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ABSTRACT: Impaired carbon monoxide gas transfer has bee.n demonstrated in 
patients wilh insulin-dependent diabetes mellitus (IDDM), but no relationship 
has been documented bet'Ween impairment of gas transfer and the presence of 
other clinical evidence of diabetic microangiopathy. This study set out to 
determine whether carbon monoxide gas transfer was related to the presence of 
microanglopathy by measuring the carbon monoxide transfer coefficient (KCO) in 
twenty patients with IDDM complicated by retinopathy, and in twenty patients 
without retinopathy. The patieJltS were reasonably matched [or age (mean 47 yrs 
in the retinopathy group, 41 yrs in the non-retinopathy group) but t:hose wit:h 
retinopathy had a longer mean duration of diabetes (23 yrs 1•.r 13 yrs). Carbon 
monoxide tra.osfcr coefficient was normal in both groups, with no s ignificant 
difference between them. Values for forced expiratory volume in one second 
(FEV 1) and forced vital capacity (FVC) were lower than predicted in the 
retinopathy group (92 (SEM 3.6%) and 91 (SEM 4.0%) respectively, p <0.05) but 
were not significantly different from those in the non-retinopathy group. This 
study demonstrates normal lung function in IDDM, with no relationship between 
impairment of gas transfer and the presence of microangiopathy elsewhere. 
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It has recently been suggested that gas transfer is 
impaired in patients with insulin-dependent diabetes 
mellitus (IDDM) [1]. Diminished lung elastic recoil 
has also been described in these patients [I, 2), whilst 
patients who have limited joint mobility in associa
tion with IDDM may show a restrictive defect [3). 
Impairment of gas transfer in lDDM has been 
attributed to thickening of the basal laminae in the 
alveolar waUs [4, 5], though SANDLER et al. [l] 
concluded that decreased pulmonary capillary blood 
volume may play a more important role. Loss of lung 
elasticity [ 1, 2] has been attributed to accelerated 
ageing of lung collagen and elastin in IDDM [6, 7], 
whilst the cause of the restrictive defect in IDDM 
with limited joint mobility is unknown. 

Since the presence of histopathological evidence of 
microangiopathy in the lung is correlated with the 
presence of microvascular disease elsewhere [4], it is 
surprising that no association has been reported 
between impairment of gas transfer and the presence 
of other clinical stigmata of microangiopathy. This 
study was conducted to determine whether impair
ment of gas transfer in IDDM is more marked in 
patients with clinical evidence of diabetic microangj
opathy by comparing gas transfer between two 
groups of patients, one group with retinopathy and 
one without. 

Subjects and methods 

All patients with diabetic retinopathy (retinal exud
ates with or without haemorrhages or new vessels on 
fundoscopy) seen over a five month period in the out
patient department of a district general hospital, and an 
equal number of patients from the same clinic with no 
retinopathy after at least five years of IDDM, were 
recruited for the study. Patients with current respiratory 
disease or with an abnormal chest X-ray were excluded. 
A smoking history was elicited at the time of entry into 
the study and expressed in pack-years. Duration of 
fDDM was calculated from the date of diagnosis in the 
clinical notes. Presence or absence of proteinuria by 
stick testing (Albustix, Ames UK) on the five most 
recent clinic attendances was also noted. 

Pulmonary function tests were conducted by a 
technician who was unaware of the hypothesis being 
tested. Forced expiratory volume in one second 
(FEV 1) and forced vital capacity (FVC) were 
measured with a dry bellows spirometer (Vitalograph, 
Buckingham, UK), taking the best of three measure
ments. Alveolar volume (VA) was measured by helium 
dilution and carbon monoxide transfer factor (DLCo) 
and coefficient (Kco) by the single-breath method with 
correction for haemoglobin [8] (PK Morgan Ltd, 
Gillingham, Kent, UK), averaging two measurements 
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in each individual. All pulmonary measurements were 
expressed as a percentage of predicted value for age 
and height [8]. Students t-test was used to compare 
pulmonary function measurements between groups, 
and least-squares regression to examine the relation
ship between pulmonary function measurements, 
duration of diabetes, and smoking history. The study 
was approved by Basingstoke Hospital Medical 
Ethics Committee. 

Results 

There were twenty patients in each group. There 
was no significant difference between the retinopathy 
and non-retinopathy groups for sex ratio (twelve and 
fifteen males respectively), numbers of smokers 
(thirteen and eleven), age or mean pack-years smoked 
(table 1). Duration of diabetes was greater in the 
retinopathy group (p<O.Ol). Proteinuria was present 
on one occasion out of the last five clinic attendances 
in only one subject in the non-retinopathy group, and 
on eight occasions in five subjects in the retinopathy 
group. Plasma urea and creatinine were normal in all 
subjects except for one patient with retinopathy 
(urea= 11 mmol· r 1

, creatinine 69 Jlmol· r 1 
). None 

of the patients reported limited joint mobility. 
Mean Kco did not differ from predicted in either 

group of subjects, and did not differ between groups 
(table I). Mean DLCO was significantly greater than 
predicted in the non-retinopathy group (p < 0.05), did 
not differ from predicted values in the retinopathy 
group and was not significantly different between 
groups. FEV 1 and FVC were significantly lower than 
predicted values in the retinopathy group (p < 0.05), 
but there was no significant difference between the 
groups for these measurements. For the two groups 
combined, FEV 1 and PVC were negatively related to 
duration of IDDM (p < 0.05) but not after allowing 
for pack-years of smoking (p < O.l , table 2). Pack 
years smoking was correlated with duration of IDDM 
(p < 0.05), indicating that these variables were con
founded, and there was no relationship between 
FEV 1 or FVC and duration of IDDM in non-

Table 1.-Mean (so) values for age, duration of lOOM, pack
years smoking, and pulmonary function tests in non-retino
pathy and retinopathy groups. 

Non-retinopathy Retinopathy 
mean so mean so 

Age yrs 413 11.6 46.9 13.4 
Duration of diabetes yrs 13.1 8.9 22.9 11.6 
Smoking history pack yrs 12.0 14.7 20.1 27.7 
FEVI 96.8 13.0 91.9 16.1 
FVC 99.0 13.0 91.2 17.9 
OLCO 108.8 16.1 100.4 15.7 
Kco 104.5 14.8 100.7 19.7 
VA 104.9 14.3 100.3 14.3 

smokers (table 2). There was no relationship between 
the FEV J!FVC ratio, Dtco or Kco and duration of 
IDDM. 

Discussion 

Previous work has demonstrated mildly diminished 
gas transfer in patients with IDDM [1]. If the 
diminution is due to pulmonary microangiopathy, 
then impairment of gas transfer in IDDM should be 
associated with other clinical manifestations of micro
angiopathy, since pulmonary and systemic microangi
opathy are known to be associated [4]. However, no 
relationship between impairment of gas transfer or 
any other aspects of lung function and the presence of 
complications of diabetes has been described to date. 
This study tests the hypothesis that impairment of gas 
transfer in IDDM should be greater in patients with 
overt clinical evidence of microangiopathy than those 
without, by comparing gas transfer in patients with 
and without diabetic retinopathy. Retinopathy was 
used as a marker of microangiopathy because it is 
relatively easy to detect, and specific to IDDM. 
Current and ex-smokers were included since the 
purpose was to compare pulmonary function on the 
basis of presence or absence of retinopathy, irrespec
tive of other potential risk factors for microangiopa
thy. 

In order to ensure that the non-retinopathy group 
did not include newly diagnosed subjects in whom 
any diabetes-related changes would therefore be very 
unlikely, patients without retinopathy were required 
to have had IDDM for at least five years. Conse
quently the mean duration of diabetes in both groups 
of subjects is relatively high, and greater than in any 
previous report. However mean carbon monoxide 
transfer factor and coefficient were above predicted in 
both groups of subjects, with no significant difference 
between the groups. 

These findings differ from the study by SANDLER et 
a/. [ l ], in which Kco was decreased in a group of 
patients with IDDM relative to normal controls, and 
was also diminished relative to predicted values. T his 
discrepancy is unlikely to have originated from 
differences in the methodology of gas transfer 
measurement, since these were similar in both studies. 
The higher Kco values in the present study cannot be 
attributed to differences in duration of disease, since 
mean duration of IDDM was longer in both groups 
than in the diabetic patients studied by SANDLER et al. 
The reason for the low Kco reported by SANDLER et 
a/. [I] is therefore not clear. 

The only significant abnormalities of lung function 
detected in this study were that the FEV 1 and FVC 
were diminished relative to predicted values in the 
retinopathy group, and when both groups were 
combined, impairment of FEV 1 and FVC was related 
to the duration of IDDM. However, there was no 
significant difference in FEV 1 or FVC between 
retinopathy and non-retinopathy groups, so the low 
values were not obviously related to the presence of 
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Table 2. -Regression coefficients and their standard errors in all subjects, 
smokers, and non-smokers for FEV

1 
and FVC (%predicted) against duration 

of diabetes (yrs) and pack-years smoking. 

Factor 

FEV1 

Duration of IDDM only all subjects 
smokers 
non-smokers 

Duration of IDDM allowing all subjects 
for pack-years smoking smokers 

Pack-years smoking only all subjects 
smokers 

FVC 

Duration of IDDM only all subjects 
smokers 
non-smokers 

Duration oflDDM allowing all subjects 
for pack-years smoking smokers 

Pack-years smoking only all subjects 
smokers 

microangiopathy. The low FEY 1 and FYC in the 
retinopathy patients may have been due to differences 
in smoking history, though subgroup analysis of 
smokers and non-smokers within the retinopathy and 
non-retinopathy groups involved too few subjects for 
reliable analysis. 

The relationship between impairment of FEY 1 and 
FVC and duration of IDDM was certainly con
founded by smoking, because after allowing for pack
years smoked the statistical significance of the 
relationship with duration of IDDM was lost, and 
also because the relationships were considerably 
weaker amongst non-smokers than amongst smokers 
(table 2). It is therefore unlikely that duration of 
IDDM has an independent effect on FEY 1 or FYC. 

Thus in patients with more prolonged IDDM than 
previously reported, this study has demonstrated 
normal gas transfer, with no relationship between gas 
transfer and either the presence of microangiopatby 
elsewhere or duration of IDDM. This study supports 
the view [9] that pulmonary function abnormalities in 
IDDM are, if anything, small and unlikely to be of 
clinical significance. 
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coefficient SE tvalue 

-0.438 0.198 -2.22 
-0.717 0.267 -2.69 
-0.158 0.297 -0.53 

-0.391 0.195 -1.86 
-0.516 0.287 -1 .80 

-0.190 0.102 -2.00 
-0.329 0.131 -2.52 

-0.461 0.213 -2.16 
-0.560 0.344 - 1.63 
-0.353 0.259 -1.37 

-0.406 0.210 -1.94 
-0.205 0.362 -0.57 

-0.216 0.110 -1.97 
-0.421 0.150 -2.82 
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RESUME: L'on a decrit, chez des patients atteints d'un diabete 
sucre insulino-dependant, une alteration du transfert gazeux du 
monoxyde de carbone, mais l'on n'a documente aucune correlation 
entre les troubles du transfer! et Ia presence d'autres signes 
cliniques de micro-angiopatrue diabetique. Cette etude vise a 
determiner si Je transfer! gazeux du monoxyde de carbone est en 
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relation avec Ia presence d'une micro-angiopathie, en mesurant le 
Kco chez 20 patients atteints de diabete sucre insulino-dependant 
complique par une retinopathie, et chez 20 patients sans retino
pathie. Les patients ont ete pairt~S raisonnabJement pour J'age 
(moyenne 47 a.ns dans le groupe avec retinopathie, 41 ans dans le 
groupe sans retinopatbie), mais ceux atteints d'une rcitinopathie 
avaient une duree moyenne du diabete plus longue (23 ans vs 13 
ans). Le coefficient de transfer! du CO s'avera normal dans les deux 

groupes, sans aucune difference significative entre eux. Le VEMS et 
!a capacite vitale forcee sont infcirieurs aux valeurs predites dans le 
groupe retinopathique [92 (SEM 3.6%) et 91 (4%) respectivement, 
p<0.05)], mais ne sont pas significativement differents des valeurs 
pridites dans le groupe sans retinopathie. Cette etude demontre que 
Ia fooction pulmonaire est oormale dans le diabete sucre insulino
dependant, et qu'il n'y a pas, en outre, de relation entre les troubles 
du transfert et Ia presence d'une micro-angiopathie. 


