ESAs. It should be noted, however, that all CKiD subjects
are under the care of pediatric nephrologists. In the general population of children with
CKD, access to subspecialty care – or lack thereof - at earlier CKD stages, and later
diagnosis of CKD, may be in part responsible for a significant portion of the more
pronounced racial disparities in anemia and associated morbidities observed in patients with
ESRD.

There are several limitations to this study. As this is a cross-sectional study, no conclusions
can be made regarding the temporal relationship between changes in kidney function and
changes in Hb and how race may modify this relationship. CKiD longitudinal data will serve
as a basis for such analysis in the near future. Secondly, we did not have data on the history
of iron supplement and ESA use in these children, only use during the past 30 days.
Moreover, ESA and iron use in this cohort may occur among those subjects who are most
anemic. This phenomenon, known as selection by indication, makes it difficult to evaluate
the role therapy may have in the Hb-GFR-race paradigm.25 Third, CKiD recruits its subjects
from nephrology clinics. As a result, the profile of CKiD subjects at baseline regarding Hb,
GFR, anemia therapy and race may not be generalizable to all children with CKD in the U.S.
Additionally, measures of iron stores were not available for all patients at the time of this
analysis; however, as a sensitivity analysis in the sub-cohort 91 patients (71 white and 20
African-American) who did have ferritin and TSAT values available, there were no
significant differences by race in the proportions of patients with either serum ferritin < 100
ng/mL or transferrin saturation < 20% (data not shown).

This study is unique in that it is the first examination of race and Hb within a prospective
cohort of children with CKD in whom a precise and accurate measurement of GFR has been
made using the plasma disappearance of iohexol. It is also the largest prospective cohort
study of children with CKD in existence, and uses standardized data collection methods
across centers.

In conclusion, among children with pre-dialysis CKD, Hb is associated with race. African-
American children demonstrated lower Hb values and a higher frequency of Hb values
below the 5th percentile for age and sex compared to white children, despite no significant
overall differences in either ESA or iron prescription. African-American children do
demonstrate a higher prevalence of glomerular disease as the underlying cause of kidney
disease, but the association between race and Hb is independent of this. The average
difference in Hb by race seen in children early stage CKD, who are under the care of
pediatric nephrologists, appears to parallel observed differences by race seen in otherwise
healthy children. The racial differences seen in Hb do appear to increase at the lower end of
the Hb distribution in this population.
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Figure 1.
Scatterplot of hemoglobin (Hb) vs. log-transformed iohexol-measured glomerular filtration
rate (mGFR) by race. White children (N=338) are depicted with open circles; African-
American (A-A) children (N=91) are depicted with solid circles. Race -specific linear
regression lines of Hb on log(mGFR) are overlayed. Regression line for white children is a
dashed line,; for A-A children is a solid line.
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Figure 2.
Percentile plots displaying the distribution of hemoglobin (Hb) levels for children not using
(n=364) versus using (n=91) erythropoietin stimulating agent (ESA) by race. Plots for
African-American (A-A) children are shown with solid lines; plots for White children are
shown with dashed lines.
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Figure 3.
Univariate, race-specific generalized gamma derived probability density curves of
hemoglobin (Hb) with left-censoring for current erythropoietin stimulating agent (ESA)
users. The Hb distribution for African-American children [GG(2.55, 0.14, 0.86)] is shown
with a solid line; Hb distribution for white children [GG(2.54, 0.12, 0.41)] is shown with a
dashed line. The shaded areas show that 28% of African American children (striped area)
compared to only 16% of white children (solid grey area) are estimated to have a Hb <11 g/
dL.

Atkinson et al. Page 12

Am J Kidney Dis. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Relative percentile plot of hemoglobin (Hb) for 81 African-American (A-A) vs. 404 white
children, based on multivariate generalized gamma modeling with left-censoring for current
erythropoietin stimulating agent (ESA) users. Covariates in the generalized gamma model
include: sex, body mass index z-score, pubertal status, iohexol-measured glomerular
filtration rate, glomerular cause of CKD, and current use of iron supplements.
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TABLE 1

Study Population Demographic, Clinical, and SES[ND1] Characteristics by Race

CKD Characteristica African-American White p-valueb

N= 91 338

Age, yrs 11 [8,15] 11 [8,14] 0.7

Male, % 70% (64) 62% (209) 0.1

Hispanic Ethnicity, % 8% (7) 15% (49) 0.1

Pre-pubertal, %c

 Among Males 56% (33/59) 62% (125/201) 0.4

 Among Females 52% (14/27) 55% (69/125) 0.8

Height %ile 34 [8,60] 22 [7,51] 0.05

BMI, kg/m2 20 [17,24] 18 [16,21] 0.02

BMI %ile 84 [38,96] 61 [33,85] 0.002

mGFR, ml/min/1.73 m2 49 [37,62] 41 [32,52] 0.001

Duration of CKD, yrs 5 [2,9] 7 [3,11] 0.02

Glomerular CKD 37% (34) 17% (57) <0.001

Nephrotic-range proteinuria, %d 18% (16) 12% (39) 0.2

Hypoalbuminemia, %e 22% (20) 11% (38) 0.01

Uncontrolled Hypertension, %f 28% (25) 21% (69) 0.15

Hemoglobin, g/dL 12.3 [11.2,13.4] 12.6 [11.7,13.6] 0.09

Hemoglobin < 5th %ile, %g 44% (40) 29% (99) 0.01

Currently on Iron Supplement, % 27% (25) 30% (100) 0.8

Currently on ESA, % 14% (13) 15% (52) 0.9

SES Characteristics

 Annual Household Income ≤ $36,000 61% (54) 32% (108) <0.001

 Maternal Education ≥ 12 years, % 82% (75) 89% (301) 0.1

Note: Coversion factors for units: GFR in mL/min/1.73 m^2 to mL/s/1.73m^2, x0.01667; serum albumin in g/dL to g/L, x10; hemoglobin in g/dL
to g/L, x10.

a
N = 429. Medians [25th and 75th percentiles] for continuous variables; percent (n) for categorical variables. Missing data: Height %ile for 8

patients; Weight %ile, 1; BMI %ile, 19; Uncontrolled Hypertension, 10; Albumin, 2; Household Income, 8; Maternal Education, 9; Single Parent
Household, 2; Tanner staging, 17.

b
Wilcoxon Rank Sum test for continuous variables; Fisher’s Exact Test for categorical variables

c
Pre-pubertal defined as having a Tanner Stage =1

d
Nephrotic-range proteinuria defined by protein-creatinine ratio ≥ 2.

e
Hypoalbuminemia defined by Albumin <4 g/dL

f
Uncontrolled Hypertension defined by SBP or DBP ≥ 95th %ile for age, sex, and height.

g
Hemoglobin < 5th %ile for age and sex
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Abbreviations: ESA, erythropoietin-stimulating agent; SES = socioeconomic status; BMI, body mass index; Hb, hemoglobin; CKD, chronic kidney
disease

Am J Kidney Dis. Author manuscript; available in PMC 2011 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Atkinson et al. Page 16

Table 2

Linear Regression of Hemoglobin on mGFR, African-American Race, and Covariates

Change in Hb, g/dL

Unadjusted Adjusted

estimate (95% CI) p-value estimate (95% CI) p-value

Age, per 2 year increase 0.0 (−0.1, 0.1) 0.7 −0.0 (−0.1, 0.1) 0.7

Male v. female sexa

 pre-pubertal −0.1 (−0.5, 0.3) 0.6 −0.2 (−0.5, 0.2) 0.4

 peri-/post-pubertal 0.7 (0.2, 1.1) 0.004 0.7 (0.2, 1.1) 0.002

African-American race −0.4 (−0.7, −0.0) 0.03 −0.6 (−0.9, −0.2) <0.001

BMI z-score, per 1 SD increase 0.2 (0.1, 0.3) <0.001 0.2 (0.1, 0.3) 0.002

Pre-pubertala

 Among males −0.5 (−0.9, −0.1) 0.01 −0.7 (−1.1, −0.2) 0.009

 Among females 0.3 (−0.2, 0.8) 0.2 0.2 (−0.4, 0.8) 0.5

mGFR, per 20% decrease −0.3 (−0.4, −0.2) <0.001 −0.3 (−0.4, −0.2) <0.001

Glomerular CKD −0.4 (−0.8, −0.1) 0.01 −0.5 (−0.9, −0.1) 0.006

Maternal Education ≥ 12 years 0.5 (0.0, 0.9) 0.04 0.4 (−0.1, 0.8) 0.1

ESA use −0.7 (−1.1, −0.3) <0.001 0.1 (−0.3, 0.5) 0.7

Iron Supplement use −0.7 (−1.0, −0.4) <0.001 −0.5 (−0.8, −0.2) 0.003

Note: N = 429. Conversion factors for units: hemoglobin in g/dL to g/L, x10.

a
heterogeneity modeled using a sex × pubertal status interaction term: univariate, p=0.01; adjusted, p=0.004.

Abbreviations: ESA, erythropoietin-stimulating agent; mGFR, measured glomerular filtration rate; BMI, body mass index; Hb, hemoglobin; CKD,
chronic kidney disease; SD, standard deviation, CI, confidence interval.
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