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Abstract: 

Background: Anemia is recognized as an independent cardiovascular disease (CVD) risk 

factor in diabetic patients with end stage renal disease. However, it is not known whether 

anemia associated with early diabetic nephropathy increases CVD risk. 

Objective: To assess the effect of anemia on CVD risk in patients with Stage 1 chronic 

kidney disease (CKD). 

Materials and Methods: Cross sectional analysis of 2,502 diabetic patients with stage 1 

CKD. Demographic, clinical and laboratory data were collected from two teaching 

hospitals affiliated with medical university in Lahore, Pakistan. 

Results: Of the 2,502 diabetic patients examined, 96% had type 2 diabetes. Age (years) = 

64.2 ± 0.2, BMI= 29.6±0.2, duration of diabetes (years) = 9.3± 0.17, Hemoglobin A1C 

(A1C) % =7.8±0.04. Males represented 83.2% of the cohort. 
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The CVD group included 909 (36.3%) of the total cohort and had a significantly lower 

mean serum hemoglobin (g/dl) (12.9±0.05 Vs 13.4±0.04, p <0.01), and hematocrit (%) 

(38.8±0.19 Vs 40.04±0.17, p<0.01), compared to those without CVD events. Both groups 

had stage I diabetic nephropathy with urinary albumin >30 mg/gm creatinine and normal 

GFR (>90 ml/min/1.73m
2
). Using the National Kidney Foundation (NKF) threshold Hb 

of 12 g/dl for initiation of work up for anemia in chronic kidney disease, in our logistic 

regression model the odds ration (OR) for CVD in patients with Hb<12 g/dl was 1.94 

(95% CI= 1.6-2.3, p <0.01). After adjusting for CVD risk factors, anemia remained a 

significant predictor for CVD events OR=1.64 (95%CI = 1.3-2.0, p<0.01). We also 

examined Hb as a continuous variable and found that; for each unit decrease in 

hemoglobin, the odds of CVD increases, OR =1.21 (1.14-1.28, p <0.01)  

Conclusion: Our data suggest that anemia associated with early diabetic nephropathy is 

an independent risk factor for CVD. Further studies are needed to validate our findings 

and to determine the mechanisms of increased CVD associated with anemia in early 

nephropathy. 

 

Introduction 

CVD is the major cause of morbidity and mortality in patients with diabetes mellitus 

(DM), accounting for up to 80% of excess mortality in this patient population (1). The 

pathophysiology of CVD in diabetes involves traditional and novel cardiac risk factors, 

including hypertension, dyslipidemia, smoking, hyperglycemia, insulin resistance/ 

hyperinsulinemia, oxidative stress, inflammation, endothelial dysfunction and 

hypercoagulability (2). In addition, the presence of microalbuminuria is an independent 
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risk factor for CVD (2). CVD is prevalent in patients with chronic kidney disease CKD 

(3). These patients are more likely to die than to progress to end stage renal disease 

(ESRD) (3,4).  CVD events and death is substantially increased (by 20-40%) in patients 

with CKD and DM compared to those with CKD due to other causes (5,6). Therefore, 

prevention of CVD morbidity and mortality in this vulnerable population is of paramount 

importance.  Data indicates that control of traditional CVD risk factors is largely sub-

optimal in patients with diabetes (7,8). Therefore identification of potentially modifiable 

CVD risk factors in diabetic patients is of great importance. Anemia is a potentially 

modifiable candidate risk factor for CVD (9-17) that is common in patients with diabetes 

particularly those with albuminuria or reduced renal function and often goes 

unrecognized and untreated (18,19). Data from the Third National Health and Nutrition 

Examination Survey (NHANES III) showed that the prevalence of anemia is increased in 

people with diabetes even with preserved renal function (20). While GFR and iron stores 

are the strongest predictor of Hb level in diabetic patients, they do not explain the 

increased prevalence of anemia in this patient population (18). Therefore, other factors 

such as deficiency and/or impaired action of erythropoietin, inflammation and oxidative 

stress may contribute to the development of anemia in diabetes and may explain in part 

the increased prevalence of CVD. 

           Anemia and CKD are well documented independent risk factors for CVD in 

vulnerable populations such as diabetic patients, the elderly and those with underlying 

heart disease (21-27). There are number of potential reasons for this relationship. First, 

the cardiac response to chronic anemia includes increases in heart rate, cardiac index, and 

output as well as expansion of plasma volume (28). These hemodynamic adaptations 
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result in left ventricular hypertrophy and remodeling, increased sympathetic activity and 

reduced effective cardiac index, all associated with increased CVD morbidity and 

mortality. Studies have demonstrated an independent association between hemoglobin 

level and LV mass in CKD patients (9,21). Levine et al (9), reported that patients with 

CKD had a 32% increase in left ventricular mass index (LVMI) for each gram decrease 

in hemoglobin. Portoles et al (29), reported that partial correction of the hematocrit from 

26 to 35% in CKD patients was associated with 17% reduction in LVMI and Hayashi et 

al found that increasing the hematocrit from 27% to 47% was associated with 21% 

reduction over baseline LVMI (11). Furthermore, erythropoietin deficiency and 

resistance in CKD may also increase CVD, as it has direct cardiac effects (30,31). Other 

risk factors include increased peripheral and myocardial hypoxia, increased inflammatory 

cytokines and oxidative stress. Further, decreased progenitor cell availability and 

consequent reduction in endothelial repair likely contribute to increased CVD associated 

with anemia (32-34). 

         Anemia is a common finding in early diabetic nephropathy, compared to that in 

non-diabetic nephropathy with a similar degree of renal impairment (35). Furthermore, 

treatment of anemia decreases CVD risk in the diabetic population with advanced renal 

disease, for example: in diabetic renal transplant patients, increasing hematocrit has been 

observed to reduce early post-transplant CVD risk (36). Studies have shown beneficial 

effect of anemia treatment with erythropoietin on CVD morbidity and mortality (37). 

However, data on anemia and CVD in patients with early diabetic nephropathy (stage 1 

CKD) is scarce. Therefore, we aimed to assess the association of anemia and CVD in 

early diabetic nephropathy 
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Materials and Methods:  

Prior to the conduct of the study, Institutional Review Board approval was obtained at 

each participating center. This is a cross sectional analysis of 2,502 diabetic patients 

admitted on medical floors of two different medical institutions in Lahore, Pakistan. Both 

hospitals were university affiliated medical centers. Diabetic patients without the 

diagnosis of chronic kidney disease were identified by diagnostic billing codes. Records 

of all patients who qualified were examined and demographic, clinical and laboratory 

data were collected. Patients were selected for the study if they had GFR >90 

ml/min/1.73m
2
 and urinary albumin > 30 mg/gm creatinine. 

 

 Statistical analysis:  

Data were analyzed in a two-step process, first univariate methods were used for 

comparison of CVD groups (CVD and non CVD) such as t-test for continuous variables 

and Chi square analysis for categorical variables. Then we used multivariate logistic 

regression models to estimate the odds ratio (OR), for CVD events in patients with 

anemia, defined as hemoglobin <12 gm/dl, before and after adjusting for other CVD risk 

factors including age, sex, BMI, smoking, hypertension, HDL-cholesterol, total 

cholesterol, hemoglobin A1c, glomerular filtration rate (GFR) and urine albumin. 

 

Results: 

Demographic and clinical laboratory characteristics of patients with and without CVD 

events are shown (table1). Of the 2,502 diabetic patients examined, 96% had type 2 
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diabetes. Age (years) = 64.2 ± 0.2, BMI= 29.6±0.2, duration of diabetes (years) = 9.3± 

0.17, Hemoglobin A1C (A1C) % =7.8±0.04. Males represented 83.2% of the total cohort. 

The CVD group included 909 (36.3%) of the total cohort and had a significantly lower 

mean serum hemoglobin (g/dl) (12.9±0.05 Vs 13.4±0.04, p <0.01), and hematocrit (%) 

(38.8±0.19 Vs 40.04±0.17, p<0.01), compared to those without CVD events (table 2). 

Both groups had stage I diabetic nephropathy with urinary albumin >30 mg/gm creatinine 

and normal GFR (>90 ml/min/1.73m
2
). We used the definition for stage 1 nephropathy, 

given by the National Kidney Foundation/ Kidney Disease Outcomes Quality Initiative 

(NKF K/DOQI), as kidney damage with normal or increased GFR (38). There was no 

significant difference in the level of urinary albumin between the 2 groups (table 2). GFR 

was significantly lower in the group with CVD compared to those without CVD (table 2). 

Using the National Kidney Foundation (NKF) threshold hemoglobin value of 12 g/dl for 

initiation of work up for anemia in chronic kidney disease (38), in our logistic regression 

model the odds ration (OR) for CVD in patients with HB<12 g/dl was 1.94 (95% CI= 

1.6-2.3, p <0.01). After adjusting for CVD risk factors, anemia remained a significant 

predictor for CVD events OR=1.64 (95%CI = 1.3-2.0, p<0.01). 

When we examined hemoglobin as a continuous variable, we found that; for each gram/dl 

decrease in hemoglobin, the odds of CVD increases, OR =1.21 (1.14-1.28). 

We also divided the cohort into 2 groups according to the hemtocrit value (table 3), and 

found that, the OR for CVD significantly increases (P<0.01), comparing the group with 

the hemtocrit  of <37%  to those above 37%,  (OR =1.89 (1.57-2.28) (95% CI). After 

adjustment for CVD risk factors including age, sex, family history, body mass index, 

duration of diabetes, cigarette smoking, hypertension, HDL-cholesterol, total cholesterol, 
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hemoglobin A1c, glomerular filtration rate and urine albumin, the effect of decreasing 

hemtocrit on CVD risk remains significant with OR for CVD being significantly higher 

in those with hematocrit <37%, compared with those above 37%, OR 1.53 (1,3-2.0), 

P<0.01. Furthermore, we examined the hematocrit as a continuous variable and found 

that with each % decrease in hematocrit, the odds CVD increases, OR= 1.057 (1.036-

1.079). 

           In order to assess the effect of aspirin on anemia, we assessed the interaction 

between aspirin and hemoglobin in the 2 groups (CVD Vs non-CVD) (table4), using 

general linear model, univariate analysis and we found that aspirin use had no effect on 

hemoglobin concentration P= 0.664 

 

Conclusion:  

Our data suggests that anemia associated with stage 1 CKD increases CVD risk. In fact, 

with slightest drop in hemoglobin, above the currently recommended level for work up 

and treatment in patients with kidney disease (38), CVD risk was substantially increased. 

Possible explanation for our findings is the presence of erythropoietin deficiency that has 

been increasingly recognized to occur earlier in patients with diabetes compared to non-

diabetic patients with the same level of renal impairment (35). In fact a recent report 

suggests that erythropoietin deficiency may precede the onset of overt nephropathy in 

diabetic patients (40). Furthermore, accumulating evidence indicates that erythropoietin 

therapy is associated with decreased inflammation, oxidative stress (21) and CVD 

morbidity and mortality in patients with ESRD treated with peritoneal dialysis (21) as 

well as those treated with HD. Therefore, studies are needed to characterize the anemia in 
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patients with stage 1 CKD, in terms of its association with erythropoietin deficiency and 

increased cardiovascular and inflammatory markers. This is crucial to elucidate the cause 

of increased CVD events in these patients in order to develop appropriate preventive 

strategies. Our data suggest that the lower hemoglobin in the CVD group is likely to be 

secondary to early nephropathy since GFR in this group was significantly lower than that 

of the non-CVD patients. This is consistent with the accumulating data indicating that 

erythropoietin deficiency precedes the onset of anemia and nephropathy in patients with 

type 2 diabetes (40).  Further studies are also needed to determine whether treatment of 

anemia in these patients would result in decrease in the surrogate markers of CVD that 

could serve as a basis for randomized controlled trials to assess whether treatment of 

anemia in early diabetic nephropathy would result in decreased CVD events and cause 

specific mortality. 
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Table 1. Demographic characteristics, Cardiovascular risk factors and medication use in 

patients with and without cardiovascular disease 

 

 

*CVD = the presence of one or more of the following: coronary artery disease, angina, 

coronary revascularization, congestive heart failure, atrial fibrillation, stroke, transient 

ischemic attack and peripheral vascular disease 

 

 

 

 

 

 

 

 

 

 

 

 

 Diabetic patients 

without CVD* 

N=1,593 

Diabetic patients 

with CVD* 

N=909 

P- value 

Significant 

level <0.05 

Age (years) mean SEM 62±0.3 69±0.4 <0.01 

% of males 39.4 60.6 <0.01 

Body mass index (kg/m
2
) 29.7±0.2 29.6±0.2 NS 

Duration of DM (years) 8.3±0.2 10.9±0.3 <0.01 

Hemoglobin A1C 7.8±0.06 7.7±0.05 NS 

Percentage with hypertension 76.2 87.2 <0.01 

Systolic BP (mmHg) 133±0.5 133±0.7 NS 

Diastolic BP (mmHg) 74±0.3 72±0.4 NS 

Total Cholesterol (mg/dl) 178±1.0 171±2.1 <0.01 

LDL-cholesterol (mg/dl) 105±1.0 100±1.2 NS 

HDL-cholesterol (mg/dl) 45 ±0.4 41 ±0.4 <0.01 

Triglyceride (mg/dl) 152±3.4 149±3.7 0.01 

Percentage of smokers 

 

14.2 18.4 0.03 

Percentage with F/H of CAD 

 

9.6 14.8 <0.01 

Percentage on Statins 44.2 68.0 <0.01 

Percentage on ACE-inhibitors 52.6 60.9 <0.01 

Percentage on aspirin 36.1 62.9 <0.01 
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Table 2. Kidney functions and anemia in patients with and without cardiovascular disease 

(CVD) *  

 

 

 

*CVD = the presence of one or more of the following: coronary artery disease, angina, 

coronary revascularization, congestive heart failure, atrial fibrillation, stroke, transient 

ischemic attack and peripheral vascular disease. 

** Based on MDRD formula glomerular filtration rate (GFR) was calculated as follows: 

Estimated GFR (ml/min/1.73m
2
) = exp (5.228-1.154xln(SCr )-0.203 x ln (age)- (0.299 if 

female) (38,39)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Diabetic patients 

without CVD* 

N=1,593 

Diabetic patients 

with CVD* 

N=909 

P- value 

Significant 

level <0.05 

 

Serum creatinine (mg/dl) 

 

0.81±0.15 

 

0.86±0.12 

 

<0.01 

Microalbumin (mg/24 hrs) 138.4±3.9 143.5±2.81 NS 

 

GFR** 111±0.8 106±1.3 <0.01 

 

Hemoglobin (g/dl) 13.4±0.04 12.9±0.05 <0.01 

Hematocrit % 40.4±0.1 38.8±0.19 <0.01 
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Table 3. Logistic regression analysis showing the odds of cardiovascular disease (CVD) 

before and after adjustment for CVD risk factors including age, sex, family history, body 

mass index, duration of diabetes, cigarette smoking, hypertension, HDL-cholesterol, total 

cholesterol, hemoglobin A1c, glomerular filtration rate and urine albumin. We used the 

National Kidney foundation hematocrit cut point of 37% and hemoglobin of 12 gm/dl for 

initiation of work up for anemia (24) 

 

 

 

Diabetic 

patients 

without CVD 

 

 

Diabetic 

Patients 

with CVD 

 

 

Odds Ratio 

(95% CI) 

Before 

adjustment 

P-

Value 

 

After 

adjustment 

P-

Value 

 

 Hematocrit  

>=37% 1213 (78.5%) 578 (65.8) 1 ------- 1 ------ 

 <37% 333 (21.5%) 301 (34.2) 1.89 (1.57-2.28) <0.01 

1.53 (1.23-

2.09) <0.01 

Hemoglobin  

 >=12 gm/dl 1247 (82.4%) 621 (70.6) 1 ------- 1 ------ 

 <12 gm/dl 273 (17.6 %) 259 (29.4) 1.94 (1.6-2.3) <0.01 1.64 (1.3-2.0) <0.01 
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Table4. Effect of aspirin use on anemia in patients with and without cardiovascular 

disease. Using a 2x2 ANOVA, the non-significant (P= .664)  interaction analysis  

demonstrated that the effect of aspirin did produce hemoglobin concentration differences 

in either of the CVD categories.  Means and SEM are in table below. 

 

CVD Aspirin Mean hemoglobin (gm/dl) SEM 

No No 13.51 0.057 

Yes 13.35 0.74 

Yes No 12.94 0.103 

Yes 13.0 0.073 

 

 

 


