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Chronic Renal Failure
A Neglected Comorbidity of COPD
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Raffaele Antonelli Incalzi, MD; Andrea Corsonello, MD; Claudio Pedone, MD;
Salvatore Battaglia, MD; Giuseppe Paglino, MD; and Vincenzo Bellia, MD, FCCP;
on behalf of the Extrapulmonary Consequences of COPD in the Elderly Study Investigators*

Background: To the best of our knowledge, the association between COPD and chronic renal
failure (CRF) has never been assessed. Lean mass is frequently reduced in COPD, and the glom-
erular filtration rate (GFR) might be depressed in spite of normal serum creatinine (concealed
CRF). We investigated the prevalence and correlates of both concealed and overt CRF in elderly
patients with COPD.

Methods: We evaluated 356 consecutive elderly outpatients with COPD enrolled in the Extrapul-
monary Consequences of COPD in the Elderly Study and 290 age-matched outpatients free from
COPD. The GFR was estimated using the Modification of Diet in Renal Disease Study Group
equation. Patients were categorized as having normal renal function (GFR = 60 mL/min/1.73 m2),
concealed CRF (normal serum creatinine and reduced GFR), or overt CRF (increased serum
creatinine and reduced GFR). Independent correlates of CRF were investigated by logistic
regression analysis.

Results: The prevalence of concealed and overt CRF in patients with COPD was 20.8% and 22.2%,
respectively. Corresponding figures in controls were 10.0% and 13.4%, respectively. COPD and
age were significantly associated with both concealed CRF (COPD: odds ratio [OR] =2.19, 95%
CI=1.17-4.12; age: OR=1.06, 95% CI= 1.04-1.09) and overt CRF (COPD: OR=1.94, 95%
CI=1.01-4.66; age: OR =1.06, 95% CI = 1.04-1.10). Diabetes (OR =1.96, 95% CI =1.02-3.76),
hypoalbuminemia (OR =2.83, 95% CI = 1.70-4.73), and muscle-skeletal diseases (OR =1.78, 95%
CI =1.01-3.16) were significant correlates of concealed CRF. BMI (OR =1.05, 95% CI=1.01-1.10)
and diabetes (OR =2.25, 95% CI = 1.26-4.03) were significantly associated with overt CRF.
Conclusions: CRF is highly prevalent in patients with COPD, even with normal serum creatinine,
and might contribute to explaining selected conditions such as anemia that are frequent compli-

cations of COPD.

Abbreviations: CRF = chronic renal failure; GFR = glomerular filtration rate; OR = odds ratio
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hronic renal failure (CRF) rises in prevalence
with age! and is frequently associated with chronic
diseases such as congestive heart failure and diabetes
mellitus.2? When present as a comorbidity, CRF car-
ries negative prognostic implications?#> and impacts
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the therapeutic strategy. In frail elderly patients, who
are the majority of those suffering from chronic
disabling conditions, CRF is often associated with
normal serum creatinine concentration, a condition
known as unrecognized or concealed CRF .6

COPD is the seventh most frequent chronic disease
and is expected to rank fourth by 2020.7 It is associated
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with several comorbidities,® but it is unknown to
which extent it is associated with CRF. Coronary
artery disease, which is highly prevalent in patients
with COPD,? is associated with vascular kidney dis-
ease.l Furthermore, both nicotine and selected
heavy metals, which are components of smoke, are risk
factors for kidney disease.!' Thus, COPD is expected
to be significantly associated with CRF. Nonetheless,
most studies reporting about comorbidity in COPD
refer to selected populations (eg, patients having a
serum creatinine lower than 2 mg/dL),'2 do not specify
how a diagnosis of CRF was made, ' or do not include
kidney diseases among self-reported comorbid dis-
eases." A diagnosis of kidney disease was self reported
by a surprisingly low 0.2% of patients with COPD
studied by van Manen et al'> and by 11.3% of partici-
pants in a large multinational telephone survey.!'s
Other studies used an index of overall comorbidity,
but not a list of individual comorbid diseases.!” The
only study systematically assessing CRF in an unse-
lected population with COPD showed that CRF has
a 6% prevalence and predicted long-term mortality
independently from well-recognized risk factors;
however, CRF was diagnosed based on serum creati-
nine, and its prevalence likely was underestimated.'s
In fact, a variable, yet consistent, proportion of patients
with COPD has a reduced muscular mass,'® and thus,
serum creatinine might be falsely low as the result of
decreased creatine release.

The present study proposes to assess the preva-
lence of CRF, defined as a glomerular filtration rate
(GFR) <60 mL/min/1.73 m2, in a population with
COPD aged 65 years and older and to verify whether
concealed CRF2 (ie, a reduced GFR despite nor-
mal serum creatinine) is associated with a distinctive
clinical profile of patients with COPD.

MATERIALS AND METHODS

Design Overview

We used data coming from the Extrapulmonary Conse-
quences of COPD in the Elderly study, a population-based
observational study of white patients with COPD aged 65 years
and older aimed at exploring extrapulmonary consequences of
COPD. The diagnosis of COPD conformed to American Tho-
racic Society/European Respiratory Society guidelines.?! To be
included in the study, patients had to be in a stable condition
and with no physical findings or symptoms suggestive of acute
exacerbation or therapy modifications in the 30 days before
enrollment. People with a diagnosis of cancer were excluded,
regardless of disease activity. The study protocol was approved
by the ethical committee at the coordinating center (University
of Palermo, Italy). In order to verify whether and to what extent
COPD is distinctively associated with CRF, the prevalence of
CRF in the study population was compared with that obtained
in a population of geriatric outpatients free from COPD
(control population).

832

Settings and Participants

Participants were consecutively recruited among those
attending the pulmonary medicine outpatient facilities of
15 participating centers located throughout Italy (see list of
participating centers in the Appendix). At first visit, patients
gave written consent to participate in the study and underwent
spirometry and a multidimensional assessment as described in
Table 1.22-26

Twenty-seven of 516 screened patients were excluded because
the diagnosis of COPD was not confirmed at the diagnostic
work-up, and five because of low-quality spirometry results. The
final population consisted of 484 patients with COPD. Given that
one or more of the measures needed to compute the GFR (creati-
nine, blood urea nitrogen, albumin) were lacking for 128 patients,
the final sample included 356 patients. The control population
consisted of 290 age- and gender-matched outpatients attending
the geriatric ambulatory facility of the Campus Bio-Medico
University for the evaluation and treatment of chronic conditions
other than respiratory diseases.

Outcomes

The GFR was estimated using the Modification of Diet in
Renal Disease (MDRD) Study Group equation:2?

170 X [serum  creatinine]~09% X [age] 017 X [blood urea]-017
X [serum albumin]®318 X (0.762 for women) X (1.180 for
African-American subjects)

The MDRD formula was preferred over other formulas, such
as the Cockroft-Gault, because it seems to be more accurate in
older people.? Patients were categorized according to their
renal function as having normal renal function (GFR =60
mIL/min/1.73 m?), concealed CRF (normal serum creatinine and
GFR <60 mL/min/1.73 m2), or overt CRF (increased serum creati-
nine and GFR <60 mL/min/1.73 m2). GFR <60 mL/min/1.73 m?2
marks the threshold for moderate renal dysfunction in the Kidney
Disease Outcomes Quality Initiative guidelines classification.?
Serum creatinine was measured by the standardized Jaffe
method in all laboratories of the participating centers. The cutoff
used for serum creatinine was 1.26 mg/dL in men and 1.04 mg/dL
in women.30

Table 1—Multidimensional Assessment

Assessment Categories

Clinical history: smoking, long-term oxygen therapy use, number of
active diseases, respiratory and nonrespiratory drugs, frequency
of exacerbations, and dysphagia were recorded.

Anthropometric measurement: height, weight, BMI, waist and hip
circumference; percent of the ideal weight was calculated using
the equation by Robinson et al 22

Nutritional status: Mini Nutritional Assessment2

Rating of dyspnea: MRC scale

Personal independence: Barthel Index scores®

Exercise capacity: 6-min walking test2

Arterial hemoglobin oxygenation: pulse oxymeter

12-leads electrocardiography

Laboratory analyses: blood cell count, total protein and albumin
concentration, C-reactive protein concentration, ESR,
creatinine, blood urea nitrogen, uric acid, total cholesterol, and

sodium, potassium, and chlorine concentration
Arterial blood gases were measured while the patient was breathing

room air for at least 1 h

ESR = erythrocyte sedimentation rate; MRC = Medical Research
Council.

Original Research

Downloaded from chestjournal.chestpubs.org by guest on September 6, 2011
© 2010 American College of Chest Physicians


http://chestjournal.chestpubs.org/

Statistical Analysis

First, we investigated the prevalence of concealed and overt
CRF in both the study and control populations. Afterward, we
compared socio-demographic, clinical, and laboratory character-
istics of patients with COPD grouped according to whether they
had normal renal function, concealed CRF, or overt CRF. Plasma
albumin and hemoglobin were also considered in the analyses
because low serum albumin (<3.5 g/dL) might reflect protein
malnutrition and, therefore, might be associated with depressed
serum creatinine, while anemia (Hb <13 g/dL for men and
<12 g/dL for women)*! is expected to increase in prevalence for
decreasing GFR values.

We used contingency tables with a x2 test for categorical vari-
ables. A one-way ANOVA with the Scheffe post hoc test was used
for multiple comparisons for continuous variables.

To verify whether COPD was independently associated with
concealed or overt CRF, we used a backward stepwise logistic
regression model, including as independent variables the ones
expected to increase the risk of renal impairment and, among
these, also cardiovascular and cerebrovascular diseases because
both are frequently associated with renal atherosclerosis. The BMI
also was considered among potential correlates of CRF based upon
the epidemiologic evidence.® As potential independent correlates
of CRF, we also tested hypoalbuminemia and muscle-skeletal dis-
eases because proteic malnutrition and decreased mobility might
be associated with reduced muscle mass and, thus, decreased cre-
atine release, a condition likely to characterize concealed CRF.

Finally, we built a model including only COPD patients. In this
second analysis, we also considered smoking exposure (pack-
years) and, as an index of COPD severity, FEV, % predicted. Sta-
tistical analysis was performed using the SPSS for WIN statistical
software package, v 10.0 (SPSS Inc; Chicago, IL).

RESULTS

The mean age of enrolled patients was 75.4 years
(SD 6.1, range 61-92), 19.7% of them were women.
The mean serum creatinine concentration was
1.06 mg/dL (SD 0.40), and the mean estimated GFR
was 64.2 mL/min/1.73 m? (SD 19.2). The control group
had a similar mean age (73.9 years, SD 7.9, range
59-89), and 21.0% of them were women. The mean
serum creatinine in the control group was 1.05 (SD
0.55), and the mean estimated GFR was 75.4
mL/min/1.73 m? (SD 22.4). The most common main
diseases in the control group were hypertension
(n=179, 61.7%), muscle-skeletal disease (n=78,
26.9%), cardiovascular disease (n =69, 23.8%), dia-
betes (n =66, 22.8%), cerebrovascular disease (n = 34,
11.7%), and dementia (n =33, 11.4%), and the mean
number of chronic conditions was 3.7 = 2.5vs 4.0 = 2.7
in the study group (P = .147).

The prevalence of normal renal function, concealed
CRF, and overt CRF in COPD was 57.0%, 20.8%,
and 22.2%, respectively. The corresponding figures
in the control group were 76.6%, 10.0%, and 13.4,
respectively (case vs control group: x227.6, P<.001).
However, GFR values were 66.7 = 18.9, 60.7 = 18.3,
61.2+19.0, and 59.1 £18.6 mL/min/1.73 m? in
patients with COPD and an FEV,>80%, 50% to

www.chestpubs.org

80%,30% to 50%, and < 30%, respectively (F = 2.917,
P=.034), which indicates only a small difference
among participants with different degrees of COPD
severity.

The overall prevalence of CRF (ie, of GFR <60
mL/min/1.73 m?) was 43.0% in the study group and
23.4% in the control group (x2=27.1, P <.001). Nor-
mal serum creatinine was observed in 52.5% of
patients with COPD who had a GFR between 30 and
59.9 mL/min/1.73 m? and in 53.2% of control patients
(x2=0.01, P=.923), while all patients with COPD
who had a GFR less than 30 mL/min/1.73 m2 had
increased serum creatinine.

Clinical and laboratory characteristics of patients
with COPD grouped according to whether they had
normal renal function, concealed CRF, or overt CRF
are reported in Table 2. Patients with concealed CRF
were more frequently women, had lower Paco,, and
were more frequently affected by muscle-skeletal
diseases. Patients with overt CRF had higher overall
comorbidity and prevalence of diabetes when com-
pared with those who had normal renal function
(Table 1). The prevalence of hypoxemia (ie, Pao, =
56 mm Hg) was 5.4%, 2.7%, and 3.8% in patients with
normal renal function, concealed CRF, and overt CRF,
respectively (P =.716).

Data pertaining to the nutritional status of patients
with COPD are summarized in Table 3. BMI and
waist circumference were increased in patients with
overt renal dysfunction, but only BMI was still signifi-
cantly higher in patients with overt CRF with respect
to the group with normal renal function after adjust-
ing for multiple comparisons. Hypoalbuminemia was
present in 25.2% of controls and in 21.3% of patients
with COPD (P = .261), but it was more prevalent
among patients with COPD and concealed CRF.
Neither hemoglobin levels (13.1 £2.2 vs13.3 £2.0,
P=.232) nor the prevalence of anemia (27.9% vs
24.4%, P = .323) distinguished cases from controls.
Among patients with COPD, the prevalence of ane-
mia increased from 19.2% in participants without
CRF to 23.0% in those with concealed CRF and to
39.2% in those with overt CRF. This linear relation-
ship was also present after stratification for age and
gender (data not shown).

Independent correlates of concealed or overt CRF
in the general sample (ie, pooled cases and controls)
are reported in Table 4. COPD and age were signifi-
cantly associated with both concealed and overt CRF.
Diabetes, hypoalbuminemia, and muscle-skeletal
diseases were significantly associated with concealed
CRF. BMI and diabetes qualified as independent
correlates of overt CRF.

Logistic regression analysis limited to patients with
COPD identified age (odds ratio [OR] 1.11, 95% CI,
1.03-1.19), muscle-skeletal disease (OR 2.73; 95% CI,
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Table 2—Demographic and Clinical Characteristics of Patients Divided According to Renal Function

Normal Renal Function, Concealed Renal Dysfunction, Overt Renal Dysfunction,

Characteristics n =203 n="74 n="79 P Value
Age,y 74.3+6.2 76.3*+5.8 75.8+6.0 .026
Gender, males 170 (83.7) 54 (73.0)2 62 (78.5) 122
FEV,, % 54.9=+18.1 573*+172 56.5+17.2 565
Pack-years 47.0x40.0 40.7x444 50.7*£36.5 330
Barthel score, self-care 474+64 48.0*+4.8 46.2+17.8 219
Barthel score, mobility 422+8.2 429+7.1 41.8+7.7 .668
Barthel score, total 89.4+13.6 90.9 +10.5 87.9+14.1 381
6WD, m 330 = 143 303118 291 =123 .090
6WD, % 76.2+31.6 73.9+24.1 70.5+26.3 453
pH 7.42+0.04 7.42+0.03 7.41+0.04 .051
nPaco,, mm Hg 43.0£9.4 39.1 £5.28 41.2+£6.2 011
Pao,, mm Hg 72.4+12.7 76.8+14.8 76.3+11.7 .037
Sao,, % 94129 94.8+24 94128 215
Respiratory drugs, n 17+12 14+0.9 1.7+16 150
Comorbidities, n 35*+24 42+97 5.2+3.2b .001
Hypertension 111 (54.7) 47 (63.5) 53 (67.1) 115
Cardiovascular diseases 51 (25.1) 19 (25.7) 19 (24.1) 972
Muscle-skeletal diseases 52 (25.6) 29 (39.2)s 20 (25.3) .068
Gastrointestinal diseases 59 (29.1) 20 (27.0) 24 (30.4) .899
Diabetes 34 (16.7) 19 (25.7) 28 (35.4)¢ .003
Cerebrovascular diseases 14 (6.9) 6(8.1) 10 (12.7) 292

Data are number of cases (percentage) or mean = SD. Cardiovascular diseases: heart failure, coronary heart disease, history of pulmonary embolism,
venous thrombosis, arrhythmias, valvular diseases, peripheral vascular disease. Muscle-skeletal diseases: osteoporosis, arthritis, kyphosis, scoliosis,
fractures, myastenia. Gastrointestinal diseases: gastroesophageal reflux disease, peptic ulcer, liver diseases, inflammatory and/or vascular bowel

diseases, chronic pancreatitis. Cerebrovascular diseases: transient ischemic attack, stroke, chronic cerebrovascular disease. 6WD = 6-min walk

distance; Sao, = arterial oxygen saturation.
1P <05 vs normal renal function.

bp<.01.

<P <.001.

1.26-5.92), hypoalbuminemia (OR 2.98; 95% CI,
1.22-7.30), and Paco, (OR 0.92; 95% CI, 0.87-0.98)
as significant correlates of concealed CRF; and iden-
tified diabetes (OR 3.42; 95% CI, 1.77-6.60), cardio-
vascular disease (OR 2.12; 95% CI, 1.11-4.03), and
hypertension (OR 1.85; 95% CI, 1.0-3.46) as inde-
pendent correlates of overt CRF.

DiscussioN

This study shows that CRF is highly prevalent in an
elderly population with COPD and associates with
selected nonrespiratory comorbidities. While serum
creatinine greater than 1.26 mg/dL for men and

1.04 mg/mL for women® is a reliable marker of CRF,
the GFR is frequently depressed despite normal serum
creatinine, mainly in women and older patients.

The estimated prevalence of CRF in the popula-
tion with COPD was greater than that observed in
the control population with a comparable burden of
polipathology but free from COPD, and in about half
of the cases, CRF could not be recognized on the
basis of serum creatinine. Interestingly, one of four
patients with COPD older than 64 years with normal
serum creatinine values actually has CRF. Potential
clues to recognize these patients are low serum albu-
min, older age, muscle-skeletal diseases, and diabe-
tes. Indeed, low serum albumin, beyond reflecting
depressed hepatic synthesis, is commonly associated

Table 3—Nutritional Parameters and Prevalence of Anemia in Patients Divided According to Renal Function

Normal Renal Function,

Concealed Renal Dysfunction,

Overt Renal Dysfunction,

Parameters n =203 n="71 n =82 P Value
BMI, kg/m? 27.0+5.3 26.5+4.4 29.2 £5.6¢ .002
Waist circumference, cm 101 =15 100 =15 106 £ 15 021
Serum albumin <3.5 g/dL 38 (18.7) 23 (31.1)b 15 (19.0) 072
Anemia 39 (19.2) 17 (23.0) 32 (39.2)¢ .002

Data are number of cases (percentage) or mean * SD.
aP < .01.

bP <05 vs normal renal function.

P <.001.
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Table 4—Backward Stepwise Logistic Regression
Models of Selected Variables to Concealed or Overt
Renal Dysfunction vs Normal Renal Function

Variables OR 95% CI
Concealed renal dysfunction®
Age, y (for each 1-y increase) 1.06 1.04-1.09
COPD 2.19 1.17-4.12
Serum albumin <3.5 g/dL. 2.83 1.70-4.73
Muscle-skeletal disease 1.78 1.01-3.16
Diabetes 1.96 1.02-3.76
Overt renal dysfunction®
Age, y (for each 1-y increase) 1.06 1.04-1.10
BMI 1.05 1.01-1.10
COPD 1.94 1.01-4.66
Diabetes 2.25 1.26-4.03

OR = odds ratio.

sCardiovascular disease and gender were removed on step 2,
hypertension and BMI were removed on step 3, and cerebrovascular
disease was removed on step 4.

"Hypoalbuminemia and muscle-skeletal disease were removed on
step 2, cardiovascular disease was removed on step 3, and gender was
removed on step 4; hypertension and cerebrovascular disease were
removed on step 5.

with decreased muscle mass, a common condition in
COPD,3 and therefore, muscle release of creatine.
Furthermore, muscle mass decreases with age.
Finally, the limitation of physical activity and the
ensuing loss of muscle mass likely mediates the link
between muscle-skeletal diseases and concealed
CRF. Interestingly, COPD qualified as an indepen-
dent correlate of both concealed and overt CRF,
which testifies to the strength of the association
between COPD and renal dysfunction. However,
COPD per se, and not COPD severity, at least as
reflected by the FEV, percent predicted, was associ-
ated with CRF.

The negative association between concealed CRF
and Paco, is hard to interpret. Indeed, CO, might
depress GFR by increasing renal peripheral vascular
resistance,® provided that the experimental evidence
applies to a chronic in vivo model of CO, renal expo-
sure. Furthermore, in the presence of depressed
GFR, total blood CO, is inversely related to the daily
protein intake.® Accordingly, in our population
higher Paco, might reflect lower protein intake more
than ventilatory dysfunction. Unfortunately, we had
no formal estimate of protein intake to test this
hypothesis.

The high prevalence of CRF in patients with
COPD might have important clinical implications.
First, CRF is associated with increased serum levels
of inflammatory biomarkers and prothrombotic mol-
ecules.’” Thus, CRF might partly mediate the associ-
ation between COPD and cardiovascular diseases.
Indeed, CRF per se is a major cardiovascular risk fac-
tor: the age-standardized risk of cardiovascular event
for 100 person-years rises from 3.65 in subjects hav-

www.chestpubs.org

ing a GFR from 45 to 69 mL/min/kg to 21.8 and 36.6
in those with a GFR from 15 to 29 mL/min/kg and a
GFR less than 15 mL/min/kg, respectively.> As far as
we know, the COPD-related systemic proinflamma-
tory status has been considered to reflect bronchial
inflammation, and neither the association between
FEV, and polymerase chain reaction nor the inverse
association between FEV, and flow-mediated dila-
tion has been adjusted for GFR.33

Second, CRF might help understand the link
between COPD and anemia. The prevalence of ane-
mia in COPD ranges from 10% to 23%, depending
upon the diagnostic criteria and the COPD severity,
and chronic inflammation has been considered its
main causal factor, with iron and folate deficits play-
ing a minor role.* However, CRF likely explains
some proportion of the cases through impaired pro-
duction of erythropoietin.*! which in patients with
diabetes frequently precedes the decline of GFR.*
This latter finding is of special concern for patients
with diabetes, given that diabetes is an important
comorbidity of COPD and the renal secretion of
erythropoietin promotes polycythemia compensat-
ing for hypoxemia.*

Third, CRF, whether overt or concealed, is a well-
known risk factor for adverse drug reactions to hydro-
soluble drugs.0 Indeed, most of the antibiotics
commonly used for exacerbated COPD are cleared
by the kidney, as also are drugs frequently used to
treat comorbid conditions (eg, thiazides for hyper-
tension or digoxin for atrial fibrillation).20

Finally, renal a1-hydroxylase activity decline paral-
lels GFR decline. In the Third National Health and
Nutrition Examination Survey, adjusted mean serum
25-hydroxyvitamin D was significantly lower in sub-
jects with a GFR from 15 to 29 mL/min/1.73 m? com-
pared with those with normal kidney function (61.6
vs 73.3 nmol/L, P =.0063).# However, the K/DOQI
states that renal al-hydroxylase activity starts to
decline even for cases of GFR <60 mL/min/1.73 m.24
Depressed renal al-hydroxylase activity might add
to the list of the factors considered to underlie the asso-
ciation between COPD and osteoporosis/fractures.
This list presently includes malnutrition, inactivity,
low sun exposure, smoke, topic and systemic steroids,
and proinflammatory/procatabolic status.*

This study has some limitations. First, the GFR
was estimated and not directly measured. However,
MDRD equation-based GFR is a reliable surrogate
for measured GFR in both healthy elderly and dis-
eased populations.? Second, the present conclusions
apply to an elderly population with a low prevalence
of hypoxemia. It is likely that the prevalence of con-
cealed CRF increases when chronic hypoxemia
supervenes, and therefore, fat-free mass declines
faster.#” On the other hand, younger age is expected
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to be associated with higher fat-free mass. Finally,
reflecting the epidemiologic characteristics of COPD
in the Italian population aged 65 years and older,*
women were underrepresented in our population.
This might have weakened the association between
concealed CRF and the female gender, which is bio-
logically plausible because of the greater age-related
loss of fat-free mass in women.* Thus, the present
results might not be generalized to the overall popu-
lation with COPD.

In conclusion, CRF should be considered a com-
mon comorbidity of COPD, and it should be screened
for because its recognition might either directly affect
clinical practice (eg, drug prescribing and dosing)* or
have prognostic implications.*> Within the context of
the rising interest in systemic features of COPD and
related comorbidities, CRF should not be ignored or
underestimated simply because it frequently cannot
be recognized on the basis of serum creatinine.

APPENDIX

The Extrapulmonary Consequences of COPD in the Elderly
Study participating centers and study investigators are as follows:

e DIMPEFINU, Universita di Palermo (Resp: Prof Bellia V.;
Refer: Dott Battaglia S., Dott Paglino G.).

e Universita Campus Biomedico, Rome (Resp: Prof Antonelli
Incalzi R.; Refer: Dott Scarlata S., Dott.ssa Conte E.).

e Universita Cattolica, Rome (Resp: Prof Pistelli R.; Refer: Dott.
ssa Andreani M., Dott.ssa Baldari F.).

e Medicina Respiratoria, Spedali Civili, Brescia (Resp: Prof
Grassi V.; Refer: Prof Tantucci, Dott.ssa Ghibelli S., Dott.
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