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care costs. The more the kidneys fail, the more likely patients are to
INTRODUCTION

develop a variety of complications such as hypertension, cardiovascular

Chronic kidney disease (CKD) is a global public health problem,

conditions, mineral and bone disorders, electrolyte imbalances, and

and it is a progressive, irreversible disease involving a loss of anemia. Of these complications, anemia is one of the most frequent and

kidney function. It affects about 10-15% of the adult population important, and it hurts physical performance, cognition, quality of life,

worldwide and causes significant morbidity, mortality, and health and survival [1,2]. Anemias in CKD are a polyetiologic disorder that
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arises mainly due to the Ioss of production of erythropoietin from
the damaged kidneys. Erythropoietin is an important hormone
that stimulates the production of red blood cells in the bone
marrow. As renal function slowly deteriorates, erythropoietin
production slows, leading to decreased erythropoiesis and,
consequently, hemoglobin. Apart from erythropoietin deficiency,
iron deficiency, chronic inflammation, shortened red blood cell
lifespan, nutritional deficiencies, secondary hyperparathyroidism,
and blood loss are other factors that play a role in the development
and progression of anemia in CKD patients [3,4]. As kidney
function declines, the prevalence of anemia rises, with a very high
prevalence among those with advanced kidney failure. The
prevalence of anemia has been reported to range between 30%
and 70% in previous studies, and is more than 80% in patients
near the end-stage kidney disease, ESKD. Increased albuminuria,
diabetes mellitus, and longer duration of kidney disease are all
highly correlated to the severity of anemia. Thus, anemia is
emerging as a key marker of disease severity and a valuable
prognostic factor for clinical outcomes [5,6]. The clinical effects of
anemia are not limited to lowered hemoglobin concentration.
Common symptoms of patients include fatigue, generalized
weakness, dizziness, intolerance to exercise, decreased work
productivity, loss of cognitive function, and diminished quality of
life. Other important consequences of persistent anemia include
left ventricular hypertrophy, heart failure, rapid progression of
chronic kidney disease, hospitalization, and cardiovascular and
overall mortality. These complications add significant strain to
health care systems, especially in low- and middle-income
countries, where access to nephrology is limited. Anemia is an
important aspect of CKD management, and it is important that it
is diagnosed early and managed properly. Regular checks of Hb
and Fe status are advised by international clinical practice
guidelines in the course of chronic kidney disease. Iron
supplementation, ESAs, nutritional support, and management of
underlying factors that contribute to these symptoms have been
demonstrated to improve symptoms, enhance functional capacity,
decrease blood transfusion needs, and improve patient outcomes.
However, due to limited resources, poor awareness, and

inconsistent screening practices, delayed diagnosis and inadequate

treatment are still common 1n many healthcare settings [/,3]. Many
demographic and clinical factors have been reported to affect the
prevalence of anemia in patients with CKD. Several risk factors have
been identified that are associated with an increased risk of anemia, such
as advanced age, female sex, diabetes mellitus, hypertension, advanced
CKD stage, reduced eGFR, chronic inflammation, poor nutritional
status, iron deficiency, and prolonged disease duration [9]. The relative
importance of these factors and their absolute magnitude differ greatly
across populations, depending on socio-economic status, access to health
care services, nutritional status, and disease traits. Thus, the evidence
must be locally generated to inform clinical practice and healthcare
planning [9,10]. Chronic Kidney Disease (CKD) is increasingly being
seen worldwide, including in developing nations like Pakistan, due to
the increasing prevalence of diabetes mellitus, hypertension, obesity, and
aging. However, there are few data on the prevalence and risk factors of
anemia among CKD patients in routine medical clinics, despite its
increased burden [10]. Recognizing high-risk patients and the factors
associated with anemia can help provide timely intervention, manage

disease, and minimize CKD complications.

Study Objectives

To define the prevalence of anemia in the population of patients with
chronic kidney disease (CKD) attending a medical clinic and to
investigate demographic, clinical, and laboratory parameters associated
with the development of anemia to achieve an early diagnosis, risk

stratification, and patient management.

MATERIALS AND METHODS

Study Design & Setting

A hospital-based analytical cross-sectional study was conducted in the
Nephrology Unit, Khyber Teaching Hospital, Peshawar, from Jan 2025
to June 2025.

Participants

This study included 100 adult (18 years or older) patients with a
confirmed diagnosis of chronic kidney disease (CKD) attending the
medical outpatient clinic during the study period. The participants were
selected by consecutive sampling, with informed consent obtained in

writing. Patients were excluded from this study if they had incomplete
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clinical data, a recent blood transtusion within three months,

hematologic malignancy, active bleeding, or acute kidney injury.
A standardized data collection form was used to gather
demographic data, medical history, physical examination, and
laboratory investigations, which the study investigators then
reviewed before statistical analysis.

Sample Size Calculation

The required sample size was calculated using the WHQO Sample Size

Calculator based on the single population proportion formula:

n=722xP(1—-P)/d?

Where:

. n = required sample size

. Z=1.96 at a 95% confidence level

. P = anticipated prevalence of anemia among CKD

patients (60%) based on previous published studies

. d = margin of error (10%)

The minimum calculated sample size was 92 participants. To
compensate for possible incomplete records and non-response,

100 patients were enrolled consecutively

INCLUSION CRITERIA

¢ Adults aged >18 years.

¢ DPatients diagnosed with chronic kidney disease

according to KDIGO criteria.

¢ Patients attending the Medical Outpatient Department

during the study period.
¢ Patients providing written informed consent.

EXCLUSION CRITERIA

¢ Acute kidney injury.

* Pregnancy.

¢ Inherited hemoglobinopathies or hematological malignancies.
* Active bleeding.

* Major surgery within the previous three months.

*Blood transfusion during the preceding three months.

* Incomplete clinical or laboratory records.

DATA COLLECTION

Atter obtaining written informed consent, demographic information
including age, sex, comorbidities, and duration of CKD was recorded
using a structured proforma. Clinical examination findings and
laboratory investigations, including hemoglobin concentration, Serum
creatinine, estimated glomerular filtration rate (¢GFR), serum ferritin,
and CKD stage, were obtained.

From hospital records and verified by the investigators.
STATISTICAL ANALYSIS

Data were entered and analyzed using Statistical Package for the Social
Sciences (SPSS) version 27.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were assessed for normality using the Shapiro-
Wilk test and are presented as mean + standard deviation (SD), whereas
categorical variables are presented as frequencies and percentages.
Comparisons between groups were performed using the independent-
samples ttest for continuous variables and the Chi-square test or
Fisher's exact test, where appropriate, for categorical variables. Variables
with a pvalue <0.05 on univariate analysis were entered into a
multivariable logistic regression model to identify independent
predictors of anemia. Adjusted odds ratios (AORs) with 95%
confidence intervals (Cls) were calculated. A two-tailed p-value <0.05
was considered statistically significant.

RESULTS

A total of 100 patients with chronic kidney disease were included in the
study. The mean age of participants was 57.6 + 12.4 years, ranging from
22 to 82 years. There were 61 (61.0%) males and 39 (39.0%) females.
Overall, 64 patients (64.0%) were diagnosed with anemia according to
the World Health Organization criteria. The prevalence of anemia
increased significantly with advancing CKD stage, affecting 41.7% of
patients in stages I[-1II and 78.4% of those in stages IV-V (p=0.002).
Diabetes mellitus was significantly more common among anemic
patients than non-anemic patients (56.3% vs. 30.6%; p=0.018), while
hypertension was also more prevalent (79.7% vs. 63.9%; p=0.041).
Mean hemoglobin concentration was significantly lower among anemic
patients (9.4 + 1.3 g/dL) Mean hemoglobin concentration was
significantly lower among anemic patients (9.4 + 1.3 g/dL) than among
non-anemic patients (12.8 + 1.1 g/dL; p < 0.001) Low serum ferritin
levels were significantly associated with anemia (p=0.009). Multivariable
logistic regression demonstrated that advanced CKD stage (Adjusted

OR=3.62; 95% CI: 1.54-8.48; p=0.003), diabetes mellitus (Adjusted
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OR=Z.41; 95% CI: 1.14-5.1Z; p=0.0Z1), and reduced eGFK
(Adjusted OR=2.96; 95% CI: 1.37-6.39; p=0.006) were
independent predictors of anemia among patients with chronic
kidney disease.

Table 1. Baseline Demographic and Clinical Characteristics of
Patients with Chronic Kidney Disease (n = 100)

Characteristic n %
Age (years)
Mean + SD 57.6 +12.4 —
18-39 12 12.0
40-59 38 38.0
>60 50 50.0
Sex
Male 61 61.0
Female 39 39.0
CKD Stage
Stage 1-1I1 36 36.0
Stage IV-V 64 64.0
Diabetes Mellitus
Yes 47 47.0
No 53 53.0
Hypertension
Yes 74 74.0
No 26 26.0

Data are presented as frequency (percentage) unless otherwise indicated.
Continuous variables are expressed as mean * standard deviation (SD). CKD =
Chronic Kidney Disease; SD = Standard Deviation.

Table 2 - Association Between Clinical Characteristics and

Anemia

Variable Anemia Present n (%) | No Anemian (%) | p-value
CKD Stage
Stage [-111 15(41.7) 21(58.3) 0.002
Stage [V-V 49 (7184) 15(21.6)
Diabetes Mellitus
Yes 36 (76.6) 11(23.4) 0.018
No 28 (52.8) 25(47.2)
Hypertension
Yes 51 (68.9) 23 (31.1) 0.041
No 13 (50.0) 13 (50.0)

Values are presented as frequency (percentage). Associations between categorical
variables were analyzed using the Chisquare test. Bold p-values indicate statistical

significance (p < 0.05). CKD = Chronic Kidney Disease.

Table 3. Comparison of Laboratory Parameters Between
Anemic and Non-Anemic Patients with Chronic Kidney Disease

Laboratory Parameter Anemia (n = No Anemia (n = p-

64) 36) value
Mean + SD Mean + SD

Hemoglobin (g/dL) 94+13 12.8 + 1.1 <0.001

Serum Creatinine 4.8 +1.7 29+1.1 <0.001

(mg/dL)

eGFR (mL/min/1.73 24.7+£10.8 419+12.6 <0.001

m?2)

Serum Ferritin (ng/mL) | 92.4 + 34.8 138.7 £ 41.6 0.009

CoNtinuoUs variabies arc expressed as mean T standard deviation (S
Comparisons were performed using the independent-samples ttest. Bold p-
values indicate statistical significance (p < 0.05). eGFR = Estimated Glomerular
Filtration Rate; SD = Standard Deviation.

Table 4. Multivariable Logistic Regression Analysis of Independent
Predictors of Anemia Among Patients with Chronic Kidney Disease

Variable Adjusted 95% P
Odds Ratio Confidence value
(AOR) Interval

CKD Stage IV-V 3.62 1.54-8.48 0.003

Diabetes Mellitus 2.41 1.14-5.12 0.021

Hypertension 1.69 0.73-3.92 0.183

Reduced eGFR (<30 | 2.96 1.37-6.39 0.006

mL/min/1.73 m?)

Low Serum Ferritin 2.27 1.09-4.74 0.028

Multivariable logistic Regression analysis was performed to identify
independent predictors of anemia. Adjusted odds ratios (AORs) with 95%
confidence intervals (Cls) are presented. Variables with p < 0.05 were
considered statistically significant. CKD = Chronic Kidney Disease; eGFR =
Estimated Glomerular Filtration Rate; AOR = Adjusted Odds Ratio; CI =

Confidence Interval.

DISCUSSION

The present cross-sectional study demonstrated that anemia is highly
prevalent among patients with chronic kidney disease (CKD), affecting
64.0% of the study population. Furthermore, advanced CKD stage,
diabetes mellitus, reduced estimated glomerular filtration rate (eGFR),
and low serum ferritin were identified as significant independent
predictors of anemia. These findings highlight anemia as one of the
most frequent and clinically important complications of CKD and
emphasize the need for routine screening and timely intervention to
improve patient outcomes [11,12]. The prevalence of anemia observed
in the present study is consistent with reports from previous
international studies, where anemia has been reported in approximately
50-70% of patients with moderate-to-advanced CKD. The increasing
prevalence of anemia with worsening renal function is primarily
attributed to reduced erythropoietin production by damaged kidneys,
impaired iron metabolism, chronic inflammation, and shortened red
blood cell survival. Similar findings have been reported in systematic
reviews and observational studies, supporting the high burden of
anemia among CKD patients [13, 14]. A significant association was
observed between advanced CKD stage and the presence of anemia.

Nearly fourfifths of patients with Stage IV-V CKD were anemic
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compared with fewer than halt of those with Stage 1-11I1 disease.
Multivariable analysis further confirmed advanced CKD stage as
an independent predictor of anemia. This observation is
biologically plausible because progressive nephron loss results in
decreased erythropoietin synthesis, impaired iron utilization,
accumulation of uremic toxins, and chronic inflammatory
changes that suppress erythropoiesis. Similar associations have
been consistently reported in previous cohort studies and clinical
practice guidelines [15,16]. Diabetes mellitus was another
independent predictor of anemia in the present study. Patients
with diabetes had significantly greater odds of developing anemia
than non-diabetic patients. Diabetic nephropathy accelerates
deterioration of renal function through persistent hyperglycemia,
oxidative stress, endothelial dysfunction, and tubulointerstitial
fibrosis, leading to earlier impairment of erythropoietin
production. Previous studies have likewise demonstrated that
CKD patients with diabetes develop anemia at earlier stages and
often experience more severe reductions in hemoglobin
concentration than non-diabetic patients [17,18]. Reduced eGFR
was strongly associated with anemia, with anemic patients
demonstrating significantly lower mean eGFR than those without
anemia. Declining kidney function reflects progressive nephron
loss and reduced endogenous erythropoietin production, thereby
contributing directly to anemia. These findings are consistent
with previous observational studies that have demonstrated a
progressive increase in anemia prevalence as eGFR declines,
particularly below 30 mL/min/1.73 m2. Iron deficiency also
showed a significant association with anemia, as evidenced by
lower serum ferritin concentrations among anemic patients. Iron
deficiency is common in CKD because of chronic inflammation,
impaired gastrointestinal iron absorption, poor nutritional
intake, repeated phlebotomy, and occasional occult blood loss.
International nephrology guidelines recommend routine
assessment of iron status before initiating erythropoiesis-
stimulating agents, and correction of iron deficiency has been
shown to improve hemoglobin levels while reducing transfusion
requirements. The present findings further support routine
evaluation of iron stores in patients with CKD [19,20]. Although

hypertension demonstrated a significant association with anemia

In univariate analysis, 1t was not retained as an independent predictor
after multivariable adjustment. This finding suggests that the observed
relationship may be largely mediated through worsening renal function
and advanced CKD rather than hypertension itself. Similar
observations have been reported in previous studies evaluating
determinants of anemia among patients with chronic kidney disease
[21]. The findings of the present study have important clinical
implications. Routine screening for anemia should be incorporated into
the management of all patients with CKD, particularly those with
advanced disease, diabetes mellitus, declining eGFR, or evidence of iron
deficiency. Early recognition and appropriate treatment—including iron
supplementation, erythropoiesis-stimulating agents when indicated,
nutritional  optimization, and management of underlying
comorbidities—may improve quality of life, reduce cardiovascular
complications, decrease hospitalization, and potentially slow disease
progression. Establishing standardized anemia screening protocols in
nephrology and General medical clinics may further improve patient
outcomes, particularly in resource-limited healthcare settings such as

Pakistan.

LIMITATIONS

There are several limitations to this study. It was carried out in one
tertiary health center and had a relatively small sample (100
participants), which did not allow for its findings to be generalized. The
cross-sectional design did not allow for causal inferences to be drawn
between anemia and associated factors. In addition, inflammatory
biomarkers, vitamin B12 and folate levels, and nutritional status were
not evaluated, and this could have impacted the prevalence and
determinants of anemia as observed.

Conclusion

Anemia was also very common in the patients with CKD, and was
significantly associated with advanced stage of CKD, diabetes mellitus,
decreased renal function, and iron deficiency. It is important to screen
for anemia routinely, detect it early, and treat it properly as part of
routine CKD treatment to minimize anemia complications, improve
quality of life, and overall clinical outcome.

Ethical Approval

Ethical approval for this study was obtained from the Institutional
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Keview Board (IKB) of Khyber Ieaching Hospital, Peshawar,
Pakistan, before the commencement of the study (Approval No.
1428/2024/05). The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki (2013 revision).
Written informed consent was obtained from all participants
before enrollment. Participation was voluntary, and participants
were informed of their right to withdraw from the study at any
stage without affecting their medical care. The confidentiality and
anonymity of all participants were strictly maintained, and all

data were used solely for research purposes.
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