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Abstract

Malnutrition is prevalent in patients with chronic obstructive pulmonary disease (COPD) but is often neglected in clinical practice. This study examined the usefulness of the Mini Nutritional Assessment (MNA) for assessing the nutritional status of patients with COPD. We recruited 83 patients with COPD in stable condition from the pulmonary rehabilitation unit of a medical center in northern Taiwan. Each patient was interviewed with a structured questionnaire to elicit personal and health-related data, and measured for anthropometric and blood biochemical indicators. Nutritional status was rated with two Taiwanese-specific versions of the MNA, MNA-T1 and MNA-T2. Fat-free mass was measured with bioelectrical impedance analysis (BIA), and exercise capacity indicators with the 6-Minute Walk Test. The two MNA versions showed high agreement (kappa=0.949) in predicting the nutritional risk, and both versions predicted the FFMI well (area under the curve of the Receiver Operating Characteristics = 0.804, p<0.001 for MNA-T1; and 0.813, p<0.001 for MNA-T2). MNA scores decreased with increasing disease severity and were highly correlated with FFMI, BMI, mid-arm circumference, calf circumference, and oxygen saturation at rest and during exercise (all p(0.01). The MNA score was positively correlated with FEV1, FVC and 6-minute walking distance, and negatively correlated with GOLD stages (all p<0.05). However, the MNA score was not significantly correlated with blood biochemical indicators, perhaps due to inflammatory status associated with COPD. The MNA appears appropriate for rating the nutritional risk of patients with COPD. Routine use of the MNA may help reduce the risk of malnutrition in patients with COPD.
1. Introduction 
Chronic obstructive pulmonary disease (COPD) is characterized by airflow limitation that is not fully reversible. Body weight loss and muscle wasting is often a common and serious problem with poor prognosis and malnutrition is a systemic manifestation in these patients. COPD decreases muscle strength especially the diaphragm, reduces exercise capacity, and weakens immunity of the respiratory system, resulting in increased risk of mortality.
Although malnutrition is common in patients with COPD, nutritional assessment is not carried out routinely and often ignored in clinical settings. Ideal nutritional marker or gold standard for diagnosis of nutritional risk for these patients is not yet available. Because weight loss, especially lean body mass is a common problem in patients with COPD [1], clinicians often use anthropometric or biochemical indicators to get a feeling of their nutritional status. Percent of ideal body weight, mid-arm circumference (MAC) and triceps skinfolds thickness were often the indicators used to gauge nutritional changes in these patients [2] and a multi-indicator method including albumin, prealbumin, total lymphocyte count, percent of ideal body weight, triceps skinfolds thickness, mid-arm circumference and BMI has been used to compute a nutritional index to confirm the diagnosis [3-6]. While these methods may yield satisfactory results and successfully identify the nutritional status of patients with COPD, the process is time consuming, expensive and impractical for routine clinical practice. 
Bioelectrical impedance analysis (BIA) is a method that determines lean and fat body compartments. It has been used to assess body composition of patients with COPD [7-9]. Using BIA, body fat-free mass index (FFMI), ≤15kg/m2 for women and ≤16kg/m2 for men, has been derived to suggest muscle depletion in patients with COPD [10-12]. However, few families are equipped with BIA.
In recent decades, several measurement scales have been developed for rating the nutritional status of elderly persons. The Mini-Nutritional Assessment (MNA) is one of the most widely used ones. It is a simple, low-cost, fast and non-invasive tool that has been shown to perform well in elderly living in various settings or with various health conditions [13]. The MNA consists of 18 items and evaluates 4 areas of nutritional status--anthropometric, dietary, global and self-rated status. A normalized version (MNA-T1) has been developed for Taiwanese elderly by adopting population-specific anthropometric cutoff points. An alternative version that replaced calf circumference (CC) for BMI (MNA-T2) was also developed [14]. These Taiwanese-specific versions have been shown to be suitable for assessing the nutritional status of elderly Taiwanese living in various settings [15, 16] or with various health conditions [17].
A few recent reports have used the MNA to evaluate the nutritional risk of patients with COPD [18-21]. However, the appropriateness of using the MNA to screen for nutritional risk in patients with COPD has not been robustly examined. Thus, we conducted this study to determine the appropriateness of using the MNA for assessing the nutritional risk of patients with COPD. 

2. Methods
2.1. Design and Subjects

We recruited 83 (79 males and 4 females) patients with COPD from the pulmonary rehabilitation unit of a medical center in northern Taiwan to serve as study subjects during November 2009 to April 2011. The diagnosis of COPD and the grading of the severity of the disease were based on the 2007 version of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines [22]. Only non-hospitalized patients who were able to communicate verbally and without acute infection or exacerbation during the study period were allowed to participate. The study protocol was approved by the Ethics Committee of the Chang-Gung Memorial Hospital (No.98-3601B) and conducted according to the guidelines laid down in the Declaration of Helsinki. All participants signed a consent form in the presence of a nursing staff and family members.

2.2. Outcome measurements 
Each participant underwent a person-to-person interview with a structured questionnaire for eliciting personal, demographic, lifestyle and disease-related data and answers to items in the MNA. Each subject was also measured for anthropometric indicators and body composition, and taken a fasting blood specimen for measuring blood/serum biochemical indicators. Weight, height, MAC and CC were measured according to standard methods [23]. Bioelectrical impedance analysis (TANITA’s, BF-800 Body Fat Monitor, Tokyo, Japan) was performed to determine percentage of body fat. Fat-free mass was calculated from body weight minus fat mass. FFMI was calculated according to fat-free mass (kg)/height (m)2. Hemoglobin, total lymphocyte count, and serum albumin and C-reactive protein (CRP) concentrations were measured in the clinical laboratories of the hospital. 
The nutritional status of each patient was rated with both versions of the MNA. The MNA has a maximum score of 30. A score (16.5 suggests malnourishment; 17-23.5 suggests at risk of malnutrition, and (24 suggests normal [14]. Lung function indicators including FVC and FEV1 were measured with a spirometer (SpiroAnalyzer ST-250, Fukuda Sangyo, Tokyo, Japan). Each subject was also evaluated for exercise capacity with the 6-Minute Walk Test (6-MWT) according to American Thoracic Society guidelines [24] ADDIN EN.CITE <EndNote><Cite ExcludeYear="1"><Year>2002</Year><RecNum>1010</RecNum><record><rec-number>1010</rec-number><foreign-keys><key app="EN" db-id="r25xvv9w2dpv0perd5upedpzezvwrra5aw9a">1010</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors></contributors><titles><title>ATS statement: guidelines for the six-minute walk test</title><secondary-title>Am J Respir Crit Care Med</secondary-title><alt-title>American journal of respiratory and critical care medicine</alt-title></titles><periodical><full-title>Am J Respir Crit Care Med</full-title><abbr-1>American journal of respiratory and critical care medicine</abbr-1></periodical><alt-periodical><full-title>Am J Respir Crit Care Med</full-title><abbr-1>American journal of respiratory and critical care medicine</abbr-1></alt-periodical><pages>111-7</pages><volume>166</volume><number>1</number><edition>2002/07/02</edition><keywords><keyword>Data Collection</keyword><keyword>Data Interpretation, Statistical</keyword><keyword>Exercise Test/contraindications/instrumentation/*methods</keyword><keyword>Humans</keyword><keyword>Quality Assurance, Health Care</keyword><keyword>Safety</keyword><keyword>Walking</keyword></keywords><dates><year>2002</year><pub-dates><date>Jul 1</date></pub-dates></dates><isbn>1073-449X (Print)&#xD;1073-449X (Linking)</isbn><accession-num>12091180</accession-num><work-type>Guideline&#xD;Practice Guideline</work-type><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/12091180</url></related-urls></urls><language>eng</language></record></Cite></EndNote> . Patients were instructed to walk as far as possible but were allowed to stop and rest when necessary. During the test, pulse oxygen saturation (SaO2) was continuously monitored with a finger pulse oximeter (BCI, 3301, Wisconsin, USA). 
2.3. Statistical analysis
Data were analyzed with PASW Statistics 18.0 (SPSS Inc., Chicago, IL). Simple descriptive statistics such as mean and standard deviation or percentage were calculated for continuous or categorical data. Kappa statistic was performed to evaluate the agreement of the two MNA versions in discriminating the nutritional status. Receiver operating characteristic (ROC) curves were generated for both MNA versions using the FFMI as a reference. The area under the curves (AUC) was used to indicate the discriminating ability by each scale. Pearson's correlation analysis was performed to determine the strength of relationship of age, anthropometric, biochemical, lung function (FEV1 and FVC), physical functional and health-related parameters with the MNA scores whereas Spearman's correlation analysis was performed to determine the relationship between the severity of COPD (GOLD stages) with the MNA scores. The level of significance for all statistical tests was set at alpha = 0.05.
3. Results
Table 1 shows the characteristics and the status of health indicators of subjects. Most subjects (75/83) aged over 65 years; 55 (66%) were past smokers and 15 (18%) were current smokers; Average FEV1 % predicted was 60.7 ( 20.4%, and FVC % predicted was 75.6 ( 18.2%. Fourteen subjects (16.9%) had mild, 43 (51.8%) had moderate, 22 (26.5%) had severe and 4 (4.8%) had very severe airway obstruction according to GOLD guidelines. The MNA scores were generally lower with increasing COPD severity. The average BMI was 23.7 ( 3.9 kg/m2, and FFMI was 17.8 ( 2.5 kg/m2. Only 12 patients (14.4%) were <90% of ideal weight, and 15 (19.2%) were <4g/dL (averaged 4.3 ( 0.3 g/dL) in serum albumin. Average CRP was 9.9 ± 17.3 mg/L.  
 Table 2 shows the MNA item score patterns. Forty-three patients (51.8%) had moderate loss of appetite over the past 3 months; 10 (12.0%) had weight loss ≥1 kg; 23 (27.7%) had psychological stress or acute disease; 66 (79.5%) were on ≥4 prescription drugs; about a quarter of patients consumed inadequate protein-rich foods or fruits/vegetable; nearly half (48.2%) did not consume enough water; 43.4% thought self as malnourished or were unsure about their nutritional state; and 42.2% thought self had poorer health relative to peers or were unsure about own health status. MNA-T1 rated 4 (4.8%) as malnourished, 28 (33.7%) as at risk of malnutrition, and 51 (61.4%) as normal; whereas MNA-T2 rated 4 (4.8%) as malnourished, 26 (31.3%) as at risk of malnutrition, and 53 (63.9%) as normal. Kappa = 0.949 for the two versions (p<0.001) (Table 3).
Table 4 shows the correlations the MNA scores with age and various COPD-related indicators. The scores of both MNA versions were significantly correlated with BMI, MAC, CC, FFMI, FEV1, FVC, and O2 saturation at rest or during exercise (all p<0.05), but not with age and blood biochemical indicators (all p>0.05) on the basis of Pearson's correlation. The scores of both MNA versions were also correlated with GOLD stages on the basis of Spearman's correlation. 6MWD was correlated with the score of MNA-T2 but not MNA-T1 on the basis of Pearson's correlation (p<0.05). 


Fig. 1 shows the ROC generated for MNA-T1 and -T2 in predicting FFMI of patients with COPD. The AUC of ROC was 0.804, (95% CI = 0.673-0.935, p<0.001) for MNA-T1 and 0.813, 0.686-0.940, p<0.001 for MNA-T2 (FFMI was sex-adjusted).
4. Discussion

Results show the MNA predicts the FFMI (a widely used nutritional indicator for patients with COPD) well and the MNA score is significantly correlated with most other anthropometric indicators or exercise capacity/pulmonary functional indicators. Thus, the MNA appears to be an appropriate tool for rating the nutritional status of patients with COPD. However, the MNA scores were not significantly (p>0.05) correlated with blood biochemical indicators. 
4.1. Validating the MNA for rating patients with COPD
Without a universally accepted gold standard, we used a divergent list of anthropometric, lung function, exercise capacity, and biochemical markers, especially FFMI as reference standards for the validation. We found that MNA scores were significantly correlated with all anthropometric indices examined including FFMI, BMI, MAC and CC. Patients with COPD generally have lower fat-free mass compared to healthy elderly [25]. Depletion of fat-free mass is associated with impaired peripheral muscle strength [12] and FFMI is an independent predictor of mortality in patients with COPD [26] and also a stronger predictor of mortality than BMI [27]. In patients with COPD, muscle wasting is common, thus fat-free mass is an important nutritional indicator [7, 28]. We used FFMI as the major reference standard for rating the functional ability of the MNA. BMI is probably the most frequently used indicator of general nutritional status, especially for the elderly. Higher BMI has been shown to be a better predictor of long-term survival in patients with acute exacerbation in patients with COPD [29]. Furthermore, patients with COPD with lower BMI took longer time to improve symptoms and had longer hospital stay [1]. MAC reflexes body muscle mass and subcutaneous fat and it complements BMI in the diagnosis of protein-energy malnutrition and mid-arm muscle area and it is a better predictor of mortality than BMI in patients with stable COPD [30]. CC is a major biomarker of malnutrition in hospitalized elderly patients [31]. It can reflect nutritional status, lean body mass, functional activity and general health conditions in elderly population better than BMI or MAC [32]. Results suggest that the MNA predicts FFMI well and the MNA scores are highly correlated with anthropometric indicators examined in these patients.
4.2. Rating the nutritional status with the MNA

Both MNA versions rated 4.8% (4/83) of patients with COPD as malnourished and roughly one-third were as at risk of malnutrition. Cross-tabulation test (combining malnourished and at risk vs. normal) showed that the two versions have high agreement (kappa = 0.949). The MNA scores were also significantly correlated (p<0.05) with all anthropometric and most exercise capacity markers.


To date, only a few studies have used the MNA to rate the nutritional status of patients with COPD. Odencrants et al. [19] rated 50 patients with COPD admitted to an acute care hospital with the MNA and found all but two were malnourished or at risk of malnutrition. Scichilone et al. [20] observed that the MNA score was associated with dyspnoea in 32 ≥60-year old patients with COPD. Benedik et al. [18] found that 14% of patients with COPD were malnourished and another 55% were at risk of malnutrition, and there was a positive correlation between MNA score and lean body mass. Battaglia et al. [33] suggested that the MNA was valuable for gaining an insight into the nutritional problems in patients with COPD, and might provide useful clues for treatment strategies. Yuceege et al. [21] rated 60 male patients with COPD from outpatient clinics with SGA and MNA. They found that the MNA identified more patients as malnutrition than SGA and suggested that SGA and MNA could be used for the evaluation of the nutritional state in patients with COPD. The present study has further shown that the MNA predicts FFMI of patients with COPD well and their MNA scores are significantly (p<0.05) correlated with most other anthropometric, lung function and exercise capacity indicators.

4.3. Rating lung function with the MNA

Our results suggest that the MNA is capable of predicting lung function capacity in patients with COPD. The MNA score is significantly correlated with FEV1, FVC and GOLD stages of COPD patients. This finding is generally in line with the observations of earlier studies. Steuten et al. [9] observed that COPD stage 4 patients had lower BMI compared to less severe patients. Gupta et al. [1] found the correlation between body weight and FEV1/FVC% was good and the correlation between BMI and FEV1was statistically significant among patients in hospital with COPD acute exacerbation. Yuceege et al. [21] found FEV1 and FVC values were less in the malnourished group evaluated with the SGA, but not with the MNA in male patients with COPD. 
Exercise capacity is important in patients with COPD and it also reflects their nutritional status. We observed that the score of both versions of the MNA were significantly (p<0.05) correlated with O2 saturation at rest and during exercise and with 6MWD, an indicator of exercise capacity. MNA-T2 shows slightly stronger correlations with all three indicators than MNA-T1. Clinical observations suggest that exercise limitation in patients with COPD might be related to their weakening in lung function and worsening of nutritional conditions [8,34]. 
The present study observed no significant correlation between the MNA score and serum albumin or other biochemical indicators (all p>0.05). Similar findings have also been observed by others. Braun et al. [2] found that albumin was only slightly reduced and prealbumin was within the normal range in patients with COPD. Giron et al. [35] observed that serum albumin values remained normal in most (82%) of hospitalized patients with COPD.  ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1" ExcludeYear="1" Hidden="1"><Author>Gupta</Author><Year>2010</Year><RecNum>139</RecNum><record><rec-number>139</rec-number><foreign-keys><key app="EN" db-id="r25xvv9w2dpv0perd5upedpzezvwrra5aw9a">139</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gupta, B.</author><author>Kant, S.</author><author>Mishra, R.</author><author>Verma, S.</author></authors></contributors><auth-address>Department of Pulmonary Medicine, C.S.M.Medical University, (Erstwhile King George Medical University) Lucknow 226001, India.</auth-address><titles><title>Nutritional status of chronic obstructive pulmonary disease patients admitted in hospital with acute exacerbation</title><secondary-title>J Clin Med Res</secondary-title><alt-title>Journal of clinical medicine research</alt-title></titles><periodical><full-title>J Clin Med Res</full-title><abbr-1>Journal of clinical medicine research</abbr-1></periodical><alt-periodical><full-title>J Clin Med Res</full-title><abbr-1>Journal of clinical medicine research</abbr-1></alt-periodical><pages>68-74</pages><volume>2</volume><number>2</number><edition>2010/03/20</edition><dates><year>2010</year><pub-dates><date>Mar 20</date></pub-dates></dates><isbn>1918-3011 (Electronic)&#xD;1918-3003 (Linking)</isbn><accession-num>21811522</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/21811522</url><url>http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140881/pdf/jocmr-02-68.pdf</url></related-urls></urls><custom2>3140881</custom2><electronic-resource-num>10.4021/jocmr2010.03.261e</electronic-resource-num><language>eng</language></record></Cite></EndNote>Gupta et al. [36] found that nutritional status of patients with COPD newly admitted for hospitalization rated with the Subjective Global Assessment (SGA) was not correlated with albumin or any other blood nutritional indicators. Even in the severely malnourished patients, serum albumin was within the normal range (averaged 4.08 g/dL).  ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1" ExcludeYear="1" Hidden="1"><Author>Gupta</Author><Year>2010</Year><RecNum>139</RecNum><record><rec-number>139</rec-number><foreign-keys><key app="EN" db-id="r25xvv9w2dpv0perd5upedpzezvwrra5aw9a">139</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gupta, B.</author><author>Kant, S.</author><author>Mishra, R.</author><author>Verma, S.</author></authors></contributors><auth-address>Department of Pulmonary Medicine, C.S.M.Medical University, (Erstwhile King George Medical University) Lucknow 226001, India.</auth-address><titles><title>Nutritional status of chronic obstructive pulmonary disease patients admitted in hospital with acute exacerbation</title><secondary-title>J Clin Med Res</secondary-title><alt-title>Journal of clinical medicine research</alt-title></titles><periodical><full-title>J Clin Med Res</full-title><abbr-1>Journal of clinical medicine research</abbr-1></periodical><alt-periodical><full-title>J Clin Med Res</full-title><abbr-1>Journal of clinical medicine research</abbr-1></alt-periodical><pages>68-74</pages><volume>2</volume><number>2</number><edition>2010/03/20</edition><dates><year>2010</year><pub-dates><date>Mar 20</date></pub-dates></dates><isbn>1918-3011 (Electronic)&#xD;1918-3003 (Linking)</isbn><accession-num>21811522</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/21811522</url><url>http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140881/pdf/jocmr-02-68.pdf</url></related-urls></urls><custom2>3140881</custom2><electronic-resource-num>10.4021/jocmr2010.03.261e</electronic-resource-num><language>eng</language></record></Cite></EndNote>Gupta et al. [1] further showed that serum total protein, albumin, urea and creatinine were all within the normal ranges in patients with COPD admitted in hospital with acute exacerbation. Yazdanpanah et al. [37] found that serum albumin was associated with the severity of the disease (GOLD stages), but was only minimally reduced, from 4.43 mg/dL for stage 2 patients to 4.06 and 3.6 mg/dL for stages 3 and 4, respectively. Thus, Batres et al. [38] concluded that biochemical parameters including serum albumin, prealbumin and transferrin were generally not useful for assessing nutritional status in patients with COPD and suggested that the reason might be because these indicators are influenced by non-nutritional factors, such as infections and renal or hepatic disease. Inflammation, hydration status and medication especially corticosteroids may also play a role [39].
4.4. Limitations of the study

This study has some limitations. (a) Subjects were recruited from one hospital and therefore might not represent the entire spectrum of patients with COPD in Taiwan. (b) The prevalence of COPD in female was relatively low. We were able to recruit only four female patients. This small sample size may not accurately reflect the status of female subjects. Further confirmation with larger samples is needed. (c) Most subjects were elderly adults and some might have difficulty in correctly recalling certain information in the MNA questionnaire. This might have a slight impact on the accuracy of the MNA score. (d) The full MNA involves more items/questions compared to the SGA or single item indicators such as FFMI or FVC1. Thus, it may have greater chance of revealing nutritional inadequacy at an earlier stage than other tools/indicators. However, more items mean more time consuming which is an important factor in today's clinical settings.
5. Conclusion
Our results suggest that both MNA-T1 and MNA-T2 appear appropriate for assessing the nutritional status of patients with COPD. Nutritional scores rated with both versions correlated well with most nutrition-related anthropometric and pulmonary function indicators. The MNA appears appropriate not only for rating the nutritional status but also for suggesting exercise capacity of patients with COPD. Since patients with COPD may have greater risk of malnutrition than their non-COPD counterparts, routine screening with the MNA may enhance timely intervention to prevent the development of malnutrition in these patients.  
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Table 1. Basic characteristics and functional and nutritional status of 83 patients with chronic obstructive pulmonary disease (COPD) 
Variables
n (%)
Mean (SD)
    

Age (y)

74.7 (7.0)




58-64
 8 (9.6)

65-74
30 (36.1)



>75
45 (54.2)
Smoking habit


Never
13 (15.6)

Past smoker
55 (66.3)

Current smoker
15 (18.1)
Alcohol usea

No
73 (88.0)

Yes
10 (12.0)
Family history of chronic respiratory diseaseb

No
60 (72.3)

Yes
23 (27.7)
Lung function

FEV1 (% predicted)

60.7 (20.4)

FVC (% predicted)

75.9 (18.2)
Serverity of COPDc

Stage I (mild) 
14 (16.9)

Stage II (moderate) 
43 (51.8)

Stage III (severe)  
22 (26.5)

Stage IV (very severe)
4 (4.8)

MNA score according to COPD severity

Stage I (mild) 

24.39 (3.20)d

Stage II (moderate) 

24.97 (3.15)

Stage III (severe)  

23.14 (3.50)

Stage IV (very severe)

20.25 (5.42)
6-Minute Walk test

Oxygen saturation at rest (%)

95.3 (2.38)


 
Oxygen saturation during exercise (%)

86.3 (7.23)



Walking distance (m)

383.0 (99.0)

        Anthropometrics 


BMI (kg/m2)

23.7 (3.86)


 
Mid-arm circumference (cm)

26.5 (3.40)


 
Calf-circumference (cm)

33.1 (3.36)  


Body composition


% body fat

24.28 (5.89)



Fat-free mass index (kg/m2)

17.81 (2.45)




Distribution by % of ideal body weight



  

<90%
12 (14.5)

 

90-110%
37 (44.6)

 

>110%
34 (41.0)

Blood biochemical indicators 




Hemoglobin (g/dL)

13.86 (1.85)



Total lymphocyte count (n/(L)

1883 (775)



Albumin (g/dL)



Average

4.32 (0.31)



≥4 g/dL
63 (80.8)


<4 g/dL
15 (19.2)

C-reactive protein (mg/L) 

9.91 (17.3)     
FEV1 = force expiratory volume in 1 second (an indicator of the severity of COPD)

aAt least once/week 

bIncluding parents, grandparents and siblings having COPD, asthma, bronchiectasis, or lung cancer. 
cAccording to GOLD (2007), Stage I (mild) is defined as FEV1 ≥80% of predicted ; Stage II (moderate) as 50%-79%; Stage III (severe) as 30-49%; and stage IV (very severe) as <30%. In all stages, FEV1/FVC is <0.7. 
dAccording to MNA-T2.

Table 2. MNA item-score patterns of 83 patients with chronic obstructive pulmonary disease  
Items (item score)
Score
n (%)           

A. Appetite status over past 3 months (2)



   Severe loss of appetite 
0
0 (0)

   Moderate loss of appetite
1
43 (51.8)

   No loss of appetite
2
40 (48.2)

B. Weight loss during the last 3 months (3)




Weight loss greater than 3 kg
0
6 (7.2)


Does not know  
1
1 (1.2)


Weight loss between 1 and 3 kg
2
4 (4.8)


No weight loss
3
72 (86.7)

C. Mobility (2)




Bed or chair bound
0
0 (0)


Able to get out of bed / chair but does not got out
1
0 (0)

 
Goes out
2
83 (100)

D. Has suffered psychological stress or acute disease (2)



No
2
60 (72.3)


Yes
0
23 (27.7)

E. Neuropsychological problems (2)




Severe dementia or depression
0
5 (6.0)


Mild dementia
1
27 (32.5)


No psychological problems
2
51 (61.4)

F. Body Mass Index (kg/m2) (3)




(a) MNA-T1


<17
0 
3 (3.6)



17 -19
1
4 (4.8)

 

19 -21
2
12 (14.5)

 

≥ 21
3
64 (77.1)


(b) MNA-T2 (This item was omitted)
G. Can live independently (1)




No
0
0 (0)


Yes
1
83 (100)

H. Takes 4 or more prescription drugs/day (1)




Yes
0
66 (79.5)


No
1
17 (20.5)

I. Pressure sore or skin ulcers (1)




Yes
0
2 (2.4)


No
1
81 (97.6)

J. Number of full meals the patient eats daily (2) 




1
0
0 (0)


2
1
7 (8.4)


3
2
76 (91.6)

K. Consumption of protein-rich foods every day (1)  



0 or 1 “yes”
0
5 (7.2)


2 “yes”
0.5
15 (18.1)


3 “yes”
1
62 (74.7)

L. Consumes ≥2 servings of fruits or vegetables/day (1) 


   No
0 
20 (24.1)

   Yes
1 
63 (75.9)

M. Cups of fluid/water consumed/day (1) 



<3
0

0 (0)


3-5
0.5
40 (48.2)



>5
1
43 (51.8)

N. Mode of feeding (2)




Unable to eat without assistance
0
0 (0)


Self-fed with some difficulty
1
0 (0)


Self-fed without any problem
2
83 (100)

O. Self-view of nutritional status (2)



 
View self as being malnourished
0
25 (30.1)


Uncertain of nutritional state
1
11 (13.3)


Views self as having no nutritional problem
2
47 (56.6)

P.
Self-rated health status (2)




Not as good
0
32 (38.6)


Does not know
0.5
3 (3.6)


As good
1
26 (31.3)


Better
2
22 (26.5)

Q. Mid-arm circumference (cm)




(a) MNA-T1 (1)


<22.5/<21 
0
9 (10.8)



22.5-23.4/21-21.9 
0.5
9 (10.8)



≥23.5/≥22
1
65 (78.3)


(b) MNA-T2 (2)





<22.5/<21  
0
9 (10.8)



22.5-23.4/21-21.9  
1
9 (10.8)



≥23.5/≥22   
2
65 (78.3)

R. Calf circumference (cm)




(a) MNA-T1 (1)


<28/<25 
0
5 (6.0)


≥28/≥25 
1
78 (94.0)


(b) MNA-T2 (3)





<28/<25 
0
5 (6.0)



28-29/25-26 
1
2 (2.4)


29-30/26-27 
2
5 (6.0)


≥30/≥27   
3
71 (85.5)  

MNA = Mini Nutritional Assessment; T1 = Taiwan version-1; T2 = Taiwan version-2.

MNA-T1 rated 4 (4.8%) patients as malnourished (MNA score ≤16.5), 28 (33.7%) as at risk of malnutrition (MNA score 17-23.5) and 51 (61.4%) as normal (MNA score ≥24), whereas MNA-T2 rated 4 (4.8%) patients as malnourished, 26 (31.3%) as at risk of malnutrition and 53 (63.9%) as normal.
Table 3. Cross-tabulation test of the nutritional scores between MNA-T1 and MNA-T2 of 83 patients with chronic obstructive pulmonary disease 



MNA-T1
          
Item
Undernutrition* 
Normal 
    

MNA-T2

Undernutrition*
30 (93.8)
 0 (0)
 
Normal
 2 (6.2)
51 (100)  

Kappa (95% CI)    
0.949 (0.878-1.000) 



MNA = Mini Nutritional Assessment; T1 = Taiwan version-1; T2 = Taiwan version-2.

*Including those rated as malnutrition or at risk of malnutrition.
Table 4. Correlation coefficients (r) of MNA scores with anthropometric, biochemical and pulmonary function status of 83 patients with chronic obstructive pulmonary disease 
Variables
MNA-T1
MNA-T2
         
Age

0.117
0.106 
Anthropometrics

BMI
0.426**
0.419**


MAC
0.446**
0.489**


CC
0.419**
0.460**


FFMI 
0.423**
0.429**

Lung function

FEV1% predicted
0.274*
0.268*

FVC% predicted
0.286*
0.291*
Severity of COPD (GOLD stage)a
-0.295*
-0.283*
Exercise capacity

SaO2 at rest
0.244*
0.288**


SaO2 during exercise
0.298**
0.315**


6-minute walking distance
0.217
0.273*

Biochemical indicators


Hemoglobin
0.107
0.105


Total lymphocyte count
0.007
-0.034


Albumin
0.076
0.163


C-reactive protein
-0.010
-0.059
                
MNA = Mini Nutritional Assessment; T1 = Taiwan version-1; T2 = Taiwan version-2; MAC = Mid-arm circumference; CC = Calf circumference; FFMI = Fat-free mass index; SaO2 = Oxygen saturation
aAll correlations, except COPD stages, were based on Pearson's correlation analysis. COPD stages was based on Spearman’s correlation analysis
*p<0.05, **p<0.01. 

Fig. 1. Receiver operating characteristic (ROC) curves generated for the MNA-T1 (       ) and MNA-T2 (      ) scores against fat-free mass index using 16 kg/m2 and 15 kg/m2 as cutoffs for men and women, respectively.
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