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Abstract: Serum visceral proteins such as albumin and prealbumin have traditionally been used as
markers of the nutritional status of patients. Prealbumin is nowadays often preferred over albumin
due to its shorter half live, reflecting more rapid changes of the nutritional state. However, recent focus
has been on an appropriate nutrition-focused physical examination and on the patient’s history for
diagnosing malnutrition, and the role of inflammation as a risk factor for malnutrition has been
more and more recognized. Inflammatory signals are potent inhibitors of visceral protein synthesis,
and the use of these proteins as biomarkers of the nutritional status has been debated since they are
strongly influenced by inflammation and less so by protein energy stores. The current consensus
is that laboratory markers could be used as a complement to a thorough physical examination.
Other markers of the nutritional status such as urinary creatinine or 3-methylhistidine as indicators
of muscle protein breakdown have not found widespread use. Serum IGF-1 is less influenced by
inflammation and falls during malnutrition. However, its concentration changes are not sufficiently
specific to be useful clinically as a marker of malnutrition, and serum IGF-1 has less been used in
clinical trials. Nevertheless, biomarkers of malnutrition such as prealbumin may be of interest as easily
measurable predictors of the prognosis for surgical outcomes and of mortality in severe illnesses.
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1. Introduction

Malnutrition has a substantial clinical and socioeconomic significance; it increases rates of
complications in hospitalized patients and healthcare-associated costs. Its prevalence has been
estimated in hospitals of Western countries to be 30–50% and in long-term care facilities up to 85%
depending on the definition and the type of population studied [1–3].

One of the problems of diagnosing malnutrition is the lack of a unified definition and of standard
methods for screening and diagnosis.

Malnutrition results from a mismatch of nutritional requirements with intake. In many
malnourished patients, there is an associated disease-related inflammation, resulting in a complex
interplay between the two. Inflammation influences both, requirements and intake. It promotes
malnutrition and adverse outcomes by provoking anorexia and by altering metabolism with elevation
of resting energy expenditure and by increasing muscle catabolism [4].

The appreciation that inflammation plays a major role in the pathophysiology of malnutrition is
often lacking, and many clinicians assume that weight loss is the single most important criterion for a
malnourished state. This has led to frequent underrecognition of the condition [5].

The purpose of this review is to review the published literature on the role of laboratory biomarkers
as a tool to diagnose malnutrition, to assess nutritional risk and to monitor nutritional intervention.
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2. Role of Biomarkers in Published Screening Tools to Assess the Risk of Malnutrition

About half of all published risk scores of malnutrition use serum laboratory markers such as
visceral proteins, and others do not (Table 1).

Table 1. Anthropometric parameters and biomarkers in various nutritional assessment and screening
tools (adapted from [3] with an update, in chronological order of publication.

Nutritional Assessment and
Screening Tool Anthropometric Parameters and History Biomarkers

Prognostic Nutritional Index [6] Triceps skin fold Albumin, transferrin,
skin sensitivity

Prognostic Inflammatory and
Nutritional Index [7] None Albumin, prealbumin, C-reactive

protein, α1-acid glycoprotein

Subjective Global Assessment
(SGA) [8]

Weight history, diet history, primary
diagnosis, stress level, physical symptoms

(s.c. fat, muscle wasting, edema), functional
capacity, gastrointestinal symptoms

None

Birmingham Nutrition
Risk Score [9]

Weight loss, BMI, appetite, ability to eat,
stress factor, (severity of diagnosis) None

Nutrition Risk Classification [10] Weight loss, percentage ideal body weight,
dietary intake, gastrointestinal function None

Mini Nutritional Assessment
(MNA; [11]

Weight data, height, mid-arm
circumference, calf circumference, diet

history, appetite, feeding mode

Albumin, prealbumin, cholesterol,
lymphocyte count

Malnutrition Screening Tool [12] Appetite, unintentional weight loss None

Simple Screening Tool [13] Body mass index (BMI), percentage
weight loss Albumin

Full nutritional assessment [14]
BMI, information on unintended weight
loss, triceps skinfold thickness, mid-arm

muscle circumference

Serum albumin, prealbumin, and
total lymphocyte count

Malnutrition Universal Screening
Tool (MUST) [15]

BMI, change in weight, presence of
acute disease None

Nutritional Risk Screening (NRS)
2002 [1]

Weight loss, BMI, food intake,
diagnosis (severity) None

Short Nutrition Assessment
Questionnaire [16]

Recent weight history, appetite, use of oral
supplement or tube feeding None

Controlling nutritional status
(CONUT) [17] None Serum albumin, total cholesterol

and total lymphocyte count

Maastricht Index [18] Percentage ideal body weight Albumin, prealbumin,
lymphocyte count

Nutritional Risk Index [19] Present and usual body weight Albumin

Elderly Nutritional Indicators for
Geriatric Malnutrition Assessment

(ENIGMA) [20]
Nutritional history Albumin, hemoglobin, total

cholesterol and lymphocyte count

Results of these screening tests vary considerably, as shown in a Greek study in elderly subjects [2].
These authors found the highest validity coefficient for MUST but a lower specificity for NRS 2000
which has frequently been used.

A consensus committee of the European and US nutritional societies (ESPEN and ASPEN) proposed
three sub-definitions of malnutrition. “Starvation-related malnutrition” is present when there is chronic
starvation without inflammation; “chronic disease-related malnutrition” is defined as a condition
when inflammation is chronic and of mild to moderate degree, and “acute disease or injury-related
malnutrition” occurs when inflammation is acute and of severe degree [21]. The criteria for diagnosis
of these sub-definitions were energy intake, weight loss, body fat, muscle mass, fluid accumulation
and grip strength but no biomarkers [22]. Among ancillary parameters, serum visceral proteins were
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mentioned, but since they would rather reflect the state of inflammation it was proposed to use them
with caution to diagnose malnutrition.

A meta-regression published recently [23] assessed the role of biomarkers in describing the
severity of malnutrition according to established and validated nutritional assessment tools. A total of
111 studies (observational and cohort studies; randomized controlled trials were not available) were
included, representing 52,911 participants from various clinical settings. The BMI (p < 0.001) and
concentrations of albumin (p < 0.001), hemoglobin (p < 0.001), total cholesterol (p < 0.001), prealbumin
(p < 0.001) and total protein (p < 0.05) among subjects at high risk of malnutrition assessed by MNA
were significantly lower than those with low risk. Similar results were observed for malnutrition
identified by SGA and NRS 2002. When patients with acute illnesses were included, the predictive
value of albumin and prealbumin was distinctly reduced, confirming the conclusion that they are more
markers of inflammation than of malnutrition. The authors concluded that BMI, hemoglobin, and total
cholesterol were useful markers of malnutrition in older adults.

3. Serum Visceral Proteins as Biomarkers of the Nutritional Status

Visceral proteins are mostly synthesized in the liver. Poor protein and energy intake, impaired liver
synthetic function as well as inflammatory status result in low circulating levels of visceral proteins.
During inflammatory states and increased production of acute-phase proteins the liver reprioritizes
protein synthesis, and lowers as a mirror visceral protein synthesis to a degree which correlates with
the severity of the injury.

3.1. Serum Albumin

Albumin is the most abundant protein in human serum. It has been used for decades as an
indicator of malnutrition in patients in clinically stable conditions (review and meta-analysis [24]).
Serum albumin concentrations decrease with increasing age by approx. by 0.1 g/L per year; however,
age itself is not a cause of distinct hypoalbuminemia.

There is a clear relationship between serum albumin concentrations and all-cause mortality in
elderly subjects [25]. In patients with a hip fracture, albumin levels below 35 g/L were associated with
higher rates of post-operative complications such as sepsis and higher overall mortality. Significant loss
of muscle mass has been observed in elderly people with low albumin levels. Inflammatory states and
in particular, high concentrations of the cytokines IL-6 and TNF-alpha, were two of the main factors
causing low levels of serum albumin [24]. Systemic inflammation not only reduces albumin synthesis
but increases its degradation and promotes its transcapillary leakage.

Other studies also found this protein to be a good predictor of surgical outcome [26,27].
Compared to nine other risk variables, serum albumin was the strongest predictor. These findings
were confirmed in a later study [26], but whether hypoalbuminemia was due to undernutrition or
advanced disease was not clarified in these trials.

When serum albumin as a biomarker for the differential diagnosis of unexplained weight loss
(involuntary weight loss of more than 5 kg in the previous 6 months) was included in a study from
Spain in 306 referred patients, a little more than one-third were ultimately diagnosed with a malignancy.
Multivariate analysis found the strongest predictors of a neoplasm were age >80 years, white blood
cell count > 12,000/mm3 and serum albumin < 3.5 g/dL [28].

Albumin has been criticized as a player in nutritional assessment due to its lack of specificity and
long half-life (approximately 20 days) [29]. Serum albumin concentrations not only decrease during
decreased synthesis due to inflammatory cytokines as mentioned above or to hepatic insufficiency,
they may also decrease following renal losses in nephrotic syndrome and to losses via the GI tract in
protein-losing enteropathies [30].
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3.2. Serum Prealbumin

Prealbumin, also named transthyretin, is a transport protein for thyroid hormone and is synthesized
by the liver and partly catabolized by the kidneys. Serum prealbumin concentrations less than 10 mg/dL
are associated with malnutrition [31].

The use of prealbumin has been advocated as a nutritional marker, particularly during refeeding
and in the elderly [32]. The main advantage of prealbumin compared to albumin is its shorter half-life
(two to three days) (Table 2), making it a more favorable marker of acute changes of the nutritional state.
In addition, prealbumin was not influenced by intestinal protein losses in patients with protein-losing
enteropathy [30].

Table 2. Characteristics of serum visceral proteins used as nutritional markers.

Protein Molecular Weight Half-Life Reference Range

Albumin 65,000 20 days 3.30 to 4.80 g per dL
Transferrin 76,000 10 days 0.16 to 0.36 g per dL
Prealbumin 54,980 2 days 16 to 35 mg per dL

Retinol-binding protein 21,000 1/2 day 3–6 mg/dL

Table adapted from Spiekerman AM [33].

Prealbumin levels may be increased in the setting of renal dysfunction, corticosteroid therapy or
dehydration, whereas they can be decreased during physiological stress, infection, liver dysfunction,
and over-hydration [34].

An algorithm that uses prealbumin has recently been proposed as a practical guide to help the
clinician to stratify general medical and intensive care patients by risk of complications and outcome [34].
Prealbumin screening should only performed when an acute inflammatory state (CRP > 15 mg/L) was
excluded. A prealbumin level of < 0.11 g/L was associated with increased mortality and length of stay,
and an increase by less than 0.04 g/L per week indicated failure of nutritional therapy.

An increase in the C-reactive protein/prealbumin ratio in medical intensive care unit patients has
been associated with mortality [35], and a low C-reactive protein/prealbumin ratio in surgical patients
predicted the successful closure of gastrointestinal fistulas [36]. Routine measurement of prealbumin
has been advocated to be a useful nutritional and prognostic indicator in non-ICU patients without
inflammation [34].

Several publications reported a role for prealbumin in predicting prognosis (mostly survival) in
various clinical conditions such as gastric cancer [37], lung cancer [38] and cardiovascular diseases [39].

3.3. Albumin and Prealbumin in Starved and Otherwise Healthy Malnourished Subjects

A systematic review assessed the role of albumin and prealbumin in otherwise healthy subjects
who were severely nutrient- deprived due to poor access to food or unwillingness to eat, mostly due to
anorexia nervosa [40]. The study showed that serum albumin and prealbumin levels were maintained
even in the presence of distinct weight loss, and they were lowered only during extreme starvation
(BMI < 11 kg/m2). The authors concluded that serum visceral proteins are not predictive of nutritional
deprivation and should not be used to guide nutritional therapy in this group of patients.

3.4. Transferrin

This acute-phase reactant is a transport protein for iron. It has a relatively long half-life
(approx. 10 days), and has also been used as a marker of the nutritional status [41] It is influenced
by other factors including iron status, liver disease and inflammatory state. Like prealbumin,
transferrin levels increase with renal failure [42]. Some authors found transferrin measurements useful
for nutritional assessment [43], other did not [44].

During iron-deficiency the levels of transferrin are elevated whereas they are decreased in
iron-overload states. Serum transferrin increased in parallel to prealbumin during nutritional
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intervention in critically ill children [45]. Serum levels decrease in the setting of severe malnutrition,
but this marker has been found to be unreliable in the assessment of mild malnutrition and of fat-free
mass in a group of elderly Italian patients [46].

3.5. Retinol-Binding Protein (RBP)

This is a low molecular weight protein with the physiological role to transport retinol from the
liver to target organs. It represents the visceral protein with the shortest half-life (approx. 12 h) [33].
According to a review [47] it provides similar responses to energy intake to prealbumin, but it is more
difficult to measure than the latter and it is influenced by the vitamin A status. For these reasons there
RBP measurements have not found widespread application.

4. Laboratory Markers of Malnutrition Other Than Visceral Proteins

4.1. Urinary Creatinine

Creatinine is the end product of creatine which consists of 3 amino acids and is mainly present in
muscle. Provided that renal function is intact its excretion reflects creatinine production which in turn
is a mirror of skeletal muscle turnover. Each mmol of creatinine in urine is derived from 1.9 kg skeletal
muscle [47]. The disadvantages are that it is slowly responding to changes of the nutritional status and
that it depends on renal function and requires 24 h urine collections.

4.2. Urinary 3-Methylhistidine

3-methylhistidine is a component of muscle fibers and is not reutilized by the body. Its urinary
excretion reflects the amount of fat-free mass and it can be used as a measure of the rate of muscle
protein breakdown. It is less dependent on renal function than creatinine; it is often expressed per mmol
of urinary creatinine [47]. Both assay of urinary creatinine and 3-methylhistidine have not found
widespread use mainly due to the fact that urinary collections are often cumbersome, their excretion
may increase after meat intake and they show a relatively poor sensitivity to monitor changes of body
protein stores.

4.3. Serum Cholesterol

As can be seen in Table 1, some nutritional screening tools used total serum cholesterol as
parameter of malnutrition. Serum cholesterol concentrations show a U-shaped relationship with
mortality, and low levels have been associated with increased mortality [48]. However, sensitivity and
specificity to monitor malnutrition are low.

4.4. Delayed Hypersensitivity and Blood Lymphocyte Count

The local inflammatory response to a s.c. injection of an antigen is impaired during severe malnutrition.
At the same time, maturation of lymphocytes may be reduced in malnourished patients so that total
circulating lymphocyte concentration falls to less than 1500/mm3 (reference range 2000–3500) [47].

These abnormalities can be taken as supporting evidence for protein-energy malnutrition, however,
they are not specific and insensitive, and concomitant diseases and a severe stress reaction may also
have an effect. Both markers respond slowly to correction of the nutritional status. These reasons limit
their use as diagnostic tools for malnutrition.

4.5. Serum Insulin-Like Growth Factor 1 (IGF-1)

IGF-1 (formerly called Somatomedin C) is a ubiquitous growth factor, and the circulating form is
mainly produced by the liver. Pituitary growth hormone stimulates its release. Its serum half-life is short
(approx. 24 h), and it is largely bound in plasma to binding proteins (mainly IGF BP 3). Fasting lowers
plasma IGF-1 levels more than 4 fold and IGF-1 concentrations increases during nutritional repletion.
A correlation between energy intake (and less so of protein intake) and plasma IGF-1 concentrations
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has been reported [49]. IGF-1 levels were a reliable index of protein-energy undernutrition in elderly
patients in the recovery period after surgery for hip fracture; however, according to this trial, this marker
was also influenced by inflammation [50]. In contrast, IGF-1 levels were not clearly influenced by
inflammation in other groups of surgical patients [51,52]. IGF-1 concentrations are altered by liver
disease, renal impairment and severe trauma such as burns [47]. Nevertheless, IGF-1 performed better
during nutritional rehabilitation to monitor protein and energy status than albumin or transferrin [53].
Drawback of IGF-1 measurements is the fact that their serum concentrations are influenced by
other factors such as the acute-phase response. More recently, there has been interest in free IGF-I
which holds promise as a nutritional marker (review in [54]. In spite of the earlier positive reports,
IFG-1 measurements have not been advocated in more recent publications.

4.6. Serum Leptin

Decreased serum leptin concentrations combined with elevated prothrombin time has been
reported in malnourished hospitalized patients with end-stage liver disease [55].

4.7. Serum Nesfatin-1

Nesfatin-1 is an anorexigenic molecule and seems to play a role in appetite regulation and
energy homeostasis. Serum nesfatin-1 concentrations have been shown to be increased in chronically
malnourished but otherwise healthy children [56].

4.8. Serum Zinc

Zinc is the most abundant trace element in man beside iron; it is present in all body tissues
and fluids and is an essential component of many enzymes. Zinc deficiency has been associated
with impaired taste and smell, reduced immunity and increased risk of pneumonia [57]. In cases
of severe zinc deficiency, skin lesions, anemia, diarrhea, anorexia, decreased lymphocyte function,
impaired visual function and mental retardation may be observed. Several psychological functions
were impaired in elderly subjects with zinc deficiency [58].

Zinc deficiency is due to low intake of zinc-containing foods such as meat and to decreased
absorption caused by intestinal malabsorption [57]. According to a large sample of the TromsØ study,
the risk of zinc deficiency was increased 3 fold in subjects at high risk of malnutrition, particularly in
men [59]. Assessment of the zinc status carries the problems that only a small fraction of body
zinc is circulating, and most serum zinc is bound to albumin. Therefore, albumin deficiency makes
interpretation of serum zinc levels difficult. In spite of the widespread functions of zinc in the
body and the potential importance replacing zinc in subjects with zinc deficiency, there is little
high-quality evidence of the therapeutic benefit of zinc replacement in adult subjects. A randomized
controlled trial in children with protein-energy malnutrition and zinc deficiency showed benefits
of zinc replacement [60]. It is likely that zinc deficiency in subjects at risk of malnutrition remains
often unrecognized.

4.9. Other Essential Micronutrients (Trace Elements and Vitamins)

Laboratory assessment of other trace elements such as iron is not specifically mentioned as part
of current nutritional screening tools. This does not mean that in cases with clinical suspicion of
micronutrient deficiency this should not be performed. The same can be stated for laboratory screening
for vitamin deficiencies, in particular, those of vitamins A, B1, B6, B12, D, and folate.

5. Biomarkers of Nutritional Risk in Some Specific Clinical Conditions

5.1. Geriatric Patients

Dementia: Eating and swallowing problems increase the risk of malnutrition. According to a
study from a memory clinic in the Netherlands, about 14% of community-dwelling subjects with newly
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diagnosed dementia were at risk of malnutrition [61]. These authors pointed out that it is important to
detect malnutrition in dementia as early as possible.

In patients with dementia, the nutritional history may only be obtainable by asking family
caregivers about appetite and weight change of patients. However, it is unknown whether nutritional
information provided by family caregivers are reliable, and therefore biomarkers of malnutrition
would be of particular interest.

A recent study compared biochemical blood markers among patients with Alzheimer’s disease
(AD), dementia with Lewy bodies (DLB), and frontotemporal lobar degeneration (FTLD) [62]. A total
of 339 dementia outpatients and their family caregivers participated. Low serum albumin was 7.2 times
more prevalent among patients with DLB and 10.1 times more prevalent among those with FTLD
than among those with AD, with adjustment for age. The levels of biochemical markers were not
significantly correlated with cognitive function. These authors proposed that a multidimensional
approach including serological biomarkers such as albumin are needed to assess malnutrition in
patients with dementia.

Sarcopenia in the elderly: A clinical investigation performed in elderly persons supported the
view that prealbumin levels are useful surrogate indicators of lean body mass (LBM). Compared to
serum albumin and RBP, prealbumin showed the highest positive correlation with LBM [46]. In order to
improve its predictive potency for sarcopenia the reference values for prealbumin should be adapted to
the corresponding age and sex [32]. Ingenbleek proposed that routine screening for protein malnutrition
using prealbumin should be performed in elderly subjects [63].

5.2. Chronic Kidney Disease

A position paper from the International Society of Renal Nutrition and Metabolism (ISRNM)
stated that serum biomarkers played a particular role in diagnosing malnutrition in patients with
kidney failure [64]. Protein-energy wasting can be observed in chronic and in acute kidney disease,
and protein-energy wasting is diagnosed according to this publication when low serum biomarkers
(albumin, prealbumin, or cholesterol), reduced body mass and reduced muscle mass are present.

Serum prealbumin levels were positively correlated with body cell mass in pre-dialytic kidney
patients [65]. Serum biomarkers were part of a new nutritional risk index for predicting mortality
in Japanese hemodialysis patients [66]. Cox proportional hazard models indicated that in addition
to low BMI, low albumin, low creatinine, and low serum cholesterol predicted independently and
significantly mortality within one year.

Tthe role played by serum biomarkers in diagnosing or monitoring malnutrition is controversial,
particularly in more recent reports. This is explained by their relatively low specificity and by the
fact that underlying diseases such as inflammation exert a major influence, particularly on serum
visceral proteins. In addition, the role of biomarkers to guide nutritional therapy has not been studied
in large randomized controlled trials. A recent randomized controlled multicenter trial in hospitalized
patients with malnutrition might fill this gap in the near future [67]. Nevertheless, biomarkers such
as prealbumin are valid prognostic indicators of disease outcome and of mortality in patients at risk
of malnutrition.
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18. Kuzu, M.A.; Terzioğlu, H.; Genç, V.; Erkek, A.B.; Özban, M.; Sonyürek, P.; Elhan, A.H.; Torun, N.
Preoperative Nutritional Risk Assessment in Predicting Postoperative Outcome in Patients Undergoing
Major Surgery. World J. Surg. 2006, 30, 378–390. [CrossRef]

19. The Veterans Affairs Total Parenteral Nutrition Cooperative Study Group. Perioperative Total Parenteral
Nutrition in Surgical Patients. Available online: https://www.nejm.org/doi/10.1056/NEJM199108223250801?
url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dwww.ncbi.nlm.nih.gov
(accessed on 10 March 2019).

20. Ng, T.P.; Nyunt, M.S.Z.; Gao, Q.; Wee, S.L.; Yap, P.; Yap, K.B. Elderly Nutritional Indicators for Geriatric
Malnutrition Assessment (ENIGMA): Development and validation of a nutritional prognostic index.
Clin. Nutr. ESPEN. 2017, 22, 54–63. [CrossRef]

21. Jensen, G.L.; Mirtallo, J.; Compher, C.; Dhaliwal, R.; Forbes, A.; Grijalba, R.F.; Hardy, G.; Kondrup, J.;
Labadarios, D.; Nyulasi, I.; et al. Adult Starvation and Disease-Related Malnutrition. J. Parenter. Enter. Nutr.
2010, 34, 156–159. [CrossRef]

22. White, J.V.; Guenter, P.; Jensen, G.; Malone, A.; Schofield, M. Consensus Statement: Academy of Nutrition and
Dietetics and American Society for Parenteral and Enteral Nutrition. J. Parenter. Enter. Nutr. 2012, 36, 275–283.
[CrossRef]

23. Zhang, Z.; Pereira, S.L.; Luo, M.; Matheson, E.M. Evaluation of Blood Biomarkers Associated with Risk of
Malnutrition in Older Adults: A Systematic Review and Meta-Analysis. Nutrients 2017, 9, 829. [CrossRef]

http://dx.doi.org/10.1177/0148607110389335
http://dx.doi.org/10.1177/0148607114529597
http://www.ncbi.nlm.nih.gov/pubmed/24711119
http://dx.doi.org/10.1002/jhm.1969
http://www.ncbi.nlm.nih.gov/pubmed/23065968
http://dx.doi.org/10.1016/0002-9610(80)90246-9
http://dx.doi.org/10.1177/014860718701100108
http://dx.doi.org/10.1016/S0261-5614(95)80063-8
http://dx.doi.org/10.1177/011542659701200120
http://dx.doi.org/10.1016/S0899-9007(98)00171-3
http://dx.doi.org/10.1016/S0899-9007(99)00084-2
http://www.ncbi.nlm.nih.gov/pubmed/11753498
http://dx.doi.org/10.1016/S0002-8223(01)00163-8
https://eprints.soton.ac.uk/362499/
http://dx.doi.org/10.1093/ajcn/82.5.1082
http://dx.doi.org/10.1007/s00268-005-0163-1
https://www.nejm.org/doi/10.1056/NEJM199108223250801?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dwww.ncbi.nlm.nih.gov
https://www.nejm.org/doi/10.1056/NEJM199108223250801?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dwww.ncbi.nlm.nih.gov
http://dx.doi.org/10.1016/j.clnesp.2017.08.012
http://dx.doi.org/10.1177/0148607110361910
http://dx.doi.org/10.1177/0148607112440285
http://dx.doi.org/10.3390/nu9080829


J. Clin. Med. 2019, 8, 775 9 of 11

24. Cabrerizo, S.; Cuadras, D.; Gomez-Busto, F.; Artaza-Artabe, I.; Marín-Ciancas, F.; Malafarina, V.
Serum albumin and health in older people: Review and meta analysis. Maturitas 2015, 81, 17–27. [CrossRef]

25. Corti, M.-C.; Guralnik, J.M.; Salive, M.E.; Sorkin, J.D. Serum Albumin Level and Physical Disability as
Predictors of Mortality in Older Persons. JAMA 1994, 272, 1036–1042. [CrossRef] [PubMed]

26. Kudsk, K.A.; Tolley, E.A.; DeWitt, R.C.; Janu, P.G.; Blackwell, A.P.; Yeary, S.; King, B.K. Preoperative albumin
and surgical site identify surgical risk for major postoperative complications. J. Parenter. Enter. Nutr. 2003,
27, 1–9. [CrossRef]

27. Gibbs, J.; Cull, W.; Henderson, W.; Daley, J.; Hur, K.; Khuri, S.F. Preoperative Serum Albumin Level as a
Predictor of Operative Mortality and Morbidity: Results from the National VA Surgical Risk Study. Arch. Surg.
1999, 134, 36–42. [CrossRef] [PubMed]

28. Hernández, J.L.; Riancho, J.A.; Matorras, P.; González-Macías, J. Clinical evaluation for cancer in patients
with involuntary weight loss without specific symptoms. Am. J. Med. 2003, 114, 631–637. [CrossRef]

29. Levitt, D.G.; Levitt, M.D. Human serum albumin homeostasis: A new look at the roles of synthesis, catabolism,
renal and gastrointestinal excretion, and the clinical value of serum albumin measurements. Int. J. Gen. Med.
2016, 9, 229–255. [CrossRef] [PubMed]

30. Takeda, H.; Ishihama, K.; Fukui, T.; Fujishima, S.; Orii, T.; Nakazawa, Y.; Shu, H.J.; Kawata, S. Significance of
rapid turnover proteins in protein-losing gastroenteropathy. Hepato-Gastroenterology 2003, 50, 1963–1965.

31. Beck, F.K.; Rosenthal, T.C. Prealbumin: A Marker for Nutritional Evaluation. Am. Fam. Physician 2002, 65, 1575–1580.
[PubMed]

32. Ingenbleek, Y. Plasma Transthyretin as a Biomarker of Sarcopenia in Elderly Subjects. Nutrients 2019, 11, 895.
[CrossRef]

33. Spiekerman, A. Nutritional assessment (protein Nutriture). Anal. Chem. 1995, 67, 429–436. [CrossRef]
34. Dellière, S.; Cynober, L. Is transthyretin a good marker of nutritional status? Clin. Nutr. 2017, 36, 364–370.

[CrossRef] [PubMed]
35. Li, L.; Dai, L.; Wang, X.; Wang, Y.; Zhou, L.; Chen, M.; Wang, H. Predictive value of the C-reactive

protein-to-prealbumin ratio in medical ICU patients. Biomark. Med. 2017, 11, 329–337. [CrossRef]
36. Harriman, S.; Rodych, N.; Hayes, P.; Moser, M.A. The C-reactive protein-to-prealbumin ratio predicts fistula

closure. Am. J. Surg. 2011, 202, 175–178. [CrossRef] [PubMed]
37. Shen, Q.; Liu, W.; Quan, H.; Pan, S.; Li, S.; Zhou, T.; Ouyang, Y.; Xiao, H. Prealbumin and lymphocyte-based

prognostic score, a new tool for predicting long-term survival after curative resection of stage II/III gastric
cancer. Br. J. Nutr. 2018, 120, 1359–1369. [CrossRef]

38. Shimura, T.; Shibata, M.; Inoue, T.; Owada-Ozaki, Y.; Yamaura, T.; Muto, S.; Hasegawa, T.; Shio, Y.; Suzuki, H.
Prognostic impact of serum transthyretin in patients with non-small cell lung cancer. Mol. Clin. Oncol. 2019,
10, 597–604. [CrossRef]

39. Wang, W.; Wang, C.-S.; Ren, D.; Li, T.; Yao, H.-C.; Ma, S.-J. Low serum prealbumin levels on admission can
independently predict in-hospital adverse cardiac events in patients with acute coronary syndrome. Medicine
2018, 97, e11740. [CrossRef] [PubMed]

40. Lee, J.L.; Oh, E.S.; Lee, R.W.; Finucane, T.E. Serum Albumin and Prealbumin in Calorically Restricted,
Nondiseased Individuals: A Systematic Review. Am. J. Med. 2015, 128, 1203. [CrossRef]

41. Shetty, P.S.; Jung, R.T.; Watrasiewicz, K.E.; James, W.P. Rapid-turnover transport proteins: AN index of
subclinical protein-energy malnutrition. Lancet 1979, 314, 230–232. [CrossRef]

42. Bharadwaj, S.; Ginoya, S.; Tandon, P.; Gohel, T.D.; Guirguis, J.; Vallabh, H.; Jevenn, A.; Hanouneh, I.
Malnutrition: Laboratory markers vs nutritional assessment. Gastroenterol. Rep. 2016, 4, 272–280. [CrossRef]
[PubMed]

43. Fletcher, J.P.; Little, J.M.; Guest, P.K. A Comparison of Serum Transferrin and Serum Prealbumin as Nutritional
Parameters. J. Parenter. Enter. Nutr. 1987, 11, 144–147. [CrossRef]

44. Roza, A.M.; Tuitt, D.; Shizgal, H.M. Transferrin—A Poor Measure of Nutritional Status. J. Parenter. Enter. Nutr.
1984, 8, 523–528. [CrossRef]

45. Briassoulis, G.; Zavras, N.; Hatzis, T. Malnutrition, nutritional indices, and early enteral feeding in critically
ill children. Nutrition 2001, 17, 548–557. [CrossRef]

46. Sergi, G.; Coin, A.; Enzi, G.; Volpato, S.; Inelmen, E.M.; Buttarello, M.; Peloso, M.; Mulone, S.; Marin, S.; Bonometto, P.
Role of visceral proteins in detecting malnutrition in the elderly. Eur. J. Clin. Nutr. 2006, 60, 203–209. [CrossRef]

http://dx.doi.org/10.1016/j.maturitas.2015.02.009
http://dx.doi.org/10.1001/jama.1994.03520130074036
http://www.ncbi.nlm.nih.gov/pubmed/8089886
http://dx.doi.org/10.1177/014860710302700101
http://dx.doi.org/10.1001/archsurg.134.1.36
http://www.ncbi.nlm.nih.gov/pubmed/9927128
http://dx.doi.org/10.1016/S0002-9343(03)00115-3
http://dx.doi.org/10.2147/IJGM.S102819
http://www.ncbi.nlm.nih.gov/pubmed/27486341
http://www.ncbi.nlm.nih.gov/pubmed/11989633
http://dx.doi.org/10.3390/nu11040895
http://dx.doi.org/10.1021/ac00108a026
http://dx.doi.org/10.1016/j.clnu.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27381508
http://dx.doi.org/10.2217/bmm-2016-0266
http://dx.doi.org/10.1016/j.amjsurg.2010.06.021
http://www.ncbi.nlm.nih.gov/pubmed/21601827
http://dx.doi.org/10.1017/S0007114518002854
http://dx.doi.org/10.3892/mco.2019.1837
http://dx.doi.org/10.1097/MD.0000000000011740
http://www.ncbi.nlm.nih.gov/pubmed/30045342
http://dx.doi.org/10.1016/j.amjmed.2015.03.032
http://dx.doi.org/10.1016/S0140-6736(79)90241-1
http://dx.doi.org/10.1093/gastro/gow013
http://www.ncbi.nlm.nih.gov/pubmed/27174435
http://dx.doi.org/10.1177/0148607187011002144
http://dx.doi.org/10.1177/0148607184008005523
http://dx.doi.org/10.1016/S0899-9007(01)00578-0
http://dx.doi.org/10.1038/sj.ejcn.1602289


J. Clin. Med. 2019, 8, 775 10 of 11

47. Shenkin, A.; Cederblad, G.; Elia, M.; Isaksson, B. Laboratory assessment of protein-energy status. Clin. Chim.
Acta. 1996, 253, S5–S9. [CrossRef]

48. Neaton, J.D.; Blackburn, H.; Jacobs, D.; Kuller, L.; Lee, D.-J.; Sherwin, R.; Shih, J.; Stamler, J.; Wentworth, D.
Serum Cholesterol Level and Mortality Findings for Men Screened in the Multiple Risk Factor Intervention
Trial. Arch. Intern. Med. 1992, 152, 1490–1500. [CrossRef]

49. Isley, W.L.; Underwood, L.E.; Clemmons, D.R. Dietary components that regulate serum somatomedin-C
concentrations in humans. J. Clin. Investig. 1983, 71, 175–182. [CrossRef]

50. Campillo, B.; Paillaud, E.; Bories, P.N.; Noel, M.; Porquet, D.; Le Parco, J.C. Serum levels of insulin-like growth
factor-1 in the three months following surgery for a hip fracture in elderly: Relationship with nutritional
status and inflammatory reaction. Clin. Nutr. 2000, 19, 349–354. [CrossRef]

51. López-Hellin, J.; Baena-Fustegueras, J.A.; Schwartz-Riera, S.; García-Arumí, E. Usefulness of short-lived
proteins as nutritional indicators surgical patients. Clin. Nutr. 2002, 21, 119–125. [CrossRef]

52. Burgess, E.J. Insulin-Like Growth Factor 1: A Valid Nutritional Indicator during Parenteral Feeding of
Patients Suffering an Acute Phase Response. Ann. Clin. Biochem. 1992, 29, 137–144. [CrossRef]

53. Unterman, T.G.; Vazquez, R.M.; Slas, A.J.; Martyn, P.A.; Phillips, L.S. Nutrition and somatomedin. XIII.
Usefulness of somatomedin-C in nutritional assessment. Am. J. Med. 1985, 78, 228–234. [CrossRef]

54. Livingstone, C. Insulin-like growth factor-I (IGF-I) and clinical nutrition. Clin. Sci. 2013, 125, 265–280.
[CrossRef]

55. Rachakonda, V.; Borhani, A.A.; Dunn, M.A.; Andrzejewski, M.; Martin, K.; Behari, J. Serum Leptin Is a
Biomarker of Malnutrition in Decompensated Cirrhosis. PLoS ONE 2016, 11, e0159142. [CrossRef]

56. Acar, S.; Çatlı, G.; Küme, T.; Tuhan, H.; Gürsoy Çalan, Ö.; Demir, K.; Böber, E.; Abaci, A. Increased
concentrations of serum nesfatin-1 levels in childhood with idiopathic chronic malnutrition. Turk. J. Med. Sci.
2018, 48, 378–385.

57. Tuerk, M.; Fazel, N. Zinc deficiency. Curr. Opin. Gastroenterol. 2009, 25, 136–143. [CrossRef]
58. Marcellini, F.; Giuli, C.; Papa, R.; Gagliardi, C.; Dedoussis, G.; Herbein, G.; Fulop, T.; Monti, D.; Rink, L.;

Jajte, J.; et al. Zinc status, psychological and nutritional assessment in old people recruited in five European
countries: Zincage study. Biogerontology 2006, 7, 339–345. [CrossRef]

59. Kvamme, J.-M.; Grønli, O.; Jacobsen, B.K.; Florholmen, J. Risk of malnutrition and zinc deficiency in
community-living elderly men and women: The Tromsø Study. Public Health Nutr. 2015, 18, 1907–1913.
[CrossRef]

60. Makonnen, B.; Venter, A.; Joubert, G. A Randomized Controlled Study of the Impact of Dietary Zinc
Supplementation in the Management of Children with Protein–Energy Malnutrition in Lesotho. II: Special
Investigations. J. Trop. Pediatr. 2003, 49, 353–360. [CrossRef]

61. Droogsma, E.; Van Asselt, D.Z.B.; Scholzel-Dorenbos, C.J.M.; Van Steijn, J.H.M.; Van Walderveen, P.E.;
Van Der Hooft, C.S. Nutritional status of community-dwelling elderly with newly diagnosed Alzheimer’s
disease: Prevalence of malnutrition and the relation of various factors to nutritional status. J. Nutr. Health Aging
2013, 17, 606–610. [CrossRef]

62. Koyama, A.; Hashimoto, M.; Tanaka, H.; Fujise, N.; Matsushita, M.; Miyagawa, Y.; Hatada, Y.; Fukuhara, R.;
Hasegawa, N.; Todani, S.; et al. Malnutrition in Alzheimer’s Disease, Dementia with Lewy Bodies,
and Frontotemporal Lobar Degeneration: Comparison Using Serum Albumin, Total Protein, and Hemoglobin
Level. PLoS ONE 2016, 11, e0157053. [CrossRef]

63. Ingenbleek, Y. Why should plasma transthyretin become a routine screening tool in elderly persons? J. Nutr.
Health Aging 2009, 13, 640–642. [CrossRef]

64. Fouque, D.; Kalantar-Zadeh, K.; Kopple, J.; Cano, N.; Chauveau, P.; Cuppari, L.; Franch, H.; Guarnieri, G.;
Ikizler, T.A.; Kaysen, G.; et al. A proposed nomenclature and diagnostic criteria for protein–energy wasting
in acute and chronic kidney disease. Kidney Int. 2008, 73, 391–398. [CrossRef]

65. Rymarz, A.; Bartoszewicz, Z.; Szamotulska, K.; Niemczyk, S. The Associations between Body Cell Mass and
Nutritional and Inflammatory Markers in Patients with Chronic Kidney Disease and in Subjects Without
Kidney Disease. J. Ren. Nutr. 2016, 26, 87–92. [CrossRef]

http://dx.doi.org/10.1016/0009-8981(96)06289-4
http://dx.doi.org/10.1001/archinte.1992.00400190110021
http://dx.doi.org/10.1172/JCI110757
http://dx.doi.org/10.1054/clnu.2000.0124
http://dx.doi.org/10.1054/clnu.2001.0515
http://dx.doi.org/10.1177/000456329202900203
http://dx.doi.org/10.1016/0002-9343(85)90431-0
http://dx.doi.org/10.1042/CS20120663
http://dx.doi.org/10.1371/journal.pone.0159142
http://dx.doi.org/10.1097/MOG.0b013e328321b395
http://dx.doi.org/10.1007/s10522-006-9048-4
http://dx.doi.org/10.1017/S1368980014002420
http://dx.doi.org/10.1093/tropej/49.6.353
http://dx.doi.org/10.1007/s12603-013-0032-9
http://dx.doi.org/10.1371/journal.pone.0157053
http://dx.doi.org/10.1007/s12603-009-0175-x
http://dx.doi.org/10.1038/sj.ki.5002585
http://dx.doi.org/10.1053/j.jrn.2015.09.005


J. Clin. Med. 2019, 8, 775 11 of 11

66. Kanda, E.; Kato, A.; Masakane, I.; Kanno, Y. A new nutritional risk index for predicting mortality in
hemodialysis patients: Nationwide cohort study. PLoS ONE 2019, 14, e0214524. [CrossRef]

67. Schuetz, P.; Fehr, R.; Baechli, V.; Geiser, M.; Deiss, M.; Gomes, F.; Kutz, A.; Tribolet, P.; Bregenzer, T.; Braun, N.;
et al. Individualised Nutritional Support in Medical Inpatients at Nutritional Risk: A Randomised Clinical
Trial. Lancet 2019. Available online: http://www.sciencedirect.com/science/article/pii/S0140673618327764
(accessed on 20 May 2019). [CrossRef]

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0214524
http://www.sciencedirect.com/science/article/pii/S0140673618327764
http://dx.doi.org/10.1016/S0140-6736(18)32776-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Role of Biomarkers in Published Screening Tools to Assess the Risk of Malnutrition 
	Serum Visceral Proteins as Biomarkers of the Nutritional Status 
	Serum Albumin 
	Serum Prealbumin 
	Albumin and Prealbumin in Starved and Otherwise Healthy Malnourished Subjects 
	Transferrin 
	Retinol-Binding Protein (RBP) 

	Laboratory Markers of Malnutrition Other Than Visceral Proteins 
	Urinary Creatinine 
	Urinary 3-Methylhistidine 
	Serum Cholesterol 
	Delayed Hypersensitivity and Blood Lymphocyte Count 
	Serum Insulin-Like Growth Factor 1 (IGF-1) 
	Serum Leptin 
	Serum Nesfatin-1 
	Serum Zinc 
	Other Essential Micronutrients (Trace Elements and Vitamins) 

	Biomarkers of Nutritional Risk in Some Specific Clinical Conditions 
	Geriatric Patients 
	Chronic Kidney Disease 

	References

