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ABSTRACT
Background /Objective: The aim was to assess the glycemic control in patients with type 2
diabetes mellitus using American Diabetes Association HbA1c definition of good control
of ≤ 7.0%.
Methods: This retrospective study conducted in internal medicine outpatient clinics at
King Abdulaziz Medical City in Riyadh, Kingdom of Saudi Arabia. All patients with type
2 diabetes mellitus attending the clinic from August 2005 to January 2006 were evaluated.
Patients with HbA1c measured regularly and under anti-diabetic therapy were included
in the study. Last measured HbA1c was used to evaluate diabetic control.
Results: Data for 968 (81.5%) patients out of 1188 were available for analysis. Only 211
(21.8%) patients had their HbA1c within the American Diabetes Association recommended
target of HbA1c ≤ 7%. Mean HbA1c was 8.98%. Patients were stratified into groups of
good (HbA1c ≤ 7%), average (HbA1c 7.1% - 9.9%) and poor diabetic control (HbA1c ≥
10%) included 21.8%, 46.2% and 32.0% of the study population, respectively. Mean HbA1c
in patients on diabetic diet only, oral hypoglycemic agents, insulin and oral hypoglycemic
agents plus insulin was 7.62%, 8.67%, 8.92% and 9.70%, respectively.
Conclusion: Majority of patients in our study did not meet the American Diabetes
Association recommended target HbA1c for type 2 diabetes mellitus. Causes for this
failure need to be assessed in Saudi type 2 diabetes mellitus population.
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INTRODUCTION

METHODS

Diabetes mellitus (DM) is a group of metabolic diseases
characterized by hyperglycemia resulting from defect
in insulin secretion, insulin action, or both. The chronic
hyperglycemia of diabetes is associated with long term
damage, dysfunction and failure of various organs
especially the eyes, kidneys, nerves, heart and blood
vessels. In patients with type 2 diabetes mellitus (T2DM),
the cause is combination of resistance to insulin action and
inadequate compensatory insulin secretary response[1].
T2DM is responsible for more than 90 percent of cases of
diabetes worldwide[2].

This was a retrospective sub-study of 1188 patients
with T2DM attending internal medicine clinics at King
Abdulaziz Medical City (KAMC) in Riyadh, Kingdom of
Saudi Arabia to evaluate the degree of glycemic control by
measuring HbA1c. The patients and methodology used for
HbA1c has been previously described in the main study[15].
In brief, HbA1c was determined on whole blood by ionexchange high performance liquid-chromatography by
using Bio-Rad Variant II Hemoglobin testing system (US).
The study was approved by Research and Ethics Committee
at KAMC. The present study included patients who had
their HbA1c measured at the last visit, and had available
information on electronic medical records (MISYS) about
methods of treatment i.e. diet, oral hypoglycemic agents
(OHA), insulin or combination of OHA and insulin. The
degree of glycemic control using last measured HbA1c
was assessed according to the ADA guidelines, which
recommend it to be ≤ 7.0%. Patients were stratified into
three groups based on level of HbA1c control. Group one
included patients with good control (HbA1c ≤ 7%), group
two with average control (HbA1c 7.1% - 9.9%) and group
three with poor control (HbA1c ≥ 10%).

Dramatic increases in the prevalence and incidence of
T2DM have occurred in many parts of the world, especially
in the newly industrialized and developing countries. In
2011, there were 366 million people with diabetes, and this
is expected to rise to 552 million by 2030. Most people with
diabetes are living in low and middle-income countries,
and these countries will also have the greatest increase
over the next 19 years. Majority of cases of T2DM in the
future will occur in the developing countries particularly
in Africa, Middle East and India[3-5].
Overall prevalence of DM in Saudi Arabia is
around 23.7%[6,7]. A general relationship exists between
degree of hyperglycemia as manifested by mean level of
HbA1c and the frequency, severity and progression of
microangiopathy. In both Control and Complication Trial
(DCCT) and United Kingdom Prospective Diabetes Study
(UKPDS), the relationship between glycemic control and
the risk of development of complications was evident
across the range of HbA1c, and even persisted beyond the
study period. Recently, HbA1c was also recommended for
use as a screening and diagnostic tool for T2DM[8-10].
Due to wide fluctuations in circulating glucose
concentrations in patients with diabetes, random and
fasting glucose measurements are often not reflective of
overall glycemic control and do not provide a complete
picture. Glycated hemoglobin or hemoglobin A1 is a
post-translational modification of hemoglobin A formed
by the covalent attachment of glucose or other sugars to
hemoglobin. Hemoglobin A1c (HbA1c) is produced by
glucose attachment to the N-terminal valine of the β globin
chain[11]. HbA1c is therefore, a commonly used laboratory
test for assessing long term diabetes control and for
diagnosis of T2DM. However, HbA1c values are affected
by anemia, hemolysis and hemoglobinopathies[12-13].
In a previous study at our center, evaluation of
American Diabetes Association (ADA) 2005 recommended
targets[14] of HbA1c (≤ 7.0%), blood pressure (≤ 130/80
mm Hg), and low-density lipoproteins cholesterol (LDL-C)
of ≤ 2.6 mmol/L was performed, and found it to be 21.8%,
39% and 55.5%, respectively[15]. This study was conducted
to assess the diabetic control in patients with T2DM on
different modalities of treatments using HbA1c according
to ADA definition of good control.
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The information was copied on a pre-designed
standardized data capture Microsoft Excel spreadsheet.
The data was subsequently computed on a PC by using
Microsoft Excel on Windows 2000 professional. SPSS
software (release 13.0, SPSS Inc., Chicago, IL USA) was
used for all statistical analyses to calculate the number and
percentage of different parameters.
RESULTS
Out of a total of 1188 patients with T2DM, 968 (81.5%)
patients qualified to be included in this audit with 220
(18.5%) patients having missing information about the
diet or antidiabetic medications used to achieve diabetic
control. Study population included 590 (61%) females and
378 (39%) males, respectively with a female to male ratio
of 1.6. Mean age of these patients was 65.7 years. Most of
the patients, 859 (88.7%) were older than 65 years. Oral
hypoglycemic agents (OHA) were the most common
type of anti-diabetic treatment in 495 (51.5%) followed
by a combination of OHA and insulin in 305 (31.6%) of
the patients. Mean HbA1c in patients on diabetic diet
only, OHA, insulin or a combination of OHA plus insulin
was 7.62%, 8.67%, 8.92%, 9.70%, respectively. The mean
HbA1c for all T2DM patients was 8.98%. Different type of
anti-diabetic treatments, number and % of patients as well
as the mean HbA1c in each group are shown in Figure 1.
Only 211 (21.8%) of 968 patients had their HbA1c
controlled to target of good control (HbA1c ≤ 7%) whereas
most of the patients, 757 (78.2%) did not achieve this target.
According to diabetic control based on HbA1c, patients in
group one with good control (HbA1c ≤ 7%), group two
with average control (HbA1c 7.1-9.9%) and group three
with poor control (HbA1c ≥ 10%) included 211 (21.8%),
447 (46.2%) and 310 (32.0%) patients, respectively (Fig. 2).
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In patients with good control, type of treatment
achieving this target was determined. Twenty-one (2.2%)
patients were controlled on diet alone, 130 (13.4%) patients
on oral hypoglycemic agents (OHA) alone, 31 (3.2%)
patients on insulin alone, while 29 (3%) patients were
controlled on combination of OHA and insulin (Fig. 3).
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Figure 1.
Type of anti-diabetic treatment and mean HbA1c.
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Figure 2.
Degree of diabetic control according to HbA1c in T2DM
patients.
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Figure 3.
Percentage of patients with good diabetic control
(HbA1c  7%) according to type of anti-diabetic
treatment.

DISCUSSION
Tight diabetic control is associated with a decrease in the
risk of many of the complications of DM[16,17] Despite
all efforts, it is often difficult to achieve glycemic targets
in diabetic patients, and in order to achieve this too
aggressive and rapid decrease in HbA1c can be even
harmful[18]. In our study, only 211 (21.8%) had their
HbA1c within target recommended by the ADA, and
757 (78.2%) patients did not achieve this target. Diabetic
control in patients on OHA was better than those on
insulin or a combination of OHA and insulin. This may
be because most of these patients have more advanced and
complicated disease. Such patients often delay the use of
insulin from injection phobia and fear of gaining weight.
The usually use lower than the prescribed dose of insulin
due to hypoglycemic episode caused by missing a meal as
a result of poor appetite induced by diabetic gastropathy.
Being a retrospective study, duration of diabetes in our
patients could not be assessed. Furthermore, patients
who had hemoglobinopathies or other factors affecting
measurement of HbA1c could not be specify. Our results
are similar to a previous cross sectional study conducted
at the outpatient department of King Abdulaziz University
Hospital, Jeddah, Kingdom of Saudi Arabia on 265 diabetic
(type 1 and 2) patients showing poor glycemic control in
77% of the patients using ADA definition of good HbA1c
target of ≤ 7%[19].
International studies in diabetic patients have shown
almost similar results to our study. In effect of multifactorial
intervention on mortality in T2DM, 160 patients with
T2DM were randomly assigned to intensive therapy or
conventional therapy and follow-up for 13.3 years. At the
end of the follow-up period, HbA1c for intensive therapy
group and for conventional therapy group was 7.7 ± 1.2
and 8.0 ± 1.4, respectively. Patients who achieved HbA1c
target of < 6.5% in intensive therapy and conventional
therapy group were 18% and 11%, respectively[16]. After
the intervention trial of United Kingdom Prospective
Diabetes Study (UKPDS) closed on September 30, 1997,
all surviving patients entered the post-trial monitoring
program and 10-year follow-up was conducted. Total of
4029 patients were randomly assigned to receive either
conventional glucose control or intensive glucose control
therapy. Results showed that the patients on conventional
therapy of sulfonylurea-insulin group had HbA1c range
of 7.3-9.7%, while those on intensive therapy had a range
of 6.8-9.2%. In the metformin group, those who were on
conventional therapy had HbA1c range of 7.5-10.0%,
while those who were on intensive therapy had range of
7.2-9.7%[20].
HbA1c of ≤ 7% in 21.8% of diabetic patients in our
study compares to 11.2% in Bahrain[21], 22.8% in Muscat,
Oman[22], 1.1% in Iran[23], 34.9% in Jordan[24], and 37.4%
in Indonesia[25]. Using HbA1c of < 7.5% as good glycemic
target, a study from Abbotabad, Pakistan revealed 42% of
the diabetic patients achieving it[26].
Differences in the results of glycemic control using
HbA1c in our study compared to studies from other
Saudi Journal of Internal Medicine Vol. 3 No. 1 - 2013
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developing countries as mentioned above, may be due
to different methodology or setting of the studies as well
as the duration of diabetes in the study population. Poor
glycemic control in our study compared with other gulf
countries can be speculated as most of the patients referred
to our tertiary care center have long-standing diabetes
with multiple cardiovascular complications. This makes
diabetic control less of a priority compared with control
of dyslipidemia and hypertension. Moreover, targeting
hypertension and lipid control in diabetic patients are
important quality improvement strategies in management
of diabetic patients[27], and are recommended by American
Diabetes Association (ADA) guidelines[14]. Their control
also needs to be addressed in diabetic patients in developing
countries.
Because of progressive nature of T2DM with different
phenotypes and genotypes of patients, it is important
to tailor the treatment according to individualized
glycemic targets as it has been recommended by global
partnership for effective diabetes management[28]. With
increasing number of diabetic patients as projected by
estimates of 2030[5], the cost of managing these patients in
resource-poor developing countries will be a prohibitive
challenge. Therefore, individualized, realistic targets in the
management of T2DM patients are needed. There is need
for more efforts in developing countries in the primary
prevention of the imminent ever increasing tide of DM.
Therefore, we recommend to conduct large multicenter
studies in Saudi Arabia and Middle East to evaluate myths
and knowledge about DM in the public. There is also
need to study the reasons for poor diabetic control and
causes for reluctance of the T2DM patients to start insulin
therapy until very late in the disease when irreversible
complication has already set in. Initiation of a web-based
national registry of diabetes in Saudi Arabia is a positive
step forward in the right direction[29].

CONCLUSION
Our results highlight that the majority of patients with
T2DM attending outpatient clinics in KAMC do not meet
the target HbA1c definition of good glycemic control.
Causes for this failure need to be assessed in Saudi T2DM
population.
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ϦϴΑϮϠϏϮϤϴϬϟ ϡΪΨΘγΎΑϲϧΎΜϟςϤϨϟϦϣϱήϜδϟ˯ΪϟϰοήϣϯΪϟϡΪϟϲϓήϜδϟΔΒδϧϪΒϗήϣ
ϪϴΜϟΎΜϟΎϬϳΎϋήϠϟϲϨσΎΒϟΐτϟΕΩΎϴϋϲϓ (HbA1c)ϱίϮϛϮϠϐϟ
ϟΎλϦΑϟΎλ ˬϟΎμϟϒγϮϳ ˬϒγϮϳΪϤΤϣ ˬϝέΎϛήθΒϣ ˬϱΰϨόϟϝϼϫ
ϲϨσϮϟαήΤϠϟˬΔϴΒτϟΰϳΰόϟΪΒϋϚϠϤϟΔϨϳΪϣˬΔϨσΎΒϟϢδϗ
ΔϴΤμϟϡϮϠόϠϟΰϳΰόϟΪΒϋϦΑΩϮόγϚϠϤϟΔόϣΎΟ
ΔϳΩϮόδϟΔϴΑήόϟΔϜϠϤϤϟ - νΎϳήϟ
:κΨϠϤϟ
:ϑΪϬϟϭΔγέΪϟΔϴϔϠΧ
ϒϳήόΗ ΩΎϤΘϋ ΎϬϴϓ ϢΗ Ϊϗϭ ˬϲϧΎΜϟ ςϤϨϟ Ϧϣ ϱήϜδϟ ˯Ϊϟ ϰοήϣ ϯΪϟ ϡΪϟ ήϜγ ΔΒδϧ ϢϴϴϘΗ ϰϟ ϪγέΪϟ ϩάϫ ϑΪϬΗ
ϱίϮϛϮϠϐϟ ϦϴΑϮϠϏϮϤϴϬϟ ϡΪΨΘγ ΪϨϋ ˬϞϗ ϭ ̃̀ ϝ ϪϳϭΎδϣ ϩΪϴΟ ϪΒϗήϣ ϰϟ ήϴθϳ ϱάϠϟ ϱήϜδϟ ˯ΪϠϟ ϪϴϜϳήϣϷΎϬϴόϤΠϟ
.(HbA1c)
:ϖήτϟ
ΪΒϋ ϚϠϤϟ ΔϨϳΪϣ ϲϓ ϪϴΟέΎΨϟ ϲϨσΎΒϟ ΐτϟ  ΕΩΎϴόϟ ϦϴόΟήϤϟ ϰοήϤϟ ϰϠϋ ΖϳήΟ ϪόΟέ ϪγέΩ Ϧϋ ΓέΎΒϋ ΚΤΒϟ άϫ
.ϪϳΩϮόδϟΎϬϴΑήόϟΎϬϜϠϤϤϟˬνΎϳήϟϲϓϪϴΒτϟΰϳΰόϟ
˻˹˹˾βτδϏϦϣϩΪΘϤϤϟΎϬϴϨϣΰϟΎϫήΘϔϟϲϓϪϴΟέΎΨϟΎϨΗΩΎϴϋϮόΟέϦϳάϠϟϲϧΎΜϟςϤϨϟϦϣϱήϜδϟ˯ΪϟϰοήϣϊϴϤΟϢϴϴϘΗϢΗ
.˻˹˹˿ήϳΎϨϳϰϟ
.(HbA1c) ϱίϮϛϮϠϐϟϦϴΑϮϠϏϮϤϴϬϟαΎϴϘϟϥϮόπΨϳϭήϜδϟΕΩΎπϤΑϥϮΠϟΎόϳϦϳάϠϟϰοήϤϟΎϬγέΪϟϩάϫΖϠϤη
.ϢϫΪϨϋϡΪϟήϜγρΎΒπϧϯΪϣϢϴϴϘΗϞΟϦϣ (HbA1c) ϞϠϬϘΑΎδϟΕΎγΎϴϘϟΔόΟήϤΑΎϨϤϗΎϤϛˬϢψΘϨϣϞϜθϳ
:ΞΎΘϨϟ
ϲϓςϘϓϪϧφΣϮϟϭ .ΚΤΒϠϠϬΑϮϠτϤϟρϭήθϟϢϫΪϨϋΕήϓϮΗˬ˺˺́́ϞλϦϣ (̃́˺ˬ˾)Ύπϳήϣ ̂˿́ϰϠϋϪγέΪϟϩάϫΖϳήΟ
˯ΪϠϟ ϪϴϜϳήϣϷΎϬϴόϤΠϟ ΕΎϴλϮΗ ϊϣ  ΎϘϓϮΘϣ (HbA1c) ϱίϮϛϮϠϐϟ ϦϴΑϮϠϏϮϤϴϬϟ αΎϴϗ ϯϮΘδϣ ϥΎϛ ϢϬϨϣ (̃˻˺ˬ́) ˻˺˺
.̃̂́ˬ́ϢϬϳΪϟ (HbA1c) ϱίϮϛϮϠϐϟϦϴΑϮϠϏϮϤϴϬϟςγϮΘϣώϠΑϭˬ"Ϟϗϭ̃̀ϝϪϳϭΎδϣ (HbA1c)"ϱήϜδϟ
.ϡΪϟήϜγςΒοϯΪϣϭϱίϮϛϮϠϐϟϦϴΑϮϠϏϮϤϴϬϟαΎϴϗΞΎΘϧϰϠϋ˯ΎϨΑϚϟΫϭˬΙϼΛΕΎϋϮϤΠϣϰϟϰοήϤϟϊϳίϮΘΑΎϨϤϗ
.ϢϫΪϨϋ
ˬ"̃˺˹ϦϣήΜϛϭϱϭΎδϣ (HbA1c)ϒϴόοˬ̃̂ˬ̂ - ̀ˬ˺ (HbA1c)ςγϮΘϣˬϞϗϭ̃̀ϝϪϳϭΎδϣ (HbA1c)ˬΪϴΟ"
.ϲϟϮΘϟϰϠϋˬ̃˼˻ˬ˹ˬ̃˽˿ˬ˻ ˬ̃˻˺ˬ́ ˬϪϴϟΎΘϟΐδϨϟϰϠϋΎϨϠμΣϭ
ΕΎπϓΎΧ ˬϪϴάϏϪϴϤΤϟςϘϓϦϴόοΎΨϟϱήϜδϟ˯ΪϟϰοήϣϯΪϟ (HbA1c) ϱίϮϛϮϠϐϟϦϴΑϮϠϏϮϤϴϬϟςγϮΘϣαΎϴϘΑΎπϳΎϨϤϗ
."̃̂ˬ̀˹ˬ̃́ˬ̂˻ˬ́ˬ˿̀̃ˬ ̃̀ˬ˿˻"ΎόΑΎΘΗΞΎΘϨϟΖϧΎϛϭˬϦϴϟϮδϧϻˬϦϴϟϮδϧϻϭϊϣϪϳϮϤϔϟήϜδϟΕΎπϓΎΧˬϪϳϮϤϔϟήϜδϟ
:ΔλϼΨϟ
ϊϣ ϪϘϓϮΘϣ ϦϜΗ Ϣϟ ϪγέΪϟ ϩάϫ ϲϓ ϦϴϟϮϤθϤϟ νήϤϟ ϪϴΒϟΎϏ ϯΪϟ (HbA1c) ϱίϮϛϮϠϐϟ ϦϴΑϮϠϏϮϤϴϬϟ αΎϴϗ ΞΎΘϧ ϥ
άϫϰϟϪϳΩΆϤϟΏΎΒγϷΔϓήόϤϟϪπϴϔΘδϣΙΎΤΑϰϟΝΎΘΤϳήϣϷάϫˬϲϧΎΜϟςϤϨϟϦϣϱήϜδϟ˯ΪϠϟϪϴϜϳήϣϷΎϬϴόϤΠϟΎΘϠϴλϮΗ
.ϱΩϮόδϟϊϤΘΠϤϟϲϓϲϧΎΜϟςϤϨϟϦϣϱήϜδϟ˯ΪϟϰοήϣϯΪϟϦϳΎΒΘϟ
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