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ABSTRACT                                       ARTICLE INFORMATION         
 

Background: Chronic obstructive pulmonary disease exerts local and systemic manifestations 
including malnutrition which has deleterious consequences on health, quality of life and 
survival. Nutritional status is known to impact the prognosis of COPD.Aims: An attempt 
was made to study the nutritional status of subjects with stable COPD using PGSGA, 
identify malnutrition and analyze the factors contributing to malnutrition. Patients and 
Methods: Using convenient sampling, 110 subjects of both sexes (105 men and 5 women) 
with stable COPD aged between 40 – 75 years (61 ± 9 years), visiting the Pulmonologist at 
JSS Hospital, Mysuru were included in the study. The subjects underwent spirometry, 
anthropometry, evaluation of body composition, calorie intake and health related quality of 
life using standard methods. Differences in the parameters between groups of subjects with 
varying nutritional status and association with PGSGA score were statistically evaluated.  
Results: Moderate to severe malnutrition was seen in 59% of the subjects. The presence of 
GI symptoms [OR=62.217, 95% CI (10.834-357.292)], grade 4 dyspnea [OR=67.302, 95% 
CI (1.287-3520.295)] and increasing disease years [OR=1.151, 95% CI (1.021-1.299)] were 
found to significantly increase the odds of risk of malnutrition, with very severe dyspnea 
showing the highest risk of malnutrition followed by presence of GI symptoms. Total SGRQ 
scores, activity and impact scores were significantly higher in the malnourished groups (p < 
0.001). The presence of nutrition impact symptoms, seen in 50% of the subjects was 
associated with lower calorie intake. Severe dyspnea, severe COPDand increasing disease 
years increased the risk of malnutrition. However, the small sample size and single-center 
study may not accurately represent the true proportion of malnutrition among female COPD 
patients in the community. 
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1 Introduction 
Chronic obstructive pulmonary disease (COPD) is a 
respiratory condition associated primarily with the limitation 
of airflow which is not fully reversible. The global initiative 
for obstructive lung disease defines COPD as ‘a common, 
preventable and treatable disease that is characterized by 
persistent respiratory symptoms and airflow limitation that is 
due to airway and alveolar abnormalities usually caused by 

significant exposure to noxious particles and gases’ 1. The 
prominent extrapulmonary effect of COPD are systemic 
inflammation, oxidative stress, skeletal muscle dysfunction 
and weight loss. COPD is the third leading cause of death in 
the world and the second leading cause of death in India 
second to ischemic heart disease, across all ages and both the 
sex groups 2, 3.  
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In 2019, 3.3 million deaths were globally reported due to 
COPD and 212.3 million individuals with COPD were 
reported 4. The WHO defines Disability Adjusted Life Years 
(DALYs) as a time-based measure for a disease or health 
condition are the sum of the years of life lost to due to 
premature mortality (YLLs) and the years lived with a 
disability (YLDs) due to prevalent cases of the disease or 
health condition in a population and one DALY represents 
the loss of the equivalent of one year of full health 5. COPD 
is found to be the leading cause of disability among chronic 
respiratory diseases and is reported as the second leading 
contributor of DALY in 2016. In India, 75.6% of DALYs due 
to chronic respiratory diseases is attributed to COPD and 
among the DALYs reported due to COPD globally, 32% was 
found in India. The number of individuals with COPD in 
India is reported at 55.3 million cases in 2016. 

The leading risk factors responsible for the DALYs were found 
to be air pollution, tobacco use and occupational risks. The 
incidence in the population aged more than 30 years ranged 
between 1.6% to 28.3% in India, but variations exist across 
the different states. The prevalence is reported to be higher in 
North Indian states of Jammu and Kashmir, Himachal 
Pradesh, Uttarakhand, and Haryana followed by East Indian 
states and then by the west and South Indian states. Among 
the percentage of COPD DALYs contributed by various risk 
factors, ambient air pollution was the most predominant 
cause followed by household air pollution, smoking, 
occupational risks, ambient ozone pollution and second-hand 
smoking  6. 

Other reported causes of COPD identified in a systematic 
analysis and meta-analysis of studies in adult patients aged 
above 30 years of age include sex, socio-economic status, 
increasing age, pulmonary impairment due to diseases 7. 

Malnutrition specifically being underweight (<18 kg/m2) is 
found to be a significant risk factor for COPD in a systematic 
review of population-based studies on COPD prevalence 
published between 1990 and 2019 8. Malnutrition is a routine 
finding in patients with stable COPD and with exacerbations. 
Weight loss is reported in 25 – 40% of patients with COPD 
and loss of skeletal muscle mass in found in approximately 20-
35% of patients 9. Limited Indian data on malnourished 
COPD patients have reported malnutrition between 11% to 
83% of the subjects evaluated in cross sectional studies 10. 

Malnutrition is further known to impair the respiratory 
muscle function, peripheral muscle strength, exercise capacity 
and leads to higher mortality and morbidity, susceptibility to 
infections, exacerbations and poor health related quality of life 
(HRQOL). Malnutrition is also associated with depression 
and increased costs on health care owing to frequent hospital 
visits and admissions  11, 12. Although there are mixed results 

in terms of the effectiveness of nutritional supplementation, 
oral nutritional support is able to modify the body weight, fat-
free mass, fat mass, lung function, oxygenation, dyspnea 
severity, inflammatory markers, muscle strength, HRQOL 
and exercise capacity & tolerance 13-18. However, malnutrition 
is common among people with COPD and is often associated 
with poor prognosis  19. 

The factors leading to weight loss are increased energy 
expenditure secondary to metabolic changes and chronic 
low-grade systemic inflammation, reduced nutrient intake 
due to anorexia and increase in respiratory symptoms 
associated with food intake, and impaired utilization due to 
altered nutrient utilization and requirements, either alone or 
in combination 20. 

The assessment of body composition, inflammatory markers, 
dietary intake, nutritional knowledge, challenges pertaining 
to food availability, feeding, nutritional deficiencies and 
exercise capacity is crucial to identify and diagnose 
malnutrition and intervene where ever possible by providing 
optimum nutritional counseling and timely nutrition 
support. It is recommended to assess patients 
comprehensively for malnutrition using the standard tools, 
provide nutritional advice along with the use of ONS for 
those with high risk of malnutrition and in patients who 
complain of difficulty to consume optimal quantity of food 
due to breathlessness or other symptoms Routine follow-up 
of these patients to assess for the need for dose adjustment or 
continuation of the ONS is recommended 21. 

Timely oral nutrition support is known to improve energy, 
protein and micronutrient intake (use of small frequent high-
energy and protein meals, ONS, snacks and drinks) in 
chronically ill patients without compromising food intake and 
can induce weight gain 22. Exercise training combined with 
nutrition intervention to increase protein and branch chain 
amino acid intake, omega 3 poly unsaturated fatty acids and 
vitamin D among patients with sarcopenia is known to aid in 
modification on muscle mass and strength 23. 

Keeping in mind the lack of regional data on malnutrition in 
COPD patients and the multiple factors leading to 
malnutrition, the present study aimed to assess the nutritional 
status using BIA, PGSGA, proportion, and causes of 
malnutrition. It also sought to study the relationship of 
nutritional status with nutrient intake, pulmonary function, 
dyspnea, and health-related quality of life in outpatients with 
stable COPD. 
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2 Patients and Methods 

2.1 Subject selection   
Using a convenient sampling design, subjects with stable 
COPD, visiting the outpatient Department of Respiratory 
Medicine, JSS Hospital, Mysuru were selected between 
March 2015 to December 2016. 110 subjects aged between 
40 – 75 years of both sexes with stable COPD were included 
and 46 subjects with co-morbidities such as heart disease, 
cirrhosis, uncontrolled diabetes, chronic renal failure, acute 
infection and an acute exacerbation of COPD were excluded. 
The stable patients were characterized by well controlled 
respiratory symptoms without moderate to severe 
exacerbations that required a visit to the emergency 
department or hospitalization in the previous year and being 
treated and monitored routinely to ensure a minimum 
pulmonary decline. The study included stable COPD patients 
who did not have significant co-morbidities and had provided 
their consent to participate. 

The study did not involve any interventions, invasive 
procedures, or frequent follow-ups that might inconvenience 
these patients. A semi structured questionnaire was developed 
and used to collect the data. The questionnaire aimed to 
gather data on age, marital status, occupation, area of 
residence, education, per capita income, smoking habits, 
alcohol consumption, nutritional supplement use, exposure to 
dietary counseling/education, frequency of food group 
consumption, recent food and beverage intake, preferences, 
disease stage, duration, hospital admissions, medication usage, 
and physical activity. 

2.2 Anthropometry and body 
composition analysis 

All the subjects were evaluated for the following nutritional 
and clinical parameters. Height was measured using a 
stadiometer (wall mounted, retractable type) to the nearest 0.1 
cm, and body weight was measured on a digital weighing scale 
with subjects wearing light clothes. The body composition 
analysis of all the subjects in phase I was performed using 
‘Bioscan 916’ body composition analyzer (Maltron 
International Ltd, Essex, U.K) that applied bioelectrical 
impedance analysis (BIA) technique. 

The parameters included impedance, fat free mass, fat free 
mass index, fat mass (kg), body cell mass (kg) and skeletal 
muscle mass (kg). Bioelectrical impedance analysis is a widely 
used, non-invasive method for measuring body composition 
with established accuracy. Since patients with COPD are 
known to have alterations in body composition, BIA based 
instrument was used in this study. The Maltron 916 is a 
portable tetrapolar bioelectrical impedance analyzer that is 

non-intrusive and calibrated for all age groups and 
nationalities. 

The subjects were analyzed for body composition in a fasting 
state of at least four hours. The subjects were made to rest in 
the supine position for 10 minutes on a non-conducting 
surface with legs slightly separated and arms slightly away 
from the trunk. A total of 4 surface electrodes were placed 
each on the dorsal surface of the hand (metacarpal 
phalangeal joint of the third finger), dorsal surface of the 
foot (proximal to the meta-tarsal phalangeal joint), pisiform 
prominence of the wrist and between the medial and lateral 
malleoli of the ankle  24. 

The body mass index (BMI) and fat free mass index (FFMI) 
was calculated using height, body weight and fat free mass. 
Further, using BMI and FFMI, the type of nutritional 
depletion among the subjects was identified using the criteria 
defined by Schols et al.  25. The measurement of mid-upper 
arm circumference (MUAC) was carried out with the subjects 
standing in an erect position, and the left arm being held at 
90 degrees at the elbow. Using a non-stretchable fiberglass 
measuring tape, the length between the edge of the acromion 
process and olecranon process of the ulna was measured, and 
the midpoint was marked. 

The arm was made to hand down in a straight fashion, and 
the circumference at the marked point was made to the nearest 
0.1 mm thrice. The triceps skinfold thickness (TSF) was 
measured using a Lange skinfold caliper. The measurement 
was made 1 cm above the mark that was made while 
measuring the MUAC with the subjects keeping their left arm 
in an extended position. A vertical pinch of skin was gently 
grasped, and the skin along with the subcutaneous fat was 
pulled away from the underlying muscle.  

The readings are taken using a caliper in mm at this point after 
ensuring the stabilization of the dial reading. The mid-upper 
arm muscle circumference (MUAMC) was derived from the 
MUAMC and TSF measurements using formula (1)  26: 

    MUAMC = MUAC – (3.1416 X TSF, cm) …… (1) 

2.3 Use of PGSGA and food recall   
The subjects were assessed for nutritional status using 
patient-generated subjective global assessment (PGSGA), 
which is a validated tool for identifying malnutrition  27. The 
PGSGA composed of changes in weight, dietary intake, 
gastrointestinal symptoms, functional capacity, disease and 
its relation to nutritional requirements such as fever, use of 
corticosteroids etc. and physical examination for wasting of 
fat & muscle mass and presence of edema or ascites. 

A recall of foods consumed in the last 24 hours (day) was 
collected from the subjects. To minimize recall bias, the 
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investigators entered data into the questionnaire. 
Furthermore, to assist participants in accurately recalling 
their food and beverage consumption, pictorial references 
were provided, illustrating the typical serving sizes in the 
hospital cafeteria. In addition, 5 standard cups, measuring 
between 80 mL and 330 mL, were used as references. This 
data was converted into quantity of raw foods consumed, 
and the nutritive values were further calculated using the 
Indian food composition database by National Institute of 
Nutrition (NIN), India. Further, the raw food consumption 
data was used to derive quantity of food groups consumed.  

2.4 Evaluation of nutrient intake and 
adequacy 

The resting energy expenditure (REE) was calculated using 
the equations for predicting basal metabolic rate (BMR) for 
Indians by the Indian Council of Medial Research, then 
appropriate activity factors were added based on the physical 
activity level (PAL) of the subjects. The PAL of the subjects 
was derived based on the activity pattern of the subjects over 
a 24 – hour period and physical activity ratio of activities 
performed. Further, the subjects were categorized into three 
groups of level of activity based on the FAO/WHO/UNU 
criteria 28. 

A stress factor of 1.2 was applied for patients with normal 
weight, 1.5 for nutritionally depleted patients, and 1.0 for 
overweight and obese subjects (adjusted body weight). A 
factor of 1.1 was applied to account for the thermic effect of 
food and total energy requirement per day was obtained. 
Protein requirement was calculated at 1.5 g/kg for subjects 
with moderate and severe malnutrition. For normally 
nourished and obese subjects, protein needs were estimated 
at 1.2 g per kg body weight and adjusted body weight 
respectively. These needs were derived from 
recommendation of protein intake between 1.2 – 1.7 g/kg 
body weight in COPD subjects 29. The required daily fat 
intake was calculated at 20 – 25 % of the total calories  30. 

The sum of calories provided by protein and fat was 
subtracted from the total energy requirement of the subject 
and the remaining calories were divided by a value of 4 to 
obtain the percentage of calories derived from carbohydrates 
and the amount of carbohydrate to be consumed per day. The 
RDA for Indians recommended by the ICMR was used as a 
reference for the required daily intake of micronutrients  30. 

The macronutrient and micronutrient adequacy were 
evaluated on comparison with the estimated nutrient needs. 
The percent nutrient adequacy (PNA) was calculated for as 
percentage of nutrient consumed out of the estimated need. 
Further, nutrient adequacy ratio (NAR), which is a ratio of 
an individual’s intake per day to the estimated needs. A NAR 

ratio ≤ 0.66 was considered to be inadequate, 0.66-1.0 as 
fairly adequate and ≥ 1.0 as an adequate level of intake  31. 

Formula (2) used to derive NAR is as follows: 

Nutrient adequacy ratio (NAR) = actual intake of a 
particular nutrient per day/RDA/RDI of the nutrient per 

day ……... (2) 

Once the NAR is calculated for each nutrient, the Mean 
Adequacy Ratio (MAR) was calculated by averaging all the 
NAR values together, shown in the equation below. The 
NAR values were capped to 100% for nutrients with PNA 
more than 100% before calculating MAR  32  

Mean Adequacy Ratio (MAR) = (Sum of NAR/Number of 
nutrients) *100 expressed as percentage 

 

2.5 Evaluation of pulmonary function, 
dyspnea severity and quality of life 

The subjects were evaluated for pulmonary function by 
spirometry. Spirometry (Easy one PC, NDD, 
Medizintechnik AG, Zurich, Switzerland) was done by 
trained staff as per American Thoracic Society (ATS) 
guidelines 33. Pre and post bronchodilator tests were done for 
all patients. Post bronchodilator test was performed after 
using 15 minutes of administration of 400 mcg of nebulized 
or inhaled salbutamol. The predicted values for FEV1 and 
FVC were obtained using corrected Knudson’s predicted 
equation for Asian population (Knudson 83 × 0.87). A 
record of post bronchodilator FEV1/FVC ratio less than 0.70 
was categorized as obstructive pattern and confirmed COPD 
according to GOLD criteria.  

The severity of airflow limitation was classified as mild 
(FEV1 > 80% of predicted), moderate (FEV1 50 – 80% of 
predicted), severe (FEV1 30 – 50% of predicted), and very 
severe (FEV1 < 30% of predicted) as per GOLD criteria  34. 
The severity of dyspnea was assessed in the subjects using the 
modified Medical Research Council scale (mMRC), which is 
used to assess the breathlessness and exertion induced 
dyspnea 35. The health-related quality of life (HRQOL) of 
the subjects with COPD was assessed using St. George’s 
respiratory questionnaire (SGRQ), which is a validated self-
reported disease specific questionnaire containing 76 
weighted responses to questions on overall health, daily 
living and perceived well-being 36. 

2.6 Statistical analysis   
The demographic data and the parameters assessed using 
PGSGA tool in the study population was expressed as mean 
and standard deviation (SD) or number and percentage as 
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appropriate. The smoking pack years was expressed as 
median and interquartile 1 and 3 values. The normality of 
distribution of all the parameters was assessed by the 
Shapiro-Wilk test. Differences in PGSGA scores, MAR 
between the sub-groups classified based on GI symptoms was 
evaluated by independent t-test. Mann Whitney U test was 
used to evaluate the differences between MMRC score 
among the same sub groups.  
The association between PGSGA score and pulmonary 
function parameters were evaluated using Pearson’s 
correlation analysis. Differences in body composition, 
anthropometry, pulmonary function, physical activity level, 
nutrient adequacy and food group intake between the three 
sub groups classified as per the nutritional status was 
evaluated using one-way ANOVA followed by Bonferroni 
correction. A bivariate analysis followed by multiple logistic 
regression was performed to identify the predictors of 
malnutrition and Nagelkerke R square was used as a measure 
of efficiency of the model.  A p-value less than 0.05 was 
considered to be statistically significant. The data analysis 
was carried out using SPSS version 19.0 for windows. 

The study was approved by the Institutional Human Ethics 
Committee of University of Mysore (IHEC-UOM No.100 
Ph.D./ 2014 – 15 dated 07.08.2014) and JSS Hospital 
Mysore (JSS/MC/IEC/01/6903/2014-15 dated 
03.03.2015). 

3 Results  

3.1 Baseline characteristics 

The study group consisted of 105 (95.45%) men and 5 
(4.55%) women were included in the study. The prevalence 
of COPD among women in India is reported at 2.6%, in a 
2012 study conducted by Jindal SK et al. in a nationwide 
study across 12 districts in India, which included 42506 
women among 86478 subjects in the study group  37. Mahesh 
et al. (2009) have reported a prevalence of 4.5% of the 447 
female subjects enrolled in the study comprising a total of 900 
subjects in Mysuru  38. Although the current percentage of 
women with COPD matches the reported prevalence by 
Mahesh et al. (which is in the same geographical area where 
the current study was conducted), the number of female 
subjects in our study is smaller to generalize the outcome of 
assessment.  

81% of the subjects in our study group were residing in rural 
areas in Mysuru district. Majority of them (78%) were not 
actively involved in any occupation due to their health 
condition or were retired from their previous employment. 
Among the subjects who were involved in a professional work, 

11 were farmers, 12 were self-employed, and one of them was 
a laborer. Half of the subjects had education up to higher 
secondary school, whereas 46% of them had no formal 
education. The habit of occasional alcohol consumption was 
reported in 19 subjects. Among the subjects with COPD, 
91% of the subjects were smokers (n-25 active, n-75 ex-
smokers). 

The median pack years (Q1, Q3) was 25 (11.40) years. None 
of the women subjects had history of smoking but had a 
history of biomass smoke exposure ranging from 10-40 years. 
89% of the subjects lived in nuclear families. Among the men, 
8 % of them had mild disease, 44% of them had moderate 
COPD, 37% had severe COPD, and 11 % had very severe 
COPD. Among the women, 2 of them had severe COPD, 2 
of them had moderate COPD, and one subject had very 
severe COPD. The mean disease years were 4 ± 2 years. 74% 
of them were diagnosed with COPD in the past 1 – 5 years. 
61% of them had one exacerbation in the last year, 15% of 
them had had 2 – 3 exacerbations and 25% of them had 
reported no absence of exacerbation in the previous year. 78% 
of them were on a combination drug of inhaled LABA and 
corticosteroid; whereas 5% of them were on home oxygen 
support. Five (5) subjects had hypertension and were on 
medications. The characteristics of the subjects classified 
based on their nutritional status in presented in Table 1. 

3.2 Nutritional status of subjects 

The classification of subjects based on PGSGA is shown in 
Figure 1. Among the 105 men and five women included in 
the study, 41% were normally nourished whereas, 35% and 
24% of them were found to be moderately malnourished and 
severely malnourished, respectively. 

The normally nourished subjects had a significantly lower 
mean impedance values and PGSGA score compared to the 
malnourished subjects. The BIA is based on resistance and 
reactance to electrical current in the body. Higher impedance 
values infer high resistance to flow of current and depicts 
lesser muscle mass in proportion to fat mass. The 
malnourished subjects had significantly lower percentage of 
ideal body weight, MUAC, TSF, MUAMC, fat free mass, fat 
mass, body cell mass and skeletal muscle mass and % 
FEV1/FVC than normally nourished subjects. All these 
parameters decreased linearly with increasing severity of 
malnutrition. The per capita household income (PCHI) and 
PAL were found to decline with state of malnutrition. 
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The parameters used in the assessment of nutritional status of 
subjects as defined in the PGSGA tool, that depicts presence 
of malnutrition are presented in Table 2. 37% of the subjects 
reported weight loss in the past one-to-six-month duration. 
49% of them reported reduction in usual food intake. Lack 
of appetite and early satiety were the major nutrition impact 
symptoms found to affect the food intake. The limitation to 
perform routine activities was affected to various extents in 
94% of the subjects. Pulmonary cachexia and old age (> 65 
years) were the major disease conditions identified to affect 
the nutritional status. Compared to depletion of fat status 
(37%), a higher proportion of them were found to have 
varying severity of muscle depletion (49%). 

 

 

 

 

 

Table 2. Indicators of nutritional status and malnutrition 
assessed using PGSGA 

A.  Changes in body weight No (%) 

Unchanged 69 (63) 
Decreased in a month 7 (6) 
Decreased in 6 months 34 (31) 
B.  Status of food intake  
Unchanged 54 (49) 
less than usual 56 (51) 
Type of foods consumed  

- Normal food in lesser quantities than 
usual 

44 (40) 

- Little solid food 9 (8) 
- Very little food 1 (1) 

C.  Nutrition impact symptoms related to food intake 
- No problems 32 (29) 
- No appetite 50 (46) 
- Feel full quickly 44 (40) 

Table 1. Characteristics of subjects based on nutritional status 

Nutritional status 
Normally nourished – A 

(n-49) 

Moderately 
malnourished/suspected 

malnutrition – B 
(n – 39) 

Severely 
malnourished - C 

(n-26) 
p value 

 Mean ± SD Mean ± SD Mean ± SD  

No of subjects - Total (Men/Women) 45 (43/2) 39 (37/1) 26 (25/2)  -- 
Age (years) 60 ± 9 61 ± 9 62 ± 8 >0.87 
PGSGA score 2.64 ± 1.61 7.41 ± 2.29 13.35 ± 6.86 <0.001 
Percentage of IBW 112.29 ± 15.53 95.71 ± 14.22 76.77 ± 9.43 <0.001 
BMI (kg/m2) 23.09 ± 3.69 19.19 ± 2.98 18.28 ± 3.97 <0.001 
MUAC (cm) 27.19 ± 1.89 24.32 ± 2.87 21.05 ± 2.39 <0.001 
TSF (mm) 12.98 ± 2.93 9.2 ± 3.96 6.36 ± 2.93 <0.001 
MUAMC (cm) 23.12 ± 1.52 21.43 ± 2.23 19.05 ± 2.03 <0.001 
Bioelectrical impedance (Ohms) 649.78 ± 79.14 717.03 ± 102.96 720.85 ± 136.52 0.004 
Fat free mass (kg) 47.07 ± 5.50 41.07 ± 6.34 39.41 ± 8.24 <0.001 
Fat Free Mass Index (kg/m2) 16.87 ± 1.48 15 ± 1.66 14.31 ± 2.58 <0.001 
Fat mass (kg) 17.44 ± 7.01 10.9 ± 5.10 10.68 ± 4.08 <0.001 
Body cell mass (kg) 26.33 ± 3.53 21.89 ± 3.64 21.56 ± 4.98 <0.001 
Skeletal Muscle Mass (kg) 23.80 ± 3.01 19.96 ± 4.04 19.39 ± 4.04 <0.001 
Per capita household income (INR) 3233 ± 1881 2722 ± 1427 2647 ± 1039 >0.20 

FVC (L) 2.13 ± 0.49 2.26 ± 0.75 2.01 ± 0.6 >0.28 

FEV1 (L) 1.22 ± 0.37 1.31 ± 0.58 1.04 ± 0.45 >0.10 

FEV1/FVC ratio 0.57 ± 0.08 0.55 ± 0.13 0.51 ± 0.11 0.065 

% of ideal FVC 69.07 ± 17.22 77.87 ± 21.64 67.77 ± 20.62 >0.09 

% of ideal FEV1 49.04 ± 15.91 55.03 ± 20.56 45.12 ± 19.06 >0.09 

% FEV1/FVC ratio 71.07 ± 10.1a 69.54 ± 11.19 63.04 ± 13.01a 0.014 

PAL 1.41 ± 0.13 1.39 ± 0.12 1.37 ± 0.13 >0.37 
PGSGA -Patient generated subjective global assessment, IBW- Ideal body weight, BMI- Body mass index, FEV1- Forced expiratory volume in 1 second, FVC- Forced vital 
capacity, PAL- Physical activity level, INR – Indian rupees 
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- Fatigue 6 (6) 
- Nausea 2 (2) 
- Fear of dyspnea 1 (1) 
- More than one symptom 30 (27) 

D.  Physical activity and daily function 
- Normal without limitations 7 (6) 
- Not normal, able to perform fairly 

normal activities 
39 (36) 

- Not feeling up to most things, but in 
bed/chair less than half a day 

42 (38) 

- Able to do little activity and spend most 
of the day in bed/chair 

20 (18) 

- Rarely out of bed 2 (2) 

E. Nutritionally important disease conditions/ old age 
- Pulmonary cachexia 33 (30) 
- Aged > 65 years 39 (36) 
- Combined symptoms 7 (6) 

F. Physical examination  
Muscle 
status 

Fat  
status 

- No depletion 56 (51) 69 (63) 
- Mild depletion 27 (25) 16 (15) 
- Moderate depletion 16 (15) 22 (20) 
- Severe depletion 11 (10) 3 (3) 

 

3.3 Nutrient intake 

The mean percent nutrient adequacy of nutrient intake of 10 
nutrients, energy and MAR of the subjects grouped based on 
their nutritional status is shown in Figure 2. Normally 
nourished subjects had significantly higher mean daily intake 
of calories (F = 11.224, p < 0.001), carbohydrates (F = 
12.527, p < 0.001), thiamine (F = 15.020, p < 0.001), 
riboflavin (F = 6.504, p = 0.02), niacin (F = 9.303, p < 0.001), 
iron (F = 13.431, p < 0.001), calcium (F = 3.814, p = 0.025), 
vitamin C (F = 4.288, p = 0.016) and MAR (F = 16.478, p < 
0.001) than moderately malnourished and severely 
malnourished subjects. Normally nourished subjects had a 
better adequacy of nutrient intake than malnourished 
subjects. The two dotted lines in the graph are marked at 67% 
and at 100%, based on NAR classification. Adequate intake 
was found only for calcium (in all the groups), thiamine (in 
stage B and A) and carbohydrates in the normally nourished 
group. Protein intake was found to be inadequate in all the 
groups and fat intake was fairly adequate only in the normally 
nourished group. The trend indicates that the subjects 
followed a predominantly carbohydrate rich diet. The 
adequacy of calorie intake was found to decrease significantly 
with severity of malnutrition. 

 

 

Figure 1. Classification of subjects based on nutritional status using PGSGA 

The proportion of subjects with normal nutritional status and malnutrition on assessment using PGSGA 
tool are presented in both number and percentage. The depiction of nutritional status of women subjects is 

not made in percentage due to their smaller number 
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3.4 Food group intake 
The food group intake was compared among the subjects 
classified based on their nutritional status. The results are 
presented in Table 3. Malnourished subjects had significantly 
lower mean intake of cereals and cereal products, vegetables 
and fats & oils, compared to normally nourished subjects. It 
is evident that the subjects followed a predominantly 
carbohydrate rich diet with cereals and products being the 
major source of calories. The pattern of food group indicates 
that the decrease in consumption of cereals and products as 
the chief cause of changes in energy intake. The diet pattern 
was characterized by reduced consumption of fatty foods due 
to the fear of increase in respiratory symptoms such as cough 
or phlegm formation. The decrease seen in the intake of fats 
and oils is proportional to the food quantity consumed rather 
than consumption of fat rich foods. With decreasing 
vegetable intake, it can be understood that phytochemical 

intake is also decreasing with increasing severity of 
malnutrition.     

3.5 Impact of NIS 
The subjects were further classified based on the presence or 
absence of nutrition impact symptoms and parameters related 
to nutritional status, body composition and adequacy of 
nutrient intake were analyzed. The results are presented in 
Table 4. Subjects with nutrition impact symptoms had 
significantly lower PGSGA score, fat free mass, fat mass, BMI 
and adequacy of nutrient intake. PGSGA score indicates the 
need for specific type of one or more nutrition interventions 
among the patients assessed. The score guides the use of 
multiple strategies such as nutrition education, counseling, 
need for interdisciplinary interventions, use of oral nutrition 
supplements or nutrition  support  systems  comprising  of 
enteral   or   parenteral   therapy   to   manage   malnutrition. 

 

Figure 2. Nutrient adequacy of subjects classified based on nutritional status 

This graph depicts the adequacy of intake of eleven nutrients and calories of the subjects as compared to 
their recommended daily intake after categorizing them based on their nutritional status. 
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Higher scores indicate the presence of several and severe 
nutritional problems that may require aggressive intervention. 
The presence of NIS in the subjects can be the primary cause 
for chronic reductions in food and nutrient intake, depletion 
of FFM and FM and malnutrition. The proportion of 
subjects with cachexia was found to be higher in the group 
with nutrition impact symptoms (73%) than without 
nutrition impact symptoms (27%). With the persistent 
effects of the disease on metabolism, presence of NIS and 
related decrease in food and nutrient intake, alterations in 
body composition can be linked with higher prevalence of 
cachexia. 

3.6 Nutritional status and pulmonary 
function 

A correlation analysis between lung function measurements 
and PGSGA score revealed and statistically significant weak 
negative correlation between PGSGA score with FEV1 (r-
0.190), FEV1/FVC ratio (r-0.225), percentage of predicted 
and FEV1/FVC ratio (r-0.213). MAR was found to be 
negatively correlated with FVC (r-0.216). These values 
indicate the absence of a profound effect of malnutrition and 
nutrient adequacy on lung function or vice versa. Hence, an 
association between the presence of malnutrition and lung 
function or the decrease in nutrient adequacy was not 
associated with the deterioration in pulmonary function alone 
as measured by spirometry in the subjects. 

3.7 Regression analysis  
A multiple logistic regression was performed to evaluate the 
effects of age, socioeconomic status, education, physical 
activity status, inadequacy of calorie intake, presence of 
nutrition impact symptoms, severity of COPD, severity of 
dyspnea, exacerbations in the previous year and disease years 
on the likelihood of subjects with malnutrition. 

Table 4. Mean nutrient adequacy, body composition and 
PGSGA score of subjects classified based on presence of 
nutrition impact symptoms. 

 
Parameters 

Nutrition impact 
symptoms absent 

(n-54) 

Nutrition impact 
symptoms 

present (n-56) 

 
p value 

 Mean ± SD Mean ± SD  

PGSGA Score 3.5 ± 2.6 10 ± 4 <0.001 
Fat free mass (kg) 46.3 ± 6.42 40.08 ± 6.78 <0.001 
Fat mass (kg) 16.57 ± 7.22 10.59 ± 4.24 <0.001 
BMI (kg/m2) 22.55 ± 3.93 18.67 ± 3.32 <0.001 
MAR (%) 81.59 ± 0.7 73.29 ± 1 <0.001 

PGSGA – patient-generated subjective global assessment; BMI: Body 
mass index; MAR - Mean adequacy ratio 

 

The results are presented in Table 5. The logistic regression 
model was statistically significant, χ2(14) = 66.487, P<0.001. 
The Hosmer-Lemeshow test was used to determine the 
goodness of fit of the model, with a p-value of 0.117 and χ2 
value of 12.867 (df 4) indicating acceptable goodness of fit. 
The -2-log likelihood was 81.575 and Nagelkerke R square 
was 0.613 for the model.  The model explained 61.3% of 
variance in the occurrence of malnutrition and correctly 
classified 84.5 % of the cases. 

The presence of nutrition impact symptoms, grade 4 dyspnea 
and increasing disease years were found to be significantly 
associated with malnutrition at the 5% level of significance. 
The presence of nutrition impact symptoms, grade 4 dyspnea 
and increasing disease years were found to increase the odds 
of malnutrition in our subjects. 

Table 3. Characteristics of subjects based on nutritional status 

Nutritional status/Food groups 
Normally nourished – 

A 
(n-49) 

Moderately 
malnourished/suspected 

malnutrition – B 
(n – 39) 

Severely 
malnourished - C 

(n-26) 
p value 

 Mean ± SD Mean ± SD Mean ± SD  

Cereal grains and products (g) 291.44 ± 66.4 235.16 ± 57.99 184.46 ± 58.88 <0.01 

Pulses (g) 47.88 ± 18.08 55.41 ± 26.08 46.34 ± 17.81 0.168 

Vegetables (g) 151.22 ± 61.82 144.66 ± 57.46 105.38 ± 60.85 0.008 

Fruits (g) 69.23 ± 50 66.68 ± 55.31  66.68 ± 53.15  0.495 
Milk and Curds (g) 233 ± 77.65 240.74 ± 72.03 244.93 ± 76 0.794 
Fats and Oils (g) 14.6 ± 9.5 13.66 ± 8.23 8.53 ± 6.53 0.013 
Sugar/Jaggery (g) 12.84 ± 6.4 15.48 ± 8.14 14.84 ± 7.49 0.235 
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3.8 Health related quality of life   
The mean rank of dyspnea score, the average total SGRQ 
score and sub component scores are presented in Table 6. A 
statistically significant difference in the severity of dyspnea 
among subjects with varying nutritional status was observed. 
The mean rank increased linearly with worsening nutritional 
status. 

A chi-square test of independence showed that there was a 
significant association between presence of nutrition impact 
symptoms and severity of dyspnea, X2(N = 110) = 14, p = 
0.007. The HRQOL scores were evaluated after classification 
of the subjects based on their nutritional status. Malnourished 
subjects had lower HRQOL than normally nourished 
subjects. The total SGRQ scores, activity and impact sub-
scores of the normally nourished subjects was significantly 
lower compared to the malnourished groups. Normally 
nourished subjects were able to perform routine activities such 
as lying, sitting, bathing, walking on a level or stairs better 
than malnourished subjects. The impact of respiratory 
symptoms such as breathlessness during talking, bending over 
sleeping etc. was higher among the malnourished subjects as 
well. Disturbances in social life and psychological health 
assessed as an impact score also was higher in the 

malnourished group. These disturbances include effect on 
ability to work or earn, problems caused due to the disease 
condition, feeling embarrassing in public, feeling frail, feeling 
exertion in the simplest tasks etc. 

4 Discussion 
Nutrition is an integral part of a healthy life and it is an 
important aspect of disease prevention as well as recovery 
from conditions that modify the nutritional status of an 
individual. An alteration in the metabolism due to COPD is 
known to cause malnutrition in a significant proportion of 
patients with COPD. Malnutrition is a frequent finding and 
leads to detrimental consequences on the prognosis of the 
disease, psychology and quality of life  39. This study was the 
initial step in the development of a disease specific affordable 
nutritional formulation using locally available foods for 
malnourished COPD patients. Hence, the stimulus to 
conduct this study was to determine the presence and 
proportion of nutritional problems related to food and 
nutrient intake. 

 

 

Table 5. Predictors of malnutrition in subjects with COPD 

Variable 
OR with 95%CI 

(univariate) 
p value 

OR* with 95%CI 
(multivariate) 

p value 

Age 0.959 (0.960 – 1.044) 0.58 0.992 (0.930 – 1.058) 0.800 
PCHI 1.000 (1.000 – 1.000) 0.104 1.000 (0.999 – 1.000) 0.519 
Physical activity level 0.103 (0.005 – 2.139) 0.142 5.836 (0.019 – 1795.823) 0.546 
MAR 0.000 (0.000 – 0.026) 0.037 0.062 (0.000 – 100.141) 0.461 
Presence of nutrition impact symptoms 26.520 (8.875 – 79.244) <0.001 33.529 (7.631 – 147.313) <0.001 
Stage of COPD     

- Mild 1.000  1.000  
- Moderate 0.406 (0.076 – 2.173) 0.292 0.113 (0.007 – 1.954) 0.134 
- Severe 0.403 (0.074 – 2.186) 0.292 0.084 (0.004 – 1.619) 1.619 
- Very severe 0.381 (0.057 – 2.534) 0.318 0.016 (0.000 – 0.568) 0.023 

Dyspnea severity     
0 1.000  1.000  
1 3.500 (0.320 – 38.232) 0.304 8.948 (0.381 – 210.159) 0.174 
2 1.846 (0.163 – 20.939) 0.621 11.570 (0.489 – 273.658) 0.129 
3 7.154 (0.680 – 75.314) 0.101 14.007 (0.579 – 339.919) 0.104 
4 12.000 (0.898 – 160.414) 0.060 69.063 (1.673 – 2850.559) 0.026 

No of exacerbations in the previous year 1.356 (0.813 – 2.261) 0.243 1.416 (0.699 – 2.868) 0.335 
Disease years 1.054 (0.976 – 1.140) 0.181 1.141 (1.017 – 1.281) 0.025 

PCHI – Per capita household income, MAR – Mean adequacy ratio, COPD- Chronic obstructive pulmonary disease 
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The results of our study also indicate a similar trend of higher 
prevalence of malnutrition. Pulmonary cachexia (BMI - < 21 
kg/m2 and FFMI < 16 kg/m2) was found in 50% of the 
subjects. The observed degree of malnutrition in our study is 
comparatively lower than previous studies where 
SGA/PGSGA  was  used  as  a  tool for assessment. Gupta et 
al. 10 have reported 83% malnutrition among 106 subjects 
with stable COPD (male/female = 92/14). The assessment 
was using SGA found 59.5% of them as moderately 
malnourished and 23.5% as severely malnourished 10. Nguyen 
et al. have reported 74.45 % malnutrition (SGA B/C) among 
168 subjects with COPD. Energy intake was less than the 
estimated needs in 85.7% of the subjects 40. However, 
cachexia was higher than values reported earlier in two studies 
in Netherlands. Schols et al. 25 have reported 28% cachexia 
among 412  subjects  with  stable COPD and Vermeeren et 
al. 41.reported cachexia in 27% of the 389 subjects with 
moderate to severe COPD. Cachexia in COPD is due to 
alterations in muscle fiber physiology (protein turnover, 
increased activity of ubiquitin proteasome system) which may 
me triggered by negative energy balance, inflammation, 
oxidative stress and hormonal alterations 42. Muscle wasting 
in COPD patients further contributes to skeletal muscle 
dysfunction, diminished exercise capacity, health status, and 
poor quality of life as well as impacts the mortality rate 43. 

Food intake is affected by various factors such as nutrition 
impact symptoms (nausea, vomiting, diarrhea, lack of 
appetite, early satiety, dysgeusia, dry mouth, ulcers in the 
mouth etc.), dysphagia and fatigue related to consumption of 
adequate quantity of food. These are known to be secondary 
effects of several acute and chronic diseases other than 
psychological factors affecting food intake. Early satiety, lack 
of appetite and fatigue were the commonly reported nutrition 
impact symptoms among 56 subjects in our study. 
Disturbance in the energy balance is the main driving factor 
of malnutrition in COPD patients. When the energy 

expenditure exceeds calorie intake, weight loss occurs. The 
factors leading to weight loss are increased energy 
expenditure, reduced nutrient intake, and impaired 
utilization either alone or in combination 44. Malnutrition 
seen in patients with COPD is understood as chronic disease 
related malnutrition with inflammation otherwise termed 
cachexia. This state of deranged inflammatory milieu is 
known to induce anorexia secondary to alterations in the 
hormonal control of orexigenic and anorexigenic factors 45. 
Cachectic COPD patients were found to have higher 
Interleukin 6 to Interleukin 10 ratio, decreased insulin-like 
growth factor to growth hormone ratio, insulin resistance and 
decreased desire to eat as compared to non-cachectic patients 
in a case control study including 103 patients with COPD 46. 
The common respiratory symptoms seen in patients with 
COPD are dyspnea, which is a sense of increased effort to 
breathe, chronic cough (productive or nonproductive) and 
sputum production. Dyspnea is one among the additional 
factors other than lack of appetite due to anorexia, early 
satiety and bloating which are known negatively impact food 
intake 43. Hyperinflation, flattened diaphragm and reduced 
abdominal volume seen in COPD patients are known to 
contribute to decreased food intake by resulting in abdominal 
discomfort, bloating and early satiety  41. Fatigue during food 
consumption and early satiety are also known to limit the 
food intake  47. Eating food is known to adversely affect the 
oxygen saturation and partly increase the symptom of 
dyspnea in subjects with severe COPD 48. 

Malnutrition is known to increase the risk of development of 
cachexia, which is characterized by anorexia, severe loss of fat 
free mass, fat mass and poor exercise tolerance  49, 50. A similar 
trend was observed in our study, with respect to presence of 
nutrition impact symptoms & proportion of cachectic 
subjects. The lower fat free mass and fat mass among 
malnourished subjects justifies this association. The presence 
of nutrition impact symptoms could be the consequence of 

Table 6. Health-related quality of life and dyspnea severity scores of subjects 

Nutritional status 
Normally nourished 

(n-45) 

Moderately malnourished  

(n-41) 

Severely malnourished 

(n-24) 
p value 

 Mean ± SD Mean ± SD Mean ± SD  

SGRQ Total score 41 ± 14a 43 ± 14b 54 ± 17ab 0.003* 
Activity score  58 ± 23 59 ± 22 72 ± 22 0.033* 
Symptom’s score 49 ± 18 52 ± 17 59 ± 20 0.11* 
Impact score 28 ± 12 42 ± 18 33 ± 15 0.001* 
MMRC dyspnea score (Mean rank) 46.22 55.6 71.4 0.004** 

SGRQ - St. George's Respiratory Questionnaire, MMRC- Modified Medical Research Council. *One way ANOVA; ** Kruskal Wallis test with post hoc analysis, (H (2) = 
11.199, p value = 0.004); Groups with the same superscripts are statistically different from each other. 
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effects of the disease, mainly dyspnea, severe COPD, cachexia 
and is significantly associated with poor nutrient intake. 
Chronic deficits in energy and nutrient intake could be 
associated with lower body weight, fat free mass and fat mass 
among our subjects. The chronic energy deficit is important 
in weight losing patients or who are already underweight. 
Thus, energy needs in these patients may be higher than 
weight stable patients or with a normal/higher BMI and the 
energy needs are further affected by the expenditure due to 
physical task/activity other than increased basal metabolic   
rate 51. It is also necessary to include appropriate nutrient 
composition with respect to ratio of energy obtained from 
carbohydrates, protein and fat and micronutrients when 
planning for high calorie diets as a mere increase in energy 
intake may be insufficient to achieve the nutritional 
objectives.   

This highlights the need for routine screening and assessment 
for involuntary weight loss, changes in body mass index, food 
and nutrient intake, changes in body composition whenever 
feasible and for the development of cachexia. The assessment 
process will aid in timely identification of deficits in 
food/nutrient intake and facilitate nutrition intervention that 
may include modification of nutrient quantity & quality, 
food texture, meal size, meal pattern or use of oral nutrition 
supplements in non-cachectic patients and also can be a part 
of the therapy for patients with cachexia, which includes 
pharmacological therapy as well. PGSGA score defines the 
need for planning and implementation of patient specific 
nutrition intervention that includes medical nutrition therapy 
(ranging from changes in food attributes, use of oral nutrition 
supplements, enteral & parenteral nutrition support) patient 
& family education, symptom management. The association 
of PGSGA score with nutrition impact symptoms in our 
subjects indicate the need for oral nutrition support using 
nutrient dense formulations that may enhance nutrient intake 
without affecting the present respiratory symptoms. 
Indications for use of enteral or parenteral nutrition support 
was not found in the subjects in our study. The association of 
malnutrition and lung function as measured by spirometry 
was weak among the subjects in the study group which may 
be due to the smaller sample size. HRQOL relates to 
perception of individuals or a group about certain aspects of 
health such as physical, psychological and social aspects. 
HRQOL is a routinely used measure in clinical practice and 
research, that provides an understanding of the impact of 
health and disease on the quality of life as absence of disease 
alone does not indicate sound health 52. The SGRQ is 
designed to measure frequency of respiratory symptoms, 
disturbance to routine physical activities (activity score) and 
disturbances in psycho-social function (impact score). An 
impaired HRQOL is detrimental to the physical, 

psychological and social status of individuals with COPD. 
Depression, cognitive dysfunction and severe hypoxia is 
linked with a poor HRQOL due to COPD. Dyspnea and 
chest pain have been associated with poor HRQOL in a 
cohort of 93 subjects with COPD in India and the authors 
emphasize the assessment of HRQOL in routine medical care 
of patients with COPD 53. The activity and impact 
component scores indicate the reduced routine and 
occupational activity & psychosocial function among 
malnourished subjects in our study. Such an association is 
frequently reported in literature. Malnutrition was associated 
with poor total SGRQ scores, activity and impact scores 
among 168 patients with COPD in a cross-sectional study by 
Nguyen et al. 40. and among 163 stable COPD patients 
involved in a rehabilitation program as reported by Gunay et 
al.  54. Thus, malnutrition can be an additional factor apart 
from the disease itself that can lead to progressive 
deterioration in health-related quality of life. 

5 Strengths and limitations 
The subjects included in the study did not have any other 
significant disease condition apart from COPD that could 
have an impact on the nutritional status, thus the outcomes 
could be related to the manifestations of COPD. No studies 
were available to compare the proportion of subjects with 
nutrition impact symptoms and related changes in nutritional 
parameters. To our knowledge, this is the first study reporting 
changes in nutritional and clinical parameters based on 
nutrition impact symptoms in patients with COPD in India. 
Also, no Indian studies on the use of PGSGA in COPD 
patients have been published to date. The results also 
highlight the importance of nutrition screening and 
assessment of stable COPD patients, as assessment may aid in 
identification of nutrition related problems and intervention 
to overcome the problems related to food and nutrient intake 
using specific nutrition intervention strategies. The study had 
a few limitations. The sample size was small and there were 
very few women in the study and the findings are not 
generalizable to women patients. Subjects were selected from 
the hospital OPD and may not be representative of the 
general population i.e., patients with COPD. The energy 
needs were estimated by predictive equations and the food 
recall method may have contributed to variation in nutrient 
related data. In routine clinical practice, it is common to see 
COPD subjects with multiple co-morbidities. Subjects with 
significant co-morbidities were excluded in this study and the 
findings are not generalizable to subjects with COPD and co-
morbid conditions such as diabetes and heart disease. 
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6 Summary & Conclusion 
A significant proportion of subjects with stable COPD 
included in our study were malnourished. The presence of 
nutrition impact symptoms and the associated reduction in 
calorie intake appeared to be the factors associated with 
undernourished subjects. The presence of nutrition impact 
symptoms that have an impact on the food intake such as lack 
of appetite and early satiety, severe dyspnea and increasing 
disease years were associated with malnutrition. The PGSGA 
scores highlight the need for oral nutritional support among 
the subjects with nutrition impact symptoms affecting food 
intake and nutrition counseling for the malnourished subjects 
without nutrition impact symptoms. Hence, the assessment 
of the nutritional status of subjects with stable COPD should 
be performed routinely to identify patients at risk of 
developing malnutrition or who are already malnourished. 
Assessment of nutritional status using PGSGA is ideal in 
identifying malnutrition and initiating nutrition 
intervention.  
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