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Background and objectives: Serum levels of galactose-deficient IgA1 (Gd-IgA1) are elevated and heritable in Caucasian and
Asian patients with IgA nephropathy (IgAN), but have not been characterized in African Americans (AA). Our objective was
to determine whether serum Gd-IgA1 levels are increased in AA patients with IgAN and whether this is a heritable trait in
this group.
Design, setting, participants, & measurements: Blood and urine samples were obtained from 18 adult and 11 pediatric AA
patients with biopsy-proven IgAN and from 34 of their first-degree relatives. Healthy controls included 150 Caucasian adults,
65 AA adults, 45 Caucasian children, and 49 AA children. Serum total IgA and Gd-IgA1 levels were measured in patients and
controls. Significant differences between patient and control groups for serum total IgA, Gd-IgA1, and ratio of Gd-IgA1/total
IgA were determined by the Mann-Whitney U test. Heritability was calculated using SOLAR.
Results: After stratifying by age, 7 of 11 pediatric and 9 of 18 adult AA patients with IgAN had serum Gd-IgA1 levels above
the 95th percentile for age-appropriate AA controls. For first-degree relatives, the serum Gd-IgA1 level was >95th percentile
for 1 of 8 when the patient’s level was <95th percentile and 12 of 26 when the patient’s level was >95th percentile (P ⴝ 0.116,
Fisher exact test). Heritability was 0.74 (P ⴝ 0.007).
Conclusions: Serum levels of Gd-IgA1 are often elevated in AA patients with IgAN and their first-degree relatives. Thus,
aberrant IgA1 glycosylation is a heritable risk factor for IgAN in African Americans.
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I

gA nephropathy (IgAN) is the most common primary
glomerulonephritis worldwide (1). Nonetheless, the condition is rarely diagnosed in sub-Saharan Africans (2,3)
and, on the basis of biopsy series, is uncommon in some African-American (AA) cohorts (4 –7). Population-based data from
central and eastern Kentucky, however, have shown an incidence for IgAN in AA adults similar to that in Caucasians
adults (8), raising the possibility that, in some regions of the
United States, IgAN may be underdiagnosed in AAs. A lower
incidence of IgAN in AA patients could be due to factors such
as the lack of early detection because of infrequent testing by
urinalysis, delayed referral to nephrology, and decreased likelihood of renal biopsy.
The pathogenesis of IgAN is related to aberrant glycosylation of O-linked glycans in the hinge region of IgA1. Rather
than terminating with galactose, the aberrant glycans end

with N-acetylgalactosamine (GalNAc). This GalNAc moiety,
in turn, is recognized by anti-glycan antibodies (9), leading
to formation of nephritogenic circulating immune complexes
that subsequently deposit in the glomerular mesangium to
induce renal injury (10). In vitro studies have shown that
these complexes stimulate cultured mesangial cells to proliferate and secrete extracellular-matrix proteins, whereas uncomplexed galactose-deficient IgA1 (Gd-IgA1) or galactosereplete IgA1 does not (11).
Serum Gd-IgA1 levels are elevated in Caucasian and Asian
patients with IgAN (12–14). Elevated serum Gd-IgA1 levels
have also been found to be heritable in a dominant pattern for
Caucasian and Chinese patients, although most affected relatives have no clinical manifestation of IgAN (12,15). The purpose of this study was to determine whether the serum levels of
Gd-IgA1 in AA patients are increased and are heritable, as is
the case for Caucasian and Asian patients with IgAN.
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The diagnosis of IgAN requires renal biopsy showing IgA as the
dominant or co-dominant Ig in a typical mesangial distribution in the
absence of clinical and laboratory evidence for systemic disease (16).
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Results

For the adult patients, estimated GFR was ⱖ90 ml/min per
1.73 m2 for four patients, ⱖ60 but ⬍90 ml/min per 1.73 m2 for
three patients, ⱖ30 but ⬍60 ml/min per 1.73 m2 for five patients, and ⬍30 ml/min per 1.73 m2 for six patients. For the
pediatric patients, estimated GFR was ⱖ90 ml/min per 1.73 m2
for nine patients and ⱖ60 but ⬍90 ml/min per 1.73 m2 for two
patients.
The age (mean and range) of the AA adult controls in this
study did not differ from that of our previously published
Caucasian adult controls (Table 1). For the adult control groups,
there was an equal gender distribution in the Caucasian group
(51% female) as compared with a female preponderance (68%)
in the AA group.
Serum levels for total IgA and Gd-IgA1 and percentage

20 (40.8)
12.3 ⫾ 2.8 (6.8 to 17.6)
1736 (949 to 3372)
3012
251 (81 to 666)
478
14.4 (2.8 to 31.5)
30.7
19 (42.2)
12.7 ⫾ 3.3 (7.3 to 17.9)
1524 (511 to 3593)
3030
287 (109 to 1009)
954
19.9 (6.7 to 48.8)
43.1
44 (67.7)
35.5 ⫾ 10.7 (18.1 to 55.6)
2789 (659 to 5244)
4988
486 (122 to 1541)
1010
17.1 (5.9 to 41.6)
39.7
76 (50.7)
36.4 ⫾ 12.9 (18.1 to 80.9)
2813 (886 to 8185)
5230
615 (264 to 1807)
1145
24.8 (5.6 to 66.5)
45.0

The Mann Whitney U test was used to compare patient and control
groups for serum concentrations of total IgA and Gd-IgA1, and percentage of Gd-IgA1 of total IgA (SAS v9.1, Cary, NC).
Heritabilities were calculated using SOLAR (19). Values were logtransformed to achieve a normal distribution. Heritabilities were modeled using age, sex, body mass index (BMI), and IgAN status as covariates.

Women/girls, n (%)
Age, years, mean, SD (range)
Total IgA, mg/ml, median (range)
95th percentile
Gd-IgA1, U/ml, median (range)
95th percentile
% Gd-IgA1 of total IgA, median (range)
95th percentile

Statistical Analyses

Caucasian Pediatric (n ⫽ 45)

Blood samples were collected from patients and controls on one
occasion for determination of total serum IgA and Gd-IgA1. Serum
creatinine and spot urinary protein/creatinine ratios were measured
for patients and adult controls, but not for healthy pediatric controls.
Urinalysis for blood and protein determination was performed for
patients and all controls using Bayer (Frankfurt, Germany) Multistix
reagent test strips. All healthy controls had urines that tested negative
for blood and protein. Estimated GFR was calculated with the fourvariable Modification of Diet in Renal Disease (MDRD) formula (17) for
adult patients and the Schwartz formula (18) for pediatric patients.
Serum total IgA and Gd-IgA1 levels were determined by ELISA, as
described previously (13). The Gd-IgA1 ELISA used biotinylated Helix
aspersa lectin (Sigma-Aldrich, St. Louis, MO) that binds to GalNAc.
Results for levels of Gd-IgA1 were expressed as U/ml serum, with 1 U
(unit) being considered 1 g of a galactose-deficient IgA1 myeloma
protein (Ale) used as the standard in this assay.

AA Adult (n ⫽ 65)

Clinical and Laboratory Measures and Analysis

Caucasian Adult (n ⫽ 150)

Patients with IgAN included 18 AA (8 men, 10 women) adults ⱖ18
years of age at time of initial diagnostic biopsy and 11 AA (6 boys, 5
girls) children ⬍18 years of age at time of diagnostic biopsy. Patients
who had received a kidney transplant or who required dialysis were
excluded from the study. This study also included 34 first-degree
relatives of 20 patients with IgAN. Both parents were studied for four
families.
Healthy adult controls were ⱖ18 years of age and included 150
Caucasians (74 men, 76 women) and 65 AAs (21 men, 44 women).
Healthy pediatric (⬍18 years of age) controls included 45 Caucasian
children (26 boys, 19 girls) and 49 AA children (29 boys, 20 girls). The
healthy controls resided in Alabama, Kentucky, or Tennessee.
The study was approved by the Institutional Review Boards of the
University of Tennessee Health Science Center and the University of
Alabama at Birmingham. All patients or their parents/guardians provided written informed consent. Signed assent was obtained from all
patients aged 8 to 18 years.
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AA Pediatric (n ⫽ 49)
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Table 1. Demographic characteristics and serum total IgA, Gd-IgA1, and percentage of Gd-IgA1 of total IgA for control groups
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Gd-IgA1 of total IgA are shown for the patient and control
groups in Table 1. As described previously for Caucasian adult
controls (13), serum Gd-IgA1 levels in AA controls were not
normally distributed. For adult controls, serum total IgA level
did not significantly differ between AA and Caucasian patients.
However, serum Gd-IgA1 levels were significantly lower for
the AA controls as compared with those for the Caucasian
controls (P ⬍ 0.0001). The percentage of total IgA comprised of
Gd-IgA1 was lower for AA adult controls than for Caucasian
adult controls, with a median of 17.1 and 24.8%, respectively
(P ⬍ 0.0001), but higher for AA pediatric controls than for
Caucasian pediatric controls, with a median of 19.9 and 14.4%,
respectively (P ⫽ 0.0001). Because of these racial differences for
serum Gd-IgA1 levels, we used the 95th percentile value in
ethnicity-matched controls for definition of an elevated level in
patients with IgAN. Serum levels for total IgA and Gd-IgA1 did
not differ on the basis of sex within the Caucasian and AA
control groups.
Median serum Gd-IgA1 and total IgA levels were significantly lower for the pediatric control group as compared with
levels in the adult control group. Thus, we developed separate
normal ranges for patients ⬍18 years of age and ⱖ18 years of
age for serum Gd-IgA1 levels. The 95th percentile for AA
pediatric controls was 478 U/ml, substantially lower than the
corresponding level of 1010 U/ml for adult AA controls. The
mean age for the adult AA patients of 42.4 years was older than
that of the AA adult controls (35.5 years, P ⫽ 0.044). For the AA
children, the mean age for patients and controls was similar at
12.0 and 12.3 years, respectively.
Frequency distributions by quintile derived for pediatric and
adult controls showed that 82% of the pediatric patients and
68% of adult patients had serum Gd-IgA1 levels in the highest
(80 to 100%) quintile (Figure 1). The median serum Gd-IgA1
level of 1059 U/ml for the 18 AA adults with IgAN was
significantly higher than that for the AA adult controls (P ⬍
0.0001; Table 1). Median serum total IgA level was 3966
g/ml for AA adult patients as compared with 2789 g/ml
for AA adult controls (P ⫽ 0.057). The median serum GdIgA1 level of 749 U/ml for the 11 AA pediatric patients with
IgAN was significantly higher than that for the AA pediatric
controls (P ⬍ 0.0001). Median serum total IgA level was
significantly higher for AA pediatric patients as compared
with AA pediatric controls (2526 versus 1736 g/ml, P ⫽
0.038).
Serum Gd-IgA level was plotted against age for all patients in
the study (Figure 2). The level for controls of all ages significantly correlated with age (r ⫽ 0.41; P ⬍ 0.0001). Serum GdIgA1 levels were significantly elevated compared with agegroup (i.e., pediatric or adult) controls for 7 of the 11 pediatric
patients and 9 of the 18 adult patients.
We found no association of serum Gd-IgA1 level with disease severity, as judged by estimated GFR or spot urinary
protein/creatinine ratio, in this small cohort of AA patients.
For six patients with serum Gd-IgA1 levels ⬍95th percentile,
seven of eight of their first-degree relatives also had Gd-IgA1
levels ⬍95th percentile. However, for 14 patients with serum
Gd-IgA1 levels ⬎95th percentile almost half of their first-degree
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Figure 1. Frequency distributions by quintile derived for pediatric and adult controls.

Figure 2. Serum levels for Gd-IgA1 are plotted versus age for all
patients. Men/boys are denoted by triangles and women/girls
by circles. The symbols for healthy controls are gray and those
for patients with IgAN are black.

relatives also had levels ⬎95th percentile (Table 2). Heritabilities were modeled using age, sex, BMI, and IgAN status as
covariates. The heritability of the serum Gd-IgA1 level was 0.74
(P ⫽ 0.007), with IgAN status as the only significant covariate
(P ⬍ 0.05). The heritability of total IgA level was 0.66 (P ⫽ 0.01)
and the heritability of Gd-IgA1/IgA ratio was 0.66 (P ⫽ 0.007);
however, that of BMI of 0.47 was not statistically significant
(P ⫽ 0.08).
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Table 2. Serum Gd-IgA1 levels for first-degree relatives
of AA patients with IgAN with respect to the level in
healthy controls (⬍ or ⱖ95th percentile)

Our data are similar to published results that found serum
levels of total IgA did not differ significantly between healthy
adult Caucasians and AAs (23,24). Serum Gd-IgA1 level was
significantly lower in adult AA controls as compared with
those of Caucasian controls. However, serum Gd-IgA1 levels
did not differ by race for the pediatric controls.
For both pediatric and adult controls, the percentage of total
IgA that is comprised of Gd-IgA1 is significantly lower in AAs
than in Caucasians. It is possible that some cytokines affect
transcription of various glycosyltransferases in human B cells
and, consequently, affect O-glycosylation of IgA1. As some
cytokines are hyperexpressed in AAs (25–27), this specific cytokine milieu may consequently affect galactosylation of IgA1
in AA and, thus, explain the generally lower serum Gd-IgA1
levels and, maybe, the lower incidence of IgAN in this ethnic
group.
Serum Gd-IgA1 levels also varied by age in our cohort. These
data are consistent with the known effect of age on serum Ig
levels and emphasize the need to utilize rigorous age- and
ethnicity-matched reference populations for comparison of Ig
parameters (23,24,28,29).
Serum Gd-IgA1 levels for AA and Caucasian controls are not
normally distributed because about 3% of normal individuals
from each ethnic group had a level considerably ⬎2 SD above
the mean. One might speculate that such individuals have
subclinical renal deposits of IgA. Necropsy studies in Singapore
and Germany have indicated that the prevalence of histologic
features of IgAN in persons dying without evidence of renal
disease was 2 to 4% (30,31). The prevalence was much higher,
16%, in living Japanese kidney donors when the allograft was
biopsied at implantation (32). These findings have led some
transplant centers to be reluctant to consider first-degree relatives as candidates for kidney donors for patients with IgAN.
Serum Gd-IgA1 level may prove useful in guiding evaluation
of potential donors. Whether individuals with very high serum
Gd-IgA1 levels are at increased risk to develop IgAN in the
future will require study of a large number of controls followed
over many years.
We previously showed that serum Gd-IgA1 levels were heritable in Caucasians with sporadic and familial forms of IgAN
(15). In that study, serum Gd-IgA1 levels were high in 65 of 84
(78%) patients with sporadic IgAN and 50 of 202 (25%) of their
first-degree relatives. Heritability of the serum Gd-IgA1 level
was estimated at 0.54 (P ⬍ 0.0001), and segregation analysis
suggested the presence of a major dominant gene on a polygenic background. A Chinese study found mean serum GdIgA1 levels to be significantly higher for first-degree relatives of
patients with IgAN (12). Our study indicates that heritability of
the serum Gd-IgA1 level is a likely pathogenetic factor for
IgAN in AAs.

Patient
Gd-IgA1 Level

⬍95th percentile
ⱖ95th percentile

6
14

Relative Gd-IgA1
Level
⬍95th
Percentile

ⱖ95th
Percentile

7
14

1
12

P ⫽ 0.116, Fisher exact test.

Discussion
This study strengthens the evidence that the serum Gd-IgA1
level is a good candidate for a disease marker for IgAN across
multiple ethnic populations. Serum levels of Gd-IgA1 were
elevated in 75% of Caucasian adult patients with IgAN in our
previous report (13). A Japanese report showed that 49% of 41
adult patients had significantly elevated serum Gd-IgA1 levels
(14). Serum Gd-IgA1 level was not associated with severity of
disease in these reports (13,14). Significantly elevated serum
Gd-IgA1 levels have also been found in 77% of a cohort of 22
pediatric IgAN patients that included Caucasians and AAs (20).
In that publication, the data were not analyzed by race, but four
of the six AA patients had significantly elevated serum GdIgA1 levels. These six patients have been included in this study.
In this study, the percentages of pediatric (64%) and adult
(50%) AA patients with significantly elevated Gd-IgA1 levels
were lower than the frequencies documented in our Caucasian
adult cohort (13), but were similar to those in the Japanese
cohort. Our data suggest that the pathogenic feature of undergalactosylated serum IgA1 typically found in Caucasians and
Asians with IgAN is frequently present in AA patients.
Development of a disease marker for IgAN would provide a
better gauge to assess the prevalence of this renal disease.
Although some centers have reported that IgAN was rare in
AA cohorts (4 –7), others have shown incidence rates in Caucasians and AA populations to be similar (8,21). Data from the
African American Study of Kidney Disease also suggest that
IgAN may be rare in African Americans (22). Analysis of renal
biopsies of the enrolled patients found only one patient with
possible IgAN. However, merely 6 of the 39 biopsied patients
had significant proteinuria.
Because of the attendant risks, many patients with proteinuria and hypertension forego a renal biopsy to establish a
histologic diagnosis; the renal damage is usually ascribed to an
unidentified glomerulonephritis or to complications of hypertension. According to the 2008 United States Renal Data System
report, ESRD was attributed to glomerulonephritis without a
documented histologic diagnosis for 3.1% of patients and to
hypertension (not otherwise specified) for an additional 25% of
patients (http://www.usrds.org/2008). As the features of undiagnosed cases of IgAN would easily fit in these categories, it
is likely that IgAN accounts for a greater portion of the total
burden of severe renal disease in this country than currently
appreciated.

Conclusions
In summary, serum Gd-IgA1 levels are often elevated in AA
patients with IgAN and their first-degree relatives. Aberrant
IgA1 glycosylation appears to be a heritable trait in AAs. Thus,
findings related to serum Gd-IgA1 level are similar in all ethnic
groups studied to date.
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