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A b s t r a c t

Introduction: This study was aimed at analyzing, modeling, and comparing 
the risk factors of diabetic retinopathy (DR) among type 2 diabetes mellitus 
(DM) patients with and without metabolic syndrome (MS).
Material and methods: A cross-sectional study from July 2017 to July 2019 
was performed by tracing type 2 DM patients who received treatment at 
an out-patient clinic and a mydriatic examination by an ophthalmologist in 
a single institute in south Taiwan. A total of 802 patients without DR were 
recruited and divided into two groups based on whether they had MS for 
this study. We analyzed the impact of DR based on the potential and related 
factors of these two groups.
Results: The sample consisted of 802 patients; 282 patients did not have 
MS, and 520 did. A comparison of the risk factors of DR among the patients 
with and without MS revealed that the level of glycated hemoglobin (HbA1c) 
was a co-risk factor of DR. However, female sex, betel quid chewing, family 
history of DM, and higher total cholesterol were found to be risk factors of 
DR among the patients who had MS. Betel quid chewing, especially, could 
exacerbate the disease condition of DM and elevate the risk of DR.
Conclusions: Of those risk factors, betel quid chewing may be the main rea-
son for DM deterioration and raised risk of DR. Hence, we recommend that 
the chewing of betel quid should be avoided to prevent DR.

Key words: type 2 diabetes mellitus, diabetic retinopathy, metabolic 
syndrome, betel quid chewing.

Introduction

Although betel quid chewing is culturally acceptable behavior, there 
are various serious complications that may follow, making it a health 
dilemma. Betel quid chewing increases the plasma concentrations of 
epinephrine and norepinephrine [1] due to which betel quid is one of 
the most widely abused psychoactive substances, used by an estimat-
ed 10–20% of the worldwide population [2]. Betel quid is the fourth 
most popular substance [3]. According to the WHO’s estimates, 930 
thousand people of the total population of 23 million in Taiwan use be-
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tel quid [4]. There are a large number of studies 
that prove that betel quid chewing leads to nega-
tive health consequences, which may be attribut-
ed to its addictive and carcinogenic contents [5]. 
A  meta-analysis that integrated 17 studies in 
Asia showed that betel quid chewing is associ-
ated with diabetes mellitus (DM), metabolic syn-
drome (MS), obesity, hypertension, cardiovascu-
lar diseases, and overall mortality [6]. A systemic 
review of eight studies revealed that betel quid 
chewing is associated with hyperglycemia and 
type 2 DM (in two studies), MS (in five studies), 
and obesity and weight gain (in four studies) [7]. 
With respect to MS, a study that was performed 
with 1,070 Pakistanis as the subjects revealed 
that betel quid chewing harms health and caus-
es MS, especially when combined with the use of 
tobacco additives [8]. 

People with MS, which is also called insulin 
resistance syndrome, are five times more likely 
to suffer from type 2 DM and twice as likely to 
suffer from cardiovascular diseases as compared 
to healthy people [9–11]. Studies have shown 
that type 2 DM patients with comorbid MS have 
a higher risk of coronary artery disease than those 
who do not [12–15], as MS is primarily caused by 
obesity and insulin resistance. Insulin is responsi-
ble for glucose storage and usage, so insulin resis-
tance leads to abnormalities in the metabolism of 
glucose [16]. Moreover, insulin resistance is also 
related to low-grade inflammation of the entire 
body, which causes a great impact on type 2 DM 
progression and micro- and macrovascular dis-
eases [17–20]. Meanwhile, diabetic retinal venous 
thrombosis and retinal arteriolar stenosis are both 
associated with ocular stroke and coronary artery 
disease [21]. Thrombosis of retinal arterioles and 
capillaries is the leading cause of diabetic retinop-
athy (DR) and blindness in diabetic patients, par-
ticularly type 2 DM patients [22]. 

Many studies have proved that chewing betel 
quid increases the risk of type 2 DM, MS, and car-
diovascular events. Moreover, the leading cause 
of DR is the poor control of DM. DR causes great 
impacts on the daily lives of type 2 DM patients. 
However, there is little evidence to support the 
correlation between betel quid chewing and DR.

The current study was focused on researching 
the correlation between betel quid chewing and 
DR with the aim of decreasing the incidence rate.

Material and methods

We included diabetic patients from type 2 DM 
and ophthalmology outpatient clinics in a  sin-
gle institute in south Taiwan between July 2017 
and July 2019 in our cross-sectional study. The 
data were collected and analyzed based on the 
patients’ demographic details, health-related 

behaviors, biochemical results, and bio-indexes 
related to MS. The biochemical results included 
DR and the average laboratory results 1 month 
before collection. At least once every 3 months, 
a  set of survey questions was provided to the 
participating patients who visited the outpatient 
clinics for treatment. Their blood samples were 
also analyzed to determine the levels of glycated 
hemoglobin (HbA

1c), fasting glucose, triglyceride, 
total cholesterol, high-density lipoprotein choles-
terol (HDL-c), and low-density lipoprotein choles-
terol (LDL-c) as well as the estimated glomerular 
filtration rate (eGFR). The surveys were targeted 
toward gathering standardized information about 
each patient’s sex, body mass index (BMI), family 
history of DM, personal health history, and per-
sonal health habits. 

BMI is a measure of body fat based on a per-
son’s height and weight (kg/m2), and it was ap-
plied to most of the adults. Patients were con-
sidered to have a  family history of DM if one 
(or both) of their parents had DM. The person-
al health history of each patient included their 
history of hypertension, cardiovascular disease, 
hyperlipidemia, and diabetic nephropathy for the 
purpose of this study. The health-related habits 
and lifestyle characteristics of the participants 
were also reviewed in the study, including their 
smoking, drinking, and betel chewing behaviors. 
Smoking behavior referred to cigarette use at 
least one time per day for over 6 months. Drink-
ing behavior referred to a  frequency of alcohol 
consumption up to three drinks per week for 
a period of over 6 months. Betel chewing behav-
ior was attributed to participants who chewed 
on betel at least once per day for over 6 months. 
The subjects were considered to regularly exer-
cise if they engaged in three exercise sessions 
of 30 min per week for over 6 months. The blood 
pressure assessment, which included systolic 
blood pressure (SBP) and diastolic blood pres-
sure (DBP), was administered to the participants 
through a digital automatic blood pressure mon-
itor. The creatinine, fasting glucose, triglyceride, 
total cholesterol, and HDL-c levels were exam-
ined on the analyzer (model 7180; Hitachi, To-
kyo, Japan) using high-performance liquid chro-
matography. The eGFR parameter was based on 
the patient’s serum creatinine level and a reliable 
indicator of renal function. The formula [186 × 
creatinine(–1.154) × age(–0.203) (× 0.742 if female)] was 
used to calculate eGFR. In addition, LDL-c was of-
ten indirectly measured using a triglyceride, total 
cholesterol, and HDL-c formula. 

Institutional review board statement

The study was conducted according to the 
guidelines of the Declaration of Helsinki, and ap-
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proved by the Institutional Review Board of An-
tai Medical Care Cooperation Antai-Tian-Sheng 
memorial Hospital (protocol code: 18-022-B, and 
date of approval: 31 March 2018).

Statistical analysis

We divided the diabetic patients into two groups 
based on whether they had MS, and their DR mod-
els were analyzed and constructed. Patients were 
determined to have MS if they had any three of 
the following criteria: (i) fasting glucose level was  
100 mg/dl or greater; (ii) triglyceride level was  
150 mg/dl or greater, (iii) SBP was 130 or greater 
and DBP was 85 mm Hg or greater; (iv) HDL-c was 
over 40 mg/dl in men and 50 mg/dl in women; or 
(v) waist circumference was over 90 cm in men and 
80 cm in women [23]. The patients’ characteristics 
were described in terms of mean and standard 
deviation values for continuous variables and ab-
solute and relative frequencies for categorical vari-
ables. The normality tests of continuous variables, 
which included age, BMI, SBP, DBP, HbA1c, fasting 
glucose, triglyceride, total cholesterol, HDL-c, LDL-c 
and eGFR, were analyzed by the Kolmogorov–
Smirnov test, and all variables were underlying the 
data set to be normally distributed. For the infer-
ential statistical analysis, we used the c2 test to 
test the association between DR and type 2 DM 
patients with and without MS. Logistic regression 
methods were applied to test the associations be-
tween the onset of DR and each related factor in 
a univariate analysis as well as to construct the DR 
models. 

As a result, the important factors in each sta-
tistical test were taken into account for the DR 
models, and the optimal multivariable model was 

determined using the model selection method. 
The main results were summarized as a risk ratio 
with a confidence interval of 95%. The statistical 
results were considered to be significant when 
the p-value was less than 0.05. Moreover, p-val-
ues were 2-sided for overall statistical analysis in 
Results. IBM SPSS Statistics 24 was used to carry 
out the statistical analysis.

Results

There were 1,367 diabetic patients who visited 
the DM out-patient clinics and received at least 
once mydriatic retinal examination by the oph-
thalmologist every three months. Between July 
2017 and July 2019, 565 patients were excluded 
from the study due to a history of DR (diagnosed 
before the current study), presence of non-dia-
betic glaucoma, history of gestational DM, preg-
nancy during the study, or presence of serious 
co-morbidities (heart failure, liver cirrhosis, se-
vere infection, malignancy, etc.) (Figure 1). In the 
current study, the mean age was 67.86 ±11.10 
years; 349 patients were male, 453 were female, 
79 patients had betel quid chewing behavior, and  
520 patients were affected by MS. Of the 621 pa-
tients with DR, there were 209 patients without 
MS and 412 patients with the syndrome (Table I).  
However, the DR rates among the type 2 DM pa-
tients with and without MS were 79.23% and 
74.11%, respectively (χ2 = 2.74, p = 0.098). Even 
if MS was not significantly associated with DR, 
it was worth separately comparing with the risk 
factors of DR among type 2DM patients with and 
without MS. Hypothetically, there should be differ-
ent causes for occurrence of DR among type 2 DM 
patients with and without metabolic syndrome. 

Figure 1. Flow diagram for the cross-sectional study of type 2 DM patients in Taiwan
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Among the type 2 DM patients without MS, 
there was no significant correlation between DR 
and the various variables (sex, smoking behavior, 
drinking behavior, betel quid chewing behavior, 
exercise, family history of DM, hypertension, heart 
disease, diabetic renal disease). However, among 
the patients with MS, the results revealed that 
each patient’s sex, betel quid chewing behavior, 
and family history of DM were significantly cor-
related with the risk of DR. Female patients had 
a higher risk of suffering from DR than male pa-
tients (OR = 1.62, 95% CI: 1.05–2.51, p = 0.029); 
patients who chewed betel quid had a  higher 
risk of suffering from DR than those who did not  
(OR = 2.59, 95% CI: 1.00–6.66, p = 0.042); patients 
with a  family history of DM had a higher risk of 
suffering from DR than those without (OR = 2.01,  
95% CI: 1.31–3.08, p = 0.001) (Table I).

The analysis of the risk factors of DR among 
the type 2 DM patients without MS showed higher 
HbA1c levels (HbA1c in DR/no-DR = 8.28%/7.60%, SD 
= 1.73/1.56) than in those without DR. Further, the 
univariate logistic regression analysis indicated that 
HbA1c level (OR = 1.32, 95% CI: 1.09–1.60, p = 0.004) 
was associated with the presence of DR (Table II).

Among the type 2 DM patients with MS, lev-
el of HbA1c and level of cholesterol were signifi-
cantly correlated with the presence of DR. The 
patients with DR had higher HbA1c levels (HbA1c 
in DR/no-DR = 8.23%/7.70%, SD = 1.66/1.42) 
and higher cholesterol levels (cholesterol in DR/
no-DR = 188.56/177.57 mg/dl, SD = 37.41/28.90) 
than those without DR. Further, the univariate lo-
gistic regression analysis indicated that the fac-
tors of HbA1c level (OR = 1.27, 95% CI: 1.09–1.48,  
p = 0.002) and total cholesterol level (OR = 1.01,  
95% CI: 1.00–1.02, p = 0.005) were associated 
with the presence of DR (Table II). 

We set up the DR risk models according to the 
situation of MS among the type 2 DM patients 
and compared the risk factors that cause DR. In 
the model of the 520 type 2 DM patients with 
MS, the patient’s sex, betel quid chewing behav-
ior, family history of DM, HbA1c level, and total 
cholesterol level were the major risk factors of 
DR. Among them, the patients who were female 
(OR = 2.64, 95% CI: 1.62–4.30, p < 0.001) or had 
betel quid chewing behavior (OR = 4.14, 95% CI: 
1.51–11.34, p = 0.006), family history of DM (OR = 
2.01, 95% CI: 1.33–3.06, p = 0.001), higher HbA1c 
(OR = 1.25, 95% CI: 1.07–1.47, p = 0.006), or high-
er total cholesterol (OR = 1.01, 95% CI: 1.00–1.02,  
p = 0.002) were at an increased risk of DR (Table III).

In the model of the 282 type 2 DM patients 
without MS, only the level of HbA1c was the major 
risk factor of DR. Further, higher HbA1c levels (OR = 
1.29, 95% CI: 1.06–1.56, p = 0.012) were found to 
increase the risk of DR among type 2 DM patients 

without MS. A comparison of these two models re-
vealed that the level of HbA1c was a co-risk factor 
for DR among type 2 DM patients. However, the 
patient’s sex, betel quid chewing behavior, family 
history of DM, and cholesterol level were also risk 
factors for DR among the type 2 DM patients with 
MS. Betel quid chewing, especially, could exacer-
bate the disease condition of DM and elevate the 
risk of DR (Table III).

Finally, in the model of all the 802 patients, the 
patient’s sex, betel quid chewing behavior, fami-
ly history of DM, HbA1c level, and total cholester-
ol level were the major risk factors of DR, which 
was similar to the model of the 520 type 2 DM 
patients with MS. Among them, the patients who 
were female (OR = 1.97, 95% CI: 1.35–2.86, p < 
0.001) or had betel quid chewing behavior (OR = 
2.44, 95% CI: 1.22–4.90, p = 0.012), family history 
of DM (OR = 1.78, 95% CI: 1.29–2.47, p = 0.001), 
higher HbA1c levels (OR = 1.26, 95% CI: 1.11–1.42, 
p < 0.001), or higher total cholesterol levels (OR = 
1.01, 95% CI: 1.00–1.01, p = 0.004) faced an in-
creased risk of DR. However, there was no signif-
icant association between MS and the risk of DR 
among the type 2 DM patients (OR = 1.00, 95% CI: 
0.69–1.46, p = 0.993) (Table III).

Discussion

According to an analysis of the risk factors and 
development of DR among type 2 DM patients in 
Korea in 2016, 44.9% of the patients developed 
DR, and 13.6% of the patients’ conditions pro-
gressed to non-proliferative DR or proliferative DR. 
This study showed that the primary risk factors for 
the development of DR were old age, longer dura-
tion of DM, high HbA1c, and high albuminuria. Sex, 
hypertension, diabetic nephropathy, cardiovascu-
lar disease, smoking, alcohol drinking, BMI, tri-
glyceride, total cholesterol, HDL-c, LDL-c, and eGFR 
had no significant correlation with the incidence 
of DR [24]. In the current study, higher HbA1c level 
was found to be the major risk factor for develop-
ing DR. This risk factor, which has been identified 
in several other studies, increases the risk of DR 
[25–29]. Moreover, our study also revealed that 
the patient’s sex, betel quid chewing behavior, 
family history of DM, and total cholesterol level 
were significant risk factors for DR among type 2 
DM patients with MS. However, we did not find 
any significant correlation between DR and hy-
pertension, diabetic nephropathy, cardiovascular 
disease, smoking, alcohol drinking, BMI, triglycer-
ide, HDL-c, LDL-c, or eGFR. Some researchers have 
pointed out that female type 2 DM patients face 
a higher risk of developing DR than male patients, 
and the same outcome was obtained in our study 
[25, 30]. However, a  previously conducted study 
found no correlation between sex and DR [31].
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In a study on the risk factors and prevalence of 
DR in Beijing, China, 18.8% of the type 2 DM pa-
tients were found to suffer from DR. The incidence 
of DR was found to be higher among younger pa-
tients with longer DM durations, higher fasting 
blood sugar levels, higher post-prandial two-hour 
blood sugar levels, higher SBP, higher total cho-
lesterol, higher LDL-c, higher BUN, lower BMI, and 
more microalbuminuria [32]. Another study in Chi-
na revealed that younger age, longer DM duration, 
higher fasting blood sugar and HbA

1c levels, higher 
SBP, and lower HDL-c and triglyceride levels were 
related to higher incidence of DR [33]. Integrating 
these two studies and our study, the factors of DM 
duration, blood pressure, lipid profile, and blood 
sugar level are related to a high risk of DR. This 
indicates that diabetic patients should pay more 
attention to their blood pressure and sugar and 
lipid profiles to better control the disease and low-
er the risk of diabetic complications [28, 32–34].

The results obtained from our current study 
emphasized that betel quid chewing and fami-
ly history of DM are risk factors for developing 
DR, because there have been only a few related 
studies discussing these two factors in relation 
to DR. However, the correlation between the in-
cidence of DM and family history of DM has pre-
viously been confirmed, which means that peo-
ple with a  family history of DM are at a higher 
risk of DM [30, 35]. Moreover, an animal study 
revealed that betel quid chewing may lead to 
impaired fasting glucose. This phenomenon is 
caused by the nitrosamine in betel quid, which 
induces the development of DM [36]. The recline 
can inhibit adipogenesis and interfere with in-
sulin-related glucose uptake, which means that 
the recline may lead to hyperlipidemia, hypergly-
cemia, or insulin resistance by inducing adipo-
cyte dysfunction [37]. There is evidence to show 
that insulin resistance is related to low-grade 
systemic inflammation [38–40]. Low-grade sys-
temic inflammation plays an important role in 
the pathogenesis of incidence, disease progres-
sion, and microvascular and macrovascular dys-
function in type 2 DM patients with MS [18, 19, 
41]. A  series of mechanisms explain that betel 
quid chewing may be a major cause of disease 
progression, leading to DR among type 2 DM pa-
tients with MS, which corresponds to the results 
obtained from the current study. 

We highly suspect that unhealthy social cul-
tures (such as betel quid chewing) are associated 
with DM deterioration. According to the literature 
review, the mechanism through which betel quid 
causes molecular damage in the human body and 
worsens the disease condition of MS and DM has 
become clear. Our study also showed the same as-
sociation between betel quid chewing and the pro-
gression of DM, proving that betel quid chewing 

increases the incidence of DR. We hypothesize that 
the compounds in betel quid attenuate the effects 
of drugs that treat hypertension, DM, and hyperlip-
idemia. The current study could be used as a refer-
ence by policymakers and public health units for 
the prevention and control of betel use, interven-
tions against quit betel quid chewing, and the pro-
motion of healthy lifestyles. Further research for 
the exploration of the interactions between betel 
quid and various medications is recommended. 

Our research had some limitations. The pa-
tient’s recruitment might not represent the overall 
diabetes patients, since this study was conduct-
ed in a tertiary care hospital. We were concerned 
about missing data, including lifestyle modifica-
tions and adherence, having employed a cross-sec-
tional study design. The residual confounding 
factors cannot be excluded due to unmeasured 
factors. However, compared to other studies it was 
very specially to find that betel quid chewing be-
havior was one of the potential risk factors for DR 
in type 2 DM patients, especially in MS patients. It 
is necessary to have a more extensive population 
study for better understanding of the relationship 
between DR and relative risk factors.

In conclusion, this study showed that the pa-
tient’s sex, betel quid chewing behavior, family 
history of DM, HbA

1c level, and total cholesterol 
level were vital factors for the development of DR 
in type 2 DM patients, especially in MS patients; 
and most of the findings were consistent with 
risk factors reported in existing literature. Further-
more, we also found the behavior of chewing be-
tel nut to be a unique risk factor to the Taiwanese 
population. We suggested that patients should 
control their HbA1c and total cholesterol and quit 
betel quid chewing behavior to prevent DR.
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