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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 effective 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, HbAlc%, 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 differences 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 (Cl): 1.06—1.79], but there was
no statistical difference in severe depression (OR = 1.34, 95% Cl: 0.83-2.17).
Although <6h of sleep was associated with DR (OR = 1.38, 95% Cl: 1.01-
1.88), we found no statistical differences 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

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.966714
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.966714&domain=pdf&date_stamp=2022-09-15
mailto:fierywang@126.com
mailto:wl.medstat@qq.com
https://doi.org/10.3389/fpubh.2022.966714
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2022.966714/full
https://orcid.org/0000-0002-3107-1835
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Sun et al.

10.3389/fpubh.2022.966714

of DR should also be paid attention. Our study highlights that mild and
moderate depression and <6 h 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.

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
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(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
(HbA1Ic) 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.
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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 10 min 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 the risk factors related to DR as

comprehensively as possible from the biological, psychological,

analyzed

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 2 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 estimation was 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.
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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 4= 87.0 vs. 118.7 4 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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6783 Diabetic participants
of NHANES*

2017-2018 (n=1074)
2015-2016 (n=1040)
2013-2014 (n=962)
2011-2012 (n=952)
2009-2010 (n=1014)
2007-2008 (n=1063)

(

2005-2006 (n=678)

1000 Patients Excluded

e Age <18 (n=98)

*  Pregnant at the time of exam (n=13)
¢ Incomplete PHQ-9 (n=889)

5783 patients enrolled

1357 Missing data
do not know whether have diabetic
retinopathy

4426 evaluable patients

l

3491 Patients without
diabetic retinopathy

935 Patients with
diabetic retinopathy

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

Association of psychological factor with
DR

(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 (HE 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.
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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
that mild and moderate depression (adjusted OR = 1.38, 95% CI:
1.06-1.78, P = 0.0160) were independently associated with DR.
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TABLE 1 Baseline characteristics of diabetes in NHANES.

Variables Total Diabetes without DR Diabetes with DR P-value?

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

N® 4426 3491 935

Frequency (weighted) © 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 (%) ¢ 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 (%) © 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 £ 091 130.6 £ 1.0 133.2+2.1 0.0212

Lymphocyte count (x 10°/L) 23+£0.1 23+£0.1 21+0.1 0.0004

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

HbAlc (%) 74+0.1 7.3+£0.1 7.8+£0.2 <0.0001

ACR (mg/g) 160.9 £ 25.0 118.7 £19.3 3123 +£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+0.5 157+ 1.1 <0.0001

Frequency of self-monitoring blood 1.9 £0.09 1.8+0.1 224£02 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 '

HE (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 © (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 & (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)

10.3389/fpubh.2022.966714

Variables Total Diabetes without DR Diabetes with DR P-value?
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)

6to 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; HbAlc, glycosylated hemoglobin; ACR, urinary microalbumin/creatinine ratio; it was computed as

albumin in milligrams per liter divided by creatinine in grams per liter; HE, Heart failure; CHD, coronary heart disease.

2This is a comparison between non-DR and DR adults having diabetes.
The unweighted number of cases.
€All cases are weighted to be nationally representative.

94PIR 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.
¢Number of private insurances covered by Medigap and single service plan.
fDoctors or health professionals diagnosed them.

&Sports, fitness, and recreational activities exclude the work and transport activities for at least 10 min continuously in a typical week.

Multivariate (model 1) OR (95% CI) P value
Psycological varible
Depression
Mild and moderate . 1.44 (1.12-1.85) 0.0048
Severe ' - i 1.40 (0.88-2.24) 0.1527
Socioal varibles
Sociodemographic
Female - 0.72 (0.56-0.93) 0.0126
Education
High school grad/GED/AA degree [ 0.81 (0.61-1.07) 0.1345
College graduate or above —_—l— 0.84 (0.56-1.25) 0.3852
Have one private insurance B 0.76 (0.59-1.00) 0.0455
Income
$20000 to $75000 . B S 0.98 (0.68-1.40) 0.8479
>$75000 ' » ] 1.02 (0.51-2.06) 0.9666
PIR
1.3-49 L e 0.93 (0.62-1.37) 0.6979
i) b = | 1.07 (0.54-2.10) 0.8521
0 05 1 15 2 25 3
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; Cl, 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
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= 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 £ 0.23h 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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Multivariate (model 4) OR (95% CI) P value
Psycological varible
Depression
Mild and moderate — 1.377 (1.062-1.785) 0.0160
Severe P 1.337 (0.825-2.166) 0.2440
Socioal varibles
Sociodemographic
Female —.— 0.725 (0.548-0.960) 0.0249
Education
High school grad/GED/AA degree g | 0.823 (0.622-1.090) 0.1735
College graduate or above —a— 0.877 (0.589-1.306) 0.5152
Have one private insurance —a—] 0.774 (0.593-1.009) 0.0583
Income
$20000 to $75000 — 0.978 (0.682-1.402) 0.9026
>$75000 —_—— 1.019 (0.505-2.056) 0.9574
PIR
1.3-49 [ E— 0.942 (0.641-1.385) 0.7596
>5 & 1.085 (0.544-2.166) 0.8152
Behavior
Drink ——— 1.018 (0.731-1.418) 0.9161
Being drinking L 0.882 (0.675-1.153) 0.3576
Seldom — 1.096 (0.645-1.863) 0.7344
Former i 0.985 (0.771-1.258) 0.9014
Moderate recreational activities
Sleep hours —a— 0.722 (0.530-0.983) 0.0388
<<6h - 0.865 (0.593-1.260) 0.4476
>8h
Biological variables
Blood and urine tests
SBP . 1.004 (0.998-1.010) 0.1793
Lymphocyte count - 0.942 (0.891-0.995) 0.6249
RBC . 0.956 (0.799-1.145) 0.6249
HbAlc - 1.032 (0.940-1.133) 0.5100
Fasting Glucose 1.002 (0.999-1.004) 0.1492
Famliy history [ S a— 1.302 (0.971-1.746) 0.0775
Duration of diabetes . 1.029 (1.019-1.039) <.0001
Frequency of self-monitoring blood glucose - 1.038 (0.993-1.085) 0.0957
Last time had pupils dilated for exam
<1 month - 2.110 (1.174-3.789) 0.0127
1-12 month R 1.441 (0.850-2.445) 0.1742
13-24 month - 1.288 (0.737-2.251) 0.3727
>2 years —t— 1.246 (0.723-2.146) 0.4268
Treatment
Pills only [ e — 1.190 (0.783-1.811) 0.4136
Insulin only ' - 2.609 (1.660-4.102) <.0001
Insulin and pills L] 2.478 (1.582-3.883) <.0001
Diabetic comorbidities and complications
Total no. of comorbidities
2 —_——— 1.274 (0.717-2.265) 0.4069
3 —————— 1.020 (0.552-1.886) 0.9485
4 e 0.891 (0.500-1.589) 0.6951
5 - 0.628 (0.318-1.238) 0.1779
HF — 1.513 (1.025-2.232) 0.0372
CHD — 1.136 (0.736-1.754) 0.5638
Heart attack e 1.045 (0.689-1.589) 0.8378
Stroke —— 1.465 (1.032-2.081) 0.0349
Liver condition e SEE— 1.992 (1.395-2.845) 0.0002
Renal failure L - 1 2.362 (1.675-3.330) <.0001
0 05 1 15 2 25 3 35 4 45
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; Cl, 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; HbAlc, 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
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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

frontiersin.org


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

Sun et al.

TABLE 2 Associations of depressive symptom severity and DR.

10.3389/fpubh.2022.966714

OR (95% Cl) Depressive symptom severity

None (0-4) Mild and moderate (5-14) p Severe (>15) p
Proportion (%)* 59.5 32.8 7.7
Model 1° Ref 1.440 (1.149 to 1.804) 0.0017 1.704 (1.100 to 2.640) 0.0173
Model 2¢ Ref 1.504 (1.184 to 1.910) 0.0009 1.576 (1.006 to 2.470) 0.0473
Model 3¢ Ref 1.437 (1.118 to 1.846) 0.0048 1.404 (0.881 to 2.238) 0.1527
Model 4¢ Ref 1.377 (1.062 to 1.785) 0.0160 1.337 (0.825 to 2.166) 0.2377

2Prevalence of depressive symptom severity in DR.

YModel 1 adjusted for sociodemographic variables (gender, education, income, PIR, and private insurance).
“Model 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, HE, CHD, MI, stroke, liver

condition, and renal failure).

¢Model 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,
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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
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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 one more 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 HbAlc 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.
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