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Abstract 

Background: Osteoporosis, sarcopenia, pulmonary hypertension are common with COPD. There are only few studies 

which have evaluated the relationship of these co-morbidities with COPD severity. 

Aim: To study osteoporosis in terms of  bone mineral density (BMD) and sarcopenia in terms of fat free mass index 

(FFMI) with dual energy x-ray absorptiometry (DEXA); and their relation with forced expiratory volume in one second 

(FEV1%). To study relation of pulmonary hypertension (PH) with forced expiratory volume in 1 second (FEV1) and 

BODE index in COPD. 

Materials and Methods: In 30 stable COPD patients, BMD and FFMI were calculated with DEXA scan. Two groups of 

FEV1 ≥50% and FEV1<50% and three groups of BODE index <5, 5-6 and ≥7 were compared with PH severity.  

Results: All patients had low BMD (33% osteopenia & 66% osteoporosis) and 83.3% had sarcopenia. Chi-square test to 

assess the significance of osteoporosis and sarcopenia in relation to FEV1 groups was statistically insignificant (p 

value=0.88). 

5/7 had normal pulmonary artery pressure (PAP) and 2 had mild PH in group I i.e. FEV1 ≥50%, whereas in group II i.e. 

FEV1<50 %, 2 had normal PAP; 15, 3 and 2 had mild, moderate and severe PH respectively. Binary logistic regression 

to assess PH in relation to FEV1 and BODE index showed odds ratio for FEV1 ≤ 50% statistically significant (p value= 

0.016). 

Conclusion: Osteoporosis and sarcopenia are very common in COPD in Indian population but there is no correlation 

with FEV1. Though BODE index is a good prognostic indicator, FEV1 is more likely to correlate with severity of PH 

than BODE index. 

Keywords: Osteoporosis, sarcopenia, fat free mass index (FFMI), BODE index. 

 

1. Introduction 

Chronic obstructive pulmonary disease (COPD) 

is a highly prevalent, underdiagnosed, undertreated disease 

[1]; hence have significant morbidity, mortality leading to 

substantial economic and social burden. COPD has been 

recognized as a systemic disease because of associated 

significant co-morbidities in the form of osteoporosis, 

sarcopenia, coronary artery disease, anemia, anxiety, and 

depression, pulmonary hypertension (PH)[2]. Presence of 

these co-morbidities affects prognosis significantly in 

COPD [3]. Thus it is crucial to be aware about them, 

screen for them and intervene appropriately to decrease 

morbidity, mortality and improve quality of life.  

PH, an important sequel of COPD, has been 

correlated with FEV1 [4]; however has not been studied in 

correlation with BODE index. BODE index a 

multidimensional severity score has been shown as 

prognostic marker in COPD in terms of predictor of 

mortality[5]
 
and proved to be surrogate marker of the 

benefits of pulmonary rehabilitation as well[6]. It is 

considered to be better prognostic maker than FEV1. 

In the present study we studied the frequency of 

these co-morbidities (osteoporosis, sarcopenia, PH) and 

their relation with COPD severity. Osteoporosis and 
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sarcopenia studied with FEV1% and PH with both FEV1% 

and BODE index. 

2. Materials and methods 
2.1 Study design 

It was a prospective cross-sectional observational 

study done over a period of 1 year. After obtaining ethic 

committee approval, thirty COPD patients attending 

outpatient department of our tertiary care centre over 1 

year period, diagnosed based on global initiative for 

obstructive lung disease (GOLD) guidelines were 

included. Their written informed consent was obtained 

prior to inclusion. Patients with exacerbation in last 6 

weeks and those on long term oral steroid therapy, calcium 

supplements, neoplastic disease or any disease with an 

inflammatory or metabolic component (CKD, rheumatoid 

arthritis, cirrhosis of liver) and cardiac failure were 

excluded from the study. Spirometry was performed as per 

American Thoracic Society (ATS) guidelines. Patients 

were classified into stage I, II, III and IV as per the GOLD 

guidelines. Further they were divided into 2 groups based 

on FEV1%, that is FEV1 ≥50% and FEV1<50% for the 

purpose of statistical analysis. Bone mineral density 

(BMD) and fat free mass index (FFMI) were calculated 

with the help of dual energy x-ray absorptiometry (DEXA) 

scan (Lunar Expert XL Bone densitometer). DEXA scan 

measured BMD at hip (Left femoral neck), lumbar spine 

(L1-L4) and left forearm.  For the diagnosis of osteopenia 

and osteoporosis lowest BMD at lumbar spine (L1-L4) or 

hip (femoral neck) was considered, as per the International 

Society for Clinical Densitometry (ISCD)[7] 

recommendations. BMD was recorded as t score in terms 

of standard deviations (SD) in relation to reference 

population. (T score - The patient’s bone mineral density 

as compared to the peak bone mass in normal young 

adults).  Osteopenia and osteoporosis was defined as per 

WHO [8] based on t score as mentioned in table 1. 
 

Table 1: WHO Criteria for Osteoporosis 

Category T score 

Normal >-1 SD 

Osteopenia <-1 and >-2.5 SD 

Osteoporosis <-2.5 SD 
  

 FFMI was calculated with the help of lean body 

mass. DEXA scan gives total body mass and fat mass. 

Lean body mass (fat free mass) is total mass minus fat 

mass. The formula applied for calculating FFMI was: lean 

body mass (in kg)/height (m)
2
. It was labeled sarcopenia if 

FFMI was <16 kg/m
2
 for men, <15kg/m

2
 for women as per 

Schols et al[9]. 2 groups of COPD patients, FEV1 ≥50% 

and FEV1<50%, were compared with each other for BMD 

and FFMI. 

BODE Index calculated after obtaining all 

necessary variables (body mass index in kg/m
2
, post 

bronchodilator FEV1%, dyspnoea modified medical 

research council index, 6 minute walk distance in 

meters).The sum of the variables corresponds to a BODE 

index score from 1 to 10. BODE Index was calculated for 

26 out of 30 patients. In 4 patients 6 minute walk test 

could not be performed as there was desaturation during 

the exercise. BODE index scores were divided into 3 

groups :< 5, 5-6 & ≥7 based on predicted mortality of each 

group [10]. 

Pulmonary artery pressure (PAP) was measured 

by 2 dimensional echo cardiography (2D Echo) by TR jet 

estimation. PAP was considered normal when the pressure 

was <30 mm of Hg. PH was scaled mild, moderate and 

severe if the PAP was 30-45 mm of Hg, PAP >45 mm of 

Hg but without RV dilated and cor pulmonale (RV dilated) 

respectively. The severity of PH was compared with 

FEV1<50, FEV1≥50% and 3 BODE groups. 

Data analysis was performed with the help of 

SPSS Software ver. 15 and Sigmaplot Ver. 11. Mean, 

standard deviation, median and interquartile range (IQR) 

were calculated for the quantitative data. Frequency and 

percentage table were charted for the qualitative data. 

Comparison among study group was done with the help of 

unpaired t test as per the results of normality test. Binary 

logistic regression was applied to pulmonary hypertension 

as dependent variable and GOLD Staging & BODE Index 

as independent variable. Association among study group 

was assessed with the help of Chi-Square test. P value less 

than 0.05 was taken as significant level. 

 

3. Results 
Table 2: Baseline Characteristics of the Study Group 

Variables  

Total no. of patients 30 

Mean Age 66 yrs 

Mean  Pack Year Smoking  18 pack yrs 

Average   FEV1(post) % 40.9 

Gold Class 

                     1 

                     2 

                     3 

                     4 

(No. of 

patients) 

0 

8 

12 

10 

No. of patients with  Osteopenia 10 (33.3%) 

No. of patients with Osteoporosis 20 (66.6%) 

No. of patients with Sarcopenia 

(FFMI<16 kg/m
2
) 

25  (83.3% ) 

Mean BMI (in kg/m
2
) 19.03 

Mean FFMI (in kg/m
2
) 15.05 

Mean BODE Index score 5 
 

 The study group consisted of 30 men with mean 

age of 66yrs (45 to 84yrs), with mean smoking history of 

18 pack years. There were no female patients. Their 

average FEV1 was 40.9% predicted. None of the patients 

were in GOLD class I, 8 belonged to class II, 12 to class 

III and 10 in class IV (table 2). All patients were found to 
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have low BMD, 10 had osteopenia and 20 osteoporosis. 

Amongst 8 patient of group 1 i.e. FEV1≥50% 3 (37%) had 

osteopenia and 5 (62%) had osteoporosis (figure1). In 

group 2 (FEV1<50%) out of 22, osteopenia and 

osteoporosis was found in 7 (31%) and 15 (68%) patients 

respectively (figure 1). However the difference in 

osteoporosis in two groups was statistically not significant 

(chi-square test, p value=0.88). 
 

Figure 1: Proportion of osteopenia and osteoporosis in 

Group 1=FEV1 ≥50% and Group 2=FEV1<50% 

 
 

 19 (63.3%) out of 30 patients had BMI < 21 

kg/m
2
 and 25 (83.3%) out of 30 patients had FFMI<16 

kg/m
2 
(sarcopenia). Average BMI was 20.3 kg/m

2 
in group 

1 and 18.77 kg/m
2 

in group 2. Average FFMI was 15.81 

kg/m
2 

and 14.3 kg/m
2 

in group 1 and 2 respectively. In 

group 1, 6 (75%) out of 8 and in group 2, 19 out of 22 

(86%) patients had sarcopenia (figure 2).  
 

Figure 2: Proportion of patients with FFMI<16 kg/m
2 

in Group 1=FEV1 ≥50% and Group =FEV1<50%. 

 
 The difference in sarcopenia in two groups was 

statistically not significant (chi-square test, p value=0.85)  
 

 6 out of 30 (20%) patients had normal BMI with 

low FFMI. The difference of BMI and FFMI in group 1 

and 2 was statistically not significant (chi-square test, p 

value 0.324 and 0.095 respectively). 

The result of severity of BODE index (<5, 5-6, 

≥7) in comparison with PH is given in table 3.  

 

Table 3: BODE index score and pulmonary hypertension (PH) 

PH 
Normal 

Mild 

(PASP 30-45 mm of Hg) 

Moderate 

(PASP >45 mm of Hg) 
Cor pulmonale Total 

BODE SCORE 

<5 6 (46%) 6 (46%) 1 (8%) 0 13 

  5-6 1 (16%) 3 (50%) 2 (34%) 0 6 

 ≥7 0 5 (71%) 0 2 (29%) 7 

 Total 7 (27%) 14 (54%) 3 (11%) 2 (8%) 26 

 

All patients with more severe BODE index score 

(≥7) had PH, 5 (71%) had mild PH and 2 (29%) had cor 

pulmonale, amongst 6 patients in second group (BODE 

index score 5-6) 5 patients had PH. Lastly, of 13 patients 

with low BODE index (<5), 6 patients (46%) did not have 

PH. The relation between BODE index and PH was 

statistically not significant (chi-square test, p value=0.07). 

On comparison of FEV1 with PH, 5 (71.4%) out of 7 

patients in group I (FEV1>50) had normal PAP and 2 had 

mild PH, whereas amongst group II (FEV1<50 %) patients 

2 (9%) had normal PAP, 15 (68.8%) had mild PH, 3 

(13.6%) had moderate PH and 2 (9%) had cor pulmonale. 

It was not possible to measure PH in one of the patients 

due to technical reasons.  

Binary logistic regression was applied to assess 

association among PH, as a dependant variable and GOLD 

class, BODE index as independent variables. It was 

observed that the odds ratio for GOLD class was 0.025 

which is statistically significant (p value= 0.016). It 

indicates that patients with GOLD class 3 and 4 are more 

likely to have PH. 

 

4. Discussion 
Osteopenia and osteoporosis are common in 

COPD with prevalence of 35-72% and 36-60% 

respectively [11,12]. In our study all the patients (100%) 

had reduced BMD, 33.3% had osteopenia and 66.6% had 

osteoporosis. These results are similar to the only another 

study from India [13] which have used DEXA scan for 

studying bone loss in COPD patients. In this study out of 

102 patients 88 (86%) had low BMD; 68 patients (66.6%) 

had osteoporosis and 20 patients (19.6%) had osteopenia. 

So far, the highest reported prevalence of osteoporosis in 

COPD has been 69%[14]. This study was done in 
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pretransplant patients i.e. end-stage pulmonary disease. 

Another study reported from India on osteoporosis 

performed on 37 patients belonging to stages III, and IV 

COPD with ultrasound bone densitometer also showed a 

high, 73%, prevalence of osteoporosis and osteopenia[15]. 

The risk of osteoporosis and osteopenia are reported to be 

as high as 35.1% (men-24.6%, women-42.5%) and 49.5% 

(men-54.3%, women-44.9%) respectively in healthy 

Indian population aged 50 years and above [16]. This 

suggests that osteoporosis prevalence in normal population 

is also very high in India. This high prevalence of 

osteoporosis has been linked to high prevalence of vitamin 

D deficiency reported from India [17,18]. The high 

prevalence of osteoporosis/osteopenia in our study may be 

partly due to reflection of general population. However, 

even after considering for overall high risk of 

osteoporosis/osteopenia, the prevalence is very high in our 

study. Since no other study has been done with DEXA 

scan in COPD from India, a larger scale studies with 

vitamin D levels are required to address the problem of 

this magnitude for appropriate management strategy.  

When osteoporosis/osteopenia were correlated 

with FEV1, the difference in osteoporosis in two groups of 

FEV1 was statistically not significant, though osteoporosis 

was more in patients with FEV1<50% (62% in group1 and 

68% in group2). The association between COPD and 

osteoporosis is well established, however the association 

between low lung fuction (FEV1) and low BMD is not 

well established. The relationships between lung function 

parameters and BMD are complex and not yet clear [19]. 

Certain studies have shown a correlation between FEV1 

and BMD, others have not. Vrieze et al[20], Bolton et 

al[21], Hattiholi et al[13] 
 
involving 115, 81 and 102 

patients respectively, showed that BMD was related to 

severity of COPD. However the EOLO study [22]
 

involving 3030 patients of COPD showed that 

osteoporosis had only a tendency, not statistically 

significant, for very severe COPD.  

Overall, undernutrion compared to western 

studies was more common in terms of both BMI (83.3%) 

and FFMI (63.3%). 4/8 (50%) in group I i.e. FEV1> 

50%and 15/22 (68.3%) in group II i.e. FEV1 <50% had 

BMI <21 kg/m
2
. BMI in other Indian studies also show 

similar results [23]. Studies from western countries show 

low BMI in 10-15% of mild to moderate COPD and in 37 

% of severe COPD [24]. 

Sarcopenia was seen in 6/8 (75%) in group I and 

19/22 (86%) in group II. Western counterpart show 

reduced FFMI in about 17 % to 32.5% of moderate to 

severe COPD and 50% of very severe COPD [6,25,26]. 

There are no other Indian studies which have evaluated 

sarcopenia in COPD. Poor FFMI in our study is an 

isolated phenomenon or is due to different body 

composition in Indian population needs to be determined. 

Hence, more studies are required to define normal fat free 

mass index for Indian population. A “hidden” loss of fat 

free mass i.e. normal BMI with low FFMI has been shown 

in many studies [27- 30]. In our study too it was observed 

in 20%, prevalence similar to other studies [31-34]. BMI 

and FFMI both were low in patients with FEV1<50% 

compared to those with FEV1>50%, however the 

difference in two group was statistically not significant. 

This may be due to overall, small number of patients 

included in the study or because group I had very few 

patients.  

Sarcopenia in COPD is treatable and treatment 

significantly improves the survival in COPD. Sarcopenia 

has been linked to mortality of COPD as well
9
.We used 

DEXA scan for calculating FFMI of COPD patients. The 

other two methods available for calculating FFMI are body 

impedance anthropometry (BIA) and skin anthropometry. 

None of the method is gold standard
35

, however DEXA 

scan is simple, non invasive and considered a reference 

method. BIA has been shown to underestimate while skin 

anthropometry overestimates FFMI [35]. Though, DEXA 

scan is costliest among the three methods, it is accurate in 

calculating FFMI. Similarly prevention and treatment of 

osteoporosis is an important part of management of 

COPD. DEXA scan is considered to be the gold standard 

for the diagnosis and management of osteoporosis [34]. 

Since, DEXA scan measures both BMD and FFMI 

accurately, and it is important to screen for both 

sarcopenia and osteoporosis, this common diagnostic tool 

should become as essential and as widely available as 

spirometry for the management of COPD. 

 BODE index, a multidimensional prognostic 

index has been proved to be a better prognostic marker for 

mortality[6], a predictor of hospitalization[36], a predictor 

of outcome of exacerbation[37] than GOLD classification. 

Mild-to-moderate pulmonary hypertension, a common 

complication of chronic obstructive pulmonary disease 

(COPD) is also considered to be a good prognostic marker 

for risks of exacerbation and survival [38]. However, to 

the best of our knowledge no study has been performed to 

study correlation between two good prognostic indicators 

i.e. BODE index and PH. In the present study we 

attempted to study association of BODE index with PH. 

All patients with more severe BODE index score (≥7) had 

PH. This compared to patients with low BODE index 

score, 6 out of 13(46%) did not have PH. However, BODE 

index did not correlate with severity of PH. Contrarily 

binary logistic regression to assess PH in relation to FEV1 

showed odds ratio for FEV1 ≤50% statistically significant 

(p value= 0.016). Thus, though BODE index is a good 

prognostic indicator; GOLD staging (stage III and IV) is 

more likely to correlate with PH. Since, PH correlated 
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better with FEV1 and not with BODE index we propose 

that combination of BODE index and PH would a better 

prognostic indicator than BODE index alone. Our study 

however, needs to be confirmed with the larger sample 

size. 

There are certain limitations to present study. 

There were no female patients in our study; hence 

prevalence of osteoporosis in females could not be studied. 

However both male and female are at risk of osteoporosis, 

the risk is higher in postmenopausal women because of 

additional risk factors for osteoporosis. Secondly cut off 

values used for calculating sarcopenia based on FFMI, is 

subject to change with the availability of cut off 

parameters of Indian population. Third limitation in our 

study can be small sample size, hence association between 

osteoporosis and sarcopenia with FEV1%, and also 

between BODE index and PH should be confirmed and 

validated with a large sample size study. Fourthly we have 

used 2 D echo instead of more accurate right heart 

catheterisation (RHC) for measurement of PAP [39]. 

2 D echo is more likely underestimate than 

overestimate PAP
39

. RHC though invasive and accuracy of 

results varies with the expertise doing it[40], it is found to 

be more accurate than 2 D echo[39]. Thus, present concept 

can be studied with RHC for more accurate results.  

In conclusion, prevalence of bone loss in the form 

of osteopenia/osteoporosis and under nutrition in the form 

of low BMI and low FFMI (sarcopenia) is very high in 

COPD in Indian population.  FFMI is more sensitive than 

BMI in diagnosing under nutrition. As DEXA scan is 

accurate, simple, non invasive test which gives both BMD 

and FFMI, it is a cost effective investigation for COPD 

patients whenever available. GOLD classification is still 

an important part of management not only for treatment 

perspective but also from the prognosis perspective 

specially to predict the severity of PH. 
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