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Transferrin levels are associated with malnutrition markers in hemodialysis 
patients in KwaZulu-Natal, South Africa

Sherilene Benjamina and Alain Assoungab

aDepartment of Biomedical and Clinical Technology, Durban University of Technology, Durban, South Africa; bDepartment of Nephrology, 
Nelson R. Mandela School of Medicine, University of KwaZulu-Natal, Durban, South Africa

ABSTRACT
Introduction:  Malnutrition is a global phenomenon and may be contributing to the increasing 
size of the hemodialysis (HD) population in South Africa and is affecting morbidity and clinical 
outcomes. Our study assessed whether transferrin could be a possible marker for malnutrition in 
the HD population.
Methods:  Clinical parameters (including skinfold thickness and mid-upper arm circumference 
[MUAC]) and laboratory markers (including transferrin and hemoglobin) were measured during a 
six-month period in a sample of 59 HD patients.
Results:  Linear regression analysis showed that MUAC (p = 0.027) as well as skinfold thickness 
(p = 0.021) had a significant association with transferrin levels within the HD participants. There 
was no significant association between transferrin levels or MUAC with hemoglobin levels 
(p = 0.075). Furthermore, the study found that decreased transferrin levels (< 2.15 g/dL to 3.80 g/dL) 
were closely related to malnutrition in the malnutrition distribution groups within the study, with 
97.7% of HD participants being classified in one of the malnutrition groups.
Conclusion:  Thus, transferrin levels are a valuable marker for malnutrition within the HD patient 
population and can be included along with clinical assessment parameters such as MUAC and 
skinfold thickness as primary indicators for malnutrition.

1.  Introduction

Malnutrition is a global issue among end-stage kidney dis-
ease (ESKD) patients on hemodialysis (HD) and is a signifi-
cant contributor to morbidity and mortality in both 
developing and industrialized nations [1,2]. Malnutrition 
often occurs in the setting of acute or chronic sickness in 
affluent countries, while in underdeveloped countries it is 
also linked with low socioeconomic conditions [1].

The subjective global assessment (SGA) nutritional assess-
ment tool is a valuable, economical, and noninvasive com-
posite tool in clinical practice [3,4]. The SGA is recommended 
for the evaluation of acute malnutrition in adults and has 
been used to monitor patients’ nutritional status in acute set-
tings [5]. Low body mass index (BMI) BMI < 18.5 kg/m2 
(underweight) is generally associated with mid-upper arm 
circumference (MUAC) cutoffs in the range of 23 cm to 
25.5 cm [6–8]. In severe malnutrition, both fat and muscle are 
reduced in the upper arm [9].

Plasma transferrin is a glycoprotein with two iron-binding 
domains and is synthesized by the liver. It is the most 
important vehicle for transporting iron into cells and pre-
venting iron-mediated free radical toxicity. Approximately 
3 mg of iron (0.1% of total body iron stores) circulates in the 
plasma and is bound to transferrin [10]. The sum of all iron 
binding sites on plasma transferrin is known as total iron 
binding capacity (TIBC). A decrease in the percentage of 
transferrin that transports iron (< 20%) implies iron defi-
ciency, either absolute or functional [11].

Albumin has been criticized as a marker in nutritional 
assessment due to its lack of specificity and long half-life 
(approximately 20 days) [12]. Protein malnutrition can result 
in decreased transferrin and hypoalbuminemia [13]. Since 
transferrin has a much shorter half-life (8 days) than albumin 
(19–20 days), measurement of the transferrin level may be a 
more sensitive indicator of protein malnutrition than albumin 
measurement [14,15]. Transferrin rises in the presence of an 
iron shortage and falls in the presence of an iron surplus or 
protein-energy malnutrition [11, 16]. As a primary plasma 
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transport protein for distributing iron, it serves as a reserve 
by preserving extracellular iron until it is needed and then 
enables it to reach target tissues [17,18]. Circulating iron is 
attached to transferrin and permeates non-intestinal cells by 
receptor-mediated endocytosis after engaging with the trans-
ferrin receptor (TfR) [19]. Upregulation of TfRs occurs in iron 
deficiency anemia [11]. The absolute amount of transferrin 
catabolised daily is substantially smaller than albumin which 
is due to the more significant plasma concentration of albu-
min; the relative catabolic rate of transferrin and, on average, 
twice as great as that of albumin [20].

End stage kidney disease decreases the uptake of dietary 
iron in the duodenum and the small and large intestines 
[21]. This contributes to fewer numbers of iron molecules 
available to bind to transferrin (TIBC) [22]. Poor regulation of 
iron homeostasis is a major factor in development of 
ESKD [23].

Hemodialysis patients’ nutritional status cannot be accu-
rately assessed by a single measurement [24]. Early identifi-
cation of malnutrition is critical for providing enough 
nutritional support, managing the illness effectively, and pre-
venting the associated adverse clinical outcomes [25,26]. Due 
to increased blood losses, especially in HD patients, as well 
as potentially compromised gastrointestinal iron absorption, 
ESKD patients present with functional iron deficiency, which 
is the inability to deliver sufficient iron to the site of erythro-
blast production even in the presence of adequate stores [27].

Transferrin saturation (TSat) is related to the ratio of 
serum iron and TIBC which is how much serum iron is actu-
ally bound. In ESKD, erythropoiesis may be disrupted by iron 
unavailability [28]. The optimization of iron therapy in 
patients with ESKD contributes to the treatment for compli-
cations and potentially allows modification of disease pro-
gression [29]. Iron repletion protocols used by most dialysis 
organizations in the United States specify a TSat target range 
of 30% to 50% [27]. The Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines recommend TSat to be no 
greater than 30% and serum ferritin of 500 ng/mL during iron 
therapy, independently of ESKD status and erythropoietin 
stimulating agent (ESA) use [30].

The aim of this study was to assess the association of clin-
ical (anthropometric measurements) and laboratory markers 
(transferrin levels) as factors affecting malnutrition with ESKD 
patients with a glomerular filtration rate < 15 mL/min/1.73 
m2 (eGFR) [31,32].

2.  Methodology

Malnutrition as a contributing factor affecting erythropoiesis 
in ESKD with eGFR < 15 mL/min/1.73 m2 among patients in 
KwaZulu-Natal, South Africa. A prospective, experimental and 
quantitative methodology was employed.

The nutritional status of the patients was assessed by 
anthropometric analysis monitoring transferrin and albumin 
blood levels. The utilization of the patient’s iron and ferritin 
levels for erythropoiesis were assessed. The effect of iron and 
ferritin levels on erythropoiesis was by HB monitoring.

2.1.  Sample population

The sample size was 59 participants with ESKD on HD, 
selected from Addington and King Edward (KEH VIII) hospi-
tals in eThekwini, KwaZulu-Natal, South Africa,

2.2.  Inclusion criteria

a.	 Hemodialysis patients (ESKD).
b.	 All patients, irrespective of sex, culture, or race.
c.	 Patients receiving treatment at Addington or 

KEH VIII hospitals.
d.	 Patients who are 18 to 50 years old.

2.3.  Exclusion criteria

a.	 Acute HD patients.
b.	 Patients who are pregnant.
c.	 Patients who are aware and awaiting a living 

donor transplant in the next few months to a 
year.

d.	 Patients who have severe cases of immunologi-
cal disorders.

2.4.  Ethical considerations

Before the commencement of the actual investigation, ethi-
cal approval was obtained from the Durban University of 
Technology Ethical Committee and permission was also 
obtained from the Higher Degree Committee and the 
Department of Nephrology, Hemodialysis Units at Addington 
and KEH VIII. To facilitate the study, the research plan was 
presented to the Departments of Nephrology as well as the 
hemodialysis units and the nursing staff at Addington and 
KEH VIII.

A letter requesting permission to conduct the study at 
Addington and KEH VIII was sent to KZN Health Ethekwini 
District for an ethical clearance certificate. The study com-
menced after obtaining this certificate.

A letter of information and consent form in English and 
IsiZulu was presented to all patients participating in the 
study. Patients were informed regarding the purpose and the 
requirements of the study, that participation in the trial was 
entirely voluntary, and that they were entitled to withdraw at 
any point without affecting the medical treatment rendered 
to them. They were also informed that all information used 
in the research would remain confidential and that any data 
reported in scientific journals or published would not include 
information identifying them by name.

Patients who were willing to participate signed the con-
sent form were randomized into the control or experimental 
groups and continued their treatments as usual. The HD par-
ticipants had blood tests once a month for six months. 
Anthropometric analysis was performed post-HD each month 
for six months. Recombinant erythropoietin (RHuEPO) doses 
were monitored for the study period.
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2.5.  Anthropometric measurements

Anthropometric measurements were performed on the par-
ticipants selected for the study as described in previous stud-
ies for ESKD patients on HD [33–35]. The height, weight, 
MUAC and skinfold thickness were measured (in duplicate) 
monthly post dialysis for six months by the researcher to 
ensure standardization of the technique.

2.6.  Blood samples

An extra 10 mL of blood was taken in duplicate with the rou-
tine monthly blood tests and was used for the study-related 
ELISA tests. The blood tubes were marked using numbers to 
protect the participant’s identity. The samples were centri-
fuged (Nelson Mandela School of Medicine) to separate the 
serum from blood components. Blood was spun down at 
1750x g for 10 min. Samples were collected, labeled accord-
ingly, and stored at −70 °C.

2.7.  Laboratory tests

The patients were recruited to the study following informed 
consent. Hemoglobin (Hb), transferrin (Tfr), albumin (Alb), 
iron (Fe), and ferritin (Ferr) were obtained from the partici-
pants’ routine monthly blood tests for six months. Blood was 
drawn from the arterial blood lines of the HD circuit at the 
commencement of the procedure.

2.8.  Statistical analysis

Descriptive methods providing means and standard errors of 
the means were applied to analyze the data. The IBM SPSS 
version 27 (IBM, New York, USA) was used. The test of the 
association between relevant variables using linear univariate 
regression analysis, with transferrin as the dependent vari-
able, was performed with p-values of < 0.05 being regarded 
as significant.

3.  Results

Table 1 shows the descriptive statistics for demographic, 
clinical and laboratory data for the HD portion of 
the sample.

3.1.  Clinical parameters

Table 2 depicts the clinical parameters for the HD participants.

3.2.  Laboratory parameters

Table 3 depicts the laboratory parameters of the HD participants.

3.3.  Association between selected clinical and laboratory 
parameters

The clinical parameter of MUAC [38.74 cm ± 0.65 cm] was ana-
lyzed (univariate regression) for association with selected lab-
oratory parameters, as shown in Table 4. The only significant 
association was with transferrin levels [1.45 g/dL ± 0.5 g/dL, 
p = 0.027].

The laboratory parameter of transferrin [1.45 g/dL ± 0.5 g/
dL] was analyzed (univariate regression) for association with 
selected clinical and laboratory parameters, as shown in 
Table 5. There was a significant association between transfer-
rin and MAUC [38.74 cm ± 0.65 cm, p = 0.027], skinfold thick-
ness [22.86 mm ± 2.06 mm, p-value = 0.021], albumin 
32.49 g/L ± 0.92 g/L, p = 0.007), and dry weight [73.6 kg ± 
4.6 kg, p = 0.20].

3.4.  Transferrin levels

The concentration levels of transferrin of HD participants 
were recorded as being between 1 g/dL and 2.5 g/dL, as 
shown in Figure 1. The control group of healthy individuals 
were within the normal range.

Table 1.  Descriptive statistics patients (n = 59).

N statistic Min statistic
Max

statistic
Mean

statistic
Mean

Std. error
Std. deviation 

statistic

Gender
Male (m) and Female (f )

59 – – – 0.066 0.504

Age (yr) 59 20.00 71.00 45.373 1.738 13.353
Height (m) 50 1.09 1.85 1.627 0.016 0.111
MUAC (cm) 50 16.00 36.00 28.743 0.651 4.607
Skin fold thickness(mm) 50 1.40 77.80 22.862 2.059 14.559
HB (g/dL) 49 4.60 14.30 10.025 0.278 1.946
Ferritin (µg/L) 49 19.00 1650.00 941.265 68.453 479.174
Albumin (g/L) 49 15.00 42.00 32.490 0.917 6.423
Transferrin (g/dL) 48 0.95 2.25 1.451 0.046 0.316
Transferrin saturation (%) 45 5.00 73.00 30.956 2.336 15.673
ESR (mm/h) 30 7.00 140.00 37.033 5.410 29.632
CRP (mg/dL) 30 6.00 288.00 31.870 9.776 53.545
Dry weight (kg) 22 52.00 108.00 72.782 3.704 17.375
EPO Weekly dosage (IU) 55 0.00 18000.00 8007.273 840.169 6230.863
Erythropoietin level (mU/mL) 34 4.20 143.80 22.668 5.407 31.528
Urea (mg/dL) 37 9.40 45.50 24.746 1.397 8.495
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Figures 2 and 3 are scatter plot graphs showing the rela-
tionship between transferrin and skinfold thickness and 
MUAC, respectively.

3.5.  Clinical distribution of malnutrition

Clinical malnutrition was distributed in relation to normal 
ranges for MUAC (clinical malnutrition 1) (Figure 4) and skin-
fold thickness (clinical malnutrition 2) (Table 6).

Figure 5 shows the distribution of transferrin levels 
according to the normal range (< 2.15 g/dL to 3.80 g/dL) in 
the HD sample. Transferrin levels < 200 g/dL were grouped 
according to severity of malnutrition [16].

4.  Discussion

4.1.  Clinical malnutrition and anthropometric 
measurements

We associated the distribution of MUAC data with clinical 
malnutrition 1 (Figure 4). The findings were that the MUAC 
parameters of 16% of males and females were associated 
with clinical malnutrition 1. These findings confirmed the 
existence of clinical malnutrition 1 in the HD sample. Our 
results support the notion that MUAC can be a dependable 
marker for malnutrition among the HD population in 
Ethekwini. As reported by Das et  al. [36], MUAC can be a 
reliable and accurate nutrition screening tool in impover-
ished states, communities, and clinics, which would then 
reduce the amount of time and technical proficiency required 
for the assessment of malnutrition [36]. Musa et  al. [37] con-
ducted a study in Sudan and reported that 51.1% of arm 
circumferences in both genders were malnourished using a 
MUAC cutoff of 25.5 cm for both genders with a BMI of less 
than 18.5 kg/m2 [37]. Further studies conducted with children 
concluded that edema might increase a limb’s circumference, 
but it is not usually a problem of the upper arm [38]. 
However, researchers concur that MAUC may only consis-
tently identify HD patients with adequate nutrition as one 
element of a composite nutritional score derived from SGA 
including also BMI, per cent of a reference weight, triceps 
skinfold, mid-arm muscular size, and serum albumin [3, 38].

Further analysis of MUAC using linear regression demon-
strated that MUAC had a significant (p = 0.027) association with 
transferrin levels within the HD participant sample (Table 5).

We also associated the distribution of skinfold thickness 
with clinical malnutrition 2 (Table 6), where our data indi-
cated that 14% of male and 48% of female participants fell 
within this group. In our sample there was a prevalence of 
clinical malnutrition 2, and these results confirm that skinfold 
thickness can contribute to the early detection of malnutri-
tion. Our findings correlate with other study findings that 
skinfold thickness and SGA have a favorable track record as 
a marker for early detection malnutrition [39,40]. However, 
skinfold thickness testing can be inconsistent considering 
techniques, methodology, staffing availability, etc. We sug-
gest therefore that the MUAC can be a more reliable clinical 
assessment. Further, our findings did not correlate with pre-
vious studies such as [38] which reported that SGA, which 
included triceps skinfold thickness, MAUC and serum albu-
min, were not reliable in identifying malnutrition [38]. 
Subsequent studies confirm that available anthropometric 
measurements for body composition, which include bio-
chemical markers, are an integral component of nutrition 
management and decreased mortality in HD patients [41].

Furthermore, this study found that there is a significant 
correlation between skinfold thickness and transferrin 
(p = 0.021) (Table 5).

Dry weight was assessed over a period of six months in 
the HD sample group in the current study, with the results 
being significantly (p = 0.007) associated with transferrin 
(Table 5).

Table 2.  Clinical parameters patients (n = 59).

Variables Means ± (SEM)

Skin fold thickness (mm) 22.86 ± 2.06
(MUAC (cm) 38.74 ± 0.65
Height (m) 1.63 ± 0.02
Weight (kg) 73.6 ± 4.6
Age (yr) 45.37 ± 1.74
Systolic Bp (mmHg) 153.0 ± 2.8
Diastolic Bp (mmHg) 89.4 ± 1.9
Mean arterial pressures (mmHg) 110 ± 2.0

Table 3. L aboratory parameters patients (n = 59).

Variables Means ± (SEM)

Hemoglobin (g/dL) 10.03 ± 0.28
Ferritin (µg/L) 941.30 ± 68.45
Transferrin (g/dL) 1.45 ± 0.05
Transferrin saturation (%) 30.96 ± 2.34
Albumin (g/L) 32.49 ± 0.92
EPO levels (mU/mL) 22.67 ± 5.41
EPO weekly dose (IU) 8007 ± 840.2

Table 4. U nivariate linear regression analysis (MUAC as dependent vari-
able) N = 59.

Variable Odds Ratio Confidence Interval p value

Transferrin (g/dL) 4.578 [0.532–8.625] 0.027*
Albumin (g/L) 0.052 [−154 to 0.259] 0.616
C Reactive Protein 

(CRP) mg/dL
0.003 [−0.030 to 0.036] 0.849

Hemoglobin (Hb) 0.277 [−0.402 to 0.955] 0.416
*significant at the p = < 0.05 level.

Table 5. U nivariate linear regression analysis (transferrin as dependent 
variable) N = 59.

Variable Odds ratio
Confidence 

Interval p value

MUAC (mm) 0.22 [0.03–0.042] 0.027*
Skin fold thickness(g/

dL)
0.004 [0.002–0.11] 0.021*

Ferritin (µg/L) −8.16E [0–0] 0.930
Transferrin saturation 

(%)
−0.01 [0.07–0.04] 0.608

ESR (mm/h) 0.002 [0.02] 0.251
Urea (mg/dL) −0.09 [0.021] 0.155
Albumin (g/L) 0.019 [0.005–0.032] 0.007*
Hemoglobin (g/dL) 0.043 [0.004–0.090] 0.075
Dry Weight (kg) 0.010 [0.002–0.019] 0.020*
*significant at the p = < 0.05 level.
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Figure 1.  Scatter plot graph depicting transferrin levels in the HD participants (n = 59).

Figure 2.  Scatter plot graph depicting the relationship of skinfold thickness with transferrin levels.

Figure 3.  Scatter plot graph depicting the relationship of MUAC with transferrin level.
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In this study univariate regression analysis revealed that 
age, height and gender of the HD participant sample were not 
significantly associated with transferrin therefore with malnu-
trition (Table 5). Other studies have shown the significance of 
age in relation to malnutrition due to medical co-morbidities 
with the progression of ESKD [42]. The HD participants in the 
current study had a mean age of 45.37 years ± 1.74, a much 
younger group of participants compared to other studies [43].

The transferrin levels in the HD participants ranged 
between 1 g/d/L and 2 g/d/L, with the prevalence of malnutri-
tion being substantial. Using transferrin levels we applied a 
group distribution based on the guideline range of 215 mg/dL 
to 380 mg/dL for malnutrition, with less than < 200 mg/dL 
corresponding with malnutrition in HD patients [44,45]. In the 
current study, only 6.3% of HD participants had transferrin 
levels above 200 mg/dL (Figure 5). Other results were: 
malnutrition-39.5%, mild-22.90%, moderate-27.10% and 

severe-4.20%. Furthermore, this study revealed that there was 
a significant association between transferrin levels and certain 
clinical anthropometric variables as well as laboratory vari-
ables. Univariate linear regression analysis with transferrin as 
a dependent variable revealed a significant association with 
MUAC (p = 0.027), skinfold thickness (p = 0.027) and albumin 
(p = 0 007). These findings concur with studies that have 
found serum transferrin levels to be low in patients with both 
mild and severe ESKD; with the lowest levels being found in 
patients in a poor nutritional state [46]. The prevalence of 
malnutrition has been estimated in hospitals in Western coun-
tries to be 30% to 50% and in long-term care facilities up to 
85% [13]. Clinical assessments of malnutrition can contribute 
to reducing further complications with malnutrition.

4.1.1.  Transferrin as a laboratory marker
Our finding was that transferrin is a valuable marker for  
malnutrition in our HD participants. Its significant that this 
recommendation with anthropometric markers supports  
this recommendation. Anthropometric markers are well 
established malnutrition markers. Anthropometric measure-
ments require expertise and consistency in the technique. 
Furthermore, transferrin being serum-based tests, it can be 
easily monitored in larger and remote population groups. 
Severely deficient levels of transferrin are a result of 
protein-energy malnutrition and have been observed in  
diabetic foot studies as an accurate indicator of severe 
protein-energy malnutrition in readings lower than 100 mg/
dL [16].

Transferrin levels have certain limitations in terms of reli-
ability as a marker for malnutrition because these can be 
affected by other conditions such as acute or chronic infec-
tion, inflammation and iron deficiency [10, 47]. Additionally, 
transferrin decreases with an increase in ferritin concentra-
tion and is higher in patients with heavier body weights [48]. 
Nevertheless, a study among orthopedic patients with a rel-
atively high prevalence of nutritional issues among patients 
undergoing elective orthopedic surgery used transferrin level 
and albumin level as indicators for nutrition status [49]. The 
significance of transferrin is that it can detect iron defi-
ciency [10].

So, early screening or detection for transferrin levels could 
contribute to the management of malnutrition in HD patients. 
Transferrin has a short life of an average of 8 days, whereas 
albumin is 19 days [5, 50].

4.2.  Other laboratory parameters

The mean ferritin result in our HD group was 941.30 ug/dL. 
Univariate analysis regression analysis revealed no significant 
association between ferritin and either MUAC or transferrin. 
Kuragano et  al. [51] in their study of 805 patients undergoing 
maintenance HD found that high serum levels of ferritin with 
decreased TSats required different ranges to identify their 
high and low levels. The authors defined dysutilisation of 
iron for erythropoiesis in patients with lower TSats (< 20%) 
and higher ferritin (≥ 10 ug/dL) levels.

Figure 4.  Percentages of MUAC in males and females.

Table 6.  Showing the percentages of skin fold thickness in males and 
females using the appropriate reference ranges for evidence of 
malnutrition.

Skin fold thickness 
ranges (males) for 
malnutrition

Skin fold thickness 
(females) for 
malnutrition

< 14 mm 24% < 23 mm 48%
> 14 mm 76% > 23 mm 52%

Figure 5.  Showing distribution of transferrin levels in malnutrition groups.
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The mean hemoglobin level in our HD group was 10.03 g/
dL. Low levels of hemoglobin in patients are usually an indi-
cation of malnutrition [52]. Univariate analysis regression 
analysis revealed no significant association between hemo-
globin and either MUAC or transferrin (Tables 4 and 5). The 
significance of association between transferrin and hemoglo-
bin was close, with p = 0.075. This could be further explored 
with a larger sample size.

The TSat mean of the HD group in this study was 30.96%. 
Univariate linear regression analysis revealed no significant 
association between TSat and transferrin. Our TSat% was 
close to the low end of the acceptable range; the KDIGO 
recommendation is that iron supplements should be used to 
treat anemia associated with kidney disease (CKD) if the TSat 
index is less than 30% and serum ferritin is less than 500 ng/
ml [51]. High TSat (> 55%) increases the risk of cardiovascu-
lar mortality [53].

Retrospective analyses of erythropoietic responsiveness 
showed that maximum erythropoietic response is achieved 
at TSat levels greater than 30% with ferritin being in the 
range of 350 ng/mL to 500 ng/mL; this range was associ-
ated with the maximum Hb response to ESA dose  
[54]. Other studies claimed serum ferritin no longer rep-
resents iron that can be utilized during erythropoiesis so 
TSat is a poor biomarker of iron availability to the bone 
marrow [55].

Conversely, some investigations have found that 
patients with low ferritin (100 ng/mL) and low TSat (20%) 
levels did not have a notably higher risk of adverse events 
or mortality. The risk of mortality was greater in individu-
als with high ferritin levels (> 100 ng/mL) and low TSat 
levels (20%) who were suspected of iron dysutilisation for 
erythropoiesis [51].

The mean albumin level in our HD group was 32.49 g/
dL (Table 3). Univariate linear regression analysis revealed 
a significant association between albumin and transferrin 
levels (p = 0.007). Low serum albumin levels, age, low BMI, 
and duration of HD are independent risk factors for mal-
nutrition development including due to reduced renal 
function [26,27]. Further to all of our findings it has been 
reported that malnutrition in HD needs to be individual-
ized and country-specific malnutrition treatment solutions 
found [56].

5.  Conclusion

This study shows that transferrin levels can also contribute to 
malnutrition assessment. As it is significantly associated with 
anthropometric measurements in our study. A larger sample 
size and a longer time frame would improve the clarity of 
our results regarding the association of clinical parameters 
(MUAC and skinfold thickness) and laboratory markers (trans-
ferrin) with malnutrition in HD patients.
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