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ABSTRACT

Introduction: Poor glycemic control is a serious
challenge in successful diabetes management.
Given the low adherence and compliance with
HbA1c testing frequency and the corresponding
delay in the appropriate medication adjustment,
point-of-care testing (POCT) for HbA1c provides
an opportunity for better control of diabetes and
higher patient satisfaction. The data with this
regard are limited in Saudi Arabia. Therefore, we
aimed to assess the level of patient satisfaction
associated with the POCT service implementa-
tion for HbA1c and evaluate the differences
between the number of requested and conducted

HbA1c tests before and after POCT implementa-
tion and its effect on glycemic control in Saudi
clinical practice.
Methods: We conducted a single-center ambis-
pective descriptive cohort study in Riyadh,
Saudi Arabia. This study had two phases: the
retrospective phase (January 2017 to December
2017) and the prospective phase (January 2018
to December 2018). Patient satisfaction was
assessed using the patient satisfaction ques-
tionnaire short form (PSQ-18) and on-site
HbA1c point-of-care testing (HbA1c-POCT) sat-
isfaction questionnaire.
Results: This study included 75 patients with
diabetes (37%type 1,63% type 2)with a meanage
of 44.35 (± 17.97) years. The adherence to
physician recommendations for HbA1c testing
frequency increased from 24% to 85% (before and
after POCT implementation, respectively). High
levels of satisfaction across seven dimensions of
PSQ-18 (77–88%) were reported towards the pro-
vided healthcare service after POCT implemen-
tation. Furthermore, a high level of agreement on
the statements of the on-site HbA1c-POCT satis-
faction questionnaire was also observed. Finally,
the mean HbA1c level has significantly improved
after POCT implementation compared to the
traditional HbA1c laboratory testing before POCT
implementation [8.34 ± 0.67 and 8.06 ± 0.62,
respectively, p\0.001).
Conclusion: HbA1c testing at POCT improved
adherence to recommendations for HbA1c testing
frequency for better glycemic control and higher
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patient satisfaction. POCT reduces turnaround
time, improves glycemic control, and facilitates
the decision-making process. HbA1c measure-
ment with POC devices is recommended to be
implemented in diabetes treatment centers. All of
the described benefits of POCT come together to
make HbA1c testing the most common procedure
for diabetes management at the point of care.

Keywords: Diabetes; Point of care; POCT; PSQ-
18; HbA1c; Saudi Arabia

Key Summary Points

Why carry out this study?

Data regarding the value of point-of-care
testing (POCT) for HbA1c in Saudi Arabia
are scanty. Therefore, we conducted this
study to assess the level of patient
satisfaction with the POCT for HbA1c.

As a result of the notable low adherence
and compliance with HbA1c testing
frequency in clinical practice, we
evaluated the differences between the
number of requested and conducted
HbA1c tests before and after POCT for
HbA1c implementation to determine the
level of adherence to HbA1c testing.

Poor glycemic control is a serious
challenge in successful diabetes
management. Therefore, we assessed the
value of implementing the POCT for
HbA1c in clinical practice to improve the
level of glycemic control.

What was learned from the study?

In comparison to traditional HbA1c
laboratory testing, POCT implementation
has significantly improved glycemic control.

The POCT service implementation was
associated with an enhanced level of
adherence to physician recommendations
for HbA1c testing.

We observed a high level of agreement on
the on-site HbA1c-POCT satisfaction
questionnaire’s statements.

INTRODUCTION

Diabetes mellitus (DM) is one of the top public
health challenges that drive a major burden on
global public health [1]. The disease prevalence
has risen considerably in the vast majority of
both developed and developing countries over
the past decades [2–4]. According to the Inter-
national Diabetes Federation (IDF), DM affected
about 463 million adult individuals around the
world in 2019. This figure will increase to
548 million by 2045 if no significant interven-
tions are implemented to prevent or control the
disease [5]. With regards to the Middle East and
North Africa (MENA) region, the prevalence of
diabetes in adults was estimated to be
54.8 million people as per the IDF 2019 and
might be increased to 107.6 million by 2045 [5].
The total prevalence of DM in the Kingdom of
Saudi Arabia (KSA) was 14.4% according to the
World Health Organization (WHO) diabetes
country profile [6].

Monitoring the blood glucose level assessed
with the glycosylated hemoglobin (HbA1c) test
usually takes place in primary care clinics and
requires multiple visits by the patient [7]. Fur-
thermore, the delay in communicating HbA1c
test results, due to the time consumed between
visits, can delay important modification or
intensification of the treatment plan and reduce
patient adherence [8]. On a real-world basis,
compliance with HbA1c test frequency is very
limited and can be observed in only 7% of
patients with diabetes [9]. As reported by
NHANES (National Health and Nutrition
Examination Survey), only 63.7% of patients
with diabetes achieve their goal for HbA1c [10].

Previously, insulin, metformin, and sul-
fonylureas were the only available treatment for
diabetes, followed by thiazolidinones and acar-
bose in the late 1990s. In the twenty first cen-
tury, new antidiabetic agents have been
launched, including sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors, glucagon-like pep-
tide 1 (GLP-1) receptor agonists, dipeptidyl
peptidase 4 (DPP4) inhibitors, and colesevelam.
The American Diabetes Association and the
European Association for the Study of Diabetes
(ADA/EASD) revised their type 2 diabetes care
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guidelines in 2015. Following the use of met-
formin as the first-line treatment, they recom-
mend that any of the other therapeutic classes,
including basal insulin, could be the second
line, and any other combination could be the
third or fourth line, while injectable therapy
was highlighted as the fourth line in addition to
the preceding agent [11]. On the other hand,
multiple daily insulin injections utilizing bolus
insulin or continuous subcutaneous infusion
are the recommended therapy for type 1 dia-
betes [12, 13].

High HbA1c levels observed in 50–60% of
patients with diabetes are attributable to either
not receiving adequate care plans or non-ad-
herence to their plan. Furthermore, diabetes
management failure following treatment
intensification is mainly caused by delayed
treatment escalation [14]. Eventually, address-
ing poor glycemic control is seen as a serious
challenge in successful diabetes management
[8].

In 2004, many focus groups and in-depth
interviews by Brown et al. were conducted with
key stakeholders and health professionals and
recommended introducing the near-patient
point-of-care testing (POCT) devices to clini-
cians, nurses, and diabetes educators for better
glycemic control [15]. POCT could be defined as
‘‘testing at or near the site of patient care
wherever that medical care is needed for which
the result is available without reference to a
laboratory and perhaps rapidly enough to affect
patient management’’ [16]. In 2021, the ADA
standards of medical care recommended the use
of POCT for HbA1c in order to provide patients
with well-timed treatment changes [7]. A wide
range of instruments can be used in POCT,
including benchtop or handheld devices to
provide rapid results within only a few minutes
[17]. This approach of providing immediate
feedback at the site of patient care can improve
the traditional fragmented process of monitor-
ing patients over multiple visits [18]. In addi-
tion, POCT allows the opportunity for
immediate face-to-face discussion between the
healthcare provider and the patient, along with
permitting any necessary treatment changes to
take place within a single consultation. POCT
for HbA1c was shown to improve treatment

outcomes and diabetes management compared
to the traditional HbA1c laboratory testing
[9, 10, 16].

Patient satisfaction with POCT for HbA1c is
an essential factor in the assessment process of
this technology to be expanded in the medical
practice [19, 20]. Patient satisfaction is a cost-
effective and straightforward approach to eval-
uating healthcare effectiveness because it rep-
resents the continuous enhancement of the
healthcare system [21]. Data from the literature
suggest that the implementation of POCT for
HbA1c was associated with reducing turn-
around time, improving the patient glycemic
index, providing timely test results along with
treatment modifications, facilitating the deci-
sion-making process, avoiding multiple patient
visits, and allowing for better discussion
between patient and provider; altogether, it
may contribute considerably to the patient level
of satisfaction and overall impression
[17, 19, 22–24]

We conducted this study to assess the level of
satisfaction associated with the implementation
of POC for HbA1c testing in large tertiary care
hospitals in Saudi Arabia, to evaluate the
patients’ adherence to physician recommenda-
tions for HbA1c testing frequency before and
after the POCT implementation, and lastly to
determine the common reasons for not per-
forming traditional HbA1c tests.

METHODS

Study Design and Procedures

We conducted a single-center ambispective
descriptive cohort study at the Department of
Endocrinology and Diabetes, Diabetes Treat-
ment Center, Prince Sultan Military Medical
City (PSMMC), Riyadh. Patients with diabetes
who attended our center from January 2017 to
December 2018 were eligible for participation in
this study. The study protocol was approved by
the Research and Ethics Committee of PSMMC
(IRB approval No. 1486). After we clearly
explained the objectives and research method-
ology, all participants provided oral and written
informed consent before completing the study
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measurement. For patients 18 years of age or
younger, verbal consent from the patients and
written informed consent from their par-
ents/caregivers were obtained. Our study was
performed in accordance with the Helsinki
Declaration of 1964, and its later amendments.

This study was part of the PSMMC local
experience to determine the clinical effective-
ness and patient satisfaction of on-site POCT for
HbA1c testing using the Cobas b 101 HbA1c
analyzer, a point-of-care device manufactured
by Roche. The Cobas b 101 device is a reliable
POC HbA1c analyzer with good correlation with
the laboratory method and a high rate of pre-
cision [25].

In the first phase of the study, January 2017
to December 2017, a retrospective data collec-
tion of the actual number of HbA1c tests per-
formed in the laboratory and the average of
HbA1c% were obtained from medical charts to
be compared with the same parameters follow-
ing implementation of POCT prospectively
during the period from January to December
2018 (second phase). The patient satisfaction
with on-site HbA1c% testing was also moni-
tored using an anonymous POCT patient satis-
faction survey and patient satisfaction
questionnaire short form (PSQ-18).

Study Population

We considered any patient attending the POCT
service at PSMMC. All patients who required
HbA1c testing for DM monitoring as deemed
appropriate by their treating physician during
the retrospective phase of the study (January
2018 to December 2018) were eligible to receive
HbA1c POCT if they (1) agreed to participate in
the study and sign the informed consent form
and (2) had retrospective data for the last 1 year
before implementing the POCT. A total of 75
patients who received POCT were given an
anonymous POCT patient satisfaction survey
and patient satisfaction questionnaire short
form (PSQ-18) at the end of phase 2 of the
study.

Study Objectives and Data Collection

The primary objectives of this study were to
evaluate differences between the number of
requested HbA1c tests before the implementa-
tion of on-site HbA1c service (January 2017 to
December 2017) and the actual number of
HbA1c tests performed in the laboratory, to be
compared to the same parameters following
implementation of this service (January to
December 2018) and its impact on POCT
patient-reported satisfaction, and patient satis-
faction questionnaire. Secondary objectives
were (1) to determine the impact of the place of
residence, type of DM, and gender on the
patient satisfaction questionnaire after imple-
menting the POCT, and (2) to collect the most
common reasons for not performing traditional
HbA1c testing in the laboratory before imple-
menting the POCT.

To achieve these objectives, the following
data were collected:

(1) Baseline information including sociode-
mographic and clinical characteristics
(age, gender, place of residence, treatment
modality, and DM duration.

(2) Retrospective data collection: clinic sched-
ules and visit records were retrospectively
reviewed from January to December 2017
(before POCT implementation) to identify
the number of requested HbA1c tests and
the average HbA1c% compared to the
number of performed HbA1c tests for each
patient.

(3) Prospective data collection: clinic sched-
ules and visit records were prospectively
monitored from January to December 2018
(after POCT implementation) to identify
the number of requested HbA1c tests and
the average HbA1c% compared to the
number of performed HbA1c tests for the
same patient. Satisfaction was measured at
the end of this period using the level of
agreement with various statements in the
patient satisfaction questionnaire (PSQ-18)
and the on-site point-of-care testing satis-
faction questionnaire.
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Assessment of Patient Satisfaction

Satisfaction with HbA1c on-site POCT was mea-
sured using the patient satisfaction question-
naire short form (PSQ-18) [26]. The PSQ-18
assesses 18 items probing seven dimensions of
patient satisfaction, including general satisfac-
tion (2 items), technical quality (4 items), inter-
personal manner (2 items), communication (2
items), time spent with the doctor (2 items),
accessibility and convenience (4 items), and
financial aspects (2 items). The highest satisfac-
tion with medical care receives a score of 5, and
the lowest satisfaction with medical care receives
a score of 1. The questionnaire is available for free
in the public domain [27]. The full instructions
for using the PSQ-18 is presented are Table S1 in
the supplementary material.

In addition, the on-site HbA1c point-of-care
testing (HbA1c-POCT) satisfaction questionnaire
[16] was used to assess the patient satisfaction
towards the POCT implementation [20]. This
questionnaire includes eight statements; these
addressed six categories: collection process,
confidence in the process, confidence in the
result, convenience, cost, and disease manage-
ment. Participants were asked to indicate how
strongly they agreed/disagreed with the survey
statements concerning their satisfaction with
aspects of the on-site Cobas b 101 HbA1c Ana-
lyzer point-of-care testing using a visual ana-
logue scale as presented in Table S2 in the
supplementary material.

Statistical Analysis

The data were analyzed using SPSS version 25
software. All categorical variables are presented
in frequency and percentage, whereas the con-
tinuous variables are presented with descriptive
statistics (median, mean, SD, and IQR). Data
normality was tested by the Kol-
mogorov–Smirnov test. To compare the baseline
data and the outcome variables on a continuous
scale, paired t test or Wilcoxon signed ranks test
were used as appropriate for paired data com-
parisons. However, independent t test or the
Mann–Whitney test was used for independent
data comparison as appropriate. To compare the

categorical variables, chi-square was used. An
alpha level below 0.05 was used to indicate sta-
tistical significance. Sample power estimation
was performed using G*Power 3.1.9.2. With 75
patients, the study was able to detect an effect
size of 0.34 standard deviations for the paired
comparison of the primary endpoint using the
Wilcoxon signed ranks test with a power of 81%
and alpha error level of 5%.

RESULTS

Sociodemographic Characteristics

Out of 87 invited patients who fulfilled the eli-
gibility criteria, only 75 patients with a mean

Table 1 Summary of patients’ characteristics

Variables Values (n = 75)

Age, years

Mean (± SD) 44.35 (± 17.97)

Median (range) 45 (15–81)

Male gender, n (%) 39 (52%)

Geographic regiona

Riyadh 52 (69.3%)

Outside Riyadh 19 (25.3%)

Type of DM

T1DM 28 (37.3%)

T2DM 47 (62.7%)

Treatment

Insulin 22 (29.3%)

Insulin pump 11 (14.7%)

OHA 11 (14.7%)

OHA and insulin 31 (41.3%)

DM duration

Mean (± SD) 12.59 (± 9.16)

Median (range) 10 (2 – 42)

DM diabetes mellitus, OHA oral hypoglycemic agents,
T1DM type 1 diabetes mellitus, T2DM type 2 diabetes
mellitus
a Four patients are missing
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age of 44.35 (± 17.97) years responded and
agreed to participate in the study. The demo-
graphic characteristics of the study population
are shown in Table 1. Type 1 and type 2 diabetes
represented 37% and 63% of the included
patients, respectively.

On-Site POCT Service and Glycemic
Control

During the period from January 2017 to
December 2017 (before implementing the
HbA1c on-site POCT service), the median
number of performed HbA1c tests at the labo-
ratory was significantly lower than that
requested [median (range) of 2 (1–4) and 3
(1–5), respectively, p\0.001]. During the per-
iod from January 2018 to December 2018 (after
implementing the HbA1c on-site POCT service),
the results revealed no significant difference
between the number of HbA1c tests performed
at the POCT or laboratory and that requested
[median (range) of 3 (1–6) and 3 (1–5), respec-
tively, p = 0.233] as presented in Table 2. In
addition, the number of HbA1c tests performed
in the lab and/or on-site is more than the
number of requested tests in 22 (29%) patients
after implementing the POCT service.

High level of adherence to guideline-com-
pliant HbA1c testing frequency by physicians or
diabetic educators increased from 24%

(12 months before POCT implementation) to
85% (12 months after POCT implementation).

Regarding glycemic control, the mean
HbA1c level has significantly improved after
implementing the on-site POCT service com-
pared to the traditional laboratory test [mean
(± SD) of 8.34 (± 0.67) and 8.06 (± 0.62),
respectively, p\0.001). However, there was no
difference between type 1 and type 2 diabetes in
the mean change in HbA1c [0.33 (± 0.32) and
0.24 (± 0.3), respectively, p = 0.24].

Patients reported that the most common
reasons for not performing the requested HbA1c
tests before the on-site POCT service imple-
mentation are difficulties in handling absence
from school/work (56%), inconvenience asso-
ciated with revisits (45.3%), and the additional
costs of travel (44%) as seen in Fig. 1.

Patient Satisfaction

Table 3 summarizes the level of satisfaction
among the patients with diabetes by each item
of PSQ-18. In the domain of general satisfac-
tion, about 86.7% of patients were satisfied and
reported that the medical care they have been
receiving was perfect. Regarding the technical
quality items, most patients (88%) reported that
doctors were careful to provide complete med-
ical care and check everything when treating
and examining them. Furthermore, about

Table 2 Number of HbA1c tests requested and performed before and after the POCT implementation

Number of HbA1c% testsa Comparison

Requested Performedb Negative ranksc Positive ranksd Tiese p valuef

January 2017–Dec 2017

[Before POCT]

3 (1–5) 2 (1–4) 57 0 18 \ 0.001

January 2018–Dec 2018

[After POCT]

3 (1–5) 3 (1–6) 11 22 42 0.233

a Date presented as median (range)
b HbA1c test performed on-site [median and range of 2 (1–4)] and in lab [median and range of 2 (0–4)]. For some patients
(n = 22), the number of HbA1c tests performed in the lab and on-site is more than the number of requested HbA1c tests
c Negative ranks: number of HbA1c% tests performed\ number requested
d Positive ranks: number of HbA1c% tests performed[ number requested
e Ties: number of HbA1c% tests performed = number requested
f P value of Wilcoxon signed rank test
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78.7% of patients responded that doctors
behaved amicably and courteously in the
interpersonal manner domain. Also, in the
communication domain, about 78% of the
participants responded that the doctors were
efficient in explaining the medical tests and not
ignoring their questions. At the same time,
about 69% of patients were financially satisfied
because they had not to pay more for their
medical care. In the time spent with doctors
domain, most of the patients (82%) reported
that their doctors usually spent enough time
during the medical follow-up visits. In terms of
accessibility and convenience, about 77% of
patients agreed that it was easy to get an
appointment for follow-up or consultation. The
detailed mean scores of each domain are pre-
sented in Table 4. Satisfaction in seven dimen-
sions of the PSQ-18 by gender, type of diabetes,
and place of residence is displayed in Table S3 in
the supplementary material.

The levels of agreement on each of the eight
statements of the HbA1c-POCT satisfaction
questionnaire are provided in Table 5. Higher
levels of agreement and satisfaction were
obtained in the questionnaire areas of collec-
tion process, confidence in the process, confi-
dence in the results, convenience/travel, cost,

and disease management. The following state-
ments revealed a higher score of agreement: I
would rather have blood taken by finger prick
than by needle in my arm (mean score = 8.9 ±

1.1). Having immediate feedback on the test
result was important as it allowed me to discuss
the management with my physician (mean
score = 8.7 ± 1.2), and outside pathology labo-
ratories involve extra time and transport costs
(mean score = 8.4 ± 1.4). A lower level of
agreement was obtained for the statement that
laboratories have better hygiene processes than
POCT (mean score = 2.8 ± 1.2).

DISCUSSION

This work is the first in the MENA region to
explore diabetic patient satisfaction with HbA1c
on-site POCT and its effect on glycemic control.
Our results showed that the implementation of
on-site POCT service improved patient compli-
ance to the requested HbA1c tests in most of the
included patients. We also reported a statisti-
cally significant reduction in the HbA1c level
after POCT service introduction compared to
the era of traditional laboratory testing. These
results were in agreement with the study

Fig. 1 Most common reasons for not performing traditional HbA1c tests in the laboratory. Patients may have one or more
reasons for not performing traditional HbA1c tests in the laboratory
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Table 3 Satisfaction of patients with DM segregated by each item of PSQ-18 questionnaire

Items Not satisfied
(strongly
disagree 1 disagree)
n (%)

Uncertain
n (%)

Satisfied
(strongly
agree 1 agree)
n (%)

Mean
score
(– SD)

1 Doctors are good about explaining the

reason for medical tests

1 (1.3%) 11 (14.7%) 63 (84.0%) 4.1

(± 0.7)

2 I think my doctor’s office has everything

needed to provide complete medical care

2 (2.7%) 7 (9.3%) 66 (88.0%) 4.1

(± 0.6)

3 The medical care I have been receiving is

just about perfect

0 (0.0%) 4 (5.4%) 70 (94.6%) 4.3

(± 0.6)

4 Sometimes doctors make me wonder if

their diagnosis is correct

2 (2.7%) 8 (10.7%) 65 (86.7%) 4.3

(± 0.8)

5 I feel confident that I can get the medical

care I need without being set back

financially

5 (6.7%) 20 (26.7%) 50 (66.7%) 3.8

(± 0.8)

6 When I go for medical care, they are careful

to check everything when treating and

examining me

1 (1.3%) 4 (5.3%) 70 (93.3%) 4.4

(± 0.7)

7 I have to pay for more of my medical care

than I can afford

3 (4.0%) 18 (24.0%) 54 (72.0%) 4.1

(± 0.9)

8 I have easy access to the medical specialists I

need

3 (4.0%) 9 (12.0%) 63 (84.0%) 4.2

(± 0.8)

9 When I get medical care, people have to

wait too long for emergency treatment

6 (8.0%) 14 (18.7%) 55 (73.3%) 4.0

(± 0.9)

10 Doctors act too business-like and

impersonal towards me

5 (6.7%) 18 (24.0%) 52 (69.3%) 4.0

(± 0.9)

11 My doctors treat me in a very friendly and

courteous manner

0 (0.0%) 9 (12.0%) 66 (88.0%) 4.1

(± 0.6)

12 Those who provide my medical care

sometimes hurry too much when they

treat me

2 (2.7%) 13 (17.3%) 60 (80.0%) 4.1

(± 0.8)

13 Doctors sometimes ignore what I tell them 6 (8.0%) 15 (20.0%) 54 (72.0%) 4.1

(± 1.0)

14 I have some doubts about the ability of

doctors who treat me

1 (1.3%) 11 (14.7%) 63 (84.0%) 4.4

(± 0.8)

15 Doctors usually spend plenty of time with

me

4 (5.3%) 8 (10.7%) 63 (84.0%) 4.0

(± 0.8)

16 I find it hard to get an appointment for

medical care right away

13 (17.3%) 14 (18.7%) 48 (64.0%) 3.7

(± 1.0)

2538 Diabetes Ther (2021) 12:2531–2544



conducted in the Stark Diabetes Center at the
University of Texas by Petersen et al., 2007.
They reported that, within 6 months of POCT
implementation, the average HbA1c for patients
seen in the Stark Diabetes Center significantly
improved and continued to decrease over time
till the end of the study (compared to another
center without POCT service) [28]. Furthermore,
the recent US primary-care quality improve-
ment study showed that testing the HbA1c

using POCT was 3.7 times less likely to miss
HbA1c testing during the visit compared to
practices that did not have POCT [19].

Further studies have demonstrated the ben-
eficial effect of POCT for HbA1c testing for
improving diabetes management and glycemic
control. In a US trial with 597 people with
T2DM visiting the primary care clinic, rapid
availability of HbA1c results was associated with
a decrease in the HbA1c level and improved the

Table 4 Satisfaction in seven dimensions of the PSQ-18 satisfaction questionnaire

Dimension Mean score
(– SD)

Median score
(range)

% Satisfied (average of %
satisfaction of items
of each dimension) (%)

General satisfaction (item 3 ? 17) 8.4 (± 1.2) 9 (5–10) 86.7

Technical quality (item 2 ? 4 ? 6 ? 14) 17.2 (± 1.6) 17 (13–20) 88.0

Interpersonal manner (item 10 ? 11) 8.1 (± 1.1) 8 (6–10) 78.7

Communication (item 1 ? 13) 8.3 (± 1.3) 8 (5–10) 78.0

Financial aspects (item 5 ? 7) 7.9 (± 1.3) 8 (5–10) 69.4

Time spent with doctor (item 12 ? 15) 8.1 (± 1.0) 8 (5–10) 82.0

Accessibility and convenience (item 8 ? 9 ? 16 ? 18) 15.9 (± 1.8 16 (11–20) 77.0

PSQ-18 patient satisfaction questionnaire short form

Table 3 continued

Items Not satisfied
(strongly
disagree 1 disagree)
n (%)

Uncertain
n (%)

Satisfied
(strongly
agree 1 agree)
n (%)

Mean
score
(– SD)

17 I am dissatisfied with some things about the

medical care I receive

4 (5.3%) 12 (16.0%) 59 (78.7%) 4.2

(± 0.9)

18 I am able to get medical care whenever I

need it

2 (2.7%) 8 (10.7%) 65 (86.7%) 4.0

(± 0.6)

According to the guidelines of the patient satisfaction questionnaire (PSQ-18), (a) For items 1–3, 5, 6, 8, 11, 15, and 18:
satisfied is represented by ‘‘strongly agree’’ or ‘‘agree’’; not satisfied is represented by ‘‘strongly disagree’’ or ‘‘disagree’’. (b) For
items 4, 7, 9, 10, 12–14, 16, and 17: satisfied is represented by ‘‘strongly disagree’’ or ‘‘disagree’’; not satisfied is represented by
‘‘strongly agree’’ or ‘‘agree’’. For all items, the score ranges from 1 (strongly dissatisfied) to 5 (strongly satisfied). The higher
the score, the higher satisfaction level
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frequency of DM treatment intensification [29].
As the authors emphasize, having HbA1c test
results available quickly allows for the identifi-
cation of patients with diabetes with adequate
metabolic and glycemic control and, as a result,
reduces the risk of hypoglycemia from improper
therapy escalation. On the other hand, in the
UK cohort feasibility study, Hirst and colleagues
did not report any significant difference in
HbA1c at the end of the study compared with
the baseline value, which was justified by the
small sample size [17].

To evaluate the potential effects of on-site
POC for HbA1c testing in a primary care setting,
data by Sølvik et al. were collected 3 months
and 6 months before POCT implementation,
and the same after POCT implementation.
Authors reported that a high level of adherence
to guideline-compliant HbA1c testing fre-
quency by healthcare providers increased from
68.3% and 65.9% (3 months and 6 months

before implementation) to 82.9% and 95%
(3 months and 6 months after implementation)
[30]. These data were in agreement with our
results, in which we observed that a higher level
of adherence to guideline-compliant HbA1c
testing frequency by physicians or diabetic
educators increased from 24% (12 months
before POCT implementation) to 85%
(12 months after POCT implementation). As
stated by the ADA, the implementation of
POCT for HbA1c testing provides an opportu-
nity for more timely treatment modifications
for patients with non-controlled diabetes [31].
The prompt handling of HbA1c results provided
by the POCT avoids the patient with diabetes
being affected by the turnaround time con-
sumed by the laboratory service for testing and
reporting [8]. This delay can affect the proper
timing of intensification/modification of the
treatment plan and reduce patient adherence to
medical therapy [8]. Besides, good glycemic

Table 5 Summary of on-site HbA1c point-of-care testing satisfaction questionnaire

Areas Statements Mean score
(– SD)

Median
score
(range)

Collection

process

I would rather have blood taken by finger rick than by needle in my arm 8.9 (± 1.1) 9 (6.0–10)

Confidence in

the process

Laboratories have better hygiene processes than point-of-care testing 2.8 (± 2.1) 2 (0.0–8)

Confidence in

the results

I have confidence in the information given the results by my physician or

practice regarding my on-site point-of-care HbA1c% test result

8.2 (± 1.4) 8 (5.0–10)

Convenience Not having to travel to an outside laboratory would be convenient 8.3 (± 1.4) 9 (4.0–10)

Cost Outside pathology laboratories involve extra time and transport costs 8.4 (± 1.4) 9 (5.0–10)

Disease

management

Having immediate feedback on the test result for my condition was

important as it allowed/would allow me to discuss the management of

my condition with my physician

8.7 (± 1.2) 9 (6.0–10)

I am/would be more motivated to look after my condition because of

regular on-site point-of-care HbA1c% testing

7.6 (± 1.7) 8 (4.0–10)

On-site HbA1c% point-of care-testing strengthened/would strengthen my

relationship with my physician

7.6 (± 1.7) 8 (3.0–10)

The score ranges from 0 (completely disagree) to 10 (completely agree) for all statements. The higher the score the higher
satisfaction level

2540 Diabetes Ther (2021) 12:2531–2544



control is a substantial step to delay or prevent
complications and end-organ damage associ-
ated with diabetes [32].

Further to the positive impact of the POCT
on glycemic control, it also reports an increased
patient satisfaction towards the provided
healthcare services. In the present study,
patients showed a high level of satisfaction on
the seven dimensions of the PSQ-18 question-
naire towards the provided healthcare services
at the Diabetes Treatment Centre of PSMMC
after POCT implementation for HbA1c testing.
Patient gender, type of diabetes, and place of
residence (in Riyadh, the capital city, or outside
Riyadh) did not affect the level of satisfaction
among the included patients. Patients with
diabetes also showed high levels of agreement
and satisfaction on the HbA1c-POCT satisfac-
tion questionnaire.

The results of a large randomized controlled
trial assessing the extent of POCT in Australian
medical practices showed that patients ran-
domized to POCT reported a higher level of
satisfaction and more confidence in the medical
process and enhancement in patient relation-
ship with their physician [20]. The prompt
availability of HbA1c results permits face-to-face
discussion between doctor and patient, thus
improving patient–doctor communication, the
decision-making process, and overall patient
satisfaction [33]. Furthermore, lower patient
revisits linked to POCT implementation may
also contribute to higher patient satisfaction.
Implementation of POC testing has been shown
to reduce patient revisits by up to 61% [34].
From an economic perspective, the UK National
Health Service estimated the costs for diabetes
treatment around £13.8 billion/year, while in
the USA, the national expenditure on diabetes
care in 2013 was US $548 billion [17]. The
health expenditure on diabetes was estimated to
be US $20.5 billion across the MENA region in
2017, and interestingly, it is anticipated to
reach US $37.1 billion by 2045 [35]. As per the
2017 IDF published data, KSA was ranked as the
highest amongst the MENA countries in terms
of health expenditure on diabetes with $13.1
billion (international dollars) [35]. Although
the unit of POCT costs more than the conven-
tional laboratory testing, the total reduction in

the financial burden associated with POCT (in-
cluding patient revisits, travel costs, work
absence, and time saved) will reduce healthcare
costs more than the laboratory testing [36].
According to a recently published German
study [37], implementing POC for HbA1c test-
ing in diabetes practices can enhance office
processes and increase physician, staff, and
patient satisfaction. It demonstrates a signifi-
cant acceleration of evaluation processes as a
result of fewer time-consuming blood samples,
scheduling activities, and patient visits.

Despite the significant benefits of POCT for
HbA1c testing on glycemic control and patient
satisfaction in patients with diabetes, the ADA
has yet to recommend POCT for the detection
of prediabetes or diabetes diagnosis. Therefore,
future studies should emphasize the impact of
POCT on prediabetes or diabetes diagnosis.
Furthermore, maintaining a balance between
the advantages and disadvantages of HbA1c
tests and a sustained emphasis on accuracy and
cost-effectiveness will promote the usage of
POCT for HbA1c testing in the treatment plan
and diagnosis of patients with diabetes/predia-
betes. Furthermore, maintaining the balance
between the benefits and harms associated with
tests, the multiple attributes of POC tests, and a
continued emphasis on accuracy and cost-ef-
fectiveness will increase the use of POCT
for HbA1c testing in the treatment and diag-
nosis of patients with diabetes/prediabetes [8].

The impact of POCT on glycemic control and
patient satisfaction in patients with diabetes in
Saudi Arabia is uncertain, and this study con-
tributes valuable data on the use of POCT.
However, our study was limited by the relatively
small sample size of patients from a single site
that might limit the generalizability of the
study results. Moreover, we did not assess the
physician satisfaction with regard to the
implementation of POCT in their clinic.
Therefore, a larger multicenter study is war-
ranted to inform future health policy. Addi-
tionally, because of the nature of this study, we
cannot collect the patient satisfaction data ret-
rospectively; therefore, changes in the level of
satisfaction before and after the POCT service
implementation cannot be determined. Also,
we did not collect the diabetes-related
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complications among our study population
because that was beyond the scope of our study.

CONCLUSIONS

HbA1c testing at POCT improved adherence to
recommendations for HbA1c testing frequency
for better glycemic control and higher patient
satisfaction. POCT reduces turnaround time,
improves glycemic control, and facilitates/
quickens the decision-making process. HbA1c
measurement with POC devices is recom-
mended to be implemented in primary care
centers. All of the described benefits of POCT
come together to make HbA1c testing the most
common procedure for diabetes management at
the point of care. Continued research of accu-
racy improvements and cost-effectiveness anal-
ysis of various POCT systems will increase the
development of these POC testing systems as
the techniques of choice for HbA1c testing in
everyday practice in the diabetic treatment
centers.
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