
13CliniCal MediCine insights: endoCrinology and diabetes 2016:9

Reported Benefits of Insulin Therapy for Better Glycemic 
Control in Type 2 Diabetic Patients—Is This Applicable 
in Saudi Patients?

Wafaa alsaggaf1,2, Mohammed asiri1,2, balgees ajlan1,2, Alaa Bin Afif1,2, roaa Khalil1,2, anas bin 
salman1,2, ahmed alghamdi1,2, osama bashawieh1,2, atheer alamoudi1,2, abeer aljahdali1,2, nouf 
aljahdali1,2, hussam Patwa1,2, Mohammed bakhaidar1,2, suhad M. bahijri2,3, Maimoona ahmed2,4, 
Khalid al-shali2,4, samia bokhari2,5, amani alhozali2,4, anwar borai2,6, ghada ajabnoor2,3 
and Jaakko tuomilehto2,7–9

1Medical Student, Faculty of Medicine, King AbdulAziz University, Jeddah, Saudi Arabia. 2Saudi Diabetes Research Group, King Fahd 
Medical Research Center, King Abdulaziz University, Jeddah, Saudi Arabia. 3Department of Clinical Biochemistry, Faculty of Medicine, King 
Abdulaziz University, Jeddah, Saudi Arabia. 4Department of Internal Medicine, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi 
Arabia. 5King Fahad Armed Forces Hospital (KFAFH), Jeddah, Saudi Arabia. 6King Abdullah International Medical Research Center, King 
Saud Bin Abdulaziz University for Health Sciences, King Abdulaziz Medical City, Jeddah, Saudi Arabia. 7Center for Vascular Prevention, 
Danube University Krems, Krems, Austria. 8Chronic Disease Prevention Unit, National Institute for Health and Welfare, Helsinki, Finland. 
9Dasman Diabetes Institute, Dasman, Kuwait.

ABSTR ACT
AIM: To compare the effect of different treatment regimens (oral hypoglycemic agents [OHGs], insulin therapy, and combination of both) on glycemic 
control and other cardiometabolic risk factors in type 2 diabetes mellitus (T2DM) patients in Saudi.
SUBJECTS AND METHODS: Patients with T2DM, but no serious diabetic complications, were randomly recruited from the diabetes clinics at two 
large hospitals in Jeddah, Saudi Arabia, during June 2013 to July 2014. Only those without change in treatment modality for the last 18 months were 
included. Blood pressure and anthropometric measurements were measured. Treatment plan was recorded from the patients’ files. Fasting blood sample was 
obtained to measure glucose, HbA1c, and lipid profile.
RESULTS: A total of 197 patients were recruited; 41.1% were men and 58.9% were women. The mean (±SD) age was 58.5 ± 10.5 years. Most patients 
(60.7%) were on OHGs, 11.5% on insulin therapy, and 27.7% were using a combination of insulin and OHGs. The mean HbA1c was lower in patients using 
OHGs only, compared with means in those using insulin, or combined therapy in patients with disease duration of #10 years (P = 0.001) and also in those 
with a longer duration of the disease (P , 0.001). A lower mean diastolic and systolic blood pressure was found among patients on insulin alone (P , 0.01). 
No significant differences were found in lipid profiles among the groups.
CONCLUSION: Insulin therapy, without adequate diabetes education, fails to control hyperglycemia adequately in Saudi T2DM patients. There is a 
challenge to find out reasons for poor control and the ways as to how to improve glycemic control in T2DM.
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Introduction
Diabetes mellitus is “a complex chronic illness requiring 
continuous medical care with multifactorial risk reduction 
strategies beyond glycemic control”.1 Type 2 diabetes mellitus 
(T2DM) occurs mainly due to insulin resistance in the periph-
eral tissue, which causes an increase in insulin secretion, 
and thus a state of hyperinsulinemia.1 Diabetes has serious 
complications that can affect the patient’s life quality. These 
complications include diabetic retinopathy, nephropathy, neu-
ropathy, and cardiovascular disease.2 Diabetes and its com-
plications have increased the economic expenses at the level 

of health-care systems to cover the expenditure needed for 
hospital admissions and emergency care.3 Effective glycemic 
control is the crucial element of diabetes management to 
limit the development of its macrovascular and microvascu-
lar complications and improve quality of life for the affected 
individuals.4,5 According to a diabetic care report published in 
January 2014, the aim of diabetes management is to keep the 
glycated hemoglobin (HbA1c) ,7.0%,2 preprandial capillary 
plasma glucose between 70 and 130 mg/dL, and peak post-
prandial capillary plasma glucose  ,180  mg/dL to prevent, 
or at least delay, further complications.6 In addition to the 
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American Diabetes Association (ADA) and the European 
Association for the Study of Diabetes position statement in 
2012, the goal of diabetes control has individualized both 
treatment target and treatment strategies to each patient 
according to many factors.7 If the patient is diabetic for a 
long time,8 has limited life expectancy, severe hypoglycemic 
episodes,9 advanced complications, or extensive comorbidities, 
the goal of HbA1c level was modified to 8%.3,4

In order to achieve optimal glycemic control, a mul-
tidisciplinary approach needs to be taken. This includes 
lifestyle modification (diet and exercise), which is the first 
line of management, followed by oral hypoglycemic agents 
(OHGs) and insulin therapy. OHGs are considered the 
mainstay of treatment and have been proven to achieve 
effective and early glycemic control,10 with reduction of car-
diovascular events.4 Regardless of the usefulness of lifestyle 
modification and OHGs, the majority of patients will even-
tually need insulin, which has been reported to be superior 
to other modalities among patients with T2DM, to achieve 
adequate glycemic control.11 However, patients’ education 
and adherence to the treatment regimen are considered the 
cornerstone in diabetes management. A randomized clinical 
trial has shown improved outcome among patients undergo-
ing pharmacotherapeutic care plan and diabetes education 
over the group receiving standard care.12 The latest “Saudi 
National Reference For Diabetes Mellitus Guidelines In 
Primary Health Care” recommends the use of insulin in 
patients who are not able to reach HbA1c level of 7.0% with 
other treatment regimens.13 Insulin will be made freely 
available in all primary health-care centers, leading to more 
physicians prescribing it. However, these guidelines were 
based on the American1 and the Canadian Clinical Practice 
Guidelines 2013,14 without any studies being conducted on 
the local population.

Therefore, we aimed to compare the effect of different 
treatment regimens (OHGs, insulin therapy, and combination 
of both) on glycemic control and other cardiometabolic risk 
factors in T2DM Saudi patients.

Methods
A cross-sectional study was conducted between the two cen-
ters. The study complied with the principles of the Declaration 
of Helsinki. Ethical approval was obtained from the Com-
mittee on the Ethics of Human Research at the “Faculty of 
Medicine, King Abdulaziz University”, and the Committee 
on the Ethics of Medical Research at King Fahad Armed 
Forces Hospital (KFAFH). Patients diagnosed with T2DM 
were randomly recruited from the diabetes outpatient clin-
ics during the course of 13 months (June 2013 to July 2014). 
Patients who were willing to participate were asked to sign an 
informed consent form before inclusion in the study. Exclu-
sion criteria included: patients recently diagnosed with diabe-
tes (less than one year period), patients on the same treatment 
regimens for less than six months, pregnancy, having any other 

severe chronic illness, or diabetic complications (ie, end-stage 
renal disease, liver disease, recent myocardial infarction, etc.). 
Anthropometric measurements were taken for all patients. 
Height was measured bare footed to the nearest 0.5 cm using 
a stationary stadiometer. Weight was measured to the nearest 
0.5  kg, while wearing light street clothing using a portable 
calibrated scale (Omron BF511). Both measurements were 
used to calculate body mass index (BMI). Waist measurement 
was taken at the level of the umbilicus, and hip measurement 
at the maximal protrusion of the gluteal muscles, both to the 
nearest 0.5  cm. Blood pressure was measured following the 
recommendations of the Joint National Committee using a 
standard mercury sphygmomanometer with the cuff on the 
right upper arm.15 Two blood pressure readings were taken, 
one minute apart, while the subject was seated for 10 minutes, 
and the mean of the two readings was calculated. BMI was 
used to classify patients as being normal (BMI = 18.5–,25), 
overweight (BMI = 25–,30), or obese (BMI $ 30). In addi-
tion, a questionnaire covering demographic information and 
the management plan followed by the patient was filled during 
face-to-face interview. Treatment plan was recorded as life-
style modification (ie, diet and exercise), OHGs, insulin, or 
any combination of them. Fasting blood sample was obtained 
for the measurement of glucose and HbA1c. Glucose and 
HbA1c were estimated using automated enzymatic methods 
(Dimension Vista 1500T Intelligent Lab System from 
Siemens Company) at the biochemistry laboratory in the 
respective hospital. HbA1c , 7% was considered controlled 
and HbA1c . 7% was considered uncontrolled, in accordance 
to the ADA guidelines.1

Data were entered, coded, and analyzed using SPSS 
version 20. One-way analysis of variance was used to test for 
differences between the means of different treatment groups. 
Chi-square test was used for categorical variables to test for 
differences between groups. All P-values ,0.05 were deemed 
statistically significant.

Results
A total of 197 patients were recruited from both locations (41.1% 
were males and 58.9% were females). None of the patients were 
managed by lifestyle modification alone. Only 18.3% of the 
sample had adequate glycemic control. Almost half of the 
patients were hypertensive and the majority had dyslipidemia. 
High systolic blood pressure (SBP) was found in 33.0% of the 
patients, while 47.7% had high diastolic blood pressure (DBP). 
In addition, 78.7% of the patients had high LDL, and 31.0% 
and 51.3% had high triglycerides and low HDL, respectively. 
Characteristics of the study group are presented in Table 1.

The majority (60.9%) of the patients used oral hypogly-
cemic agents ( OHGs) only, in comparison with insulin alone 
(11.7%) and combined therapy (27.4%). There were no signifi-
cant differences in the mean BMI and in the percentages of 
patients treated with statins or antihypertensive drugs among 
the different management groups (Table 2).
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Even though the mean HbA1c was high in each patient 
group, there was a significant difference between the different 
management methods of DM. The mean HbA1c was lower in 
patients with disease duration of #10 years using OHGs only 
than in those using insulin or combined therapy (P = 0.001) 

and in those with longer duration of the disease (P = 0.001; 
Table 2).

We found no significant differences between the means of 
lipid profile components, namely, triglyceride, LDL, and HDL, 
among the different diabetes management groups (Table 2).

Table 1. Characteristics of the study group presented as mean ± SD or the number and percentage of total.

MEAN ± ST. DEV. 

MALE (N = 81) FEMALE (N = 116) TOTAL (N = 197)

Age (years) 57.52 ± 11.36 59.10 ± 10.00 58.46 ± 10.58

BP systolic (mmHg) 127.51 ± 20.38 130.97 ± 18.20 129.57 ± 19.13

BP diastolic (mmHg) 74.63 ± 11.57 77.00 ± 10.99 76.04 ± 11.26

bMi (kg/m2) 30.55 ± 5.57 33.13 ± 7.74 32.07 ± 7.03

Triglyceride (mmol/L) 2.00 ± 1.34 2.024 ± 1.09 2.01 ± 1.19

LDL cholesterol (mmol/L) 2.77 ± 1.27 2.96 ± 1.01 2.89 ± 1.12

HDL cholesterol (mmol/L) 1.01 ± .32 1.21 ± .41 1.12 ± .38

HbA1c (%) 8.72 ± 2.03 8.36 ± 1.76 8.50 ± 1.87

Presence of hypertension (N, % of total) (34, 42.0%) (61, 52.6%) (95, 48.22%)

Presence of dyslipidemia (N, % of total) (61, 75.3%) (95, 81.9%) (156, 79.2%)

Abbreviations: BP, blood pressure; BMI, body mass index; HbA1c, glycated hemoglobin.

Table 2. HbA1c, lipid profile, blood pressure (mean ± SD), and use of antihypertensive drugs and statins (% of total) in groups of patients using 
different management modalities according to duration of disease and use of statins and/or antihypertensive drugs.

ORAL HYPOGLYCEMIC 
USERS GROUP (N = 120)

INSULIN USERS 
GROUP (N = 23)

USERS OF COMBINATION 
THERAPY (N = 54)

P-VALUE

HbA1c

#10 years 7.78 ± 1.58 9.01 ± 2.16 9.59 ± 2.10 0. 001

.10 years 8.14 ± 1.44 10.27 ± 2.56 9.40 ± 1.64 ,0.001

Triglyceride

#10 years 2.11 ± 1.15 2.01 ± 1.42 2.16 ± 1.36 0.965

.10 years 1.75 ± 1.08 2.63 ± 1.59 1.91 ± 1.18 0.090

ldl

#10 years 3.27 ± 1.10 2.35 ± .83 3.30 ± 1.29 0.219

.10 years 2.47 ± .92 3.18 ± 1.55 2.53 ± .94 0.118

hdl

#10 years 1.09 ± .28 1.23 ± .59 1.10 ± .27 0.749

.10 years 1.23 ± .50 1.06 ± .51 1.1 ± .42 0.480

sbP

#10 years 128.64 ± 20.69 124.29 ± 18.30 126.30 ± 14.45 0.790

.10 years 134.64 ± 20.55 118.75 ± 13.47 131.10 ± 16.33 0.032

dbP

#10 years 77.73 ± 11.86 69.43 ± 10.31 78.65 ± 8.63 0.149

.10 years 75.00 ± 10.64 67.92 ± 11.59 77.45 ± 11.48 0.045

Patients using statins  
(N, % of group) 156

94, 78.3% 19, 82.6% 43, 79.6% 0.461

Patients using antihypertensive 
drugs (N, % of group) 95

57, 47.5% 12, 52.2% 26, 48.1% 0.263

Abbreviations: HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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However, among all factors, active patient education, 
including lifestyle modification, has been proven to be the main 
determinant of adherence to therapy worldwide and leading 
to improved glycemic control.12 A meta-analysis showed that 
lifestyle intervention was also associated with significantly 
improved cardiovascular risk factor levels including HbA1c, 
BMI, SBP, DBP, and to a better quality of life.28–32 Another 
meta-analysis concluded that diabetes self-management edu-
cation results in improved clinical, lifestyle, and psychological 
outcomes.33

In Saudi Arabia, a study conducted in 2005 in the Asir 
region investigated the availability of diabetes health educa-
tors and diabetes educational material, and reported that only 
for 8% of the patients, a diabetes educator and less than 50% 
diabetes edu cation materials were available.34 Another recent 
Saudi study showed a significant association between diabetes 
education and glycemic improvement.35 Patients included in 
this study were actually part of a larger population recruited 
from medical centers in Egypt, Iran, Jordan, and Saudi Arabia 
in a multicenter, prospective observational study, aiming 
at examining whether individualized Pre-Ramadan educa-
tion resulted in improved clinical outcomes and a safer fast 
for people with T2DM.36 Patients from King Abdulaziz 
University Hospital received individualized teaching on the 
needed dietary and lifestyle adjustments, while those from 
KFAFH were given routine instructions. The noted improve-
ment in the group receiving individualized teaching implies 
that the reasons for our findings of poor glycemic control in 
insulin users include a lack of compliance and inadequate 
knowledge of self-management. It also reflects the inadequacy 
of the present diabetes management system and indicates the 
urgent need for well-constructed, locally developed diabetes 
education programs in Saudi Arabia. The present system for 
the management of T2DM in the country does not result in 
adequate glycemic control, since insulin therapy either alone 
or combined OHGs are not superior to OHGs in achieving 
glycemic control. Education programs aiming at increasing 
patients’ awareness about diabetes self-management, stress-
ing the importance of compliance to insulin therapy, and the 
correct methods for its application, as well as information 
about the consequences of poor glycemic control, are highly 
recommended.

Admittedly, the sample size in our study was not large, 
mainly due to the exclusion criteria, and details of insulin 
therapy (whether conventional needles or insulin pins) were 
not taken. Nevertheless, we believe that our findings are of 
interest to treating physicians and endocrinologists and will 
help to lay down better Saudi guidelines for the management 
of T2DM based on local evidence rather than international 
recommendations. Our future work will aim at correcting the 
limitations in this study by increasing the sample size, taking 
more detailed information regarding insulin therapy, as well 
as assessing patients’ knowledge regarding self-management.

SBP and DBP were lower in patients with .10 years 
DM duration in the group taking insulin only (P = 0.032, and 
0.045, respectively).

Discussion
In spite of various reports showing a better glycemic control 
in T2DM patients using insulin therapy alone,16 or combined 
with OHGs,17–20 this was not noted in our study; the mean 
glycated hemoglobin was the highest among all management 
modalities. Patients with diabetes are advised and expected 
to follow an altered healthier lifestyle that could be differ-
ent to what they are used to practice. This includes compli-
ance to healthy diet, physical activity plans, and self-glucose 
monitoring. Such adjustments could be too complicated, and 
hence, not feasible to follow by many patients. Indeed, the fact 
that insulin did not improve glycemic control even in combi-
nation with OHGs might signify a lack of patients’ aware-
ness regarding self-management and compliance to therapy. 
Patients’ awareness and their compliance to therapy were not 
assessed in this pilot study and need further investigations 
before firm conclusions are drawn about the reasons for the 
present findings.

In an earlier report, compliance to OHG treatment was 
reported to be higher than that to insulin,21 but this issue 
has not been studied in Saudi Arabia so far. Multiple factors 
are involved in the compliance to insulin therapy, including 
interference with patient’s daily activities and plans, imme-
diate negative experience after insulin injection (pain and 
embarrassment), low income of patients, high insulin cost,22 
age of the patient, the frequency of hypoglycemic attacks or 
other side effects, and the complexity of management regi-
men (method of administration, number of injections/day, and 
duration of insulin use).22–25 Furthermore, the worry about 
hypoglycemia episodes may lead to patients eating more and 
decreasing the insulin dose that will eventually lead to worse 
glycemic control.22 Indeed, a study conducted in 2005, in 
Eastern U.S., showed that diabetic patients use approximately 
77% of insulin dose prescribed by the health-care providers, 
which could predispose patients to more frequent and severe 
hypoglycemia episodes as heath-care providers try to improve 
glycemic control by increasing the insulin dose.26 Our future 
research in Saudi Arabia will attempt to cover all these points 
while investigating compliance among our patients, in the 
hope of better management of T2DM.

Several factors have been shown to be associated with 
improved compliance to insulin therapy. For example, insulin 
pen is significantly easier to use and less painful than the con-
ventional vial/syringe, hence helping to improve compliance.27 
Furthermore, behavioral adherence and self-monitoring of 
blood glucose was correlated with a better glycemic control 
as the daily measurements of blood glucose act as a constant 
reminder for the patient to receive his therapeutic dose before 
getting his reading.21

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-endocrinology-and-diabetes-journal-j65


Questionable benefits of insulin therapy in Saudi T2DM patients 

17CliniCal MediCine insights: endoCrinology and diabetes 2016:9

Acknowledgments
We would like to thank all the following for their help while 
conducting our study: nurses who helped in selecting the 
appropriate patients and laboratory staff who performed the 
biochemical analysis.

Author Contributions
Conceived and designed the experiments: SMB, WA, MAsiri, 
ABA, MAhmed, KA, AH, and SB. Analyzed the data: WA, 
ABA, AB, AAlghamdi, GA. Wrote the first draft of the man-
uscript: WA, BA, RK, ABS, OB, and AAlamoudi. Contrib-
uted to the writing of the manuscript: MAsiri, AAljahdali, 
NA, HP, MB, SMB, GA, AB, and JT. Agree with manuscript 
results and conclusions: SMB, MAhmed, KA, SB, AAlho-
zali, and JT. Jointly developed the structure and arguments for 
the paper: WA, MAsiri, BA, RK, ABA, ABS, AAlamoudi, 
AAljahdali, OB, MB, NA, and SMB. Made critical revisions 
and approved final version: SMB and JT. All authors reviewed 
and approved of the final manuscript.

REFERENCES
 1. American Diabetes Association. Standards of medical care in diabetes—2014. 

Diabetes Care. 2014;37(suppl 1):S14–S80.
 2. World Health Organization. About diabetes. Available at: http://www.who.int/

diabetes/action_online/basics/en/
 3. American Diabetes Association. Economic costs of diabetes in the U.S. in 2012. 

Diabetes Care. 2013;36(4):1033–1046.
 4. Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with macrovas-

cular and microvascular complications of type 2 diabetes (UKPDS 35): prospec-
tive observational study. BMJ. 2000;321(7258):405–412.

 5. Hemmingsen B, Lund SS, Gluud C, et al. Targeting intensive glycaemic con-
trol versus targeting conventional glycaemic control for type 2 diabetes mellitus. 
Cochrane Database Syst Rev. 2013;11:CD008143.

 6. American Diabetes A. Postprandial blood glucose. American Diabetes Associa-
tion. Diabetes Care. 2001;24(4):775–778.

 7. Inzucchi SE, Bergenstal RM, Buse JB, et al; American Diabetes Association 
(ADA), European Association for the Study of Diabetes (EASD). Management 
of hyperglycemia in type 2 diabetes: a patient-centered approach: position state-
ment of the American Diabetes Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD). Diabetes Care. 2012;35(6):1364–1379.

 8. Duckworth WC, Abraira C, Moritz TE, et al. The duration of diabetes affects 
the response to intensive glucose control in type 2 subjects: the VA Diabetes 
Trial. J Diabetes Complications. 2011;25(6):355–361.

 9. Ismail-Beigi F, Moghissi E, Tiktin M, Hirsch IB, Inzucchi SE, Genuth S. Indi-
vidualizing glycemic targets in type 2 diabetes mellitus: implications of recent 
clinical trials. Ann Intern Med. 2011;154(8):554–559.

 10. Erem C, Ozbas HM, Nuhoglu I, Deger O, Civan N, Ersoz HO. Comparison of 
effects of gliclazide, metformin and pioglitazone monotherapies on glycemic con-
trol and cardiovascular risk factors in patients with newly diagnosed uncontrolled 
type 2 diabetes mellitus. Exp Clin Endocrinol Diabetes. 2014;122(5):295–302.

 11. Nathan DM, Buse JB, Davidson MB, et al; American Diabetes Association 
(ADA), European Association for the Study of Diabetes (EASD). Medical man-
agement of hyperglycemia in type 2 diabetes: a consensus algorithm for the initi-
ation and adjustment of therapy: a consensus statement of the American Diabetes 
Association and the European Association for the Study of Diabetes. Diabetes  
Care. 2009;32(1):193–203.

 12. Cani CG, Lopes Lda S, Queiroz M, Nery M. Improvement in medication 
adherence and self-management of diabetes with a clinical pharmacy program: 
a randomized controlled trial in patients with type 2 diabetes undergoing insulin 
therapy at a teaching hospital. Clinics (Sao Paulo). 2015;70(2):102–106.

 13. Diabetes Control and Prevention Program-Ministry of Health. National Refer-
ence for Diabetes Mellitus Guidelines in Primary Health Care in Saudi Arabia. 
2nd ed. 2014:1435.

 14. Canadian Diabetes Association. Clinical practice guidelines for the prevention 
and management of diabetes in Canada-2013. Can J Diabetes. 2013;37(suppl 1): 
S1–S216.

 15. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint National 
Committee on prevention, detection, evaluation, and treatment of high blood 
pressure. Hypertension. 2003;42(6):1206–1252.

 16. Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control with diet, sulfo-
nylurea, metformin, or insulin in patients with type 2 diabetes mellitus: progres-
sive requirement for multiple therapies (UKPDS 49). UK Prospective Diabetes 
Study (UKPDS) Group. JAMA. 1999;281(21):2005–2012.

 17. Riddle MC. Combined therapy with insulin plus oral agents: is there any advan-
tage? An argument in favor. Diabetes Care. 2008;31(suppl 2):S125–S130.

 18. Yki-Jarvinen H. Combination therapies with insulin in type 2 diabetes. Diabetes 
Care. 2001;24(4):758–767.

 19. Lebovitz HE. Oral therapies for diabetic hyperglycemia. Endocrinol Metab Clin 
North Am. 2001;30(4):909–933.

 20. Mudaliar S, Edelman SV. Insulin therapy in type 2 diabetes. Endocrinol Metab 
Clin North Am. 2001;30(4):935–982.

 21. Larkin AT, Hoffman C, Stevens A, Douglas A, Bloomgarden Z. Determinants 
of adherence to diabetes treatment. J Diabetes. 2015;7(6):864–871.

 22. Peyrot M, Rubin RR, Kruger DF, Travis LB. Correlates of insulin injection 
omission. Diabetes Care. 2010;33(2):240–245.

 23. Davies MJ, Gagliardino JJ, Gray LJ, Khunti K, Mohan V, Hughes R. Real-world 
factors affecting adherence to insulin therapy in patients with Type 1 or Type 2 
diabetes mellitus: a systematic review. Diabet Med. 2013;30(5):512–524.

 24. Jin J, Sklar GE, Min Sen Oh V, Chuen Li S. Factors affecting therapeutic com-
pliance: a review from the patient’s perspective. Ther Clin Risk Manag. 2008;4(1): 
269–286.

 25. Lewis A. Non-compliance: a $100bn problem. Remington Rep. 1997;5:14–15. 
[cited November 20, 2010]. Available at: http://www.qu.edu.qa/pharmacy/
documents/MEMS_Seminar_29Sep09-Semin. Accessed August 1, 2011.

 26. Cramer JA, Pugh MJ. The influence of insulin use on glycemic control how well 
do adults follow prescriptions for insulin? Diabetes Care. 2005;28(1):78–83.

 27. Ramadan WH, Khreis NA, Kabbara WK. Simplicity, safety, and acceptability 
of insulin pen use versus the conventional vial/syringe device in patients with 
type 1 and type 2 diabetes mellitus in Lebanon. Patient Prefer Adherence. 2015;9: 
517–528.

 28. Chen L, Pei JH, Kuang J, et al. Effect of lifestyle intervention in patients with 
type 2 diabetes: a meta-analysis. Metabolism. 2015;64(2):338–347.

 29. Sumamo E, Ha C, Korownyk C, Vandermeer B, Dryden DM. AHRQ Technol-
ogy Assessments. Lifestyle Interventions for Four Conditions: Type 2 Diabe-
tes, Metabolic Syndrome, Breast Cancer, and Prostate Cancer. Rockville, MD: 
Agency for Healthcare Research and Quality; 2011.

 30. Mahdad N, Boukortt FO, Benzian Z, Bouchenak M. Lifestyle advice follow-up 
improve glycemic control, redox and inflammatory status in patients with type 2 
diabetes. J Diabetes Metab Disord. 2014;13(1):122.

 31. Yoo JS, Lee SJ, Lee HC, Kim MJ. The effect of a comprehensive lifestyle modifi-
cation program on glycemic control and body composition in patients with type 2 
diabetes. Asian Nurs Res (Korean Soc Nurs Sci). 2007;1(2):106–115.

 32. Gong QH, Kang JF, Ying YY, et al. Lifestyle interventions for adults with 
impaired glucose tolerance: a systematic review and meta-analysis of the effects 
on glycemic control. Intern Med. 2015;54(3):303–310.

 33. Steinsbekk A, Rygg LO, Lisulo M, Rise MB, Fretheim A. Group based diabetes 
self-management education compared to routine treatment for people with type 2 
diabetes mellitus. A systematic review with meta-analysis. BMC Health Serv Res. 
2012;12:213.

 34. Al-Khaldi YM, Al-Sharif AI. Health education resources availability for diabe-
tes and hypertension at primary care settings, Aseer region, Saudi Arabia. J Fam-
ily Community Med. 2005;12(2):75–77.

 35. Al-Bannay HR, Jongbloed LE, Jarus T, Alabdulwahab SS, Khoja TA, Dean E. 
Outcomes of a type 2 diabetes education program adapted to the cultural con-
texts of Saudi women. A pilot study. Saudi Med J. 2015;36(7):869–873.

 36. McEwen LN, Ibrahim M, Ali NM, et al. Impact of an individualized type 2 
diabetes education program on clinical outcomes during Ramadan. BMJ Open 
Diabetes Res Care. 2015;3(1):e000111.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-endocrinology-and-diabetes-journal-j65
http://www.who.int/diabetes/action_online/basics/en/
http://www.who.int/diabetes/action_online/basics/en/
http://www.qu.edu.qa/pharmacy/documents/MEMS_Seminar_29Sep09-Semin
http://www.qu.edu.qa/pharmacy/documents/MEMS_Seminar_29Sep09-Semin

