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Krzymińska-Siemaszko, R.;

Wieczorowska-Tobis, K.;
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Abstract: Chronic obstructive pulmonary disease (COPD) is a recognized risk factor for malnutrition.
The European Respiratory Society (ERS) statement included nutritional status assessment and dietary
intervention as essential components of comprehensive management in subjects with COPD. Accord-
ing to the GLIM algorithm, the first step in diagnosing malnutrition is risk screening with a validated
tool. Our study aimed to assess the diagnostic performance of three screening tools (MNA-SF, MUST,
and NRS-2002) used in the GLIM algorithm in older patients with COPD. Additionally, we evaluated
the agreement between these tools in the diagnostics of malnutrition. We performed a cross-sectional
study of 124 patients aged at least 60 years with COPD diagnosed, based on the Global Initiative
for Chronic Obstructive Lung Disease (GOLD). We assessed the participants’ nutritional status with
the three examined screening questionnaires (MNA-SF, MUST, and NRS-2002). Regardless of their
results, we performed full malnutrition diagnostics following the GLIM algorithm in all subjects.
The proportion of malnourished participants varied from 18.5% for the MUST questionnaire to
27.4% for the MNA-SF and 57.3% for the NRS-2002 score. Based on the GLIM criteria, malnutrition
was diagnosed in 48 subjects (38.7%). All assessed questionnaires had an unsatisfactory sensitivity
against the GLIM criteria for malnutrition: it was fair (58.3%) for the MNA-SF tool and poor for the
MUST and NRS-2002 questionnaires (47.9% for both questionnaires). Considering the negative health
consequences of malnutrition, a full diagnostic including GLIM etiologic and phenotypic criteria
should be recommended in all elderly patients with COPD, regardless of the screening results.

Keywords: older adults; malnutrition; COPD; screening tools; GLIM

1. Introduction

Disease-related malnutrition is found in 20–50% of hospitalized subjects. Chronic
obstructive pulmonary disease (COPD) is a recognized risk factor for malnutrition [1,2].
The European Respiratory Society (ERS) statement included nutritional status assessment
and dietary intervention as essential components of comprehensive management in subjects
with COPD [3]. In the same statement, experts from the ERS pointed out that screening
questionnaires such as the Mini Nutritional Assessment (MNA) and Malnutrition Universal
Screening Tool (MUST) estimate nutritional status without assessing changes in body
composition (e.g., muscle mass loss), common in older patients with COPD [3].

In 2018, experts from the Global Leadership Initiative on Malnutrition (GLIM) launched
new diagnostic criteria for malnutrition, including two etiologic and three phenotypic cri-
teria. The etiologic criteria were (1) reduced food intake or assimilation and (2) disease
burden/inflammatory condition. The phenotypic criteria included not only low body
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mass index (BMI) and non-volitional weight loss but also reduced muscle mass reflecting
changes in body composition [4].

According to the GLIM algorithm, the first step in diagnosing malnutrition is risk
screening with a validated tool. The Mini Nutritional Assessment—Short Form (MNA-SF)
is among the most commonly used screening tools in older adults [5–7]. Other ques-
tionnaires, such as the Malnutrition Universal Screening Tool (MUST) and Nutritional
Risk Score (NRS-2002), can be used interchangeably [8–10]. The accuracy of the GLIM
diagnostic algorithm [11–13] using various screening questionnaires has been intensively
studied [14–17]. Some authors questioned the use of a screening tool as a first step in the
algorithm. They pointed out that obtaining a score indicating normal nutritional status
disqualifies a patient from consequent assessment of etiologic and phenotypic criteria. In
reality, such a person may fulfil these criteria. They suggested using clinical suspicion of
malnutrition interchangeably with the positive result of a screening test [18,19]. As patients
with COPD have a particularly high risk of malnutrition [20–22], it may be assumed that
all of them have a clinical suspicion of malnutrition. Consequently, all of them should be
offered a full diagnostic of malnutrition.

Our study aimed to assess the diagnostic performance of three screening tools (MNA-
SF, MUST, and NRS-2002) used in the GLIM algorithm in older patients with COPD. Addi-
tionally, we evaluated the agreement between these tools in the diagnostics of malnutrition.
Our study is the first such analysis in subjects with COPD to the best of our knowledge.

2. Materials and Methods

We performed a cross-sectional study in patients aged at least 60 years (age range:
60–86 years) with a COPD diagnosis based on the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) [23] criteria, who were hospitalized in Pulmonary Rehabilitation
Ward (Great Poland Centre of Pulmonology and Thoracic Surgery) between September
2019 and November 2020. The inclusion criteria were preserved cognitive abilities and
written informed consent to participate in the study. Subjects with contraindications for
body composition analysis with the bioimpedance method (inability to maintain a standing
position, cardiac pacemaker, metal objects, oedemas), patients feeding by tube, and patients
with active cancer were not enrolled. The process of selection and recruitment of patients to
our study is shown as a flowchart (Figure 1). The 150 subjects with history of COPD were
admitted to the Pulmonary Rehabilitation Ward during the study period. Spirometry was
not performed in 12 (8.0%) of them (owing to recent myocardial infarction, recent vascular
surgery, recent ophthalmology surgery or history of retinal detachment). Of 128 patients
with diagnosis of COPD confirmed with spirometry, 4 (3.1%) subjects met at least one study
exclusion criterion. Finally, 124 individuals were included in our analysis.

The study was conducted under the Declaration of Helsinki. Its protocol was approved
by the Bioethical Committee of the Poznan University Medical Sciences, Poland (approval
No:888/19).

We took the results of the respiratory functional tests for our analysis from the hospital
database. We assessed participants’ nutritional status with the three examined screening
questionnaires (MNA-SF, MUST, and NRS-2002). Regardless of their results, we performed
full malnutrition diagnostics following the GLIM algorithm in all subjects. Additionally,
we performed diagnostics for sarcopenia according to the European Working Group on
Sarcopenia in Older People (EWGSOP2) recommendations [24]. Data on comorbidities
were taken from patients’ medical records. The sociological data were taken during a
personal interview with participants.
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Figure 1. The process of selection and recruitment of patients. Notes: COPD, chronic obstructive
pulmonary disease.

2.1. Respiratory Functional Tests

All subjects underwent spirometry (LUNGTEST 1000, MES). Based on the GOLD
recommendations, subjects with FEV1/FVC (forced expiratory volume in 1 second/forced
vital capacity) below 70 were diagnosed with COPD [23]. The severity of the COPD was
classified as follows:

• GOLD 1 (mild obturation) FEV1 ≥ 80%
• GOLD 2 (moderate obturation) FEV1 ≥ 50%
• GOLD 3 (severe obturation) FEV1 ≥ 30%
• GOLD 4 (very severe obturation) FEV1 < 30%

As there were few subjects in group GOLD 1 and GOLD 4, pooled categories GOLD1
+GOLD2 (GOLD1+2) and GOLD3+GOLD4 (GOLD3+4) were used in further analysis.

2.2. Assessment of Cognitive Performance

Patients’ cognitive performance was assessed with the Abbreviated Mental Test Score
(AMTS). It consists of ten items scoring one point each. Subjects who scored <7 (indicating
significant cognitive dysfunction) were excluded from our analysis [25].

2.3. Diagnostics of Malnutrition

The assessment of nutritional status (with all questionnaires) was performed by one
person (a certified dietician).The anthropometric assessment (total body mass, content
of water, amount and percentage of fat tissue and lean body mass) was performed with
the dual frequency InBody 120 analyzer (Biospace, Seoul, South Korea). The device uses
8 adhesive electrodes to measure segmental impedance (right arm, left arm, trunk, right leg,
left leg). Subjects were asked to take off clothing and jewellery, stand barefoot on electrodes
and grasp the hand electrodes. The measurements were taken after at least 2 h fasting.

2.3.1. Mini Nutritional Assessment—Short Form Questionnaire

The Mini Nutritional Assessment—Short Form questionnaire contains six items: de-
crease in food intake, weight loss during the preceding three months, mobility, psychologi-
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cal stress or acute disease during the preceding three months, neuropsychological problems,
and BMI. The maximum score is 14, and a score of fewer than 12 points indicates a risk
of malnutrition [5].

2.3.2. Malnutrition Universal Screening Tool (MUST)

The MUST questionnaire contains BMI, percentage unplanned weight loss in the
preceding 3–6 months, and no nutritional intake for more than five days owing to an acute
illness. The maximum score is 6, and a score of 1 or more indicates a risk of malnutrition [26].

2.3.3. Nutritional Risk Screening 2002 (NRS-2002)

The NRS-2002 questionnaire refers to two aspects of malnutrition: deterioration of
nutritional status (weight loss, low BMI, reduced dietary intake) and increased requirements
due to acute and chronic illnesses. Subjects aged 70 and more are given an additional 1 point.
The maximum score is 7, and a score ≥3 indicates a risk of malnutrition and the necessity
for nutritional intervention [26].

2.3.4. Global Leadership Initiative on Malnutrition (GLIM) Criteria
Phenotypic Criteria

The following phenotypic GLIM criteria were used:
1. Low BMI: <20 kg/m2 in persons aged below 70 years and <22 kg/m2 in subjects

aged 70 or more years
2. Low muscle mass was diagnosed based on the bioimpedance analysis of the body

composition. We used appendicular lean mass (ALM) to calculate the ALM index (a ratio of
ALM (in kg) to squared body height (in m2)). Low muscle mass (LMM) was diagnosed in
subjects with an ALM index below the previously estimated Polish cut-off points (5.6 kg/m2

in women and 7.4 kg/m2 in men) [27].
3. Unintended weight loss >5% body mass in the past six months, or >10% in a period

longer than six months.

Etiologic Criteria

We assumed that COPD fulfils the etiologic criterion of chronic disease with severe
systemic inflammation. Consequently, we diagnosed malnutrition in all participants with
at least one phenotypic criterion.

2.4. Diagnostics of Sarcopenia

We measured upper limb muscle strength with a hand dynamometer (Saehan, Chang-
won, South Korea) in all participants. We assumed the values <16 kg in women and <27 kg
in men indicate low upper limb muscle strength. Additionally, we assessed lower limb
strength with the chair stand test (CST). Low lower limb muscle strength was diagnosed in
subjects with the CST time >15 s. Participants with low upper and/or lower limb strength
were classified as at risk of sarcopenia [24].

The diagnosis of sarcopenia in patients at risk was confirmed based on the ALM index.

2.5. Statistical Analysis

Continuous data were described with mean and standard deviation, and categorical
variables with numbers (n) and percentage (%).

The differences between the four subgroups were assessed with the following tests:

- Analysis of variance (ANOVA)—for samples with normal distribution and homogene-
ity of variance;

- Kruskal–Wallis test—for samples not fulfilling the homogeneity of variance criterion.

The differences between the two subgroups were assessed with:

- Student t-test—for samples with normal distribution and homogeneity of variance;
- Mann–Whitney U test—for samples not following a normal distribution.
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Categorical data were evaluated with Pearson’s chi-squared test.
In order to assess diagnostic performance of the MNA-SF, MUST, and NRS-2002 ques-

tionnaires against the GLIM criteria, we calculated sensitivity and specificity (>80% good,
50–80% moderate, <50% poor), positive predictive value (PPV), negative predictive value
(NPV), area under the ROC curve (AUC; >0.8 good performance, 0.6–0.8 fair perfor-
mance, <0.6 poor performance) and kappa coefficient (>0.8 very good level of agreement,
0.61–0.8 good level of agreement, 0.41–0.6 moderate level of agreement, 0.21–0.4 fair level
of agreement, and <0.2 poor level of agreement) [28].

p-value < 0.05 was considered statistically significant. Statistical analyses were per-
formed with STATISTICA 10 PL (StatSoft, Cracow, Poland).

3. Results
3.1. Study Population Characteristics

We included 124 subjects aged 60 years or more (mean age: 69.4 ± 6.1 years) admitted
to the Pulmonary Rehabilitation Ward (Great Poland Centre of Pulmonology and Thoracic
Surgery). The length of stay on the ward was 21 days in all patients. Men constituted
59.7% of the study sample. All participants were of Polish nationality. They were taking
from 1 to 20 prescribed medications (mean 8.3). Seventy-nine percent of subjects had
vocational or secondary education. Nearly two-thirds of the patients (64.3%) were living
in urban areas, and 78.6% of them had households consisting of at least two persons. In
addition to COPD, most participants had other medical conditions. The most frequent
comorbidities were hypertension (62.9%), diabetes (30.6%), cardiovascular disease (29.0%)
and dyslipidemia (22.6%).

Table 1 shows the characteristics of study participants according to the severity of
COPD (GOLD 1+2 and GOLD 3+4). The results of the MNA-SF and NRS-2002 question-
naires did not differ between the two subgroups, while in the group GOLD 3+4, more
subjects gained a MUST score indicative of impaired nutritional status. More patients
with severe or very severe obstruction had low ALM index (p = 0.0047) than individu-
als with mild to moderate obstruction. They also had lower weight (p = 0.0048), BMI
(p = 0.0046), skeletal muscle mass (p = 0.0071), and free fat mass (p = 0.0117) as compared to
the GOLD1+2 group.

Figure 2 shows the distribution of scores for the screening questionnaires.

Table 1. Characteristics of study population according to the severity of COPD.

GOLD 1+2
n = 60

GOLD 3+4
n = 64 p-Value

Age (years) 69.8 ± 6.5 69.0 ± 5.7 0.4832

MNA-SF
Risk of malnutrition 15 (25.0) 19 (29.7)

0.5587No risk of malnutrition 45 (75.0) 45 (70.3)

MUST
Risk of malnutrition 6 (10.0) 17 (26.6)

0.0177No risk of malnutrition 54 (90.0) 47 (73.4)

NRS-2002
Risk of malnutrition 35 (58.3) 36 (56.3)

0.8147No risk of malnutrition 25 (41.7) 28 (43.8)
Height (cm) 166.6 ± 9.4 166.3 ± 9.2 0.8641
Weight (kg) 82.8 ± 19.1 73.5 ± 21.1 0.0048

BMI (kg/m2) 29.8 ± 6.2 26.4 ± 6.6 0.0046
BFM (kg) 28.3 ± 12.4 24.2 ± 13.0 0.0591
SMM (kg) 30.2 ± 6.7 26.9 ± 6.5 0.0071
PBF (%) 33.1 ± 9.6 31.2 ± 10.2 0.2901

FFM (kg) 47.5 ± 11.0 42.4 ± 10.9 0.0117
Low ALM index 7 (11.7) 22 (34.4) 0.0028
FEV1/FVC EX 59.4 ± 7.6 43.2 ± 11.4 <0.0001

FEV1 66.7 ± 13.2 35.6 ± 7.1 <0.0001
Notes: Values are presented as numbers (%) or mean ± standard deviation for descriptive analyses. GOLD:
Global Initiative for Chronic Obstructive Lung Disease; MNA-SF, Mini Nutritional Assessment—Short Form;
MUST, Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk Score; BMI, body mass index; BFM,
body fat mass; SMM, skeletal muscle mass; PBF, percent body fat; FFM, free fat mass; ALM index, appendicular
lean mass index; FEV1/FVC EX, forced expiratory volume in 1 s/forced vital capacity; FEV1, forced expiratory
volume in 1 s.
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Figure 2. The distribution of scores for the screening questionnaires. Notes: NRS-2002, Nutritional
Risk Score; MUST, Malnutrition Universal Screening Tool; MNA-SF, Mini Nutritional Assessment—
Short Form.

3.2. Malnutrition According to Various Diagnostic Methods

Table 2 shows the results of spirometric assessments and anthropometric characteris-
tics of patients diagnosed with malnutrition based on our study’s four diagnostic methods.
Subjects with malnutrition diagnosed based on the MUST questionnaire and the GLIM
criteria had the lowest body mass (p = 0.0318) and BMI (p = 0.0249). Other anthropometric
parameters and functional test results did not differ between the individuals with malnutri-
tion diagnosed with various questionnaires. The prevalence of sarcopenia was similar in all
four groups, and all subjects with sarcopenia fulfilled the GLIM criteria for malnutrition.

Table 2. Anthropometric characteristics and clinical data of subjects with malnutrition diagnosed
based on four different diagnostic methods.

GLIM, n = 48 MNA-SF + GLIM, n = 28 MUST + GLIM, n = 23 NRS-2002 + GLIM, n = 23 p-Value

Age 69.1 ± 6.3 69.4 ± 6.0 68.8 ± 5.1 69.8 ± 6.7 0.9509
AMTS 9.5 ± 0.7 9.6 ± 0.6 9.7 ± 0.7 9.7 ± 0.6 0.7974

Sex
0.3503Women 20 (41.7) 16 (57.1) 12 (52.2) 8 (34.8)

Men 28 (58.3) 12 (42.9) 11 (47.8 15 (65.2)
GOLD

1+2 19 (39.6) 11 (39.3) 6 (26.1) 9 (39.1)
0.70063+4 29 (60.4) 17 (60.7) 17 (73.9) 14 (60.9)

FEV1/FVC EX 48.1 ± 10.9 49.3 ± 10.9 47.1 ± 11.1 46.3 ± 10.9 0.7799
FEV1 48.9 ± 20.2 49.3 ± 19.5 43.8 ± 18.6 48.5 ± 21.3 0.7811

6MWT (m) 317.1 ± 134.2 281.0 ± 143.4 286.8 ± 152.7 332.8 ± 145.4 0.5403
Height (cm) 165.4 ± 9.4 162.8 ± 10.2 163.7 ± 8.6 165.1 ± 10.5 0.5409
Weight (kg) 66.2 ± 18.6 61.0 ± 19.2 55.0 ± 12.9 67.5 ± 18.5 0.0318

BMI (kg/m2) 24.0 ± 5.8 22.8 ± 6.0 20.4 ± 3.6 24.6 ± 5.6 0.0249
BFM (kg) 19.3 ± 11.1 17.6 ± 11.1 13.5 ± 6.8 20.4 ± 10.9 0.0758
SMM (kg) 25.5 ± 6.3 23.4 ± 6.3 22.3 ± 4.6 25.6 ± 6.2 0.0745
PBF (%) 27.6 ± 9.8 26.9 ± 10.0 23.6 ± 7.4 29.0 ± 9.0 0.2336

FFM (kg) 40.0 ± 10.8 36.3 ± 10.9 34.4 ± 8.0 40.5 ± 10.8 0.0706
Low ALM index 29 (60.4) 19 (67.9) 18 (78.3) 15 (65.2) 0.5200

Sarcopenia 16 (33.3) 12 (42.9) 12 (52.2) 9 (39.1)
0.4923No sarcopenia 32 (66.7) 16 (57.1) 11 (47.8) 14 (60.9)

Notes: Values are presented as numbers (%) or mean ± standard deviation for descriptive analyses. AMTS,
Abbreviated Mental Test Score; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MNA-SF, Mini
Nutritional Assessment—Short Form; MUST, Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk
Score; FEV1/FVC EX, forced expiratory volume in 1 s/forced vital capacity; FEV1, forced expiratory volume in 1
s; 6MWT, 6 min walk test; BMI, body mass index; BFM, body fat mass; SMM, skeletal muscle mass; PBF, percent
body fat; FFM, free fat mass; ALM index, appendicular lean mass index.

Figure 3 shows an overlap between the results of the screening questionnaires and the
GLIM diagnostic criteria. The proportion of malnourished participants varied from 18.5%
for the MUST questionnaire to 27.4% for the MNA-SF and 57.3% for the NRS-2002 score.
Based on the GLIM criteria, malnutrition was diagnosed in 48 subjects (38.7%). The results
of the four assessed tools were in agreement in 24 (19.4%) participants without malnutrition
and only eight subjects (6.5%) with malnutrition.
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Figure 3. Number of patients with malnutrition diagnosed based on results of the MNA-SF, MUST,
NRS-2002 questionnaires and the GLIM criteria. Notes: MNA-SF, Mini Nutritional Assessment—
Short Form; MUST, Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk Score; GLIM,
Global Leadership Initiative on Malnutrition. The grey area denotes overlapping of the MNA-SF,
MUST, NRS-2002, and GLIM results for malnutrition.

3.3. Diagnostic Performance of the MNA-SF, MUST, and NRS-2002 Questionnaires

Table 3 shows the assessed questionnaires’ sensitivity, specificity, positive and negative
predictive value, accuracy, AUC, and kappa coefficient. Only the MNA-SF tool had fair
sensitivity (58.3%), while the MUST and NRS-2002 questionnaires had poor sensitivity
(47.9% for both questionnaires). The sensitivity of the MUST tool was higher in subjects
with severe and very severe obstruction (fair; 58.6%). The MUST questionnaire had the
highest specificity (100%), as compared to the MNA-SF (good; 92.1%) and NRS-2002 (poor;
36.8%). The accuracy was good for the MNA-SF (AUC 0.84), fair for the MUST (AUC 0.74),
and poor for the NRS-2002 (AUC 0.41).

Table 3. Diagnostic performance of the MNA-SF, MUST, and NRS-2002 questionnaires.

MNA-SF MUST NRS-2002

Sensitivity (%)
Total 58.3 47.9 47.9

GOLD 1+2 57.9 31.6 47.4
GOLD 3+4 58.6 58.6 48.3

Specificity (%)
Total 92.1 100.0 36.8

GOLD 1+2 90.2 100.0 36.6
GOLD 3+4 94.3 100.0 37.1

Positive predictive value (%)
Total 82.4 100.0 32.4

GOLD 1+2 73.3 100.0 25.7
GOLD 3+4 89.5 100.0 38.9

Negative predictive value (%)
Total 77.8 75.3 52.8

GOLD 1+2 82.2 75.9 60.0
GOLD 3+4 73.3 74.5 46.4

Accuracy (%)
Total 79.0 79.8 41.1

GOLD 1+2 80.0 78.3 40.0
GOLD 3+4 78.1 81.3 42.2

AUC
Total 0.84 0.74 0.41

GOLD 1+2 0.78 0.66 0.42
GOLD 3+4 0.89 0.79 0.41

Kappa coefficient
Total 0.533 0.530 0.140

GOLD 1+2 0.510 0.387 0.131
GOLD 3+4 0.545 0.608 0.143

Notes: MNA-SF, Mini Nutritional Assessment—Short Form; MUST, Malnutrition Universal Screening Tool;
NRS-2002, Nutritional Risk Score; GOLD, Global Initiative for Chronic Obstructive Lung Disease; AUC, area
under the curve.
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Figure 4 presents the ROC curves for the MNA-SF, MUST, and NRS-2002 question-
naires against the GLIM criteria in the total study sample, while Figures 5 and 6 present
them for the GOLD1+2 and GOLD3+4 subgroups, respectively.

Figure 4. ROC curves for the MNA-SF, MUST, and NRS-2002 questionnaires against the GLIM criteria
in the total study population.Notes: MNA-SF, Mini Nutritional Assessment—Short Form; MUST,
Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk Score.

Figure 5. ROC curves for the MNA-SF, MUST, and NRS-2002 questionnaires against the GLIM criteria
in the GOLD1+2 subgroup. Notes: MNA-SF, Mini Nutritional Assessment—Short Form; MUST,
Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk Score; GLIM, Global Leadership
Initiative on Malnutrition; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Figure 6. ROC curves for the MNA-SF, MUST, and NRS-2002 questionnaires against the GLIM criteria
in the GOLD3+4 subgroup. Notes: MNA-SF, Mini Nutritional Assessment—Short Form; MUST,
Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk Score; GLIM, Global Leadership
Initiative on Malnutrition; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

4. Discussion

Volkert et al. [2] have recently specified seven common diseases that concomitantly
increase the energy demand, decrease food intake and bioavailability, and thus increase
the risk of malnutrition in elderly subjects. Chronic obstructive pulmonary disease was
listed among these conditions [2]. To the best of our knowledge, our study was the first
attempt to determine the best screening tool for malnutrition in elderly subjects with COPD.
Malnutrition is a recognized negative prognostic factor in such patients, and interventions
to improve nutritional status effectively improve general health status [3,29–31].

Despite the general acceptance of the GLIM diagnostic criteria for malnutrition pub-
lished in 2018, the use of screening tools in the first step of diagnostics is the subject of
much controversy [18,19,32,33]. Our results show that the use of the MNA-SF questionnaire
as a screening tool would preclude the diagnosis of malnutrition in 20 subjects (41.7%),
while the application of the MUST or NRS-2002 tool in 25 (52.1%) of patients (different
individuals for both questionnaires).

Dávalos-Yerovi et al. [34] have suggested that the use of the etiologic criterion “any
disease burden or inflammatory condition” in the GLIM algorithm may result in a higher
percentage of subjects with a diagnosis of malnutrition. Chronic obstructive pulmonary
disease may fulfil such an etiologic condition. However, the GLIM recommendations do
not specify if it should be applied to all patients with COPD or only to individuals with
the disease exacerbation. We assumed in our analysis that all patients with COPD fulfil
this etiologic criterion. Moreover, weight or muscle mass loss is often observed in COPD
subjects, fulfilling the phenotypic criteria [34]. Concomitant fulfilling of a phenotypic and
etiologic criterion indicates malnutrition, even if the results of a screening tool are negative.

The screening questionnaires assessed in our study have been previously examined in
other populations. Sanchez-Rodriguez et al. [32] observed that more than half (60.4%) of
community-dwelling older adults (mean age: 73.2 ± 6.05 years) with malnutrition accord-
ing to the GLIM criteria had MNA-SF score of at least 12 [32]. Similarly, in our previous
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work [19] involving 273 community-dwelling elderly subjects (mean age: 72.1 ± 7.7 years),
etiologic and phenotypic criteria for malnutrition were fulfilled in 103 individuals, of whom
41% (n = 42) had a negative screening result with the MNA-SF [19].

These findings [19,32] question the value of MNA-SF as a screening tool for mal-
nutrition in elderly subjects when the GLIM algorithm is used, in opposition to earlier
reports [5,6]. Other screening tools have also been put under criticism. Bellanti et al. [17]
assessed the diagnostic performance of the MUST, NRS-2002, and Subjective Global Assess-
ment (SGA) in older inpatients (n = 152, mean age 78.3 ± 7.6 years). Similarly to our results,
the MUST questionnaire had a higher diagnostic performance with an accuracy of 73.7%
(MUST accuracy in our study was 79.8%) as compared to NRS-2002 with the accuracy of
62.5% (41.1% in our study); of note, none of the tools had good diagnostic performance [17].
It should be emphasized that unlike MNA-SF and MUST, which were elaborated to screen
subjects living in various places (community-dwelling, institutionalized), the NRS-2002
questionnaire was worked up to assess the effectiveness of nutritional interventions in
hospitalized adults. Therefore, the NRS-2002 is probably not well suited for pulmonary
rehabilitation patients (who constituted our study population).

Overlooking malnutrition, particularly in elderly individuals, may lead to sarcopenia.
The concomitance of these conditions is defined as malnutrition-sarcopenia syndrome
(MSS). Hu et al. [35], in a study involving 453 elderly hospitalized subjects (mean age
79.0 ± 7.8 years), observed that patients with MSS has double the risk of death as compared
to individuals with malnutrition or sarcopenia alone (HR for MSS: 4.78; HR for malnutrition:
2.62; HR for sarcopenia: 1.66) [35]. In our study, all subjects with sarcopenia fulfilled the
GLIM criteria for malnutrition, confirming the frequent concomitance of these conditions.
However, many individuals with sarcopenia had a negative result of a screening test for
malnutrition, which further emphasizes the necessity to perform the complete diagnostics
for malnutrition in elderly subjects with COPD, regardless of the screening results.

There are some limitations to our study. As an objective assessment of weight changes
within the past 12 months was impossible, we based on patients’ declarations. Similarly,
information about the reduction in dietary intake was not derived on calculations of
nutritional demand and assessment with a diary but was declarative only. This limitation
did not influence the prevalence of malnutrition according to the GLIM criteria, as COPD
in all subjects fulfilled the other etiologic criterion (any disease burden or inflammatory
condition). As our study has a cross-sectional design, any causal conclusion cannot be
drawn. The trial was conducted in one district, so its findings could not be generalized.

To the best of our knowledge, our study was the first attempt to assess the relationship
between malnutrition diagnosed with various screening tools and the severity of COPD
in elderly subjects. It fills a gap in the literature and emphasizes the importance of a full
diagnostic of malnutrition in these patients.

5. Conclusions

Our study demonstrates unsatisfactory sensitivity against the GLIM criteria of the
MNA-SF, MUST and NRS-2002 questionnaires. The use of various screening questionnaires
in the first step of the GLIM algorithm in elderly subjects with COPD yielded conflicting
results. These findings have important clinical implications. Considering the negative
health consequences of malnutrition, a full diagnostic including GLIM etiologic and pheno-
typic criteria should be recommended in all elderly patients with COPD, regardless of the
screening results.
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vision, E.D.-Ś.; project administration, A.K.-S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.



Int. J. Environ. Res. Public Health 2022, 19, 1025 11 of 12

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Bioethics Committee of the Poznan University of
Medical Sciences, Poland (approval No:888/19; date of approval: 12 September 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All relevant data are within the manuscript and are openly available
in the Zenodo repository (DOI: 10.5281/zenodo.5833462).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Norman, K.; Pichard, C.; Lochs, H.; Pirlich, M. Prognostic Impact of Disease-Related Malnutrition. Clin. Nutr. 2008, 27, 5–15.

[CrossRef]
2. Volkert, D.; Kiesswetter, E.; Cederholm, T.; Donini, L.M.; Eglseer, D.; Norman, K.; Schneider, S.M.; Ströbele-Benschop, N.;

Torbahn, G.; Wirth, R.; et al. Development of a Model on Determinants of Malnutrition in Aged Persons: A MaNuEL Project.
Gerontol. Geriatr. Med. 2019, 5, 2333721419858438. [CrossRef] [PubMed]

3. Schols, A.M.; Ferreira, I.M.; Franssen, F.M.; Gosker, H.R.; Janssens, W.; Muscaritoli, M.; Pison, C.; Rutten-van Mölken, M.;
Slinde, F.; Steiner, M.C.; et al. Nutritional Assessment and Therapy in COPD: A European Respiratory Society Statement. Eur.
Respir. J. 2014, 44, 1504–1520. [CrossRef] [PubMed]

4. Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.;
Blaauw, R.; Coats, A.; et al. GLIM Criteria for the Diagnosis of Malnutrition—A Consensus Report from the Global Clinical
Nutrition Community. Clin. Nutr. 2019, 38, 1–9. [CrossRef] [PubMed]

5. Kaiser, M.J.; Bauer, J.M.; Ramsch, C.; Uter, W.; Guigoz, Y.; Cederholm, T.; Thomas, D.R.; Anthony, P.; Charlton, K.E.; Maggio, M.;
et al. Validation of the Mini Nutritional Assessment Short-Form (MNA-SF): A Practical Tool for Identification of Nutritional
Status. J. Nutr. Health Aging 2009, 13, 782–788. [CrossRef] [PubMed]

6. Rubenstein, L.Z.; Harker, J.O.; Salvà, A.; Guigoz, Y.; Vellas, B. Screening for Undernutrition in Geriatric Practice: Developing the
Short-Form Mini-Nutritional Assessment (MNA-SF). J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M366–M372. [CrossRef] [PubMed]

7. Corish, C.A.; Bardon, L.A. Malnutrition in Older Adults: Screening and Determinants. Proc. Nutr. Soc. 2019, 78, 372–379.
[CrossRef]

8. Guyonnet, S.; Rolland, Y. Screening for Malnutrition in Older People. Clin. Geriatr. Med. 2015, 31, 429–437. [CrossRef]
9. Murphy, J.; Mayor, A.; Forde, E. Identifying and Treating Older Patients with Malnutrition in Primary Care: The MUST Screening

Tool. Br. J. Gen. Pract. 2018, 68, 344–345. [CrossRef] [PubMed]
10. Zhang, X.; Tang, M.; Zhang, Q.; Zhang, K.-P.; Guo, Z.-Q.; Xu, H.-X.; Yuan, K.-T.; Yu, M.; Braga, M.; Cederholm, T.; et al. The GLIM

Criteria as an Effective Tool for Nutrition Assessment and Survival Prediction in Older Adult Cancer Patients. Clin. Nutr. 2021,
40, 1224–1232. [CrossRef]

11. Shimizu, A.; Maeda, K.; Honda, T.; Ishida, Y.; Ueshima, J.; Nagami, S.; Nagano, A.; Inoue, T.; Murotani, K.; Kayashita, J.; et al.
Comparison between the Global Leadership Initiative on Malnutrition and the European Society for Clinical Nutrition and
Metabolism Definitions for the Prevalence of Malnutrition in Geriatric Rehabilitation Care. Geriatr. Gerontol. Int. 2020, 20, 1221–
1227. [CrossRef] [PubMed]

12. Kakavas, S.; Karayiannis, D.; Bouloubasi, Z.; Poulia, K.A.; Kompogiorgas, S.; Konstantinou, D.; Vougas, V. Global Leadership
Initiative on Malnutrition Criteria Predict Pulmonary Complications and 90-Day Mortality after Major Abdominal Surgery in
Cancer Patients. Nutrients 2020, 12, 3726. [CrossRef]

13. Allard, J.P.; Keller, H.; Gramlich, L.; Jeejeebhoy, K.N.; Laporte, M.; Duerksen, D.R. GLIM Criteria Has Fair Sensitivity and
Specificity for Diagnosing Malnutrition When Using SGA as Comparator. Clin. Nutr. 2020, 39, 2771–2777. [CrossRef] [PubMed]

14. Matsumoto, Y.; Iwai, K.; Namikawa, N.; Matsuda, S.; Wakano, C.; Heya, H.; Yamanaka, M. The Relationship between Existing
Nutritional Indicators and Global Leadership Initiative on Malnutrition (GLIM) Criteria: A One-Institution Cross-Sectional
Analysis. Clin. Nutr. 2020, 39, 3099–3104. [CrossRef] [PubMed]

15. Sobrini, P.; Sánchez-Castellano, C.; Cruz-Jentoft, A.J. MNA-SF as a Screening Tool for Malnutrition Diagnosed with the Glim
Criteria in Older Persons with Cancer. Eur. Geriatr. Med. 2021, 12, 653–656. [CrossRef] [PubMed]

16. Clark, A.B.; Reijnierse, E.M.; Lim, W.K.; Maier, A.B. Prevalence of Malnutrition Comparing the GLIM Criteria, ESPEN Definition
and MST Malnutrition Risk in Geriatric Rehabilitation Patients: RESORT. Clin. Nutr. 2020, 39, 3504–3511. [CrossRef] [PubMed]

17. Bellanti, F.; Lo Buglio, A.; Quiete, S.; Pellegrino, G.; Dobrakowski, M.; Kasperczyk, A.; Kasperczyk, S.; Vendemiale, G. Comparison
of Three Nutritional Screening Tools with the New Glim Criteria for Malnutrition and Association with Sarcopenia in Hospitalized
Older Patients. J. Clin. Med. 2020, 9, 1898. [CrossRef]

18. Lengelé, L.; Bruyère, O.; Beaudart, C.; Reginster, J.-Y.; Locquet, M. Malnutrition, Assessed by the Global Leadership Initiative on
Malnutrition (GLIM) Criteria but Not by the Mini Nutritional Assessment (MNA), Predicts the Incidence of Sarcopenia over a
5-Year in the SarcoPhAge Cohort. Aging Clin. Exp. Res. 2021, 33, 1507–1517. [CrossRef]

http://doi.org/10.1016/j.clnu.2007.10.007
http://doi.org/10.1177/2333721419858438
http://www.ncbi.nlm.nih.gov/pubmed/31259204
http://doi.org/10.1183/09031936.00070914
http://www.ncbi.nlm.nih.gov/pubmed/25234804
http://doi.org/10.1016/j.clnu.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/30181091
http://doi.org/10.1007/s12603-009-0214-7
http://www.ncbi.nlm.nih.gov/pubmed/19812868
http://doi.org/10.1093/gerona/56.6.M366
http://www.ncbi.nlm.nih.gov/pubmed/11382797
http://doi.org/10.1017/S0029665118002628
http://doi.org/10.1016/j.cger.2015.04.009
http://doi.org/10.3399/bjgp18X697853
http://www.ncbi.nlm.nih.gov/pubmed/29954811
http://doi.org/10.1016/j.clnu.2020.08.004
http://doi.org/10.1111/ggi.14072
http://www.ncbi.nlm.nih.gov/pubmed/33107703
http://doi.org/10.3390/nu12123726
http://doi.org/10.1016/j.clnu.2019.12.004
http://www.ncbi.nlm.nih.gov/pubmed/31918864
http://doi.org/10.1016/j.clnu.2020.01.016
http://www.ncbi.nlm.nih.gov/pubmed/32046880
http://doi.org/10.1007/s41999-020-00442-8
http://www.ncbi.nlm.nih.gov/pubmed/33469813
http://doi.org/10.1016/j.clnu.2020.03.015
http://www.ncbi.nlm.nih.gov/pubmed/32273200
http://doi.org/10.3390/jcm9061898
http://doi.org/10.1007/s40520-021-01880-5


Int. J. Environ. Res. Public Health 2022, 19, 1025 12 of 12
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