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Abstract

Introduction:  Diabetic individuals have several
complications, such as diabetic retinopathy and
nephropathy as well as an increased mortality risk and
impairment in health-related quality of life. Despite
some authors have suggested that pulmonary function
reduction might be a chronic complication of Diabetes
mellitus (DM), there are doubts whether the pulmonary
function decrease is really caused by DM itself or if it
represents a deleterious impact of ageing process.
Aims: This study aimed to compare respiratory muscle
strength and pulmonary function in diabetic and non-
diabetic elderly patients as well as to evaluate a
possible correlation of this effect with glycemic control.
Methods: For this case-control study, older adults (age
over 60 years old) were randomly selected from an
ageing study (EELO project) and they were separated
in Diabetic (DG) and non-diabetic group (referred as
control group, CG). Respiratory muscle strength was
assessed by measuring maximum static inspiratory
and expiratory pressures (MIP and MEP) using
manovacuometer, while pulmonary function was
evaluated by spirometry (considering the following
variables: FVC, FEV1, FEV,/FVC). All the variables
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were presented as % of predicted values, corrected for
Brazilian population.

Results: 255 older adults were enrolled at this study
(85 diabetic and 170 non-diabetic patients). Diabetic
individuals presented lower MIP (p=0.03), FVC
(p=0.02) and FEV; (p=0.02) when compared to non-
diabetic individuals. However, no differences were
observed concerning MEP and FEV,/FVC between the
groups. Positive correlations between glycemic control
and FVC (rS: -0.14; p=0.02) and between glycemic
control and FEV; (RS: -0.16; p=0.01) were observed
according to Sperman Correlation.

Conclusion: According to these results, it can be
concluded that diabetic patients show respiratory
muscle weakness and decline of pulmonary function in
comparison to non-diabetic individuals. Therefore, it
can be suggested that pulmonary function evaluation
should be recommended at the evaluation of diabetes’
chronic complications.

Keywords: Elderly; Diabetes; Pulmonary function;
Respiratory muscle strength.

INTRODUCTION

The type-2 Diabetes mellitus (DM) is a prevalent
disease worldwide, affecting approximately 25% of the
elderly population [1], with a projection of about 300
million adults by 2030 [2].

DM patients have several complications, such as
obesity, retinopathy and nephropathy [3] as well as an
increased mortality risk and impairment in health-
related quality of life, representing high costs to health
system [4]. Thus, creating effective policies towards the
disease treatment is considered a challenge for public
health system.

Diabetic individuals also have higher muscle mass
loss [5] and reduced muscle strength as well as less
tolerance to exercise when compared with non-diabetic
patients [6-9].

Regarding respiratory muscle strength, clinical
observation indicates that DM is associated with a
higher risk of developing respiratory muscle weakness
[7-9]. Recent studies with animal models showed that
diabetes evokes severe damage to the diaphragmatic
function, leading to a substantially reduced respiratory
muscle capacity [10].

Besides, several studies have described an
association of pulmonary function and DM [11-13].
There are evidences that the deterioration of glycemic
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control is a strong determinant of reduced pulmonary
function in type-2 diabetic patients [14,15].

Additionally, Ljubic et al.[16] showed that diabetes
presence could lead to pulmonary complications, due
to collagen and elastin changes [17]. Therefore,
despite some authors have suggested that pulmonary
function reduction might be a chronic complication of
DM, there are doubts whether the pulmonary function
decrease is really caused by DM or if this represents a
deleterious impact of ageing process.

Thus, this study aimed to compare respiratory
muscle strength and pulmonary function in diabetic and
non-diabetic elderly patients as well as to evaluate a
possible correlation of this effect with glycemic control.

METHODS
This study was approved by the University Research
Ethics Committee  (Protocol no. PP0063/09).

Individuals were informed about the aims of the study

and signed the informed consent prior to any
methodological procedure.
This case-control study followed the criteria

established by Strengthening the Reporting of
Observational Studies in Epidemiology — STROBE[18].
The convenience sample consisted of older adults (age
over 60, according to recommendations of World
Health Organization for developing countries[19]) who
participated on an interdisciplinary project (EELO
Project - Study on ageing and longevity). The EELO
Project is a thematic project developed at University of
Northern Parana (UNOPAR) which aimed to evaluate
the socio-demographic factors and indicators of health
conditions of older adults in Londrina, a city of Northern
Parana, Brazil. The total sample of the EELO project
consisted of 508 individuals, which is representative of
the 43610 citizens older than 60 years living in
Londrina.

This study was developed in Londrina, a middle-
sized city from south region of Brazil since the elderly
population of this city represents 12% of the total
population with similar prevalence described in other
developed countries [20,21].

Individuals with type-2 DM who met International
Classification and Diagnosis Standards for Diabetes
classification[22] were included at the diabetic group
(DG). Patients were classified as diabetic if they
exhibited the following symptoms: polyuria, polydipsia
and weigh loss associated with glycemia above 200
mg/dl [23]. All patients were under proper medical
treatment with oral antidiabetic drugs or insulin, as
necessary. Moreover, health older individuals without
diabetes were recruited as a control group (CG).

Pulmonary diseases, thorax abnormalities, smoking
history, cardiac insufficiency disease or treatment,
respiratory infection over the last 30 days and previous
or actual smoking were established as the exclusion
criteria for this research. After analysis of eligibility
criteria, 255 individuals were included (85 diabetic
patients referred as the diabetic group and 170 non-
diabetic patients referred as the control group).

Structured questionnaires were used to assess data
regarding anthropometric and diseases characteristics
and medication consumption.

All blood samples were collected by peripheral vein
puncture after 12-hour fasting. Fast glycemia was
measured by colorimetric enzymatic methodology (Lab
test kit) and glycated hemoglobin (HbAlc) through
HPLC Biorad-D10 Hemoglobin Testing System.
Diabetic patients were classified as controlled and
uncontrolled diabetes, according to the value of
glycated hemoglobin (Table 1). Glycated hemoglobin is
a marker that reflects the glycemic control in a period
from 8 to 12 weeks previously to the exam[24].

Table 1 - Criteria of glycemic control according to HbA1c levels.

Classification HbA1c (%)
Non-diabetic individual 4.0t06.0
Controlled Diabetic individual 57t06.4
Uncontrolled diabetic individual 26.5

HbA1c = hemoglobin Alc

The patients’ respiratory muscle strength was
evaluated through the measure of the maximal
inspiratory pressure (MIP) and maximal expiratory
pressure (MEP) wusing the GERAR® analog
manovacuometer (S&o Paulo, Brazil) featuring a -200
to + 200 cmH,0O scale, a capsule-type sensor and a
spigot connection. The exams attended international
standards established by the American Thoracic
Society [25], previously described by Black and Hyatt
[26]. There were performed at least 3 maneuvers,
being 2 reproducible (difference lower than 10%
between values).

The highest value of respiratory muscle strength
(MIP and MEP) found was used and expressed in
percentage of predicted values (pred.) described for
Brazilian population, according to the Neder et al [27].

Pulmonary variables (forced vital capacity (FVC),
forced expired volume at the first second (FEV,),
FEV,/FVC ratio) were measured by Pony-FX
spirometer (COSMED, SRL, Rome, lItaly).The exams
attended international standards established by the
American Thoracic Society and the European
Respiratory Society [28].

Spirometry was performed at controlled temperature
room. The subjects took a rest from 5 to 10 minutes
before the test and during this period, they remained
sited and using a nose clip. Before the procedure
started, it was carefully described. The spirometer was
computerized and printed the FEV; and FVC values
after the forced expiration had been performed. Best of
three satisfactory readings was taken for the analysis.
The highest value for FVC and FEV; were used in the
ratio FEV./FVC. The variables were shown as the
percent predicted values based on regression
equations for Brazilian population [29].

GraphPad Prism 5.0 and G Power 3.0 were used for
statistical analysis, setting the confidence interval in
95% and 5% of the significance level (p<0,05) for all
tests.

www.jmhsci.org

BIJMHS450125

352


http://www.jmhsci.org/

British Journal of Medical & Health Sciences (BJMHS)

Vol. 2 Issue 8, August - 2020

A pilot study was developed to calculate the sample
size for testing the null hypothesis that there is no
difference between MIP and the MEP and the
pulmonary function between the diabetic and the non-
diabetic groups. The following statistic parameters
were established (power test: 0.8 and p<0.05) and it
was determined that the minimum needed sample for
this research would be 56 diabetic patients and 112
non-diabetic ones.

Shapiro-Wilk test was used to evaluate whether the
data had normal distribution. Considering that the
variables used did not show normal distribution, all
data were presented as median and interquartile range
[25-75].

Mann-Whitney test was used to compare variables
related to respiratory muscle strength MIP and MEP,
as well as those related to pulmonary function (FVC,
FEV1, FEV1/FVC) between the groups. Besides,
Spearman Correlation was used to evaluate possible
associations between glycemic control and the
variables studied.

RESULTS

Initially, the study was composed by 455 individuals.
However, 255 attended the eligibility criteria and
composed the final sample (85 diabetic patients and
170 control patients) and 200 older adults were
excluded.

The diabetic group had similar age (Mean:
70.12+6.85) than the control one (Mean: 69.55+6.32),
according to the Student t test (p=0.50). Both groups
had similar anthropometric data expressed in table 2.

Table 2 — Anthropometric data of the groups.

Anthropometric data DG CG p

Gender (M/F, %) 35.8/ 54,2% 33.7/63.3% 0.73
Race (White /Non-white%) 60.5/ 39.5% 63.20/ 36.80% 0.68
Age (anos) 70.09 £ 6.96 69.58+ 6.29 0.55
Height (cm) 158.04 + 8.88 157.06 + 8.15 0.37
Weight (Kg) 69.45 + 12.53 65.92 + 12.38 0.05
BMI 278+448 26.67 +4.35 0.06

DG = diabetic group; CG = control group; M = male; F = female; BMI = body mass index.

Diabetic individuals presented lower MIP (DG: 81.9%
pred.; Interquartile interval range: 71.2 — 110.3) when
compared to non-diabetic individuals (CG: 95.2% pred,;
Interquartile range: 74.8 — 119.5), according to the
Mann-Whitney test (p=0.03).

There was no difference in the MEP of diabetic
(DG: 102.8% pred; Interquartile interval: 80.5 — 130.8)
and non-diabetic patients (CG: 108.9% pred,;
Interquartile interval: 89 — 137.1), according to the
Mann-Whitney test (p=0.06). Data concerning
inspiratory and expiratory muscle strength is shown in
table 3.

Forced vital capacity (FVC) was lower in diabetic
individuals (GD: 75.5% pred; Interquartile interval:67.9
— 86.9) when compared with non-diabetic ones (CG:
82.63% pred; Interquartile interval: 73.6 — 94.2),
according to the Mann-Whitney test (p=0.02).

Forced expired volume at the first second (FEV,)
was also lower in diabetic individuals (DG: 79.15%
pred; Interquartile interval: 66.59 — 90.12), in relation to
non-diabetic ones (CG: 85.36% pred; Interquartile
interval: 71.74 — 97.06), according the Mann-Whitney
test (p=0.02).

The relation FEV1/FVC did not present meaningful
differences between the diabetic and the non-diabetic
group (DG: 103.1; Interquartile interval: 93.35 — 109.3
versus GC: 102.2; Interquartile interval: 94.91 — 107.7),
according to the Mann-Whitney test (p=0.45). Data
concerning pulmonary function evaluation is also
shown in table 4.

Table 3 — Respiratory muscle strength evaluation. |

Variables DG CG p
Median Median
(1°.Q.-3. Q) (1°.Q.-3°.Q)

MIP (% pred. value) | 81.9 (71.2—110.3) | 95.2 (74.8—119.5) | 0.03*

MEP (% pred. value) | 102.8 (80.5— 130.8) | 108.9(83—137.1) | 0.06

DG= diabetic group; CG= control group; MIP= maximal inspiratory preassure; MEP= maximal
expiratory preassure; 1°.Q.= first interquartile interval; 3°.Q.= third interquartile interval.
* statistically significant, Mann-Whitney's test, p<0,05.

Table 4 — Pulmonary function evaluation.

Variables DG CG p
Median Median
(1°.Q.-3°. Q) (1°. Q.- 3°. Q)

FVC (% pred. value) | 75.5(67.9-86.9) | 82.63(736-942) | 0.02*

FEV; (% pred. value) | 79.15 (66.59 — 90.12) | 85.36 (71.74 — 97.06) | 0.02*

FEV4/FVC (%) 103.1 (93.35-109.3) | 102.2 (94.91-107.7) | 0.45

DG = diabetic group; CG = control group; FVC = forced vital capacity; FEV1 = forced expiratory
volume at the first second; FEV4/FVC = ratio between FEV1 and FVC; 1°.Q. = first interquartile
interval; 3°.Q. = third interquartile interval.

* statistically significant, Mann-Whitney's test, p<0,05.

DISCUSSION

The present study provides strong evidence that the
pulmonary function is impaired in type-2 diabetic
individuals. Although it was observed a marked
reduction of the MIP on the diabetic group, the same
decline was not detected on MEP. These results may
be explained by the fact that abdominal muscles are
known for their substantial contribution to the exhaling
pressure, whilst inhaling pressure essentially depends
on the diaphragm muscle [30,31]. Similarly, individuals
with type-1 diabetes showed lower respiratory muscle
strength [32,33] and decreased muscle endurance[34]
in opposition to non-diabetic individuals. However,
Kabitz et al.[15] did not verify changes in pulmonary
function of type-2 diabetes patients.

Despite there are some reports concerning
peripheral muscular  weakness in diabetic
individuals[5;35;36], few studies investigated
pulmonary function in such patients.

The forced vital capacity (FVC) and the forced
expired volume at the first second (FEV,) were lower in
diabetic group in comparison to the non-diabetic one.
These data are in agreement with previous studies [37-
41]. Despite the significant reduction of FVC and FEVy,
it was not observed a statistically significant decline of
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the relation FEV,/FVC (p=0.45), confirming previous
reports[16;39].

Considering that DM induces metabolic and
structural changes on skeletal muscles, many
mechanisms may contribute to the occurrence of
respiratory muscle weakness found in diabetic
individuals. Indeed, DM causes metabolic changes
characterized by reduced cellular glucose caption as
well as oxidation of fatty acids and structural changes,
with muscular atrophy, increase of lipids stockage, as
well as changes in muscle fibers [42].

Additionally, studies have shown that an
increase of systemic inflammation associated to
diabetes[35] could result in pulmonary inflammation[43]
as well as causing wounds in the respiratory tract [35,
44]. Besides, a decrease in respiratory defense
mechanisms and an increase in the susceptibility to
oxidative profile may result in subsequent loss of the
pulmonary  function[4]. Furthermore, it was
demonstrated that pulmonary complication in diabetic
patients are, partially, due to a narrowing in alveoli
walls, alveolar capillaries and pulmonary arterioles [45,
46].

Moreover, it is noteworthy that microvascular
complications and hyperglycemia may occur by
glycosylated pro-inflammatory protein formation [47].
Considering that the alveolar-capillary network consist
of a large network, the lungs can be potentially affected
by diabetic microangiopathy[48,49].

There are evidences that pulmonary
alterations, as well as muscle, renal and retina
changes observed in diabetic patients are related to a
poor glycemic control. In this context, Yeh et al.[40]
reported that observed changes in FVC and FEV; are
related to the degree of hyperglycemia, diabetes’
duration and pharmacological treatment.

The association of DM and the impaired
pulmonary function may occur in a bidirectional way.
Although various studies have reported pulmonary
alterations as one of the chronic complications of DM, it
was also observed that individuals with lower
pulmonary function present risk of developing insulin
resistance and type-2 diabetes. Besides, it was also
observed that subjects with impaired result at
spirometry tests presented higher risk for DM [7;11;35;
50; 51].

It can be pointed as one of the study limitations
the lack of evaluation of lung diffusion of carbon
monoxide capacity (Dco) that may also be reduced in
diabetic patients [40]. Furthermore, it may be
highlighted that longitudinal studies should be
performed to evaluate the pulmonary function in
diabetic elderly.

However, the novelty in this study was the
assessment of respiratory muscle strength and
pulmonary function at the same older individuals. In
addition, changes in lung function were due to poor
glycemic control of diabetes.

From the results, it can be concluded that diabetic
patients show respiratory muscle weakness (expressed
through MIP) and decline of pulmonary function
(expressed through FVC and FEV; levels) in

comparison to non-diabetic individuals. Additionally, it
was also observed that the impairment in pulmonary
function is related to glycemic control in physically
independent elderly.

Considering that DM is an important public
health problem, with high prevalence and morbidity, it
can be suggested that pulmonary function evaluation
could be recommended at the evaluation of diabetes’
chronic complications.

ACKNOWLEDGMENT

The authors thank University of Northern Parana
(UNOPAR) and FUNADESP for financial support of the
project.

REFERENCES

[1] Boyle JP, Thompson TJ, Gregg EW, Barker
LE, Williamson DF. Projection of the year 2050
burden of diabetes in the US adult population:
dynamic modeling of incidence, mortality, and
prediabetes prevalence. Popul Health Metr
2010; 8:29.

[2] Heng BH, Sun Y, Cheah JT, Jong M. The
Singapore National Healthcare Group Diabetes
Registry--descriptive epidemiology of type 2
diabetes mellitus. Ann Acad Med Singapore
2010;39(5):348-52.

[3] Saydah SH, Eberhardt MS, Loria CM, Brancati
FL. Age and the burden of death attributable to
diabetes in the United States. Am J Epidemiol
2002;156(8):714-9.

[4] Lima CT, Kanno DT, Gonsalles MCR. Diabetes
and its comorbidities in Vila Davi Family Health
Program, Braganca Paulista, SP. Rev Bras
Clin Med 8[4], 316-319. 2010.

[5] Park SW, Goodpaster BH, Lee JS, Kuller LH,
Boudreau R, de RN, et al. Excessive loss of
skeletal muscle mass in older adults with type
2 diabetes. Diabetes Care 2009;32(11):1993-7.

[6] Nishitani M, Shimada K, Sunayama S, Masaki
Y, Kume A, Fukao K, et al. Impact of diabetes
on muscle mass, muscle strength, and
exercise tolerance in patients after coronary
artery bypass grafting. J Cardiol
2011;58(2):173-80.

[7] Litonjua AA, Lazarus R, Sparrow D, Demolles
D, Weiss ST. Lung function in type 2 diabetes:
the Normative Aging Study. Respir Med
2005;99(12):1583-90.

[8] Tiengo A, Fadini
metabolic syndrome,

GP, Avogaro A. The
diabetes and lung

www.jmhsci.org

BIJMHS450125

354


http://www.jmhsci.org/

British Journal of Medical & Health Sciences (BJMHS)

Vol. 2 Issue 8, August - 2020

dysfunction. Diabetes Metab 2008;34(5):447- [20] IBGE. IBGE (Brazilian Institute of Geography
54. and Statistics). Demographic census 2010.
2010.

[91 Meo SA. Significance of spirometry in diabetic
patients. International Journal of diabetes [21] Lutz W, K C S. Dimensions of global
mellitus [1], 47-50. 2010. population projections: what do we know about

future population trends and structures? Philos

[10] Callahan L, Supinski G, Augusta C. Diabetes Trans R Soc Lond B Biol Sci
markedly reduces respiratory pump capacity. 2010;365(1554):2779-91.

Proc Am Thorac Soc 3, A259. 2006.
[22] World Health  Organization.  Definition,

[11] Engstrom G, Hedblad B, Nilsson P, Wollmer P, diagnosis and classification of diabetes
Berglund G, Janzon L. Lung function, insulin mellitus and its complications. WHO: Report of
resistance and incidence of cardiovascular a WHO consultation. Part I: Diagnosis and
disease: a longitudinal cohort study. J Intern classification of diabetes mellitus. 1999.

Med 2003;253(5):574-81.
[23] American Diabetes Association. Diagnosis and

[12] Lawlor DA, Ebrahim S, Smith GD. Associations classification of diabetes mellitus. Diabetes
of measures of lung function with insulin Care 31[1], S55-S60. 2008.
resistance and Type 2 diabetes: findings from
the British Women's Heart and Health Study. [24] Sumita NM, Andriolo A. Importancia da
Diabetologia 2004;47(2):195-203. hemoglobina glicada no controle do diabetes

mellitus e na avaliacdo de risco das

[13] van den Borst B, Gosker HR, Zeegers MP, complicagcBes cronicas. J.Bras.Patol.Med.Lab.
Schools AM. Pulmonary function in diabetes: a 3[44], 169-174. 2008.
meta-analysis. Chest 2010;138(2):393-406.

[14] Davis WA, Knuiman M, Kendall P, Grange V, [25] American  Thoracic  Society. Idiopathic
Davis TM. Glycemic exposure is associated pulmonary fibrosis: diagnosis and treatment.
with reduced pulmonary function in type 2 International consensus statement. American
diabetes: the Fremantle Diabetes Study. Thoracic Society (ATS), and the European
Diabetes Care 2004;27(3):752-7. Respiratory Society (ERS). Am J Respir Crit

Care Med 2000;161(2 Pt 1):646-64.

[15] Kabitz HJ, Sonntag F, Walker D, Schwoerer A,

Walterspacher S, Kaufmann S, et al. Diabetic [26] Black LF, Hyatt RE. Maximal respiratory
polyneuropathy is associated with respiratory pressures: normal values and relationship to
muscle impairment in type 2 diabetes. age and sex. Am Rev Respir Dis
Diabetologia 2008;51(1):191-7. 1969;99(5):696-702.

[16] Ljubic S, Metelko Z, Car N, Roglic G, Drazic Z. [27] Neder JA, Andreoni S, Lerario MC, Nery LE.
Reduction of diffusion capacity for carbon Reference values for lung function tests. II.
monoxide in diabetic patients. Chest Maximal respiratory pressures and voluntary
1998;114(4):1033-5. ventilation. Braz J Med Biol Res

1999;32(6):719-27.

[17] Muhammad I, Jabbar A, Haque AS. Pulmonary
functions in patients with diabetes mellitus. [28] Miller MR, Hankinson J, Brusasco V, Burgos F,
Lung India 28[2], 89-92. 2011. Casaburi R, Coates A, et al. Standardisation of

spirometry. Eur Respir J 2005;26(2):319-38.

[18] Vandenbroucke JP, von EE, Altman DG, [29] Pereira CA, Sato T, Rodrigues SC. New
Gotzsche PC, Mulrow CD, Pocock SJ, et al. reference values for forced spirometry in white
Strengthening the Reporting of Observational adults in Brazi. J Bras Pneumol
Studies in Epidemiology (STROBE): 2007;33(4):397-406.
explanation and elaboration. Epidemiology
2007;18(6):805-35. [30] Coirault C, Hagege A, Chemla D, Fratacci MD,

Guerot C, Lecarpentier Y. Angiotensin-

[19] Report of the World Health Organization. converting enzyme inhibitor therapy improves
Active ageing: a policy framework. Aging Male respiratory muscle strength in patients with
2002;5(1):1-37. heart failure. Chest 2001;119(6):1755-60.

[31] Bruschi C, Cerveri I, Zoia MC, Fanfulla F,
Fiorentini M, Casali L, et al. Reference values
www.jmhsci.org

BIJMHS450125

355


http://www.jmhsci.org/

British Journal of Medical & Health Sciences (BJMHS)

Vol. 2 Issue 8, August - 2020

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

of maximal respiratory mouth pressures: a
population-based study. Am Rev Respir Dis
1992;146(3):790-3.

Kilicli F, Dokmetas S, Candan F, Ozsahin S,
Korkmaz S, Amasyali E, et al. Inspiratory
muscle strength is correlated with carnitine
levels in type 2 diabetes. Endocr Res
2010;35(2):51-8.

Wanke T, Formanek D, Auinger M, Popp W,
Zwick H, Irsigler K. Inspiratory muscle
performance and pulmonary function changes
in insulin-dependent diabetes mellitus. Am Rev
Respir Dis 1991;143(1):97-100.

Meo SA, Al-Drees AM, Arif M, Al-Rubean K.
Lung function in type 2 Saudi diabetic patients.
Saudi Med J 2006;27(3):338-43.

Andersen H, Nielsen S, Mogensen CE,
Jakobsen J. Muscle strength in type 2
diabetes. Diabetes 2004;53(6):1543-8.

Park SW, Goodpaster BH, Strotmeyer ES, de
RN, Harris TB, Schwartz AV, et al. Decreased
muscle strength and quality in older adults with
type 2 diabetes: the health, aging, and body
composition study. Diabetes 2006;55(6):1813-
8.

Klein OL, Krishnan JA, Glick S, Smith LJ.
Systematic review of the association between
lung function and Type 2 diabetes mellitus.
Diabet Med 2010;27(9):977-87.

Klein OL, Meltzer D, Carnethon M, Krishnan
JA. Type Il diabetes mellitus is associated with
decreased measures of lung function in a
clinical setting. Respir Med 2011;105(7):1095-
8.

Dennis RJ, Maldonado D, Rojas MX, Aschner
P, Rondon M, Charry L, et al. Inadequate
glucose control in type 2 diabetes is associated
with impaired lung function and systemic
inflammation: a cross-sectional study. BMC
Pulm Med 2010; 10:38.

[40] Yeh HC, Punjabi NM, Wang NY, Pankow JS,

[41]

Duncan BB, Cox CE, et al. Cross-sectional and
prospective study of lung function in adults with
type 2 diabetes: the Atherosclerosis Risk in
Communities (ARIC) study. Diabetes Care
2008;31(4):741-6.

Cazzato S, Bernardi F, Salardi S, Tassinari D,
Corsini I, Ragni L, et al. Lung function in
children with diabetes mellitus. Pediatr
Pulmonol 2004;37(1):17-23.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Sun Z, Liu L, Liu N, Liu Y. Muscular response
and adaptation to diabetes mellitus. Front
Biosci 2008;13:4765-94.

Arnalich F, Hernanz A, Lopez-Maderuelo D,
Pena JM, Camacho J, Madero R, et al.
Enhanced acute-phase response and oxidative
stress in older adults with type Il diabetes.
Horm Metab Res 2000;32(10):407-12.

Walter RE, Beiser A, Givelber RJ, O'Connor
GT, Gottlieb DJ. Association between glycemic
state and lung function: the Framingham Heart
Study. Am J Respir Crit Care Med
2003;167(6):911-6.

Cirillo DJ, Agrawal Y, Cassano PA. Lipids and
pulmonary function in the Third National Health
and Nutrition Examination Survey. Am J
Epidemiol 2002;155(9):842-8.

Sandler M, Bunn AE, Stewart RI. Pulmonary
function in young insulin-dependent diabetic
subjects. Chest 1986;90(5):670-5.

Matsubara T, Hara F. [The pulmonary function
and histopathological studies of the lung in
diabetes mellitus]. Nihon lka Daigaku Zasshi
1991;58(5):528-36.

Aronson D. Hyperglycemia and the
pathobiology of diabetic complications. Adv
Cardiol 2008; 45:1-16.

Hsia CC, Raskin P. Lung involvement in
diabetes: does it matter? Diabetes Care
2008;31(4):828-9.

Sandler M. Is the lung a 'target organ' in
diabetes  mellitus?  Arch Intern  Med
1990;150(7):1385-8.

[51] Engstrom G, Janzon L. Risk of developing
diabetes is inversely related to lung function: a
population-based cohort study.

www.jmhsci.org

BIJMHS450125

356


http://www.jmhsci.org/

