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Introduction: Diabetes mellitus (DM) and diabetic retinopathy (DR) increase

the global burden. Since their pathogenesis is complex, it is necessary to use

the biopsychosocial model to discover the most e�ective strategies. The study

is aimed to investigate the psycho-behavioral factors of DR and confirm the

discrepancies from previous studies.

Research design and methods: The study comprised seven cycles of cross-

sectional data of the National Health and Nutrition Examination Survey

(NHANES) from 2005–2006 to 2017–2018. Samples of DM were selected

from this complex multi-stage probability sample and divided into the non-

DR and DR groups, where 4,426 samples represented 18,990,825 individuals

after weighting. This study comprehensively explored the biological, social, and

psychological risk factors of DR, among which the biological factors included

blood pressure, blood routine, HbA1c%, blood glucose, the duration of DM,

family history, comorbidities, and treatment methods. Social aspects include

gender, education, income, insurance, smoking, drinking, sleep habits, and

recreational activities. The Patient Health Questionnaire-9 (PHQ-9) was used

to assess the psychological state. Taylor series regression was used to examine

the connection between factors and DR.

Results: Men accounted for 55.5% of the DR group (P = 0.0174). Lymphocyte

count, insulin treatment, heart failure, stroke, liver condition, and renal failure

showed significant di�erences in DR (P < 0.05). The incidence of depression

in DR was 40.5%. Mild to moderate depression [odds ratio was associated

with DR [(OR) = 1.37, 95% confidence interval (CI): 1.06—1.79], but there was

no statistical di�erence in severe depression (OR = 1.34, 95% CI: 0.83–2.17).

Although ≤6h of sleep was associated with DR (OR = 1.38, 95% CI: 1.01–

1.88), we found no statistical di�erences in alcohol consumption, recreational

activities, or sedentary time between the two groups in our current study (P

> 0.05).

Conclusions: The biological risk factors of DR are significant. It showed

that stroke is associated with DR, and retinal exams have the potential value

as a screening tool for the brain. Besides, psycho-behavioral risk factors
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of DR should also be paid attention. Our study highlights that mild and

moderate depression and≤6h of sleep are distinguishably associated with DM

complicated with DR. It indicates that psycho-behavioral risk factors confer a

vital influence on diabetic health care and DR.
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diabetic retinopathy, depression, sleep duration, NHANES, recreational activity

Introduction

Diabetic retinopathy (DR) is one of the most prevalent

microvascular complications of diabetes mellitus (DM) and

a leading cause of blindness globally (1). With the global

incidence of DM quadrupling over the past four decades (2), the

visual impairment caused by DM has snowballed. According to

reports, the global prevalence of DR is 34.6%, with 1 in 10 people

suffering from sight-threatening DR (3). Apart from vision loss,

DR also signifies a heightened risk of life-threatening systemic

vascular complications (4) and causes a significant financial

burden (3), making DR a serious public health problem. For

instance, the number of DR is predicted to reach 16 million by

2050, and diabetes-related vision loss is expected to cost US $500

million annually (2).

The DR Barometer Report Global Findings 2020 (5)

estimated that seven out of ten individuals with diabetic-related

ocular complications had experienced days of poor physical and

mental health. Increasing studies implied that patients with DR

are prone to depression, loss of confidence, and other adverse

emotional reactions (6, 7) and behaviors (8). Is there a positive

correlation between psycho-behavioral risk factors and DR?

Prior research established that DM is more likely to suffer

from depression (9), and the occurrence of DR accompanied

by psychopathy, particularly depression, is growing year by

year. In Australia, vision-threatening DR and moderate or

severe vision impairment were considered independent risk

factors for increased depressive symptoms in adults with DM

(10). According to several studies, depression is linked to

unhealthy behaviors, lack of exercise, and neuroendocrine

changes, all of which may accelerate the progression of DM

and its complications (11, 12). The progression of chronic

diseases is often a process of mutual influence and interaction

of biopsychosocial factors. The co-occurrence of a psychiatric

condition and unhealthy behaviors are related to worse glycemic

control, higher incidences of poor metabolic outcomes, and

a higher risk of complications in DM. Tobacco or alcohol

consumption, lack of physical activity, sedentary lifestyle (13),

poor medication adherence, and self-management all aggravate

retinopathy (14). Notably, potential psychological stress could

accelerate the progression of DR through common biologic

pathways (8). As a result, the American Diabetes Association

(ADA) suggests a routine screening for depression in patients

with diabetics (15). It also suggests that it is necessary to pay

attention to the influence of psycho-behavioral factors on DM

and its related visual impairment.

However, due to the relatively small sample size, specialized

populations or hospitals, and short follow-up, the research on

the exact association between psycho-behavioral factors and DR

is still limited, and the results are controversial (16). A systematic

review concluded that the incidence and progression of DR had

a bidirectional relationship with depression (7), though others

disagree (17). Other studies showed that DR had no effect on

depression (18–21) and health-related quality of life scores in

patients (19, 22). Hence, whether depression is a risk factor

for DR and whether behavioral patterns reduce the risk of DR

deterioration remain to be fully explored.

Therefore, we updated the incidence of DR and depression

among DM in the US population and analyzed the risk factors

of DR based on the data published in the NHANES 2005–2018.

We aimed to enhance the psycho-behavioral assessment of DR

by revealing the association between DR and psychological state

and behavioral factors, which would provide further concern

in DR screening guidelines to minimize the rate of DR-related

blindness and improve the quality of life (3).

Research design and methods

Study population

The National Health and Nutrition Examination Survey

is a national cross-sectional survey that represents the

non-institutionalized civilian resident US population and is

distinguished by its complex sampling strategy. Data are

collected from a home interview and standardized physical

mobile examination centers (MECs) released in 2-year cycles.

The National Center approved the study procedures of the

Health Statistics Research Ethics Review Board. Participants

were given informed consent before any data was collected and

the NHANES protocol details are available in the website of the

Centers for Disease Control and Prevention (CDC) (23). We

applied seven cycles from 2005 to 2018 to assess the association

between clinical, psychological, and behavioral factors and

diabetic visual impairment. Respondents aged 18 or older
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with DM were selected. Patients with incomplete depression

screening questionnaires and pregnant women during the

interview were excluded.

Assessment of DM and diabetic visual
impairment

Diabetes was defined as having a fasting plasma glucose

(FPG) level of more than 126 mg/dL or a glycated hemoglobin

(HbA1c) level of at least 6.5% or having a physician-diagnosed

diagnosis of DM (13, 24, 25). Diabetic visual impairment was

confirmed using a dichotomous, self-reported item, indicating

that a doctor had informed the respondent that diabetes had

affected their eyes.

Assessment of biological factors

We focused on the diabetic-related clinical variables of DR,

encompassing the family history of DM, the duration of DM,

the last time of the dilated eye examination, the frequency of

self-monitoring blood glucose, the level of blood glucose control,

and the therapy of DM. Body mass index (BMI) was computed

by dividing kilogram weight by height in meters squared. Urine

albumin and creatinine levels were measured with a fluorescent

immunoassay and the Jaffe rate reaction method, respectively.

We chose the presence of comorbidities based on previous

research: (1) hypertension (2) hypercholesterolemia; (3) heart

disease covering congestive heart failure (CHF), coronary heart

disease (CHD), angina, and myocardial infarction (MI); (4)

stroke; (5) cancer (any); (6) renal failure; and (7) hepatic failure.

Assessment of psychological factor

The psychological status of patients has been assessed using

a scale for 14 years. The Patient Health Questionnaire-9 (PHQ-

9), as one of the scales for depression state, can assess the

psychological state of patients to a certain extent and is regarded

as a unified way and method to measure the psychological state

of patients by the database (26). PHQ-9 adds the scores of

each item and ranges from 0 to 27. In fact, 5, 10, 15, and 20

points represent thresholds demarcating the lower limits of mild,

moderate, moderately severe, and severe depression. A score

between 0 and 4 is considered normal, and scores higher than 15

signify a possible clinical level of depression (26). Subsequently,

the depression categories were collapsed into three groups: no

depression, mild or moderate depression, and major depression

in this setting.

Assessment of social factors

In addition to gender, education, income, and insurance

status, the social factors also include indicators of smoking,

drinking, sleeping, and exercise habits of patients with DM.

Smoking and drinking were classified according to the

questionnaire. The NHANES guidance defines recreational

activities as those lasting longer than 10min per week and that

do not include exercise caused by work or traffic. Recreational

activities are further classified as vigorous recreational activities

or moderate recreational activities. High-intensity activities,

such as running and basketball, can produce breathing and an

increase in heart rate, but moderate-intensity exercises, such as

walking, cycling, or swimming, cause only slight breathing and

an increase in the heart rate. In addition, high-intensity exercise

corresponded to two times the moderate-intensity exercise

score, which was surveyed by uniformly trained professional

interviewers. We collected data about the duration of different

types of recreational activities, sedentary time, and sleeping

habits. Moreover, we paid attention to both physician-diagnosed

and self-reported sleeping disorders.

Assessment of covariates

We analyzed the risk factors related to DR as

comprehensively as possible from the biological, psychological,

and social perspectives in univariate analysis.

Clinical biological indicators, together with traditional social

indicators, should be included as confounding background

factors in the multivariate analysis from the biopsychosocial

model, with a focus on the long-term impact of psychological

and social behavior factors on chronic diseases. In other words,

clinical biological factors should be used as a baseline and

gradually calibrated, allowing for a more accurate comparison

of indicators of psychological and social-behavioral factors

between the DM and DR groups.

A household interview was undertaken to get information

such as age, gender, race, marital status, education, and income.

The non-Hispanic Asian subgroup was not available before 2011

due to the survey design; individuals were categorized into five

groups (27). Thus, we added the extra group for Non-Hispanic

Asians into the fifth group to keep the research consistent.

Statistical analysis

Our statistical analysis was divided into three parts to

investigate the connection between risk factors and DR. First,

the participants were divided into two groups based on whether

or not they had DR. Differences in baseline characteristics

between the groups were compared via t-tests in continuous

variables and χ2 tests in categorical variables. They were
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presented as mean ± standard deviation (SD) and frequency

or percentage. The complex sample was then analyzed using

univariate and multivariate logistic regression models (28). The

variance estimationwas performed to determine the relationship

between factors and DR. Finally, based on the results of the

previous step, four multiple regression models with expanding

adjustment were used to estimate the odds ratios (ORs) and

95% confidence intervals (CIs) for examining relationships.

Additionally, multiple imputations were employed to account

for missing data (since triglyceride and cholesterol deficiency

rates were >25%, these variables were excluded).

Notably, this complex sampling (23) includes stratified,

cluster, multistage sampling, and unequal probability

proportional to a measure of size (PPS), and this sampling

weight needs to be considered. On the one hand, this design

makes it possible to merge more cycles and enables more

excellent statistical reliability (WTMEC2YR/7). On the other

hand, traditional regression will lead to wrong inference

conclusions. In particular, the standard error and CI of

parameter estimates may be seriously underestimated, and the

probability of class I error in hypothesis testing is much higher.

Therefore, the existing research (11, 13, 27) and NHANES

tutorials recommend SURVEYMEANS, SURVEYREG, and

SURVEYLOGISTIC (29) to achieve statistical description

and complex sampling logistic regression analysis. Statistical

analysis was executed with SAS 9.4 (SAS Institute, Cary,

North Carolina).

Result

Characteristics of participants

About 6,783 patients with DM were enrolled in the

NHANES from 2005 to 2018 (Figure 1), excluding those under

the age of 18 (n = 98), who were pregnant (n = 13), and with

incomplete PHQ-9 data (n = 889). Among the 5,783 initially

enrolled respondents, 1,357 were removed due to missing data

on whether they had DR. Ultimately, 4,426 unweighted samples

were included in the analysis, representing 19 million non-

institutionalized US population.

We made the following statistics on the missing values in

the final 4,426 samples: missing data were found for education

(n = 9 [0.1%]), income (n = 473 [9.8%]), PIR (n = 431 [9.0%]),

alcohol consumption (n = 14 [0.2%]), family history of DM (n

= 112 [2.4%]), pupils dilated exam (n= 37 [0.7%]), treatment of

DM (n = 8 [0.1%]), and sleeping trouble (n = 18 [0.6%]); none

of the missing data of the comorbidities were >1%. Moreover,

there were missing values in the duration of DM and frequency

of self-monitoring blood glucose (n = 41 and 28, respectively).

Missing data in the categorized variables are grouped separately,

and the totals are unweighted.

Characteristics of variables

Eligible DM was divided into two groups according to visual

impairment, with a total of 935 (21.8%) patients having impaired

eyes. Selected characteristics were comparable in both groups,

and all were weighted proportions by SURVEYMEANS and

SURVEYREG modules in SAS 9.4 (29, 30).

The four parts of the risk factors are summarized in Table 1,

(more details can be seen in Supplementary Tables 1–4). The

mean ages for DM without and with DR were 60.6 (SE,

0.8) and 61.0 (SE, 1.3) years, respectively. Participants with

DR were predominately to be men (55.5% vs. 48.8%, P =

0.0174) and had a lower poverty/income ratio (35.7% vs. 29.4%,

P = 0.0322). Although there was no significant difference

in insurance coverage between them, the number of private

insurance purchases was statistically significant (P = 0.0019). In

contrast, we did not find significant differences in race, marital

status, education level, and income on the sociodemographic

part of the baseline.

It seems that diabetic relatives, duration of DM, frequency of

self-monitoring blood glucose, pupils dilated exams, and insulin

therapy indicated significant differences between the two groups.

In addition, the DR group had significantly higher systolic blood

pressure (133.3 ± 2.1 vs. 130.6 ± 1.0), blood levels of fasting

glucose (171.7 ± 6.8 vs. 153.9 ± 3.3), glycosylated hemoglobin

(7.8 ± 0.2 vs. 7.3 ± 0.1), the count of RBC (4.6 ± 0.1 vs. 4.6 ±

0.03), and a significantly higher urine albumin/creatinine ratio

(312.3 ± 87.0 vs. 118.7 ± 19.3) (all P < 0.05). Otherwise, the

count of lymphocytes (2.1 ± 0.1 vs. 2.3 ± 0.1) was significantly

lower (all P < 0.05). Surprisingly, BMI, waist circumference, and

diastolic blood pressure were not significantly different.

The DR group had more comorbidities. It had higher

percentages of cardiovascular disease (HF, CHD, and MI),

stroke, liver condition, and kidney failure than the non-DR

group (all P < 0.05). In terms of psychological state, 40.5% of

the participants with DR met the depression criteria based on

their PHQ-9 questionnaire scores (32.8% vs. 26.8 in mild and

moderate, 7.7% vs. 4.8 in severe group, P = 0.0007.

In the behavioral features, alcohol consumption and

moderate recreational activities showed a significant difference

between treatment groups (P= 0.0145 and 0.0205, respectively).

Association of biological factors with DR

The estimated ORs of univariate logistic regression and the

descriptions carried out by the Chi-square tests were consistent.

Factors with a P-value < 0.05 in the univariate analysis were

selected for the multivariable analysis using the adjusted OR

criterion to retain variables according to the univariate analysis

(Figures 2, 3 and Supplementary Tables 5–8). It revealed that

female sex (adjusted OR = 0.73, 95% CI: 0.55–0.94), having a

low lymphocyte count (adjusted OR= 0.94, 95% CI: 0.89–0.99),
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FIGURE 1

Flow diagram of the study population’s inclusion and exclusion criteria. 2005–2018 National Health and Nutrition Examination Survey (NHANES).

longer duration of DM (adjusted OR= 1.03, 95% CI: 1.02–1.04),

having pupils dilated exam within one month (adjusted OR

= 2.11, 95% CI: 1.17–3.79), having received insulin treatment

(insulin only, adjusted OR = 2.61, 95% CI: 1.66–4.10; pills and

insulin, adjusted OR = 2.48, 95% CI: 1.58–3.88), and having

comorbidities (HF, adjusted OR = 1.51, 95% CI: 1.03–2.23;

stroke, adjusted OR = 1.47, 95% CI: 1.03–2.08; liver condition,

OR= 1.99, 95% CI: 1.40–2.85; and renal failure, OR= 2.36, 95%

CI: 1.68–3.33) were significantly associated with DR.

Association of psychological factor with
DR

The prevalence of mild and moderate depression of DR

was 32.8% (95% CI: 28.6–37.0). Table 2 presents a stratified

logistic regression analysis for depression and DR. In both the

univariate and multivariate logistic regression models, we found

thatmild andmoderate depression (adjustedOR= 1.38, 95%CI:

1.06–1.78, P = 0.0160) were independently associated with DR.

Frontiers in PublicHealth 05 frontiersin.org

https://doi.org/10.3389/fpubh.2022.966714
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.966714

TABLE 1 Baseline characteristics of diabetes in NHANES.

Variables Total Diabetes without DR Diabetes with DR P-valuea

Mean or % (95% Cl) Mean or % (95% Cl) Mean or % (95% Cl)

Nb 4426 3491 935

Frequency (weighted) c 18990825 14857122 4133703

Sociodemographic variables

Age (years) 60.7± 0.7 60.6± 0.8 61.0± 1.3 0.5790

Gender (male, %) 50.3 (48.0–52.6) 48.8 (46.2–51.5) 55.5 (50.8–60.3) 0.0174

PIR (%) d 0.0322

<1.3 (low) 30.8 (28.2–33.4) 29.4 (26.8–32.1) 35.7 (30.3–41.1)

1.3–4.9 (medium) 47.1 (44.8–49.5) 48.5 (46.1–50.9) 42.2 (36.6–47.7)

5 (high) 13.0 (11.2–14.9) 13.4 (11.4–15.4) 11.7 (8.3–15.0)

Private insurance (%) e 0.0019

0 49.4 (46.9–51.9) 47.3 (44.5–50.1) 56.9 (52.1–61.7)

1 47.5 (45.1–49.9) 49.4 (46.7–52.1) 40.7 (36.0–45.3)

2 3.1 (2.2–4.0) 3.3 (2.3–4.3) 2.4 (0.8–4.0)

Clinical variables

SBP (mmHg) 131.1± 0.91 130.6± 1.0 133.2± 2.1 0.0212

Lymphocyte count (×109/L) 2.3± 0.1 2.3± 0.1 2.1± 0.1 0.0004

Fasting glucose (mg/dL) 157.7± 3.0 153.9± 3.3 171.7± 6.8 <0.0001

HbA1c (%) 7.4± 0.1 7.3± 0.1 7.8± 0.2 <0.0001

ACR (mg/g) 160.9± 25.0 118.7± 19.3 312.3± 87.0 <0.0001

Family history (yes %) 69.7 (67.5–71.9) 68.2 (65.8–70.6) 75.0 (70.5–79.5) 0.0313

Duration of diabetes (years) 11.5± 0.46 10.3± 0.5 15.7± 1.1 <0.0001

Frequency of self–monitoring blood 1.9± 0.09 1.8± 0.1 2.2± 0.2 0.0062

Treatment (%) <0.0001

Pills only 56.4 (53.9–58.8) 60.5 (57.9–63.2) 41.4 (36.3–46.5)

Insulin only 13.4 (12.6–15.4) 10.0 (8.4−11.7) 25.3 (21.2–29.5)

Pills and insulin 14.0 (12.6–15.4) 11.6 (10.1–13.0) 22.6 (18.8–26.4)

Neither 16.1 (14.3–17.9) 17.7 (15.7–19.7) 10.5 (6.8–14.3)

Comorbidities f

HF (yes %) 10.4 (9.1–11.7) 8.6 (7.2–10.0) 17.1 (13.6–20.6) 0.0003

CHD (yes %) 12.0 (10.6–13.4) 10.7 (9.2–12.3) 16.6 (12.8–20.4) 0.0002

Heart attack e (yes %) 12.3 (10.7–13.8) 11.3 (9.7–12.9) 15.7 (12.0–19.4) 0.0029

Stroke (yes %) 10.3 ( 9.0– 11.7) 9.0 (7.7–10.3) 15.2 (11.5–19.0) <0.0001

Liver condition (yes %) 9.1 (7.7–10.4) 7.8 (6.4–9.3) 13.5 (1.6–10.3) 0.0006

Renal failure (yes %) 9.5 (8.3–10.8) 6.8 (5.7–7.9) 19.4 (15.8–23.0) <0.0001

Depression (%) 0.0007

None (0 to 4) 66.5 (64.3–68.7) 68.5 (66.0–70.9) 59.5 (55.1–64.0)

Mild and moderate (5 to 14) 28.1 (25.9–30.2) 26.8 (24.4–29.1) 32.8 (28.6–37.0)

Severe (≥15) 5.4 (4.5–6.3) 4.8 (3.8–5.8) 7.7 (5.2–10.1)

Behavioral variables

Drink (%) 0.0145

Being drinking 11.0 (9.6–12.4) 10.5 (9.1–11.9) 12.6 (9.3–15.9)

Seldom 46.4 (43.3–49.5) 47.9 (44.6–51.1) 41.0 (35.8–46.3)

Former 6.7 (5.5–8.0) 6.1 (4.9–7.3) 8.8 (5.7–11.9)

Never 35.7 (33.0–38.5) 35.2 (32.2–38.2) 37.5 (32.8–42.2)

Moderate recreational activities g (yes %) 34.2 (32.0–36.4) 35.4 (32.9–38.0) 29.8 (25.8–33.8) 0.0205

Sleep hours (%) 0.0054

(Continued)
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TABLE 1 (Continued)

Variables Total Diabetes without DR Diabetes with DR P-valuea

Mean or % (95% Cl) Mean or % (95% Cl) Mean or % (95% Cl)

<6h 16.2 (14.4–18.0) 15.2 (13.4–16.9) 20.0 (15.7–24.4)

6 to 8h 65.0 (62.4–67.6) 67.0 (64.5–69.5) 57.8 (52.0–63.6)

>8h 18.8 (15.9–21.6) 17.8 (15.2–20.4) 22.2 (16.3–28.1)

Abbreviations: NHANES, National Health and Nutrition Examination Surveys; CI, confidence interval; DR, diabetic retinopathy; GED, General Educational Development; AA, Associate

of Arts; PIR, Ratio of family income to poverty level; SBP, systolic blood pressure; HbA1c, glycosylated hemoglobin; ACR, urinary microalbumin/creatinine ratio; it was computed as

albumin in milligrams per liter divided by creatinine in grams per liter; HF, Heart failure; CHD, coronary heart disease.
aThis is a comparison between non–DR and DR adults having diabetes.
bThe unweighted number of cases.
cAll cases are weighted to be nationally representative.
dPIR was calculated by dividing the family income by the poverty guidelines specific to the survey year. The respondent only reported income as < $20,000 or ≥ $20,000, and the value

was not computed.
eNumber of private insurances covered by Medigap and single service plan.
fDoctors or health professionals diagnosed them.
gSports, fitness, and recreational activities exclude the work and transport activities for at least 10min continuously in a typical week.

FIGURE 2

Multivariable forest plot of the association between factors and DR (Model 1). Model 1 was performed by adjusting sociodemographic variables.

DR, diabetic retinopathy; OR, odds ratios; CI, confidence interval; GED, General Educational Development; AA, Associate of Arts; PIR, Ratio of

family income to the poverty level, PIR was calculated by dividing family income by the poverty guidelines specific to the survey year, and the

respondent only reported income as < $20,000 or ≥ $20,000, the value was not computed.

However, in adjusted models, severe depression was no longer

significant (Figures 2, 3 and Supplementary Figures 1, 2).

Association of behavioral factors with DR

As depicted, 9.3% and 29.8% participated in moderate

and high-intensity recreational activities, respectively, among

patients with DR. There was an association between behavioral

factors, including alcohol consumption and moderate

recreational activities (P = 0.0145 and 0.0205, respectively).

However, in multivariate analysis, they were not identified as a

significant indicator of DR (alcohol consumption, adjusted OR

= 1.03, 95% CI: 0.74–1.43, and moderate recreational activities,

adjusted OR = 0.98, 95% CI: 0.77–1.26, respectively). At the

same time, the mean sleep duration was 7.08 ± 0.23 h a day,

with an adjusted OR of 1.38 (95% CI: 1.01–1.88) in those with

less than 6 h of sleep and 1.20 (95% CI: 0.88–1.64) in those with

more than 8 h of sleep, compared to patients with 6–8 h of sleep

(Figure 2, Supplementary Tables 3, 7).

Discussion

The main objective of this study was to investigate the

relationship between biological, social, and psychological risk

factors and DR. In the analysis of biological factors, our
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FIGURE 3

Multivariate forest plot of the association between factors and DR (Model 4). Model 4 was performed by adjusting all covariables, including

sociodemographic variables, diabetic-related clinical variables, diabetic comorbidities, behavioral variables, and sociodemographic variables.

DR, diabetic retinopathy; OR, odds ratios; CI, confidence interval; GED, General Educational Development; AA, Associate of Arts; PIR, Ratio of

family income to the poverty level. PIR was calculated by dividing the family income by the poverty guidelines specific to the survey year; the

respondent only reported income as < $20,000 or ≥ $20,000, and the value was not computed; SBP, systolic blood pressure; RBC, red blood

cell; HbA1c, glycosylated hemoglobin; HF, heart failure; CHD, coronary heart disease.

findings confirmed that stroke was associated with DR, and

the strength of the connection was not changed by controlling

for confounders. On the contrary, retinal-related exams are

expected to become a screening tool for brain lesions. We also

found that mild and moderate depressions were independent

risk factors for an increased prevalence of retinopathy in

adult DM, but severe depression was not in the study of

psychological factors. Furthermore, in the study of social

behavioral factors, only a short sleep time may affect DR,

while other behavioral factors, such as smoking and alcohol
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TABLE 2 Associations of depressive symptom severity and DR.

OR (95% Cl) Depressive symptom severity

None (0–4) Mild and moderate (5–14) P Severe (≥15) P

Proportion (%)a 59.5 32.8 7.7

Model 1b Ref 1.440 (1.149 to 1.804) 0.0017 1.704 (1.100 to 2.640) 0.0173

Model 2c Ref 1.504 (1.184 to 1.910) 0.0009 1.576 (1.006 to 2.470) 0.0473

Model 3d Ref 1.437 (1.118 to 1.846) 0.0048 1.404 (0.881 to 2.238) 0.1527

Model 4e Ref 1.377 (1.062 to 1.785) 0.0160 1.337 (0.825 to 2.166) 0.2377

aPrevalence of depressive symptom severity in DR.
bModel 1 adjusted for sociodemographic variables (gender, education, income, PIR, and private insurance).
cModel 2 adjusted for sociodemographic and diabetic-related clinical variables (systolic blood pressure, lymphocyte count, RBC, HbA1c%, fasting glucose, relatives having diabetes,

duration of diabetes, frequency of self-monitoring of blood, the last time had pupils dilated for exams, and treatment).
dModel 3 adjusted for sociodemographic, diabetic-related clinical variables, and diabetic comorbidities and complications (the total number of comorbidities, HF, CHD, MI, stroke, liver

condition, and renal failure).
eModel 4 adjusted for all covariables, including sociodemographic variables, diabetic-related clinical variables, comorbidities and complications, and behavioral variables (drinking,

moderate recreational activities, and sleep hours).

consumption, higher recreational activity, and less sedentary

activity, had no effect on the progression of retinopathy in

patients with diabetics.

It is necessary to use a public database to extensively

investigate the risk factors of DR. Early evidence already showed

a bidirectional relationship between depression and DM (7,

9). Nonetheless, these investigations have considered diabetes

complications as a composite outcome and have given little

attention to DR (31). Furthermore, most current studies have a

small sample size, and qualitative research is limited to a specific

state or ethnicity. To the best of our knowledge, our inquiry is

the first to illustrate an overall picture of risk factors for DR

using the NHANES database. Out study covers 50 states of the

United States (30), has a professional survey organization, which

is representative and reliable, and can also update, supplement,

and verify the existing conclusions very well.

The indirect impact of depression on clinical risk factors

should not be overlooked. A previous study (16) showed that

psychological factors can directly affect the occurrence and

development of DR by themselves and indirectly affect the

process of DR through clinical characteristics. In terms of

clinical factors, our findings support previous findings that

a longer duration of DM (32–34) and insulin therapy were

independently associated with DR (1). These correlations not

only highlight that long illness or using insulin may heighten

more severe diabetes and a higher risk of complications (35)

but also suggest that negative emotion may lead to reduced

willingness and worse adherence to treatment (11), poorer

glycemic control (21, 36), and then exacerbating DR. Roy et al.

(36) and Zou et al. (31) speculated that the hypothalamic-

pituitary-adrenal (HPA) axis dysregulation is the cause of

depression. It probably affects the pathogenesis of DR via

hypercortisolemia and insulin resistance. Korczak et al. (37)

and Wang et al. (38) added that circulating cytokine and

insulin deficiency might explain blood glucose fluctuations,

neurodevelopmental abnormalities, and neurocognitive deficits

(7). In this study, after adjusting for confounding factors, the

lymphocyte count in the DR group was still significantly higher

than that in the non-DR group, which also provided evidence for

the inflammatory mechanism. However, unlike previous studies

(4, 32–34), we did not find a correlation between blood pressure,

glycosylated hemoglobin, and DR in the multivariate regression

analysis. It is most likely because over half of the respondents did

not meet the standard for early morning fasting venous blood

collection, which might lead to negative results.

The influence of psychological and behavioral factors

on clinical indicators of DR should not be ignored when

considering the biological, psychological, and social aspects

of chronic diseases. Previous studies found that psychological

variables are related to diabetic visual impairment, and

the association between DR visual impairment and

psychology deserves special clinical attention (10, 16).

On this basis, we should fully apply the bio-psycho-social

model of chronic disease to investigate the impact of

psychological and behavioral factors on DR in the context of

clinical factors.

In our study, 21.7% of DM had self-reported DR, which is

lower than previous NHANES data (32.8%, 95% CI: 28.6–37.2)

(1) but is not significantly different from the globally estimated

prevalence of DR in the diabetic population (22.27%, 95% CI:

19.7–25.0) (39). This may be due to the fact that the previous

database used retinal images of patients with DM over 40 years

old as a reference, and the limitation of age and images improved

the estimation of DR prevalence in the diabetic population. Our

estimates from 2005 to 2018 indicated that there were 19 million

of patients with DM in the United States, 4.1 million of whom

were with DR, with the remainder having non-retinopathy, and

this represents, on average, 0.1% of the entire population in

this country. On the PHQ-9 questionnaire, 1.3 million (32.8%)

and 0.3 million (7.7%) participants with DR between 5 and
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14 scores and more than 15 scores have different severity of

depressive symptoms.

Consistent with the conclusion from the critical meta-

analysis of 11 cross-sectional and prospective cohort studies, it

was found that depression is significantly associated with DR in

patients with type 2 DM (31). Additionally, our results are in

line with the results of Krystal Khoo et al., who found that DR

is significantly associated with poor psychosocial outcomes after

analyzing data from 42 studies (7). A 5-year prospective cohort

study found that, for every significant 5-point increase in the

severity level of depressive symptoms, the risk of incident DR

would increase by approximately 15% (35). However, although

our findings, like those of other studies, found that DR was

independently linked with mild to moderate depression, we

were the first to provide the conclusion that DR did not

correlate with severe or major depression, which set us apart

from the others. Why is there no correlation between major

depression and DR? First, in the process of model adjustment,

we noticed that the correlation between major depression status

and DR disappeared when adjusting the related comorbidities

and behavioral factors. We suspected that this might be due

to the reason that DM associated with cardiac insufficiency,

liver condition, kidney failure, etc., can also cause or aggravate

the severe depressive state. Although the discrepancies between

the univariate and multivariate logistic analyses of severe

depression may account for collinearity or interaction between

other risk factors and major depressive condition, there was

a strong association between these comorbidities and DR,

and the univariate association between depression and DR

disappeared after adjustment for confounders. Second, a cross-

sectional study from the Diabetes Management Project in

the United Kingdom found that a history of depression or

anxiety is the leading cause of DM accompanied by depression,

and severe non-proliferative diabetic retinopathy (NPDR) or

proliferative diabetic retinopathy (PDR) can only explain 19.1%

of DM accompanied with depression symptoms (10). When

other risk factors, such as the history of depression, were

taken into account, major depression was uncorrelated with

DR, and we hypothesize that the relationship between DR and

severe depression may have been overestimated. Additionally,

there may be a correlation between severe depressive state

and DR. We have outstanding representative data for the

American population, representing 1,027,913 DM with severe

depression after weight. However, in terms of the proportion,

severe depression accounted for only 5.4% of DM and 7.7%

of DR in our study population. It is insufficient to analyze the

potential correlation with a small proportion, covering up the

possible correlation.

A preliminary study based on NHANES retinal images was

presented at the American Stroke Association’s International

Stroke Congress in 2021. Retinal photographs may indicate

an elevated risk of stroke, serving as an early warning signal

for stroke prevention and treatment (40). Our study also

discovered that DR is associated with stroke, and the association

remains after adjusting for confounding factors. Similarly, a

population-based cohort study found that retinal microvascular

abnormalities provided a window into the brain for over a

decade (41). There is a possibility for using retinal images as

a screening tool to quickly screen out high-risk DR, compared

to time-consuming and expensive magnetic resonance imaging

(MRI). Although we examined the association between DR and

stroke, more research is needed both on its causality and whether

DR with depressive emotion will increase the risk of stroke so

that they can have onemore tool to screen for depression besides

emotional scales.

Behavioral factors frequently coexist with depression to

affect DM, and there are substantial differences in recreational

activity and sleep between the DR and non-DR groups (13).

According to the results, engaging in certain types of physical

activities, such as exposure to sunlight and nature and social

interactions, is associated with a decreased risk of depression

and promotes resistance to stress (42). Studies revealed that

moderate-to-vigorous physical activities are associated with DM

via better glycemic control (43). Sedentary behavior and screen

time levels, on the contrary, are associated with risk factors

for chronic diseases, such as obesity, high fasting insulin levels,

and metabolic syndrome during adolescence (44). A meta-

analysis of 22 studies showed that moderate-intensity exercises

were beneficial, while sedentary behavior increased DR risk

significantly; nevertheless, the evidence was still insufficient

(45), and findings are not convincingly consistent (46, 47).

Interestingly, our study did not find positive results. We

analyzed the association between the frequency of self-reported

recreational activity and DR. First, as mentioned in reports (42),

not all exercise alleviates depression. For DR with depression,

concerns about hypoglycemia and retinal hemorrhage resulted

in less high-intensity recreational activity in patients with DM

and DR. Second, no difference in the HbA1c level between the

DR and non-DR groups may indirectly reflect the same level

of exercise between the two groups. Moreover, self-reporting

produces a bias in representing actual physical activities, such

as exercise types, duration, and intensity of recreational activity

levels. All of these may affect the results.

Evidence on associations between sleep duration and DR

is still lacking and inconsistent (17, 48). We observed the

association between short sleep duration (≤6 h) and DR. It is

possible that short and long sleep may have an influence on

DR development through the disruption of circadian rhythm

or abnormal glucose metabolism (12). Another NHANES study

found that sleeping patterns might affect the psychological

health (49). Similarly, intermittent hypoxia may increase

the levels of vascular endothelial growth factors and other

inflammatory cytokines that contribute to the progression of DR

(50). However, our study found that sleeping trouble was not

significantly associated with DR based on both self-reported and

diagnosed data.
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We cannot conclude that psychological or behavioral factors

enhance the risk of DR or vice versa. In addition, interviews

could not avoid certain recall biases. Furthermore, since DR

diagnosis and severity are inaccurate, objective retinal imaging

is required to determine whether depression is related to a

specific subtype of DR. Thus, more profound observations and

long-term cohort studies are necessary.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by Ethical approval for the use of the NHANES survey

data from 2005 to 2010, 2011 to 2016 and 2017 to 2018 were

obtained from the National Center for Health Statistics (NCHS)

Research Ethics Review Board (ERB) through Protocol Number

#2005-06, #2011-17 and #2018-01. All participants in this study

were provided written informed consent. The information

collected by the NCHS was kept with strict confidentiality

bound to law. The patients/participants provided their written

informed consent to participate in this study.

Author contributions

X-JS was responsible for the statistical analysis and wrote the

draft. G-HZ and C-MG assisted to collect the data. Z-YZ and

Y-LN assisted to revise this draft. LW and G-RD designed this

study. All authors contributed to the article and approved the

submitted version.

Funding

This research was supported by the National Natural Science

Foundation of China (NSFC: 81970814, 81773553, 81670863),

the Shaanxi Natural Science Basic Research Key Project (2021JZ-

30), and the clinical AFFMU foundation support (2021JSTS28).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.966714/full#supplementary-material

References

1. Zhang X, Saaddine JB, Chou CF, Cotch MF, Cheng YJ, Geiss LS, et al.
Prevalence of diabetic retinopathy in the United States, 2005–2008. JAMA. (2010)
304:649–56. doi: 10.1001/jama.2010.1111

2. Nagda D, Mitchell W, Zebardast N. The functional burden of diabetic
retinopathy in the United States. Graefes Arch Clin Exp Ophthalmol. (2021)
259:2977–86. doi: 10.1007/s00417-021-05210-3

3. Wang LZ, Cheung CY, Tapp RJ, Hamzah H, Tan G, Ting D, et al. Availability
and variability in guidelines on diabetic retinopathy screening in Asian Countries.
Br J Ophthalmol. (2017) 101:1352–60. doi: 10.1136/bjophthalmol-2016-310002

4. Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet. (2010)
376:124–36. doi: 10.1016/S0140-6736(09)62124-3

5. The Diabetic Retinopathy Barometer Report Global Findings International
Federation on Ageing, International Agency for the Prevention of Blindness,
International Diabetes Federation. (2020). Available online at: https://idf.org/
our-activities/care-prevention/eye-health/dr-barometer.html. (accessed June 30,
2021).

6. Fenwick E, Rees G, Pesudovs K, Dirani M, Kawasaki R, Wong TY,
et al. Social and emotional impact of diabetic retinopathy: a review.
Clin Exp Ophthalmol. (2012) 40:27–38. doi: 10.1111/j.1442-9071.2011.0
2599.x

7. Khoo K, Man REK, Rees G, Gupta P, Lamoureux EL, Fenwick
EK. The relationship between diabetic retinopathy and psychosocial
functioning: a systematic review. Qual Life Res. (2019) 28:2017–
39. doi: 10.1007/s11136-019-02165-1

8. Kuwata H, Okamura S, Hayashino Y, Tsujii S, Ishii H, Diabetes D, et al. Higher
levels of physical activity are independently associated with a lower incidence of
diabetic retinopathy in japanese patients with type 2 diabetes: a prospective cohort
study, diabetes distress and care registry at tenri (Ddcrt15). PLoS ONE. (2017)
12:e0172890. doi: 10.1371/journal.pone.0172890

9. Golden SH, Lazo M, Carnethon M, Bertoni AG, Schreiner PJ, Diez Roux
AV, et al. Examining a bidirectional association between depressive symptoms and
diabetes. JAMA. (2008) 299:2751–9. doi: 10.1001/jama.299.23.2751

10. Rees G, Xie J, Fenwick EK, Sturrock BA, Finger R, Rogers
SL, et al. Association between diabetes-related eye complications
and symptoms of anxiety and depression. JAMA Ophthalmol. (2016)
134:1007–14. doi: 10.1001/jamaophthalmol.2016.2213

11. Lee J, Kim KH, Ahn JC, Kim JA, Lee G, Son JS, et al. Prevalence, awareness,
treatment, and control of diabetes mellitus by depressive symptom severity: a
cross-sectional analysis of nhanes 2011–2016. BMJ Open Diabetes Res Care. (2021)
9:e002268. doi: 10.1136/bmjdrc-2021-002268

Frontiers in PublicHealth 11 frontiersin.org

https://doi.org/10.3389/fpubh.2022.966714
https://www.frontiersin.org/articles/10.3389/fpubh.2022.966714/full#supplementary-material
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.1007/s00417-021-05210-3
https://doi.org/10.1136/bjophthalmol-2016-310002
https://doi.org/10.1016/S0140-6736(09)62124-3
https://idf.org/our-activities/care-prevention/eye-health/dr-barometer.html
https://idf.org/our-activities/care-prevention/eye-health/dr-barometer.html
https://doi.org/10.1111/j.1442-9071.2011.02599.x
https://doi.org/10.1007/s11136-019-02165-1
https://doi.org/10.1371/journal.pone.0172890
https://doi.org/10.1001/jama.299.23.2751
https://doi.org/10.1001/jamaophthalmol.2016.2213
https://doi.org/10.1136/bmjdrc-2021-002268
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.966714

12. Chew M, Tan NYQ, Lamoureux E, Cheng CY, Wong TY, Sabanayagam
C. The associations of objectively measured sleep duration and sleep
disturbances with diabetic retinopathy. Diabetes Res Clin Pract. (2020)
159:107967. doi: 10.1016/j.diabres.2019.107967

13. Wang Y, Lopez JM, Bolge SC, Zhu VJ, Stang PE. Depression
among people with type 2 diabetes mellitus, us national health and
nutrition examination survey (Nhanes), 2005–2012. BMC Psychiatry. (2016)
16:88. doi: 10.1186/s12888-016-0800-2

14. Gonzalez JS, Safren SA, Cagliero E, Wexler DJ, Delahanty L, Wittenberg
E, et al. Depression, self-care, and medication adherence in type 2 diabetes:
relationships across the full range of symptom severity. Diabetes Care. (2007)
30:2222–7. doi: 10.2337/dc07-0158

15. Flaxel CJ, Adelman RA, Bailey ST, Fawzi A, Lim JI, Vemulakonda GA,
et al. Diabetic retinopathy preferred practice pattern R© . Ophthalmology. (2020)
127:P66–145. doi: 10.1016/j.ophtha.2019.09.025

16. Chen X, Lu L. Depression in diabetic retinopathy: a review and
recommendation for psychiatric management. Psychosomatics. (2016) 57:465–
71. doi: 10.1016/j.psym.2016.04.003

17. Jee D, Keum N, Kang S, Arroyo JG. Sleep and diabetic retinopathy. Acta
Ophthalmol. (2017) 95:41–7. doi: 10.1111/aos.13169

18. Gorska-Ciebiada M, Saryusz-Wolska M, Ciebiada M, Loba J. Mild
cognitive impairment and depressive symptoms in elderly patients with
diabetes: prevalence, risk factors, and comorbidity. J Diabetes Res. (2014)
2014:179648. doi: 10.1155/2014/179648

19. Iype T, Shaji SK, Balakrishnan A, Charles D, Varghese AA, Antony TP.
Cognition in type 2 diabetes: association with vascular risk factors, complications
of diabetes and depression. Ann Indian Acad Neurol. (2009) 12:25–7.

20. Pouwer F, Nefs G, Nouwen A. Adverse effects of depression on glycemic
control and health outcomes in people with diabetes: a review. Endocrinol Metab
Clin North Am. (2013) 42:529–44. doi: 10.1016/j.ecl.2013.05.002

21. Zheng DD, Bokman CL, Lam BL, Christ SL, Swenor BK, West SK, et al.
Longitudinal relationships between visual acuity and severe depressive symptoms
in older adults: the salisbury eye evaluation study. Aging Ment Health. (2016)
20:295–302. doi: 10.1080/13607863.2015.1008985

22. Hirai FE, Tielsch JM, Klein BE, Klein R. Ten-year change in self-rated quality
of life in a type 1 diabetes population: wisconsin epidemiologic study of diabetic
retinopathy. Qual Life Res. (2013) 22:1245–53. doi: 10.1007/s11136-012-0245-0
(accessed October 30, 2021).

23. Prevention CfDCa. Nhanes Tutorials. Available online at: https://wwwn.cdc.
gov/nchs/nhanes/tutorials/default.aspx (accessed October 29, 2021).

24. American Diabetes A. 2 Classification and diagnosis of diabetes:
standards of medical care in diabetes-2018. Diabetes Care. (2018) 41:S13–
27. doi: 10.2337/dc18-S002

25. Huang B, Huang Z, Tan J, Xu H, Deng K, Cheng J, et al. The mediating and
interacting role of physical activity and sedentary behavior between diabetes and
depression in people with obesity in United States. J Diabetes Complications. (2021)
35:107764. doi: 10.1016/j.jdiacomp.2020.107764

26. Kroenke K, Spitzer RL, Williams JB. The Phq-9: validity
of a brief depression severity measure. J Gen Intern Med. (2001)
16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

27.Wang L, Li X,Wang Z, BancksMP, CarnethonMR, Greenland P, et al. Trends
in prevalence of diabetes and control of risk factors in diabetes among us adults,
1999–2018. JAMA. (2021) 326:704–16. doi: 10.1001/jama.2021.9883

28. Woodruff RS. A simple method for approximating the
variance of a complicated estimate. J Am Stat Assoc. (1971) 66:411–
4. doi: 10.1080/01621459.1971.10482279

29. Inc. SI. Sas/Stat 9.4 User’ S Guide.Cary, Nc:Sas Institute Inc. (2011). p. 7633–
704.

30. Chen T-C, Clark J, Riddles MK, Mohadjer LK, Fakhouri THI. National
health and nutrition examination survey, 2015–2018: sample design and estimation
procedures. Vital Health Stat 2. (2020). (accessed April, 2021).

31. Zou Y, YouW,Wang J,Wang F, Tian Z, Lu J, et al. Depression and retinopathy
in patients with type 2 diabetes mellitus: a meta-analysis. Psychosom Med. (2021)
83:239–46. doi: 10.1097/PSY.0000000000000924

32. Sun Q, Jing Y, Zhang B, Gu T,Meng R, Sun J, et al. The risk factors for diabetic
retinopathy in a chinese population: a cross-sectional study. J Diabetes Res. (2021)
2021:5340453. doi: 10.1155/2021/5340453

33. Zureik A, Julla JB, Erginay A, Vidal-Trecan T, Juddoo V, Gautier JF, et al.
Prevalence, severity stages, and risk factors of diabetic retinopathy in 1464 adult
patients with type 1 diabetes. Graefes Arch Clin Exp Ophthalmol. (2021) 259:3613–
23. doi: 10.1007/s00417-021-05298-7

34. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al.
Global prevalence and major risk factors of diabetic retinopathy. Diabetes Care.
(2012) 35:556–64. doi: 10.2337/dc11-1909

35. Sieu N, Katon W, Lin EH, Russo J, Ludman E, Ciechanowski P.
Depression and incident diabetic retinopathy: a prospective cohort study.
Gen Hosp Psychiatry. (2011) 33:429–35. doi: 10.1016/j.genhosppsych.2011.
05.021

36. Roy MS, Roy A, Affouf M. Depression is a risk factor for poor glycemic
control and retinopathy in african-americans with type 1 diabetes. PsychosomMed.
(2007) 69:537–42. doi: 10.1097/PSY.0b013e3180df84e2

37. Korczak DJ, Pereira S, Koulajian K, Matejcek A, Giacca A. Type 1 diabetes
mellitus andmajor depressive disorder: evidence for a biological link.Diabetologia.
(2011) 54:2483–93. doi: 10.1007/s00125-011-2240-3

38. Wang J, Zhou D, Li X. The association between neutrophil-to-
lymphocyte ratio and diabetic depression in U.S. adults with diabetes:
findings from the 2009–2016 national health and nutrition examination
survey (Nhanes). Biomed Res Int. (2020) 2020:8297628. doi: 10.1155/2020/829
7628

39. Teo ZL, Tham YC Yu M, Chee ML, Rim TH, Cheung N,
et al. Global prevalence of diabetic retinopathy and projection
of burden through 2045: systematic review and meta-analysis.
Ophthalmology. (2021) 128:1580–91. doi: 10.1016/j.ophtha.2021.
04.027

40. Association AH. Retinal Damage May Signal Higher Risk of Stroke, Dementia
and Early Death. (2021). Available online at: https://medicalxpress.com/news/
2021-03-retinal-higher-dementia-early-death.html. (accessed June 30, 2021).

41. Sun C, Tikellis G, Klein R, Steffens DC, Larsen EK, Siscovick
DS, et al. Are microvascular abnormalities in the retina associated
with depression symptoms? The cardiovascular health study. Am J
Geriatr Psychiatry. (2007) 15:335–43. doi: 10.1097/01.JGP.0000247161.9
8311.0f

42. Matias TS, Lopes MVV, da Costa BGG, Silva KS, Schuch FB. Relationship
between types of physical activity and depression among 88,522 adults. J Affect
Disord. (2022) 297:415–20. doi: 10.1016/j.jad.2021.10.051

43. Cuenca-Garcia M, Jago R, Shield JP, Burren CP. How does physical activity
and fitness influence glycaemic control in young people with type 1 diabetes?
Diabet Med. (2012) 29:e369–76. doi: 10.1111/j.1464-5491.2012.03740.x

44. Scandiffio JA, Janssen I. Do adolescent sedentary behavior levels
predict type 2 diabetes risk in adulthood? BMC Public Health. (2021)
21:969. doi: 10.1186/s12889-021-10948-w

45. Ren C, Liu W, Li J, Cao Y, Xu J, Lu P. Physical activity and risk of
diabetic retinopathy: a systematic review and meta-analysis. Acta Diabetol. (2019)
56:823–37. doi: 10.1007/s00592-019-01319-4

46. Dharmastuti DP, Agni AN,Widyaputri F, Pawiroranu S, Sofro ZM,Wardhana
FS, et al. Associations of physical activity and sedentary behaviour with vision-
threatening diabetic retinopathy in indonesian population with type 2 diabetes
mellitus: jogjakarta eye diabetic study in the community (JogedCom). Ophthalmic
Epidemiol. (2018) 25:113–9. doi: 10.1080/09286586.2017.1367410

47. Loprinzi PD. Association of accelerometer-assessed sedentary behavior with
diabetic retinopathy in the United States. JAMA Ophthalmol. (2016) 134:1197–
8. doi: 10.1001/jamaophthalmol.2016.2400

48. Raman R, Gupta A, Venkatesh K, Kulothungan V, Sharma T. Abnormal
sleep patterns in subjects with type ii diabetes mellitus and its effect on diabetic
microangiopathies: sankara nethralaya diabetic retinopathy epidemiology and
molecular genetic study (Sn-Dreams, Report 20). Acta Diabetol. (2012) 49:255–
61. doi: 10.1007/s00592-010-0240-2

49. Dong L, Xie Y, Zou X. Association between sleep duration and
depression in us adults: a cross-sectional study. J Affect Disord. (2022) 296:183–
8. doi: 10.1016/j.jad.2021.09.075

50. Del Rio R, Muñoz C, Arias P, Court FA, Moya EA, Iturriaga R.
Chronic intermittent hypoxia-induced vascular enlargement and vegf upregulation
in the rat carotid body is not prevented by antioxidant treatment. Am J
Physiol Lung Cell Mol Physiol. (2011) 301:L702–L11. doi: 10.1152/ajplung.001
28.2011

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2022.966714
https://doi.org/10.1016/j.diabres.2019.107967
https://doi.org/10.1186/s12888-016-0800-2
https://doi.org/10.2337/dc07-0158
https://doi.org/10.1016/j.ophtha.2019.09.025
https://doi.org/10.1016/j.psym.2016.04.003
https://doi.org/10.1111/aos.13169
https://doi.org/10.1155/2014/179648
https://doi.org/10.1016/j.ecl.2013.05.002
https://doi.org/10.1080/13607863.2015.1008985
https://doi.org/10.1007/s11136-012-0245-0
https://wwwn.cdc.gov/nchs/nhanes/tutorials/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/tutorials/default.aspx
https://doi.org/10.2337/dc18-S002
https://doi.org/10.1016/j.jdiacomp.2020.107764
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/jama.2021.9883
https://doi.org/10.1080/01621459.1971.10482279
https://doi.org/10.1097/PSY.0000000000000924
https://doi.org/10.1155/2021/5340453
https://doi.org/10.1007/s00417-021-05298-7
https://doi.org/10.2337/dc11-1909
https://doi.org/10.1016/j.genhosppsych.2011.05.021
https://doi.org/10.1097/PSY.0b013e3180df84e2
https://doi.org/10.1007/s00125-011-2240-3
https://doi.org/10.1155/2020/8297628
https://doi.org/10.1016/j.ophtha.2021.04.027
https://medicalxpress.com/news/2021-03-retinal-higher-dementia-early-death.html
https://medicalxpress.com/news/2021-03-retinal-higher-dementia-early-death.html
https://doi.org/10.1097/01.JGP.0000247161.98311.0f
https://doi.org/10.1016/j.jad.2021.10.051
https://doi.org/10.1111/j.1464-5491.2012.03740.x
https://doi.org/10.1186/s12889-021-10948-w
https://doi.org/10.1007/s00592-019-01319-4
https://doi.org/10.1080/09286586.2017.1367410
https://doi.org/10.1001/jamaophthalmol.2016.2400
https://doi.org/10.1007/s00592-010-0240-2
https://doi.org/10.1016/j.jad.2021.09.075
https://doi.org/10.1152/ajplung.00128.2011
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Associations between psycho-behavioral risk factors and diabetic retinopathy: NHANES (2005–2018)
	Introduction
	Research design and methods
	Study population
	Assessment of DM and diabetic visual impairment
	Assessment of biological factors
	Assessment of psychological factor
	Assessment of social factors
	Assessment of covariates
	Statistical analysis

	Result
	Characteristics of participants
	Characteristics of variables
	Association of biological factors with DR
	Association of psychological factor with DR
	Association of behavioral factors with DR

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


