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ABSTRACT
Aims/Introduction: The aim of this study was to investigate the relationship between
serum progesterone (P) and retinopathy in male patients with type 2 diabetes mellitus,
and to investigate whether P is associated with its progression.
Materials and methods: A total of 1,376 male participants with type 2 diabetes melli-
tus were recruited from Affiliated Hospital of Medical College Qingdao University (Qing-
dao, China). Through logistic regression analysis after adjusting the potential confounding
variation, the odds ratio (OR) and the corresponding 95% confidence interval related to
the quartiles of progesterone were obtained.
Results: According to the quartiles of P levels, the prevalence rate of diabetic retinopa-
thy (DR) in the last quartile is obviously greater to other quartiles (52.5–34.9%, 31.9%,
37.5%, P < 0.001). Compared with those in the first quartile, the prevalence of DR for the
last quartile had an OR of 1.85 in the non-proliferative diabetic retinopathy group, while
the OR was 8.35 in the proliferative diabetic retinopathy group (P < 0.001, unadjusted
model). When adjusted for age, body mass index, duration of type 2 diabetes mellitus,
glycated hemoglobin, blood pressure and other variables, the ORs for DR in the fourth
quartile were 2.13 (95% confidence interval 1.49–3.06) in the non-proliferative diabetic
retinopathy group and 8.44 (95% confidence interval 2.69–26.43) in the proliferative dia-
betic retinopathy group (P < 0.001). The positive association between P and DR risk was
independent in adjusted logistic regression.
Conclusions: High levels of serum progesterone are significantly associated with DR in
male hospitalized patients. This could mean that a higher P level in men is a potential
clinical factor to identify DR, and the causality remains to be further explored.

INTRODUCTION
Diabetes mellitus is a chronic metabolic disease with rapidly
increasing prevalence worldwide. The number of patients with
diabetes worldwide is predicted to grow to 366 million by
20301. The most common complication of type 2 diabetes mel-
litus is diabetic retinopathy (DR), which is a microvascular and
neural complication of the retina, and remains one of the lead-
ing causes of visual loss in adults aged 20–74 years2. Increasing
evidence from experimental and epidemiological studies sug-
gests that sex hormones play important roles in the develop-
ment of type 2 diabetes3. The level of prolactin (PRL) in
patients without DR is higher than that in proliferative diabetic

retinopathy patients. High PRL level reduced both vascular
endothelial growth factor (VEGF)-induced and diabetes-induced
increase of retinal vasopermeability, which can be used as a
new therapy to prevent DR4. A study discovered that the level
of follicle-stimulating hormone (FSH) in patients with DR is
higher than that in the control group and patients without
DR5. However, some studies have shown that estradiol (E2),
luteinizing hormone (LH) and FSH levels are not related to the
risk factors of DR in women with type 2 diabetes mellitus6.
Several prospective studies have shown that increased E2 cycle
levels are associated with an increased risk of type 2 diabetes in
men and women3,7. Goto et al.8 proposed that testosterone (T)
might be negatively correlated with diabetes. A multicenter ran-
domized clinical trial showed that estrogen and T can predict
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the risk of diabetes in men, but not in women9. In addition,
some studies have reported that the onset of gestational dia-
betes usually occurs in the second trimester, when the circulat-
ing level of progesterone (P) is very high, suggesting that P
might play a role in gestational diabetes10. Sex hormones have
also made great progress in the treatment of metabolic dis-
eases11,12. In the general population, DR might be more com-
mon in men than premenopausal women13. Interestingly, male
sex has been reported to be an independent risk factor for
advanced diabetic retinopathy in type 2 diabetes mellitus
patients14,15, which suggests the effect of sex hormones. Estro-
gen can play different roles according to the stage of retinopa-
thy: in the initial stage, the proliferation of endothelial cells
induced by E2 has a beneficial effect and protects the retina
through the induced repair process, whereas in the proliferative
phase, this effect aggravates the retinopathy16. Historically, the
relationship between gonadal hormones and DR risk has
received scarce attention, and no previous study has investi-
gated the interaction between serum P and DR. To accomplish
this, we carried out the present cross-sectional study at the
Affiliated Hospital of Medical College Qingdao University
(Qingdao, China) to show the association between DR and P
in men with type 2 diabetes mellitus.

METHODS
Study population
We set up a database of type 2 diabetes mellitus inpatients at
the Affiliated Hospital of Medical College Qingdao University
(Shandong, China). Analyzed data were collected from 1,376
men with type 2 diabetes from the database between 2017 and
2019. The inclusion criteria accorded with the American Dia-
betic Association 2014 criteria17 was: glycated hemoglobin
(HbA1c) ≥6.5%, or fasting plasma glucose ≥126 mg/dL
(7.0 mmol/L), or 2-h plasma glucose ≥200 mg/dL (11.1 mmol/
L) during an oral glucose tolerance test), or a random plasma
glucose ≥200 mg/dL (11.1 mmol/L) with classic symptoms of
hyperglycemia or hyperglycemic crisis. Participants aged
<18 years or >80 years, with acute complications of type 2 dia-
betes mellitus, severe heart failure, severe liver disease or malig-
nant tumors were excluded.
The protocol was designed in accordance with the Helsinki

Declaration and approved by the Ethics Committee of the Affil-
iated Hospital of Medical College Qingdao University. All par-
ticipants provided written informed consent. The study is
registered on http://www.chictr.org.cn/ under the registration
number ChiCTR2000032408.

Data collection
Anthropometric parameters of patients included age, height,
weight, diabetes duration, the status of drinking and smoking,
and blood pressure (BP). Patients’ bodyweight was measured
by the same team member. BP was measured after a 5-min
rest, and averaged for two or more consecutive days. Body
mass index (BMI) was calculated as the weight in kilograms

divided by height in meters squared. Through laboratory
examination, we measured the following indicators: fasting
plasma glucose, HbA1c, PRL, FSH, LH, T, P, E2, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
free fatty acid, and lipid profiles including triglycerides (TG),
total cholesterol, serum uric acid and serum creatinine. After
fasting for at least 8 h, the blood samples were obtained from
the median vein of the elbow, centrifuged within 1 h, stored
in the cold chain within 2–4 h and transported to the central
laboratory for detection. Serum PRL, FSH, LH, T, P and E2
were measured by electrochemiluminescence immunoassay
(Roche E602, Switzerland), and their normal references were
defined as 86–324 mIU/L, 1.5–12.4 mIU/L, 1.7–8.6 mIU/L,
9.9–27.8 nmol/L, 0.159–0.474 nmol/L and 99.4–192 pmol/L.
HbA1c was determined by high-performance liquid chro-
matography (MQ-2000PT, Shanghai, China). Blood glucose
and lipids were measured by Beckman Coulter AU 680
(Krefeld, Germany). Serum uric acid was measured by a
DIMENSION LXR (SIEMENS, Munich, Germany) automatic
analyzer. Serum creatinine was measured by the picric acid
method (Coulter AU 680).

Assessment of DR
All participants were assessed for retinopathy by a fundus cam-
era (AFC-330; NIDEX, Kyoto, Japan), slit lamp microscope
(3020H; Keeler Ltd, Windsor, UK) and non-invasive optical
coherence tomography (5000; Carl Zeiss, Dublin, CA, USA).
According to the definitions derived from Wilkinson et al.18,
the patients were classified into three groups: non-diabetic
retinopathy group (No DR), non-proliferative diabetic retinopa-
thy group (NPDR) and proliferative diabetic retinopathy group
(PDR). NPDR included multiple manifestations: microa-
neurysm, hard exudates, cotton-wool spot and so on. PDR is
mainly the formation of neovascularization, which can lead to
severe retinal detachment.

Statistical analysis
The SPSS software version 24.0 (IBM Corporation, Armonk,
NY, USA) was used to carry out statistical analyses. Nor-
mally distributed continuous variables are expressed as the
mean – standard deviation, whereas non-normally distributed
continuous variables are expressed as the interquartile range,
and categorical variables are presented as frequency. The
characteristics of the participants among No DR, NPDR and
PDR were compared using v2-tests or the Kruskal–Wallis
test. P levels were classified into four groups based on quar-
tiles (Q1: ≤0.425, Q2: 0.425–0.75, Q3: 0.75–1.27, Q4: ≥1.27),
with the first quartile (Q1) representing the lowest quartile,
and the fourth quartile (Q4) being the highest. Multiple
logistic regression analysis after adjusting was used to com-
pute the odds ratios (OR) and the corresponding 95% confi-
dence intervals (95% CI), which represented the risk of DR
in P quartiles. A P < 0.05 was considered statistically signifi-
cant (two-sided).
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RESULTS
The clinical characteristics of the study participants are pre-
sented in Table 1. Patients with more severe DR were signifi-
cantly older, had longer diabetes duration, higher HbA1c, high-
density lipoprotein cholesterol, LH, T and Cr, and lower DBP
and TG than the patients with mild retinopathy or no
retinopathy (P < 0.05). Compared with other sex hormones, P
levels showed a positive correlation with DR (P < 0.001).
Table 2 provided dates about clinical characteristics of P

quartile stratification in men with type 2 diabetes mellitus.
Compared with the patients with the lowest P level, the patients
with the highest P level were more likely to have lower BMI,
lower glycosylation, lower TG, and higher free fatty acid and
serum creatinine. According to the quartiles of P levels, the
prevalence rate of NPDR in male patients of the last quartile
was higher than the first to third quartile (45.4 vs 33.7%,
31.0%, 35.2%, P = 0.001), and the prevalence rate of PDR in
the last quartile was higher than the first to third quartile (7.1
vs 1.2%, 0.9%, 2.3%, P < 0.001). Furthermore, the prevalence

rate of DR in the last quartile was obviously increased com-
pared with the first to third quartile (52.5 vs 34.9%, 31.9%,
37.5%, P < 0.001; Figure 1). Furthermore, the patients with DR
had a higher P level than those without DR, which was gradu-
ally increased with the development of DR (P < 0.001;
Figure 2).
The results of logistic regression analysis are listed in Table 3.

Compared with those in the first quartile, the prevalence of DR
for the last quartile had an OR of 1.85 in NPDR, whereas the
OR was 8.35 in PDR (P < 0.001, unadjusted model). When
adjusted for age, BMI, duration of type 2 diabetes mellitus,
HbA1c, BP, smoking and drinking rate, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, TG, total
cholesterol, PRL, LH, FSH, E2 and T, the ORs for DR in Q4
were 2.13 (95% CI 1.49–3.06) in NPDR and 8.44 (95% CI
2.69–26.43) in PDR (P < 0.001). This indicated that the risk of
NPDR in male patients with P ≥1.27 nmmol/L is 2.13-fold
higher than that in those with P ≤0.425 nmmol/L, and the risk
of PDR in male patients with P ≥1.27 nmmol/L is 8.44 times

Table 1 | Clinical characteristics of no diabetic retinopathy, non-proliferative diabetic retinopathy and proliferative diabetic retinopathy in
participants

Characteristics NDR (n = 838) NPDR (n = 499) PDR (n = 39) P-value

Age (years) 57.5 – 12.3 61.4 – 10.0 62.2 – 12.1 <0.001*
BMI (kg/m2) 25.9 (23.7–28.1) 26.0 (23.7–28.1) 25.0 (23.39–27.40) 0.389
DM duration (years) 9.1 – 6.9 12.3 – 7.1 14.8 – 7.9 <0.001*
HbA1c (%) 8.1 (6.9–9.6) 8.5 (7.2–10.0) 7.9 (6.9–8.9) 0.008*
BP (mmHg)
Systolic 136.7 – 17.6 139.2 – 21.1 142.1 – 19.0 0.063
Diastolic 80.8 – 11.9 80.5 – 11.7 76.7 – 9.9 0.038*

Lipid profile (mmol/L)
LDL-c 2.60 – 0.87 2.61 – 0.99 2.63 – 0.90 0.950
HDL-c 1.13 – 0.28 1.18 – 0.32 1.23 – 0.32 0.008*
TG 1.42 (1.00–2.23) 1.37 (0.94–2.11) 1.08 (0.83–1.69) 0.003*
TC 4.43 – 1.24 4.53 – 1.33 4.47 – 1.14 0.488
FFA 0.43 – 0.21 0.39 – 0.20 0.45 – 0.25 0.001*

Sex hormones
PRL (mIU/L) 311.1 (239.5–400.9) 278.0 (215.1–373.2) 303.3 (223.6–382.5) <0.001*
LH (mIU/mL) 7.37 (5.39–9.79) 7.70 (5.45–10.21) 8.89 (6.58–12.37) 0.033*
FSH (mIU/mL) 8.86 (6.06–12.53) 9.35 (6.18–13.91) 9.70 (5.88–15.81) 0.192
E2 (pmol/L) 98.53 (72.24–132.70) 99.86 (73.32–132.40) 103.20 (78.67– 136.50) 0.768
P (nmol/L) 0.68 (0.40–1.11) 0.86 (0.46–1.43) 1.51 (1.05–1.97) <0.001*
T (nmol/L) 13.71 (10.30–18.15) 13.93 (10.62–17.78) 16.46 (12.41–21.47) 0.019*

sUA (µmol/L) 340 (283–394) 338 (285–387) 377 (333–430) 0.016*
Scr (µmol/L) 63.35 – 28.02 73.12 – 24.45 106.41 – 37.74 <0.001*
Smoking (%) 434 (51.79%) 270 (54.11%) 22 (56.41%) 0.649
Drinking (%) 416 (49.64%) 246 (49.30%) 16 (41.03%) 0.557

Kruskal–Wallis H-test or v2-test. Normally distributed variables are expressed as mean – standard deviation, non-normal variables are expressed as
the median (interquartile range), and categorical variables are expressed as the percentage (%). BMI, body mass index; BP, blood pressure; DM, dia-
betes mellitus; E2, estrogen; FFA, free fatty acid; FSH, follicle-stimulating hormone; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein
cholesterol; LDL-c, how-density lipoprotein cholesterol; LH, luteinizing hormone; NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic
retinopathy; P, progesterone; PDR, non-proliferative diabetic retinopathy; PRL, prolactin; Scr, serum creatinine; sUA, serum uric acid; T, testosterone;
TC, total cholesterol; TG, triglyceride. *Statistically significant.
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higher than that in those with P ≤0.425 nmmol/L. The positive
association between P and DR risk was independently in
adjusted logistic regression.

DISCUSSION
In the present cross-sectional study, we recruited 1,376 male
patients to explore the relationship between DR and serum P

levels. Researchers absorbed 35 studies between 1980 and 2008,
which estimated that the global prevalence of any DR is 34.6%
(95% CI 34.5–34.8)19. In the present study, the prevalence of
DR in hospitalized patients with type 2 diabetes mellitus was
39.1%, which is a little higher than the global prevalence. The
reason might be that the study population was hospitalized at a
higher rate. The results showed that the prevalence of DR
increased with the increase of P level (P < 0.001). It also sug-
gested that the patients with DR had a significantly higher P
level than those without DR (P < 0.001). This showed an inde-
pendent, significant relationship between P levels and DR
regardless of age, BMI, duration of type 2 diabetes mellitus,
HbA1c, and other variables included in the logistic regression.
Although few studies have reported a significant association

between sex and DR, an increasing number of studies have
confirmed that being male is an independent risk factor for
DR20–22. The United Kingdom Prospective Diabetic Study
found that male sex was an independent risk factor for the
development of DR23. So far, the interaction between sex hor-
mones and DR has not been studied systematically. T defi-
ciency is highly prevalent in men with type 2 diabetes
mellitus24. The prevalence of erectile dysfunction has been
reported to be as high as 35–90% in men with diabetes melli-
tus25. Table 2 shows that the average level of T in diabetes

Table 2 | Clinical characteristics of the quartiles of progesterone levels in men with type 2 diabetes mellitus

Characteristics Q1 (≤0.425) Q2 (0.425–0.75) Q3 (0.75–1.27) Q4 (≥1.27) P-value
n = 344 n = 352 n = 341 n = 339

Age (years) 58.7 – 12.4 59.0 – 11.7 59.1 – 11.5 59.4 – 11.1 0.985
BMI (kg/m2) 26.2 (24.1–28.7) 26.0 (23.8–28.1) 25.6 (23.5–27.7) 25.7 (23.7–28.0) 0.023*
DM duration (years) 10.5 – 7.5 9.9 – 7.2 10.3 – 7.1 10.9 – 7.0 0.191
HbA1c (%) 8.6 (7.3–10.2) 8.2 (7.0–9.6) 8.1 (6.9–9.6) 7.9 (6.8–9.3) 0.002*
BP (mmHg)
Systolic 139 – 19 138 – 20 136 – 19 138 – 18 0.136
Diastolic 81 – 12 81 – 12 81 – 11 80 – 12 0.503

Lipid profile (mmol/L)
LDL-c 2.6 – 0.9 2.6 – 1.0 2.6 – 0.8 2.6 – 0.9 0.914
HDL-c 1.11 – 0.28 1.16 – 0.31 1.15 – 0.28 1.18 – 0.32 0.066
TG 1.49 (1.06–2.43) 1.40 (1.00–2.08) 1.29 (0.93–2.10) 1.40 (0.89–2.18) 0.019*
TC 4.4 – 1.3 4.5 – 1.3 4.5 – 1.2 4.5 – 1.2 0.505
FFA 0.41 – 0.21 0.40 – 0.20 0.43 – 0.19 0.46 – 0.24 0.009*

sUA (µmol/L) 347 (291–405) 345 (287–392) 331 (276–386) 339 (284–391) 0.071
Scr (µmol/L) 67.9 – 26.3 67.3 – 37.0 66.7 – 37.5 70.9 – 24.6 0.004*
Smoking (%) 185 (53.78%) 169 (48.01%) 185 (54.25%) 187 (55.16%) 0.229
Drinking (%) 160 (46.51%) 172 (48.86%) 166 (48.68%) 180 (53.09%) 0.390
NDR 224 (65.1%) 240 (68.2%) 213 (62.5%) 161 (47.5%) <0.001*
NPDR 116 (33.7%) 109 (31.0%) 120 (35.2%) 154 (45.4%) 0.001*
PDR 4 (1.2%) 3 (0.9%) 8 (2.3%) 24 (7.1%) <0.001*

Kruskal–Wallis H-test or v2-test. Normally distributed variables are expressed as mean – standard deviation, non-normal variables are expressed as
the median (interquartile range) and categorical variables are expressed as the percentage (%). BMI, body mass index; BP, blood pressure; DM, dia-
betes mellitus; FFA, free fatty acid; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol LDL-c, low-density lipoprotein choles-
terol; NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; Scr, serum creatinine; sUA,
serum uric acid; TC, total cholesterol; TG, triglyceride. *Statistically significant.
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Figure 1 | Prevalence rate of diabetic retinopathy (DR) in progesterone
quartiles (Q1: 33.7%, Q2: 31.0%, Q3: 35.2%, Q4: 45.4%).
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mellitus patients is in the low normal range (normal reference
range 9.9–27.8 nmol/L), and the T level in diabetes mellitus
patients with PDR is higher than that in patients without DR
(P < 0.05), which requires further study. For women, variation
in sex hormones levels caused by pregnancy or menstruation
might change the state of the disease. For example, a change in
hormone level is one of the reasons for the new onset and
aggravation of retinopathy during pregnancy26.
Anatomically, the retina is a target for sex steroid hormones,

as shown by the large presence of sex steroid hormone recep-
tors, which includes estrogen receptor a, estrogen receptor b, P

receptor and androgen receptor27. Estrogen plays a role in reti-
nal neuroprotection, and modulating retinal and choroid blood
flow16,28–33. In regard to T, it has a population-based protective
effect on vascularization and retinal perfusion, which might be
related to the vasodilation of microvessels. In men, P is synthe-
sized not only in Leydig cells, but also in the adrenal gland,
from where it is secreted into the circulatory system. P plays a
special physiological and pathophysiological role in men. P
might be a valuable treatment for male contraception, stimulat-
ing endogenous T biosynthesis in senile interstitial cells, pros-
tate cancer and/or benign prostatic hyperplasia, meningioma/
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Figure 2 | The box plot of progesterone levels among no diabetic retinopathy (NDR), non-proliferative diabetic retinopathy (NPDR) and proliferative
diabetic retinopathy (PDR) in men with type 2 diabetes mellitus.

Table 3 | Unadjusted and multivariate adjusted odds ratios of the quartiles of progesterone levels for non-proliferative diabetic retinopathy and
proliferative diabetic retinopathy in participants

Quartiles Unadjusted model Adjusted model

NPDR PDR NPDR PDR

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Q1 (≤0.425) – – – – – – – –
Q2 (0.425–0.75) 0.88 (0.64–1.21) 0.419 0.70 (0.16–3.16) 0.643 1.02 (0.71–1.46) 0.910 0.72 (0.15–3.35) 0.674
Q3 (0.75–1.27) 1.09 (0.79–1.49) 0.602 2.10 (0.62–7.09) 0.230 1.29 (0.90–1.86) 0.165 1.81 (0.50–6.62) 0.367
Q4 (≥1.27) 1.85 (1.35–2.53) <0.001 8.35 (2.84–24.53) <0.001 2.13 (1.49–3.06) <0.001 8.44(2.69–26.43) <0.001

Logistic regression analysis. Adjusted for age, body mass index, duration of type 2 diabetes mellitus, glycated hemoglobin, blood pressure, smoking
and drinking rate, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, total cholesterol, serum creatinine, prolactin,
luteinizing hormone, follicle-stimulating hormone, estradiol and testosterone. NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopa-
thy; PDR, proliferative diabetic retinopathy.
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fibroma, chronic obstructive pulmonary disease, weight loss
and central nervous system34.
The relationship between serum P levels and DR has not

been described in recent studies. In the present study, P levels
were positively correlated with DR risk regardless of age, BMI,
duration of type 2 diabetes mellitus, HbA1c and other variables.
We summarized the following potential mechanism and conjec-
ture. High concentration of P dysregulates VEGF expression in
the retina. VEGF has been shown to activate endothelial cells,
and promote cell proliferation, migration and vascular perme-
ability in the retina35. P has been reported to increase VEGF
expression in both the rat uterus and human endometrial
cells36,37. In addition, P induces VEGF messenger ribonucleic
acid and protein expression in MA-10 cells (a mouse tumor
Leydig cell line). Furthermore, we found the same in bovine
retinal epithelial cells. When the cultured retinal pigment
epithelial cells were exposed to a high concentration of P
(10 µmol/L) for 48 h, the production of VEGF/vascular perme-
ability factor increased significantly (214.5 – 28.3 ng/g protein,
P < 0.01) compared with the control group (147.7 – 17.9 ng/g
protein)38. It is well known that VEGF is one of the basic
pathophysiological mechanisms of DR39. Therefore, we believe
that the increase of P level leads to neovascularization, vascular
leakage, rupture of the blood–retinal barrier and retinal ische-
mia by overexpression of VEGF in the retina40. P has a vaso-
constrictive effect on ocular blood flow. The blood flow
resistance index of the ophthalmic artery increased in patients
with DR. The increase of vascular bed resistance in the periph-
eral eye leads to DR, and this change exists before the occur-
rence of DR41,42. Viana et al.43 reported an increase in vascular
resistance of the central retinal artery during the luteal phase,
suggesting that P plays an important role in antagonizing the
vasodilation of estrogen. Souza et al.44 confirmed that in the P-
treated group, when the pulsatility index, resistance index and
systole/diastole ratio before and after treatment were compared,
the vascular resistance of the ophthalmic artery and the central
retinal artery increased significantly – a possible compensation
mechanism. P is mainly secreted from the nervous system and
testis in men. In the case of decreased T, the negative feedback
regulation mechanism of the hypothalamic–pituitary–testicular
axis plays a role, which increases the level of gonadotropin, and
in turn stimulates testicular synthesis to release other gonadal
hormones. In addition to this, an increasing number of studies
have shown that exogenous P has neuroprotective and anti-oxi-
dant functions in retinopathy45–47. However, there is contro-
versy surrounding whether P has a neuroprotective effect.
There are also animal experiments that show that P has no
neuroprotective effect on retinal degeneration. P was infused
through the peripheral vein to half of the male rats receiving
photoresist-induced retinal degeneration. The results showed
that there was no statistical difference between the two
groups48. P use in renal transplant patients can lead to
increased urinary protein excretion, severe glomerulosclerosis
and monocyte infiltration49. It was found that P treatment

could protect ischemic endothelial cells from macrophage infil-
tration in transient middle cerebral artery occlusion50. Never-
theless, the protective effect of P was not found in the rat
model of anterior ischemic optic neuropathy51. The high level
of P is also related to myocardial infarction52. The addition of
medroxyprogesterone acetate (MPA) in E2 treatment compli-
cates the cardiovascular damage after myocardial infarction,
and aggravates left ventricular remodeling and dysfunction53.
The relevant mechanism remains to be further studied. At pre-
sent, P therapy has not been carried out in large-scale clinical
trials, and the mechanism is not completely clear. We hope that
our research can attract the attention of clinicians, so that they
can carefully consider P as a neuroprotective treatment method,
because it might affect the VEGF retinal vascular system.
In the present study, multivariate logistic regression analy-

sis further confirmed that apart from sex hormone disorders,
long duration of diabetes mellitus, high HbA1c, systolic BP,
low low-density lipoprotein cholesterol and total cholesterol
levels were risk factors for male patients with NPDR,
whereas systolic BP and TG were risk factors for male
patients with PDR. Consistent with the present findings, pre-
vious studies reported that duration of diabetes, poor blood
glucose control (the presence of HbA1c and hypertension),
dyslipidemia, high BMI, puberty and pregnancy were risk
factors for DR54.
There were several limitations of the present study that need

to be explained. First, this retrospective study could not infer
cause and effect. Second, all patients recruited were hospitalized,
so the results could not represent other regions of the country.
Third, there is insufficient experimental evidence to explain the
relationship between them. In brief, the present study suggested
that high levels of P are significantly related to DR risk. This
could mean that a higher P level in men is a potential clinical
factor to identify DR. The relationship between P and DR will
open up a new research field, and large-scale clinical studies in
the future might help to identify whether P therapy is sex-spe-
cific. Therefore, P therapy still requires careful and comprehen-
sive consideration. Prospective cohort studies are required to
identify the causality.
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