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B Abstract

AIMS: To investigate the prevalence of undiagnosed type 2
diabetes (T2D) at primary health care (PHC) clinics, and to
assess the quality of care of diabetic patients followed at a
tertiary hospital diabetes center in Abu Dhabi, United Arab
Emirates (UAE). METHODS: Between May 2009 and Oc-
tober 2010, adult patients attending two PHC clinics, and
adult diabetic patients attending the diabetes center, were
invited to participate in the study. After overnight fast, par-
ticipants returned for interview and laboratory tests. Undi-
agnosed T2D was defined by FPG > 7.0 mmol/I or HbAlc >
6.5%. Quality of care was assessed by reported care practices
and achievement of internationally recognized targets. RE-
SULTS: Out of 239 patients at PHC clinics without history of
T2D, 14.6% had undiagnosed T2D, and 31% had increased
risk of diabetes (FPG 5.6-7.0 mmol/l or HbAlc 5.7-6.5%).

The independent predictors of undiagnosed T2D were age
(adjusted OR per year 1.07, 95% CI 1.04-1.11, p < 0.001) and
BMI > 25 (adjusted OR 4.2, 95% CI 0.91-19.7, p = 0.033).
Amongst all 275 diagnosed T2D patients, including those
attending PHC clinics and those followed at the diabetes
center, it was found that 40.1% followed dietary recommen-
dations, 12% reported visiting a diabetes educator, 28.2%
walked for exercise, and 13.5% attained recognized targets of
HbAlc < 7%, blood pressure < 130/80 mmHg, and LDL cho-
lesterol < 2.6 mmol/l. CONCLUSIONS: Almost half of the
adult patients attending PHC clinics had undiagnosed T2D,
or increased diabetes risk. Care practices, and achievement
of treatment targets, were suboptimal.

Keywords: type 2 diabetes - diabetes screening - quality of
care - diabetes diagnosis - obesity - hypertension - albumin-
uria - questionnaire - OGTT - fasting plasma glucose

Introduction

n the United Arab Emirates (UAE), there are
# growing concerns about diabetes-associated
¥-health problems. The UAE has the second-
highest diabetes prevalence in the world, particu-
larly type 2 diabetes (T2D) [1, 2]. In 2004, the total
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annual direct treatment costs of uncomplicated
diabetes were estimated at US$ 1,605 per patient,
which was more than three times the per capita
expenditure for health care in the UAE [3].
Treatment costs increase with age, diabetes dura-
tion, complications, and use of insulin [3]. Screen-
ing for undiagnosed T2D would be cost-effective
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due to the greater opportunity to reduce cardio-
vascular disease complications, principally
through the use of statins [4, 5]. Also, intensive
multi-factorial intervention in people with screen-
detected T2D in primary care should result in
lower morbidity and mortality [6]. In view of the
high T2D prevalence rate, and the increasing
costs, in the UAE, national guidelines recommend
screening of all adults aged 30 years and above.

Abbreviations:

ACR - albumin to creatinine ratio

ADA - American Diabetes Association
ANOVA - analysis of variance

BMI - body mass index

BP - blood pressure

ClI - confidence interval

DBP - diastolic blood pressure

DECS - Diabetes Education Consultative Section
DNE - diabetic neuropathy examination
DNS - diabetic neuropathy symptom

DVP - digital volume pulse

FPG - fasting plasma glucose

HbA1c - glycated hemoglobin

HDL - high-density lipoprotein

HDL-C - high-density lipoprotein cholesterol
HPLC - high-performance liquid chromatography
IDF - International Diabetes Federation
LDL - low-density lipoprotein

LDL-C - low-density lipoprotein cholesterol
NA - not available

OGTT - oral glucose tolerance test

OGLD - oral glucose lowering drugs

OR - odds ratio

PHC - primary health care

PVD - peripheral vascular disease

SBP - systolic blood pressure

SD - standard deviation

S| - stiffness index

SKMC - Shaikh Khalifa Medical City

T2D - type 2 diabetes

TG - triglycerides

UAE - United Arab Emirates

WC - waist circumference

Despite well-established evidence that better
diabetes care reduces complications [7-9], the
prevalence of diabetic complications remains high
worldwide, and particularly in the UAE. This un-
derlines the fact that quality of care is still subop-
timal [2, 10, 11]. Therefore, our objectives for the
present study were to estimate the prevalence of
undiagnosed T2D, and to evaluate the criteria for
screening in patients attending primary health
care (PHC) clinics. Also, we wanted to assess the
quality of care in a sample of diabetic patients fol-
lowed at both PHC clinics, and a tertiary hospital
diabetes center in Abu Dhabi city, UAE. Our find-
ings should help policy makers and care providers
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identify key actions towards improving prevention
and management of diabetes.

Subjects, materials, and methods

Study population

The target population of the survey was adult
Emirati patients residing in Abu Dhabi. We chose
two groups of patients. One group included pa-
tients being treated for general medical problems,
including diabetes, at the PHC clinics of Shaikh
Khalifa Medical City (SKMC). The other included
those who were being actively followed up for
regular diabetes care at the diabetes center of
SKMC. Health care provision in Abu Dhabi is al-
most equally divided between state-managed in-
stitutions and privately-owned facilities. SKMC is
the major state-managed hospital in Abu Dhabi.
The majority of patients attending SKMC are
Emirati citizens, and their health care is funded
by the government of Abu Dhabi. In addition to
being a tertiary hospital, SKMC manages six PHC
clinics.

Initially, recruitment was carried out at Al-
Bateen, and later at Al-Khaleej PHC clinics. These
two clinics were selected because they are desig-
nated by SKMC to serve Emirati citizens. These
two clinics employ 12 family medicine consultants,
14 specialists, 30 nurses, and 2 part-time dieti-
tians. They handle 9500 patient visits per month.
The diabetes center at SKMC employs 4 endocri-
nology consultants, 2 specialists, 3 full-time diabe-
tes educators, 1 podiatrist, 2 dietitians, 1 clinical
pharmacist, and 1 part-time clinical psychologist.
The diabetes center handles 1200-1400 patient
visits per month. More than 90% of diabetic pa-
tients who attend the diabetes center are Emirati
citizens. Diabetes patients are usually referred
from PHC clinics to the diabetes center for diabe-
tes education and specific treatment of diabetic
complications. Patients from both PHC clinics and
the diabetes center are referred to the ophthal-
mology department of SKMC for retinopathy
screening.

Subject recruitment

All patients, diabetic and non-diabetic, attend-
ing the two PHC clinics for any reason between
May 2009 and October 2010, were invited to par-
ticipate. Patients learned about the study from the
physicians they were visiting, and from other
health care professionals, such as nurses and
clerks, and through posters placed in the clinics.
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Eligibility criteria were UAE citizenship, age 18
years and over, and no known pregnancy.

394 (84.7%) of the 465 eligible patients seen at
PHC clinics, agreed to participate. Subsequently,
30 (7.6%) of the 394 patients were excluded due to
failure to engage in fasting blood measurements,
or not completing the questionnaire. Patients who
agreed to participate were asked to return after
fasting on an agreed date, for interview, physical
examination, body fat estimation, and laboratory
tests. The latter included oral glucose tolerance
test (OGTT) in patients as yet undiagnosed of
T2D. OGTT was performed in 121 patients. Most
other patients refused OGTT after learning that
their fasting blood glucose was normal.

During the study period, all adult diabetic pa-
tients attending the diabetes center were invited
to participate. 161 (76.3%) of the 211 eligible dia-
betic patients seen at the diabetes center agreed to
participate. Subsequently, 4 of the 161 patients
were excluded due to failure to engage in fasting
blood measurements, or not completing the ques-
tionnaire. One patient reported type 1 diabetes.
Patients who agreed to participate were asked to
return to the SKMC cardiac laboratory for further
study, after fasting on an agreed date. The study
was approved by SKMC Research Committee and
the Al Ain Medical District Human Research and
Ethics Committee.

Questionnaire

Following informed consent, each participant
was interviewed in Arabic language by a trained
nurse using an English questionnaire on demo-
graphic data, tobacco use, diet, physical activity,
reproductive history, co-morbidities, medications
use, and personal and family history of T2D in
first-degree relatives. Information on disease on-
set, duration, and management were obtained
from patients with known T2D diagnosis.

For self-reported diabetic complications, reti-
nopathy was considered to be present if the pa-
tient reported diabetic changes in the eye, laser
treatment to the retina, or acquired blindness. Pe-
ripheral neuropathy was considered, if the dia-
betic neuropathy symptom (DNS) score was >1
[12]. Peripheral vascular disease (PVD) was con-
sidered, if circulatory problems or intermittent
claudications were reported. Diabetic foot was
considered, if patients had foot ulcers, gangrene,
or non-traumatic amputation of lower extremities.
Cardiac disease was considered, if patients re-
ported angina, myocardial infarction, angioplasty,
coronary bypass surgery, or heart failure. Cer-
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brovascular disease was considered in cases of
stroke, or transient ischemic attacks.

Physical examination and anthropometric
measurements

Physical examination and measurements were
performed by the same trained nurses who carried
out questionnaire interviews. Weight and height
were measured by portable digital scales, and a
portable stadiometer. Waist and hip circumference
were measured using a flexible tape over loose
clothing. Blood pressure (systolic and phase-V dia-
stolic) recordings were made using a validated
electronic sphygmomanometer (Omron Hem 907),
after the participants had rested in sitting position
for ten minutes. Two separate determinations
were made. The mean of the two recorded values
was taken as the blood pressure value.

Peripheral neuropathy was ascertained by
DNS score and diabetic neuropathy examination
(DNE) score [12, 13]. Body fat percent was esti-
mated by bioelectric impedance using the Tanita
Body Composition Analyzer, Model TBF-410
(Tanita Corporation, Tokyo, Japan).

Laboratory measurements

In patients with hitherto undiagnosed T2D,
fasting blood glucose was determined by glucose
meter using Roche Accucheck Inform meter, and
OGTT was conducted if blood glucose was <7
mmol/l. Participants were requested to drink 75 g
anhydrous glucose dissolved in 250 ml water
within the space of five minutes, for the purpose of
carrying out OGTT. Fasting venous blood samples
were collected from all participants for determina-
tion of fasting plasma glucose (FPG), HbAlc, and
lipid profile. Spot urine was collected for meas-
urement of albumin and creatinine. All samples
were processed within 30 minutes of collection,
and the above laboratory tests were measured on
a Beckman Coulter DXC800 (Beckman Instru-
ments, Inc., Fullerton, California, USA) auto-
analyzer at the central laboratory of SKMC.

Initially, HbAlc was measured by high-
performance liquid chromatography (HPLC, Bio-
Rad Variant Il), and after February 1, 2010, by
immunoassay (Cobas Roche Integra 400 plus).
Large artery stiffness index (Sl) derived from the
digital volume pulse (DVP) was measured at the
right index finger by a photoplethysmography
(PulseTrace PCA2, Micro Medical Ltd., Rochester,
UK). SI (m/s) was formulated automatically by
computer as body height (m) divided by transition
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Table 1. Baseline characteristics and risk factors of study participants by diabetes status and follow-up facility

Variable PHC clincs Diabetes center

Low risk Increased risk Undiagnosed T2D Diagnosed T2D p Diagnosed T2D p

(n=130) (n=74) (n=35) (n=118) (n=157)
Women (%) 86.9 78.4 80.0 76.3 NS 52.2 <0.001
Age (yr) 38.0 + 12.0 46.7 + 122 52.8 + 12.0 519 + 119 <0.001 542 + 10.2 0.09
BMI (kg/m?) 296 + 6.8 324 + 6.0 319 + 59 328 + 65 <0.001 329 + 7.2 NS
Body fat (%) 325 + 117 360 =+ 7.0 347 + 88 375 = 10.0 NS NA NA
Waist (cm) 99.0 + 138 107.1 + 113 106.6 + 12.7 1069 + 124 <0.001 109.3 + 159 NS
SBP (mmHg) 1153 + 127 1208 + 155 1299 + 16.6 1239 + 16.7 <0.001 127.0 + 18.0 NS
DBP (mmHg) 720 + 88 76.7 + 10.1 783 + 11.7 76.0 + 12.1 <0.001 720 * 10.0 <0.001
FPG (mmol/I) 49 + 03 54 + 05 63 + 13 80 = 33 <0.001 87 + 34 0.09
HbAlc (%) 55 + 03 6.0 £+ 03 69 + 06 78 + 1.9 <0.001 81 + 19 NS
T-chol (mmol/I) 47 + 09 47 £+ 1.0 51 + 11 43 + 11 <0.001 39 + 09 <0.001
LDL-C (mmol/1) 31 £ 08 31 + 09 34 + 10 26 + 09 0.006 22 £+ 08 0.001
HDL-C (mmol/1) 12 £+ 03 11 + 04 12 + 03 11 + 03 0.03 11 =+ 03 NS
TG (mmol/l) 09 = 05 1.1 £+ 05 12 + 04 14 + 08 <0.001 13 = 07 NS
Albuminuria (mg/mmol)” 6.1 + 90 70 = 101 109 + 16.8 12.8 + 29.8 0.04 18.3 + 495 NS
Sl (m/s) 79 + 18 85 + 19 103 + 7.8 85 + 21 0.02 86 + 22 NS
Gestational diabetes (%) 10.8 10.0 21.7 33.7 <0.001 47.2 0.09
Family history of T2D (%) 52.8 65.8 41.2 61.2 NS 63.5 NS

Legend: Data are mean + SD, or percentage. P-values (ANOVA/Chi-square) are for tests of heterogeneity, i.e. any differences among groups.
BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. FPG: fasting plasma glucose. LDL-C: low-density lipo-
protein cholesterol. HDL-C: high-density lipoprotein cholesterol. TG: triglycerides. Sl: stiffness index. T2D type 2 diabetes. PHC: primary
health care. NS: not significant. NA: not available. “Albuminuria is defined as urine albumin/creatinine.

time (s) from the first systolic peak to the inflec-
tion point of reflection waveform (peak-to-peak
time) [14]. All measurements were made according
to the manufacturer operating manual (Drg no.
117-24; Revision 1.0; November 2006).

Data processing and analysis

Participants reporting history of T2D other
than gestational diabetes were regarded as T2D-
positive. As some participants did not undergo
OGTT, undiagnosed T2D was defined as FPG >
7.0 mmol/l or HbAlc > 6.5% [15]. Determination of
increased T2D risk was based on the presence of
impaired FPG (5.6 to <7.0 mmol/l), or HbAlc of
5.7% to <6.5%. Low diabetes risk was defined as
FPG < 5.6 mmol/l and HbAlc < 5.7% [15]. Obesity
was defined as body mass index (BMI) > 30 kg/m’.
Obesity based on bioelectric impedance was de-
fined by >35% body fat [16]. Urinary albumin to
creatinine ratio (ACR) > 2.5 mg/mmol in males, or
>3.5 in females, was considered abnormal [17].
DNS score > 1 and DNE score > 3 were considered
abnormal [12, 13].

Rev Diabet Stud (2010) 7:293-302

Statistical analysis

Data were analyzed using SPSS version 18
(SPSS Inc., Chicago, IL, USA). Standard descrip-
tive statistics were used. Linear and logistic re-
gression analysis was used for multivariate analy-
sis with continuous and binary dependent vari-
ables, respectively. Analysis of criteria for T2D
screening was carried out by selecting all cases
without prior diagnosis, and performing stepwise
(forward selection) logistic regression with undi-
agnosed diabetes as the dependent variable. All
demographic, socio-economic, behavioral, and an-
thropometric variables that were obtained through
simple non-invasive means, e.g. by asking a sim-
ple question, were taken as independent variables.

Results

Prevalence of undiagnosed diabetes and dia-
betes risk factors in patients from PHC clinics

118 (32.4%) of the 364 patients had known di-
agnosed T2D. OGTT was performed in 121 pa-

Copyright © by Lab & Life Press/SBDR
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Table 2. Clinical profile and care practices of diabetic patients followed at primary

health care clinics and diabetes center

tients with increased risk for
T2D, 13.9% were identified

only by FPG, 52.8% only by

Variable All patients PHC clinics  Diabetes center p
(n=275) (n=118) (n=157) HbAlc, and 33.3% by both
Time sin-ce dia.gnosis (yr) 95 £ 75 63 £ 7.0 117 £+ 7.1 <0.001 teStCS(.)mpared with other pa-
Way of diagnosis tients, those with diagnosed
Screening 23.6 217 206 NS and undiagnosed T2D were
Incidental 51.7 50.0 52.9 NS more likely to be older, to
Symptoms 24.7 22.3 26.5 NS have obesity, dyslipidemia,
Treatment hypertension, albuminuria,
Lifestyle only 5.1 9.6 1.9 0.01 history of gestational diabe-
OGLD only 65.1 79.1 54.8 <0.001 tes, and increased stiffness
Insulin + OGLD 29.8 113 433 <0.001 index. All patients identified
Anti-lipid medication 73.6 67.2 78.4 0.03 as undlagnosed diabetics
_ o were >45 years and/or had
Hypertension medication 55.7 54.4 56.7 NS BMI > 25 kg/mz. The only in-
Microvascular compl. 20.3 13.6 255 0.01 dependent predictors of un-
Macrovascular compl. 28.4 22.0 331 0.06 diagnosed T2D were age (ad-
Abnormal DNS score 25.1 20.3 28.7 NS justed OR per year 1.07, 95%
Abnormal DNE score 8.5 6.8 9.7 NS Cl 1.04-1.11, one tailed p-
Care practices value < 0.001) and BMI > 25
>3 physician visits/year 87.6 80.5 92.4 0.01 (adjusted OR 4-_27 95% ClI
Retinopathy screening 60.7 50.9 67.7 0.01 9'91'19‘7’ one tailed p-value
Diabetes educator visit 12.0 8.9 14.3 NS = 0.033).
Dietitian visit 61.3 434 74.4 <0.001
Sel-management and habits Clinical profile of diabetic
Regular self-monitor BG 795 61.4 923 <0.001 patients seen at PHC clin-
Follows diet most times 40.1 29.2 48.1 0.005 ics and the diabetes center
Walking in last 2 wk 28.2 23.9 314 NS . L.
Smoking 67 s 84 NS Baseline characteristics of

Legend: Data are mean + SD, or percentage. P-values by chi-square test. DNE: diabetes
neuropathy examination. DNS: diabetes neuropathy symptom. OGLD: oral glucose low-

ering drugs. PHC: primary health care. NS: not significant.

tients. Based on 2-hr OGTT (=11.1 mmol/l), only 3
(2.5%) patients without diabetes history were di-
agnosed as T2D-positve. The 3 identified patients
had FPG > 7 mmol/l, or HbAlc > 6.5%. Based on
FPG and HbALlc, 239 of the 246 patients without
history of T2D were classified as follows (Table 1):

- Undiagnosed diabetes (35 patients; 14.6%)
- Low risk for T2D (130 patients; 54.4%)
- Increased risk for T2D (74 patients; 31%).

Seven patients could not be classified as their
HbA1c results were not available. Where T2D had
been identified by either FPG, or HbAlc (n = 35),
11.4% were identified only by FPG, 68.6% only by
HbAlc, and 20% by both criteria. Among the pa-
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the participants by their dia-
betes status are shown in
Table 1. More female pa-
tients were treated at PHC
clinics. Amongst all 275 di-
agnosed T2D patients, in-
cluding those attending PHC
clinics and those followed at the diabetes center, it
was found that obesity occurred in 46.6% of men,
and 73.5% of women. 26% of all women reported
history of gestational diabetes. More than half of
the latter were treated with insulin.

Diabetic patients followed at the diabetes cen-
ter had longer duration of diabetes, and were more
likely to be using insulin, and taking lipid lower-
ing medications (Table 2). Hypertension and lipid
abnormalities were common (reported in 55.7%
and 73.6% of all patients, respectively). Whereas,
micro- and macrovascular complications were less
prevalent (20.3 and 28.4%, respectively). Abnor-
mal DNS score was found in one-quarter of pa-
tients, but abnormal DNE scores were rare. Ab-
normal ACR was found in approximately half of

Rev Diabet Stud (2010) 7:293-302
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the studied patients. Few
patients had been hospital-

Table 3. Metabolic control of diabetic patients followed at primary health care clinics
and diabetes center according to internationally recommended targets

ized in the preceding twelve

th Target All patients PHC clinics Diabetes center p
months. (n = 275) (n=118) (n=157)

_ _ _ FPG < 7.2 mmol/I 448 50.0 40.6 0.08
Care practices of diabetic HbAlc < 7% 327 372 290 NS
patients at PHC clinics BP < 130/80 mmHg 487 478 493 NS
and the diabetes center TG < 1.7 mmol/| 78.9 763 81.0 NS

_ o LDL-C < 2.6 mmol/I 68.4 61.4 73.9 0.04
_Most patients (87.6%) vis- HDL-C >1 mmol/I (men), 61.1 617 60.6 NS
ited their physicians 3 times >1.3 mmol/I (women)
or more often per year.

HbALc < 7%, BP < 130/80 135 13.4 137 NS

60.7% reported that they y

had been screened for reti-

mmHg, LDL-C < 2.6 mmol/I

nopathy in the past, and
79.5% did self-glucose moni-
toring (Table 2). Only few
patients (12%) had ever vis-
ited a diabetes educator.
61.3% of patients reported having visited a dieti-
tian, but only 40.1% followed dietary recommen-
dations. Only few patients smoked cigarettes
(6.7%), and less than a third (28.2%) reported that
they had walked for the purpose of exercise in the
previous two weeks. More than 90% reported hav-
ing had HbAlc, cholesterol, and urine albumin
measurements in the preceding year (data not
shown).

not significant.

Metabolic profile and achievement of targets

Patients followed at the diabetes center had
significantly lower cholesterol, LDL-C, and dia-
stolic blood pressure compared with patients fol-
lowed at PHC clinics (Table 1). The proportion of
patients who achieved recognized targets are
shown in Table 3. Except for lipid control, all tar-
gets were achieved in less than half of the pa-
tients, and only 13.5% attained all 3 internation-
ally recognized targets of HbAlc < 7%, blood pres-
sure < 130/80 mmHg, and LDL-C < 2.6 mmol/l.
Only one-third of patients were at the HbAlc goal.
Logistic regression analysis showed that diabetes
duration was the only independent factor of
HbAlc target achievement (adjusted OR per year
0.93, 95% CI 0.89-0.98, p < 0.01). No significant
differences were found in the achievement of these
targets between PHC and diabetes center patients
except for LDL-C target, which was better
achieved at the diabetes center (p = 0.04). Similar
findings were made when adjusting for age, gen-
der, and diabetes duration, and using stepwise
(forward selection) logistic regression.

Rev Diabet Stud (2010) 7:293-302

Legend: Data are presented as percentage. P-values by chi-square test. BP: Blood pres-
sure. FPG: fasting plasma glucose. LDL-C: low-density lipoprotein cholesterol. HDL-C:
high-density lipoprotein cholesterol. TG: triglycerides. PHC: primary health care. NS:

Discussion

Screening for undiagnosed T2D

We found a prevalence of undiagnosed diabetes
of 14.6% among adult patients attending PHC
clinics. As expected, this rate is higher than our
previous result of 10.1% found in a population-
based sample of Emirati adults using HbAlc [18].
Individuals who attend PHC for routine care for
other reasons than diabetes are usually less
healthy, and older than the rest of the population,
and may be at a higher risk for T2D. We also
found a considerable discordance between FPG-
and HbAlc-based diagnosis of diabetes and in-
creased risk for diabetes, with more patients iden-
tified by HbAlc. This discordance may be attrib-
uted to the greater amount of women than men in
the sample studied (as women are more likely to
be identified by HbAlc than FPG), and possibly
other factors that are relatively common in
Emirati citizens such as hemoglobinopathies and
iron deficiency anemia. UAE national screening
guidelines are similar to the American Diabetes
Association (ADA) guidelines [15] except for a
lower age cut-off (=30 years). All patients identi-
fied in our study as undiagnosed diabetics were
>45 years, or had BMI > 25 kg/m’. These patients
would have been identified by following the ADA
recommendations for screening, since they have
an additional risk factor (high-risk ethnic popula-
tion). Lowering the age of screening in the UAE to
>30 years would likely identify only few more
cases, and therefore would not be a cost-effective
strategy.

Copyright © by Lab & Life Press/SBDR
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We did not examine whether community
screening would be a recommendable strategy in
the UAE. Given the data retrieved, we were un-
able to assess whether screening should be carried
out within the health care setting only for target-
ing high-risk individuals, as recommended by in-
ternational organizations [15, 19]. People identi-
fied with positive tests by community screening
may not seek, or may not have access to, appropri-
ate follow-up testing and care. On the one hand,
screening tests at health care centers and clinics
showed that high-risk individuals can be success-
fully introduced to lifestyle counseling [20].
Whereas, tests carried out in public campaigns
outside health care centers rarely led to such
beneficial contacts. Community screening in the
UAE would be preferable, if a substantial percent-
age of individuals with undiagnosed diabetes oth-
erwise rarely visit PHC clinics. Provided that
when diagnosed through screening, the individu-
als would comply with treatment, and the medical
infrastructure can cope with the extra workload
without loss of quality of care. However, it is ques-
tionable whether the ideal responses can be
achieved in the UAE. PHC clinics and diabetes
centers in the UAE are already under pressure,
and would need extra resources to cope with the
increase in work load.

Prevention of type 2 diabetes

We found that 31% of patients attending PHC
clinics are at increased risk for T2D. Studies have
shown that T2D can be effectively prevented in
high-risk individuals by lifestyle changes, which
include increased physical activity and reduced
intake of dietary fat [21-23]. Lifestyle intervention
can also reduce the risk of cardiovascular disease
and mortality [5, 24]. Programs addressing life-
style intervention strategies in the PHC setting
have been successful in reducing the progression
of T2D in individuals at high risk [20]. Long fol-
low-up periods are needed to see whether this ef-
fect will last over time. Also, community-wide pre-
vention programs that raise public awareness of
the importance of lifestyle behaviors are needed
[25]. Prevention programs were implemented in
some countries, and hey have been successful in
reducing coronary heart disease, and stroke mor-
tality [26]. Recently, the “Wegaya” cardiovascular
screening program was introduced by the Health
Authority in Abu Dhabi. In the first 2 years, this
program has obtained a Framingham Risk Score
for almost every adult Emirati [27]. Also, it ad-
dresses a spectrum of behavioral change interven-
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tions, which are aimed at the individual, group,
and population level [27].

Management of type 2 diabetes

Although micro- and macrovascular complica-
tions were not commonly reported among our dia-
betic patients, cardiovascular risk factors such as
hypertension, dyslipidemia, vascular stiffness,
obesity, and sedentary lifestyle were highly preva-
lent. Fortunately, smoking was not common
(6.7%). Recent long-term clinical trials, aimed at
controlling hyperglycemia and lowering known
risk factors for cardiovascular disease, have dem-
onstrated benefits of early intervention by reduc-
ing micro- and macrovascular diabetes complica-
tions [9, 28].

Only 40% of our studied patients followed die-
tary recommendations, and very few reported that
they have ever visited a diabetes educator. These
results are in accordance with our previous find-
ings [2, 29, 30]. Education of patients with T2D is
considered a fundamental aspect of diabetes care.
It is important to recognize that all contacts be-
tween patients and practitioners can be opportuni-
ties for education [31]. Because patients are re-
sponsible for the day-to-day control of their diabe-
tes, it is critical that patients understand the dis-
ease, and how to treat it [32]. Education can be
carried out on a one-to-one basis, in groups, or
both. However, it is not yet clear which education
strategy is the most effective one regarding behav-
ioral change, self-management, and physical and
psychological outcomes [33].

Promotion of behavioral change among patients
requires underlying patient-education programs
that include and ensure appropriate training for
health professionals. Priority should be given to
programs that target patients at high risk of dia-
betes complications, and that make use of inten-
sive contact and proactive follow-up. In contrast,
programs targeting the whole population of diabe-
tes patients, with a low frequency of contact, are
likely to have a lower success rate, as high-risk
individuals are more likely to slip through the net.
Also, it could be beneficial if disease managers are
able to start or modify medical treatment proac-
tively [32, 34].

Education programs for educators have been
developed internationally by several organiza-
tions. We have previously organized several diabe-
tes education courses in collaboration with the
Diabetes Education Consultative Section (DECS)
of the International Diabetes Federation (IDF).
These courses aimed at educating health care pro-
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fessionals, such as dietitians, pharmacists, and
nurses, who interact with patients suffering from
diabetes. The courses were based on the IDF cur-
riculum for Diabetes Health Professional Educa-
tion, and were generally well attended and well
received [35]. National policy initiatives are
needed to support the role of diabetes educators
and self-management education programs to im-
prove the health of diabetic patients.

Diabetes control in patients from primary
health care and diabetes clinics

In our study, only 13.5% of patients attained all
three internationally recognized targets. This
value is similar to that found by a recent study
from the United States [36], but slightly better
than that in developing countries [11]. The
achievement of treatment goals was not signifi-
cantly different between PHC clinics and the dia-
betes center except for the LDL-C target. This
could be due to a more aggressive lipid lowering
therapy in patients followed at the diabetes cen-
ter.

Although the achievement of treatment goals
has been shown to significantly reduce the risk of
morbidity and mortality in T2D, health care prac-
tice in community and referral centers often falls
short of these goals [10, 11, 36]. While numerous
interventions to improve adherence to the recom-
mended standards have been implemented, a ma-
jor contributor to suboptimal care is a system
poorly designed for the delivery of chronic care
[15]. Implementation of structured and multifac-
eted intervention for disease management is
needed to deliver effective care, This should in-
clude patient education, psychological interven-
tion, dietary education, self-monitoring, telemedi-
cine, and other components [34, 37]. In recent
meta-analysis, the most effective components of
such programs were a high frequency of patient
contact, and an ability for disease managers to ad-
just treatment with, or without, prior physician
approval [34, 38].

As the site of care for the majority of T2D pa-
tients is the primary health care clinic, it is impor-
tant to improve diabetes management interven-
tions in this environment [39]. A recent multi-
component intervention trial in community pri-
mary care practices showed that implementation
of an electronic diabetes registry, visit reminders,
patient-specific physician alerts, pre-visit plan-
ning, and monthly review of performance with a
local physician, resulted in better target achieve-
ment in twelve months [40]. Also, it may be help-
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ful to have target, or points-based, systems to re-
munerate successful practices [15].

Limitations

The prevalence rate of undiagnosed T2D may
be affected by recruitment biases, and the use of
HbAlc rather than the more sensitive OGTT.
Also, patients were recruited from one large medi-
cal center in Abu Dhabi, which may not necessar-
ily represent the overall adult Emirati diabetic
population. Similarly, our quality of care results
may not apply to Emirati patients attending pri-
vately-owned facilities. However, previous studies
in the UAE accord with our findings regarding
care practices, and achievement of treatment tar-
gets [2, 28]. Finally, our study was cross-sectional
in nature. Undiagnosed T2D was not confirmed,
and self-reported diabetes complications were not
fully verified.

Conclusions

In our study, almost half of patients without
diabetes history attending PHC clinics had undi-
agnosed T2D, or were at increased risk. This
represents a high proportion of patients living
without adequate diabetes intervention at early
stages of the disease. Therefore, new prevention
programs need to be implemented to identify dia-
betic patients and persons at risk, and to deliver
the appropriate care for an effective prevention of
diabetic complications. Lifestyle intervention
strategies including increased physical activity
and reduced intake of dietary fat can result in
moderate weight loss and reduce risk. Commu-
nity-wide prevention programs can raise public
awareness of the importance of lifestyle behavior.

Only 40% patients with diagnosed T2D fol-
lowed dietary recommendations, and very few re-
ported visiting a diabetes educator, or performing
regular exercise. Only 13.5% of all patients at-
tained all three internationally acknowledged tar-
gets. Care practices and achievement of treatment
targets in diabetic patients could be improved by
structured multifaceted interventions. National
policy initiatives, that support the role of diabetes
educators and self-management education pro-
grams, are needed to improve the health of dia-
betic patients.

Acknowledgements: This study was supported by a
research grant from the Emirates Foundation. We are
grateful to Thikra Abdella for data collection and
Sameera Mahmoud, Shamsa Al Shamsi, and Mariam

Copyright © by Lab & Life Press/SBDR



Undiagnosed Diabetes and Quiality of Care

The Review of DIABETIC STUDIES

301

Vol. 7 [(No. 4 [2010

Al-Neyadi for technical assistance. We also thank the
staff at Al Bateen and Al Khaleej PHC clinics, SKMC
diabetes center, and SKMC laboratories for their valu-

able help.
Disclosures (conflict of interests statement): The
authors report no conflict of interests.

B References

1.

10.

11.

12.

13.

Malik M, Bakir A, Abi Saab B, Roglic G, King H.
Glucose intolerance and associated factors in the multi-
ethnic population of the United Arab Emirates: results of a
national survey. Diabetes Res Clin Pract 2005. 69:188-195.
Saadi H, Carruthers SG, Nagelkerke N, Al-Maskari F,
Afandi B, Reed R, Lukic M, Nicholls MG, Kazam E,
Algawi K, et al. Prevalence of diabetes mellitus and its
complications in a population-based sample in Al Ain,
United Arab Emirates. Diabetes Res Clin Pract 2007.
78(3):369-377.

Al-Maskari F, El-Sadig M, Nagelkerke N. Assessment
of the direct medical costs of diabetes mellitus and its com-
plications in the United Arab Emirates. BMC Public Health
2010. 10:679.

Gillett M, Dallosso HM, Dixon S, Brennan A, Carey
ME, Campbell MJ, Heller S, Khunti K, Skinner TC,
Davies MJ. Delivering the diabetes education and self man-
agement for ongoing and newly diagnosed (DESMOND)
programme for people with newly diagnosed type 2 diabe-
tes: cost effectiveness analysis. BMJ 2010. 341:c4093.
Waugh N, Scotland G, McNamee P, Gillett M, Bren-
nan A, Goyder E, Williams R, John A. Screening for
type 2 diabetes: literature review and economic modelling.
Health Technol Assess 2007. 11(17):1-125.

Janssen PG, Gorter KJ, Stolk RP, Rutten GE. Ran-
domised controlled trial of intensive multifactorial treatment
for cardiovascular risk in patients with screen-detected type 2
diabetes: 1-year data from the ADDITION Netherlands
study. Br J Gen Pract 2009. 59:43-48.

Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med 1993.
329:977-986.

Intensive blood-glucose control with sulphonylureas or insu-
lin compared with conventional treatment and risk of com-
plications in patients with type 2 diabetes (UKPDS 33). UK
Prospective Diabetes Study (UKPDS) Group. Lancet 1998.
352(9131):837-853.

Gaede P, Lund-Andersen H, Parving HH, Pedersen
O. Effect of a multifactorial intervention on mortality in
type 2 diabetes. N Engl J Med 2008. 358(6):580-591.

IDF Clinical Guideline Task Force. Global guideline for
type 2 diabetes: recommendations for standard, comprehen-
sive, and minimal care. Diabet Med 2006. 23(6):579-593.
Chan JC, Gagliardino JJ, Baik SH, Chantelot JM,
Ferreira SR, Hancu N, Hancu N, Illkova H,
Ramachandran A, Aschner P, IDMPS Investigators.
Multifaceted determinants for achieving glycemic control:
the International Diabetes Management Practice Study
(IDMPS). Diabetes Care 2009. 32(2):227-233.

Meijer JW, Smit AJ, Sonderen EV, Groothoff JW,
Eisma WH, Links TP. Symptom scoring systems to diag-
nose distal polyneuropathy in diabetes: the Diabetic Neu-
ropathy Symptom score. Diabet Med 2002. 19:962-965.
Meijer JW, van Sonderen E, Blaauwwiekel EE, Smit

www.The-RDS.org

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Al, Groothoff JW, Eisma WH, Links TP. Diabetic neu-
ropathy examination: a hierarchical scoring system to diag-
nose distal polyneuropathy in diabetes. Diabetes Care 2000.
23(6):750-753.

Millasseau SC, Ritter JM, Takazawa K, Chowienczyk
PJ. Contour analysis of the photoplethysmographic pulse
measured at the finger. J Hypertens 2006. 24(8):1449-1456.
American Diabetes Association. Standards of medical
care in diabetes 2011. Diabetes Care 2011. 33(Suppl 1):S11-
S61.

Gallagher D, Heymsfield SB, Heo M, Jebb SA, Mur-
gatroyd PR, Sakamoto Y. Healthy percentage body fat
ranges: an approach for developing guidelines based on body
mass index. Am J Clin Nutr 2000. 72:694-701.

Kramer H, Molitch ME. Screening for kidney disease in
adults with diabetes. Diabetes Care 2005. 28:1813-1816.
Saadi H, Nagelkerke N, Al-Kaabi J, Afandi B, Al-
Maskari F, Kazam E. Screening strategy for type 2 diabe-
tes in the United Arab Emirates. Asia Pac J Public Health
2010. 22(3 Suppl):54S-59S.

Screening for Type 2 Diabetes - Report of a World Health
Organization and International Diabetes Federation meeting.
WHO/NMH/MNC/03.1., Geneva, 2003.

Saaristo T, Moilanen L, Korpi-Hyovalti E, Vanhala
M, Saltevo J, Niskanen L, Jokelainen J, Peltonen M,
Oksa H, Tuomilehto J, Uusitupa M, Keindnen-
Kiukaanniemi S. Lifestyle intervention for prevention of
type 2 diabetes in primary health care: one-year follow-up of
the Finnish National Diabetes Prevention Program (FIN-
D2D). Diabetes Care 2010. 33(10):2146-2151.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT,
Hamalainen H, llanne-Parikka P, Keindnen-
Kiukaanniemi S, Laakso M, Louheranta A, Rastas M,
et al. Diabetes Prevention Program Research Group. Pre-
vention of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance. N Engl J
Med 2001. 344(18):1343-1350.

Knowler WC, Barrett-Connor E, Fowler SE, Ham-
man RF, Lachin JM, Walker EA, Diabetes Prevention
Program Research Group. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N
Engl J Med 2002. 346:393-403.

Psaltopoulou T, llias I, Alevizaki M. The role of diet
and lifestyle in primary, secondary, and tertiary diabetes pre-
vention: a review of meta-analyses. Rev Diabet Stud 2010.
7(1):26-35.

Eriksson KF, Lindgarde F. No excess 12-year mortality
in men with impaired glucose tolerance who participated in
the Malmd Preventive Trial with diet and exercise.
Diabetologia 1998. 41(9):1010-1016.

Lindstrom J, Absetz P, Hemid K, Peltomaki P, Pel-
tonen M. Reducing the risk of type 2 diabetes with nutri-
tion and physical activity - efficacy and implementation of
lifestyle interventions in Finland. Public Health Nutr 2010.
13(6A):993-999.

Vartiainen E, Puska P, Pekkanen J, Tuomilehto J,
Jousilahti P. Changes in risk factors explain changes in
mortality from ischaemic heart disease in Finland. BMJ 1994.

Rev Diabet Stud (2010) 7:293-302



302 The Review of DIABETIC STUDIES Saadi, Al-Kaabi, et al.
Vol. 7 [(No. 4 (2010
309:23-27. mic control: a meta-regression analysis. JAMA 2006.
27. Hajat C, Harrison O. The Abu Dhabi Cardiovascular 296(4):427-440.

28.

29.

30.

3L

32.

33.

34.

Program: the continuation of Framingham. Prog Cardiovasc
Dis 2010. 53(1):28-38.

Holman RR, Paul SK, Bethel MA, Matthews DR,
Neil HA. 10-year follow-up of intensive glucose control in
type 2 diabetes. N Engl J Med 2008. 359(15):1577-1589.
Al-Kaabi J, Al-Maskari F, Saadi H, Afandi B, Parkar
H, Nagelkerke N. Assessment of dietary practice among
diabetic patients in the United arab emirates. Rev Diabet Stud
2008. 5(2):110-115.

Al-Kaabi J, Al-Maskari F, Afandi B, Parkar H, Na-
gelkerke N. Physical activity and reported barriers to activ-
ity among type 2 diabetic patients in the United Arab Emir-
ates. Rev Diabet Stud 2009. 6(4):271-278.

NICE - guidance on the use of patient-education models for
diabetes. Technology Appraisal 60, London, National Insti-
tute for Clinical Excellence, 2003.

Loveman E, Frampton GK, Clegg AJ. The clinical ef-
fectiveness of diabetes education models for type 2 diabetes:
a systematic review. Health Technol Assess 2008. 12(9):1-116.
Duke SA, Colagiuri S, Colagiuri R. Individual patient
education for people with type 2 diabetes mellitus. Cochrane
Database Syst Rev 2009. 21(1):CD005268.

Shojania KG, Ranji SR, McDonald KM, Grimshaw
JM, Sundaram V, Rushakoff RJ, Owens DK. Effects of
quality improvement strategies for type 2 diabetes on glyce-

Rev Diabet Stud (2010) 7:293-302

35.

36.

37.

38.

39.

40.

Saadi H. Developing a certification program in UAE.
World Diabetes Congress, Montreal, 2009.

Cheung BM, Ong KL, Cherny SS, Sham PC, Tso
AW, Lam KS. Diabetes prevalence and therapeutic target
achievement in the United States, 1999 to 2006. Am J Med
2009. 122:443-453.

Chodosh J, Morton SC, Mojica W, Maglione M, Sut-
torp MJ, Hilton L, Rhodes S, Shekelle P. Meta-
analysis: chronic disease self management programs for older
adults. Ann Intern Med 2005. 143(6):427-438.

Pimouguet C, Le Goff M, Thiebaut R, Dartigues JF,
Helmer C. Effectiveness of disease-management programs
for improving diabetes care: a meta-analysis. CMAJ 2010. In
press.

Renders CM, Valk GD, Griffin SJ, Wagner EH, Eijk
VJ, Assendelft WJ. Interventions to improve the manage-
ment of diabetes in primary care, outpatient, and community
settings: a systematic review. Diabetes Care 2001. 24:1821-
1833.

Peterson KA, Radosevich DM, O’Connor PJ, Nyman
JA, Prineas RJ, Smith SA, Arneson TJ, Corbett VA,
Weinhandl JC, Lange CJ, Hannan PJ. Improving diabe-
tes care in practice: findings from the TRANSLATE trial.
Diabetes Care 2008. 31(12):2238-2243.

Copyright © by Lab & Life Press/SBDR



