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ABSTRACT

Despite the increasing prevalence of Diabetes Mellitus (DM) worldwide, the management of associated
comorbidities, such as Diabetic Retinopathy (DR), has been widely unsuccessful. DR causes blindness for
approximately 5% of diabetes patients, however, the effectiveness of preventative measures, such as diabetic
retinopathy screening (DRS), is significantly impacted by patient attendance. Investigating the factors associated
with DRS non-attendance is critical to support health practitioners when designing relevant interventions. This
paper, in the context of Saudi Arabia, explores the factors that influence diabetes patients’ decision to attend or
not attend DRS; to support the integration of patients’ personal and clinical data. Such as sociodemographic and
socioeconomic factors include patients’ age, patients’ marital status, patients’ education level, patients’ income
level, patients’ residential location, patients’ smoking habits, and the existence of related complications (such
as hypertension and nephropathy). Data in this cross-sectional study was collected from two diabetic centers
in Riyadh; can contains data from 440 diabetes patients. 21.6% of the DM patients had never attended a DRS,
23.6% of the patients had attended a DRS appointment more than 12 months ago, and 54.8% of patients had
attended a DRS in the last 12 months. Quantitative data was analyses using Multinomial logistic regression that
highlights numerous associations exist between DRS attendance and patient characteristics; These findings
emphasize that healthcare providers must consider socioeconomic disparities, mobility, and access issues when
designing preventative diabetes care plans and interventions. Additional elaborative research is required to
understand and counteract the barriers that exist in the provision of long-term support to DM patients with
associated diabetes complications and unhealthy behaviors.

Abbreviations: DM: Diabetes Mellitus; DR: Diabetic Retinopathy; DRS: Diabetic Retinopathy Screening; UK:
University of Reading; BMI: Body Mass Index; IMD: Index of Multiple Deprivation

Introduction

Diabetes mellitus (DM) is a physical disorder where the body pro-

erative retinopathy’) at the back of the eye (Dubh, et al. [4]). By 2030,
it is estimated that DR prevalence will rise to 191 million worldwide,
with 56.3 million facing long-term sight-loss caused by proliferative

duces insufficient insulin; resulting in unhealthy blood sugar levels.
DM affects more than 463 million adults worldwide, and is predicted
to rise to 700 million by 2045 (IDF [1]). Although DM can be managed
with regular testing and medication, unmanaged DM is associated
with severe and costly health complications, e.g. lower limb amputa-
tions, blindness, and chronic renal failure (Rhodes, et al. [2,3]). Blind-
ness occurs as a result of Diabetic Retinopathy (DR), caused by the
rupturing of blood vessels and formation of scarring (termed ‘prolif-

retinopathy (Thomas [5]). The prevalence of DR in Saudi Arabia had
raised from 19.40 % to 44.70% between 2010 and 2019 (Alharbi [6]),
and there has been a substantially rise in DR cases as a consequence.

The rise of DM and DR is a significant threat to the health and
well-being of Saudi-Arabia’s general population, and is a time-bomb
to the Saudi economy. In the early stages, DR is often asymptomatic.
DR can be managed if diagnosed, but early DR diagnosis is achieved
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via preventative diabetic retinopathy screening (DRS). Many coun-
tries have used DRS to help manage the long-term impact and cost of
DM. The UK government, for example, set a DRS annual attendance
target of 80% (Yau, et al. [7]), which led to a marked reduction of
DR blindness amongst working-age adults. Although such examples
of success show that preventative diabetic retinopathy screening
(DRS) can reduce the long-term impact and cost of DR, the benefits
of screening are only realised if DM patients can be encouraged to
regularly attend DRS sessions.

Non-Attendance in Healthcare

DR scanning and treatment have improved considerably, especial-
ly in northern Europe, yet patient attendance still varies considerably
(Van Eijk [8]). In Saudi Arabia, the number of diabetic patients, and
the number of linked health complications, continues to rise (Yousef,
et al. [9]), yet the use of the DRS has been largely unsuccessful. Un-
derstanding of the factors impacting non-attendance in Saudi Arabi
is essential to health practitioners in the designing of relevant inter-
ventions; i.e. increasing attendance rates and improving preventive
care (Baumeister, et al. [10-13]). Although screening can reduce the
impact of DR, there appears to be considerable variation in patient
attendance in Saudi Arabia. Literature implies various reasons why
DM patients may not attend Diabetic Retinopathy Screening (DRS)
sessions; such as: lack of awareness, limited access to healthcare, fi-
nancial constraints, fear and anxiety, or complacency. Interestingly,
research investigating the cause of non-attendance has failed to con-
sider the impact of many sociodemographic, socioeconomic, and indi-
vidual characteristics, behaviours, or comorbidities.

Accordingly, this research identifies, as a result of individual dif-
ferences, how attendance factors vary across the population. The fac-
tors influencing a patient’s decision to attend a DRS session seem to
vary significantly over time, and patients that previously attended a
DRS session, but have now decided not to attend, may be influenced
by factors irrelevant to new patients, e.g. experience of the last ap-
pointment. Most studies, however, do not capture and compare data
from different attendance groups. To counter this, our analysis will
consider patients who

1) Attended a DRS session in the last 12 months (optimal at-
tendance),

2) Attended a DRS session more than 12 months ago (low at-
tendance), or

3) Have never attended DRS (no attendance). Factors associ-
ated with previous attendance should therefore be investigated
separately. The research questions considered in this research
are:

A.  RQ1. What Sociodemographic factors impact DRS atten-
dance within Saudi diabetic centres?

B. RQZ. What Socioeconomic Factors impact DRS atten-
dance within Saudi diabetic centres?

C. RQ3. What individual

a) Health behaviour and diabetic characteristics, and

b) Comorbidities significantly impact the likelihood of a pa-
tient not attending a DR screening?

Methodology
Study Design and Participants

As the research questions concerns identification of significant
variation amongst DR patients, a quantitative methodology was
deemed appropriate. Collection and analysis of quantitative electron-
ic medical data was used to identify factors impacting the defined
outcomes. Using an existing medical data increases the accuracy of
results; avoiding the potential response bias of self-reporting data.
Moreover, the use of a quantitative methodology allows a large sam-
ple size and reduction of experimenter bias; ensuring consistency in
data collection and analysis. The purpose and design of the current
study was systematically checked and carried out in line with the Uni-
versity of Reading (UK) ethical rules. Secondary data was obtained
(with full permission) from diabetic centers at King Fahad Medical
City and King Salman Hospital, Riyadh, Saudi Arabia. The clear sam-
pling criteria was DM patients (either type 1 or type 2 diabetes) aged
>18 years. Although both hospitals used electronic medical records,
the required information could only be captured by reviewing patient
data individually within the software application (as database access
was not possible). Participant identification, and data collection, re-
quired completion of two stages.

. The first stage related the identification of eligible patient
data from hospital medical records. Relevant contact information,
demographic (age, gender, ethnicity, marital status), socioeco-
nomic status (education level, income level, employment, resi-
dential location), and medical information (cigarette smoking,
body mass index (BMI), DM type, duration, and treatment, hy-
pertension, dyslipidaemia, glycaemic control, nephropathy, and
neuropathy) was collected for eight-hundred and twenty-four po-
tential participants (n=824). For each potential participant, atten-
dance status (i.e., optimal-attendance / low-attendance / non-at-
tendance) was the calculated. Syntactic and semantic uniformity
was used to ensure consistent capture of indicator information
(Appendix Table 1). Any missing data was identified and flagged.

. The second step required the researcher phoning each po-
tential participant to

i. Request ethical permission to use their data within the
study, and

ii.  To populate (where required) any missing data points. Con-
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tactable participants were told the purpose of the study. Partici-
pation consent had to be obtained from all participants, and the
participant was given the option to withdraw from the study at
any time. Several patients declined to participate and were ex-
cluded from the study. Many other potential participants were
non-contactable, and these were also excluded from the study.

Table 1 lists characteristics of the final sample (n=440) using
descriptive statistics. Within this sample, 21.6% of DM patients
had never attended a DRS session (non-attendance), 23.6% of DM
patients had attended a DRS session yet not within the last 12
months (low attendance), and 54% of DM patients had attended a
DRS session in the last 12 months (optimal-attendance).

Appendix Table 1: Study indicator syntax and semantics.

Variables Variable measurements scale Variables Category
>30=1 Saudi =1
31-40 year =2 Yamani =2
Age 41-50 year =3 Ethnicity Sudanese =3
Sociodemographic 51-60 year =4 Pilipino = 4
<60 year =5
Male =1 Marital status Single= 1 Married=2 Divorced=3
Gender
Female =2 Widowed =5
Saudi =1 <3000=1
Yamani = 2 <7000 =2
. Income level
Ethnicity Sudanese =3 (Saudi riyal) <10,000 =3
<15,000 =4
Pilipino = 4
15,000+ =5
Illiterate =1 Government employee =1
Primary =2 Nongovernment employee =2
Intermediate =3 Self-employed =3
Education level Employment
Secondary =4 Student =4
University =5 Housekeeping =5
Socioeconomic Vocational =6 Retired =6
Central =1
Eastern = 2
Resﬁent}al location Northern =3
eprivation
Southern =4
Western =5
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(<15 Km / m) - Severely underweight =1 (of No =0
16 - <18.5) Underweight = 2 °
(BMI of 18.5 - < 25 Normal (healthy weight) Yes =1
(BMI of 25- <30) Overweight = 4 .
Bodv Mass Ind Cigarette
ody MVass Index (BMI of 30- <35) Obese Class I (Moderately smoking
obese) =5
(BMI of 35- < 40) Obese Class II (Severely Ex-smoking =2
Health behaviour obese) = 6
and dl;??;;fczharac' (BMI of > 40) Obese Class III (Very severely
obese) =7
<5=1 Typel=1
Diabetes duration 6-9=2 Type of dia-
(years) 10-19=3 betes Type2 =2
=20 years = 4
Diet alone = 1 Oral medicine = 2 Insulin = 3
Treatment of DM
Insulin bump = 4 Liraglutide injection =5
; Controlled: <6.5=1 No=1
Hypell‘{gtl)yAcla ema - Dyslipidaemia
¢ Not controlled: 2 6.5 =2 Yes =2
Comorbidities
No=1 N n No=1
Hypertension Nephropat
P Yes =2 phropathy Yes =2
Table 1: Study Population Characteristics (n=440).
Variable Group n Percentage
Never attended - non-attendance 95 21.6
Attendance Last eye examination > 12 months - low 104 23.6
Last eye examination < 12 months - optimal 241 54.8
Male 171 38.9
Gender
Female 269 61.1
Saudi 423 96.1
Ethnicity
Non-Saudi 17 39
=30 101 23.0
31-40 years 55 125
) _ o Age 41-50 years 67 15.2
Sociodemographic characteristics 51-60 years 119 270
<60 years 98 223
Single 89 20.2
Married 296 67.3
Marital status
Divorced 20 45
Widowed 35 8.0

Copyright@ : Samraa Hussain | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009019. 49396


https://dx.doi.org/10.26717/BJSTR.2024.57.009019

Volume 57- Issue 3 DOI: 10.26717/BJSTR.2024.57.009019

<3000 92 20.9
3000- <7000 89 20.2
Income level (Saudi
. 7000 - <10,000 138 314
riyal)

100000 - <15,000 61 13.9
15000 or more 60 13.6
Government employee 74 16.8
Non-government employee 36 8.2
Self-employed 23 52

Employment
Student 45 10.2
Homemaker 177 40.2
Socioeconomic characteristics Retired 85 19.3
Central 358 81.4
Eastern 18 4.1
Residential location Northern 24 55
Southern 22 5.0
Western 18 41
Illiterate 73 16.6
Primary 68 15.5
Education level Intermediate 55 125
Secondary 90 20.5
University 130 29.5
Yes =1 167 38.0
Cigarette smoking No=2 253 575
Ex-smoker = 3 20 45
Severely underweight 1 02
Underweight 12 27
Body mass index Healthy weight 74 16.8
Health behaviour Overweight 128 291
Moderately obese 123 28.0
<5 88 20.0
6-9 102 23.2

DM Duration
10-19 182 414
>20 68 155
No 216 491

Hypertension
Yes 224 50.9
No 179 40.7

Dyslipidaemia
Yes 261 59.3
Normal 79 18.0

Glycaemic control
Diabetes comorbidities Abnormal 361 82.0
Neoh N No 328 74.5
ephropat
propaty Yes 112 25.5
No 361 82.0
Neuropathy

Yes 79 18.0
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Data Analysis Approach

Multiple models were used to consider different key factors. The
study used the AIC estimator to find the best approximating model
without overfitting it. AIC is calculated to consider

i)  The number of independent variables used to build the
model, and

ii)  The maximum likelihood estimates of the model (i.e., how
well the model reproduces the data).

The lowest final score model, when comparing the AIC full model
value (i.e., containing all the predictors) to the null model (or inter-
cept only model; i.e., no predictors) indicates the best fit for the data.
The -2 Log Likelihood index for the final model needed to be less than
its counterpart value for the null model, i.e,, in order to indicate that
the final model is a good fit. The statistically significant value of the
Chi-square indicates that the final model has a good predictive and
statistical significance, i.e., the final model predicts more accurately
than the null one. Diabetic Retinopathy Screening Uptake Predictors -
Understanding Diabetic Patients in Saudi Arabia

Table 2: RQ1 Model Fitting Information.

Results
Sociodemographic Characteristics

The result (Table 2) from the multinominal regression analysis
of (RQ1) presented how DRS attendance predictors related to socio-
demographic characteristics (age, gender, ethnicity, marital status).
Result indicated that the final model is a good fit for the data, as the
value of the Chi-square test was 37.048, which is statistically signifi-
cant at (p <.005). The results contain Likelihood Ratio Tests for the
same data within Table 3. Each variable (or predictor) is compared
to the whole model to determine whether each variable can be add-
ed to the full model, i.e. to determines the main contribution of each
predictor variable to the overall effect. Since the problem is a multi-
class problem with multiple possible outcomes, multinomial logistic
regression was used to determine the independent variables signifi-
cantly impacting DRS attendance, which involved predicting proba-
bilities across the three defined attendance scenarios. Multinomial
logistic regression analysis revealed significant association of some
independent variables with DRS attendance groups (Table 4).

Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Intercept only 211.121 207.121
Final 210.073 170.073 37.048 18 .005
Table 3: H1 Likelihood Ratio Tests.
Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Intercept 210.073 170.073a .000 0
Gender 209.539 173.539 3.465 2 177
Ethnicity 207.786 171.786 1.713 2 425
Age 215.513 191.513 21.439 8 .006
Marital status 208.251 180.251 10.178 6 117
Copyright@ : Samraa Hussain | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009019. 49398
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Table 4: Factors associated with DRS attendance.

Variables Last Eye Examination (> 12 months) Last Eye Examination (< 12 months)
Attendance * B Std. Error Wald Sig. Egi(llz B Esr if;'r Wald Sig. ti?) dgi;};-)
xp(B)
Intercept -.896 1.088 679 410 1.541 762 4.087 .043
[Age <30 years] 1.860 .708 6.910 .009 6.424 1.229 639 3.700 .054 3.419
[Age = 31-40 years] .688 532 1.673 196 1.990 .069 A72 021 .884 1.072
) [Age = 41-50 years] -.243 499 238 .626 784 -.343 406 712 .399 710
32;11?,__ [Age = 51-60 years] -726 444 2.676 102 484 -.568 344 2.715 .099 567
z‘éﬁ z};;lcif [Age > 60 years] ob ob
teristics [Marital Status = Single] -.860 .898 917 338 423 -1.511 | 745 4111 .043 221
[Marital Status = Married] 261 .665 154 .694 1.299 -467 508 846 358 627
[Marital Status = Divorced] | -.058 1.118 .003 959 944 400 794 254 614 1.493
[Marltalos‘:lzztclll]s Wid ob ob

Only age and marital status were found to have a significant im-
pact on DRS attendance between category groups. When comparing
non-attendance and low-attendance groups, patients who were 30
years (or younger) were 6.4 times more likely to have low attendance
rather than non-attendance (b=1.860, s.e.=.708, p<.01). When com-
paring non-attendance with optimal attendance, younger patients
(<=30) were also 3.4 times more likely to have optimally attendance
rather than non-attendance (b=1.229, s.e.=.639, p=.05, OR=3.419) -
see Table 4. Marital status significantly impacts DRS attendance; i.e.
when comparing non-attendance with optimal DRS attendance (b=-
1.511, s.e.=.745, p=.04). Single patients were only 4% as likely to at-
tend as married patients, and single patients were only 22% as likely
to attend DRS as widowed patients (OR=.221). This result implies that
single patients are significantly more at risk to developing health is-
sues is left unmanaged.

Table 5: RQ2 Model Fitting Information.

Socioeconomic Variables

The result from the multinominal regression analysis of (RQ2)
presented the results of the DRS attendance predictors related to so-
cioeconomic characteristics (education level, income level, employ-
ment, living environment). This result indicated that the final model
is a good fit for the data, as the value of the Chi-square testis 107.467,
which is statistically significant at (p <.0001), as shown in Table 5.
The results contain Likelihood Ratio Tests for the same data within
Table 6. Each variable (or predictor) is compared to the whole model
to determine whether each variable can be added to the full model,
i.e. to determines the main contribution of each predictor variable
to the overall effect. Education level (b=-1.638, s.e.=.810, p=.043),
residential location (b=-3.67, s.e.=.841, p<.0001), and income level
(b=2.027, s.e.=.732, p=.006) were found to be significant predictors,
when comparing non-attendance with optimal attendance (Table 7).
Adult patients with only a vocational education (i.e., intermediate)
were significantly less likely to have optimal DRS session attendance
(OR=.194).

Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Intercept only 559.455 555.455
Final 523.987 447.987 107.467 36 .000
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Table 6: RQ2 Likelihood Ratio Tests.

Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Intercept 523.987 447.987a .000 0
Education level 514.921 458.921 10.933 10 363
Income level 583.043 523.043 75.056 8 .000
Employment 514.942 458.942 10.955 10 361
Living environment 522.311 462.311 14.323 8 .074

Table 7: Factors associated with DRS attendance.

Variables Last Eye Examination (> 12 months) Last Eye Examination (< 12 months)
Std. : oL Std. . O
Attendance * B Error Wald Sig. Ratio B Error Wald Sig. Ratio
Exp(B) Exp(B)
Intercept 1.043 1.265 .680 410 3.169 1.143 7.683 .006
[Education level = Illiterate] -1.357 926 2.146 143 258 -.852 828 1.058 304 427
[Education level = Primary] -.879 .895 964 326 415 -822 823 996 318 440
[Education level = Intermediate] -1.515 .889 2.905 .088 220 -1.638 810 4.086 .043 194
[Education level = Secondary] -.842 836 1.014 314 431 -1.282 779 2.707 .100 278
[Education level = University] -.702 811 .749 387 496 -.828 754 1.206 272 437
[Education level Vocational] ob ob
[Income level = <3000] SR -2.258 988 5.226 022 105 -3.670 841 19.022 .000 025
[Income level = 3000- <7000] SR -.503 967 270 .603 605 -2.580 841 9.425 .002 076
Socioeco-
nomic char- | [Income level = 7000 -<10000] | o5y | o930 | 078 | 780 | 771 | 2998 | 819 | 13401 | 000 | 050
acteristics SR
[Income level = 100000 -
<15,000] SR -1.188 998 1.415 234 305 -2.861 .855 11.196 .001 057
[Income level = 15000 or b "
more] SR 0 0
[Residential location = Central] 687 662 1.075 .300 1.987 2.027 732 7.673 .006 7.593
[Residential location = Eastern] 223 891 063 .802 1.250 1.161 943 1.513 219 3.192
[Residential location = Northern] 753 891 715 .398 2124 1.868 916 4.162 .041 6.478
[Residential location = Southern] 831 854 946 331 2.295 1.036 919 1.270 260 2.817
[Residential location = Western] ob ob

Patients with a low income, i.e., less than 3000 Saudi Riyal per
month, were also found to be significantly more likely to have non-at-
tendance; i.e. when compared to either low attendance (b=- 2.258,
s.e.=.988, p=.022) or optimal attendance (b=-3.670, s.e.=.988, p=.022)
groups. Interesting all income groups, when compared to the high-
est income category, i.e.,, 15000 or more Saudi Riyal per month, were
significantly less likely to achieve optimal attendance. This result

suggests that the cost of attendance - whether this is time and/or fi-
nance - impacts most patients in achieving optimal attendance at DRS
sessions. Finally, residents who live in urbanised central regions, are
significantly more likely to have optimal attendance (OR=7.59); sup-
porting the suggesting that ease of access, and cost in time / money,
required to attend the DRS attendance is a significant driver behind
DRS session attendance.
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Health Behaviour

The result from the multinominal regression analysis of (RQ3a)
present the results of the DRS attendance predictors related to
health-related behaviour and diabetes characteristics (i.e. Smoking,
Body Mass Index {BMI}, type of Diabetes Mellitus {DM}, diabetes du-
ration, and DM type). The value of the Chi-square test as an indica-
tor of the final model’s goodness-of-fit is equivalent to 90.028, which

Table 8: RQ3a Model-Fitting Information.

is statistically significant at (o <.001). This indicates the statistical
significance of the final model fit, as shown in Table 8. Smoking was
the only health-related factor that significantly impacts patient atten-
dance (Table 9). Patients who smoke are more likely than non-smok-
ing diabetic patients to not attend the DRS regularly (b=-3.131,
s.e.=1.163, p=.007) or optimal attendance (b=-2.406, s.e.=1.068,
p=.024) behaviour - see Table 10.

Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Intercept only 520.880 516.880
Final 498.852 426.852 90.028 34 .000
Table 9: RQ3a Likelihood Ratio Tests.
Model-Fitting Criteria Likelihood Ratio Tests
Model
AIC -2 Log Likelihood Chi-Square df Sig.
Smoking 536.261 472.261 45.409 4 .000
Body Mass Index (BMI) 486.415 438.415 11.563 12 481
DM duration 492.817 432.817 5.966 6 427
DM treatment 483.791 431.791 4.939 10 895
DM type 497.138 429.138 2.286 2 319

Table 10: Factors associated with DRS attendance.

Variables Last Eye Examination (> 12 months) Last Eye Examination (<12 months)
Std. . Odds Ra- . Odds Ratio
a
Attendance B Error Wald Sig. tio Exp(B) B Std. Error | Wald | Sig. Exp(B)
Intercept 1.729 1.467 1.388 239 2418 1.328 3.314 .069
Health [Clgar‘f‘?;‘]‘“’kmg 3131 | 1163 7.248 007 044 2406 | 1068 | 5075 | .024 090
behaviour - -
and dia- | [Cigarette smoking | 505 | 150 760 383 367 41301 | 1074 | 1466 | 226 272
betes = No]
[Cigarette smoking= 0b 0b
Ex- smoking]

Testing Comorbidities

The result from the multinominal regression analysis of (RQ3b)
present the results of the DRS attendance predictors related to co-
morbidities. Comorbidities refers to the presence of two or more
chronic conditions or diseases in a person at the same time. Multi-
nominal regression analysis was conducted to test the DRS atten-
dance predictors related to diabetes comorbidities (Hypertention,
Dislipidemia DLP, Glycaemic Control, Nephropathy, Neuropathy). This
result indicated that the final model is a good fit for the data, as the

value of the Chi-square test is 23.788, which is statistically signifi-
cant at (p =.008), as shown in Table 11. The value of the Chi-square
in Table 12 is statistically significant at (p <.05) in the case of the two
variables (Hypertension, Nephropathy). This indicates that both con-
tribute statistically to the prediction of the dependent variable Diabe-
tes Retinopathy Screening attendance (DRS attendance). The values
of the other Chi-squares are not statistically significant in the case,
which indicates that they are too weak to contribute to predicting the
dependent variable (DRS attendance).

Copyright@ : Samraa Hussain | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009019.

49401


https://dx.doi.org/10.26717/BJSTR.2024.57.009019

Volume 57- Issue 3

DOI: 10.26717/BJSTR.2024.57.009019

Table 11: Comorbidities Model-Fitting Information.

Model-Fitting Criteria Likelihood Ratio Tests
Model AIC -2 Log Likelihood Chi-Square df Sig.
Intercept only 180.849 176.849
Final 177.060 153.060 23.788 10 .008
Table 12: Comorbidities Likelihood Ratio Tests.
Model-Fitting Criteria Likelihood Ratio Tests
Model

AIC -2 Log Likelihood Chi-Square df Sig.

Interception 177.060 3.& 650a .000 0
Hypertension 179.791 An 159.791 6.731 2 .035
Dyslipidemia 173.097 153.097 .037 2 982
Hyperglycemia HbAlc 176.826 156.826 3.765 2 152
Nephropathy 184.656 164.656 11.595 2 .003

Hypertension and nephropathy predicted DRS attendance. Pa-
tients who did not have hypertension had a 2.3 times higher likeli-
hood of low attendance (b=.847, s.e.=.350, p=.016) rather than not
attendance; though optimal attendance was not significantly im-
pacted by existence of hypertension - see Table 13. patients without

Table 13: Factors associated with DRS attendance.

neuropathy are less likely to attend both low-attendance screenings
(b=-1.181, s.e.=.376, p=.002) or optimal (b=-903, s.e.=.337, p=.007)
attendance group - see Table 13; suggesting that existence of ne-
phropathy has a significant impact on patient ability to manage atten-
dance at a DRS session.

Variables Last Eye Examination (> 12 months) Last Eye Examination (<12 months)
Attendance 2 B Std. Error | Wald Sig. OdEcispg;;tio B Esrtrtti).r Wald Sig. Od];].;, P{]{;;tio
Intercept 1.104 440 6.286 012 1.641 401 16.737 .000
[Hypertension = No] 847 350 5.851 016 2.333 232 293 630 427 1.262
[Hypertension = Yes] ob ob
?;f)fgfgftfe"s [HbA1c = Normal] 743 391 3.611 057 476 -292 | 298 961 327 747
[HbAlc = Abnormal] ob . ob .
[Nephropathy = No] -1.181 376 9.851 .002 .307 -903 337 7.188 .007 405
[Nephropathy = Yes] ob ob
Discussion cation, and annual screening is advised, this study found that 23.6%

Although preventative screening has been established in many
Saudi hospitals, many patients with diabetes fail to access this ser-
vice, and therefore fail to benefit from an annual provision that would

i)  Help patients manage the onset of DR,
ii) Improve DM patient health and well-being, and

iii) Reduce the significance of the financial and social impact of
DM in Saudi Arabia. Investigating the factors associated with DRS at-
tendance is key to increase the uptake of DRS screening; itself essen-
tial to managing interventions that improve patient long-term care
and wellbeing. Although DR is the most common diabetes compli-

of diabetic patients had not attended DRS for more than 12 months,
while 21.6% had never done so.

RQ1 - Sociodemographic Factors

When considering sociodemographic variables, age and marital
status (but not gender and ethnicity), were found to significantly af-
fect DRS attendance.

Age: The findings presented in this study are in conflict with
numerous studies published in the USA, Canada, and South Korea
(Rim, et al. [11,14]); and many implying that a lower DRS uptake is
expected in younger patients (Cook, et al. [11,15,16]), for example,
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showed that elderly Koreans were much more likely to use eye-care
services than younger Koreans. Rim et al. suggested that elderly in-
dividuals have more free time, and are more able to attend screening
appointments. Our results showed that Saudi Arabian patients under
30 years in age are significantly more likely to attend DRS screening
than older patients. Interestingly this result aligns with the findings of
Salam and Siddiqui’s [17], who showed that patients under 40 were
more compliant with dietary appointments; since comorbidities can
reduce the mobility of elderly patients. The issue of decreasing mobil-
ity raises a serious question - Are elderly patients physically able to
travel to, and/or access, DRS services. If older DM individuals strug-
gle to travel to, or are not able to practically access the DRS sessions,
then increased non-attendance in elderly groups is explained. Since
non-attendance has a significant impact on the long-term health and
wellbeing of patients, and the cost to the state, this is question of mo-
bility and access needs to be considered by Saudi health authorities.

Marital Status: Rim, et al. [11] showed that diabetic patients
without a spouse were less likely to visit an eye clinic than diabetic
patients with a spouse. Salam and Siddiqui’s [17] found that married
Saudi diabetic patients were more compliant with medication. Lee
[18] showed that bereaved Korean diabetic patients had a significant-
ly lower attendance than married patients. Our study also confirmed
this result, and also identified that single individuals are significantly
less likely to achieve optimal DRS attendance than either married or
widowed patients. The impact of a spouse is undeniable in a diabetic
patient’s life. The existence of a partner increases the likelihood of a
patient attending a DRS session, which is key to their long-term health
and well-being. Additional research is certainly needed to

i) Determine whether the existence of a spouse influences: so-
cial pressure, care support (including increasing mobility), posi-
tive mental health and/or well-being, and

ii)  What barriers exist for single DM patients and these barri-
ers might be overcome. The non-significance of gender also cor-
roborates the findings of Sachdeva, et al. [19] who also claimed
that gender did not impact DRS attendance.

RQ2 - Socioeconomic Factors

Several UK studies have investigated the impact of deprivation
on DRS uptake (e.g. Lindenmeyer, et al. [20,21]). Since Saudi Arabia,
unlike the UK, does not possess an explicit Index of Multiple Depriva-
tion (IMD), this research examined the most common socioeconomic
characteristics; i.e., education level, employment type, residential lo-
cation, and income. Our findings showed that all socioeconomic fac-
tors, except employment status, were found to be significant in pre-
dicting DRS attendance.

Education Level: Knowledge, gained through education, pro-
vides patients with an understanding, and health literacy, that sup-
ports the control and management of their health-related behaviour
and lifestyle (Lee, 2015). Our finding suggest that poorly educated
patients were less likely to achieve optimal DRS attendance than

highly educated ones, which is consistent with the assertion of pre-
vious researchers (Rim, et al. [10,11,22]). Interestingly, Al-Shehri, et
al. [23] showed that less-educated Saudi diabetic patients expressed
significantly fewer concerns about their health than those in higher
education, suggesting that awareness does improve DRS attendance,
but can also improve patient anxiety. It is tempting to suggest that
ignorance is bliss, however Saudi-based research by Alzahrani, et al.
[24], found that 59% of patients knew that diabetes can cause blind-
ness, but most were unaware that DR was the mechanism, and that
this could be measured and managed. Lower- educated, and partially
informed patients, seemingly fail to appreciate the value of preven-
tive care in avoiding longer-term DM complications (Baumeister, et al.
[10,11,18]). Ignorance negatively impacts a patients’ ability to avoid
significant DM complications, and our finding agree with existing re-
search (e.g., Herath [25]) that claims that general education in critical;
especially concerning the importance of DRS attendance to long-term
management of health and well-being.

Income: Some studies suggest that low income is not an obstruc-
tion to DRS attendance, since the cost of screening is covered by the na-
tional health services or insurance (Rim, et al. [11). Although (in Sau-
di Arabia) the medical cost of DRS session is covered, our results show
that patients with higher income were significantly more likely than
lower-income diabetics to attended a DRS session; demonstrating a
clear association between household income and DRS attendance.
Our results echo findings that household income positive influences
DRS rates (Assefa, et al. [11,18,26]). Furthermore, it is suggested that
low income negatively impacts both diabetic patients’ access to med-
ical services and their treatment-related perceptions and behaviour.
Duan, et al. [27] found that 75% of interviewees with proliferative
DR reported economic concerns, and that some had concealed health
problems or delayed accessing health treatment for financial reasons.
Moreover, economically deprived patients are often forced to choose
the nearest healthcare provider during the early stages of treatment
(due to travel costs). Further investigation of the impact of cost on
patient behaviour is certainly needed; i.e., to determine why DRS at-
tendance is impacted despite the lack of direct treatment cost.

Residential Location: Previous research, examining the effect
of rural versus urban residence on DRS attendance, has shown that
restricted access to services, and the additional effort required to at-
tend DRS sessions, makes non-urban citizens more likely to miss DRS
appointments (Rim [11,18,28]). Consistent with this result, we found
that patients in the largely urban Central district of Saudi Arabia were
significantly more likely to attend an appointment every 12 months
(i.e., optimal attendance); confirming that the location of DR screen-
ing centres impacts screening uptake (Hipwell, et al. [18,29]). Making
attendance easy, and removal of attendance barriers is key to patient
attendance. Home visits, and the use of mobile screening units, which
are designed to bring retinal imaging and screening services to more
convenient locations, are certainly a solution that should be consid-
ered by policy makers and/or medical care practitioners in more ru-
ral areas.
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RQ3a - Health Behaviour and Diabetic Characteristics

Previous research show that the time elapsed since DM diagno-
sis significantly impacts DRS attendance; with authors discussing the
growing importance of annual examination to patients’ health and
wellbeing (Lee 2015; Low, et al. [16,21,28]). Similarly, health-related
characteristics (such as BMI and DM type) can influence the patients
need to keep DRS appointments (Scanlon, et al. [16,28]). Our study
found that only smoking status (but not BMI, DM duration, or DM
type) will significantly influence DRS attendance.

Smoking Behaviour: Our results show that smokers were much
more likely than non-smokers (or ex- smokers) to be in the low- or
non-attendance groups. This result confirms the findings, in context
of Saudi Arabia, presented previously in Baumeister [11,18], which
states that non-smokers have the highest rates of DRS. Although addi-
tional qualitative research is required to fully understand this result,
we infer that non-smokers are more health aware, and more likely
to pay attention to public health campaigns and educational mate-
rials about the impact and dangers of poor behaviour, which could
contribute to their increased onus concerning the importance of DRS
attendance.

RQ3b - Comorbidities

Diabetes mellitus is associated with comorbidities including hy-
pertension, dyslipidaemia, retinopathy, neuropathy, and nephropa-
thy; and many diabetic patients receive hospital care for multiple DR
related comorbidities. Much research identifies comorbidities as a
compounding risk factor for DR patient health (Karolj, et al. [21,30]).

Hypertension: Rim, et al. [11,28] stated that DM patients with
comorbidities, utilised medical services more often. Our results
showed, however, that DM patients without blood pressure issues
were more significantly likely (i.e., than patients with hypertension)
to undertaken low- attendance instead of non-attendance. High blood
pressure is caused by a combination of genetic, environmental, and
lifestyle factors, but there is a strong correlation in literature between
the existence of blood pressure and self-efficacy (Zareban, [31]); i.e.,
an individual’s belief in their own ability to successfully perform
a specific task or achieve a particular goal. Our result is consistent
with the findings of other studies (Sachdeva, et al. [11,19,32]) that
suggests that patients who are more driven towards achieving a goal,
are more likely to manage their health and/or overcome the barriers
limiting DRS attendance. Additional research is certainly needed to
investigate the direct impact of self-efficacy on DRS attendance.

Nephropathy: Patients without nephropathy (kidney disease)
were found to be significantly less likely than those with kidney dis-
ease to be in low or optimal attendance group - see Table 13. This re-
sult suggests DM patients suffering from kidney disease are less likely
to attend DRS sessions. It is not clear from our results why this is so.
The treatment of nephropathy typically involves a combination of
lifestyle changes (e.g. initially regular exercise and dietary modifica-

tion), medication (including medications to manage blood pressure,
control blood sugar levels, and underlying conditions like diabetes or
autoimmune disorders), and, in some more advanced cases, medical
interventions (such as dialysis). Additional research is required to
understand our result for different levels of nephropathy, as the bar-
riers limiting DRS session attendance most likely changes over time.
Our result highlights that the existence of comorbidities significantly
impacts patients’ DRS attendance, however there appears some vari-
ance, as a result of the comorbidity type, and additional research is
certainly required to investigate the causes for barriers for different
patient groups.

Conclusion

Although the prevalence of diabetes is rising in the Kingdom of
Saudi Arabia, limited research has been done to fully understand
the local DM complications in order to design effective preventative
care management. This exploratory study considers how sociodemo-
graphic (RQ1), socioeconomic (RQ2), and health-related behavioural
factors (including comorbidities) (RQ3) impact screening attendance
behaviour. The results address the three defined research questions,
and supports the identification of high-risk groups, i.e., patients less
likely to attend DRS sessions. This study identified that age and mar-
ital status (sociodemographic factors), Education level, Income, and
residential location (socioeconomic), and Smoking, Hypertension
and Nephropathy (health-related behavioural factors) all significant-
ly impact patient DRS attendance. Many of the barriers to patient DRS
session attendance appear linked to access and mobility issues, yet
the use of a quantitative methodology prevents us from undertaking
critically discussion as to why these factors impact attendance and/
or how barriers need to be addressed in order to facilitate equity to
health services. The authors recommend further qualitative elabora-
tion why factor significance exists. Future research is also required to
support healthcare providers in the effective design, implementation,
and maintenance of behavioural intervention mechanisms.
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