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Abstract 
Diabetic Retinopathy (DR) continued to be the leading cause of sight threatening in 

the middle – age population with diabetes mellitus that affect job performance and 

quality of life for millions of people word wide. Glycated hemoglobin (HbA1c) 

identified as modifiable risk factors for DR, in addition to its importance in the 

diagnosis and as an index of glycemic control, so that the absolute HbA1c value 

and/or variability were included in many studies and researches for their implication 

to both microvascular and macrovascular complications of diabetes. The study aims to 

see the pattern and risk factor(s) of DR, and whether the estimation of HbA1c 

excursion is of importance as associated risk or index in among type 2 diabetic 

patients. This is an observational descriptive cross sectional study involved 404 type 2 

diabetic patients attending Faiha Specialized Diabetes, Endocrine and Metabolism 

Center (FDEMC) and the outpatient clinic in Faiha Teaching Hospital, in Basra, 

Southern Iraq between May2017–August2018. All of them were registered in the 

center, with their demographic, clinical, and biochemical parameters and at least 3 

HbA1c readings in the last year that were taken for estimation of HbA1c mean and 

excursion, and they were send for full comprehensive ophthalmological assessment. 

The total number of the patients were 404, 157 (38.9%) male, 247 (61.1%) female. 

Mean age was 56.12 ± 9.58, range 31-88 years. The mean HbA1c was 9.86 ± 2, the 

mean HbA1c excursion evaluated in 266 patients was 2.49±1.73, the positive 

excursion was 2.26 ± 1.63 and the negative excursion was – 2.7 ±1.78. Diabetic 

retinopathy was found in 168(41.6%), background diabetic retinopathy 50 (12.4%) 

preproliferative diabetic retinopathy 10(2.5%), proliferative diabetic retinopathy 

47(11.6%). Maculopathy found in 71 (17.6%), with exudative type 62 (15.3 %) and 

ischemic type in 9 (2.2 %). Conclusions: Age ≥85, duration of diabetes ≥8years, the 

mean maximum HbA1c ≥12.8 are independent risk for the development of DR, Age 

≥45, duration of diabetes ≥4 years, BMI ≤37.5 the mean HbA1c ≥10 were 

independent risk for the development of diabetic maculopathy. Mean HbA1c 

excursion has no relation with development of DR or maculopathy, but only with 

subtypes of DR (background diabetic retinopathy, proliferative diabetic retinopathy). 
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DR            Diabetic retinopathy . 
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BGDR Background diabetic retinopathy 

PPDR       Preproliferative diabetic retinopathy. 

PDR         Proliferative diabetic retinopathy. 

FDEMC   Faiha Specialized Diabetes, Endocrine and Metabolism Center. 

T1DM      Type 1 DM 

T2DM      Type 2 DM 

FBG         Fasting blood glucose. 

PPG          Postprandial glucose.  

CGM        Continuous glucose monitoring.  

i CGM      intermittently viewed glucose monitoring. 

MAGE     Mean amplitude glucose excursion.  

HbA1c      Glycated hemoglobin  

DCCT       Diabetes Control and Complications Trial       

UKPDS     United Kingdom Prospective Diabetes Study    

ACCORD Action to Control Cardiovascular Risk in Diabetes 

DESIR       Data from an Epidemiological Study on the Insulin Resistance Syndrome                                             

NSC          National Screening Committee 

OCT          Optical coherence tomography  

WESDR    Wisconsin Epidemiologic Study of Diabetic Retinopathy  

 

Introduction 

    Patients with diabetes often develop ophthalmic complications, such as corneal 

abnormalities, glaucoma, iris neovascularization, cataracts, and neuropathies. Diabetic 

retinopathy (DR) is the most common and potentially most blinding of these 

complications.
 [1, 2, 3] 

Risk factors for developing/worsening of DR include; the 

modifiable risk factors like the glycemic control, systemic hypertension, blood lipids, 

and smoking in type 1 diabetes, and non-modifiable risk factors like the duration of 

diabetes, age, genetic predisposition, ethnicity, and pregnancy. 
[4, 5] 

   

    

     It is expected that by 2035,there will be 592 million of peoples worldwide will 

have diabetes 
[6 ] 

, and because T2DM account for more than 90-95%of diabetic 

population so they account for higher fraction of patient with vision loss due to DR, 

that result from chronic eye damage from hyperglycemic in both type 1 and type 2 

diabetes, and well –established chronic microvascular complication that eventually 

afflict all patients with diabetes mellitus ,
[7 ] and  continued to be the leading cause of 

vision deterioration  in the middle – age population with diabetes mellitus that affect 

job and quality of life for millions of people word wide. The National Health and 

Nutrition Examination Survey suggest that lack of awareness among patients at risk of 

vision loss from diabetic eye complications and inadequate evaluation in risky 

patients for visual loss, 
[8] 

are the main causes, so that it necessitate well 

understanding the associated risk factors for the progression of DR, and early 

detection with improved strategies for follow up and better efforts for good glycemic 

control.  

 

    Physicians in daily practice, utilize quantitative parameters such as fasting, 

postprandial glucose and Glycated hemoglobin (HbA1c).   HbA1c is the current gold 

standard for assessing glycemic control, which represent the percentage of circulating 

hemoglobin that is glycated, and is used as an index of blood glucose monitoring, 

which estimate the average blood glucose in the preceding few months in addition to 

its value as modifiable risk factors for DR.
 [9,10] 

 However HbA1c it only provides 
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approximate measure of glucose control, and not link to short term glycemic 

variability or events of hypoglycemia , because for a given HbA1c value there is a 

wide range of mean glucose concentration values and for any given mean glucose 

value there is a wide range of HbA1c value , and does not reflect the glycemic 

excursion  which have been linked to both microvascular and macro vascular 

complications of diabetes
 [11] 

 .The absolute value and variability of HbA1c were 

included in many studies and researches for different purposes ,and the HbA1c 

variability proposed to contribute to development of microvascular complications in 

T1DM in  diabetes control and complications trial (DCCT) like retinopathy and 

nephropathy . 
[12] 

  

Fasting blood glucose (FBG) and HbA1c were well studied in the Data From an 

Epidemiological Study on the Insulin Resistance Syndrome (DESIR) Study, in which 

evaluation for DR in 235 individuals with diabetes and 227 individuals with impaired 

fasting plasma glucose levels.
 [13] 

The study found that the risk of developing DR at 

10 years was higher in individuals with a FBG level of more than 108 mg/dl and 

HbA1c level of more than 6%. The DCCT showed that intensive insulin therapy in 

T1DM, reduced or prevented the development of retinopathy by 27% as compared 

with conventional therapy. Also, intensive therapy reduced the progression of DR by 

34–76%, and need for ocular surgery later. This improvement was achieved with an 

average 10% reduction in HbA1c from 8% to 7.2%. Similar benefit also demonstrated 

for T2DM. The results of the DCCT, United Kingdom Prospective Diabetes Study 

(UKPDS), and Action to Control Cardiovascular Risk in Diabetes (ACCORD) Eye 

Study showed that; while intensive therapy does not prevent retinopathy completely, 

it reduces the risk of the development and progression of DR, and this effect is not 

persistent and declined over time. 
[14] 

   

    

   The glycemic control monitoring was extensively studied using several indices that 

have been proposed for quantitative evaluation the glycemic variability in addition to 

the conventional methods by HbA1c value and variability like fasting (FBG) and 

postprandial sugar (PPG), continuous or intermittently viewed glucose monitoring 

(CGM, iCGM), real time CGM (rt CGM) and mean amplitude of glycemic excursion 

(MAGE).The CGM provide additional details on the patterns of glucose variability 

and glycemic excursions. The importance of the later measures have been studied for 

monitoring glycemic control and the results were varies, one of the studies showed 

that in T2DM patients, the continuous variability of FBS was found to have 

association with DR progression in a 5 year follow-up, 
[15] 

while in other study in 

elderly patients, it was found that it is the magnitude of hyperglycemia, measured by 

mean FBG and HbA1c, that strongly predicted the development and progression of 

DR
 [16] . 

Furthermore, it has been reported that patients with more advanced DR 

didn’t get or spent enough time stabilized in the target range and have higher 

measures of glucose variability. 
[17] 

 

    Based on the way how to estimate the MAGE, we estimate the HbA1c excursion 

from the serial readings of HbA1c, 
[18, 19]   

       Methodology 

    This is an observational descriptive cross sectional study involved 404 T2DM 

patients attending Faiha Specialized Diabetes, Endocrine and Metabolism Center 

(FDEMC) and outpatient clinic in Faiha Teaching Hospital, in Basra, Southern of Iraq 
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between May2017–August 2018. Patients fit the criteria were involved in the study 

after taken a verbal consent. The inclusion criteria were those who fit the definition of 

T2DM and have previous record at least one year with or without treatment, and 

excluded patients were T1DM, gestational or drug related DM, previous eye surgery 

or blindness in one or both eyes .All of them were registered in the center, with their 

demographic, clinical, and biochemical parameters and at least 3 HbA1c readings in 

the last year to estimate mean HbA1c, but the serial readings HbA1c more than 3 

were used for estimation of the excursion of HbA1c, and the results were either in a 

positive , negative or neutral .And they were send for comprehensive 

ophthalmological  assessment ,the examination included visual functions like visual 

acuity by Snellen chart, visual field examination by standard perimeter and also 

anterior and posterior examination of the both eyes by Zeiss type slit lamp with or 

without auxiliary lenses. The posterior pole of the eyes examined by optical 

coherence tomography (Zeiss Ciruss HD- OCT), fundus florescence angiography and 

OCTA. Intraocular pressure (IOP) was measured in all patients by Tomey automated 

air-puff tonometer. 

   DR was classified according to National Screening Committee (NSC). The NSC 

classification adopts a simplified approach for grading of DR, which is proposed for 

use in population screening, based on features which a non-ophthalmologist / 

accredited photographic grader might be faced with in a population of diabetic 

patients, which have simplicity and average similarity with other many other 

classifications.
[20] 

  

   For HbA1c analysis, all the samples were analyzed at FDEMC laboratory by using 

Bio-Rad Variant II Turbo (Bio-Rad, USA) Ion exchange HPLC method. 

   The definition of T2DM and the reference ranges of blood glucose and HbA1c were 

depended on the guidelines from American Diabetes Association. 
[21] 

 

 

Statistical analysis    

   Data statistical analysis was by using IBM SPSS Statistic for Windows, version 

23.0 (IBM Corp.,Armonk , NY,USA). 
[
22

]  
Univariate analysis was done using chi-

square test for categorical variable, while a student t-test or the one way ANOVA 

with post hoc analysis were used for continuous variables. Binary logistic regression 

or multinomial logistic regression as appropriate were used for defining independency 

of the factors affecting retinopathy and maculopathy. HbA1c excursion was 

calculated as the difference between each successive readings of HbA1c, taking only 

the highest excursion for each patient and omitting the other values, and by 

calculation of the mean of the unsigned values of these maximum excursion for all the 

patients we got the mean of the absolute excursion. By using only the highest positive 

excursion for each patient we got the positive HbA1c excursion, and by using only the 

maximum negative excursion.  

Data were presented as number and percent or mean and standard deviation. A p-

value of less than 0.05 was considered as significant.         

 

Results 

    The total number of the patients were 404, 157 (38.9%) male, 247 (61.1%) female. 

Mean age was 56.12 ± 9.58 SD, range 31-88 years. The mean duration of diabetes 

was 11.09 ±7.74 SD , with minimum duration one year .The mean HbA1c was 9.86 ± 

2 SD, the mean HbA1c excursion evaluated in 266 patients was 2.49±1.73 SD , the 

positive excursion was 2.26 ± 1.63 and the negative excursion was – 2.7 ±1.78SD. 

Diabetic retinopathy (DR) was found in 168(41.6%), background diabetic retinopathy 
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(BGDR) 50 (12.4%) preproliferative diabetic retinopathy (PPDR) 10(2.5%), 

proliferative diabetic retinopathy (PDR) 47(11.6%). Maculopathy was found in 71 

(17.6%), with exudative type 62 (15.3 %) and ischemic type in 9 (2.2 %). Ten patients 

were have coexistent of both DR and maculopathy. The age, duration of diabetes, 

body mass index (BMI), insulin use, mean and maximum HbA1c value were strongly 

related to DR, while in patients with maculopathy BMI did not show this relationship. 

HbA1c excursion also did not show significant association with DR nor maculopathy. 

Binary logistic regression revealed that only the duration of diabetes was an 

independent factor for the development of DR. However, if we omit the duration of 

diabetes and the age from the equation (obviously they are strongly correlated r =0.31, 

p<0.001), then BMI and insulin usage appeared as independent factors. For 

maculopathy, binary logistic regression showed that only duration of diabetes was an 

independent factor, and with the exclusion of both the age and duration of diabetes 

from the equation, only insulin usage remains as an independent factor for the 

development of maculopathy. 

 

    In evaluation of subtypes of DR, Post Hoc multiple comparison analysis showed 

that the mean duration of diabetes in patients with PDR is significantly higher than 

that of patients with BGDR, and that a significantly higher BMI and a higher Positive 

HbA1c excursion was found in patients with BGDR than in patients with PPDR. With 

multinomial logistic regression, it appears that only a higher absolute excursion of the 

HbA1c is significantly associated with BGDR. 

 

   In tables 6 and 7, nearly all the risk factors apart of gender, have significant relation, 

while by binary logistic regression ; age ≥58, duration of diabetes ≥ 8 years, and the 

mean of maximum HbA1c ≥ 12.8 , were independent risk for DR, while age ≥ 45 

years , duration of ≥ 4 year ,BMI ≤ 37,5, and mean HbA1c ≥ 10 , were independent 

higher risk for maculopathy.  

  

  

Discussion 

    The natural history of progression of DR from no or mild stage of non-proliferative 

(NPDR) preproliferative diabetic retinopathy (PPDR), to advanced state proliferative 

diabetic retinopathy (PDR), with high risk of visual problems. While macular edema, 

can develop at all stages of retinopathy. In people with T2DM, retinopathy may 

be present in 21% to 39% soon after clinical diagnosis, but is sight-
threatening in only about 3%, and most develop some degree of retinopathy over 

time.
 [23] 

The Liverpool Diabetic Eye Study reported the 1-year cumulative incidence 

of sight-threatening diabetic retinopathy in individuals with T2DM ,who at baseline 

had no DR, had BGDR or had mild NPDR, the incidence was 0.3%, 5.0% and 15.0%, 

respectively. 
[24] 

  

 

   In this study, DR was seen in 41.6% and maculopathy in 17.6% of the studied 

sample. The age, duration of DM, insulin therapy, and the mean HbA1c were 

associated with DR. This is explained after looking to the general characteristics of 

the patients enrolled in this study, were most of them are old age (21%more than 65 

year, and more than 50% age 51-65 year) and have long duration of the DM (85% , 8-

≥15 years), and have high HbA1c(more 59% of patients HbA1c 9-≥11%). Most of 

these finding are in agreement with many published studies. DR is the most frequent 
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cause of new cases of blind-ness among adults at the age 20 –74 years. Retinopathy 

may be seen during the first two decades of disease, where nearly all patients with 

T1DM and60% of patients with T2DM have DR. In the Wisconsin Epidemiologic 

Study of Diabetic Retinopathy (WESDR), 1.6% of T2DM were legally blind. In this 

group, in which other eye diseases were common, one third of the cases of legal 

blindness were due to DR.
 [25] 

The duration of diabetes is closely associated with 

onset and severity of DR  since nearly all patients with T1DM and 60% of patients 

with T2DM develop some degree of retinopathy after 20 years, 
[26, 27, 28 ] 

 and 

HbA1c high levels have strong relation with maculopathy and a severe form of DR ,
 

[29] 
and in three landmark trials in patients with type 2 DM showed that lower HbA1c 

levels are associated with reduced onset or progression of some microvascular 

complications. 
[30,31,32] 

, In evaluation of BMI in patients with DR and the subtypes 

in this study, more than 65% of patients BMI above 30%, and only 10% their BMI 

was more than 40%, show a statistical significance with DR, while didn’t show that 

with maculopathy group. Although both BGDR and PDR have same percentage, but 

the BMI was different where higher BMI in the former and low in the later and this 

may be explained by the decrease in the BMI with advance in the age, which may be 

explained by decrease in the muscle mass with long duration of the disease 

(sarcopenia) 
[33]

, which is seen in this study .This differ from the findings from 

Turkish study that revealed a significant direct relationship between BMI and PDR. 
[34] 

 

   HbA1c excursion estimation didn’t show significance only when compared to the 

subtypes of DR, where positive HbA1c excursion have a relation with BGDR and 

PDR, and no relation to the subtypes of maculopathy. The use of continuous glucose 

monitoring CGM can improve the MAGE results which in turn reflected as glycemic 

control in persons with type 2 DM 
 [35] 

, but the MAGE, in published studies didn’t 

reflected by the HbA1c value, in contrary it overcome the limitations of HbA1c in 

diabetes management. The hypothesis for the HbA1c excursion estimation was built 

from a literature namely "A view beyond HbA1c: Role of Continuous Glucose 

Monitoring", 
[36] 

that discuss the impact of novel metrics on diabetes related 

complications, the usefulness of CGM in the treatment of T2DM, and the impact of 

newer glucose lowering therapies like SGLT inhibitors or GLP-IRAs, noval long-

acting insulin analogs, and ultra-fast acting prandial insulin that reduce glycemic 

variability. Until this issue was addressed, no previous studies mentioned it, and its 

role or validity perhaps may be related to the changes or variability of HbA1c itself, 

and may need to be reevaluated again.    

   The relation of insulin therapy with progression of DR in this study was obvious for 

both retinopathy and maculopathy, although the indication , types and the protocol of 

insulin therapy as adjuvant or intensification or initial therapy, and the duration since 

it was started were not included or focused on, to prove this association. And this 

finding strengthen by the observation from DCCT and other studies. In a summary of 

the important studies and the controversies about this topic, it was found in UKPDS 

that 21% reduction in one year rate of progression of DR and with DCCT, there was 

70% reduction in the rate of development of any retinopathy by intensive glycemic 

control in T1DM, and 54% reduction of established retinopathy in comparison with 

conventional therapy group, the same benefit also seen in T2DM. While other finding 

from DCCT, that the development or progression of retinopathy may be accelerated 

by sudden, rapid improvement in glycemic control, pregnancy and in those with 

nephropathy, a relationship between the degree of improvement in HbA1c and 
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progression of retinopathy 2 years after the start of insulin therapy in type 2 diabetic 

patients. 
[
37

] 
And in a in a prospective, observational case-control study, 42 T2DM 

patients were examined at baseline and 1, 3, 6, 12, 24, and 36 months after change to 

insulin therapy, there was a relationship found with high IGF-1 levels,
 [

38
] 
and a 

relationship between the degree of improvement in HbA1c and progression of 

retinopathy 3 years after the start of insulin therapy in type 2 diabetic patients, may be 

explained by a lack of decrement in IGF-1, after 3 years from start of insulin therapy . 
[
39

] 
The later study was small but raises questions about the relationship between DR, 

hyperglycemia, insulin therapy, and IGF-1. 

The established risk factors for DR or maculopathy are; longer duration of diabetes, 

elevated HbA1c, were also seen in this study, but other factors like; increased blood 

pressure (BP), dyslipidemia, anemia, pregnancy (with type 1 diabetes), proteinuria 

weren’t evaluated in this study.
 [40]   

Conclusion:  

   Mean HbA1c excursion may have doubtful relation association or as a risk with 

development of DR or maculopathy, but only with subtypes of DR (BGDR, and 

PDR). Age ≥85, duration of diabetes ≥8years, the mean maximum HbA1c ≥12.8 are 

independent risk for the development of DR, Age ≥45, duration of diabetes ≥4 years, 

BMI ≤37.5, the mean HbA1c ≥10 were independent risk for the development of 

diabetic maculopathy. Also there is a raised question about the relation of increased 

DR in insulin treated patients, that necessitate more awareness when start or intensify 

insulin therapy by close and regular follow up.     

 

Recommendation: 

    Every patients newly diagnosed DM, and some other subset of patients should have 

ophthalmologic assessment, and special care to those who need to be changed or 

intensified therapy by insulin therapy. Also this concept of relation of insulin therapy 

with development or progression of DR need to be clarified more. 

    

References 

 

1. Cai X, McGinnis JF. Diabetic Retinopathy: Animal Models, Therapies, and 

Perspectives. J Diabetes Res. 2016.2016:3789217.  

2. Aiello LM, Cavallerano JD, Aiello LP, Bursell SE. Diabetic retinopathy. 

Guyer DR, Yannuzzi LA, Chang S, et al, eds. Retina Vitreous Macula. 1999. 

Vol 2: 316-44. 

3. Benson WE, Tasman W, Duane TD. Diabetes mellitus and the eye. Duane's 

Clinical Ophthalmology. 1994. Vol 3. 

4. John Wass, Katharine Owen, Helen Turner: Risk factors for 

developing/worsening of diabetic retinopathy, Oxford Handbook of 

Endocrinology and Diabetes 3rd edition, 2014: 776 

5. Yau JW, Rogers SL, Kawasaki R, et al. (2012). Global prevalence and major 

risk factors of diabetic retinopathy. Diabetes Care 35, 556–64  

6. Guariguata L, Whiting DR, Hambleton I, et al. Global estimates of diabetes 

prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract. 2014; 

103(2):137-149 

7. National Diabetes Data Group. Diabetes in America. 2nd ed. Bethesda, MD: 

National Institute of Diabetes and Digestive and Kidney Diseases; 1995. 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14857 - 14875 

Received 25 April 2021; Accepted 08 May 2021.  

14864 
 

http://annalsofrscb.ro 

8. Bressler NM, Varma R, Doan QV, et al. Underuse of the health care system by 

persons with diabetes mellitus and diabetic macular edema in the United 

States. JAMA Ophthalmol. 2014; 132(2):168-173., 

9. Wright JJ, Hu JR, Shajani-Yi Z, Bao S. Use of continuous glucose monitoring 

leads to diagnosis of hemoglobin C trait in a patient with discrepant 

haemoglobin A1c and self-monitoring blood glucose. AACE Clin Case Rep. 

2019; 5:e31–e34.  

10. Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance 

of HbA1c test in diagnosis and prognosis of diabetic patients. Biomark 

Insights. 2016; 1:95–104. 

11. Beck RW, Connor CG, Mullen DM, Wesley DM, Bergenstal RM. The fallacy 

of average: how using HbA1c alone to assess glycemic control can be 

misleading. Diabetes Care. 2017; 40: 994–999. 

12. Kilpatrick ES, Rigby AS, Atkin SL. A1c Variability and the risk of 

microvascular complications in type 1 diabetes: Data from the DCCT, 

Diabetes Care 2008; 31:2198-202. 

13. Benson WE, Tasman W, Duane TD. Diabetes mellitus and the eye. Duane's 

Clinical Ophthalmology. 1994. Vol 3: 

14. Diabetic Retinopathy: A Position Statement by the American Diabetes 

Association. Sharon D. Solomon, Emily Chew, Elia J. Duh, Lucia Sobrin, 

Jennifer K. Sun, Brian L. Vander Beek, Charles C. Wykoff, and Thomas W. 

Gardner; Diabetes Care 2017;40:412–418 . 

15. Gimeno- Orna JA, Castro-Alonso FJ, Boned-Juliani B, Lou-Arnal LM. 

Fasting plasma glucose variability as a risk factor of retinopathy in Type 2 

diabetic patients. J Diabetes Complications 2003; 17:78-81. 

16. Zoppini G, Verlato G, Targher G, Casati S, Gusson E, Biasi V, et al. Is fasting 

glucose variability a risk factor for retinopathy in people with type 2 diabetes? 

Nutr Metab Cardiovasc Dis 2009; 19:334-9. 

17. Lu J, Ma X, Zhou J. Association of time in range, as assessed by continuous 

glucose monitoring, with diabetic retinopathy in type 2 diabetes. Diabetes 

Care. 2018; 41:2370–2376. 

18. Xuefei Yu, 1 Liangzhuo Lin, 1 Jie Shen,2 Zhi Chen,2 Jun Jian,3 Bin Li,1 and 

Sherman Xuegang Xin. Calculating the Mean Amplitude of Glycemic 

Excursions from Continuous Glucose Data Using an Open-Code 

Programmable Algorithm Based on the Integer Nonlinear Method, 

Computational and Mathematical Methods in Medicine Volume 2018 

19. F.J. Service, G.D. Molnar, J.W. Rosevear, E. Ackermann, L.C. Gatewood, 

W.F. Taylor Mean amplitude of glycemic excursions, a measure of diabetic 

instability Diabetes, 19 (1970), pp. 644-655 

20. Harding, S., R. Greenwood, S. Aldington, J. Gibson, D. Owens, R. Taylor, E. 

Kohner, P. Scanlon, and G. Leese. 2003. Grading and disease management in 

national screening for diabetic retinopathy in England and Wales. Diabet Med 

20:965.  

21. American Diabetes A. Diagnosis and classification of diabetes mellitus. 

Diabetes Care. 2009; 32 Suppl 1(Suppl1):S62–S67, doi: 10. 2337/dc09-S062 

22. IBM SPSS Statistic for Windows, version 23.0 (IBM Corp. Armonk, NY, 

USA). 

23. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin 

Epidemiologic Study of Diabetic Retinopathy. IX. Four-year incidence and 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14857 - 14875 

Received 25 April 2021; Accepted 08 May 2021.  

14865 
 

http://annalsofrscb.ro 

progression of diabetic retinopathy when age at diagnosis is 30 years or more. 

Arch Ophthalmology 1989; 107:237–243. 

24. Younis N, Broadbent DM, Vora JP, et al. Incidence of sight-threatening 

retinopathy in patients with type 2 diabetes in the liverpool diabetic eye study: 

A cohort study. Lancet 2003; 361:195–200. 

25. American Diabetes Association. Diabetic retinopathy. Diabetes Care 2002; 

25(Suppl. 1):S90–S93 2. Yau JWY, Rogers SL, Kawasaki R, et al.; Meta- 

Analysis for Eye Disease (META-EYE) Study Group. Global prevalence and 

major risk factors of diabetic retinopathy. Diabetes Care 2012; 35: 556–564.  

26. National Diabetes Data Group. Diabetes in America. 2nd ed. Bethesda, MD: 

National Institute of Diabetes and Digestive and Kidney Diseases; 1995— 

324.  

27. Klein R, Klein BE, Moss SE, et al. The Wisconsin Epidemiologic Study of     

Diabetic Retinopathy: II. Prevalence and risk of diabetic retinopathy when age 

at diagnosis is less than 30 years. Arch Ophthalmol. 1984; 102:520-536.     

28. Klein R, Klein BE, Moss SE, et al. The Wisconsin Epidemiologic Study of 

Diabetic Retinopathy: III. Prevalence and risk of diabetic retinopathy when 

age at diagnosis is 30 or more years. Arch Ophthalmol. 1984; 102:527-532. 

29. Association of Diabetic Retinopathy in Type II Diabetes Mellitus   with Hba1c   

Levels: A Study. Rajendra Prasad. J, Nayana. G (2) IOSR Journal of Dental 

and  Medical Sciences (IOSR-JDMS)  

30. Action to Control Cardiovascular Risk in Diabetes Follow-On 

(ACCORDION) Eye Study Group, Action to Control Cardiovascular Risk in 

Diabetes Follow-On (ACCORDION) Study Group. Persistent effects of 

intensive glycemic control on retinopathy in type 2 diabetes in the action to 

control cardiovascular risk in diabetes (ACCORD) follow-on study. Diabetes 

Care. 2016; 39: 1089–100.  

31. Sen, T. D. (2021). The Role of Wild Food Plants of Himachal Pradesh in 

Boosting Immunity to Combat COVID-19. Journal of Scientific Research in 

Medical and Biological Sciences, 2(2), 23-62. 

https://doi.org/10.47631/jsrmbs.v2i2.238 

32. Heller S. R. A Summary of the ADVANCE Trial. Diabetes Care. 2009; 

32(suppl_2):S357–S361.  

33. Agrawal L, Azad N, Bahn GD, et al. Long-term follow-up of intensive 

glycaemic control on renal outcomes in the Veterans Affairs Diabetes Trial 

(VADT) Diabetologia. 2018; 61: 295–299. 

34. Son JW, Lee SS, Kim SR, et al. Low muscle mass and risk of type 2 diabetes 

in middle-aged and older adults: findings from the KoGES. Diabetologia. 

2017; 60(5):865–872. doi:10.1007/s00125-016-4196-9 

35. Knuiman MW, Welborn TA, Mac Cann VJ, Stanton KG, Constable 

IJ:Prevalence of diabetic complications in relation to risk factors. Diabetes 

1986; 35: 1332-9. 

36. Li Feng-fei, Fu Li-yuan, Zhang Wen-li, Su Xiao-fei, Wu Jin-dan, Sun Jin, Ye 

Lei, Ma Jian-hua. Blood Glucose Fluctuations in Type 2 Diabetes Patients 

Treated with Multiple Daily Injections. Journal of Diabetes Research. 2016; 

2016:1–8. 

37.  Haleh Chehregosha,1 Mohammad E. Khamseh, Mojtaba Malek, Farhad 

Hosseinpanah, and Faramarz Ismail-Beigi, A View Beyond HbA1c: Role of 

Continuous Glucose Monitoring: Diabetes Ther (2019) 10:853-863.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chehregosha%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khamseh%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseinpanah%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseinpanah%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseinpanah%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31037553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ismail-Beigi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31037553


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14857 - 14875 

Received 25 April 2021; Accepted 08 May 2021.  

14866 
 

http://annalsofrscb.ro 

38. The Diabetes Control and Complications Trial Research Group: Early 

worsening of diabetic retinopathy in the Diabetes Control and Complications 

Trial. Arch Ophthalmol 116:874–886, 1998. 

39. Henricsson M, Berntorp K, Berntorp E,Fernlund P, Sundkvist G Progression 

of Retinopathy in Insulin-Treated Type 2 Diabetic Patients, Diabetes Care, 

Volume 25, Number 2, Feberwary2002. 

40. Henricsson M, Berntorp K, Berntorp E,Fernlund P, Sundkvist G: Progression 

of retinopathy after improved metabolic control in type II diabetic patients: 

relation to IGF-1 and hemostatic variables. Diabetes Care 22:1944–1949, 

1999.  

41. Filiberto Altomare, Amin Kherani, Julie Lovshin ;Retinopathy: Diabetes 

Canada Clinical Practice Guidelines Expert Committee, Canadian Journal of 

Diabetes , 2018 . 

 

Acknowledgements:  

To; Professor Abbas Ali Mansour, MD,FRCP, FACE, Manager of Faiha Specialized 

Diabetes, Endocrine and Metabolism Center (FDEMC). 

Nassar Taha Yasin Alibrahim, MD, Endocrinologist, for his great effort in the 

management of statistic in this study. 

Mr. Ali Hamza, for his help in the management of archive and the data of the patients.  

 

Tables and figures  

 

Table 1 general characteristics of the patients 

N=404 

 N or mean % or SD 
Range 

Minimum Maximum 

Age 56.12 9.58 31 88 

Gender 
Males 157 38.9 - - 

Females 247 61.1 - - 

Duration of Diabetes 11.09 6.74 1 35 

BMI 30.60 5.54 17.70 51.10 

On insulin 
yes 291 72 - - 

no 113 28 - - 

Mean A1c 9.86 2.00 4.90 15.20 

Max a1c 10.87 2.29 4.90 19.5 

Min a1c 8.96 2.04 4.90 15.20 

Abs A1c excursion* 2.49 1.73 0.00 8.60 

Positive excursion** 2.26 1.63 0.20 8.40 

Negative excursion*** -2.70 1.78 -8.60 -0.20 

Retinopathy 168 41.6 - - 

BGDR 50 12.4 - - 

PPDR 10 2.5 - - 

PDR 47 11.6 - - 

Maculopathy 71 17.6 - - 

Exudative MP 62 15.3 - - 

Ischemic MP 9 2.2 - - 

*n=266, **n=117, ***n=147 

 

http://www.canadianjournalofdiabetes.com/
http://www.canadianjournalofdiabetes.com/
http://www.canadianjournalofdiabetes.com/
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Figure 1 percentage of DRP.   
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Table 2 general characteristics of the patients with DRP 
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N or mean 
% or 

SD 
N or mean 

% or SD 

Age 57.90 8.96 54.86 9.82 0.002 

Gender 
Males 103 61.3 144 61.0 

0.518 
Females 65 38.7 92 39.0 

Duration of Diabetes 14.30 6.42 8.81 6.00 <0.001 

BMI 29.95 5.27 31.06 5.70 0.048 

On insulin 
yes 145 86.3 146 61.9 

<0.001 
no 23 13.7 90 38.1 

Mean A1c 10.20 1.94 9.62 1.93 0.003 

Max a1c 11.37 2.42 10.52 2.13 <0.001 

Min a1c 9.12 2.00 8.85 2.06 0.194 

Abs A1c excursion* 2.71 1.80 2.31 1.67 0.059 

Positive excursion** 2.37 1.79 2.19 1.51 0.561 

Negative excursion** -2.96 1.78 -2.46 1.78 0.095 

*n=266, **N=117, ***N=147 

 

Binary logistic regression revealed that only the duration of diabetes is an independent 

factor for the development of DRP. 

However, if we omit the duration of diabetes and the age from the equation 

(obviously they are strongly corelated r=0.31,p<0.001), then BMI and insulin usage 

appeared as independent factors. 

 

Figure 2 percentage of maculopathy  
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P=0.216                                                                   P=0.018 

 

Table 3 general characteristics of the patients with Maculopathy 

N=404 

 

Maculopathy 

P 
Yes No 

N or mean 
% or 

SD 
N or mean 

% or SD 

Age 58.66 8.30 55.58 9.76 0.014 

Gender 
Males 28 39.4 129 38.7 

0.913 
Females 43 60.6 204 61.3 

Duration of Diabetes 13.68 5.50 10.54 6.85 <0.001 

BMI 29.89 4.54 30.75 5.73 0.236 

On insulin 
yes 61 85.9 230 69.1 

0.004 
no 10 14.1 103 30.9 

A1c 10.45 1.90 9.74 1.95 0.005 

Max a1c 11.42 2.46 10.76 2.24 0.027 

Min a1c 9.43 1.97 8.87 2.04 0.035 

Abs A1c excursion* 2.68 2.00 2.45 1.70 0.420 

Positive excursion** 2.26 1.60 2.27 1.65 0.992 

Negative excursion*** -3.11 2.12 -2.62 1.72 0.239 

*n=266, **n=117, ***n=147 

Again, for maculopathy, binary logistic regression showed that only duration of 

diabetes is an independent factor, and with the exclusion of both the age and duration 

of diabetes from the equation, only insulin usage remains as an independent factor for 

then development for maculopathy. 
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Figure 3 percentage of subtypes of diabetic retinopathy  
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n/Mean %/SD n/Mean %/SD n/Mean %/SD 

Age 57.16 9.16 60.20 11.06 57.53 9.46 0.650 

Gender
$ Males 17 34.0 3 30.0 21 4.7 

0.474 
Females 33 66.0 7 70.0 26 55.3 

Duration of Diabetes 13.30 5.98 13.90 5.04 16.85 8.16 0.042
a
 

BMI 31.46 5.99 26.57 5.45 29.45 4.92 0.023
b
 

On 

Insulin
$ 

Yes 42 84.0 10 100.0 41 87.2 
0.390 

No 8 16.0 0 0.0 6 12.8 

Mean A1c 10.25 1.67 9.27 1.69 10.01 2.11 0.337 

Max A1c 11.72 2.19 10.13 2.37 11.25 2.56 0.148 

Min A1c 8.86 1.70 9.00 1.86 8.97 2.25 0.959 

Abs A1c excursion*
 

3.23 1.56 1.23 0.64 2.59 1.84 0.017
b 

Positive excursion** 2.97 1.80 1.00 0.50 2.34 2.01 0.249 

Negative 

excursion*** 
-3.37 1.44 -1.47 0.78 -2.75 1.75 0.101 

*n=80, **n=30, ***n=50,
 a
: Significance between BGDR and PDR, 

b
: Significance 

between BGDR and PPDR,
 $
: Data expressed as n %. 

 

Post Hoc multiple comparison analysis showed that the mean duration of diabetes in 

patients with PDR is significantly higher than that of patients with BGDR, and that a 

significantly higher BMI and a higher Positive HbA1c excursion was found in 

patients with BGDR than in patients with PPDR. 

With multinomial logistic regression, it appears that only a higher absolute excursion 

of the HbA1c is significantly associated with BGDR. 

 

Figure 4 percentage types of subtype of maculopathy.  
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P=0.944                                                         P=0.335 

 

Table 5 general characteristics of the patients with types of Maculopathy 

N=71 

 

Maculopathy 

P 
Exudative Ischemic 

N or mean 
% or 

SD 
N or mean 

% or SD 

Age 58.44 8.33 60.22 8.41 0.550 

Gender
$ Males 25 40.3 3 33.3 

0.494 
Females 37 59.7 6 66.7 

Duration of Diabetes 13.31 5.32 16.22 6.36 0.138 

BMI 29.81 4.54 30.46 4.74 0.690 

On insulin
$ yes 53 85.5 8 88.9 

0.628 
no 9 14.5 1 11.1 

A1c 10.45 1.86 10.43 2.25 0.976 

Max a1c 11.39 2.31 11.64 3.49 0.770 

Min a1c 9.47 2.01 9.14 1.72 0.649 

Abs A1c excursion* 2.62 1.82 3.02 2.51 0.642 

Positive excursion** 2.26 1.67 2.30 0.85 0.972 

Negative excursion*** -3.05 1.94 -3.38 3.13 0.789 

*N=45, **N=23, ***N=22,
$
:Data expressed as n %. 
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Figure 21 risk estimates for different factors affecting the development for DRP. 

Table 6 Factors affecting the development of diabetic retinopathy 

 

Retinopathy 

OR 
95% CI 

P Yes no 

n % n % lower upper 

age 
>=58 89 51.1 85 48.9 2.00 1.34 3.00 

0.001 
<58 79 34.3 151 65.7  

gender 
Males 65 41.4 92 58.6 0.99 0.66 1.48 

0.953 
Females 103 41.7 144 58.3  

Duration 
>=8 152 54.1 129 45.9 7.88 4.43 14.01 

<0.001 
<8 16 13.0 107 87.0  

BMI 
<=23 19 59.4 113 40.6 2.19 1.05 4.56 

0.033 
>23 149 40.1 223 59.9  

insulin 
Yes 145 49.8 146 50.2 3.89 2.33 6.49 

<0.001 
No 23 20.4 90 79.6  

A1c 
>=10 102 50.7 99 49.3 2.14 1.43 3.20 

<0.001 
<10 66 32.5 137 67.5  

Max A1c 
>=12.8 53 63.1 31 36.9 3.05 1.85 5.02 

<0.001 
<12.8 115 35.9 205 64.1  

Min A1c 
>=7.8 124 45.6 148 54.4 1.68 1.09 2.59 

0.019 
<7.8 44 33.3 88 66.7  

Abs A1c 

excursion* 

>=3.5 36 59.0 25 41.0 2.12 1.18 3.79 
0.011 

<3.5 83 40.5 122 59.5  

Positive A1c 

excursion** 

>=3.2 13 52.0 12 48.0 1.61 0.66 3.92 
0.291 

<3.2 37 40.2 55 59.8  

Negative 

A1c 

excursion*** 

>=-3.2 29 59.2 20 40.8 2.10 1.05 4.22 

0.035 
<-3.2 40 40.8 58 59.2  

*n=266, **N=117, ***N=147 
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Binary logistic regression showed that: age equal or above 58, duration of diabetes for 

8 years and above, and the mean of maximum HbA1c equal or above 12.8, all are 

independent factors associated with high risk of development of DRP 

 

Figure 22 ROC curve for the duration of diabetes and diabetic retinopathy 

 

Figure 23 risk estimates for different factors affecting the development of 

maculopathy. 
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Table 7 Factors affecting the development of maculopathy 

 

maculopathy 

OR 
95% CI 

P yes no 

n % n % lower upper 

age 
>=45 69 19.4 287 80.6 5.53 1.31 23.34 0.009 

>=65 20 26.3 56 73.7 1.94 1.07 3.51 0.026 

gender 
Males 28 17.8 129 82.2 0.97 0.58 1.64 

0.913 
Females 43 17.4 204 82.6  

Duration 
>=4 70 20.1 278 79.9 13.85 1.88 101.82 

0.001 
<4 1 1.8 55 98.2  

BMI 
<=37.5 69 19.0 294 81.0 4.58 1.08 19.41 

0.024 
>37.5 2 4.9 39 95.1  

insulin 
Yes 61 21.0 230 79.0 2.73 1.35 5.55 

0.004 
No 10 8.8 103 91.2  

A1c 
>=10 51 25.4 150 74.6 3.11 1.78 5.45 <0.001 

>13.8 5 50.0 5 50.0 4.97 1.40 17.65 0.006 

Max A1c 
>=9.6 59 20.6 228 79.4 2.26 1.17 4.39 0.014 

>=13.6 13 28.9 32 71.1 2.11 1.04 4.26 0.034 

Min A1c 
>=7.8 58 21.3 214 78.7 2.48 1.31 4.71 0.004 

>=9.9 35 25.7 101 74.3 2.23 1.33 3.76 0.002 
 

With binary logistic regression, Age equal or above 45, duration of diabetes for four 

years or more, BMI equal or above 37.5 and mean HbA1c of 10 or above, all were 

independently associated with a higher risk for the development of maculopathy. 

 

Figure 24 ROC curve for the absolute HbA1c excursion and maculopathy, revealed a 

very poor association. p=0.420 


