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There is an increasing prevalence of diabetes and its associated complications worldwide and in Jordan. Enhancing
the knowledge level of diabetes may help in glycemic control, but few studies in Jordan assessed that. Therefore, the
objectives of the present study were to assess the level of diabetes knowledge among study participant and to study

the potential predictors of glycemic control. The methodology involved conducting a cross-sectional quantitative
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study. Our study participants were patients treated in the Endocrine Clinic of Jordan University Hospital. As for the
tools, we utilized Michigan Diabetes Knowledge test to assess the knowledge level of diabetes, Morisky Medication
Adherence Scale for the assessment of medication adherence, and the level of HbAlc to indicate glycemic control.
Study findings showed that the median score of knowledge was 13, (IQR, 4) (interquartile range) with a score range of

diabetes knowledge. 0-23. The median for medication adherence was 6 (IQR, 3) on a scale from 0 to 8 with zero being adherent. The data of
the present study showed a moderate level of diabetes knowledge among study participants and low adherence scores
to diabetes medications, with no correlations between variables of the study and the socio-demographic variables.
INTRODUCTION (95% CI: 25.5, 31.1) among males and 19.9% (95% CI: 18.1,

Diabetes mellitus (DM) is an issue of focus worldwide
not only because of its alarming increase but also because of its
consequences on general health and correlation with other medical
problems. The number of patients suffering from DM in 2017 was
found to be 425 million and the number is expected to increase to
reach an estimate of 629 million by the year 2045 (International
diabetes Federation 2017; Wild et al., 2004).

According to the figures derived from the National Centre
for diabetes, endocrinology and genetics in Jordan, the prevalence
of type 2 DM in adults aged 25 years and above demonstrating
a significant increase throughout the years 1998-2017 and its
prevalence in 1998 was 13.4% to only increase in 2008 to17.1%
(Ajlouni ef al., 2008). In 2017, the prevalence of DM was 28.3%
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21.6) among females in a study by Zerriouh and Khader (2018).
The previous studies confirm that the prevalence of diabetes is
increasing in Jordan.

Uncontrolled DM leads to complications such as heart
disease, stroke, hypertension, blindness, nephropathy, neuropathy,
amputations of legs, and premature death (Sratton ez al., 2000).
And since DM is a chronic disease that is associated with serious
complications, causing patients and their families to adopt a new
lifestyle (Coffey et al., 2002). This all explains that the average
medical cost of diabetic patients is 2.3 times higher than people
without diabetes as estimated by the American Diabetes Association.
As it caused 727 billion dollars in health expenditure in 2017 in the
united states (International Diabetes Federation, 2017).

Findings from the Behavioral Risk Factors Surveillance
System which was conducted in 2004 by CDC revealed that the
burden of non-communicable diseases, diabetes being a major one
of those diseases, in Jordan is very high and diabetes as a chronic
disease is one of the leading causes of morbidity and mortality in
Jordan (Zindah et al., 2004). Knowing that DM is considered a
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major risk factor for cardiovascular disease (Jaffe et al., 2006),
Worldwide, cardiovascular diseases are the leading causes of death
(Brown et al., 2009; International Diabetes Federation, 2006).

Many studies investigated the extent of diabetes
knowledge among diabetic patients and its effect on medication
adherence, and therefore glycemic control. The sub-optimal level
of knowledge was acknowledged in several studies of many
countries (Angeles et al., 2005; Al Shafaee et al., 2008; Bruce
et al., 2003; Gunay et al., 2006; Murata et al., 2003; McClean
et al., 2001; Murugesan et al., 2007). Diabetes self-management
and education have a vital role in improving diabetes outcomes
as shown by Funnell et al. (2007), furthermore literature showed
that increased diabetes knowledge is associated with greater
glycemic control (Berikai et al., 2007; Hartz et al., 2006; Norris
et al., 2002; Panja et al., 2005). Results from different studies
show that diabetic patients with good adherence to medications
had positive health outcomes and lower mortality compared to
those with poor adherence (Krapek et al., 2004; Rhee et al., 2005;
Simpson et al., 2006) and that adherence to diabetes medications is
considered substandard (Briesacher et a/., 2008). The assessment
of glucose control by hemoglobin Alc (HbAlc) is the standard
practice (American Diabetes Association, 2010; Krapek et al.,
2004; Tesfaye et al., 2005). Achieving lower HbAlc levels is
well-known to be associated with decreased mortality and fewer
complications (Hirai et al., 2008; Ishimura et al., 2009; Jacobsen
et al., 2008; Siddiqui et al., 2008; Tka’c, 2009).

It is always recommended to increase the educational
programs for diabetics. However, none of the previously published
studies demonstrated the effect of the knowledge on adherence and
hence HbAlc control. Therefore, in our study, we show the effect
to better clarify the problem to help evaluate the solution proposed.

Our study purpose was derived from the lack of data
regarding the relationship between both the knowledge in diabetic
patients and their adherence score with glycemic control. The
target from the study was first: to assess the knowledge level
among Jordanians with type 2 diabetes and its correlation with
socio-demographic variables. Second: to assess the adherence and
its correlation with sociodemographic variables, and finally: the
correlation between both scores of knowledge and adherence with
glycemic control.

METHODS

Participants and setting

This was a cross-sectional study which we carried out
on patients who were treated in the Endocrine Clinic of Jordan
University Hospital (JUH). The number of patients registered in
the clinic at time of study was 10,600, and according to sample
size calculation using the online calculator (Raosoft sample size
calculator: (http://www.raosoft.com/samplesize.html), the sample
size was 400 and we increased it to 600 to enhance the accuracy of
our results; therefore, we recruited 521 type 2 diabetic patients that
visited the clinic in the period from September 2012 to June 2013.

The inclusion criteria were (1) Adult (>18 years of age)
patients diagnosed with type 2 DM, (2) Patients treated for DM
with oral medications or insulin, (3) the differentiation ability
between each medication and its indication, and (4) the verbal
consent from the patient himself. Exclusion criteria were the

ability of the patient to answer independently without help from
staff or family members.

Data collection was done by face-to-face patient
interview by trained Pharm D students. (HbAlc) levels were
taken from (JUH) documented medical records for the previous 6
months and anti-diabetic medication numbers were taken from the
hospital pharmacy records.

Data collection form

Data were collected using two previously validated
questionnaires among patients with diabetes type 2 who attended
the Endocrine Outpatient Clinic at Jordan University Hospital.
The questionnaire consisted of three main parts: (1) socio-
demographic and diabetes-related data including glycemic control
parameters, (2) general diabetes knowledge of the patients, and (3)
medication adherence.

Diabetes knowledge

We used the Michigan diabetes knowledge test (MDKT)
that was developed by The Michigan Diabetes Research and
Training Center to assess the general knowledge of diabetes
(Fitzgerald et al., 1998).

The MDKT was translated into the Arabic language and
piloted to patients. The general MDKT consists of 23 multiple
choice questions. The score is calculated giving 1 point for each
correct answer, the higher the score the better the knowledge in
diabetes in general.

Medication adherence

Morisky Medication Adherence Scale (MMAS) was
used for the assessment of medication adherence (Morisky et al.,
2008). The MMAS was translated into the Arabic language and
tested for validity and reliability.

MMAS score is calculated by giving a point for each
correct yes or no question while multiple-choice question, that is
question number 8 has one point for all its five choices. The score
is out of 8, the higher the number the lower the adherence. The
MMAS score is validated and the correlation was proven between
the score and the number of tablets dispensed for each patient at a
rate of 75% (Krousel-Wood et al., 2009).

Glycemic control

The study defined good glycemic control by HbA 1¢c lower
than 7% according to the American Diabetic Association since it
correlates to blood glucose levels in the prior 3 months(Gonen
et al., 1977; Sacks et al., 2002).

Statistical analysis

Data collected were transferred on SPSS program
version 16.0, the analysis was done for the demographic and
disease data according to the type of the data, if it is categorical
or normally distributed, descriptive analysis shows frequencies
and percentages or average and standard deviation. While for
testing the differences of knowledge score as well as adherence
score between groups, Mann—Whitney test and Kruskal-Wallis
test were used.

Bonferroni post hoc procedure was applied if
differences were found while using the Kruskal-Wallis test. Last,
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the correlation of both scores with HbAlc was tested using the
Spearman correlation coefficient.

Multivariate binary logistic regression analysis and
adjusted odds ratios were used to identify factors associated with
good glycemic control. The significance level was set at p value
less than 0.05 (Mickey and Greenland, 1989).

RESULTS

The total number of patients included in this study was
464, 142 of which counting for 23% of the study population, were
excluded for having missing data either HbAlc (n = 85) or lack
of information (n = 57). Fifty-three patients refused to participate
in the study.

Demographic and clinical characteristics

The demographic data for participants were sorted in
Table 1, using the frequency distribution of the study patients and
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disease-related data. The mean age of the patients was 57.9 years
(SD = 10.89), ranging from 19 to 85 years, with 53.4% females.
The mean duration of diabetes was 8.4 years (SD = 6.2). The
majority of patients were on monotherapy of oral anti-diabetes
medications and did not use insulin for their diabetes management.

Patients’ knowledge

The median score was 13 (IQR,4). As shown in Table 1,
no significant difference in MDKT scores was found between
different groups of the patients except between genders. The
best knowledge score was shown in patients with age younger
than 45 and it was correlated with a median adherence score of
5 which happens to be the highest adherence score between all
ages. No significant correlation was shown between knowledge
and adherence across all ages. And knowledge median was 14 in
full-time employed and unemployed which was higher than those
with part-time job.

Table 1. Demographic and disease characteristics of the diabetic patients with differences in knowledge and adherence total
scores (N =322).

MDKT MMAS HbA1C
Variables Frequency (%)
Median (IQR) ) Median (IQR) y Median (IQR) )2
Age’ 0.347 0.656 0.347
<45 33(10.4) 14 (3.75) 5(2.5) 7.55(1.0)
45-54 65 (20.4) 13 (5) 6(3) 7.5(1.0)
55-64 119 (37.4) 13 (4) 5(3) 7.5(1.5)
>65 101 (31.8) 13(2) 6(3) 7.8 (1.0)
Gender™ 0.03 0.570 0.237
Male 150 (46.6) 13(3) 6(3) 7.5(1.12)
Female 172 (53.4) 13(4) 5(3) 7.5 (1.00)
Education” 0.294 0.786 0.294
Primary 145 (47.1) 13(4) 6(3) 7.5(1.5)
Secondary 54 (17.5) 13(3) 6(3.25) 7.5(1.0)
Some college or technical 37(12) 13 (5.5) 6(3) 7.5(1.5)
school
University 72 (23.4) 13(3) 5(3) 7.3 (1.1)
Employment” 0.135 0.135 0.135
Full time 45(14) 14 (4) 6(3) 7.2(1.1)
Part time 29 (9) 13 (2.5) 6(4) 7.5(1.3)
Unemployed 20 (6.3) 14.5(5.5) 5.5(3.75) 752.4)
Homemaker 145 (45.2) 13 (4) 53) 7.5(1.35)
Retired 75(23.4) 13(3) 6(3) 7.6 (0.8)
Others 8(2.1) 13(3) 6(1.0) 6.75 (1.67)
Income™ Missing 5 0.112 0.003 0.798
>500 JD 196 (61.8) 13(4) 5(3.5) 7.5 (1.00)
<500 JD 121 (38.2) 13(3) 6(3) 7.6 (1.3)
Diabetes duration” 0.383 0.883 0.383
<5 years 111 (34.5) 13 (3.75) 5.5(3) 7.5 (1.05)
5-9 years 92 (28.6) 13(4) 6(4.0) 7.5 (1.0)
10-14 years 91 (28.3) 13(3) 53) 8(1.5)
>15 years 28 (8.6) 13 (6) 5.5(3.25) 8 (2.15)
Medication number™ 0.137 0.804 0.06
Mono-therapy 175 (54.3) 13 (2.5) 6(3) 7.5 (1.0)
Multi-therapy 147 (45.7) 13(4) 6(3) 7.8 (1.5)

*Kruskal-Wallis test, **Mann—Whitney U test.
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Medication adherence

The median was 6 (IQR, 3). A significant difference
in MMAS scores was found between low- and high-income
individuals, as those patients with higher income (>500 JD) had
lower medication adherence. Patients taking mono or multi-
therapy did not have different MMAS scores, as shown in Table 1.

Comparing the MDKT scores and MMAS scores
between the two groups of glycemic control, there was no
significant difference in scores of both MDKT and MMAS in
the good glycemic control group comparing to those with a poor
glycemic control group (p > 0.05) as shown in Table 2.

Glycemic control

Demonstrated in Table 3, glycemic control was studied
with several variables. Two of which were statistically significant
with glycemic control, “Measure blood glucose as recommended”
(p=0.007), and “Check feet” (p = 0.006). Table 3 shows that the two
lifestyle activities that are practiced by the highest percent of patients
each day are washing their feet everyday 90.4% of patients, and
checking their feet 74.7% of patients, while all other daily lifestyle
activities were practiced by less than 50% of patients every day.

DISCUSSION

The aim of this study was to assess the knowledge and
adherence of Jordanian diabetic patients, evaluate the relationship
between their knowledge, adherence, and HbAIC and lastly
to explore if there are any factors that could influence their
knowledge or adherence and subsequently their HbA1C as age,
gender, marital status, income, number of medications, and insulin
use. We hypothesized that the knowledge significantly effects the
adherence and consecutively the HbA1c. Interestingly, our results
did not support the hypothesis.

Table 2. Differences in knowledge scores and medication adherence scores
between two groups of glycemic control.

. Frequency MKDT p value MMAS p value
Variables o
(%) Median (IQR)  0.146  Median (IQR)  0.994
Good (<7%) 105 (32.6) 13 3) 5(3.0)
Poor (>7%) 217 (67.4) 13 (4) 6 (3.0)

Table 3. Frequencies and percentages of performance of self-care practices
among patients with diabetes (n =) Frequency (Days per week) n (%).

Variable 0 1-3 4-6 7
Follow healthy diet 92(29.6) 58(18.6) 66(212) 95 (30.5)
Consume 2-3 servings or more 10(3.2)  101(32.3) 82(262) 120 (38.3)

of fruit
Consume diet rich in fat 48 (15.3) 182(58.0) 59 (18.8) 25 (8.0)

Participate in specific physical 254(822) 36 (11.7) 9.(2.9) 10 (3.2)

sport cycle

Measure blood glucose as

recommended 60 (19.3)  95(30.5) 29(9.3)  127(40.8)
Consume 5 servings or more of

vegetables 14(45) 82(263) 85(27.2) 131(42)
Exercise for at least 30 minutes 158 (50.6) 77 (24.7) 29 (9.3) 48 (15.4)
Inspect inside shoes 120 (38.8) 26 (8.40 21 (6.8) 142 (46.0)
Check feet 41 (13.1) 19 (6.1) 19(6.1) 233 (74.7)
Wash feet 9(2.8) 9(2.8) 12(3.9)  281(90.4)

Our interest in diabetes is rooted from the fact that there
is a high prevalence of diabetes and pre-diabetes in Jordan with the
percentages of 17.1%, 7.8%, respectively, according to the age-
standardized prevalence rate (Ajlouni et al., 2008).

In 2019, an article for Alsous et al. (2018) showed the
knowledge scores for diabetic patients in Jordan was low, where
only 53.3% of patients had good knowledge scores. While the
recommendation of this study was to increase the educational
interventions, another study done by El-Qudah (2016) explored
the knowledge in diabetic females in Jordan and assessed the
effect of education on glycemic control. The later study showed
that more than 56.1% did not know daily meal recommendations
and those studies agree with our results.

A study conducted in 2017 by Zerriouh and Khader
showed that two-thirds of diabetics enrolled in the study had
unsatisfactory blood glucose control (Zerriouh and Khader, 2018)
their recommendation was to increase the programs to encourage
optimum diabetes behavior.

Therefore, it is essential to reevaluate the need
of knowledge level to emphasize on the imminent need for
educational programs and to the extent of benefit of such programs
in increasing knowledge and subsequently improving adherence
and lifestyle management resulting in better diabetic control and
less overall cost from the disease and its complications.

The data of our study showed that the knowledge score
according to MDKT score was 13, 56.52% which is lower than
that reported in other studies such as Al-Qazaz et al. (2011),
which was conducted in Malaysia with a score of 7.0 (5-10).
Other studies reported a low level of diabetes knowledge such as;
poor performance on the diabetes knowledge test (64.9+/—15.3%
correct) in Murata et al. study (2003); mean diabetes knowledge
score of 68.3+/—16.1 for the “DM-positive” group in Turkey
according to Gunay et al. study (2006).

In a study by Al Shafaee ez al. (2008), knowledge about
diabetes was suboptimal. The percentages of correct responses
to questions on diabetes definition, classical symptoms, and
complications were 46.5%, 57.0%, and 55.1%, respectively. Only
29.5%, 20.8%, and 16.9% identified obesity, physical inactivity,
and positive family history.

On the other hand, our adherence score according to the
MMAS was 6, which is less than that in the study of Al-Qazaz
et al. (2011) in Malaysia, which reported a score of 6.5 (4.75—
7.75) which means we have better adherence than Malaysia.

Our findings did not show significant correlations
between the socio-demographic variables and knowledge,
adherence, or control of diabetes, while it was shown in other
studies, He and Wharrad (2007) and Tan and Magarey (2008) in
which age and low education were predictors of lower knowledge
(He and Wharrad, 2007; Tan and Magarey, 2008). This is
presumptive because of the low level of knowledge about diabetes
in our group of patients.

Finally, the number of medications used did not correlate
to HbA1C control in our study in contrast to the study of Al-Qazaz
etal. (2011).

The low knowledge, low adherence, and HbAlc levels
rise many questions that need to be better interpreted, it could be
due to cultural factors or due to depression in Jordanian diabetics
that reaches 19.7% according to AL-Amer et al. 2011 (2011)
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meaning, this may be underestimating the emotional distress
levels in the diabetics knowing that depression and emotional
distress affects adherence and self-care as shown in the study of
Siguroardottir (2005)

Other reasons may include social desirability bias. It is
reasonable that some patients have biased answers while trying to
follow the more socially desirable option rather than their actual
behavior. The requirements for the daily management of DM
in Jordan are paid by the Social Security except for the glucose
stick and glucose monitoring device which are increasingly less
affordable for patients of lower social status as well as the lack of
healthy diet.Findings from this study should be interpreted with
scrutiny. Our study had high percent of patients who refused to
participate in the study (53 out of 550), which might be due to the
fact that the majority of our patients had primary education and
elderly (Table 1), and these categories are usually more reluctant
to participate in clinical research because of lack of interest and
knowledge aboutits benefit (Arfken ez al.,2011). However, the study
was still powered (see sample size calculations); it was conducted
in patients admitted to clinics of one hospital (JUH) and usually,
these patients are offered some sort of nonsystematic education.
Therefore, the baseline knowledge that patients might have had
could bias our results. In addition, and under these considerations,
findings might not be generalizable to the whole Jordanian Diabetic
population, Moreover, the cross-sectional nature of this study does
not establish causality, but rather gives us a clue on the relationship
between knowledge and adherence. Accordingly, future studies
should evaluate knowledge in a multicenter setting all over the
kingdom, to have more generalizable results as well as examine
the effect of education on knowledge and, hence adherence, in a
longitudinal interventional manner.

CONCLUSION

The data of the present study showed a moderate level
of diabetes knowledge among study participants compared with
other studies and less adherence scores to diabetes medications.
No correlations were identified between glycemic control and
socio-demographic variables with knowledge or adherence to
medications. This motivates us to take more drastic action in
education for the whole population to do a healthier lifestyle and
to establish a health prioritize culture.
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