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Introduction
The coronavirus pandemic has created a huge health crisis 

with significant financial impacts and resource shortcomings. 
During this overwhelming situation, appropriate preventive, 
diagnostic, and therapeutic interventions are crucial. There 
are considerable nutritional concerns around COVID-19 
disease and many new studies paid particular attention 
to malnutrition screening and micro-macro nutrient 
requirements among COVID-19 patients [1]. The prevalence 
of malnutrition reported in different studies varies 
according to many risk factors, including age, comorbidities, 
gastrointestinal symptoms of patients, and extended stay in 
intensive care units [2,3].

There is a growing need for nutritional screening 
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Abstract
Objective: With the increasing COVID-19 pandemic healthcare burden, preventive and modifying measures could 
significantly affect patients’ outcome. In this regard, nutritional assessment tools, primarily based on laboratory 
inflammatory markers, could be affected by cytokine release, and thereby may not accurately reflect nutritional status 
of the severely ill patients. This study aimed to evaluate the relationship of those factors with malnutrition in COVID-19 
patients.

Methods: We performed a systematic literature search, using various databases, including Medline, Embase, APA 
PsycINFO, Cochrane Database of Systematic Reviews via Ovid, and CINAHL via Ebsco. PRISMA guidelines used for study 
selection and data extraction.

Result: Sixteen descriptive studies out of 3,117 articles with 4,155 participants included. The frequency of malnutrition 
in reviewed studies ranged from 17% to 92%. Lower serum albumin was associated with more severe malnutrition in 
Nutritional Risk Assessment (NRA). Although there was a clear consensus on serum albumin association with malnutrition, 
there were more controversial results for blood lymphocyte count and other inflammatory indices. Four out of eleven 
studies that used anthropometric nutritional assessment tools showed body mass index (BMI) significantly correlated 
with malnutrition.

Conclusion: Whereas serum albumin generally is affected by the severe inflammatory nature of COVID-19 disease, this 
systematic review revealed a significant association between albumin level and malnutrition; this association was not 
observed with inflammatory biomarkers. The complex status of hospitalized COVID-19 patients needs further prospective 
studies to clarify the role of the body composition measures in nutritional decision making.
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"Malnutrition," "nutritional status," "Anthropometry," and 
related terms, inflammatory factors, including possible 
adjacencies.

Inclusion and exclusion
Observational studies (longitudinal, case-control, cross-

sectional, and case-series) which reported the clinical 
anthropometric measurements and or inflammatory markers 
in hospitalized COVID-19 adult patients (18-years-and-older) 
with different nutritional status were considered eligible for 
inclusion in the study.

Animal studies, studies with the study population of 
pregnant women, and pediatric patients were excluded. Of 
note, non-English articles, study protocols, review articles, 
conference abstracts were excluded as well. Articles with 
relevant abstracts which needed further investigation were 
considered for full-text review, and eligible studies were 
included for data extraction. Title and abstract screening, 
full text review, and data extraction were performed by two 
trained medical graduates independently (OO, MK), and 
disagreements were discussed with one of the peers (SFH).

Study population
Studies that reported the anthropometric measurements 

and inflammatory biomarkers in hospitalized malnourished 
COVID-19 adult patients (> 18 years) were included. COVID-19 
diagnosis in the included studies was confirmed by positive 
results on real-time polymerase chain reaction assays (One-
Step real-time PCR Kits) for SARS-CoV-2 from nasopharyngeal 
swab specimens.

Measurements
In the included studies, nutritional status was assessed 

with anthropometric and laboratory-based measures. 
Anthropometric measures consist of Nutritional Risk 
Screening 2002 (NRS-2002) [10,11], Mini Nutritional 
Assessment (MNA) [5], Subjective Global Assessment (SGA) 
[2], and Global Leadership Initiative on Malnutrition (GLIM) 
criteria based on body mass index BMI (BMI), weight loss, 
dietary intake decrease, severity of an acute illness, muscle 
mass, and neuropsychological problems [4]. Laboratory based 
measures use, serum albumin, serum cholesterol, and or 
lymphocyte count. They consist of Nutrition Risk Index (NRI) = 
1.519 × serum albumin, g/L) + 0.417 × (present weight/usual 
weight × 100] [12], Prognostic Nutrition Index (PNI) = 10 × 
serum albumin (g/dL) + 0.005 × peripheral lymphocyte count 
(/mm3) [13] and Controlling Nutritional (CONUT) status = 10 × 
the serum albumin value (g/dl) + 0.005 × the total lymphocyte 
count in peripheral blood (per mm3) [14].

Moreover, various inflammatory and nutritional 
biomarkers such as albumin, prealbumin, CRP, platelet, 
Interleukin 6 (IL-6), D-dimer, LDH, Ferritin and procalcitonin 
were reported in the selected studies.

Study’s outcome
The association of biochemical and inflammatory 

biomarkers with malnourishment diagnosed with different 

tools to promptly assess COVID-19 patients vulnerable to 
malnutrition to reduce complications and provide the best 
suitable treatment options. Health care systems need to 
be encouraged to identify and utilize the proper nutrition 
indices. Many studies are related to different nutritional 
parameters used in Nutritional Risk Screening (NRS) tools 
and the validity of such measures in hospitalized patients 
with multiple medical conditions; however, their validity in 
patients with COVID-19 has not been thoroughly clarified [2].

Many Nutritional Risk Assessment (NRA) tools are based 
on anthropometric factors such as Body Mass Index (BMI) [4]. 
There is a controversy around the BMI issue in severe COVID 
cases. A mean BMI of 30 kg/m2 and more was reported among 
COVID-19 inpatients as a common critical factor [1]. Other 
researchers revealed low BMI as a significant issue, especially 
in elderly-COVID-19 patients [5]. In addition to those extreme 
ranges in anthropometric measures, different inflammatory 
biomarkers are used in NRA of COVID-19 patients [3,6].

COVID-19 infection causes an excessive inflammatory 
response, influencing laboratory biomarkers, including 
albumin, total white blood cell count (WBC), lymphocyte 
count, lactate dehydrogenase (LDH), and C-reactive protein 
(CRP). Elevated markers of systemic inflammation, used in 
the laboratory-based NRAs such as prognostic nutritional 
index (PNI) and controlling nutritional status (CONUT), might 
overestimate the prevalence of malnutrition in COVID-19 
patients. Albumin is required to synthesize the acute phase 
reactants, leading to lower levels of albumin during any 
infections including COVID-19 [7]. Decreasing serum albumin 
also could be related to inflammatory response, not the 
actual patients’ nutritional state.

There is a gap between recent information with a wide 
range of discrepancies in the prevalence of malnutrition from 
17% [8] to more than 92% [9] recorded in different studies. 
The nature of COVID-19 infection, which influences nutritional 
biomarkers and anthropometric measures. This systematic 
review aims to clarify whether there is an association between 
nutritional and inflammatory parameters used in screening 
tools for COVID-19 inpatients.

Subjects and methods
The systematic review protocol is submitted in the 

International prospective register of systematic reviews. 
This systematic review was conducted based on Preferred 
Reporting Items for Systematic Reviews and (PRISMA) 
guidelines.

Search strategy
A systematic literature search was conducted to 

investigate the relationship between nutritional and 
inflammatory parameters among malnourished COVID-19 
patients diagnosed with different nutritional assessment 
tools, using Medline, Embase, APA PsycINFO, and Cochrane 
Database of Systematic Reviews via Ovid, CINAHL via Ebsco 
up to November 08, 2021. Relevant articles were captured 
applying Medline's MeSH terms (adjusted for the databases 
mentioned above), “COVID-19,” "Nutrition assessment," 
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3,221 studies. After title and abstract screening and excluding 
duplicates (3,117), 104 articles were selected for full-text 
review. Excluding irrelevant ones, we included 16 articles in 
this systematic review. Figure 1 shows the PRISMA flowchart 
for the article selection process.

Quality assessment and risk of bias in included 
studies

The Newcastle-Ottawa Quality Assessment Scale was 
used to assess the quality and risk of bias of included studies. 
Three categories of population selection, comparability, and 
outcome were evaluated by this tool. If three out of four criteria 
in the selection category, two out of three criteria in outcome 
category, and one out of two in comparability category were 
met the study was categorized as “good”. If the number of 
met criteria in the selection category decreased to two with 

nutritional assessment tools in COVID-19 patients was 
investigated as the primary outcome. Secondly, correlation 
of different nutritional assessment tools was studied. Which 
ones are more associated with the diagnosis of malnutrition 
in COVID-19 patients?

Quality assessment of studies
As the study designs of articles which were evaluated 

in this review were observational, we used Grading of 
Recommendations, Assessment, Development, and 
Evaluation (GRADE) Newcastle-Ottawa Scale to assess the risk 
of bias and quality of articles in the selection process [15].

Results

Study characteristics
Using comprehensive search strategies, we identified 

         

Figure 1: Flow chart of included articles for review.
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There were three more studies that used NRS-2002 in 
hospitalized patients who were not in ICU [9,12,17]. Liu A, et 
al. found lower BMI in those with a higher NRS-2002 score 
(p = 0.029). Furthermore, they discovered that NRS score 
significantly correlated with serum albumin (g/L) (OR = 3.61, 
95% CI: 2.23-5.84) and serum prealbumin (mg/L) (OR = 2.88, 
95% CI: 1.04-8.00). However, they did not provide data on 
other inflammatory biomarkers in their article [17]. Liu G. 
found significant correlation of NRS-2002 with NRI (k = 0.491, 
95% CI: 0.328-0.653; p < 0.001), and other anthropometric 
clinical measures (MNA-sf, and MUST; p < 0.001) [12]. 
Del Giorno, et al. investigated the correlation of different 
anthropometric measures with loss of appetite and found 
significant correlation between NRS and loss of appetite (p 
< 0.001) [9].

Two studies which used SGA showed significant 
association of clinical anthropometric measures with serum 
albumin [2,8]. Liu H, et al. found significant association of 
inflammatory marker levels in malnourished group compared 
with normal group: peripheral blood lymphocyte count (p = 
0.025); serum albumin (p = 0.019); serum IL-6 (p = 0.016); 
peripheral blood CD8+ % (p = 0.027). However, CRP level 
was not different among different groups (P = 0.259) [8] 
Similarly, Nicolau, et al. found significantly higher level of 
inflammatory markers in malnourished group compared with 
well-nourished patients [2].

The other two studies which used anthropometric 
measures could not show a significant association of 
inflammatory biomarkers with malnutrition [18,19]. Allard 
study divided the patients into two groups of malnourished 
(38.9%) and without malnutrition (61.1%) and did not find 
significant association between higher level of inflammatory 
markers of CRP, ferritin, fibrinogen, IL-6, LDH, and procalcitonin 
with malnutrition. However, they also regrouped the patients 
based on another index, named NRI into two groups of at 
nutritional risk and at no nutritional risk. The percentage of 
those who were grouped as at risk of malnutrition was 84%, 
nutritional risk. Then significant association of CRP level (p 
< 0.01), fibrinogen (p < 0.01), and procalcitonin (p < 0.01) in 
at risk group compared with those who were not at risk of 
malnutrition were found [19].

In Bedock study BMI was associated with malnutrition 
(p < 0.01); lymphocyte count was significantly higher in 
malnourished patients compared with those who did not 
have malnutrition: (1.45 ± 0.62 vs. 1.07 ± 0.52) (×109/L); p = 
0.04). However, they did not find a significant association of 
CRP or D-dimer with malnutrition [18].

The last study in this group used MNA with an average 
MNA score of 22.9 ± 2.8 among patients. Malnourished 
group had significantly lower serum albumin (25.7 ± 5.3 g/L) 
compared to non-malnourished group (38.5 ± 4.2 g/L, p < 
0.001). The similar significance was reported for peripheral 
blood lymphocyte count (0.9 ± 0.38 (×109/L) in malnourished 
vs non-malnourished patients (1.7 ± 0.52, p < 0.001) [5].

Studies which used laboratory markers to 
examine nutritional status

the same scoring in the other two categories, the quality of 
study would be “fair” [15] Thirteen articles had good quality. 
The mean score of articles in selection, comparability, and 
outcome categories were 2.8, 1.3 and 2.4 respectively. The 
patient groups in three studies were not a true representative 
of the population [9,11,16]. One study did not divide the 
population into malnourished and normal groups [3]. There 
was just one article with poor quality in which the definition of 
malnutrition was not followed according to the study's prior 
description; therefore, the groups could not be compared on 
the basis of the study [16].

Results of the systematic review
Sixteen descriptive studies with 4,155 participants were 

included. All patients were admitted to the hospital, and 
their diagnosis of COVID-19 was confirmed with RT-PCR. Four 
studies included only ICU patients [10,11,13,16].

These studies categorized their included patients based 
on their nutritional status as normal (no malnutrition) (n = 
1,137), mild malnutrition (n = 31), moderate malnutrition (n 
= 912), severe malnutrition (n = 21), at risk of malnutrition 
(n = 899), and 705 patients as malnourished without further 
details. There was one study with 450 participants which did 
not divide patients based on their nutritional status. However, 
as the researchers provided the data related to different 
inflammatory markers and biochemical nutritional measures, 
that study was included [3]. The percentage of malnourished 
patients in four studies was 85% or more [9,11,12,16] and in 
one it was 17% (Table 1) [8].

Eleven studies used nutritional screening tools which 
were based on clinical anthropometric findings. Six of them 
used NRS-2002 [9-12,16,17]. Two used SGA [2,8] and another 
two used GLIM and categorized patients by using clinical 
parameters [18,19]. Another one used the MNA-sf, a validated 
questionnaire for patients older than 65 [5]. One of the 
articles compared Bioelectrical Impedance Analysis with NRS-
2002 as well [9]. The remaining studies used measures based 
on some laboratory factors for dividing patients into different 
nutritional state categories. Three studies used PNI [3,13,20]. 
One used CONUT [6] and one used serum prealbumin as the 
nutritional state screening tool [21].

Studies used clinical anthropometric measures 
to examine nutritional status

Nutritional status in three studies was examined with 
NRS-2002 among ICU patients [10,11,16]. Czaplie and Kupeli 
studies did not find a significant correlation between NRS 
score with blood lymphocyte count or with serum albumin 
[11,16]. The NRS score of participants in the Kupeli study 
was 5.9 ± 1.1. Furthermore, all patients had low hemoglobin 
(11.9 ± 2.4 g/dL), and serum albumin (29.7 ± 5.3 g/L) [16]. 
Frequency of malnutrition in Alikiaii study was 41.5% (Score ≥ 
5) and they found a significant correlation of NRS with serum 
albumin (-0.23; p = 0.05). Mean serum albumin in those 
whose score was equal to or higher than five was significantly 
lower than those with score three (3 ± 0.5 vs. 3.2 ± 0.6 g/dl). 
However, they did not confirm any significant correlation of 
NRS score with LDH, CRP and CPK, and or AST [10].
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who used SGA as a screening tool similarly concluded 
that serum albumin is correlated with malnutrition [2,8]. 
This relationship means that serum albumin in the case of 
COVID-19 disease, despite the inflammatory circumstances, 
maintains its meaningful connection with the nutritional 
status of the patients. At the same time, inflammatory 
biomarkers including WBC, lymphocyte count, CRP did not 
reveal a correlation with most clinical-anthropometric tools. 
CRP and lymphocyte count had an association with PNI score 
that is basically laboratory and inflammatory based screening 
instrument.

The nutritional status in COVID-19 patients is a prognostic 
factor. Malnutrition can lead to adverse events through 
impaired immune defense mechanisms, reduced respiratory 
muscle mass and strength. The risk of ICU admission, 
mechanical ventilation, and mortality would be much higher 
in malnourished patients [2,3].

As from the early stages of COVID-19 infection, most 
patients have fever and gastrointestinal symptoms such 
as loss of appetite, nausea, vomiting, and diarrhea, they 
can experience rapid and substantial weight loss [10,11]. 
On the other hand, there are some tools including, SGA, 
NRS2002, MNA and GLIM considering clinical anthropometric 
parameters such as body weight and BMI [4]. As a result, these 
tools alone could not be used as appropriate instruments 
for the diagnosis of malnutrition in hospitalized COVID-19 
patients. Additionally, the lack correlation with MBI in Nicolau 
study was explained by the existence of recall bias by patients 
who did not recall their correct weight or the healthcare staff 
who could rely on their memory to document the results of 
clinical anthropometric measures [2] Finally, a significant 
association between malnutrition and BMI was reported only 
in four studies that used clinical-anthropometric nutritional 
tools [5,8,17,18]. Some patients with malnutrition had normal 
BMI or even high BMI. This discrepancy may be related to 
changing body composition due to fluid collection, especially 
in the ICU setting, underlying diseases, loss of muscle mass, 
and fat gain as a primary aging process or secondary to 
inflammatory condition (sarcopenia obesity). Recognition 
of malnutrition despite normal or increased BMI might lead 
to consideration of reduced muscle mass and sarcopenia's 
crucial role in nutritional assessment of COVID-19 patients.

Regarding inflammatory biomarkers, lymphocyte count 
was the most reported one. Lymphocyte count is the main 
factor considered in PNI tool, but did not show association 
with CONUT, another laboratory NRA tool.

Cui, et al. used prealbumin level as the nutritional 
screening measure in 408 patients and showed that 
lymphocyte count and NRS-2002 were associated with 
malnutrition based on pre-albumin level [21]. In three of four 
studies in ICU setting, nutritional status was examined with 
NRS-2002. Czapla, Kupli and Alikiaii did not find a significant 
correlation between NRS score and lymphocyte count as an 
inflammatory marker [10,11,16]. Although there is a clear 
consensus on albumin, no correlation is observed between 
lymphocyte count and malnutrition. Unexpectedly, one of 
the studies notified significantly higher lymphocyte count 

In one study, Cui, et al. used a serum prealbumin value 
of 150 mg/L as the cut-off level to define the malnourished 
group. They found 67.3% of the low prealbumin group had 
NRS score ≥ 4 (p < 0.001). Furthermore, the low prealbumin 
group showed a lower level of albumin, total cholesterol, and 
triglyceride; p < 0.001) and a higher level of inflammatory 
markers (Procalcitonin, CRP, IL-6; p < 0.001) [21].

Three studies used PNI [3,13,20]. Kosovali, et al. studied 
patients admitted to the ICU and found significant association 
of inflammatory markers (lymphocyte count, serum albumin, 
D-dimer, CRP, and fibrinogen) with PNI ≤ 42. However, BMI 
was not different between two groups of high and low PNI 
[13].

In Ekinci, et al. study, PNI mean in moderate or severe 
malnourished groups was 51.45 ± 6.41 versus 39.4 ± 4.58 
in normal and mild malnourished groups. Of note, the 
levels of inflammatory markers in those with moderate to 
severe malnutrition in comparison with normal and mild 
malnourished groups were higher [20]. The average PNI in 
Wang, et al. study was 42.96 ± 6.25. They did not categorize 
the patients based on nutritional status. But they found 
significant association of PNI (< 0.001), AST (< 0.001), LDH (< 
0.001), CRP (< 0.001), and D-dimer (< 0.001) with survival [3].

In another study, CONUT score ranges from 0-12 and score 
4 was used as the cut off score for dividing patients into high-
score or low-score groups. The score did not correlate with 
BMI. Two groups did not show any difference in D-dimer level. 
Furthermore, the ratio of patients with high procalcitonin (p = 
0.089) or LDH level (p = 0.651) was similar in two groups [6].

Regarding association of BMI with nutritional assessment 
tools, it should be mentioned that BMI, one of the main 
indices in defining nutritional status, was reported in seven 
studies which used clinical anthropometric measures 
[2,5,8,11,12,17,18]. Four out of those seven studies showed a 
significant association of BMI with nutritional state of patients 
[5,8,17,18].

The three studies which used laboratory measures in 
defining the nutritional status of their patients and reported 
BMI, did not find its significant association with nutritional 
status [6,13,20]. All studies which used anthropometric 
assessment tools found correlation of serum albumin with 
nutritional state except Four. Two of those four studies did 
not find any significant association [13,18] and the other two 
studies did not report serum albumin of the patients [9,19].

Discussion
To the best of our knowledge, this is the first systematic 

review intended to clarify the relationship between 
nutritional and inflammatory parameters in the mediation of 
malnutrition among COVID-19 patients. The most prominent 
result of the present study is the strong association of serum 
albumin as a nutritional biomarker with different NRA in 
COVID-19 patients.

Three studies which assessed nutritional status with NRS-
2002 in ICU and non- ICU patients, illustrated serum albumin 
is associated with malnutrition [10,12,17]. Researchers 
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be practical. However, accurate malnutrition diagnosis in a 
hospital setting, to eliminate the undesirable complications, 
necessitates a comprehensive nutritional assessment 
considering muscle mass and function would be more reliable 
for prevention measures, nutritional treatment decisions and 
dietary modifications.
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low-cost risk assessment tools that included nutritional and 
anthropometric measures like nutritional risk index could 
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