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ABSTRACT

Background: Type 1 Diabetes Mellitus is one of the most common endocrine and metabolic 
conditions worldwide, affecting nearly half a million children under the age of 15 years with an 
anticipated rise in incidence of 4%. The ocular complications of type 1 diabetes can be blind-
ing and thus, inflicting catastrophic consequences on quality of life. In this disease, the greatest 
impact in the prevention of vision loss comes from early detection and treatment. 
Methods: Retinal screening was performed to capture both right and left eyes of children as 
young as 5 years of age. A Canon CR-2 Plus AF (Tokyo, Japan) non-mydriatic retinal camera 
with a CMOS chip, a resolution of 18 megapixel and an ISO setting of 400 (range available is 
from 200 to 6400 ISO) in sensitivity was used for these images. Image management used was 
image SPECTRUM V5 (Canon USA, Irvine, CA), a postcapture imaging software that automat-
ically separated a color image into three (3) monochromatic images; namely blue, green and 
red, to help visualize the nerve fiber layer, the retinal layers as well as the choroid, respectively. 
Results: In subjects with positive findings (mild diabetic retinopathy), retinal pathology was 
noted on digital imaging and involved retinal hemorrhages and vascular changes consistent with 
microaneurysms. Severe nonproliferative diabetic retinopathy was detected in one 20-year-old 
subject. One subject presented with cataract. Subjects with a positive finding were counseled 
and a referral to an ophthalmologist was recommended.
Conclusions: Non-mydriatic retinal imaging used in mass screenings can help identify the ear-
ly retinal changes and advance the management and care of patients with diabetic retinopathy. 
Improvements in digital imaging software and the ability to perform telemedicine from remote 
locations, can aid eye health care providers in the detection and isolation associated with vari-
ous levels of retinopathy. 

KEYWORDS: Retinopathy; Microaneurysms; Type 1 diabetes; Cataract.

ABBREVIATIONS: FFL: Friends for Life; RGB: Red, Green, and Blue.

INTRODUCTION

 Type 1 diabetes may be considered one of the most common endocrine and meta-
bolic conditions worldwide, affecting nearly half a million children under the age of 15 years.1 
Roughly 80,000 new cases involving patients younger than 15 years are added every year and an 
anticipated rise in incidence of 4% may be expected.2-4 Best estimates are that between the ages 
of 15 to 25 years, another half a million young individuals are likely to have type 1 diabetes. 
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 The ocular complications of type 1 diabetes can be 
blinding. Blindness in the younger population inflicted with type 
1 diabetes can have lifelong, catastrophic consequences on qual-
ity of life, ability to live independently, education, productiv-
ity and longevity. In considering a worldwide distribution, one 
quarter of children with type 1 diabetes live in Europe, while 
23% live in Southeast Asia. North America and the Caribbean 
represent roughly 19% of cases.5 China, with a population of 1.3 
billion, is also experiencing a rise in type 1 diabetes with an in-
cidence of 0.59 per 100,000 persons per year.1 This number may 
appear deceivingly low when compared to that of the European 
countries; however, it is staggering when taking into consider-
ation the total population of the country. In viewing mortality 
rates, children residing in high-income countries afflicted with 
the disease, have a mortality rate doubled than that of their coun-
terparts without the disease.6 In Sudan, the mortality rate is 42.6 
deaths per 100,0007 as compared to 0.63 deaths per 100,000 in 
the same age group of children living in the United States.8 

 Early detection of diabetic eye disease can lead to ear-
ly treatment and prevention of this vision loss. The purpose of 
this study was to assess the feasibility of performing large-scale 
screenings of children with type 1 diabetes and their accompa-
nying families using a non-mydriatic digital camera. In utilizing 
this technology, we integrated high resolution capturing devices; 
as well as, digital post-processing imaging as part of an efficient 
screening protocol. Further evaluations of this process included 
auto refraction, visual acuity, intraocular pressures and Spectral 
Domain-OCT analysis.

MATERIALS AND METHODS

 Retinal screening was performed during the annual 
Friends for Life (FFL) Conference in Orlando, Florida between 
July 1 and July 6, 2014. Friends for Life is the largest associa-
tion dedicated to educating children with type 1 diabetes and 
their families on all aspects of the disease. In addition to pro-
viding families with the most advanced knowledge in diabetes 
care, FFL offers education regarding eye health and a respective 
retinal screening to all children with type 1 diabetes.

 The screening program captured both right and left 
eyes of children as young as 5 years of age without the use of 
mydriatic agents. All images were captured in a dimly lit room at 
a level of 125 candelas. Retinal screening was performed utiliz-
ing a Canon CR-2 Plus AF (Tokyo, Japan) non-mydriatic retinal 
camera with a CMOS chip, a resolution of 18 megapixel and an 
ISO setting of 400 (range available is from 200 to 6400 ISO). 
The CR-2 Plus AF has a 45-degree field of view and minimum 
pupilary dilation of 3.3 mm that enables multiple images to be 
stitched together to increase the field of view of the posterior 
pole from 45 degrees to 110 degrees. We used the autofocus 
function of the Canon CR-2 Plus AF; as well as, the auto capture 
(with blink detection preventing unintentional capture). To im-
prove imaging quality, we made use of the auto exposure feature 
that resulted in consistent, good color (hue); as well as, good 

overall exposure and balance of all captured images. It has been 
well documented that a static image, such as a retinal photo-
graph (Figure 1A), has a higher sensitivity in pick-up rate for 
evidence of retinopathy as seen in Figure 1B; as patients tolerate 
better a single flash than continuous bright light from an indirect 
ophthalmoscope.9-11 Furthermore, with high-resolution digital 
imaging, it becomes possible to separate specific layers of the 
posterior pole.

 

 A typical color image is composed of Red, Green, and 
Blue (RGB) light. All images were postcapture-processed us-
ing a propritary software, image SPECTRUM V5 (Canon USA, 
Irvine, CA, USA) that met all FDA as well as HIPAA regula-
tion standards. The postcapture imaging software automatically 
separates a color image into 3 monochromatic images highlight-
ing the area of the retinal layers (green channel at about 550 
nm) of a subject with diabetic retinopathy findings (Figures 2A, 
2B and 2C). Figure 2D illustrates a fundus auto-fluorescence of 
the same eye, highlighting retinal hemorrhages and masking the 
exudates seen in other modalities as seen in Figures 2A, 2B and 
2C.

 In the search for evidence of diabetic retinopathy, us-
ing a green (red free image), monochromatic channel postcap-
ture, increases the image contrast and can highlight small dot 
hemorrhages that can otherwise be missed. RGB allows a visual 
representation of where the event is happening; for example, 
if there is a retinal hemorrhage, it will be best seen in the G 
channel, thus confirming retinopathy. Another post-processing 
filter used in screening for retinopathy is called Emboss. This 
pre-set monochromatic filter allows us to observe the captured 
retinal image in 3D, topographical view of the green layer of 
the retina at 550 nm (Figure 2C). Retinal auto-fluorescence is 
another area of interest in ocular imaging that looks specifically 
for lipofuscin. We used auto-fluorescence imaging to determine 
if small changes associated with retinopathy could be visual-
ized. Subjects with a positive finding (mild diabetic retinopa-
thy) were counseled and a referral to an ophthalmologist was  
recommended.

RESULTS

 One hundred and fifty eight children with type 1 dia-
betes underwent retinal screenings throughout the 2014 Annual 

A B

 

 

Figure 1: A. Healthy, retinal view at an angle of 45 degrees. B. View of the posterior pole demon-
strating retinal hemorrhages of a subject with DM1.
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Meeting of “Friends for Life”. The children ranged from 5-30 
years of age, with a mean age of 14 years. Seventy nine percent 
(79%) of the children were Caucasians, with twenty-one (21%) 
reported as “Other Race” and 56% were females. Duration and 
HbA1C were self-reported, with a mean of 7.8 years (range 0.4 
to 25 years) and 7.9%, respectively. Visual acuity was 20/20 for 
57% of the right eye and 61% for the left eye. Table 1 provides 
patient demographics along with clinical characteristics of the 
screened population. Our success rate for artifact-free images 
was 92% for all screened children and a 5% pick-up rate was 
found for early signs of diabetic retinopathy in this population. 

 In subjects with positive findings, retinal pathology was 
noted on digital imaging and involved retinal hemorrhages and 
vascular changes consistent with microaneurysms. No subjects 
presented with proliferative diabetic retinopathy and one subject 
presented with a cataract.

DISCUSSION

 The Friends for Life organization prides itself on sev-
eral objectives; one of which is to connect families with one an-
other, while educating them on the nature of type 1 diabetes and 
how to prevent its complications. The complications of type 1 
diabetes are caused, but not limited to, duration or onset of dia-
betes, poor control of glucose levels (H1AC) and a combination 

of poorly controlled HbA1C and high blood pressure (Figures 3A 
and 3B).

 

 Routine, yearly retinal exams are performed to help 
manage and educate children and their families to maintain 
healthy retinas. Advanced imaging technologies permit us to uti-
lize high resolution digital imaging to enable analysis of various 
layers of the retina and determine the health of the nerve fiber 
layer, retinal layers and the choroid. With diabetes, our primary 
interest lies in the retinal layer best visualized in the green (red 
free) layer. As the initial image resolution of the Canon CR-2 
Plus AF is 18 Mp, when separating the layers into RGB, one 
is left with 3 images with resolutions of roughly 6 Mp each. 

A B

C D

Figure 2: A. Color photo of patient with diabetic retinopathy and posterior pole exudates. B. Monochro-
matic view of red free extraction of color image. C. Topographical view of retina demonstrating 3D-like 
view of the retina with retinopathy and exudates. D. Fundus Auto-Fluorescence image demonstrating 
retinal hemorrhages and masking macular exudates.

BA

Figure 3. Retinal images of DM1 left eye.  A. Complications of DM1 due to a combination of 
poorly controlled H1AC and high blood pressure with associated flame hemorrhages.  B. Result 
of improved control of H1AC and high blood pressure three weeks post screening.
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This allows us to best observe changes which could be missed 
with lower resolution. In addition, when performing auto-fluo-
rescence imaging (that does not require the injection of sodium 
fluorescein to the subject), we have been successful in identify-
ing new areas of retinopathy not yet visible in baseline color 
retinal imaging as demonstrated in Figure 2D. The inability to 
determine an imaging technology as a gold standard presented 
as a limitation to our study. However in future studies, confirma-
tion through office physical examination can be performed. 

 Although a gold standard for imaging technology has 
not been determined, these emerging technologies assist in an 
early diagnosis and are made readily available to patients and 
their families throughout the event. 

CONCLUSION

 Ocular complications associated with type 1 diabetes 
post +/- 12 years of onset of the disease may include: diabetic 
retinopathy, macular edema and cataracts if left unchecked. With 
the prevalence of diagnosis at a young age, type 1 diabetic pa-
tients can experience vision complications by the time the child 
is a teenager. Duration of the disease, poor glycemic control, 
elevated blood pressure and sedentary life style all pose as risk 
factors to retinopathy that if left unchecked, can lead to vision 
loss and even blindness. The purpose of yearly exams as rec-
ommended by the American Academy of Ophthalmology,12 the 
American Academy of Optometry;13 as well as, the American 
Diabetic Association14 is to detect early ocular changes.

 Retinal imaging used in mass screenings can help iden-
tify early retinal changes; as well as, aid in the management and 
care of retinas demonstrating changes associated with diabetes. 
Advances in digital imaging software can assist eye health care 
providers in the detection and isolation of ocular events. Remote 
reading centers can use advanced imaging tools to best isolate 
and detect subtle changes easily missed in early signs of reti-
nopathy. In our experience, use of both remote telemedicine and 
high resolution imaging systems, with associated software man-
agement systems, can greatly aid in the intervention and mainte-
nance of the patient’s ocular care. Thus, early detection is pivotal 
in the management of and in maintaining vision and quality of 
life for children with type 1 diabetes.
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ABSTRACT

 Heart failure is the leading cause of death in diabetic patients. Recently we showed 
that apelin gene therapy attenuates heart failure following myocardial infarction. This study 
further explored the potential mechanisms by which apelin may reduce cardiac injury in Post-
myocardial infarction (MI)) model of diabetes. Wild type and Sirt3 knockout (Sirt3 KO) mice 
were induced into diabetes by intra-peritoneal (i.p.) Streptozotocin (STZ). STZ mice were then 
subjected to MI followed by immediate intramyocardial injection with Adenovirus-apelin (Ad-
apelin). Ad-apelin treatment resulted in over expression of apelin in the ischemic hearts of 
STZ mice. Apelin over expression led to a significant increase in Sirt3 expression. Apelin over 
expression significantly reduced gp91phox expression. This was accompanied by a significant 
reduction of reactive oxygen species formation. Ad-apelin treatment also dramatically reduced 
NF-κb-p65 expression in WT-STZ mice. Over expression of apelin further enhanced autophagy 
markers (LC3-II and beclin-1) expression in post-MI heart. Most intriguingly, knockout of 
Sirt3 in STZ mice abolished these beneficial effects of apelin treatment. In vitro, knockout 
of Sirt3 in EPCs significantly enhanced high glucose-induced ROS formation. Conversely, 
treatment of Sirt3 KO-EPCs with NADPH oxidase inhibitor led to two fold increase in LC3-II 
levels. Our studies demonstrate that apelin increases autophagy via up regulation of Sirt3 and 
suppression of ROS-NF-κb pathway in diabetic heart.

KEYWORDS: Sirtuin 3; Autophagy; ROS; Apoptosis; Myocardial infarction; Diabetes.

ABBREVIATIONS: HF: Heart Failure; DM: Diabetes Mellitus; BMCs: Bone Marrow Cells; 
STZ: Streptozotocin; LAD: Left anterior descendant artery; DHE: Dihydroethidium; Ad-GFP: 
Ad-green fluorescent protein; DAPI: Diamino-2-phenyl indole; MI: Myocardial Infarction.

INTRODUCTION

 Long known to augment the risk for cardiovascular disease, Diabetes Mellitus (DM) 
increases mortality of patients with Heart Failure (HF) over that observed in HF patients without 
DM.1 Cardiovascular disease is one of the major complications of DM.2 Clinical studies show 
that Myocardial Infarction (MI) is the leading cause of morbidity and mortality in the patients 
with DM.3,4 A population-based study also reveals that the incidence of MI in diabetic patients 
is significantly higher than non-diabetic patients.5 Therefore, it is urgent to develop new agents 
for the treatment of post-MI heart failure in DM. 

 Apelin is a bio-activated peptide which binding to the apelin receptor (APJ).6 
Apelin has been shown to protect the heart against ischemia injury and reduce infarct size.7 A 
recent study also showed that deficiency of apelin exacerbated ischemia-reperfusion injury.8 

We have reported that over expression of apelin promoted myocardial angiogenesis and 
improved cardiac function in post-MI diabetic STZ mice and these beneficial effects of apelin 
were mediated through activation of Sirt3.9 Sirt3 is a member of a highly conserved family 

http://openventio.org/Volume1_Issue4/Apelin_Gene_Therapy_Increases_Autophagy_via_Activation_of_Sirtuin_3_in_Diabetic_Heart_DROJ_1_115.pdf
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of protein deacetylases, which is closely associated with the 
prolonged lifespan of human.10 Sirt3 has been shown to regulate 
cardiomyoctye apoptosis, survival and cardiac hypertrophy.11 

Previously, we also observed that treatment with Bone Marrow 
Cells (BMCs) over-expressing apelin enhanced myocardial 
angiogenesis and functional recovery, accompanied by increased 
Sirt3 levels in the ischemic heart.12 Our study further showed 
that knockout of Sirt3 blunted the protective effect of apelin in 
cultured EPCs.12 These findings indicate a critical role of Sirt3 in 
apelin-mediated protective effect in post-MI heart. 
 
 The present study was designed to evaluate the 
functional role of Sirt3 in apelin-mediated beneficial effects 
against ischemic injury in diabetic mouse model. Wild type and 
Sirt3 knockout (Sirt3 KO) mice were treated with streptozotocin 
(STZ) to induced hyperglycemic DM model followed by 
myocardial infarction by ligation of Left Anterior Descendant 
(LAD) artery. Using this ischemic STZ mouse model, we have 
examined the effects of apelin gene therapy on the autophagy 
and ROS formation in ischemic hearts of diabetes. Moreover, 
we have explored the potential mechanisms by which apelin 
regulates myocardial autophagy in diabetes.

MATERIALS AND METHODS

 All procedures conformed with the Institute for 
Laboratory Animal Research Guide for the Care and Use of 
Laboratory Animals and were approved by the Animal Care and 
Use Committee of University of Mississippi Medical Center 
(protocol identifier: 1280). The investigation conformed to the 
National Institutes of Health Guide for the Care and Use of 
Laboratory Animals (NIH Pub. No. 85-23, Revised 1996).

Experimental Animal Model Treatment

 Wild type control and Sirt3 knockout (Sirt3 KO) mice 
(obtained from Jackson laboratory, Bar Harbor, Maine, USA) 
were bred by our lab. Experimental mice (male at 4-5 month age) 
were intra-peritoneal (i.p) injected with streptozotocin (STZ, 50 
mg/kg, Sigma Co, MO, USA) for 5 days to induce diabetes. 
At 6 weeks, mice with blood glucose level >300 mg/dl were 
selected for the left anterior descending coronary (LAD) artery 
ligation to induce MI. Experimental STZ mice were anesthetized 
with ketamine (100 mg/kg) plus xylazine (15 mg/kg), intubated, 
and artificially ventilated with room air. A left thoracotomy 
was performed, and the LAD was exposed and ligated with 8-0 
nylon suture. Ischemic areas were intramyocardial injected with 
adenovirus-apelin (Ad-apelin) and adenovirus-β-gal adenovirus 
(Ad-β-gal) at the dose of 1×109 PFU per heart at four sites. 
Experimental STZ mice were divided into 4 groups: (i) WT-
STZ+Ad-β-gal (n=14 mice); (ii) WT-STZ+Ad-apelin (n=14 
mice); (iii) SIRT3KO-STZ+Ad-β-gal (n=14 mice); and SIRT 
3KO-STZ+Ad-apelin (n=14 mice). After 2 weeks of ad-apelin 
or Ad-β-gal gene therapy, mice were sacrificed by cervical 
dislocation under anesthesia with isoflurane.

Western Blot Analysis of PHD2, HIF-1α, NF-κb, Apelin, gp91phox, 
Beclin-1 and LC3-I/II Expression 

 Hearts were harvested and homogenized in lysis 
buffer for Western analysis. Following immunoblotting, the 
membranes were blotted with HIF1-α, apelin, gp91phox (1:1000, 
Cell Signaling, MA, USA), PHD2, NF-κb-p65, beclin-1 and 
LC3-I/II (1:1000, Santa Cruz, CA, USA) antibodies. The 
membranes were then washed and incubated with a secondary. 
Antibody coupled to horseradish peroxidase and densitometric 
analysis was carried out using image acquisition and analysis 
software (TINA 2.0).

ROS Formation Assays in Heart Tissue

 To detect in situ generation of ROS in heart tissues, 
Dihydroethidium (DHE) staining was performed. DHE (1 nM, 
Molecular Probes, Oregon, USA) was applied to each heart 
tissue section and cover-slipped. Slides were incubated in a 
dark, humidified chamber at 37 °C for 30 min. The nuclei were 
counterstained with 4,6-diamino-2-phenyl indole (DAPI). The 
relative density of red (DHE) fluorescence was quantified by 
measuring 5 random fields per section using image-analysis 
software (Image J, NIH).

Endothelial Cell Progenitor Isolation, Culture and Identification

 EPC was isolated and cultured from femur and tibia 
bone marrow of WT and Sirt3 KO mice as described previously.13 
Two EPC markers, IB4 (1:50 dilute) and CD34 (1:200 dilute), 
were used for EPC identification by immunohistochemistry.

EPC Treatment and Transfection

 To mimic in vivo hyperglycemic conditions of DM 
model, EPC were exposed to high glucose (30 mmol/L) for 24 
hours, and followed by transfection with Ad-apelin and Ad-β-gal 
(1×109 PFU) in serum-free medium. An Ad-green fluorescent 
protein (Ad-GFP) was applied to the cultured EPC as a marker 
to determine the transfection efficiency before transfected with 
Ad-apelin and Ad-β-gal. 

 To detect the intra-cellular ROS production in EPC, 
1×104 cells were seeded in chamber wells and cultured for 
24 hours to reach >80% confluence. Then CM-H2DCFDA 
(10 μmol/L, Molecular Probes, Oregon, USA) was added to 
chamber wells for 30 minutes. The nuclei were counterstained 
with 4,6-Diamino-2-phenyl indole (DAPI). The relative density 
of green (DCFDA) fluorescence was quantified by measuring 5 
random fields per section using image-analysis software (Image 
J, NIH).

Statistical Analysis

 Data are presented as the mean±standard deviation. 
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Statistical analysis of data were performed with one-way 
ANOVA followed by the post hoc test and P values less than 
0.05 were considered as significant.

RESULTS

Apelin Gene Therapy Increases Post-Mi Survival Rate of Mouse

 WT-STZ mice receiving Ad-apelin or Ad-β-gal 
treatment were survived for 2 weeks of post-MI. There was no 
death in Sirt3 KO-STZ mice received Ad-apelin treatment after 
2 weeks of post-MI, whereas, there was an approximately 42.9% 
death rate in Sirt3 KO-STZ mice received Ad-β-gal treatment 
(P<0.001).

Apelin Gene Therapy Upregulates Sirt3 Expression in the Hearts

 As shown in Figure 1A, intramyocardial injection with 
Ad-apelin led to apelin overexpression in the hearts of WT-STZ 
mice. Sirt3 expression was significantly upregulated by apelin 
overexpression in the hearts of WT-STZ mice compared to WT-
STZ mice treated with Ad-β-gal (Figure 1B).

Apelin Gene Therapy Attenuates Myocardial gp91phox Expression 
and ROS Formation in Post-MI STZ Mice

 Ad-apelin treatment significantly inhibited NADPH 
oxidase gp91phox expression in post-MI STZ mice, but failed to 
reduce gp91phox expression in post-MI Sirt3 KO mice (Figure 
2A). Ad-apelin treatment significantly reduced ROS formation 
in the hearts of WT-STZ mice when compared with Ad-β-gal 
treatment. In Sirt3 KO-STZ mice, Ad-apelin treatment did not 
suppress ROS formation in comparison with Ad-β-gal treatment 
(Figures 2B and 2C).

Apelin Gene Therapy Elevates Autophagy Gene Beclin-1 and 
LC3-II Levels in Post-MI STZ Mice

 Overexpression of apelin resulted in significant 

increases in beclin-1 and LC3-II expression in WT-STZ+MI mice 
when compared with Ad-β-gal treatment (Figures 3A and 3B). 
No significant alterations in beclin-1 or LC3-II expression were 
found in Sirt3 KO-STZ+MI mice received Ad-apelin treatment 
(Figures 3A and 3B). Using immunohistochemistry staining, 
we further confirmed that apelin overexpression dramatically 
increased number of LC3-II positive cells compared to Ad-β-gal 
treatment. In contrast, the Ad-apelin treatment did not change 
LC3-II levels in Sirt3 KO-STZ+MI mice (Figure 3C).

Apelin Gene Therapy Attenuates NFκb Expression, but not 
Prolyl Hydroxylase-2 (PHD2) and HIF-1α Expression 

 To determine whether apelin regulates the 
transcriptional regulator gene expression, NFκb-p65 and PHD2/
HIF-1α expression were examined. As shown in Figure 4A, the 
NFκb expression level was significantly higher in post-MI Sirt3 
KO-STZ mice. Overexpression of apelin significantly reduced 
NFκb-p65 expression level in post-MI WT-STZ mice, but 
failed to inhibit its expression in post-MI Sirt3 KO-STZ mice. 
Moreover, apelin overexpression had little effects on HIF-1α and 
PHD2 expression both in WT and Sirt3 KO-STZ mice (Figures 
4B and 4C).

Overexpression of apelin reduces ROS formation in EPC

 To mimic STZ hyperglycemic condition in vivo, 
cultured EPCs were exposed to high glucose (30 mmol/L) for 
24 hours before transfection with Ad-apelin. Overexpression 
of apelin significantly reduced high glucose induced ROS 
formation. Moreover, Knockout of Sirt3 abolished apelin-
mediated suppression of ROS formation in EPC under high 
glucose conditions (Figures 5A and 5B). To determine the 
interactions of Sirt3, NADPH oxidase and ROS on autophagy 
gene expression, Sirt3KO-EPCs were exposed to NADPH 
oxidase inhibitor apocynin for 24 hours. As shown in Figure 5C, 
treatment of Sirt3KO-EPCs with Apo (200 and 400 microM) 
increased LC3-II expression.

Figure 1: Apelin gene therapy on apelin and Sirt3 expression in post-MI STZ mice. (A) Ad-apelin treatment significantly increased apelin 
expression in the heart of WT-STZ (n=3, †P<0.05). (B) WT-STZ mice had a significant increase in Sirt3 expression in the heart after Ad-apelin 
gene therapy (n=3, †P<0.05)
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A B
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Figure 2: Apelin gene therapy on myocardial ROS formation. (A) apelin gene therapy significantly reduced gp91phox expression compared to WT-STZ mice treated with Ad-β-gal. Knockout of Sirt3 
blunted apelin gene therapy-mediated gp91phox expression in Sirt3 KO-STZ mice (n=3 mice, †P<0.001). (B and C) DHE staining of ROS formation shows that Ad-apelin treatment dramatically inhib-
ited ROS formation in the heart of WT-STZ mice (n=5, †P<0.001). Ad-apelin treatment had little effect on the ROS formation level in Sirt3 KO-STZ mice. WT-STZ mice treated with Ad-apelin had a lower 
ROS formation level than Sirt3KO-STZ, but did not reach significant difference. The ROS formation levels were similar between mice received Ad-apelin and Ad-β-gal treatment in Sirt3KO-STZ mice.

A

B

C

Figure 3: Apelin gene therapy on myocardial autophagy. (A) Apelin overexpression significantly upregulated beclin-1 expression compared to WT-STZ mice 
treated with Ad-β-gal. Knockout of Sirt3 blunted apelin gene therapy-mediated beclin-1 expression in Sirt3 KO-STZ mice (n=3 mice, †P<0.001). (B) Apelin 
gene therapy significantly enhanced LC3-II expression compared to WT-STZ mice treated with Ad-β-gal. Knockout of Sirt3 blunted apelin-mediated LC3-II 
expression in Sirt3 KO-STZ mice (n=3 mice, †P<0.001). (C) Immuno-staining of LC3-II levels in the hearts. Measurement of fluorescent density in the heart 
section showed that Ad-apelin treatment dramatically increased the LC3-II levels compared to Ad-β-gal injection In WT-STZ+MI mice. In contrast, the Ad-
apelin and Ad-β-gal treatment did not change the LC3-II levels in Sirt3 KO-STZ+MI mice.
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Figure 4: Apelin gene therapy on NF-kb and HIF-1α expression. (A) Ad-apelin treatment significantly reduced NFkb expression in WT-STZ post-MI mice in comparison with Ad-β-
gal injection. Apelin gene therapy had little effects on the NFkb expression in Sirt3 KO-STZ mice. (B and C) Ad-apelin treatment did not alter HIF-1α and PHD2 levels in WT-STZ 
and Sirt3 KO-STZ post-MI mice in comparison with Ad-β-gal injection.

A

B

C

Figure 5: Knockout of Sirt3 abolishes apelin induced suppression of ROS formation in EPC. (A) Representative images of overexpression of apelin on ROS formation in EPC 
under High Glucose (HG) conditions in vitro. (B) Overexpression of Ad-apelin in EPC attenuated HG-induced ROS formation (n=5, †P<0.001). The inhibitory effect of apelin on 
HG-induced ROS formation was abolished in Sirt3 KO-EPC. (C) Treatment of Sirt3 KO-EPC with apo (200 and 400 µM) enhanced LC-3 II expression.
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DISCUSSION

 Our previous studies demonstrated that SIR3 plays a 
central role in the apelin-mediated cardiac protection. We have 
shown that: (a) Sirt3 is essential for apelin-induced angiogenesis 
in response to ischemia in diabetes;9 (b) loss of Sirt3 limits apelin-
overexpression bone marrow cell-mediated angiogenesis and 
cardiac repair;12 and (c) upregulation of Sirt3 by overexpression 
of apelin ameliorates diabetic cardiomyopathy in diabetic db/
db mice.14 In this study, we further demonstrated that apelin 
overexpression increases autophagy and reduces NADPH 
oxidase derived ROS formation in the ischemic hearts of 
diabetes. We also revealed that Sirt3 has a critical role in apelin-
induced autophagy and suppression of ROS formation. Our 
present findings elucidate a novel mechanism by which apelin 
protects the ischemic heart of diabetes.

 Autophagy is a highly conserved cellular process 
that maintains cell survival by releasing energy substrates via 
the lysosome-dependent pathway and by removing defective 
organelles.15 Accumulating evidence also indicate that autophagy 
plays a key role for the maintenance of cardiomyocytes structure 
and function under ischemia and pressure-overload.16-19 
Enhancing autophagy protects against ischemia/reperfusion 
injury in cardiac myocytes.20 Augmenting autophagy is emerging 
as a therapeutic strategy for acute myocardial ischemia.21 In the 
present study, we showed that overexpression of apelin increased 
the expressions of two important autophagy markers, beclin-1 
and LC-3II, in the ischemic heart. Intriguingly, knockout of Sirt3 
abrogated this effect, suggesting that induction of autophagy 
through activation of Sirt3 may contribute to the protective 
action of apelin against ischemic injury. 

 NADPH oxidase subunit gp91phox, known also as Nox2, 
is an enzyme solely dedicated to the generation of ROS.22 Gp91phox 

expression is upregulated in the ischemic heart and salvages 
cardiomyocytes from ROS-induced injury.23 Knockdown of 
Nox2-NADPH oxidase using siRNA improves cardiac function 
following myocardial infarction.24 Loss of NOX2 (gp91phox) 
further reduces oxidative stress and prevents progression to 
advanced heart failure.25 In this study, we showed that the apelin 
overexpression significantly inhibited gp91phox expression in 
heart of STZ mice. This was accompanied by reduced ROS 
formation and increased autophagy gene expression. In contrast, 
knockout of Sirt3 in STZ mice completely abolished these 
beneficial effects of apelin gene therapy. As one of the major 
mitochondrial NAD+-dependent deacetylase, Sirt3 is involved 
in mitochondrial ROS formation.26,27 Sirt3 regulates ROS 
production by directly binding and deacetylating mitochondrial 
complex I and II.28 Sirt3 has been shown to attenuate hydrogen 
peroxide-induced oxidative stress through the preservation 
of mitochondrial function.29 NADPH oxidase has been shown 
involved in autophagy activation in cardiomyocyte.30 Previously, 
we have shown that loss of Sirt3 enhanced ROS formation and 
apoptosis in EPCs.31 Consistent with these findings, we showed 

that knockout of SIRT3 abolished apelin-mediated suppression 
of ROS formation in heart tissue and cultured EPCs. Moreover, 
pharmacological inhibition of NADPH oxidase in Sirt3 KO-
EPCs increased LC-3II expression. These data suggest a possible 
interaction among Sirt3, gp91phox and ROS in the regulation of 
autophagy. 

 NF-κb and HIF-1α are two important transcriptional 
factors involved in the regulation of autophagy gene 
expression.32,33 ROS-mediated NF-κb activation has been shown 
to lead to the autophagic degradation in fibroblasts.34 Our data 
showed that apelin gene therapy significantly suppressed NF-
κb expression, but has little effect on HIF-1α and its regulator 
PHD2 levels. Furthermore, knockout of Sirt3 abrogated apelin-
induced suppression of NF-κb activation and failed to affect 
autophagy gene expression in ischemic heart of STZ mice. These 
data implicate that apelin may upregulate autophagy in infarcted 
heart of diabetic mice via suppression of NF-κb, rather that HIF-
1α. We therefore hypothesized that deficiency (loss) of Sirt3 in 
diabetic heart may cause gp91phox activation and increase ROS 
formation, which subsequently inhibits autophagy expression 
via activation of NF-κb. However, further study is warranted to 
clarify this signaling pathway. 

 In summary, the current study provides direct evidence 
that overexpression of apelin reduces ROS formation and 
enhances autophagy via upregulation of Sirt3. Our data suggest 
that modification of Sirt3 with apelin could be used as a novel 
therapy strategy for the treatment of diabetes-associated heart 
failure.
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ABSTRACT

Background: Older people suffering from Type 2 Diabetes Mellitus (T2DM) are at major risk 
for age related cognitive dysfunction and dementia, mainly due to vascular complications. Stud-
ies have shown that T2DM is also associated with Alzheimer’s Disease (AD) and is responsible 
for accelerating the pathology through insulin resistance. A polyherbal drug containing Bacopa 
Monnieri, Hippophae rhamnoides and Dioscorea bulbifera has shown a potent neuroprotective 
effect in management of cognitive deficits in elderly; and metformin a well-accepted antidia-
betic agent responsible for lowering blood glucose in T2DM, can together provide an intrigu-
ing potential combination therapy for prevention and amelioration of cognitive impairments in 
T2DM patients.
Objective: The present study is aimed to evaluate the combined effect of a polyherbal drug and 
metformin on improving cognitive functions in patients suffering from T2DM.
Method: Elderly patients with an age range of 60-75 years diagnosed for T2DM were enrolled 
in the study and randomized into two groups; Group I=T2DM patients given metformin and 
placebo, Group II=T2DM patients given metformin and polyherbal drug. The subjects received 
the combination therapy of metformin (500 mg) and placebo or metformin (500 mg) and poly-
herbal drug (500 mg) twice daily for a period of 24 weeks. Estimation of Mini Mental State 
Examination (MMSE) score, blood glucose, HbA1c, insulin, lipid profile (total cholesterol, 
LDL-c, HDL-c, triglycerides), homocysteine, Interleukin-6 (IL-6), TNF-α and C-reactive pro-
tein (CRP) were measured at baseline and were repeated at three months and six months. The 
primary end point was a change from baseline to week 24 in MMSE score. Key secondary end 
points included change from baseline to week 24 in Digital Symbol Substitution (DSS); subtest 
of the Wechsler Adult Intelligence Scale-Revised), word recall (digital memory apparatus – 
Medicaid systems, Chandigarh, India), attention span (Attention Span Apparatus – Medicaid 
systems, Chandigarh, India), Functional Activity Questionnaire (FAQ) and Hamilton Depres-
sion Scale (HDS) score. Further inflammatory markers and level of oxidative stress were anal-
ysed using standard biochemical tests. 
Result: The trial was performed in 120 elderly diabetic patients out of whom 112 patients 
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completed the study for 24 weeks. Statistically significant dif-
ferences were found between the two groups after intervention 
on cognitive performance indicated by MMSE, DSS, word re-
call, attention span, FAQ, HDS, and memory span scores; in-
flammatory markers such as C-reactive protein (CRP), interleu-
kin-6 (IL-6), Interferon-α (INF-α) and Tumor necrosis factor-α 
(TNF-α); oxidative stress markers like Superoxide dismutase 
(SOD), Glutathione peroxidase (GPx), Glutathione (GSH) and 
Thiobarbituric acid reactive substances (TBARS); and neurode-
generation marker Homocysteine (Hcy). However, no signifi-
cant variations were indicated between groups in serum insulin 
and HbA1c levels after intervention of 24 weeks.
Conclusion: The results of this study demonstrate the therapeu-
tic potential of the combination therapy of a polyherbal drug and 
metformin. These results also support longer trials of this com-
bination therapy for patients with mild cognitive impairment and 
diabetes. 

KEYWORDS: Neurodegeneration; Type 2 diabetes; Polyherbal 
formulation; Metformin; Combination treatment.

ABBREVIATIONS: T2DM: Type 2 Diabetes Mellitus; AD: Al-
zheimer’s Disease; HDS: Hamilton Depression Scale; FAQ: 
Functional Activity Questionnaire; TBARS: Thiobarbituric 
acid reactive substances; GSH: Glutathione; GPx: Glutathione 
peroxidase; Hcy: Homocysteine; CRP: C-reactive protein; IL-
6: Interleukin-6; SOD: Superoxide dismutase; IGF: Insulin like 
growth factor; BMI: Body Mass Index; MMSE: Mini Mental 
State Examination; DSS: Digital Symbol Substitution; LDL: 
Low Density Lipoprotein; HDL: High Density Lipoprotein; 
HPLC: High-performance liquid chromatography.

INTRODUCTION

 In developing countries, improvement in the health care 
has contributed to people living healthier and longer lives. This 
has resulted in an increase in the world ageing population and 
consequently an increase in age related disorders like dementia. 
Dementia is debilitating disease which involves variety of condi-
tions that develop when nerve cells (neurons) in the brain die or 
do not function properly. Alzheimer’s disease (AD) is accounted 
to be the most common form of dementia followed by vascular 
dementia and mixed dementia. The symptoms include memory 
loss, changes in behaviour, ability to think clearly, eventual im-
pairment of one’s ability to carry out basic bodily functions such 
as walking and swallowing, and ultimately lead to death. It has 
been estimated that 35.6 million people were suffering from de-
mentia in 2010 and is projected to triple by 2050. Each year 7.7 
million new cases are reported which implies that one new case 
in four seconds is diagnosed every day.1 This disease constitutes 
a great burden not only to the patients, but is also devastating for 
the caregivers and is an enormous social and economic burden 
to the Society. Pharmaceutical interventions so far have been 
directed towards amelioration of the symptoms, no drug action 
stops the progression of the disease. 

 On the other hand, diabetes is common metabolic dis-
ease that is manifested in the form of hyperglycemia and glucose 
intolerance due to relative insulin deficiency, impaired effective-
ness of insulin action, or both.2 Worldwide estimations in 2011 
indicate 366 million patients suffering from diabetes and these 
numbers are proposed to rise to 552 million by 203.3 There are 
two types of diabetes mellitus; Type1 Diabetes Mellitus (T1DM) 
and Type 2 Diabetes Mellitus (T2DM), which differ in their eti-
ology and clinical presentation. T1DM is an autoimmune dis-
ease in which the insulin producing cells of the pancreas are 
destroyed, and results in chronic hyperglycemia due to insulin 
deficiency. In contrast, T2DM is a result of insulin resistance and 
relative insulin deficiency that is caused due to inadequate re-
sponse by target tissues like skeletal muscles, adipose tissue and 
liver, to circulating insulin and is often accompanied by raised 
insulin levels. 

 Many recent studies have implicated T2DM as a risk 
factor for cognitive dysfunction and dementia in the elderly. A 
positive correlation has been observed between the number of 
elderly individuals with T2DM and the number of people with 
diabetes and cognitive dysfunction. Rotterdam study is one of 
the earliest large scale epidemiological finding which showed 
that T2DM patients had an increased risk for developing de-
mentia.4 Another study in 2004 demonstrated a 65% increase 
risk of developing AD in T2DM patients.5 Furthermore, a re-
cent meta-analysis of population-based longitudinal studies in 
2012 confirmed the relative risk of AD in subjects with T2DM 
was 1.46 times higher as compared with the subjects without 
T2DM.6 Studies have revealed that AD is a metabolic disease, 
and its symptoms are associated with impairments in brain’s re-
sponsiveness to insulin, glucose utilization and energy metabo-
lism, which lead to increased inflammation, oxidative stress and 
more insulin resistance. These metabolic derangements contrib-
ute to the structural, functional, biochemical and molecular ab-
normalities that result in neuronal loss, synaptic disconnection, 
beta amyloid accumulation and tau hyperphosphorylation that 
are characteristic of AD pathology.7 The concept of AD to be a 
metabolic disease stemmed from the observations that deficits 
in cerebral glucose utilization, were present either prior to or 
coincident with initial stages of cognitive dysfunction.8-11 Even 
post-mortem studies of AD patient brains show molecular and 
biochemical evidence of insulin and Insulin like growth fac-
tor (IGF) resistance and impairments in signal transduction.12,13 
Either, the gene expression of insulin or IGF polypeptides in 
brain and cerebrospinal fluid is altered or there is reduced level 
of insulin binding to its receptor and decreased responsiveness 
to insulin stimulation.12-14 Hence, AD related neurodegeneration 
has been hypothesized to be “Type 3 diabetes” or “brain insulin 
resistant state”. 

 Current pharmacological interventions have made re-
markable advances to treat and prevent classic microvascular and 
macrovascular complications in patients with T2DM,15 however 
cognitive dysfunctions are not targeted. Elderly T2DM patients 
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with cognitive impairment and dementia face major hindrance 
in self-care behaviour that is essential for the management of 
diabetes. Therefore, diabetes along with cognitive dysfunction 
in the elderly creates a large burden for the patients as well as 
their families and society. There is an urgent need to take brain 
protection into consideration while developing and implement-
ing future treatments of diabetes for the elderly population. The 
underlying mechanisms of the association of T2DM with cogni-
tive impairments need to be investigated and alternative disease 
modifying approaches are necessary for development of a treat-
ment or method of prevention. Moreover, it may be beneficial 
to control the blood glucose levels to optimum and establish a 
combination therapy for enhancing cognitive preservation.

 Traditional medicinal system has utilized the potential 
of medicinal plants since antiquity for the treatment of memory 
dysfunction. In the present study, the efficacy of a combina-
tion therapy of metformin and a US patented novel polyherbal 
formulation, containing Bacopa monnieri, Hippophae rham-
noides, and Dioscorea bulbifera in management of cognitive 
dysfunction in T2DM patients was investigated. The polyherbal 
formulation has demonstrated a potential role in treatment and 
prevention of neurodegenerative disorders in the elderly by sig-
nificantly improving cognitive and neuropsychiatric measures, 
reducing oxidative stress and neuroinflammation.16 Whereas, 
metformin is the first line pharmacologic treatment for T2DM, 
as it decreases hepatic glucose production and improves insulin 
sensitivity by augmenting glucose uptake in the peripheral tis-
sues, mainly muscles.17,18 Metformin’s efficacy, security profile, 
beneficial cardiovascular and metabolic effects and its ability to 
be associated with other antidiabetic or neuroprotective agents 
provided the basis to use the combination therapy in the pres-
ent study. With this background, this study was undertaken to 
explore the efficacy of the polyherbal drug in combination with 
metformin to ameliorate cognitive impairments in T2DM pa-
tients.

METHODS

Study Design, Participants and Treatment

 The study was conducted as a randomized, single 
blinded, placebo controlled observational study. Elderly persons 
with diabetes >60 years of age were enrolled in the study for a 
period of 24 weeks. 

Inclusion criteria were: Onset of T2DM for at least 10 years, 
fasting blood glucose levels <180 mg/dl, HbA1c level of 7 to 
10%, Body Mass Index (BMI) <40 kg/m2, no autoimmune dis-
order, no cardiac ischemic or renal disease, no chronic inflam-
matory disease or infection, no regular consumption of other 
herbal drugs, no consumption of any vitamin supplements <2 
months before starting screening. Additional inclusion criteria 
were deterioration of memory along with at least three of the 
following five complaints: poor orientation, poor judgment and 

problem solving difficulties, trouble in the functioning of com-
munity affairs, inability to function independently in home and 
during hobbies and difficulties in personal care. 

Exclusion criteria were: Non adherence to the study protocol (no 
consumption of more than 20% of the capsules), any sensitivity 
or unwanted effect to the test drug after the onset of the study, 
any variation in patients routine treatment i.e., variation in type 
and dose of the drugs to be consumed, and treatment with in-
sulin, no consumption of any nutritional/ herbal supplements, 
consumption of alcohol or narcotic drugs. 

 Around 235 elderly were screened out of which 115 
were excluded for not meeting the exclusion criteria and other 
reasons. Only 120 patients were randomized into two groups of 
60 participants each; Group I: elderly subjects with diabetes who 
were given metformin and placebo, Group II: elderly patients 
with diabetes who were given metformin and test drug (poly-
herbal formulation).16 A random list of numbers was determined 
by a computer-generated series with the proper sequence applied 
to container labels and supplied to participants in the order en-
rolled after being randomly assigned to the various treatment 
groups. This computer generated randomization scheme was de-
veloped and kept by the study sponsor. Metformin and test drug 
were given at a dose of 500 mg twice daily just after meals. The 
placebo tablets were prepared using dibasic calcium phosphate 
and microcrystalline cellulose and were identical in appearance 
to the test drug.16 Follow up of the patients was performed by 
monitoring them weekly by phone to control them from non-
consumption of capsules, prevent sample loss and record re-
sponse to relevant questions. Compliance was determined by 
calculating the rate of tablet consumption before they received 
medication for next two weeks. The participants were also asked 
to contact the study centre if they experienced any medical prob-
lems during the study period and were advised to not make any 
changes in their usual diet, and make any self-reliant changes in 
the medication routine. 

Measurements

 Demographic characteristics including age, gender, 
height, weight, marital status, education, occupation, duration 
of onset of the disease, type and dose of medication used to con-
trol diabetes, cognitive impairment symptoms were assessed 
and recorded by interviewing the patients. Cognitive parameters 
and biochemical tests were recorded at baseline and at 12th and 
24th week of intervention. Body Mass Index (BMI) was calcu-
lated by weight (kg) divided by height squared (m). Cognitive 
function was assessed following structured performance tests, 
which included mental status, verbal memory, complex psy-
chomotor skills, and attention/executive functions. Mini mental 
state examination (MMSE) was used to assess mental status.19 
Memory scores were tested using the digital memory apparatus 
(Medicaid systems, Chandigarh, India) device for both immedi-
ate and delayed memory performance. Complex psychomotor 
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skill was examined using the Digital Symbol Substitution (DSS) 
test, which is a sub-test of the Wechsler Adult Intelligence Scale-
Revised,20 and has a score range of 0-93. Attention span scores 
were obtained using the electronic device-Attention Span Ap-
paratus (Medicaid systems, Chandigarh, India). A well-trained 
psychologist/technical person administered all four tests in the 
same order to all the study patients. Depression was assessed by 
the Geriatric Depression Scale-15 (GDS-15),21 which is a global 
test for depression with scores ranging from 0 to 15. Functional 
activity questionnaire (FAQ) scores were also obtained to test 
cognitive function of the participants.22,23 After 12 h of fasting 
venous blood sample was taken from each patient by a labora-
tory technician at the beginning, follow-ups and end of interven-
tion. The blood samples were collected in separate vacutainer 
tubes and were centrifuged at room temperature, at 3500 g for 
10 min; the serum and plasma were stored at -80 °C until they 
were analysed. Blood glucose, HbA1c, serum insulin, and lip-
id profile which included total cholesterol, triglycerides, Low 
Density Lipoprotein (LDL), High Density Lipoprotein (HDL) 
were analysed using standard tests using blood serum. The 
blood plasma level of homocysteine was determined by a High-
performance liquid chromatography (HPLC) method. Levels of 
CRP, IL-6 and TNF-α were detected in the blood plasma by the 
ELISA method using test kits. SOD and GPx activities as well as 
GSH and TBARS levels were measured as markers for oxidative 
stress. SOD activity was estimated by the method of Misra and 
Fridovich, GPx activity was estimated by the method of Rotruck, 
et al. GSH levels as well as TBARS levels were detected in the 
blood by colorimetric assays.24-29 Any adverse reactions were as-
sessed by routinely monitoring liver function test (serum glu-
tamic-oxaloacetic transaminase, glutamic pyruvic transaminase, 
bilirubin and alkaline phosphatase), total protein and serum al-
bumin, urine test (urinary vanillomandelic acid, 17 ketosteroides 
and glucocorticoid) and kidney function tests (blood urea, serum 
creatinine, and uric acid) using standard laboratory procedures.

Ethical Considerations

 The study aims and methods were explained to the pa-
tients and the informed written consent was received from them 
if they were interested in participation. The study protocol was 
approved by the institution’s ethical committee at Institute of 
medical science, Banaras Hindu University and SRM Univer-
sity. The clinical trial titled ‘‘Prevention and management of 
age related neurodegenerative disorders-an Ayurvedic interven-
tion’’, was registered (No. K.11022/10/2009-DCC) with Dept. 
of AYUSH (Ministry of Health and Family Welfare, Govt. of 
India). The study was approved by Institutional ethical commit-
tee, and was undertaken as an additional pilot trial under the 
CTRI/2014/12/005312 trial, to specifically study subjects with 
diabetes and cognitive impairment.

Data Analysis

 All data are expressed as mean±SD. The unpaired stu-

dent t test was performed to compare the results obtained from 
the different groups. All statistical analysis was done using the 
Graphpad prism ver. 2.0. Per-protocol analysis was performed 
and statistical significance was regarded at P<0.05.

RESULT

Demographic Data of Subjects

 A total of 120 elderly subjects with diabetes participat-
ed in the study, out of which the 112 participants completed the 
study. The following cases were excluded from the intervention: 
4 patients had no tendency to continue, 3 patients were irregular 
for weekly follow-ups due to travel, 1 patient could not be con-
tacted; the remaining 112 participants continued till the end of 
the trial were all investigated (Figure 1). The compliance of con-
suming capsules in both the groups turned out to be more than 
90%, thus demonstrating a well adherence to the study protocol 
by the patients. All the patients who received the combination 
therapy, 66(58.9 %) were male and 46(38.3%) were female. The 
mean age of the patients in group I and II were 65.92±6.87 and 
67.48±8.35 respectively. The baseline characteristic of the pa-
tients before the study is presented in Table 1. There were no sta-
tistically significant differences between the variable in the two 
groups (Table 1). The adverse events reported in the study were 
mild in severity and included nausea, drowsiness and constipa-
tion. The study parameters after 24 weeks of treatment, includ-
ing neuropsychological parameters, memory span, biochemical, 
inflammatory and oxidative stress parameters were compared 
between group I and II and are shown in Tables 2, 3, 4 and 5 
respectively. 

Effect on Neuropsychological Parameters 

 To assess the therapeutic potential of metformin in 
combination with test drug for neuroprotective effects in pa-
tients with diabetes, several neuropsychological parameters 
such as memory, mental status, complex psychomotor skills, 
and attention/executive functions were analysed and are shown 
in Table 2. After 24 weeks of intervention the neuropsychologi-
cal parameters were compared in elderly patients with diabetes 
who received a combination therapy of metformin and place-
bo or metformin and test drug. Significant improvement in the 
MMSE score (P<0.0001), DSS score (P<0.0001), word recall 
(P<0.0001), attention span (P<0.0001), FAQ (P=0.0320), and 
HDS score (P<0.0001) was observed. Similar statistical analysis 
on the short term memory (P<0.0001), and long term memory 
scores (P<0.0001) confirmed significant improvements in group 
II that received a combination therapy of the test drug with met-
formin. 

Effect on Biochemical and Inflammatory Markers

 The levels of inflammatory markers and other bio-
chemical parameters have been reported in Table 3. No signifi-
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Variables
Group I
(N=55)

Mean+SD

Group II
(N=57)

Mean+SD
P- value

Male (N(%)) 31(56.36) 35(61.4)

Female (N(%)) 24(43.63) 22(38.59)

Age (years) 65.92±6.87 67.48±8.35 0.28

Body mass Index (kg/m2) 25.04±6.85 26.39±5.27 0.24

Blood glucose (mg/dL) 156.17±43.58 164.27±54.91 0.39

HbA1c (%) 10.09±2.31 9.63±3.24 0.39

Serum Insulin (mU/ml) 8.39±3.48 7.85±2.72 0.36

Serum Cholesterol (mg/dL) 219.58 ± 41.56 228.41±33.75 0.22

Serum Triglycerides (mg/dL) 225.88±62.04 234.71±48.90 0.40

Serum LDL (mg/dL) 122.42±11.73 118.42±14.82 0.12

Serum HDL (mg/dL) 46.45±3.72 48.73±5.01 0.16

Homocysteine (Hcy) (nmol/L) 21.852±5.921 22.52±3.91 0.48

C-reactive Protein (CRP) (mg/dL) 4.853±1.574 5.063±1.74 0.50

Interleukin-6 (IL-6) (pg/dL) 1.392±0.041 1.401±0.026 0.17

TNF-α (pg/ml) 987.26±91.23 1010.53±105.21 0.21

MMSE score 15.24±2.90 15.93±2.16 0.56

Figure 1: Flow chart of the study.

Table 1: Comparison of the qualitative and quantitative variables between the two groups before the intervention.
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Parameter
Group I
(N=55) Group II

(N=57)

P value
(comparison 

between Group I and 
II after 24 weeks)

Initial After 12 
weeks

After 24 
weeks Initial After 12 

weeks
After 24 
weeks

MMSE 
score 15.24±2.90 15.12±3.31 14.89±2.01 15.93±2.16 16.28±3.20 17.95±3.11 <0.0001

DSS score 41.98±12.49 40.80±11.97 41.72±12.05 39.72±10.91 43.85±3.85 47.90±13.06 <0.0001

Word recall 
score 4.87±1.22 5.06±1.30 4.69±2.21 5.02±1.83 6.42±1.69 6.85±2.04 <0.0001

Attention 
Span score 6.68±2.13 6.35±1.87 6.49±1.32 6.98±1.63 7.55±2.04 8.09±2.12 <0.0001

FAQ score 19.842±4.316 18.975±3.922 18.895±3.116 20.101±5.824 18.702±6.102 17.186±4.993 0.0320

HDS score 14.867±3.085 13.352±4.113 12.886±3.591 15.854±4.753 16.104±4.902 17.372±5.112 <0.0001

Values are expressed as mean±SD
Group I (N=55) elderly diabetics treated with metformin and placebo, group II (N=57) elderly diabetics treated with metformin and test drug, Statistical analysis have been done 
to compare scores after 24 weeks treatment between group I vs. II
MMSE: Mini Mental State Examination; DSS: Digital Symbol Substitution; FAQ: Functional Activity Questionnaire; HDS: Hamilton Depression Scale

Memory span (Score)
P value

 (comparison between 
Group I and II after 24 

weeks)

Group I (N=55) Group II (N=57)

Initial After 12 weeks After 24 
weeks Initial After 12 

weeks
After 24 
weeks

STM 
score 7.84±1.63 7.39±1.82 7.1±1.58 6.99±1.81 7.83±1.20 8.25±2.04 <0.0001

LTM 
score 5.98±1.02 5.82±0.97 5.66±1.22 5.61±1.13 5.89±1.35 6.75±1.38 <0.0001

Group I (N=55) elderly diabetics treated with metformin and placebo, group II (N=57) elderly diabetics treated with metformin and test drug, Statistical 
analysis have been done to compare scores after 24 weeks treatment between group I vs. II.
STM: Short Term Memory; LTM: Long Term Memory

Parameter Group I (N=55) Group II (N=57)

P value
(comparison 

between Group 
I and II after 24 

weeks)

Initial After 12 weeks After 24 weeks Initial After 12 weeks After 24 
weeks

Hcy (nmol/L) 21.852±5.921 20.956±6.321 23.721 ±5.456 22.52±3.91 20.832±5.391 18.193±3.885 <0.0001

CRP (mg/dL) 4.953±1.574 4.392±2.014 5.012±2.101 5.063±1.74 4.223±1.735 3.851±1.080 0.0003

IL-6 (pg/dl) 1.392±0.041 1.52±0.058 1.428±0.085 1.401±0.026 1.274±0.093 1.12±0.092 <0.0001

TNF-α (pg/ml) 987.26±91.23 1012.41±89.23 992.06±92.2 1010.53±105.21 889.32±86.35 760.25±93.26 <0.0001

Serum Insulin 
(mU/ml) 8.39±3.48 6.94±2.85 7.08±3.10 7.85±2.72 6.34 ±2.11 6.12±1.98 0.0525

HbA1c (%) 10.09±2.31 10.35±1.94 9.01±1.58 9.63 ±3.24 9.54 ±1.75 8.89±1.18 0.6489

Values are expressed as mean±SD
Group I (N=55) elderly diabetics treated with metformin and placebo, group II (N=57) elderly diabetics treated with metformin and test drug, Statistical analysis have been done to 
compare scores after 24 weeks treatment between group I vs. II. 
Hcy: Homocysteine; CRP: C-reactive Protein; IL-6: Interleukin 6; TNF- α: Tumor necrosis factor alpha

Table 2: Effect of combination therapy on neuropsychological parameter scores.

Table 3: Effect of combination therapy on memory span.

Table 4: Effect of combination therapy on inflammatory markers and biochemical parameters.
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cant statistical differences were observed at the beginning of the 
intervention. However, there was gradual increase in the Hcy 
levels in group I, suggesting a progressive neurodegeneration 
due to glucose intolerance. Comparison of Hcy levels between 
groups I and II at the end of 24 weeks showed significant de-
crease in Hcy levels (<0.0001). Similar trend of decrease in CRP 
level (P=0.0003) was observed in the group that received the test 
formulation in addition to metformin. Additionally, the levels of 
inflammatory markers IL-6(P<0.000) and TNF-α (P<0.0001) 
were significantly lowered after 24 weeks of intervention. Ac-
cording to the results, no statistical differences were observed at 
the beginning and end of intervention in terms of serum insulin 
(P=0.0525) and HbA1c (P=0.6489) levels.

Effect on Oxidative Stress 

 The effect of the test drug was also assessed on anti-
oxidants like SOD, GPx, GSH and TBARS. A slight increase in 
oxidative stress markers, SOD, GPx and TBARS was observed 
in group I that received metformin and placebo. Whereas, the 
levels of SOD (P<0.0001), GPx (P<0.0001), GSH (P<0.0001), 
and TBARS (P<0.0001) showed significant decrease at the end 
of the intervention between group I and II. This demonstrates the 
ability of test drug to lower oxidative stress in elderly patients 
with diabetes. 

DISCUSSION

 The present study indicated that combination treatment 
of (polyherbal formulation) in addition to metformin in elder-
ly patients with diabetes for 24 weeks causes improvement in 
cognitive functions. One of its definitive outcomes is a signifi-
cant change in MMSE scores as well as in DSS, attention span, 
word recall, FAQ and HDS scores, thereby showing the effect 
of the polyherbal formulation in controlling neurodegeneration 
in T2DM patients. On the other hand, a significant decrease was 
found in oxidative stress and inflammatory markers in the group 
that received metformin and test drug compared to the group 
that received metformin and placebo. Therefore, considering the 

results of these parameters especially MMSE, inflammation and 
oxidative stress, it may be concluded that the polyherbal formu-
lation is effective in preventing progressive neurodegeneration 
associated with diabetes. 

 Aging is a major risk factor for AD and evidences 
from recent studies suggest that brain insulin resistance is one 
of the major factor that contribute to mild cognitive impairment 
or dementia and AD.12,30-34 The molecular and biochemical con-
sequences of insulin resistance in the brain are caused due to 
impairments in the insulin signalling pathway that compromises 
neuronal survival, energy production, gene expression, plasticity 
and white matter integrity.33,35,36 The brain undergoes a starvation 
state due to deficit in glucose uptake and utilization, thus causing 
oxidative stress, impairments in homeostasis and increased cell 
death. Impairments in insulin signalling results in neurodegen-
eration due to increased activity of kinases that aberrantly phos-
phorylates tau, generation of reactive oxygen species that dam-
ages proteins, nucleic acids and lipids, leads to accumulation of 
amyloid beta monomers and plaques, causes mitochondrial dys-
function and increase signalling through pro-inflammatory and 
pro-apoptosis cascades.35-38 Also insulin resistance is associated 
with down-regulation of genes needed for cholinergic function, 
thereby further compromising neuronal plasticity, memory and 
cognition.36,38

 

 The basis of the neuroprotective effects of the test for-
mulation is corroborated by several studies in animals and hu-
mans. The polyherbal formulation is a combination of Bacopa 
monnieri, Hippophae rhamnoides and Dioscorea bulbifera. Sev-
eral studies have demonstrated the nootropic effect of Bacopa 
monnieri is imparted via the action of triterpeniod saponin called 
bacosides that show acetylcholinesterase inhibition, acetyltrans-
ferase activation, b-amyloid reduction, and increased cerebral 
blood flow.46 Hippophae rhamnoides on the other hand contains 
high concentration of flavonoids, fat soluble vitamins, folic acid, 
various fatty acids, phytosterols, essential amino acids and quer-
cetin as the active phytomolecule. The fruit pulp extract Hippo-
phae rhamnoides have a potent antioxidant property that imparts 

Parameter Group I (N=55) Group II (N=57)

P value
(comparison 

between Group 
I and II after 24 

weeks)

Initial After 12 weeks After 24 weeks Initial After 12 weeks After 24 weeks

SOD (U/g Hb) 1592.11±106.21 1422.31±115.32 1342.41±102.98 1612.23±196.52 1423.32±211.32 1226.32±150.26 <0.0001

GPx (U/g Hb) 69.31±10.21 68.21±11.25 71.58±14.65 67.24±9.65 61.38±12.985 58.96±9.35 <0.0001

GSH (U/g Hb) 1.721±0.115 1.498±0.098 1.352±0.142 1.689±0.102 2.208±0.206 2.65±1.25 <0.0001

TBARS (nmol/g 
Hb) 152.68±40. 17 163.68 ±64.05 173.45±56.81 158.78±65.421 139.81±34.72 128.17±29.68 <0.0001

Values are expressed as mean±SD
Group I (N=55) elderly diabetics treated with metformin and placebo, group II (N=57) elderly diabetics treated with metformin and test drug, Statistical analysis have been done to compare 
scores after 24 weeks treatment between group I vs. II.
SOD: Superoxide dismutase; GPx: Glutathione peroxidase; GSH: Glutathione; TBARS: Thiobarbituric acid reactive substances

Table 5: Effect of combination therapy on oxidative stress markers.
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a neuroprotective role by preventing oxidative damages. In addi-
tion, high concentration of folic acid in the fruits helps in regu-
lating homocysteine metabolism by lowering the elevated levels 
associated with neurodegeneration.39,40 Moreover, Dioscorea 
bulbifera extracts contain diosgenin and studies have shown its 
potent anti-inflammatory, anti- hyperglycemic and anti-obesity 
properties.41-44 Its role in preventing neurodegeneration can be 
postulated to be via management of neuroinflammation caused 
due to hyperglycaemia, hyperlipoproteinaemia and obesity. Af-
ter assessing the pharmacological activities of the plant extracts 
it was concluded that whole plant of Bacopa monnieri, fruit pulp 
of Hippophae rhamnoides and rhizome of Dioscorea bulbifera 
possessed AChE inhibitory activity, anti neuroinflammatory and 
antioxidant properties.45 Several preclinical analysis and clinical 
trials have proven the efficacy of these plants in management of 
cognitive deficits in aged population.16,43,46-50

 Subsequently, metformin in addition to its antidiabtic 
properties has been also recently recognized as a potential treat-
ment for neurodegenerative disorders such as AD. Studies have 
shown that metformin prevents apoptotic cascade in endothe-
lial cell type by inhibiting Permeability Transition Pore (PTP) 
and blocking the release of cytochrome-c that will lead to cell 
death.51-53 Another study demonstrated that insulin in addition to 
metformin activates insulin signalling pathway and potentiates 
insulin’s effects on amyloid reduction, improves neuronal insu-
lin resistance and glucose uptake.53 Moreover metformin has a 
role in promoting neurogenesis in rodent and human cultures by 
activating protein kinase C-CREB binding protein (PKC-CBP) 
pathway, thereby recruiting neural stem cells that regenerates 
brain by endogenously repairing the injured areas.54

 Since the aging population is increasing at an alarming 
rate, hence people suffering from this T2DM associated cogni-
tive dysfunction will become increasingly larger problem. The 
need of the hour is to understand the underlying mechanisms 
and pathophysiology of this specific condition that may lead to 
development of better therapeutics. It is essential to control op-
timal level of blood glucose and explore the best combination 
of medication for establishing and enhancing cognitive pres-
ervation. Also, cognitive dysfunction in T2DM may start at a 
relatively early stage, thus starting early management may be 
important to prevent not only dementia but also other complica-
tions.55

 The present study demonstrates a high percentage of 
patient compliance which attests the clinical findings of im-
provement in cognitive functions and can be regarded as strong 
point of the study. The main drawback of the study is small num-
ber of patients and a short follow-up. However, few studies have 
been done to clinically test combination drugs to manage T2DM 
and cognitive dysfunction and this study proves the requirement 
of combination treatment in this specific condition. Therefore, 
it is suggested that forthcoming similar investigations should 
be done for longer duration with larger sample size. Moreover, 

studies are warranted to understand the mechanism of action of 
the test drug in improving cognitive functions in T2DM patients.

CONCLUSION

 The observations from the present study indicate that 
a combination therapy of a polyherbal formulation in addition 
to metformin for 24 weeks has a potential to be a new thera-
peutic for patients suffering from cognitive impairments asso-
ciated with T2DM. Results show a significant improvement in 
neuropsychological parameters including learning and memory 
functions in the group that received polyherbal formulation. The 
study also suggests these changes occur due to neuroprotec-
tive effects of the polyherbal formulation by reducing oxidative 
stress and inflammation. Further, analysis is needed to confirm 
routine use of this combination therapy.

CONFLICT OF INTERESTS

The authors declare that they have no conflict of interests.

ACKNOWLEDGMENT 

We thankfully acknowledge the financial assistance provided by 
the Department of Ayush and University Grants Commission, 
Government of India, New Delhi. The study was supported by 
the project titled “Prevention and management of age related 
neurodegenerative disorders- an Ayurvedic intervention” (No. 
K.11022/10/2009-DCC) by Dept. of AYUSH (Ministry of health 
and family welfare, Govt. of India). The study was approved by 
Institutional ethical committee, and was undertaken as an ad-
ditional pilot trial under the CTRI/2014/12/005312 trial, to spe-
cifically study subjects with diabetes and cognitive impairment. 
Additional support was provided by SRM University, Chennai. 
Thanks to the clinical investigators Prof. V N Mishra and Prof. 
Malvin George for their help and support in conducting the clini-
cal trial. The study was conducted under the supervision of Prof. 
G.P. Dubey (Life Long Distinguished Professor, BHU; Study 
Director & Coordinator, Collaborative program, IMS, BHU. 
He is the guarantor and takes full responsibility for the work 
as a whole, including the study design, access to data, and the 
decision to submit and publish the manuscript. No competing 
financial interests exist for any authors. Finally we would like 
to thank the participants and their families for taking part in this 
study.

AUTHOR CONTRIBUTIONS

G.P.D is the study co-ordinator who conceived and designed the 
study protocol, he had full access to all the data in the study 
and takes responsibility for the integrity of the data and the ac-
curacy of the data analysis. A.S drafted the manuscript, and both 
A.S and P.K.S contributed to the interpretation of findings, and 
preparation of the final manuscript. P.U and S.S performed the 
literature search and statistical analysis, contributed to the data 



                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-116

Diabetes Res Open J

ISSN 2379-6391

collection with supervision from G.P.D., A.A, K.I and V.N.M, 
who together developed and designed the study and oversaw the 
data acquisition and analysis. No potential conflicts of interest 
relevant to this article are present. 

REFERENCES

1. World Health Organization. Dementia: a public health priority. 
Dementia. Geneva, Switzerland; 2012.  Available from: http://
whqlibdoc.who.int/publications/2012/9789241564458_eng.pdf 
2012; Accessed 2015. 

2. Umegaki H. Type 2 diabetes as a risk factor for cognitive 
impairment: current insights. Clin Interv Aging. 2014; 9: 1011-
1019. doi: 10.2147/CIA.S48926
 
3. International Diabetes Federation. Diabetes Atlas: Diabetes 
and impaired glucose tolerance. Global burden: prevalence and 
projections, 2010 and 2030. Available at: https://www.idf.org/
sites/default/files/IDF-Diabetes-Atlas-4th-edition.pdf 2009; Ac-
cessed 2015.

4. Ott A, Stolk RP, Van HF, Pols HAP, Hofman A, Breteler 
MMB. Diabetes mellitus and the risk of dementia: The Rotter-
dam Study. Neurology. 1999; 53(9): 1937. 

5. Arvanitakis Z, Wilson RS, Bienias JL, Evans DA, Bennett 
DA. Diabetes mellitus and risk of Alzheimer disease and decline 
in cognitive function. Arch Neurol. 2004; 61(5): 661-666. 

6. Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor 
for dementia and mild cognitive impairment: A meta-analysis of 
longitudinal studies. Internal Medicine Journal. 2012; 484-491. 

7. De la Monte SM, Tong M. Brain metabolic dysfunction at the 
core of Alzheimer’s disease. Biochem Pharmacol. 2014; 88(4): 
548-559. doi: 10.1016/j.bcp.2013.12.012
 
8. Caselli R, Chen K, Lee W, Gene E A, Reiman EM. Corre-
lating cerebral hypometabolism with future memory decline in 
subsequent converters to amnestic pre-mild cognitive impair-
ment. JAMA Neurol. 65(9):1231-1236. doi: 10.1001/archneu-
rol.2008.1

9. Langbaum J, Chen K. Hypometabolism in Alzheimer-affected 
brain regions in cognitively healthy Latino individuals carrying 
the apolipoprotein E ε4 allele. JAMA Neurol. 2010; 67(4): 462-
468. doi: 10.1001/archneurol.2010.30 

10. Patel CA, Divakar K, Santani D, Solanki HK, Thakkar JH. Re-
medial Prospective of Hippophae rhamnoides Linn. (Sea Buck-
thorn). ISRN Pharmacology. 2012. doi: 10.5402/2012/436857  

11. Mosconi L, Pupi A, De Leon M. Brain glucose hypome-
tabolism and oxidative stress in preclinical Alzheimer’s dis-

ease. Ann N Y Acad Sci. 2008; 1147:180-195. doi: 10.1196/an-
nals.1427.007
 
12. Rivera E, Goldin A, Fulmer NRT, Wands JR, de la Monte 
SM. Insulin and insulin-like growth factor expression and func-
tion deteriorate with progression of Alzheimer’s disease: link to 
brain reductions in acetylcholine. J Alzheimer’s Dis. 2005; 8(3): 
247-268. 

13. Steen E, Terry B, Rivera E. Impaired insulin and insulin-like 
growth factor expression and signaling mechanisms in Alzheim-
er’s disease-is this type 3 diabetes? J Alzheimer’s Dis. 2005; 
7(1): 63-80. 

14. Talbot K, Wang H, Kazi H. Demonstrated brain insulin re-
sistance in Alzheimer’s disease patients is associated with IGF-
1 resistance, IRS-1 dysregulation, and cognitive decline. J Clin 
Invest. 2012; 122(4): 1316-1338. doi: 10.1172/JCI59903
 
15. Khalil C, Roussel R, Mohannedi K, Danchin N, Marre M. 
Cause-specific mortality in diabetes: recent changes in trend 
mortality. Eur J. 2012; 19(3): 347-381. 

16. Sadhu A, Upadhyay P, Agrawal A, et al. Management of 
Cognitive Determinants in Senile Dementia of Alzheimer’s 
Type: Therapeutic Potential of a Novel Polyherbal Drug Prod-
uct. Clin Drug Investig Investig. 2014; 34(12): 857-869. doi: 
10.1007/s40261-014-0235-9 

17. Goodarzi M, Bryer-Ash M. Metformin revisited: re-evalua-
tion of its properties and role in the pharmacopoeia of modern 
antidiabetic agents. Diabetes Obes. 2005. 

18. Shaw R, Lamia K, Vasquez D, Koo S, et al. The kinase LKB1 
mediates glucose homeostasis in liver and therapeutic effects of 
metformin. Science. 2005; 310(5754): 1642-1646. doi: 10.1126/
science.1120781 

19. Folstein M, Folstein S, McHugh P. Mini-mental state: a 
practical method for grading the cognitive state of patients 
for the clinician. J Psychiatr Res. 1975; 12(3):189-198. doi: 
10.1016/0022-3956(75)90026-6 

20. Shinagawa F, Kobayashi S, Fujita K, Maekawa H. Japanese 
wechsler adult intelligence scale-revised. Tokyo: Nihon Bunka 
Kagakusha. 1990; 18-28. 

21. Yesavage J, Sheikh J. 9/Geriatric Depression Scale (GDS) 
recent evidence and development of a shorter violence. Clin 
Gerontol. 1986; 5(1-2): 165-173. doi: 10.1300/J018v05n01_09 

22. Hasegawa K. Psychology of the aged patient and the nursing 
approach. Kanqoqaku Zasshi. 1974; 38(8): 893-900. 

23. Ashford J. Screening for memory disorders, dementia and 

Page 100

http://whqlibdoc.who.int/publications/2012/9789241564458_eng.pdf
http://whqlibdoc.who.int/publications/2012/9789241564458_eng.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4085321/
https://www.idf.org/sites/default/files/IDF-Diabetes-Atlas-4th-edition.pdf
https://www.idf.org/sites/default/files/IDF-Diabetes-Atlas-4th-edition.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24380887
http://archneur.jamanetwork.com/article.aspx%3Farticleid%3D796134
http://archneur.jamanetwork.com/article.aspx%3Farticleid%3D796134
http://www.ncbi.nlm.nih.gov/pubmed/20385913
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3317027/
http://www.ncbi.nlm.nih.gov/pubmed/19076441
http://www.ncbi.nlm.nih.gov/pubmed/19076441
http://www.ncbi.nlm.nih.gov/pubmed/22476197
http://www.ncbi.nlm.nih.gov/pubmed/25316430
http://www.sciencemag.org/content/310/5754/1642.long
http://www.sciencemag.org/content/310/5754/1642.long
http://www.journalofpsychiatricresearch.com/article/0022-3956%2875%2990026-6/abstract
http://www.tandfonline.com/doi/abs/10.1300/J018v05n01_09%23.Vd7qpSWqpHw


                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-116

Diabetes Res Open J

ISSN 2379-6391

Alzheimer’s disease. Aging Heal. 2008; 4(4): 399-432. doi: 
10.2217/1745509X.4.4.399
 
24. Zhuravskii S, Aleksandrova L. Protective effect of carnosine 
on excitable structures of the auditory apparatus in albino rats 
with acute acoustic trauma. Bull Exp. 2004.

25. Misra H, Fridovich I. The generation of superoxide radical 
during the autoxidation of ferredoxins. J Biol Chem. 1971; 246: 
6886-6890. 

26. Rotruck J, Pope A, Ganther H, Swanson A, Hafeman D, 
Hoekstra W. Selenium: biochemical role as a component of glu-
tathione peroxidase. Science. 1973; 179(4073): 588-590. doi: 
10.1126/science.179.4073.588
 
27. Adam B, Calikoglu E. Serum interleukin 6, procalcitonin 
and C-reactive protein levels in subjects with active Behçet’s 
disease. J Eur Acad. 2004;18(3): 318-320. doi: 10.1111/j.1468-
3083.2004.00907.x
 
28. Rahman I, Kode A, Biswas S. Assay for quantitative deter-
mination of glutathione and glutathione disulfide levels using 
enzymatic recycling method. Nat Protoc. 2007; (1): 3159-3165. 
doi: 10.1038/nprot.2006.378
 
29. Mattson M, Shea T. Folate and homocysteine metabolism in 
neural plasticity and neurodegenerative disorders. Trends Neuro-
sci. 2003; 26(3): 137-146. doi: 10.1016/S0166-2236(03)00032-8 
 
30. Craft S. Insulin resistance and cognitive impairment: a view 
through the prism of epidemiology. Arch Neurol. 2005; 62(7): 
1043-1044. doi: 10.1001/archneur.62.7.1043-a
 
31. Craft S. Insulin resistance syndrome and Alzheimer’s dis-
ease: age-and obesity-related effects on memory, amyloid, 
and inflammation. Neurobiol Aging. 2005; 26(1): 65-69. doi: 
10.1016/j.neurobiolaging.2005.08.021
 
32. Craft S. Insulin resistance syndrome and Alzheimer disease: 
pathophysiologic mechanisms and therapeutic implications. Al-
zheimer Dis Assoc Disord. 2006; 20(4): 298-301. 

33. Monte S de la, Tong M. Mechanisms of nitrosamine-me-
diated neurodegeneration: potential relevance to sporadic Al-
zheimer’s disease. J Alzheimer’s Dis. 2009; 17(4): 817-825. doi: 
10.3233/JAD-2009-1098 

34. Hoyer S, Nitsch R, Oesterreich K. Predominant abnormal-
ity in cerebral glucose utilization in late-onset dementia of the 
Alzheimer type: A cross-sectional comparison against advanced 
late-onset and incipient early-onset cases. J Neural Transm-Park 
Dis Dement Sect. 1991; 3(1): 1-14. 

35. Monte S De, Tong M, Wands JR. Insulin Resistance, Cogni-

tive Impairment and Neurodegeneration: Roles of Nitrosamine 
Exposure, Diet and Lifestyles. In Tech. 2011; 459-496. Available 
from: www.intechopen.com 

36. Suzanne M. Contributions of brain insulin resistance and 
deficiency in amyloid-related neurodegeneration in Alzheimer’s 
disease. Drugs. 2012; 72(1): 49-66. doi: 10.2165/11597760-
000000000-00000
 
37. Monte S de la. Triangulated mal-signaling in Alzheimer’s 
disease: roles of neurotoxic ceramides, ER stress, and insulin 
resistance reviewed. J Alzheimer’s Dis. 2012; 30(2): 231-249. 
doi: 10.3233/JAD-2012-111727
 
38. Monte S de la, Longato L, Tong M, Wands J. Insulin resis-
tance and neurodegeneration: roles of obesity, type 2 diabetes 
mellitus and non-alcoholic steatohepatitis. Curr Opin Investig 
Drugs. 2009; 10(10):1049-1060. 

39. Suryakumar G, Gupta A. Medicinal and therapeutic potential 
of Sea buckthorn (Hippophae rhamnoides L.). J Ethnopharma-
col. 2011; 138: 268-278. doi: 10.1016/j.jep.2011.09.024
 
40. Dubey G, Rajamanickman G. Ayurvedic formulation ad-
vocated for the prevention and management of coronary heart 
disease, US 8318216 B2. US Patent 8,318,216. United States; 
2012; 1-8. Available from: https://www.google.com/patents/
US8318216

41. Rêgo T de S, Ash L da S, Pessoa L, et al. The intake of yam 
(Dioscorea bulbifera Linn) attenuated the hyperglycemia and the 
bone fragility in female diabetic rats. Nutr Hosp. 2014; 29(2): 
370-375. doi: 10.3305/nh.2014.29.2.7046 

42. RG S, Rajak M, Ghosh B, Agrawal A, GP D. Comparative 
evaluation of fosinopril and herbal drug Dioscorea bulbifera in 
patients of diabetic nephropathy. Saudi J Kidney Dis Transpl. 
2013; 737-742. 

43. Bisht N, Kumar A, Kothiyal P CA. Evaluation of therapeutic 
potential of Dioscorea bulbifera tubers on learning and memory 
impairment in high fat diet (hfd) and icv streptozotocin (stz)-
induced experimental dementia in mice. Glob J Res Med Plants 
Indig Med. 2013; 2(12): 808-823. 

44. Ghosh S, Ahire M, Patil S, et al. Antidiabetic activity of 
gnidia glauca and dioscorea bulbifera: Potent amylase and glu-
cosidase inhibitors. Evidence-based Complement Altern Med. 
2012; 2012: 10. doi: 10.1155/2012/929051
 
45. Dubey GP. Herbal preparation for management of cardiovas-
cular and neurologic disorders, US 7273626 B2. United States: 
United States Patent and Trademark Office; US 7,273,626 B2, 
2007. 1-5. Available from: http://patentimages.storage.googlea-
pis.com/pdfs/US7273626.pdf 

Page 101

http://www.futuremedicine.com/doi/abs/10.2217/1745509X.4.4.399
http://www.sciencemag.org/content/179/4073/588.long
http://onlinelibrary.wiley.com/doi/10.1111/j.1468-3083.2004.00907.x/abstract%3Bjsessionid%3D934583EC5566635E9EFF6485D5CE459C.f03t03
http://onlinelibrary.wiley.com/doi/10.1111/j.1468-3083.2004.00907.x/abstract%3Bjsessionid%3D934583EC5566635E9EFF6485D5CE459C.f03t03
http://www.nature.com/nprot/journal/v1/n6/full/nprot.2006.378.html
http://www.cell.com/trends/neurosciences/abstract/S0166-2236%2803%2900032-8%3F_returnURL%3Dhttp%253A%252F%252Flinkinghub.elsevier.com%252Fretrieve%252Fpii%252FS0166223603000328%253Fshowall%253Dtrue
http://archneur.jamanetwork.com/article.aspx%3Farticleid%3D788821
http://www.neurobiologyofaging.org/article/S0197-4580%2805%2900230-7/abstract
http://europepmc.org/abstract/med/19542621
www.intechopen.com
http://www.ncbi.nlm.nih.gov/pubmed/22191795
http://www.ncbi.nlm.nih.gov/pubmed/22191795
http://www.ncbi.nlm.nih.gov/pubmed/22337830
http://www.sciencedirect.com/science/article/pii/S0378874111006945
https://www.google.com/patents/US8318216
https://www.google.com/patents/US8318216
http://www.ncbi.nlm.nih.gov/pubmed/24528355
http://www.hindawi.com/journals/ecam/2012/929051/
http://patentimages.storage.googleapis.com/pdfs/US7273626.pdf
http://patentimages.storage.googleapis.com/pdfs/US7273626.pdf


                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-116

Diabetes Res Open J

ISSN 2379-6391

46. Rastogi M, Ojha RP, Devi BP, Aggarwal A, Agrawal A, 
Dubey GP. Amelioration of age associated neuroinflammation 
on long term bacosides treatment. Neurochem Res. 2012; 37(4): 
869-874. doi: 10.1007/s11064-011-0681-1
 
47. Rastogi M, Ojha RP, Prabu PC, Devi BP, Agrawal A, Dubey 
GP. Prevention of age-associated neurodegeneration and promo-
tion of healthy brain ageing in female Wistar rats by long term 
use of bacosides. Biogerontology. 2012; 13(2): 183-195. doi: 
10.1007/s10522-011-9367-y
 
48. Ahn JH, Chen BH, Park JH, et al. Hippophae rhamnoides L. 
leaves extract enhances cell proliferation and neuroblast differ-
entiation through upregulation of intrinsic factors in the dentate 
gyrus of the aged gerbil. Chin Med J (Engl). 2014;127(2010): 
4006-4011.
 
49. Shivakumar S, Ilango K, Agrawal A, Dubey G. Effect of hip-
pophae rhamnoides on cognitive enhancement via neurochemi-
cal modulation in scopolamine induced sprague dawely rats. Int 
J Pharm Sci Res. 2014; 5(10): 4153-4158. 

50. Kongkeaw C, Dilokthornsakul P, Thanarangsarit P, Lim-
peanchob N, Norman Scholfield C. Meta-analysis of random-
ized controlled trials on cognitive effects of Bacopa monnieri ex-
tract. J Ethnopharmacol. 2014; 151(1): 528-535. doi: 10.1016/j.
jep.2013.11.008 

51. Plum L, Schubert M, Brüning JC. The role of insulin re-
ceptor signaling in the brain. Trends Endocrinol Metab. 2005; 
16(2): 59-65. doi: 10.1016/j.tem.2005.01.008
 
52. Heide L van der, Ramakers G, Smidt M. Insulin signaling in 
the central nervous system: learning to survive. Prog Neurobiol. 
2006; 79(4): 205-221. doi: 10.1016/j.pneurobio.2006.06.003
 
53. Gupta A, Bisht B, Dey CS. Peripheral insulin-sensitizer drug 
metformin ameliorates neuronal insulin resistance and Alzheim-
er’s-like changes. Neuropharmacology. 2011; 60: 910-920. doi: 
10.1016/j.neuropharm.2011.01.033
 
54. Wang J, Gallagher D, Devito LM, et al. Metformin activates 
an atypical PKC-CBP pathway to promote neurogenesis and en-
hance spatial memory formation. Cell Stem Cell. 2012; 11(1): 
23-35. doi: 10.1016/j.stem.2012.03.016
 
55. Van Eersel MEA, Joosten H, Gansevoort RT, Dullaart RPF, 
Slaets JPJ, Izaks GJ. The interaction of age and type 2 diabe-
tes on executive function and memory in persons aged 35 years 
or older. PLoS One. 2013; 8(12): e82991. doi: 10.1371/journal.
pone.0082991

Page 102

http://www.ncbi.nlm.nih.gov/pubmed/22198697
http://www.ncbi.nlm.nih.gov/pubmed/22143822
http://www.ncbi.nlm.nih.gov/pubmed/24252493
http://www.ncbi.nlm.nih.gov/pubmed/24252493
http://dx.doi
http://www.cell.com/trends/endocrinology-metabolism/abstract/S1043-2760%2805%2900009-3%3F_returnURL%3Dhttp%253A%252F%252Flinkinghub.elsevier.com%252Fretrieve%252Fpii%252FS1043276005000093%253Fshowall%253Dtrue
http://www.sciencedirect.com/science/article/pii/S030100820600058X
http://www.ncbi.nlm.nih.gov/pubmed/21277873
http://www.sciencedirect.com/science/article/pii/S1934590912001749
http://www.ncbi.nlm.nih.gov/pubmed/24367577
http://www.ncbi.nlm.nih.gov/pubmed/24367577


                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-117

Diabetes Res Open J

ISSN 2379-6391

Association of Total and Differential White 
Blood Cell Counts to Development of 
Type 2 Diabetes in Mexican Americans in 
Cameron County Hispanic Cohort
Kristina P. Vatcheva1*, Susan P. Fisher-Hoch1, Mohammad H. Rahbar2, Min Jae Lee3, 
Rene L. Olvera4 and Joseph B. Mccormick1

1Division of Epidemiology, University of Texas Health Science Center at Houston, School of 
Public Health, Brownsville Campus, Brownsville, TX, USA
2Division of Epidemiology, Human Genetics and Environmental Sciences, University of Texas 
School of Public Health, Division of Clinical and Translational Sciences, Department of Internal 
Medicine, University of Texas Medical School at Houston, and Center for Clinical and Transla-
tional Sciences at The University of Texas Health Science Center at Houston, Room 1100.05 
UT Professional Building, 6410 Fannin Street, Houston, TX, USA
3Division of Clinical and Translational Sciences, Department of Internal Medicine, University of 
Texas Medical School, Biostatistics/Epidemiology/Research Design (BERD) Core, Center for 
Clinical and Translational Sciences (CCTS), The University of Texas Health Science Center 
at Houston, Room 1100.06 UT Professional Building, 6410 Fannin Street, Houston, TX, USA
4Division of Genetic Epidemiology, Department of Psychiatry, University of Texas Health Sci-
ence Center at San Antonio, San Antonio, TX, USA

Research
*Corresponding author
Kristina P. Vatcheva, PhD 
Division of Epidemiology 
University of Texas Health Science 
Center at Houston 
School of Public Health 
Brownsville Campus
One West University Blvd. 
RAC 2.202D, Brownsville 
TX 78520, USA
Tel. 956-755-0682
E-mail: Kristina.P.Vatcheva@uth.tmc.edu

Article History
Received: September 1st, 2015 
Accepted: September 23rd, 2015 
Published: September 23rd, 2015

Citation
Vatcheva KP, Fisher-Hoch SP, Rah-
bar MH, Lee MJ, Olvera RL, Mc-
cormick JB. Association of total and 
differential white blood cell counts 
to development of type 2 diabetes 
in Mexican Americans in Cameron 
county Hispanic cohort. Diabetes 
Res Open J. 2015; 1(4): 103-112. 
doi: 10.17140/DROJ-1-117

Copyright
©2015 Vatcheva KP. This is an 
open access article distributed un-
der the Creative Commons Attribu-
tion 4.0 International License (CC 
BY 4.0), which permits unrestricted 
use, distribution, and reproduction 
in any medium, provided the origi-
nal work is properly cited.

Volume 1 : Issue 4
Article Ref. #: 1000DROJ1117

Page 103

ABSTRACT

Objective: To evaluate the relationship between total and differential White Blood Cells (WBC) 
counts with time to transition to type 2 diabetes in Mexican Americans using prospective data 
from the Cameron County Hispanic Cohort (CCHC).
Results: Multivariable Cox proportional hazards regression models revealed that obese Mexi-
can-American cohort participants whose total WBC count or granulocyte count increased over 
time had 1.39 times higher risk and 1.35 times higher risk respectively of transition to type 2 
diabetes when compared to overweight participants. The granulocyte or total WBC count in 
participants with BMI>=35 were significant risk factors for transition to type 2 diabetes.
Conclusions: Increased total WBC and WBC differential counts, particularly lymphocytes 
and granulocytes, are associated with risk of transition to type 2 diabetes in obese Mexican 
Americans, after adjusting for other potential confounders. Screening and monitoring the WBC 
counts, including lymphocytes and granulocytes can help with monitoring potential transition 
to type 2 diabetes. 

KEYWORDS: Type 2 diabetes; BMI; WBC; Cox proportional hazards regression; Effect modi-
fication; Statistical interaction.

ABBREVIATIONS: WBC: White Blood Cells; CCHC: Cameron County Hispanic Cohort; Il-6: 
Interleukin 6; IL-8: Interleukin 8; CRP: C-reactive protein; BMI: Body Mass Index; CRU: 
Clinical Research Unit; ADA: American type 2 diabetes association; IFG: Impaired Fasting 
Glucose; VIF: Variance Inflation Factors; HR: Hazard Ratio.

INTRODUCTION

 The prevalences of obesity and type 2 diabetes in the United States (US) are high. 
More than one-third of US adults are obese, but age-adjusted obesity in Hispanics is high-
er at 42.5%. In 2014, 9.3% of the US population was reported to have type 2 diabetes but 
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the age-adjusted rate of diagnosed type 2 diabetes in Mexican 
Americans nationally was also higher at 13.9%.1 CCameron 
County, Texas is a USA-Mexico border community with 80.5% 
Mexican Americans2 where we have a community-based cohort, 
the Cameron county Hispanic cohort (CCHC). Data from this 
cohort shows that the Cameron county population is character-
ized as having extremely high rates of obesity, type 2 diabetes, 
cardiovascular disease along with metabolic complications and 
other diseases.3-8 Obesity is a strong risk factor for type 2 dia-
betes9 and also plays a significant role in development of low-
grade inflammation.10 It has been shown that many low-grade 
inflammatory markers, including elevated levels of Interleukin 
6 (Il-6), Interleukin 8 (IL-8), C-reactive protein (CRP) and Tu-
mor Necrosis Factor alpha (TNF-α), are associated with insulin 
resistance and type 2 diabetes.11 Total white blood cell (WBC) 
count is another inflammatory marker which has been shown 
to be associated with obesity, impaired glucose tolerance, car-
diovascular diseases and type 2 diabetes.12,13 However, there 
are a few studies that demonstrate association of inflammatory 
markers with development of type 2 diabetes.14-16 In particular, in 
some studies total WBC count and/or WBC differential counts, 
lymphocytes and granulocytes, were found to be independent 
risk factors for development of type 2 diabetes.17-22 In addition, 
the studies of total WBC counts and WBC differential counts 
and development of type 2 diabetes were conducted in different 
populations with respect to gender, ethnicity, and glycemic sta-
tus; however there is no information of how total and differential 
WBC counts are associated with transition to type 2 diabetes in 
Mexican-American people of mixed European and Amerindian 
ancestry. 

 The aim of our study was to assess potential additive 
associations of total and differential WBC counts (lympho-
cytes, monocytes, and granulocytes), CRP, and Body Mass In-
dex (BMI) with time to transition to type 2 diabetes in Mexican 
Americans using prospective data from the Cameron County 
Hispanic Cohort. We further evaluated effect modification of 
BMI and BMI levels on (a) total WBC counts, (b) lymphocytes, 
(c) monocytes, and (d) granulocytes, and (e) CRP in association 
with time to transition to type 2 diabetes. 

METHODS

Study Population 

 The Cameron County Hispanic Cohort (CCHC), as 
previously described,4 was initiated in Cameron County, Texas 
in 2004 and now numbers more than 3000 participants of age 
18 years or older. The initial purpose of the Cohort was to ad-
dress the burden of chronic diseases such as obesity and type 2 
diabetes and their related conditions in Mexican-Americans, one 
of the fastest growing ethnic groups in the United States. The 
participants in this nested study were drawn from the CCHC and 
included on the basis of completion of two or more visits, as fol-
lows: (1) participants in a nested study, the type 2 Diabetes Risk 
Study (DRS), consisting of cohort participants with pre diabetes, 

but not type 2 diabetes, at their initial visit (fasting blood glucose 
100 to 125 gm/dl) and who then visited quarterly over 5 years, 
or (2) participants visiting the CRU for their regularly scheduled 
5- or 10-year follow up visits. Six hundred and thirty six partici-
pants fulfilled the inclusion criteria and their data were therefore 
admitted to this study.

Data Collection

 At their first visit all CCHC participants who agreed to 
participate in the cohort provided written informed consent in-
cluding permission to be contacted for further studies and to visit 
again in 5 year intervals. After agreeing to join the DRS nested 
study a further consent form was signed by participants. All par-
ticipants visited the Clinical Research Unit (CRU) where they 
received detailed physical evaluations and responded to ques-
tionnaires in either Spanish or English by choice. Socio-demo-
graphic and clinical characteristics, biomarkers, family medical 
history and medications were assessed by trained staff members4 

and serial measurements of the variables were routinely entered 
into the database. Biological specimens and questionnaires were 
obtained at all visits according to standard CCHC protocols.4

 The institutional review boards (IRBs) at The 
University of Texas Health Science Center and the University 
of Texas at Brownsville reviewed and approved the protocol and 
the informed consent forms with permissions to collect and store 
de-identified data and specimens for this and other studies.

Outcome Variable

 The outcome variable of interest was time to first tran-
sition from no diabetes and pre-diabetes to type 2 diabetes. The 
time variable, measured in months, was created as the interval 
between the date of the follow-up visits and baseline visit. All 
participants without any evidence of type 2 diabetes after the 
baseline visit, death or lost-to-follow up were censored at their 
last observation dates. Type 2 diabetes was defined by the 2010 
definitions of the American type 2 diabetes association (ADA)23 

and includes a glycated Hemoglobin (HbA1c) of 6.5% or greater 
and or a fasting blood glucose >126 mg/dl. Participants were 
categorized to have type 2 diabetes if they answered that they 
had been told by a health care provider that they have type 2 
diabetes, or if they were taking hypoglycemic medications or 
their laboratory findings met the 2010 ADA criteria for type 2 
diabetes. 

Independent Variables

 The independent variables of interest were BMI, to-
tal and differential WBC counts (lymphocytes, monocytes, and 
granulocytes), and C-reactive protein (CRP) measured at the 
time of the event or censoring. Other covariates, such as age at 
the time of the event or censoring, gender, family history of type 
2 diabetes, pre-diabetes status, smoking, and triglycerides were 
included in the regression analysis. Body mass index (BMI) was 
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calculated as weight in kilograms divided by height squared in 
meters (kg/m2). Height was measured to the nearest 10th cm us-
ing a stadiometer. Weight (to the nearest tenths of a kilogram) 
was measured on a calibrated beam balance. BMI groups were 
created as BMI<25 (normal), 25≤BMI<30 (overweight), and 
BMI≥30 (obese). Family type 2 diabetes history (yes/no) was 
defined based on patients’ reported type 2 diabetes status or high 
blood sugar status ever diagnosed for biological father, biologi-
cal mother, or siblings. Pre-diabetes was defined as participant 
having Impaired Fasting Glucose (IFG) between 100 and 126 
mg/dl or HbA1c between 5.7% and 6.5%.

STATISTICAL ANALYSIS

 Descriptive statistics of baseline demographics and 
clinical characteristics were conducted. Categorical variables 
were described using frequency and percentages. Continuous 
variables were described with mean and standard deviation. SI 
units are used throughout.

 Cox proportional hazard regression model was con-
ducted to estimate hazard ratios and 95% confidence intervals 
using person-period data. Since the time to type 2 diabetes 
was right-censored for the participants who did not transition 
to type 2 diabetes, Breslow’s method was used to handle ties 
in the data. We fit several univariable Cox proportional hazard 
regression models for the time to transition to type 2 diabetes 
including for BMI, total WBC counts, WBC differential counts 
and CRP. Next, we fit several multivariable Cox proportional 
hazard models for the time to transition to type 2 diabetes by 
each significant variable total WBC counts, WBC differential 
counts and CRP, while adjusting for (1) BMI, and (2) BMI, age, 
gender, pre-diabetes status, type 2 diabetes family history, smok-
ing and triglycerides.24-27 In addition, the interactions between 
BMI and total WBC counts, and BMI and WBC differential 
counts were tested by including the product of the two variables 
in the models. The statistical significance of the interaction term 
in the models was assessed by the overall chi-square test (for 
interaction with categorical BMI) and the local chi-square test 
statistic of the coefficient estimates, and by using a likelihood 
ratio test for the nested models with and without an interaction 
term. Assessment for multicollinearity between the variables in-
cluded in the models was performed using Spearman correlation 
coefficient and Variance Inflation Factors (VIF). The function 
form of the continuous covariates included in univariable and 
multivariable Cox proportional hazard regression models were 
evaluated and as a result, variable CRP was log-transformed and 
serum triglyceride level was included in the models along with 
its quadratic form. The proportionality assumption of the haz-
ards in the final models was tested graphically using Schoenfeld 
and scaled Schoenfeld residuals. Since family type 2 diabetes 
history and pre-diabetes status did not satisfy the proportional 
hazard assumption, all models that included these two variables 
involved stratified analysis using strata statement in SAS Proc 
PHReg. In the stratified models, the regression coefficients are 
assumed to be the same in each stratum although the baseline 

hazard functions may be different.28 The key assumption of the 
stratified proportional hazards models that the covariates are act-
ing similarly on the baseline hazard function in each stratum was 
tested by using likelihood ratio test.28 Cox-Snell residuals were 
used to assess the overall fit of the final models.

 All statistical analysis was performed using SAS 9.4.29 
All statistical tests were two-sided and were performed using 
significance (alpha) level of 0.05.

RESULTS

 From the original cohort of 3002 subjects, 636 partici-
pants who were diabetes free at a baseline visit and had more 
than one follow-up were included in this study. These 636 sub-
jects did not differ from the rest of the cohort participants in 
terms of gender, age, number of years lived in Brownsville, and 
household income. The maximum observation period was nine 
years and the mean follow-up was 4.4 visits. The participant’s 
main demographic, anthropometric and clinical baseline char-
acteristics are presented in Table 1. The mean (SD) age of par-
ticipants was 44.6(14.04) years. The majority of the participants 
were females (68.5%), born in Mexico (68.9%) and the average 
number of years lived in Brownsville, TX was of 20.7±15.45 
years. More than half of the participants (52%) had no high 
school education and were full-time or part-time employed 
(53%). Only 26.6% of the participants had any form of health 
insurance, and 55% of these had private insurance.

 On average, the participants at a baseline visit were 
overweight and obese with mean BMI 30.6±6.17 (48.8% obese 
and 36.1% overweight). More than half (53.2%) of the partici-
pants had pre-diabetes. Baseline mean WBC count, mean lym-
phocyte, monocyte and granulocyte counts were within the nor-
mal range.

 We observed 107 participants (16.8%) who transi-
tioned to type 2 diabetes over the entire follow-up period. In-
dividuals who transitioned to type 2 diabetes compared to those 
who did not had higher baseline measurements of most clinical 
characteristics measured, with the exception of triglyceride and 
cholesterol levels. They were older with higher BMI and waist 
circumference measurements (Table 1).

 There is a weak (r<0.30) pairwise correlation between 
total WBC count, lymphocytes, granulocytes, monocytes and 
BMI, age, gender, smoking status, family history of type 2 dia-
betes, pre-diabetes, and triglycerides. However, the correlation 
analysis showed that there was a high dependency between 
total WBC counts and granulocytes (r=0.91, p-value<0.0001), 
total WBC counts and lymphocytes (r=0.60, p-value<0.0001), 
and between total WBC counts and monocytes (r=0.51, p-val-
ue<0.0001). A weak positive relationship was found between 
lymphocytes and granulocytes (r=0.31, p-value<0.0001). 
 
 Univariable Cox proportional hazard regression 
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Socio-Demographic Characteristic and Clinical  
Characteristic

Total 
n=636

Converted to Type 2 
diabetes n=107

Not Converted     
n=529

Categorical variables n(%) n(%) n(%)

Male 200(31.5) 34(31.8) 166(31.4)

Female 436(68.5) 73(68.2) 363(68.6)

Born in Mexico 438(68.9) 74(69.2) 364(68.8)

USA 198(31.1) 33(30.8) 165(31.2)

With no high school education 328(51.6) 62(57.9) 266(50.3)

With high school education 308(48.4) 45(42.1) 263(49.7)

Employed 334(52.5) 52(48.6) 282(53.3)

Unemployed 302(47.5) 55(51.4) 247(46.7)

Married 429(68.6) 65(60.8) 364(68.9)

Not married 206(32.4) 42(39.2) 164(31.1)

Insured 169(26.6) 33(30.8) 136(25.8)

Uninsured 466(73.4) 74(69.2) 392(74.2)

Smoke 180(28.3) 30(28.0) 150(28.4)

Do not smoke 456(71.7) 77(72.0) 379(71.6)

Normal weight(BMI<25) 96(15.1) 6(5.7) 90(17.0)

Overweight(25≤BMI<30) 229(36.1) 28(26.4) 201(38.1)

Obese(BMI≥30) 309(48.8) 72(67.9) 237(44.9)

Pre-diabetes 337(53.2) 89(83.2) 248(47.1)

No type 2 diabetes 296(46.8) 18(16.8) 278(52.9)

 Continuous variables Mean(SD) Mean(SD) Mean(SD)

Age 44.6(14.0) 47.9(13.2) 44(14.1)

Years of education 11.2(5.3) 10(4.9) 11.5(5.4)

Years lived in Brownsville 20.7(15.5) 23.5(17.1) 20.1(15.1)

Annual Household Income $20, 404($22, 944.3) $16, 195.4($17, 424.0) $21, 221.4($23, 801.6)

Waist circumference(cm) 100.1(13.5) 106.8(15.0) 98.8(12.8)

Hip circumference(cm) 110.1(11.8) 114.2(13.2) 109.2(11.4)

Waist-to-hip ratio 0.9(0.1) 0.9(0.1) 0.9(0.1)

BMI 30.6(6.2) 33.5(7.4) 30(5.7)

Number of White Blood Cells x 109 /L (n=328) 6.4(1.5) 6.9(1.7) 6.3(1.4)

Number of Lymphocytes x 109 /L (n=328) 2.2(0.6) 2.3(0.6) 2.2(0.6)

Number of Monocytes  x 109 /L (n=328) 0.4(0.2) 0.4(0.2) 0.4(0.2)

Number of Granulocytes x 109 /L (n=328) 3.8(1.2) 4.2(1.3) 3.8(1.1)

Triglyceride mmol/L 1.8(1.5) 2.0(1.6) 1.8(1.4)

C reactive protein mmol/L 51.4(61.0) 66.7(79.0) 48.6(56.2)

Glycated hemoglobin(HbA1c)% 
mmol/mol IFCC /%

5.4(0.6) 
36(6.6)

5.6(0.5) 
38(5.5)

5.3(0.6) 
34(6.6)

Mean FBG mmol/L 5.3(0.6) 5.8(0.5) 5.2(0.5)

Low density lipoprotein mmol/L 3.0(0.9) 2.9(0.8) 3.0(1.0)

High density Lipoprotein mmol/L 1.3(0.3) 1.2(0.3) 1.3(0.3)

Total cholesterol mmol/L 5.1(1.1) 4.9(0.7) 5.1(1.2)

HOMA_IR: MMOL_GLUC*ins/22.5 22.2(16.2) 28.8(18.1) 21.0(16.2)

Insulin pmol/l 93.6(65.5) 112.2(66.8) 89.4(64.7)

Table 1: Baseline demographic and clinical characteristics (SI units) for type 2 diabetes free participants at a baseline visit using Cameron county Hispanic 
cohort data, 2003-2014.
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analysis showed that the total WBC count [HR=1.17, 95% CI 
(1.06-1.28), p-value=0.0011], lymphocytes [HR=1.79, 95% CI 
(1.32-2.42), p-value=0.0002], granulocytes [HR=1.14, 95% 
CI (1.02-1.27), p-value=0.0229], and BMI [HR=1.07, 95% CI 
(1.04-1.10), p-value<0.0001] were significantly associated with 
transition to type 2 diabetes (Table 2). When BMI was mod-
eled as a categorical variable with three levels (normal BMI 
<25, overweight 25≤BMI<30 and obese BMI≥30) the chi-
square test resulted in significant Hazard Ratio (HR) in obese 
compared to normal BMI group [HR=3.95, 95% CI (1.60-9.77), 
p-value=0.003] and in obese compared to overweight group 
[HR=1.77, 95% CI (1.14-2.73), p-value=0.0105]. Using family 
history and pre-diabetes stratified multivariable Cox proportion-
al hazard regression models, after controlling for age, gender, 
smoking status, and triglycerides, the total WBC count, lympho-
cytes, granulocytes, and BMI, remained statistically significant-
ly associated with the development of type 2 diabetes (Table 2). 

 In the multivariable regression models (Table 3), con-
trolled for other potential confounders, there was a significant 
interaction between total WBC counts and continuous BMI 
[HR=1.02, 95% CI (1.00-1.03), p-value=0.0203] which was 
confirmed with log likelihood ratio test for the nested models, 
with and without the interaction term (p-value=0.0439) (Figure 
1). In addition, there was a significant interaction effect between 
granulocytes and BMI [HR=1.02, 95% CI (1.00-1.04), p-val-
ue=0.0147, log likelihood ratio test p-value=0.0331] (Table 3). 
Lymphocytes were significantly associated with development of 
diabetes (Table 3) with HR=1.68 [95% CI (1.22-2.32), p-val-
ue=0.0015].

 In the multivariable Cox regressions conducted with 
BMI as a categorical variable (Table 4) a significant interac-
tion effect was found between BMI and total WBC count (log 
likelihood ratio test p-value=0.0192). The hazard of transition 

Variables

Crude Hazard Ratios for 
developing type 2 diabetes

Adjusted* Hazard Ratios for  
developing type 2 diabetes

HR(95% CI) P value HR(95% CI) P value

Total WBC x 109 /L 1.17(1.06-1.28) 0.0011 1.18(1.07-1.31) 0.0008

Lymphocytes x 109 /L 1.79(1.32-2.42) 0.0002 1.72(1.26-2.35) 0.0006

Monocytes x 109 /L 2.58(0.78-8.56) 0.1226 2.27(0.71-7.31) 0.1692

Granulocytes x 109 /L 1.14(1.02-1.27) 0.0229 1.16(1.04-1.30) 0.0108

log(C reactive protein) 1.12(0.91-1.37) 0.2993 1.11(0.97-1.27) 0.1235

BMI 1.07(1.04-1.10) <0.0001 1.04(1.003-1.09) 0.0365

BMI groups

25≤BMI<30 vs. BMI <25 2.23(0.86-5.79) 0.098 1.96(0.75-5.13) 0.1697

BMI≥30 vs. BMI <25 3.95(1.60-9.77) 0.003 3.15(1.25-7.94) 0.0148

BMI≥30 vs. 25≤BMI<30 1.77(1.14-2.73) 0.0105 1.61(0.99-2.60) 0.0529
*Hazard ratios adjusted for age, gender, smoking, and triglycerides, and stratified by family history for type 2 diabetes and pre-
diabetes status using strata statement in SAS Proc PHReg.

Table 2: Univariable and multivariable Cox proportional hazard regression analyses of time to first type 2 diabetes on follow-up 
measures of total WBC count, WBC count differentials, CRP and BMI using Cameron county Hispanic cohort data, 2003-2014.

Table 3: Multivariable Cox proportional hazard regression models*for time to first type 2 diabetes on follow-up measures of total WBC count, WBC count differentials, CRP and BMI as continuous 
using Cameron County Hispanic Cohort data, 2003-2014.

Models Models with  
X=WBC

Models with 
X=Lymphocytes

Models with 
X=Monocytes

Models with 
X=Granulocytes

Models with  
X=ln(CRP)

Variables HR(95% CI)
P 

value
HR(95% CI)

P 
value

HR(95% CI)
P 

value
HR(95% CI)

P 
value

HR(95% CI) P value

X 0.67(0.41-1.08) 0.1018 1.68(1.22-2.32) 0.0015 1.85(0.53-6.38) 0.3332 0.58(0.33-1.01) 0.0553 1.04(0.90-1.20) 0.6475

BMI 0.92(0.82-1.03) 0.148 1.05(1.02-1.08) 0.001 1.05(1.02-1.08) 0.0007 0.94(0.85-1.03) 0.1868 1.05(1.02-1.08) 0.0012

X*BMI 1.02(1.00-1.03) 0.0209 1.02(1.00-1.04) 0.0147

Hazard ratio for X by the level of the interacting variable  BMI 

X and BMI=20 0.95(0.77-1.16) 0.89(0.70-1.13)

X and BMI=25 1.03(0.89-1.20) 0.99(0.83-1.17)

X and BMI=30 1.13(1.01-1.26) 1.10(0.96-1.26)

X and BMI=35 1.23(1.09-1.38) 1.23(1.06-1.41)

X and BMI=40 1.34(1.14-1.57) 1.36(1.13-1.65)

*All models were stratified by family history for type 2 diabetes and pre-diabetes status using strata statement in SAS Proc PHReg and adjusted for age, gender, smoking, and triglycerides.



                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-117

Diabetes Res Open J

ISSN 2379-6391

Page 108

Figure 1: Simulated adjusted hazard ratio with the 95% probability interval of simulations of total WBC counts by unit increase 
in BMI.

to type 2 diabetes in thousands increase per microliter in total 
WBC count is 1.39[95% CI (1.07-1.81), p-value=0.0127] times 
higher in obese individuals compared to overweight individu-
als. This was also shown graphically in Figure 2 with estimated 
hazard ratios for total WBC counts by BMI levels. The line for 
BMI ≥35 lies above the lines for BMI<25 and 25≤ BMI<35, re-
spectively, and it was crossed with the line for 25≤ BMI<35 but 
paralleled with the line for BMI<25. The local chi-square test 
in the adjusted models showed a significant HR 1.35[95% CI 
(1.01-1.81), p-value=0.0432] for increased levels in thousands 
granulocytes blood cells count per microliter comparing obese 
to overweight individuals (Table 4, Figure 3).

 To further determine if granulocytes and lymphocytes 
were associated independently of each other with transition to 
type 2 diabetes, additional Cox proportional hazards models 
were fitted for (1) granulocytes and lymphocytes together and 
(2) for granulocytes and lymphocytes together controlled for 
BMI, age, gender, smoking status, family history of type 2 dia-
betes, pre-diabetes, and triglycerides. Table 5 shows that lym-
phocytes were independently associated with transition to type 
2 diabetes after controlling for granulocytes and the other poten-
tial confounders. In addition, there was a significant interaction 
between granulocytes and BMI[HR=1.02, 95% CI (1.00-1.04), 
p-value=0.0177, log-likelihood ratio test p-value=0.0189] indi-
cating that the effect of granulocytes on transition to type 2 dia-
betes is different for different values of BMI, after controlling 
for the effect of lymphocytes and the other potential confound-
ers. More specifically, the HR for granulocytes was significant 
when BMI≥35 [HR=1.18, 95% CI (1.01, 1.37)] and the hazard 
ratio increased as the values of BMI increased. 

DISCUSSION

 Prospective data from our Mexican American popu-
lation-based cohort revealed that total white blood cell counts, 
particularly lymphocytes and granulocytes were associated with 
risk of transition to type 2 diabetes. This remains true in both 

crude and controlled analyses using BMI and other potential 
confounders such as age, gender, smoking status, family history 
of type 218 diabetes, pre-diabetes, and serum triglyceride levels. 
Other studies conducted on different populations in respect to 
gender, geographic location, ethnicity, and glycemic status, have 
reported significant relationship between incidence of type 2 
diabetes and the WBC count and WBC count differentials.17-22 In 
a multicenter, multi-ethnic study using a range of glucose toler-
ance levels in USA states population without type 2 diabetes, 
Lozeno, et al. reported a significant association between higher 
lymphocyte counts and incidence of type 2 diabetes, after con-
trolling for smoking, family history of type 2 diabetes, fasting 
blood glucose and BMI but did not find significant association 
between total WBC count and incidence of type 2 diabetes af-
ter controlling for the other covariates.18 In a prospective cohort 
study of young, normoglycemic men with normal WBC counts, 
conducted in Israel, Twig, et al. reported that total WBC count 
was an independent risk factor for development of type 2 dia-
betes after controlling for age, smoking, family history of type 
2 diabetes, fasting blood glucose, triglycerides and BMI.20 In a 
prospective cohort study of Pima Indians with baseline normal 
glucose tolerance, Volzorova, et al. also found total WBC counts 
to be an independent risk factor for development of type 2 dia-
betes, after controlling for age, gender and percent of body fat.17 
Similarly, Jiang, et al. reported that elevated total WBC count 
was independently associated with deterioration in glucose 
metabolism in middle-aged and elderly Chinese.19 In addition, 
neutrophils, which comprise the majority of granulocytes, were 
found significantly associated with incident type 2 diabetes.30

 Although it is hard to compare WBC differentials be-
tween people living in different environments our findings con-
firmed these previous findings that increasing total WBC counts, 
lymphocytes and granulocytes to be independent predictors of 
transition to type 2 diabetes in Mexican Americans when con-
trolling for other potential confounders. Moreover, we further 
examined the presence of statistical interaction effects in the 
Cox proportional hazards regression models, towards better ex-
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Models
Models with  

X=WBC
Models with 

X=Lymphocytes
Models with 

X=Monocytes
Models with 

X=Granulocytes
Models with 
X=log(CRP)

Variables
HR 

(95% CI)
P value

HR 
(95% CI)

P value
HR 

(95% CI)
P value

HR 
(95% CI)

P value HR(95% CI) P value

X
1.45 

(0.89-2.35)
0.1384

1.08 
(0.25-4.72)

0.9229
2.18 

(0.66-7.19)
0.1996

1.38 
(0.86-2.23)

0.1869
1.06 

(0.92-1.22)
0.4055

25≤BMI<30 vs. BMI<25
33.89 

(0.81-1419.9)
0.0645

2.39 
(0.16-35.38)

0.5265
1.92 

(0.73-5.04)
0.186

11.25 
(0.73-172.51)

0.0822
1.81 

(0.69-4.77)
0.2308

BMI≥30 vs. BMI <25
6.34 

(0.18-224.11)
0.3097

0.96 
(0.08-11.77)

0.9757
3.12 

(1.24-7.87)
0.0158

4.97 
(0.38-65.93)

0.2239
3.02 

(1.19-7.68)
0.02

X*25≤BMI<30 vs. BMI<25
0.63 

(0.37-1.09)
0.0967

0.87 
(0.16-4.56)

0.8651
0.67 

(0.39-1.15)
0.1457

X*BMI≥30 vs. BMI <25
0.88 

(0.53-1.46)
0.6227

1.9 
(0.42-8.71)

0.4078
0.9 

(0.55-1.48)
0.682

X* BMI≥30 vs. 25≤BMI<30
1.39 

(1.07-1.81)
0.0127

2.2 
(0.96-5.04)

0.0635
1.35 

(1.01-1.81)
0.0432

Hazard ratio for X by the level of the interacting variable  BMI 

X and BMI<25
1.45 

(0.89-2.35)
1.08 

(0.25-4.72)
1.38 

(0.86-2.23)
  

X and 25≤BMI<30
0.92 

(0.73-1.15)
0.93 

(0.44-1.99)
0.92 

(0.71-1.19)
  

X and BMI≥30
1.27 

(1.13-1.44)
2.05 

(1.42-2.94)
1.25 

(1.09-1.43)
  

*All models were stratified by family history for type 2 diabetes and pre-diabetes status using strata statement in SAS Proc PHReg and adjusted for age, gender, smoking, and triglycerides.

Figure 3: Estimated adjusted hazard ratios for granulocytes by BMI levels.Figure 2: Estimated adjusted hazard ratios for total WBC counts by BMI levels.

Table 4: Multivariable Cox proportional hazard regression models* for time to first type 2 diabetes on follow-up measures of total WBC count, WBC count differentials, CRP and BMI categories using 
Cameron county Hispanic cohort data, 2003-2014.

planation of the development of the type 2 diabetes. Our study 
indicated that total WBC count and granulocytes and BMI were 
jointly associated with development of type 2 diabetes. Higher 
levels of total WBC and granulocyte count were stronger pre-
dictors of incident type 2 diabetes in obese in compare to over-
weight individuals. Similar findings were reported only for total 
WBC counts in the cohort study of young normal glycemic Is-
raeli men conducted by Twig G, et al.20 Our results suggest that 
obese Mexican-American participants with higher levels of total 
WBC count had 1.39 times higher risk of transition to type 2 
diabetes when compared to overweight participants. Likewise, 
obese Mexican-American with higher granulocytes counts had 
1.35 times higher risk of conversion to type 2 diabetes when 

compared to overweight participants. Additionally we showed 
that lymphocyte and granulocyte count are independent risk 
factors for transition to type 2 diabetes, in particular, granulo-
cyte count is a risk factor for categories II and III obese people 
(BMI>=35).

 Though granulocytes (principally neutrophils) are con-
sidered the arm of the innate immune response and lympho-
cytes that of the acquired immune responses, it is now clear that 
there is considerable and complex cross-talk and collaboration 
between cells of both these systems both in acute and chronic 
disease.31 Both these systems are implicated in the chronic in-
flammatory syndrome of type 2 diabetes.32 Infiltration of visceral 
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adipose tissues with neutrophils, macrophages and lymphocytes 
is now recognized to be associated with both obesity and type 2 
diabetes.32-34 Whether this process is associated with increased 
numbers of circulating cells of these lineages is unknown, but in 
Table 2 it is interesting to note that increases in the lymphocyte 
lineages are noticeably associated with development of type 2 
diabetes.32 Overall these observations suggest that it is reason-
able to hypothesize that the increase in total and differential 
WBC counts that we observe may be markers of increase in the 
inflammatory syndrome and increasing insulin resistance prior 
to development of overt type 2 diabetes.32

STRENGTH AND LIMITATIONS

 CCHC data is representative by design of this single 
ethnicity border population characterized with high prevalence 
of type 2 diabetes and other conditions and biomarkers for chron-
ic diseases.3-7 Although many of the participants do not have the 
same follow-up time, the response rate of the CCHC participants 
is high. To our knowledge, this study was the first conducted in 
a Mexican-American population, to assess risk factors leading 
to the development of type 2 diabetes. In addition our study has 
some novel findings that in non-diabetic and pre-diabetic popu-
lation lymphocytes is an independent of granulocytes factor of 
incident type 2 diabetes regardless of the levels of BMI, while 
granulocytes is an independent risk factor when BMI>=35.

 Our study has some limitations. Based on the results 
from the analysis we did not find any association between CRP 
and transition to type 2 diabetes as shown in several studies.35-38 
We did not find any interaction between continuous BMI and 
lymphocytes. The reason is that the study was performed based 
on available data of 636 participants and detecting statistically 
significant smaller interaction effects in the Cox proportional 
hazard regression models may be underpowered.39 Moreover, it 
is known, that larger sample sizes are needed to study interac-
tions involving continuous variables.39

CONCLUSIONS

 Increased total WBC and WBC differential counts, par-
ticularly lymphocytes and granulocytes, are associated with risk 
of transition to type 2 diabetes, particularly among the obese 
Mexican-American, after adjusting for other potential con-
founders. Our study emphasizes the predictive importance of 
total WBC counts, lymphocytes and granulocytes in obese par-
ticipants, in particular the role of lymphocytes and granulocytes. 
Our observations emphasize the central role of chronic inflam-
mation in the pathology of type 2 diabetes, and that this process 
is underway well before diagnosis. Since inflammation plays a 
role in the development of type 2 diabetes understanding its role 
is important in development of prevention strategies for type 2 
diabetes. Since our study suggests that screening and monitoring 
the WBC counts, lymphocytes and granulocytes can help with 
predicting potential transition to type 2 diabetes administering 
anti-inflammatory medications in addition to life-style changes 
may bolster efforts in preventing this disease.
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Models Model 1 Model 2 Model 3* Model 4*

Variables HR(95% CI) P value HR(95% CI) P value HR(95% CI) P value HR(95% CI) P value
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ABSTRACT

Background: Type 1 Diabetes (T1D) Mellitus is a complex, chronic illness that affects half a 
million children under the age of 15 years. Complications associated with diabetic retinopathy 
can be prevented with continued self-management of Blood Glucose (BG) and Blood Pressure 
(BP) into adulthood. In this case, we present a 20-year-old man with a 15 year history of T1D 
who loses control of his BG and BP for 2 years. 
Methods: Blood pressure, visual acuity and intraocular pressures were measured at the time of 
visit. Non-mydriatic retinal imaging was performed using a Canon CR-2 Plus AF with a resolu-
tion of 18 megapixel. A Spectral Domain (SD)-OCT provided a 5 micron resolution of the pos-
terior pole including the macula/fovea. Optical Coherence Tomography Angiography (OCTA) 
(Optovue, Inc., Fremont, CA, USA) captured 6*6 mm angiograms centered on macula. Team-
ViewerTM was used to perform remote tele-presence tele-ophthalmology.
Results: Color Fundus Photo (CFP) of the subject in 2013 showed few hemorrhages with 
virtually no signs of retinopathy although his BP, last Glycated hemoglobin (HbA1c) and BG 
were uncontrolled (130/91 mm Hg, 13+, 421 mg/dL, respectively). Two years later, after 15 
years of diabetes, his BP, last HbA1c, and BG are still uncontrolled (142/62 mm Hg, 13.5%, 
and 319 mg/dL, respectively). CFP and tele-consultation confirms severe Non-proliferative 
diabetic retinopathy (NPDR), after 131 days since last annual eye examination, with 259 retinal 
hemorrhages and 12 Intraretinal microvascular abnormalities (IRMAs) in his left eye. OCT was 
normal, but OCTA identified areas of retinal telangiectasia and micro-aneurysm formation. 21 
days following NPDR diagnosis, he reduced BP to 122/78 mm Hg, HbA1c to 10%, and BG 
to 115 mg/dL. CFP showed 80 fewer hemorrhages and 10 IRMAs. 57 days following NPDR 
diagnosis, subject had BP of 107/72 mm Hg and BG of 124 mg/dL. CFP showed 180 fewer 
hemorrhages and 13 IRMAs. 
Conclusions: As BG and BP were decreased and maintained within normal levels, the subject 
benefited from reduction in retinopathy findings. This case identifies the role non-mydriatic 
retinal imaging, OCT, and OCTA may play in the assessment and follow-up of patients with 
long duration type 1 diabetes. Tele-ophthalmology can be an important tool in the follow-up 
and second opinion of screened patients. An emphasis on BP monitoring can play an important 
role in the better management of patients with type I diabetes. Close monitoring and mainte-
nance of BP below 130/80, fasting BG under 120 mg/dL, and HbA1c<10% can help reduce 
NPDR microvascular complications and save vision.

KEYWORDS: Type 1 diabetes mellitus; Diabetic retinopathy; Hypertensive retinopathy; Non-
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proliferative diabetic retinopathy; Digital imaging; OCT; OCTA 
Angiography; Flame hemorrhage; Dot hemorrhage; IRMA; 
Telemedicine; Blood Pressure; Blood Glucose; Hypertension.

ABBREVIATIONS: T1D: Type 1 Diabetes; BG: Blood Glucose; 
BP: Blood Pressure; OCTA: Optical Coherence Tomography 
Angiography; CFP: Color Fundus Photo; NPDR: Non-prolif-
erative diabetic retinopathy; IRMAs: Intraretinal microvascular 
abnormalities; IDF: International Diabetes Federation; HbA1c: 
Glycated hemoglobin; VA: Visual Acuity; IOP: Intraocular pres-
sures; FAF: Fundus autofluorescence; FFL: Friends for Life; 
ETDRS: Early Treatment Diabetic Retinopathy Study; DICOM: 
Digital Imaging and Communications in Medicine; HIPPA: 
Health Insurance Portability and Accountability Act; UH: Uni-
versity Hospital; CSC: Clinical Sciences Centre; DNA: Deoxy-
ribonucleic acid; HTN: Hypertension; UKPDS: UK Prospec-
tive Diabetes Study; HOT: Hypertension Optimal Treatment; 
CMOS: Complementary Metal Oxide Semiconductor.

INTRODUCTION

 Type 1 diabetes (T1D) mellitus is an autoimmune pro-
cess that selectively destroys the insulin-producing beta cells in 
the islets of Langerhans, resulting in an absolute deficiency of 
insulin.1 The International Diabetes Federation (IDF) recently 
reported that the worldwide incidence of T1D affects nearly 
500,000 children under the age of 15 years.2 The largest reported 
numbers can be found in Western Europe and North America.3 
However, the highest mortality rate due to T1D in children is 
highest in sub-Saharan African countries such as Sudan, which 
shows 42.6 deaths per 100,000 children less than 15 years of 
age while in the United States, the incidence is 0.63 per 100,000 
children.4 It is clear that T1D is a serious health priority through-
out the world. 

 Most recently, progress has been made in determining 
cellular malfunctions in patients with T1D so that effective treat-
ments can be developed. Scientists from the Clinical Sciences 
Centre (CSC) in West London have shown that microRNA 375 
is released into the bloodstream in large quantities as soon as the 
pancreas cells that produce insulin begin to die.5 In addition, sci-
entists from Joslin Diabetes Center at Harvard Medical School 
have discovered higher levels of miR-200 protein and conse-
quently impaired Deoxyribonucleic acid (DNA) repair in stem 
cells from T1D patients with severe complications compared to 
T1D with absent or mild complications.6 Their next step will 
be to determine whether these molecules can be detected in the 
bloodstream and used reliably as effective bio-markers for T1D 
diagnosis and complications. 

 The rising prevalence of T1D and its vascular compli-
cations are a major cause of concern, especially regarding the 
development of serious diseases that affect the kidneys, nerves, 
cardiovascular system, and the eyes. Diabetic retinopathy, one of 
the most common complications of T1D, is classified as micro-

angiopathy affecting the retinal vasculature, including microvas-
cular leakage from collapsing inner blood-retinal barrier (retinal 
oedema) and microvascular occlusion.7 Reports suggest that in-
dividuals with T1D should undergo a retinal exam after 5 years 
of onset or by 15 years of age to screen for and prevent retinopa-
thy.8 Retinal hemorrhages are often associated with long history 
of diabetes9 and high blood glucose as well as long duration of 
elevated blood pressures.10 Other than glycemic and systemic 
BP control, no other biochemical factors have conclusively been 
demonstrated to protect against diabetic complications.11

 The target fasting BG and HbA1c are 80-130 mg/dL 
and <7%, respectively.8 The target BP is <130/80.12 Loss of con-
trol of these important health parameters in a child with T1D 
results in progressive retinopathy.13 Research has established the 
importance of BG control to prevent development and progres-
sion of diabetic retinopathy. Prolonged exposure to hyperglyce-
mia induces a large number of cellular level alterations in vas-
cular tissue, including non-enzymatic glycosylation of proteins 
and lipids and increased oxidative stress14 in addition to sub-
stantially increased retinal oxygen consumption.15 BP control is 
being advocated for the same purpose, as patients with T1D and 
uncontrolled hypertension are twice as likely to have reduced 
vision when compared to patients with diabetes and controlled 
BP.16

MATERIALS AND METHODS

Protocol for Screening

 Visual Acuity (VA) and Intraocular pressures (IOP) 
were performed using an automated VA instrument from Canon 
RK-F2 Full Auto Ref-Keratometer (Tokyo, Japan) and Canon 
TX-20 Full Auto Tonometer (Tokyo, Japan) to capture pertinent 
data. BP was measured manually using Korotkoff technique 
while the patient sat comfortably. 
 
 The use of a Canon CR2 Plus AF (Tokyo, Japan) non-
mydriatic retinal imaging system with a 18 Mp Complementary 
Metal Oxide Semiconductor (CMOS) sensor provided color and 
Fundus autofluorescence (FAF) fundus images. Image manage-
ment and post processing of digital imagery was done using 
Canon’s proprietary software, image SPECTRUMTM V 3.01 (Ir-
vine, California, USA), to manage all electronic data including 
VA, tonometry as well as importing OCT and OCTA images for 
use in tele-reading.17

 A Spectral Domain (SD)-OCT provided high-resolu-
tion structural imaging of sequelae of posterior segment mani-
festations in the subject’s previously healthy eye. The following 
year, the subject was re-imaged using an optical coherence to-
mography angiography (OCTA) (Optovue, Fremont, California, 
USA) in addition to the previous imaging equipment. A certi-
fied diabetic reader quantified the extent of retinopathy and its 
progression over time by performing retinal hemorrhage count. 
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TeamViewerTM (Tampa, Florida, USA) was used to perform re-
mote tele-presence tele-ophthalmology.

Case Presentation Results 

 A 20-year-old Hispanic male with 15-year history of 
T1D has been followed remotely by our University based Tele-
medicine (Rutgers New Jersey Medical School in Newark, NJ, 
USA) during the annual meetings of Friends for Life (FFL): 
International Children with Diabetes (Orlando, Florida, USA: 
http://www.childrenwithdiabetes.com) for the past 5 years, be-
ginning in 2010. FFL provides education and support for chil-
dren with diabetes and their family members in order to maintain 
a healthy, typical lifestyle with diabetes.

 The subject was diagnosed with T1D DM in 1999 after 
experiencing flu-like symptoms, and treated with a Medtronic 
insulin pump (Minneapolis, Minnesota, USA). In 2010, he at-
tended friends for life (FFL) and participated in a comprehen-
sive ophthalmic screening. During his initial visit, we noted a 
BG of 184 mg/dL and BP of 128/78. (Figures 1 and 2) A family 
history revealed the presence of type 2 diabetes (Father) and hy-
pertension (Mother and Father). His retinal images were free of 
retinopathy with no hemorrhages and showed no signs of hyper-
glycemic or hypertension damage. (Table 1, Figure 3)

 

 The subject returned three years later in 2013 to the 
annual FFL meeting when he was 18-years-old and underwent a 
follow-up comprehensive ophthalmic screening. At the time he 
was taking fast-acting Novolog with pump but would occasion-
ally use long-acting Lantus when not on the pump to control his 
T1D. His Body Mass Index (BMI) was 19.8, and he was within 
normal weight range. His self-reported BG was 421 mg/dL and 

last HbA1c was 13%. (Table 1, Figures 1,3 and 5) His blood 
pressure was 130/91 with a pulse of 106 bpm. (Table 1, Figure 2) 
Fundus images of the left eye showed 2 small dot hemorrhages, 
no flame hemorrhages, and a single IRMA, (Figures 3 and 4, 
Tables 1 and 2) as interpreted by a certified diabetic reader.

 

 In January 2015, his pediatrician placed him on Enala-
pril (Kenilworth, NJ, USA) BP medication control. However, 
after only taking the medication once, the subject decided not to 
continue the treatment as he felt the medicine resulted in numb-
ness and pain in his legs. During that time, he also halted use of 

Figure 1: The subject’s fasting blood glucose levels are recorded in real time evaluation.

Figure 2: The subject’s blood pressure values are recorded in real time evaluation.

Figure 3: The subject’s total flame and dot hemorrhages in the left eye are recorded in real 
time evaluation. 

Figure 4: The subject’s CFP was imaged in 2013. A 45-degree view 
of the subject’s left eye posterior pole identified a few dot-blot hemor-
rhages (example as shown by arrow) and a single IRMA. No diabetic 
retinopathy was detected.

Figure 5: The subject’s HbA1c levels are recorded in real time evaluation.

http://www.childrenwithdiabetes.com
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his automated Medtronic insulin pump as he felt he was expe-
riencing discomfort and dermal allergic reaction to the plastic 
tubing.  He reverted to self sub-cutaneous injections 3 times per 
day. During that period he reported an uncontrolled diet consist-
ing of mostly of fast food due to his busy life style.

 On February 27, 2015, the subject underwent a full 
diabetic eye examination in a private optometric clinic in Para-
mus, NJ using a biomicroscope slit lamp and both 90-diopter 
and 20-diopter lens. No retinopathy was noted. The medical plan 

was for the subject to revisit in 6 months for retinal reevaluation 
and to see his ophthalmologist should he notice any sudden vi-
sion changes. 
 
 One hundred and thirty-one days following his most 
recent diabetic eye examination with now a history of 15 years 
T1D DM, the subject participated in FFL ocular screening. We 
noted his BP was 142/62 mm Hg and his fasting BG was 319 
mg/dL while his May 2015 HbA1c was 13.5% (Table 1, Figures 
1, 2 and 5). We noted a sudden change in his retinal findings of 

Location Dot hemorrhage Flame hemorrhage IRMA Total micro-vascular 
changes

July 11, 2013

45° posterior pole 1 0 0

3
Outer inferior 0 0 0

Outer superior 1 0 1

Total 2 0 1

July 8, 2015-131 days following last diabetic retinal exam; initial NPDR diagnosis

45° posterior pole 108 25 3

271
Outer inferior 40 4 3

Outer superior 73 9 6

Total 221 38 12

July 29, 2015- 21 days post NPDR diagnosis

45° posterior pole 98 8 3

189
Outer inferior 34 1 3

Outer superior 36 2 4

Total 168 11 10

September 3, 2015- 57 days post NPDR diagnosis

45° posterior pole 48 2 3

92
Outer inferior 6 0 4

Outer superior 23 0 6

Total 77 2 13

Table 2: The subject’s left eye retinal fundus images were evaluated prior to NPDR diagnosis, on the day of medical NPDR diagnosis, 21 
days following NPDR diagnosis, and 57 days following NPDR diagnosis. A board certified diabetic reader counted the number of flame and 
dot hemorrhages  as well as IRMAs in the various regions.

Table 1: The subject’s left eye retinal fundus images were evaluated for counted hemorrhages and IRMAs. His 
BP, fasting BG, last HbA1c, VA of his left eye, and duration of T1 DM history were also noted.

Left eye Jul 2010 Jul 11, 2013 Jul 8, 2015 Jul 29, 2015 Sept 3, 2015

Dot hemes 0 2 221 168 77

Flame hemes 0 0 38 11 2

IRMAs 0 1 12 10 13

T1 DM  
history (years) 10 13 15 15 15

BP (mmHg) 128/78 130/91 142/62 122/78 107/72

HbA1c (%) n/a 13+ 13.5 10.5 n/a

BG (mmol/L) 184 421 319 115 124

VA  
(left eye)

20/80 
uncorrected

20/30  
corrected

20/30  
corrected

20/30  
corrected n/a
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the posterior pole (45 degrees) consistent with diabetic retinopa-
thy. A total of 221 dot hemorrhages, 38 new flame hemorrhages, 
and 12 IRMAs were counted in the left eye by a certified diabetic 
reader. (Figures 3 and 6, Tables 1 and 2) A wide field retinal im-
age of his undilated eye was ordered for his left eye with four 
Early Treatment Diabetic Retinopathy Study (ETDRS) fields 
of 45 degrees each. An automated montage was created using 
image SPECTRUMTM seen in Figure 7. This allowed for more 
comprehensive remote tele-consultation, evaluating the extent 
of hemorrhages as well as stress on the retina caused by the un-
controlled elevated BP. Retinal montage shows the majority of 
retinal hemorrhages and vascular changes appeared in the pos-
terior pole and were mostly absent in the periphery of the wide 
field image. Flame hemorrhages are associated with high BP and 
could be seen mostly within the arcades along with retinal stress. 

 Tele-consultation was conducted in accordance with 
Digital Imaging and Communications in Medicine (DICOM) 
and Health Insurance Portability and Accountability Act (HIP-
PA) protocols from Orlando, Florida, USA with our primary lo-
cation at University Hospital with board certified ophthalmolo-

gists in Rutgers, New Jersey, USA. TeamViewerTM software was 
configured to share and review the subject’s retinal images in-
cluding color, red free, FAF, OCT, and OCTA. We used a cell 
phone connection to discuss the details of VA, IOP, BP, glucose 
levels as well as the subject’s history. His identifiers were never 
used during communication or through use of TeamViewerTM. 
The retinal findings were classified as severe NPDR as defined 
by the presence of at least one of the following: venous beading, 
IRMAs, or hemorrhages/microaneurysms present in a standard 
45 degree field of view of the posterior pole photograph in at 
least two quadrants. (Figure 6, Table 2)18

 A board certified retinal specialist remotely interpreted 
the OCT and OCTA images. He reported that the OCTA showed 
areas of retinal telangiectasia and occasional micro aneurysm 
formation. (Figure 8) Review of the digital CFP revealed hem-
orrhages associated with diabetic and hypertensive retinopa-
thy. (Figure 6) However, the microvascular changes seen in the 
OCTA (Figure 8) were not recognized in the CFP (Figure 6) and 
offered further insight into the extent of retinopathy than the 
CFP suggested. 

Figure 7: The subject’s left eye CFP automated montage was created 
on July 8, 2015. ETDRS fields of 45-degree view from each quadrant 
were used to create a wide field retinal image. The hemorrhages and 
vascular changes were centrally located and noticeably absent in the 
periphery of the wide field image.

Figure 6: The subject’s CFP was imaged on July 8, 2015 (131 
days after his last diabetic eye examination, which had no re-
ported retinopathy). A 45-degree view of the left eye posterior 
pole identified a significant number of dot-blot hemorrhages, 
flame hemorrhages (example depicted by arrow), and IRMAs. 
A board certified ophthalmologist diagnosed the patient with 
NPDR.

Figure 8: The subject’s left eye (OS) OCT-A image was taken 131 days after his last diabetic eye examination, which 
had reported no signs of retinopathy. The left image depicts microvascular changes (examples highlighted by arrows) 
consisting of retinal telangiectasia and occasional micro aneurysm formation. This shows that the hemorrhages and 
microvascular changes noted in the CFP could be due to hypertension and not diabetic retinopathy. The right image 
shows that there is no macular edema but there were some vascular changes. These details were not seen in CFP.
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 After confirming the potential urgency for vision loss 
and end organ damage, the subject was scheduled to be seen 
by his primary physician and ophthalmologist in NJ 21 days af-
ter the Orlando retinal screening because the subject resides in 
New Jersey. He was directed to resume taking daily Enalapril BP 
medicine immediately and to strive to greatly reduce his Hb1AC 
(from >13%).

 On his first visit to University Hospital (UH) in Newark 
(21 days after FFL 2015), the subject maintained his VA at 20/30 
in both eyes and had reduced his BP from 142/62 to 122/78 af-
ter resuming Enalapril medication. According to his neurologist, 
the tingling leg sensation that had caused the subject to cease 
medication was attributed to peripheral neuropathy onset. His 
July 2015 Hb1AC was reported to be 10%, and his BG was 115 
mg/dL after he had made significant changes to his daily diet. 
(Table 1, Figures 1 and 5) His left eye seen in Figure 9 showed 
that the central flame hemorrhage had resolved and his retinal 

hemorrhages had reduced from 259 dot hemorrhages to 179 dot 
hemorrhages. (Figure 3, Tables 1 and 2)

 On his second visit to UH (57 days after FFL 2015), the 
subject had a BP of 107/72 while his fasting BG was reported 
to be 124 mg/dL (Table 1, Figures 1 and 2). His left eye was 
imaged (Figure 10) and showed his retinal hemorrhages had re-
duced to 79 hemorrhages. (Figure 3, Tables 1 and 2) His newly 
imaged OCT showed absence of macular edema and minimum 
foveal swelling. (Figure 11)

DISCUSSION

Types of Retinal Hemorrhages and Microvascular Changes

 There are two main types of posterior pole hemorrhag-
es and a microvascular change that can affect patients with long 
duration or poorly controlled BG and hypertension.

Figure 9: The subject’s CFP was imaged 21 days following 
NPDR detection. A 45-degree view of the posterior pole in 
the subject’s left eye showed that the central flame hemor-
rhage had resolved and there were 30% fewer total retinal 
hemorrhages since NPDR diagnosis. An example of an 
IRMA is demonstrated by the arrow.

Figure 11: The subject’s left eye OCT was imaged 57 days following NPDR detection. The OCT wellness 
reportdemonstrated in monochromatic scans that there is an absence of macular edema. The bottom-left 
6 mm x 6mm scan illustrates thickening of the macular tissues represented in red. The top and bottom 
right images show that the fovea has minimum swelling.Close observation needs to be carried out on a 
30-day basis.

Figure 10: The subject’s CFP was imaged 57 days follow-
ing NPDR detection. A 45-degree view of posterior pole 
in the subject’s left eye showed approximately 70% fewer 
counted retinal hemorrhages since diagnosis of NPDR.
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 Dot hemorrhages (Figure 4) consist of small, bright red 
dots seen within the inner nuclear, the outer plexiform, and the 
outer nuclear layers. After a 15-year medical history of T1D, 
many develop these dot hemorrhages when the walls of thin reti-
nal vessels are weakened and rupture.19 Due to their deeper loca-
tion, dot hemorrhages take a longer time to resolve and affect 
pre-venular capillaries, thus signaling the presence of venous 
congestive disease.20

 Flame hemorrhages (Figure 6) occur in the inner layer 
of the nerve fiber layer, and are mostly associated with severe 
hypertension that remains chronically elevated.21,22 These hem-
orrhages exhibit a characteristic flame shape resulting from 
blood traveling through axons of the ganglion cells.23 They are 
most frequently seen within the posterior pole, the area between 
the optic disc and the macula, and affect the superficial and peri-
papillary capillary beds within the retina.24 Due to their super-
ficial nature, they tend of resolve within six weeks when blood 
pressure returns to normal.25

 In the more advanced retinopathy, intraretinal micro-
vascular anomalies (IRMAs) (Figure 9) can be observed as 
dilated, tortuous capillary loops.26 They are found in areas of 
non-perfusion and typically connect retinal arterioles with reti-
nal venules.27 These changes are indicative of severe non-pro-
liferative diabetic retinopathy that may progress to proliferative 
diabetic retinopathy.28 

 With the progression of microvascular diabetic compli-
cations, tight BG control is important in the management of reti-
nopathy. It is recommended that close to normal glucose levels 
should be maintained in patients in the earlier stages of diabe-
tes.28 However, overall management of T1D by controlling high 
blood pressure may be as important as high BG levels,29-32 as 
hypertension causes more severe retinal hemorrhages that can be 
remediated with antihypertensive therapy after a few months.33,34 

Hypertension and Diabetes

 Hypertension (HTN) is a common comorbidity in dia-
betes, and is present in 20-60% of the diabetic population, which 
is 1.5-3 times higher than the age-matched non-diabetic popula-
tion.35 HTN damage is associated with potentially devastating 
outcomes, including both macrovascular and microvascular 
complications.36 Several studies have sought to encode the ideal 
blood pressure goal for the diabetic population. 

 The UK Prospective Diabetes Study (UKPDS) demon-
strated the significant reduction in microvascular events, prima-
ry retinopathy, seen in patients with high blood pressure control 
(goal<150/85 mm Hg) as compared to a more lenient regimen 
(goal<180/105 mm Hg).37 The Hypertension Optimal Treatment 
(HOT) study suggested that patients with diabetes benefit from a 
blood pressure goal of diastolic≤80 mm Hg compared to diastolic 

BP≤90 mm Hg; individuals who maintained the diastolic BP≤80 
mm Hg experienced a 51% reduction in major cardiovascular 
events.38 The African Centre for the Constructive Resolution of 
Disputes (ACCORD) trial declared the lack of improvement in 
clinical outcomes with intensive blood pressure treatment (sys-
tolic<120 mm Hg) when compared to standard treatment goals 
(systolic<140 mm Hg).39 As a result of these studies, the cur-
rent established blood pressure goal for patients with diabetes 
is systolic <130 mm Hg and diastolic <80 mm Hg.8 This is the 
goal used for the management of all diabetics, as there is limited 
evidence supporting the value of different blood pressure goals 
amongst T1D and T2 diabetics.

 Management of BG and BP in patients with diabetes 
can quickly get out of control following puberty. For T1D ado-
lescents and young adults, there is frequent failure to achieve 
good glycemic control, and it has been reported that mean 
HbA1c is highest during the ages of 11-19.40 In addition, hyper-
tension is established as an independent risk factor for diabetic 
retinopathy, rather than by association with nephropathy.41 It has 
been reported that patients with diabetes who have uncontrolled 
hypertension double their risk for reduced vision as compared to 
patients with diabetes and controlled BP.42

 The duration of diabetes is one of the strongest predic-
tors for progression of retinopathy.  It has been reported that the 
prevalence of retinopathy is 80% in those who have had a 15-
year history of T1D.43 If the macula is not involved, retinopathy 
can go unnoticed during this critical 15-year time period. How-
ever, the co-existence of uncontrolled hypertensive and long-
term diabetic retinopathy further increases the possibility for 
rapid vision loss.44 Once the macula is involved, central vision 
may deteriorate rapidly and visual prognosis must be evaluated 
on an individual basis. 

RESULTS

 Of the 320 patients that were screened during FFL 2015, 
43 patients (13%) had a history of T1D for equal to or greater 
than 15 years. Of the 43, eight patients (19%) also had hyperten-
sion (BP>130/80). Out of 8, 7 patients (88%) had HbA1c<12%. 
 
 Our subject was exceptional in that although he had 
been seriously counseled for at least 2 years since FFL 2013 
regarding his hyperglycemia (HbA1c=13.5%) and hyperten-
sion (BP=142/62), he failed to follow a more judicious lifestyle 
as proposed by the FFL educational program. In 2013, with a 
13-year history of T1D, he did not have retinopathy. Two years 
later in 2015, with a 15-year history of T1D and continued un-
controlled BG and BP for >2 years, it took 131 days for severe 
NPDR to result. After regaining BP and BG control for >8 weeks 
(57 days) following NPDR diagnosis, the patient demonstrated 
signs of microvascular remediation through fewer counted dot 
and flame hemorrhages. 
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CONCLUSION

 The subject had maintained good control of type 1 dia-
betes through most of his life, including the difficult phases of 
puberty. His decisions to cease tight control of BG and not fol-
low the direction of his pediatric endocrinologist to take medica-
tion to control his high BP contributed to severe NPDR, as well 
as the peripheral neuropathy that he currently experiences in his 
feet. 

 T1D is a lifelong concern that can affect the psycho-
logical well being of affected children, as well as all members 
of a family providing lifelong self-care. However, our data sug-
gests that education, tight control of all aspects affecting diabe-
tes, support from family members, as well as groups such as FFL 
help maintain a healthier and normal lifestyle with diabetes. 

 Although we have seen promising return to better con-
trol of the subject’s diabetes and clearing of nearly 70% of his 
retinal hemorrhages from his severe NPDR diagnosis, some 
damage may be end organ reversible over time, while other dam-
age may become permanent. Further studies in T1D, specifically 
looking at the role of controlled hypertension combined with 
hyperglycemia in patients who have retinopathy or long history 
of T1D are needed. Medical management of patients with T1D 
should include blood pressure monitoring at each ophthalmic 
clinical visit in order to help detect inappropriately fluctuating 
and high blood pressure patterns. Early detection of microvas-
cular and macrovascular changes using digital retinal imaging 
along with OCT and OCTA can help detect various types of 
hemorrhages and vascular changes before symptoms of perma-
nent vision loss manifest. 

CONFLICTS OF INTEREST

No authors have conflicts of interest.

CONSENT

Consent was obtained at the time of examination.

REFERENCES

1. Klandorf H, Stark SW. Diabetes mellitus. Magill’s Medical 
Guide (Online Edition), 2014. 

2. International Diabetes Federation. Diabetes Atlas. 5th ed. IDF. 
Brussels, Belgium, 2011.

3. Patterson C, Guariguata L, Dahlquist G, Soltesz G, Ogle G, 
Silink M. Diabetes in the young: a global view and worldwide 
estimates of numbers of children with type 1 diabetes. Diabe-
tes Research and Clinical Practice. 2014; 103: 161-175. doi: 
10.1016/j.diabres.2013.11.005 

4. Guariguata L. Estimating the worldwide burden of type 1 dia-
betes. Diabetes Voice. 2011; 56 (2): 6-8. 

5. Latreille M, Herrmanns K, Renwick N, et al. miR-375 gene 
dosage in pancreatic β-cells: implications for regulation of β-cell 
mass and biomarker development. Journal of Molecular Medi-
cine. 2015; 93(10): 1159-1169. doi: 10.1007/s00109-015-1296-9 
 
6. Bhatt S, Gupta MK, Khamaisi M, et al. Preserved DNA dam-
age checkpoint pathway protects against complications in long-
standing type 1 diabetes. Cell Metabolism. 2015; 22(2): 239-
252. doi: 10.1016/j.cmet.2015.07.015 

7. Watkins PJ. Retinopathy. ABC of Diabetes. 2003; 326: 924-
926.

8. American Diabetes Association. Standards of medical care in 
diabetes. Diabetes Care. 2014; 37(Suppl. 1): S14-S80. 

9. Klein R, Klein BK, Moss SE, Davis MD, DeMets DL. The 
Wisconsin epidemiologic study of diabetic retinopathy: III. 
Prevalence and risk of diabetic retinopathy when age at diag-
nosis is 30 or more years. Arch Ophthalmol. 1984; 102(4): 527-
532. doi: 10.1001/archopht.1984.01040030405011 

10. Frank RN. Diabetic retinopathy and systemic factors. Middle 
East African Journal of Ophthalmology. 2015; 22(2): 151-156.

11. Sun JK, Keenan HA. Protection from retinopathy and other 
complications in patients with type 1 diabetes of extreme dura-
tion. Diabetes Car. 2011. 34: 968-974. doi: 10.2337/dc10-1675 

12. Arauz-Pacheco C, Parrott MA, Raskin P. The treatment of 
hypertension in adult patients with diabetes. Diabetes Care. 
2002; 25(1): 134-147. doi: 10.2337/diacare.25.1.134

13. Rosner B, Prineas RJ, Loggie JMH, Daniels SR. Blood pres-
sure nomograms for children and adolescents, by height, sex, 
and age in the United States. The Journal of Pediatrics. 199; 
123: 871-886.

14. Aronson D. Hyperglycemia and pathobiology of diabetic 
complications. Advanced Cardiology. 2008; 45: 1-16. doi: 
10.1159/0000115118 

15. Tiedeman JS, Kirk SE, Srinivas S, Beach JM. Retinal oxy-
gen consumption during hyperglycemia in patients with diabetes 
without retinopathy. Ophthalmology. 1998; 105(1): 31-36. 

16. Taylor RH, Jones HS, Dodson PM, et al. Diabetic eye dis-
ease: a natural history study. Eye. 1997; 11: 547-553. doi: 
10.1038/eye.1997.141 

17. Mendez N, Kommana S, Wu L, Padgaonkar P, Szirth B, 
Khouri AS. Use of high resolution digital retinal imaging in the 

http://www.ncbi.nlm.nih.gov/pubmed/24331235
http://www.ncbi.nlm.nih.gov/pubmed/26013143
http://www.cell.com/cell-metabolism/abstract/S1550-4131%2815%2900344-7
http://archopht.jamanetwork.com/article.aspx%3Farticleid%3D635007
http://care.diabetesjournals.org/content/34/4/968
http://care.diabetesjournals.org/content/25/1/134.full
http://www.ncbi.nlm.nih.gov/pubmed/18230953
http://www.nature.com/eye/journal/v11/n4/abs/eye1997141a.html


                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-118

Diabetes Res Open J

ISSN 2379-6391

Page 121

early detection of retinopathy in type 1 diabetes. Diabetes Re-
search Open Journal. 2015; 1(4): 79-83. doi: 10.17140/DROJ-
1-114

18. Gangaputra S, Lovato JF, Hubbard L, et al. Comparison 
of standardized clinical classification with fundus photograph 
grading for the assessment of diabetic retinopathy and diabetic 
macular edema severity. Retina. 2013; 33(7): 1393-1399. doi: 
10.1097/IAE.0b013e318286c952 

19. Akram MU, Khalid S, Khan SA. Identification and classifi-
cation of microanerysms for early detection of diabetic retinopa-
thy. Pattern Recognition. 2013; 46: 107-116. doi: 10.1016/j.pat-
cog.2012.07.002 

20. Ling R, James B. White-centered retinal haemorrhages. 
Postgraduate Med J. 1998; 74(876): 581-582.

21. Cuspidi C, Meani S, Valerio C, et al. Prevalence and cor-
relates of advanced retinopathy in a large selected hypertensive 
population: the evaluation of target organ damage hypertension 
study. Blood Pressure. 2005; 14: 25-30.

22. Yu T, Mitchell P, Frcophth F, Berry G, Li W, Wang JJ. Reti-
nopathy in older person without diabetes and its relationship to 
hypertension. Archives of Ophthalmology. 1998; 116: 83-89. 
doi: 10.1001/archopht.116.1.83 

23. Shechtman DL, Kabat AG. The many faces of a retinal hem-
orrhage: the pathophysiology of the retinal vascular system and 
the classification of a retinal hemorrhage aids in diagnosis. Op-
tometric Management. 2008; 43(1): 33-39.

24. Yanoff M, Duker JS. Ophthalmology. 3rd ed. St. Louis, Mo: 
Mosby Inc; 2008.

25. Garner A. Histopathology of diabetic retinopathy in man. 
Eye. 1993; 7: 250-253. 

26. Gangnon RE, Davis MD, Hubbard LD, et al. Early Treat-
ment Diabetic Retinopathy Study Research Group. A severity 
scale for diabetic macular edema developed from ETDRS data. 
Invest Ophthalmol Vis Sci. 2008; 49(11): 5041-5047.

27. Wu L, Fernandez-Loaiza P, Sauma J, Hernandez-Bogantes 
E, Masis M. Classification of diabetic retinopathy and diabetic 
macular edema. World J Diabetes. 2013; 4(6): 290-294. doi:  
10.4239/wjd.v4.i6.290 

28. Fullerton B, Jeitler K, Seitz M, Horvath K, Berghold A, 
Siebenhofer A. Intervensive glucose control versus conventional 
glucose control for type 1 diabetes mellitus. Cochrane Database 
of Systematic Reviews. 2014; 2: 1469-1493. 

29. Erden S, Bicakci E. Hypertensive retinopathy: incidence, risk 

factors, and comorbidites. Clinical and Experimental Hyperten-
sion. 2012; 34: 397-401. doi: 10.3109/10641963.2012.663028 

30. Fowler MJ. Microvascular and macrovascular complications 
of diabetes. Clinical Diabetes.  2008; 26: 77-82.   doi: 10.2337/
diaclin.26.2.77 

31. Rassam SMB, Patel V, Kohner EM. The effect of experi-
mental hypertension on retinal vascular autoregulation in hu-
mans: a mechanism for the progression of diabetic retinopathy. 
Experimental Physiology. 1995; 80: 53-68. doi: 10.1113/exp-
physiol.1995.sp003834 

32. Do DV, Wang X, Vedula SS, et. al. Blood pressure control 
for diabetic retinopathy. Cochrane Database Syst Rev. 2015; 1: 
CD006127. doi: 10.1002/14651858.CD006127 .pub2 

33. Chatterjee S, Chattopadhya S, Hope-Ross M, Lip PL. Hyper-
tension and the eye: changing perspectives. Journal of Human 
Hypertension. 2002; 16: 667-675. doi: 10.1038/sj.jhh.1001472

34. Bock KD. Regression of retinal vascular changes by anti-
hypertensive therapy. Hypertension. 1984; 6: 158-162. 

35. Hypertension in Diabetes Study (HDS). Prevalence of hy-
pertension in newly presenting type 2 diabetic patients and the 
association with risk factors for cardiovascular and diabetic 
complications. J Hypertens. 1993; 11: 309-317.

36. Schrier RW, Estacio RO, Esler A, Mehler P. Effects of 
aggressive blood pressure control in normotensive type 2 
diabetic patients on albuminuria, retinopathy and strokes. 
Kidney International. 2002; 61: 1086-1097. doi: 10.1046/j.1523-
1755.2002.00213.x 

37. UK Prospective Diabetes Study Group. Tight blood 
pressure control and risk of macrovascular and microvascular 
complications in type 2 diabetes: UKPDS. 38. BMJ. 1998; 317: 
703-713. doi: 10.1136/bmj.317.7160.703 

38. Hansson L, Zanchetti A, Carruthers SG, et al. Effects of in-
tensive blood pressure lowering and low-dose aspirin in patients 
with hypertension: principal results of the Hypertension Optimal 
Treatment (HOT) randomised trial. Lancet. 1998; 351: 1755-
1762. doi: 10.1016/S0140-6736(98)04311-6 

39. National Institutes of Health. Landmark ACCORD trial finds 
intensive blood pressure and combination lipid therapies do not 
reduce combined cardiovascular events in adults with diabetes 
[article online]. Available from http://www.nih.gov/news/health/
mar2010/nhlbi-15.htm  2010;  Accessed February, 2010.

40. Bryden KS, Peveler RC, Stein A, Neil A, Mayou RA, Dunger 
DB. Clinical and psychological course of diabetes from adoles-

http://openventio.org/Volume1_Issue4/Use_of_High_Resolution_Digital_Retinal_Imaging_in_the_Early_Detection_of_Retinopathy_in_Type_1_Diabetes_DROJ_1_114.pdf
http://openventio.org/Volume1_Issue4/Use_of_High_Resolution_Digital_Retinal_Imaging_in_the_Early_Detection_of_Retinopathy_in_Type_1_Diabetes_DROJ_1_114.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23615341
http://www.sciencedirect.com/science/article/pii/S003132031200297X
http://www.sciencedirect.com/science/article/pii/S003132031200297X
http://archopht.jamanetwork.com/article.aspx%3Farticleid%3D261201
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3874488/
http://www.ncbi.nlm.nih.gov/pubmed/22468968
http://clinical.diabetesjournals.org/content/26/2/77.full
http://clinical.diabetesjournals.org/content/26/2/77.full
http://onlinelibrary.wiley.com/doi/10.1113/expphysiol.1995.sp003834/abstract%3Bjsessionid%3D5CA1B3B15E022A3E7D5C8959DDC13D23.f04t02
http://onlinelibrary.wiley.com/doi/10.1113/expphysiol.1995.sp003834/abstract%3Bjsessionid%3D5CA1B3B15E022A3E7D5C8959DDC13D23.f04t02
http://www.ncbi.nlm.nih.gov/pubmed/25637717
http://www.nature.com/jhh/journal/v16/n10/full/1001472a.html
http://www.nature.com/ki/journal/v61/n3/full/4492847a.html
http://www.nature.com/ki/journal/v61/n3/full/4492847a.html
http://www.bmj.com/content/317/7160/703
http://www.thelancet.com/action/showFullTextImages%3Fpii%3DS0140-6736%252898%252904311-6
http://www.nih.gov/news/health/mar2010/nhlbi-15.htm
http://www.nih.gov/news/health/mar2010/nhlbi-15.htm


                                   Diabetes Research

Open Journal
http://dx.doi.org/10.17140/DROJ-1-118

Diabetes Res Open J

ISSN 2379-6391

Page 122

cence to young adulthood: a longitudinal cohort study. Diabetes 
Care. 2000; 24(9): 1536-1540.

41. Gallego PH, Craig ME, Hing S, Donaghue KC. Role of blood 
pressure in development of early retinopathy in adolescents with 
type 1 diabetes: prospective cohort study. BMJ. 2008; 337: a918. 
doi: 10.1136/bmj.a918 

42. Taylor RH, Jones HS, Dodson PM, et al. Diabetic eye dis-
ease: a natural history study.  Eye. 1997; 11: 547-553.

43. Fong DS, Aiello L, Gardner TW, et al. Retinopathy in diabe-
tes. Diabetes Care. 2004; 27(Suppl 1): s84-s87. 

44. Long AN, Dagogo-Jack S. The comorbidities of diabetes and 
hypertension: mechanisms and approach to target organ protec-
tion. J Clin Hypertens. 2013; 4:  244-251.

http://www.bmj.com/content/337/bmj.a918

