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ABSTRACT

Lifestyle modification with healthy diet and
physical exercise is considered the basic strategy
of prevention and treatment of type 2 diabetes,
a commonly seen comorbidity in patients with
acquired brain injury. Additionally, emotional
stress with anxiety and depression is suggested
to play a role in type 2 diabetes. Research
studies have demonstrated the efficacy of mul-
tidisciplinary lifestyle intervention in patients
with inadequate glycemic control. However,
whether lifestyle approaches alone may be
adequate for the management of poorly con-
trolled type 2 diabetes is unknown. We report a
30-year-old male patient whose type 2 diabetes
was inadequately controlled by 50 units of
insulin glargine, 15 units of insulin aspart sup-
plement with meals plus a correctional scale as
well as multiple oral hypoglycemic drugs when

admitted to a neurobehavioral rehabilitation
unit subsequent to his brain injury. Following
3 months of multidisciplinary rehabilitation for
his functional neurological symptom disorder,
all his pharmacological agents were gradually
discontinued and his diabetes was successfully
managed solely by lifestyle approaches.
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INTRODUCTION

The World Health Organization (WHO) repor-
ted 422 million diabetes patients globally in
2014 and diabetes will be the seventh leading
cause of death in 2030. Diabetes is a major cause
of blindness, kidney failure, heart attacks,
stroke, and lower limb amputation. Type 2
diabetes accounts for more than 90% of all
diabetes cases in the world with an increased
prevalence in developed countries due to obe-
sity, physical inactivity, and the growing pop-
ulation of older age individuals [1]. Healthy
diet, regular physical activity, and maintaining
a normal body weight are believed to prevent or
delay the onset of type 2 diabetes. These
approaches are also beneficial for patients with
type 2 diabetes [2, 3]. Recent research has
demonstrated the particular importance of
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intensive lifestyle intervention in patients with
inadequate glycemic control [4]. However, suc-
cessful glycemic control by lifestyle interven-
tion alone is rarely seen in patients whose
diabetes is poorly controlled by medications.
We present one successful case that demon-
strates a significantly beneficial effect of physi-
cal exercise and lifestyle intervention in the
management of type 2 diabetes mellitus.

CASE DESCRIPTION

A 30-year-old man was admitted to a neurobe-
havioral rehabilitation unit as a result of the
development of a functional neurological
symptom disorder following a concussion sus-
tained in a motor vehicle accident 3 years ear-
lier. The patient had a history of type 2 diabetes
for 8 years, but managed this successfully with
only physical activities and no medication prior
to the accident. Unfortunately, there is no
available data of his glucose values or HbA1C
level prior to his injury. Following the accident,
he developed depression, anxiety with the fea-
tures of post-traumatic stress disorder, and
functional neurological symptoms with gait
and speech dysfunction, with brain imaging
studies showing no intracranial pathology.
Further complicating the clinical presentation
were chronic pain, insomnia, and neurocogni-
tive impairments. Together, these impairments
and symptoms prevented the patient from
engaging in his normal routine of activities of
daily living (ADL) and work. At the time of the
admission, he had gained 14 kg (BMI 28.7) and
required 50 units insulin glargine subcutaneous
at bedtime, 15 units of insulin aspart three
times a day with meals, as well as a correctional
scale. Furthermore, he took canagliflozin
300 mg daily and metformin/sitagliptin
50/1000 1 tablet twice a day. In addition, he
took rosuvastatin 10 mg daily and fenofibrate
160 mg daily for dyslipidemia.

Psychological assessment included stan-
dardized measures (Symptom Checklist 90
Revised, Beck Depression Inventory Revised,
Beck Anxiety Inventory, Insomnia Severity
Index, Brief Pain Inventory). Findings were
valid and showed abnormal elevations related

to phobic anxiety, worry about somatic com-
plaints and cognitive impairments, and signifi-
cant problems with sleep and pain.

In addition to medical care, the patient
received transdisciplinary rehabilitation from a
team including rehabilitation therapist, occu-
pational therapist, physiotherapist, speech-lan-
guage pathologist, behavior therapist, and
neuropsychologist. Rehabilitation was carried
out in a therapeutic milieu in which functional
activities were presented individually and in
groups, both on the unit and in the commu-
nity. Activities were organized in a daily
schedule that interspersed rehabilitation with
rest throughout the day, with both staff and
patient recording completion of activities.
Activities included physical exercise, as well as
personal care, social and recreational pursuits,
chores to care for his ADL apartment on the
unit, and community-based tasks such as
shopping and volunteering. Duration and
intensity of activities were gradually increased
during the course of admission, with goals
adjusted collaboratively.

Psychological treatment in the form of cog-
nitive behavior therapy was directed to reduc-
ing phobic avoidance of proximity to motor
vehicles. As the patient progressed successfully
through a hierarchy of phobic situations, his
mobility increased from using a walker to run-
ning. Relaxation and mindfulness exercises
were also conducted, and self-directed practice
introduced. Relaxation skills were integrated
with sleep hygiene methods. Psychoeducational
intervention was provided related to the
expected process of return to health following
concussion.

With the application of multidisciplinary
approaches on the neurobehavioral rehabilita-
tion unit, he gradually made functional gains
during a 4-month admission. Psychometric
findings from readministration of standardized
measures shortly before discharge showed a
resolution of anxiety, worry, sleeping difficulty,
and pain. Physically he discontinued the usage
of a rollator walker for ambulating and started
aerobic exercises and resistance training while
his mood and behavior were improving.
Approximately 3 months after his admission, all
his hypoglycemic agents, including insulin and
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oral medications, had been gradually weaned
off, and he had lost more than 10 kg (BMI 25.0).
His HbA1C dropped from 10.5% to 6.4% and
his blood glucose was well controlled without
any pharmacological agents (capillary blood
glucose (CBG) varied between 4.0 and
8.0 mmol/L). Meanwhile, rosuvastatin and
fenofibrate were discontinued as his triglyceride
reduced from 4.15 to 0.89 mmol/L, and non-
HDL cholesterol from 3.50 to 3.16 mmol/L.

Compliance with Ethics Guidelines

The authors received consent from the patient
included in this case report.

DISCUSSION

Type 2 diabetes is a common metabolic disorder
that affects more than one in every 10 adults in
the USA and Canada who are 20 years or older,
and is associated with an increased risk of
coronary heart disease and microvascular dis-
eases including retinopathy, nephropathy, and
peripheral neuropathy. Diabetes is also among
the common comorbidities in patients admitted
to the setting where the patient was seen, i.e., a
neurobehavioral rehabilitation unit in this case.
Multiple medications are often required for
glycemic control. Poorly controlled diabetes is a
frustrating but commonly seen phenomena for
clinical health providers. Besides pharmacolog-
ical intervention, there is growing evidence of
the effectiveness of lifestyle modification on
glycemic control in patients with type 2
diabetes.

Clinical trials have demonstrated that phys-
ical exercise is an effective strategy for the
management of type 2 diabetes. Both aerobic
and resistance training are beneficial for the
management of blood glucose, lipids, and blood
pressure and thus reduce cardiovascular com-
plication and mortality [5, 6]. According to the
position statements published by the American
College of Sports Medicine, the American Dia-
betes Association, and the American Heart
Association, lifestyle intervention with regular
exercises should be the first-line strategy for the
prevention and control of type 2 diabetes [7, 8].

Supervised structured training was shown to be
more effective for HbA1C reduction than
unstructured exercise, so participating in a well-
designed exercise program is recommended for
type 2 diabetes patients [9].

Following a motor vehicle accident, the
patient in this report developed significant
behavioral disturbance in the form of func-
tional neurological symptoms, stopped all
physical exercise, and experienced the worsen-
ing of his diabetes. Upon admission to the
neurobehavioral rehabilitation unit, he pre-
sented with a significant balance impairment
and ambulated with the aid of a rollator walker.
With structured and supportive physical and
behavioral rehabilitation, his abnormal gait
resolved, and he gradually made functional
gains seen in his successful self-management of
his ADL on the rehabilitation unit and in the
community, as well as completion of a healthy
exercise routine with a combination of aerobic
and resistance training. After 3 months of
rehabilitation he no longer took medication
while continuing to participate in routine
physical activity, including daily community
walking for 30 min at a time, running 1.5 km
3–4 times per week, and daily gym exercises for
strength training with rotating muscle groups.
Meanwhile, he played leisure sports such as
basketball. Progressing with physical gains was
accompanied by a gradual improvement of his
glycemic control.

In addition to exercises, dietary approach has
been suggested to play an essential role in the
lifestyle intervention for patients with type 2
diabetes [10]. Following the motor vehicle
accident, this patient developed a pattern of
poor sleep habits characterized by often sleep-
ing during the day and staying up through the
night. At the same time, his eating schedule was
highly inconsistent and he did not observe the
diet restrictions for diabetes. During his stay on
the neurobehavioral rehabilitation unit, he ate
meals at regular times and established healthy
sleep hygiene. Diabetic diet was provided under
the supervision of the registered dietitian
(1600–1800 calories per day with 15–20% pro-
tein and 50% carbohydrates plus diet drink/
dessert). He was compliant with diabetic diet
during his rehabilitation. These lifestyle
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changes worked synergistically with physical
training contributing to his weight loss and
better glycemic control.

There is evidence that different types of
emotional stress, including depression and
anxiety, are associated with an increased risk for
the development of type 2 diabetes [11, 12]. The
mechanism underlying this could be associated
with unhealthy lifestyle behaviors, chronic
activation of hypothalamic–pituitary–adrenal
axis and sympathetic nervous system, and
immune system dysfunction. Psychological
intervention has been shown to be effective in
the management of type 2 diabetes [13, 14]. Our
patient developed significant mood and
behavioral disturbance following the motor
vehicle accident. Multidisciplinary neurobe-
havioral rehabilitation with psychological
intervention led to a resolution of his anxiety,
worry, sleeping difficulty, and pain. The effec-
tive management of his emotional issues was
likely a factor contributing to the successful
control of his diabetes.

Previous research studies have demonstrated
the efficacy of multidisciplinary approach in
patients with poorly controlled type 2 diabetes
[3, 4]. This patient was likewise managed with
the aforementioned intensive lifestyle approa-
ches combined with the support of a multidis-
ciplinary rehabilitation team. The success of
this case provides evidence for the importance
and benefit of multidisciplinary lifestyle inter-
vention in inadequately controlled type 2 dia-
betes. However, with only one case, we cannot
identify the group of type 2 diabetes patients for
whom lifestyle and behavioral intervention
might be sufficient treatment.

Nevertheless, compliance with medical
advice is a significant issue in patients with type
2 diabetes, and it is challenging in the real
world for patients to pursue lifestyle modifica-
tion without support. Diet modification and
intense physical training without professional
supervision could be detrimental for patients
with poorly controlled type 2 diabetes, espe-
cially if they take statins and fibrates for dys-
lipidemia. Short-term rehabilitation with
supportive service from a multidisciplinary
team can be beneficial for those patients.
However, no patient will be able to stay in such

a costly and comprehensive program for long.
Ongoing support for these diabetic patients to
maintain their functional gains is an important
public health and socioeconomic problem. In
this case, the patient self-reported his mainte-
nance of lifestyle changes 6 months after dis-
charge, successful return to work, continuing
follow-up by his family physician, and no fur-
ther use of medication to treat diabetes.

There may be factors other than neurobe-
havioral approaches responsible for his good
clinical outcome. It is unclear whether there
was any error in his injection techniques con-
sidering his high dose of daily insulin use prior
to the admission to our rehabilitation unit,
although this was less likely as a family member
who is a registered pharmacist was overseeing
and assisting. Therefore, we cannot conclude
with certainty that the loss of body weight
coupled with neurobehavioral interventions
was the sole cause for the successful control of
his diabetes.

CONCLUSION

Though lifestyle modification is a well-known
approach for preventing and managing type 2
diabetes, the effectiveness of lifestyle approa-
ches may not be fully understood by clinical
physicians, care providers, or patients. In the
case reported here, a combination of dietary
advice, regular aerobic exercise and resistance
training, as well as multidisciplinary neurobe-
havioral intervention was organized and sys-
tematically implemented in a highly structured
approach to providing rehabilitation for a
complex group of comorbidities, with highly
beneficial results. The remarkable outcome of
his poorly controlled type 2 diabetes occurred
incidentally with the rehabilitation of a com-
plex set of comorbidities that followed a sig-
nificant personal injury which had disrupted his
normal lifestyle. This case provides striking
evidence of the potential benefit of lifestyle
intervention in the management of this disease.
While acknowledging the scientific limitations
of this case presentation, the patient’s success
likely resulted from the synergistic effects of the
multiple aforementioned interventions.
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Although it is not clear which components of
his rehabilitation were essential, the present
results support the use of intensive lifestyle
intervention for patients with inadequately
controlled type 2 diabetes in a structured reha-
bilitation program. Ongoing support for these
patients to maintain their functional gains
remains an important public health issue.
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