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INTRODUCTION
Anemia is a perennial and serious complication of chronic kidney disease 
(CKD) that finds during the early stage of the disease and intensify 
as the kidney function deteriorates.1 The CKD-associated anemia is 
primarily due to the less production of endogenous erythropoietin 
and  some degree of iron deficiency that decreases availability of iron 
for erythropoiesis.2 While its pathophysiology is typically multifactorial, 
the predominant cause of anemia in patients with chronic kidney 
disease is failure of the kidneys to produce enough erythropoietin. These 
patients often suffer from weakness, inability to concentrate, chest 
pain, fatigue and  headache.3 Treatment of anemia in CKD is complex 
and challenging, the increasing number of patients with CKD- associated 
anemia, insufficient number of nephrologists, the complexity of the 
disease pathogenesis, hypo responsiveness of Erythropoiesis Stimulating 
Agents (ESA) therapy, patient’s polypharmacy, nonadherence to the 
medication’s regimen and  a lack of familiarity with clinical practice 
guidelines and recommendations for management of anemia, all these 
are considered as major challenges and barriers to treat anemia in CKD 
patients. Therefore, multidisciplinary efforts are required to treat CKD-
associated anemia and to overcome the barriers of such a complicated 
condition. The impact of pharmacy services as a part of multidisciplinary 
efforts to improve outcomes in dialysis patients has been described in 
many studies. Clinical pharmacists have been demonstrated to alleviate 
drug-related problems and contribute to improving quality of care in 

hospitalized patients with many diseases.4 They are prepared and trained 
in therapeutics and actively engaged in implementing and monitoring of 
therapeutic treatment plans. They are also participated in patient rounds 
conducting drug history at admission, assisting physicians in analyzing 
relevant laboratory information and checking medication orders for the 
plausibility of medication, identifying and solving administration errors, 
adverse drug reactions and drug–drug interactions.5,4 Furthermore, 
they contribute to improve patient’s medication adherence through 
counseling patients about the purposes and necessity of their prescribed 
medicines.6 The pharmacists’ intervention efficiently manages barriers in 
medication taking thereby support non-adherent patients in improving 
medication adherence.7 Although the clinical pharmacist intervention 
has implemented in various pharmacist-physician-collaborative 
practice models such as in diabetes, hypertension and hyperlipidemia, 
neurological diseases,8 rheumatological,9 and cardiovascular conditions10 
and the role of the clinical pharmacist in the dialysis unit has been well 
established in some developed countries.11 However, to our knowledge, 
the overall level of clinical pharmacist services provided by developing 
nations is still low12 and the potential impact of clinical pharmacist 
interventions in improvement of clinical status, hematological indices 
and correction of anemia in dialysis patient in the developing countries 
including Iraq has not well documented yet, for this purpose the current 
study has designed to investigate the effectiveness of interventions 
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carried out by the clinical pharmacists in optimizing management of 
CKD-associated anemia in the hemodialysis center in Kirkuk Hospital-
Kirkuk City-Iraq.

MATERIALS AND METHODS
Study Design and Ethical Consideration
The study was a prospective interventional single-blinded randomized 
control trial it was carried out for eight months between February 2019 
– September 2019 with approval letter of ethical committee of College  
of Medicine/ University of Suleiman (No#8 in 2019) at the dialysis  
centers of Kirkuk General Hospital- Directorate of Health in Kirkuk city; 
a hospital with 250 beds for hospitalization of chronic kidney disease 
patients. The study carried out as a two-arm trial (interventional and 
non-interventional group). All patients gave a written informed consent 
to participate. Figure 1

Enrollment and Randomization
Simple randomization using random number table was carried out at 
the first visit before baseline data collection by the clinical pharmacist. 
Consenting patients were randomized into either the interventional or  
non-interventional group. The study included anemic patients (Hb ≤ 8g/
dl) associated with end stage renal disease with continuous hemodialysis 
of one to two sessions per week as defined by the United State Kidney 
Foundation and serum creatinine clearance, glomerular filtration rate 
tests and met the revised criteria of diagnosis of CKD with anemia.13 
The patients who were not willing to participate were excluded from 
the study. One hundred and forty patients were screened for eligibility;  
20 patients have been excluded because they were not met the inclusion 
criteria. The rest (i.e. 120 patients) divided into two groups; first group 
interventional group of 60 patients and clinical pharmacist services were  
provided to them, the second group were non-interventional group  
includes 60 patients they were received usual hospital services and  
treatment protocol of anemia which was mostly erythropoietin and iron 
supplement as a part of the current anemia treatment plan without any 
clinical pharmacist intervention.

Types of Clinical Pharmacist Intervention
After patient’s recruitment, the current study structured a plan based  
on the previous reports and studies9,14 for reviewing their medication,  
recording the types of clinical pharmacist intervention and patient follow  
up on regular basis. The main clinical activities that the pharmacist  
experienced to conduct the present study were; build-up in-hospital  
guideline for proper use of recombinant human erythropoietin in  
collaboration with physicians based on international guidelines for  
treatment of anemia in CKD,15 recommending drug information on 
CKD-associated anemia to physicians and nurses and proposing clinical 
pharmacist intervention at the physician, drug, patient and hospital level  
as described in Figure 2. At the baseline visit Hemoglobin (Hb) and  
ferritin were assessed and serum iron and total iron binding capacity 
(TIBC) levels to calculate TSAT% (serum iron x100 divided by total iron  
binding capacity) were also measured. All the clinical pharmacist services 
were delivered by a qualified registered pharmacist during ward rounds 
and direct physician-pharmacist communication in the hemodialysis 
center and all interventions were recorded and classified in an excel 
spreadsheet. The categories of clinical pharmacist interventions were 
based on the previous studies.8 The total number of interventions per 
each month, per each patient and over four months were documented 
and classified electronically to different level using an excel spreadsheet 
software to be ready for statistical analysis. Patient’s adherence was 
evaluated by counting the pills, bringing the empty container of the iron  
therapy. Furthermore, the clinical pharmacist performed verbal 

Figure 1: Study design shows randomization and outcome measures. CKD; 
Chronic kidney disease, TSAT; Transferrin saturation.

Figure 2: Types of pharmacist’s interventions at the physician, drug, patient 
and hospital-administrative level (Structured and adapted). 8,17,  
CRP;C-reactive protein.

recommendations to physicians with regard to interventional group 
management plan including initiation of iron therapy and appropriate 
starting doses. Moreover, on each follow up visit patients in interventional 
group were verbally counselled regarding ESA, iron therapy and 
importance of anemia management, modification of diet, drug-food 
and drug-drug interactions, treatment recommendations and adverse 
effect of the medications. At the baseline visit the patient was referred 
to a physician by the clinical pharmacist according to recommendations 
adapted from cases et al. and Ohnishi J et al.16,17 All patients in the 
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interventional group were followed up by the clinical pharmacist on a 
periodic weekly visit to the dialysis setting and through phone calls. The 
clinical pharmacist role was to remind patients prior to their scheduled 
follow-up appointment. Patients in the non-interventional group 
received the usual medical care by their physician without the clinical 
pharmacist intervention.

Primary outcome measure
The main outcomes were the impact of the pharmacist involvement in 
optimizing anemia management, investigating hematological indices  
such as hemoglobin, serum iron and TIBC, ferritin, transferrin saturation  
(TSAT%) to reach or maintain hemoglobin within target range (10 -11.5 
g/dL or 10-12g/dL)18 and this was performed by regular follow up starting  
from 1st week (baseline) to 4th weeks, 8th weeks, 12th weeks and 16th weeks 
and comparing with the non-interventional group.

Secondary outcome measure
Includes clinical status monitoring using clinical grading of pallor; a 
researcher sequentially examined conjunctiva, tongue, skin, palm andnail 
bed of each studied patient. Based on the clinical grading of pallor the 
physical status of the patients classified into: Mild: pallor of conjunctiva and/
or mucous membrane. Moderate: pallor of conjunctiva and/or mucous 
membrane + pallor of skin. Severe: pallor of conjunctiva and/or mucous 
membrane + pallor of skin + pallor of palmar creases.19 Furthermore, as 
a secondary outcome measure vitamin B12 and  folate levels, C-reactive 

protein (CRP); to identify factual ferritin level, complete blood picture 
(CBP) have also been measured and compared with the baseline values 
and the non-interventional group.

Statistical analysis
Data were analyzed utilizing GraphPad Prism version 8.2.1, chi-square 
(Fisher’s exact test) was used to compare the percentage of patients 
reaching their primary goal of Hb between the interventional and non-
interventional groups. A paired sample t-test was used to compare 
initial and follow-up hematological indices’ means within each group. 
An independent sample t-test was used to compare the change in 
patient’s hematological indices’ means between the interventional and 
non-interventional groups. A p- value £ 0.05 was considered statistically 
significant.

RESULTS
Basic characteristic of the participants shows in Table 1. The mean 
age for the interventional group was 49.43±14.62 years while it was 
51.58±17.76 years for the non-interventional group with a p-value=0.47, 
non-significant difference was observed between male and female 
patients (p-value =0.86), nearly other demographic data including body 
weight, occupation, number of dialysis sessions per week were matched 
at the screening and baseline visit and there were non-significant 
differences between interventional and non-interventional groups. 
Percentage of patients with normocytic and normochromic type 

Figure 3: Types of pharmacist interventions and recommendations at physician, drugs, patients, hospital and administrative level during 16-week period. 
Values expressed as number and percentage. CRP; C-reactive protein.
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Table 2: Hematological indices in interventional and non-interventional group during 16-weeks period n=120. 

Hematological
parameter

Interventional group (n=60) Non-interventional group (n=60)

1st   week 
(Baseline)

4th week 8th week 16th week 
1st  week 

(Baseline)
4th week 8th week 16th week 

Hb g/dl 7.64±0.45a 8.34±0.98*bc 10.09±1.72* d 11.25±2.29*a 7.28±0.80 8.40±1.21*b 9.93±2.37* c 9.99±2.54*

TSAT % 40 ±7.05 41±0.12c 45±0.14 b 47±0.17ad 38±0.10b 39±0.11b 48±0.12*c 40±0.13d

S.Ferritin ng/ml 419.02±445.31 289.96±332.65* 229.83±40.53* 248.75±67.93* 536.45±439.17 272.61±309.76* 234.99±272.51* 275.48±309.18*

 S. Vitamin B12 ng /ml 289.03±113.83 296.20 ±114.28 287.20±112.22 327.70±26.10 297.63±120.45 295.22 ±114.59 286.83±111.50 244.50±111.10

S.Folate ng/ml 13.09±4.39 12.03±3.11b 13.66 ± 4.12d 12.56 ± 3.06 14.39±3.94 11.90 ±3.06*b 13.58 ±4.12* d 12.47±3.12*

Values are presented as mean±S.D; n: number of patients; * significantly different compared with baseline values within the same group (paired t-test); values with  
superscripts (a) are significantly different between different groups (independent t-test a; P<0.05). while values with superscripts (b,c,d) are significantly different 
among different  times within the same group. Hb;hemoglobin, TSAT;Transferrin saturation.

Table 3: Patients with declined or unchanged Hb level in interventional 
and non-interventional group n=120.

Criteria Interventional 
group n=60

Non-
interventional 

group n=60

p-value

Patients who had a decline 
in their Hb or remained 

unchanged 

5(8.3%) 17(28.3%) 0.008

Values are expressed as number and percent, chi-square (Fisher’s exact test) 
was used to compare different group and predict significance at p<0.05; 
Hb;hemoglobin.

Figure 4: Patients reached hemoglobin target in interventional and  
non-interventional group after16-weeks period n=120. Values are expressed 
as number, chi-square (Fisher’s exact test) was used to compare different 
group and predict significance at p<0.05. Non identical letters(a,b) indicates 
significantly different between both studied group. Hb;hemoglobin.

Table 1: Demographic data and basic characteristic of the patients  
participated in the study n=120.

Group P-value

Intervention 
(n=60)

Non-intervention 
(n=60)

Age; Mean±SD (year) 49.43±14.62 51.58±17.76 0.471

Gender n(%)

Male 32(53.3) 33(55.0)
0.86Female 28(46.7) 27(45.0)

Body weight (Kg) 62.93±1.49 62.78±1.59 0.945

Occupation n(%)

Not working 58(96.7) 60(100.0)
0.496Working 2(3.3) 0(0.0)

Duration of disease 
(year)

2.77±0.12 2.39±1.69 0.06

Number of dialysis session / Week

1.0 37(61.7) 33(55.0)
0.42.0 23(38.3) 27(45.0)

Patients with Hypertension and  Diabetes n(%)

Yes 34 (56.6%); 36 (60%)
0.87No 26 (43.4%) 24 (40.0%)

Patients with other comorbidities n(%)

Yes 17 (28.3%) 18 (30%)
0.7No 43(71.6%) 42 (70%)

Values are presented as percent or mean±SD; n: number of patients. Independent 
-sample t-test and Chi-square test for non-parametric variables were utilized to 
predict significance at P<0.05.SD; Standard deviation.

[(ferritin>100 ng/ml and transferrin saturation index [TSAT], >20%)] 
of anemia in interventional and non-interventional group were 70% 
and 71.67% respectively, meanwhile those with IDA (hypochromic 
microcytic) in both groups were 30% in interventional and 28.33% in 
non-interventional (p-value=0.9). Patients in both groups were found to 
have a comparable history of comorbid diseases such as hypertension 
and diabetes 34 (56.6%) in interventional group, while 36 (60%) in non-
interventional group with p-value = 0.87. 

Types of pharmacist interventions
During the 16-weeks study period, the pharmacist interacted and 
reviewed the medication files for 60 admitted patients every visits. Of 
the total patients, 1646 interventions and recommendations were carried 
out. The interventions were at the physician, patients, drugs, hospital and 
administrative level as shown in Figure 3. At the physician level a total 
of 180 (10.9%) recommendations and interventions were proposed by 
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Iron metabolism indices
The transferrin saturation (TSAT%) was (40±7.05)% at the baseline in 
interventional group and it was (47±0.17)% at week 16 in comparison 
to baseline value of (38±0.10)% in regard to non-interventional group in 
which the TSAT% was slightly increased to (40± 0.13)%. Serum ferritin 
baseline value of patients undergo intervention was (419.02 ± 445.31) 
ng/ml, after 16 weeks the level was seen to be (248.75±267.93) ng/ml, 
higher changes was observed in those patients in non-interventional 
group without pharmacist services as their baseline level of ferritin was 
(536.45 ± 439.17) ng/ml which became (275.48 ± 309.18) ng/ml after 
16 weeks as shown in Table 2. Mean value of serum vitamin B12 was 
(289.03±113.83) ng/ml and (297.63±120.45) ng/ml for interventional 
and non-interventional group respectively at the baseline, at the end of 
the study non-significant changes between both groups were observed;  
(327.70 ± 126.10) ng/ml and (244.50 ± 111.10) ng/ml respectively (Table 2).
As a secondary outcome measure physical examination was done for all 
anemic patients and clinical grading of pallor has been recorded on a  
monthly basis, Table 4 shows the comparison between patients in  
interventional group with non-interventional group in regard to clinical  
status over the period of follow up, a remarkable improvement was 
seen at 12th and 16th weeks with those patients under intervention. At 
the baseline only 1(1.7%) patient was in mild status, while the rest were 
either with moderate or severe grade of pallor. At 12th and16th weeks 
number of patients with mild grade of pallor has increased to 17(28.3%) 
and 35(58.3%) respectively with decrement of patients in moderate and 
severe categories. While non-interventional group shows unnoticeable 
improvement toward mild clinical status of pallor with a slight change 
between baseline and last two months of follow-up in moderate to severe 
pallor of conjunctiva and/or mucous membrane and skin.

DISCUSSION
The principle finding of the current study showed that the clinical  
pharmacy services resulted in a significant improvement in Hb level in  
the interventional group and greater number of patients in interventional  
group achieved their subnormal target Hb compared with non-
interventional group. Previous reports and evidences favored subnormal 
level of Hb (10-11.5g/dL) or (10-12g/dL) in patients with CKD, while the 
total correction of anemia (Hb ≥13 g/dL) during administration of ESA 
is not preferred, as this level is associated with deleterious effect such as 
stroke, cardiovascular risks, thrombosis, elevated blood pressure, cancer 
progression.18 This improvement in Hb level in the current study is partly 

the pharmacist to optimize management of anemia. The most common 
interventions were interaction with physician to order laboratory 
monitoring to identify frequent hypo responsiveness to ESA resulting 
from various condition such as iron deficiency and inflammation, 
further to highlight the association between serum ferritin as an iron 
storage molecule and as an acute phase reactant protein. Almost all of 
the recommendations proposed by the pharmacists were accepted by 
the physician. At the drug level, the pharmacist provided 595 (36.1%) 
interventions which were mainly related to erythropoietin dose adjustment, 
route of administration complaint that required changing drug formulation, 
drug stopped or withdrawn and food-drug interaction with oral iron. At 
the patient level also 734 (44.6%) interventions have been made by the 
pharmacist including patient’s recommendations to improve medication  
adherence using different strategies, food and nutritional recommendation 
and  laboratory order for all patients and follow up. Furthermore, the 
pharmacist also interacted with the administrative department of the  
hospital for documentation of the statistical affair and patient file  
recommendation as well as procurement decision. The total number of  
interventions carried out by the pharmacist at the hospital and 
administrative level was 137 (8.3%). All the pharmacist interventions were  
exclusively applied to the interventional group during the study period.

Hematological parameters
Hemoglobin
Hemoglobin level at the baseline was (7.64 ± 0.45) in interventional 
group in compare to (7.28 ± 0.80) in non-interventional group, both  
groups were having severe anemia. Hemoglobin level increased significantly 
to (11.25 ± 2.29) after 16-weeks in interventional group (p-value <0.5) 
while in non-interventional group it was increased to (9.99 ± 2.54) at 
16th week although the change was significant compare to the baseline 
level but it has not reached the target Hb level (Table 2). After 16-weeks 
period of follow-up and pharmacist intervention provision, 39 (65%)  
patients of the interventional group reached the target Hb while in  
non-interventional group it was 25(41.6%) with a statistically significant  
difference between both groups (p-value =0.017) as shown in Figure 4.  
In interventional group only 5(8.3%) has declined or unchanged Hb 
while 17(28.3%) patients in non-interventional group their Hb level was 
declined or unchanged with p-value of 0.008 (Table 3).

Table 4: Clinical grade of pallor of the patients in interventional group with non-interventional group over the period of follow up n=120.

Time Clinical Grade Interventional group n=60 (%) Non-interventional group n=60 (%)

1st month (Baseline) Mild 1(1.7) 1(1.7)

Moderate 48(80.0) 46(76.7)

Severe 11(18.3) 13(21.7)

2nd month Mild 1(1.7) 1(1.7)

Moderate 52(86.7) 46(76.7)

Severe 7(11.7) 13(21.7)

3rd month Mild 17(28.3) 1(1.7)

Moderate 36(60.0) 46(76.7)

Severe 7(11.7) 13(21.7)

4th month Mild 35(58.3) 4(6.7)

Moderate 17(28.3) 49(81.7)

Severe 8(13.3) 7(11.7)

Values expressed as number and percentage
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related to the enhancement of patient’s adherence to their medications 
by efforts of the pharmacist using different strategies. On the other hand, 
it might have related to extensive and continuous monitoring of the 
patient’s laboratory investigation, recommendation on food and life style 
modification by the clinical pharmacist as well as by providing many 
interventions which were mostly circulate around erythropoietin and 
elemental iron dose adjustment. The current finding is consistent with 
the study done by Bucaloiu et al. in which significant higher percentage 
of patients achieving hemoglobin and transferrin saturation values target 
range through a pharmacist-managed program.20 

Failure to detect iron deficient patient among CKD-anemic patients can 
have deleterious consequences. In the present study the pharmacist has 
measured iron status in conjunction with Hb in all participants to ensure 
that the patients have adequate iron stores when initiating ESA therapy 
as well as to add iron supplementation simultaneously with ESA once 
the patient has inadequate iron level. Iron deficiency can attenuate the 
response to ESAs. Therefore, iron supplementation is now a recognized 
treatment of renal anemia.21 The most conventional blood iron indices 
that have been measured in this study were serum ferritin and STAT. 
Ferritin reflects iron stores of the body, it is an acute-phase reactant and 
its levels increase in response to inflammation, which is usually happens 
in many patients undergoing hemodialysis and  it may also be elevated 
in iron-deficient patients due to malnourishment, malignancy and 
infection.22 In the present study patients with either low or high ferritin 
level have been monitored and accordingly treatment protocol has been 
manipulated and recommended by the pharmacist within the multi-
disciplinary team.
The pharmacist in the present study focused on identifying of the cases 
of ESA hypo responsiveness. The two major factors accounting for the 
state of hypo responsiveness are iron deficiency and inflammation.23 
Therefore, in the present study the pharmacist performed regular monthly 
monitoring of iron status and numerous interventions were done in 
regard to iron supplementation, erythropoietin dose adjustment and 
advising the patients to adhere to their medications. Pharmacists provided 
drug information to physicians, suggested therapeutic plans, evaluated 
medication use and educated patients regarding their medications and 
lifestyle modifications. Our study was in line with the previous effort 
which was done to optimize Hb level after three month-implementation 
of a pharmacist’s educational program for hemodialysis patients.24 
Evaluation of vitamin B12 and folate levels are considered as a part of 
standard components during diagnosis of anemia, no much differences 
were observed in the current study on both vitamin B12 and folate between 
both groups at the baseline and after 16 weeks of intervention, these 
results could be due to that the cause of anemia in chronic kidney disease 
mainly is the inadequate production of endogenous erythropoietin, iron 
deficiency or functional anemia. Although a recent review also considers 
folic acid and/ or vitamin B12 supplementation as appropriate adjunctive 
therapy in patients with CKD.25 Furthermore the obtain results of clinical 
examination in the present study exhibited a noticeable improvement in 
the paleness of the skin and conjunctival pallor in interventional group 
compare to the non-interventional group this finding attributed to the 
critical role of pharmacist in assisting the patients to adhere to their 
medication, particularly in areas of iron supplementation, dietary advice 
and recommendation, food and/or drug interaction with oral iron. This 
finding is consistent with result reported by Kucera who stated that the 
pharmacist has a critical role in the treatment of patients with anemia.26 
The current study was not without limitations such as a relatively small 
sample size, conducting the study in a single hemodialysis center preclude 
generalization of the results to other centers, additionally contamination 
of the patients in interventional with non-interventional group results 
in non-exclusive provision of pharmacist services to interventional 

group and may lead to bias in the outcomes. However, the strong side of 
the current study is that it was a first clinical trial that documented the 
association between pharmacist intervention in regards to correction of 
anemia in a hemodialysis center in Iraq.

CONCLUSION
In conclusion the implementation of pharmacist intervention in patients 
with CKD-associated anemia undergoing hemodialysis improved 
hemoglobin level and healthcare outcomes.
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SUMMARY
In summary the provision of clinical pharmacist’s interventions and 
recommendations to patients with CKD-associated anemia contributes 
to the optimization of pharmacotherapy and improved hemoglobin level 
to reach target level and consequently improvement of clinical status 
outcomes of the patients.The study recorded large numbers of pharmacist 
interventions at physicians, drugs, patients and hospital level.
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