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ARTICLE INFO ABSTRACT
Keywords: Purpose: To evaluate the associations of blood pressure levels with diabetic retinopathy (DR),
Diabetic retinopathy proliferative diabetic retinopathy (PDR) and diabetic macular edema (DME) in patients with

Proliferative diabetic retinopathy
Blood pressure

Hypertension

Nomogram

diabetes mellitus.

Design: A cross-sectional, population-based study.

Subjects: A total of 152,844 patients with diabetes from 90 major cities in 19 provincial regions of
mainland China during 2018-2021 were finally recruited.

Methods: Blood pressure was graded into 5 levels: normal (without hypertension and <120/80
mmHg), normal high (without hypertension and >120/80 mmHg), HT-intensive (hypertension
and <120/80 mmHg), HT-moderate (hypertension and blood pressure between 120/80 mmHg
and 140/90 mmHg) and HT-high (hypertension and >140/90 mmHg). Logistic regression was
employed to verify the associations of hypertension and blood pressure levels with DR, PDR and
DME. The impacts of blood pressure levels on the outcomes were qualified with nomogram
models.

Main outcome measures: The main outcome was DR.

Results: There were 16,685 (10.92%) participants having DR, 2841 (1.86%) having PDR, and
1566 (1.02%) having DME. There were 8126 (5.32%) patients without hypertension and 1350
(0.88%) patients with hypertension having blood pressure <120/80 mmHg. When compared to
the normal group with covariates adjusted, an increased prevalence of DR was observed in normal

Abbreviations: DR, diabetic retinopathy; PDR, proliferative diabetic retinopathy; DME, diabetic macularedema; HT, hypertension; OR, odds ratio;
CI, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure; RRSPD, Real-world Retinopathy Screening Project for Diabetic
Population; FBG, fasting blood glucose; ICC, interclass correlation coefficient; BMI, body mass index; SD, standard deviation.
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high (adjusted odds ratio [OR] = 1.114, 95% confidence interval [CI] = 1.033-1.202), HT-
moderate (adjusted OR = 1.163, 95% CI = 1.065-1.271), and HT-high (adjusted OR = 1.203,
95% CI = 1.114-1.300).

Conclusions: There were associations between hypertension and DR, PDR, and DME in the diabetic
population. Increased prevalence of DR was found with blood pressure >120/80 mmHg in both
patients with and without hypertension. A nomogram was developed for DR prediction based on
blood pressure levels.

1. Introduction

Diabetic retinopathy (DR), defined as a microvascular complication of diabetes, is the leading cause of preventable vision loss in
working-aged population [1]. Approximately one in five people with diabetes have DR worldwide, and the global number of adults
with DR in 2020 was estimated to be 103.12 million [2]. More importantly, the rapid economic growth and urbanization of the
diabetic population are projected to increase by 51% by 2045 [3]. Therefore, strategies to reduce DR in diabetic patients are needed.

Hypertension is a well-known risk factor for DR [4,5]. A beneficial effect of blood pressure control was shown to prevent DR
incidence and progression [6,7]. However, this effect has not been fully quantified with different blood pressure targets. For patients
with diabetes and hypertension, the Appropriate Blood Pressure Control in Diabetes (ABCD) trail [8] reported no differential effect on
DR between the intensive (diastolic blood pressure [DBP] goal of 75 mmHg) and moderate (DBP goal of 80-89 mmHg) antihyper-
tensive medication groups. The robustness of the findings may be limited because the intensive group did not achieve the target blood
pressure. In addition, for patients with diabetes but without hypertension, the results of the ABCD trial showed that intensive blood
pressure control (10 mmHg below the baseline DBP) could decrease the progression of DR [9]. As the cardiovascular benefits of systolic
blood pressure (SBP) <120 mmHg have been recently realized [10], the blood pressure control has become increasingly intensive over
the past decades. In 2017, the American College of Cardiology (ACC)/American Heart Association (AHA) guideline reduced “normal
blood pressure” from SBP/DBP <140/90 mmHg to <120/80 mmHg for the sake of cardiovascular risks [11]. Furthermore, in 2021, an
intensive target of SBP <120 mmHg was first proposed in clinical practice guidelines for chronic kidney disease (CKD) [12].
Considering that patients with diabetes and CKD both gain cardiovascular benefits from intensive blood pressure control [13-15], we
hypothesized that in the diabetic population, the blood pressure target of 120/80 mmHg also has advanced beneficial effects on DR
prevention compared with the blood pressure target of 140/90 mmHg.

In this nationwide study, we investigated the prevalence of DR in diabetic patients with different blood pressure levels and explored
the appropriate target blood pressure to reduce DR. We further quantified the DR probability based on blood pressure levels using
nomograms.

2. Methods
2.1. Study population

The Real-world Retinopathy Screening Project for Diabetic Population (RRSPD) is a large-scale, nationwide, ongoing hospital-
based cohort study guided by the National Clinical Research Center for Ophthalmic Diseases of China. It started in December 2018.
By November 2021, this cohort had a total of 570,978 registered patients with diabetes from 1010 hospitals at different levels (i.e., 300
tertiary hospitals, 215 secondary hospitals, and 595 primary hospitals or healthcare institutions) from 140 major cities in 28 provincial
regions of mainland China. This study was approved by the Institutional Review Board of National Clinical Research Center for
Ophthalmic Diseases (2022KY-120) and adhered to the tenets of the Declaration of Helsinki. All the participants provided written
informed consent.

All participants had diagnosed diabetes at the registration, meeting at least one of the following criteria: fasting plasma sugar >7.0
mmol/L (no caloric intake for at least 8 h), 2-h plasma glucose >11.1 mmol/L during oral glucose tolerance test. In addition, HbAlc
>6.5%, random plasma glucose >11.1 mmol/L, according to the Classification and Diagnosis of Diabetes (revised 2018) [16]. The
types of diabetes were generally classified according to patients’ symptoms: type 1 diabetes with absolute insulin deficiency and type 2
on the background of insulin resistance [16]. These data were first collected from medical history. Other collected information
included age at the diagnosis of diabetes, with or without a diagnosis of hypertension/taking anti-hypertensive medication, and de-
mographic information (date of birth and sex). Participants were required to complete ocular screening, physical examination, and a
standardized questionnaire on personal information, such as residential address, socioeconomic status, lifestyle, and medical history. A
fasting blood glucose (FBG) test was also performed. Detailed biocular data were documented at the individual level. Ocular exam-
inations were conducted by local licensed ophthalmologists, including, but not limited to, slip-lamp and ophthalmoscopic examina-
tions. One-field color fundus images were acquired by local professional technicians using non-mydriatic handle-held cameras
(Smartscope PRO, Optomed Oy, Ouluy, Finland) [17], according to RRSPD standard operation protocols for fundus image acquisition.
Deidentified fundoscopy images were uploaded to an online image interpretation center. For each eye, fundus images were assessed by
two blinded, licensed, and well-trained ophthalmologists from the center. The consistency of the assessment was evaluated by the
interclass correlation coefficient (ICC), and it is generally believed that an ICC >0.75 indicates good consistency. Images with
controversial reports were submitted to a review panel of senior ophthalmologists to determine the final decision.
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The exclusion criteria were as follows: (1) invalid images of fundoscopy in either eye (n = 45,722); (2) missing data on any
important covariates, including blood pressure status, FBG value, diabetic duration, height, and weight (n = 372,412). The reasons for
invalid images included incorrect positions not centered on the fovea, defocusing, overexposure/underexposure, no images/wrong
images/broken images due to uploading errors, and invisible fundus due to cataract/corneal scars/vitreous opacity (vitreous hem-
orrhage not included). Finally, 152,844 participants from 90 cities in 19 provincial regions of mainland China were included in the
final analysis (Fig. 1).

2.2. Diabetic retinopathy and diabetic macular edema

The primary outcome of this study was DR. The lesions listed below were documented for DR diagnosis and grading: micro-
aneurysm, intraretinal hemorrhage, venous beading, hard exudates, cotton wool spots, intraretinal microvascular abnormalities,
neovascularization, preretinal hemorrhage, vitreous hemorrhage, preretinal proliferative membrane, and macular edema. DR is
defined according to the well-accepted International Clinical Diabetic Retinopathy and Diabetic Macular Edema Disease Severity Scale
[18].

The secondary outcomes were the proliferative diabetic retinopathy (PDR) and diabetic macular edema (DME). PDR is the
advanced stage of DR. It was defined as cases with neovascularization, vitreous/preretinal hemorrhage, or preretinal proliferative
membrane. DME was defined as the presence of a serous exudate in the macula.

2.3. Blood pressure and blood pressure levels

Blood pressure was measured using a manual mercury sphygmomanometer applied to the right upper arm of a seated patient. The
patient should have an arm supported at the heart level, with all clothing covering the location of cuff placement removed [19]. Two
measurements were taken 10 min apart, and if the two measurements differed by more than 10 mm systolic and 5 mm diastolic, a third
measurement was taken, and the average of the two closest readings was documented.

Blood pressure levels were evaluated based on the medical history of hypertension: non-hypertension and hypertension. Prevalent
hypertension was defined by a previous diagnosis of hypertension by physicians (SBP/DBP >140/90 mmHg, according to the
Guidelines for Prevention and Treatment of Hypertension in China [revised 2018] [20]) or the use of antihypertensive medication in
this study.

Blood pressure in patients without hypertension was graded as follows: (1) normal blood pressure with SBP <120 mmHg and DBP
<80 mmHg'!, and (2) normal high blood pressure with SBP >120 mmHg or DBP >80 mmHg. The blood pressure in patients with
hypertension was further graded as follows: (1) hypertension (HT)-moderate with 120 mmHg < SBP <140 mmHg and 80 mmHg <
DBP <90 mmHg [10,21-23], (2) HT-intensive with SBP <120 mmHg and DBP <80 mmng, (3) HT-high with SBP >140 mmHg or
DBP >90 mmHg [21,22]. Therefore, this study had five blood pressure levels: normal, normal high, HT-intensive, HT-moderate, and
HT-high.

3. Covariates

Covariates included sex (male, female), age at diabetes diagnosis (<50, >50 years), diabetic duration (<3, >3 years), FBG (<6.1,
>6.1 mmol/L), body mass index (BMI, defined as weight/height [2]), and diabetic type (type 1, type 2).

Fig. 1. Geographical distribution of enrolled diabetic population.

A total of 152,844 patients registered in the Real-world Retinopathy Screening Project for Diabetic Population (RRSPD) study were included in the
final analysis, from 90 cities in 19 provincial regions of mainland China. Each red dot represented one city. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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3.1. Statistical analyses

Continuous variables were expressed as mean + standard deviation (SD), and categorical variables were expressed as counts and
percentages. Demographics of patients with and without DR or PDR were compared using independent samples t-tests for continuous
variables and chi-square tests or Fisher’s exact test for categorical values.

Multiple logistic regression was used to compute odds ratios (ORs) with 95% confidence intervals (CIs) to (1) confirm the asso-
ciation between hypertension and the outcomes and (2) assess the association of blood pressure levels with DR, PDR and DME,
adjusting for sex, age at diabetes diagnosis, diabetes duration, blood pressure status, BMI, diabetic type, and FBG as independent
variables. Nomograms for blood pressure levels and other possible contributing factors associated with DR and PDR were also
established according to multiple logistic regression. They can be interpreted by summing the points assigned to blood pressure control
and other variables, which are indicated by the top scale. The total points can be converted into the predicted probability of the overall
DR or PDR for a patient on the bottom scale.

The model performance for prediction was evaluated using a calibration curve that compared the observed risks with the predicted
risks. X-axes indicate nomogram-predicted probability, and Y-axes indicate actual observations. The two lines represent the logistic
calibration and ideal model. The general alignment of the ideal 45-degree line and logistic model line demonstrated good calibration of
the prediction.

The potential clinical impact was evaluated using decision curves and clinical impact curves. One decision curve included two
perfect prediction models: screen none and screen based on the nomogram. This demonstrated the benefit of using the nomogram to
predict the probability of developing DR or PDR rather than treating either all or no patients with diabetes who would have DR or PDR
in the threshold. Clinical impact curves plot the number of patients with diabetes classified into DR or PDR and the number of cases
classified as DR or PDR at each high-risk threshold. When evaluating the models, small differences between the two classifications and
quick unification of the two lines indicated the reliability of the risk prediction.

All analyses were conducted using SAS (version 9.4; SAS Institute, Cary, NC) and R 3.5.2 (R Foundation, Vienna, Austria) software,
and a P <0.05 was considered statistically significant.

4. Results

Of the 152,844 patients with diabetes, 16,685 (10.92%) had DR, 2841 (1.86%) had PDR, and 1566 (1.02%) had DME. The ICC was
99.31% for DR diagnosis and grading (including non-DR, non-proliferative DR, or PDR) and 97.47% for DME diagnosis. These patients
aged 64.02 + 10.43 years, with the diabetes duration of 4.71 + 5.07 years (Table 1). Their diabetes was not well controlled, as the
mean FBG was 7.80 + 2.26 mmol/L. Compared to patients without DR, PDR or DME, patients with DR, PDR or DME were more likely
to have younger ages at both diabetes diagnosis and trial registrations, longer diabetes duration, higher FBG levels, and higher per-
centage of type 1 diabetes (Table 1, Table S1 and Table S2 in the Supplementary Materials). The distribution of patients with different
blood pressure levels did not significantly differ between patients with and without DR (P = 0.250) but was significantly different
between patients with and without PDR (P <0.001) or DME (P <0.001). As DR, PDR, and DME can be affected by various systematic
factors, multivariable regression analysis was performed to explore the role of blood pressure levels with covariate adjustment.

A total of 70,743 (46.28%) patients had hypertension. When divided by blood pressure levels, only 8,126 (5.32%) patients without
hypertension and 1,350 (0.88%) patients with hypertension had SBP/DBP <120/80 mmHg (Table 1). Instead, 54,301 (35.53%)

Table 1
Diabetic patient demographics and breakdown of the database by diabetic retinopathy (DR).
Mean + SD or n (%) All (N = 152,844) Non-DR (n = 136,159) DR (n = 16,685) P value
Sex Male 64,142 (41.97) 57,058 (41.91) 7084 (42.46) 0.175
Female 88,702 (58.03) 79,101 (58.09) 9601 (57.54)
Age, years old 64.02 +£10.43 64.08 + 10.51 63.49 + 9.72 <0.001
Age at diabetes diagnosis, years old 59.30 + 11.09 59.70 + 11.01 56.06 + 11.16 <0.001
Diabetes duration, years 4.71 £ 5.07 4.38 + 4.77 7.43 + 6.41 <0.001
DM type Type 1 1275 (0.83) 1081 (0.79) 194 (1.16) <0.001
Type 2 151,564 (99.17) 135,078 (99.21) 16,491 (98.84)
Height, m 1.62 + 0.08 1.62 + 0.08 1.62 + 0.08 0.133
Weight, kg 64.79 + 10.63 64.80 + 10.65 64.75 + 10.43 0.570
BMI, kg/mz 24.58 + 3.33 24.59 + 3.33 24.54 + 3.29 0.120
SBP, mmHg 136.03 + 16.91 136.09 + 16.80 135.57 £ 17.74 <0.001
DBP, mmHg 81.46 + 9.77 81.46 + 9.76 81.40 + 9.87 0.404
FBG, mmol/L 7.80 £+ 2.26 7.71 £ 2.15 8.59 £+ 2.87 <0.001
Blood pressure level Normal 8126 (5.32) 7259 (5.33) 867 (5.20) 0.250
Normal high 73,975 (48.40) 65,968 (48.45) 8007 (47.99)
HT-intensive 1350 (0.88) 1211 (0.89) 139 (0.83)
HT-moderate 15,092 (9.87) 13,372 (9.82) 1720 (10.31)
HT-high 54,301 (35.53) 48,349 (35.51) 5952 (35.67)

SD = standard deviation.
DM = diabetes mellitus, BMI = body mass index, HT = hypertension, SBP = systolic blood pressure, DBP = diastolic blood pressure, FBG = fasting
blood sugar.
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patients with hypertension had SBP/DBP >140/90 mmHg. Logistic regression showed that a medical history of hypertension had
increased ORs for DR (adjusted OR = 1.081, 95% CI = 1.045-1.117), PDR (adjusted OR = 1.381, 95% CI = 1.280-1.491), and DME
(adjusted OR = 1.235, 95% CI = 1.115-1.367; Table 2). Compared to patients with normal blood pressure, the prevalence of DR
increased by 11.4%, 16.3%, and 20.3% in normal high, HT-moderate, and HT-high blood pressure groups, respectively (Table 3). In
addition, an increased prevalence of DR was not detected in the HT-intensive group (adjusted OR = 1.081, 95% CI = 0.893-1.310).

Regarding secondary outcomes, compared to the normal pressure group, an increased prevalence of PDR or DME was observed in
the HT-moderate group, but not in the HT-intensive group (Table 3), indicating the beneficial effect of lower blood pressure levels in
patients with hypertension. However, a comparable prevalence of PDR or DME was also detected between normal and normal high
blood pressure patients, suggesting no additional ophthalmic gains in low blood pressure levels in patients without hypertension.
Therefore, the beneficial effects of blood pressure <120/80 mmHg on PDR and DME were only suggested in patients with
hypertension.

Nomogram models were constructed for DR (Fig. 2) and PDR (Fig. S1 in the Supplementary Materials) according to multiple logistic
models. As the incidence of PDR was quite low (<1%) in this study, its prediction range was relatively narrow, only 1%-10%, much
smaller than the prediction range for DR (5%-20%). In the DR model, the point of blood pressure levels increased from normal, HT-
intensive, normal high, HT-moderate to HT-high levels. However, the HT-moderate level had the highest blood pressure level point in
the PDR model.

In the calibration curves, both models had generally aligned ideal 45-degree line and the logistic model line, demonstrating good
calibration of DR and PDR prediction (Fig. 3A and Fig. S2A in the Supplementary Materials). In addition, the decision curves showed
that if the threshold probability was between 5% and 20% for DR prediction or between 1% and 10% for PDR prediction, then using the
nomogram to predict the probability of developing DR or PDR added more benefit than treating either all or no patients with diabetes
who would have DR or PDR (Fig. 3B and Fig. S2B in the Supplementary Materials). For both models, the clinical impact curves plotted
small differences between the two classifications and quick unification of the two lines, indicating their reliability in risk prediction
(Fig. 3C and Fig. S2C in the Supplementary Materials).

5. Discussion

This nationwide study confirmed the association between hypertension and DR, PDR, and DME in the diabetic population. We
found that patients with and without hypertension benefited from a blood pressure <120/80 mmHg for reducing DR. Nomogram
models were provided to quantify the DR probability and to assist ophthalmic screening in diabetes care.

First, patients with hypertension had an 8.1%, 38.1%, and 23.5% increased risk of DR, PDR, and DME, respectively. This finding is
consistent with previous observations regarding hypertension as a risk factor for DR [5,24]. However, most studies have only explored
the detrimental effects of hypertension (or blood pressure >140/90 mmHg) on DR, rather than the effects of different blood pressure
levels [4]. The ACC/AHA guidelines [25,26] have tightened the definition of hypertension, and the 2021 KDIGO guidelines first
reduced the target systolic blood pressure to <120 mmHg, based on the SPRINT findings [10,13]. To test if these recommendations
could be applied in a diabetic population for DR prevention, the additional effects of a lower blood pressure level were studied.

Furthermore, even if the blood pressure was reduced to <140/90 mmHg but >120/80 mmHg, patients with hypertension still had a
16.3% increased risk of DR and a 55.2% increased risk of PDR. This can be systematically explained by the chronic subclinical
inflammation and residual cardiovascular risk in patients with moderately controlled hypertension [27-31]. The ocular accumulation
of harmful advanced glycation end products may also contribute to local pathologies in moderately controlled hypertension [32].
Moreover, the poor companions of diabetes and hypertension [33,34], including insulin resistance in the nitric oxide (NO) pathway,
sodium-fluid retention, and activation of the renin-angiotensin-aldosterone system, call for additional blood pressure care in patients
with diabetes compared to patients without diabetes. For the sake of cardiovascular risks, the reduction is usually 10-20 mmHg,
corresponding to a blood pressure target of 120-130/80-90 mmHg in diabetes [11,26,35]. However, an appropriate blood pressure
target to reduce DR in diabetes is still lacking.

Additionally, we found that patients in the HT-intensive group did not have an increased prevalence of DR or PDR. Meanwhile,
patients in the normal high blood pressure group had an 11.4% increased risk of DR, indicating additional benefits of blood pressure
<120/80 mmHg on DR. These results were also reflected by the nomogram model of DR, as patients with blood pressure <120/80
mmHg had the lowest “blood pressure level” point (<0.5), followed by patients with blood pressure between 120/80 mmHg and 140/

Table 2
Odds ratio (OR) for the associations between hypertension and outcomes.
Outcomes Blood pressure control No. of cases Rate (%) OR (95% CI) P value
DR non-HT 8874 10.81 1.000 (Reference) -
HT 7811 11.04 1.081 (1.045-1.117) <0.001
PDR non-HT 1387 1.69 1.000 (Reference) -
HT 1454 2.06 1.381 (1.280-1.491) <0.001
DME non-HT 759 0.92 1.000 (Reference) -
HT 807 1.14 1.235 (1.115-1.367) <0.001

Model: logistic model, controlled by sex, age at diabetes diagnosis, diabetes duration, body mass index, diabetes types, and fasting blood sugar.
CI = confident interval.
DR = diabetic retinopathy, PDR = proliferative diabetic retinopathy, DME = diabetic macular edema, HT = hypertension.
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Table 3
Odds ratio (OR) for the associations between blood pressure levels and outcomes.
Outcomes Blood pressure control No. of cases Rate (%) OR (95% CI) P value
DR Normal 867 10.67 1.000 (Reference) -
Normal high 8007 10.82 1.114 (1.033-1.202) 0.005
HT-intensive 139 10.30 1.081 (0.893-1.310) 0.424
HT-moderate 1720 11.40 1.163 (1.065-1.271) <0.001
HT-high 5952 10.96 1.203 (1.114-1.300) <0.001
PDR Normal 152 1.87 1.000 (Reference) -
Normal high 1235 1.67 1.082 (0.911-1.285) 0.370
HT-intensive 24 1.78 1.227 (0.792-1.901) 0.359
HT-moderate 349 2.31 1.552 (1.276-1.889) <0.001
HT-high 1081 1.99 1.468 (1.232-1.750) <0.001
DME Normal 89 1.10 1.000 (Reference) -
Normal high 670 0.91 0.918 (0.738-1.156) 0.455
HT-intensive 14 1.04 0.999 (0.541-1.709) 0.997
HT-moderate 216 1.43 1.338 (1.043-1.730) 0.024
HT-high 577 1.06 1.091 (0.874-1.378) 0.455

Model: logistic model, controlled by sex, age at diabetes diagnosis, diabetes duration, body mass index, diabetes types, and fasting blood sugar.
CI = confident interval.
DR = diabetic retinopathy, PDR = proliferative diabetic retinopathy, DME = diabetic macular edema, HT = hypertension.
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Fig. 2. A constructed nomogram for prediction of DR in the diabetic population. Nomograms can be interpreted by summing up the points assigned
to blood pressure levels and other variables, which are indicated by the top scale. The total points can be converted to the predicted probability of
DR for a patient on the bottom scale. HT = hypertension, FBG = fasting blood sugar.

90 mmHg, and patients with blood pressure >140,/90 mmHg had the highest point (approximately 1) (Fig. 2). Possible explanations for
this can be complex and unspecified. One is endothelial dysfunction induced by hyperglycemia, as a given systolic blood pressure drop
from 160 mmHg to 120 mmHg, was reported to have three times more cardiovascular benefits for patients with diabetes versus
without diabetes [36]. Intensive blood pressure control also reduces oxidative stress in patients, improves NO bioavailability, and
improves endothelial function in patients without hypertension [37]. Based on these systematic changes, the benefits of blood pressure
<120/80 mmHg on DR in patients with and without hypertension reported in this study can be quite reliable and assertive.

We recommend that patients with diabetes should have blood pressure <120/80 mmHg to reduce the risk of DR, similar to the
2021 KDIGO guidelines for cardiovascular protection in the CKD population. Besides pharmacological treatment, the DASH diet [38]
characterized by low sodium but high potassium consumption, can be a good antihypertensive choice. Regular physical activities [39],
weight loss strategies [40], limited alcohol intake [41], and comprehensive lifestyle modification [42] are also recommended for blood
pressure control. Furthermore, DR and its high blood pressure risk must be considered before taking action. Our nomogram models for
DR and PDR prediction can be useful tools for patient education. They involved multiple contributing factors of DR, not limited to
blood pressure, and could have quantified the probabilities of DR and PDR. As only scale alignment and point addition are needed for
nomogram prediction, these two models are user-friendly and can be used both in clinics and at home.

This study has several strengths. First, this population-based study covered almost all types of rural and urban areas in mainland
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Fig. 3. Evaluations of the nomogram model for DR prediction in the diabetic population.

(A) Calibration curves for DR prediction. X-axes indicated nomograms predicted DR probability, and Y-axes indicated actual observations. (B)
Decision curves compared the net clinical benefits in predicting the probability of DR: a perfect prediction model (blue dash line), screen none
(horizontal gray line), and screen based on the nomogram (red line). DCA = decision curve analyses. (C) Clinical impact curves plot the number of
diabetic patients classified as high risk (blue dash line), and the number of cases classified as high risk with DR at each high-risk threshold (red line).
(For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

China, thus minimizing the potential influence of selection bias. Second, the distributions of the DR and PDR were evaluated at
different blood pressure levels. In the ACCORD Eye study [43,44], only insignificant increases in the risk of DR progression were found
between intensive (SBP <120 mmHg) and standard (SBP <140 mmHg) blood pressure control in hypertensive patients. With a
relatively high rate of loss of follow-up (31.8%), the trials could be underpowered, and the benefit of intensive blood pressure control
was not observed. As blood pressure is higher and more resistant to treatment in patients with diabetes than without diabetes [45], and
an SBP target of <120 mmHg in diabetes has not yet been recommended in current guidelines, very few patients have a blood pressure
<120/80 mmHg, let alone those with DR, in real-world settings. Therefore, it was difficult for observational studies [24,46] to recruit
enough patients to explore the effects of blood pressure <120/80 mmHg on DR. However, in our study, 9,476 patients with blood
pressure <120/80 mmHg were recruited, of which 1,006 had DR. Our results added substantial evidence to the benefits of intensive
blood pressure control. Third, blind assessment of all fundus images by a professional reading center largely reduced the bias of DR
misdiagnosis. Finally, the DR/PDR prediction tools were developed. Nomogram models can be a good visualization tool for quanti-
tative DR prediction and evaluation in clinical and public health practices.

This study had several limitations. First, possible underestimation of DR due to the non-mydriatic one-field fundus images. In
addition, although we adjusted for a wide range of potential confounders, we cannot entirely exclude uncontrolled confounding by
unmeasured genetic, environmental, or behavioral factors. The observed exposure-outcome associations could change if these factors
were considered. Further research encompassing a broad range of socioeconomic and lifestyle factors is warranted. Finally, the cross-
sectional nature of this study and the relatively short duration of diabetes in the study population. Follow-ups of this cohort may
produce more useful and solid evidence for diabetes care to further validate our points.

6. Conclusions

There were associations between hypertension and DR, PDR, and DME in the diabetic population. Increased prevalence of DR was
found with blood pressure >120/80 mmHg in both patients with and without hypertension. A nomogram was developed for DR
prediction based on blood pressure levels. This study provides important evidence for blood pressure control in diabetes care.
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