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Abstract: This review assesses how publications interpret factors that influence the serum or plasma
albumin (PA) level in prognostic indices, focusing on inflammation and nutrition. On PubMed, a
search for “albumin AND prognosis” yielded 23,919 results. From these records, prognostic indices
were retrieved, and their names were used as search strings on PubMed. Indices found in 10 or
more original research articles were included. The same search strings, restricted to “Review” or
“Systematic review”, retrieved yielded on the indices. The data comprised the 10 latest original
research articles and up to 10 of the latest reviews. Thirty indices had 294 original research articles
(6 covering two indices) and 131 reviews, most of which were from recent years. A total of 106 articles
related the PA level to inflammation, and 136 related the PA level to nutrition. For the reviews, the
equivalent numbers were 54 and 65. In conclusion, more publications mention the PA level as a
marker of nutrition rather than inflammation. This is in contrast to several general reviews on
albumin and nutritional guidelines, which state that the PA level is a marker of inflammation but
not nutrition. Hypoalbuminemia should prompt clinicians to focus on the inflammatory aspects in
their patients.

Keywords: plasma albumin level; role of inflammation; role of nutrition; prognostic indices

1. Introduction

Prognostic index models can be used either for prediction or explanation [1]. A
prediction model aims to generate a risk score that grades patient prognosis. However,
the main limitation of prediction models is that they do not explain the impact or role of
the model’s individual co-factors. As an example, the APACHE III prognostic index [2]
often yields high performance, but it does not account for the impact or role of each of its
numerous co-factors. Such assessments demand explanatory models which aim to advance
scientific knowledge by interpreting the role of individual co-factors [1].

Hypoalbuminemia is consistently associated with adverse outcomes, and it is consid-
ered a strong prognostic predictor [3–5].

In contrast, the possible pathological mechanisms behind hypoalbuminemia are more
obscure, and they have been debated for decades [6–9]. For the vast majority of diseases
(such as malignancies, diabetes, or sepsis), reasons for hypoalbuminemia are difficult to
assess in observational studies because the level of serum or plasma albumin (PA) depends
on both synthesis, breakdown, external loss, and the distribution between the vascular and
extra-vascular space [10].

For some diseases related to specific organs (liver or kidneys), hypoalbuminemia
can partly be related directly to these disorders (e.g., reduced synthesis in patients with
cirrhosis [11]). Among the mechanisms not directly related to specific organs, two main ex-
planations have dominated the reasons for hypoalbuminemia: malnutrition and
inflammation [8,10,12]. As malnutrition and inflammation are positively correlated in many
diseases, hypoalbuminemia is often statistically associated with both of these.
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This literature review provides an overview of all retrieved prognostic indices that
incorporate PA. For indices that appear in at least 10 prognostic studies, we will describe
how PA is interpreted based on the 10 newest research articles and reviews.

2. Materials and Methods
2.1. Initial Literature Searches

To obtain an overview of publications that included prognostic indices with PA levels, we
used the search terms “albumin AND prognosis” in the PubMed database
(https://pubmed.ncbi.nlm.nih.gov/) without any restrictions. A search on 22 December 2017
yielded 18,007 results, for which all titles and abstracts were examined to see whether the pub-
lications comprised such indices. This search was performed once again on 1 October 2021,
yielding 5912 more results. From these initial literature searches, we found the indices shown
in Tables A1 and A2, Appendix A.

2.2. Literature Searches for the Specific Prognostic Indices

Table A1 gives an overview of the search terms used for all the initially retrieved indices
as well as the number of hits on the search date (18 February 2022). After automatically
retrieving the records, we sorted them chronologically (according to “Most recent”, i.e., not
according to “Publication date”) and manually examined the abstracts (newest first) to
deduce whether the publications were in agreement with the search terms. In this manual
process, we only included English-language publications presenting human studies and
excluded casuistic studies. For indices with <10 records, we counted all manually retrieved
records, whereas we finished counting at 10 for indices with ≥10 records.

2.3. Final Inclusion of Prognostic Indices and Publications

In the final stage, we only proceeded with prognostic indices that had at least 10 manually
retrieved publications (Table A1, right column). For these indices, we assessed the 10 newest
original research publications as well as a maximum of the 10 newest reviews regarding the
indices. The reviews were retrieved using the same search terms as depicted in Table A1 but
with restrictions to “Review” and “Systematic review” in the PubMed database. Reviews
discussing specific diseases were retrieved on 18 February 2022, whereas reviews regarding
broader patient groups were retrieved in week 10, 2023. We only included reviews in which
the index was the main topic, regardless of whether the index was evaluated for one or several
diseases or patient groups. Thus, we excluded reviews where the main topic was a disease
assessed via several prognostic indices.

2.4. Reporting of Results

For each prognostic index, we looked through the 10 newest original research pub-
lications and retrieved reviews (where possible) to deduce whether they interpreted the
PA-level results. Concerning the research publications, we focused on the abstract, intro-
duction, and discussion sections as these were most likely to contain information about
the role of PA. For reviews, we scrolled through all of the text. For all publications, we
finalized each search by retrieving all “alb” (case letter insensitive) in the pdf file to deduce
whether we had missed sentences that possibly dealt with albumin. If a publication inter-
preted the PA-level results, we further evaluated whether they reported these as markers
of inflammation, nutrition, or other conditions (e.g., liver disorders or external loss). We
differentiated between prognostic indices developed for specific diseases and prognostic
indices developed for broader patient groups.

We further categorized author affiliations as either two or more countries or a sin-
gle country (regardless of patient populations). For the latter, we recorded the authors’
continent and country affiliation.

https://pubmed.ncbi.nlm.nih.gov/
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3. Results
3.1. General Overview

From the initially retrieved 23,919 records, going back to 1957, we found the prognostic
indices shown in Table A1. Using the search strings shown in Table A1, we found 38 indices
with 10 or more publications in PubMed. In the manual assessments of the PubMed-
derived records, we found that 30 of these indices had 10 or more original research studies
in English that were not casuistic. For the remaining eight indices, alternative search
strings (not shown) were used, but these resulted in either a very low (0–2) or very high
number of records. As an example, the search string “serum creatinine to albumin ratio”
yielded 3554 records, none of which had the search string per se (PubMed: Quoted phrase
not found: “serum creatinine to albumin ratio”), and our manual assessment did not
yield relevant studies, as many assessed creatinine and albumin in urine but not in serum
or plasma.

Table A2 gives an overview of the formulas used for computing all of the prognostic
indices retrieved from our initial assessment of the initially retrieved 23,919 records. These
formulas are mainly relevant in the context of inflammation vs. nutrition. C-reactive
protein or Body Mass Index (BMI) are examples of other index parameters that are markers
of inflammation and nutrition, respectively.

3.2. Prognostic Indices That Were Further Assessed

Table 1 gives an overview of the 30 relevant prognostic indices and the diseases or
patient groups for which they have mainly been used.

We characterized 12 of these indices as covering specific disorders and 18 as covering
broader patient groups.

Table 1. Prognostic indices with at least 10 original research articles and the diseases or patient
groups noted in published studies and reviews.

Index Name (Sorted Alphabetically) Disease(s)/Patient Group(s)

Advanced Lung Cancer Inflammation Index (ALI) Various, mainly malignancies
AIMS65 Gastrointestinal bleeding

ALBI-TNM = ALBI-T Score Hepatocellular carcinoma
Albumin–Bilirubin (ALBI) Score Liver diseases

Albumin/Alkaline Phosphate Ratio (AAPR) Various, mainly malignancies
Albumin/Fibrinogen Ratio (AFR) Various

Albumin/globulin ratio Solid malignancies
Acute Physiology, Age, Chronic Health Evaluation

(APACHE) III Score Intensive care unit patients

Blood Urea Nitrogen/Albumin Ratio Various
C-reactive protein/Albumin ratio Various

Child–Pugh Score Chronic liver diseases, especially cirrhosis
COntrolling NUTritional status (CONUT) Score Various, mainly malignancies

Fibrinogen/Albumin ratio (FAR) Various
Geriatric Nutritional Risk Index Various

Glasgow Prognostic Score Malignancies, mainly solid
Gustave Roussy Immune (GRIM) Score Malignancies

Hemoglobin, Albumin, Lymphocyte, Platelet
(HALP) Score Various, mainly malignancies

International Prognostic score for advanced
Hodgkin’s disease Hodgkin’s disease

The ISRNM PEW index Chronic kidney disease
International Staging System (ISS) for multiple

myeloma Multiple myeloma

Ischemia-modified Albumin/Albumin ratio Various
Malnutrition–Inflammation Score = Kalantar Score Kidney diseases

NAFLD Fibrosis Score (NFS) Nonalcoholic fatty liver disease (NAFLD)
Naples Prognostic Score Various, mainly malignancies
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Table 1. Cont.

Index Name (Sorted Alphabetically) Disease(s)/Patient Group(s)

Neutrophil (Percentage)/Albumin Ratio (NPAR) Various
New England Spinal Metastasis Score Spinal metastases

Platelet–Albumin–Bilirubin (PALBI) grade Various, mainly liver diseases
Prognostic Nutritional Index = Onodera’s

Prognostic Nutritional Index Various

SMART-COP Pneumonia
Systemic Inflammation Score (SIS) Malignancies

3.3. Prognostic Indices Mainly Related to Specific Disorders

These 12 indices could further be grouped into the following: lung cancer (ALI), liver
disorders (ALBI-T Score, ALBI, Child–Pugh Score, NAFLD Fibrosis Score [NFS]), kidney
disorders (Protein Energy Wasting [PEW] Index, Malnutrition–Inflammation Score), specific
hematological malignancies (International Prognostic Score for Advanced Hodgkin’s Dis-
ease, International Staging System [ISS] for Multiple Myeloma), gastrointestinal bleeding
(AIMS65), pneumonia (SMART-COP), or spinal metastases (New England Spinal Metastasis
Score) (Table 1).

Most of the 177 retrieved references were recent; 161 (91.0%) were from 2017 or later,
and the oldest reference was from 2009 (Table 2).

Table 2. Prognostic indices for specific patient groups, along with interpretations of the role of plasma
albumin.

Index Name
(Sorted Alphabetically)

Original Research Articles Reviews/Systematic Reviews

Infl. 1 Nutr. 2 Misc. 3 None Infl. Nutr. Misc. None

Advanced Lung Cancer
Inflammation Index (ALI) [13–17] [14,16–20] [14] [21,22]

AIMS65 [23–32] [33] [34–40]

ALBI-TNM = ALBI-T Score [41] [41,42] [43–50] [51]

Albumin–Bilirubin (ALBI) Score [52] [53–61] [62] [63] [62,64,65] [66–71]

Child–Pugh Score [72] [72–75] [74,76–78]
[55,79,80] [81–84]

International Prognostic score for
advanced Hodgkin’s disease [85–94]

The International Society of Renal
Nutrition and Metabolism (ISRNM)
Protein Energy Wasting (PEW) Index

[95–97] [95–103] [104] [105] [105] [105]

International Staging System (ISS)
for Multiple Myeloma [106] [107–115] [116] [116] [117–125]

Malnutrition–Inflammation Score =
Kalantar Score [126,127] [126–134] [135] [136–140] [136,139,

140] [136,141]

New England Spinal Metastasis
Score [142,143] [142–144] [145–151] [152]

Nonalcoholic fatty liver disease
(NAFLD) Fibrosis Score [153] [154–162] [163,164] [165–172]

SMART-COP [173–182] [183–189]

Total: 13 29 9 83 8 5 10 43

1 Inflammation. 2 Nutrition. 3 Miscellaneous.

3.4. Prognostic Indices Mainly Related to Specific Disorders: Original Research Studies

The 12 indices were covered by 119 studies, as one study dealt with both the Child–
Pugh Score and ALBI [55] (Table 2). A total of 83 studies (69.7%) did not mention anything
about the role of PA. Eight of the nine studies that interpreted PA levels according to “mis-
cellaneous” (i.e., neither due to inflammation nor nutritional status) dealt with prognostic
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indices specifically generated for liver patients (Table 2) and all related hypoalbuminemia
to liver disorders. Among the studies that interpreted PA levels in relation to inflammation
and/or nutritional status, 3 studies interpreted PA levels according to inflammation only,
19 studies interpreted PA levels according to nutrition only, and 10 interpreted PA levels
according to both inflammation and nutrition.

3.5. Prognostic Indices Mainly Related to Specific Disorders: Reviews

For 2 indices, we did not find any reviews, whereas we found from 1 to 10 reviews for
the other 10 prognostic indices, meaning that we retrieved 58 reviews altogether (Table 2).
Forty-three reviews (74.1%) did not deal with the role of PA in the indices. Among the
remaining 15 reviews, 8 related PA to inflammation, 5 related PA to nutritional status, and
10 related PA to miscellaneous factors. Liver disorders were listed as reasons for hypoalbu-
minemia dominating among the miscellaneous factors [33,62,64,65,105,141,163,164], with
two liver disorder indices, ALBI and NFS, showing the greatest level of prevalence. The
reasons for hypoalbuminemia among the miscellaneous factors (other than liver disorders)
were acidosis [105], PA loss in dialysis [136], and nephrosis [141].

3.6. Prognostic Indices Mainly Related to Broader Patient Groups: Original Research Studies

Our sample of original research studies included 175 studies with 18 indices related
to broader patient groups (Table 1). Five studies discussed 2 of the 18 indices [190–194]
(Table 3).

Table 3. Prognostic indices for broader patient groups, along with interpretations of the role of
plasma albumin.

Index Name (Sorted
Alphabetically)

Non-Review Studies Reviews/Systematic Reviews

Infl. 1 Nutr. 2 Misc. 3 None Infl. Nutr. Misc. None

Albumin/Alkaline Phosphate Ratio
(AAPR) [195–201]

[195–
197,199–

204]

[196,197,
199,202–

204]
[205] [205]

Albumin/Fibrinogen Ratio (AFR) [206–212] [206,207,
210–215] [212,214] [216] [216]

Albumin/globulin ratio [217–222]
[217–

219,222–
224]

[219] [225,226] [227–232] [227–234]

Acute Physiology, Age, Chronic
Health Evaluation (APACHE) III

Score
[235–244] [245–249]

Blood Urea Nitrogen/Albumin Ratio [250–255] [250–257]
[251–

253,255–
257]

[258,259] [260,261]

C-reactive protein/Albumin ratio [190,191,
262–267]

[190,191,
262–265,
267,268]

[190,263,
264,267] [269] [270–275] [271–279] [270,271,

279]

COntrolling NUTritional status
(CONUT) Score

[192,193,
280,281]

[193,194,
280–286] [286] [287–295] [287–296] [288–

290,294]

Fibrinogen/Albumin ratio (FAR) [297–305] [298–301] [300,306] [307,308] [307,308]

Geriatric Nutritional Risk Index [193,309–
311]

[193,194,
309–315] [311] [316] [317,318] [317–326]

Glasgow Prognostic Score [190,191,
327–329]

[190,191,
328,330] [190] [331–334] [335–342] [335–339,

341,342] [342] [343,344]

Gustave Roussy Immune (GRIM)
Score [345] [345–347] [348–354]

Hemoglobin, ALB, Lymphocyte,
Platelet (HALP) Score [355–361]

[355,356,
358–

360,362–
364]

[365,366] [365,366] [365]
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Table 3. Cont.

Index Name (Sorted
Alphabetically)

Non-Review Studies Reviews/Systematic Reviews

Infl. 1 Nutr. 2 Misc. 3 None Infl. Nutr. Misc. None

Ischemia-modified
Albumin/Albumin ratio [367–376]

Naples Prognostic Score [377–382] [377–384] [382] [385,386]

Neutrophil (Percentage)/Albumin
ratio [387–395]

[387,391,
392,394,

396]
[387]

Platelet–Albumin–Bilirubin (PALBI)
grade [397] [398] [398–400] [43,401–

405] [406] [406]

Prognostic Nutritional Index =
Onodera’s Prognostic Nutritional

Index

[192,407–
410]

[407,408,
410–414] [415] [416–421]

[416–
418,420–

425]
[418,419]

Systemic Inflammation Score (SIS) [426–433] [426–432,
434,435] [436] [436]

Total: 93 107 39 36 46 60 13 7

1 Inflammation. 2 Nutrition. 3 Miscellaneous.

Nearly all studies were from 2022 or 2021, and the three oldest were from 2016 [373,374,376].
Thirty-six studies (20.6%) did not mention any factors that may have an impact on the

PA level, including all 10 studies with the APACHE III Score, 7 with the Gustave Roussy
Immune (GRIM) Score, 6 with the Platelet–Albumin–Bilirubin (PALBI) Grade, and 4 with
the Glasgow Prognostic Score (Table 3). Moreover, 13 studies (including all 10 studies
dealing with the Ischemia-modified Albumin/Albumin ratio) only mentioned factors
that were neither related to inflammation nor nutrition (e.g., liver disorders). Among the
remaining 126 studies, 24 (19.1%) associated the PA level with inflammation only, 37 (29.4%)
associated the PA level with nutrition only, and 65 (51.6%) associated the PA level with
both inflammation and nutrition.

Many indices were primarily used for disease entities with a common pathophysiology
(Table 4).

Among the 175 publications, 91 (52%) discussed malignancies, 19 (10.9%) discussed
infections, and the remaining 65 (37.1%) included discussions of various other disease
entities and patient groups. All 10 studies with the Gustave Roussy Immune (GRIM)
Score and the Systemic Inflammation Score dealt with malignancies, which was also the
case for 9 of the 10 studies regarding the Albumin/Alkaline Phosphate Ratio; the Glasgow
Prognostic Score; the Hemoglobin, Albumin, Lymphocyte, Platelet Score; and the Naples
Prognostic Score.

Table 4. Prognostic indices for broader patient groups (distributed according to main disease entity).

Index Name (Sorted Alphabetically)
Main Disease Entity

Malignancy Infection Other

Original
Research Review Original

Research Review Original
Research Review

Albumin/Alkaline Phosphate Ratio (AAPR) 9 0 1
Albumin/Fibrinogen Ratio (AFR) 7 2 0 0 3 0

Albumin/globulin ratio 7 7 0 1 3 0
APACHE III Score 0 0 3 0 7 5

Blood Urea Nitrogen/Albumin Ratio 1 0 5 2 4 0
C-reactive protein/Albumin ratio 3 9 3 1 4 0

COntrolling NUTritional status (CONUT) Score 4 7 0 0 6 3
Fibrinogen/Albumin ratio (FAR) 2 1 3 1 5 0
Geriatric Nutritional Risk Index 1 (1) 1 8 0 0 7 (1) 1 2
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Table 4. Cont.

Index Name (Sorted Alphabetically)
Main Disease Entity

Malignancy Infection Other

Original
Research Review Original

Research Review Original
Research Review

Glasgow Prognostic Score 7 (2) 2 10 0 0 1 0
Gustave Roussy Immune (GRIM) Score 10 0 0

Hemoglobin, ALB, Lymphocyte, Platelet (HALP)
Score 9 2 0 0 1 0

Ischemia-modified Albumin/Albumin ratio 0 1 9
Naples Prognostic Score 9 0 1

Neutrophil (Percentage)/Albumin ratio 0 2 8
Platelet–Albumin–Bilirubin (PALBI) Grade 7 1 0 0 3 0

Prognostic Nutritional Index 5 8 2 0 2 (1) 1 2
Systemic Inflammation Score (SIS) 10 1 0 0 0 0

Total: 91 (3) 3 56 19 5 65 (2) 3 12
1 One additional study was also used for the COntrolling NUTritional status (CONUT) Score. 2 Two additional
studies were also used for the C-reactive protein/Albumin ratio. 3 Studies occurring in two indices.

3.7. Prognostic Indices Mainly Related to Broader Patient Groups: Reviews

The 73 retrieved reviews featured 13 of the 18 indices, of which 5 (C-reactive pro-
tein/Albumin ratio, COntrolling NUTritional status (CONUT) Score, Geriatric Nutritional
Risk Index, Glasgow Prognostic Score, and Prognostic Nutritional Index) had at least
10 reviews (Table 3). Sixty-eight reviews (93.2%) were from 2019 or later. The four oldest
reviews (from 1991, 2000, 2008, and 2014) all dealt with the APACHE III Score.

Six reviews (8.2%) stated that inflammation only had an impact on the PA level,
20 (27.4%) only mentioned nutrition, and 40 (54.8%) mentioned both inflammation and
nutrition (Table 3). Factors other than inflammation or nutrition (e.g., liver disorders) were
mentioned in 13 reviews (17.8%), whereas 7 reviews (all the 5 on APACHE III and 2 on
Glasgow Prognostic Score) did not mention any factors that could have an impact on the
PA level.

Fifty-six reviews (76.7%) dealt with malignancies, five (6.8%) dealt with infections,
and the remaining twelve (16.4%) dealt with other diseases or patient groups (Table 4).

3.8. Authors’ Continent and Country Affiliations

Three countries (the USA, China, and Japan) accounted for 46.2% of the 119 original
research studies mainly related to specific disorders, and 15 studies (12.5%) had authors
from two or more countries (Table 5).

Among the 58 reviews, 14 (24.1%) had authors from two or more countries, 12 (20.7%)
were from the USA, 7 (12.1%) were from China, and 6 (10.3%) were from the UK; the
remaining 19 reviews had authors from 13 different countries.

Among the original research studies mainly related to broader patient groups, all
except eight had all of their authors affiliated with one country only (Table 5). Among these
167 studies, 148 (88.6%) had author affiliations in Asian countries, of which China, Japan,
and Turkey dominated with 72, 40, and 27 studies, respectively. A total of 52 reviews (71.2%)
were from authors with affiliations with institutions in China; Taiwan had six reviews
(8.2%). Four reviews were from authors from more than one country, and the remaining
eleven reviews were from eight different countries.
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Table 5. Publications on indices according to authors’ continent and country.

Continent Country

Related to
Specific Disorders

Related to
Broader Patient Groups

No. (%) of
Studies

No. (%) of
Reviews

No. (%) of
Studies

No. (%) of
Reviews

Unspecified Two or more 15 (12.6) 14 (24.1) 8 (4.6) 4 (5.5)

Africa
Egypt 4 (3.4)
Nigeria 1 (1.7)

America

Brazil 3 (2.5) 1 (1.7)
Canada 1 (0.8) 1 (1.7)
Mexico 2 (1.7)
Peru 2 (2.7)
USA 11 (9.2) 12 (20.7) 4 (2.3) 3 (4.1)

Asia

China 29 (24.4) 7 (12.1) 72 (41.1) 52 (71.2)
India 2 (1.7) 2 (1.1)
Iran 1 (1.7) 1 (0.6)
Japan 15 (12.6) 3 (5.2) 40 (22.9) 1 (1.4)
Korea 5 (4.2) 1 (1.7) 3 (1.7) 1 (1.4)
Malaysia 1 (0.8)
Saudi Arabia 1 (0.8) 1 (0.6)
Singapore 1 (0.8) 1 (1.7)
Taiwan 5 (4.2) 2 (1.1) 6 (8.2)
Thailand 2 (1.7)
Turkey 6 (5.0) 27 (15.4)
United Arab Emirates 1 (0.8)

Australia
Australia 3 (1.7)
New Zealand 1 (0.8) 1 (0.6)

Europe

Croatia 1 (0.8) 1 (0.6)
Denmark 2 (1.1)
France 3 (2.5) 2 (3.4) 1 (0.6)
Germany 1 (1.7) 1 (0.6)
Greece 1 (1.4)
Italy 5 (4.2) 4 (6.9) 4 (2.3) 1 (1.4)
Netherlands 1 (0.8) 1 (1.7)
Poland 1 (1.4)
Portugal 1 (0.8)
Romania 1 (0.8) 1 (0.6)
Spain 1 (0.8) 1 (1.7)
Sweden 1 (0.8)
Switzerland 1 (1.7)
United Kingdom 6 (10.3) 1 (0.6) 1 (1.4)

Total: 119 58 175 73

4. Discussion

Among the 425 original research articles and reviews that included discussions on
indices and PA levels, 156 (36.7%) related PA levels to inflammation, and 196 (46.1%)
related them to nutrition. For the 248 articles/reviews that discussed broader patient
groups, the equivalent metrics were 135 (54.4%) for inflammation and 162 (65.3%) for
nutrition. Some manuscripts discussed indices mainly related to specific diseases (e.g., the
Child–Pugh Score specifically designated for liver disorders), thus placing less emphasis
on inflammation and nutrition.

Many patient groups are characterized by both inflammation and malnutrition, e.g., in
patients with malignancies [437]. Because hypoalbuminemia also often characterizes such
patient groups [4], it is statistically correlated with both inflammation and malnutrition.
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Two models, one in which PA is mainly a marker of nutrition and one in which it is mainly
an inflammatory marker, are depicted in Figure 1.
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Figure 1. Pathways for hypoalbuminemia according to two hypotheses. Thin black arrow: statis-
tical association. Thick red arrow: main cause of hypoalbuminemia. Thin dashed arrow: weak
causal association between the factor (inflammation [Hypothesis I] or malnutrition [Hypothesis II])
and hypoalbuminemia.

However, PA as a nutritional marker was described as a “myth” already more than
three decades ago [438,439]. Since then, many reviews have emphasized PA as being a
negative acute-phase protein and, as a result, a marker of inflammation [5,7–10,440–443].
Moreover, nutrition guidelines from the USA and Europe have stated that the PA level is
not a valid marker of nutritional status [444–446]. Perhaps the most convincing studies
are those of PA levels in undernourished patients who have no concomitant inflammation.
A review comprising 63 studies of such patients, most with anorexia nervosa, found that
their PA levels were normal [447]. In one study, 16 anorectic patients had a mean PA level
of 40.5 g/L, and 16 healthy controls had 41.1 g/L, both of which were within normal limits
(35–50 g/L) [448]. Curiously, another five anorectic patients who were dying had much
lower mean PA levels (33.5 g/L); however, these were not ascribed to their nutritional
status but to organ failure with concomitant extravasation of the PA. Mechanisms related
to factors that determine the PA level are beyond the scope of this review, but we would
like to refer interested readers to two excellent reviews that give useful details [6,7].
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The compelling amount of evidence against the notion of the PA level being a marker
of nutrition in conjunction with the influx of recent articles that still describe the PA level
as a marker of nutrition prompted us to investigate this systematically. To delineate the
topic, indices with PA reported in at least 10 original publications were selected.

There were 289 studies and reviews (68.0%) from Asia, most of which were from China
(160/289 [55.4%]), followed by Japan (59/289 [20.4%]) and Turkey (33/289 [11.4%]). There
were no significant differences between continents or countries vs. factors related to the PA
level, although the numbers for most of the continents or countries shown in Table 5 are
too small to generate useful statistics. The reasons for why so many studies and reviews
dealing with the reported indices emanate from Asia are unknown. The authors of all of the
general reviews on albumin mentioned above were either from the USA [5,9,440,442,443],
Europe [8,10,441], or both [7]. Still, we cannot conclude why so many studies and reviews
mentioned hypoalbuminemia as a marker of nutrition.

The PA level is known to be a strong prognostic predictor regardless of patient popu-
lation or disease entity [3–5], and this is probably well-known by most clinicians. However,
according to the many studies and reviews reported here, of which most are very recent, it
seems that fewer clinicians are aware of the fact that hypoalbuminemia is not very valid
as a marker of nutrition. Specifically, we suspect that many protein drinks, which are not
cheap, are given to patients solely due to hypoalbuminemia. Whether this is beneficial for
individual patients should be assessed clinically by using factors other than the PA level.
The reviews we studied generally related the beneficial aspects of albumin supplemen-
tation to factors other than nutrition, such as immunomodulatory, anti-inflammatory, or
antioxidant properties [449]; however, whether albumin supplementation is beneficial at
all (e.g., for sepsis patients) is also hotly debated [450]. Regardless of this, it is important to
focus on inflammatory aspects in patients with hypoalbuminemia. Even in patients with
specific organ dysfunctions, such as in the kidney [105,451] or liver [452], inflammation is
often an important aspect of pathogenesis and the PA level.

This review has some limitations that need to be addressed. Firstly, this review was
written by only one author, who is biased due to his studies that also indicate an important
role for inflammation in relation to the PA level [453–460], of which only one study includes
nutritional data (the Body Mass Index) [459]. Moreover, this also implies that there was
no crosschecking of the scrutinized publications. However, if factors were overlooked or
misinterpreted in a few of the references, this probably did not change the overall results.
Secondly, the distinction between indices used for specific vs. broader patient groups is
partly arbitrary. This distinction was chosen because indices covering broader patient
groups are probably more prone to various interpretations than indices that specifically
monitor target organs such as the liver. However, indices for specific diseases have also
been used for other patient groups, e.g., the Advanced Lung Cancer Inflammation Index
(ALI) where seven of the 10 original articles in this review dealt with other malignancies
or coronary diseases. Likewise, many of the general indices have mainly assessed certain
diseases, e.g., the Naples Prognostic Score where nine of the 10 original studies comprised
malignancies. Regardless of these uncertainties, a much higher rate of studies of specific
disorders did not discuss reasons for the PA levels (68.9% vs. 20.6% in studies of broader
patient groups). Finally, it took some time to look through the PubMed data, which were
initially analyzed by skimming 23,919 titles and abstracts to find relevant indices with
PA, after which the 425 selected publications were scrutinized. During this process, more
publications with the actual indices appeared daily in PubMed. As an example, the search
string “advanced lung cancer inflammation index” yielded 54 results on 18 February 2022
(Table A1), but at the time of writing (9 June 2023), the same search string yields 90 results.
However, except for reviews of the APACHE III Score, the vast majority of this review’s
publications were not more than four years old (Tables 1 and 2). The studies and reviews
published after the ones reported here would probably have little impact on our results,
as there is no reason to believe a recent revolutionary change has occurred for a concept
discussed for more than three decades.
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5. Conclusions

Although numerous reviews and nutritional guidelines have advocated against using
the PA level as a marker of nutrition, this is still how it is interpreted in many studies
and reviews of indices commonly used with albumin. Many of these publications also
interpreted the PA level as a marker of inflammation, whereas very few reported it as a
marker of inflammation but not nutrition. This may have an impact on the prognosis of
patients with hypoalbuminemia if clinicians focus more on nutritional than inflammatory
aspects, both of which are important to assess in frail patients. Regarding nutrition, many
measures have been proposed, such as body mass index, waist/hip ratio, or body fat
content. There is no universally accepted gold standard for assessing a patient’s nutritional
status, but the PA level should not be used, solely or partly, to fill this void. In contrast, the
PA level is important in assessing the inflammatory status of a patient.

Funding: This research study received no external funding.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

Appendix A

Table A1. Indices (sorted alphabetically), search strings, and numbers of hits (retrieved from PubMed,
18 February 2022).

Index Name Search String
No. of Hits

PubMed 1 Manual 2

Advanced Lung Cancer Inflammation Index
(ALI) “advanced lung cancer inflammation index” 54 ≥10

Age, Comorbidities, and albumin (ACA) index “ACA index” 4 2

AGR-PLR Score (APS) “AGR-PLR index” 2 2

AIMS65 “AIMS65” 105 ≥10

ALBI-TNM = ALBI-T Score “ALBI-T” OR “ALBI-T score” 23 ≥10

Albumin–Bilirubin (ALBI) Score
“albumin-bilirubin score” OR
“albumin-bilirubin grade” OR
“albumin-bilirubin index” OR “ALBI”

1282 ≥10

Albumin–Globulin score (AGS) “albumin-globulin score” 7 7

Albumin–Indocyanine Green Evaluation
(ALICE) Grade

“albumin-indocyanine green evaluation grade”
OR “ALICE grade” 7 6

Albumin/Alkaline Phosphate Ratio (AAPR) “albumin to alkaline phosphate ratio” OR
“AAPR” 181 ≥10

Albumin/Fibrinogen Ratio (AFR) “albumin to fibrinogen ratio” 34 ≥10

Albumin/Gamma-Glutamyltransferase (AGR)
Ratio

“albumin to gamma-glutamyltransferase ratio”
OR “AGR ratio” 4 2

Albumin/globulin ratio “albumin to globulin ratio” 208 ≥10

Acute Physiology, Age, Chronic Health
Evaluation (APACHE) III Score “APACHE III” OR “APACHE 3” 667 ≥10

BALAD Score “BALAD score” 5 5

BALAD-2 Score “BALAD-2” 9 9

Blood Urea Nitrogen/Albumin Ratio “blood urea nitrogen to albumin ratio” OR
“BUN to albumin ratio” 298 ≥10
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Table A1. Cont.

Index Name Search String
No. of Hits

PubMed 1 Manual 2

C-reactive protein/albumin ratio “C-reactive protein to albumin ratio” OR “CRP
to albumin ratio” 240 ≥10

Child–Pugh Score “child-pugh score” 2214 ≥10

Cirrhosis acute gastrointestinal bleeding
(CAGIB) score “CAGIB score” 2 2

COntrolling NUTritional status (CONUT)
Score

“controlling nutritional status score” OR
“CONUT score” 363 ≥10

Creatinine/albumin ratio “serum creatinine” AND “albumin” AND
“ratio” 1365 1

DCTA scoring system “DCTA scoring system” 4 1

Expanded A-drop score “expanded A-drop score” 11 1

EZ-ALBI score “EZ-ALBI score” 2 2

Fibrinogen/albumin ratio (FAR) “fibrinogen to albumin ratio” 63 ≥10

Gamma-Glutamyltransferase/albumin ratio “gamma-glutamyltransferase to albumin ratio” 1 1

Geriatric Nutritional Risk Index “geriatric nutritional risk index” 481 ≥10

Glasgow multifactor prognostic scoring
systems

“glasgow multifactor prognostic scoring
system” 2 2

Glasgow Prognostic Score “glasgow prognostic score” 932 ≥10

Gustave Roussy Immune (GRIM) Score “gustave roussy immune score” OR “GRIM
score” 12 ≥10

Hemoglobin albumin Lymphocytes
Neutrophils (HLAN) Score

“hemoglobin albumin lymphocytes
neutrophils score” OR “HLAN score” 66 1

Hemoglobin, albumin, Lymphocyte, Platelet
(HALP) Score

“hemoglobin albumin lymphocyte platelet
score” OR “HALP score” 61 ≥10

Inflammatory Prognostic Index (IPI) “inflammatory prognostic index” 5 4

The Instrumental Activities of Daily Living
(IADL) Scale and the ACA Index

“instrumental activities of daily living scale
and the ACA index” OR (“IADL” AND “ACA
index”)

1 1

International Normalized Ratio/albumin Ratio
(PTAR)

“international normalized ratio to albumin
Ratio” OR “PTAR” 36 4

International Prognostic score for advanced
Hodgkin’s disease

“international prognostic score” AND
“Hodgkin” 163 ≥10

The International Society of Renal Nutrition
and Metabolism (ISRNM) protein energy
wasting (PEW) index

“international society of renal nutrition and
metabolism protein energy wasting index” OR
(“ISRNM” AND “PEW”)

32 ≥10

International Staging System (ISS) for multiple
myeloma

“international staging system” AND
“myeloma” 621 ≥10

Ischemia-modified albumin/albumin ratio “ischemia modified albumin to albumin ratio” 103 ≥10

Lactate dehydrogenase/albumin ratio “lactate dehydrogenase to albumin ratio” OR
“LDH to albumin ratio” 9 9

Lactate/albumin ratio “lactate to albumin ratio” 3 3

LANR “LANR” 24 1

Malnutrition–Inflammation Score = Kalantar
Score

“malnutrition-inflammation score” OR
“kalantar score” 235 ≥10
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Table A1. Cont.

Index Name Search String
No. of Hits

PubMed 1 Manual 2

Memorial Sloan Kettering Prognostic Score
(MPS) “memorial sloan kettering prognostic score” 2 2

Nonalcoholic fatty liver disease (NAFLD)
Fibrosis Score “NAFLD fibrosis score” 440 ≥10

Naples Prognostic Score “naples prognostic score” 21 ≥10

Neutrophil Percentage/albumin Ratio (NPAR)
3 “neutrophil percentage to albumin ratio” 12 ≥10

Neutrophil/albumin ratio 3 “neutrophil to albumin ratio” 12 ≥10

New England Spinal Metastasis Score “new england spinal metastasis score” 14 ≥10

NOBLADS “NOBLADS” 8 8

Nutritional and inflammatory status (NIS)
ratio “NIS ratio” 3 1

Platelet–albumin–Bilirubin (PALBI) grade ”platelet albumin bilirubin grade” OR ”PALBI
grade” 21 ≥10

Prognostic Inflammation Score (PIS) “prognostic inflammation score” 3 2

Prognostic Inflammatory Nutritional Index
(PINI) “prognostic inflammatory nutritional index” 2 1

Prognostic Nutritional Index = Onodera’s
Prognostic Nutritional Index “prognostic nutritional index” 1141 ≥10

Red cell distribution width/albumin ratio “red cell distribution width albumin ratio” OR
“RDW albumin ratio” 242 8

SMART-COP “SMART-COP” 48 ≥10

Systemic Inflammation Score (SIS) “systemic inflammation score” 52 ≥10

SWOG Stage “SWOG” AND albumin 12 4
1 Number of hits retrieved in PubMed (https://pubmed.ncbi.nlm.nih.gov/?otool=idkvouhlib, accessed on
18 February 2022). 2 Number of English-language publications (excluding casuistic studies) (0–9, ≥10) found
relevant for the index by manually looking through the results retrieved via PubMed (sorted by and retrieved from
the newest publications). 3 Through analyzing the studies and reviews, it was revealed that the terms “Neutrophil
Percentage to albumin Ratio” and “Neutrophil to albumin Ratio” were used interchangeably; therefore, the
two terms have been merged in this article.

Table A2. Indices that incorporate serum or plasma albumin and their computation (index name
sorted alphabetically). All biochemistry parameters refer to levels in blood, serum, or plasma.

Index Name Computation References

Advanced Lung Cancer
Inflammation Index (ALI) [BMI (kg/m2) × ALB (g/dL)]/NLR [461]

Age, Comorbidities, and ALB
(ACA) index

1 point for each of:
Age > 75 years; ALB < 3.7 g/dL; Charlson Comorbidity Index Score ≥ 3 [462,463]

AGR-PLR Score (APS)

AGR = ALB (g/L)/globulins (g/L)
PLR = Platelet/Lymphocyte Ratio
APS score 0: PLR ≤ 132 and AGR > 1.75; score 1: PLR > 132 or AGR ≤
1.75; score 2: PLR > 132 and AGR ≤ 1.75

[464]

AIMS65
1 point for each of:
ALB < 3.0 mg/dL; INR > 1.5; Altered mental status; Systolic blood
pressure < 90 mm Hg; Age > 65 years

[465]

https://pubmed.ncbi.nlm.nih.gov/?otool=idkvouhlib
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Index Name Computation References

ALBI-TNM = ALBI-T Score

ALBI grade + TNM stage of LCSGJ – 2
ALBI grade: See “ALB-Bilirubin (ALBI) Score”
TNM stage of Liver Cancer Study Group of Japan (LCSGJ):
Stage I: T1N0M0; Stage II: T2N0M0; Stage III: T3N0M0; Stage IVa:
T4N0M0, or any TN1M0; Stage IVb: Any TN0-N1M1

[50]

ALB-Bilirubin (ALBI) Score (log10 [bilirubin (µmol/L)] × 0.66) + (ALB (g/L) × [−0.085]) [466]

ALB-Globulin score (AGS) 1 Score 0: ALB > 35 g/L and globulin ≤ 35 g/L; Score 1: ALB ≤ 35 g/L or
globulin > 35 g/L; Score 2: ALB ≤ 35 g/L and globulin > 35 g/L [467]

ALB-Indocyanine Green
Evaluation (ALICE) Grade

0.663 × log10 [ICG R15 (%)] − 0.0718 × ALB (g/L)
ICG R15 (%) = retention rate of Indocyanine Green, 15 min after its
infusion

[468,469]

ALB/Alkaline Phosphate Ratio
(AAPR) ALB (g/L)/Alkaline phosphatase (IU/L) [201]

ALB/Fibrinogen Ratio (AFR) ALB (g/L)/Fibrinogen (g/L) [470]

ALB/Gamma-
Glutamyltransferase (AGR)
Ratio

ALB (g/L)/Gamma-Glutamyltransferase (IU/L) [471]

ALB/globulin ratio ALB (g/dL)/[Total protein (g/dL) − ALB (g/dL)] [472]

Acute Physiology, Age, Chronic
Health Evaluation (APACHE) III
Score

ALB:
11 points: ≤19 g/L; 6 points: 20–24 g/L; 0 points: 25–44 g/L; 4 points:
≥45 g/L
+ numerous other parameters (APACHE III Score, range 0–299)

[2]

BALAD Score

Bilirubin (mg/dL)/ALB (g/dL) score:
0 points: <1.0/>3.5; 1 point: 1.0–2.0/2.8–3.5; 2 points: >2.0/<2.8
Scores for elevated tumor markers, 1 point for each of the:
α-Fetoprotein > 400 ng/mL; α-Fetoprotein-L3 > 15% (of α-Fetoprotein);
Des-υ-Carboxyprothrombin > 100 mAU/mL
BALAD Score:
Bilirubin/ALB score + scores for elevated tumor markers

[473]

BALAD-2 Score

BALAD-2 Score = 0.02 × (α-Fetoprotein − 2.57) + 0.012 ×
(α-Fetoprotein-L3 − 14.19) + 0.19 × (ln [Des-υ-Carboxyprothrombin] −
1.93) + 0.17 × (Bilirubin1/2 − 4.50) − 0.09 × (ALB − 35.11)
Units: α-Fetoprotein (1000× ng/mL); α-Fetoprotein-L3 (% of
α–Fetoprotein); Des-υ-Carboxyprothrombin (1000× ng/mL); Bilirubin
(µmol/L); ALB (g/L)

[474,475]

Blood Urea Nitrogen/ALB Ratio Blood urea nitrogen (mg/dL)/ALB (g/dL) [251]

C-reactive protein/ALB ratio C-reactive protein (mg/L)/ALB (g/L) [476]

Child–Pugh Score

1, 2, 3 points, respectively, for each of:
Total bilirubin: <2, 2–3, >3 mg/dL; ALB: >3.5, 2.8–3.5, <2.8 g/dL;
INR: <1.7, 1.7–2.2, >2.2; Ascites: Absent, Slight, Moderate;
Encephalopathy: None, Grade 1–2, Grade 3–4

[477]

Cirrhosis acute gastrointestinal
bleeding (CAGIB) score

Diabetes (yes = 1, no = 0) × 1.040 + Hepatocellular carcinoma (yes = 1, no
= 0) × 0.974 + Bilirubin (µmol/L) × 0.005 − ALB (g/L) × 0.091 + Alanine
aminotransferase (IU/L) × 0.001 + Serum creatinine (µmol/L) × 0.012 −
3.964

[478]

COntrolling NUTritional status
(CONUT) Score

ALB, g/dL (points): 3.5–4.5 (0), 3.0–3.49 (2), 2.5–2.9 (4), <2.5 (6)
Lymphocytes/mL (points): >1600 (0), 1200–1599 (1), 800–1199 (2), <800 (3)
Cholesterol, mg/dL (points): >180 (0), 140–180 (1), 100–139 (2), <100 (3)

[479]

Creatinine/ALB ratio Creatinine (µmol/L)/ALB (g/L) [480]
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DCTA scoring
system

1 point for each of:
D-dimer > 0.63 mg/L; Cholesterol ≤ 3.68 mmol/L; ALB ≤ 34 g/L; High
sensitivity cardiac troponin T > 24.06 pg/mL

[481]

Expanded A-drop score

1 point for each of:
Age ≥ 70 years (male) or ≥75 years (female); Blood urea nitrogen ≥ 21
mg/dL or dehydration; Oxygen tension ≤ 90% (PaO2 ≤ 60 mmHg);
Confusion; Systolic blood pressure ≤ 90 mmHg; Malignancy; Heart rate
≥ 100/min; ALB ≤ 3.09 g/dL; Lactate > 1.7 mmol/L; N-terminal
pro-brain natriuretic peptide > 500 pg/mL

[482]

EZ-ALBI score Total bilirubin (mg/dL) − 9 × ALB (g/dL) [483]

Fibrinogen/ALB ratio (FAR) Fibrinogen (mg/dL)/ALB (g/dL) [484]

Gamma-
Glutamyltransferase/ALB
ratio

Gamma-Glutamyltransferase (IU/L)/ALB (g/L) [485]

Geriatric Nutritional Risk Index

(1.489 × ALB [g/dL]) + (41.7 × [body weight/ideal body weight])
Lorentz-formula, for calculating the ideal body-weight (w) of a subject:
For men: w = (height [cm] − 100) − ((height − 150)/4)
For women: w = (height − 100) − ((height − 150)/2.5)

[486]

Glasgow multifactor prognostic
scoring systems

In all three systems [487–489], 1 point for each of:
Neutrophils (>15 × 109/L); Blood glucose (>10 mmol/L); Serum urea
(>16 mmol/L); Arterial oxygen saturation (<8 kPa); Serum calcium (<2
mmol/L); ALB (<32 g/L); Serum lactate dehydrogenase (>600 units/L)
In [487,489]: 1 point for age > 55 years
In [487] and [488]: 1 point for serum transaminase >100 and >200 units/L,
respectively

[487–490]

Glasgow Prognostic Score 2
0 points: C-Reactive protein (CRP) ≥ 10 mg/L and ALB ≥ 35g/L
1 point: CRP > 10 mg/L or ALB < 35 g/L
2 points: CRP > 10 mg/L and ALB < 35 g/L

[491,492]

Gustave Roussy Immune (GRIM)
Score

1 point for each of:
Lactate dehydrogenase > upper limit normal; ALB < 35 g/L; NLR > 6 [354]

Hemoglobin ALB Lymphocytes
Neutrophils (HLAN) Score

(Hemoglobin [g/L] × Lymphocytes [/L] × ALB [g/L])/Neutrophils
(/L)/100 [493]

Hemoglobin, ALB, Lymphocyte,
Platelet (HALP) Score

(Hemoglobin [g/L] × ALB [g/L] × Lymphocyte [/L])/Thrombocytes
(/L). [364]

Inflammatory Prognostic Index
(IPI) (C-reactive protein (mg/L) × NLR)/ALB (g/L) [494]

The Instrumental Activities of
Daily Living (IADL) Scale and the
ACA Index

IADL scores of 6 to 7 and ACA score 1: 1 point
IADL scores ≤ 5 and ACA scores 2 or 3: 2 points
IADL ACA (IACA) Index:
Score 0 = low risk; Score 1–2 = intermediate risk; Score 3–4 = high risk
ACA Score: See “Age, Comorbidities, and ALB (ACA) index” in this table

[495,496]

International Normalized
Ratio/ALB Ratio (PTAR) INR/ALB (g/dL) [497]

International Prognostic score for
advanced Hodgkin’s disease

1 point for each of:
ALB < 4 g/dL; Hemoglobin < 10.5 g/dL; Male sex; Stage IV disease; Age
≥ 45 years; Neutrophils ≥ 15,000/mm3; Lymphocytes < 600/mm3, or
<8% of neutrophil count

[498]

The International Society of Renal
Nutrition and Metabolism
(ISRNM) protein energy wasting
(PEW) index

1 point for each of:
ALB < 38 g/L; BMI ≤ 23 kg/m2; Serum creatinine ≤ 818 µmol/L; Protein
intake assessed by the normalized protein catabolic rate ≤ 0.8 g/kg/day

[499]
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International Staging System (ISS)
for multiple myeloma

Stage I: Serum beta2-microglobulin < 3.5 mg/L and ALB ≥ 3.5 g/dL;
Stage II: neither stage I nor III; Stage III: Serum beta2-microglobulin ≥ 5.5
mg/L.
Two categories for stage II: Serum beta2-microglobulin < 3.5 mg/L/ALB <
3.5 g/dL; Serum beta2-microglobulin 3.5 to <5.5 mg/L, irrespective of the
ALB level

[500]

Ischemia-modified ALB/ ALB
ratio Ischemia-modified ALB (Absorbance units [ABSU])/ALB (g/dL) [376]

Lactate dehydrogenase/ALB ratio Lactate dehydrogenase (IU/L)/ALB (g/dL) [501]

Lactate/ALB ratio Lactate (mmol/L)/ALB (g/dL) [502]

LANR [Lymphocytes (109/L) × ALB (g/L)]/neutrophils (109/L) [503]

Malnutrition–Inflammation Score
= Kalantar Score

Three factors were amended to the Subjective Global Assessment (SGA),
with its seven factors (each of 0–3 points), thus rendering 0–30 points for
the Malnutrition–Inflammation Score:
BMI (kg/m2): 0 points: ≥20; 1 point: 18–19.99; 2 points: 16–17.99; 3 points:
<16
ALB (g/dL): 0 points: ≥4.0; 1 point: 3.5–3.9; 2 points: 3.0–3.4; 3 points:
<3.0
Total iron binding capacity (mg/dL): 0 points: <250; 1 point: 200–249; 2
points: 150–199; 3 points: <150 (Suggested equivalent increments for
serum transferrin are >200, 170–199, 140–169, <140 mg/dL, respectively)

[504]

Memorial Sloan Kettering
Prognostic Score (MPS)

0 points: ALB ≥ 4 g/dL and NLR ≤4; 1 point: ALB < 4 g/dL or NLR >4; 2
points: ALB <4 g/dL and NLR >4 [505]

Nonalcoholic fatty liver disease
(NAFLD) Fibrosis Score

−1.675 + 0.037 × Age (years) + 0.094 × BMI (kg/m2) + 1.13 × (impaired
fasting glucose)/diabetes (yes = 1, no = 0) + 0.99 ×
Aspartattransaminase/Alaninaminotransferase ratio − 0.013 ×
Thrombocytes (109/L) − 0.66 × ALB (g/dL)

[506]

Naples Prognostic Score
1 point for each of:
ALB < 4 g/dL; Cholesterol ≤ 180 mg/dL; NLR > 2.96;
Lymphocyte/Monocyte Ratio ≤ 4.44

[507]

Neutrophil (Percentage)/ALB
Ratio
(NPAR) 3

Neutrophil percentage (X% recorded as X)/ALB (g/L)
Or
Neutrophils (109/L)/ALB (g/dL)

[508,509]

New England Spinal Metastasis
Score

Modified Bauer Score = 0 or 1 point if ≤2 or ≥3, respectively, of the
following criteria: no visceral metastases; primary tumor is not lung
cancer; primary tumor is breast, renal, lymphoma, or myeloma; single
skeleton metastasis
1 point for each of: independent ambulatory function; ALB ≥ 3.5 g/dL

[150,510]

NOBLADS

1 point for each of:
Non-steroid anti-inflammatory drugs; no diarrhea; no abdominal
tenderness; systolic blood pressure ≤ 100 mm Hg; antiplatelet drugs
(non-aspirin); ALB < 3.0 g/dL; Charlson Comorbidity Index Score ≥ 2;
syncope

[463,511]

Nutritional and inflammatory
status (NIS) ratio

(C-reactive protein [mg/L] × alpha-1 acid glycoprotein [mg/L])/(ALB
[g/L] × pre-ALB [mg/L]) [512]

Platelet-ALB-Bilirubin (PALBI)
grade

2.02 × log10(bilirubin) (µmol/L) − 0.37 × [log10(bilirubin)]2 − 0.04 ×
ALB (g/L) − 3.48 × log10(Thrombocytes) + 1.01 × log10(Thrombocytes)

[399]

Prognostic Inflammation Score
(PIS) 4

0 point: ALB: >40 g/L and NLR ≤ 3.43; 1 point: ALB: ≤40 g/L or NLR >
3.43; 2 points: ALB: ≤40 g/L and NLR > 3.43 [513]

Prognostic Inflammatory
Nutritional Index (PINI)

(alpha-1-acid glycoprotein [mg/L] + C-reactive protein [mg/L])/(ALB
[g/dL] + pre-ALB [mg/L]) [514]
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Prognostic Nutritional Index =
Onodera’s Prognostic Nutritional
Index 5

ALB (g/L) + 5 × Lymphocytes (109/L) [515,516]

Red cell distribution width/ALB
ratio Red cell distribution width (%)/ALB (g/dL) [517]

SMART-COP (systolic blood
pressure, multilobar chest
radiography involvement,
albumin level, respiratory rate,
tachycardia, confusion,
oxygenation, and arterial pH)

1 point for each of:
Multiple lung lobes involvement on chest X-ray; ALB < 3.5 g/dL;
Respiratory rate > 30 N/min; heart rate > 125 beats/min; confusion (acute)
2 points for each of:
Systolic blood pressure < 90 mmHg; Oxygen saturation < 90%); potential
pH < 7.35

[518]

Systemic Inflammation Score (SIS)
6

Score 0: ALB ≥ 4.0 g/dL and Lymphocyte/Monocyte Ratio ≥ 4.44; Score
1: ALB < 4.0 g/dL or Lymphocyte/Monocyte Ratio < 4.44; Score 2: ALB <
4.0 g/dL and Lymphocyte/Monocyte Ratio < 4.44

[519]

SWOG Stage

Stage1: Serum ß2 microglobulin < 2.5 mg/L; Stage 2: 2.5 ≤ Serum ß2
microglobulin < 5.5 mg/L; Stage 3: Serum ß2 microglobulin ≥ 5.5 mg/L
and ALB ≥ 30 g/L; Stage 4: Serum ß2 microglobulin ≥ 5.5 mg/L and
ALB <30 g/L

[520]

ALB = albumin; BMI = body mass index; INR = International normalized Ratio; NLR = neutrophil to lymphocyte
ratio. 1 Other cut-off levels are also reported for AGS [521]. 2 In the Modified Glasgow Prognostic Score, 1
point for ALB < 35 g/L and C-reactive protein < 10 mg/L is omitted [491]. 3 The terms ”Neutrohil to ALB
ratio” and “Neutrophil percentage to ALB ratio” are used interchangeably, and the same applies to the way they
are computed (either as a number or as a percentage of neutrophils). Consequently, the two terms have been
merged in this article. 4 There is also a score designated to the Prognostic Inflammation Score (PIS), which does
not incorporate ALB [522]. 5 The Prognostic nutritional index (PNI), initially reported by [523], was previously
calculated differently, but Onodera et al. [516] developed the present index in 1984 [422]. 6 Other cut-off levels are
reported; e.g., for the Modified Systemic Inflammation score (mSIS) [524] or the Adapted Systemic Inflammation
Score (aSIS) [435].
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Melflufen or pomalidomide plus dexamethasone for patients with multiple myeloma refractory to lenalidomide (OCEAN): A
randomised, head-to-head, open-label, phase 3 study. Lancet Haematol. 2022, 9, e98–e110. [CrossRef]

111. Kaddoura, M.; Binder, M.; Dingli, D.; Buadi, F.K.; Lacy, M.Q.; Gertz, M.A.; Dispenzieri, A.; Kapoor, P.; Hwa, L.; Fonder, A.; et al.
Impact of achieving a complete response to initial therapy of multiple myeloma and predictors of subsequent outcome. Am. J.
Hematol. 2022, 97, 267–273. [CrossRef]

112. Shang, Y.; Jin, Y.; Liu, H.; Ding, L.; Tong, X.; Tu, H.; Zang, L.; Lin, C.; Hu, J.; Zhou, F. Evaluation of prognostic staging systems of
multiple myeloma in the era of novel agents. Hematol. Oncol. 2022, 40, 212–222. [CrossRef] [PubMed]

113. Liu, Z.; Zhang, L.; Liu, M.; Wang, F.; Xiong, Y.; Tang, Z.; Li, Q.; Lu, Q.; Liang, S.; Niu, T.; et al. Myocardial Injury in Multiple
Myeloma Patients with Preserved Left Ventricular Ejection Fraction: Noninvasive Left Ventricular Pressure-Strain Myocardial
Work. Front. Cardiovasc. Med. 2021, 8, 782580. [CrossRef] [PubMed]

114. Li, Y.; Liu, Y.; Yin, P.; Hao, C.; Sun, C.; Chen, L.; Wang, S.; Hong, N. MRI-Based Bone Marrow Radiomics Nomogram for Prediction
of Overall Survival in Patients with Multiple Myeloma. Front. Oncol. 2021, 11, 709813. [CrossRef]

115. Gay, F.; Musto, P.; Rota-Scalabrini, D.; Bertamini, L.; Belotti, A.; Galli, M.; Offidani, M.; Zamagni, E.; Ledda, A.; Grasso, M.; et al.
Carfilzomib with cyclophosphamide and dexamethasone or lenalidomide and dexamethasone plus autologous transplantation or
carfilzomib plus lenalidomide and dexamethasone, followed by maintenance with carfilzomib plus lenalidomide or lenalidomide
alone for patients with newly diagnosed multiple myeloma (FORTE): A randomised, open-label, phase 2 trial. Lancet Oncol. 2021,
22, 1705–1720. [CrossRef] [PubMed]

116. Bataille, R.; Annweiler, C.; Beauchet, O. Multiple myeloma international staging system: “staging” or simply “aging” system?
Clin. Lymphoma Myeloma Leuk. 2013, 13, 635–637. [CrossRef]

117. Cowan, A.J.; Green, D.J.; Kwok, M.; Lee, S.; Coffey, D.G.; Holmberg, L.A.; Tuazon, S.; Gopal, A.K.; Libby, E.N. Diagnosis and
Management of Multiple Myeloma: A Review. JAMA 2022, 327, 464–477. [CrossRef]

118. Bonello, F.; Cani, L.; D’Agostino, M. Risk Stratification Before and During Treatment in Newly Diagnosed Multiple Myeloma:
From Clinical Trials to the Real-World Setting. Front. Oncol. 2022, 12, 830922. [CrossRef]

119. Padala, S.A.; Barsouk, A.; Barsouk, A.; Rawla, P.; Vakiti, A.; Kolhe, R.; Kota, V.; Ajebo, G.H. Epidemiology, Staging, and
Management of Multiple Myeloma. Med. Sci. 2021, 9, 3. [CrossRef]

120. Costa, L.J.; Usmani, S.Z. Defining and Managing High-Risk Multiple Myeloma: Current Concepts. J. Natl. Compr. Canc. Netw.
2020, 18, 1730–1737. [CrossRef]

121. Lancman, G.; Tremblay, D.; Barley, K.; Barlogie, B.; Cho, H.J.; Jagannath, S.; Madduri, D.; Moshier, E.; Parekh, S.; Chari, A. The
effect of novel therapies in high-molecular-risk multiple myeloma. Clin. Adv. Hematol. Oncol. 2017, 15, 870–879.

122. Ooi, M.G.; de Mel, S.; Chng, W.J. Risk Stratification in Multiple Myeloma. Curr. Hematol. Malig. Rep. 2016, 11, 137–147. [CrossRef]
[PubMed]

123. Landgren, O.; Morgan, G.J. Biologic frontiers in multiple myeloma: From biomarker identification to clinical practice. Clin. Cancer
Res. 2014, 20, 804–813. [CrossRef] [PubMed]

124. Biran, N.; Jagannath, S.; Chari, A. Risk stratification in multiple myeloma, part 1: Characterization of high-risk disease. Clin. Adv.
Hematol. Oncol. 2013, 11, 489–503.

125. Kyrtsonis, M.C.; Maltezas, D.; Tzenou, T.; Koulieris, E.; Bradwell, A.R. Staging systems and prognostic factors as a guide to
therapeutic decisions in multiple myeloma. Semin. Hematol. 2009, 46, 110–117. [CrossRef] [PubMed]

126. Sahathevan, S.; Karupaiah, T.; Khor, B.H.; Sadu Singh, B.K.; Mat Daud, Z.A.; Fiaccadori, E.; Sabatino, A.; Chinna, K.; Abdul Gafor,
A.H.; Bavanandan, S.; et al. Muscle Status Response to Oral Nutritional Supplementation in Hemodialysis Patients with Protein
Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial. Front. Nutr. 2021, 8, 743324. [CrossRef] [PubMed]

127. Ng, H.M.; Khor, B.H.; Sahathevan, S.; Sualeheen, A.; Chinna, K.; Gafor, A.H.A.; Goh, B.L.; Ahmad, G.; Morad, Z.;
Daud, Z.A.M.; et al. Is malnutrition a determining factor of health-related quality of life in hemodialysis patients? A cross-
sectional design examining relationships with a comprehensive assessment of nutritional status. Qual. Life Res. 2022,
31, 1441–1459. [CrossRef]

128. Xavier, J.S.; de Góes, C.R.; Costa Borges, M.C.; Caramori, J.C.T.; Vogt, B.P. Handgrip strength thresholds are associated with
malnutrition inflammation score (MIS) in maintenance hemodialysis patients. J. Ren. Nutr. 2022, 32, 739–743. [CrossRef]

https://doi.org/10.1007/s12325-021-02022-z
https://doi.org/10.1007/s00277-021-04710-w
https://www.ncbi.nlm.nih.gov/pubmed/34989828
https://doi.org/10.1038/s41408-021-00576-3
https://doi.org/10.1016/j.jtct.2021.10.022
https://doi.org/10.1016/S2352-3026(21)00381-1
https://doi.org/10.1002/ajh.26439
https://doi.org/10.1002/hon.2955
https://www.ncbi.nlm.nih.gov/pubmed/34860428
https://doi.org/10.3389/fcvm.2021.782580
https://www.ncbi.nlm.nih.gov/pubmed/35127857
https://doi.org/10.3389/fonc.2021.709813
https://doi.org/10.1016/s1470-2045(21)00535-0
https://www.ncbi.nlm.nih.gov/pubmed/34774221
https://doi.org/10.1016/j.clml.2013.07.003
https://doi.org/10.1001/jama.2022.0003
https://doi.org/10.3389/fonc.2022.830922
https://doi.org/10.3390/medsci9010003
https://doi.org/10.6004/jnccn.2020.7673
https://doi.org/10.1007/s11899-016-0307-4
https://www.ncbi.nlm.nih.gov/pubmed/26883334
https://doi.org/10.1158/1078-0432.CCR-13-2159
https://www.ncbi.nlm.nih.gov/pubmed/24270684
https://doi.org/10.1053/j.seminhematol.2009.02.004
https://www.ncbi.nlm.nih.gov/pubmed/19389494
https://doi.org/10.3389/fnut.2021.743324
https://www.ncbi.nlm.nih.gov/pubmed/34977109
https://doi.org/10.1007/s11136-021-03018-6
https://doi.org/10.1053/j.jrn.2022.01.014


J. Clin. Med. 2023, 12, 6132 23 of 39

129. Sualeheen, A.; Khor, B.H.; Balasubramaniam, G.V.; Sahathevan, S.; Chinna, K.; Mat Daud, Z.A.; Khosla, P.; Abdul Gafor,
A.H.; Karupaiah, T. Benchmarking Diet Quality to Assess Nutritional Risk in Hemodialysis Patients: Applying Adequacy and
Moderation Metrics of the Hemodialysis-Healthy Eating Index. J. Ren. Nutr. 2022, 32, 726–738. [CrossRef]

130. Sá Martins, V.; Adragão, T.; Aguiar, L.; Pinto, I.; Dias, C.; Figueiredo, R.; Lourenço, P.; Pascoal, T.; Pereira, J.; Pinheiro, T.; et al.
Prognostic Value of the Malnutrition-inflammation Score in Hospitalization and Mortality on Long-term Hemodialysis. J. Ren.
Nutr. 2022, 32, 569–577. [CrossRef]

131. Torreggiani, M.; Fois, A.; Moio, M.R.; Chatrenet, A.; Mazé, B.; Lippi, F.; Vigreux, J.; Beaumont, C.; Santagati, G.; Paulin, N.; et al.
Spontaneously Low Protein Intake in Elderly CKD Patients: Myth or Reality? Analysis of Baseline Protein Intake in a Large
Cohort of Patients with Advanced CKD. Nutrients 2021, 13, 4371. [CrossRef]

132. López-Cisneros, S.; González-Ortiz, A.; Ramos-Acevedo, S.; Espinosa-Cuevas, A. Is there a relationship between oral hygiene and
nutritional status in peritoneal dialysis patients? Nutr. Hosp. 2021, 39, 355–364. [CrossRef]

133. Chen, J.; Li, Z.; Zhang, H.; Hu, J.; Wang, J.; Zhou, H.; Liu, Y.; Liu, J.; Yi, B.; Zhang, W. A Prospective, Self-Controlled Pilot Study of
the Efficacy of Roxadustat for Erythropoietin Hyporesponsiveness in Patients Requiring Chronic Ambulatory Peritoneal Dialysis.
J. Ren. Nutr. 2022, 32, 595–604. [CrossRef]

134. Chan, G.C.; Ng, J.K.; Chow, K.M.; Kwong, V.W.; Pang, W.F.; Cheng, P.M.; Law, M.C.; Leung, C.B.; Li, P.K.; Szeto, C.C. Impact of
frailty and its inter-relationship with lean tissue wasting and malnutrition on kidney transplant waitlist candidacy and delisting.
Clin. Nutr. 2021, 40, 5620–5629. [CrossRef] [PubMed]

135. Jatupornpoonsub, T.; Thimachai, P.; Supasyndh, O.; Wongsawat, Y. EEG Delta/Theta Ratio and Microstate Analysis Originating
Novel Biomarkers for Malnutrition-Inflammation Complex Syndrome in ESRD Patients. Front. Hum. Neurosci. 2021, 15, 795237.
[CrossRef] [PubMed]

136. Torreggiani, M.; Fois, A.; Njandjo, L.; Longhitano, E.; Chatrenet, A.; Esposito, C.; Fessi, H.; Piccoli, G.B. Toward an individualized
determination of dialysis adequacy: A narrative review with special emphasis on incremental hemodialysis. Expert Rev. Mol.
Diagn. 2021, 21, 1119–1137. [CrossRef] [PubMed]

137. Zsom, L.; Zsom, M.; Abdul Salim, S.; Fülöp, T. Subjective global assessment of nutrition, dialysis quality, and the theory of the
scientific method in Nephrology practice. Art. Organs 2020, 44, 1021–1030. [CrossRef]

138. Hanna, R.M.; Ghobry, L.; Wassef, O.; Rhee, C.M.; Kalantar-Zadeh, K. A Practical Approach to Nutrition, Protein-Energy Wasting,
Sarcopenia, and Cachexia in Patients with Chronic Kidney Disease. Blood Purif. 2020, 49, 202–211. [CrossRef] [PubMed]

139. Rodrigues, J.; Cuppari, L.; Campbell, K.L.; Avesani, C.M. Nutritional assessment of elderly patients on dialysis: Pitfalls and
potentials for practice. Nephrol. Dial. Transplant. 2017, 32, 1780–1789. [CrossRef]

140. Obi, Y.; Qader, H.; Kovesdy, C.P.; Kalantar-Zadeh, K. Latest consensus and update on protein-energy wasting in chronic kidney
disease. Curr. Opin. Clin. Nutr. Metab. Care 2015, 18, 254–262. [CrossRef]

141. Riella, M.C. Nutritional evaluation of patients receiving dialysis for the management of protein-energy wasting: What is old and
what is new? J. Ren. Nutr. 2013, 23, 195–198. [CrossRef]

142. Zhao, C.; Wang, Y.; Cai, X.; Xu, W.; Wang, D.; Wang, T.; Jia, Q.; Gong, H.; Sun, H.; Wu, Z.; et al. Prognostic Significance of a Novel
Score Model Based on Preoperative Indicators in Patients with Breast Cancer Spine Metastases (BCSM). Cancer Manag. Res. 2020,
12, 11501–11513. [CrossRef] [PubMed]

143. Massaad, E.; Hadzipasic, M.; Alvarez-Breckenridge, C.; Kiapour, A.; Fatima, N.; Schwab, J.H.; Saylor, P.; Oh, K.; Schoenfeld, A.J.;
Shankar, G.M.; et al. Predicting tumor-specific survival in patients with spinal metastatic renal cell carcinoma: Which scoring
system is most accurate? J. Neurosurg. Spine 2020, 33, 529–539. [CrossRef] [PubMed]

144. Cook, W.H.; Baker, J.F. Retrospective evaluation of prognostic factors in metastatic spine disease: Serum albumin and primary
tumour type are key. ANZ J. Surg. 2020, 90, 1070–1074. [CrossRef]

145. Xiong, G.X.; Fisher, M.W.A.; Schwab, J.H.; Simpson, A.K.; Nguyen, L.; Tobert, D.G.; Balboni, T.A.; Shin, J.H.; Ferrone, M.L.;
Schoenfeld, A.J. A Natural History of Patients Treated Operatively and Non-Operatively for Spinal Metastases Over 2 Years
Following Treatment: Survival and Functional Outcomes. Spine 2022, 47, 515–522. [CrossRef] [PubMed]

146. Schoenfeld, A.J.; Ferrone, M.L.; Blucher, J.A.; Agaronnik, N.; Nguyen, L.; Tobert, D.G.; Balboni, T.A.; Schwab, J.H.; Shin, J.H.;
Sciubba, D.M.; et al. Prospective comparison of the accuracy of the New England Spinal Metastasis Score (NESMS) to legacy
scoring systems in prognosticating outcomes following treatment of spinal metastases. Spine J. 2022, 22, 39–48. [CrossRef]
[PubMed]

147. Schoenfeld, A.J.; Ferrone, M.L.; Schwab, J.H.; Blucher, J.A.; Barton, L.B.; Tobert, D.G.; Chi, J.H.; Shin, J.H.; Kang, J.D.; Harris, M.B.
Prospective validation of a clinical prediction score for survival in patients with spinal metastases: The New England Spinal
Metastasis Score. Spine J. 2021, 21, 28–36. [CrossRef] [PubMed]

148. Kim, H.; Chang, S.Y.; Son, J.; Mok, S.; Park, S.C.; Chang, B.S. The Effect of Adding Biological Factors to the Decision-Making
Process for Spinal Metastasis of Non-Small Cell Lung Cancer. J. Clin. Med. 2021, 10, 1119. [CrossRef]

149. De la Garza Ramos, R.; Naidu, I.; Choi, J.H.; Pennington, Z.; Goodwin, C.R.; Sciubba, D.M.; Shin, J.H.; Yanamadala, V.; Murthy, S.;
Gelfand, Y.; et al. Comparison of three predictive scoring systems for morbidity in oncological spine surgery. J. Clin. Neurosci.
2021, 94, 13–17. [CrossRef]

150. Schoenfeld, A.J.; Blucher, J.A.; Barton, L.B.; Schwab, J.H.; Balboni, T.A.; Chi, J.H.; Shin, J.H.; Kang, J.D.; Harris, M.B.; Ferrone, M.L.
Design of the prospective observational study of spinal metastasis treatment (POST). Spine J. 2020, 20, 572–579. [CrossRef]

https://doi.org/10.1053/j.jrn.2022.02.002
https://doi.org/10.1053/j.jrn.2021.11.002
https://doi.org/10.3390/nu13124371
https://doi.org/10.20960/nh.03786
https://doi.org/10.1053/j.jrn.2021.09.003
https://doi.org/10.1016/j.clnu.2021.09.023
https://www.ncbi.nlm.nih.gov/pubmed/34656960
https://doi.org/10.3389/fnhum.2021.795237
https://www.ncbi.nlm.nih.gov/pubmed/35058768
https://doi.org/10.1080/14737159.2021.1987216
https://www.ncbi.nlm.nih.gov/pubmed/34595991
https://doi.org/10.1111/aor.13762
https://doi.org/10.1159/000504240
https://www.ncbi.nlm.nih.gov/pubmed/31851983
https://doi.org/10.1093/ndt/gfw471
https://doi.org/10.1097/MCO.0000000000000171
https://doi.org/10.1053/j.jrn.2013.01.023
https://doi.org/10.2147/CMAR.S273785
https://www.ncbi.nlm.nih.gov/pubmed/33204161
https://doi.org/10.3171/2020.4.SPINE20173
https://www.ncbi.nlm.nih.gov/pubmed/32502990
https://doi.org/10.1111/ans.15821
https://doi.org/10.1097/BRS.0000000000004322
https://www.ncbi.nlm.nih.gov/pubmed/35066537
https://doi.org/10.1016/j.spinee.2021.03.007
https://www.ncbi.nlm.nih.gov/pubmed/33741509
https://doi.org/10.1016/j.spinee.2020.02.009
https://www.ncbi.nlm.nih.gov/pubmed/32087387
https://doi.org/10.3390/jcm10051119
https://doi.org/10.1016/j.jocn.2021.09.031
https://doi.org/10.1016/j.spinee.2019.10.021


J. Clin. Med. 2023, 12, 6132 24 of 39

151. Shi, D.D.; Chen, Y.H.; Lam, T.C.; Leonard, D.; Balboni, T.A.; Schoenfeld, A.; Skamene, S.; Cagney, D.N.; Chi, J.H.; Cho, C.H.; et al.
Assessing the utility of a prognostication model to predict 1-year mortality in patients undergoing radiation therapy for spinal
metastases. Spine J. 2018, 18, 935–940. [CrossRef]

152. Pennington, Z.; Ehresman, J.; Cottrill, E.; Lubelski, D.; Lehner, K.; Feghali, J.; Ahmed, A.K.; Schilling, A.; Sciubba, D.M. To operate,
or not to operate? Narrative review of the role of survival predictors in patient selection for operative management of patients
with metastatic spine disease. J. Neurosurg. Spine 2021, 34, 135–149. [CrossRef] [PubMed]

153. Peng, J.; Liu, M.M.; Jin, J.L.; Cao, Y.X.; Guo, Y.L.; Wu, N.Q.; Zhu, C.G.; Dong, Q.; Sun, J.; Xu, R.X.; et al. NAFLD fibrosis score is
correlated with PCSK9 and improves outcome prediction of PCSK9 in patients with chest pain: A cohort study. Lipids Health Dis.
2022, 21, 3. [CrossRef] [PubMed]

154. Silva, M.; Tustumi, F.; Dantas, A.C.B.; Miranda, B.C.J.; Pajecki, D.; De Cleva, R.; Santo, M.A.; Nahas, S.C. Obesity and severe
steatosis: The importance of biochemical exams and scores. Arq. Bras. Cir. Dig. 2022, 34, e1626. [CrossRef] [PubMed]

155. Qadri, S.; Ahlholm, N.; Lønsmann, I.; Pellegrini, P.; Poikola, A.; Luukkonen, P.K.; Porthan, K.; Juuti, A.; Sammalkorpi, H.; Penttilä,
A.K.; et al. Obesity Modifies the Performance of Fibrosis Biomarkers in Nonalcoholic Fatty Liver Disease. J. Clin. Endocrinol.
Metab. 2022, 107, e2008–e2020. [CrossRef] [PubMed]

156. Milluzzo, A.; Manuella, L.; Cannata, E.; Russo, G.; La Vignera, S.; Purrello, F.; Di Cataldo, A.; Sciacca, L. Influence of Body Mass
Index, Cancer Type and Treatment on Long-Term Metabolic and Liver Outcomes in Childhood Cancer Survivors. J. Clin. Med.
2022, 11, 878. [CrossRef]

157. Duseja, A.; Singh, S.P.; Mehta, M.; Shalimar; Venkataraman, J.; Mehta, V.; Devadas, K.; Kar, S.K.; Goyal, O.; Nagral, A.; et al.
Clinicopathological Profile and Outcome of a Large Cohort of Patients with Nonalcoholic Fatty Liver Disease from South Asia:
Interim Results of the Indian Consortium on Nonalcoholic Fatty Liver Disease. Metab. Syndr. Relat. Disord. 2022, 20, 166–173.
[CrossRef]

158. Chun, H.S.; Lee, M.; Lee, H.A.; Oh, S.Y.; Baek, H.J.; Moon, J.W.; Kim, Y.J.; Lee, J.; Kim, H.; Kim, H.Y.; et al. Association of
Physical Activity with Risk of Liver Fibrosis, Sarcopenia, and Cardiovascular Disease in Nonalcoholic Fatty Liver Disease. Clin.
Gastroenterol. Hepatol. 2023, 21, 358–369. [CrossRef]

159. Choi, I.Y.; Chang, Y.; Kang, G.; Jung, H.S.; Shin, H.; Wild, S.H.; Byrne, C.D.; Ryu, S. Low heart rate variability from 10-s
electrocardiograms is associated with development of non-alcoholic fatty liver disease. Sci. Rep. 2022, 12, 1062. [CrossRef]

160. Al-Karaghouli, M.; Fuentes, S.; Davyduke, T.; Ma, M.; Abraldes, J.G. Impact of statin treatment on non-invasive tests based
predictions of fibrosis in a referral pathway for NAFLD. BMJ Open Gastroenterol. 2022, 9, e000798. [CrossRef]

161. Ouzan, D.; Mosnier, A.; Penaranda, G.; Daviaud, I.; Joly, H.; Muntlak, M.; Cohen, J.M. Prospective screening for significant liver
fibrosis by fibrosis-4 in primary care patients without known liver disease. Eur. J. Gastroenterol. Hepatol. 2021, 33, e986–e991.
[CrossRef]

162. Khayyat, Y.M. Determination of “indeterminate score” measurements in lean nonalcoholic fatty liver disease patients from
western Saudi Arabia. World J. Hepatol. 2021, 13, 2150–2160. [CrossRef] [PubMed]

163. Sessa, A.; Allaire, M.; Lebray, P.; Medmoun, M.; Tiritilli, A.; Iaria, P.; Cadranel, J.F. From congestive hepatopathy to hepatocellular
carcinoma, how can we improve patient management? JHEP Rep. 2021, 3, 100249. [CrossRef] [PubMed]

164. Ciardullo, S.; Perseghin, G. Advances in fibrosis biomarkers in nonalcoholic fatty liver disease. Adv. Clin. Chem. 2022, 106, 33–65.
[CrossRef] [PubMed]

165. Tamaki, N.; Kurosaki, M.; Huang, D.Q.; Loomba, R. Noninvasive assessment of liver fibrosis and its clinical significance in
nonalcoholic fatty liver disease. Hepatol. Res. 2022, 52, 497–507. [CrossRef]

166. Roeb, E. Diagnostic and Therapy of Nonalcoholic Fatty Liver Disease: A Narrative Review. Visc. Med. 2022, 38, 126–132.
[CrossRef]

167. Noorian, S.; Patel, A.; Ashkar, C.; Saab, S. Identifying Advanced Fibrosis in NAFLD Using Noninvasive Tests: A Systematic
Review of Sequential Algorithms. J. Clin. Gastroenterol. 2022, 56, 266–272. [CrossRef]

168. Liu, M.; Mei, K.; Tan, Z.; Huang, S.; Liu, F.; Deng, C.; Ma, J.; Yu, P.; Liu, X. Liver Fibrosis Scores and Hospitalization, Mechanical
Ventilation, Severity, and Death in Patients with COVID-19: A Systematic Review and Dose-Response Meta-Analysis. Can. J.
Gastroenterol. Hepatol. 2022, 2022, 7235860. [CrossRef]

169. Han, S.; Choi, M.; Lee, B.; Lee, H.W.; Kang, S.H.; Cho, Y.; Ahn, S.B.; Song, D.S.; Jun, D.W.; Lee, J.; et al. Accuracy of Noninvasive
Scoring Systems in Assessing Liver Fibrosis in Patients with Nonalcoholic Fatty Liver Disease: A Systematic Review and
Meta-Analysis. Gut Liver 2022, 16, 952–963. [CrossRef]

170. Liu, C.H.; Ampuero, J.; Pavlides, M.; Wong, V.W.; Fan, J.G.; Bai, L.; Li, H.; Wu, D.B.; Zhou, L.Y.; Du, L.Y.; et al. Simple non-invasive
scoring systems and histological scores in predicting mortality in patients with non-alcoholic fatty liver disease: A systematic
review and meta-analysis. J. Gastroenterol. Hepatol. 2021, 36, 1754–1768. [CrossRef]

171. Lee, J.; Vali, Y.; Boursier, J.; Spijker, R.; Anstee, Q.M.; Bossuyt, P.M.; Zafarmand, M.H. Prognostic accuracy of FIB-4, NAFLD
fibrosis score and APRI for NAFLD-related events: A systematic review. Liver Int. 2021, 41, 261–270. [CrossRef]

172. Ismaiel, A.; Leucuta, D.C.; Popa, S.L.; Fagoonee, S.; Pellicano, R.; Abenavoli, L.; Dumitrascu, D.L. Noninvasive biomarkers in
predicting nonalcoholic steatohepatitis and assessing liver fibrosis: Systematic review and meta-analysis. Panminerva Med. 2021,
63, 508–518. [CrossRef] [PubMed]

https://doi.org/10.1016/j.spinee.2017.10.005
https://doi.org/10.3171/2020.6.SPINE20707
https://www.ncbi.nlm.nih.gov/pubmed/32916652
https://doi.org/10.1186/s12944-021-01610-w
https://www.ncbi.nlm.nih.gov/pubmed/34996457
https://doi.org/10.1590/0102-672020210002e1626
https://www.ncbi.nlm.nih.gov/pubmed/35107488
https://doi.org/10.1210/clinem/dgab933
https://www.ncbi.nlm.nih.gov/pubmed/34971370
https://doi.org/10.3390/jcm11030878
https://doi.org/10.1089/met.2021.0104
https://doi.org/10.1016/j.cgh.2021.12.043
https://doi.org/10.1038/s41598-022-05037-w
https://doi.org/10.1136/bmjgast-2021-000798
https://doi.org/10.1097/MEG.0000000000002340
https://doi.org/10.4254/wjh.v13.i12.2150
https://www.ncbi.nlm.nih.gov/pubmed/35070015
https://doi.org/10.1016/j.jhepr.2021.100249
https://www.ncbi.nlm.nih.gov/pubmed/33665589
https://doi.org/10.1016/bs.acc.2021.09.003
https://www.ncbi.nlm.nih.gov/pubmed/35152974
https://doi.org/10.1111/hepr.13764
https://doi.org/10.1159/000519611
https://doi.org/10.1097/MCG.0000000000001517
https://doi.org/10.1155/2022/7235860
https://doi.org/10.5009/gnl210391
https://doi.org/10.1111/jgh.15431
https://doi.org/10.1111/liv.14669
https://doi.org/10.23736/S0031-0808.20.04171-3
https://www.ncbi.nlm.nih.gov/pubmed/33165307


J. Clin. Med. 2023, 12, 6132 25 of 39

173. Zhu, W.; Chen, P.; Hu, L.; Deng, L. Serum levels of SIRT3 and other inflammatory factors are associated with clinical outcomes
and prognosis in severe community-acquired pneumonia in adults: A prospective study. Medicine 2021, 100, e26721. [CrossRef]
[PubMed]

174. Vetrici, M.A.; Mokmeli, S.; Bohm, A.R.; Monici, M.; Sigman, S.A. Evaluation of Adjunctive Photobiomodulation (PBMT) for
COVID-19 Pneumonia via Clinical Status and Pulmonary Severity Indices in a Preliminary Trial. J. Inflamm. Res. 2021, 14, 965–979.
[CrossRef] [PubMed]

175. Osman, M.; Manosuthi, W.; Kaewkungwal, J.; Silachamroon, U.; Mansanguan, C.; Kamolratanakul, S.; Pitisuttithum, P. Etiology,
Clinical Course, and Outcomes of Pneumonia in the Elderly: A Retrospective and Prospective Cohort Study in Thailand. Am. J.
Trop. Med. Hyg. 2021, 104, 2009–2016. [CrossRef]

176. Liu, Z.; Liu, J.; Ye, L.; Yu, K.; Luo, Z.; Liang, C.; Cao, J.; Wu, X.; Li, S.; Zhu, L.; et al. Predictors of mortality for hospitalized young
adults aged less than 60 years old with severe COVID-19: A retrospective study. J. Thorac. Dis. 2021, 13, 3628–3642. [CrossRef]
[PubMed]

177. Lazar Neto, F.; Marino, L.O.; Torres, A.; Cilloniz, C.; Meirelles Marchini, J.F.; Garcia de Alencar, J.C.; Palomeque, A.; Albacar, N.;
Brandão Neto, R.A.; Souza, H.P.; et al. Community-acquired pneumonia severity assessment tools in patients hospitalized with
COVID-19: A validation and clinical applicability study. Clin. Microbiol. Infect. 2021, 27, 1037.e1031–1037.e1038. [CrossRef]

178. García Clemente, M.M.; Herrero Huertas, J.; Fernández Fernández, A.; De La Escosura Muñoz, C.; Enríquez Rodríguez, A.I.;
Pérez Martínez, L.; Gómez Mañas, S.; Iscar Urrutia, M.; López González, F.J.; Madrid Carbajal, C.J.; et al. Assessment of risk
scores in COVID-19. Int. J. Clin. Pract. 2021, 75, e13705. [CrossRef]

179. Feng, C.M.; Wang, X.M.; Li, M.D.; Xu, Z.; Hua, D.X.; Cheng, J.Y.; Zheng, L.; Zhao, H.; Fu, L. Serum interleukin-17 predicts severity
and prognosis in patients with community acquired pneumonia: A prospective cohort study. BMC Pulm. Med. 2021, 21, 393.
[CrossRef]

180. Chkhis, A.; Abdulrazzaq, N.; Mokhtar, S.; Jasmi, A.A. Efficacy of High-Dose Nebulized Interferon α 2b in Severe COVID-19
Pneumonia. Turk. Thorac. J. 2021, 22, 199–204. [CrossRef]

181. Fan, G.; Tu, C.; Zhou, F.; Liu, Z.; Wang, Y.; Song, B.; Gu, X.; Wang, Y.; Wei, Y.; Li, H.; et al. Comparison of severity scores for
COVID-19 patients with pneumonia: A retrospective study. Eur. Respir. J. 2020, 56, 2002113. [CrossRef]

182. Suk, C.W.; Hsu, S.C.; Chen, C.Y.; Hsieh, H.L.; Kuo, H.T.; Hsu, Y.P.; Sue, Y.M.; Chen, T.H.; Lin, F.Y.; Shih, C.M.; et al. Point of Care
eGFR and the Prediction of Outcomes in Pneumonia. Sci. Rep. 2019, 9, 8478. [CrossRef] [PubMed]

183. Chu, K.; Alharahsheh, B.; Garg, N.; Guha, P. Evaluating risk stratification scoring systems to predict mortality in patients with
COVID-19. BMJ Health Care Inform. 2021, 28, e100389. [CrossRef] [PubMed]

184. Uwaezuoke, S.N.; Ayuk, A.C. Prognostic scores and biomarkers for pediatric community-acquired pneumonia: How far have we
come? Pediatr. Health Med. Ther. 2017, 8, 9–18. [CrossRef]

185. Marti, C.; Garin, N.; Grosgurin, O.; Poncet, A.; Combescure, C.; Carballo, S.; Perrier, A. Prediction of severe community-acquired
pneumonia: A systematic review and meta-analysis. Crit. Care 2012, 16, R141. [CrossRef] [PubMed]

186. Ewig, S.; Woodhead, M.; Torres, A. Towards a sensible comprehension of severe community-acquired pneumonia. Intensive Care
Med. 2011, 37, 214–223. [CrossRef]

187. Brown, S.M.; Dean, N.C. Defining and predicting severe community-acquired pneumonia. Curr. Opin. Infect. Dis. 2010,
23, 158–164. [CrossRef] [PubMed]

188. Niederman, M.S. Making sense of scoring systems in community acquired pneumonia. Respirology 2009, 14, 327–335. [CrossRef]
[PubMed]

189. Cabre, M. Pneumonia in the elderly. Curr. Opin. Pulm. Med. 2009, 15, 223–229. [CrossRef]
190. Matsumoto, T.; Kitano, Y.; Imai, K.; Kinoshita, S.; Sato, H.; Shiraishi, Y.; Mima, K.; Hayashi, H.; Yamashita, Y.I.; Baba, H. Clinical

significance of preoperative inflammation-based score for the prognosis of patients with hepatocellular carcinoma who underwent
hepatectomy. Surg. Today 2022, 52, 1008–1015. [CrossRef]

191. Asakura, R.; Yanagimoto, H.; Ajiki, T.; Tsugawa, D.; Mizumoto, T.; So, S.; Urade, T.; Nanno, Y.; Fukushima, K.; Gon, H.; et al.
Prognostic impact of inflammation-based scores for extrahepatic cholangiocarcinoma. Dig. Surg. 2022, 39, 65–74. [CrossRef]
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