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Abstract
Objectives The aim of this study is to evaluate the prevalence, associated factors, and time for diabetic retinopathy (DR)
development in Ecuadorian patients with type 2 diabetes (DM2) followed for 10 years.
Methods A retrospective cohort study between 2007 and 2017 included 487 patients with DM2 who had at least one dilated
fundus eye examination in Diabetes Center in a primary-health-care level followed up for ten years. Data was collected from
clinical records. Sociodemographic and laboratory variables were analysed, determining their association (mean difference and
bivariate logistic regression) with DR. Survival time was calculated through life tables and Kaplan-Meier analysis.
Results The prevalence of DR was 19.95% during the 10-year follow-up period. The median time for developing DR was 28.53
(95% CI: 26.89–27.05), showing that 50% of patients have the risk (HR: 4.57) to develop DR in the third decade of DM disease
diagnosis. The significant risk factors for progression of DR were duration of DM2, high glycosylated hemoglobin level > 7%
(HbA1c Expβ: 1.709, 95% CI: 1.00–2.89), systemic hypertension (HNT Expβ: 2.348 Expβ: 2.348 95% CI: 1.17–4.70%) 95%
CI: 1.17–4.70%), low glomerular filtration rate (Expβ: 1.805, GFR, < 60 ml/min/sc1.73) (95% CI: 1.10–2.94) and albuminuria
(Expβ: 2.48 Expβ: 2.48 95% CI: 1.49–4.13).
Conclusions Half of the patients with DM2 treated in a primary level of care will develop DR in the third decade of the disease.
There are risk factors related to development of DR, such as low GFR, high HbA1c, albuminuria and HTN. Low GFR, high
HbA1c, albuminuria and high blood pressure are related with the presence of retinopathy in diabetes patients.
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Introduction

Diabetic retinopathy (DR) is a complication present in 30% of
the people diagnosed with diabetes, and it is the leading cause
of vision loss in working-age adults. In Ecuador, the preva-
lence of type 2 diabetes mellitus (DM2) is between 3.5 and
8.5% [1], and a local study has reported that the prevalence of
DR is 14.8% approximately [2].

DR is caused by chronic hyperglycemia damaging the ret-
inal microvasculature. The microvascular repercussion at the
retinal capillary level (loss of pericytes, basement membrane
thickness, and microaneurysms) is the most common conse-
quence of DM2 in the eyes. DR can be classified as non-
proliferative diabetic retinopathy (NPDR), proliferative dia-
betic retinopathy (PDR), and diabetic macular edema (DME)
[3].

This study aimed to determine the prevalence and associ-
ated DR factors, and the survival time for developing DR in an
Ecuadorian population with DM2 at the primary level of care.

Materials and methods

This retrospective cohort study included 697 patients with
DM2 followed for 10 years from January 2007 to December
2017 registered at the Chimbacalle Primary Care Health
Center in Quito, Ecuador. Participants were included if they
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were diagnosed with DM2 by the American Diabetes
Association (ADA) criteria [4]. Additionally, participants
must have medical and laboratory records for a minimum
period of 1 year from the baseline, including total cholesterol
(TC), high-density lipoproteins (HDL), low-density lipopro-
teins (LDL), triglycerides (Tg), glycated hemoglobin
(HbA1c), urea, creatinine and albuminuria.Moreover, electro-
cardiogram [EKG] exam, glomerular filtration rate, calculated
with the CKD-EPI formula, and at least one ocular fundus
during the study should have been recorded. Participants with
type 1 diabetes mellitus diagnosis, under 18 years old, preg-
nant women, incomplete data in clinical records (n = 48),
patients without ocular fundus exam (n = 157) and those pre-
viously diagnosed with any chronic ocular disease or blind-
ness were excluded. After exclusion criteria, 487 (69.87%)
participants with DM2 remained in the study (Fig. 1).

Retinopathy ascertainment

The ophthalmological examination included visual acuity
with and without correction, ocular movements, intraocular
pressure, biomicroscopy with a slit lamp, ocular fundus with
78 Dp lenses and indirect ophthalmoscopy. Both retina and
vitreous were examined, and DR was diagnosed if signs of
capillary microaneurysms, cotton-wool spots, dots or blot
retinal hemorrhages, hard exudates, macular edema, venous
dilation and intraretinal microvascular abnormalities were
found in the ophthalmoscopic exam by a trained
ophthalmologist.

Diabetes-related variables

Covariates were selected based on the previously published
evidence of their relationship with DR. Covariates included
sex, age at DM2 diagnosis, DM duration length in years,
smoking status (non-smoker, former or current smoker), hy-
pertension status, bodymass index (BMI) calculated as weight
divided by height squared in meters (kg/m2) and categorized
using 25 kg/m2 as cut-off point. Biochemical test information
included HbA1c (> 7%), albuminuria (normal/high), TC (>
200 mg/dl) and HDL (> 45 mg/dl for men and > 50 mg/dl for
women). Additionally, glomerular filtration rate (GFR) was
calculated and categorized (< 60 ml/min/m2). Systolic and
diastolic blood pressure were measured in mmHg by trained
personal and arterial hypertension (HTN) was defined accord-
ing to the Eighth Joint National Committee criteria [5].

Statistical analysis

Participant’s characteristics were summarized according to
sex. The mean and standard deviation were calculated for
quantitative variables, and the relative and absolute frequen-
cies were calculated for qualitative variables.

Furthermore, participants were divided into two groups
according to their DR diagnosis status (Retinopathy Yes/
No). The statistical differences were calculated using t
Student for parametric, and the Mann-Whitney U for non-
parametric quantitative variables, and the χ2 was used for
qualitative variables.

Total patients at Chimbacalle 

Clinic Primary level of care 

2007 a 2017
Excluded (n= 157)

Patients without ocular 
fundus

Patients assessed for eligibility at 

least one ocular fundus.

Excluded (n= 48)

- Incomplete medical records 

Patients included in the study 

(n= 487)

Fig. 1 Flow diagram of eligible
participants in the study
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For survival analysis, the survival time for the development
of DR was the interval between the index time (age at diag-
nosis of DM2) and the occurrence of the event of interest
(diagnosis of DR) or the end of follow-up (December 31,
2017). Life tables were used to estimate the survival time for
developing DR.

Binary logistic regression analysis included those variables
that were statistically significant in the univariate analysis. All
statistical analyses were considered p values < .05 statistically
significant and were performed using the statistical software
package IBM SPSS Statistics version 23.

Results

Among the 487 patients included in the study, the mean
age was 65.82 years, ranging from 31 to 97 years. The
mean DM duration was 13.16 years, with 55% (n = 268)
of individuals showing a history of DM over 10 years.

Additionally, 73.6% (n = 358) had high blood pressure
as comorbidity (Table 1).

Overweight was found in 42.5% (n = 207) of the patients,
and 38.2% (n = 186) presented some degree of obesity ac-
cording to their BMI. Regarding glucose levels, 62.4% (n =
304) presented HbA1c higher than 7%. Additionally, concern-
ing lipid profile components, 72.7% (n = 354) individuals
showed TC levels under 200 mg/dl, 69.8% (n = 340) had
LDL levels less than 100mg/dl and 51.3% (n = 250) presented
inadequate triglyceride values (above 150mg/dl). On contrast,
83.8% (n = 408) presented HDL values within normal param-
eters (Table 1).

The behavior of DR was analysed with the socio-
demographic characteristics and risk factors. For the year
2017, the prevalence of retinopathy was of 19.95% (n = 96);
within the bivariate analysis, we found that the time of disease
and time of appearance of DR were significant as well as the
presentation of AHT (95% CI: 1.17–4.70%) and control of
HbA1c (95% CI: 1.00–2.89), also show a significant associa-
tion with decreased renal function (Table 2).

Table 1 Characteristics of
patients with type 2 diabetes
mellitus by sex

Total n = 487 Women n = 391 Men n = 96
Mean (DS) Mean (DS) Media (DS) p

Age at baseline 65.81 (± 11.64) 65.61 (± 11.41) 66.63 (± 12.56) 0.43

Age at DM diagnosis 52.69 (± 11.51) 52.17 (± 11.11) 54.79 (± 12.83) 0.04*

DM duration (years) 13.16 (± 7.17) 13.35 (± 7.40) 12.43 (± 6.16) 0.26

n = (%) n = (%) p

Normal blood pressure 129 (26.5%) 118 (24.2%) 11 (2.3%) 0.01*
High blood pressure 358 (70.6%) 273 (56.1%) 85 (17.55)

EKG no changes 357 (73.3%) 294 (60.4%) 63 (12.9%) 0.07

EKG with changes 130 (26.7%) 97 (19.9%) 33 (6.8%)

Normal albuminuria 378 (77.6%) 323 (66.3%) 55 (11.3%) 0.01*

Increased albuminuria 109 (22.4%) 68 (14.0%) 41 (8.4%)

HbA1c less than 7% 183 (37.5%) 159 (32.6%) 24 (4.9%) 0.01*

HbA1c higher than 7% 304 (62.4%) 232 (47.6%) 72 (14.8%)

TC less than 200 mg/dl 354 (72.7%) 292 (60.0%) 62 (12.7%) 0.05*

TC above 200 mg/dl 133 (27. 3%) 99 (20.3%) 34 (7.0%)

HDL above 50 W 45 M 408 (83.8%) 329 (67.6%) 79 (16.2%) 0.64

HDL less than 50 W 45 M 79 (16.2%) 62 (12.7%) 17 (3.55)

LDL less than 100 mg/dl 340 (69.8%) 279 (57.3%) 61 (12.5%) 0.17

LDL above 100 ml/dl 145 (29.8%) 111 (22.8%) 34 (7.0%)

Tg less than 150 mg/dl 237 (48.7%) 189 (38.8%) 48 (9.9%) 0.82

Tg above 150 mg/dl 250 (51.4%) 202 (41.5%) 48 (9.9%)

Non-smoker 384 (78.8%) 304 (62.4%) 80 (16.4%) 0.26

Former/current smoker 103 (21.2%) 87 (17.9%) 16 (3.3%)

GFR CKD-EPI > 60 ml/min 279 (57.3%) 242 (49.7%) 37 (7.6%) 0.01*

GFR CKD-EPI < 60 ml/min 208 (42.7%) 149 (30.6%) 59 (12.1%)

*HDL Cut-point values were 50 mg/dl for women and 45 mg/dl for men

Tg triglycerides, GFR glomerular filtration rate, EKG electrocardiogram, TC total cholesterol, DM diabetes
mellitus, LDL low-density lipoprotein, HDL high-density lipoprotein, Hb1AC glycosylated haemoglobin
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Among all patients, 96 (19.95%) participants devel-
oped DR (n = 96) in the follow-up time. Comparing
patients with DR with patients without DR, statistically
significant differences were found in age at DM diag-
nosis, renal function, HBA1c, HDL, blood pressure and
categorized TC (Table 2).

In the survival analysis to determine the presence of DR by
10-year period, results showed that 50% of patients would
develop DR in the third decade of DM disease (28.56 years)
with a 4.57 times increased risk (HR:4.57) (Table 3 and Fig. 2).

Among the variables statistically significant in the univar-
iate analysis, the binary logistic regression results showed an
association between DR and renal function TFG_CKD < 60

ml/min (Expβ: 1.805, 95% CI: 1.04–2.949, p value: < .018),
HbA1c (Expβ: 1.709, 95% CI: 1.01–2.89, p: .047), HTN
(Expβ: 2.348, 95% CI: 1.17–4.71, p value .016), and albu-
minuria (Expβ: 2.48, 95% CI: 1.495–4.139, p value:.000)
(Table 4).

Discussion

Globally, the mean prevalence of DR is 25.2%, with the
highest among Hispanic countries which range around 30%
[6]. Epidemiological studies showing the prevalence of DR
have not been conducted in Ecuador, highlighting the

Table 2 Clinical and metabolic
variables according to diabetic
retinopathy diagnosis

No retinopathy (n = 391) Retinopathy (n = 96)
mean (DS) mean (DS) p

Age until last follow-up (years) 65.38 (11.67) 67.77 (11.36) 0.07
Age at DM diagnosis (years) 53.23 (11.60) 50.52 (10.91) 0.04*
DM duration (years) 12.16 (6.60) 17.25 (7.98) 0.01*
Duration of retinopathy (years) 12.15 (6.58)
GFR (CKD-EPI ml/min/1.73 m2) 66.45 (18.99) 52.95 (22.29) 0.01*
< 60 ml/min/1.73 m2 11.44 (6.79) 15.73 (8.81) 0.01*
< 30 ml/min/1.73 m2 12.23 (6.90) 17.30 (8.94) 0.01*
HbA1c % 7.51 (1.42) 8.01 (1.36) 0.01*
Total cholesterol (mg/dl) 180.48 (34.06) 187.25 (41.65) 0.09
HDL mg/dl 58.93 (12.96) 62.14 (15.73) 0.03*
LDL mg/dl 88.91 (23.66) 92.57 (30.50) 0.20
Triglycerides (mg/dl) 170.25 (79.29) 159.67 (66.33) 0.23
Sex n (%) n (%) p
Men 75 (15.4%) 22 (4.5%) 0.39
Women 316 (64.9%) 74 (15.2%)
Blood pressure n (%) n (%) p
High blood pressure 273 (56.1%) 85 (17.5%) 0.01*
Normal blood pressure 118 (24.2%) 11 (2.3%)
EKG changes n (%) n (%) p
Undisturbed ECG 294 (60,4%) 63 (12%) 0,07
Altered ECG 97 (19,9%) 33 (6,8%)
CKD-EPI n (%) n (%) p
> 60 ml/min/1.73 m2 242 (49.7%) 37 (7.6%) 0.01*
< 60 ml/min/1.73 m2 149 (30.6%) 59 (12.1%)
Albuminuria n (%) n (%) p
Normal 323 (66.3%) 55 (11.3%) 0.01*
Altered 68 (14.9%) 41 (8.4%)
GLYCOSYLATED HaEMOGLOBIN n (%) n (%) p
Less than 7% 159 (32.6%) 24 (4.9%) 0.01*
Over 7% 232 (47.6%) 72 (14.8%)
Total cholesterol n (%) n (%) p
Less than 200 mg/dl 292 (60.0%) 62 (12.7%) 0.05*
over 200 mg/dl 99 (20.3%) 34 (7.0%)
HDL cholesterol n (%) n (%) p
HDL over 45 AND 50 mg/dl 329 (67.6%) 79 (16.2%) 0.64
HDL less than 45 AND 50 mg/dl 62 (12.7%) 17 (3.5%)
LDL cholesterol n (%) n (%) p
LDL less than 100 mg/dl 279 (57.5%) 61 (12.6%) 0,17
LDL over 100 mg/dl 111 (22.9%) 34 (7.0%)
Triglycerides n (%) n (%) p
TG less than 150 mg/dl 189 (38.8%) 48 (9.9%) 0,82
TG over 150 mg/dl 202 (41.5%) 48 (9.9%)

Tg triglycerides, GFR glomerular filtration rate, EKG electrocardiogram, TC total cholesterol, DM diabetes
mellitus, LDL low-density lipoprotein, HDL high-density lipoprotein, Hb1AC glycosylated haemoglobin

*p <0,05 statistically significant
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importance of this study, focusing on reliable data in a popu-
lation diagnosed with DM2 at a primary level of care.

This study has shown that the prevalence of DRwas 19.5%
in a DM2 population, with a mean DM2 duration of 13.16
years. This prevalence is lower than other Latin American
countries’ reported prevalence of 30% [6]. An analysis of 35
studies conducted in 22,896 people with diabetes on several
continents reported a DR global prevalence of 25.2% [6]. In
some European countries, the prevalence is slightly higher,
ranging from 30 to 40% [7]. According to Varma et al., the
prevalence is higher in the Hispanic population [8].
Furthermore, the prevalence in Peru and Chile has been re-
ported at 25.9% and 24.78%, respectively. The authors of
these studies have theorized that the reasons may be due to
some genetic or obesogenic factors [9, 10].

Factors such as duration of DM, presence of HTN, de-
crease in GFR, and high values of HbA1c were found signif-
icantly associated with DR, as previous evidence has been
published.

Therefore, the longer the time of being with DM2, is more
likely to develop DR. A study by Zhang et al. conducted in the
USA reported that each year of DM2 represents a 6% increase
in the likelihood of DR [11].

Furthermore, increased systolic and diastolic blood pres-
sure measurements, regardless of the type of diabetes, were
found to increase the risk of DR [12]. Diastolic blood pressure
was also an independent predictor of DR in patients with
DM2. The United Kingdom Prospective Diabetes Study
(UKPDS) showed reduced microvascular complications and
visual loss when lowering blood pressure [13, 14].

The prevalence of albuminuria in diabetic patients is 15%
to 20%: it is a risk marker for renal and cardiovascular
disease and severe ocular morbidity [15]. Evidence has
shown that DM2 patients with microalbuminuria were more
l ike ly to have re t inopa thy than those wi thou t
microalbuminuria [16]. Also, it has been reported that about
45% of diabetic patients with albuminuria have some degree
of DR [17].

Table 3 Survival curve and survival table

Years Patients Censored Exposed Retinopathy % retinopathy % No retinopathy % cumulative survival HR

0 to 10 487 159 407.500 31 7.61 92.39 92.39 0.79

10 to 20 297 188 203.000 42 20.69 79.31 73.28 2.30

20 to 30 67 32 51.000 19 37.25 62.75 45.98 4.57

30 to 40 16 11 10.500 4 38.10 61.90 28.46 4.70

Median survival time is 28.53

Fig. 2 Survival curve
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Adequate and continuous control of blood glucose levels in
DM2 patients might directly reduce the risk of long-term DR
shown in the UKPDS study [12]. In contrast, inadequate glu-
cose control, measured by HbA1c, increases the risk of early
DR development, as shown in the ACCORD and ADVANCE
studies [18].

To the best of our knowledge, this is the first study
conducted in the Ecuadorian DM2 population at the pri-
mary level of care and has the potential of becoming a
reference retinopathy study in a developing country like
Ecuador due to the sociodemographic characteristics of
the population. The study also emphasizes the need to
have a good and comprehensive care of DM2 to prevent
the development of microvascular complications like DR.
For this purpose, strict control of the metabolic profile
and blood pressure from the moment of diagnosis accord-
ing to the recommendations of the guidelines is necessary.
Furthermore, the authors highlight the importance of hav-
ing a reliable method to identify patients at the highest
risk of DR. Periodic visual controls allow an effective
intervention before vision loss occurs.

Among the limitations, we found that it is not a prospective
design work of a single cohort, and that the data was gathered
in a primary care clinic; therefore, these findings cannot be
extrapolated to the general population. However, the results
could be applied in patients with a similar context, as the one
in the present study. This means a primary care center of the
public health system, which focuses on national and interna-
tional diabetes control recommendations. However, the study
has the strength of being a reference in a developing country
like Ecuador because of the population and sociodemographic
characteristics.

It should be noted that these results could also be attributed
mainly to the fact that patients were permanently treated with
first-line drugs (ODA) for treatment, including insulin, which
in this country are distributed free of charge, thus affordable to
all patients.

In conclusion, a low rate of DR is observed due to adequate
follow-up and compliance with therapeutic goals in a diabetes
clinic. In a primary level of care diabetes clinic, half of its
patients will develop DR by the end of the third decade of
disease. Important factors to consider when analysing the risk

of developing DR include AHT, HbA1c, renal function, age at
diagnosis, and time with DM2.
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