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Abstract

Aim: In this study, we aimed to assess the level of good glycemic control, to determine
association between adherence to antidiabetic medications and glycosylated hemoglobin
(HbA1c) and to examine factors influencing good glycemic control.

Materials and methods: A cross-sectional design was employed among 369 patients with type
2 diabetes mellitus (T2DM] from four Ministry of Health health centers in 2016. A sample of

3 ml blood was taken to measure the HbAc, and patients were asked to fill out a pretested
questionnaire. Univariate and multivariate logistic regressions, to identify independent factors
associated with good glycemic control, were conducted using SPSS software version 22 (IBM

Corp, Armonk, NY, USA).

Results: Mean [+standard deviation (SD]] of HbA1c was 8.97 (2.02) and one fifth of patients
had good glycemic control (HbA1c < 7%). Factors associated with good glycemic control were:
older age [odds ratio (OR] = 0.96, 95% confidence interval (Cl): 0.933-0.988]), high medication
adherence (OR: 2.757, 95% Cl: 1.308-4.693), and better health literacy (OR= 2.124, 95% Cl:
1.917-4.921). Duration of diabetes mellitus (DM > 7 years) was inversely related to good
glycemic control (OR = 2.255, 95% Cl: 1.189-4.276).

Conclusion: Our study showed that glycemic control was suboptimal, and factors associated
with that were: older age, high medication adherence, and better health literacy. Knowledge of
these factors could be an entry toward helping patients and targeting interventions to improve
glycemic control and prevent diabetes-related complications.
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Introduction

Diabetes mellitus (DM) is a rapidly growing pub-
lic health problem that affects millions of people
worldwide, leading to disastrous consequences.
DM is responsible for three quarters of morbidity
and 88% of mortality, mostly in developing coun-
tries.1»2 In Palestine, the prevalence of DM
reached 9% of the general population in which
type 2 DM (T2DM) is the most prevalent type
(>87% of cases).? Routine data gathered by the
United Nations for Relief and Working Agency
(UNRWA) showed the prevalence as 10.5% and
11.8% among registered Palestinian refugees in
the West Bank and Gaza Strip, respectively.* It is
projected to reach 20.8% and 23.4% in 2020 and
2030, respectively.>

The Palestinian healthcare system had shown a
significant improvement after the Oslo agreement
and establishment of the Palestinian National
Authority. However, the continuous threat posed
by the political situation, the blockade around the
Gaza Strip, which has been in place since 2006,
and the political divide between the West Bank
and the Gaza Strip posed challenges to unity of
the Palestinian healthcare system by altering the
health services delivered to the Gazan population.
The Palestinian healthcare system is mainly a
public health system and services are offered by
many providers. The Ministry of Health (MoH)
is the main player that provides both primary,
secondary and some tertiary health services and is
the stewardship body for health improvement.
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The United Nations for Relief and Working
Agency (UNRWA) is the second largest provider
of healthcare and offers free of charge, preventive,
primary and community health services to regis-
tered Palestinian refugees in the eight refugee
camps that represent 67.5% of the Gazan popula-
tion. Nongovernmental organizations in the Gaza
Strip provide almost the same range of MoH pri-
mary healthcare services, except immunization.

Diabetes management and follow up is provided
in the primary health centers (PHCs). The PHCs
belong to MoH and are divided into four levels,
based on the capacity building of PHCs. The
level IV PHC provides extensive lab services,
X-ray services, dental care and consultation from
specialized physicians.

Diabetes control is not restricted to taking medi-
cations. It comprises practices and a comprehen-
sive management approach to prevent or delay
possible complications.® These practices are: self-
monitoring of blood glucose, dietary manage-
ment, ophthalmic follow up, foot care and
biochemical monitoring of renal function tests.”
Poor glycemic control is significantly associated
with clinical complications,® and is triggered by
factors including, but not limited to, age, dietary
habits, exercise behavior, body mass index (BMI),
duration of DM, adherence to prescribed medi-
cations and knowledge of the glycosylated hemo-
globin (HbA1c) target.®

Many old studies have shown the strong correla-
tion between good glycemic control and reduc-
tionintheriskof T2DM-related complications,!%:11
in which 1% reduction in the HbAlc results in a
35% reduction in the risk of microvascular com-
plications and 25% reduction in diabetes-related
mortality.!! Optimal HbAlc control is suggested
to be <7%!2 or <6.5%.!3 Despite this fact, the
majority of patients with DM still have poor gly-
cemic control'4#15 and several international stud-
ies were conducted to identify the influencing
factors.16-20 These factors are not alike, from one
population to another due to cultural, educa-
tional, religious and economic variations. High
adherence to prescribed medications was signifi-
cantly a strong predictor for good glycemic con-
trol.21-26 Moreover, duration of DM showed a
significant association with better HbAlc sta-
tus.2427:28 Age and sex have demonstrated contra-
dicting associations. Age < 65 years was an
important factor for good glycemic control,?°
whereas it was not, in other studies.2425:28 Female

sex was shown to be a predictor for a good glyce-
mic control,2® while Kautzky-Willer and col-
leagues,3® and Kamuhabwa and Charles?5 found
men have significantly greater HbAlc reduction
than women. Other influencing factors are family
support, good physician—patient relationship,!5-26
knowledge about diabetes,?! educational level?!
and mono- or multitherapy.2!-25

Adherence to antidiabetes therapies is a key ele-
ment in the quality of diabetes management. It is
often suboptimal,3? but remains vague regarding
prediction of glycemic control among T2DM.33
Previous studies supported the relationship between
adherence to antidiabetes medications and HbAlc
level.3435 In contrast, finding from Blonde and col-
leagues3® did not support this association.

Studies on glycemic control and its association
with medication adherence among T2DM in
Palestine are lacking. Therefore, we conducted
this study among primary care patients with
T2DM in the Gaza Strip to: (a) assess the level of
good glycemic control; (b) determine the associa-
tion between adherence to diabetes medications
and HbAlc; and (¢) examine factors influencing
good glycemic control.

Materials and methods

Study design
This was a cross-sectional design employed
among T2DM patients seeking care in the PHCs.

Ethical consideration

This study was approved by the Palestinian
Ethical Committee (No: PHRC/HC/118/16).
Permission was also obtained from the Palestinian
MoH for conducting the study in its PHCs. A
consent form was signed by the patients and pro-
viding a confirmation that the study is voluntary
based, and rights are preserved if withdrawals
occur. The consent form also contained a state-
ment of agreement by the patients themselves to
collect a 3 ml sample of blood for establishing
HbAIlc status. The study was conducted from
October to December 2016.

Study setting, sample and sampling

Patients with T2DM who had the willingness to be
involved in the study, give patient-signed informed
consent, were under antidiabetes treatment = 6
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months, aged = 26 years and were on regular fol-
low up for at least three visits were eligible for the
study. Patients with mental diseases, pregnant
women and gestational diabetes were excluded.
Nine level IV PHCs belonging to MoH, serve
6486 T2DM patients, are distributed across four
Gaza Strip governorates. One PHC had been ran-
domly selected (cluster sample) to ensure equal
representativeness of the sample. They were the
Jabalia Health Center, Al Rimal Health Center,
Dier Al Balah Health Center and Khan Younis
Health Center located in the north, Gaza, middle
zone and south governorate, respectively.

We used the traditional formula to calculate the
sample size: n = [(Z — a/2)? p(1 — p)/d?], in which
p = 10%,5 d = margin error 5%. The sample size
was 338 plus 10% nonresponse rate, giving a total
sample size equal to 371. A proportionate system-
atic sampling was followed to select T2DM
patients and the kth interval was 17.

Measures

(1) Data were collected by three health profes-
sionals who received one-day training on
understanding questionnaire content, ver-
bal communication and facial expressions.
At the end of the training day, data collec-
tors provided an actual demonstration of
data collection using a face-to-face inter-
viewed approach. A pilot study was per-
formed among an eligible group of 15
T2DM patients in the Al Rimal Health
Center. Internal consistency of the whole
questionnaire measured with Cronbach’s
alpha coefficient was >0.83.
Medication adherence: Adherence to
medications was measured using the self-
report Morisky Medication Adherence
Scale (MMAS-4). It comprises four ques-
tions measured with answers ‘Yes’ or ‘No’
and the score is ranged from 0 to 4.
Because questions are negatively worded,
a score of 4 reflects poor adherence and a
score of O reflects a high adherence. This
tool has shown a strongly predictive and
concurrent validity, and internal consist-
ency.?” The questionnaire was translated
into Arabic and internal consistency was
examined through Cronbach’s coefficient
alpha, which equalled 0.76.
Health literacy: We used the Brief Health
Literacy Screening Tool (BRIEF)3® which
has four questions and are measured on a

2

3)

five-point Likert scale (1 = never to 5 =
always). Answers were collapsed into two
choices: Yes (scores 4 and 5) and No
(scores 1, 2 and 3). The internal consist-
ency of the Arabic BRIEF, measured by
Cronbach’s coefficient alpha, was 0.71.
Laboratory measure: Glycemic control
was examined through determination of
HbAlc using the Bio-Rad D-10 (United
States, Bio-Rad Laboratories, Inc., Hercules,
CA 94547 FRANCE, Bio-Rad, Marnes-la-
Coquett) [high-performance liquid chroma-
tography (HPLC) instrument]. The HbAlc
is an accurate marker of glycemic control
over a preceding 3-month period. The
HPLC instrument complies with latest
Diabetes Control and Complications
Trial (DCCT) according to the National
Glycohemoglobin Standardization Program
(NGSP).?®* HbAlc > 7% represents poor
glycemic control.l2 A 3 ml venous blood
sample was taken from patients, by a trained
nurse, and put in ethylenediaminetetraacetic
acid (EDTA)-filled tubes of 5 ml size
(EDTA blood was used for HbA1c determi-
nation). The samples were immediately
transferred to one laboratory and analysis
was performed on the same day, not exceed-
ing 24 h. Quality control and calibration
were performed every day before started the
analysis.

Baseline characteristics: Socio-
demographic (age, sex, marital status) and
clinical characteristics of participants
(duration of having DM, complications,
HbAIc values) were included in the begin-
ning of questionnaire.

C))

3)

Data analysis

During the data entry phase, data were checked for
errors and outliers. Descriptive analysis was used,
with means (standard deviations) and frequencies
(percentages) for continuous and categorical vari-
ables, respectively. Bivariate analysis of independ-
ent variables with glycemic control (good wversus
poor) was applied and the crude odds ratio (OR)
[95% confidence interval (CI)] was used to deter-
mine the association between independent varia-
bles and the dependent variable (glycemic control).
Independent variables with p value < 0.25 were
selected for multiple logistic regression to deter-
mine independent factors associated with good
glycemic control. Analyses were conducted using
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the Statistical Package for Social Sciences (IBM
Corp, Armonk, NY, USA) version 22.

Results

Patients’ baseline and clinical characteristics are
shown in Table 1. Mean [* standard deviation
(SD)] age and mean (=SD) duration of DM was
56.38 (10.36) and 10.48 (8.12), respectively. A
total of 55.8% (206) were females and 13% (48)
had previous history of hospitalization due to
DM. One third (126) were aged more than 61
years and 97 (26.3%) were under 50 years, and
more than half (54.3%) had DM for 7 years and
more. A total of 200 (54.2%) reported having
complications including hypertension (13.6%),
diabetic nephropathy (36%), diabetic retinopathy
(3.5%), and cardiac problems (7.6%).

Glycosylated hemoglobin

Mean (£SD) of HbAlc was 8.97 (2.02) and
19.5% had HbAlc =7%. HbAlc values are
shown in Figure 1. Unadjusted mean HbAlc for
patients with MMAS-4 scores of 0, 1, 2, and 3 are
shown in Figure 2. The more that patients adhere
to medications (MMAS-4 = 0), the lower the
mean HbAlc compared with another group with
an MMAS-4 score of 1, 2 or 3, but the mean
HbAI1c remained above average (mean * SD of
HbAlc for MMAS-4 score 0 was 8.8 = 2.0).
Mean HbAlc (£SD) for patients receiving Oral
Hypoglycemic Agents (OHA), insulin, and on
both regimens, was 8.8 (2.1), 9.4 (1.8), and 9.1
(1.7), respectively. Statistical significance was
shown between DM patients with and without
previous medical complications (p < 0.05).

Adherence to medications

Out of the 369 participants, 58% (214) reported
having high adherence (MMAS-4 = 0), 39.6%
(146) and 2.4% (9) reported to have medium and
low adherence, respectively (MMAS-4 = 1-2 and
=3, respectively). Correlation between HbAlc
and MMAS-4 was moderately positive (r =
0.496, p < 0.05).

Bivariate associations

Patients were divided into two groups: good gly-
cemic control (<7%) and poor glycemic control
(>7%). Using the univariate analysis of inde-
pendent variables, six independent factors were
chosen for logistic regression (p < 0.25): age (OR

= 0.97, 95% CI: 0.945-0.995), female sex (OR
= 1.538,95% CI: 0.917-2.579), duration of DM
(OR = 1.874, 95% CI: 1.112-3.158), types of
medication (OR = 2.676,95% CI: 1.262-5.674),
better health literacy (OR = 1.681, 95% CI:
0.771-3.666), and high adherence score (OR =
2.313, 95% CI: 0.282-4.557) (Table 2).

Independent factors influencing glycemic

control

Multivariate logistic analysis showed age, dura-
tion of DM, high adherence and better health lit-
eracy were significantly associated with good
glycemic control (Table 3). The longer the patient
lives with the disease, the less likely the glycemic
status is controlled (OR = 2.255,95% CI: 1.189—
4.276). However, the more the patients are liter-
ate and knowledgeable about DM, the older they
are, and adherent to their medications, the more
likely their glycemic status is well controlled [(OR
= 2.124, 95% CI: 1.917-4.921), (OR = 0.96,
95% CI: 0.933-0.988) and (OR: 2.757, 95% CI:
1.308-4.693)], respectively.

Discussion

The ultimate outcome of diabetes management is
to achieve glycemic control and to prevent or
delay complications related to diabetes. In this
study, we assessed the glycemic status, determined
by HbAllc, and factors associated with good glyce-
mic control among patients with T2DM. Almost
one fifth of patients were shown to have good gly-
cemic control, which is consistent with previous
reported studies from Africa,?25 Australia,3?
Asia, 33 Americal®2® and Arab countries.15:28
However, this prevalence is far lower than findings
of Ali and colleagues,*® who reported 86.1%. The
variations could be attributed to the presence or
absence of a collection of practices that are neces-
sary for the management of diabetes and are not
only restricted to medications. The practices
include self-management of diabetes, exercise
behavior, dietary habits, knowledge, and aware-
ness about the disease, uniform guidelines and not
lastly, adherence to antidiabetes regimens.?4!

High adherence to antidiabetic medications was
suboptimal (58%), which was previously docu-
mented among T2DM from Ethiopia,?!
America,?3:3! Tanzania,? India*? and Palestine.*3

The Morisky score was associated with HbA1c val-
ues. The more adherence to antidiabetic therapies,
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Figure 1. Distribution of glycosylated hemoglobin
values.
HbA1c, glycosylated hemoglobin.

the better the HbAlc values, but the mean HbAlc
value was above 7%, similar to findings of
Al-Halaweh and colleagues.** Reasons for poor gly-
cemic control are difficult to identify. They could be
attributed to lack of comprehensiveness of diabetes
management which comprises a set of practices
including, but not limited to, continuous glucose
monitoring, dietary habits, physical exercise and
awareness about DM, and also could be due to the
disease process itself, as well as attitudes of physi-
cians and patients. Patients themselves used to shop
among endocrinologists and received different pro-
tocols for diabetes management. Moreover, the
poverty status imposed by the current strict siege
and bad economic status push this vulnerable group
to prioritize medicines as a second choice after
maintaining family life. Treatments are sometimes
not available in PHCs after the middle of the month,
so patients do not take the treatments unless pur-
chased from pharmacies. Recent studies from Gaza
revealed that adherence, of physicians and nurses in
the PHCs, to Palestinian clinical practice guideline
for DM is suboptimal (51.5%),%> and physicians
and nurses perceive less trust-worth toward the
guideline because of its poor quality compared with
other international guidelines.*® So, glycemic con-
trol is not just by taking medications. High adher-
ence (MMAS-4 score = 0) was significantly
associated with 10% reduction in the HbA1c value,
which is in line with findings of Krapek and his col-
leagues.?> This finding has practical and clinical
implications in terms of preventing early microvas-
cular complications associated with T2DM and
therefore reduces healthcare-related costs. A previ-
ous study revealed that 1% reduction in HbAlc
resulted in 35% reduction in the risk of complica-
tions from T2DM.!! In this study, 3.5% of patients

156.0

]
8 o
; :
1200 ° 8
-
2 907 § _————‘r'/

6.0

CHIEDOC

Adherence score

Figure 2. Relationship between adherence to
medications and glycosylated hemoglobin (Morisky
Medication Adherence Scale score = 4 means higher

adherence).
HbA1c, glycosylated hemoglobin; MMAS-4, Morisky
Medication Adherence Scale.

reported having diabetic retinopathy, while we
believe in reality, it is much higher because the esti-
mation was based on self-report method.
Microvascular complications of T2DM among
Palestinians in the West Bank were 25.9%.% We
recommend further studies to determine the preva-
lence of diabetic complications among T2DM
patients. Several studies showed no association
between adherence and HbAlc. The prospective
study conducted by Wooldridge and colleagues*’
among 189 patients showed improvement in the
metabolic control of intensive individual education,
but no association was documented with self-
reported adherence to antidiabetes medications.
The MMAS-4 does not consider other factors influ-
encing the metabolic control, including lifestyle fac-
tors (dietary habits and exercise), but it provides a
meaningful information on use of drugs, which is a
significant factor in diabetes management.

An inverse relationship was observed between age
and HbAlc (p = 0.05); the higher the age, the
more likely the HbAlc is controlled, similar to
other studies.?®48 This could be attributed to
‘development effect’, in which glycemic control
improves as cohorts mature by age. In fact, this is
in contrast to a former concept that the glycemic
control (HbAlc level) worsens with time. Other
studies opposed our findings.?5%° The variation of
the relationship between poor glycemic control
and age could be due to dissimilarities of the stud-
ied population and age distribution in various
studies. We recommend a prospective and a longi-
tudinal study to explore the real relationship
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Table 2. Univariate analysis of factors associated with good glycemic control.

Variable Total Good control  Poor control 0Odds ratio p value
n =369 n=172 n =297 with 95% CI
Age M + SD M+ SD M+ SD 0.97 (0.945-0.995) <0.05
56.38 (10.36) 58.9 = 10.6 55.5+11.0
Sex
Male 163 (44.2) 38(52.8) 125 (42.1) Reference
Female 206 (55.8] 34 (47.2) 172 (57.9) 1.538 (0.917-2.579) 0.103
Marital status
Single 28 (7.3) 12 (16.6) 16 (5.4) 0.537 (0.12-2.404) 0.416
Married 341 (92.7) 60 (83.3) 281 (94.6)
Duration of DM
<7 years 169 (45.8) 42 (58.3) 127 (42.8) Reference
>7 years 200 (54.2) 30 (41.7) 170 (57.2) 1.874(1.112-3.158) <0.05
Complications
No 169 (45.8) 33 (45.8) 136 (45.8) Reference
Yes 200 (54.2) 39 (54.2) 161 (54.2) 1.002 (0.597-1.679) 0.995
Type of medication
Oral 241 (65.3) 58 (80.6) 183 (61.6) Reference <0.05
Insulin 85 (23] 9(12.5) 76 (25.6) 2.676 (1.262-5.674) <0.05
Both 43(11.7) 5(6.9) 38(12.8) 2.409 (0.906-6.406) 0.078
Previous hospitalization
No 321 (87 65 (90.3) 256 (86.2) Reference
Yes 48 (13) 71(9.7) 41(13.8) 0.672 (0.288-1.568) 0.358
Health literacy
Yes 353 (95.7) 67 (93.1) 286 (96.3) 1.9 (0.7-5.8) 0.183
No 16 (4.3) 5(6.9) 11 (3.7) Reference
Morisky score
0 214 (58) 48 (66.7) 166 (55.9) 2.313(0.282-4.557) 0.120
1-2 146 (39.6) 23 (31.9]) 123 (41.4) 1.546 (0.893-2.678) 0.235
3-4 9 (2.4) 1(1.4) 8(2.7) Reference 0.242

M, mean; SD, standard deviation; DM, diabetes mellitus; Cl, confidence interval.

between age and glycemic control that gives clearer
insight than the current cross-sectional study.

Poor glycemic control was significantly associated
with duration of DM. This is congruent with other
reported studies.!820 A possible explanation, as
given by Sampson and colleagues,’® is that the
amount of carbohydrate attached to the HbAlc
increases with increasing duration of DM. Also,
DM is known as a progressive disease and insulin
resistance increases with time due to progressive
impairment of insulin secretion from beta cells.!!

Health literacy is used to measure patients’ ability
to comprehend, read and act on instructions given
in the healthcare center. So, patients are able to
understand elementary health information that

helps them for a better decision on their health.
Better health literacy was significantly associated
with good glycemic control. This is consistent
with findings obtained from Cavanaugh and
colleagues.>! Successful glycemic control requires
patients to know how to monitor and manage
symptoms, carry out medical treatments on a daily
basis, and self-monitoring of disease progression.
Therefore, inadequate health literacy hampers
these practices, leading to improper diabetes man-
agement and early occurrence of complications,
including, but not limited to, kidney disease and
neurological disorders.>?

Females are more likely to have better glycemic
control than males. Although this estimate did not
reach statistical significance, it was in line with the

journals.sagepub.com/home/tae
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Table 3. Multivariate analysis of factors associated with good glycemic control.

Variable B SE Wald p value 0dds ratio with 95% CI
Constant 2.046 0.943 4.703 <0.05
Age 0.041 0.015 7.745 <0.05 0.96 (0.933-0.988)
Sex 0.481 0.279 2.959 0.085 1.617 (0.935-2.797)
Duration of DM -0.813 0.327 6.200 <0.05 2.255(1.189-4.276)
Medication

Oral 3.346 0.188 Reference

Insulin -0.667 0.422 2.496 0.114 1.948 (0.852-4.457)

Both -0.643 0.528 1.480 0.224 1.901 (0.675-5.354)
Health literacy 0.753 0.429 3.091 < 0.05 2.124 (1.917-4.921)
Morisky score

(3-4) 3.767 0.096 Reference

(1-2) 0.489 0.294 0.822 0.365 0.917 (0.917-2.9)

(0] 1.014 1.119 3.274 < 0.05 2.757 (1.308-4.693)

B, regression coefficient; SE, standard error; Cl, confidence interval; DM, diabetes mellitus.

Kautzky-Wille study,>? however, against the find-
ing by Kamuhabwa and Charles?> that revealed
women failed to achieve the targeted HbAlc in
comparison with male counterparts. HbA1c differ-
ences in sex could not be explained by dissimilari-
ties in body composition and therefore, there is a
need for further investigation to examine sex-
related distinction in efficacy/treatment response.

This study was strengthened by the tremendous
response rate; therefore, generalization could
possibly be applied to all T2DM patients seeking
care in the PHCs. It also has some noteworthy
limitations. First, there are other factors influenc-
ing glycemic control that were not examined in
this study. These factors are dietary habits, physi-
cal activity index, patient education, and dieti-
cians’ instructions. Second, adherence was
measured by a self-report method and that was
based on patients’ recall of their habits and medi-
cation-taking practices, and overestimation could
occur. The direct method, counting pills, is a bet-
ter way to estimate adherence to medications, but
unfortunately, we couldn’t use it due to dual ben-
efit of DM patients from MoH and UNRWA
health services. Third, the nature of a cross-sec-
tional design does not prove the causality.

Conclusion

Findings of this study indicate that diabetes man-
agement and glycemic control is a formidable
challenge to the Palestinian healthcare system.

The majority of participating patients in the Gaza
Strip had poor glycemic control; and short dura-
tion of the disease, better health literacy, old age
and high adherence to medications were signifi-
cantly associated with the good glycemic control.
Knowledge of these factors could be a start toward
helping patients and targeting interventions to
improve glycemic control and prevent diabetes-
related complications. Poor glycemic control in
Palestine indicates a need for more research and
improvement, and highlights the need to review
the existing guidelines and develop an awareness
program around issues related to diabetes care.
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