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Background: There is growing evidence that stress and sleep deprivation are involved in

development of type 2 diabetes (T2DM). The latter is one of the most challenging health

problems in the UAE. Therefore, the present study aimed to investigate the effects of

personalized intervention on glycemic and weight control in Emirati patients with T2DM.

The intervention involved assessment and modification of stress levels and sleep patterns.

Methods: This was a randomized controlled study conducted on 51 Emirati patients with

T2DM (age 18–60 years, body-mass index (BMI) ≥25 kg/m2): those in the intervention

group who completed the trial numbered 18 and those in the control group who completed

the trial numbered 17. Heart-rate variability was used for real-life and long-term assessments

of stress, sleep, and recovery. Body weight, BMI, HbA1c and lipid profile were included in

the investigation. The National Clinical Trial identifier number is NCT03644134.

Results: Percentage change in body weight was significantly greater (P<0.05) in the interven-

tion group (–3.2±2.9) than the control group (–0.02). Percentage change in the BMI of

the intervention group was –4.50±5.9, while the control group exhibited less change in BMI (–

0.0003±3.3, P<0.05). In addition, a significant reduction in HbA1c was observed in the inter-

vention group (–5.3±15.7) and an increase of 9.9±13.1 was observed in the control group

(P<0.01).

Conclusion: The findings of the present study show that personalized approaches that

reduce stress levels, increase recovery levels, and promote healthy sleep habits play an

important role in weight management and glycemic control in T2DM.
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Introduction
Globally, diabetes mellitus (DM) and obesity are considered the fastest-growing

disorders, and their prevalence has increased dramatically over the last 20 years.

These two disorders can lead to a wide range of serious complications, including

heart diseases, stroke, renal failure, and autonomic neuropathy.1–4 The Middle

East and North Africa region has the third-highest prevalence (9.1%) of DM, and

about 14.4 million people within this region have undiagnosed DM.4 Several

countries within the region, including the Gulf states, have experienced significant

social and economic transformations that have led to an increase in DM, as well

as obesity.5,6 Recent studies have shown that about 19% of the United Arab
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Emirates (UAE) population have been diagnosed with

DM and 68% of UAE citizens are obese.4,7

A substantial portion of the literature has shown that

prevention and treatment of DM and obesity are influenced

mainly by lifestyle modifications and it has been well docu-

mented that good glycemic control involves comprehensive

lifestyle approaches, including diet and nutrition advice and

adequate levels of physical activity.8,9 However, William

et al demonstrated that factors other than diet and exercise

should be considered as key elements in the development of

diabetes.10 Psychosocial adversity seems to play a role in

DM and obesity, despite the fact that the direct relationship

between these disorders and stressful life events is yet to

proven.10 In addition, studies in animals and in patients with

DM have demonstrated that stress can induce

hyperglycemia.11,12 Furthermore, it has been shown that

stress management can significantly improve long-term gly-

cemic control in type 1 and type 2 DM (T2DM).13–16 In

agreement with these findings, Björntorp theory has sug-

gested that the hypothalamo–pituitary–adrenal axis is acti-

vated in response to stress. This in turn leads to endocrine

abnormalities and hormonal imbalance, which contribute

significantly in development of insulin resistance.17

Moreover, UAE studies in Sharjah and Al Ain populations

have demonstrated a strong relationship between depressive

and anxiety disorders and DM complications.18,19

Studies have shown for decades the numerous benefits of

intensive lifestyle interventions for T2DM patients, including

improvement in glycemic control, weight loss, quality of life,

andmore importantly reduction in cardiovascular mobility and

mortality.20 In contrast, more recent studies have questioned

the outcomes of these previous reports, highlighting the fact

that the effects of intensive lifestyle interventions may vary

among T2DMpatients.21 It has been found that these interven-

tions do not reduce the cardiovascular risk in obese patients

with T2DM compared to control patients who receive social

and educational support.21 Although lifestyle modification is

an efficient way to improve the general well-being of patients

with T2DM, other factors, including genetic composition and

environmental inputs, seem to influence the outcomes of these

modifications, emphasizing the importance of personalized

lifestyle approaches.22 Recently, the latter have received

much attention, due to the fact that they provide innovative

solutions based on individual perception and health metrics. In

addition, specific patient-oriented care and personalized action

plans can be designed to implement long-term goals that pre-

vent complications associated with chronic disorders, includ-

ing T2DM.23

There is a paradox in the field of stress and DM

research, and this could be due to many reasons, includ-

ing different study populations, use of different types of

DM as investigating model, and various stress-

measurement methods and techniques.24 The latter

mainly include questionnaires such as the ATT39,

Questionnaire on Stress in Patients with Diabetes —

Revised, Problem Areas in Diabetes, and the Diabetes

Distress Scale, and measurement of stress response.25–27

Stress questionnaires have several clinical limitations,

including, subjective measures, personality may affect

results significantly, different types of populations may

need different types of questionnaires, and the lack of

a direct link to individual stress response. Therefore,

recent investigations have focused on and emphasized

the importance of individualized measurement of stress

response. This response triggers a set of physiological

reactions, and several systems and hormones are

involved; however, the association between the auto-

nomic nervous system (ANS) and cardiovascular system

is considered the body’s first-line defense against

stress.28,29 Several studies have confirmed the direct

relationship between the ANS and heart-rate variability

(HRV) and shown that activation of the former in

response to stress leads to decreased HRV.30 Therefore,

analysis and assessment of HRV is currently receiving

much attention and considered as a powerful technique

to measure stress.22 A review by Chandola et al showed

the majority of studies investigating the relationship

between HRV and stress strongly suggested that

a greater amount of reported stress is associated with

lower HRV.31

Taking into account these findings, along with the fact

that T2DM and obesity are one of the most pressing health

challenges in the UAE, the present study was designed to

investigate the effects of stress management and improve-

ment in sleep habits on glycemic control and weight loss

in obese T2DM Emirati patients.

Methods
The present study was a randomized controlled trial con-

ducted at Rashid Centre for Diabetes and Research

(RCDR) in Ajman, which is one of the seven emirates of

the UAE. The study was approved by the research ethics

committee of Al Qassimi Clinical Research Centre, Al

Qassimi Hospital (Ministry of Health, UAE) and con-

ducted in accordance with the Declaration of Helsinki.
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The study is registered with the ClinicalTrials.gov

(NCT03644134).

Study participants
The study population were Emirati individuals (n=51)

attending RCDR diabetes clinics on a quarterly basis (an

initial visit and three follow-up visits per annum).

Participants were recruited from RCDR diabetes clinics

and through different methods, including direct contact,

distribution of informative flyers, and phone calls using

Diamond, an electronic medical database of RCDR

patients. The screening process involved 110 Emirati

patients with T2DM, and 51 individuals were eligible to

participate in the present trial based on the inclusion and

exclusion criteria. Inclusion criteria were age 18–60 years,

body-mass index (BMI) >25 kg/m2, and T2DM. Exclusion

criteria were age <18 and >60 years, BMI <25 kg/m2,

T1DM, diagnosis of atrial fibrillation and/or atrial flutter

and/or bundle-branch block, and heart transplantation.

As shown in Figure 1, screening failure, premature

withdrawal from the trial, and participation in different trials

within the same site were the main reasons for the signifi-

cant reduction in the number of participants. Eligible parti-

cipants were randomly allocated into an intervention group

(n=26) and a control group (n=25). Noncompliance was the

main obstacle to maintaining the same number of

randomized participants in each group, and 19% and 24%

of participants in the intervention and control groups,

respectively, did not attend the first visit.

Study design
The present randomized controlled clinical trial included

Emirati patients with T2DM who attended RCDR on a

regular basis. Those who were interested in participating

in the study were asked to sign an informed-consent form

written in their native language. This form had been

approved by the ethics committee prior to recruitment.

All participants attended an initial information session

for 45 minutes. This session was divided into four parts:

background information about the study, intervention and

control protocols, a demonstration of the HRV measure-

ments, and a chance to ask questions and share points of

view regarding the flowchart and timeline of the study.

Study visits
After randomization and allocation of participants into con-

trol and intervention groups, the schedule of the visits was

revealed and elucidated to the participants. As shown in

Figure 2, the study included seven visits: visit 1 (site visit in

week 1), visit 2 (site visit in week 2), visit 3 (telephone call

in week 4), visit 4 (telephone call in week 14), visit 5

(telephone call in week 21), visit 6 (site visit in week 24),

Assessed for eligibility (n=110) 

Excluded (n=59)
• Screen failure
• Premature withdrawal 
• Participating in other trials 

Randomized (n=51) 

Intervention Group (n=26)
• Received intervention (n=21)
• Non-compliance  (n=5)   

Allocation and 1st assessment   
Control Group (n=25)

• Participated in the control (n=19)
• Non-compliance (n=6)

Monitoring and Follow-up 
Lost to follow-up (n=2)

• Out of reach (n=1)
• Travelled outside the country (n=1)

Lost to follow-up (n=3)
• Out of reach (n=2)
• Had surgery (n=1)

2nd assessment   Completed the trial (n=18) Completed the trial (n=17)

Figure 1 Schematic flow chart showing the selection process based on the inclusion and exclusion criteria.
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and visit 7 (site visit in week 25). Site visits 1 and 2 included

an assessment of medical history, collection of demographic

data, and anthropometric measurements (using patient

scales from SECA [Hamburg, Germany]). In addition,

blood samples were collected for measurement of HBA1c

and assessment of lipid profile.

Monitoring of study variables
HRV was used as the main method to monitor the variables

of this study, including stress levels, recovery levels, and

sleep patterns. Real-life and continuous measurements were

conducted using a Firstbeat Bodyguard Monitor (FB120140;

Mega Electronics, Jyväskylä, Finland). The monitor allows

3 days of continuous data recording and provides a reliable

overview of changes in study variables. The device is

attached to the skin with two electrodes to minimize skin

contact. After the recording is done, the data are downloaded

and transferred to special software via a USB port.

Intervention and control protocols
The personalized intervention consisted of an informa-

tion session, pre-assessment (first assessment) of stress

and recovery (relaxation) levels and sleep patterns using

measurement of HRV, individual feedback sessions and

action plans based on the outcomes of the initial assess-

ment, monitoring and follow-up, and post-assessment

(second assessment) of stress and recovery levels and

sleep patterns using measurement of HRV. The control

protocol included only an information session, pre-

assessment (initial assessment), and post-assessment

(second assessment) of stress and recovery levels and

sleep patterns using measurement of HRV.

Measurement diary
All participants were requested to fill in a measurement

diary, which included questionnaires about their daily

activities. Start and end time of activities were recorded:

physical activity (eg, exercise), meals (eg, breakfast,

lunch, snacks), mentally stressful tasks (eg, meetings,

other work commitments), relaxing events (eg, reading,

listening to music), and sleep details (eg, naps and

night’s sleep).

Action-plan elements
Personalized action plans were created based on the out-

comes of the initial assessment. The general categories of

the action plans included engaging in physical activities,

healthy eating and drinking, avoiding stressful experi-

ences, enhancing leisure time, and improving the quality

of sleep. More specific elements were integrated in each

category, such as taking regular breaks and not dealing

with work during the breaks, setting a realistic work

Feedback 
sessions

&
Creation of 

personalized 
action plans

Assessment of 
medical history 
anthropometric 
measurement
blood sample 

collection

Handover of the 
firstbeat device

&
Conduction of 
assessment # 1 

Monitoring 
& 

Follow -ups 

Monitoring 
& 

Follow -ups 

Visit 1B Visit 1C Visit 2 Visit 3 

Consenting 
procedure for 

the participants
&

Start of the 
study  

Visit 1A

Visit 4

Monitoring 
& 

Follow -ups 

Visit 5

Anthropometric 
measurement
blood ample 

collection

Visit 6A

Handover of the 
firstbeat device

&
Conduction of 
assessment # 2 

Visit 6B

Feedback 
sessions

&
End of the 

study

Visit 7

Intervention & 
Control  groups 

Intervention & 
Control  groups 

Intervention & 
Control  groups 

Intervention 
group only 

Intervention 
group Only 

Intervention 
group Only 

Intervention 
group only 

Intervention 
group Only 

Intervention & 
control  Groups 

Intervention & 
control  Groups 

Figure 2 Schematic flow chart showing the site visits and telephone calls of the study.
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schedule and reasonable number of goals, enhancing lei-

sure time and activities, avoiding high-intensity exercise

and heavy meals late at night, and engaging in relaxing

activities prior to sleep.

Statistical analysis
All results of the present study are expressed as means ±

SD for continuous variables and numbers and percentage

for discrete variables. Two-tailed t-tests were used to eval-

uate differences in participants’ characteristics, and one-

way ANOVA was used to compare means of different

groups at baseline and after the 24th week. Percentage

changes in body weight, BMI, HbA1c, and lipid profile

were calculated at baseline and post-24 weeks for both

groups. P<0.05 was considered statistically significant.

IBM SPSS version 21.0 was used to manage and analyze

the data presented in the study.

Results
A total of 110 Emirati patients with T2DM were invited to

participate in the study, 53% were excluded, and 51 obese

Emirati patients with T2DM were randomized and allo-

cated to the control group (n=25) and intervention group

(n=26). After the start of the study, six and five partici-

pants dropped out from the control and intervention

groups, respectively. The main reasons for noncompliance

included traveling outside the country and being out of

reach.

As shown in Table 1, 35 Emirati obese patients with

T2DM completed the study (intervention group 18, con-

trol group 17), with 57% females in the intervention

group and 69% females in the controls. The mean age

of participants was 39.0±8.0 years and 39.8±6.9 years in

the intervention and control groups, respectively.

Diagnosis of T2DM was confirmed at age 31.7±7.2

years (intervention group) and 28.0±7.6 years (control

group). Diabetes duration in the latter was 12.3±6.9

years, whereas the intervention group had diabetes for

7.0±5.7 years.

In addition, the baseline HbA1c, weight, and BMI were

not significantly different between the two groups

(P>0.05). Mean body weight and BMI in the intervention

group were 92.0±17.4 kg and 33.5±5.7 kg/m2, respec-

tively. The control group exhibited a similar range of

body weight (95.0±17.4 kg) and BMI (35.5±5.7 kg/m2).

The personalized intervention led to significant

reductions in weight, BMI, and HbA1c in 24 weeks (Table

2). Participants in the intervention group experienced more

significant reduction in weight (–3.2±2.9) than participants

in the control group (–0.02±4.5), and this outcome was

statistically significant (P<0.05). Similarly, reduction in

BMI was more significant in the intervention group (–4.50

±5.9) than the control group (–0.0003±3.3). Although

a significant (P<0.05) reduction in HbA1c (–5.3±15.7) was

observed in the intervention group, an increase in HbA1c

was reported in the control group (9.9±13.1).

Investigation of lipid profiles in the intervention and con-

trol groups showed slight differences in total cholesterol;

however, there was more reduction in triglycerides in the

intervention group than in the control group. These results

were not statistically significant. Similarly, more reduction in

low-density lipoprotein (LDL)was reported in the intervention

group compared to the control group (P>0.05). In contrast,

less reduction in high-density lipoprotein was reported in the

intervention group compared to the control group (P>0.05;

Table 2).

As shown in Table 3, a significant increase in recovery

levels (P<0.001) was observed in obese Emirati patients

with T2DM following the personalized intervention. Stress

Table 1 Baseline demographic and clinical characteristics of the studied population (intervention and control groups)

Intervention Control P-values

Subjects (n) 18 17 —

Age (years) 39.0±8.0 39.8±6.9 >0.05

Sex (female), n (%) 8 (57) 9 (69) —

Age at diagnosis (years) 31.7±7.2 28.0±7.6 >0.05

Diabetes duration (years) 7.0±5.7 12.3±6.9 >0.05

Weight (kg) 92.0±17.4 95.0±17.4 >0.05

BMI (kg/m2) 33.5±5.7 35.5±5.7 >0.05

HbA1c (%) 9.3±2.0 8.0±1.0 >0.05

Note: Data presented as means ± SD and numbers (%).

Abbreviations: BMI, body-mass index; HbA1c, glycated hemoglobin.
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levels (−2.2±27.2%) and duration (−18.53±15.8 hours)

were reduced in the intervention group, whereas the con-

trol group exhibited high levels (25.3±22.5) and long

duration of stress (12.2±16.2 hours). However, these out-

comes were not statistically significant (P>0.05).

Participants in the intervention group tended to have

longer sleep duration (9.7±23.2 hours) compared to baseline

values, and those in the control group tended to experience

less sleep (−3.3±29.6 hours); however, these observations

were not statistically significant. In addition, the former

group seemed to have better sleep quality (26.9±21.7 ms)

than the control group, who experienced lower-quality sleep

(−25.5±23.5 ms); however, there was no statistical

significance.

Discussion
Several studies have supported the hypothesis that stress is

a major contributor to the chronic hyperglycemia that is

associated with T2DM.32 It seems that stress plays a dual

role in T2DM as a predictor of the onset and a marker of

disease severity.33 Although the relationship between

stress and T2DM has recently received more attention, it

is still a challenge to find the appropriate tool to make

solid statements and draw precise conclusions about this

relationship. The subjectivity of questionnaires and invol-

vement of cultural beliefs in how patients with T2DM

perceive the concept of stress influence the research of

stress-induced and -deteriorated T2DM axis. In the present

study, we attempted to tackle this challenge by using

evidence-based protocols that exclude a great deal of sub-

jectivity and give more accurate outcomes.

It is well documented that measurement of HRV is

a noninvasive technique that can be used in real-life

settings to provide continuous and precise recording and

monitoring of different variables.34 Most of these variables

are directly related to the ANS, and thus represent a key

tool to identify reactions of this system to different stimuli,

including stress and sleep.35

In the present study, the same approach was used, and

advanced monitors were given to the participants to record

comprehensive data about the physiological changes asso-

ciated with stress and sleep for 72 hours. The present study

used HRV measurement beyond the classical diagnostic

approach and implemented a novel plan to manipulate

stress and sleep.

The findings of the present study show for the first time

that a personalized approach to manage stress and improve

sleep quality have a positive impact on glycemic control in

Table 2 Percentage change in weight, BMI, HbA1c, and lipid profile between baseline and end of trial for intervention and control

groups

Intervention Control P-values

Weight (kg) −3.2±2.9 −0.02±4.5 <0.05*

BMI (kg/m2) −4.50±5.9 −0.0003±3.3 <0.05*

HbA1c (%) −5.3±15.7 9.9±13.1 <0.05*

Total cholesterol (mmol/L) −4.6±21.4 −6.9±23.4 >0.05

Triglycerides (mmol/L) −6.6±57.6 0.4±24.5 >0.05

HDL (mg/dL) (mmol/L) −0.4±12.6 −7.8±11.4 >0.05

LDL (mg/dL) (mmol/L) −12.8±28.8 −7.1±37.2 >0.05

Note: Data presented as means ± SD. *P < 0.05.

Abbreviations: BMI, body-mass index; HbA1c, glycated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 3 Percentage change in recovery, stress, and sleep duration and quality between baseline and end of trial for intervention and

control groups

Intervention Control P-values

Recovery level (%) 84.5±17.6 −46.2±16.1 <0.001**

Recovery period (hours) 30.8±29.2 14.1±21.6 >0.05

Stress level (%) −2.2±27.2 25.3±22.5 >0.05

Stress period (hours) −18.53±15.8 12.2±16.2 >0.05

Sleep period (hours) 9.7±23.2 −3.3±29.6 >0.05

Quality of sleep (ms) 26.9±21.7 −25.5±23.5 >0.05

Note: Data presented as means ± SD. **P < 0.001.
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obese patients with T2DM. The finding is novel, but not

surprising, given the fact that stress is one of the factors that

can lead to hyperglycemia, as shown by previous research.36

The relationship between glycemic control and stress has been

studied for a long time, but the approach has always been

group- and questionnaire-based, and thus the outcomes were

inconclusive.13 However, in the present study we applied

a personalized approach to identify and create goals for each

subject to reduce stressful events and improve the quality of

sleep. This led to a significant percentage reduction in HbA1c

in the intervention group, whereas the control group failed to

maintain the same HbA1c level as the baseline. Interestingly,

HbA1c levels showed a trend toward increase in the control

group, and this could be explained by the fact that pharmaco-

logical antidiabetic treatment is not adequate to maintain fluc-

tuations in HbA1c, and other aspects, including stress and

sleep, should be considered.37,38 In addition, previous case

reports suggested that increasing HbA1c despite antidiabetic

medication could be due to hereditary persistence of hemoglo-

bin F. It has been found that hemoglobin variants and elevated

hemoglobin F levels can influence levels of HbA1c and lead to

falsely elevated HbA1c measurements; however, with the ele-

ments investigated in the present study, it was not possible to

confirm this hypothesis.39

It is noteworthy that a significant reduction in weight and

BMI was observed in the intervention group compared to the

control group. This emphasizes that the management of

stress can improve various aspects of quality of life of

T2DM patients, including glycemic control and management

of weight. In agreement with this finding, Stavrou et al shown

that application of stress-management interventions resulted

in significant reductions in weight and BMI.40 Although

these studies used different interventions to manage stress

and were conducted in different populations, the outcomes

seem to be consistent with the present findings.

Given the fact that the first line of antidiabetic medica-

tions, such as metformin, in combination with other thera-

pies can produce similar effects on HbA1c levels and

weight, one can argue that the present observations could

have been due to therapies and not the intervention per -

se.41 However, both the intervention and control groups

were exposed to the same spectrum of antidiabetic thera-

pies, supporting the proposal that the present observations

were most likely the outcomes of the interventions that

were adopted in the present study.

It has been well documented that control of lifestyle

variables has a positive impact on lipid profile, and stress

is considered a key risk factor for several lipid

disorders.39,42 In the present study, some improvements

were observed in lipid-profile components in the interven-

tion group compared to controls but these changes were not

statistically significant. Total cholesterol, LDL, and trigly-

cerides exhibited a tendency to decrease after the interven-

tion. However, considering the fact that the study was

conducted in patients with comorbidities and the study

duration was 6 months, the differences between the inter-

vention and control groups may have clinical significance.

Previous studies have shown that the effects of multiple

interventions that involve physical activities and changing

of eating habits produced differential effects on lipid

profile.39 Total cholesterol and triglycerides were reduced

but LDL increased after these interventions. It is more likely

that several factors are involved in regulation of lipid profile

components, including management plans.

On the other hand, the influence of reducing stress and

improving sleep quality in the present study was mani-

fested clearly in the comparison of recovery periods

between the intervention and control groups. The interven-

tion group experienced more significant levels of recovery,

and this seems to be the main reason for the improvements

observed in this group.

In addition, stress levels and duration were reduced in the

intervention group, whereas the control group exhibited high

levels and longer duration of stress. Absence of statistical

significance in the latter may have been due to the fact that

study participants were exposed to different types of stress,

and although the action plans were individualized, the nature

of stress varied among participants. An alternative explanation

is that increasing the level of recovery had more significant

effects on the aforementioned variables than decreased levels

of stress.

Similarly, sleep periods were longer and sleep quality

improved in the intervention group compared to the control

group; however, the variation in these parameters showed no

statistical significance. The relationship between sleep dura-

tion and quality and T2DM has been demonstrated by pre-

vious studies, but the main assessment tool was based on

self-report, and thus the present study has the advantage that

these parameters were measured using a device and diary.5,21

The small sample size in this trial limited our ability

to produce stronger outcomes and investigate additional

variables. This was due to premature withdrawal from

study and the high dropout rate. Further studies with

larger samples will give more opportunities to produce

concise outcomes with more powerful statistical

significance.
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Conclusion
The present study has shown that personalized interven-

tions that involve management of stress, enhancement of

recovery, and improvement of sleep patterns have

a significant effect on glycemic control and weight man-

agement in obese patients with T2DM.
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