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Serum erythropoietin in patients with anaemia on HAART attending the Kenyatta 
National Hospital, Comprehensive Care Centre
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ABSTRACT

Background: Anaemia is the leading haematological abnormality in HIV/AIDS and an 
independent contributor to morbidity and mortality. HAART has been shown to be effective 
in reversing anaemia in HIV/AIDS, however a significant proportion of patients remain 
anaemic despite being on antiretroviral therapy. Deficiency of erythropoietin has been 
demonstrated as a cause of anaemia in HIV infected HAART naïve patients. The levels of 
erythropoietin have not been studied in anaemic patients who are on HAART. 
Objectives: To describe serum EPO levels of HIV infected anaemic patients who have been 
on HAART for more than six months.
Design: Cross sectional descriptive study.
Setting:  The study was carried out at a national hospital HIV treatment and follow-up 
outpatient facility: Comprehensive Care Centre, Kenyatta National Hospital.
Methods: A total of 196 HIV elisa positive HAART experienced patients with anaemia 
visiting the Comprehensive Care Centre were consecutively recruited. They were evaluated 
by total blood counts, CD4 count, documented WHO clinical stage and serum erythropoietin 
levels. Serum erythropoietin levels were measured by IMMULITE 2000 Elisa method. 
Accrued data was entered in SPSS version 17 and analyzed therein.
Results: A total of 196 HIV positive adult patients with anaemia and who had been on 
HAART for more than six months were evaluated. A total of 181 (92.3%) were found to 
have a deficient erythropoietin response to anaemia in HIV, (EPO < 500IU/L). In this study 
Hb was the main predictor of erythropoietin response.
Conclusion: Erythropoietin deficiency is nearly universal in anaemic patients on HAART 
for more than six months.
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INTRODUCTION

Anaemia is the commonest haematologic 
abnormality in HIV/AIDS1. The aetiology 
of this anaemia is multi factorial but it has 
been shown to characteristically involve a 
reduced increment of serum erythropoietin 
levels2. Studies done in the pre-HAART era 
confirmed low EPO levels in HIV infected 
patients with anaemia and demonstrated 
a blunted response compared to patients 
with iron deficiency anaemia3.  Furthermore 
it has been demonstrated that EPO levels in 
anaemic HIV patients are similar to those 
seen in EPO deficient chronic kidney disease 
patients with anaemia4. This reduction and 
blunting of the EPO response is secondary 
to the elevation of inflammatory mediators 
and cytokines5. 

With the onset of the HAART era 
the prevalence of anaemia has declined. 
Nonetheless it remains prevalent and 
moreover it is associated with the same 
poor outcomes of reduced survival and 
poor quality of life seen in the pre-HAART 
era6.

Physiologically, decreasing blood 
haemoglobin concentrations are followed 
by increasing levels of erythropoietin. EPO, 

in turn, stimulates the growth of BFU-E 
and CFU-E and increases the release 
of reticulocytes into peripheral blood. 
However this natural feedback mechanism 
appears to be impaired in pathological 
conditions including HIV, cancer and 
other chronic illnesses7. When compared 
with patients with uncomplicated iron-
deficiency anaemia, inadequately low 
concentrations of erythropoietin have 
been repeatedly reported in HIV patients 3 5 2. 
In addition, treatment with recombinant 
erythropoietin had a profoundly beneficial 
effect in a high number of anaemic HIV-
infected individuals8.  It has been noted in 
various studies that while the prevalence 
of anaemia declines with the use of HAART, 
mild to moderate anaemia remains 
common.  Moore et al9 found a prevalence 
of 38% despite being on HAART for one 
year. Using data from the EuroSIDA  Study 
Group Mocroft A, et al found a prevalence 
of between 53% and 46%. 

In a study by  Muita et al (unpublished) 
on the correlates of anemia in HIV infected 
patients at the Kenyatta National Hospital, 
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overall prevalence of anaemia in HAART experienced 
patients was 17.5% out of  212 patients on HAART for 
6 months or greater.

Spivak et al2 found that while the ability to produce 
erythropoietin in anaemic HIV patients was intact, the 
serum levels of erythropoietin were inappropriately 
low for the degree of anaemia2. The Canadian Pediatric 
AIDS Research Group found that erythropoietin levels 
were generally lower than 200IU/L in anaemic HIV 
infected children4.

Based on clinical studies anaemic HIV positive 
patients with serum erythropoietin levels of below 
500IU/L are considered to have an inadequate response 
towards anaemia. Erythropoietin replacement as a 
therapeutic strategy is reserved for those anaemic 
patients with erythropoietin levels below 500IU/L10.  
Erythropoietin replacement therapy in HIV infected 
anaemic patients with erythropoietin deficiency has 
been shown to increase and maintain haemoglobin 
levels, reduce transfusion requirements and improve 
Quality of Life11.

MATERIALS AND METHODS

This was a cross-sectional study carried out at the 
Comprehensive Care Clinic of Kenyatta National 
Hospital. Permission to carry out the study was 
obtained from the Kenyatta National Hospital 
Scientific and Ethical  Review Committee.

The study population was HIV infected patients, 
with normal renal function, aged 18 years and above 
attending the Comprehensive Care Centre at Kenyatta 
National Hospital who had been on HAART for more 
than six months.

The sociodemographic profile and clinical data 
was obtained according to a study proforma and 
was completed by ticking the appropriate response 
in the box provided. For patients who were unable 
to read the principle investigator or study assistant 
interpreted the questions in Kiswahili.
Laboratory methods:  From each patient, five milliliters 
of blood was drawn for serum erythropoietin level 
determination. Serum erythropoietin levels were 
determined using the IMMULITE 2000 EPO test done 
at Lancet Laboratories Kenya as described in figure 2.
Data analysis:  The collected data was verified, 
cleaned and entered into a computer data base and 
analysis done using SPSS-version 17.0 programme. 
Chi square test was used in the analysis of categorical 
variables such as association between WHO stage and 
HAART regimen with erythropoietin levels.  Students 
T-test was used to test whether there was correlation 
between continuous variables such as age, Hb and 
erythropoietin levels. 95% confidence interval was 
used to determine the factors that could explain 
the outcome variables. P value of less than 0.05 was 
considered significant.

RESULTS

Between June 3rd 2012 and August 28th 2012 a total 
of 651 patients were evaluated for inclusion into 
the study.  Four hundred and fifty five  patients were 
excluded for various reasons as shown in Figure 1 
leaving 196 whose data was analysed.

Figure 1:  Recruitment of the patients
 3556 files screened @CCC for eligibility (June-Aug2012)

2905 -No anaemia

651 - HIV on HAART with anaemia

63 - Scret > 130 umol/l
3 - Documented +ve PDT
7 - Denied consent
8 - Poor adherence

196 - 

196- consented       Recruited    Interview+ file enquiry     Blood drawn

Analyzed

374 - HAART < 6Mo

Table 1:  Sociodemographic characteristics of the 
patients

Variable F (%)  N = 196 95% CI

 Gender
   Female
   Male 

 128 (65.3%)
 68 (34.7%) 

 
58.64% − 71.96%
28.04% − 41.36% 

Age in years
  Mean (SD)
  Median (IQR)
  Min-Max

 
39.70

 39 (28-50)
  20-72 

Marital status
  Single 
  Married
  Separated
  Widowed 
  Divorced 

  38 (19.4%)
    116 (59.2%)
    10 (5.1%)

      26 (13.3%)
     6 (3.1%)

 13.86% − 24.94%
 52.32% − 66.08%
 2.02% − 8.18%
 8.55% − 18.05%
 0.67% − 5.53% 

Education
    None
    Primary
    Secondary
    Tertiary 

  2  (1%)
  41 (20.9%)
  117 (59.7%)
   36  (18.4%) 

 -0.39% − 2.39%
15.21% − 26.59%
52.83% − 66.57%
12.98% − 23.82% 

Employment status
    Employed
    Unemployed
    Retired
    Student 

 
162 (82.6%)
  28 (14.3%)

 5 (2.6%)
 1 (0.5%) 

  

9.4% − 19.2%
0.37% − 4.83%
-0.49% − 1.49% 

Residence
 Eastern block 
(Nairobi,   Central, 
Eastern, N. Eastern 
& Coast)
Western block 
(Rift Valley, 
Nyanza

161 (82.1%)

 
35 (17.9%) 
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Sixty five point three percent of the study cases were 
of the female gender with a male to female ratio of 
1:1.8. The study population was young with a median 
of 39 and a mean age of 39 years minimum age was 
22 years with a maximum of 72 years. Majority of 
the study cases 116 (59.2%) were married. Most of 
the study population 82% were engaged in gainful 
employment. 

Table 2: Clinical characteristics of the study cases 
(n=196)

Variable Frequency %   
N=196 

 95%   CI 

WHO stage   
 
   1
   2
   3
   4 

 

11 (5.6%)
 32 (16.3%)
 99 (50.5%)
 54 (27.6%) 

 
 2.38%- 8.82%
 11.13%-21.47%
 43.5%-57.5%
 21.34%-33.86% 

CD4
   >500
   350-499
   200-349
   <200 

 
21 (10.7%)
42 (21.3%)
65 (32.75%)
69 (35.25%)

 
 

 Haemoglobin
    9.5-12 G/DL
   8.0-9.4G/DL
   6.5-7.9 G/DL
   <6.5 G/DL 

 88 (44.9%)
 62 (31.6%)
 33 (16.8%) 
 13 (6.6%) 

 
 37.94%-51.86%
 25.09%-38.11%
 11.57%-22.03%
 3.12%-10.08% 

 Duration of 
HAART (months)
   Mean 
  Median 
  Min-Max 

22
13
6-116

Majority of our  patients had WHO stage 3 and 4 HIV 
disease as was documented in the patients file on the 
day of study inclusion. Fifty percent had stage 3 HIV 
disease and 27% had HIV stage 4 disease  by WHO 
classification. Combined patients with WHO stage 3 
and 4 were the majority at 163 (78.1%).

Majority 134(68%) had a CD4 count of less than 
350c/μL while only 69 (35%) of patients had CD4 
cell count of less than 200c/μL.  Most of the study 
population had mild to moderately severe  anaemia 
by WHO/ACTG grading of anaemia severity. 44.9%  
and  31%  of the study participants had grade 1 and 
grade 2 anaemia respectively. Only 6% of the study 

participants experienced severe grade 4 anaemia.
Mean  haemoglobin levels were observed to 

be lower with advancing WHO stage, in study 
participants with stage 4 HIV disease mean Hb was 
8.5g/dL  compared to a mean of 9.6g/dL for patients 
with stage 1 disease.

One hundred and sixty three (83%) of the study 
cases were on first line HAART which was Tenofovir 
(TDF) based, 18 (9%) of the study cases were on 
AZT based regimens. All of the study cases were on 
a backbone of HAART that included Lamivudine 
(3TC) as the second nucleoside reverse transcriptase 
inhibitor.  The mean CD4 count in HIV/AIDS stage 3 
(295c/μL) and 4 (171c/μL)  correlated with WHO 
values of 200-349 for stage 3 and less than 200c/μL 
for WHO stage 4 disease respectively.

Figure 2:  Prevalence of erythropoietin deficiency in 
the study cases (n=196)

Variable F (%) 
N-=196 

 95% CI 

Serum EPO
   Mean  (SD)
   Median (IQR)
   Min-Max 

 137.77
 67.55
 4- 850 

Erythropoietin strata
   <500 IU/L
   >500IU/L 

181 (92.3%)
  15 (7.7%) 

 
88.57%-96.03%
  3.97%-11.43% 

Erythropoietin deficiency was almost universal 
in the study cases with 181 (92.3%) having levels 
below 500 IU/L and only 15 (7.7%) having levels 
above 500IU/L. Mean serum EPO was 137 IU/L with 
a median of 67IU/L (Figure 2).

Patients in WHO stage 4 were observed to have 
the lowest mean EPO levels of 79.5IU/L. There 
was a general trend to have declining EPO levels 
with advancing HIV disease as seen by higher EPO 
levels of  204IU/L and 149IU/L in HIV stage 2 and 3 
respectively.

Bivariate analysis was then performed to 
determine associations between serum EPO levels 
and various patient and disease characteristics of 
interest. These were WHO staging of HIV, anaemia 
severity by WHO/ACTG grading and the CD4 count.  
These associations are illustrated in Table 3. 
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Table 3:  Associations between variables
epo.groups2

<500 IU/L > 500 IU/L
No. (%) No (%) Chi-square P value OR (95%OR)

Anaemia

9.5 - 12.0 g/dl 87 98.9 1 1.1 38.798 1 1
8.0 - 9.4 g/dl 61 98.4 1 1.6 0.803 1.426 (0.088 - 23.245)
6.5 - 7.9 g/dl 25 75.8 8 24.2 0.002 27.84 (3.322 - 233.312)
<6.5g/dl 8 61.5 5 38.5 0.001 54.375 (5.641 - 524.139)

WHO group
1-2 37 86.4 6 13.9 1 1
3-4 144 94.2 9 5.8 0.088 0.385 (0.129 - 1.151)

cd4.groups1
<200 cells/uL 67 97.1 2 2.9 4.473 1 1

200-499 cells/uL 94 88.7 12 11.3 0.063 4.277 (0.927 - 19.738)
>/=500 cells/uL 20 95.2 1 4.8 0.680 1.675 (0.144 - 19.447)

Patients with a haemoglobin of less than 6.5g/dL were 
up to 50 times more likely of having elevated serum 
EPO levels compared to patients with a haemoglobin 
of greater than 9.5g/dL (OR 54 (5.6- 524) p= 0.001), 
likewise study cases with a haemoglobin of between 
6.5- 7.9 g/dL were up to 27 times more likely of having 
elevated EPO levels compared to cases with a hb of 
greater than 9.5g/dL (OR 27 3.3- 233) p= 0.002).

Patients who were WHO class 3 and 4 were 
seven times less likely to have elevated EPO levels 
compared to patients who were WHO class 1 and 2 
( OR 0.385 (0.129 – 1.151) however this was not 
statistically significant (p value 0.088).

DISCUSSION

Erythropoietin deficiency has been demonstrated in 
anaemic HIV positive patients in the pre HAART era 
due to the effects of profound immunosuppression 
and inflammation. It has not been conclusively 
demonstrated whether HAART, due to its immune 
reconstitutive ability, is associated with reversal of 
EPO deficiency in patients with anaemia. This study 
therefore sought to determine whether the same 
deficiency occurs in HAART experienced patients with 
anaemia in an ambulatory care setting in Kenyatta 
National Hospital. 

The study population was young with a mean age 
of 39 years and was observed to have advanced HIV 
disease supported by the proportions of patients in 
WHO stage 3 and 4 disease. This generally mirrors the 
findings of a similar study by Mwita et al (unpublished) 
on the correlates of anaemia in HIV where he found a 
mean age of 38.9 years (n=411). The mean CD4 counts 
of our study cases correlated well for the WHO stage 
of disease especially for stage 3 and 4.

Females were 128 (65.3%) of the study 
participants compared to males who were 68 (34.7%) 
of the study population with a male to female ratio of 
1:1.8 which correlates well with that found by Mwita 
et al (unpublished) (M:F,1:1.6)who carried out a study 
on the correlates of anaemia in HIV in the same setting. 
The Kenya AIDS Indicator Survey 2007 showed that 3 

out of 5 or 60% of HIV infected Kenyans are females 
and our study though limited to a single outpatient 
setting captured this finding. 

Most of the study cases 99 (50.5%)  and 54 (27.6%) 
were WHO class 3 and 4 respectively. This finding was 
replicated in the study by Mwita et al (unpublished) 
whereby he studied the correlates of anaemia in HIV, 
majority of the patients with anaemia 37 (78.4%)  six 
months or more after being on HAART were WHO 
class 3 and 4. However this finding is consistent 
with the observation that anaemia is a marker of 
disease progression. This has been demonstrated 
in the EuroSIDA prospective study cohort in Europe 
where it was shown that patients with anaemia 
six months after initiation of HAART had a relative 
hazard of disease progression of 2.2 – 7.1 for mild 
to severe anaemia respectively compared to HAART 
experienced patients with no anaemia17. 

Mean serum EPO level in the study population was 
137 IU/L (110 – 164 IU/L) 95% CI) (normal response 
to anaemia > 500 IU/L). The study population 
demonstrated near universal erythropoietin 
deficiency with 92% having levels below 500IU/L 
despite varying degrees of anaemia. The cutoff for 
EPO response has been derived from well validated 
EPO replacement studies in anaemic HIV positive 
patients in the pre-HAART era. Patients with levels 
below 500IU/L have been shown to benefit from EPO 
replacement and are thus deemed deficient6.

Similarly a high prevalence of insufficient EPO 
response in the face of anaemia has been demonstrated 
in similar studies all which were carried out before 
the widespread availability of HAART. Abrams et 
al11 in San Francisco demonstrated EPO deficiency 
in 82% of 269 participants who took part in an EPO 
replacement study. 

Likewise, in a Canadian paediatric study by Upton 
et al4 EPO deficiency was universal in a paediatric 
population with HIV and anaemia that was HAART 
naïve, this study found a similar EPO response in 
the study population when compared to a subset of 
patients with anaemia secondary to chronic kidney 
disease. In this study HIV infected children invariably 
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had EPO levels below 200IU/L, despite being anaemic 
with a mean Hb of 10.6g/dL.  On bivariate analysis 
haemoglobin was the main predictor of the serum 
erythropoietin profile with lower haemoglobins being 
significantly associated with higher erythropoietin 
levels. This finding was similar to that of Uptone et al4.

The mechanisms of anaemia in the setting of 
chronic inflammation are complex and multi factorial. 
Erythropoiesis is impaired by among other factors 
reduced iron recycling by macrophages, elevated 
levels of tumour necrosis factor and interferon which 
inhibit erythropoiesis and by reduced increment 
in the levels of erythropoietin towards anaemia. In 
our study we examined the erythropoietin levels 
in anaemic patients who were on HAART at various 
stages of HIV. The severity of anaemia was found to 
increase with the severity of the HIV infection but 
the level of EPO failed to increase commensurately, 
suggesting that one of the reasons for anaemia in this 
population was erythropoietin deficiency. Likewise 
anaemia in other chronic inflammatory disorders has 
been demonstrated to be associated with inadequate 
erythropoietin response. By using anaemia as our 
inclusion criteria in patients who were already HAART 
experienced, it is likely that we had a selection bias 
for patients who were progressing in HIV. HIV disease 
progression has conclusively been linked to anaemia 
particularly in patients who are HAART experienced. 
This may be demonstrated by our finding of majority 
patients being in WHO stage 3 and 4 with CD4 
count levels consistent with this clinical stage. This 
finding may account for the inflammatory drivers of 
inadequate EPO response in our study population. 
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