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Abstract

Findings of increased hemoglobin inside the HDL proteome among persons with diabetes who 

have haptoglobin 2-2 genotype suggests that iron-induced lipid peroxidation may be involved in 

diabetic kidney disease. We investigated the relationships of serum hemoglobin and iron with 

kidney function, and whether this varied by level of HDLc, in 5,296 adults with and 49,161 

without diabetes. Estimated eGFR was our marker of kidney function. Hemoglobin was positively 

associated with eGFR among those with diabetes and inversely among those without diabetes 

(interaction p-value <0.0001). Iron was inversely associated with eGFR regardless of diabetes 

status. When stratified by median HDLc and median hemoglobin, among persons with diabetes 

mean eGFR was highest in those with high hemoglobin and low HDLc and lowest in those with 

both low hemoglobin and low HDLc. This divergent relationship was not observed in the non-

diabetic population. In contrast to hemoglobin, high iron and low HDLc was associated with a 

lower mean eGFR regardless of diabetes status. Our data suggests that among persons with 

diabetes, both hemoglobin and iron are harmful to kidney function at high levels. Our data also 

suggests that HDLc may play a role in the relationship of high hemoglobin in kidney function in 

diabetes.

Diabetes is the primary cause of end-stage kidney disease in developed nations. 

Microvascular disease is common among persons with type 2 diabetes and typically 

develops with few symptoms until irreversible damage is done1. Chronic kidney disease 

(CKD) has been associated with elevated triglycerides and diminished high density 

lipoprotein cholesterol (HDLc). Reduced HDLc, which is characteristic of type 2 diabetic 

dyslipidemia, is a risk factor for macrovascular complications. However, the association of 

HDLc with renal disease is controversial.1
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Increased hemoglobin levels have been linked to adverse CKD related outcomes, including; 

cardiovascular complications, poor quality of life, and prolonged rehabilitation.2 Many of 

these complications have been attributed to decreased oxygen delivery, or hypoxia.2 Studies 

have indicated that hypoxia mediates the progression of diabetic nephropathy. Although the 

kidneys make up less than 1% of the body, they consume 10% of the body’s total oxygen. 

Diabetes induces hyperfiltration of the kidneys leading to an excess oxygen delivery and 

consumption, and ultimately, a greater need for oxygen.3 Without proper oxygen delivery, 

kidney damage is likely to occur.

A potentially harmful effect of hemoglobin is excess iron. Iron and iron containing 

molecules, such as hemoglobin, have been reported to cause kidney injury to cells in vitro 

and in vivo.4 Individuals with CKD have been reported as having higher kidney and urinary 

iron content. Furthermore, CKD severity has been shown to diminish with treatment for 

excess iron.4

The haptoglobin 2-2 genotype among those with diabetes has been shown to increase risk of 

CKD by two to five-fold.5 Findings of increased hemoglobin inside the HDL proteome 

among persons with diabetes who have the haptoglobin 2-2 genotype suggests that iron-

induced lipid peroxidation may be involved in diabetic kidney disease.5 In the following 

study, hemoglobin, iron, and HDLc and the interaction between them was evaluated in 

relation to estimated glomerular filtration rate in a large population of adults with diabetes.

Methods

Data from the C8 Health Project were used for this study. The C8 Health Project was a 

community-based study that investigated the effects of exposure to perfluorooctanioic acid 

(PFOA/C8) contaminated drinking water.6 Data were collected from August 2005 to August 

2006 on 69,030 individuals who had a history of living, working, or going to school in areas 

of Ohio and West Virginia with PFOA contaminated water from DuPont’s Washington 

Works facility near Parkersburg, West Virginia.6,7 All participants completed a 

comprehensive health survey. Standard consent and release forms were used by the 

phlebotomy laboratory and an additional consent form was used to obtain medical records.6 

Institutional review board (IRB) approval to use this data set was granted by the West 

Virginia University IRB.

Data collected included that on demographic and lifestyle factors, medical conditions, 

clinical blood profiles, and a wide range of serum concentrations. Clinical laboratory 

measurements were performed at an accredited clinical diagnostic laboratory (LabCorp Inc, 

Burlington, North Carolina).8 The sample for this study was restricted to C8 Health Project 

participants at least 20 years of age (n=54,457) and who self-reported a physician diagnosed 

diabetes (n=5296). EGFR was calculated using the modification of diet in renal disease 

(MDRD) formula.9 For the purposes of our study, individuals with an eGFR of less than 60 

mL/min/1.73 m2 were defined as having CKD.

The student’s t-test was used to test for differences among continuous variables and a chi-

squared test was used to test for differences among categorical variables. Linear regression 
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analysis was conducted using general linear models to determine the multivariable 

association between concentrations of HDLc, hemoglobin, and iron with eGFR. Covariates 

controlled for included age, sex, and diabetes duration. Effect modification was examined 

with the addition of cross products for hemoglobin and iron, hemoglobin and HDLc, and 

iron and HDLc. The criterion for statistical significance was a p-value of <0.10 for 

multiplicative interaction and <0.05 otherwise. All statistical analyses were done using SAS 

version 9.4 (SAS Institute, Cary, NC, USA).

Results

Characteristics of the study population are presented in Table 1. The population was 49% 

male and 96% white. The mean age of the population was 58 years with an average diabetes 

duration of 10 years. The majority of the study population had a high school diploma or less 

and reported an average family income of $30,000 or less per year. Mean HDLc was 46 

mg/dL, iron 79 ug/dL and hemoglobin 14 g/dL. CKD was present in 26% of the population.

The main effects multivariable adjusted associations of HDLc, serum hemoglobin, and 

serum iron with eGFR among those with diabetes are presented in Table 2. With increasing 

hemoglobin, a significant increase can be seen in age and sex adjusted eGFR. Model 2 

shows that with increasing iron, age and sex adjusted eGFR increased as well. No significant 

relationship is seen between HDLc and eGFR (model 3). Additionally controlling for HDLc 

(model 4) or iron (model 5) did not affect the hemoglobin relationship with eGFR. However, 

model 5 shows that after controlling for hemoglobin, the relationship of iron with eGFR 

went from a positive association to an inverse association. A marginal effect modification 

between HDLc and iron was observed (p=0.08), but this disappeared after further controlling 

for diabetes duration.

To determine whether the observed relationship between hemoglobin and eGFR, and the 

modifying effect of HDLc, was specific to those with diabetes, we also tested these 

relationships in the non-diabetic population (Table 3). A significant effect modification by 

diabetes status was observed in the relationship between hemoglobin with eGFR (p-

interaction term <0.0001). In contrast to the positive association of hemoglobin with eGFR 

in the diabetic population, among those without diabetes higher hemoglobin levels were 

associated with lower eGFR levels. This modifying effect of diabetes on the relationship of 

hemoglobin with eGFR is also depicted in Figure 1, where the modifying effect on the 

relationship between hemoglobin and HDLc can also be observed. Figure 1 shows that 

among both those with and without diabetes, mean eGFR was lower in those with both high 

HDLc levels and high hemoglobin levels (defined as values above the median) compared to 

those with high hemoglobin and low HDLc (values at or below the median). In contrast to 

those with diabetes, among those without diabetes where those with both low hemoglobin 

and low HDLc had the lowest mean eGFR, in the non-diabetic population those with low 

hemoglobin and low HDLc had the highest mean eGFR. In a full model combining both the 

diabetic and nondiabetic population and including interaction terms for diabetes-by–

hemoglobin, diabetes-by-HDLc, and hemoglobin-by –HDLc, all interaction terms were 

significant.
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In contrast with the hemoglobin-HDLc relaltionship with eGFR, Figure 2 shows that the 

effect modification of HDLc on iron’s relationship with eGFR did not vary by diabetes 

status. In both those with and without diabetes, those with both low HDLc and lower iron 

levels had the lowest mean eGFR. However, those with high HDLc and high iron levels had 

similar mean eGFRs.

Conclusion

In this large population based study of over 5,000 adults with diabetes, we investigated the 

modifying effect of HDLc on the relationship of iron and hemoglobin with kidney function. 

The major finding of this study was that while hemoglobin was positively associated with 

eGFR and iron was inversely associated with eGFR, in the presence of high HDLc levels, 

high hemoglobin was also inversely associated with kidney function. Our data builds on the 

growing evidence of a role of HDLc in iron induced kidney damage.

The hypothesis that HDLc modifies the relationship of iron and hemoglobin with kidney 

damage stems from findings of increased hemoglobin inside the HDL proteome of diabetic 

individuals with the haptoglobin 2-2 genotype10 and that this genotype in persons with 

diabetes increases the risk of kidney disease.11–14 It is thought that iron induced 

peroxidation, resulting from the hemoglobin inside the HDL proteome, may be involved in 

diabetic kidney disease.5 Inside the HDL proteome, heme can become destabilized from its 

hemoglobin pocket. The heme derived iron can catalyze oxidation reactions leading to 

extensive oxidation of the HDL proteins and lipids, resulting in lipid peroxidation and 

advanced lipoxidation/glycoxidation products. Among our diabetic population, we found 

that for those with both high hemoglobin and high HDLc, mean eGFR was lower compared 

to those with high hemoglobin and low HDLc. This was also observed in our non-diabetic 

population, but only among those with diabetes was a suggestive protective relationship 

observed for hemoglobin which high HDLc appeared to impair (in the non-diabetic 

population higher hemoglobin levels were associated with a lower eGFR). Our finding lends 

support to this hypothesis of iron induced lipid peroxidative damage to the kidneys.

The primary purpose of hemoglobin is to transport oxygen to tissues. Poor renal tissue 

oxygenation is thought to mediate the progression of chronic kidney disease.15–18 However, 

erythropoietin is the hormone that stimulates the production of red blood cells and most of 

the erythropoietin produced in the body is produced in peritubular fibroblasts of the kidney, 

thus renal damage itself causes decreases in circulating hemoglobin levels.19 In results not 

stratified by HDLc level, we found that hemoglobin levels were positively associated with 

kidney function in our diabetic population. Our results are consistent with others who have 

also shown positive relationships between hemoglobin in kidney function among persons 

with diabetes. In a study of 174 individuals with childhood-onset Type 1 diabetes and overt 

nephropathy followed for 12 years, Conway et al. found hemoglobin to inversely predict end 

stage renal disease (ESRD) and mortality.20 In another study Thomas et al. followed 503 

individuals with type 2 diabetes for five years to identify risk factors for decreases in 

hemoglobin levels in diabetic patients. Decreases in hemoglobin were most significant 

among patients with renal impairment. Patients with an eGFR above 90 mL/min/1.73 m2 

had stable hemoglobin levels.21 In 130 Korean patients with diabetic nephropathy, anemia 
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was associated with a rapid decline in renal dysfunction and faster initiation of dialysis.22 

Mohanram et al investigated the impact of anemia on progression to ESRD and found that 

even mild anemia increased risk of ESRD and that hemoglobin was inversely related to 

progression to ESRD.23

While some of the body’s circulating iron is in the form bound to hemoglobin, the majority 

of the body’s circulating iron is bound to transferrin. Increased iron in renal tissues has been 

found in persons with acute kidney injury,24 chronic kidney disease25,26 and proteinuria25–27 

and is associated with renal disease progression.27 This metal has been shown to be directly 

injurious to renal tubular cells.28–30 We found higher levels of iron to be associated with 

lower kidney function, building on the growing evidence of the role of iron in the incidence 

and progression of acute kidney injury and chronic kidney disease.

Our study showed no real main effects relationship between HDLc and kidney function. In 

other studies, HDLc has been shown to have a positive, an inverse, and no relationship with 

kidney function. In persons with overt diabetic nephropathy, hypoproteinemia increased 

LDLc. Renal failure specifically increased remnant lipoproteins and decreased LDLc and 

HDLc.31 A protective association against the progression of diabetic nephropathy with 

higher mean HDLc was observed in 864 patients with Type 2 diabetes participating in a 

comprehensive diabetic care program.32 In adult patients with Type 1 diabetes, a 

significantly lower multivariable adjusted likelihood of having albuminuria was associated 

with higher HDLc levels.33 A study by Bentley et al. investigating the association between 

HDLc and eGFR found significant differences by race/ethnicity. Although HDLc was 

positively associated with kidney function in non-diabetic Han Chinese, it was negatively 

associated with kidney function among African Americans.34 Krikken et al. also observed a 

negative association between HDLc and eGFR during animal experiments testing 

relationships of HDLc and apo-I with kidney function in subjects with severe chronic kidney 

disease.35 While our data is largely consistent with the literature in showing generally 

increased eGFR with increasing HDLc levels, this relationship was not significant in our 

diabetic population but appeared to vary by level of hemoglobin. The weakness and 

heterogeneity of the association of HDLc with eGFR in our population is also consistent 

with HDL cholesterol raising trials in persons with Type 2 diabetes. These trials have 

suggested that raising HDL cholesterol in the subgroup with kidney disease may not be 

beneficial for kidney function36–38 or mortality.39

There were several limitations to this study that should be noted. First, diabetes was self-

reported. Another limitation of our study is the lack of information on iron supplementation. 

Were unable to assess the potential influence of iron supplementation on the relation of 

hemoglobin concentration and eGFR. An additional limitation was a lack of racial diversity 

in the study population. With 96% of the study population being white, possible racial 

differences couldn’t be accounted for. It is possible that stronger relationships than observed 

in our population may be evident in African Americans due to the generally lower 

hemoglobin levels and higher CKD risk in that population. Finally, ours was a cross-

sectional study. Although the association between hemoglobin and eGFR is likely due to 

decreased synthesis of erythropoietin in persons with advanced CKD, it might also, at least 

in part, be due to a protective effect of hemoglobin against hypoxia. Due to the cross 
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sectional nature of the data, we were unable to determine if hemoglobin was responsible for 

changing eGFR or vice versa. This is difficult to determine in prospective studies as well.

In conclusion, our data suggests that in persons with diabetes high hemoglobin in the context 

of high HDL cholesterol is harmful to the kidney. Our data also suggests that after 

controlling for hemoglobin, iron is also harmful to kidney function at high levels. The jury is 

still out on how HDLc itself affects kidney health, but our data supports the growing 

evidence of HDLc in a role of iron induced damage to kidney tissues in diabetes. Further 

studies are needed in this area.
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Figure 1. 
Mean eGFR by High and Low Serum Hemoglobin and HDLc Level in those with and 

without Diabetes.

Median HDLc = 44 mg/dL in diabetic population and 48 mg/dL in non-diabetic population. 

Low HDLc: HDLc ≤ population specific median. High HDLc: HDLc > population median. 

In full model adjusting for age, sex, iron, hemoglobin, HDLc, diabetes status, and including 

interaction terms for diabetes*hemoglobin, diabetes*HDLc, and hemoglobin*HDLc, p-

values for interaction terms were: diabetes*hemoglobin p<0.0001; diabetes*HDLc p=0.03; 

hemoglobin*HDLc p=0.0006.
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Figure 2. 
Mean eGFR by High and Low Serum Iron and HDLc Level in those with and without 

Diabetes

Median HDLc = 44 mg/dL in diabetic population and 48 mg/dL in non-diabetic population. 

Low HDLc: HDLc ≤ population specific median. High HDLc: HDLc > population median. 

In full model adjusting for age, sex, iron, hemoglobin, HDLc, diabetes status, and including 

interaction terms for diabetes*iron, diabetes*HDLc, and iron*HDLc, p-values for interaction 

terms were: diabetes*iron p<0.0001; diabetes*HDLc p=0.07; iron*HDLc p=0.02.
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Table 1

Characteristics of Study Population by Diabetic Status Mean (Std), n (%)

Total With Diabetes Without Diabetes P-value

54457 5296 (90%) 49161 (10%)

Sex (Male) 25845 (47%) 2620 (49%) 23225 (47%) 0.002

Age, years 46.31 ± 15.73 57.83 ± 13.54 45.07 ± 15.45 <.0001

Diabetes Duration 9.97 ± 10.57 9.97 ± 10.57 NA NA

Ethnicity (White) 52652 (97%) 2620 (96%) 47596 (97%) <.0001

Current Smoker 14299 (26%) 980 (19%) 13319 (27%) <.0001

Current Alcohol Consumer* 26679 (49%) 1510 (29%) 25169 (51%) <.0001

Cholesterol Medication† 10730 (10%) 2979 (56%) 7751 (16%) <.0001

Education

Less Than HS 6186 (11%) 962 (18%) 5224 (11%) <.0001

HS Diploma or GED 22799 (42%) 2345 (44%) 20454 (42%)

Some College 17973 (33%) 1502 (28%) 16471 (34%)

Bachelor’s Degree or Higher 7237 (13%) 446 (8%) 6791 (14%)

Average Household Income‡

$10,000 or less 5025 (9%) 583 (11%) 4442 (9%) <.0001

$10,001 – $30,000 15711 (29%) 1822 (34%) 13889 (28%)

$30,001 – $60,000 17393 (32%) 1636 (31%) 15757 (32%)

$60,001 and above 10906 (20%) 729 (14%) 10177 (21%)

BMI 28.81 ± 7.64 33.17 ± 9.18 28.34 ± 7.30 <.0001

Creatinine mg/dL 0.95 ± 0.28 1.02 ± 0.42 0.94 ± 0.26 <.0001

Cholesterol

Total mg/dL 198.54 ± 42.53 190.52 ± 48.90 199.41 ± 41.69 <.0001

HDL mg/dL 49.70 ± 14.42 45.65 ± 12.19 50.13 ± 14.57 <.0001

LDL mg/dL 112.69 ± 35.18 98.57 ± 36.51 114.10 ± 34.73 <.0001

Triglycerides mg/dL 192.04 ± 156.11 250.91 ± 217.05 185.69 ± 146.64 <.0001

Estimated Glomerular Filtration (eGFR)

Less than 60 mL/min/1.73 m2 6550 (12%) 1372 (26%) 5178 (11%) <.0001

60 – 89 mL/min/1.73 m2 35218 (65%) 2990 (57%) 32228 (66%)

90 – 110 mL/min/1.73 m2 6541 (12) 395 (8%) 6146 (13%)

110 mL/min/1.73 m2 and above 5685 (11%) 500 (10%) 5185 (11%)

Hemoglobin g/dL 14.52 ± 1.44 14.08 ± 1.54 14.57 ± 1.42 <.0001

Iron ug/dL 86.62 ± 34.46 78.53 ± 29.88 87.50 ± 34.70 <.0001

C8 ng-mL 86.75 ± 262.32 89.59 ± 369.64 86.45 ± 247.98 <.0001

White Blood Cell Count 7.36 ± 2.32 7.58 ± 3.08 7.34 ± 2.22 <.0001

x10e3-uL Potassium mmol-L 4.16 ± 0.35 4.25 ± 0.40 4.15 ±0.34 <.0001

*
0.15% provided no response

†
0.36% provided no response

‡
missing data on 13% for annual household income
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