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Abstract 

Purpose: To investigate the role of an integrated clinical pharmacy and clinical biochemistry model in 
improving medication safety and biomarker profiles in adults with chronic kidney disease (CKD) 
compared with usual nephrology care in Iraq. 
Methods: This study was a controlled trial in which 80 adults with CKD (stages 3-5) were randomized 
into an integrated intervention (study group) or conventional care program (control group). The follow-up 
period lasted for 6 months. This intervention involved pharmacist-led medication review, renal dose 
optimization, drug-related problems (DRPs) resolution, adherence support, protocol-based monitoring, 
and interdisciplinary interpretation of renal and biochemical markers. Primary (mean DRPs per patient, 
rates of renally cleared medicines) and secondary outcomes (estimated glomerular filtration rate 
(eGFR), key biochemical parameters, adherence, and drug-related hospitalisations) were compared.  
Results: A total of 80 patients were randomized into study and control groups (n = 40). Study group 
showed no significantly lower mean DRPs per patient compared to control group (p > 0.05). 
Furthermore, appropriate renal dosing significantly increased in study group compared to control group 
(p < 0.001). Mean change in eGFR was significantly lower in study group (p < 0.05), with more stable 
potassium and phosphate levels, fewer serious DRPs and drug-related hospitalisations and better 
adherence scores.  
Conclusion: Integrating clinical pharmacy and clinical biochemistry into CKD outpatient management 
improves medication safety and stabilizes renal and biochemical parameters. 
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INTRODUCTION 
 

Chronic kidney disease (CKD) is a primary global 
concern worldwide, associated with persistent 
decrease in glomerular filtration rate (GFR), 
kidney structural abnormalities, or both, lasting at 

least three months [1]. According to recent 
Global Burden of Disease studies, CKD affects 
about 14 % of adults worldwide, equivalent to 
approximately 800–850 million people, and 
prevalence continues to rise globally [2]. The 
disease is largely caused by diabetes and 
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hypertension, accounting for gross disability and 
high economic costs to patients, families, and 
health systems [3]. 
 
According to the Kidney Disease Improving 
Global Outcomes (KDIGO) 2024 guideline, CKD 
is associated with gradual progression of renal 
failure starting with early (G1-G2) and then 
progressively reducing to moderate and severely 
impaired GFR (G3-G4) and eventually renal 
failure (G5) [4]. Alongside this, patients develop 
metabolic complications, such as anaemia, 
mineral and bone diseases, volume overload, 
electrolyte imbalance, and cardiovascular 
damage. Vitamin D deficiency is highly prevalent 
among patients with chronic kidney disease due 
to impaired renal conversion of 25-
hydroxyvitamin D to its active form, 1, 25-
dihydroxyvitamin D, as kidney function declines 
[5]. Although both clinical pharmacy and clinical 
biochemistry play important roles in the 
management of CKD, a combined and 
coordinated care model is still lacking in most 
healthcare organizations [6]. An integrated model 
combining clinical pharmacist–led drug therapy 
optimization with comprehensive clinical 
biochemistry monitoring will result in fewer drug-
related problems, improved biochemical control, 
and better renal and clinical outcomes in patients 
with CKD, compared to standard care. This study 
evaluated the impact of integrated clinical 
pharmacy and clinical biochemistry intervention 
on medication safety and renal outcomes in 
patients with CKD. 
 

METHODS 
 
Study design and setting 
 
This study was a prospective, parallel-group, 
randomized controlled trial comparing integrated 
clinical pharmacy and clinical biochemistry 
services with usual care in patients with CKD. 
Participants were randomized (1:1) into study 
and control groups using permuted block 
randomization with concealed allocation. 
Outcomes were assessed over a 6-month follow-
up period. Although participants and physicians 
were unblinded, outcome assessors and data 
analysts remained blinded. The study was 
conducted in the nephrology outpatient clinic of a 
teaching hospital in Baghdad, Iraq, managing 
approximately 1,500–1,700 patients monthly and 
supported by trained clinical pharmacists, a well-
equipped clinical biochemistry laboratory, and 
electronic medical records to facilitate integrated 
patient care [7]. 
 
Ethical approval was obtained from the Iraqi 
Medical Research Center and the Ministry of 

Health (approval no. 2925/2024), and the study 
was conducted in compliance with the 
Declaration of Helsinki [8]. 
 
Selection criteria 
 
Inclusion criteria 
 
Patients ≥ 18 years, CKD stages 3–5, patients 
receiving ≥ 3 medications for at least 3 months 
prior to enrolment, ability to attend follow-up, and 
provided informed consent. 
 
Exclusion criteria 
 
Presence of acute kidney injury, dialysis or 
history of kidney transplant, active malignancy, 
advanced liver disease, or heart failure, severe 
cognitive/psychiatric impairment, pregnancy or 
breastfeeding, concurrent participation in another 
interventional trial [7]. 
 
Sample size  
 
The sample size was calculated based on the 
primary outcome of the mean number of drug-
related problems (DRPs) per patient at 6 months. 
Assuming a baseline mean of 3.0 ± 1.5 DRPs 
and a 30 % reduction with the intervention, a 
minimum of 64 participants (32 per group) was 
required (α = 0.05, power = 80 %, Cohen's d = 
0.6). To account for an anticipated 20 % attrition 
rate, the sample size was increased to 80 
participants (40 per group).  
 
Study groups 
 
Eligible patients were randomized to study and 
control groups. Study groups received integrated 
clinical pharmacist care (protocol-driven clinical 
biochemistry monitoring), and control group 
received usual nephrology care. Participants 
were assessed at baseline and 6 months, with 
clinical, biochemical, and medication-related data 
collected at every visit. Efforts were made to 
obtain primary outcome data for all participants, 
including those who discontinued follow-up [7]. 
 
Data collection and study procedures 
 
At enrolment, baseline data, which include socio-
demographic (age, sex, marital status, education, 
employment, income, smoking), clinical (BMI, 
blood pressure, CKD stage, primary renal 
diagnosis, CKD duration, comorbidities), 
medication (Number of drugs, therapeutic 
classes, nephrotoxic drugs, high-risk drugs), and 
biochemical (Creatinine, eGFR, urea, Na⁺, K⁺, 
Ca²⁺, PO₄³⁻, HCO₃⁻, albumin, CRP, ± cystatin C, 
NGAL). 
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Evaluation of parameters/indices 
 
Clinical biochemistry monitoring 
 
Both groups underwent routine laboratory 
testing. However, in study group, biochemical 
monitoring was standardized and protocol-driven. 
Results were explicitly linked to 
pharmacotherapy decisions. Laboratory 
assessments were scheduled and measured at 
baseline (visit 1) and 6 months (visit 2; Table 1). 
Abnormal results prompted urgent 
communication from the clinical biochemist to the 
clinical pharmacist and nephrologist. 
 
Outcome measures 
 
Primary outcomes 
 
Primary outcomes were defined at 6 months, and 
mean number of DRPs per patient, and 
proportion of medications with dosing appropriate 
to renal function were compared. 
 
Secondary outcomes 
 
Changes in renal function (difference in eGFR 
and serum creatinine) from baseline to 6 months, 
and biochemical parameters such as changes in 
serum urea, electrolytes (Na⁺, K⁺, Ca²⁺, PO₄³⁻), 
bicarbonate, albumin, and CRP over time were 
compared. Medication adherence was assessed 
using the 8-item Morisky Medication Adherence 
Scale (MMAS-8) scores at baseline and 6 
months (categorized as low, medium, or high 
adherence according to standard cut-off). 
Progression of CKD, such as proportion of 
patients experiencing decline in eGFR of ≥ 5 
mL/min/1.73 m² over 6 months or higher CKD 
stage and Healthcare utilization, including the 
number of CKD- or drug-related hospitalizations 
or emergency department visits during follow-up, 
were also compared. 
 

RESULTS 
 
Participant flow and recruitment 
 
Between March and December 2025, 120 
patients with CKD were screened for eligibility, 

and 40 were excluded. However, 25 did not meet 
the inclusion criteria, 10 declined to participate, 
and 5 were excluded for other reasons. A total of 
80 patients were then randomized into the study 
group (n = 40) and control group (n = 40). During 
the 6-month follow-up, 2 patients were lost to 
follow-up in the study group (1 withdrew consent, 
1 missed all follow-up visits), and 3 patients in 
the control group discontinued (2 moved to 
another city, 1 died from a non–CKD-related 
cause). Thus, 75 patients (38 in the intervention 
group, 37 in the control group) completed the 
study. 
 
Baseline characteristics 
 
There was no significant difference in baseline 
characteristics between the study and control 
groups (p > 0.05; Table 2). 
 
 

Description of the intervention 
 
In the study group, the clinical pharmacist 
performed 113 structured medication reviews 
over 6 months, with a total of 186 interventions 
documented. The most frequent type of 
pharmacist interventions were dose adjustments. 
The Nephrologists accepted 83.3 % of 
pharmacist recommendations, partially accepted 
9.7 %, and rejected 7.0 %. In addition, 
adherence counselling was provided to all 
patients in the study group, with specific 
adherence-enhancing strategies implemented in 
63.2 % of participants with low or medium 
adherence at baseline. 
 

Drug-related problems and medication safety 
 
There was no significant difference in mean DRP 
counts per participant between study and control 
groups (p > 0.05). After 6 months, both groups 
exhibited a significant reduction in DRPs (p < 
0.001; Figure 1). 
 

Changes in renal and biochemical biomarkers  
 
Average eGFR decreased moderately in both 
groups over time. However, the reduction was 
significantly smaller in study group compared to 
control group (p < 0.05; Table 3).

 
Table 1: Schedule of visits and key assessments 
 

Time 
point 

Clinical assessment Medication review 
(intervention) 

Biochemical tests Adherence 
(MMAS-8) 

Baseline Demographics, 
comorbidities, vitals 

Yes Creatinine, eGFR, urea, electrolytes, albumin, 
CRP, ± cystatin C, NGAL 

Yes 

6 months Final clinical evaluation Yes Creatinine, eGFR, urea, electrolytes, albumin, 
CRP, ± cystatin C, NGAL 

Yes 

Electrolytes (Na⁺, K⁺, Ca²⁺, PO₄³⁻), MMAS-8 (Morisky Medication Adherence Scale 
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Table 2: Baseline characteristics of study population (mean ± SD) 
 

Characteristic Study (n = 38) Control (n = 37) P-value 

Age, years, mean ± SD 58.2±10.7 57.5±11.3 0.78 
Male sex, n (%) 20(52.6) 20(54.1) 0.90 
BMI, kg/m², mean ± SD 28.4±4.6 27.9±4.9 0.64 
CKD stage, n (%) 

   

Stage 3 17(44.7) 16(43.2) 
 

Stage 4 13(34.2) 13(35.1) 0.99² 
Stage 5 8(21.1) 8(21.6) 

 

Hypertension, n (%) 33(86.8) 32(86.5) 0.97 
Diabetes mellitus, n (%) 25(65.8) 24(64.9) 0.93 
Ischemic heart disease, n (%) 11(28.9) 10(27.0) 0.85 
Number of chronic medications, mean ± SD 9.1±2.8 8.9±3.0 0.77 
Potentially nephrotoxic drug use, n (%) 15(39.5) 14(37.8) 0.87 
eGFR, mL/min/1.73 m², mean ± SD 32.4±7.6 31.9±7.9 0.75 
Serum creatinine, mg/dL, mean ± SD 2.30±0.52 2.34±0.55 0.69 
Serum potassium, mmol/L, mean ± SD 4.7±0.5 4.6±0.5 0.41 
Serum albumin, g/dL, mean ± SD 3.6±0.4 3.5±0.4 0.32 
CRP (mg/L, median (IQR) 7.8(4.1–13.2) 8.1(4.3–14.0) 0.84⁴ 

 
Table 3: Changes in renal function parameters at baseline and 6 months (mean ± SD) 
 

Parameter Time point Study (n = 38) Control (n = 37) P-value 

eGFR (mL/min/1.73 m², 
mean ± SD) 

Baseline 32.4±7.6 31.9±7.9 – 

 
6 months 31.9±7.9 28.7±8.4 –  
Change −0.5±3.2 −3.2±4.1 0.01 

Serum creatinine (mg/dL) Baseline 2.30±0.52 2.34±0.55 –  
6 months 2.35±0.56 2.55±0.60 –  
Change +0.05±0.18 +0.21±0.24 0.004 

 

 
 
Figure 1: Bar graph comparing mean number of drug-
related problems (DRPs) per patient at baseline and 6 
months in study and control groups 

 

Changes in biochemical parameters  
 
Study group showed significantly lower serum 
potassium, phosphate, albumin, and CRP 
compared to control group at baseline and 6 
months (p < 0.05; Table 4). 
 
Estimated glomerular filtration rate (eGFR) 
 
Estimated glomerular filtration rate (eGFR) was 
significantly reduced in control group compared 
to study group at the end of 6 months (p < 0.05; 
Figure 2). 

Table 4: Changes in biochemical parameters from baseline to 6 months 
 

Parameter Time Study (n = 38) Control (n = 37) P-value 

Serum potassium (mmol/L) Baseline 4.7±0.5 4.6±0.5 
 

 
6 months 4.6±0.4 4.9±0.6 

 
 

Change −0.1±0.4 +0.3±0.5 0.003 
Serum phosphate (mg/dL) Baseline 4.7±0.7 4.8±0.8 

 
 

6 months 4.5±0.6 5.0±0.9 
 

 
Change −0.2±0.5 +0.2±0.6 0.01 

Serum albumin (g/dL) Baseline 3.6±0.4 3.5±0.4 
 

 
6 months 3.7±0.4 3.5±0.5 

 
 

Change +0.1±0.3 0.0±0.3 0.08 
CRP (mg/L, median, IQR) Baseline 7.8(4.1–13.2) 8.1(4.3–14.0) 

 
 

6 months 6.1(3.5–11.0) 8.3(4.5–14.5) 
 

 
Change −1.7(−4.0–0.5) 0.0(−1.0–1.2) 0.04 
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Figure 2: Mean eGFR values at baseline, 3 months, 
and 6 months in study and control groups 

 
Levels of C-reactive protein (CRP) 
 
Levels of CRP were significantly lower in study 
group compared to control group at 6 months (p 
< 0.05; Figure 3). 
 

 
 
Figure 3: Box-and-whisker plot showing median CRP 
levels at baseline and 6 months 

 

 
 
Figure 4: Scatter plot illustrating relationship between 
number of pharmacist-led medication adjustments and 
change in DRPs per patient. Greater reduction in 
DRPs (β = −0.98, 95 % CI −1.41 to −0.55; p < 0.001), 
and smaller decline in eGFR over 6 months (β = +2.1 
mL/min/1.73 m², 95 % CI 0.6 to 3.6; p < 0.05) 
 

Relationship between biomarkers and 
therapy adjustments 
 
Correlation analyses in the study group revealed 
a moderate inverse correlation between the 
number of pharmacist-led dose adjustments and 
change in DRPs per patient (Pearson r = −0.52, 
p < 0.001), indicating that patients with more 
active medication optimization experienced 
greater reductions in DRPs (Figure 4). 
 
Medication adherence 
 
Medication adherence improved significantly in 
study group compared to control group (p < 
0.001). Also, the difference in changes in 
medication adherence was significant between 
control and study groups (p < 0.002). 
 

DISCUSSION 

 
Integrated intervention combining pharmacist-led 
medication review with biochemical monitoring 
significantly reduced DRP and improved 
appropriateness of renal dose adjustments 
among patients with CKD. These findings 
support the importance of incorporating kidney 
function biomarkers into medication management 
to identify and resolve clinically significant 
medication-related problems, consistent with 
current CKD management recommendations. 
The observed reduction in DRPs of 
approximately 55 % also aligned with previous 
studies demonstrating that pharmacist-led 
interventions effectively minimize inappropriate 
drug selection, dosing errors, and clinically 
important drug interactions while improving 
medication-related outcomes and quality of life in 
CKD patients [9]. 
 
The novelty of the present study lies in 
integrating pharmacist interventions into a 
biomarker-guided workflow, enabling both 
optimization of pharmacotherapy and longitudinal 
monitoring of clinical outcomes. The study group 
demonstrated more favorable biochemical 
outcomes over the 6-month follow-up, including 
slower decline in eGFR, smaller increase in C-
reactive protein (CRP), and better maintenance 
of serum potassium and phosphate 
concentrations, resulting in fewer cases of 
clinically significant hyperkalemia and 
hyperphosphatemia. These findings are 
consistent with previous reports that effective 
medication management improves biochemical 
control and slows CKD progression while 
reducing cardiovascular risk [10]. Also, 
integrating pharmacist-led medication review with 
routine biomarker monitoring may provide clinical 
benefits in CKD management [10]. 
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Previous studies have shown that pharmacist-led 
education and follow-up improve medication 
adherence in patients with CKD and those on 
dialysis, depending on intensity and duration of 
the intervention [11]. The study group showed 
significant improvement in medication adherence 
compared to control, supporting evidence that 
individualized counselling and regimen 
simplification increased adherence in patients 
with complex medication regimens [12]. Although 
decrease in drug-related hospitalizations was not 
significant, the lower incidence of serious DRPs 
suggested that integrated pharmacy–
biochemistry services may also be cost-effective, 
in agreement with recent economic evaluations 
of pharmacist-led medication management in 
CKD [9]. 
 
Limitations of this study 
 
This study has some limitations. The follow-up 
time was short and the sample size was small, 
which may affect the generalizability of the 
research findings. 
 
CONCLUSION 
 
This randomized controlled trial shows that a 
unified model integrating clinical pharmacy and 
clinical biochemistry significantly improves the 
quality of care for patients with chronic kidney 
disease in an Iraqi tertiary care environment. 
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