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Many patients with type 1 diabetes develop renal disease despite
moderately good metabolic control, suggesting other risk factors
may play a role. Recent evidence suggests that the haptoglobin
(HP) 2-2 genotype, which codes for a protein with reduced
antioxidant activity, may predict renal function decline in type 1
diabetes. We examined this hypothesis in 1,303 Caucasian
participants in the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/
EDIC) study. HP genotype was determined by polyacrylamide
gel electrophoresis. Glomerular filtration rate was estimated by
the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation and albumin excretion based on timed urine
samples. Participants were followed up for a mean of 22 years.
HP genotype was significantly associated with the development
of sustained estimated glomerular filtration rate (GFR) ,60 mL/
min/1.73 m2 and with end-stage renal disease (ESRD), with HP
2-2 having greater risk than HP 2-1 and 1-1. No association was
seen with albuminuria. Although there was no treatment group
interaction, the associations were only significant in the conven-
tional treatment group, where events rates were much higher.
We conclude that the HP genotype is significantly associated
with the development of reduced GFR and ESRD in the DCCT/
EDIC study. Diabetes 62:3218–3223, 2013

T
he Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) study has demon-
strated a substantial benefit for intensive therapy

aimed at normalization of glycemic levels (1). However, the
presence of interindividual variability in the development
of diabetic nephropathy (DN), despite similar levels of gly-
cemic control and clustering of DN within families, suggests

there are additional risk factors, including genetic pre-
disposition (2). Because reactive oxygen species (ROS) are
also implicated (3), polymorphic genetic loci encoding
variants in proteins, which may protect against ROS, may be
of importance. Haptoglobin (HP) (http://www.ncbi.nlm.nih
.gov/gene/3240, 16q22.2), an abundant serum protein whose
primary function is to protect against the pro-oxidative
activity of extracorpuscular hemoglobin (Hb), is one po-
tential determinant of susceptibility to DN (4). Two alleles
(rs72294371), denoted 1 and 2, give rise to three genotypes:
1-1, 2-1, and 2-2 (5). The structure and function of the HP
proteins differ markedly, with the HP 2-2 protein having
impaired antioxidant activity and lower efficiency in clear-
ing hemoglobin-derived iron (6).

Studies in type 1 and type 2 diabetes cohorts have
demonstrated that individuals with diabetes and the HP 2-2
genotype have a two- to threefold increased incidence of
cardiovascular disease (CVD) compared with HP 1-1 (6,7).
Intriguingly, a recent report from the Epidemiology of Di-
abetes Complications (EDC) study similarly found that the
HP 2-2 genotype predicted decline in renal function and
increased risk of end-stage renal disease (ESRD) (8).

In the current study we examine whether the HP geno-
type is associated with a decline in renal function as the
primary outcome, and the development of retinopathy or
neuropathy as the secondary outcomes, in the DCCT/EDIC
cohort after an average of 22 years of follow-up and, if so,
whether the association varied according to the original
DCCT treatment group.

RESEARCH DESIGN AND METHODS

Detailed descriptions of the methods of the DCCT and EDIC follow-up study
have been published previously (1,9,10). The DCCT, a randomized controlled
clinical trial conducted between 1983 and 1993, compared the effects of an
intensive diabetes treatment regimen with those of conventional therapy.
During the DCCT, intensive (INT) and conventional (CONV) therapies achieved
mean HbA1c levels of 7 and 9%, respectively (1).

Of the 1,441 patients with type 1 diabetes who were 13–39 years old at the
time of randomization, 1,422 completed the DCCT; the mean follow-up was
6.5 years. At baseline, eligibility criteria excluded patients with a history of
CVD, hypertension, or hypercholesterolemia (9). Of the surviving cohort,
1,394 agreed to join the long-term EDIC observational follow-up study in 1994,
during which subjects received care from their local providers (10). Approx-
imately 80% in both groups followed an intensive therapy regimen during
EDIC, and HbA1c was similar in both groups. This report includes data obtained
through 31 April 2010 on the 1,303 Caucasian participants.
Study procedures. HbA1c was measured quarterly during DCCT and in al-
ternate years during EDIC (10,11). Renal function was measured annually
during the DCCT and in alternate years in EDIC (12). The urinary albumin
excretion rate was determined from a 4-h clinic-based urine collection, with
microalbuminuria and macroalbuminuria defined as $30 mg in a 24-h period
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at two consecutive study visits and $300 mg in a 24-h period at a single visit,
respectively (12). Retinopathy, clinical neuropathy, and abnormal autonomic
response were defined as detailed elsewhere (10,12,13).

An impaired glomerular filtration rate (GFR) was defined as an estimated
GFR (eGFR) of ,60 mL/min/1.73 m2 at two consecutive study visits, at least
1 year apart (1). Data on serum creatinine, age, sex, and race were then used
to calculate the eGFR using the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation (14). ESRD was defined as the need for kidney

transplantation or the initiation of maintenance dialysis and was assessed
yearly and adjudicated by the DCCT/EDIC Mortality and Morbidity Commit-
tee. During the DCCT, use of ACE inhibitors was discouraged, unless clearly
required for clinical reasons, and were rarely used. During EDIC, the use of
inhibitors of the renin-angiotensin-aldosterone system (RAAS) was assessed
yearly by self-report.
Method for HP typing. Serum samples for the 1,303 subjects in this study
were typed for HP genotype by PAGE (15) and ELISA (16), with no knowledge

TABLE 1
Baseline associations with all HP types

HP 1-1 HP 2-1 HP 2-2
(n = 169) (n = 618) (n = 516) P value*

Intensive treatment group 46 (45) 323 (52) 237 (46) 0.06
Age (years) 26 6 7 27 6 7 27 6 7 0.43
BMI (kg/m2) 23.0 6 2.6 23.6 6 2.8 23.5 6 2.8 0.08
Duration of type 1 diabetes in months 67 6 51 66 6 48 70 6 51 0.53
Female 83 (49) 296 (48) 230 (45) 0.44
Baseline HbA1c (%) 8.8 6 1.6 8.8 6 1.5 8.9 6 1.6 0.24
Primary cohort 83 (49) 319 (52) 249 (48) 0.52
Clinical neuropathy = yes 33 (20) 112 (18) 101 (20) 0.80
Smoker = yes 7 (4) 41 (7) 32 (6) 0.54
LDL (mg/dL) 104.1 6 27.0 109.3 6 29.5 111.5 6 21.9 0.016

HDL (mg/dL) 50.8 6 12.5 50.4 6 12.4 50.2 6 12.1 0.82
Triglycerides (mg/dL) 78.6 6 43.7 82.6 6 50.5 82.2 6 48.1 0.30
Cholesterol (mg/dL) 381.3 6 213.5 389.7 6 212.2 417.3 6 302.1 0.20
Blood pressure (mmHg)
Systolic 114.8 6 11.8 113.7 6 11.6 114.8 6 11.5 0.26
Diastolic 72.7 6 8.7 72.5 6 8.9 72.5 6 8.8 0.99

GFR (mL/min) 127.7 6 20.2 128.0 6 19.9 127.6 6 19.1 0.98
Albumin excretion rate (mg/24 h) 14.9 6 14.2 16.0 6 18.1 15.9 6 20.8 0.77

Data are n (%) and mean 6 SD. The bold P value is statistically significant. *Kruskal-Wallis for continuous variables and Fisher exact for
categorical variables.

TABLE 2
Incidence of microvascular complications in the Caucasian DCCT/EDIC participants (N = 1,303) by HP type 1-1, 2-1, and 2-2

Complication

HP type

P value*1-1 2-1 2-2

n (%) 169 (100) 618 (100) 516 (100)
Renal complications
Sustained albumin excretion rate .30 mg/24 h 0.16Yes: n = 359 21.9 28.2 28.7
Albumin excretion rate .300 mg/24 h 0.13Yes: n = 141 7.7 10.7 12.0
Sustained eGFR ,60 mL/min/1.73 m2

0.037Yes: n = 64 3.6 3.9 6.6
ESRD 0.036Yes: n = 21 0 1.5 2.3

Retinopathy complications
Sustained 3-step progression since DCCT baseline 0.23Yes: n = 584 42.6 43.7 46.9
Mild NPDR or worse 0.49Yes: n = 1,080 81.7 82.5 83.7
Moderate NPDR or worse 0.16Yes: n = 634 44.4 48.2 50.6
PDR 0.15
Yes: n = 231 17.2 15.9 20.2

Neuropathy
Abnormal autonomic response
Yes: n = 505 38.7 44.4 44.4 0.36

Confirmed clinical neuropathy
Yes: n = 363 29.0 26.9 28.7 0.83

NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy. *P value is from the Cochran-Armitage trend test.
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of patient identity. Two samples could not be HP typed by either method. In
five samples, there was a difference in the HP type obtained by PAGE and
ELISA, and the analysis reported here is for the results obtained by PAGE.
In 12 samples where an HP type could not be obtained by PAGE, the HP type
used in this analysis was that obtained by ELISA.
Statistical analysis. Clinical characteristics between HP types were com-
pared using the Kruskal-Wallis test for continuous variables and the Fisher
exact test for categorical variables. A Cochran-Armitage trend test or a var-
iation (which is consistent with the literature and minimizes multiple com-
parisons) was used for the risk of microvascular complications and rate of
change in eGFR across HP types. The cumulative incidence of impaired GFR
(,60 ml/min/1.73 m2 at two consecutive study visits) and ESRD within HP
types was evaluated by the Kaplan-Meier method. Cox proportional hazards
models were used to assess the effect of HP type on the risk of impaired GFR
separately for the two DCCT treatment groups after adjustment for DCCT
baseline eGFR, an interaction term of the HP type and DCCT treatment
group, and three principle components of ancestry to account for population
structure (details are given in the Supplementary Data). No multivariate model
was used for ESRD due to a small number of events (n = 22). No adjustments
were made for multiple comparisons.

RESULTS

Among the 1,303 Caucasian subjects, 198 (13.8%) had HP
genotype 1-1, 681 (47.3%) had HP 2-1, and 560 (38.9%) had
HP 2-2, conforming to Hardy-Weinberg equilibrium (P =
0.92). Baseline associations are presented in Table 1. Only

one significant baseline difference was seen across the
three HP groups, with higher LDL cholesterol (P = 0.016)
with more copies of the 2 allele. A borderline association
(P = 0.08) was seen for increasing BMI.

Table 2 reports the number of participants who experi-
enced each microvascular complication in the combined
DCCT and EDIC study by HP types 1-1, 2-1, and 2-2. Among
all microvascular complications, there was an increasing
trend in the proportions developing impaired eGFR (3.6 vs.
3.9 vs. 6.6%, trend P = 0.037) and ESRD (0 vs. 1.5 vs. 2.3%,
trend P = 0.036) among those with 0, 1, or 2 copies of the HP
2 allele, respectively. There were no significant differences
in retinopathy or neuropathy complications or albumin ex-
cretion among the three HP types.

Figure 1 shows the Kaplan-Meier cumulative incidence
of impaired eGFR among the three HP types, which in-
corporates the event or censoring time for those with or
without events. Those with HP 2-2 had the highest cumu-
lative incidence (5.3% by 20 years after the start of the
DCCT), followed by those with HP 2-1 (3.1%), and those
with HP 1-1 (2.5%). Log-rank trend test showed a significant
increasing trend of cumulative incidence of impaired GFR
associated with the number of HP 2 alleles (trend P =
0.036). Likewise, ESRD showed a similar increasing trend

FIG. 1. Cumulative incidence of sustained GFR <60 mL/min/1.73 m
2
in the 1,303 Caucasian DCCT/EDIC participants by HP type 1-1, 2-1, and 2-2.

P value is from a log-rank trend test.
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of cumulative incidence with the number of HP 2 alleles
(Fig. 2). The cumulative incidence after 20 years of follow-up
was 0% for HP 1-1, 1.6% for HP 2-1, and 2% for HP 2-2 (trend
P = 0.029).

In multivariate analyses (Supplementary Table 1), Cox
proportional hazard models assessed the effect of HP type
on the risk of impaired GFR separately for the two former
treatment groups after adjustment for DCCT baseline
eGFR, an interaction term of HP type and DCCT treatment
group, and the three principle components of ancestry. In
the former CONV group, a significant increasing risk of
eGFR in HP 1-1, 2-1, and 2-2 (P = 0.005) was observed, and
63.7% of the variance was explained by albumin excretion
rate, which nullified the HP effect (P = 0.31). The INT group
showed a similar but nonsignificant trend due to a low
number of events. No significant treatment group/HP in-
teraction was seen (P = 0.80).

We also examined the change over time in eGFR as a
continuous measure (Supplementary Table 2). HP differ-
ences reached significance in a trend analysis (P = 0.028).
Likewise, each additional allele of HP 2 was associated
with a 0.12 mL/min/1.73 m2/year greater decline in eGFR
in CONV (P = 0.028) but not in INT (P = 0.74). However,
the difference between the two former treatment groups

did not reach statistical significance (interaction term
P = 0.38).

DISCUSSION

We have demonstrated that in the DCCT/EDIC study, the
HP 2-2 genotype was associated with a more rapid decline
in renal function and an increased incidence of impaired
eGFR and ESRD. These observations are of considerable
potential clinical relevance because the prevalence of the
HP 2-2 genotype is ;40% in Caucasian DCCT/EDIC sub-
jects, similar to that seen in other populations (8). Inter-
ventions designed to decrease the increased risk in HP 2-2
genotype may thus have a profound effect on the cumu-
lative public health burden of renal disease in individuals
with type 1 diabetes, especially those in poor glycemic
control. Other important observations are that this asso-
ciation of HP 2-2 appears to be largely independent of
time-dependent albuminuria and that the heterozygous
state (HP 2-1) may have an intermediary effect. Finally,
even in high-risk individuals based on their HP genotype,
intensive therapy was highly effective in reducing the risk
of renal disease; that is, glycemic intervention “trumps”
genetic risk.

FIG. 2. Cumulative incidence of ESRD in the 1,303 Caucasian DCCT/EDIC participants by HP type 1-1, 2-1, and 2-2. P value is from a log-rank
trend test.
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These data are consistent with preclinical, transgenic,
and human longitudinal studies. In vitro studies have dem-
onstrated key differences between the HP 1-1 and HP 2-2
proteins in their abilities to block the pro-oxidative activity
of extracorpuscular free Hb and to clear this free Hb via the
HP-Hb receptor CD163 (6,17). These differences are exag-
gerated in the setting of conditions mimicking the diabetic
state (17). These data are also consistent with those pub-
lished from the EDC cohort, where in 18 years of follow-up,
a strong relationship was described between the HP 2-2
genotype and the incidence of early decline in renal func-
tion and ESRD, which remained, or became even stronger,
after confounder adjustment (8). In EDC, as here in DCCT/
EDIC, it also seems the HP 2-1 group is at intermediate risk.
Interestingly, also similar to what has been described in
EDC (8), the HP genotype was not significantly associated
with microalbuminuria in DCCT/EDIC. There is a growing
body of evidence suggesting that factors contributing to the
development of microalbuminuria and a functional decline
in eGFR may be more distinct than previously thought
(18,19). Recent studies, including the DCCT/EDIC study,
have demonstrated that reductions in eGFR can occur
without preceding microalbuminuria, although ESRD is
always preceded by albuminuria of some degree (18,19).
The importance of a greater understanding of eGFR and
albuminuria is further emphasized by the observations
from two major studies that demonstrated that virtually
all the excess mortality in type 1 diabetes could be related
to the development of microalbuminuria (20,21).

In addition to its potential role in renal disease, the HP
genotype has also been demonstrated to be associated
with CVD in type 1 diabetes (22,23). Examination of the
DCCT/EDIC cohort to investigate the effect of glycemic
control on the manifestation, or strength, of the HP effect
on CVD risk will need to await the development of more
events to facilitate such analyses.

The association of the HP genotype and LDL concen-
trations or non-HDL cholesterol observed here has been
seen in some cohorts (8), but not all (24). Multivariate
analysis controlling for LDL did not change the effect
sizes of HP on risk of renal dysfunction seen here. This
association with HP genotype and LDL appears to be due
to a genetic variation in the HPR gene that is tightly linked
to the HP locus (25).

The major limitation of this report is the potential selection
bias of the DCCT/EDIC cohort because subjects with hy-
pertension and an albumin excretion rate .200 mg/24 h are
excluded.

In conclusion, we have confirmed an independent asso-
ciation between HP genotype 2-2 and renal function decline
in type 1 diabetes. HP genotyping may be useful in estab-
lishing which individuals with diabetes are at the highest
risk for developing renal dysfunction.
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