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Objective: This systematic review aimed to identify and synthesize empirical evidence regarding determinants of anemia among
patients with chronic kidney disease (CKD) to inform clinical management and guide future research.

Methods: A comprehensive search of six electronic databases (PubMed, MEDLINE, ScienceDirect, Scopus, Web of Science, Google
Scholar) was conducted for studies published from 2019 to 2024, following Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. Methodological quality was assessed using the Joanna Briggs Institute (JBI) critical appraisal
checklists tailored to each study design, and data synthesis was performed using convergent thematic analysis.

Results: Of 2269 records initially identified, 21 studies met inclusion criteria. Most studies originated from China (33.3%), employed
cross-sectional designs (66.6%), and were hospital-based. Overall methodological quality was moderate to high, with JBI scores
ranging from 69.23% to 100% (mean = 86.48%); notably, 47.6% of studies achieved a perfect quality score. Seven key themes
emerged: 1) demographic and personal characteristics, 2) comorbidities, 3) duration of dialysis treatment, 4) kidney function, 5)
biomarkers and metabolic ions, 6) geographic disparities, and 7) stimulation interventions (including stimulating agents, supplements,
and exercise). Our review highlights that comorbidity (eg, diabetes mellitus, low BMI), declining kidney function, prolonged dialysis
duration, and biomarkers such as calcium, phosphorus, ferritin, and inflammatory markers were significantly associated with anemia.
Geographic disparities highlighted greater anemia prevalence in rural populations.

Conclusion: This review underscores multifaceted determinants of anemia in CKD, emphasizing comprehensive assessment and
targeted interventions. Future research should explore individualized strategies addressing these diverse factors.
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Background
Chronic kidney disease (CKD) is a growing global health worldwide and affects an estimated 700-850 million people,
with the majority of cases occurring in low- and middle-income countries (LMICs)." Among its most frequent and
clinically significant complications is anemia, which develops as diseased kidneys fail to produce sufficient erythropoie-
tin, the hormone driving red blood cell production.” This condition is clinically relevant because it is not merely
a laboratory abnormality but a driver of adverse outcomes: anemia in CKD is associated with significantly heightened
risks of cardiovascular morbidity and mortality.® Inadequate oxygen delivery due to low hemoglobin contributes to
cardiac strain and can exacerbate CKD progression, forming a vicious cycle. Thus, anemia is widely recognized as
a serious complication of CKD with major implications for patient health.

Anemia is a common complication of CKD, with prevalence increasing alongside disease severity. Approximately
15% of patients with early-stage CKD are anemic, compared to 41% among those under nephrology care and up to 80%
in Stage 5 CKD.*° Nearly all patients receiving renal replacement therapy are affected. Geographic and socioeconomic
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disparities further influence prevalence, with lower-income settings experiencing higher burdens due to limited care
access.”® As CKD prevalence rises globally, anemia remains a major contributor to its health burden.

The high prevalence of CKD-related anemia translates into significant clinical and public health consequences.
Anemic CKD patients suffer profound reductions in functional status and well-being. Untreated anemia also heightens
the risk of adverse clinical outcomes, including higher rates of hospitalization, cardiovascular events, and CKD
progression.'®'" Anemia in CKD has been linked to secondary complications such as cognitive decline and exacerbation
of heart disease.'>' The healthcare utilization and costs for CKD patients with anemia are substantially higher than for
those without anemia.'*'> Importantly, many of these impacts are modifiable; evidence suggests that early identification
and treatment of anemia can improve quality of life and slow renal decline.'® Recently, roxadustat, a hypoxia-inducible
factor prolyl hydroxylase (HIF-PH) inhibitor, has emerged as a novel treatment for CKD-related anemia. By stabilizing
HIFs, it enhances endogenous erythropoietin production, suppresses hepcidin, and improves iron metabolism.'”'® This
mechanism offers an innovative approach beyond traditional ESAs. However, existing literature has not adequately
addressed the role of HIF-PH inhibitors in regulating iron pathways, representing a key gap. A conceptual model of the
HIF pathway may support understanding of this therapeutic innovation.

Despite extensive research, there are notable gaps in synthesized evidence regarding the multifactorial determinants
of anemia in CKD. These include biological, clinical, sociodemographic, and behavioral factors. While several individual
studies have examined these contributors, findings remain fragmented and vary across regions and study designs. This
lack of consolidated evidence represents a critical knowledge gap. Without a clear, holistic understanding of who is most
at risk for anemia and why, it is challenging to develop targeted interventions. This underscores the need for a systematic
review that integrates the full spectrum of documented factors.

This systematic review is both timely and significant. For clinical nursing practice, it supports early identification of
high-risk patients and implementation of proactive care strategies. For patient-centered care, it encourages a holistic
approach that considers both biomedical and psychosocial determinants. At the health system level, the findings can
inform planning, resource allocation, and the development of equitable, cost-effective strategies. Understanding the
determinants of CKD anemia is vital for improving outcomes and reducing the burden on healthcare systems. Moreover,
this review addresses a critical knowledge gap by synthesizing empirical evidence on the determinants of anemia in
CKD. The findings will provide a comprehensive understanding that can inform clinical decision-making, support
patient-centered care, and guide policy and planning. In doing so, it aims to enhance outcomes and quality of life for
CKD patients globally.

Objective

To systematically review and synthesize empirical evidence on the determinants of anemia among patients with chronic
kidney disease (CKD), to identify key contributing factors and inform clinical management and future research
directions.

Methods
|dentify Relevant Studies

In this systematic review, we adhered to the guidelines outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework'® to document the process of identifying, screening, excluding,
and including studies in a flow diagram. A comprehensive search of six electronic databases—PubMed, MEDLINE,
ScienceDirect, Scopus, Web of Science, and Google Scholar—was conducted. This search aimed to locate studies
published between 2019 and 2024 that examined factors associated with anemia in patients with chronic kidney
disease (CKD). The search strategy utilized the following keywords: (“factor related” AND “chronic kidney
disease” AND “anemia”) combined with Boolean operators. Additionally, reference lists from relevant studies
were manually reviewed to identify further pertinent literature. All identified references were managed using
EndNote.
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Study Selection

We first screened the titles and abstracts to identify potentially relevant studies. Full-text articles were subsequently
reviewed to determine their relevance to our research objectives. Studies that met the inclusion criteria were selected,
while those that did not align with the review’s focus were excluded based on predefined criteria (Table 1).

Quality Assessment

The purpose of the quality assessment is to evaluate the methodological rigor of each study and to identify any potential
biases in their design, conduct, and analysis. In this review, two researchers independently assessed the quality of the
studies using the Joanna Briggs Institute (JBI) critical appraisal tools, specifically developed for systematic reviews.?’

Data Extraction
The standardized data extraction chart used for this review (Supplementary Table 1) captured the following information

for each study: reference, year of publication, country of origin, study setting, target population, study design, sample
size, mean age of participants, quality assessment score, study objectives, factors related to anemia, anemia measure-
ments or indicators used, and the study’s implications or recommendations.

Data Synthesis

For data synthesis in this review, we employed the convergent integrated analysis framework as outlined by the Joanna
Briggs Institute (JBI).ZI’22 This process involved extracting themes from the key findings of the studies by comparing and
contrasting their main results. Subsequently, more specific sub-themes were developed based on the detailed aspects of
the findings, following a method akin to the thematic analysis used in qualitative research.

Results

Search Results

Following the PRISMA guidelines,”*** a total of 2269 records were initially identified through database searches,
including Scopus (n = 261), ScienceDirect (n = 120), Web of Science (n = 973), PubMed and Medline (n = 504), and
Google Scholar (n = 411). After the removal of duplicate records (n = 3), 2266 records remained for title and abstract
screening. Of these, 2227 records were excluded based on the predefined inclusion and exclusion criteria (Table 1),
resulting in 39 full-text articles sought for retrieval and assessed for eligibility. During the full-text screening phase, 18
reports were excluded due to the following reasons: the study did not investigate factors related to anemia in patients with
chronic kidney disease (n = 11), non-English publication (n = 2), being a review article (n = 3), and ongoing studies with
no results available (n = 2). Ultimately, 21 studies met the eligibility criteria and were included in the systematic review
(Figure 1).

Description of Characteristic of Included Studies
Table 2 presents the characteristics of the included studies, categorized by publication year, country of origin, study

setting, study design, sample size, target population, and anemia indicators used. The studies were published in 2024 (n =

Table | Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

® Studies included adults with chronic kidney disease | ® All types of reviews, unpublished master’s theses, and doctoral dissertations
(CKD) (18 years or older) without the peer review process
® Studies involve factors related to anemia in patients with | ® Involve an animal sample
CKD ® Conference proceedings, abstracts, pilot studies, protocol, letter to the editor,
® Studies published in the English language brief report, or statement paper
® Studies published between 2019 and 2024
® Accessibility of the full text of articles in detail
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Figure | Flow Diagram.
Note: Adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
Creative Commons.2*

2, 9.52%), 2023 (n = 5, 23.80%), 2022 (n = 2, 9.52%), 2021 (n = 7, 33.32%), 2020 (n = 3, 14.28%), and 2019 (n = 2,
9.52%). The included studies were conducted in a variety of countries/settings, with the largest proportion from China (n
=1, 33.32%), followed by Japan and Ethiopia (each n = 2, 9.52%). The remaining studies originated from Egypt, Korea,
Mexico, the USA, Turkey, Brazil, Pakistan, Spain, Taiwan, and one multinational study covering the United States, South
America, Australia, New Zealand, and Asia (each n = 1, 4.76%). In terms of study settings, most were conducted in
university hospitals (n =7, 33.32%) and nephrology units (n = 6, 28.56%), followed by general hospitals (n =5, 23.80%),
an institute of social security (n = 1, 4.76%), a database setting (n = 1, 4.76%), and one study that did not specify the
setting (n = 1, 4.76%).

Regarding study design, cross-sectional studies were the most common (n = 14, 66.64%), followed by randomized
controlled trials (RCTs) (n = 3, 14.28%), longitudinal studies (n = 2, 9.52%), quasi-experimental studies (n = 1, 4.76%),
and cohort studies (n = 1, 4.76%).

The majority of studies (n = 15, 71.40%) had sample sizes ranging from 1 to 500 participants, while a smaller number
included more than 1000 participants (n = 5, 23.80%), and only one study (n = 1, 4.76%) had between 501 and 1000
participants. In terms of target populations, over half of the studies focused on patients with chronic kidney disease
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Table 2 Characteristics of Included Studies

Characteristics Number of Included Percentage
Studies (N) (%)
Publication Year
2024 2 9.52
2023 5 23.80
2022 2 9.52
2021 7 33.32
2020 3 14.28
2019 2 9.52
Country/Setting
China 7 33.32
Japan 2 9.52
Ethiopia 2 9.52
Egypt | 4.76
Korea | 4.76
Mexico | 4.76
USA | 4.76
Turkey | 4.76
Brazil | 4.76
Pakistan | 4.76
Spain | 4.76
Taiwan | 4.76
Multiple Settings (United States, South America, Australia, New Zealand, and Asia) | 4.76
Study Setting
University Hospital 7 33.32
Nephrology Unit* 6 28.56
General Hospital** 5 23.80
Institute of Social Security | 4.76
Database | 4.76
N/A | 4.76
Study Design
Cross-sectional study 14 66.64
Randomized Control Trial 3 14.28
Longitudinal study 2 9.52
Quasi-experimental study | 4.76
(Continued)
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Table 2 (Continued).

Characteristics Number of Included Percentage
Studies (N) (%)
Cohort study | 4.76

Sample Size

1-500 15 71.40
501-1000 | 4.76
>1000 5 23.80

Target Population

Patients with Chronic Kidney Disease 12 57.12
Patients with Chronic kidney disease undergoing HD/PD 5 23.80
Patients with Chronic kidney disease (CKD) stages 3-5 3 14.28
Patients with Chronic kidney disease (CKD) stages 14 | 4.76

Mean age of participants

20-40 | 4.76
41-60 12 57.12
> 60 4 19.04
19 to = 60 | 4.76
19-85 | 4.76
218 | 4.76
NA | 4.76

Anemia measurement/Indicators

Hemoglobin 18 39.96
Serum Erythropoietin (EPO) levels 5 I1.10
Mean corpuscular hemoglobin (MCH) 2 4.44
Hematocrit 2 4.44
Serum ferritin 2 4.44
The National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) 2 4.44
Criteria

Red blood cell (RBC) | 222
Mean corpuscular volume (MCV) | 222
Hepcidin | 222
Reticulocyte hemoglobin equivalent (RET-He) | 222
Serum creatinine (Scr) | 222
Serum iron (SI) | 222

(Continued)
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Table 2 (Continued).

Characteristics Number of Included Percentage
Studies (N) (%)
Transferrin (TRF) | 2.22
Intrinsic factor antibody (IFAb) | 222
Soluble transferrin receptor (STfR) | 2.22
Total iron binding capacity (TIBC) | 222
Interleukins-6 (IL-6) | 222
Japanese Society for Dialysis Therapy (JSDT) | Criteria | 222
JSDT2 Criteria | 222
European Best Practice Guidelines (EBPG) Criteria | 222

Notes: One study may report more than one characteristic, so the total number of included studies can be more than 21. *Including Nephrology Department University
Hospital (n = ), Outpatient clinic of the Nephrology (n = 2), Dialysis centers (n = 3).**Including General Hospital (n = ), Hospital of Medicine (n = 2), In hospital (not
specify) (n = 2).

(CKD) (n = 12, 57.12%). Others targeted patients undergoing hemodialysis (HD) or peritoneal dialysis (PD) (n = 5,
23.80%), patients with CKD stages 3—5 (n = 3, 14.28%), and patients with CKD stages 1-4 (n = 1, 4.76%).

The mean age of participants was between 41 and 60 years in most studies (n = 12, 57.12%). Four studies (n = 4,
19.04%) included participants over 60 years of age, while the remaining studies reported broader age ranges or did not
specify. Various anemia indicators were employed across the studies. Hemoglobin was the most frequently used
biomarker (n = 18, 39.96%), followed by serum erythropoietin (EPO) levels (n = 5, 11.10%). Other commonly used
indicators included hematocrit (n = 2, 4.44%), serum ferritin (n = 2, 4.44%), mean corpuscular hemoglobin (MCH) (n =
2, 4.44%), and the National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) criteria (n = 2,
4.44%). Additional indicators used in individual studies (each n = 1, 2.22%) included hepcidin, red blood cell count,
mean corpuscular volume (MCV), reticulocyte hemoglobin equivalent (RET-He), serum creatinine (Scr), serum iron (SI),
transferrin (TRF), intrinsic factor antibody (IFAb), soluble transferrin receptor (STfR), total iron-binding capacity
(TIBC), interleukin-6 (IL-6), Japanese Society for Dialysis Therapy (JSDT) criteria (1 and 2), and the European Best
Practice Guidelines (EBPQG) criteria.

Assessment of Methodological Quality

The methodological quality of the 21 included studies was assessed using the JBI critical appraisal checklists, tailored to
each study design. Overall, the studies demonstrated moderate to high methodological quality, with quality scores
ranging from 69.23% to 100%. The average quality score across all studies was 86.48%, indicating that most studies
clearly reported essential methodological elements. Notably, ten studies (47.6%) achieved a perfect score of 100%,
reflecting strong adherence to quality standards. Detailed quality assessments for each individual study are presented in
Supplementary Table 1.

Description of Factors Related to Anemia in Patients with CKD
A summary of the findings on factors associated with anemia among patients with CKD is presented in Table 3, and more
details of each included studies have been shown in Supplementary Table 1.°~*° Based on the synthesis of 21 studies,

seven major themes were identified: (1) demographic and personal characteristics, (2) comorbidities and chronic illness,
(3) duration of dialysis treatment, (4) kidney function, (5) biomarkers and metabolic ions, (6) geography, and (7)
stimulation, which includes two subthemes—stimulating agents and supplements, and exercise. The frequency and
distribution of these themes across the included studies are summarized below.
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Table 3 Factors Related to Anemia Among Patients with Chronic Kidney Disease

Reference

Themes

(n=21)

I. Demographic and

Personal
Characteristics

2. Comorbidities
and Chronic
lliness

3. Duration of
Dialysis
Treatment

4. Kidney
Function

5. Biomarker
and Metabolic
lon

6.
Geography

7. Stimulation

Stimulating
Agent and
Supplement

Exercise

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[331

[34]

[351

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

X

Number (%)

9 (42.86%)

7 (33.33%)

3 (14.28%)

7 (33.33%)

Il (52.38%)

2 (9.52%)

3 (14.28%)

| (4.76%)

Demographic and Personal Characteristics

Nine included studies>7-2%-30-32:33,36.38.39

identified demographic and personal characteristics—particularly age and gender

—as significant factors associated with anemia among patients with CKD. For instance, Lizardi Gémez et al examined

the frequency of achieving optimal hemoglobin and hematocrit levels and the factors associated with suboptimal values

in CKD patients undergoing maintenance hemodialysis. Their findings indicated that advanced age was significantly

associated with anemia in this population.?’ Similarly, Andrade et al reported that increasing age correlated with a higher

risk of anemia among CKD patients.** Moreover, a cross-sectional study by Alagoz et al aimed to determine the

prevalence, severity, risk factors, and treatment of anemia in CKD. The results showed that female patients were more

likely to experience severe anemia compared to males.*
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Comorbidities and Chronic lliness

Seven included studies® 2"?%*373% demonstrated a significant association between comorbidities and anemia in
patients with CKD. Among these, diabetes mellitus (DM) emerged as a consistent contributing factor. For instance,
Alaidy et al compared three groups—patients with diabetes but no renal abnormalities, patients with diabetic kidney
disease (DKD), and healthy controls—and found that decreased erythropoietin (EPO) levels were a significant predictor
of anemia in diabetic patients with CKD (AUC = 0.828, p < 0.001).° Similarly, Lizardi Gémez et al conducted a study in
Mexico involving 747 patients receiving maintenance hemodialysis, revealing that diabetes mellitus was a significant
predictor of anemia (OR = 1.49, 95% CI = 1.06-2.10, p = 0.022).%” In a retrospective analysis by Andrade et al patients
with non-dialytic CKD and diabetes had significantly higher odds of developing anemia compared to non-diabetic
patients (OR = 13.038, 95% CI = 1.037-163.879, p = 0.04).>*

Abnormal body mass index was another comorbidity-related factor associated with anemia. A retrospective cross-
sectional study by Kim et al using data from the Korean National Health and Nutrition Examination Surveys
(KNHANES), found that underweight participants had a significantly higher risk of anemia compared to those with
normal weight (OR = 2.30, 95% CI = 1.22-4.34, p =0.01).?® Likewise, Adera et al reported that participants with a BMI
<18.5 kg/m? and those with BMI between 18.5-24.9 kg/m? had a significantly increased risk of anemia compared to those
with obesity (BMI 30-50 kg/m?), with adjusted odds ratios (AORs) of 6.78 (95% CI = 1.32-34.73, p = 0.022) and 5.04
(95% CI = 1.26-20.10, p = 0.022), respectively.”

Duration of Dialysis Treatment

- 293036
Three studies™"

identified the duration of dialysis treatment as a significant factor associated with anemia in patients
with CKD. For instance, Bukhari et al evaluated the prevalence of anemia among CKD patients receiving maintenance
hemodialysis and found a significant association between prolonged dialysis duration and increased anemia risk.*
Likewise, Adera et al conducted a cross-sectional study that revealed patients with a history of dialysis treatment were
four times more likely to develop anemia compared to those without such a history.”” These findings suggest that
extended exposure to dialysis-related physiological changes may contribute to worsening anemia outcomes in CKD

populations.

Kidney Function

26.28.31-33.3840 i) this review consistently identified kidney function as a significant factor associated with

Seven studies
anemia in patients with CKD. For example, Cui et al categorized 225 maintenance hemodialysis (MHD) patients into
three groups based on their ultrafiltration rate (UFR): <10 mL/h/kg, 10-13 mL/h/kg, and >13 mL/h/kg. The findings
revealed that a higher UFR was associated with lower hemoglobin levels.?® In a cross-sectional cohort study, Sofue et al
reported a significantly higher prevalence of anemia among Japanese patients with CKD stages G4 and G5.*' Similarly,
a large retrospective study by Lamerato et al conducted in the United States and involving 750,701 patients with CKD
stages 3a—5 not on dialysis (estimated glomerular filtration rate <60 mL/min/1.73 m?), demonstrated that advancing CKD
stage was strongly associated with anemia. Specifically, the risk of anemia increased with CKD progression (1-year HR =

4.47, 95% CI: 3.73-5.35; 5-year HR = 2.37, 95% CI: 2.22-2.52).*

Biomarkers and Metabolic lons

Eleven Smdies27,28,33—39,44,45

identified biomarkers and metabolic ions as significant factors associated with anemia in
patients with CKD. For instance, Cui et al analyzed clinical data from hemodialysis (HD) patients to examine the
relationship between ultrafiltration rate (UFR), hemoglobin (Hb) levels, and erythropoietin (EPO) responsiveness.*® The
findings indicated that various biomarkers—including calcium, phosphorus, albumin, and C-reactive protein (CRP)—
were significantly associated with Hb levels. In a multicenter cross-sectional study involving 1066 CKD patients not
receiving renal replacement therapy, Alagoz et al assessed the prevalence, severity, and risk factors of anemia across
nephrology centers. The study found that biomarkers such as serum ferritin, serum iron, and soluble Fas (sFas) levels

were linked to the presence and severity of anemia.*® Similarly, a cross-sectional study conducted in China by Li et al
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explored the association between bone metabolic markers and anemia in CKD patients and evaluated the impact of
parathyroidectomy. The study reported that serum calcium, phosphorus, and intact parathyroid hormone (iPTH) levels

were significantly related to anemia status in this population.”

Geography

Two included studies®”** investigated the role of geographical factors in the prevalence and severity of anemia among
patients with CKD. Adera et al assessed the prevalence and associated factors of anemia in CKD patients and found that
rural residence was significantly associated with higher rates of anemia.”” Similarly, a multicenter cross-sectional study
by Alagoz et al examined anemia across various nephrology centers and analyzed geographic differences in anemia-
related parameters. The study revealed significant disparities in the prevalence of severe anemia between centers located
within the same geographic region, suggesting that location-specific healthcare infrastructure or resource availability may
influence anemia outcomes.”

Stimulation
Stimulating Agent and Supplement

Three studies*® *?

examined the effects of stimulating agents and supplements on anemia among patients with CKD. Li
et al investigated the association between serum vitamin D3 levels and anemia in patients with CKD stages 1 to 5 in
China, finding that higher vitamin D3 concentrations were associated with a reduced risk of anemia.*’ Two additional
studies explored the effectiveness of roxadustat, a hypoxia-inducible factor prolyl hydroxylase inhibitor, in managing
anemia.

Coyne et al conducted a multicenter trial across various global regions and demonstrated that roxadustat significantly
improved hemoglobin levels compared to placebo in CKD patients.*' Similarly, Hou et al evaluated the efficacy of
roxadustat in Chinese patients undergoing peritoneal dialysis. The findings suggested that roxadustat led to greater
improvements in hemoglobin levels and higher response rates compared to erythropoiesis-stimulating agents (ESAs),

supporting its clinical potential in anemia management among this population.*?

Exercise

One included study® examined the role of exercise as a supportive strategy in managing anemia among patients with
CKD undergoing hemodialysis (HD). Torres et al conducted a prospective, non-controlled intervention study in Spain to
evaluate the effects of intradialytic exercise training on physical function, nutritional and inflammatory status, and
anemia-related parameters. The results demonstrated that participation in exercise programs during HD sessions led to
a significant reduction in iron and erythropoietin (EPO) requirements, while hemoglobin and ferritin levels remained
stable throughout the study period. The authors highlighted the importance of integrating simple, individualized exercise
routines into HD care to improve outcomes and reduce healthcare costs, although further research with controlled study
designs is recommended.

Discussion
This systematic review provides a comprehensive synthesis of the multifactorial determinants associated with anemia in
patients with CKD, highlighting key factors that span clinical, biochemical, geographic, and therapeutic dimensions.
Specifically, our findings underscore the significant role of comorbidities (eg, diabetes mellitus and low body mass
index), prolonged dialysis duration, declining kidney function, biochemical disturbances, geographic disparities, and
stimulation strategies (pharmacological, nutritional, and exercise-based interventions) in influencing anemia outcomes
among CKD patients. Understanding these diverse determinants offers critical insights into anemia’s complex etiology
and highlights opportunities for targeted interventions and more personalized management strategies. The following
sections discuss these determinants in detail, contextualize their clinical implications, and outline directions for future
research to enhance the care and quality of life for CKD patients affected by anemia.

Our review identified comorbidities—particularly diabetes mellitus (DM) and low body mass index (BMI)—as
significant factors associated with anemia in patients with chronic kidney disease (CKD).2> 2727343739 A population-
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based cohort study in Northern Denmark examined the risk of anemia in adults newly diagnosed with CKD stages 3—5
and found that the incidence of anemia was significantly higher in patients with diabetes compared to those without.*®
Similarly, a cross-sectional study of 353 CKD patients at an outpatient clinic in South Africa reported that individuals
with diabetes had more than twice the odds of developing anemia compared to non-diabetic patients.*’

Low BMI also emerged as a notable risk factor for anemia in CKD. A study conducted in two hospitals affiliated with
Kaohsiung Medical University in southern Taiwan assessed the relationship between BMI and renal outcomes in CKD
patients (stages 1-5) not receiving renal replacement therapy. The findings revealed a positive association between BMI
and hemoglobin levels, suggesting that lower BMI was significantly correlated with lower hemoglobin levels.*® Evidence
suggests that anemia in individuals with type 2 diabetes mellitus (T2DM) is often linked to impaired erythropoietin
production due to diabetic kidney injury.*’ Poor glycemic control further contributes to progressive vascular and renal
damage, thereby increasing the risk of anemia.’® Similarly, low BMI is commonly associated with malnutrition and
deficiencies in essential nutrients—such as iron, vitamin B12, and folate—which are crucial for red blood cell
synthesis.>! These deficiencies impair erythropoiesis and contribute to the development and progression of anemia in
CKD patients.

Managing these comorbidities is crucial in slowing the progression of anemia in CKD. For individuals with diabetes,
effective blood glucose control through adherence to medications and dietary management is essential. In parallel,
improving nutritional status and maintaining a healthy BMI can mitigate malnutrition-related anemia. Further research
should focus on the development and evaluation of targeted interventions addressing comorbidity management—
especially diabetes and nutritional status—as part of an integrated approach to anemia prevention and treatment in
CKD populations.

Our review identified the duration of dialysis treatment as a significant determinant of anemia in CKD patients,
consistent with findings from previous studies.?’***® Extended exposure to dialysis therapy was consistently associated
with increased anemia risk. For instance, Bukhari et al reported a significant link between prolonged dialysis duration and
higher prevalence of anemia in patients receiving maintenance hemodialysis.*® Similarly, Adera et al found that CKD
patients with dialysis histories were four times more likely to experience anemia compared to those without such
treatment.”” These results align with existing literature suggesting that chronic dialysis may exacerbate anemia through
mechanisms such as inflammation,> oxidative stress,”* ongoing blood loss during dialysis sessions,>* and impaired iron
metabolism.>> Clinically, these findings underscore the importance of vigilant anemia monitoring and proactive manage-
ment strategies in patients undergoing long-term dialysis. Future research should explore targeted interventions aimed at
reducing dialysis-related anemia burden, potentially by optimizing dialysis procedures and adjunct therapies that mitigate
treatment-related complications.

This review consistently identified kidney function as a critical determinant of anemia in patients with CKD,
supported by findings from seven included studies.?®**317333840 The relationship between declining renal function
and anemia was demonstrated across various stages of CKD. For instance, Cui et al showed that higher ultrafiltration
rates among maintenance hemodialysis patients were associated with lower hemoglobin levels, reflecting impaired fluid
and metabolic management associated with advanced CKD.?® Similarly, Sofue et al found significantly increased anemia
prevalence among patients with advanced CKD (stages G4 and G5).>' A large retrospective cohort by Lamerato et al
further illustrated a clear progression-dependent association, indicating markedly increased anemia risk as kidney
function deteriorated over time.** These results align with existing literature highlighting the crucial role of declining
renal function in diminishing erythropoietin production, increasing inflammation, and disrupting iron metabolism—
factors known to worsen anemia severity.>>*>’ Clinically, this underscores the necessity of regular and systematic
anemia screening at earlier CKD stages and proactive intervention strategies tailored to CKD progression. Future
research should focus on longitudinal studies examining early intervention effectiveness, particularly emphasizing
preventative strategies to manage anemia in earlier CKD stages.

This review highlights the role of biomarkers and metabolic ions as important determinants of anemia in CKD.
Several studies consistently identified associations between anemia and alterations in biochemical markers such as
calcium, phosphorus, albumin, C-reactive protein, serum ferritin, iron, and intact parathyroid hormone (iPTH).?7-3833"
3944495 These findings support the multifactorial nature of anemia in CKD, where inflammation, nutritional status, and
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mineral bone disorder contribute to impaired erythropoiesis. Clinically, this underscores the need for comprehensive
biochemical monitoring and individualized management strategies that go beyond hemoglobin and iron indices alone.

These findings are consistent with previous evidence indicating that anemia in CKD is not solely attributable to
erythropoietin deficiency but is also influenced by metabolic and inflammatory disturbances.”*>> Elevated CRP may
impair erythropoiesis and reduce responsiveness to erythropoiesis-stimulating agents (ESAs),’® while imbalances in
calcium-phosphorus metabolism and elevated iPTH contribute to bone marrow dysfunction. Furthermore, disruptions in
iron regulation, such as functional iron deficiency, are common and may occur despite normal iron stores.>**

Clinically, these insights emphasize the importance of comprehensive biochemical assessment in anemia manage-
ment. Beyond routine hemoglobin and iron testing, clinicians—particularly nephrology nurses and dietitians—should
consider inflammation, nutritional status, and bone mineral metabolism. Incorporating these parameters into routine
evaluation may support more personalized and effective anemia care. Future research should investigate the utility of
multi-marker panels to enhance risk stratification and guide tailored interventions for anemia in CKD.

Geographic factors were consistently identified in our review as contributors to anemia among patients with chronic
kidney disease (CKD).>*® Supporting this, a recent study by Bishaw et al demonstrated that rural residence was
significantly associated with anemia among CKD patients, with an adjusted odds ratio (AOR) of 2.5 (95% CI:
1.002—6.53).%" Similarly, a cross-sectional observational study by Singh et al highlighted marked differences in anemia
prevalence between rural and urban CKD populations, reporting higher rates in rural areas (86.3% vs 77%).°* These
disparities may be attributed to socioeconomic challenges, including lower purchasing power and limited access to iron-
rich foods in rural settings. Furthermore, Kant et al noted that misconceptions about dietary causes of anemia also play
a role in limiting appropriate nutritional intake.®® Taken together, these findings suggest a need for targeted interventions
and policies addressing anemia among rural CKD populations. Future research should prioritize strategies that improve
dietary education, enhance food security, and address socioeconomic inequalities. Addressing these upstream determi-
nants could contribute meaningfully to reducing the burden of anemia in underserved CKD populations.

Our review identified stimulation strategies—including pharmacological agents, nutritional supplements, and physical
exercise—as significant factors in managing anemia among patients with CKD. Three studies evaluated the effectiveness
of stimulating agents and supplements.**~** For instance, Li et al demonstrated that higher serum vitamin D5 concentra-
tions were associated with a reduced risk of anemia in patients with CKD stages 1 to 5, highlighting the potential role of

vitamin Dj in erythropoiesis regulation.*® Additionally, two studies*'*?

evaluated roxadustat—a hypoxia-inducible factor
prolyl hydroxylase inhibitor—as a promising alternative to conventional erythropoiesis-stimulating agents (ESAs). Both
studies consistently reported that roxadustat significantly improved hemoglobin levels and treatment responsiveness
compared to placebo and traditional ESAs, reinforcing its potential clinical utility. Furthermore, the supportive role of
exercise interventions was highlighted in a study by Torres et al, which found that intradialytic exercise training
significantly reduced the requirements for iron supplementation and erythropoietin therapy among hemodialysis patients.
Importantly, this occurred without compromising hemoglobin and ferritin levels, underscoring exercise as a feasible,
safe, and cost-effective supportive strategy.*> These findings align with broader evidence suggesting that integrating non-
pharmacological approaches such as individualized exercise regimens into dialysis care could enhance anemia manage-
ment and patient outcomes.**®3

Collectively, these findings emphasize the importance of a comprehensive approach to anemia management in CKD
patients, combining pharmacological innovations, nutritional supplementation, and physical activity. Future research
should focus on rigorously designed trials to further clarify optimal strategies for integrating stimulation therapies into

standard CKD care pathways, aiming to achieve improved and sustained anemia control.

Study Limitations

While this review offers important insights into the determinants of anemia in patients with CKD, some limitations must
be acknowledged. First, the review was limited to studies published between 2019 and 2024 and restricted to the English
language. As a result, relevant studies published outside this time frame or in other languages may have been excluded,
potentially narrowing the scope of evidence. Future reviews could expand the inclusion criteria to incorporate studies
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from a broader temporal range and include non-English literature to capture more diverse perspectives, particularly from
underrepresented regions.

Second, although the review included a variety of study designs—such as cross-sectional, randomized controlled
trials, cohort, and quasi-experimental studies—most included studies were cross-sectional in nature. This limits the
ability to draw causal inferences regarding the identified associations. Future systematic reviews or meta-analyses should
consider placing greater emphasis on longitudinal and interventional studies to better evaluate temporal relationships and
intervention effectiveness.

Additionally, the variability in anemia definitions, measurement indicators, and population characteristics across
studies may have contributed to heterogeneity in findings. Despite efforts to synthesize themes through a structured
convergent integrated approach, the diversity in clinical settings, biomarkers, and outcome metrics may limit the
generalizability of some conclusions. Standardizing outcome measures and reporting criteria across studies will be
important for enabling more robust comparisons in future research.

Third, 71.4% of the included studies had sample sizes below 500 participants, and 33.3% originated from China. This
concentration may introduce potential biases related to sample representativeness and geographic overrepresentation. For
example, differences in erythropoietin responsiveness among Asian populations may limit the applicability of findings to
other populations. Future research should aim to include larger, more geographically diverse samples to improve external
validity.

Lastly, while the methodological quality of the included studies was generally high, not all studies achieved full
scores, indicating some risk of bias or incomplete reporting. Future primary research should continue to strengthen
design rigor and transparency, especially in areas such as sampling procedures, confounding control, and the use of
validated measurement tools.

Despite these limitations, this review provides a valuable foundation for understanding the multifactorial contributors
to anemia in CKD. Addressing these limitations in future work will enhance the comprehensiveness and applicability of
evidence to support clinical decision-making and policy development.

Implementation in Nursing Care and Future Research

The findings of this systematic review highlight several critical factors—ranging from demographic and comorbid
profiles to biomarkers, kidney function, dialysis duration, and stimulating agents—that contribute to anemia in patients
with CKD. These insights offer actionable implications for nursing care and identify directions for future research. From
a clinical nursing perspective, individualized anemia care plans should incorporate routine assessments of risk factors
such as age, gender, comorbidities (eg, diabetes mellitus, low BMI), and biomarkers (eg, hemoglobin, ferritin, phos-
phorus, iPTH). Nurses play a pivotal role in monitoring these parameters, educating patients on anemia-related risks, and
collaborating with multidisciplinary teams to optimize anemia management, especially among high-risk groups.

In addition, findings related to stimulating agents, vitamin D, and intradialytic exercise suggest opportunities for
nurses to engage in supportive interventions. For instance, nurses can promote safe exercise programs during dialysis
sessions, which have been shown to reduce pharmacological treatment needs while maintaining hemoglobin levels.
Nurses should also advocate for nutrition assessment and supplement management, particularly in patients with poor
nutritional status or residing in rural areas with limited access to care.

Future research should focus on longitudinal and interventional studies to examine the causal relationships among the
identified factors and anemia progression. More controlled trials are needed to evaluate the effectiveness of non-
pharmacological interventions, including exercise and nutrition, across diverse CKD populations. Additionally, studies
exploring the impact of geographic and healthcare access disparities on anemia outcomes may inform targeted public
health strategies. Integrating these findings into clinical guidelines, nurse-led protocols, and patient education materials
will enhance the quality of anemia management and contribute to better overall outcomes for patients with CKD.

Conclusion
This systematic review synthesized empirical evidence on the determinants of anemia in patients with CKD. The findings
reflect a range of contributing factors, including biological indicators (eg, hemoglobin, ferritin), clinical conditions (eg,
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comorbidities, dialysis duration), sociodemographic characteristics (eg, age, sex, geographic context), and therapeutic

interventions (eg, medications, supplementation, intradialytic exercise). These factors demonstrate the multifaceted

nature of anemia in CKD and underline the importance of personalized care strategies. The review also identifies

opportunities for future research to explore causal pathways and intervention effectiveness across diverse populations.
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