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Abstract

Objective: To investigate the reasons for delays in seeking medical care in patients with diabetic
retinopathy and associated risk factors.

Methods: We retrospectively reviewed data for patients with sight-threatening diabetic retinop-
athy (STDR) who attended a hospital in China. Various forms of STDR were identified, including
severe non-proliferative DR, clinically significant macular edema and proliferative DR.
Demographic, clinical and socioeconomic information was collected and the associated risk
factors were evaluated.

Results: Of the 127 patients with STDR, 89.2% sought medical care within | month of devel-
oping symptoms. Those who sought treatment >6 months after symptoms developed had sig-
nificantly lower income and less knowledge of diabetic complications than those who attended
earlier. Multivariate logistic regression analysis showed that no or infrequent routine
examination for diabetic complications were associated with long delays in seeking medical
care (odds ratio (OR) 3.06, 95% confidence interval (Cl) 1.05-9.19; and OR 291, 95% CI
1.04-8.40, respectively).

Conclusions: Most patients with STDR sought medical care within | month of symptoms
developing, but no or infrequent routine examination for diabetic complications was associated
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with long delays. These results stress the importance of educational programs regarding diabetic
complications to encourage timely medical care and prevent poor outcomes.
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Introduction

Diabetes mellitus (DM) is a chronic system-
ic disorder that is highly prevalent
worldwide. The International Diabetes
Federation estimated the global prevalence
of DM to be 9.3% (463 million people) in
2019, and has predicted this to rise to
10.2% (578 million) by 2030 and 10.9%
(700 million) by 2045." Diabetic retinopathy
(DR) is a microvascular complication of
DM and a primary cause of visual impair-
ment and blindness. Nearly all patients with
type 1 DM and over 60% of those with type
2 DM acquire a significant degree of DR
during the first 20 years after diagnosis.>”
Currently, several grading systems are used
to classify diabetic abnormalities; two of the
most common are the Early Treatment
Diabetic Retinopathy Study classification
(ETDRS) and the National Screening
Committee classification (NSC).*> Patients
without retinal microaneurysms or hemor-
rhages are classified as ‘R0’ (NSC) or ‘10’
(ETDRS). Small hemorrhages and aneur-
ysms can advance to mild non-
proliferative diabetic retinopathy (NSC
R1, ETDRS 20 to 35), moderate-to-severe
non-proliferative  diabetic  retinopathy
(NSC R2, ETDRS 43 to 53) and eventually
to proliferative diabetic retinopathy (NSC
R3, ETDRS >61). Approximately one in
ten patients with DM develop sight-
threatening DR (STDR), which may be

severe non-proliferative DR, clinically sig-
nificant macular edema (CSME), or prolif-
erative DR (PDR), and all cause severe
visual impairment or permanent loss of
vision if not treated.*>

Approximately 75% of patients with
DM live in low- and middle-income coun-
tries. In 2015, China reported the largest
number of cases of DM (99.6 to 133.4 mil-
lion) and 1.3 million diabetes-related
deaths, with 40.8% of these deaths being
accounted for by patients of <60 years of
age.® A recent epidemiological study of
patients with DM in China revealed preva-
lences for DR and STDR of 27.9% and
12.6%, respectively.’

DR can be prevented by appropriate
control of blood glucose and blood pres-
sure,? and laser treatment is effective.'’
In addition, vascular endothelial growth
factor inhibitors have been shown to be
effective therapies for diabetic maculop-
athy'"'? and PDR.'*'* Despite recent sig-
nificant advances in the treatment of DR,
the implementation of these therapies in
developing areas of China remains a chal-
lenge. One factor that has a major negative
influence on timely and efficient treatment
is a delay by patients in seeking treatment
after the onset of symptoms of DR. Clinical
studies have shown that a delay between the
appearance of symptoms of diabetic com-
plications and intervention by a physician
significantly raises the risk of diabetic
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neuropathy, gangrene, foot ulcers, and
amputations.'>'® Therefore, there is an
urgent need to identify the factors that pre-
dispose toward such a delay to develop
novel strategies to improve the outcomes
associated with diabetic complications.
However, it remains unclear whether such
delays in patients who are advancing to
STDR can cause a permanent loss of vision.

In the present study, we aimed to quan-
tify the time interval between the onset of
symptoms of DR and seeking medical care
by patients with STDR, and to identify the
risk factors contributing to this delay. We
hope that the findings might be used to
guide the development of educational cur-
ricula geared towards the prevention of DR
and other diabetic complications.

Materials and methods

Participants

We performed a retrospective cross-
sectional study in Qilu Hospital of
Shandong University, one of the biggest
medical centers in Shandong Province,
between May 2018 and April 2019. Visual
acuity examination, fundus photography
and optical coherence tomography (OCT)
were performed to grade the DR in each
participant. Two grading systems were
employed for this purpose: the NSC and
the ETDRS classifications.*> Patients with
grades indicative of severe non-proliferative
DR (R2), PDR (R3) and CSME (M1) were
defined as having STDR. The exclusion cri-
teria were: (1) communication difficulties
(severe hearing loss or cognitive impair-
ment); (2) refusal to participate in the
study, and (3) severe lens or corneal opacity
that would influence the retinal examina-
tion and grading. The period of time
between the onset of symptoms of DR,
including blurred vision, eye floaters, and
black spots in the area of vision, and seek-
ing medical care in the form of a first visit

to a local clinic or Qilu Hospital was
recorded. The following categories of the
duration of the delay were defined:
<1 month, 1 to 6 months (including
6 months), 6 to 12 months (including 12
months) and >12 months.

Data collection

Self-administered questionnaires were dis-
tributed by ophthalmologists to their
patients who had STDR. In this way we
obtained the following data: (1) demo-
graphics; e.g., sex, age, education level,
and monthly income; (2) information
regarding the participant’s DM (the type,
time since diagnosis and glycaemic control);
(3) information regarding diabetic compli-
cations; e.g., diabetic nephropathy and dia-
betic neuropathy; (4) information regarding
co-morbidities, including cardiac disease,
history of stroke and hypertension; (5) fre-
quency of examinations for diabetic compli-
cations, including those affecting the eye;
(6) the participation of the patient’s family
in their care; and (7) the participant’s
knowledge regarding diabetic ocular com-
plications. In addition, information regard-
ing the participant’s DR and the grading
provided by an ophthalmologist was col-
lected and recorded.

The study was approved by the Ethics
Committee of Qilu Hospital, Shandong
University (approval number KYLL-
201802-167; date February 2018) before
data collection was commenced. All the
participants were made aware of the use
of their personal data in this study and
they all provided their written informed
consent to participate.

Statistical analysis

A descriptive analysis was performed to
evaluate the characteristics of the partici-
pants. Continuous data are presented as
mean + standard  deviation and were
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Figure I. Time intervals between the onset of diabetic retinopathy symptoms of and seeking medical care.

analysed using one-way analysis of vari-
ance. The Kruskal-Wallis H test was
applied to analyse continuous data that
were not normally distributed. Categorical
data are presented as proportions and the
chi-square test were employed to analyse
them. Ordinal Logistic Regression (OLR)
analysis was performed to identify clinical
variables that were independently related to
the delay in seeking treatment. First, a uni-
variate analysis was performed to screen
potentially associated variables, then a mul-
tivariate analysis was performed using
potential risk factors identified in previous
studies and the variables shown to be sig-
nificant in the univariate analysis. All the
analyses were completed in R software
(www.r-project.org). The “foreign” package
was used for the OLR. All the statistical
tests were two-tailed and p<0.05 was
accepted as indicating statistical
significance.

Results

Characteristics of the study sample and
the time interval between the onset of
symptoms of DR and seeking treatment

A total of 127 verified questionnaires were
collected and considered to be valid. The
mean age of the participants was 53.5+
10.6 years, 75 (59.1%) were men and
8 (6.3%) had type 1 DM. Of these partic-
ipants, 15 (11.8%) sought treatment within

1 month of symptoms of DR developing,
while 47 (37.0%) sought treatment between
1 and 6 months after symptoms developed,
22 (17.3%) sought medical care between 6
and 12 months afterwards, and the remain-
ing 43 (33.9%) waited >12 months before
seeking treatment (Figure 1).

Comparisons of participants in each
category of time interval between the
onset of symptoms and seeking
medical care

There were no differences in the sex distri-
bution, age or education level between the
four categories. However, participants who
sought treatment >6 months after the onset
of symptoms had significantly lower
incomes than those who sought treatment
within 6 months. The mean duration of
DM in the participants was 10.8 years. Of
these participants, 23 (18.1%) had severe
non-proliferative DR, 92 (72.4%) had
PDR and 21 (16.5%) had CSME. There
were no significant differences in the prev-
alences of other complications, including
diabetic nephropathy and diabetic neurop-
athy, or co-morbidities, such as cardiac dis-
ease, a history of stroke or hypertension.
Participants who sought treatment >6
months after the onset of symptoms had
significantly less knowledge of diabetic
ocular complications than those who pre-
sented within 6 months (Table 1).
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Risk factors associated with a delay
between the onset of symptoms and
seeking medical care

We first performed univariate logistic
regression analysis (Table 2) to screen for
variables that were associated with the
delay, which identified income level (odds
ratio [OR] 0.99, 95% confidence interval
[CI] 0.99-0.99, p<0.05) and no or infre-
quent examinations for diabetic complica-
tions (OR 3.22, 95% CI 1.12-9.62,
2 <0.05 and OR 3.60, 95% CI 1.33-10.15,
p<0.05, respectively) as being associated
with a long delay between the onset of
symptoms and  seeking  treatment.
Multivariate regression analysis was then

performed (Table 3), which included these
variables and other previously identified
risk factors (educational level, duration of
DM, the participation of the patient’s
family in their care and knowledge of dia-
betic eye complications). This revealed that
no or infrequent examination for diabetic
complications (OR 3.06, 95% CI 1.05-
9.19, p<0.05 and odds ratio 2.91, 95% CI
1.04-8.40, p < 0.05, respectively) were inde-
pendently associated with a long delay in
seeking medical care. This implies that
patients who undergo regular and
timely evaluations of their diabetic compli-

cations would seek treatment in a timely

fashion after the onset
of DR).

of symptoms

Table 2. Results of the univariate regression analysis of factors potentially associated with a delay in seeking

medical care for patients with sight-threatening diabetic retinopathy.

Odds ratio 95% confidence interval p-value
Age 1.02 0.99, 1.05
Sex 1.42 0.75, 2.71
Educational level
Primary school 2.08 0.80, 5.47
High school 1.6l 0.63, 4.13
College Reference
Income level 0.99 0.99, 0.99 <0.05
Duration of diabetes 0.99 0.95, 1.05
Glycaemic control
Never 1.86 0.27, 16.07
Sometimes 2.95 0.90, 10.38
Regular 1.04 0.50, 2.14
Always Reference
Routine examination for diabetic complications
Never 3.22 1.12, 9.62 <0.05
Sometimes 3.60 1.33, 10.15 <0.05
Always Reference
Response of the patient’s family
No 1.21 0.64, 2.30
Yes Reference
Hypertension
No 091 0.48, 1.72
Yes Reference
Knowledge of diabetic eye complications
No 1.59 0.77, 3.28
Yes Reference
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Table 3. Multivariate regression analysis of factors associated with a delay in seeking medical care.

Odds ratio 95% confidence interval p-value
Educational level
Primary school 1.23 0.40, 3.77
High school 1.15 0.42, 3.15
College Reference
Income level 0.99 0.99, 1.00
Duration of diabetes 1.02 0.97, 1.07
Routine examination for diabetic complications
Never 3.06 1.05, 9.19 <0.05
Sometimes 291 1.04, 8.40 <0.05
Always Reference
Response from family
No 1.62 0.77, 3.46
Yes Reference
Knowledge of diabetic eye complications
No 0.80 0.28, 2.21
Yes Reference
Discussion reduce the delay in arranging both initial

The results of the present analysis show that
most patients with STDR in this part of
China do not seek medical care until more
than a month has passed since the onset of
symptoms of DR. Only 11.8% of the pre-
sent group of patients sought medical treat-
ment within 1 month of the onset of
symptoms, while 37% delayed seeking
assistance for 1 to 6 months, 17.3% delayed
for 6 months to 1 year and 33.9% delayed
for more than a year. Such a delay in the
diagnosis and treatment of DR might lead
to the development of more serious compli-
cations that could have been prevented by
timely ophthalmological examination and
treatment. Therefore, we propose that a
delay in seeking medical care is one of the
most important reasons for the develop-
ment of STDR in this population. In addi-
tion to a delay in seeking care, it has been
shown that a delay in follow-up can also
cause permanent impairments in the vision
of patients with chronic eye conditions,
including DR, glaucoma and age-related
macular degeneration.'” Therefore, medical
education programs are urgently needed to

and follow-up appointments with ophthal-
mologists, and therefore reduce the risk of
severe ocular complications.

The socioeconomic status of patients
might affect the promptness with which
appointments are made. The results of the
present analysis show that patients who
seek treatment >6 months after the onset
of symptoms have significantly lower
income than those who seek treatment
within 6 months. This finding is consistent
with that of Weng et al., who found that
low socioeconomic status is associated
with high morbidity and premature mortal-
ity in patients with DM.'® Patients with
higher incomes might have easier access to
healthcare resources and better medical
support, enabling them to seek immediate
care upon the onset of symptoms of DR.
Moreover, patients with lower incomes
may tend to initially visit a primary care
provider, where eye examinations are
more limited in most areas of China.

Multivariate regression analysis demon-
strated that no or infrequent examination
for diabetic complications are associated
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with long delays between the onset of symp-
toms of DR and seeking medical care. The
National Institute for Health and Care
Excellence (NICE) of the United Kingdom
recommends that patients be immediately
referred to a local eye screening service
when they are diagnosed as having DM
and that screening should be repeated at
least annually. However, many patients
with DM do not have regular eye examina-
tions, and particularly in underdeveloped
areas of China. This has been attributed
to a lack of knowledge regarding DM and
diabetes-related complications among these
patients. This lack of knowledge leads to
the mistaken perception that DM is not a
severe disease. Therefore, patients with DM
do not recognise the necessity of seeking
immediate treatment when symptoms of
DM or its complications develop. Another
cause of delays in seeking care might be the
attitude of physicians towards diabetic
complications. A nationwide study of the
prevalence of DR in Poland conducted
between 2013 and 2017, in which the risk
factors for DR were analysed, showed that
the most significant risk factor was the
treatment of DM by a general practitioner
alone, which suggests that a limited avail-
ability of diabetes specialists and ophthal-
mologists is associated with poor awareness
of the significance of regular examinations
for DR, and therefore, a higher prevalence
of DR." Both the present and previous
studies have suggested that regular screen-
ing for DR could reduce the risk of visual
impairment in patients with DM.?° The
integration of ocular screening and educa-
tion regarding DM in the primary care set-
ting has the potential to improve the
coverage of screening for retinopathy,
patient self-management and the control
of risk factors, and reduce healthcare
expenditure.?!

In China, screening for eye, foot, and
other complications is routinely performed
by most physicians in tertiary hospitals.

However, limited screening is performed
in primary hospitals or community health
services. Therefore, educational programs
that target not only patients but also physi-
cians are urgently needed to inform these
groups regarding diabetic eye complica-
tions, including their symptoms, recogni-
tion, management and consequences.
NICE advises that adults with type 1 DM
should receive a structured education pro-
gram within the first 6 to 12 months follow-
ing their diagnosis, and that those with type
2 DM should be offered a structured edu-
cation program at diagnosis. Furthermore,
children and young adults with DM should
be offered a continuing program of educa-
tion from the time of diagnosis. These pro-
grams instill the importance of patients
seeking medical care promptly after the
onset of symptoms of DR, promote screen-
ing for diabetic eye complications, and ulti-
mately reduce the delay in seeking care,
thereby minimising the risk of preventable
sight loss.

In the present study, we have reported
the characteristics of and the factors associ-
ated with delayed medical care in patients
with severe DR. The findings lead us to reit-
erate the necessity for appropriate interven-
tions to be developed and educational
programs to be implemented to improve
compliance with care instructions and pre-
vent avoidable sight loss. This is particu-
larly important in low-to-middle income
countries, where the burden of DM is
high. However, the present study had sev-
eral limitations. First, it had a small sample
size because there were refractive media
opacities in many of the patients with
STDR, which limited its statistical power.
In addition, it was performed in a single
population, which limits the generalisability
of the findings. Larger studies should be
performed in the future to confirm the pre-
sent findings. Second, there are no standard
criteria for the definition of short and long
delays before medical care is sought. We
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defined four categories according to the
time interval between the onset of symp-
toms and an initial appointment being
made for the patients to attend our hospi-
tal. However, this classification might not
be appropriate for other hospitals or
healthcare systems. Third, the analysis was
based on questionnaires and the patients’
self-reported responses, instead of an objec-
tive review of their medical records.
Therefore, it may be subject to recall bias.

Conclusion

We have demonstrated that most patients
with STDR do not seek medical care until
>1 month after the onset of symptoms of
DR in this area of China. Those patients
who seek treatment >6 months after the
onset of symptoms have significantly
lower income and less knowledge of diabet-
ic eye complications than those who attend
within 6 months. No or infrequent exami-
nations for diabetic complications are asso-
ciated with a long delay between the onset
of symptoms and secking medical care.
These findings stress the urgent need for
effective educational programs regarding
diabetic eye complications that encourage
promptly seeking medical care to prevent
adverse outcomes.
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