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Abstract

Background: It has been estimated that by 2020, the Chronic Ob-
structive Pulmonary Disease (COPD) will be the third place among
the most important causes of death in all over the world. Studies
focusing on risk factors that influence the admission or readmission
to the hospital are limited. The administration of medications can
contribute to unplanned readmission. Moreover, in the course of
COPD, treatment with cortisone determines a high risk of worsen-
ing of glucose control. The guidelines on the management of COPD
do not address this issue in detail, although the number of COPD
patients with diabetes mellitus is considerable and significant. Clin-
ical studies designed specifically on this population are needed in
order to identify effective and safe therapeutic pathways.

Methods: We conducted an observational, descriptive study in a
health area of the Molise Region that included 300 elderly subjects
aged > 65 and followed from June 2012 to June 2013.

Results and Conclusions: Our preliminary study revealed that the
prevalence of unbalance glycometabolic (as indicated by HbAlc
> 7%) in COPD patients was > 50%. In particular, this difference
was more frequent in COPD woman patients and it warrants further
investigation.
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Introduction

The Chronic Obstructive Pulmonary Disease (COPD) is de-
scribed as a group of lung diseases characterized by airflow
limitation and by chronic inflammation of the bronchioles
[1]. COPD is a major cause of morbidity and mortality in the
world and remains a serious public health problem. Acute
exacerbations of COPD are a common cause of hospitaliza-
tion and readmission rates [2]. An exacerbation of COPD is
an acute event characterized by a worsening of the patient’s
respiratory symptoms that is beyond normal day to day vari-
ations and leads to a change in medication [3].

In hospital, mortality of patients admitted for a hyper-
capnic exacerbation with acidosis is approximately 10%
[4]. Mortality reaches 40% at 1 year after discharge in those
needing mechanical support, and all cause mortality, 3 years
after hospitalization, is as high as 49% [5]. Prevention, early
detection and prompt treatment of exacerbations are vital to
reduce the burden of COPD [6]. The cause of about one-third
of severe exacerbations of COPD cannot be identified [1].

Clinical factors, such as poor self-management and
problems with the administration of medications can con-
tribute to unplanned readmission [1]. In this regard, treat-
ment with glucocorticoids during exacerbations of COPD
determines a high risk of worsening of glucose control [7].
The guidelines on the management of COPD do not address
this issue in detail, although the number of COPD patients
with diabetes mellitus is considerable and significant [1].
Several controlled clinical trials have demonstrated the effi-
cacy in terms of clinical and functional treatment with corti-
sone which must however be short and not too high dosages.

Few studies have demonstrated the difference in unbalance
glucometabolic between gender. Our preliminary study revealed
that the prevalence of unbalance glycometabolic (as indicated by
HbAlc > 7%) in COPD patients was > 50%. In particular, this
difference was more frequent in elderly COPD woman patients.

Materials and Methods

We conducted an observational, descriptive study in a health
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Table 1. Clinical Characteristically at Baseline

COPD DM2 COPD+DM2 CONTROLS P value
Number (m) 75 (35) 75 (40) 75 (45) 75 (40) ns
Age (yr) 762+ 1 743 +2 74.7+2 75.6+3 ns
BMI (kg/m?) 255+3 26.1+£2 263+ 1 2542 ns
HbAlc (%) 8.1+0.6% 82+ 1.1% 8.0+ 1.0* 41+04 <0.005
Smoking (n) 65 50 45 55 ns
Wood Smoke (n) 10 25 30 20 ns
Glucose pre-prandial (mg/dL) 145 £ 7% 150 £ 5% 156 £ 3* 106 £ 2% <0.0001
Corticosteroids therapy (n.) 75 - 75 - ns
Hypoglicaemic therapy (n.) - 75 75 - ns
Dietotherapy (n.) 75 75 75 75 ns
Physical exercise (n.) 75 75 75 75 ns
FEV1 (%) 55% 85 50* 90 <0.0001

BMI: body mass index; COPD: chronic obstructive pulmonary disease; DM2: type 2 diabetes. Values are expressed by mean + SE.

area of the Molise Region (Isernia Hospital F. Veneziale,
Dept Internal Medicine) that included 300 elderly subjects
aged > 65 and followed from June 2012 to June 2013.

The inclusion criteria were: older than 65 years; COPD
diagnosis based on symptoms, FEV1 < 60% of the predicted
value, history of significant exposure to tobacco smoke (> 20
packs/year) or wood smoke (> 20 years) and optimal medical
therapy according to guidelines GOLD [1, 8].

The exclusion criteria were: history of exposure to both
risk factors (tobacco and wood smoke); less than one year
of exposure cessation; contraindications for methacholine
challenge test (MCT); respiratory disease other than COPD,
especially asthma (medical diagnosis or high probability: re-
current episodes of wheezing starting before 40 years old),
bronchiectasis and tuberculosis.

All patients were divided into four groups: 75 patients
with COPD (COPD); 75 patients with type 2 diabetes mel-
litus (DM2); 75 patients with both COPD and diabetes
(DM2+COPD) and 75 patients who did not have COPD and
diabetes (Control). COPD cases were diagnosed based on
the two criteria: 1) cough with expectoration on most days of
the week for 3 months of the year for at least 2 consecutive
years; and 2) forced expiratory volume in 1 second (FEV1)
and (FEV1)/FVC value lower than 60% predicted as diag-
nosed by spirometry. All the two criteria were considered as
essential for diagnosis of COPD.

Spirometry was performed according to the ATS/ETS

92 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

recommendations [9]. Forced expiratory volume in 1 second
(FEV1) and forced vital capacity (FVC) were measured. Be-
tween three to four manoeuvres were performed under direc-
tion of trained personnel, and the values where the maximal
FEV1 was reached were used. All measuring instruments
were calibrated prior to each testing. The technical personnel
were trained and all results were reviewed by a pulmonary
physician. COPD was defined using the ratio FEV1/FVC,
which is considered a sensitive measure of COPD on its
own [10, 11]. In particular, we defined two forms of COPD:
GOLD 2 (moderate) was defined as < 50% FEV1 < 80% pre-
dicted and the GOLD 3 (severe) as < 30% FEV1 < 50% of
predicted value. Both constitute the main criterion for COPD
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria [1].

The outcome in this analysis was newly diagnosed type
2 diabetes from June 2012 to June 2013. We mailed a sup-
plementary questionnaire regarding symptoms, diagnostic
tests, and hyperglycemic treatments to all subjects enrolled
in this study. The diagnosis of new diabetes was established
when at least on of the following criteria was reported on
the supplementary questionnaire: 1) one or more classic
symptom (excessive thirst, polyuria, weight loss, hunger, or
coma) plus a fasting plasma glucose concentration of 140
mg/dL (7.8 mmol/L) or a random plasma glucose concentra-
tion of 200 mg/dL (11.1 mmol/L); 2) at least two elevated
plasma glucose concentrations on different occasions (fast-
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Figure 1. Glicemia (indicated as % of patients with value > 126 mg/dL) in COPD (white col-
umn), DM2 (yellow column), COPD+DM2 (red column), and control (black column). Values are

mean + SEM. * P < 0.005 vs C.

ing, 140 mg/dL or 7.8 mmol/L); or random, 200 mg/dL (11.1
mmol/L) after at least 2 h of oral glucose tolerance testing in
the absence of symptoms, or 3) treatment with hypoglycemic
medication (insulin or oral hypoglycemic agents). However,
we used the criteria proposed by the ADA 2013 [12].

For these four different groups of patients we extrapo-
lated from their medical records sex, age, weight and height
(from which we obtained the body mass index: BMI),
whether they were smokers or non-smokers, hemoglobin
(Hb), glycosylated hemoglobin (HbAlc), creatinine, blood
urea nitrogen (BUN), blood sugar, saturation (SO,), c-reac-
tive protein (CRP), FEV1, caloric intake, physical exercise
and finally if they did or not use of corticosteroids or drugs
hypoglycemic agents (Table 1).

All patients during the period of study, were instructed
to consume a weight-maintaining diet providing about 22 -
24 Cal/kg per day, 0.8 - 1.0 g/kg/day per day of protein, with
dietary carbohydrates and lipids represented 40 and 25% of
the total caloric intake. All patients were instructed to follow
a physical exercise as indicated by guidelines ESC/EASD
2007.

All COPD patients, during the period of study, were in-
structed to consume systemic corticosteroids (prednisone 40
mg/day) as indicated by guidelines GOLD [1].

The Institutional Ethics Committee approved the study
and all patients signed an informed consent.

Statistical analysis

Values are expressed as mean = SE. It was used the t-student
to assess the differences between the different groups of pa-
tients (P < 0.005, P < 0.0001 vs controls). The multivariate
model adjusted age, time periods, BMI, family history of di-
abetes, weekly frequency of moderate-to-vigorous exercise
(<0.5,0.5-3.9,4.0-6.9, or 7.0 h), smoking status (never
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smoked, former smoker, current smoker (25 cigarettes/day),
daily alcohol intake, and a dietary score variable. The dietary
score variable included information on dietary predictors of
type diabetes [13], including cereal fiber, transfat, glycemic
load, and the ratio of polyunsaturated to saturated fat. These
data were derived from a 120-item, semiquantitative, food
frequency questionnaire. Each subject was assigned a score
of each nutrient on the basis of quintiles of intake (a higher
score represented a lower risk), and then the four scores were
summed and the total score categorized into quintiles.

Results

Table 1 shows the general characteristics of our cohort of
300 patients. The mean age of the participants was 75.2
years. The median BMI of our participants was 25.8 kg/m?.
Approximately 13% of the participants had a family history
of diabetes.

BMI, Age, smoking or wood smoke, dietotherapy and
physical exercise, corticosteroids therapy, and hypoglicae-
mic therapy did not change between groups (Table 1).

Unbalance glucometabolic

During 1 year of follow-up, we documented 225 new cas-
es of unbalance glycometabolic in the COPD cohort, with
150 cases of incident type 2 diabetes among the participants
who had COPD. We calculated the age, BMI, and potential
confounding factors for type 2 diabetes for participants with
COPD compared with participants who did not have COPD.

In particular, we reported, a significantly difference in
plasma glucose between COPD, DM2, COPD+DM2 and
control subjects (160 £ 4 vs 163 £ 3; 165 + 1 vs 106 £ 2
mg/dL; respectively, (P < 0.0001 vs control; P: ns COPD vs
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Figure 2. HbA1c (indicated as % of patients with value > 7%) in COPD (white column), DM2
(yellow column), COPD+DM2 (red column), and control (black column). Values are mean +

SEM. * P <0.0001 vs C.

DM2 vs COPD+DM?2) (Fig. 1).

However, we reported a significantly difference in
HbAlc between COPD, DM2, COPD+DM2 and control
subjects (7.7£0.6 vs 7.8 £0.8; 7.9+ 0.9 vs 4.0 £ 0.2 mg/dL;
respectively, (P < 0.005 vs control; P: ns COPD vs DM2 vs
COPD+DM2) (Fig. 2).

In particular, we reported that unbalance glycometabolic
was more frequent in COPD woman vs COPD men (23.5%
vs 18.6%, respectively; P <0.0001).

Discussion

Glucose metabolism has not been studied extensively in
COPD patients, and the available studies are inconclusive,
perhaps due to differences in BMI and the hypoxemic state
of this patient population [14, 15]. Some studies have sug-
gested that a reduced lung function could be a risk factor for
the development of insulin resistance or diabetes [16, 17].
However, COPD patients with unbalance glycometabolic
have more comorbidity and used more inhaled steroids [18].
There are a number of ways in which COPD might lead to
the development of unbalance glycometabolic. Inflamma-
tory markers that are increased in patients with type 2 dia-
betes have been observed to be up-regulated in patients with
COPD [19]. The chronic state of inflammation in COPD
patients is believed to shift the metabolism of the patients
toward net protein catabolism, in turn increasing the rest-
ing energy expenditure [20]. As a result, the fat-free mass
of such patients is depleted [21], which is accompanied by
an increase in systemic markers of inflammation [22]. No
differences were reported between gender [23]. Our pre-
liminary study revealed that the prevalence of unbalance
glycometabolic (as indicated by HbAlc > 7%) in COPD
patients was > 50% vs control. To this regard we reported

94 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

that women with COPD seemed to be at high risk to develop
unbalance glycometabolic (23.5% women and 18.6% men)
vs 1.5% women and 0.9% men in control population. These
results are in agreeing con previous study by Cazzola et al
[23]. The authors have been indicated that the prevalence of
diabetes mellitus in woman COPD was 17.6% [23].

The mechanisms by which COPD may increase a wom-
an’s risk of unbalance glycometabolic are not fully under-
stood. We reported a high risk to develop unbalance glyco-
metabolic in elderly women because this may be associated
to different body weight, total body water and pharmacoki-
netic and pharmacodynamic profile. This would require the
administration of cortisone in older women as a function of
the parameters indicated. In particular, it would be desirable
to provide for the administration of cortisone in this group of
patients in relation to body weight, for example.

The other explanation is that these diseases may share a
common inflammatory basis with type 2 diabetes. COPD is
inflammatory lung disorders involving multiple inflamma-
tory pathways [24]. Elevated circulating levels of the inflam-
matory cytokines have been associated with the develop-
ment of prediabetic insulin resistance and the progression in
unbalance glycometabolic [25]. Another potential limitation
is that the higher risk of unbalance glycometabolic among
individuals with COPD may have been mediated, at least in
part, by the use of systemic corticosteroids [26]. In this re-
gard, the risk of developing corticosteroid-induced diabetes
has only been seen with the use of systemic steroids [27].
Recently the limit, to use these drugs, was recommended for
FEV1 values < below 60% of the predicted value [11]. A
dose of 30 - 40 mg prednisolone per day for 10 - 14 days
is recommended [28]. There are insufficient data to provide
firm conclusions concerning the optimal duration of cortico-
steroid therapy of acute exacerbations of COPD [29]. The
patient with chronic obstructive pulmonary disease is in the
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majority of cases an elderly patient, overweight with BMI
greater than 25 kg/m?, who takes corticosteroids [30, 31] and
almost one-half of the patients with COPD had coexisting
metabolic syndrome [32]. In fact, half of all patients hospi-
talized for COPD exacerbations have elevated random blood
glucose > 7 mmoL/L [33]. This hyperglycemia is caused not
only by glucose intolerance below (5-18% have a diagnosis
of diabetes mellitus), or physiological stress of acute illness
but is linked to use of steroids prior to hospital admission
(18% of patients) [34].

In our study, at least one-half of the patients with COPD,
GOLD stage 2 and stage 3 had a coexisting unbalance gly-
cometabolic. This frequency is in line with the findings of an
epidemiologic study [35] from Germany using the criteria
of International Diabetes Federation. In this epidemiologic
study the prevalence of the metabolic syndrome in individu-
als between 60 and 65 years of age was 55% in men and 45%
in women [35].

Men and women differ in response to drug treatment
and occupational exposures, a consequence of differences
in body weight, height, body surface area, total body wa-
ter, and the amount of extracellular and intracellular water
[36]. Women are generally smaller and have a different body
composition than men, the recommended dose may result
in higher drug concentrations or area under the concentra-
tion time curve (AUC) in women because the drug has lower
clearance and/or smaller volume of distribution (V) [37].
Alternatively, pharmacodynamic actors (alterations in drug-
target numbers or responses) may increase female sensitivity
to specific drugs [38].

Routes of absorption occur across body surfaces, such
as the gastrointestinal tract, respiratory tract, or skin, which
differ in males and females. For example, drug absorption
occurs at different sites throughout the gastrointestinal tract,
and rate of absorption is influenced by gut transit times, lipid
solubility of the agent, pH at the site of absorption, and the
ionization and molecular weight of the agent [39]. Transit
times differ significantly in men and women, with mean tran-
sit times being shorter in men (44.8 hours) than in women
(91.7 hours) [40]. Sex differences have also been noted in
bile acid composition, which may impact the solubility of
various drugs [41].

Additionally, women have greater respiratory minute
ventilation and lower tidal volume, which may result in de-
creased ingestion of inhaled aerosol drugs [41]. Body fat as
a percentage of total body weight is higher in women than
in men and increases by age in both sexes [42]. The larger
proportions of body fat in women may increase the body
burden of lipid soluble, slowly metabolized toxicants. Renal
clearance is generally higher in men [43]. To this regard the
guidelines on the management of COPD in women do not
address this issue in detail, although the number of COPD
women with unbalance glycometabolic is considerable and
significant [1, 23].
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A careful monitoring of blood glucose in hospitalized
patients has been shown to significantly improve the intra-
and post-hospital mortality, with significant reduction in the
average length of stay [12].

Everything should be carefully considered because a
high rate of unplanned readmission rates may indicate a poor
clinical management which will also increase the burden on
the health care system in the long term.

In the long term, this may represent an important tool
for the prevention of acute exacerbation of COPD in woman
patients. Future evidence-based preventive strategies should
be developed and implemented to improve the overall health
burden in woman with COPD who are also at high risk for
other chronic comorbidities.
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