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Abstract

Background: In hemodialysis (HD) patients, malnutrition and depression are prevalent issues often influenced by
inflammatory markers such as CRP, ferritin and albumin. Extensive research has exhibited the robust connection
between malnutrition and depression. However, there is a gap in research within Pakistan concerning how
inflammatory markers might mediate this relationship.

Objective: To evaluate the mediating role of the inflammatory markers on the relationship between malnutrition and
depression in patients undergoing maintenance hemodialysis (MHD).

Methods: This cross-sectional study was performed at the Nephrology Department, Mayo Hospital, Lahore from
October 15,2023 to January 15, 2024. The research incorporated patients aged > 18 years with end-stage renal disease
(ESRD) going through MHD for more than 3 months. However, patients with stroke, prior psychiatric illness,
corticosteroid medication and non-consent were excluded. Malnutrition was assessed through Subjective Global
Assessment-Dialysis Malnutrition Score (SGA-DMS), depression was measured using the Patient Health
Questionnaire-9 (PHQ-9). The data analysis involved descriptive statistics, Pearson's correlation while the mediation
analysis was performed using the PROCESS macro.

Results: The study comprised 145 patients. CRP mediated the relationship between malnutrition and depression
significantly (a*b=0.2609, 95% CI: 0.1170-0.4263, p<0.001). Ferritin represented a marginal mediating effect (a*b=
0.0805,95% CI:0.0142-0.1609, p=0.0524) while albumin showed a negative mediating effect (a*b=0.1107, 95% CI: -
0.0090-0.2219, p=0.0429).

Conclusion: Elevated CRP and ferritin levels enhanced the relationship between malnutrition and depression,
implying that higher inflammation worsens depressive symptoms in malnourished patients. In contrast, higher albumin
levels were inversely associated with depressive symptoms, indicating a possible protective effect in malnourished patients.
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countries.” On one end, HD maintains the life of ESRD
patients and on the other end it is associated with infla-
mmation, nutrient imbalance, and various psychological
impacts on patients receiving it.’ Limitation of specific
food categories, depletion of water-soluble nutrients
during HD, and elevated catabolism due to increased
inflammatory markers may result in compromised nutri-
tional status among HD patients.* Moreover, there is
evidence from several sources that toxins that build
up with renal failure might decrease appetite and lead
to malnutrition.’ The prevalence of malnutrition in HD
patients is 71% based on Hemodialysis-Associated
Systemic (HAS) criteria.’

Patients on HD undergo distressing psychological symp-
toms as a result of the demanding nature of chronic
hemodialysis treatment, which has a detrimental impact
on their mental health.” Depression is the leading psy-
chiatric condition among patients undergoing HD, with
its prevalence varying in accordance with the method
used for diagnosis. It ranges from 22.8% in standardized
psychiatric interviews to 39.3% when measured through
screenings for depression symptoms.*

Chronic systemic inflammation is common among
patients undergoing HD that cause a persistent infla-
mmatory state which contributes to anorexia, decreases
caloric intake and protein levels in the body. In clinical
practice, inflammatory markers like C-reactive protein
(CRP), ferritin, and albumin are commonly used to
assess inflammation and malnutrition in HD patients.
These inflammatory markers may play arole as media-
tors by transducing the impacts of malnutrition into
inflammatory responses that afterward affects the onset
or severity of depression.’ Elevated ferritin and CRP
levels positively correlate with the markers of infla-
mmation and malnutrition whereas, low serum albumin
levels potentially due to amino acid depletion may
contribute to malnutrition in HD patients."" In patients
with ESRD, studies have reported a noticeable asso-
ciation between higher levels of serum CRP and ferritin
with depressive symptoms, while an inverse relationship
is observed between depression and serum albumin
levels."” These findings emphasize the relevance of
inflammatory markers in the psychological profile of
kidney patients.

This association highlights the crucial link between
body’s inflammatory response and psychological health,
reflecting the complexity involved in the treatment of
HD patients. Identification of the intricate interplay
between the inflammatory markers, malnutrition and
depression can significantly improve the survival chan-
ces and lessen the morbidity and mortality rates. Given

the absence of local studies, this research seeks to inves-
tigate how inflammatory markers mediate the associa-
tion between malnutrition and depression in HD patients.

Methods

This cross-sectional study was conducted in the nephro-
logy department, Mayo Hospital Lahore from 15th
October, 2023 to 15th January, 2024 following ethical
approval from the Institutional Review Board (IRB) of
King Edward Medical University, Lahore. All patients
aged > 18 with ESRD who had been receiving mainte-
nance hemodialysis (MHD) for more than 3 months
were enrolled in the study. Those individuals having a
prior history of psychiatric illness, stroke, corticosteroid
medication, and those who didn’t consent to participate
were excluded. Patient demographics, including age,
gender, education, marital status, and socioeconomic
status, were collected using a predesigned survey form
following the acquisition of written informed consent.
To ensure precision, the demographic and clinical data
were acquired through patient interviews and a compre-
hensivereview of medical records. Atthe start of research
work, all blood samples (serum albumin, serum ferritin
and CRP levels) were collected pre-dialysis immediately
before the mid-week HD session, in order to minimize
the potential impact of recent dialysis on serum concen-
trations on the measurement of inflammatory markers.
Malnutrition was assessed using Subjective Global
Assessment—Dialysis Malnutrition Score (SGA-DMS).
The SGA-DMS serves as a comprehensive tool that
evaluates nutritional status in HD patients as it assesses
seven key characteristics, including weight alterations,
nutritional consumptions, gastrointestinal upsets, func-
tional abilities, subcutaneous fat, co-morbidity, and
evidence of muscular atrophy. The scores of each com-
ponent ranged from 1 (normal) to 5 (extremely severe),
yielding in an overall malnutrition score that ranges
from 7 (normal) to 35 (extremely malnourished).

Depression was assessed with the Patient Health Ques-
tionnaire-9 (PHQ-9), a standardized tool that ensures
an accurate reflection of the psychological health of
the patient. The PHQ-9 evaluated nine symptoms in
the last two weeks, with scores ranging from 0 (no
symptoms) to 3 (symptoms nearly every day). The total
score, which could range from 0 to 27, was the sum of
individual item scores, with higher scores reflecting
intensity of depressive symptoms.

The data entry and statistical analysis were performed
with SPSS version 23.0 (IBM Corp. Armonk, NY, USA),
which provided detailed data processing and in-depth
data analysis. The assessment of participants’ general
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characteristics, age, nutritional status, and depression
was carried out using descriptive statistics. Continuous
variables were presented as Mean = SD to provide
understanding of the central tendency and variability,
while categorical variables were represented as frequen-
cies and percentages to depict the distribution of these
characteristics within the participants. The relationships
between continuous variables were assessed using
Pearson correlation coefficient, following conformation
that the data met key assumptions including normality
(via Shapiro-Wilk test), linearity, and homoscedasticity,
based on scatter plot and Q-Q plot evaluations. The
mediating effect of clinical parameters was assessed
utilizing PROCESS macro version 3.5.3 which supports
advanced mediation analysis. This analysis was conduc-
ted via bootstrapping (model 4, 5,000 samples) in order
to determine the impact of mediating effects. The magni-
tude of mediating effect was calculated by examining
the proportion of mediation (PM) in relation to both the
indirect and total effects, providing a nuanced interpre-
tation of the role of mediators. A variable was consi-
dered to have a mediating effect if the bootstrapped
confidence intervals did not include zero. Statistical
significance was setatp <0.05.

Results

In this study, out of all patients receiving MHD, 145
patients who adhered to our inclusion criteria were
included. Of'these, 61.4% were male and 38.6% female.
The mean age was 46.85+12.46 years. The majority
were married (85.5%), while 14.5% were unmarried.
Diabetes mellitus was most common cause of ESRD
in most patients (40.3%). Regarding the employment,
20% were employed, 57.2% unemployed, and 22.8%
housewives. Participants had a mean SGA-DMS of
11.01+4.81, and amean depression score of 9.57+5.79.
Pearson correlation analysis showed a significant posi-
tive correlation between SGA-DMS and depression
scores (r = 0.514, p < 0.001), showing that higher
malnutrition levels were associated with increased
depressive symptoms. Socioeconomic status (SES) was
analyzed in relation to nutritional status, depression,
and inflammatory markers. No statistically significant
associations were found (p >.05), suggesting SES did
not notably influence the outcomes assessed in this
cohort.

While investigating mediating effect of CRP, Ferritin
and albumin when finding the relationship between
malnutrition (using SGA scale), a significant positive
relationship (a =4.53, p<0.001) was found between
CRP (as dependent variable) and malnutrition (as inde-

pendent variable). A significant relationship (b=0.0576,
p<0.001) was observed between CRP and depression
when malnutrition and CRP jointly taken as predictors
and depression as dependent variable (Figure 1). The
direct effect of malnutrition on depression
demonstrated a statistically positive significant
relationship (¢/ = 0.333, 95% CI: 0.1211-0.5450,
p=0.002). Additionally, a statistically significant
positive mediating effect of malnutrition on
depression through CRP was observed (a*b=0.2609,
95% CI: 0.1170-0.4263). It is to say that mal-
nutritional status has significant direct and indirect
effect on depression. The size of mediating effect is,
therefore, 0.2609.

indirect effect = 0.2609,
95% Cl =0.1170-0.4263
CRP
Malnutrition » Depression
direct effect = 0.3330,95% Cl = 0.1211 - 0.5450
p = 0.002
total effect 0.5940, 95% (|l = 0.4482 - 0.7398
p <0.001

Figure-1: The "a" is regression coefficient of malnutri-
tion while predicting CRP, "b" and "c" are regression
coefficients of malnutrition and CRP for predicting
depression, total effect is effect of malnutrition on
depression which is sum of direct effect and indirect
effect, a*b is indirect effect of nutrition on depression.
SGA is abbreviation of Subjective Global Assessment
for malnutrition; CRP is C-reactive protein, and 95%
confidence interval.

A mediating analysis was also carried out between
malnutrition (SGA), Ferritin and depression
(Figure 2). A significant relationship was found bet-
ween malnutrition and ferritin (a=19.926, p<0.001)
but ferritin has a marginally mediating effect on
depression (b=0.0029, p=0.0524).

In the mediating analysis of malnutrition, albumin and
depression, albumin has a negative and significant role
in malnutrition and depression (Figure 3). When
taking malnutrition (SGA) as an independent variable
and depression as the dependent variable, a
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significant relationship was found between these two
variables as already discussed above (b=0.5940,
p<0.001), a negative significant relationship was
also observed between albumin and depression (b=-
1.5863, p=0.0429). The direct effect of malnutrition
was noted as statisti-cally positive significant
relationship (c/=0.4833, 95% CI= 0.3037-0.6628,
p=0.002). The mediating effect of malnutrition on
depression through albumin was identified as negative
statistically significant, indicating that malnutrition had
both direct and indirect effects on depression. The
mediation effect size is 0.1107. Our statistical analysis
revealed no significant associa-tion between
socioeconomic status (SES) and malnu-trition
(p=0.45), depression (p=0.39), or inflammatory
markers including CRP, ferritin and albumin (p>0.05
forall).

Indirect effect = 0.0B05
95% Cl = 0.0142 - 0.1609

Ferritin &
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L
o
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Malnutrition | —# Depression

Direct effect = 0.5135
95% Cl = 0.3615 - 0.6654
Total effect = 0.5940
95% Cl=0.4482 - 0.7398

"

Figure-2: The "a" is regression coefficient of malnutri-
tion while predicting ferritin, "b" and "c" are regression
coefficients of malnutrition and ferritin for predicting
depression, total effect is effect of malnutrition on
depression which is sum of direct effect and indirect
effect, a*b is indirect effect of malnutrition on depre-
ssion and 95% confidence interval.

Indirect effect = 0.1107

95% Cl = -0.0090 - 0.2219

Malnutrition | ———————p Depression

Direct effect = 0.4833
95% Cl = 0.3037 - 0.6628
Total effect = 0,5540
Q5% Cl = 0.4482 = 0.7398

Figure-3: The "a" is regression coefficient of malnutri-
tionwhile predicting albumin. “b”" and “c” are regre-
ssion coefficients of malnutrition and albumin for

predicting depression, total effect is effect of malnutri-
tion on depression which is sum of direct effect and
indirect effect, a*b id indirect effect of nutrition on
depression.

Discussion

The relationship between malnutrition, inflammation,
and depression is complex and multifactorial. This study
demonstrates a notable mediating effect of inflammatory
markers specifically CRP, ferritin, and albumin on the
link between malnutrition and depression in HD patients.
Our results revealed a significant correlation between
malnutrition and increased CRP levels reinforcing that
inadequate nutrition can trigger or intensify the infla-
mmatory pathways, consistent with recent studies recog-
nizing CRP as a highly reliable biomarker for both
malnutrition and inflammation in this patient popula-
tion." Evidence from an inpatient medical settings
emphasize that inflammation, as elucidated by elevated
CRP levels, plays a central role in disease-related mal-
nutrition. It contributes to anorexia, decreased dietary
intake, muscle wasting, and cellular insulin resistance.
These factors collectively drive catabolic processes
and reduce the effectiveness of nutrition-based inter-
ventions."

Our findings indicated that CRP amplified the relation-
ship between malnutrition and depression. Increased
CRP was also emerged as a significant mediator in the
link between malnutrition and depression, supporting
the hypothesis that inflammation may serve as a bridge
between nutritional status and psychological health as
indicated in the study by higher levels of CRP observed
in patients with depressive symptoms." A 2024 cohort
study highlighted the significant role of inflammation,
depicted by higher levels of CRP and cytokines, in
modulating glutamatergic and monoamine neurotrans-
mission in the central nervous system. Additionally,
pro-inflammatory cytokines affect the turnover of 5-
hydroxytryptamine (5-HT) in the brain, potentially dis-
rupting neuroplasticity and contributing to the develop-
ment of depressive symptoms'® as pro-inflammatory
cytokines contribute to aggravate the symptoms of
depression."” The contribution of these cytokines to the
higher prevalence of depression in HD patients is note-
worthy." Alternatively a recent study conducted by
Guenzani revealed that depression along with elevated
pro-inflammatory cytokines such as CRP coincides in
HD patients however, their association is uncertain."”
This study conclusively addresses an existing gap in
the literature by providing empirical evidence for the
mediating role of CRP in the relationship between
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malnutrition and depression among HD patients.

Our study also found that ferritin, a common marker
of iron stores and inflammation in HD patients,” was
significantly associated with malnutrition possibly
reflecting inflammation induced iron sequestration
and catabolism. Higher ferritin levels were linked to
greater degrees of malnutrition, and it showed a marginal
mediating effect on depression. Elevated ferritin levels
are associated with a reduced lean tissue index in dialy-
sis patients and are linked to increased all-cause morbidity
and mortality.” Recent research further supports the
relationship between elevated serum ferritin levels and
higher Malnutrition-Inflammation scores (MIS) in dia-
lysis patients, emphasizing its role in the pathophysio-
logy of malnutrition and inflammation in this population.”
Moreover, elevated serum ferritin levels and impaired
iron utilization efficiency can worsen fatigue and lethargy,
contributing to depressive symptoms in HD patients.”
These findings suggest that ferritin may serve as both
a biomarker of inflammation and a potential mediator
of the complex interplay between malnutrition, infla-
mmation, and depression in this patient population.

In contrast to CRP and ferritin, our study observed that
albumin had a negative mediating effect on the relation-
ship between malnutrition and depression. However,
Gama Axelsson et al. argue that serum albumin levels
may be more significantly influenced by chronic infla-
mmation, a key feature of ESRD, than by nutritional
intake, as inflammation inhibits albumin synthesis and
accelerates catabolic processes.” Thus, low serum albu-
min levels in HD patients can reflect malnutrition or
inflammation consistent with the findings of our study.
In a cross-sectional study, patients with serum albumin
levels under 3.8g/dL were shown to have twice the risk
of depression. Similarly, hypoalbuminemia was linked
with depressive status in HD patients, irrespective of
the inflammatory markers such as high sensitivity CRP
and interleukin-6.” A study by Gonzalez-Flores et al.
revealed that hypoalbuminemia was linked to malnu-
trition and both of these conditions were associated
with depression which highlights the mutual inter-
dependence between physical and mental health in
dialysis patients.” A prospective study in Turkey identi-
fied that HD patients with depression had higher levels
of CRP and ferritin but lower serum albumin levels
compared to those without depression” Our study
emphasize that although biochemical testing adds cost
and invasiveness, inflammatory markers like CRP,
ferritin and albumin offer mechanistic insights that
simple screening tools cannot. In selected cases, their
use may help tailor interventions when malnutrition

and depression do not improve with standard care.
However, the absence of a significant association bet-
ween SES and malnutrition, depression, or inflammatory
markers in our study implied that biological determi-
nants may have played a more dominant role, though
the impact of SES still warrants further investigations
indiverse cohorts.

The limitations of the study include its restriction to a
single institution, which may constrain the generaliz-
ability of the findings. Additionally, confounding factors
such as patient comorbidities and medication use might
have influenced the outcomes.

Conclusion

In conclusion, this study identifies a significant positive
mediating effect of CRP and ferritin on the association
between malnutrition and depression in HD patients.
However, albumin showed a negative mediating effect
on this relationship. These findings can play a pivotal
role in understanding the challenges faced by HD
patients. By recognizing and addressing inflammation
as shared pathway may enhance clinical strategies for
managing both malnutrition and depression in this
vulnerable population. Our research provides critical
insights into the interconnected challenges of malnutri-
tion and depression in HD patients, paving the way for
inovative solutions and improved patient care strategies
that will significantly enhance their lives.
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