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ABSTRACT

Type 2 diabetes mellitus is one of the most common chronic health conditions around the world and is a major
challenge to health care providers. Its incidence across the world is increasing. There is long-term affection of
pancreas before symptoms start, allowing for a large window for early detection and prevention of the disease. We
conducted this review using a comprehensive search of MEDLINE, PubMed, and EMBASE, January 1987, through
March 2017. The following search terms were used: diabetes type 2, prevention diabetes type 2, effects of lifestyle on
health, alcohol and diabetes, smoking and diabetes, preventive strategies for diabetes type 2. Our aim in this study is
to understand the pathophysiology of diabetes mellitus type 2 with regards to the risk factors and how to prevent
them. Diabetes mellitus type 2 is considered a preventable disease, therefore, studying its risk factors and trying to
reduce them is very important. Even minor modifications in risk factors of the disease could achieve significant
reduction in incidence and progression of diabetes. Weight loss, improved dietary intake, and increased exercise
levels are the most important interventions that will lead to significant decrease in the occurrence of the disease.

Keywords: Type 2 diabetes mellitus, Effects of lifestyle on health, Alcohol and diabetes, Smoking and diabetes,
Preventive strategies for diabetes type 2

INTRODUCTION

Diabetes mellitus type 2 is one of the most important
health issues around the world. It is considered to be a
major challenge to most health providers. The World
Health Organization (WHO) stated that the prevalence of
diabetes mellitus type 2 has been increasing significantly,
and this is most likely due to universal changes in
lifestyle.' It was estimated by the centre for disease

control (CDC) that by the year 2025, up to 300 million
individuals around the world will have diabetes mellitus
type 2, which means that every year, about six more
million patients will develop the disease. Moreover,
while diabetes mellitus is considered to be sixth most
common cause of death in the United States, it is the third
most common cause of death in some ethnic groups.
Although it is generally a disease of adult, incidence of
diabetes mellitus has been recently increasing among
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children. Therefore, there is a growing interest in
predisposing factors for the disease in children
population.?

The word ‘diabetes mellitus’ is generally used to describe
a number of metabolic disorders that are characterized by
the presence of chronic hyperglycemia. This
hyperglycemia results either from the decrease or absence
of insulin, or from the inability to properly utilize insulin,
or both mechanisms together. When diabetes is not well-
controlled, this will cause a state of chronic
hyperglycemia, which is associated with several long-
term sequelae. These include severe dysfunction and
failure of several organs along with macro- and micro-
vascular damage. The resulting effects of this will include
blindness, chronic  kidney disease, neuropathy,
atherosclerosis, and other chronic diseases.?

The most common defects that are known to precede (and
cause) diabetes mellitus type 2 are peripheral insulin
resistance, and pancreatic beta-cell dysfunction. In about
10 years before the initial presentation of a patient with
diabetes mellitus type 2, dysfunction of pancreatic cells
starts. This long-term affection before symptoms start,
allows for a large window for early detection and
prevention of the disease.”

METHODS
Data sources and search terms

We conducted this review using a comprehensive search
of MEDLINE, PubMed, and EMBASE, January 1987,
through March 2017. The following search terms were
used: diabetes type 2, prevention diabetes type 2, effects
of lifestyle on health, alcohol and diabetes, smoking and
diabetes, preventive strategies for diabetes type 2.

Data extraction

Two reviewers have independently reviewed the studies,
abstracted data, and disagreements were resolved by
consensus. Studies were evaluated for quality and a
review protocol was followed throughout.

The study was done after approval of review board of
King Abdulaziz University.

Risk factors

When we study patients with diabetes mellitus type 2, we
can conclude that about half cases are due to
environmental and lifestyle habits, while the other half
could be attributed to genetic predisposition.® In this
article, we will discuss most important predisposing
factors and risk factors that are known to be associated
with diabetes mellitus type 2 and are mainly targeted in
attempts to prevent the disease.

Overweight

Recent increase in obesity incidence and prevalence has
been thought to be an important factor that reflected in an
increase in the incidence and prevalence of diabetes
mellitus type 2. During the last fifty years, we have
observed about three-fold increase in the prevalence of
obesity among young adults. Recent reports have
suggested that up to 15% of young adults between 16 and
19 years old are overweight.

The underlying pathophysiology through which obesity
affects the development and progression of diabetes
mellitus has not been clearly understood yet. Some
studies suggest that adiponectin and adipocytokine may
be involved. On the other hand, some reports have
suggested that adipocytokines and adiponectin levels
decline in obese older adults with a diagnosis of diabetes
mellitus type 2 or coronary artery disease.’

Food habits

Excessive food intake that contains high index of calories
is the most important cause of weight gain, and
eventually obesity. The degree of food intake, and weight
gain will further lead to higher risk of developing
diabetes mellitus type 2.2

Guidelines had recommended in the past, the intake of
diets that includes low fats (and relatively high levels of
carbohydrates). However, newer studies have suggested
that a diet that includes lower carbohydrate levels, and
high fat levels may contribute in the reduction of insulin
resistance. Intake of mono-unsaturated fats in high levels
has in fact been found to improve control of glucose
levels. Additionally, levels of triglycerides could be
controlled by intake of n-3 polyunsaturated fatty acids.
However, the underlying mechanisms of these reactions
and results are not clearly understood.’

Other nutrients have also been found to impact insulin
and glucose interactions. These include calcium,
magnesium, potassium, chromium, zinc, vanadium along
with other minerals.’

Alcohol consumption

Conflicting results have been found when it comes to the
relationship between alcohol intake and the risk of
developing diabetes mellitus type 2. A recent study was
published where authors did a systematic review of all
cohort studies that studied this issue. They found that 8
studies have concluded the presence of a relationship
between alcohol consumption and diabetes mellitus type
2 that is U-shaped. This means that patients who have
moderate intake of alcohol were associated with the least
risk of developing diabetes mellitus type 2. On the other
hand, people who do not consume alcohol at all, and
people who consume excessive amounts of alcohol, were
found to have relatively higher risk of developing
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diabetes mellitus type 2. However, the association
between alcohol abuse and diabetes mellitus type 2 was
only strong in two cohort studies. Other three studies did
conclude that incidence of diabetes mellitus type 2 was
inversely related to alcohol consumption. However, these
studies were under-powered, and only 3% of the sample
were heavy drinkers. Therefore, an association between
heavy drinking could have been present but not detected
due to small sample size.*®

There are several pathophysiological mechanisms by
which alcohol can impact the development and
progression of diabetes mellitus type 2. Some reports
have suggested that intake of low or moderate amounts of
alcohol may be able to reduce the incidence of diabetes
mellitus type 2 due to the effect on improving insulin
sensitivity. On the other hand, alcohol abuse will lead to
excess energy and is significantly associated with obesity,
pancreatitis, and liver failure. All of these are common
mechanisms that are known to be involved in the
development of diabetes mellitus type 2.**

Cigarette smoking

Smoking can be associated with increased risk of diabetes
mellitus type 2 in several mechanisms. Previous studies
have found that smoking is significantly associated with
higher serum glucose. Several studies have concluded
that smoking is considered an independent risk factor for
having high insulin levels in individuals who do not have
diabetes mellitus. Individuals who are currently smokers
also have high glycosylated hemoglobin (HbA,.) levels
when they are compared with individuals who do not
smoke. A recent large population-based study revealed
that smoking and glycosylated hemoglobin positively
correlate together in both sexes. Moreover, despite
normal (or sometimes lower) BMI that smokers have,
they still have more central fat in their bodies. The
presence of more central fat is strongly associated with
the later development of insulin resistance.*

Recent large cohorts have concluded that diabetes
mellitus type 2 is strongly associated with being smoker.
A large study in nurses have found that females who did
smoked 25 cigarettes or more daily had a higher risk of
developing diabetes mellitus type 2 when they are
compared with females who never smoked. This risk was
present even after adjustment for several confounding
factors including obesity. Another cohort study that
included more than seven thousand British males and
followed them up for more than 15 years, did report
similar findings, and concluded that after adjustment for
age, weight, and other confounding factors, smoker males
had a significantly higher risk of developing diabetes
mellitus type 2 than non-smoker males. Later, another
large study was conducted and included more than 20
thousand males aged between 40 and 80 years old. This
study found, after adjustment of several confounding
factors, that individuals who smoked 20 or more
cigarettes a day had a significantly higher risk of

developing diabetes mellitus type 2 than individuals who
did not smoke at all. A recent study on Japanese males
aged between 35 and 60 years found that daily smoking
was significantly associated with developing dysfunction
in glucose metabolism, and later diabetes mellitus type 2.
Although not all published studies show exact similar
results, most studies agree that there is a significant
association between cigarette smoking and the
development of diabetes mellitus type 2.

Sedentary lifestyle

Recently, several studies have concluded that inactivity
and sedentary lifestyles are independent variables that
increase the risk of developing diabetes mellitus type 2.
This effect was proven to be present regardless of BMI.
Several studies have found the even regular activity is
able to achieve significant reduction in the risk of
diabetes mellitus type 2. This effect of physical activity is
dose-dependent. Moreover, vigorous exercise with long
duration has also been associated with a reduced risk of
impaired glucose metabolism in patients with diagnosed
diabetes mellitus type 2.

On the other hand, individuals who have low physical
activity  (especially during childhood) are at a
significantly increased risk of being overweight and
developing diabetes mellitus type 2. Studies that applied
increased physical activity on patients were able to prove
that activity is effective in decreasing adipose tissue
volume in adolescents. This reduction in adipose tissue
was independent of body weight and other possible
confounding factors.™

Large for gestational age

Lately, obesity has been increasing, and this applies to
females who are in childbearing age. Therefore, there has
been a significant increase in the incidence of births of
large gestational age infants. According to previous
studies, infants with large gestational age are at a
significantly higher risk of developing diabetes mellitus
type 2 later in their lives.*® However, this could not be an
independent risk factor for the development of the
disease, as several other confounding factors are
associated with being large for gestational age. Therefore,
further studies that adjust for all possible confounding
factors are suggested.*’

Maternal diabetes during pregnancy

Lately, incidence and prevalence of diabetes mellitus
during pregnancy have been increasing. This led to a
significant increase in the incidence of diabetes mellitus
type 2 in children. A previous cohort study concluded
that about 50% of infants who were born to mother with
diabetes mellitus had weight which was over the 90"
percentile when they were 8 years old. About 30% of
these patients developed diabetes mellitus type 2 when
they were adolescents.*®
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Breastfeeding

Normal breastfeeding was found in two cohort studies to
be protective against the later development of diabetes
mellitus type 2 later in life."

Type 2 DM prevention studies

Almost all studies in this field have concluded that
sedentary lifestyle, and obesity, are both considered to be
the most important independent modifiable risk factors
for the development of insulin resistance, which will be
followed be diabetes mellitus type 2, and/or metabolic
syndrome. Other less prominent risk factors include
environmental exposure and genetic predisposition. All
these conclusions led to the conduction of large clinical
trials that used interventions that target lifestyle with or
without pharmacological treatment, to study people with
high risk of diabetes mellitus type 2. These trials aimed at
the reduction of incidence, prevalence, and comorbidities
of diabetes mellitus type 2.%

The Da Qing impaired glucose tolerance and diabetes
study

In this study, authors investigated the impact of better
diet and increase physical activity on the development
and progression of diabetes mellitus type 2. This study
included more than 500 Chinese patients who were
randomized into the following groups: improved diet
group, improved exercise group, improved diet and
exercise group, and control group. Patients were followed
up every 2 years for 6 years. The cumulative incidence of
diabetes mellitus type 2 at the end of the study was 68%
in the control group, whereas it was 44%, 41%, and 46, in
improved diet group, improved exercise group, and
improved diet and exercise group, respectively. Authors
used adjusted cox regression models to adjust for BMI,
glucose levels, along with other confounding factors, and
found that diet, exercise, and diet with exercise, were
associated 31%, 46%, and 42% reduction of diabetes
mellitus type 2 incidence, respectively. Authors,
therefore, concluded that exercise, along with improved
diet will lead to significant decrease in the incidence of

development and progression of diabetes mellitus type
2.21,22

The Finnish diabetes prevention study

Investigators of this study conducted a large clinical trial
where they evaluated the impact of lifestyle interventions
on the incidence of diabetes mellitus type 2 in high-risk
populations. they studied about five hundred obese adults
and randomized them to lifestyle modifications and
control. Lifestyle modifications included counselling
toward weight reduction, and a reduction in the total
intake of fat, and calories, along with improved intake of
fibers. Subjects were followed up for about 3 years. at the
end of the study, investigators found that individuals in
the intervention group showed significantly more loss in

weight gain when they were compared with the control
group. Moreover, the cumulative incidence of diabetes
mellitus type 2 in the control group was 23% versus 11%
in the intervention group. Authors concluded that
intervention group had 58% less risk of developing
diabetes mellitus type 2.2

The US diabetes prevention program (DPP)

In this study, Knowler et al assumed that the modification
of diabetes mellitus type 2 risk factors will delay or even
prevent the occurrence of the disease. These
modifications included lifestyle changes and metformin
administration. To prove their hypothesis, authors
included more than 3200 individuals at high risk of
developing diabetes, and randomized them into the
following groups: lifestyle modifications (that aimed at a
7% reduction weight, and 150 min/week of exercise),
metformin, or control group.?

Included individuals were in their fifties, with BMIs
around 35 kg/m? They were followed up for about 3
years. authors found that the best weight loss occurred in
patient in the lifestyle modifications group, when they
were compared with the metformin or control groups. In
lifestyle modifications group, and metformin group,
incidence of diabetes mellitus type 2 decreased by 58%
and 31% respectively, when compared to control group.
Generalizing these results will lead to the conclusion that
lifestyle modifications for 3 years for 7 people will lead
to the prevention of one case of diabetes mellitus.*

The Indian Diabetes Prevention Program (IDPP)

In this study, investigators wanted to test the effects of
different lifestyle intervention on Asian Indian
populations who are at high risk of developing diabetes
mellitus type 2. They included about 500 individuals
(most of them were men, with a mean age of 46 years),
and randomized them into four groups: lifestyle
interventions  group, metformin  group, lifestyle
interventions and metformin group, and control group.
They followed patients for over three years and found
that cumulative incidence rates of diabetes mellitus type 2
in lifestyle interventions group, metformin group,
lifestyle interventions and metformin group, and control
group, were 39.3%, 40.5%, 39.5%, and 55%
respectively.”® Relative risk reduction associated with
lifestyle interventions, metformin, and lifestyle
interventions and metformin were 28.5%, 26.4%, and
28.2, respectively. Number needed to prevent one case of
diabetes mellitus type 2 in lifestyle interventions group,
metformin group, and lifestyle interventions and
metformin group were 6.4, 6.9, and 6.5, respectively. The
most important conclusion from this trial was that both
lifestyle modifications, and metformin were independent
factors that led to a significant reduction of diabetes
mellitus type 2 incidence in Asian populations at high
risk of developing the disease.?®
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The Asti Diabetes Prevention Program (ADDP)

In this study, investigators supposed that a moderate
lifestyle program may be able to decrease or even prevent
metabolic syndrome development and progression in the
general population. Bo et al conducted a trial that
included over 300 mid-age Italians patients, and
randomized them into either lifestyle intervention group,
or control group. Both groups received verbal advice and
consult regarding their lifestyles from trained staff. At the
end of the study, patients in the intervention group
showed that levels of fibers intake, polyunsaturated fat
intake, and exercise, were significantly higher in the
intervention group. On the other hand, levels of saturated
fat intakes decreased in both intervention and control
groups. Moreover, the risk of developing metabolic
syndrome or any of its subtypes after one year was
significantly less in patients in the intervention group.
Hypertriglyceridemia, central obesity, and diabetes
mellitus type 2, all decreased in the intervention group.”’

Preventive strategies

According to all the previously mentioned trials and large
cohorts, along with the analyses of several risk factors
and interventions, we can summarize many factors that
are associated with increased incidence and prevalence of
diabetes mellitus type 2. Being overweight is considered
to be one of the most important modifiable risk factors in
the development of diabetes mellitus type 2. According to
this, all individuals should be aware of this and
recommended to have and maintain a BMI that is less
than 25. This is of higher importance when dealing with
individuals who have other risk factor like the presence
of a family history of diabetes mellitus type 2 m being of
American Indian or Asians origins, being Hispanic, or
having any manifestations of insulin insensitivity. In
these individuals with high risk of developing the disease,
lifestyle intervention should mainly target weight loss,
improved diet intake, increase exercise levels, and
smoking prevention. In some cases, only weight loss
could be enough to improve insulin resistance and return
glucose levels into normal concentrations. However,
maintaining an ideal weight loss could sometimes be
difficult and challenging. Increased physical activity and
exercise are main elements that will lead to further
improvements in insulin resistance. Sedentary lifestyle,
and obesity are highly associated with significant
increases in the risk of diabetes mellitus type 2.

CONCLUSION

Diabetes mellitus type 2 is the most important and
common type diabetes and consists over 90% of cases.
Diabetes mellitus type 2 is considered a preventable
disease, therefore, studying its risk factors and trying to
reduce them is very important. Even minor modifications
in risk factors of the disease could achieve significant
reduction in incidence and progression of diabetes.
Weight loss, improved dietary intake, and increased

exercise levels are the most important interventions that
will lead to significant decrease in the occurrence of the
disease.
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