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Background: In addition to diet restriction and physical activity, diabetes mellitus is managed by the
chronic use of medications that require appropriate storage conditions to maintain their stability and
effectiveness. However, there is a lack of information regarding patients’ knowledge of medication stor-
age and practices in Saudi Arabia. Therefore, the objective of this study was to determine the diabetics’
knowledge about medication storage requirements and to evaluate the impact of antidiabetic medica-
tions storage on the blood glucose levels.
Methods: This study was a cross-sectional in the form of an interviewer-guided interview using a close-
ended questions. The study was conducted among patients diagnosed with diabetes at diabetic clinics of
public hospitals and other diabetic specialized clinics in Hail region of Saudi Arabia, over a period of four
months between January to April 2019.
Results: A total of 501 completed questionnaires were returned. Of the respondents, 51.5% were males
and 48.5% were females. Of the total participants 52.7% never achieved normal blood glucose range,
which was associated with health literacy and medication storage knowledge. Almost half of the partic-
ipants stored the medication correctly and others have poor knowledge and practice of medication stor-
age, of whom 7.8% always store their medicines in their cars.
Conclusion: Almost half of the participants lack the knowledge of appropriate storage conditions of dia-
betes medications, which was shown to have a significant association with blood glucose levels.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction (DM) worldwide, and the number is increasing especially in devel-
According to the International Diabetes Federation (IDF), more
than 425 million people are currently living with diabetes mellitus
oping countries including Saudi which has one of the world’s high-
est prevalence of DM (Aguiree Florencia et al., 2015; Aguiree et al.,
2013). As of 2017, there were 3,852,000 cases of DM reported in
Saudi, with a prevalence of 18.5% among adults (Wu et al., 2016).
In 2018, the percentage of population (15 years and above) diag-
nosed with DM was 20% in Hail, which is located in the Northern
part of the country, as the second highest region among the king-
dom regions (Aljofan et al., 2019).

The direct goal of optimal medication therapy for DM is to
achieve and maintain blood glucose to a normal level. To attain this
goal, the guidelines for the management of DM have recommended
the use of both medications (in the form of oral and parenteral) and
lifestyle modifications to achieve an optimal glycaemic control
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(Institute, 2014). Specifically, the American Diabetes Association
(ADA) has recommended the glycosylated haemoglobin (HbA1c)
level of less than 0.7 to provide a measure of the glycaemic control
in diabetic patients (Association, 2006). However, achieving nor-
mal blood glucose depends on using quality and effective medici-
nes as well as adherence to medication regimens by the patients.
Storage of medicines is one of the fundamental factors that affect
the quality, effectiveness, and stability of medications (Dennis
et al., 2019). Keeping medications stored properly helps to ensure
the safety, purity, potency and overall effectiveness of medicines.
Improper storage at home or while traveling may cause accidental
poisoning and can subject medications to unfavourable conditions
such as high temperature, light, and humidity. Thus, medication
handling and storage (particularly, those sensitive to high temper-
ature) by patients are becoming an issue of concern (Dennis et al.,
2019).

Antidiabetic medications are known to be used by the patients
for a long period of time or lifetime in some cases, thus they are
likely to be mishandled during this period, including inappropriate
storage, and particularly insulin, which requires a special storage
requirement based on its thermo-sensitive property. Similarly,
the coating of other oral antidiabetic drugs can also be sensitive
to temperature too. Hence, these medications need to be stored
in a fridge where the storage temperature is low.

Previous studies have shown that the storage of antidiabetic
medication was significantly associated with non-adherence and
instability of insulin leading to sub-glycaemic control (Angamo
et al., 2013; Park et al., 2010; Tewahido and Berhane, 2017). More-
over, adhering to good storage conditions of antidiabetic medica-
tions depends on the level of knowledge and awareness of
medication storage by the DM patients. Previous studies have iden-
tified poor knowledge of DM with regards to disease management
and the storage of antidiabetic medications among patients with
DM (Almutairi, 2015; Gurmu and Teni, 2014). Therefore, assessing
patients’ knowledge of the required condition of medication stor-
age would fill a critical gap of knowledge in the effort of reducing
the burden of diabetes in the Kingdom of Saudi. Therefore, the
study aimed to (i) assess the knowledge of diabetic patients toward
practicing optimal storage of their medicines, and (ii) to evaluate
the impact of antidiabetic medications storage on the blood glu-
cose level.
2. Methods

2.1. Study design and settings

The study was designed as a cross-sectional questionnaire-
based that was conducted in Hail region northern of Saudi Arabia,
between Jan until April of 2019. Patients were recruited from dif-
ferent diabetic clinics located at the major governmental hospitals
in Hail region including, diabetes clinics at Hail General Hospital,
King Khalid Hospital and King Salman Specialist Hospital. Patients
consented to participate after they were given full details of the
study and its intended aims. They were asked whether they take
any diabetic medications and in what form (tablets or injectable),
but were not asked about the name of the medication.
2.2. Inclusion and exclusion criteria

Inclusion criteria: Adults men and women who are 18 years old
and above taking DM medications for more than a year were
included. Exclusion criteria: people that are less than 18 years
old, or those who refused to consent were excluded.
2.3. Questionnaire

The questionnaire was designed in English and then translated
forward to Arabic and backward to English and verified by three
linguistic experts to ensure translation accuracy. The questionnaire
is composed of 18 items and the participants’ responses recorded
on a four-points practice scale from never to always. The items
were validated by seven health care practitioners, clinicians and
researchers and analyzed by an item-objective congruence (IOC)
score method)�1 = not representative, 0 = somewhat representa-
tive, 1 = clearly representative(, an average score of IOC > 0.5 were
considered good for content validity. Afterward a pilot testing
technique was conducted to validate its reliability and the coeffi-
cient value of Cronbach’s alpha was calculated. On the basis of
results, the questionnaire was partially modified.

2.4. Data storage

Data collected were kept in a secure setting, available only to
the principal investigator. In addition, all collected forms will be
archived and disposed of by the principal investigator, after the
completion of the study.

2.5. Statistical analyses

A descriptive statistic for socio-demographic and basic features
of the data was applied. Statistical Package for Social Sciences
(SPSS v.23) was used. Onaway ANOVA was used to determine the
differences between blood glucose level and knowledge of storage.
A scale of 4 points was used to determine the exact level of prac-
tices. A score of 1 indicated ‘‘never, 2 denoted ‘‘rarely”, 3 indicated
‘‘some time”, 4 represented ‘‘always”. A p-Value of less than 0.05
considered significantly different.

3. Results

3.1. Demographic data

There was 501 patients recruited in the study. There was an
equal distribution between male and female ratio (51.5%:48.5%),
with a quarter of the patients fall within the 18–25 year olds and
20% are older than 63 years of age. More than 70% of the partici-
pated individuals have public education or above. Table 1 describes
the demographic characteristics of the recruited patients including
age group, gender, education level and nationality.

3.2. The difference in patient characteristics and storage place

Each of the participants’ characteristics were statistically tested
against medication storage places. Pearson Chi-Square indicted
that there are significant differences between Age groups
v2 = 15. 1, P < 0.005 > 0.001, education v2 = 18.3, P < 0.005 > 0.
001, gender v2 = 18.8, P < 0.005 > 0.001, and storage place. How-
ever, the difference between nationality v2 = 6.8, P < 0.005 < 0.441
and storage place was not significant (Table 2).

3.3. Comparison of glycaemic control and knowledge of medication
storage

Data were computed with Factorial analysis of variance Onaway
ANOVA to determine the differences between blood glucose level
and knowledge of storage (Table 3). Excluding all other variables,
the results indicated that patients with knowledge of medication
storage condition have a better glycaemic control than those who



Table 1
Demographic characteristics of participating Patients.

Characteristics N = 501

Age groups
18–25 Years 125 (25%)
26–40 Years 91 (18.2%)
41–63 Years 185 (36.4%)
>63 Years 100 (20.0%)
Total 501 (100.0%)

Nationality
Saudi 482 (96.2%)
Non-Saudi 19 (3.8%)
Total 501 (100.0%)

Gender
Male 258 (51.5%)
Female 243 (48.5%)
Total 501 (100.0%)

Education
Non-Educated 134 (26.8%)
Public-Education 203 (40.5%)
Undergraduate 163 (32.5%)
Postgraduate 1 (0.2%)
Total 501 (100.0%)

Dosage forms
Injections 178 (35.5%)
Tablets 262 (52.2%)
Both 61 (12.2%)
Total 501 (100.0%)

Storage Place
Fridge 249 (49.7%)
Car 22 (4.4%)
Room 230 (45.9%)
Total 501 (100.0%)
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do not (p < 0.05) F (21,479) = 1.163, (P = 0.028). The relationship
between the mean of blood glucose level and the knowledge of
medication storage condition is shown in (Fig. 1).
3.4. The relationship between blood glucose level and medication
storage

There appears to be a direct and proportional relationship
between medication storage and blood glucose level (Fig. 2). The
Table 2
The difference between patient’s characteristics and storage place.

Variables Fridge Car Room

Age groups

19–25 Years 118 4 3
26–40 Years 26 3 62
41–63 Years 83 7 95
>63 Years 22 8 70
Total 249 22 230

Nationality
Saudi 241 13 228
Non-Saudi 8 9 2
Total 249 22 230

Gender
Male 104 14 140
Female 145 8 90
Total 249 22 230

Education
Non-Educated 64 2 68
Public-Education 101 12 90
Undergraduate 84 8 71
Postgraduate 0 0 1
Total 249 22 230
Pearson correlation analysis show a significant relationship
between blood glucose level and inappropriate storage of medica-
tion (r = �0.45), (p = 0.03) at (a = 0.05), which was further con-
firmed by NOVA test (Table 4).
3.5. Medication management practice

In order to understand patient’s behavior towards medication
management, participants were asked whether or not they read
and understand patient information leaflet (PIL) and medication
expiry date. The results showed that 33.1% claimed to never check
the PIL, 3.4% rarely check them, 35.1% reported to sometimes check
them and 28.3% said they always check the PIL (Fig. 3). However,
64.1% of the participants always check the expiry date of medici-
nes, 17.7% reported to sometimes check the dates, 1.8% rarely,
and 16.4% never check the expiry date (Fig. 3).
4. Discussion

Over half of the diabetic patients in this study were taking
antidiabetic medications in tablets forms, followed by injections.
The pattern was significantly higher among the age group 41–
63 years of age, males, and those with formal education. This trend
is consistent with the anti-diabetic drug utilization pattern in
Saudi Arabia (Misbahuddin et al., 2018). Almost half of the partic-
ipants showed appropriate storage which is similar to a study in
Oman, where 55% of patients at primary health care centres stored
their medications in the fridge (Abdo-Rabbo et al., 2009). A signif-
icant number of participants inappropriately store their medica-
tions in their cars. Those participants are likely to be 63 years of
age or older and males. Inappropriate storage of medicines predis-
poses them to high temperature, which is the case in Saudi, will
affect the drug’s pharmacological effects. Thus, improved aware-
ness is needed on the need for proper storage of DM medication
especially heat sensitive medicines such as insulin, which may be
deemed ineffective after prolonged heat exposure. DM patients
might be using degraded insulin with less potency due to the inap-
propriate storage leading to poor blood glucose control (Angamo
et al., 2013; Gillani et al., 2018). This could be a contributor to
the increasing rate of poor blood glucose control in Saudi Arabia
(Aljofan et al., 2019).
Total v2 p Difference

15.1 0.001
125
91 Yes
185
100
501

482 6.8 0.441
19 No
501

258 18.8 0.001 Yes
243
501

134 13.8 0.001
203 Yes
163
1
501



Table 3
Comparisons between blood glucose level and knowledge of medication storage.

Differences Sum of Squares DF Mean Square F p-value

Between Groups 26.49 21 1.261 1.163 0.028
Within Groups 519.67 479 1.085
Total 546.16 500

Fig. 1. Comparison of glycemic control and knowledge of medication storage. The
graph shows the differences between blood glucose level with knowledge of
medication storage.

Fig. 2. The relationship between blood glucose level and medication storage. The
graph shows the relationship between blood glucose level and inappropriate
storage.

Table 4
The Comparison between blood glucose level and storage place.

Value Storage place

Blood glucose level Correlation �0.45
p-value 0.03
N 501
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Participants in the present study have good knowledge of the
importance of checking the expiry date of medications, storing
medication in their original package, reading patient information
leaflets and seeking pharmacist’s consultation about medication
64.1
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Fig. 3. Medication management practice. The graph shows the percentage of participants
leaflet (PIL).
usage and storage. However, 64% always check the expiry dates
of their medications before use, which is similar to earlier esti-
mates from other regions of the country, which claimed that 63%
of patients interviewed claimed to always checked the expiry date
of their medication before use (Abou-Auda, 2003). Similarly, a
study conducted by Sandip et al that reported that half patients
16.4

33.1
Checking Expiry Date

Reading leaflet

Never

who check the medication expiry date and those who read the patient information
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in India do not have knowledge of expiry date of medicines (Sandip
and Jogdand, 2013). However, the high knowledge of the impor-
tance of medication expiry date maybe due to the education level
of the participants in this study, which is close to 70% of the partic-
ipants to have formal education (Table 1). People with a higher
level of education have higher health literacy and will be more
likely to check expiry dates of medication, read PIL, keep the drug
in its original package and engage in decision making with their
pharmacist.

However, DM patient surveyed in the current study showed
poor knowledge of the consequences of inappropriate storage of
medications. This finding aligns with a study conducted in Aus-
tralia, in which 50% of diabetic patients were reported to have poor
knowledge of how to store their antidiabetic medicines (Dunning
and Manias, 2005). This may also be an age related issue, more
than 20% of the participants were older than 63 years of age, which
is supported by previous reports that associated poor health liter-
acy with old age (Baker et al., 2000).

In this study, over 50% of diabetic patients have self-reported
never achieving a normal level of blood glucose control. This is in
agreement with previous studies from different regions of Saudi
including; Riyadh (Azab, 2001; Al-Rasheedi, 2014); Tabuk
(Alzaheb and Altemani, 2018), Al Hasa (Khan et al., 2012) and Jazan
(Badedi et al., 2016). In a retrospective study conducted by Azab
et al., in primary health care centres across the capital city Riyadh,
reported that 49% of the diabetic patients had poor diabetic control
(Azab, 2001). Also, a similar study by Badedi et al., which reported
from primary care centres across several Saudi cities, claimed that
74.9% of diabetic patients had poor blood glycaemic control
(Alzaheb and Altemani, 2018; Badedi et al., 2016). While this
may be due to several reported factors commonly medication
and dietary nonadherence (Badedi et al., 2016), and inadequate
physical activity (Alzaheb and Altemani, 2018), the current study
is the first to report an association between DMmedication storage
and blood glucose control in Saudi Arabia.
5. Conclusion

Approximately half of the participated patients showed low
level of knowledge about the appropriate medication storage con-
ditions, which was shown to have a significant association with
achieving optimal blood glucose levels. However, an important fac-
tor such as appropriate medication storage should have been more
known and practiced among all medication taking individuals.
Therefore, there is an urgent need to improve health literacy
among medication taking patients in the Hail region, Saudi Arabia.
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