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ABSTRACT

Diabetes mellitus type 2 is one of the most prevalent diseases that cause dependency and disability, so its early diagnosis pre-
vents future complications. More than 90% of blindness is preventable with strict systemic and ophthalmologic treatment. 
The objective of this study is to determine the prevalence and risk factors of diabetic retinopathy in type 2 diabetic patients 
between 30 and 60 years. Cross-sectional study analyzing age, sex, presence and duration of diabetes, unaware of being dia-
betic, high blood pressure, glycosylated hemoglobin, dyslipidemia, metabolic control and pharmacological treatment. Sample 
of 292 patients selected by simple random sampling from the Ophthalmology Service at San Francisco Hospital in Quito was 
determined. The prevalence of diabetic retinopathy was 21% (5% proliferative and 95% non-proliferative). There was a statisti-
cally significant association between diabetic retinopathy and age [prevalence ratio (95% CI): 8.14 (3.70-17.90), p=0.00], total 
cholesterol [prevalence ratio (95% CI): 7.43 (0.98-56.17), p=0.01], dyslipidemia [prevalence ratio (95% CI): 3.31 (0.96-11.38), 
p=0.04], metabolic control [prevalence ratio (95% CI): 4.57 (1.36-15.26), p=0.00],   pharmacological treatment [prevalence ra-
tio (95% CI): 46.88 (20.65-106.38), p=0.00] and use of insulin [prevalence ratio (95% CI): 41.10 (11.70-144.49), p=0.00]; on the 
other hand, there is no statistically significant association with sex, duration of disease, unaware of being diabetic, high blood 
pressure, glycosylated hemoglobin, triglycerides, HDL-C and LDL-C. The age, presence of dyslipidemia, metabolic control and 
diabetic treatment are risk factors that promote the development of diabetic retinopathy; so they must be taken into account 
from the first medical appointment for early detection, timely treatment and if necessary refer to the specialist.
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RESUMEN 

La diabetes mellitus tipo 2 es una de las enfermedades más prevalentes que causa dependencia e incapacidad, por lo que 
su diagnóstico temprano evitará complicaciones futuras. Más del 90 % de ceguera por esta enfermedad es evitable, con un 
tratamiento sistémico y oftalmológico estricto. El objetivo de este estudio es determinar la prevalencia y los factores de riesgo 
de retinopatía diabética en pacientes diabéticos tipo 2 entre 30 y 60 años. Estudio transversal con análisis de edad, sexo, pre-
sencia y duración de diabetes, desconocimiento de la enfermedad, presión arterial alta, hemoglobina glicosilada, dislipidemia, 
control metabólico y tratamiento farmacológico de diabetes; en una muestra de 292 pacientes escogidos mediante muestreo 
aleatorio simple en el Servicio de Oftalmología del Hospital San Francisco de Quito. La prevalencia de retinopatía diabética 
encontrada fue del 21 % (5 % proliferativa y 95 % no proliferativa). Se evidenció una relación estadísticamente significativa 
entre retinopatía y edad [prevalence ratio (95% CI): 8.14 (3.70-17.90), p=0.00], colesterol total [prevalence ratio (95% CI): 7.43 
(0.98-56.17), p=0.01], dislipidemia [prevalence ratio (95% CI): 3.31 (0.96-11.38), p=0.04], control metabólico [prevalence ratio 
(95% CI): 4.57 (1.36-15.26), p=0.00], tratamiento farmacológico [prevalence ratio (95% CI): 46.88 (20.65-106.38), p=0.00] y uso 
de insulina [prevalence ratio (95% CI): 41.10 (11.70-144.49), p=0.00]; por otra parte no se obtuvo asociación significativa con 
sexo, duración de enfermedad, desconocimiento de ser diabético, presión arterial alta, hemoglobina glicosilada, triglicéridos, 
HDL-C y LDL-C.  La edad, dislipidemia, control metabólico y tratamiento de diabetes son factores de riesgo que promueven el 
desarrollo de retinopatía diabética; por lo que deben ser analizados desde la primera cita para una detección precoz, trata-
miento oportuno y de ser necesario referir al especialista.  

Palabras clave: Caryophyllales, Cactaceae, Hylocereus ocamponis, Hylocereus triangularis, cultivo in vitro, estrés abiótico, 
reguladores de crecimiento vegetal, plasticidad fenotípica en plantas.
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Introduction 
Diabetes mellitus type 2 (DM2) is a chronic disease that has 
advanced in the last decade in occidental societies, causing 
variation in degrees of dependency. According to World Health 
Organization (WHO) the affected population during 2000 were 
170 million people and for the year 2014, 422 million adult people 
were diabetic1.
Around 3.7 million diabetic patients passed away in 2012 
and 43% affected people under 70 years old. In addition, the 
percentage of deaths attributable to DM2 in this group is higher 

in low and middle-income countries than in high-income. Based 
on the Ecuadorian Institute of Statistics and Censuses (INEC), 
since 2011 DM2 is the first cause of death in the country with a 
7.15% of all of them2.
Diabetic retinopathy (DR) is a leading cause of new cases of 
visual loss among working-age worldwide. The prevalence for 
DR for adults with DM2 age 40 and older in the United States is 
28.5% (4.2 million people); worldwide, the prevalence rate has 
been estimated at 34.6% (93 million people)3.
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The Early Treatment Diabetic Retinopathy Study (ETDRS) has 
made an evolutional classification of DR that divided it into an 
early stage named as non-proliferative retinopathy (NPDR) and a 
severe level named proliferative retinopathy (PDR)4.
A quarter of the diabetic population is affected by any level of 
DR and 5% have a severe degree. DR is responsible of 10% of 
new cases of blindness every year, with a risk of development 25 
times higher about this complication compared to the rest of the 
population.
 
Half of patients with DM2 presented PDR with more of 15 years 
of illness. According to the Wisconsin Epidemiologic Study of 
Diabetic Retinopathy (WESDR), the prevalence of PDR is low 
during the first five years of DM2 diagnosis, although the risk of 
disease progression is directly proportional to the duration5.
The United Kingdom Prospective Diabetic Study (UKPDS)6 found 
that a level less than 7% of glycosylated hemoglobin is associated 
with a minor progression of the illness. Aditionally, the Diabetes 
Control and Complications Trial (DCCT)7  established that a 
controlled glycosylated hemoglobin reduced 76% risk of ocular 
damage, 50% renal complications and 60% neurological illness.
In consistency with UKPDS, controlled levels of blood pressure 
(BP) in hypertensive patients reduced 37% microvascular 
complications, 34% progression of the DR and 47% visual 
impairment. In addition, people with a systolic blood pressure 
(SBP) higher than 140 mmHg presented three times more risk of 
developing DR.
During the first years of DM2, no symptoms are presented, then 
most of the patients show complications at the time they present 
them. At 10 years of DM2, 35 to 40% of patients present DR. At 
20 years, 80% of them have it.
The purpose of this study is to examine the prevalence and risk 
factors for DR in patients with DM2 between 30 and 60 years.

Subjects
Between January 2013 and January 2015, a cross- sectional 
study was conducted in the Ophthalmology Service at San 
Francisco Hospital in Quito (Republic of Ecuador), located 
in a northern area of the city. A total of 1337 patients from 30 
to 60 years old, including diabetic and non-diabetic people, 
who had been attended at this service and not presented any 
previous ophthalmological disease neither comorbidities as 
immunosuppression or collagenopathy, were analyzed. Medical 
records without complete information were excluded. 292 
people were selected by random sampling, medical records were 
reviewed obtaining data like age, sex, presence and duration 
of DM2, presence or absence of DR according to the ocular 
fundus, unaware of being diabetic, blood pressure (analyzing 
the SBP and diastolic BP (DBP)), pharmacological treatment 
and personal background of hypertension and laboratory results 
such as glycosylated hemoglobin (HbA1c), total cholesterol (TC), 
triglycerides (TG), high density lipoprotein cholesterol (HDL-C) 
and low density lipoprotein cholesterol (LDL-C). Other variables 
were analyzed, as the duration of being diabetic with a cutoff > 
10 years for longer diabetic status; and the ignorance of being 
diabetic at the moment of the DR diagnosis. All patients gave 
their informed consent prior to their inclusion in the study.
 
According to Adult Treatment Panel III (ATP III) and the American 
Heart Association, a person is diagnosed with dyslipidemia when 
presents a total cholesterol > 200 mg/dl, triglycerides > 150 mg/
dl, low HDL-C < 40 mg/dl in males and < 50 mg/dl in female 
or LDL > 100 mg/dl. Patients with dyslipidemia were classified 
into four groups: isolated hypercholesterolemia when the patient 
only presented a total cholesterol higher than 200 mg/dl, isolated 
hypertriglyceridemia when the level of triglycerides was higher 
than 150 mg/dl, mixed dyslipidemia when the level of two of the 
followings were altered: total cholesterol, HDL-C, LDL-C and 
triglycerides; and HDL-C deficit when the value of this parameter 
was below the cutoff based on the sex.
 

Methods

Patients on antihypertensive drugs or with diagnosis of 
hypertension or BP level > 140 / > 90 mmHg were assumed to 
be hypertensive. Referring to glycosylated hemoglobin the cutoff 
for normal level was 7% (53 mmol/mol). Patients with abnormal 
levels of BP or laboratory tests were cataloged as bad metabolic 
control, otherwise as good metabolic control.  
 
According to pharmacological treatment, the use of insulin was 
determining. It was not considering exercise and dietetic control. 
The type of DR were categorized by the severity scale of ETDRS4: 
NPDR and PDR.  
 
Statistical analysis
All statistical analyses were performed with the software package 
SPSS version 21 for Windows and Epi Info version 7. Distribution 
of qualitative variables was compared by Pearson chi-square test 
and Fisher´s exact test.
 
Ethics statement
The study was conducted with the approval from the Research 
Ethics Committee of the Pontifical Catholic University of 
Ecuador. In addition, San Francisco de Quito Hospital delegated 
to the same Committee the approval of this study.
 
All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008. Informed 
consent was obtained from all patients for being included in the 
study.

Results

Female constituted 51.37% of the sample and male 48.63%. People 
from 51 to 60 years old were the majority group representing 
53.08%. Most of the patients presented normal blood pressure 
level (SBP < 140 mm Hg: 65.75%, DBP < 90 mm Hg: 72.60%), 
although 39.04% had a diagnosis of hypertension or were on an 
anti-hypertension treatment.  30.14% were diabetic and 21% of 
them had findings in their ocular fundus compatible with RD 
(5% PDR and 95% NPDR).
 
Regarding dyslipidemia, 76.37% of the patients presented it, 
being the most frequent mixed dyslipidemia with 43.50%, 
followed by isolated hypertriglyceridemia 24.21%, HDL-C deficit 
17.49% and isolated hypercholesterolemia 14.80%.
 
In addition, 62.5% of the diabetic patients had high level of 
HbA1c; 46.59% showed a longer DM2 duration. Finally, 39.77% 
did not know their condition as diabetic at the time of the DR 
diagnosis.
According to the type of DR, all patients with PDR were older 
than 59 years old; on the other hand, patients with NPDR had an 
average age of 54 years old, even though it was found in patients 
since 30 years old.
Duration of 10 years or more of being diabetic is presented in 
54.39% of patients with NPDR and 100% of PDR.  
A higher level of HbA1c was found in 63.16% of patients with 
NPDR and the entire group of PDR.
NPDR patients with dyslipidemia were 85.97%. Meanwhile, 
patients with bad metabolic control were 94.74% of NPDR group 
and 100% of PDR group.  
Female population presented 66.67% of the cases of PDR, 53.33% 
were diabetic for more than 10 years, 52.67% showed a high 
level of HbA1c and 82.67% had a bad metabolic control. On 
the other hand, male population showed 33.33% of the cases of 
PDR, 38.03% of them had DM2 for more than 10 years, 46.48% 
reported a high level of HbA1c and 84.51% had a bad metabolic 
control. In contrast, in NPDR the major group was represented 
by female (52.63%) versus male (47.37%).
Demographic data, selected clinical and laboratory findings for 
patients by sex, DM2 and DR are shown in Table 1.
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Table 1.- Demographic data and selected clinical and laboratory findings for patients by DR, sex and DM2
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The prevalence of DR was 21%. There were a statistically significant 
association between DR and age [prevalence ratio (95% CI): 8.14 
(3.70-17.90), p=0.00], total cholesterol [prevalence ratio (95% CI): 
7.43 (0.98-56.17), p=0.01], dyslipidemia [prevalence ratio (95% 
CI): 3.31 (0.96-11.38), p=0.04], metabolic control [prevalence 
ratio (95% CI): 4.57 (1.36-15.26), p=0.00],      pharmacological 
treatment [prevalence ratio (95% CI): 46.88 (20.65-106.38), 
p=0.00] and use of insulin [prevalence ratio (95% CI): 41.10 
(11.70-144.49), p=0.00]. Table 2 shows the prevalence ratio, 
statistical test and significance for all the variables.  

Table 2.- Prevalence ratio, statistical test and significance

(a) p < 0.05: statistically significant
(b) If the sample is too small and there are theoretical values   
under 5 in at least one box
(c) All boxes have an expected value higher than 5

Discussion

DR is one of the most important causes of visual loss worldwide 
and is the principal cause of impaired vision in patients between 
25 and 74 years old. Visual loss from DR may be secondary to 
macular edema (retinal thickening and edema involving the 
macula), hemorrhage from new vessels, retinal detachment, or 
neovascular glaucoma.
 
The results of this investigation clearly demonstrate that age, 
dyslipidemia, metabolic control and pharmacological treatment 
for DM2 are major risk factors that promote the development 
of DR.
 
Based on international literature, people between 50 to 70 years 
old represent 65% of DR and adults younger than 50 years old 
just a 10%8; this information has different results in the present 
investigation due to 51.02% of the sample were adults from 51 to 
60 years old, representing the entire group of patients with PDR. 
Furthermore, 17.57% of patients between 30 to 49 years old, 
presented abnormal findings in the ocular fundus compatible 
with NPDR; showing that changes can be observed in younger 
people, highlighting the need to perform a fundus examination 
periodically.  

 
Regarding dyslipidemia, there are several investigations that 
link it with the progression of DR because of its relation 
with the development of retinal hard exudates and diabetic 
maculopathy 9,10, results that were affirmed in this study. Previous 
ETDRS analyses found elevated serum lipids are risk factors for 
concurrent presence and subsequent development of retinal hard 
exudates, which were associated with decreased visual acuity. The 
obtained results indicate that elevated lipids, most notably total 
cholesterol, are also a risk factor for the development of high-risk 
PDR with a statistically significant association. This finding may 
provide additional motivation for lowering elevated lipid levels in 
patients with DR.

 
According to the treatment, data in this study reveals that the 
use of insulin increase the progression of DR with a statistically 
significant association. This controversial topic is supported by 
some investigations that show that while hyperglycemia was 
a risk factor for the progression of retinopathy in all patients, 
change of treatment from oral drugs to insulin was associated 
with a 100% increased risk of retinopathy progression; on the 
other hand, insulin therapy is the indicated one for some patients 
and nowadays  one of the alternative methods of delivering 
insulin that have been studied is insulin eye drops11, 12.
 
The other investigated variables did not show association with 
the development of DR, even though there are some important 
aspects to highlight. Based on DCCT and UKPDS the intensive 
glycemic control is associated with a minor prevalence of 
microvascular complications, so levels of HbA1c less than 7% (53 
mmol/mol) reduce the DR progression to 54%13. The results in 
this investigation did not proved an association between these 
variables, thus to only one value of HbA1c during a year was 
taken into account. While lower glycosylated hemoglobin levels 
are associated with a decreased risk of retinopathy development 
and progression, good glycemic control does not guarantee that 
retinopathy will not develop or preclude regular screening for 
DR.
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Duration of illness is another factor that is strongly related to the 
generation of DR14,15. Most investigations prove that 77.8% of 
DR cases are presented in people with more than 15 years of being 
diabetic; a duration less than 5 years shows that 24% of them have 
some suggestible changes for DR16. However, this study describes 
that 43.33% of diabetic patients showed changes in their ocular 
fundus in less than 10 years of illness duration, with an association 
that was not statistically significant. Therefore, when baseline 
retinopathy was carefully assessed and included in multivariate 
models, duration of diabetes was usually no longer a risk factor 
for progression demonstrating that it cannot develop DR by itself. 
All patients with PDR had 10 years’ duration of DM2, therefore 
the supreme importance of an adequate treatment and periodic 
ophthalmological controls.
 
A half of patients with DR worldwide did not know their diabetic 
condition, proportional with 58.33% obtained in this study. This 
data demonstrates that if a person ignores the illness state, exercise 
and nutritional measures will not be taken into account causing 
a fast progression of microvascular complications. Therefore, 
preventive medicine and screening are fundamental for the 
diagnosis and early treatment to avoid future complications.
 
Less than a half percent of patients was hypertensive with a 
normal BP at the moment of the diagnosis of DR. According to 
the physiopathology the maintained high BP by itself can produce 
vascular damage causing the progression of DR 17,18. The available 
evidence supports a beneficial effect of intervention to reduce 
BP preventing DR for up to 4 to 5 years19, but unfortunately the 
association in this study was not relevant.
 
Present findings support the view that DR is developed by 
risk factors such as age, total cholesterol, dyslipidemia, type of 
metabolic control, treatment and use of insulin. All of them 
should be paramount factors from the first appointment in order 
to make early detection, timely treatment and if necessary refer 
to the specialist.
 
These findings also support the suggestion that the risk for 
retinopathy progression may be reduced by lowering elevated 
serum lipids.
 
Based on this research, the main motivation for further studies is 
to determine new risk factors that could promote the development 
of DR and, above all, be able to apply this knowledge in diabetic 
patients in order to prevent this microvascular complication.
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