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Relationship Between Chronic Obstructive Pulmonary
Disease and Severity of Diabetic Retinopathy

Ayse Giizin Tashpinar Uzel'®, Erdogan Yasar’®, Ibrahim Giiven Coskun®®, Serhat Sayin*®, Mehmet Murat Uzel’

ABSTRACT

Purpose: The negative effects of chronic obstructive pulmonary disease (COPD) on diabetes mellitus (DM) patients are known. For these
reasons, we aimed to investigate the effect of COPD on the severity of diabetic retinopathy (DRP) in patients with DM.

Materials and Methods: This prospective cross-sectional study included one-hundred and fifty-six eyes of 156 patients with COPD and DM.
Multinomial logistic regression models were applied to evaluate the independent relationships between DRP and COPD, including adjusting

for patients’ characteristics.

Results: After adjustment for potential confounders, patients with low-level COPD were found to have less PDR and severe PDR. (RRR 0.01

95% CI10.01-0.03, RRR 0.01 95% CI 0.01-0.08, respectively).

Conclusion: The findings suggest an increased risk of DRP severity in patients with severe COPD. Ophthalmologists following these patients

should consider the relationship between COPD and DRP.
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INTRODUCTION

Diabetic retinopathy (DRP) is a microvascular
complication of diabetes mellitus (DM) resulting in severe
visual loss. The factors affecting the development of
diabetic retinopathy have not been identified. However,
studies have demonstrated the effects of hyperglycemia,
dyslipidemia, hypertension, inflammation, and retinal

neurodegeneration in the development of DRP'-,

Chronic obstructive pulmonary disease (COPD) is a lung
disease characterized by progressive airway obstruction
in which an abnormal inflammatory response to harmful
particles and gases occurs*. Today, it is a systemic disease
affecting the entire body. Tissue hypoxia, smoking, and
secreted cytokines contribute to the emergence of systemic
effects®. Although the coexistence of COPD and DM has
not been established, and it is evident that the prognosis of
these two diseases is influenced by one another. In particular,
COPD has been shown to increase the development of DM
and was also associated with worse outcomes of COPD® 7.

Many studies have been conducted regarding the effects of

COPD on eye tissues. COPD has been shown to reduce the
functional capacity of the corneal endothelium and lower
the response to surgical stress®. It has been shown that
subfoveal choroidal thickness decreases, and retinal nerve
fiber layer thickness (RNFL) change occur in COPD? !°,
Decreased retrobulbar blood flow, parafoveal vascular
density and subfoveal choroidal thickness are other
significant effects of COPD on the eye!! 12 13,

In light of these findings, the severity of DRP may be
adversely affected in COPD patients. Therefore, we aimed
to investigate the effect of COPD on the severity of DRP
in DM patients.

MATERIALS AND METHODS

This prospective cross-sectional study consists of 156 DM
and COPD patients examined at the Aksaray University
School of Medicine, ophthalmology department. All study
procedures were conducted per the Declaration of Helsinki,
and informed consent was obtained from all participants.
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This study was approved by the Ethical Committee of the
Aksaray University School of Medicine.

Detailed ophthalmologic examinations, the coexistence
of systemic diseases, duration of DM, smoking history,
HbAlc levels, body mass index (BMI), COPD stages,
and treatment protocols were recorded. Those with
HbAIlc levels below 7 were considered as well-controlled
DM. The duration of DM was grouped over 5-year
periods. The diagnosis of DRP was based on a digital
fundus camera (grading of fundus photographs by
masked graders) (Zeiss Visucam NM / FA, Carl Zeiss
Meditec, Inc., Jena, Germany). The severity of DRP was
categorized as no DRP, mild non-proliferative diabetic
retinopathy (NPDR), moderate NPDR, severe NPDR, or
proliferative diabetic retinopathy (PDR) according to the
Early Treatment Diabetic Retinopathy Study protocol.'*
When there was disagreement about the severity of DRP,
an ophthalmologist experienced in DRP resolved this
problem. If the retinopathy is asymmetrical, the worst eye
was included in the study. COPD patients were stratified
into four stages according to GOLD (Global Initiative for
Obstructive Lung Disease) criteria.*

Statistical analysis was performed using SPSS v.21.0 for
Windows (SPSS, Inc., Chicago, IL, USA). The normality
of the data distribution was evaluated by the Shapiro-
Wilk test. Because the data were normally distributed,
an independent-t-test was used to compare the results.
In addition, multinomial logistic regression models
were applied to evaluate the independent relationships
between DRP and COPD, including adjusting for patients'
characteristics. Relative risk ratios (RRR) and 95%
confidence intervals (CI) are reported. All values are
provided as mean = SD. The level of statistical significance
was set at p < 0.05.

RESULTS

Of the 156 patients included in the analysis, 44 (28.2%)
had no DRP, 20 (12.8%) had mild non-proliferative
diabetic retinopathy (NPDR), 25 (16.1%) had moderate
NPDR, 31 (19.8%) had severe NPDR, and 36 (23.1%) had
proliferative diabetic retinopathy (PDR). The mean age of
the patients was 61.83 = 6.83 years, and mean DM duration
was 11.76 + 5.11 years, the mean HbAlc levels were 7.16
+ 1.53, and the mean BMI rates were 31 + 3.24. Patient
characteristics are given in Table 1. The distribution of
patients according to COPD stage is shown in Figure 1.
According to the univariable analysis, the risk of PDR
and severe NPDR is reduced in low-level COPD (Table
2). After adjustment for potential confounders, patients
with low-level COPD were found to have less PDR and
severe PDR. (Table 3). In addition, shorter duration of
diabetes and HbAlc levels below 7 are influential factors
in decreasing DRP severity.

DISCUSSION

According to the results of our study, there is a relationship
between the stage of COPD and the severity of DRP. To
our knowledge, this is the first study to investigate the
relationship between COPD and DRP severity. In addition,
we found that well-controlled DM and low DM duration
were associated with low DRP severity.

There are various studies on the effects of COPD on the
eye. In one study, COPD impaired corneal endothelial
morphology and function.® Although the underlying
mechanism is unknown, and the authors state that systemic
oxidative stress, inflammation, hypoxia, and corticosteroid
use caused by COPD cause these results.® In several
works, it was concluded that subfoveal choroidal thickness
decreased in COPD.” ' This observation was interpreted as
chronic hypoxiaand hypercapnia caused by COPD affecting
the retinal vessels. Another study has demonstrated that

Table 1: Patient’s Characteristics

No DRP (n=44)|Mild NPDR (n=20)| Moderate NPDR (n=25) | Severe NPDR (n=31) | PDR (n=36)
Age (years) 62.3+6.9 61.1£7.0 61.0£6.9 61.6+6.9 62.3+6.7
Gender (Female) 15(%34.1) 11(%55) 10(%40) 13(%41.9) 7(%19.4)
BMI (kg/m?) 30+3.3 32.1+£2.1 31.6£3.4 30.4£3.5 31.6+2.9
Smoker 28 (%63.6) 14 (%70) 18 (%72) 22 (%71) 25 (%69.4)
Diabetes duration (years) 8.9£3.9 7.9£1.3 9.842.2 15.445.1 15.4+4.7
Hypertension 38 (%86.4) 18 (%90) 22 (%388) 26 (%83.9) 29 (%80.6)
Dyslipidemia 15 (%34) 10 (%50) 11 (%44) 13 (%41) 12 (%33)
DRP: diabetic retinopathy; NPDR: nonproliferative diabetic retinopathy; PDR: proliferative retinopathy; BMI: body-mass index;
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Figure 1: The distribution of patients according to chronic obstructive pulmonary disease

stage

Table 2: Univariable multinomial logistic regression models for DRP

COPD Mild NPDR Moderate NPDR Severe NPDR PDR
RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI)

(n=20) (n=25) (n=31) (n=36)

Stage 1 0.78 (0.12-4.92) 0.35 (0.05-2.50) 0.12 (0.02-0.55) 0.07 (0.01-0.31)

Stage 2 1.25 (0.16-9.53) 3.5 (0.52-23.55) 0.28 (0.05-1.59) 0.15 (0.03-0.79)

Stage 3 1 (0.09-11.02) 2 (0.22-17.89) 2 (0.38-10.48) 0.92 (0.18-4.53)

Stage 4 1 1 1 1

DM duration

5-10 0.25 (0.04-1.57) 0.16 (0.01-1.43) 0.06 (0.01-0.29) 0.01 (0.01-0.12)

10-15 0.75 (0.11-5.10) 2.62 (0.35-19.18) 0.12 (0.02-0.71) 0.34 (0.07-1.63)

15-20 0.66 (0.08-5.12) 1.50 (0.18-12.45) 0.33 (0.06-1.73) 0.45 (0.09-2.29)

>20 1 1 1 1

HbAlc

<7 0.62 (0.20-1.89) 0.05 (0.01-0.22) 0.12 (0.04-0.35) 0.05 (0.01-0.17)

>7 1 1 1 1

Estimates with p values <0.05 are shown in boldface

RRR: relative risk ratio; DRP: diabetic retinopathy; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; NPDR:

nonproliferative diabetic retinopathy; PDR: proliferative diabetic retinopathy

retrobulbar blood flow is reduced in COPD." In addition,
this study found a relationship between the progression of
COPD and decreased retrobulbar blood flow.!! Increased
endothelin, a potent vasoconstrictor, has been demonstrated
in COPD'S. A vasoconstrictor effect is also associated with
increased reactive oxygen species (ROS)'. Increased
ROS may also contribute to blood flow reduction and
nerve damage. Studies also illustrate that RNFL thickness
decreases in COPD via similar mechanisms® 7. Alim et
al. also demonstrated the reduction in subfoveal choroidal

thickness, which they cited as a potential effect of chronic
hypoxemia due to COPD". Kergoat et al. examined retinal
ganglion cell susceptibility to mild hypoxemia and showed
decreased arterial blood pressure and reduced ganglion
cell function'®. The authors concluded that neural function
during hypoxia was affected due to metabolic changes
and could not be compensated correctly by vascular
regulation of the inner retina!®. In the study of Alkan et
al., it was determined that vascular density decreased in
the parafoveal area with OCT angiography. This has been
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Table 3: Multivariable multinomial logistic regression models for DRP

Mild NPDR Moderate NPDR Severe NPDR PDR
RRR (95% CI) RRR (95% CI) RRR (95% CT) RRR (95% CT)
(n=20) (n=25) (n=31) (n=36)
Age
50-60 1.49 (0.24-9.10) 0.94 (0.12-7.17) 0.47 (0.05-3.78) 0.57 (0.06-5.03)
60-70 0.49 (0.07-3.29) 0.76 (0.09-6.16) 0.88 (0.11-6.84) 1.83 (0.21-15.64)
>70 1 1 1 1
Sex
Female 2.24 (0.54-9.24) 1.02 (0.23-4.59) 1.37 (0.30-6.37) 0.29 (0.05-1.63)
Male 1 1 1 1
BMI
25-30 0.16 (0.01-4.37) 0.10 (0.01-2.46) 0.89 (0.02-38.52) 0.11 (0.01-3.24)
30-35 2.40 (0.11-50.96) 0.47 (0.02-10.25) 2.92 (0.07-99.74) 0.89 (0.03-22.96)
>4(0 1 1 1 1

Smoking status

0.29 (0.06-1.44)

0.15 (0.03-0.73)

0.14 (0.02-0.77)

1

1

1

1.07 (0.14-8.13)

0.80 (0.10-0.73)

1.46 (0.17-12.02)

1

1

1

0.09 (0.01-1.38)

0.01 (0.01-0.08)

0.01 (0.01-0.03)

2.07 (0.18-23.38)

0.10 (0.01-1.02)

0.04 (0.01-0.50)

1.31 (0.08-20.17)

0.48 (0.04-4.96)

0.14 (0.01-1.73)

1

1

1

0.05 (0.01-0.79)

0.01 (0.01-0.17)

0.01 (0.01-0.62)

0.32 (0.02-4.41)

0.02 (0.02-0.27)

0.02 (0.01-0.16)

1.49 (0.11-20.13)

0.54 (0.05-5.56)

0.40 (0.03-4.15)

1

1

1

0.11 (0.02-0.62)

0.06 (0.01-0.31)

0.02 (0.01-0.17)

Never 0.25 (0.05-1.12)
Current/former 1
Comorbidities

No 0.68(0.09-5.06)
Yes 1

COPD stage

Stage 1 0.41 (0.04-4.24)
Stage 2 0.94 (0.07-11.81)
Stage 3 0.92 (0.05-15.41)
Stage 4 1

DM duration

5-10 0.10 (0.01-1.08)
10-15 0.35 (0.03-3.78)
15-20 0.54 (0.05-5.66)
>20 1

HbAlc

<7 1.11 (0.27-9.24)
>7 1

1

1

1

Estimates with p values <0.05 are shown in boldface

RRR: relative risk ratio; DRP: diabetic retinopathy; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; NPDR:
nonproliferative diabetic retinopathy; PDR: proliferative diabetic retinopathy; BMI: body mass index

attributed to hypoxemia and endothelial dysfunction
caused by COPD™.

The mechanism for the development of DRP is unclear.
Hyperglycemia and the resulting pericyte loss are the
most critical factors initiating endothelial damage.
Initially, autoregulation results in vascular dilatation,
but vascular occlusion and retinal hypoxia develop over
time?. Leukostasis due to inflammation also increases

this occlusion?'. Poor control of blood glucose level
and duration of DM is thought to be the most influential
factors in the development of DRP?. Hyperlipidemia and
hypertension affect the development of DR! 2. But it has
been shown that reasonable hypertension control does not
prevent such DRP development®. Retinal venous oxygen
saturation was higher in DRP, attributed to the reduction
of oxygen transfer to the tissues and the acceleration of
blood flow from the stunt?. When the relationship between
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COPD and DM is considered, it is stated that DM is
observed more in COPD patients** %, Tt was determined
that more DM developed, particularly in GOLD stages 3-4.
COPD may lead to systemic inflammation and increase
IL-6, which plays a role in insulin resistance®. To our
knowledge, the relationship between DRP and COPD has
not been previously discussed. However, the relationship
between obstructive sleep apnea (OSA) and DRP has
been discussed in many studies?”?. Chang et al. showed
that severe OSA increases the risk and severity of DRP?,
OSA leads to increased insulin resistance and poor glucose
control®® 3!, In addition, elevated inflammatory cytokine
levels secondary to transient hypoxemia during apnoea
periods may accelerate damage to the retinal vasculature
and the onset of DRP*2. For similar reasons, the severity of
DRP may be increased in COPD patients. One of the most
important causes of this condition is systemic inflammation
in COPD’. As a result, vascular occlusion and leukostasis
may effectively develop DRP. Hypoxia in COPD further
impairs already impaired tissue nutrition'!. COPD may
also have indirect effects on DRP development. Smoking,
hypertension, and obesity are more common in these
patients. In addition, insulin resistance increases in COPD,
and blood glucose levels are difficult to control®. All these
causes may lead to an increase in the severity of DRP in
COPD and DM.

One of the study's limitations is that the patient's metabolic
control was evaluated with a single HbAlc measurement
because it is a cross-sectional study. The most important
limiting factor in our study was the number of patients.
Data obtained in large groups with multi-center studies
may allow more precise results.

Consequently, COPD can lead to an increase in DRP
severity. Close monitoring of COPD patients, effective
control of blood glucose levels, and informing patients
about this may effectively prevent or reduce the severity
of DRP.
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