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ABSTRACT: Nutritional status and airflow obstruction:
two independent contributors to CO diffusing capacity im-
pairment in COPD. S. Baldi, G.D. Pinna, P. Crotti, S. Mon-
temartini, E. Dacosto, F. Fanfulla, C. Fracchia, C. Bruschi.
Background. The association between weight loss and
Chronic Obstructive Pulmonary Disease (COPD) hasbeen
recognised from many years. Based on the evidence that
nutritional status reflects metabolic disturbances in
COPD, the relationship between body mass index (BM1),
severity of airflow obstruction and CO diffusing capacity
(DL o), that isthe functional hallmark of emphysema, is
relevant to the management of COPD phenotypes.
Methods. We reviewed 104 patients with COPD (82
males), aged 6619 years (meantSD). Height averaged
165+8 cm, weight 71+16 Kg, FEV, 50+18 (% of predicted),
RV 169+49%, and DL co 56+26% . Multiple linear regres-
sion was performed using BMI, FEV; and RV, as ex-
planatory variablesfor DL co. Patientswerealso classified
into four groupsaccordingto BMI < 18.5 (low), > 18.5 and
< 25 (ideal), > 25 and < 30 (overweight), > 30 (obese), and
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Introduction

The association between weight loss and
COPD, particularly the emphysematous type, has
been recognised for almost one century [1].
Weight loss has been regarded as a determinant of
course and prognosis of COPD [2-4], and a mark-
er for more severely impaired lung function [5-7].

Body mass index (BMI), the ratio of body
weight to height?, is a crude index reflecting com-
plex metabolic disturbances in COPD [8]. Recent
studies have provided evidence that nutritional ab-
normalities and weight loss are relevant contribu-
tors to disability and handicap experienced by the
patients [9), and represent key points for better de-
finition of rehabilitation programmes [10-12].
Therefore, the clinical assessment of patients with
COPD should take into consideration body mass
index along with respiratory function parameters,
such as residual volume and forced expiratory vol-
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post-bronchodilator FEV; < 50%. Using this categorisa-
tion, a two-factor analysis of variance, testing for interac-
tion and main effects (BMI| and FEV,) was performed as
confirmatory analysis for the association between BMI
(kg/m2), FEV1% and DL cp%.

Results. FEV, and BMI were significantly and indepen-
dently associated to DL g according to the equation: DL =
-18.32+ 0.65-FEV 1+ 1.59-BMI (R2=0.40, p<0.0001). The con-
tribution of RV % to DLco % was largely non-significant
(p=0.16). A close relationship was found between BMI
(kg/m2) and DL g %, for all of the four BMI groups segre-
gated by post-bronchodilator FEV 1%, (p<.0001). No interac-
tion was found between these two factor s (p=0.30).

Conclusion. Nutritional status as assessed by BMI
contributes substantially to impairment of DL o indepen-
dently of the severity of airflow obstruction. Thisdata con-
firmsthe association between emphysematous process and
weight lossin advanced COPD, independent of the airflow
obstruction severity.
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ume in one second (FEV), which almost exclu-
sively targets the lung.

In the present study, we reviewed a group of
104 patients with COPD with either emphysemaor
chronic bronchitis, defined according to functional
criteria. The study was designed to investigate the
associ ation between CO diffusing capacity and nu-
tritional status based on BMI, in order to elucidate
the role of alow BMI in COPD. In particular, we
wanted to assess whether weight loss is a marker
independent of the degree of airflow obstruction
and/or hyperinflation, that in and of itself targets
the COPD wasting syndrome.

Material and methods
Subjects

For the study we considered all the patients
who had been consecutively referred to our Insti-
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tute for respiratory rehabilitation between January
2000 and January 2002. They had a diagnosis of
COPD based on international guidelines criteria
[13, 14], with a clinical course consistent with
chronic bronchitis and/or emphysema and a long
history of cigarette smoking. All patients were
clinically stable at the time of examination, and
were receiving a standard treatment regimen. Ex-
clusion criteriawere: diagnosis of neoplasm, fibro-
sis and sleep apnea syndrome.

Measurements. Pulmonary function tests were
obtained in al the patients as part of the respirato-
ry rehabilitation programme. Patients were asked
to abstain from bronchodilators for at least 12
hours prior to lung function measurements. They
included spirometry (post-bronchodilator FEV,
vital capacity) and maximum inspiratory and ex-
piratory flow rates, single breath CO diffusing ca-
pacity (DLco) and aveolar volume (VA). Single
breath DL o was measured (Baires System Bio-
medin, Padua, Italy) according to ATS criteria
[15]. Lung volumes were measured while the pa-
tients were sitting in a body plethysmograph
(Jaeger Masterlab, Jaeger, Wirzburg, Germany),
and panting against a closed shutter at a frequen-
cy slightly < 1 Hz with their cheeks supported by
hands [16]. Total lung capacity (TLC) was ob-
tained as the sum of thoracic gas volume (TGV)
and the linked inspiratory capacity. Functional
residual capacity (FRC) was obtained from TGV
corrected for any difference between the volume
at which the shutter was closed and the average
end-expiratory volume of the four preceding reg-
ular tidal breaths. RV was the difference between
TLC and vital capacity (VC). All measurements
were expressed as percentage of the predicted val-
ues according to the respective reference equa-
tions [17]. The presence of emphysema was de-
fined according to functional criteria (FEV/FVC
< 70%, DL o < 60%).

Body mass index was calculated as the ratio of
body weight (in Kilograms) to height2 (in metres)
[18]. Besides considering BMI and post-bron-
chodilator FEV; as continuous variables, they
were also categorised according to the following
cut-off points: BMI < 18.5 (low), > 18.5 and < 25
(ideal), > 25 and < 30 (overweight), > 30 (obese),
based on previously used standards [18], and post-
bronchodilator FEV 1 < 50% (severe airflow limi-
tation) versus FEV 1 = 50%.

Statistical analysis

Descriptive statistics are expressed as a mean,
standard deviation (SD) and range. The univariate
association between BMI, post-bronchodilator
FEV 1 and DL co was assessed by linear correlation
analysis (Pearson correlation coefficient). In order
to test the ability of the first two variables to pre-
dict CO diffusing capacity, we applied multivariate
regression analysis.

As confirmatory analysis, the association be-
tween BMI, post-bronchodilator FEV, and DL
was also assessed expressing BMI and post-bron-
chodilator FEV, as categorical variables, accord-

ing to the cutoff points described above. This
analysiswas carried out by atwo-factor analysis of
variance (ANOVA), testing for interaction and
main effects (BMI and FEV,). A p vaue < 0.05
was considered statistically significant.

Results

Anthropometrical characteristics and pul-
monary function data of the 104 patientsenrolled in
the study are shown in table 1. The frequency dis-
tribution of patients according to categorised BMI
and post-bronchodilator FEV is shown in table 2.

DLco % of predicted correlated significantly
with BMI (Kg/m?), (r = 0.40, p < 0.0001), post-
bronchodilator FEV 1 %, (r = 0.53, p < 0.0001) and
RV %, (r = -0.47, p < 0.0001). No correlation was
found between BMI (Kg/m2), and post-bron-
chodilator FEV 1 %, (r = 0.14, p = 0.16.), indicat-
ing that they represented independent characteris-
ticsin the study population.

Multivariate regression analysis showed that
DLco % was independently and significantly as-
sociated to both post-bronchodilator FEV 1 %, (p <
0.0001) and BMI (Kg/m?), (p < 0.0001), according
to the equation:

DLco = -18.32 + 0.65FEV; + 1.59-BMI
(R2 = 0.40, p < 0.0001)

Table 1. - Anthropometrical characteristics and pul-
monary function data in 104 patients (82 males and
22 females) with COPD

Mean SD* Range
Age (years) 66 9.4 41 - 86
Height (cm) 165 8.2 144 - 190
Weight (Kg) 71 15.8 41 - 139
FEV 18 (% pred.) 50 18.3 17 - 76
VC (% pred.) 81 18.7 42 - 134
FEV1/VC (% pred.) 47 13.2 21-85
TLC (% pred.) 112 17.8 70 - 162
FRC (% pred.) 144 345 83 - 240
RV (% pred.) 169 48.7 103 - 328
PaCO, (mmHg) 39 6.4 27 - 65
PaO, (mmHg) 66 8.7 42 - 93
DL o (% pred.) 56 25.8 9-114

*SD = standard deviation; & post-bronchodilator vaue of FEV ;.

Table 2. - Frequency distribution of patients by cate-
gorised FEV; and BMI

BMI (Kg/m?) SFEV;<50% SFEV,=50% Totd
pred. pred.

<185 8 4 12

>185and <25 30 19 49

>25and < 30 13 17 30

> 30 6 7 13

Total 57 47 104

§ post-bronchodilator value of FEV .
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TWO CONTRIBUTORS OF DL o IN COPD

The contribution of RV % to DLco % was
largely non significant (p = 0.16).

Figure 1 shows the mean value £ SD of DL g
% in patients classified according to categorised
FEV, % and BMI. There was no interaction be-
tween these two factors (p = 0.30), suggesting that
the effect of either of them was independent of the
level of the other. Both factors were highly signif-
icant (p < 0.0001).

Discussion

The results of the study show that CO diffusing
capacity isassociated to nutritional status, based on
BMI, independent of FEV ;. This data confirms pre-
viousfindings on therole of nutritional depletionin
patients with COPD [5-7]. Furthermore, looking at
the close relationship between BMI and CO diffus-
ing capacity for all four BMI groups segregated by
FEV,, it could be argued that reduction in body
weight is related to emphysema, to the extent that
DLco represents the functional hallmark of de-
struction of alveolar capillary surface. A vast num-
ber of comparative studies between lung function
and either pathology or radiological evaluation
support this notion [19-25]. Alternatively, the rela-
tionship between CO diffusing capacity and BMI
groups segregated by post-bronchodilator FEV,
shows a significant difference between weight-sta-
ble and weight-losing COPD patients for the same
level of FEV4, and invitesto look at weight loss as
a systemic domain which may in and of itself con-
tribute to the COPD wasting syndrome. In this con-
text, weight loss and low BMI reflect complex
metabolic alterations related to disturbed energy
balance, systemic inflammation, hypoxiaand meta-
bolic adaptations targeting lung, as well as skeletal
and respiratory muscles [14].

Recent studies looking at systemic effects of
COPD have analysed the pathogenesis of differ-
ences in nutritiona status in COPD phenotypes

120 -

CO diffusing capacity
(% predicted)
= s =

Fig. 1. - DLco % predicted by categorised BMI (< 18.5; > 18.5 and < 25; > 25 and < 30; > 30) and
post-bronchodilator FEV 1(<50 % predicted vs = 50% predicted). No interaction was found between
BMI and FEV, (p=0. 30). Both factors were highly significant (p <0.0001).

@ PostBD FEV | < 50%p
O PostBD FEV ; > 50%p

[8]. They support the notion of alink between fac-
tors responsible for parenchymal destruction and
nutritional abnormalities. Firstly, body weight and
composition were substantially different between
chronic bronchitis and emphysema [26]. The em-
physematous type of COPD has lower values not
only for BMI, but also for fat free mass index and
fat mass index, compared to chronic bronchitis
type [26]. Secondly, nutritional intervention stud-
ies have documented positive outcome of nutri-
tiona intervention in the majority of COPD pa-
tients [27]. Moreover, the fact that elevated sys-
temic inflammatory response determines a non re-
sponse to nutritional therapy [28] leads to specu-
late on the possibility that the systemic inflamma-
tory response directly impacts on the metabolism,
thus leading to disturbed energy balance and wast-
ing syndrome that might contribute to emphyse-
matous dysfunction independent of the severity of
functional impairment.

Besides differences in energy balance be-
tween emphysema and chronic bronchitis types,
the relationship between CO diffusing capacity
and BMI may also reflect differences in muscular
adaptation, consequent to reduced availability of
oxygen or tissue hypoxia. The negative relation-
ship between diffusing capacity and fast myosin
heavy chain isoform content in musculus vastus
lateralis of COPD patients [29], and the occur-
rence of arterial oxygen desaturation in patients
with emphysema as reflected by impaired diffus-
ing capacity [30], lead to speculate on this hy-
pothesis. Furthermore, the relationship between
BMI and DL o would suggest a decrease in oxy-
gen supply and nutrients to muscles, especially
during exercise, due to loss of capillary bed and
inability to accommodate cardiac output without
increasing pulmonary artery vascular pressure
[31]. Therefore, these findings reinforce the idea
that metabolic impairment as assessed by BMI
may contribute to emphysematous dysfunction.

All of the above consid-
erations provide accumulat-
ing evidence that COPD isa
multi-organ disease that
would be better characterised
by amult-idimensional grad-
ing system assessing the res-
piratory and systemic ex-
pressions of COPD [32]. In
this contest BMI is an index
of paramount importance to
characterize the *“wasting
syndrome” of COPD.

In conclusion, nutritional
status as assessed by BMI
contributes substantialy to the
impairment of CO diffusing
capacity independently of the
severity of airflow obstruc-
tion. Thus, BMI and FEV in
combination provide useful
respiratory and systemic
markers of emphysematous
dysfunctionin COPD.

15



S.BALDI ET AL.

10.

11

12.

13.

14.

15.

16.

17.

18.

References

Fowler J, Godlee R. Emphysema of the lungs. In: Dis-
eases of the lungs. London: Longmans, Green and Co.,
1898; 171.

Burrows B, Earle RH. Course and prognosis of chronic
obstructive lung disease. N Engl J Med 1969; 280: 397-
404,

Anthonisen NR, Wright EC, Hodgkin JE, IPPB Trial
Group. Prognosisin chronic obstructive pulmonary dis-
ease. Am Rev Respir Dis 1986; 133: 14-20.

Landbo C, Prescott E, Lnge P, Vestbo J, Almdal TP.
Prognostic value of nutritional status in chronic ob-
structive pulmonary disease. Am J Respir Crit Care
Med 1999; 160: 1865-1861.

Vanderburg E, Van De Woestigne K, Gyselen A.
Weight changes in the terminal stages of chronic ob-
structive lung disease. Am Rev Respir Dis 1967; 96:
556-565.

Wilson DO, Rogers RM, Hoffman RM. Nutrition and
chronic lung disease. Am Rev Respir Dis 1985; 132:
1347-1365.

Wouters EF. Nutrition and metabolism in COPD. Chest
2000; 117: 274S-280S.

Agusti AGN, Noguera A, Sauleda J, Sala E, Pons J,
Busquets X. Systemic effects of chronic obstructive
lung disease. Eur Respir J 2003; 21: 347-360.
Anonymus. Skeletal muscle dysfunction in chronic ob-
structive pulmonary disease. A statement of the Ameri-
can Thoracic Society and European Respiratory Soci-
ety. Am J Respir Crit Care Med 1999; 159: S1-$40.
Goldstein RS, Gort EH, Stubbing D, Avendano MA,
Guyatt GH. Randomised controlled trial of respiratory
rehabilitation. Lancet 1994; 344: 1394-1397.

Ries AL, Kaplan RM, Limberg TM, Prewitt LM. Ef-
fects of pulmonary rehabilitation on physiologic and
psychosocial outcomes in patients with chronic ob-
structive pulmonary disease. Ann Int Med 1995; 122:
823-832.

Griffiths TL, Burr ML, Campbell |A et al. Results at |
year of outpatients multidisciplinary pulmonary reha
bilitation: a randomised controlled trial. Lancet 2000;
355: 362-368.

Siafakas NM, Vermeire P, Pride NB, et al. on behalf of
the Task Force. Optimal assessment and management
of chronic obstructive pulmonary disease (COPD). Eur
Respir J 1995; 8: 1398-1420.

Pauwels RA, Buist AS, Cadverley PM, Jenkins CR,
Hard SS. Global strategy for the diagnosis, manage-
ment and prevention of chronic obstructive pulmonary
disease. NHLBI/WHO Globd Initiative for chronic ob-
structive lung disease(GOL D) Workshop summary. Am
J Respir Crit Care Med 2001; 163: 1256-1276.

Crapo RO, Hankinson JL, Irvin C, et al. Single-breath
carbon monoxide diffusing capacity (Transfer factor).
Recommendations for a standard technique-1995 Up-
date. AmJ Respir Crit Care Med 1995; 152: 2185-2198.
Brown R, Ingram J. RH, McFadden ER. Problems in
plethysmographic assessment of changes of total lung ca-
pacity in asthma. Am Rev Respir Dis 1978; 118: 685-692.
Quanjer PhH, Tammeling GJ, Cotes JE, et al. Standard-
ized lung function testing. Eur Respir J 1993; 6: 5-40.
Anonymus. Clinical Guidelines on the ldentification,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Evaluation, and Treatment of Overweight and Obesity
in Adults - The Evidence Report. National Institutes of
Health. Obes Res. 1998 Sep; 6 Suppl 2: 51S-209S.
Eidelman DH, Ghezzo H, Kim WD, et al. Pressure-vol-
ume curves in smokers. Comparison with alpha-1-antit-
rypsin deficiency. Am Rev Respir Dis 1989; 139: 1452-
1458.

Gelb AF, Schein M, Kuei J, et al. Limited contribution
of emphysema in advanced chronic obstructive pul-
monary disease. Am Rev Respir Dis 1993; 147: 1157-
1161.

Miniati M, Filippi E, Falaschi F, et al. Radiologic eval-
uation of emphysema in patients with chronic obstruc-
tive pulmonary disease. Chest radiography versus high
resolution computed tomography. Am J Respir Crit
Care Med 1995; 151: 1359-1367.

Gevenois PA, De Maertelaer V, DeVuyst P, et al. Com-
parison of computed density and macroscopic mor-
phometry in pulmonary emphysema. Am J Respir Crit
Care Med 1995; 152: 653-657.

Coxson HO, Rogers RM, Whittall KP, et al. A quan-
tification of the lung surface area in emphysema using
computed tomography. Am J Respir Crit Care Med
1999; 159: 851-856.

Baldi S, Miniati M, Bellina CR, et al. Relationship be-
tween extent of pulmonary emphysema by high-resolu-
tion computed tomography and lung elastic recoil in pa-
tients with chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2001; 164: 585-589.

Ingenito EP, Loring SH, Moy ML, et al. Comparison of
physiological and radiological screening for lung vol-
ume reduction surgery. Am J Respir Crit Care Med
2001; 163: 1068-1073.

Engelen MPKJ, Schols AMWJ, Lamers RJS, Wouters
EFM. Different patterns of chronic tissue wasting
among patients with chronic obstructive pulmonary dis-
ease. Clin Nutr 1999; 18: 275-280.

Schols AM, Slangen J, Volovics L, Wouters EF.
Weight loss is a reversible factor in the prognosis of
chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 1998; 157: 1791-1797.

Creutzberg E, Schols AM, Weling-Scheepers C et al.
Characterization of non response to high caloric oral
nutritional therapy in depleted patients with COPD. Am
J Respir Crit Care Med 2000; 161: 745-752.

Satta A, Migliori GB, Spanevello A et al. Fiber typesin
skeletal muscles of chronic obstructive pulmonary dis-
ease patients related to respiratory function and exercise
tolerance. Eur Respir J 1997; 10: 2583-2860.

Owens GR, Rogers RM, Pennock BE et al. The diffusing
capacity as a predictor of arterial oxygen desaturation
during exercise in patients with chronic obstructive pul-
monary disease. N Engl J Med 1984; 310: 1218-1221.
Filley GF, Beckwitt HJ, Reeves JT, Mitchell R. Chron-
ic obstructive bronchopulmonary disease. 1I. Oxygen
transport in the two clinical types. AmJ Med 1968; 44:
26-38.

Celli BR, Cote CG, Marin M, Casanova C, Montes de
Oca M, Reina A. Mendez RA, Pinto Plata V, and
Cabral HJ. The Body-Mass Index, Airflow Obstruction,
Dyspnea, and Exercise Capacity Index in Chronic Ob-
structive Pulmonary Disease. N Engl J Med 2004; 350
(10): 1005-12.

16




