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ABSTRACT

Aim: Sex steroid hormones are essential for reproductive function, but can also affect the physiology of a non-
reproductive system, such as that of eye, and are probably the cause of the large majority of known sex differences
in function and disease. The aim of this study is to measure the levels of serum testosterone and to study the
relationship with diabetic retinopathy. Subjects and Methods: To meet the aim a hospital-based, cross-sectional
study was conducted on 120 eyes of 60 diabetic patients, who were referred from the Rajiv Gandhi Center for
Diabetes and Endocrinology to the Retina Clinic, Institute of Ophthalmology, Jawaharlal Nehru Medical College
and Hospital, Aligarh Muslim University, Aligarh. Serum testosterone, blood sugar fasting, blood sugar post-
prandial, glycated hemoglobin was measured in subjects with diabetic retinopathy and subjects without diabetic
retinopathy. In addition, correlation of serum testosterone with age, duration of disease, blood pressure, glycemic
profile and sex steroid hormonal status of subjects with diabetic retinopathy Results: The mean serum testosterone
level was found to be significantly higher (p<0.05) in subjects with diabetic retinopathy (DR) as compared to
subjects without diabetic retinopathy (DR). A significant positive correlation of serum testosterone was found with
blood sugar fasting (BSF) (p<0.01), HBA1c (p<0.05), serum progesterone (p<0.01) whereas a significant negative
correlation was found with serum estrogen (p<0.01), serum LH (p<0.01) and serum FSH (p<0.01). However when
the various stages of diabetic retinopathy was compared with serum testosterone, it was found maximum in the
severe NPDR category, whereas minimum in moderate NPDR category, with a non-significant result (p >0.05).
Conclusion: A possible susceptibility and association of high levels of serum testosterone with diabetic retinopathy
encourages further studies needed for justification of the quantum of influence of serum testosterone and other sex
hormones have, in relation to gender with regard to progression of diabetic retinopathy as well as diabetic duration
and blood glucose control to understand the mechanism of progression of diabetic retinopathy.

KEYWORDS: Sex steroid hormone, testosterone, diabetic retinopathy, blood sugar fasting, blood sugar post-
prandial, glycated hemoglobin.

1. INTRODUCTION
Approximately, 382 million people across the world
have been estimated to have DM in 2013 and if no action

non-diabetic individual. Diabetic retinopathy is an
important cause of blindness and occurs as a result of
long-term accumulated damage to the small blood

is taken this number will rise to 592 million by 2035
(International Diabetes Federation, 2017). WHO
estimates that 19% of the world’s diabetic population
lives in India and 80 million people in India will have
diabetes by the year 2030 (Yau et al., 2012). All people
with diabetes mellitus (both Type | and Type Il) are at
risk to develop Diabetic retinopathy (DR). Diabetic
retinopathy (DR), neuropathy, nephropathy are common
complications in all types of diabetes. Among these, DR
is one of the most common and specific microvascular
complications of diabetes. It has been seen that patients
having DR are 25 times more at risk of blindness than a

vessels in the retina. 2.6% of global blindness can be
attributed to diabetes (Bourne et al., 2013).

The eye was long considered a ‘“sexually neutral”
structure, meaning that it was believed that there were no
differences in ocular physiology and pathology between
the sexes. Today, however, we know that differences
among sexes exist both in the physiology and in the
pathology of the eye (Wickham et al., 2010). In fact, the
eye is a target for sex steroid hormones as demonstrated
by the large presence of sex steroid hormone receptors
(SSHRs) (Wickham et al., 2010). The SSHRs” mRNAs
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are present everywhere in the eye: cornea, lens, iris,
ciliary body, retina, lacrimal gland, meibomian gland,
conjunctiva (Gupta et al., 2005). In all these locations,
estrogen receptor a (ERa), estrogen receptor B (ERp),
progesterone receptor, and androgen receptor (AR)
MRNAs have been detected. The distribution of sex
steroid hormone receptors (SSHRs) in the eye varies by
sex and age, which partly explains the difference in the
epidemiology of certain eye diseases (Mellon et
al.,2001). PCR  assay, Western blot, and
immunohistochemical analysis have demonstrated the
presence of ER-a protein in the retina and RPE of young
women, but not in postmenopausal women or men
(Ogueta et al., 1999). In addition to androgen receptor
(AR) mRNA (Wickham et al., 2010), the AR protein is
present in the lachrymal and meibomian glands, the
cornea, the bulbar conjunctiva, the lens, and the retinal
pigment epithelium (RPE), together with Sa-reductase
(the enzyme converting testosterone into the more
powerful dihydrotestosterone, DHT) type 1 and 2 mRNA
(Wickham et al., 2010). The mammalian retina has the
ability of synthetize neurosteroids (pregnenolone,
progesterone, dehydroepiandrosterone,
desoxycorticosterone, 3 alpha, 5 alpha-
tetrahydrodesoxycorticosterone, 3-alpha-hydroxy-
5alpha-dihydroprogesterone,  17-hydroxyprogesterone,
and 17-hydroxypregnenolone) from cholesterol, as
demonstrated by using retinal explants, thus excluding
interferences from circulating steroids (Guamieri et al.,
1994). The steroidogenic enzymes are found in retinal
neurons, glial cells, and photoreceptors in amounts
similar to those observed in other part of the CNS
(Mellon et al., 2001). Enzymes’ concentration is greatest
in the internal nuclear layer, which is considered the
principal site of retinal steroids’ synthesis (Cascio et al.,
2015).

Sex-related differences in eye anatomy and physiology
are reflected in disease processes (Zetterberg 2016).
Dissimilarities in ocular physiopathology exist between
human males and females (Gupta et al., 2015). These
differences can be observed in the lacrimal and other
eye-associated glands, the ocular surface, the crystalline
lens, and the retinochoroid complexes. Sex steroid
hormone (estrogen, progesterone, and androgen) actions,
various physiological condition, such as age, menstrual
cycles, pregnancy and menopause or andropause,
hormone milieu changes, can affect the vision. Sex-
related differences in the prevalence of diabetic
retinopathy are associated with the difference in the
prevalence of diabetes. Though more men than women
are affected by type 1 diabetes (Wandell et al., 2013) no
study to date has found a significant difference in its
prevalence (Chaturvedi et al., 2001, Klein et al., 2009).
Similarly, no statistically significant sex-related
differences in the prevalence of diabetic retinopathy
associated with type 2 diabetes have been established,
though some studies have suggested that it is more
frequent among men (Kostev et al., 2013, Looker et al.,
2012). Various other risk factors besides sex alone need

to be taken into account (Ozawa et al., 2015). This leads
us to new area of study of sex steroid hormones and
diabetic retinopathy.

2. SUBJECTS AND METHODS

2.1 Subjects

This cross-sectional study was conducted getting an
approval from the Ethical Committee, Jawaharlal Nehru
Medical College and Hospital, A.M.U., Aligarh, and was
according to the Declaration of Helsinki. An informed
written consent was taken from each patient and/or
patient attendant before participation in the study. The
study population was drawn from the diabetic subjects
who attended the Rajiv Gandhi Center for Diabetes and
Endocrinology, and subsequently were referred to the
Retina Clinic, Institute of Ophthalmology, of the same
hospital, for their ocular evaluation. Total of 60 patients
with diabetes mellitus 11 were enrolled. The patients were
divided into two groups: the first group served as the
study group and comprised of diabetic patients with
diabetic retinopathy. The second group served as the
control group and comprised of diabetic patients without
diabetic retinopathy.

2.2 Methods

A clinical history was taken with the help of a structured
questionnaire including- demographic data, duration of
diabetes, treatment taken, presence of any other
complications of diabetes, addictions, dietary habits,
family history of diabetes, and blood pressure. The
laboratory profile of each subject comprised of Blood
sugar (both fasting [greater than or equal to 126mg/dL in
diabetics] and 2-hour Post-prandial [greater than or equal
to 200mg/dL), HbAL1C (greater than or equal to 6.5 % in
diabetes), sex hormones (reference range values): serum
Total Testosterone; Male: 3.0-12.0 ng/ml, Female: 0.07-
0.65 ng/ml. The sex hormones were assessed by
Beckman Coulter, Access 2, which uses the
chemiluminescence immunoassay technique (Cinquanta,
L., Fontana, D. E., & Bizzaro, N, 2017).

The patients with media not clear (where fundus
photograph is not possible), with rheumatoid arthritis,
lupus, and other autoimmune disorder, systematic
inflammation, major depressive disorder, malignancies,
history of chemotherapy or radiotherapy within past 1
year, taking medications which interferes either with sex
hormones and/or treatment for diabetes and patients
where fundus photography was not possible (in any
particular eye or field) due to inadequate dilatation or
inability of the subject to co-operate, properly were
excluded from the study. A diagnosis of diabetic
retinopathy was made when a patient exhibited a
minimum of one microaneurysm in any field, as well as
hemorrhages (dot, blot or flame shaped) and
maculopathy (with or without clinically significant
macular edema). The diagnosis of proliferative diabetic
retinopathy was made only if there is neovascularization.
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2.3 Statistical Analysis

The data was analyzed using Statistical Package for
Social Sciences (SPSS) 25.0 version (Chicago, Inc.,
USA). The Chi-square test was used to compare
categorical variables. Unpaired t-test was used to
compare the continuous variables between the two strata.
The one-way analysis of variance (ANOVA) was used to
compare more than two means. Pearson’s correlation
was done. The p-value<0.05 was considered significant.
The results were shown as frequencies, percentages and
mean + SD.

3. RESULTS
3.1 Personal and demographic characteristics of
study subjects
Table 1 represents the personal and demographic
characteristics of subject with diabetic retinopathy (Case)
and subject without diabetic retinopathy (Control)

subjects. Both among cases and control, 60.0% of the
subjects were male and 40.0% of the subject were
female. 76.66% of the subject with diabetic retinopathy
(Case) are found to be non-vegetarian and 23.33% are
vegetarian whereas 73.33% of the subject without
diabetic retinopathy (Control) are found to be non-
vegetarian and 26.66% are found to be vegetarian.

83.33% of the subject with diabetic retinopathy (Case)
belonged to the urban area and 16.66% belonged to the
rural area whereas 75.0% of the subject without diabetic
retinopathy (Control) belonged to the urban area and
6.0% belonged to the rural area. 86.66% of the subject
with diabetic retinopathy (Case) were found to be non-
smoker and 13.33% were smoker whereas 90% of the
subject without diabetic retinopathy (Control) were
found to be non-smoker and 10.0% were smoker.

Table 1: Personal and demographic characteristics of study subjects.

Variables CASE (With DR) | CONTROL (Without DR)
n (%) (N = 30) n (%) (N = 30)

Gender

Male 18(60) 18(60)

Female 12 (40) 12 (40)

Dietary habits

Vegetarian 07(23.33) 8(26.66)

Non-vegetarian 23(76.66) 22(73.33)

Area of residence

Rural 5(16.66) 6(25.0)

Urban 25 (83.33) 24 (75.0)

Addiction

Smoker 04(13.33) 03(10)

Non-smoker 26(86.66) 27(90)

Marital status

Unmarried 0(0.0) 0(0.0)

Married 29(96.66) 28 (93.33)

Divorced/Widowed/Separated 1(3.33) 2 (6.66)

3.2 Physical characteristics of study subjects

Table 2 exhibits Physical characteristics of subject with
diabetic retinopathy (Case) and subject without diabetic
retinopathy (Control). The mean age of subjects with
diabetic retinopathy (DR) was found to be insignificantly
lower (p>0.05) as compared to the mean age of subjects
without diabetic retinopathy. The mean duration of
diabetes mellitus (in years) for the subjects with diabetic
retinopathy (DR) was found to be significantly higher
(p<0.05) as compared to the duration of diabetes mellitus

Table 2: Physical characteristics of study subjects.

for the subjects without diabetic retinopathy. The mean
blood sugar fasting (BSF) and the mean blood sugar
postprandial (BSPP), both were significantly higher
(p<0.05) in the subjects with diabetic retinopathy as
compared to the mean blood sugar fasting in subjects
without diabetic retinopathy. Also the mean glycated
hemoglobin (HBA1c) was significantly higher (p<0.05)
in the subjects with diabetic retinopathy as compared to
the glycated hemoglobin (HBAlc) in the subjects
without diabetic retinopathy.

Variables CASE (WithDR) | CONTROL (Without DR) o value
Mean + SD (N = 30) Mean + SD (N = 30)

Age (years) 57.10+10.76 57.86+9.58 p >0.05

Duration of Diabetes Mellitus (years) 14.66+3.63 12.93+2.74 p<0.05

Blood sugar Fasting (mg/dL) 131.50 + 25.88 117.93 + 19.75 p<0.05

Blood sugar post-prandial (mg/dL) 189.96 + 31.06 171.36 + 28.64 p<0.05

Glycated Haemoglobin (%6) 8.19+1.29 7.52+1.11 p<0.05
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3.3 Serum Testosterone levels among study subjects
Table 3 represents the serum testosterone levels among
the study subjects. The mean serum testosterone level

was found to be significantly higher (p<0.05) in subjects
with diabetic retinopathy (DR) as compared to subjects
without diabetic retinopathy (DR).

Table 3: Serum Testosterone levels among study subjects.

CASE (With DR) | CONTROL (Without DR)
Variables Mean = SD Mean = SD p value
(N =30) (N =30)
Serum Testosterone (ng/mL) 3.75%2.75 2.47+1.94 p<0.05
3.4 Comparison of the stage of diabetic retinopathy whereas minimum in  mild NPDR category

(DR) with serum testosterone and level of glycemic
control among study subjects

Table 4 exhibits different stage of diabetic retinopathy
was compared with serum testosterone. Serum
testosterone was found maximum (5.32+1.75ng/mL) in
the severe NPDR category, whereas minimum
(2.16x£2.29ng/mL) in  moderate NPDR category.
However results were found to be non-significant (p
>0.05). The blood sugar fasting (BSF) was maximum in
mild-moderate PDR category (150.00+14.14 mg/dL),

(114.66£14.22 mg/dL). The blood sugar postprandial
(BSPP) was found maximum in mild-moderate PDR
category (205.00+£31.06 mg/dL), whereas minimum in
moderate NPDR category (182.72+32.84 mg/dL). The
Glycated hemoglobin (HBAlc) was found to be
maximum in the severe NPDR category (8.60+1.35%),
whereas minimum in  mild NPDR category
(7.86x1.39%). However all these results were found to
be non-significant (p >0.05).

Table 4: Comparison of the stage of diabetic retinopathy (DR) with serum testosterone and level of glycemic

control among study subjects

Variables Mild NPDR | Moderate NPDR | Severe NPDR Mlld-%ogerate p value
Serum Testosterone (ng/mL) 3.81+3.52 2.16%2.29 5.32+1.75 3.74+2.75 p<0.05
(Bn':a‘;gi;igar Fasting 114.66+14.22 | 126.54+30.87 | 142.27+2181 | 150.00+14.14 | p<0.05
(Bn':;‘;gfygar postprandial | 195 5044803 | 182.72+432.84 | 191.45¢2082 | 205.00+31.06 | p<0.05
Glycated Haemoglobin (%) 7.86+1.39 7.92+1.31 8.60+1.35 8.45+0.07 p<0.05

3.5 Correlation of serum Testosterone with age,
duration of disease, blood pressure, glycemic profile
and sex steroid hormonal status of subjects with
diabetic retinopathy

Table 5 represents the correlation of serum testosterone
with age, duration of disease, blood pressure, glycemic

pressure, diastolic blood pressure, serum estrogen, serum
LH, serum FSH, and a positive correlation was found
with age of patient, blood sugar fasting (BSF), blood
sugar post prandial (BSPP), glycated hemoglobin
(HBA1c) and serum progesterone. However the results
were found to be significant for blood sugar fasting

profile and sex steroid hormonal status of subjects with
diabetic retinopathy. A negative correlation was found
with duration of diabetes mellitus,

systolic blood

(BSF) (p<0.01),

HBAlc (p<0.05),
(p<0.01), serum progesterone (p<0.01),
(p<0.01) and serum FSH (p<0.01).

serum estrogen

serum LH

Table 5: Correlation of serum Testosterone with age, duration of disease, blood pressure, glycemic profile and
sex steroid hormonal status of subjects with diabetic retinopathy.

TESTOSTERONE | Age | Duration | SBP | DBP BSF | BSPP | HBAlc | Estro | Progest LH FSH
r value 134 -.085 -.043 | -.050 | .471 .263 446 -.891 .558 -.790 -.831
p value >0.05 >0.05 | >0.05 | >0.05 | p<0.01 | >0.05 | p<0.05 | p<0.01 | p<0.01 | p<0.01 | p<0.01
4. DISCUSSION another 30 patients having diabetes mellitus with diabetic

The aim of our study was to measure the level of serum
testosterone in the patient with diabetic retinopathy. Sex
hormone has drawn attention recently due to its
association with type 2 diabetes mellitus, increased
cardiometabolic risk and metabolic syndrome (Santoro et
al., 2010; Haring et al., 2010; Vikan et al., 2010).In the
present study serum levels of serum testosterone was
measured and compared in 30 patients having diabetes
mellitus without diabetic retinopathy (Controls) and

retinopathy (Cases).

The mean serum testosterone level was found to be
maximum in patients with diabetic retinopathy (DR)
(3.75+2.75 ng/mL) and minimum in patients without DR
(2.47£1.94 ng/mL) with significant results (t=2.079, p
<0.05). Our results show testosterone is significantly
higher in patients with diabetic retinopathy. It has also
been reported that the testosterone firstly causes
increased expression of VEGF (Vascular Endothelial
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Growth Factor)(Srivastava BK & Rema M, 2005).
Secondly, testosterone has been reported to cause an
increased expression of artery thromboxane A2 and
activated renin-angiotensin system (Dubey et al., 2002,
Orshal and Khalil 2004). Thirdly high levels of
testosterone enhance cell adhesion of leukocytes to
retinal capillary endothelial cells (Hammes and Porta
2010). Fourthly, Dihydrotestosterone (DHT) increased
the expression of VCAM-1 in male human endothelial
cells, as the leukocyte integrins are the principle
attachment proteins of leukocytes whose corresponding
ligands on endothelial cells are ICAM and VCAM-1
(Death et al., 2004). All these possible effects of
testosterone in presence of a setup of hyperglycemia,
which itself is a condition associated with increased
oxidative stress, advanced glycation end products, and
increased VEGF activity can result in impaired
autoregulation and retinal hyperperfusion resulting in
diabetic retinopathy as supported by our findings of a
high level of testosterone in patients with diabetic
retinopathy.

The testosterone levels found in patients with diabetic
retinopathy and without diabetic retinopathy in our study
is not coherent with the suggestions of a cohort study
conducted in Germany that reported a low total
testosterone concentration to be associated with
increased risk of Type Il diabetes mellitus in men
(Sabine et al., 2010) and a Finnish study in elderly
population that reported higher levels of testosterone
independently predicted a reduced risk of type 2 diabetes
in elderly men (Salminen et al., 2015). The variation in
the results may be due to the fact that the association
between testosterone levels and the risk of Type Il
diabetes and its complication is not completely
independent of other variables, such as exposure time,
adiposity, insulin resistance or sex hormone binding
globulin (SHBG) levels. This is because a substantial
fraction of circulating testosterone is bound to SHBG
and in our study, total testosterone has been measured as
compared to free testosterone concentration which is a
more sensitive and active marker for insulin resistance or
atherosclerosis.

When serum testosterone levels were correlated to other
sex steroid hormones and to the clinical correlates of
patient, then a significant negative correlation was found
with serum estrogen(r=-0.891, p<0.01), serum LH(r= -
0.790, p<0.01) and serum FSH (r=-0.831, p<0.01) and a
significant positive correlation was found with blood
sugar fasting (BSF)(r=0.471, p<0.01), HBAlc (r=0.446,
p<0.05), serum progesterone (r=0.558, p<0.01)
respectively. Our findings of significant positive
correlation of testosterone to blood sugar fasting (BSF)
and glycated hemoglobin (HBAlc) and negative
correlation with estrogen further emphasizes that in
settings of poor glycemic control testosterone may
nullify the somewhat protective effect of estrogen and
increase the risk for diabetic retinopathy. Further in the
study when the different stage of diabetic retinopathy

was compared with serum testosterone then it was
reported that serum testosterone was found the maximum
(5.32£1.75 ng/mL) in the severe NPDR category,
whereas minimum (2.16x2.29 ng/mL) in moderate
NPDR category. The results were found to be non-
significant.

5. CONCLUSION

The mean serum testosterone level was found to be
significantly higher in patients with diabetic retinopathy
as compared to patients without diabetic retinopathy. A
significant positive correlation of serum testosterone was
found with blood sugar fasting (BSF), HBAlc, serum
progesterone whereas a significant negative correlation
was found with serum estrogen, LH and FSH. A possible
susceptibility and association of high levels of serum
testosterone with diabetic retinopathy encourages further
studies needed for justification of the quantum of
influence of serum testosterone and other sex hormones
have, in relation to gender with regard to progression of
diabetic retinopathy as well as diabetic duration and
blood glucose control to understand the mechanism of
progression of diabetic retinopathy.
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