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AbstrACt
Objectives Numerous studies reported that achieving 
near-normal glycated haemoglobin (HbA1c) levels in 
patients with diabetes may delay or even prevent vascular 
complications. However, information regarding the impact 
of non-optimal HbA1c control on adverse health outcomes 
in an Arab population is unknown. The aim of this study 
was to estimate the fraction of deaths and potential years 
of life lost (PYLL) attributable to non-optimal HbA1c control 
among Emirati men and women with diabetes in the 
United Arab Emirates (UAE).
Design A retrospective cohort study.
setting This study was conducted in outpatient clinics at 
a tertiary care centre in Al Ain, UAE, between April 2008 
and September 2018.
Participants The sample comprised of 583 adult UAE 
nationals, aged≥18 years, with diabetes. Overall, 57% 
(n=332) of the study participants were men and 43% 
(n=251) were women.
Exposure Non-optimal HbA1c control, defined as 
HbA1c≥6.5%.
Primary outcome measure All-cause mortality, defined 
as death from any cause.
results At the end of the 9-year follow-up period, 86 
(14.8%) participants died. Overall, up to 33% (95% CI 
2% to 63%) of deaths were attributable to non-optimal 
HbA1c control among patients with diabetes mellitus 
(DM). Stratified by sex, the adjusted fraction of avoidable 
mortality was 17% (95% CI −23% to 57%) for men and 
50% (95% CI 3% to 98%) for women. Both deaths and 
PYLL attributable to non-optimal HbA1c control were 
higher in women compared with men.
Conclusions Up to one-third of all deaths in adult UAE 
nationals with DM could be attributed to non-optimal 
HbA1c control. Effective sex-specific interventions and 
healthcare quality‐improvement programmes should 
urgently be implemented.

IntrODuCtIOn
The WHO estimates that type 2 diabetes 
mellitus (DM) was the seventh leading cause 

of death worldwide in 2016.1 The global 
prevalence of DM among adults has more 
than doubled over the past four decades and 
continues to rise.1

The United Arab Emirates (UAE) has 
witnessed substantial economic development 
since the discovery of oil half a century ago. 
This increased prosperity has altered the 
health profile in the UAE with improved 
access to modern healthcare services and 
universal health insurance for its citizens.2 
In the UAE, life expectancy at birth is slowly 
improving and the most recent estimates for 
men and women were 76.4 and 80.2 years, 
respectively, in 2017.3 However, this dramatic 
economic transformation has also led to 
major lifestyle changes among its residents. 
Sedentary lifestyles and unhealthy dietary 

strengths and limitations of this study

 ► This is the first long-term observational cohort study 
to estimate the fraction of deaths and potential years 
of life lost attributable to non-optimal glycated hae-
moglobin control in adult United Arab Emirates (UAE) 
men and women with diabetes.

 ► The diabetes status was determined at baseline and 
could have changed during the follow-up period, 
which might have impacted our estimate of the pop-
ulation-attributable fraction (PAF).

 ► This study was conducted in outpatient clinics of a 
single tertiary care hospital; therefore, our results 
may not be applicable to the general population in 
the UAE.

 ► Data on other confounding variables that could have 
impacted study outcomes, such as socioeconom-
ic status, dietary habit and physical activity, were 
unavailable.

 ► The CIs for the PAF were wide, indicating that the 
sample size was relatively small.
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Figure 1 Flow chart of the study population. HbA1c, 
glycated haemoglobin.

habits have resulted in the UAE having one of the highest 
prevalence of DM worldwide with an age-adjusted preva-
lence of 17.3% in 2017.4

DM substantially increases the risk of cardiovascular 
disease (CVD), renal disease, visual impairment and 
peripheral neuropathy,5–7 as well as the risk of premature 
death.8 The WHO estimates that around half of all global 
deaths in patients with DM aged under 70 years are attrib-
utable to poor glycaemic control,1 while the proportion 
of all deaths due to DM among UAE residents aged under 
60 years was 69.1%.4

There is strong evidence that achieving near-normal 
glycated haemoglobin (HbA1c) levels in DM significantly 
reduces morbidity and mortality.9 However, despite this 
evidence, less than half of patients with DM achieve their 
HbA1c target. A UAE study, in 2015, reported that only 
38% of adult patients with DM had achieved the HbA1c 
target of <7% and that poor glycaemic control was higher 
in females and patients aged >60 years.10 This result was 
similar to a US study, conducted more than a decade ago, 
which reported that only 34% of patients with DM had 
achieved optimal glycaemic control.11

The proportion of deaths avoided if patients had 
achieved the HbA1c target can be quantified by measuring 
the impact of a specific risk factor on public health, and is 
described as the population-attributable fraction (PAF).12 
Since no evidence exists regarding the impact of non-op-
timal HbA1c control on mortality among Arab patients 
with diabetes, the aim of this study was to estimate the 
fraction of deaths and potential years of life lost (PYLL) 
attributable to non-optimal HbA1c control in UAE 
nationals with DM.

MEthODs
This was a retrospective cohort study based on data 
obtained from electronic medical records of UAE 
nationals with DM, registered at outpatient clinics at 
Tawam Hospital in Al Ain, UAE, between 01 April 2008 
and 31 December 2008. Tawam Hospital is a tertiary care 
hospital, which provides healthcare services to approx-
imately 19 000 adult UAE nationals with DM of Al Ain, 
the second-largest city in the Emirate of Abu Dhabi, UAE. 
We included consecutive patients aged ≥18 years who 
had serum HbA1c level ≥6.5%, a diagnosis established by 
a physician or been receiving medications for DM (eg, 
sulfonylurea, thiazolidinedione, dipeptidyl peptidase-4 
inhibitor, biguanide or insulin). Patients with incomplete 
data on serum HbA1c levels and missing history of DM at 
baseline were excluded (figure 1). Annual follow-up data 
were obtained between the baseline visits in 2008 and 30 
September 2018.

Definitions of clinical variables and outcomes
Hypertension (HTN) was defined as systolic 
blood pressure≥140 mm Hg, diastolic blood pres-
sure≥90 mm Hg or the use of antihypertensive medi-
cations.13 Fasting lipid profiles were measured using 

standard methods and the UniCel DxC-800 Synchron 
Clinical System (Beckman Coulter, Brea, California, 
USA). Dyslipidaemia was defined as the presence of one 
or more of the following: triglyceride≥1.69 mmol/L, 
total cholesterol≥5.17 mmol/L, low-density lipopro-
tein cholesterol≥3.36 mmol/L, high-density lipoprotein 
cholesterol<1.03 mmol/L or documented treatment with 
lipid-lowering medications.14 Body mass index (BMI) was 
calculated as weight (kg) divided by height (m) squared 
and obesity was defined as BMI≥30 kg/m2. Smoking 
history was positive if there was a current or history of 
smoking of tobacco. Patients were considered as having 
CVD if they had a diagnosis of coronary heart disease 
(angina, prior myocardial infarction, angioplasty of the 
coronary arteries or coronary artery surgery), cerebrovas-
cular accidents or peripheral vascular disease. History of 
cancer was defined as an established diagnosis of cancer 
of any type. Chronic kidney disease (CKD) was defined 
as an estimated glomerular filtration rate <60 mL/
min/1.73 m2.15 HbA1c was assessed by the medical labora-
tory department at Tawam Hospital using an automated 
analyser (Integra 400 Plus; Roche Diagnostics GmbH, 
Mannheim, Germany). Non-optimal HbA1c control was 
defined as HbA1c≥6.5%.16

Mortality data were collected retrospectively during 
the follow-up period until 30 September 2018. Death 
was defined as death from any cause and was confirmed 
through the review of medical records and death certif-
icates. Time to event was calculated for each patient as 
the difference between the date of the inclusion into the 
study and the date of death, or the date of the last outpa-
tient clinic visit, whichever occurred first.

statistical analysis
Data were expressed as mean±SD or percentages. The 
baseline characteristics were compared by sex using the 
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Table 1 Baseline characteristics of study participants by sex

Characteristic Total (n=583) Women (n=251) Men (n=332) P value*

Age (years), mean±SD 58.4±12.4 57.0±11.4 59.4±13.0 0.021

Age (years), n (%)     

  ≤39 50 (8.6) 18 (7.2) 32 (9.6) <0.001

  40–54 155 (26.6) 88 (35.1) 67 (20.2)

  55–64 179 (30.7) 77 (30.7) 102 (30.7)

  ≥65 199 (34.1) 68 (27.1) 131 (39.5)

Women, n (%) 251 (43.1)   

DM medications, n (%) 487 (83.5) 202 (80.5) 285 (85.8) 0.091

HbA1c (%), mean±SD 7.85±1.93 7.53±1.75 8.09±2.02 <0.001

HbA1c≥6.5%, n (%) 470 (80.6) 195 (77.7) 275 (82.8) 0.138

Comorbidities, n (%)     

  Smoking history 108 (18.5) 2 (0.8) 106 (31.9) <0.001

  Obesity† 276 (47.3) 151 (60.4) 125 (37.7) <0.001

  HTN 495 (84.9) 209 (83.3) 286 (86.1) 0.352

  Dyslipidaemia 534 (91.6) 219 (87.3) 315 (94.9) 0.001

  CVD 150 (25.7) 33 (13.1) 117 (35.2) <0.001

  Cancer 46 (7.9) 21 (8.4) 25 (7.5) 0.757

  CKD 89 (15.3) 31 (12.4) 58 (17.5) 0.103

*The independent samples t-test was used to calculate p values for continuous variables, and Fisher’s exact test (2-tailed) was used to 
calculate p values for categorical variables.
†n=582.
CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HbA1c, glycated haemoglobin; HTN, hypertension.

independent samples t-test for continuous variables and 
Fisher’s exact test (two-tailed) for categorical variables.

For this analysis, we estimated Cox proportional 
hazards regression models adjusted for age (continuous), 
sex, HTN, dyslipidaemia, cancer, smoking, CVD, CKD, 
obesity and DM medications to estimate HRs and 95% CI 
for the association between non-optimal HbA1c control 
and mortality. The assumption of proportionality was met 
on the basis of log-log plots.

The main exposure of interest was non-optimal HbA1c 
control. The outcomes of interest were death and PYLL. 
PYLL was calculated by subtracting the average age 
of death from the average life expectancy (for UAE 
nationals in 20173), and then by multiplying this number 
by the number of non-optimal HbA1c control-attribut-
able deaths.

We estimated the PAF associated with non-optimal 
HbA1c control using the attributable fraction package 
for censored survival data in R software.17 The PAF for 
HbA1c≥6.5% was adjusted for age (continuous), sex, 
HTN, dyslipidaemia, cancer, smoking, CVD, CKD, obesity 
and DM medications. The PAF was then used to calculate 
deaths and PYLL that could be averted if HbA1c control 
was optimal. The proportion of mortality cases and 
PYLL that could have been prevented if all patients had 
optimal HbA1c control was indicated by a positive PAF. 
Conversely, a negative PAF is the proportion of mortality 

cases and PYLL that could have additionally occurred if 
patients had optimal HbA1c.

All statistical analyses were performed using R software 
V.3.5.2 (The R Foundation, Vienna, Austria) and IBM 
SPSS software V.25. All p values were two-tailed, and <0.05 
were considered statistically significant.

Patient and public involvement
There was no patient or public involvement in the design 
and conduct of the study.

rEsults
baseline characteristics
The analysis in the current study included 583 subjects 
with DM (figure 1), with a median follow-up of 9.1 years 
(IQR 8.1–9.7 years). Approximately 57% of the study 
participants were men (table 1). The mean age of partic-
ipants at baseline was 58.4 years (SD 12.4 years) and the 
mean±SD HbA1c was 7.85%±1.93%. Approximately 84% 
(487/583) of patients were on medications for DM. Of 
these treated patients, only 23% (113/487) had optimal 
HbA1c control. The baseline characteristics stratified by 
sex are presented in table 1. Men were older at baseline; 
more frequently had a history of smoking, dyslipidaemia 
and CVD; but less frequently had a history of obesity than 
women. HbA1c at baseline was significantly higher in 
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Table 2 HRs and population-attributable fraction of all-
cause mortality associated with HbA1c≥6.5%

All-cause mortality P value

Events/non-events 86/497

HR* (95% CI) 1.37 (0.76 to 2.47) 0.300

HR† (95% CI) 1.24 (0.69 to 2.25) 0.471

HR‡ (95% CI) 1.79 (0.95 to 3.39) 0.071

PAF‡, % (95% CI) 33 (2 to 63) 0.039

*Univariable.
†Adjusted for age (continuous) and sex.
‡Adjusted for age (continuous), sex, HTN, dyslipidaemia, cancer, 
smoking, CVD, CKD, obesity and DM medications.
CKD, chronic kidney disease; CVD, cardiovascular disease; 
DM, diabetes mellitus; HbA1c, glycated haemoglobin; HTN, 
hypertension; PAF, population-attributable fraction.

Figure 2 Deaths attributable to non-optimal HbA1c by age 
and sex. HbA1c, glycated haemoglobin.

Figure 3 PYLL attributable to non-optimal HbA1c by age 
and sex. HbA1c, glycated haemoglobin; PYLL, potential 
years of life lost.

men than in women (p<0.001). There were no significant 
differences by sex in non-optimal HbA1c control at base-
line (p=0.138).

Mortality and PYll
At the end of the follow-up period, 86 (14.8%) deaths 
occurred. The multivariable-adjusted HR for all-cause 
mortality comparing patients with and without optimal 
HbA1c control was 1.79 (95% CI 0.95 to 3.39). The multi-
variable-adjusted PAF for deaths due to non-optimal 
HbA1c control was 33% (95% CI 2% to 63%) (table 2). 
Overall, 28 (95% CI 2 to 54) deaths could have been 
prevented if the HbA1c of all participants in the study 
had been maintained in the optimal range. Similarly, 190 
(95% CI 12 to 363) PYLL could have been prevented if 
the HbA1c was optimal in all patients.

When stratified by sex, the confounder-adjusted frac-
tion of avoidable mortality was 17% (95% CI −23% to 
57%) for men and 50% (95% CI 3% to 98%) for women. 
Shown in figures 2 and 3, respectively, are the deaths and 
PYLL attributable to non-optimal HbA1c control, by age 
category and sex. The avertable deaths were higher for the 

older age groups in both men and women. In women, the 
avertable PYLL was higher in the 40–54 years age group; 
however, in men, the PYLL was higher in the 55–64 years 
age group. Overall, both deaths and PYLL attributable to 
non-optimal HbA1c control were higher in women than 
in men.

Extrapolating from our cohort to the approximately 
155 000 adult UAE nationals with DM4 and assuming that 
this population is comparable to our study population, 
based on our results, we estimated that approximately 
22 900 deaths would have been observed within 9 years 
among the Emirati population with DM. Of these total 
deaths, around 7600 deaths would be attributable to 
non-optimal HbA1c control.

DIsCussIOn
This long-term observational cohort study suggests that 
among adult Emiratis with DM, about one-third of all 
deaths over the 9-year period could have been prevented 
with optimal HbA1c control. By extrapolating our results 
to the UAE national population with DM, we estimated 
the burden of non-optimal HbA1c control among Emir-
atis. In the approximately 155 000 adult UAE nationals 
with DM,4 this would correspond to about 840 deaths that 
could have potentially been avoided annually.

There is only one comparable longitudinal study in the 
international literature that estimated the attributable 
risk associated with HbA1c levels for all-cause mortality 
in patients with DM. The cardiometabolic Valencian 
(ESCARVAL-RISK) study conducted on a large gener-
al-practice cohort of Spanish patients with DM reported 
the PAF associated with uncontrolled diabetes as 13.6% 
(95% CI 4.0% to 23.9%) for all-cause mortality.18 This 
estimate was much lower than what was observed in our 
study. This difference may be explained by different 
population characteristics and follow-up time between 
the two studies (patients with CVD were excluded from 
the ESCARVAL-RISK study and had a follow-up of 3.3 
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years vs 26% with a history of CVD and a follow-up of 9.1 
years in our study).

To the best of our knowledge, the PAF linked to 
non-optimal HbA1c control by sex has not been previ-
ously reported. We found that more deaths could have 
been avoided in women with non-optimal HbA1c control 
than in men. Moreover, in our study, the PAF associated 
with uncontrolled diabetes was not statistically signifi-
cantly contributing to the risk of mortality in men. Most 
previous studies have supported the claim that women 
with DM are at higher risk for morbidity and mortality 
compared with men with DM.19–22 A meta-analyses of 
patients with DM reported that women were 50% more 
likely to die of fatal coronary heart disease than men.23 
It is not known why women with DM are at increased risk 
for morbidity and mortality compared with their male 
counterparts. One explanation is that CVD risk factors 
affect women more than men. The Strong Heart Study 
showed that between women with and without DM, the 
differences in levels of several CVD risk factors were 
greater than differences found in men with and without 
DM.24 Another possible explanation is that women with 
diabetes are less likely than men to have CVD risk factors 
aggressively treated.25 In addition, results from a Korean 
study on patients with DM showed that compared with 
men, women were less likely to achieve optimal HbA1c 
control after 1 year of treatment.26 Our findings demon-
strate possible sex differences in mortality among Emirati 
patients with poorly controlled DM and support the 
urgent need for developing sex-specific tertiary preven-
tion strategies in the UAE.

In our study, patients with DM had a moderate glycaemic 
control with a mean±SD HbA1c of 7.85%±1.93% at base-
line and only approximately 19% of them had optimal 
HbA1c target of <6.5%. These results are consistent with 
other studies carried out in neighbouring Middle Eastern 
and Western countries,27–30 indicating that poor glycaemic 
control in patients with DM is a serious issue worldwide. 
A study conducted among 651 patients with DM in Saudi 
Arabia showed that close to 21% of patients had optimal 
HbA1c control.27 A nationwide French survey on 4930 
patients with DM reported that the mean HbA1c was 
7.6%±1.6% and in 27% of patients, the HbA1c level was 
≤6.5%.29 Possible reasons for this failure may be multi-
factorial, such as poor compliance with medications, and 
therapeutic inertia on the part of healthcare providers. 
A recently published systematic review reported that 
the delay in the intensification of therapy following an 
HbA1c measurement above the target level was longer 
than 1 year.31 Furthermore, the increasing prevalence 
of multimorbidity among patients often complicates the 
management of DM,32 and may also contribute to subop-
timal diabetes management. It is well-known and widely 
accepted that achieving optimal HbA1c target levels in 
patients with DM, as outlined in current clinical guide-
lines,16 33 34 decreases the risk of vascular complications 
and improves the life expectancy.6 9 Therefore, future 
studies, to investigate effective and efficient solutions in 

improving glycaemic control in patients with DM, should 
be high on the list of priorities for all decision-makers 
involved in DM care.

strengths and limitations
To the best of our knowledge, this is the first long-term 
observational cohort study to estimate the fraction of 
deaths and PYLL attributable to non-optimal HbA1c 
control in UAE national men and women with DM. The 
PAF assesses potential health benefits through risk factor 
control and disease prevention. It is a helpful instrument 
for effective health communication that may increase 
both public and healthcare professionals’ awareness of 
DM. It may also aid in decreasing the risk of mortality 
with the implementation of healthcare quality‐improve-
ment programmes by key stakeholders.

This study has several limitations. First, the DM status was 
determined at baseline and could have changed during 
the follow-up period, which might have impacted our 
estimate of the PAF. However, transitions from diabetes 
to non-diabetes status are rare.35 Second, this study was 
conducted in outpatient clinics of a single tertiary care 
hospital; therefore, our results may not be applicable to 
the general population in the UAE. Third, the changes 
in HbA1c levels and DM treatment over time were not 
assessed and could have affected the study results. In addi-
tion, data on other confounding variables that could have 
impacted the study outcomes, such as the socioeconomic 
status, dietary habits and physical activity, were unavail-
able. Finally, the CIs for the PAF were wide, indicating that 
the sample size was relatively small; however, our study in 
an Arab population with a long follow-up duration gives 
us a better picture of the high burden of diabetes in the 
Middle East, where data on associated poor glycaemic 
control is sparse. Additional large multicenter studies are 
needed to confirm our results.

COnClusIOn
In conclusion, non-optimal HbA1c control contributed 
to one-third of all deaths in patients with DM in the UAE. 
This places a significant burden on the health of Emiratis 
with DM, their families and the health systems. Effective 
interventions, such as the training of DM care teams on 
sex-specific prevention strategies, periodic monitoring 
of DM and improving patients’ education, are essential 
to increase adherence to management guidelines and 
should be implemented without delay.
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