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Aims/Hypothesis: In diabetes haptoglobin (Hp) 2 vs Hp 1 allelic product is associated
with cardiac and renal complications. Few studies report both Hp phenotype and Hp

levels. In a Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial substudy

*Correspondence
Andrzej S. Januszewski
Tel: +61 2 8036 5211
Fax: +61 2 9565 1863
E-mail address:

andrzejjanuszewski@sydney.edu.au fenofibrate or placebo.

we evaluated the Hp phenotype, Hp levels, and fenofibrate effects.

Materials and Methods: In 480 adults with type 2 diabetes (T2D) the Hp phenotype
was assessed and the Hp level quantified (both using ELISAs assays) in plasma from
baseline, after 6 weeks of fenofibrate, and (in n = 200) at 2 years post-randomization to

Results: The Hp phenotypes 1-1, 2-1, and 2-2 frequencies were 15%, 49%, and 36%,

respectively. Baseline Hp levels differed by phenotype (P < 0.0001) and decreased (median
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21%) after 6 weeks fenofibrate in all phenotypes (adjusted mean (95% Cl): —=0.27 (=032,
—023) mg/mL in Hp 1-1, =029 (=0.31, —0.27) mg/mL in Hp 2-1 and —0.05 (-0.07, —-0.02)

mg/mL in Hp 2-2 (P = 0.005 and P = 0.055 vs Hp 1-1 and Hp 2-1, respectively)). At

doi: 10.1111/jdi.14290

2 years post-randomization the Hp levels in the placebo group had returned to baseline,

whilst the fenofibrate-group levels remained similar to the 6 week levels.
Conclusions: In type 2 diabetes, Hp levels differ by Hp phenotype and are decreased
by fenofibrate in all phenotypes, but the effect is diminished in Hp 2-2.

INTRODUCTION

Haptoglobin (Hp) is an abundant circulating o2-glycoprotein,
accounting for 0.9-3.6% (by mass) of plasma proteins"*. This
acute phase reactant irreversibly binds and neutralizes free
(toxic) hemoglobin and exhibits potent antioxidant, anti-
inflammatory, and pro-angiogenic effects’”. Hp exists in
plasma as a tetrameric protein with two o (allelic forms ol,
02) and two [ subunits, hence three phenotypes 1-1, 2-1, 2-2
which differ in structure: Hp 1-1 is a monomer and Hp 2-1
and 2-2 are oligomers. In Caucasian individuals Hp 1-1, Hp 2-
1, and Hp 2-2 are found in 16%, 48%, and 36% of the popula-
tion, respectively’. Hp is predominantly synthesized by
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hepatocytes, and is also expressed in kidney, heart, adipose tis-
sue, spleen, and lung. The main clearance route is via the
CD163 receptor and phagocytosis by monocytes/macrophages
and exocytosis by hepatic Kupfter cells. CD163 expression is
reduced in people with type 2 diabetes (T2D), prolonging the
Hp half-life, especially in those with the Hp 2-2 phenotype”>.
A secondary clearance route for Hp and Hp-hemoglobin com-
plexes is via the renal proximal tubule cells. The circulating Hp
half-life is 3-5 days, but once bound to hemoglobin,
Hp-hemoglobin complexes are cleared within 20 min’. Circu-
lating Hp reaches adult levels, 0.15-2.5 mg/mL, by approxi-
mately 46 months of age, and thereafter is stable in
individuals in the absence of an acute phase stimulus’.
Compared with Hp 2, Hp 1 is smaller, has greater
anti-oxidant and anti-inflammatory effects, is less angiogenic,
binds free hemoglobin and CD163 receptors more avidly, and
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is more rapidly cleared from plasma’. Atherosclerotic plaques
from Hp 1-1 or 2-1 mice and humans have lower lipid perox-
ides, iron, and macrophage accumulation than Hp 2-2
counterparts®. Hp inhibition of lipoprotein oxidation is dimin-
ished if the lipoprotein is glycated, as occurs in diabetes accord-
ing to the degree of hyperglycemia’. Oxidized LDL and HDL
lipid peroxides are lower in people with Hpl-1 vs Hp2-1 or
Hp2-2, consistent with the greater anti-oxidant activity of Hpl-
1*. Iron-containing Hp-hemoglobin complexes can bind to
HDL, rendering HDL pro-oxidant and pro-inflammatory, and
impairing (vasoprotective) reverse cholesterol transport®.

Many studies in people with type 2 diabetes report that the
Hp 2-2 phenotype is associated with a higher risk of cardiovas-
cular disease (CVD)'*!. In 2000, Levy et al.’> were one of the
first to report an association between Hp phenotype and the
development of vascular complications in 45 patients with type
2 diabetes; Hp 1-1 was associated with reduced re-stenosis after
percutaneous transluminal coronary angioplasty vs Hp 2-1/Hp
2-2"%. This small cohort was later included in a larger study
(n = 98) showing a significant difference in re-stenosis by Hp
phenotype in patients with diabetes, and even in those without
diabetes'’. In a case—control sub-study of the Strong Heart
Study of Native Americans (206 CVD cases, 206 controls), sub-
jects with type 2 diabetes with Hp 2-2 were five and three
times more likely to have a CVD event than those with Hp 1-1
(P = 0.002) or Hp 2-1 (P = 0.010), respectivelyM. In agreement,
Hochberg et al. reported that in patients with diabetes and cor-
onary artery disease, those with Hp 2-2 /Hp 2-1 had fewer col-
lateral coronary arteries than Hp 1-1, no such association was
observed in people without diabetes'”. The relative risk associ-
ated with Hp alleles was magnified in the presence of
hyperglycemia'®. The Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial results support that glycemia modu-
lates the complication risk differentially by Hp phenotype'” and
that fenofibrate (vs placebo) reduces coronary artery disease
(CAD) events only in those without the Hp 2-2 phenotype
(multivariable adjusted HR 0.74 (95% CI 0.60-0.90))'%; how-
ever, the Hp levels were not measured. Proactive testing of Hp
genotype or phenotype of people with type 2 diabetes may help
to identify patients at particularly high complication risk and
targeted treatment may improve clinical outcomes.

The Hp phenotype may determine the response to treat-
ments, such as Vitamin E. In both the Israel Cardiovascular
Events Reduction with vitamin E (ICARE) Study and the
Nurses’” Health Study, people with Hp 2-2 and HbAlc >6.5%
had a >10-fold increased risk of coronary heart disease com-
pared with those with at least one Hp-1 allele and HbAlc
<6.5%'**. Individual trials and a meta-analysis show Vitamin
E can decrease CVD death risk (OR 0.47, 95%CI 0.26-0.85,
P = 0.013) in people with diabetes and Hp 2-2°".

Most Hp-related clinical studies only report Hp phenotype
or levels, not both. In a Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) trial substudy we aimed to eval-
uate the frequency distribution of the Hp phenotype, the

http://wileyonlinelibrary.com/journal/jdi

association with Hp levels, and the effects of fenofibrate on Hp
levels.

MATERIALS AND METHODS

We determined the Hp phenotype and levels in (citrate) plasma
samples of 480 randomly selected FIELD trial participants
(Figure S1) from Australia and New Zealand (trial details*>*’).
The Hp phenotype was assessed using baseline samples and the
Hp levels were measured in samples from subjects at baseline,
at the end of 6 week ‘run-in” (200 mg daily fenofibrate), and in
200 subjects 2 years post-randomization, with all subject’s sam-
ples for Hp levels analyzed in the same batch with the operator
masked to sample order, subject identity, and treatment alloca-
tion. Among the analyzed subjects 463 (96.5%) were Caucasian
(all ethnicity data were self-reported) and of the remaining
3.5% the majority (n = 11, 64.7%) were Asian. There were 249
and 231 subjects selected at baseline and after 6 weeks fenofi-
brate ‘run-in” who were later randomized to placebo and fenofi-
brate arms, respectively. The proportions of women to men
were the same in the selected subjects in placebo and fenofi-
brate arms: 49.0% and 49.4% women in placebo and fenofibrate
arms, respectively. At the 2 years timepoint the number of sub-
jects (n = 200) randomly selected from two treatment arms
and women to men ratios were 1:1 (n = 100 placebo: n = 100
fenofibrate, n = 50 women to n = 50 men in both placebo and
fenofibrate groups).

The Hp phenotype and levels were determined by ELISA
(Savyon Diagnostics, Ashdod, Israel and R&D Systems, Inc.,
Minneapolis, MN, respectively) with intra- and inter-assay CVs:
Hp phenotype: 2% and 1% (for absorbance values); Hp level:
5% and 5%, respectively. Comparisons between Hp phenotypes
were analyzed using anova (with post-hoc Tukey test) or
Kruskal-Wallis anova (depending on distribution). Correlations
were assessed using Spearman R coefficient. Categorical vari-
ables were analyzed using y° test. Data are presented as
mean + SD or median (LQ, UQ). Adjusted (least square)
means are reported as mean (95% CI) or mean + SEM. Com-
parisons were made with Bonferroni correction. Statistical sig-
nificance was taken at P < 0.05.

RESULTS
Baseline subject characteristics are shown in Table 1, with no
significant differences by Hp phenotype.

The Hp phenotype frequencies (Hp 1-1, 2-1, and 2-2 consti-
tuting 15%, 49%, and 36%, respectively) in this FIELD trial
substudy were similar to those published in the general Cauca-
sian population®. Hp levels (mean + SD) at baseline were lower
in men than in women (0.89 = 047 vs 1.11 + 047 mg/mL
respectively; P < 0.0001). Baseline plasma Hp levels were higher
in Hp 1-1 and Hp 2-1 than in Hp 2-2 subjects (Figure la),
although differences were not sufficient to infer Hp phenotype
from Hp level. After adjustment for sex, baseline mean arterial
pressure (MAP), BMI, total cholesterol, HDL-C and HbAlc
Hp levels (mean (95% CI)) were higher in Hp 1-1 and Hp 2-1
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Table 1 | Baseline characteristics of study subjects, including plasma Hp levels for all subjects and by Hp phenotype. Data shown are mean £ SD
or median (LQ, UQ)

All Hp 1-1 Hp 2-1 Hp 2-2 P*

N (%) 480 (100.0) 74 (154) 233 (485) 173 (36.0) -
Gender (M/F; % male) 244/236 (51) 36/38 (49) 123/110 (53) 85/88 (49) 071
Age (years) 61+£6 606 6116 616 047
Known type 2 diabetes duration (years) 616 7%5 617 616 085
HbATc (%) 69+ 14 67115 71114 69+ 12 0.08
HbATc (mmol/mol) 524 £ 151 497 £ 164 539+ 157 516+ 133 0.08
BMI (kg/m?) 308+ 56 300+ 50 311 £ 56 306+ 57 033
TC (mmol/L) 50+ 07 49+ 07 49+ 07 50+ 06 069
TG (mmol/L) 17 (13,23) 17 (14, 2.5) 17 (13,23) 17 (13,22 060
HDL-C (mmol/L) 1.1+£03 1.1 +£04 1.1+£03 1.1+£02 064
LDL-C (mmol/L) 30+ 07 29+ 07 30+ 07 31106 0.15
SBP (mmHg) 138+ 14 138+ 15 138+ 14 130+ 12 030
DBP (mmHg) 81+38 817 82+38 78+38 0.09
MAP (mmHg) 100£9 100+ 9 100+ 9 P¥+9 0.10
eGFR (CKD-EP) 95 (83, 102) 97 (82, 103) 95 (83, 101) 95 (83, 102) 071
Complications micro/macro (%) 29/15 31/ 11 33/19 23/12 0.10/0.11
Haptoglobin (mg/mL)

Baseline 1.00 £ 045 1.13 £ 046 1.10 £ 044 081 + 041 <0.0001

End of run-in 080 £ 037 094 £ 035 087 £ 035 065 + 036 <0.0001

2 years** 095 + 042 118 £ 042 099 + 037 076 + 042 <0.0001

Unadjusted Hp levels and difference are presented. Bolded P-values with statistical significance. *Indicates P-value: x*test, axova or Kruskal-Wallis
ANOVA between Hp phenotypes. **Indicates 2 years data in a subset of n = 200 subjects.

vs Hp 2-2 phenotype (1.15 (1.05, 1.24) mg/mL and 1.10 (1.04,
1.15) mg/mL vs 0.81 (0.74, 0.87) mg/mL respectively, both
P < 0.0001).

At baseline Hp levels correlated significantly with HbAlc,
BMI, blood pressure, total- and HDL-C differentially by Hp
phenotype (Table 2). Comparison of clinical chemistry bio-
markers at baseline and after 6 weeks of fenofibrate treatment
(at the end of 16 weeks of FIELD trial run-in phase) are shown
in Table SI.

As shown in Figure lcd, the Hp levels were significantly
lowered by fenofibrate in all phenotypic groups vs baseline
values. Adjusted for baseline Hp values, Hp levels decreased in
all phenotypes after 6 weeks of fenofibrate (mean (95% CI)):
—0.27 (-0.32, —0.23) mg/mL in Hp 1-1, 029 (-0.31, —0.27)
mg/mL in Hp 2-1 and —0.05 (-0.07, —0.02) mg/mL in Hp 22
(change in Hp -22 P =0.005 and P = 0.055 vs Hp 1-1 and
Hp 2-1, respectively). After 2 years, in those randomized to pla-
cebo, the Hp concentrations reverted to baseline levels, whereas
in those receiving fenofibrate post-randomization, the reduction
evident after 6 weeks of fenofibrate was sustained.

We were unable to detect any significant difference in the
frequency of T2D complications (coronary event, non-fatal MI,
CVD, stroke, CABG, revascularization, amputation, laser treat-
ment) within and between any Hp phenotype between subjects
randomized to placebo or fenofibrate treatment (data not
shown).

DISCUSSION

In our FIELD trial based substudy we found a similar Hp pheno-
type distribution to that reported in the literature’ >**, We have
observed differences in Hp levels by phenotype and phentoype
differences in Hp levels reduction by fenofibrate. The Hp pheno-
type may be an important determinant of vascular risk, which
can be modulated by glycemia®. As shown by the FIELD,
ACCORD, and The Diabetes Atherosclerosis Intervention Study
(DAIS) trials®® *® fenofibrate can reduce the risk of many
diabetes-related chronic complications. The ACCORD  trial
reported that the fenofibrate benefit on CAD is observed only in
those without the Hp 2-2 phenotype'®. The ACCORD trial did
not report Hp levels. While there is much evidence linking the
Hp 2-2 phenotype with adverse CVD outcomes, not all studies
concur. In people with diabetes in the Framingham Offspring
Study, Hp 1-1 was associated with more prevalent coronary heart
disease (CHD) than Hp 2-1 and Hp 2-2 (although people with
CHD were over-represented in the Hp 1-1 group)®. A recent
study of Chinese living in Singapore also found an increased
CVD risk in people with type 2 diabetes and Hp 1-1%°, emphasiz-
ing the need for studies in different ethnic groups. Our FIELD
substudy is based in Australia and New Zealand. In the Bruneck
study, no association of Hp 2-2 with atherosclerotic events was
evident in subjects with or without diabetes®, although this
might be the result of low event numbers (only 123/9,863 cases/
person-years of follow-up) and merging of cardiac and stroke

© 2024 The Author(s). Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 1 | (@) Frequency of baseline Hp concentration by phenotype in 480 FIELD trial participants. (b—d) Effect of fenofibrate on plasma Hp levels
according to phenotype in a subset of FIELD trial participants: all received treatment for the last 6 weeks of the 16 weeks run-in phase’; then they
were randomized to fenofibrate or placebo. Fenofibrate (200 mg daily). significantly lowered Hp levels in all phenotypes after the 6 weeks active
run-in phase. Hp levels remained low at 2 years in those allocated to ongoing fenofibrate, whilst in those subsequently allocated to placebo at

2 years the levels were similar to those at baseline. Data (mean £ SEM) shown after adjustment for gender, baseline MAP, BM|, total cholesteral,

HDL-C, and HbAlc. TP < 00001 vs baseline, *P < 004 vs placebo.

events. The Bruneck study did, however, report differences in
CVD risk factors by Hp phenotype: total cholesterol and LDL-C
were higher in Hp 2-2 subjects than in Hp 2-1/Hp 1-1 subjects
combined (P = 0.008 and P = 0.016, respectively). In our small
FIELD substudy CVD risk factors did not differ significantly by
Hp phenotype, but the Hp levels were correlated with HbAlc,
blood pressure, and HDL-C. Larger studies are of interest.

The Hp levels in urine have been related to diabetic renal dam-
age. In the type 2 diabetes Veterans Affairs Diabetes Trial
(VADT)*, urinary Hp levels were a predictor of diabetic
nephropathy (DN), in a substudy of 204 subjects with type 2 dia-
betes and 3.8 years mean follow-up. They had at baseline a uri-
nary albumin:creatinine ratio (ACR) of <300 pg/mg and eGFR
stage 2 or better. The urinary Hp:creatinine ratio (uHp:Cr) pre-
dicted early renal function decline (ERFD; >3.3% eGFR decline
per annum). Compared with people in the lowest uHp:Cr tertile
those in the highest tertile had a greater risk of ERFD: OR 2.70
(95% CI 1.15-6.32), P < 0.05, after adjustment for VADT treat-
ment group allocation and ACEi use. Addition of uHp:Cr to
ACR improved the end stage kidney disease prediction®”. FIELD
urine samples are not available to replicate this analysis.

phenotype™, but Hp phenotype cannot be inferred from the
Hp level or vice-versa, as confirmed by our FIELD study in
which Hp levels in each phenotype overlap substantially. Stud-
ies in people with type 2 diabetes suggest that the Hp 2-2 phe-
notype is associated with an increased risk of cardiac and
kidney complications which is modulated by glycemia. It is
desirable to measure both Hp phenotype and levels as we have
done herein, and plan to extend to the majority of the FIELD
trial cohort. The fenofibrate benefit may relate to reductions in
circulating Hp levels, which we demonstrated with significant
reductions in Hp levels in all phenotype groups, with the smal-
lest reduction in Hp 2-2 phenotype (after adjustment for base-
line level). Whilst fenofibrate was protective against advanced
diabetic retinopathy in the FIELD and ACCORD Lipid trials,
currently there are no papers reporting associations between
retinopathy or other microvascular complications, fenofibrate
benefit and Hp levels. As there are many pleiotropic effects of
fenofibrate™ the macro- and micro-vascular benefits of fenofi-
brate in people with type 2 diabetes may relate, at least par-
tially, to reductions in Hp levels.

In this FIELD trial sub-study baseline Hp levels differed by
Hp phenotype in adults with type 2 diabetes, being lowest in
Hp 2-2 phenotype subjects. Fenofibrate decreased Hp levels in

The Hp levels have Dbeen linked to diabetes
complications®**,  Circulating Hp levels differ by Hp
1666 J Diabetes Investig Vol. 15 No. 11 November 2024
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Table 2 | Correlations (Spearman R coefficient and P-values) between baseline Hp levels and other biomarkers for all subjects and by Hp

phenotype
All Hp 1-1 Hp 2-1 Hp 2-2

Age (years) R=-003, P =058 R=001,P=0% R=-002, P=1078 R=001,P=093
Known type 2 diabetes duration (years) R =002 P=072 R =006, P =062 R=-002,P=072 R =-001,P =085
HbATC (%) R =010, P =0.023 R =004 P=076 R=1009 P=016 R=10.15 P =0.048
HbATc (mmol/mol) R =010, P =0.023 R=004,P=076 R=009 P=016 R =015 P =0.048
BMI (kg/mz) R =021, P < 0.0001 R =023, P =0.048 R =025, P = 0.0001 R =017, P =0.024
TC (mmol/L) R =007, P=012 R=-004,P=073 R =015 P =0.021 R =008 P=029
TG (mmol/L) R=001,P =085 R=-013,P=026 R=002P=078 R=001,P =092
HDL-C (mmol/L) R =008, P = 0085 R = 0004, P = 097 R=007,P=032 R =018 P = 0.020
LDL-C (mmol/L) R =004, P =043 R =009 P =042 R =012, P = 0056 R =002 P=079
SBP (mmHg) R =014, P =0.003 R=007,P=056 R =020, P = 0.002 R =003, P =066
DBP (mmHg) R =006 P=016 R=004,P=076 R =014, P=0.03 R=-009 P=025
MAP (mmHg) R =010, P = 0.025 R =005 P =067 R =019, P = 0.004 R =-005, P =054
eGFR (CKD-EPI) R=-001,P =082 R =008 P =051 R =-001, P =083 R =-005,P =050

Bolded P-values with statistical significance.

all Hp phenotypes, but the effect was diminished in the Hp 2-2
group (after adjustment for baseline levels). Lower baseline Hp
level and a lower fenofibrate-related decrease in Hp levels in
Hp 2-2 phenotype subjects might be indicative of a lower pro-
tective efficacy against type 2 diabetes vascular complications.
The study of most or all of the FIELD cohort (n = 9,795) may
establish relationships between Hp phenotype, Hp levels, fenofi-
brate effects, and type 2 diabetes vascular complications.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1. Flow chart of the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study (left, reproduced from Cardi-
ovasc Diabetol 3(1), 9 (2004). https://doi.org/10.1186/1475-2840-3-9) and the timepoints for sample selection for these analyses
(right).

Table S1. Comparison of clinical chemistry results at baseline and at the end of trial run-in (post 6 weeks of fenofibrate
treatment).
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