
OR I G I N A L R E S E A R C H

Relationship Between Risk Factors and Macular
Thickness in Patients with Early Diabetic Retinopathy
Qingquan Wei1,*, Wei Qiu1,*, Qing Liu1,2, Yanyun Jiang1

1Department of Ophthalmology, Tong Ren Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, 200336, People’s Republic of China;
2Shanghai Key Laboratory of Ocular Fundus Diseases, Shanghai, 200080, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Qing Liu; Yanyun Jiang, Department of Ophthalmology, Tong Ren Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai, 200335, People’s Republic of China, Tel +8618121226956, Email LQ1098@shtrhospital.com; JYY3378@shtrhospital.com

Purpose: The purpose of this study was to explore the changes in macular thickness (MT) in normal people, patients without obvious
diabetic retinopathy (NDR) and patients with nonproliferative diabetic retinopathy (NPDR) and to study the possible risk factors for
early diabetic retinopathy (DR).
Methods: Thirty-one healthy individuals, 40 people with no sign of DR and 60 people with mild NPDR were included in this cross-
sectional study. All patients underwent a complete ophthalmological examination. Optical coherence tomography (OCT) was used to
measure the MT of each participant. The potential relationship between MT and systemic risk factors for DR, including diabetes
duration, body mass index (BMI), hemoglobin A1c (HbA1c), serum lipids, and blood pressure, was analyzed.
Results: The MT of the right and left eyes in the central and inner ring regions of the NPDR group and NDR group were significantly
different from that in the control group. The MTs of the right and left eyes in the central region and inner ring region were also
significantly different between the NPDR group and NDR group, but the MTs of the right and left eyes in the outer ring region were
not significantly different among the three groups. Diabetic duration, total cholesterol (TC), triglycerides (TGs), systolic pressure, and
diastolic pressure were positively correlated with the MT of the right and left eyes in the central region.
Conclusion:MT increases, especially in the central region and inner ring, may be the first structural retinal change in diabetic patients
and is related to the duration of diabetes, TC, TG, systolic pressure and diastolic pressure.
Keywords: diabetic retinopathy, macular thickness, optical coherence tomography, risk factors

Introduction
Secondary macular edema (ME) is one of the causes of vision loss in patients with diabetic retinopathy (DR).1–4 Diabetic
macular edema (DME) can develop at any stage of DR, which is refractory to treatment in the late stage. Therefore,
finding novel ways to identify and treat DR in its early stages is vital.5

Many factors are involved in DR development, such as blood pressure, hyperglycemia, diabetes duration,
hypertension, and HbA1c.6–8 These factors may also be involved in macular thickness (MT) changes in diabetic
patients and may be risk factors and even predictors of DME. The visual acuity (VA) of DR patients is often dependent
on central foveal involvement, perifoveal capillary blood flow velocity, and retinal thickness at the central fovea. DME
has been reported to occur in 10% of DR patients.9,10 Measuring MT in DM patients may lead to early detection of DR
development and subsequent intervention. Optical coherence tomography (OCT) is an emerging technology used to
perform cross-sectional imaging of the retina that can be used to measure MT.11

Therefore, we used OCT to record the thickness of each area at the early stage of DR. Furthermore, we explored
the relationship between systemic factors and MT to determine the risk factors contributing to the occurrence and
development of DME in type 2 diabetes patients.
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Materials and Methods
Ethical Approval
This cross-sectional study was conducted at the Department of Ophthalmology of the Tong Ren Hospital affiliated with
Shanghai Jiao Tong University School of Medicine. This study was approved by the Research Ethics Committee of the
Tong Ren Hospital affiliated with Shanghai Jiao Tong University School of Medicine, Shanghai, China. The procedures
conformed to the tenets of the Declaration of Helsinki.

All patients who participated in the examinations and procedures signed informed consent documents.

Participants and Grouping
The present study included 131 participants aged 40 or older recruited between 1 January 2019 and 31 June 2020. The
participants were divided groups 1 (control group; 31 healthy individuals), 2 (NDR group; 40 patients with no sign of
DR) and 3 (NPDR group; 60 patients with mild NPD).

Patients with at least a 1-year history of type 2 diabetes without DR or with mild NPDR and a visual acuity of 6/10 or
better were included in the study. The exclusion criteria were as follows: diagnosed with clinically significant diabetic
macular edema (CSME), a history of any ocular disease and refractive surgery or ocular surgery, a history of previous
laser photocoagulation or retinal disease, any neurodegenerative disease, type 1 diabetes, a history of smoking,
cardiovascular disease, anemia and the use of drugs except for those administered for the treatment of diabetes and
hypertension.

Ophthalmological Examinations
Each patient underwent a detailed examination of both eyes by professional ophthalmologists and a detailed medical
review. VA, best corrected visual acuity, refractive error, intraocular pressure, anterior and posterior segment exam-
ination, axial length, and fundus examination were measured by the same ophthalmologist. MT measurements were
taken using an OCT imaging system (3D OCT-1 (Ver. 8.30); Topcon Corporation, Japan) after pupillary dilation. Only
well-focused, well-centered images without eye movements and with a quality strength of 25 or more were selected for
further analyses. The scanning mode “Macula map” was used to measure the retinal thickness (RT) within 6 mm of the
macula. Linear scanning with diameters of 1, 3, and 6 mm centered on the fovea of the macula region and each
quadrant (upper, lower, nasal, and temporal) was performed. The macula was divided into three concentric circles: the
central area (1 mm diameter), the inner ring area (1~3 mm diameter) and the outer ring area (3~6 mm diameter). Two
radiation rays were applied to the inner and outer rings, which were divided into 4 areas (up, down, left, and right) for
a total of 9 areas (Figure 1). The average macular thickness in each ring was used in this study.

Laboratory Tests
Patients were diagnosed with type 2 DM by endocrinologists based on the criteria of The Expert Committee for the
diagnosis and classification of DM.12

Blood was collected from patients in the morning after fasting for 12 h and used to measure the concentration of
glycated hemoglobin (HbA1c), the serum lipid profile, total cholesterol (TC), and triglycerides (TG) by using an
autoanalyzer (high pressure liquid chromatography, ADVIA-1650 Chemistry System, Bayer Corporation, Germany).

Statistical Analysis
Data are presented as the mean ± standard deviation (SD). SPSS V.19.0 for Windows (SPSS, Chicago, Illinois,
USA) was used for the statistical analyses. The mean comparison between groups was analyzed by variance
analysis, and a nonparametric test (Mann–Whitney U) was used to test the data that did not conform to the normal
distribution. Correlations between MT and systemic risk factors were investigated by using the Pearson correlation
coefficient. A p value <0.05 was defined as statistically significant.
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Results
Basic Characteristics of Subjects
A total of 131 participants were included in our study. They were divided group 1 (31 normal people without DR), group
2 (40 DM patients with no sign of DR) and group 3 (60 DM patients with NPDR). The basic clinical and laboratory
characteristics of the three groups are shown in Table 1.

MT in Different Groups
The minimum MTs of the right eyes of the NPDR group in the central, inner ring and outer ring regions were 246 μm
((IQR25-75 264–279 μm), 300.25 μm (IQR25-75 321.5–346.5 μm) and 244.25 μm ((IQR25-75 287.25–322.25 μm),
respectively; in the left eye, these values were 240 μm, 306 μm and 256.5 μm. The maximum right-eye MTs in the

Table 1 Comparison of Characteristics According to DR Status

Group 1 Group 2 Group 3 P
Control (min, max)
(IQR25-75)

NDR (min, max)
(IQR25-75)

NPDR (min, max)
(IQR25-75)

Group 2 vs
Group 3

Participants (n) 31 40 60 -
Gender (M/F) 15/16 20/20 31/29 0.87

Age (years) 62.52 (48,69) (58–66) 62.50 (42,76) (55–70) 63.08 (38,79) (58–69) 0.75

Diabetes duration (years) - 9.83 (2,20) (6–12) 14.56 (5,25) (12–17) <0.0001
BMI (kg/m2) - 25.87 (21.56,32.81) (23.62–27.43) 25.76 (18.37,33.33) (23.03–28.41) 0.85

HbA1c (%) - 6.96 (4.23,9.86) (5.76–7.94) 8.11 (5.33,10.7) (7.38–8.9) <0.0001

TC (mmol/l) - 4.69 (3.26,6.09) (4.2–4.93) 5.31 (3.17,8.28) (4.63–5.95) 0.0004
Triglyceride (mmol/l) - 1.79 (0.88,3.24) (1.39–2.1) 1.85 (0.91,5.16) (1.23–2.07) 0.69

Systolic pressure (mmHg) - 126.68 (90,170) (110–140) 130.93 (100,180) (120–140) 0.21

Diastolic pressure (mmHg) - 80.40 (60,110) (72–85) 82.05 (60,95) (80–88) 0.36

Note: Data represent the mean of each group.
Abbreviations: DR, diabetic retinopathy; M/W, male/female; BMI, body mass index; HbA1c, glycated hemoglobin; TC, total cholesterol; min, minimum; max, maximum.

Figure 1 OCT photographs of the MT in a healthy individual.
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central, inner ring and outer ring regions were 289 μm (IQR25-75 264–279 μm), 376.75 μm ((IQR25-75 323–349.25
μm) and 368.5 μm (IQR25-75 290.25–322.75 μm), respectively; in the left eye, these values were 289 μm, 380.5 μm
and 364.25 μm. The MTs in the right and left eyes in the central and inner ring regions in the NPDR and NDR groups
were significantly different compared with those in the control group. The MTs in the right and left eyes in the central
and inner ring regions in the NPDR group were also significantly different from those in the NDR group. However,
the MTs in the right and left eye outer ring regions were not significantly different among the three groups (Table 2).

Correlation Between MT and Systemic Risk Factors for DR
The duration of diabetes was found to be positively correlated with MT in the central region of the right and left eyes
(Table 3, Figure 2). TC and TG were also found to be positively correlated with MT in the central region of the right and
left eyes (Table 3, Figure 3), as did systolic and diastolic pressure (Table 3, Figure 4).

Table 2 MTof the Subjects in the Three Groups

MT(μm) Group 1 Group 2 Group 3 P1 P2 P3
Control NDR NPDR

Central region

Right eye 251.81±17.40 262.48 ±22.67 270.22±10.06 0.03 <0.01 0.02

Left eye 251.39±17.27 263.85±24.82 271.82±11.26 0.02 <0.01 0.03
Inner ring region

Right eye 318.74±20.70 328.16±15.22 334.91±6.42 0.03 <0.01 0.04

Left eye 320.01±17.88 329.46±15.52 336.85±18.76 0.02 <0.01 0.04
Outer ring region

Right eye 302.44±14.10 303.16±12.51 305.52±29.02 0.82 0.58 0.63

Left eye 303.01±16.46 302.36±14.26 306.85±22.94 0.86 0.41 0.27

Notes: Data represent the mean ± standard deviation (SD) of each group; p < 0.05 was considered statistically significant. P1: Group 2 vs Group 1; P2: Group 3 vs Group 1;
P3: Group 3 vs Group 2.
Abbreviations: MT, macular thickness; DR, diabetic retinopathy.

Table 3 Correlation Analysis of MTwith Systemic Risk Factors

Parameters Right Eye MT Left Eye MT

Central
Region

Inner Ring
Region

Outer Ring
Region

Central
Region

Inner Ring
Region

Outer Ring
Region

Diabetes duration (year), r 0.283 0.166 0.096 0.279 0.165 0.195

p 0.004 0.099 0.342 0.005 0.101 0.052

BMI (kg/m2), r −0.153 0.009 −0.045 −0.161 −0.055 −0.058
p 0.128 0.930 0.654 0.109 0.584 0.563

HbA1c (%), r 0.013 −0.063 0.105 0.038 0.042 0.154

p 0.901 0.533 0.297 0.709 0.675 0.127
TC, r 0.530 −0.050 −0.192 0.474 0.033 −0.077
p <0.001 0.624 0.055 <0.001 0.745 0.448

Triglyceride, r 0.294 0.063 −0.092 0.215 0.020 0.081
p 0.003 0.533 0.362 0.032 0.842 0.421

Systolic pressure, r 0.308 0.071 0.019 0.287 0.142 0.066

p 0.002 0.486 0.850 0.004 0.157 0.517
Diastolic pressure, r 0.332 0.020 0.007 0.264 0.033 −0.032
p 0.001 0.842 0.947 0.008 0.744 0.754

Notes: Pearson’s correlation analysis was performed to analyze the association between MT and systemic risk factors. p < 0.05 was defined as statistically significant.
Abbreviation: MT, macular thickness.
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Discussion
The pathogenesis of DME is not yet clear. Most people believe that the main mechanism is the impairment of blood–
retinal barrier function. DME ultimately leads to the accumulation of fluid in the inner and outer plexiform layers of the
retina in the macular region and the thickening of the retina.13 The macula is a sensitive area of the retina that receives
the most light information. Macular thickening as a result of DME substantially impairs patient vision. As methods for
vitreous body retinal surgery have improved, the rate of blindness among DR patients has declined; however, DME has
become the most important factor associated with vision impairment and blindness in diabetic patients.14 Scholars have

Figure 2 Scatter plot of the correlation between diabetes duration and MT in the central region in the right (A) and left eyes (B).

Figure 3 Scatter plot of the correlation between MT in the central region and total cholesterol in right (A) and left (B) eyes and the correlation between MT in the central
region and triglycerides in right (C) and left (D) eyes.
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recently suggested that the true correlation between diabetes and vision loss is the degree of macular thickening.15,16

Intervening early in macular edema decreases macular thickness and improves visual acuity varying degrees.17–21

Therefore, it is critical to develop methods for the early diagnosis of macular edema.
With the increasingly wide application of OCT in ophthalmology, some scholars have proposed evaluating

“subclinical DME.”22 OCT has become the gold standard for measuring retinal thickness and some retinal and optic
nerve diseases in vivo. The sensitivity of OCT imaging has been greatly improved in recent years as software and
hardware technology has been updated and developed; current OCT scanning technology can identify subtle structural
changes in the retina. OCT is not only noninvasive and sensitive but also demonstrates good renaturation and
stability.23–25 OCT is well suited for multiple follow-up examinations. Moreover, many diabetic patients often have
severe systemic diseases, and some have allergies. Therefore, it is impossible to perform fundus fluorescein angio-
graphy on some patients, and OCT examination is particularly important for these diabetic patients.

The current study revealed that an increase in RT occurs early in the course of DR. The thicker the retinal
neuroepithelial layer becomes, the more serious the ME and the more obvious the VA decline. Early measurement of
RT is of substantial significance for DR management, condition monitoring and prognosis.26,27 Overall, the inner and
outer layers of the normal macular region were thinnest in the central 1 mm region and thickest in the inner ring region
(1~3 mm diameter), and the retina gradually became thinner in the outer ring region (3~6 mm diameter). The inner
layer of the retina accounts for approximately 43% of the retina, except for the 1 mm area in the center of the macula.
Histological studies have shown that the inner retinal tissue in the fovea is very thin, mainly consisting of photo-
receptors, but that the inner retinal tissue to the left of the fovea is considerably thicker. Therefore, the thickness of the
macular fovea is more specific than other regional indices of the macular region. In this study, OCT was used to
measure retinal thickness in the macular region in the NPDR group, NDR group, and normal control group. The results
showed that the thickness of the central and inner ring retina in the NDR group was significantly lower than that in the
control group (P < 0.05). The MT in the central and inner ring regions in the NPDR group was significantly lower than

Figure 4 Scatter plot of the correlation between MT in the central region and systolic pressure in right (A) and left (B) eyes and the correlation between MT in the central
region and diastolic pressure in right (C) and left (D) eyes.
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that in the control group (P < 0.05). The MT in the central and inner ring regions in the NDR group was significantly
lower than that in the NPDR group (P < 0.05). The MT in the outer ring region was not significantly different among
the three groups (P > 0.05). This indicates that OCT can identify MT that is not visible to the naked eye and is
gradually aggravated with the progression of DR. OCT provides a basis for the diagnosis of DME in the early stage of
diabetes and is conducive to the prevention and treatment of DME to minimize patient visual impairment.

We also studied the correlation between macular retinal thickness and related biochemical indicators in diabetic
patients. The results showed that macular retinal thickness was not related to HbA1c. However, some studies have
suggested that a high baseline HbA1c and a large reduction in HbA1c are risk factors for an increase in MT.28,29 This
may be because the pathogenesis of macular retinal thickening is not the same as the pathogenesis of hyperglycemia-
induced microangiopathy. There may be other unknown factors involved. Obesity has also been observed to have adverse
effects on a variety of eye diseases. An increasing number of epidemiological studies have revealed a relationship
between BMI and DR.30 Elevated BMI is usually associated with hypertension and dyslipidemia, both of which are risk
factors for DR.31 However, we found no significant relationship between BMI and MT. This observation was consistent
with the findings of previous studies.32 Therefore, BMI may affect DR in many ways. A prolonged duration of diabetes
has been thought to be a risk factor for DR.33,34 This may be because prolonged exposure to the hyperglycemic state can
increase the risk of vascular injury, leading to DR. Improving blood lipid status and controlling blood pressure with
antihypertensive drugs can reduce the risk of DR progression.1,35–38 In our study, we found that the macular thickness in
the inner ring region positively correlated with the duration of diabetes, TC, TG, systolic blood pressure, and diastolic
blood pressure. Changes in macular retinal thickness can possibly be predicted by assessing these biochemical markers in
the early stage of DME. In contrast, the increase in RT in the macular area observed by ophthalmic OCT may predict the
existence of early systemic complications.

However, there are some limitations to our study. First, this study did not examine the history of diabetes medication
use. Treatment with diabetes drugs may be another factor affecting patient prognosis. A case–control study on the effect
of different antidiabetic drugs on MT in diabetic patients would help solve this problem. Second, VA and MT were not
analyzed due to incomplete data collection. We will continue to explore this factor in future research.

Conclusions
In conclusion, the detection of MT, diabetes duration, TC, TG, low-density lipoid, systolic blood pressure, and diastolic
blood pressure in early diabetic patients and control of these factors are beneficial to the prediction and treatment of early
diabetic complications.
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