
G. J. Breukelman, C. J. D. Preez, T. Djarova-Daniels, A. K. BassonTHE EFFECTS OF ...

70

THE EFFECTS OF A LOW-CARBOHYDRATE HIGH-FAT DIET AND 
PHYSICAL EXERCISE ON TYPE 2 DIABETIC PATIENTS: A REVIEW

Gerrit Jan Breukelman1, Cornelia Johanna Du Preez2, 
Trayana Djarova-Daniels3, Albertus Kotze Basson3

1. Department of Human Movement Science, University of Zululand, KwaDlangezwa, South Africa;
2. Department of Consumer Sciences, University of Zululand, KwaDlangezwa, South Africa;
3. Department of Biochemistry and Microbiology, University of Zululand, KwaDlangezwa, South Africa;

ABSTRACT
Diabetes is a worldwide health problem and is prevalent in both developed and developing coun-

tries. Type 2 diabetes is characterized as being insulin resistant with inadequate insulin response to 
maintain a normal concentration of glucose in the blood. It is estimated that Type 2 diabetes accounts 
for 90–95% of all diabetes. Type 2 diabetes can be described as a chronic and progressive disease, 
caused by a combination of resistance to insulin action and impaired insulin secretion, where obesity 
and overweight, due to excess body fat with fat distributed in the upper body are the main complications 
of insulin resistance. With the dramatic increase in obesity, low-carbohydrate, high-protein, high-fat 
diets have become increasingly popular. Diets limiting the amount of carbohydrate intake have been 
called low-carbohydrate or very-low-carbohydrate, high-protein, high-fat, Banting and ketogenic diets, 
and are characterized by 50g or less carbohydrates per day. High fat low carbohydrate diets have been 
found to be different from the traditional diets of most cultures. Recent studies however show that there 
are potential benefits associated with reducing carbohydrates and increasing fat intake. Low-carbo-
hydrate diets have become very popular for weight loss. Although they may improve some metabolic 
markers, particularly in Type 2 diabetes mellitus, they seemingly have an effect on body weight, glyce-
mic control and cardiovascular risk factors as well. Research shows that by reducing aerobic exercise 
capacity; poor glycemic control, increase in cardiovascular risk and elevated glycosylated hemoglobin 
(HbA1c) are common with Type 2 diabetics. Aerobic exercise capacity and glycemic control in Type 2 
diabetes can be improved by being physically active. Regular physical activity along with diet therapy 
provides health benefits and has been found to be essential for primary and secondary prevention of 
most metabolic disorders.

Key words: Type 2 diabetes, low-carbohydrate high-fat diet, physical exercise, glycosylated hemo-
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INTRODUCTION
Diabetes is a worldwide health problem 

and is prevalent in both developed and devel-
oping countries (Parker et al., 2002; Ahmed 
& Goldstein, 2006; Psaltopoulou et al., 2010; 
Hjelm & Mufunda, 2010; Dube et al., 2015; 
Peter & Sabina, 2016). This metabolic disor-
der can be categorized into four groups, name-
ly Type 1, Type 2, gestational and other spe-
cific origins, but the most common are Type 
1 and 2 diabetes. Type 1 can be described as 

insulin dependent or having a defect in insu-
lin secretion, whereas Type 2 is described as 
the inability to use insulin. Gestational diabe-
tes is that which has been diagnosed during 
pregnancy and other specific origins tend to be 
due to genetic defects and/or are drug induced 
(ACSM, 2014; Peter & Sabina, 2016). Com-
bined, Type 1 and 2 currently affects more 
than 366 million people which is calculated to 
be around 7% of the world’s population. This 
number is expected to increase to 522 mil-
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lion people by 2030 and further to 592 million 
by 2035 (Dube et al., 2015; Peter & Sabina, 
2016). It is also estimated that by then, 77% 
of people living with diabetes will come from 
low- and middle-income countries, and most 
deaths will occur before the age of 60 years 
(Mayosiet al., 2009; Dube et al., 2015).

Type 1 diabetes, which accounts for 5 to 
10% of all diabetic infections, is characterized 
by a precise auto-immune destruction of the 
insulin-secreted β-cell in the pancreatic is-
lets, and other cases are idiopathic in origin. 
Absolute insulin deficiency and high ketoaci-
dosis are the prime characteristics of Type 1 
diabetes (Ahmed & Goldstein, 2006; ACSM, 
2014).  Type 2 diabetes is characterized as be-
ing insulin resistant with an inadequate insulin 
response to maintain a normal concentration 
of glucose in the blood (Kahn, 1994; Parker et 
al., 2002). It is estimated that Type 2 diabetes 
accounts for 90–95% of all diabetic infections 
(Ozougwu, 2013; Peter & Sabina, 2016). Ac-
cording to Wild et al., (2004), Africa, as a con-
tinent, has approximately 14.7 million people 
living with Type 2 diabetes. This calculates 
to be in the area of 16.3%of the continental 
population. In 2013, the International Diabe-
tes Federation (IDF) estimated that there were 
3 million people living with diabetes in South 
Africa, with a prevalence of 8.27 – 9% among 
the age group of 20 – 79 years (Bertram et al., 
2013; Murphy et al., 2015; Dube et al., 2015).  
The development of Type 2 diabetes has been 
found to reduce responses of target tissues of 
the skeletal muscle adipose tissue axis (con-
tracting muscle, cardiovascular system and 
adipocytes) to insulin (Kahn, 1994; Parker et 
al., 2002). Type 2 diabetes can be described 
as a chronic and progressive disease, where 
obesity and overweight due to excess body 
fat distributed in the upper body are the main 
complications of insulin resistance (Druet et 
al., 2006; Reaven, 2011; Ozougwu, 2013; Pe-
ter & Sabina, 2016). The American Diabetes 
Association and World Health Organization 
endorse using HbA1c> 6.5% to diagnose for 

diabetes, but most diagnostic methods are 
based on elevated fasting glucose above ≥126 
mg. dL-1 or 6.99 mmol. L-1 (ACSM, 2010).

It is well known that the pancreas is com-
posed of two different types of tissue, exocrine 
acini ducts and endocrine islets of Langerhans 
(McArdle et al., 2007). Seventy-five percent 
of the islets are β-cells that secrete insulin and 
about 20% α-cells that secrete glucagon and 
a peptide called amylin. Insulin regulates glu-
cose entry into the body’s tissues, except the 
brain tissue (McArdle et al., 2007; Turcotte 
& Fisher, 2008). When glucose is transported 
into the cells, it combines with a carrier pro-
tein on the cells plasma membrane. This way, 
the metabolism of glucose can be regulated 
by insulin. Glucose is stored as glycogen in 
skeletal muscle for later use or synthesized 
to triacylglycerol if not immediately catabo-
lized for energy (Jueet al., 1989; Shulman et 
al., 1990; McArdle et al., 2007). If insulin is 
absent, only a very small amount of glucose 
will enter the cell. Following a meal, insulin 
is released from the β-cells of the pancreas 
to transport glucose that is released into the 
blood stream to the muscle cells, causing a de-
crease in blood glucose level. By reducing the 
blood glucose concentration, insulin exerts a 
hypoglycemic effect. Blood glucose concen-
tration will then increase with insufficient in-
sulin secretion (McArdle et al., 2007). 

METHOD
Inclusion Criteria
The inclusion criteria for this review were 

(a) patients that were diagnosed with Type 2
Diabetes; (b) Type 2 Diabetic patients that
used low-carbohydrate high-fat diets and Type
2 Diabetic patients using prescribed diets; (c)
Type 2 Diabetic patients that engage in physi-
cal activity; (d) low-carbohydrate high-fat di-
ets on glycated hemoglobin (HbA1c) levels;
and (e)low-carbohydrate, high-fat diets on
cholesterol (total cholesterol, chylomicrons,
very low-density lipoprotein cholesterol
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[VLDL-C], low-density lipoprotein choles-
terol [LDL-C], and high-density lipoprotein 
cholesterol [HDL-C]); and (f) available stud-
ies done and completed in English.

Data Sources
Keyword searches identified articles from 

Research Databases: MEDLINE (1976 -), 
Science Direct (2010 -), and Human Kinetics 
(2003 -). The keywords used to identify the 
articles used in this review were Type 2 dia-
betes, glycosylated hemoglobin (HbA1c) and 
cholesterol. Each of these searches was com-
bined with low-carbohydrate high-fat diet and 
physical exercise, to identify articles that will 
best suit this review.

Exclusion
The exclusion criteria for this review were 

a) Type 1 diabetes, diet and physical exercise, 
b) juvenile diabetes, c) gestational diabetes, 
diabetic complications, high intensity exer-
cise and training protocols. We conducted 
250 searches, out of which we identified 130 
articles according to the inclusion criteria rel-
evant to this review. 

DISCUSSION
Type 2 Diabetes 
As previously discussed, Type 2 diabetes 

is insulin resistant with inadequate insulin re-
sponse to maintain a normal concentration of 
sugar in the blood (Kahn, 1994; Parker et al., 
2002; Ahmed & Goldstein, 2006). The term 
insulin resistant, characterized by Type 2 dia-
betes, can be defined as an overproduction of 
insulin from the pancreas when blood glucose 
rises due to digestion and absorption of high-
glycemic carbohydrates. A diet high in simple 
sugars and refined carbohydrates facilitates 
body fat accumulation in individuals who are 
insulin resistant (McArdle et al., 2007). 

The majority (80%) of people living with 
Type 2 diabetes have been found to be obese 
at onset, with obesity significantly contribut-

ing to insulin resistance (Durstine & Moore, 
2003). The establishment of optimal macro-
nutrient distribution for weight loss diets has 
not yet occurred, but in the context of energy 
restriction, successful weight loss has been 
shown to be achieved with a diet low in fat or 
a diet low in carbohydrates (Sacks et al., 2009; 
Foster et al., 2010). A range of energy intake 
from dietary carbohydrate and fat has been 
recommended, with the only limitation being 
saturated fat intake of less than 10% (Eckel et 
al.,2014). However, according to Abeteet al., 
(2010), a diet higher in carbohydrate has been 
found to have an increase in cardiometabolic 
risk factors which include hyperinsulinemia, 
especially if the carbohydrates are mainly 
from highly refined foods. An observation 
was made that individuals who were insulin 
resistant or secreting higher levels of insulin, 
lost more weight in response to a lower car-
bohydrate diet compared to a lower fat intake 
(Cornier et al., 2005; Pittas et al., 2005).It has 
also been observed that with an increase in en-
ergy consumption and a decrease in physical 
activity, the prevalence of obesity and Type 2 
diabetes increases (ACSM, 2014).

South Africa, which is described as an 
upper-middle income economy country, is 
ranked 28th largest economy in the world 
and the largest and most developed in Africa 
(SAMLRH, 2014). Economic development 
and urbanization lead to changes in lifestyle 
such as a decrease in physical activity, poor 
eating habits and an increase in obesity. As a 
result, there has been a rise in the prevalence 
of diabetes (Belue et al., 2009; Whiting et al., 
2011; Awotidebe et al., 2016). Approximately 
17 million visits related to hypertension and 
diabetes are made annually to clinics of the De-
partment of Health in South Africa (Murphy et 
al., 2015). South Africa holds the second larg-
est number of Type 2 diabetic people in sub-
Saharan Africa (Mendenhall & Norris, 2015). 
With recent studies it has been estimated that 
there is a 13.1% diabetes prevalence among 
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urban African black people in the Western 
Cape Province and a 14.1% diabetes preva-
lence among urban African black women in 
Soweto in the Gauteng Province, both among 
the low-income groups in South Africa (May-
osiet al., 2009; Peer et al., 2012; Crowther & 
Norris, 2012; Mendenhall & Norris, 2015). 
Living with Type 2 diabetes increases the risk 
of cardiovascular disease (CVD) and prema-
ture death (Rydén et al., 2013; Rossen et al., 
2015). An increased risk of coronary heart dis-
ease, stroke, renal failure, progressive devel-
opment of specific complications of vascular 
disorders, retinopathy with potential blind-
ness and disability are all associated with long 
term effects of Type 2 diabetes (Kawai, 2016; 
Awotidebe et al., 2016). According to Men-
denhall & Norris (2015), if there is an increase 
in diabetes, there are higher chances of devel-
oping other conditions, including mental ill-
nesses, such as depression and infectious dis-
eases in addition to diabetes. The increase in 
obesity worldwide is a problem with different 
challenges and in need of urgent attention. It is 
well known that with increased weight, Type 
2 diabetes is more prevalent (ACSM, 2014). 

Low-Carbohydrate High-Fat Diets and 
Type 2 Diabetes 

According to Nordmann et al., (2006), at 
any given time in the United States there are 
approximately 45% women and 30% men 
that are attempting to lose weight, using diet 
as a major contributor, with numerous di-
ets promoting weight loss. The most popular 
and recommended diets for weight loss and 
management according to leading medical 
research societies, have been found to be a 
high-carbohydrate, low-fat, energy deficit diet 
(Krauss et al., 1996; Foster et al., 2003). It has 
also been noted that in some subjects where 
diets resulted in weight loss, a decrease and 
prevention of Type 2 diabetes, improvement 
in hypertension control and even a reduction 
in cardiovascular morbidity and mortality 
has been seen (Avenell et al., 2004). Despite 

these efforts, obesity has doubled in the past 
20 years (Flegal et al., 2002; Foster et al., 
2003). With the dramatic increase in obesity, 
low-carbohydrate, high-protein, high-fat diets 
have become increasingly popular (Foster et 
al., 2003). Diets limiting carbohydrate intake 
have been called low-carbohydrate or very-
low-carbohydrate, high-protein, high-fat and 
ketogenic diets, and they are characterized by 
50g or less carbohydrates per day (Volek & 
Westman, 2002). It is also noted that not all 
very-low carbohydrate diets are necessarily 
high-protein diets as some are high in fat. In 
South Africa, the low-carbohydrate high-fat 
diet is commonly referred to as the Banting 
diet, named after the first person who used the 
low-carbohydrate high-fat diet, William Ban-
ting (Noakes et al., 2013). Low-carbohydrate 
high-fat diets are a controversial topic in the 
world of nutrition these days (Noakes et al., 
2017). When we look at dietary guidelines over 
the past decade, they have stated that dietary 
fat should be minimized and only enjoyed on 
occasion (Lamont et al.,2016).  In contrast to 
recent studies, this has been seen to be the total 
opposite. When exploring these diet options, it 
is found that both diets have pro’s and con’s. 
High fat low carbo hydrate diets have been 
found to be far different from the traditional 
diets of most cultures. Recent studies however 
show that there are potential benefits associ-
ated with reducing carbohydrates and increas-
ing fat intake (Merino et al.,2014). Low-car-
bohydrate diets have become very popular for 
weight loss. Although they may improve some 
metabolic markers, particularly in Type 2 dia-
betes mellitus (Merino et al.,2014), they seem-
ingly have an effect on body weight, glycemic 
control and cardiovascular risk factors as well 
(Noakes et al., 2017).  Evidence found from 
clinical and preclinical studies shows that low-
carbohydrate high-fat diets lower the risk fac-
tors for cardiovascular diseases by lowering 
elevated blood glucose, insulin, triglyceride, 
ApoB and saturated fat concentrations in the 
body, reducing LDL cholesterol molecules, 
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glycated hemoglobin (HbA1c) levels, blood 
pressure and body weight. At the same time, 
increasing HDL-cholesterol concentrations 
and reversing the effect of non-alcoholic fatty 
liver disease may also be beneficial to patients 
with atherogenic dyslipidemia and insulin re-
sistance (Noakes et al., 2017). Low-carbohy-
drate diets with a high protein and fat intake 
are significantly associated with a decreased 
risk of Type 2 diabetes in women (Nanri et 
al.,2015). According to Noakes et al., (2017), 
it is beneficial to use low-carbohydrate high-
fat diets, due to the combination of the favor-
able adaptions in the body and the lowering 
of these risk factors. Benefits seen when using 
a low-carbohydrate diet, compared to a hypo-
caloric balanced diet, are decreased basal se-
rum insulin levels, enhanced loss of water, en-
hanced dissolution of glucose reservoirs, and 
increased total energy expenditure owing to 
increased thermal effects of food and feeling 
full after meals. There is also a limited food 
variety making it easier to know what to eat 
and what not to eat (Steinberger et al., 2003; 
Bravata et al., 2003; Mithieux et al., 2005; 
Demol et al., 2009). Fat, in particular, is high 
in calories per 100g compared to other mac-
ro-nutrients, but fat is metabolized at a much 
slower rate, thus keeping a person fuller for 
longer and reducing the amount of food eaten 
throughout the day, and in the long run lower-
ing calorie intake.  

Exercise and Type 2 Diabetes 
Research has shown that a reduced aero-

bic exercise capacity and poor glycemic con-
trol is common with Type 2 diabetes, and 
that, with an increase in cardiovascular risk in 
Type 2 diabetes, elevated glycosylated hemo-
globin (HbA1c) are found (Wei et al., 1999; 
Wei et al., 2000; Unwin et al., 2010; Zhang et 
al., 2012; Revdal et al., 2016).  According to 
Boulé et al., (2003), aerobic exercise capacity 
and glycemic control in Type 2 diabetes can 
be improved by regular exercise. Benefits as-
sociated with aerobic exercise are found to be 

greater than simply the lowering of glucose 
levels, but an improvement in overall mor-
bidity and cardiovascular risk status (Wei et 
al., 2000; Church et al., 2005; Revdal et al., 
2016). Even though there are so many benefits 
and health improvements gained by exercise 
training, two out of three people living with 
Type 2 diabetes do not exercise regularly and 
also do not meet the recommended exercise 
guidelines (Thomas et al., 2004; Colberg et 
al., 2010). The current recommended exercise 
guidelines for Type 2 diabetes is moderate to 
vigorously intensive aerobic physical activity 
for 150 min per weekspread out over at least 3 
days and 2-3 days per week of moderate to vig-
orous resistance training (Colberg et al.,2010; 
Rossen et al., 2015). According to Umpierre 
et al., (2011), there is a dose-response associ-
ated with an even greater decline in HbA1c 
and a reduction in cardiovascular diseases and 
all-cause mortality in patients with diabetes by 
increasing the recommended exercise guide-
lines beyond the 150 min per week of mod-
erate to vigorous aerobic activity. One of the 
main reasons or excuses given for not engag-
ing in exercise in Type 2 diabetics is that they 
do not have time to engage in physical activ-
ity (Korkiakangas et al., 2009). It seems that 
the only way to improve the VO2max, glycemic 
control and other cardiovascular risk factors is 
to think out of the box and offer alternative 
methods that will be less time consuming but 
still effective. 

Increasing the number of footsteps, a per-
son takes per day seems to be beneficial, as it 
has been found that 3-4 days of 10,000 steps/
day meets the energy expenditure guidelines 
for the week (Tudor-Locke et al., 2011). Ac-
cording to Krumm et al., (2006), there is a 
linear relationship between body mass index 
(BMI) and steps taken, where women who 
took between 5000 – 7500 steps/day had a 
significantly lower BMI compared to women 
who took less than 5000 steps/day. It was also 
indicated that women who took between 7500 
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– 9999 steps/day had a significantly lower 
BMI compared to the women who only took 
between 5000 – 7500. No significant differ-
ence was found in BMI between women who 
took more than 10,000 steps compared to 
those who took between 7500 – 10000 steps/
day. In line with the U.S. public health guide-
lines, incorporating at least 30 minutes, or 
between 3000 – 4000 steps (out of the 7000 
– 10000 steps/day) of brisk walking, is recom-
mended in promoting any step-based activities 
when focusing on time spent on moderate to 
vigorous physical activity (MVPA) (Tudor-
Locke et al., 2011). The use of pedometers by 
the general public has been noted to be more 
likely, due to their relatively low cost, practi-
cality and ease of interpretation (Tudor-Locke 
et al., 2011). The use of pedometers has been 
found to increase physical activity levels and 
improve metabolic parameters in patients with 
diabetes (Bravata et al., 2007; De Greef et 
al., 2010; De Greef et al., 2011; Rossen et al., 
2015). The advantage of using a pedometer is 
that it motivates people to be more active, as 
they can monitor their steps/day, which is im-
portant for metabolic control (De Greef et al., 
2011; Greaves et al., 2011).  Physical activity 
has been found to be one of the best strategies 
for improving metabolic management for peo-
ple that have inherited genetic tendencies that 
promote the development of insulin resistance 
and for people living a weight gaining lifestyle 
(Katzmarzyk et al., 2003; Conn et al., 2007; 
Turcotte & Fisher, 2008).  Increasing energy 
output by exercising for 150 min/week, and by 
decreasing energy intake by 450kcal, has been 
found to be more effective than taking medi-
cation in preventing or delaying the develop-
ment of insulin resistance in obese and Type 2 
diabetic persons (Knowler et al., 2002; Conn 
et al., 2007). Improvement in insulin sensitiv-
ity in healthy, obese and Type 2 diabetic per-
sons was found for several hours and up to a 
few days after just one exercise session, but 
significant decreases of insulin sensitivity was 
also noted when physical activity was not per-

formed for a few days (Dela et al.,1992; Tur-
cotte & Fisher, 2008). Even short durations 
of physical activity per day can be described 
as a critical component of the treatment mo-
dality, especially combined with a calorie re-
stricted diet for people living with obesity and 
Type 2 diabetes. Activity for at least 150min/
week or at least 3d/week, with no more than 
2 consecutive days of physical inactivity has 
been recommended for improvement of insu-
lin sensitivity (Haskell et al., 2007; Turcotte & 
Fisher, 2008).  

It has been recommended that people with 
an increased risk of developing Type 2 dia-
betes should follow a combination of regular 
physical activity and a diet to reduce the on-
set of diabetes (Pronk & Remington, 2015). 
The return to normoglycemia and manage-
ment of diabetes has been seen following 
a combination of physical activity and diet 
programs. These programs commonly focus 
on a decrease in body weight and fat percent-
age. Regular physical activity along with diet 
therapy provides health benefits and has been 
found to be essential for primary and second-
ary prevention of most metabolic disorders 
(Donnelly, 2009; Kawai, 2016). According to 
León-Muñoz (2013), people who are consis-
tently unfit, have an increased mortality rate 
compared to those whose physical activity 
level has been increasing over time. Diseases 
such as atherosclerosis with coronary ischemia 
have been observed as a latent disease with 
diabetes and obesity, hence the importance of 
encouraging exercise in all patients diagnosed 
with diabetes and obesity (Sigal et al., 2006; 
Kawai, 2016). Structured aerobic training has 
been found to be beneficial as a management 
technique for Type 2 diabetes therapy, as it has 
the ability to increase glucose uptake and im-
prove insulin sensitivity (Santos et al., 2008; 
Winnick et al., 2008; Turcotte & Fisher, 2008; 
Harrison et al., 2016). Using large muscle 
groups such as quadriceps and hamstrings has 
been found to stimulate glucose uptake, which 
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increases energy expenditure, glucose trans-
portation and glucose tolerance (Santos et al., 
2008; Harrison et al., 2016). 

Low-Carbohydrate High-Fat Diets and 
Glycated Hemoglobin (HbA1c) 

Glycated hemoglobin (HbA1c) has been 
used as a key monitoring factor in the man-
agement of diabetes, as it relates to the devel-
opment of long-term diabetes complications 
(Kuenen et al., 2011). It is often used as a pri-
mary target in the treatment of diabetes, when 
a calculation of the average glycaemia is done 
over several months. Calculations should be 
done every 3 months as recommended by the 
American Diabetes Association, to determine 
whether a patient has reached and maintained 
this glycemic goal (Tien et al., 2016). A re-
duction of 14% in myocardial infarction, 37% 
in microvascular complications and 21% in 
diabetes-related death has been noted by the 
UK Prospective Diabetes study for each 1% 
reduction in HbA1c (Stratton et al., 2000). 
Seasonal changes, some physiological endo-
crine factors, environmental factors and social 
events, have been found to contribute to the 
fluctuation in HbA1c levels (Chen et al., 2004; 
Dasgupta et al., 2007; Gikas et al., 2009). 
Women with Type 2 diabetes were found to be 
susceptible to increased HbA1c levels with el-
evated temperatures (Carney et al., 2000). The 
cornerstones of Type 2 diabetes management 
have been found to be weight control, diet and 
exercise. Improvements of glycemic control 
and reduction of diabetic-related complica-
tion strategies that enhance weight loss and 
ideal weight maintenance are needed (Watson 
et al., 2015).  Failure to maintain blood glu-
cose control in patients with Type 2 diabetes 
by using drug therapies often happens after 
several years (Haimoto et al., 2008). Accord-
ing to Haimoto et al., (2008), a new type of 
diet therapy is required for treating and main-
taining Type 2 diabetes - one that is easier and 
more acceptable to patients and are free of 
calorie calculations. Carbohydrate-rich grains 

and limiting of saturated fats and cholesterol 
are described as a conventional diet for Type 2 
diabetes (Haimoto et al., 2008). Studies from 
the 1960s contradict the conventional diet for 
treating and maintaining Type 2 diabetes, as 
it was found that in Greenland and Alaska, 
where dietary habits favored a high-fat, pro-
tein diet with a low-carbohydrate intake, only 
0.19-0.96% of the population were diagnosed 
with diabetes (Bang et al.1976; Haimoto et 
al., 2008). Furthermore, dietary protein and 
fat have little effect on blood glucose concen-
trations, which are largely dependent on the 
ingestion of food containing carbohydrates 
(Gannon & Nuttall, 2004; Mc Auley et al., 
2005; Boden et al., 2005). According to Miller 
et al., (2011), a diet lower in glycemic index 
is associated with a reduction in HbA1c in 
diabetic patients. Gannon et al., (2003), noted 
a similar trend, by using a high-protein, low-
carbohydrate diet, where a beneficial effect on 
postprandial blood glucose and HbA1c levels 
in diabetic patients was found. Research on 
low-carbohydrate diets on glycemic control in 
Type 2 diabetes is limited (Mc Auley et al., 
2005; Boden et al., 2005; Daly et al., 2006).  
Studies focused more on weight loss and serum 
lipids (Katan, 2006; Krieger et al.,2006; Nord-
mann et al.,2006; Krauss et al.,2006). Accord-
ing to Haimoto et al., (2008), even decreas-
ing carbohydrate intake in conventional diets 
from 60% to 45%, causes a decrease in both 
HbA1c levels and BMI. Greater weight loss 
has been found by using a low-carbohydrate 
diet compared to a low-fat diet, despite similar 
energy intakes (Yancy et al.,2004; Mc Auley 
et al., 2005; Katan, 2006; Krieger et al.,2006). 
Greater weight loss can be due to lower post-
prandial insulin release with restricted carbo-
hydrate intake in carbohydrate-reduced diets 
(Gannon & Nuttall, 2004; Boden et al., 2005). 
HbA1c and a reduction in cardiovascular dis-
eases and all-cause mortality in people with 
Type 2 diabetes has been found to be reduced 
by exercising for longer periods (2–3 months) 
(Boulé et al., 2003). Training for 150 minutes 
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or longer per week at moderate intensity is 
prescribed to decrease HbA1c (Umpierre et 
al., 2011).   

Low-Carbohydrate High-Fat Diets and 
Cholesterol

Total Cholesterol is another important 
factor. It is known that cholesterol is used to 
aid cell membrane anabolism, synthesis of 
adrenal gland hormone, sex hormones, vita-
min D and secretion of bile that helps with 
digestion (McArdle et al., 2007).  Cholesterol 
helps transport fat through the blood vessels, 
as it cannot bind to water. A protein substance 
binds to cholesterol before it enters the blood-
stream, and these cholesterol protein packages 
are known as lipoproteins (McArdle et al., 
2007). Lipoproteins are composed of choles-
terol, phospholipids, triglycerides and protein 
known as apoprotein which are involved in 
transporting lipids into the plasma (McArdle 
et al., 2007). Chylomicrons, very low-density 
lipoprotein cholesterol (VLDL-C), low-densi-
ty lipoprotein cholesterol (LDL-C), and high-
density lipoprotein (HDL-C) can all be char-
acterized as lipoproteins (Durstine& Moore, 
2003). Approximately 85 – 92% of chylo-
microns, which is the largest lipoprotein, are 
formed from triglycerides (Hussain, 2000).  
LDL-C is the primary transporter of cholester-
ol in the bloodstream, accounting for approxi-
mately 50-60% of cholesterol transported 
into the cell. Development of atherosclerotic 
plaque has been found to be due to an increase 
in LDL-C and a decrease in HDL-C as it con-
tributes to cellular alterations of the inner walls 
of the arteries, which has been found to have 
a stronger association with coronary heart dis-
ease (CHD) than total cholesterol (Manson et 
al., 1992; Sharrett et al., 2001; Di Angelanto-
nio et al., 2009; ACSM, 2010). The frequency 
of ischemic heart disease and CHD increases 
by 2% every time the total blood cholesterol 
increases by 1% (Castelli, 1988). HDL, which 
is small and rich in protein, binds to high-den-
sity cholesterol for the prevention of CHD. 

Absorption of LDL-C at the body’s receptor 
sites is inhibited by HDL-C as it contributes to 
the breakdown of the other lipoproteins. The 
transportation of cholesterol from the tissue 
and blood to the liver for removal out of the 
body or development into bile acids has been 
found to be due to HDL-C, which is believed 
to have an opposite relationship with CHD and 
has been described to counteract the develop-
ment of CHD and prevent the occurrence of 
arteriosclerosis (Durstine & Haskell 1994; 
Fielding & Fielding, 1995; Shah et al., 2001; 
Sharrett et al., 2001; Dean et al., 2003; Curb 
et al., 2004; ACSM, 2010). HDL-C has been 
indicated to have the strongest lipid param-
eter for predicting and detecting CHD (Dean 
et al., 2003; ACSM, 2010). An increase in to-
tal serum cholesterol has been noted in diets 
relatively high in saturated fatty acids, which 
modify the lipoproteins to a more atherogenic 
profile, leading to a risk of CHD (Fletcher et 
al., 2005; Crouse et al.,2016). Unsaturated fat-
ty acids may reduce CHD risk, if the saturated 
fatty acids are replaced in the diet, provided 
that the replaced unsaturated fatty acids are 
not from trans-fatty acids (Mozaffarian et al., 
2006). According to Tektonidis et al., (2015), 
a diet relatively high in monounsaturated fatty 
acids oleic acid, promoted a lipid profile asso-
ciated with a decrease in CHD. The American 
Heart Association previously recommended 
the use of a low-fat diet, especially low in 
saturated fatty acids, where calories from fat 
are replaced by carbohydrates. This recom-
mendation was found to increase the risk of 
developing cardiovascular diseases (CVD), by 
increasing plasma triacylglycerol, lipoprotein-
a and decrease HDL-C and LDL particle size 
(Hu et al., 1997; Muller et al., 2003; Gilmore 
et al., 2013). A re-evaluation of dietary satu-
rated fatty acids was done after these findings, 
showing the effects it had on CVD (Gilmore et 
al., 2013). There are still restrictions in place 
on the consumption of saturated fatty acids 
in the diet, but the American Heart Associa-
tion recognized that energy in the form of un-
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saturated fat in up to 40% of the diet was as 
healthy as low-fat diets (Kris-Etherton et al. 
1999; Krauss et al. 2000). 

Exercise and Cholesterol
Lower blood triglycerides, total cholester-

ol and LDL-C, and an increase HDL-C con-
centration has been observed in active men 
and women, compared to sedentary men and 
women (Crouse et al., 1997; Williams, 1997; 
Kelley et al., 2004; Greene et al., 2012). In-
creased blood HDL-C along with a reduction 
in triglycerides and LDL-C has been found af-
ter a single session of aerobic exercise in both 
trained and untrained men, where the effects 
lasted up to 48 hours after the exercise session 
was completed (Bounds et al., 2000; Grand-
jean et al., 2000). According to Crouse et al., 
(2016), a decrease in atherogenic lipid profile 
is associated with both exercise training and 
acute physical activity. Bassuk & Manson, 
(2010), stated that the progression of CVD in 
women can be slowed by doing moderately in-
tensive exercise for 30 minutes. A correlation 
has been noted between physical activity and 
HDL-C (Young et al., 1993). Higher HDL-C 
and total cholesterol and lower LDL-C and 
triglycerides have been found in women com-
pared to men (Monda et al., 2009). With the 
onset of menopause, HDL-C concentration 
decreases in women. With postmenopausal 
decrease in HDL-C, an increase in CVD is 
seen and this is due to denser and smaller 
HDL particles, increase in LDL-C, total cho-
lesterol, very low-density lipoprotein choles-
terol, triglycerides, and BMI (Monda et al., 
2009; Gilmore et al., 2013).  Although there is 
a decrease of HDL-C after menopause, Weise 
et al., (2005), stated that even one session of 
physical activity has the potential to increase 
HDL-C in postmenopausal women.  

CONCLUSIONS
Contemporary treatment of Type 2 dia-

betic patients requires a holistic approach and 
should include individually prescribed intake 

of anti-diabetic drugs, diet control, long term 
monitoring of blood glucose levels and other 
risk factors, and the effects of regular physical 
exercise programmes. 

On the basis of the current review of the 
available accumulated research, we provided 
information about the impact of physical ex-
ercise and a low carbohydrate high fat diet 
in the treatment of diabetes. Further studies 
are needed and should be focused on imple-
menting a comprehensive set of clinical tests 
(blood glucose, HbA1c, cholesterol, etc.), 
physical exercise protocols, performance tests 
and continuous monitoring the medication and 
the status of diabetic patients.
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