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Abstract

Over the past few decades, food fortification and infant
formula supplementation with high levels of vitamins
have led to a sharp increase in vitamin intake among
infants, children and adults. This is followed by a sharp
increase in the prevalence of obesity and related dis-
eases, with significant disparities among countries and
different groups within a country. It has long been
known that B vitamins at doses below their toxicity
threshold strongly promote body fat gain. Studies have
demonstrated that formulas, which have very high
levels of vitamins, significantly promote infant weight
gain, especially fat mass gain, a known risk factor for
children developing obesity. Furthermore, ecological
studies have shown that increased B vitamin con-
sumption is strongly correlated with the prevalence of
obesity and diabetes. We therefore hypothesize that
excess vitamins may play a causal role in the increased
prevalence of obesity. This review will discuss: (1) the
causes of increased vitamin intake; (2) the non-mono-
tonic effect of excess vitamin intake on weight and fat
gain; and (3) the role of vitamin fortification in obesity
disparities among countries and different groups within
a country.

(4 9
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Key words: Vitamin fortification; Refined grain; Infant
formula; Obesity; Diabetes; Insulin resistance; Oxidative
stress; Glycemic index; Formula feeding; Epigenetic

Core tip: B vitamins are a known fat gain promoting
factor. Food fortification-induced high vitamin con-
sumption is followed by a rapid increase in obesity
prevalence. Why is the fat gain effect of B vitamins ne-
glected in obesity studies? Why does obesity prevalence
vary from country to country? Why are the poor in de-
veloped countries but the rich in developing countries
at high risk of obesity? Why is obesity prevalence high-
er in blacks than whites in the United States? Why does
formula feeding (which is associated with high energy
expenditure) increase the risk for obesity? Why is physi-
cal inactivity associated with increased obesity risk? This
paper reviews the role of excess vitamins in obesity and
proposes a unified answer to these questions.

Zhou SS, Zhou Y. Excess vitamin intake: An unrecognized risk
factor for obesity. World J Diabetes 2014; 5(1): 1-13 Available
from: URL: http://www.wjgnet.com/1948-9358/full/v5/i1/1.htm
DOI: http://dx.doi.org/10.4239/wjd.v5.i1.1

INTRODUCTION

Obesity, a state of excessive accumulation of fat in the

body, is a major risk factor for many diseases, such as
type 2 diabetes and cardiovascular disease'”. In the 1970s
and 1980s, a rapid increase in the prevalence of obe-
sity occurred almost simultaneously in many developed
countries. Since then, developing countries have also ex-
perienced a rapid increase in obesity rates”". Nowadays,
obesity has become a global epidemic”. Tt is worth not-
ing that the prevalence of obesity differs greatly among

February 15, 2014 | Volume 5 | Issuel |
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Table 1 The estimated daily average requirements and

recommended dietary allowances for selected vitamins (mg/d)"

Vitamin Adult man Adult woman Pregnancy
EAR RDA EAR RDA EAR RDA

Thiamin 1.0 1.2 0.9 1.1 1.2 14
Riboflavin 1.1 13 0.9 1.1 1.2 14
Niacin 12 16 11 14 14 18
Vitamin Be 1.1 1.3 1.1 1.3 1.6 1.9
Vitamin C 75 90 60 75 70 90
Vitamin E 12 15 12 15 12 15

'Data are from the United States Food and Nutrition Board. EAR: Esti-
mated daily average requirement, available from: URL: http://iom.edu/
Activities/Nutrition/SummaryDRIs/~/media/Files/ Activity %20Files /
Nutrition/DRIs/EAR%20Table.pdf. RDA: Recommended dietary allow-
ance, available from: URL: http://iom.edu/ Activities/Nutrition/Summa-
ryDRIs/~/media/Files/ Activity %20Files /Nutrition/ DRIs/RDA %20and
%20AlIs_Vitamin %20and %20Elements.pdf.

.36 . i
countries” ™" as well as groups within a country[8 YTt

is more prevalent among those with low socioeconomic
status (SES) in developed countries™ " but with high
SES in developing countries, especially at their eatly stage
of developmentlw’lz]. Interestingly, compared with breast-
fed infants, formula-fed infants have higher rather than
lower levels of energy expenditurem’w and are more at
risk for obesity in later life"™"". Therefore, the rapidly in-
creased prevalence of obesity cannot be simply explained
by genetic factors or decreased energy expenditure.

Recently, it has been suggested that changes in the
global food system may play a role in the increased preva-
lence of obesityw. If this is the case, the global food
system must have sharply changed in the 1970s-1980s.
Notably, in the 1970s and 1980s, the contents of vita-
mins (organic chemicals affecting the body’s function-
ing) in the food system of many developed countries
were sharply increased due to modifications or changes
in their rules, laws and regulations regarding food for-
tification"®*". This led to a nationwide increase in the
consumption of many vitamins, especially fat synthesis-
promoting B vitamins”*Y, including B1 (thiamin), Bz (ri-
boflavin), Bs (niacin) and Bs, in many countries'* ™, Thus,
there is a possibility that the food fortification-induced
high vitamin intake may be related to the sudden increase
in the prevalence of obesity in the 1970s-1980s. Indeed,
emerging evidence suggests that this food fortification-
induced excess vitamin intake might play a major role in
the increased prevalence of obesitym’zq. In this review, we
will discuss the cause of increased vitamin intake and its
possible role in obesity, as well as the obesity disparities
among countries and groups within countries.

CAUSES OF EXCESS VITAMIN INTAKE

Until the mid 1930s when the first commercial yeast
extract vitamin B complex and semi-synthetic vitamin
C supplement tablets were sold, vitamins were obtained
solely through natural foods and seasonal changes in diet
usually greatly altered the types and amounts of vitamins
ingested. For example, the intake of fresh vegetable-de-
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rived vitamins might be high in summer but low in win-
ter. However, through evolution, humans have adapted
to this seasonal variations in vitamin intake by developing
mechanisms to maintain the vitamin homeostasis. While
the intake of vitamins is higher in summer, their elimi-
nation through sweat and sebum™ ™ may also increase
because the secretion of sweat and sebum is higher in
summer than in winter”™"?. Moreover, the body can
store a certain amount of vitamins when the supply is ad-
equate, which can be used for some time when the intake
is inadequate. For example, it will take several months
before the first symptoms of vitamin C deficiency appear
in a vitamin C deprivation condition™. From this point
of view, it seems unnecessary to take vitamins everyday,
although estimated daily average requirements (EARs)
and the recommended dietary allowances are given (Table
1). Yet over the past several decades, the actual intake of
vitamins has been significantly higher than the EARs due
to the following causes.

Increased vitamin intake from vegetable/fruit sources
Over the past several decades, many fresh vegetables and
fruits with better quality can be obtained year round due
to widespread out-of-season cultivation. This has not
only led to an increase in the intake of vegetable/fruit-
derived vitamins (eg., vitamin C), but also abolished the
seasonal vitamin intake variations. Taking the United
States as an example, the per capita consumption of veg-
etables and fruits showed an increasing trend in the 1970s
through the 1990s (Figure 1A), leading to an increase in
vitamin C intake since the mid-1960s"".

Increased vitamin intake from animal sources

The consumption of animal-based foods significantly in-
creased in developed countries in the second half of the
last century. Dietary patterns in developing countries have
been shifting to a more meat-centric diet over the past
few decades™. Such a nutrition transition has increased
the intake of vitamins (especially nicotinamide, a form
of niacin) from animal-based foods. For example, United
States per capita consumption of total meat showed an
increasing trend between the 1930s and 2000 (Figure 1B),
which increased the daily intake of meat-derived nico-
tinamide from 6.8 mg in the 1930s to 11.4 mg in 2000,
according to the data on meat contribution to daily niacin
intake™".

Increased vitamin intake from artificial sources

Besides increased natural vitamin sources, vitamins may
be obtained from artificial soutrces, which involves food
fortification, infant formula fortification, and vitamin-en-
riched drinks. Fortification is the process of adding syn-
thetic vitamins to foods and infant milk (including breast
milk or formula) to increase its overall vitamin content™,
Some staple foods (such as flour and maize) are used as
a vehicle for fortification. Wheat flour fortification with
synthetic vitamins (B, B2 and niacin) was started first in
the United States in the late 1930s, which was soon ad-
opted by many developed countries and then introduced
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Figure 1 Trends in United States per
capita consumption of vegetables,
fruits (A) and meats (B). Data are from
the Economic Research Service of the
United States Department of Agriculture.
Available from: URL: http://www.ers.usda.
gov/data-products/food-availability-(per-
capita)-data-system/.aspx.
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Table 2 Fortification recommendations for ready-to-eat

cereals

Table 3 The minimum limit for infant formulas in the

United States and commercially labeled values of nutrients
(per 100 kcal)

Vitamin  U.S. RDA (mg/d) 1974-1992 amount 1974-2000 amount
(mg/per pound)’  (mg/per pound)’ Nutrient ML' TF TF/ML PF* PF/ML
Thiamin 1.5 6 5.7 Macronutrients
Niacin 20 80 76 Protein (g) 1.8 271 15 3 1.7
Riboflavin 1.7 6.8 6.4 Fat (g) 33 527 16 543 17
Vitamin C 60 240 227 Vitamins
Vitamin Be 2 8 7.6 Vitamin Bi1 (ug) 40 100 2.5 250 6.3
Vitamin Bz (ug) 60 150 25 620 103
"Data are from Reference 34. RDA: Recommended dietary allowance. Niacin (nicotinamide, pg) 250 1050 42 5000 20.0
Vitamin Bs (ug) 35 60 17 250 71
Vitamin B2 (ug) 0.15 0.25 1.7 0.55 3.7
to developing countries”*”. Notably, ready-to-eat cere- Vitamin C (mg) 8 9 11 37 46
als ate a major vehicle of fortification of B vitamins (B, gl"ttmél”g), " 3163 :5'3 fz 193(7) 2:;
Ba, Bs and niacin). Especially since 1974 when the food FZECOaC;Iﬁ;C e 4 15 38 57 93
fortification standards for cereals were updated, ready- Vitamin A (IU) 250 300 12 1250 5.0
to-eat cereals have become the top food source of many Vitamin D (IU) 40 60 15 150 3.8
vitamins™**". The levels of vitamins in fortified ready-to- Vil 1 (1)) w7 b 21 4
Vitamin K (ug) 4 8 20 12 30

eat cereals are so high (Table 2) that consumption of less
than a quarter pound of them (because foods per se also
contain some amount of vitamins) meets the daily need
for these vitamins in an adult. Many sugar-sweetened
beverages are also supplemented with vitamins”*",
which is also an important cause of increased vitamin in-
take. Since the 1950s, synthetic vitamins have been added
to infant formulas”™. In the 1980s, the governments of
most countries established minimum nutrient require-
ments for commercial infant formulas™, resulting in a
significant increase in the content of vitamins in formu-
las. The levels of vitamins in some formulas for prema-
ture infants are more than 20 times higher than that of
human milk (Ze., about the minimum limit for nutrients)
(Table 3). This leads to a high vitamin intake in infancy.
As a result of the combination of the above factors,
the intake of vitamins has been significantly increased
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'The minimum limit for nutrients set by the United States Infant Formula
Act of 1980""; *Similac formulas (http:/ /abbottnutrition.com/brands/
similac). ML: Minimum limit; TF: A similac formula for term infants (Simi-
lac Expert Care® 24 Cal With Iron); PF: A Similac formula for low-birth-
weight infants and premature infants (Similac® Special Care® 20 With Iron).

over the past few decades. As shown in Figure 2, United
States per capita daily consumption of vitamin Bi1, B2 and
niacin has doubled from the 1930s to 2000, which is sig-
nificantly higher than the EARs.

FOOD FORTIFICATION-RELATED
DISPARITIES

Food fortification may lead to differential exposure to
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Figure 2 United States per capita daily vitamin consumption in 1909-2000. Data are from the Economic Research Service of the United States Department of
Agriculture (http://search.ers.usda.gov/search?affiliate=ers&query=nutrients.xls). Red line indicates per capita consumption. Dot line indicates EAR. F1: Initiation of
flour fortification; F2: Update of nutrient fortification standards for breakfast cereals in 1974™; EAR: The estimated daily average requirement.

Table 4 Obesity rate in selected countries with different

wheat flour fortification policies

Country  Food policy Standard (mg/kg flour, min)  Obesity rate
Niacin Vitamin B: Vitamin B2 in children

Canada  Mandatory' 529 6.4 4 9-10*

United  Mandatory' 529 6.4 4 6.8°

States

Kuwait ~ Mandatory' 529 6.4 4 14.6°

Saudi Mandatory' ~ 52.9 6.4 4 6-6.7"

Arabia

United Mandatory' 16 24 0 5.1°

Kingdom

Finland  Prohibited® 0 0 0 2.5°

Norway  Prohibited” 0 0 0 2.2°

France Prohibited® 0 0 0 1.6°

'Reference 36; *Reference 19; *Reference 42; *Reference 43, children (7-13
years) in 1996; *Reference 44, children (10 to 16 years) in 2001-2002; ‘Refer-
ence 45, children (10 to 14 years) in 2005-2006; "Reference 46 Children (1 to
18 years).

synthetic vitamins. The major differences include: (1)
Different vitamin exposure among countries. Food
fortification has caused significant differences in daily
synthetic-vitamin consumption among countries due
to different fortification policies and fortification stan-
dards"”, as shown in Table 4. Nationwide exposure to
fortified foods in developing countries occurs much later
than in developed countries"”, e.g., it was not until 1994
that China began mandatory fortification!"; (2) Differ-
ent vitamin exposure among groups within countries.
Wheat flour is fortified with B vitamins. Thus, those who
use wheat flour products as staple foods possibly con-
sume a higher amount of synthetic B vitamins. Vitamin-
fortified foods are cheaper than fresh and natural foods
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in developed countries”™” which may lead to a higher
intake of synthetic vitamins in low SES groups than in
high SES groups in these countries!™*. In contrast, in
developing countries, those who live in urban areas may
consume more fortified foods than those who live in ru-
ral areas™™”. Infant formula milk (Table 3) and children
foods (e,g., ready-to-eat cereals”™) are highly fortified with
vitamins. Thus, infants fed formula milk and children are
likely to have excess vitamin intake, as reported in the lit-
erature®™¥; and (3) Different tolerance to fortified foods
among population groups. Water-soluble vitamins can be
eliminated through sweat””?. Thus, under the same con-
ditions of high vitamin intake, people who often sweat
(e.g., doing physical work and/or living in hot regions)
may have a lower risk of excess accumulation of water-
soluble vitamins in the body than those who rarely sweat
(e, living a sedentary life and/or in cold regions).

VITAMIN FORTIFICATION AND OBESITY
PREVALENCE

Although there are few studies linking the increased
prevalence of obesity to vitamin fortification, existing
evidence suggests that high-risk populations ate those
who are most likely to have an increased intake of syn-
thetic vitamins and decreased vitamin elimination, e.g.,
populations in fortified countries”, individuals with low
SES in developed countries”™ or with high SES in devel-
oping countries"**, formula-fed infants'”"", and those
who live in fortified countries with less rigorous physical
activity™ ™,

The prevalence of obesity varies from country to
country. It seems that this variation may be related to dif-
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Figure 3 Lagged correlations between United States per capita niacin
consumption and the prevalence of obesity and diabetes. The lag time
between per capita niacin consumption and the prevalence of obesity and dia-
betes is 10 (A) and 26 years (B), respectively®**®.,

ferent food fortification policies and standards among
countries. As shown in Table 4, the ranking of countries
according to their prevalence of child obesity is similar to
the ranking by the fortification standards of B vitamins.
Evidently, flour fortification prohibited countries have a
low prevalence of obesity, while countries with high flour
fortification standard have high rates of obesity. Over the
past few decades, food fortification has spread from de-
veloped countries to developing countries"”. Therefore,
it is possible that the spread of obesity from developed
countries to developing countries may reflect the time se-
quence of implementing food fortification with vitamins.

Implementation of a vitamin fortification policy in a
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country will surely cause a sudden nationwide increase in
vitamin intake in a short period. The initiation of food
fortification with B vitamins in the late 1930s-1940s
and the update of fortification standards in the 1970s in
developed countries led to three phases in the consump-
tion of vitamin B1, B2 and niacin: a rapid increase in the
1940s, followed by a plateau period between the 1950s
and the 1960s and a steep increase thereafter, as shown in
Figure 2. Available evidence has suggested an association
between these food events and the prevalence of obesity.
Two birth cohort studies conducted in Switzerland™ and
Denmark® showed that there was a significant increase
in the prevalence of being overweight and obesity which
occurred mainly in the cohorts born in the 1930s and
the 1940s and in the cohorts born in the late 1960s to
the 1970s. A Fels longitudinal study also showed that the
child obesity epidemic in the United States is a sudden
event that started in the 1970s and the 1980s'”. A similar
phenomenon is also seen in Saudi Arabia. Saudi Arabia
started wheat flour fortification in the 1970s”. Following
its food system change, Saudi Arabia experienced a rapid
increase in obesity rates in the 1980s and the 1990s, and
its obesity rate in schoolboys sharply increased from 3.4%
in 1988 to 24.5% in 2005"". Our ecological studies cleatly
showed that there are strong lagged correlations between
United States per capita consumption of B vitamins (Bi,
B2 and niacin) and the prevalence of obesity and diabe-
tes™, Figure 3 clearly shows that both the initiation of
food fortification in the 1940s and the update of fortifi-
cation standards in 1974 are followed by a sharp increase
in diabetes prevalence. The update of fortification stan-
dards followed a sharp rise in obesity prevalence.

As mentioned above, low SES groups in developed
countries but high SES groups in developing counties
may have a high synthetic vitamin intake from fortified
foods. This may explain the findings that obesity is more
prevalent in low SES groups in developed countries®"”
but in high SES groups in developing countries"""**,
Formula-fed infants have a high vitamin intake. Studies
have demonstrated that formula-fed infants have a higher
plasma level of vitamins compared with human milk-
fed infants® ™. Tt is known that formula feeding”*" and
micronutrient-fortified human milk feeding[ﬁs’(m can lead
to rapid infant weight gain, a known major risk factor for
children developing obesity™" ™. Therefore, excess vita-
min intake may mediate the link between formula feeding
and childhood obesity.

In most developed countries, the energy expenditure
needed for daily life has decreased since the beginning
of the 20" century because of increasing mechaniza-
tion, urbanization, motorization and computerizationm.
However, it is only since the 1970s, when food fortifica-
tion standards were dramatically increased, that obesity
prevalence has risen substantially. Moreover, although
formula feeding is associated with an increased risk for
obesity™"" there is no evidence indicating that there is
a decrease in energy expenditure in formula-fed infants
compared with breast-fed infants”™. Instead, evidence
shows that formula-fed infants may have higher total
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Figure 4 Typical glycemic responses to ingestion of a high glycemic in-
dex food and a low glycemic index | food. This figure is based on literature
data®*". GI: Glycemic index.

daily energy expenditure[13’14]. These data suggest that
increased B vitamin intake rather than decreased energy
expenditure may play a major role in the development of
obesity. On the other hand, many studies, especially those
conducted in highly B vitamin fortified countries, such as
the United States™, Canada®", Saudi Arabia™ and Ku-
wait”™, found that moderate to vigorous physical activity
1s associated with a reduced risk of obesity. It is proposed
that this association may involve increased elimination
of vitamins through sweat because moderate to vigorous
physical activity can increase the sweat rate”, We have
demonstrated that excess nicotinamide can be rapidly re-
moved through sweatingm. Sweat-mediated elimination
of nicotinamide may be a crucial factor in preventing nic-
otinamide toxicity because human kidneys hardly excrete
nicotinamide due to the reabsorption of renal tubules”™
Therefore, it is conceivable that under the same condi-
tions of high vitamin intake, those individuals who live a
life that inhibits the activity of sweat glands (e.g., physical
Inactivity) may be at greater risk of obesity. From this
point of view, black people should be more sensitive to
excess vitamins than whites, because the activity of sweat
glands of blacks is lower than that of whites in the same
temperature environment' . There is evidence show-
ing that black women may have lower levels of physical
activity than black men". This may explain why obesity
prevalence is greater in blacks, especially black women,
than in whites in the United States ™. Taken together,
it may be concluded that food fortification-induced high
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intake of vitamins, especially B vitamins, may be respon-
sible for the increased global prevalence of obesity.

MECHANISM OF EXCESS VITAMINS-
INDUCED OBESITY

Many vitamins are known to act as coenzymes or as parts
of enzymes responsible for essential chemical reactions,
e.g., the synthesis of fat and neurotransmitters. Excess
vitamins may also affect the degradation of neurotrans-
mitters and one-carbon metabolism. Therefore, excess
vitamins may trigger obesity through multiple ways, in-
cluding increasing fat synthesis, causing insulin resistance,
disturbing neurotransmitter metabolism and inducing
epigenetic changes.

B vitamins enhance fat synthesis

Obesity involves an accumulation of excess body fat.
Eatly studies have already demonstrated that B vitamins
play a crucial role in fat synthesis and there is a synergis-
tic effect of B vitamins on fat synthesis. Vitamin Bi and
Be are required for the synthesis of fat from carbohydrate
and proteinm’m and their effects on fat synthesis are
enhanced by the presence of other B vitamins. Vitamin
Bs administered together with Bi1, B2 and Bs (panto-
thenic acid) resulted in a significant increase in body fat
in rats™. Niacin has been found to increase daily feed
intake, weight gain and percentage of abdominal fat in
chicken when increasing supplementation from 0 to 60
mg nicotinic acid per kilogram diet””. Tt has been found
that formula feeding leads to more fat gain, which may
account for increased risk of later obesity®™*. Consider-
ing that formulas contain high levels of B vitamins (Table
3) that are a known factor increasing fat synthesis, we
therefore propose that formula feeding-induced fat gain
may be due to excess vitamins. Taken together, existing
evidence suggests that excess vitamins, especially B vita-
mins, may play a role in the development of obesity.

Excess vitamins cause insulin resistance
Insulin resistance, a characteristic of obesity and type
2 diabetes™ is a condition in which the tissues of the
body do not respond appropriately to normal levels of
insulin. It is known that glycemic and insulin responses
are related to food. Foods can be classified by their gly-
cemic index (GI, a relative measure of the incremental
glucose response per gram of carbohydrate)™. Figure
4 shows the different glycemic and insulin responses to
low GI food and high GI food. The typical glycemic re-
sponse to high GI foods is a biphasic response, with an
initial significantly higher blood glucose and insulin level
(hyperglycemic phase) followed by significantly lower
blood glucose level (postprandial reactive hypoglycemic
phase) e, Postprandial reactive hypoglycemia stimulates
appetite and may lead to increased caloric intake™**™,
Therefore, it may be particularly important to understand
how high GI foods induce a biphasic glycemic response.
Grain foods are a major source of carbohydrates.
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Figure 5 Proposed mechanism of excess vitamins-induced obesity. The absorption of sugar stimulates the release of insulin, while absorbed excess vitamins (from
vitamin-fortified foods and drinks) generate ROS, leading to a decrease in the sensitivity of peripheral tissues to insulin (i.e., insulin resistance). To compensate the
insulin resistance, additional insulin has to be secreted, resulting in a high blood insulin level. Then, the sensitivity of peripheral tissues recovered with the rapid clear-
ance of ROS, consequently, relatively high insulin level causes a rapid decrease in blood glucose due to increased glucose uptake, which may trigger excess energy
intake. The conversion of glucose to fat in adipose tissue is promoted by high levels of B vitamins. Therefore, long-term consumption of vitamin fortified foods (including
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formulas) and drinks may cause fat accumulation in the body and subsequent obesity. ROS: Reactive oxygen species; RSS: ROS scavenging system.

Historically, high grain intake was associated with a low
incidence of obesity. However, over the past few decades,
refined (processed) grains became high GI foods™"",
Many processed grains (e.g., white bread) produce even
higher glycemic responses than simple sugars[w. It seems
that the effect of refined grains is not merely a matter of
increased rate of digestion and absorption of carbohy-
drate, but a matter of increased insulin resistance. Grain
foods are used as a vehicle of B vitamin fortification.
Therefore, it is possible that the increased GI of pro-
cessed grains may be due to their increased levels of B
vitamins. Among the B vitamins fortified in foods, niacin
is known to induce insulin resistance and glucose intoler-
ance””. Nicotinamide is the most common form of
niacin used in food fortification and infant formula sup-
plementation (eg., Table 3). A study compared the glyce-
mic and insulin responses of healthy subjects to glucose
alone and glucose plus nicotinamide. The result showed
that glucose plus nicotinamide significantly increased the
levels of plasma insulin and hydrogen peroxide [a major
component of reactive oxygen species (ROS)], followed
by reactive hypoglycemia and hungerp()l. This study sug-
gested for the first time that drinking nicotinamide-
containing sugar-sweetened beverages may induce insulin
resistance and nicotinamide fortification may contribute
to the increased GI of refined grains.

It is known that increased ROS levels (i.e., oxidative
stress) may play a causal role in insulin resistance””", We
therefore hypothesize that oxidative stress may mediate
the effect of nicotinamide. The mechanism may be as
follows. After glucose and nicotinamide are absorbed into
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the circulation, increased blood glucose level stimulates
insulin secretion, while increased nicotinamide level may
induce oxidative stress due to increased ROS generation
(as found in Ref 20), leading to a decrease in cell func-
tions, including insulin signaling (i.e., insulin resistance).
This results in a sharp increase in the level of blood glu-
cose, which stimulates more insulin release (hyperglycemic
phase). The clearance of ROS is more rapid than that of
insulin. With the rapid clearance of ROS, cell response to
insulin recovers quickly and as a result, the uptake of glu-
cose by tissues (including adipose tissue) increases rapidly
in response to relatively high insulin, which thus leads to
a rapid fall in the level of blood glucose (hypoglycemic
phase). Hypoglycemia initiates the feeling of hunger
and subsequent feeding behavior. As mentioned above,
B vitamins promote fat synthesis from carbohydrates.
Thus, the cooperation of increased glucose uptake in the
hypoglycemic phase and increased fat synthesis by high
levels of B vitamins may induce excess fat storage and
subsequent obesity (Figure 5). Unfortunately, the insulin
resistance-inducing and obesity-promoting effects of B
vitamins might have long been underestimated because
traditional laboratory tests (e.g., glucose tolerance test)
are usually performed under fasting conditions, in which
most, if not all, of increased ROS produced in the deg-
radation of excess vitamins must have been cleared up
after overnight fasting. For example, we found that oral
nicotinamide (300 mg) induced increase in circulating hy-
drogen peroxide had returned to normal at 3 h*,

It has been demonstrated in rats that the weight/fat
gain-promoting effect of B vitamins is more efficient

February 15, 2014 | Volume 5 | Issuel |



Zhou SS et a/. Excess vitamins and obesity

when given in successive doses (added to the diet, like
human food fortification) than in periodic doses™
This may explain why obesity prevalence significantly
increased after the implementation of grain fortification
with B vitamins. Because consumption of B vitamins-
fortified foods may increase the burden of pancreatic
islet B-cells, it is conceivable that obesity is closely as-
sociated with type 2 diabetes. In addition, other vitamins,
even those that have antioxidant function (eg., vitamin
C and E™), when used in large doses can increase ROS
generation. Thus, high consumption of other vitamins
may also contribute to the development of obesity. The
relationship between dietary carbohydrates, excess vi-
tamins, oxidative stress, insulin resistance, postprandial
hypoglycemia, increased appetite and the development of
obesity is proposed in Figure 5.

From the excess vitamin point of view, it may be easy
to understand why the price of fast food, which deter-
mines the consumption of synthetic vitamins from fast
food, may affect the body mass index of teens with low
SES"" and why vitamin-rich formulas'>"
sweetened beverages may increase the risk for obesity
and type 2 diabetes ™" Tt is interesting that some
overweight children become overweight adults, while oth-
ers do not'""™, One possible explanation for this may be
a changing vitamin intake during the lifetime. Whether
obese infants become obese children and then obese

T and sugar-

adults may to a large degree depends on the intake of
vitamins after weaning, In theory, infants, even with nor-
mal body weight, may become obese adults if they always
consume high vitamin-fortified foods (e, refined grains)
after weaning, We therefore recommend that the role of
vitamin intake be taken into consideration in the study of
the relationship between infant obesity and later obesity.

Excess vitamins may disturb neurotransmitter
metabolism

Food intake is regulated by many neurotransmitters, in-
cluding monoamine neurotransmitters (e.g., dopamine and
serotonin'""") in the central nervous system. Therefore,
factors that affect monoamine neurotransmitters may af-
fect feeding behavior. Some vitamins are known to play
an important role in the synthesis of monoamine neu-
rotransmitters (serotonin and catecholamines). For ex-
ample, vitamin Be is a cofactor for aromatic L-amino acid
decarboxylase that catalyzes the formation of serotonin
and dopamine[loél. Vitamin C enhances norepinephrine
synthesis from dopamine by neuronal cells""™. T.-methyl-
folate, a derivate of the vitamin folate, also regulates the
synthesis of the monoamine neurotransmitters serotonin,
dopamine and norepinephrine!"”,

Although small amount of vitamins can be directly
eliminated through the urine, sweat” ™ and sebum (such
as vitamin E¥™) most of them usually undergo a se-
ries of phase | (oxidation, reduction and hydrolysis) and
phase II (conjugation, including glutathione conjugation,
sulfation, methylation and glucuronidation) biotransfor-
mation before elimination from the body. As a result,
vitamin degradation produces many metabolites. For
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example, at least 18 metabolites of vitamin B are identi-
fied in the urine, of which six are major[m()]. Niacin is de-
graded mainly to a number of methylated metabolites'”.
Vitamin C is degraded through sulfation""! and glutathi-
one conjugationmz]. Vitamin E also undergoes extensive
metabolism and its conjugated metabolites (including
sulfated) are also identified""”. Because vitamins and
neurotransmitters share the same biotransformation and
detoxification system in the body[106’114], excess vitamins
may affect the degradation of neurotransmitters by com-
peting for the detoxification resources. For example, vi-
tamin C has been known to inhibit the sulfation of other
chemicals by competing for limited sulfate!""", Although
there are no systematic studies on the effect of vitamin
fortification on the degradation of neurotransmitters, ev-

. . . 115,116
idence has shown that excess vitamin C"'>'"'

and nicotin-
amide"” can inhibit the degradation of catecholamines
by depletion of sulfate and methyl groups, respectively.
Thus, in theory, the effect of vitamins on the metabolism
of monoamine neurotransmitters may affect the function
of the nervous system. It is known that niacin can stimu-
late appetite. Niacin deficiency (ze., pellagra) is associated
with a loss of appetitems], which might involve changes
in neurotransmitter metabolism in the brain.

Excess vitamins-induced obesity may involve epigenetic
changes

Epigenetic changes are biochemical modifications that
affect gene expression without changing the sequence
of DNA. Emerging evidence suggests that epigenetic
mechanisms may play a role in the development of obe-
sity!"”. Epigenetic mechanisms involve an environment-
gene interaction”*"*". Nutrition is a crucial environmen-
tal factor which affects health and disease. Both maternal
undernutrition and overnutrition can induce persistent
changes in gene expression and metabolism!*". Over the
past few decades, one of the biggest changes in our food
system has been the extensive use of synthetic vitamins.
Therefore, it is possible that excess vitamin intake may
contribute to epigenetic changes.

DNA methylation, which occurs at cytosine residues
in CpG dinucleotides in gene promoters, is one of sev-
eral epigenetic modifications"*. The primary function of
DNA methylation is to suppress gene expression. Global
DNA hypomethylation increases genomic instability!"*.
Although the mechanism of global DNA hypometh-
ylation is not well understood, a lack of methyl groups
may play a role in abnormal DNA methylation, because
an adequate supply of methyl groups is a prerequisite for
DNA methylation*”. The biotransformation of some vi-
tamins, especially niacin"", may increase the demand for
labile methyl groups and therefore, an excess intake of
these vitamins may disturb DNA methylation by compet-
ing methyl groups. Recently, we tested this possibility by
investigating the effect of nicotinamide supplementation
on DNA methylation in rats and found that long-term
high nicotinamide exposure led to a decrease in the meth-
yl pool and in the levels of hepatic DNA methylation as-

: . . . n23
sociated with alteration of gene expresmon[ | Moreover,
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maternal nicotinamide supplementation is also found
to disturb fetal one-carbon metabolism in rats, includ-
ing decreased global DNA methylation and decreased
DNA uracil content in the brain and liver"*”. These data
indicate that excess vitamins may be an important factor
leading to epigenetic changes. The role of vitamin fortifi-
cation in the development of methylation-related diseases
is an open question.

NON-MONOTONIC EFFECT OF VITAMINS
ON WEIGHT GAIN

Although it is known that B vitamins promote fat syn-
thesis and vitamin-fortified foods and formulas increase
the risk for obesity, why is there so little attention to the
relationship between excess vitamin intake and obesity
prevalence? A possible reason may be due to ignorance
of the fact that the effect of vitamins on weight gain is
non-monotonic. While vitamins are an important weight
gain-promoting factor, at toxic levels they are no longer
associated with weight gain or even cause weight loss.

It has long been known that many micronutrients

(vitamins and minerals) are essential for life at low con-
centrations but become toxic at high concentrations. This
phenomenon is termed Bertrand’s rule. The effect of
vitamins on weight gain also follows this Bertrand’s rule.
We may take the weight-gain effect of niacin as an ex-
ample. Jiang and coHeaguesm investigated the effects of
dietary supplemental nicotinic acid at different doses (0,
30, 60 and 120 mg/kg diet) on the growth performance
of chicken. They found that increasing supplementation
from 0 to 60 mg nicotinic acid/kg tended to increase
the average daily feed intake, weight gain and fat gain,
7., the maximum weight and fat gain was achieved at 60
mg/kg diet. Ivers and Veum found that among the doses
used (6, 10, 14, 18, 22 and 44 mg/kg diet with adequate
Ttp), 14 mg of niacin/kg produced maximum weight
gain in growing pigs[lz{’]. Shibata ez a/'*"" studied the ef-
fect of nicotinamide at doses of 0, 60, 1000 and 5000
mg/kg diet on rat weight gain. Their result showed that
nicotinamide increased the food intake of rats, especially
in the groups fed diet containing 60 and 1000 mg/kg of
nicotinamide. The highest weight gain was observed at
60 mg/kg, while high-dose nicotinamide (5000 mg/kg
diet) led to an inhibition of weight gain at the eatly stage
of exposure due to its toxicity. These animal studies sug-
gest that the supplemental dose for niacin to achieve
maximum weight-gain effect may be around or less than
60 mg/kg diet. This dose is similar to that used in wheat
flour fortification in some countries, e.g., the United
States, Canada, Saudi Arabia and Kuwait (Table 4). Thus,
food fortification with niacin in these countries might
have induced a maximum weight gain effect. In this case,
further supplementation with niacin or niacin-containing
multivitamin may offset the weight gain effect due to
increased toxic effects, such as hepatotoxicityms“” and
oxidative tissue damage[123]. This may account for the ob-
servations that further multivitamin supplementation in
the United States’™” and Canada™™ or large-dose niacin
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treatment for dyslipidemia (1-3 g/ )" does not show
weight gain.

Some other vitamins at high doses may also have toxic
effects, including death. Davis ez 2/" found that sudden
infant death syndrome (a sudden and unexplained infant
death) was association with high serum thiamin levels. A
randomized controlled trial on vitamin C supplementa-
tion in very preterm infants showed that the infants who
died in the trial were those who had significantly higher
level of plasma vitamin C before randomization than sur-
viving infants'". A systematic review and meta-analysis
showed that long-term supplementation with beta caro-
tene, vitamin A and vitamin E may increase mortality[m].
Therefore, it is not surprising that multivitamin supple-
mentation in those who live in high-dose vitamin-forti-
fied countries, e.g., the United States™ and Canada,
may be associated with a slight weight loss. A similar phe-
nomenon has been also observed in formula-fed infants.
It has been found that formula feeding can lead to a
more rapid weight gain, especially fat gajnlgl’szj, compared
to human milk feedingm’ﬁs’m]. However, when formulas
were further enriched with vitamins, their weight-gain ef-
fect was decreased rather than increased, compared with
the standard formulas'™. It seems clear that the weight-
gain effect of vitamins has already been saturated at forti-
fication doses used in infant formulas, children and adult
foods, while further increasing the doses (i.e., fortification
plus additional supplementation) may induce a weight-
loss effect due to the toxic effect. Considering that high
vitamin intake which may cause hepatotoxicity (eg., nia-
cin, as mentioned above) is very popular nowadays, we
suggest that high vitamin intake may contribute to non-
alcoholic fatty liver disease, the most frequent chronic
liver disease in developed countries.

CONCLUSION

Since the late 1930s, when synthetic vitamins were
first used, the human being has experienced the largest
growth in vitamin intake in human history. It is possible
that excess vitamins, especially B vitamins, may contrib-
ute to the development of obesity. Vitamin-rich formulas
and food fortification with vitamins may, to a large ex-
tent, be responsible for the increased prevalence of obe-
sity over the past several decades. Different fortification
policies and standards may account for the differences
in the prevalence between countries, while disparities in
the consumption of fortified foods may contribute to the
disparities in obesity between population groups within
a country. Staple food fortification may be of great harm
because it leads to a sustained high vitamin intake. There-
fore, given that there has been a significant increase in
vitamin supply from natural sources, it is necessary and
urgent to review and modify the standards of vitamin
fortification.
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Abstract

While insulin-like growth factor I is a well-known ana-
bolic agent in bone evidence is beginning to accumu-
late that its homologue, insulin, also has some anabolic
properties for bone. There is specific evidence that
insulin may work to stimulate osteoblast differentiation,
which in turn would enhance production of osteocalcin,
the osteoblast-produced peptide that can stimulate
pancreatic B cell proliferation and skeletal muscle insu-
lin sensitivity. It is uncertain whether insulin stimulates
bone directly or indirectly by increasing muscle work
and therefore skeletal loading. We raise the question
of the sequence of events that occurs with insulin re-
sistance, such as type 2 diabetes. Evidence to date
suggests that these patients have lower serum concen-
trations of osteocalcin, perhaps reduced skeletal load-
ing, and reduced bone strength as evidenced by micro-
indentation studies.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Type 2 diabetes; Insulin; Bone; Osteo-
blasts; Insulin resistance

Core tip: This is a review of recent publications that
suggest an anabolic loop among bone, pancreas, and
skeletal muscle.
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INTRODUCTION

The interactions between insulin and bone would on the
surface appear to be an unlikely subject for an article, let
alone a review article, but with the advent of the knock-
out mouse model many relationships that would not have
been obvious now require investigation. The aim of this
paper is to provide evidence supporting an anabolic loop
including the pancreas, skeletal muscle, and bone.

GROWTH FACTOR

We do not want to confound the anabolic effects of
insulin with those of insulin-like growth factor IGF)-1,
although the homology of molecular structure of both

molecules may in fact account for some of the anabolic
effects of insulin on bone. It should be emphasized at
this point that insulin is synthesized in the pancreatic 3
cells while endocrine IGF-1 is synthesized in the liver.
The stimuli for insulin production include glucose and,
as we will see, osteocalcin, while endocrine IGF-1 is syn-
thesized by liver in response to growth hormone and the
paracrine IGF-1 produced by bone cells, including pre-
osteoblasts and osteoblasts, osteocytes and osteoclasts™”
is synthesized in response to stimuli that have not yet
been clarified.

While there are copious reports of the anabolic ef-
fects of IGF-1 on bone there is a growing amount of
data suggesting that insulin itself has an anabolic effect
on bone. Suggestions of this effect came from studies
involving burned children in which a hyperinsulinemic,
euglycemic clamp was employed resulting in an increase
in both lean body mass, often indicative of muscle mass,
and bone mass at time of hospital discharge compared
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to controls, usually between 6 wk to 3 mo post—burnm.

Moreover, both pre-osteoblasts and osteoblasts manifest
different isoforms of the insulin receptor (IR), with IRA
being expressed in pre-osteoblasts and IRB being ex-
pressed in mature osteoblasts'. This specificity suggests
that insulin is a critical element in osteoblast differentia-
tion from marrow stromal cells. This may have signifi-
cance in the generation of the osteoblast peptide osteo-
calcin, which, as we shall see, has major implications for
glucose metabolism. Whether the direct effect of insulin
on osteoblasts has clinical significance, however, is not
entirely clear. This is in part because the abovementioned
report on hyperinsulinemia demonstrated increases in

both lean body mass and bone mass".

INSULIN

The other side of this proposed loop is the effect of
bone on insulin. The stimulus for the work that pro-

duced these findings is the knockout mouse model. In
this model a significant contribution has been made by
Wei e al” who have most recently reported that osteo-
calcin stimulates 3 cell replication in the pancreas via a
cyclin D1-dependent mechanism utilizing the G-protein
coupled receptor family C group 6 member A receptor
expressed by these cells. This stimulation occurs during
both peak {3 cell proliferation, which occurs in the perina-
tal period and in adult mice”. Moreover, they described
the effects of daily osteocalcin injections in obese type
2 diabetic mice reporting an increase in the number of
mitochondria in skeletal muscle as well as an increase in
energy expenditurem, indicating that osteocalcin can also
increase muscle work by increasing insulin sensitivity.

Thus these recent data would suggest that under
normal conditions insulin may stimulate osteoblast dif-
ferentiation in order to produce more osteocalcin, which
would then stimulate more insulin production by the
pancreas and greater insulin sensitivity of skeletal muscle.
There are also some recent clinical correlates of these
studies in adults. In a recent study Diaz-Loépez ef al”
performed a case-control study of 153 diabetic subjects
and 3006 individually matched controls and found that
both the carboxylated and undercarboxylated forms of
osteocalcin were lower than matched controls and that
carboxylated osteocalcin concentrations were inversely
associated with a model assessment of insulin resistance
and fasting glucose concentrations. Another report by
Gower ¢f al” indicated that in obese individuals total os-
teocalcin was directly associated with skeletal muscle but
not hepatic insulin sensitivity while undercarboxylated
osteocalcin was associated with 3 cell function in those
with abnormal fasting glucose concentrations.

BONE

A major unanswered question is exactly what happens

to bone in cases of peripheral insulin resistance? Are the
IRs in pre-osteoblasts and osteoblasts down-regulated?
We know that osteocalcin levels are lower in type 2 dia-
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betics”?. In addition, we know that insulin resistance is
also caused by factors that cause bone resorption, such as
the interleukin-6-mediated chronic low grade inflamma-
tion that contributes to non-alcoholic fatty liver disease
(NAFLD)" and excessive glucocorticoid production,
another significant contributor to NAFLD"
we do not at this point know precisely how peripheral

I However,

insulin resistance affects bone. One conjecture would be
that if muscles expend less energy due to their inability to
take up glucose then muscle strength may be reduced and
skeletal loading may also be consequently decreased. This
scenario could explain abnormalities in bone with type 2
diabetes. Were this to be so then bone loss would result
in reduced production of osteocalcin and a perpetuation
of the problem of peripheral insulin resistance.

So, why has bone loss with type 2 diabetes been so
difficult to determine up to now? As summarized by
Ferrari'" in a review article on diabetes and osteoporo-
sis, bone mineral density (BMD) may not be reduced in
this condition inasmuch as weight and fat mass must be
factored into the BMD determinations. The probability
of fracture as assessed by use of the on-line FRAX tool
developed by the World Health Organization may also
underestimate fracture risk in this condition. As evi-
dence that this may indeed be the case a recent report by
Hothersall ¢ al'” examined the files of all hip fractures
in Scotland from 2005-2007 and the prevalence of both
type 1 and type 2 diabetes in this population. While there
was a significant correlation between hip fractures and
type 1 diabetes, in which insulin deficiency is the issue,
there was no overall increased risk of hip fracture in type
2 diabetes, according to this review. The investigators
do, however, state that these findings do not rule out
increased risk in sub-groups of type 2 diabetics. While
we have demonstrated that osteocalcin, also a marker of
bone formation, is lower in patients with type 2 diabetes,
not all markers of bone formation or resorption are con-
sistent. For example, Chen ez al™ found that while os-
teocalcin was lower in diabetics #s controls, there was no
difference in bone specific alkaline phosphatase. Similarly
while Bhattoa ¢z a/'¥ found that urinary cross-laps, a re-
sorption marker, was lower in type 2 diabetics »s controls
while Chen ¢ a/™ found that urinary hydroxyproline was
elevated.

A new development, however, has shed some light on
this problem. In a study that has been Epublished ahead
of print, Farr ez al™ have reported the use of 7 vivo mi-
croindentation of the tibia as an index of bone strength.
In this study of 60 post-menopausal women, half of
whom had type 2 diabetes, this technique demonstrated
decreased bone strength in the diabetic women.

Much more work needs to be done to follow up on
these findings but clearly the greater chance of micro-
cracks in the bones of insulin-resistant diabetics may not
be detected by bone density determinations.

Therefore, for those who care for diabetic patients,
the complications involving bone have been subtle and
difficult to detect but as more attention is being paid to
this area the pathogenesis of the bone problem should
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be more cleatly elucidated and new therapeutic targets
identified.
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Abstract

Cardiac autonomic neuropathy (CAN) is an often over-
looked and common complication of diabetes mel-
litus. CAN is associated with increased cardiovascular
morbidity and mortality. The pathogenesis of CAN is
complex and involves a cascade of pathways activated
by hyperglycaemia resulting in neuronal ischaemia and
cellular death. In addition, autoimmune and genetic
factors are involved in the development of CAN. CAN
might be subclinical for several years until the patient
develops resting tachycardia, exercise intolerance, pos-
tural hypotension, cardiac dysfunction and diabetic car-
diomyopathy. During its sub-clinical phase, heart rate
variability that is influenced by the balance between
parasympathetic and sympathetic tones can help in de-
tecting CAN before the disease is symptomatic. Newer
imaging techniques (such as scintigraphy) have allowed
earlier detection of CAN in the pre-clinical phase and
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allowed better assessment of the sympathetic nervous
system. One of the main difficulties in CAN research
is the lack of a universally accepted definition of CAN;
however, the Toronto Consensus Panel on Diabetic
Neuropathy has recently issued guidance for the diag-
nosis and staging of CAN, and also proposed screen-
ing for CAN in patients with diabetes mellitus. A major
challenge, however, is the lack of specific treatment
to slow the progression or prevent the development
of CAN. Lifestyle changes, improved metabolic control
might prevent or slow the progression of CAN. Reversal
will require combination of these treatments with new
targeted therapeutic approaches. The aim of this article
is to review the latest evidence regarding the epide-
miology, pathogenesis, manifestations, diagnosis and
treatment for CAN.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Diabetes mellitus; Cardiac; Cardiovascular;
Autonomic; Neuropathy; Dysfunction; Cardiac auto-
nomic neuropathy; Sympathetic; Parasympathetic;
Heart rate variability; Spectral analysis; Diabetic cardio-
myopathy; Postural hypotension

Core tip: Cardiac autonomic neuropathy (CAN) is a
complication of diabetes mellitus that is often under-
diagnosed but can lead to severe morbidity and mor-
tality, due to the associated cardiovascular burden.
New evidence has emerged surrounding its complex
pathways, but its full pathogenesis is yet to be under-
stood. CAN manifests in a spectrum of subclinical and
clinical presentations, ranging from resting tachycardia
to cardiomyopathy. Heart rate variability and scintigra-
phy have enabled the diagnosis at a subclinical stage,
thus providing the opportunity for better prevention
and treatment. However, no definite therapeutic ap-
proaches have been adopted to date, emphasizing the
need for newer targeted treatments.
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INTRODUCTION

Diabetes mellitus (DM) is a global epidemic affecting
at least 8.3% of the global population and 371 million
people worldwide with a significant proportion (50%)
remaining undiagnosed. It is estimated that almost one
in six people are currently at risk of developing diabetes-
related complications'”. Cardiovascular disease (CVD) is
the leading cause of mortality and morbidity in patients
with diabetes and subsequently the primary goal of dia-
betes treatment is to reduce the burden of CVD as well
as the vascular complications associated with diabetes™.
Much of the CVD prevention strategies in patients with
DM are based on lowering blood pressure and LDIL-
cholesterol levels and improving glycaemic control™”,
Despite that, CVD remains very common and a major
cause of mortality and morbidity in patients with DM.
Hence, better understanding of pathogenesis of CVD is
crucial to develop new therapeutic targets.

Cardiac autonomic neuropathy (CAN) is a very com-
mon and often overlooked diabetes-related complication
that has a major impact on CVD, mortality and morbidity
in patients with DM, Improving our understanding of
the pathogenesis of CAN and its role in CVD, offers the
potential of new treatment targets that might reduce the
burden of CVD in patients with diabetes. This review
aims to provide an overview of the epidemiology, patho-
genesis, cardiovascular consequence, diagnosis, and treat-
ments of CAN, with particular emphasis on the latest
developments in the field.

LITERATURE SEARCH STRATEGY

We conducted a review of the original papers and review
articles indexed in PubMed, Medline and Google Scholar
between 1975 and 2013. We have used several terms indi-
vidually or in combination including: diabetes, autonomic

neuropathy, CAN, cardiovascular, cardiac, autonomic,
neuropathy, dysfunction. Only articles in English and in
adult population wete reviewed.

DEFINITIONS AND EPIDEMIOLOGY

Based on the CAN Subcommittee of the Toronto Con-
sensus Panel on Diabetic Neuropathy”o], CAN is defined
as the impairment of cardiovascular autonomic control in
patients with established DM following the exclusion of
other causes. CAN, especially at the early stages, can be
sub-clinical and thus as the disease progresses, it becomes
clinically evident.

The prevalence of CAN varies between 1%-90% in
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patients with type 1 DM (T1DM) and 20%-73% in pa-
tients with T2DM (Table 1). This huge variation in CAN
prevalence is due to the inconsistency in the criteria used
to diagnose CAN and significant differences in the study
populations, particularly in relation to CAN risk factors
(such as age, gender and DM duration amongst others).

CAN has been detected at time of diagnosis of dia-
betes in patients with either T1DM or T2DM irrespective
of age, suggesting that CAN presentation is not limited
by age or type of diabetes and can occur before DM is
evident clinically" ™. However, the duration of diabetes
is an independent factor for developing CAN irrespective
to diabetes type!™'”. CAN is detected in about 7% of
both T1DM and T2DM at the time of initial diagnosism,
and it is estimated that the risk for developing CAN in-
creases annually by approximately 6% and 2% in patients
with T1DM and T2DM respectively .

Poor glycaemic control is a major risk factor for
CAN progtession'”?! In the Diabetes Control and
Complications Trial (DCCT), intensive glycaemic control
resulted in a 50% decrease in CAN incidence over the 6.5
years follow-up period“gj. This protective effect persisted
14 years after the end of the study despite the disappear-
ance of HbAlc differences that were achieved between
the groups during the randomised phase of trial”. Simi-
latly, CAN has been shown to be associated with conven-
tional CVD risk factors, such as hypertension, smoking,
hyperlipidaemia and obesity™". In the Steno-2 trial of
patients with T2DM and microalbuminuria, intensive
pharmacological intervention targeting hypertension,
hyperlipidaemia and microalbuminuria combined with
behavioural treatment (exercise, diet and smoking ces-
sation) reduced the risk of autonomic neuropathy over
the course of a 7.8 years follow-up (HR = 0.37, 95%CI:
0.18-0.79)". After a mean of 5.5 years following the end
of the study, the same protective effect against the devel-
opment of autonomic neuropathy persisted (RR = 0.53,
95%CI: 0.34-0.81, P = 0.004). There was also reduction
in the risk for developing CVD (RR = 0.43, 95%CI:
0.19-0.94, P = 0.04) and overall mortality (RR = 0.54,
95%CI: 0.32-0.89, P = 0.02) in this study™".

Moreover, in a large cohort of more than 1000 pa-
tients with T2DM the incidence of CAN over a 7.5
years follow-up correlated with age (P < 0.001) and mi-
crovascular disease (P = 0.035), Diabetic nephropathy
(including microalbuminura), diabetic retinopathy and
diabetic polyneuropathy have been widely identified as
clinical predictors of CAN™?*|| which is not surprising
as diabetic microvascular complications share common
mechanisms and risk factors. The impact of gender on
CAN is controversial. In a multi-centre, cross sectional
study of 3250 patients with DM, CAN prevalence was
no different between men and women (35% male »s 37%
female)™. However, in the action to control cardiovascu-
lar risk in diabetes trial including more than 8000 patients
with T2DM CAN was more prevalent in women (2.6%
in men s 4.7% in women for moderate severity CAN
and 1.4% in men »5 2.2% in women for severe CAN, P <
0.01 for all three definitions of CAN in the study)™.
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Ethnicity has also been postulated to be a risk factor
for CAN as South Asians seem to have lower rates of pe-
ripheral neuropathy than White Europeans with DM™.
More specifically, the prevalence of small fibre neuropa-
thy was significantly lower in Indian Asians than in Eu-
ropeans (32% ws 43% respectively, P = 0.03) and mean
nerve conduction velocity Z scores (measuring large
fibre neuropathy) were superior in Asians compared to
Europeans (mean = SD 0.07 £ -0.62 »s-0.11 £ 0.60, P =
0.007). However, using heart rate variability (HRV) spec-
tral analysis as well as frequency and time domain analysis
showed no difference in CAN prevalence between South
Asians and white Europeans (Tahrani ¢ a/, unpublished
data).

PATHOGENESIS OF CAN

The exact pathogenesis of CAN is complex and remains
unclear. Most of the proposed mechanisms of neuronal
injury are based on models of somatic rather than auto-
nomic neuropathy. Although many of these mechanisms
might be shared between autonomic and somatic neurop-
athies, differences do exist as shown by the Steno-2 trial
(described above) in which the multi-factorial interven-
tion (including intensive metabolic control and lifestyle
changes) slowed down the progression of autonomic but
not somatic neuropathy.

Hyperglycaemia induced neuronal injury and ischaemia
The pathogenesis of CAN is likely to be multi-factorial®”
and to involve several mechanisms and pathways that lead
to neuronal ischaemia or direct neuronal death/dysfunc-
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Figure 1 Summary of the
mechanisms that relate hy-
perglycaemia to microvascu-
lar complications in patients
with diabetes. PKC: Protein
kinase C; AGE: Advanced
glycation end-products; PARP:
Poly ADP-ribose polymerase;
GAPDH: Glyceraldehyde-3
phosphate dehydrogenase;
GSH: Glutathione; NADH:
Nicotinamide adenine dinu-
cleotide; TGF-B: Transforming
growth factor; VEGF: Vascular
endothelial growth factor;
PAI-1: Plasminogen activator
inhibitor-1; eNOS: Endothelial
nitric oxide synthase; IL-1:
Interleukin 1; TNF-a: Tumour
necrosis factor-a; VCAM-1:
Vascular cell adhesion mol-
ecule 1.

Hexosamine activation

gene ression

tion (Figure 1). Hyperglycaemia and the adverse metabol-
ic environment in patients with DM result in increased
oxidative and nitrosative stress' ", which can cause direct
neuronal damage/dysfunction as well as endothelial dys-
function resulting in neuronal ischaemia. Neuronal axons
are rich in mitochondria which makes them particulatly
susceptible to the direct and indirect effects on oxidative
and nitrosative stress””

Increased oxidative stress results in poly ADP-ribose
polymerase activation which when coupled with other
activated downstream pathways including the polyol
pathway, advanced glycation endproducts produc-
tion, protein kinase C and the hexosamine pathway are
thought to contribute to glucose toxicitym’m. These dif-
ferent pathways can in return exacerbate oxidative stress
and can induce changes in gene expression, transcrip-
tion factors, diverse cellular products disrupting several
cellular functions and the communication between the
cell and the surrounding matrix all of which leads to
neuronal dysfunction and death® . These pathways
also result in impaired microvascular-- regulation and en-
dothelial dysfunction by different mechanisms, including
increase in plasminogen activator inhibitor-1 and endo-
thelin-1 production and impairment of endothelial nitric
oxide (NO) synthase and NO actions"**!!. This can lead
to reduction of neurovascular perfusion, dysfunction
and cellular apoptosismj.

Autoimmunity

The role of autoimmunity has also been explored par-
ticularly in patients with TIDM. The presence of com-
plement-fixing antibodies against sympathetic and para-
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sympathetic tissues in patients with insulin-dependent
diabetes and their correlation with CAN was described
in the early 90s™*. In a study of 78 patients with DM,
the prevalence of phospholipid autoantibodies (PLA)
in the patient’s serum was significantly higher in those
tested positive for autonomic neuropathy (88% of the
patients with autonomic neuropathy »s 32% of those
without, P < 0.001) and there was a strong correlation
between the PLA titre and total neuropathy score G
0.58, P = 0.0002)". Granberg ¢t a/*" demonstrated in a
group of patients with T1DM that patients positive for
complement-fixing antibodies to the sympathetic gan-
glion, vagus nerve and adrenal medulla had a significant
higher risk to develop cardiac autonomic dysfunction
(measured by the E/T ratio during deep inspiration and
HRYV to postural change) over a 6-year follow-up (RR =
7.5, 95%CI: 1.72-32.80). There are, however, conflict-
ing reports whether these auto-antibodies contribute to
the pathogenesis of autonomic neuropathy or represent
rather incidental findings and can be attributed to auto-
immunity against concurrent conditions, such as thyroid
disease”. A recent study of mixed T1DM and T2DM
patients concluded that neither peripheral nor CAN was
assocliated with the presence or the levels of Neuropep-

tide Y Autoantibodies.

Residual 3-cell function

Several studies have shown a protective effect of residual
B-cell function (Ze., C-peptide levels) on the development
and incidence of microvascular complications (including
CAN) in patients with T1DM™". The exact mechanisms
for these associations ate not clear but it is thought that
the C-peptide activates Na/K channels, lowers inflam-
mation and improves NO bioavailability and endothelial
function”?. Small RCTs have shown beneficial effect of
C-peptide treatment on CAN parameters’”

Genetic factors

More recently data suggesting genetic predisposition
to CAN have emerged. In a study of 154 patients with
T2DM, TCF7L2 gene was found to be strongly associ-
ated with the presence of CAN, as assessed by deep
breathing, lying to standing, Valsalva manoeuvre and
postural hypotension tests (OR = 8.28, P = 0.022 for the
157903146 allele)™. Another study on healthy Japanese
individuals showed that the T393C polymorphism of
the gene encoding the Gs-protein-a-subunit (GNAST)
is significantly associated with cardiovascular autonomic
dysfunction, detected with power spectral analysis (P <
0.05 for TT + TC »s CC polymorphism)®, Twins studies,
however, failed to show an association between CAN and
genetic factors”™

Obstructive sleep apnoea

Obstructive sleep apnoea (OSA) is emerging as another
possible factor in the development of CAN. OSA is very
common in patients with diabetes and has been associ-
ated with increased sympathetic tone in patients without

(49

3uiz;:eng® WJD | www.wjgnet.com

21

diabetes”™™. The interrelationship between OSA and
CAN in patients with DM requires further investigation
and is likely to be bidirectional. While the intermittent hy-
poxia that occurs in OSA could lead to increased oxida-
tive stress, nitrosative stress, and impaired microvascular
complications which could lead to CAN", CAN on the
other hand could lead to changes in upper airways tone
and changes in respiratory drive which could predispose
the patient to OSA. One recent study presented in the
Diabetic Neuropathy Study Group of the European As-
sociation for the Study of Diabetes 2012 meeting showed
that the prevalence of CAN was similar in patients with
T2DM with and without OSA, but CAN severity was
worse in the OSA group (Tahrani ez al™, unpublished
data). Furthermore, the presence of CAN was associated
with more severe apnoea/hypopnea episodes (Tahrani e

al™, unpublished data).

NATURAL HISTORY OF CAN

DM affects the autonomic (as well as the peripheral) ner-
vous system in an ascending length-dependent manner.
The vagus nerve, which anatomically is the longest au-
tonomic nerve and physiologically mediates 75% of the
overall parasympathetic activity, tends to be involved eatly
in the course of CAN development. The early stages
of CAN therefore involve reduction in parasympathetic
activity, which results in sympathetic predominance. This
increase in sympathetic tone continues until the latest
stage of CAN when sympathetic denervation ensues,
which spreads gradually from the apex to the base of the
heart ™!,

CAN is divided into a sub-clinical and a clinical stage.
During the initial sub-clinical stage, CAN is detected
through abnormalities in frequency and time domains of
the spectral analysis of HRV and the Baroreflex Sensitiv-
ity (BRS) tests, as well as an increased torsion of the left
ventricle (LV) on cardiac imaging before the development
of abnormalities in standard cardiac autonomic reflex
testing (CART) (please see below for details)**". Studies
have shown that these abnormalities can even be present
at the time of diagnosis of DM, CAN progresses and
parasympathetic denervation is followed by compensa-
tory sympathetic overdrive, resulting in abnormal CARTS
followed by symptomatic CAN in which the clinical man-
ifestations become apparent (please see below). At the
stage of sympathetic denervation, autonomic dysfunction
correlates clinically with postural hypotension'® (Fig-
ure 2). The time scale for the progression of subclinical
CAN to the development of abnormal CART is unclear;
similatly the natural history of the development of eatly
cardiac abnormalities (such as torsion or deficits in myo-
cardial perfusion or cardiac energetic) and its relationship
to subclinical CAN is also unclear. But we estimate that
many patients with sub-clinical CAN will develop ab-
normal CART and eatly features of cardiac involvement
within 5 years of developing abnormal frequency and
time domain parametets.
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Figure 2 Natural progression of CAN and correlation with clinical signs and symptoms. CAN: Cardiac autonomic neuropathy; LV: Left ventricle.

CLINICAL MANIFESTATIONS OF CAN

Resting tachycardia

Resting tachycardia is a common manifestation of CAN
that occurs at a relatively eatly stage of the disease. A
HR of 90-130 beats per minute (bpm) can be observed
and is associated with a reduction in parasympathetic
tone followed by increased sympathetic activity as CAN
progresses[és]. A fixed HR which does not change dur-
ing sleep, exercise or stress is a sign of complete cardiac
denervation®. Moreover, poor HR tresponse to adenos-
ine is associated with higher risk for adverse cardiac
events'”, including all-cause and CVD mortality""),
Hence, resting HR can be used as a diagnostic and prog-
nostic tool in patients with DM after excluding other
causes of tachycardja[m].

Exercise intolerance

Impaired blood pressure, HR and cardiac stroke volume
in response to exercise in the absence of structural or
coronary cardiac disease are all features of CAN". As
disease progresses, the parasympathetic-sympathetic im-
balance can lead to further impairment of the above pa-
rameters® which limits the diagnostic utility of exercise
tolerance testing in these patients due to increased false-
negative outcomes caused by blunted HR responsem]. In
addition, patients with CAN should be tested using stress
cardiac imaging (usually echocardiography) prior to start-

ing an exercise program, especially those with high-risk
169]

Orthostatic hypotension

Orthostatic hypotension is a manifestation of advanced
CAN. Orthostatic hypotension is defined as the reduction
in systolic blood pressure by > 20 mmHg or in diastolic
blood pressure by > 10 mmHg 2 min following postural
change from supine to standing' "’ Orthostatic hy-
potension occurs as a result of the impairment of the
sympathetic response to postural change secondary to
poor norepinephrine response and abnormalities in the
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baro-receptor sensitivity, resulting in inadequate HR re-
sponse and peripheral vasoconstriction™®”, Orthostatic
hypotension can be aggravated by many medications that
are commonly used in patients with DM such as diuret-
ics, vasodilators, tricyclic antidepressants and insulin®”,
Similar to resting tachycardia, assessing the presence
of orthostatic hypotension is of prognostic value as a
marker of advanced CAN™, In the middle-aged general
population, orthostatic hypotension has been shown to
be an independent prognostic factor for CVD and all-

.
cause mortahty[7 1

Silent ischaemia

CAN is associated with a prolonged subjective angina
threshold (which is defined as the time between the ob-
servation of 1 mm ST depression on the electrocardio-
gram and the development of symptoms of angina pec-
toris); thus rendering patients with CAN susceptible for
experiencing silent myocardial ischaemia and potentially
infarction, despite being asymptomatic’”. A meta-analysis
of 12 cross-sectional studies showed that CAN is associ-
ated with silent ischaemia in patients with DM (the Man-
tel-Haenszel estimate for prevalence rate risk was 1.96,
95%CI: 1.53-2.51)", A study of 120 patients with DM
and no previous CVD found evidence that CAN (detected
using the Valsalva manoeuvre, the deep breath test and
lying-to-standing HRV) was a better predictor of major
cardiac events [z, myocardial infarction or myocardial
infarction (MI)] than the presence of silent ischaemia
(OR = 4.16, 95%CI: 1.01-17.19) but when CAN was
combined with silent ischaemia the risk was even higher (5
out of 10 had a major event)™. A study from Spain that
included 217 patients with T1DM and T2DM, found that
the presence of autonomic neuropathy is independently
associated with increased risk for developing silent isch-
aemia (as demonstrated by positive exercise test) (OR =
6.5, 95%CI: 1.3-7.9) especially when combined with other
cardiovascular risk factors such as microalbuminuria™.
In the Detection of Ischaemia in Asymptomatic Diabetic
subjects study which included 1123 patients with T2DM,
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CAN (defined as abnormal Valsalva manoeuvre) was also
a predictor of silent ischaemia (defined using stress cat-
diac perfusion imaging) (OR = 5.6, 95%CI: 2.6-12.4, P =
0.0001),

It is evident that patients with DM and CAN are
at high risk of sustaining a major cardiovascular event
during exercise, due to the limited perception of isch-
aemic pain which could delay the appropriate and timely
response to ischaemia. A recent statement from the To-
ronto Consensus Panel on Diabetic Neuropathy has em-
phasised the importance of integration of cardiac auto-
nomic function testing into the current risk stratification
pathways for patients with DM and established CVD risk
factors'”

The mechanisms underpinning relationship between
CAN and silent ischaemia are not clear. Several mecha-
nisms have been proposed including altered pain thresh-
old, impaired afferent myocardial autonomic pathways
and ischaemic processes not detected by routine electro-
cardiography. There has also been debate over whether
the relationship between them is indeed a causative one,
ot both CAN and silent ischaemia are a product of coro-
nary artery disease observed in diabetes'™"",

Diabetic cardiomyopathy and LV dysfunction

Diabetic cardiomyopathy is a clinical entity that is chat-
acterised by changes in the biochemical signalling in the
presence of a sympathetic-vagal imbalance resulting ul-
timately in left ventricular hypertrophy and remodelling,
and therefore cardiac dysfunction in patients with DM
in the absence of coronary artery disease!™. Diabetic
cardiomyopathy results in variable degrees of systolic and
predominantly diastolic dysfunction in the absence of
structural or valvular cardiac disease, coronary vessel dis-
ease, or hypertension™ ", Changes in the diastolic and/or
systolic function can be identified on vatious diagnostic
imaging modalities in otherwise asymptomatic patients
and can precede the occurrence of macrovascular dia-
betic complications'™. Frequently, the only detectable
abnormality in the eatly stages of CAN is an isolated dia-
stolic dysfunction with a normal LV ejection fraction'™
associated with high CVD morbidity™*.

Conventional echocardiography studies, with or with-
out Doppler technique, showed that CAN is associated
with significant reduction in the peak diastolic filling
and an increase in the atrial component of diastole!™.
The introduction of new diagnostic modalities, such
as the cardiac magnetic resonance imaging has allowed
even more sensitive means of diagnosing and classify-
ing diabetic cardiomyopathy even in the eatly stages by
examining myocardial twist, torsion and strain®™’, Torsion
is a measure of the apical rotation along the long axis of
the heart and is followed by a rapid untwisting, occurring
during the isovolumic relaxation phase™. Both torsion
and maximal torsion rate have been found to be increased
in patients with T2DM and preserved systolic function™.
In patients with T1DM, increased torsion appears to be
independent of energetic deficits but related to micro-
vascular perfusion deficits and correlates with changes in
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sympathetic denervation™ . Myocardial Perfusion Re-
serve (another diagnostic tool used for the detection of
microvascular abnormalities) has been shown to detect
the early stages of CAN in asymptomatic patients and to
assess CAN severity”™.

There are several proposed mechanisms for the devel-
opment of diabetic cardiomyopathy. The parasympathet-
ic denervation observed in the early stages of the disease
leads to a dominant sympathetic tone”", which promotes
a cascade of intrinsic metabolic changes, including the
release of high myocardial catecholamine levels and cat-
echolamine toxicitym’%]. This catecholamine rise has been
shown to induce mitochondrial uncouplingm’gﬂ, switch-
ing energy generation on a cardiac level from myocardial
glucose to free fatty acids, which is considered an ineffi-
cient energy source™ and therefore increases the oxygen
demand””. These alterations on the cardiac biochemical
and cellular level, lead ultimately to programmed cell
death and fibrosis””", elevated oxygen consumption
relevant to the cardiac work”'" and finally hypertrophy
and remodelling of the LV"". Crucial mediators in the
above process are the mitochondrial reactive oxygen spe-

cies! 12103 [104

, insulin resistance” and calcium dependent

apoptosis[mZ,lOS,lO()].

On a macroscopic level, diastolic dysfunction in CAN
1s associated with delayed relaxation, impaired filling
and increased stiffness of the IV, The previously de-
scribed sympathetic predominance is a stimulator of the
rennin-angiotensin-aldosterone axis, resulting in increased
HR, cardiac output and peripheral vasoconstriction!".
Studies have shown that this alteration on the cardiac
profile can lead to reduction of coronary blood perfusion
and diastolic dysfunction in patients with evidence of
carly microangiopathym. Sympathetic overdrive may also
lead LV wall stress and LV hypertrophy. Pop-Busui et
al have recently shown in a large cohort of the DCCT/
EDIC study, that CAN is associated with a mass increase
as well as a concentric remodelling of the LV, indepen-

dent of other risk factors"”.

Mortality/sudden death

CAN is associated with an increased mortality risk (Table
2). This was described in longitudinal studies in the eatly
1990s showing a 50% increase in 5 year-mortality risk in
patients with DM and autonomic neuropathy compared
to those without"'"""”. Tn a meta-analysis of 15 studies
on the basis that they included patients with DM who
had baseline assessment of HRV using one or more tests
described by Maser ¢z al'' showed that the pooled esti-
mated relative mortality risk was 2.14, (95%CI: 1.83-2.51,
P < 0.0001), for those who had CAN. CAN was also
found to have the strongest association with mortality
amongst other risk factors in the EURODIAB IDDM
Complications Study'"".,

Even in patients with high CVD risk profile such as
the population of the ACCORD trial, CAN was an in-
dependent predictor of all-cause mortality (HR = 2.14,
95%Cl: 1.37-3.37) as well as CVD mortality (HR = 2.62,
95%CI: 1.4-4.91) after a mean follow-up of 3.5 years””,
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Interestingly the relationship between CAN and mortal-
ity was similar regardless of treatment allocation to the
intensive or standard glycaemic control groupsml.

CAN was also found to be associated with a higher
mortality risk in patients who had myocardial infarc-
tion'", suggesting that screening for CAN in patients
with DM who suffered a myocardial infarction can be
used for risk stratification!""”

CAN is also associated with increased risk of sud-
den cardiac death"""™, This can be explained by the
increased rate of fatal cardiac arrhythmias due to the
imbalance between the sympathetic and parasympathetic

[119]

autonomic function” 7, as well as cardiac sympathetic de-

nervation”’, QT prolongation which has been associated
with autonomic neuropathy in several studies™""*,
also provide an alternative mechanism, rendering patients
with CAN more susceptible to suffer life-threatening
cardiac arrhythmias, including Torsades de Pointes'”.
The exact relationship between CAN and sudden cardiac
death remains, however, under question. As shown by
the Rochester Diabetic Neuropathy Study, sudden death
cases are also related to severe coronary artery disease
or LV dysfunction rather than CAN itself'>, Nonethe-
less, as we discussed above, CAN seems to contribute to
cardiovascular mortality even in those with established
coronary artery disease.

Several mechanisms have been implicated in explain-
ing the relationship between CAN and mortality in
patients with DM. Autonomic neuropathy can lead to
impaired response to hypoxic state!'™, reduced hypo-
glycaemia awareness and prolonged hypoglycaemic epi-
sodes""". The observed mortality can also be attributed
to a direct effect of autonomic neuropathy and its micro-

125 . . .
129 25 well as to an indirect associa-

vascular complications
tion with end-organ complications, such as nephropathy,
left ventricular hypertrophy and diastolic dysfunction"".
In addition, the lack of the physiological nocturnal para-
sympathetic dominance in patients with CAN can lead
to nocturnal hypertension, causing LV hypertrophy”%’lm

and increasing the CVD burden™ ",

Perioperative and intraoperative complications

Patients with CAN exhibit 2- to 3-times fold increase
in perioperative morbidity (perioperative complications,
impaired wound healing, impaired drug metabolism) and
mortality "™, Patients with CAN are more likely to re-
quire vasopressor support in the theatre settingmo]. They
are also prone to experience a blood pressure and HR
reduction during the induction of anaesthesia, as well as
severe intraoperative hypothermiam”. The above findings
can be explained by an impairment or absence of the
normal vasoconstrictive response to vasodilating anaes-
thesia in patients with CAN™,

Cerebrovascular disease

Unlike the strong links between CAN and CVD, there
is only limited data regarding the impact of CAN on
cerebrovascular disease. In a study conducted by Toéyry
et al™ that included 133 patients with T2DM, CAN was
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found to be an independent risk factor for developing
stroke after 10 years of follow-up (OR = 6.7, 95%CI:
1.5-29.9 for HRV response to deep breathing and OR
= 1.1, 95%CI: 1.01-1.2 for lying-standing BP). In a sub-
analysis of the Appropriate Blood Pressure Control in
Diabetes population, including 950 patients with T2DM
over a 5-year period, CAN was significantly associated
with the occurrence of stroke, independent to other risk
factors'™, The later was also confirmed by a recent study
including 1458 patients with T2DM who were followed
up for 7 years"™".

Diabetic nephropathy

Several authors have hypothesized that CAN is involved
in the pathogenesis of diabetic nephropathy, although
causation has not been provenms]. Sympathetic overac-
tivity has been shown to cause glomerular and tubular
dysfunction in diabetic animal models #iz indirect (hyper-
tension and angiotensin II) and direct (vascular smooth
muscles proliferation, vasoconstriction, podocytes in-
jury) insults'™”, CAN is associated with increased CVD
morbidity and mortality'>" and with haemodynamic
changes such as lack of nocturnal BP dipping (causing
increased intra-glomerular pressure resulting in albumin-
uria)”" and diurnal postural falls in BP (resulting in lower
intra-glomerular pressure)ms] and endothelial dysfunction
in humans. In addition, CAN is associated with deficits
in erythropoietin production and, as a result, erythropoi-
etin-deficiency anaemia”", Subsequently, CAN patients
are deprived from the direct nephroprotective action
of erythropoietin and thus, anaemia becomes a strong
predictor of nephropathy and progression of chronic
kidney disease™. In streptozotocin-diabetic rats, sympa-
thetic overactivation has been shown to be involved in
the pathogenesis of diabetic nephropathymg] and renal
denervation was shown to prevent glomerular hyperfiltra-
tion"". Hence it is plausible that CAN is involved in the
development and progression of diabetic nephropathy.
Several studies examined the association between CAN
and either albuminuria and/or glomerular filtration
rate "' but all these studies had a cross-sectional de-
sign, hence causation cannot be proven, particularly that
the pathogenesis of CAN is similar to other microvascu-
lar complications including diabetic nephropathy. Longi-
tudinal studies are scarce and limited to a small number
of patients with T1IDM"*"*. Hence, data regarding the
longitudinal impact of CAN on diabetic nephropathy in
patients with T2DM is lacking;

Lower limb complications

CAN has been proposed as a contributing factor in the
development of lower limb vascular and neurological
complications. Autonomic neuropathy can cause altera-
tions in microvascular blood flow (MBF), which predis-
pose to changes in skin structure and quality and impair-
ment of sweat glands’ innervation resulting in dry skin
and increased risk of oedema and foot deformity which
increases pressure on certain areas causing ulceration!"”.
It is also believed that CAN, through the sympathetic
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denervation of the lower limb vasculature, can induce
lower extremity hyperaemia, increase inflaimmation and
erosion into the joints/bones and therefore contribute in
Charcot’s neuroarthropathy. As a result, the patient with
Charcot will typically present with prominent peripheral
pulses due to vasodilatation and autonomic neuropathy.
Power Spectral Analysis and HRV has been employed
in trials for the detection of autonomic neuropathy in
patients with Charcot’s disease!" ™. Similarly to Charcot’s
arthropathy, patients with recurrent vascular neuropathic
ulcers appear to share analogous cardiac autonomic dys-
function, as shown by the use of HRYV, Valsalva ratio and
orthostatic hypotensionmg].

THE DIAGNOSIS OF CAN
CARTs

Ewing ef al™ proposed in early 1970s five simple non-
invasive tests to measure cardiac autonomic function
based on the HR and blood pressure response to certain
physiological manoeuvres. These tests include: (1) the HR
response to deep breathing, which assesses beat to beat
HR variation (R-R variation) during paced deep breathing
[expiration-to-inspiration ratio (E:I)]; (2) the HR response
to standing, which is expressed as the 30:15 ratio which
is the ratio of the longest R-R interval (between the
20" and 40" beat) to the shortest R-R interval (between
beats 5-25) elicited by a change from horizontal to verti-
cal position; (3) the Valsalva manoeuvre which evaluates
the HR response during and after a provoked increase in
the intra-thoracic and intra-abdominal pressures (the pa-
tient normally exhales for a period of 15 seconds against
a fixed resistance); (4) the blood pressure response to
standing, which assesses the baro-reflex mediated blood
pressure change following postural change; and finally;
and (5) the blood pressure response to sustained hand-
grip, as defined by the diastolic blood pressure increase
caused by the sustained muscle contraction with the use
of a handgrip dynamometer" . The first two tests reflect
defects in the parasympathetic activity (ie., the ability of
the vagal nerve to slow the HR during the procedures
which increases the R-R interval and hence increases the
ratios), while the last two also describe changes in the
sympathetic function (i.e., the ability to provide appropri-
ate BP and HR response to the activity involved)"”""*?,
The autonomic changes that occur during the Valsalva
manoeuvre are complex and involve both the sympa-
thetic and parasympathetic systems'"”, although the
Valsalva ratio mostly represents parasympathetic activity.
For more details about the autonomic changes during
Valsalva please see!,

While the above described CARTs have been widely
used since their introduction, there is no evidence on
the superiority of one test over another when it comes
to assessing CAN". However, the HR response to deep
breathing is the most commonly utilised, because of its
high reproducibility and speciﬁcity“w and its ease of
use!"™"*. All the tests are considered to be valid markers
of autonomic dysfunction, given that end organ failure is
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excluded and parameters such as concomitant illness, use
of over the counter medications and lifestyle factors (ex-

ercise, smoking, exercise) are taken into consideration ™,

HRV

A reduction in HRV has been associated with the early
stages of clinical CAN. In healthy individuals, the beat-
to-beat variability with aspiration is predominantly affect-
ed by the direct sympathetic and parasympathetic activ-
ity[éz’lsﬂ, as well as various other stimuli, including certain
neurohumoral factors (catecholamines, thyroid hor-
mones), temperature changes and mechanical and ionic
changes in the sinus node™. The efferent sympathetic
and vagal stimulation is characterised by synchronised
discharges, modulated by central and peripheral oscilla-
tors, with the former referring to vasomotor and respira-
tory centres and the later to respiratory movements and
arterial pressure. These synchronous neural discharges
can manifest as short and long -term oscillations in the
HR"™.

The R-R intervals recorded under paced breathing are
transformed to generate the time and frequency domains.
Conceptually, if the faster respiratory sinus arrhythmia
signal and the slower mean HR changes could each be
separated from the patient’s cardiogram and analyzed
independently, the result would yield a measure of Vagal
outflow from the respiratory sinus arrhythmia and a mea-
sure of sympathetic activity from the changes in mean
HR. Effectively this is what is accomplished in the fre-
quency- or spectral-domain. Spectral analysis of respira-
tory sinus arrhythmia provides the indication of where in
the frequency domain the Vagus is influencing the heart.
The frequency domains are generated using continu-
ous wavelet transform method (Fourier transform) and
separated to three basic components: very-low-frequency,
low-frequency (LF) and high-frequency (HF)""™ HE
represents vagal activity, whereas LF is attributed to the
combined effect of sympathetic and parasympathetic
influence™"”. Modern software (such as ANSAR tech-
nology) adjusts for the respiratory rate, hence simplifying
the process. Parameters generated include: respiratory
frequency (Rfa, 0.15 to 0.4 Hz, represents parasympa-
thetic function), and LF (Lfa, 0.04 to 0.15 Hz, represents
sympathetic function). The HRV and BP are recorded
with the patient in sitting position during resting, deep
breathing, Valsalva manocuvre and standing position.

The electrocardiogram (ECG) recordings were ini-
tially longer in duration, usually over a period of 24 h but
recent data has demonstrated that recording of shorter
duration can provide equally reliable information!"**'!,
Time domain analysis is a useful tool in the assessment
of parasympathetic activity by measuring the normal R-R
intervals, whereas the frequency domain is based on the
spectral analysis of R-R interval and other cardiovascular
and respiratory signals based on short-term ECG record-
ings (2-5 min) (09158,

The key element in the accurate use and interpretation
of HRV models is the standardisation of the conditions
under which the test is carried, including age, blood pres-
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sure, HR, tobacco smoking or caffeine use and, above all,

. . 69
respiration control™,

Baro-reflex sensitivity

The BRS measures the cardiac vagal and sympathetic
baro-reflex function. The idea behind its function is that
an increase in the BP normally induces a reflective in-
crease in the vagal cardiac efferents and a reduction to the
efferent sympathetic activity, resulting in bradycardia and
hypotension, due to the reduction in cardiac output as
well as the peripheral vasodilation™, A reduction in BP
induces opposite responses. Thus, to correctly measure
the baro-reflex function, both the vagal efferent activity
(evidenced by changes in HR in response to changes in
BP), and the sympathetic efferent activity (affecting the
arterial vessels) should be taken into account.

In practice, the term “baro-reflex sensitivity” nor-
mally applies to the cardiac-vagal arm, and to methods
measuring changes in HR in response to changes in (sys-
tolic) BP. The test can be performed either with the use
of pharmacological methods (intravenous bolus injection
of epinephrine)mz} or non-pharmacological techniques
(physical manoeuvres such as postural change). Although
the former is considered the gold standard to date for
evaluating BRS, both of them correlate well clinically
with each other""™”, Both techniques require a continuous
measure of BP and a continuous and synchronised mea-
sure of HR (R-R interval)"™,

BRS can be used for detecting sub-clinical CAN™
since BRS can be abnormal in diabetes, before the dem-
onstration of any clinical signs of CAN or other con-
ventional autonomic function tests detect any abnormali-
ties'*, Several studies on patients with diabetes have
concluded that BRS is a strong independent risk factor
for mortality"™, especially in cohorts suffering from
heart failure or following a myocardial infarction*'*”,

Scintigraphy
The use of Single-photon emission computed tomog-
raphy (SPECT) and/or positron emission tomography
(PET) and sympathetic neurotransmitter analogues, such
as the "“I-metaiodobenylguanide (‘“I-MIBG) (SPECT),
the ''C-metahydroxyephedrine (''C-HED) (PET) and
11C—epinephrine has enabled the quantitative scintigraphic
evaluation of cardiac sympathetic innervation

"I-MIBG undergoes rapid uptake in the myocardium
but as it is semi-quantitative is not a precise indicator
of neuronal uptakellSSJ. Metabolically stable ''C-HED
demonstrates a highly specific uptake by the sympathetic
nerves mediated by norepinephrine transporters”*. It is
important, however, to take myocardial perfusion (which
affects the delivery of the tracer of interest) into consid-
eration before interpreting the results of these imaging
techniques. Retention defects of both '"IMIBG and
""C-HED have been reported in patients with T1DM and
T2DM and have been variably correlated with abnormal
but also normal CARTs""'*". The consistent pattern
of sympathetic denervation in patients with T1DM sup-
ports the notion that "C-HED can be used to monitor

(49

3uiz;:eng® WJD | www.wjgnet.com

27

the population of sympathetic nerves and evaluate the
regional autonomic deficits of sympathetic innerva-
tions ™' 1n patients with CAN and T1DM, the wash
rates of 11C—epinephrine have been shown to correlate
well with those of ""C-HED". The development of
microvascular complications has been associated with the
augmentation in sympathetic tone and adrenergic hyper-
responsiveness, by the use of "C-HED"Y. As CAN
reaches an advanced stage, a heterogenous pattern of
"C-HED retention is observed, with a reduced ''C-HED
retention in the distal LV and a persistent or increased
""C-HED retention seen proximally, indicating a proximal
to distal pattern of sympathetic denervation of the LV,

Increases in the sympathetic nervous tone and elevat-
ed epinephrine levels can affect the retention of sympa-
thetic neurotransmitter analogues, making the interpreta-
tion of the above scintigraphic models rather challenging,
Furthermore, the lack of standardisation, the high cost
and the demand on highly skilled operators, restricts the
role of scintigraphy as a valuable research tool and not a
part of daily clinical routine!™

When it comes to radiation exposure, "L MIBG lacks
a B-particle emission and has a half-life of 13.2 h, where-
as its energy of the primary imaging photon is calculated
at 159 keV (kiloelectron volt)'™. When compared to P,
"L labelled agent is to be considered the radiopharma-
ceutical of choice as it has a more favourable dosimetry
and better radiation profile. Whole-body radiation is
markedly lower using ""C-HED PET [effective dose
equivalent in adults, 1.2 milliSieverts (mSv)] compared
with "“I-MIBG scintigraphy (effective dose equivalent in
adults, 6.0 mSv)"'"”.. The radiation dose to the whole body
from 20 milliCuri (mCi) "C-HED is 0.186 rad, less than
that from 0.5 mCi "'I-MIBG IBG (0.45 rad) or 10 mCi
PLMIBG (0.53 rad)!"™.

Muscle nerve sympathetic nerve activity
Muscle sympathetic nerve activity (MSNA) is based on
the ability to record efferent sympathetic nerve signals
in the skeletal muscles either at rest or in response to
physiological perturbations with the use of microelec-
trodes into a fascicle or a distal sympathetic nerve of the
skin or muscle (microneurography)-usually the peroneal
nerve!"!,

MSNA is the most direct measure of peripheral sym-
pathetic activity and therefore a useful research tool. How-
ever, its invasiveness, cost and time-consuming nature is

. . 158
not recommended for routine autonomic assessment'>".

Other tests

Occasionally, various tests have been proposed for the
assessment, diagnosis and monitoring of CAN. A recent
study on 167 patients with type I diabetes conducted by
the University of Liege, found the use of pulsatile stress,
which measures the arterial stiffness, correlates well with
baro-reflex sensitivity, suggesting therefore that arterial
stiffness can be used as a marker of CAN"". The as-
sociation between arterial stiffness (expressed as carotid-

femoral wave velocity (PWV)) had already been explored
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Significance of CAN

due to the following:

multiple clinical manifestations as described in the previous section

the cardiovascular morbidity and mortality
(4) It can be used for the modulation of targets of diabetes treatment

According to the Toronto Consensus Panel on Diabetic Neuropathy statement,
screening for CAN in the patients with DM should be considered good clinical practice,

(1) It enables the accurate and clinical relevant diagnosis of various CAN forms
(2) It assists in the appropriate detection and subsequently the tailored treatment of CAN

(3) It provides a clinical tool for the risk stratification for diabetic complications as well as

Figure 3 Current recommendations on screening
for cardiac autonomic neuropathy. CAN: Cardiac
autonomic neuropathy; DM: Diabetes mellitus.

by another study. After multivariable linear regression,
the association between CAN (E/I index in particular)
and PWV not only remained significant but E/T index
was the strongest predictor of PWV in the model (§ co-
efficient: -0.326, 95%CI: (-3.110)-(-0.750), P = 0.002)""".
Catecholamine kinetics, most specifically epinephrine and
norepinephrine plasma clearance have been labelled as
the biochemical equivalent of MSNA but they have failed
to date to produce reliable diagnostic data™.

Another aspect of autonomic function is the assess-
ment of cutaneous MBE The skin offer an accessible
organ to asses MBF and endothelial function, which is
often involved in the development of micro and macro-
vascular diabetes, correlates with systematic endothelial
function measures and myocardial microcirculation'™.
Several methods are available to assess skin MBF'"™. La-
ser Doppler (LD) allows the determination of blood flow
under basal conditions or following physical (¢.g., heating)
or pharmacological (e.g., acetylcholine and/or sodium
nitroprusside) stimulation; allowing the differentiation
between endothelial-dependant and independent respons-
es'™. Furthermore, LD allows the measurement of nerve
axon reflex-related vasodilation following acetylcholine
iontophotresis which is the result of C-fibre stimula-
tion"". LD techniques include LD flowmetry, LD perfu-
sion imaging and laser speckle contrast imagingmg’m].

Another assessment of the peripheral autonomic
system is intra epidermal nerve fibre density (IENFD)
using immuno stainjng[lm. IENFD is highly sensitive and
specific to diagnose small fibre neuropathy (88%-98%
and 88.8%-95% respectively)' ™. IENFD correlates also
inversely with thermal thresholds' ™. In addition, ITENFD
innervates the sweat glands. Reduction in sweat produc-
tion in the feet contributes to the development of dry
skin/callus and hence predispose to the development of
foot ulceration. This function can be assessed by several
methods such as Neuropad“m and Sudoscan"",

CRITERIA FOR DIAGNOSIS AND
STAGING

HR responses to deep breathing, standing and Valsalva
manoeuvte, as well as blood pressute response to stand-
ing (CART) are considered as the gold standard in clinical
testing for autonomic neuropathy[m]. Their applicability

(49

_gu;ﬁfm,@ WJD | www.wjgnet.com

28

in bedside clinical practice is based on their sensitivity,
specificity, reproducibility, ease and safety of use and
standardisation.

According to the CAN Subcommittee of the Toronto
Consensus Panel statement following the 8" international
symposium on diabetic neuropathy in 2010"", the criteria
for diagnosis and staging of CAN are as follows: (1) A
single abnormal CART result suffices for the diagnosis of
possible or early CAN; (2) The presence of two or three
abnormal test among the seven autonomic cardiovascular
indices (5 CARTS, time-domain and frequency-domain
HRV tests) are requited for the diagnosis of definite or
confirmed CAN; and (3) The presence of orthostatic
hypotension in addition to the above criteria signifies the
presence of severe of advanced CAN.

SCREENING FOR CAN

The majority of diabetes patients with CAN have sub-
clinical or asymptomatic disease, rendering the diagnosis
and appreciation of CAN in clinical practice rather dif-
ficult™). Once CAN reaches the stage that becomes clini-
cally evident, the disease might have reached an advanced
level and management becomes more difficult. Screening
for early CAN is therefore considered good clinical prac-
tice several reasons as summarised in Figure 3",

The Toronto Diabetic Neuropathy Expert Group
in a recent statement have recommended that screening
should be considered for patients at time of diagnosis of
T2DM and within 5 years of diagnosis of T1DM, partic-
ulatly in patients with other macro- and/or microvascular
compljcationsusoj. Patients with a history of poor glycae-
mic control are especially at risk for developing CAN,
as demonstrated in several studies, suggesting that this
clinical group may benefit from screeningm. Due to its
impact on exercise tolerance, testing for CAN should be
a part of the screening in patients that are about to begin
a new exercise programme that involves more intense
physical activity than brisk walking[(’g’w”. Evidence also
suggests that screening for CAN could be incorporated
into the perioperative assessment of patients with poor
glycaemic control and coronary artery disease, due to the
association between CAN and haemodynamic instability
peri- and intra—operatively“szl. Finally, testing for CAN
could potentially be of benefit in patients with DM that
have suffered MI, as this would serve in the risk stratifica-
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tion of this subgroup and assist into adapting a more ag-
gressive therapeutic approach for those at risk of sudden
cardiac death or life threatening arrhythmias.

THERAPEUTIC APPROACHES FOR CAN

CAN treatment can either be symptomatic or aimed at
slowing or reversing CAN progression. However, effec-
tive therapies to slow or reverse CAN progression are
rather limited as the complete underlying pathogenesis
remains unclear. However, based on our current undet-
standing of CAN pathogenesis and risk factors, several
potential treatments have been examined.

Lifestyle modification
Lifestyle changes have been shown to have a beneficial
impact on the prevention of CAN progression in the
Steno-2 trial” and the Diabetes Prevention Program
(DPP)"™. In the Steno-2 study, patients with T2DM and
microalbuminuria were randomised to a multi-factorial
cardiovascular risk factor intervention that included be-
havioural therapy (diet, physical exercise and smoking
cessation) and pharmacological intervention (to control
BP, lipids and hyperglycaemia) or conventional treatment
in accordance to the national guidelines. After an average
of 7.8 yeats of follow-up, the risk for developing CAN
was significantly lower on the intervention arm (49% in
the intensive group »s 65% in the conventional group,
HR = 0.37, 95%CI: 0.18-0.79, P = 0.002). In the DPP,
lifestyle modification demonstrated superior results in the
improvement of autonomic dysfunction (assessed with
HRV and QT indexes) as compated to the use of met-
formin or placebo.

Weight loss and dietary intervention accompanied®”
or not!"™ by supervised training was associated with im-
provement on CAN indices. Aerobic training has also
been shown to improve CAN, with some indication that
mild physical exercise is recommended in less severe
CAN cases. A recent review summarising the evidence
for the impact of life style interventions on CAN has
concluded that moderate endurance and aerobic exercise
in both T1DM and T2DM, improve HRV and catdiac
autonomic function significantly, in favour of parasympa-
thetic dominance, independent of BMI, glycaemic or BP
control and duration of diabetes'"”.

Intensive glycaemic control

Hyperglycaemia is a major risk factor for CAN develop-
ment and progression. Intensive glycaemic control has
been shown to slow the progression and prevent/delay
the development of CAN"**"*"! T the DCCT trial,
intensive glycaemic control in a group of patients with
T1DM reduced the CAN incidence by 50% over 6.5
years follow-up compared with conventional therapy (7%
v5 14% respectively)'”. These beneficial effects persisted
13-14 years after close-out of the trial"”, Although both
former treatment arms exhibited deterioration in CAN
during follow-up after the end of the DCCT, the former
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intensive treatment group continued to demonstrate a
statistically significant slower decline in CAN.

PET cardiac imaging with the use of 11C-HED
showed similar beneficial effects in a 3-year prospective
trial. Good glycaemic control (defined as mean HbAlc <
8%) was associated with reduction of sympathetic dener-
vation as opposed to the group of poor diabetes control
(HbAlc = 8%)""". In the SEARCH CVD study, 354
young patients with T1DM were assessed for the pres-
ence of sub-clinical autonomic dysfunction, as demon-
strated by the use of HRV parameters and the presence
parasympathetic loss with sympathetic override. Poor
glycaemic control, as defined by HbA1C > 7.5%, was
independently associated with the presence of subclinical
CAN as compared to a frequency-matched control group
without DM!"™.

The effects of glycaemic control in T2DM are not
similarly encouraging. Data from recent studies have
failed to demonstrate differences in the incidence of
CAN based on the application of intensive therapy in
T2DM patients“sg’wm. The sensitivity of tests utilised for
the diagnosis of CAN in those trials, however have been
questioned, suggesting that more research is needed to
investigate the relationship between metabolic control
and CAN in patients with T2DM.

Therapies based on CAN pathogenesis

There is limited but increasing data on the use of phar-
macotherapy targeting specific pathogenic pathways. The
use of the specific antioxidant a-lipoic acid improved
CAN in patients with T2DM in a 4-mo controlled ran-
domised trial"”". In animal models, the pharmacological
agents FP15 and FeTMPS, which act by catalysing the
decomposition of peroxynitrite, have shown promising
results in improving neuronal function”"™. The use of
glucagon-like peptide 1 analogues or the dipeptidyl pep-
tidase 4 inhibitors have demonstrated cardioprotective“%]
and neuroprotective properties'””, raising the possibility
of their use for treatment not only for peripheral neu-
ropathy, but autonomic neuropathy as well. In small scale
studies, aldose reductase inhibitors have been shown to
improve LV function in patients with DAN without any
alteration on CAN indices"””. There is also evidence sug-
gesting the vitamin E and C-peptide can both improve
HRYV indices"”. In a randomised controlled trial, vitamin
E when compared to placebo managed to increase the
R-R interval (P < 0.05) and the HF component of HRV
(HF; P < 0.05) in 50 patients with T2DM over a period
of 4 mo"”. Small RCTs have shown beneficial effect of
C-peptide treatment on CAN parameters””. In a recent
randomised placebo-controlled trial of 44 patients with
T1DM, treatment with a triple antioxidant regime (allo-
purinol, a-lipoic acid and nicotinamide) over the course
of 2 years failed to prevent progression of CAN and had
no benefit on myocardial perfusion as demonstrated with
scintigraphic imaging modalities'””. Further research is
required to confirm these findings and explore other po-
tential pathogenetic therapies.
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The renin-angiotensin-aldosterone axis

There is substantial data to support the use of certain
pharmacological agents in the improvement of the left
ventricular dysfunction associated with autonomic neu-
ropathy in diabetes. In patients with heart failure, the
use of bisoprolol[zoo] or the addition of spironolactone
to enalapril, furosemide and digoxin™", demonstrated
a beneficial effect on autonomic function, as shown by
HRYV testing and sympatho-vagal balance respectively.
The use of angiotensin-converting enzyme (ACE) inhibi-
tors could potentally improve the parasympathetic/sym-
pathetic balance™ and improve prognosis in cardiac
failure™. The addition of angiotensin receptor blockers
to ACE inhibitors may be supetior to mono&lerapy[m"m],
due to the enhanced blockade on the renin-angiotensin-
aldosterone axis™”. In a small study by Didangelos e7
a™, including 62 patients with type I and type II DM,
the use of ACE inhibitors or ARBs, as well their com-
bination, managed to improve both diabetic autonomic
neuropathy and LV diastolic dysfunction.

Symptomatic treatment of orthostatic hypotension
Treatment of orthostatic hypotension is required in
symptomatic patients with autonomic neuropathy. There
are several strategies available, including lifestyle and be-
havioural measures as well as pharmacological options.
The former include advice provided to the patients to
avoid sudden changes in body posture, eat smaller and
more frequent meals, avoid drugs-precipitants of pos-
tural hypotension (diuretics, tricyclic antidepressants,
a-adrenoreceptor antagonists), perform physical countet-
manoeuvres (leg crossing, stooping and squatting), in-
crease fluid and salt intake, avoid physical activity that
leads to straining and finally use garments over legs and
abdomen”*"”,

If the above measures fail to improve symptoms,
pharmacological intervention may be considered. A risk-
benefit consideration should take place for each individu-
al before starting a medication, especially weighing up the
risk of developing marked supine hypertension against
the benefit of preserving the erect blood pressure. Should
a pharmacological agent be considered appropriate by the
clinician, there are several options available” "',

Midodrine, a peripheral selective ou-adrenergic ago-
nist, is considered a first line agent that acts through
peripheral vasoconstriction of arterioles and veins. It
remains to date the only drug approved by the food and
drug administration (FDA) for the treatment of ortho-

static hypotension[ﬂ},zm

. However, post-market trials to
prove drug’s efficacy are still ongoing and the final results
on midodrine’s benefits are scheduled to be published in
2014, 18 years after the drug was given FDA approval[m].

9-a-fluorohydrocortisone, a synthetic mineralocot-
ticoid, is another first line option that acts through so-
dium retention and plasma expansion[ml. In a double-
blinded crossover study, 9-a-fluorohydrocortisone
treated successfully the orthostatic hypotension of
patients with diabetes and autonomic neuropathy”"’.
9-a-fluorohydrocortisone doses between 100 and 400
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micrograms decreased significantly the orthostatic hy-
potension in 14 symptomatic patients with DM over a
mean period of 12 mo (P < 0.001)*'", Extra care should
be taken when prescribed in patients with cardiac failure,
as it can lead to fluid overload. There is usually a period
of 10-14 d before its effects can become clinically evi-
dent™?,

Somatostatin and somatostatin analogues (octreo-
tide) inhibit the release of vasoactive peptides from the
Gl tract and thus increase splanchnic vasoconstriction,
leading to increase in mean blood pressure[m]. The use
of long acting octreotide in patients with autonomic neu-
ropathy increased the mean systolic BP from 83.8 + 7.1
mmHg to 104.1 £ 3.1 mmHg (P < 0.025) within eight
weeks, improving orthostatic dizziness and fatigue™”. Tn
a study of 18 patients with idiopathic orthostatic hypo-
tension, octreotide reduced postural, postprandial and
exertion-induced hypotension, as demonstrated by 24-h
ambulatory blood pressure profiles and cusum analy-
ses™.

Other available pharmacological strategies include
the use of erythropoietin which can increase the erect
BP through the increase of red cell mass and circulating
volume, the improvement of anaemia and its regula-

#1 and desmopressin acetate

tory effect on vascular tone
whose efficacy is mainly observed in morning time hypo-
tension”, Finally, caffeine and acarbose can potentially
be used in the management of post-prandial hypoten-
sion”?. In a case report of 58 years old patient with DM
and severe postprandial hypotension refractory to the
use of midodrine and octreotide, acarbose (an alpha-
glucosidase inhibitor) reduced the postural drop from 50
mmHg to 18 mmHg, improving the patients symptoms
dramatically*.

Unfortunately, despite the different options available,
postural hypotension remains a difficult condition to treat
and many patients require multiple therapies and develop
severe intractable disabling symptoms. Beta blockers
might help controlling the tachycardia in some patients'”.

CONCLUSION -SYNOPSIS AND FUTURE
CONSIDERATIONS

CAN is very common and is an underdiagnosed com-
plication of DM. CAN is associated with significant in-
crease in morbidity and mortality and plays an important
role in the development of diabetic cardiomyopathy and
silent ischaemia. Clinicians interpreting exercise tolerance
testing should be aware of the reduced accuracy of this
test in patients with CAN. In addition, CAN might play
a role in the pathogenesis of diabetes-related microvas-
cular complications and the development of lower limb
complications. However, before CAN is symptomatic
and evident clinically, patients might have sub-clinical
CAN for several yeats. The time scale for the progression
from sub-clinical to clinically evident CAN is unknown.
In addition, the time scale for the progression from early
abnormalities (such as increased LV torsion) to clini-
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cally detectable cardiac disease is also unknown. Recent
guidelines have recommended screening for CAN in
patients with diabetes and issued guidance regarding the
criteria used to diagnose CAN. CAN is assessed using
several methods including CARTs, HRV, and imaging
amongst others. The use of HRV and spectral analysis
has simplified CAN testing which nonetheless remains
time consuming, Despite our improved understanding of
the pathogenesis of CAN, disease modifying treatment
1s lacking, Improving glycaemic control, life style changes
and CVD risk factors management are the mainstay of
treatment, which generally slow the progression of CAN
rather than reversing it.

Further research exploring the natural history of
CAN and the natural history of the impact of CAN on
CVD is needed. Better understanding of CAN pathogen-
esis is also required in order to develop disease modifying
treatments. OSA is increasingly recognised as an impoz-
tant contributor to the development of microvascular
complications in DM, hence it is important to clarify the
relationship between CAN and OSA as this might iden-
tify new treatment targets.
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Abstract

There are many advantages of combining incretin ther-
apy [glucagon-like peptide-1 (GLP-1) receptor agonists
and dipeptidyl peptidase-4 (DPP-4) inhibitors] with
insulin therapy as a glucose-lowering strategy in type
2 diabetes. One important advantage is the comple-
mentary mode of the mechanistic action of incretin and
insulin therapy. Another advantage is the reduction
in risk of hypoglycemia and weight gain when adding
incretin therapy to insulin. Several clinical trials have
studied the addition of GLP-1 receptor agonists [exena-
tide BID (twice daily), lixisenatide, albiglutide] or DPP-4
inhibitors (vildagliptin, sitagliptin, saxagliptin, alogliptin,
linagliptin) to ongoing insulin therapy or adding insulin
to ongoing therapy with a GLP-1 receptor agonist (lira-
glutide). These studies show improved glycemia in the
presence of limited risk for hypoglycemia and weight
gain with the combination of incretin therapy with in-
sulin. This article reviews the background and clinical
studies on this combination.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Type 2 diabetes; Glucose lowering; Insulin
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Core tip: Incretin therapy (glucagon-like peptide-1 re-
ceptor agonists or dipeptidyl peptidase-4 inhibitors)
combined with insulin therapy is a glucose-lowering
strategy in type 2 diabetes. The combination allows
a complementary mode of mechanistic action and, as
demonstrated in several clinical trials, is glucose-lower-
ing in association with limited risk for hypoglycemia and
weight gain. The combination is a promising strategy in
patients in whom metformin with either incretin thera-
py or basal insulin is insufficient for adequate glycemic
control. This article reviews the background and clinical
studies on this combination.

Ahrén B. Insulin plus incretin: A glucose-lowering strategy for
type 2-diabetes. World J Diabetes 2014; 5(1): 40-51 Available
from: URL: http://www.wjgnet.com/1948-9358/full/v5/i1/40.htm
DOI: http://dx.doi.org/10.4239/wjd.v5.i1.40

INSULIN IN COMBINATION WITH
INCRETINS: A MORE COMMONLY USED
GLUCOSE-LOWERING THERAPY

Life style changes accompanied by addition of metfor-
min are often first line glucose reducing therapy in type 2
diabetes'”. When metformin as the only pharmaceutical
agent is insufficient for adequate glycemic control, several

options are currently available. Of these, sulfonylureas,
thiazolidinediones, dipeptidyl peptidase-4 (IDPP-4) inhibi-
tors, glucagon-like peptide-1 (GLP-1) receptor agonists
and insulin were recently suggested by the joint position
statement from the American Diabetes Association and
the European Association of the Study of Diabetes to be
potentials as an add-on to metformin'. They were sug-
gested to be individualized to target the best combination
for the individual patient. However, even after combina-
tion of metformin with any of these second-line thera-
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pies, many patients still do not reach the glycemic target
which is mainly due to the progression of the disease. At
this stage, three-drug combinations are suggested to be
used, involving metformin in combination with two of
the other options. One such three-drug combination is
the combination of insulin therapy with incretin therapy
(+ metformin) as a glucose-reducing strategy of type 2
diabetes™ . This article reviews the current evidence and
experience for this combination.

BASIS FOR INCRETIN THERAPY

Incretin therapy is based on the anti-diabetic effects of
GLP-1". As an incretin hormone, GLP-1 is released
from the gut after meal ingestion and augments insulin

secretion in a glucose-dependent manner' ™, This effect
on the beta cells is achieved through activating specific
GLP-1 receptors, which are G protein coupled recep-
tors”. GLP-1 also has an important effect to inhibit glu-
cagon secretion’. These double effects on islet hormone
secretion are of importance for the anti-diabetic action
of incretin therapy and, furthermore, by targeting the
double alpha and beta cell dysfunction, incretin therapy
targets a main pathophysiological cause of the disease!"".
GLP-1 receptors are, however, also expressed in other
cells and therefore GLLP-1 also exhibits extra-islet effects,
such as delay of gastric ernptying“z] and satiety through
a central effect in the hypothalarnusm. GLP-1 also has
the potential of preserving beta cell function through
inhibition of apoptosism, although this has so far only
been demonstrated in animal studies and not shown in
humans.

The first study showing an anti-diabetic action of
GLP-1 was published in 1992, In the early develop-
ment of GLP-1 as a therapy, GLP-1 had to be given as
an intravenous infusion since the hormone is rapidly
inactivated by DPP-4"". The two successful strategies for
incretin therapy used this knowledge and today we have
several GLP-1 receptor agonists which are not or only
weakly inactivated by DPP-4 and DPP-4 inhibitors' ™"

GLP-1 receptor agonists are injected subcutaneously
once or twice daily [exenatide BID (twice daily), liraglu-
tide, lixisenatide] or once weekly {exenatide once weekly
[Quaque weekly (QW)]}. In addition, once weekly GLP-1
receptor agonists are in late clinical development (albig-
lutide, semaglutide, dulaglutide)m’zol. The GLP-1 receptor
agonists therefore differ in several respects, such as dos-
age regimen. However, GLP-1 receptor agonists also dif-
fer in other aspects, as was recently reviewed' . Thus,
the different GLP-1 receptor agonists have different mo-
lecular structures and in this context, they may be derived
from exendin-4, showing approximately 50% homology
with native GLP-1 (exenatide, lixisenatide), or they may
be true GLP-1 analogues with a structure showing a high
(> 90%) homology to GLP-1 (liraglutide, albiglutide,
semaglutide, dulaglutide). The GLP-1 receptor agonists
also differ in molecular size since they may be similar in
size to native GLP-1 (exenatide, lixisenatide, liraglutide,
semaglutide) or be 15-20 times bigger because of fusion
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of GLP-1 with albumin (albiglutide) or immunoglobulin
(dulaglutide).

DPP-4 inhibitors are oral agents given once or twice
daily (sitagliptin, vildagliptin, saxagliptin, linagliptin, alo-
gliptin, tenelagliptin, anagliptin, gemagliptin)“s‘m. They
are different from each other in terms of molecular
structure, although they are all small molecules, and they
also differ, besides in pharmacokinetics with relevance
for dosing regimen, in elimination mechanisms, as was
recently reviewed”,

Incretin therapy is today established as an add-on
treatment to metformin and is also used in other condi-
tions; it results in reduction of both fasting and postpran-
dial glucose and it is associated with a low risk of hypo-
glycemia and no weight gain (weight reduction or weight
neutrality)m’zo’zz].

RATIONALE FOR COMBINATION INSULIN
THERAPY PLUS INCRETIN THERAPY

The combination of incretin therapy and insulin therapy
was initially not clearly evident during the development
of incretin therapy. Instead, incretin therapy was mainly
developed for combination with oral antihyperglycemic
agents, in particular metformin. This is still a very im-
portant combination. However, as discussed for GLP-1
receptor agonistsm and DPP-4 inhibitors™”, incretin
therapy offers mechanistic advantages when used in as-
sociation with insulin, which makes this combination a
promising strategy for treatment.

The mechanistic complementary actions of the two
approaches relate to reduction in fasting glucose, reduc-
tion in postprandial glucose, the low risk for hypoglyce-
mia and the prevention of weight gain. More mechanistic

studies are required, however, for a full appreciation of
the complementary actions of insulin and incretins in
combination.

Fasting glucose

Reduction of fasting glucose is a major goal for glucose-
lowering therapy since fasting glucose contributes largely
to hemoglobin Alc (HbA10)**. A main effect of basal
insulin is the reduction of fasting glucose, which is
achieved through increased petipheral (mainly muscle and
fat tissue) glucose utilization and inhibited hepatic glucose
output[25’26]. Also, GLP-1-receptor agonists and DPP-4
inhibitors reduce fasting glucose but this is achieved
through other mechanisms than insulin; mainly a glucose-
dependent inhibition of glucagon sectetion from the islet
alpha cells"**". In addition, direct liver effects of GLP-1
may also contribute™. Hence, the combination of insulin
with incretin therapy would be expected to complement
each other to reduce fasting glucose.

Postprandial glucose

Postprandial glucose also contributes to HbAlc and is
therefore a target for glucose-lowering therapy”™*!. Post-
prandial glucose is mainly regulated by gastric emptying
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and the meal-induced islet hormone responsesmm. These
effects are not appreciably affected by basal insulin. In
contrast, incretin therapy reduces postprandial glucose,
although the mode of action to achieve this effect differs
between GLP-1 receptor agonists and DPP-4 inhibitors.
GLP-1 receptor agonists reduce postprandial glucose
mainly by delaying gastric emptying” . This effect of
GLP-1 shows, however, tachyphylaxis, meaning that dut-
ing long-term and continuous stimulation, the effect is
reduced”>”, Consequently, intermittently acting GLP-1
receptor agonists (exenatide BID, lixisenatide) have been
shown to be more potent to reduce gastric emptying than
continuously acting GLP-1 receptor agonists (liraglutide,
exenatide QW)™ In contrast, DPP-4 inhibitors do not
inhibit gastric ernptyingm but instead reduce postprandial
glucose mainly through inhibiting postprandial glucagon
levels and stimulating beta cell function”””", Both incretin
therapy strategies therefore reduce postprandial glucose
and thus complement the lack of such an effect by insu-
lin in the combination therapy.

Hypoglycemia

Hypoglycemia is an adverse event for glucose-lowering
therapy and is occasionally the limitation factor for
achieving good glycemic control. Hypoglycemia is associ-
ated with negative impact, such as unpleasant and some-
times dangerous symptoms, weight gain (due to defense
eating), deterioration of glycemic control (due to reduced
adherence to therapy and therapeutic goals because of
fear of new hypoglycemic episodes), increased cardiovas-
cular risk and increased risk for microvascular complica-
tions™ ", Tnsulin therapy is associated with a high risk
of hypoglycemia®", Tn contrast, incretin therapy is as-
sociated with a low risk of hypoglycemia®*"**!, This is
because the islet effect of GLP-1 is glucose dependentw’gJ
and the glucagon counter-regulation to hypoglycemia is
preserved or augmented”™”. Therefore, incretin therapy
has the potential to prevent the hypoglycemia induced by
insulin when the two treatments are used in combination.

Body weight

Since increased body weight is associated with long-term
negative effects, prevention of weight gain or weight re-
duction is of importance for glucose-lowering therapies.
Body weight is increased by insulin therapy”". This is
due to the anabolic action of insulin but may also be due
to the self-defense eating associated with hypoglycemic
events. Incretin therapy, on the other hand, prevents
weight gain since its lowering of glycemia is not associ-
ated with increased risk of hypoglycemia and therefore
the therapy avoid the self-defense eating™. GLP-1 recep-
tor agonists also induce satiety through effects on the sa-
tiety center in the hypothalamus, thereby inducing weight
reduction”. Therefore, the combination of incretin
therapy with insulin has a great advantage of preventing
the weight gain induced by insulin.

Disease modifying effects
Type 2 diabetes is a progressive disease with is mainly
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due to a continuous decline in beta cell function™. It
has been discussed whether insulin therapy and incretin
therapy may have complementary disease modifying ef-
fects”. The rationale for this suggestion is that insulin
has been suggested to improve beta cell function through
its normalization of fasting glucose, thereby preventing
glucotoxicity and may also result in “beta cell rest”™. On
the other hand, GLP-1 based therapies may improve beta
cell function so much that beta cell function will also be
improved over a long-term perspective, particularly in as-

sociation with inhibited beta cell apoptosisp’()].

ADVANTAGES OF COMBINING INSULIN
WITH INCRETIN THERAPY

The complementary actions of insulin and incretin thera-
py, as discussed above, may result in potential advantages
that may be observed by using this combination as a
glucose-lowering strategy when treating people with type
2 diabetes. The main advantages are: (1) the combined
reduction of fasting and postprandial glycemia which
will lower HbAlc; (2) the lower risk of hypoglycemia
which is due to the protection against hypoglycemia with
incretin therapy in association with the often observed
reduction in insulin dose when using this combination; (3)
the lower risk for weight gain, which again is due to the
protection against weight gain by incretin therapy in as-
sociation with reduced weight gain through reduction in
the insulin dose; and (4) the potential long-term disease
modifying prospect of the combination.

CLINICAL STUDIES OF ADDING GLP-1
RECEPTOR AGONISTS TO INSULIN

Exenatide

The first proper clinical trial exploring the combination
of incretin therapy with insulin was a study in 259 pa-
tients with type 2 diabetes who were treated with insulin
glargine (+ metformin and/or pioglitazone) with insuffi-
cient glycemic control (HbAlc 7.5%-10.5%; mean 8.4%).
Patients were randomized to receive additional therapy
with exenatide BID (7 = 138) or placebo (7 = 123) and
the dose of insulin glargine was titrated to achieve a
fasting glucose level less than 5.6 mmol/ L2 After the
study period of 30 wk, HbAlc was reduced by 1.7% in
the group treated with exenatide BID as an add-on com-
pared to 1.0% by placebo (P < 0.001). The daily insulin
glargine dose had increased by 20 U (95%CI: 16-24) in
the placebo group and by 13 U (95%CI: 9-17) in the ex-
enatide BID-group (P = 0.030) (baseline insulin glargine
dose was 48 U). Postprandial glucose was reduced in the
exenatide BID-treated group (by 2.0 mmol/L, 95%CI:
1.5-2.5 mmol/L) but not changed in the placebo group
(P < 0.001), whereas changes in fasting glucose did not
differ between the two groups. Body weight was reduced
(by 1.8 kg) in the exenatide BID group but increased
(by 1.0 kg) in the placebo-treated group (baseline 94 kg).
Furthermore, the number of hypoglycemic events did
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Table 1 Published clinical trials with glucagon-like peptide-1

receptor agonists added to ongoing insulin therapy

Exenatide BID Lixisenatide
Ref 56 58 59 60
Number of patients 259 495 446 311
Duration (wk) 30 24 24 24
HbAlc Baseline 8309 84+09 76+05 8507
Change -1.7(-1.9,-1.6) -0.7+0.1 -0.7£0.1 -0.8+0.2
Baseline 85+1.0 84+08 76+05 8508
comparator
Change -1.0(-1.2,-0.9) -04+0.1 -04£0.1 +0.1£0.2
comparator
FPG Baseline 79+21 81+28 6.6+17 78+22
(mmol/L) Change -1.6(-1.9,-1.3) -0.6+0.2 -03+£0.2 -04+0.3
Baseline 83+23 80+27 67+£20 77+23
comparator
Change -15(-18,-12) -0.6+03 -0.5+02 03*0.3
comparator
Hypoglycemia GLP-1IRA 14' 206" 28 42%33
Comparator 1.2! 522 220 24% 28
Body weight  Baseline 95 20 89+21 88+22 66*13
Change -1.8(-24,-1.1) -1.8+02 03+03 -04
Baseline 93+21 88+20 87+21 66+12
comparator
Change 1.0(0.2,1.7) -05+03 1.2+03 +0.1
comparator

Insulin glargine was used in all studies. Occurrence of hypoglycemia was
reported as number of episodes per patient year', number of events” or as
percentage of patients with at least one hypoglycemic episode’. One study
also reported percentage of patients not on sulfonylurea who experienced
at least one hypoglycemic episode’. Variation in baseline is SD, variation
in effect is SE. Variation within parenthesis is the 95%CI. FPG: Fasting glu-
cose; GLP-1: Glucagon-like peptide-1; HbAlc: Hemoglobin Alc.

not differ significantly between the groups inspite of the
difference in HbAlc (1.4 episodes pet patient year in the
exenatide BID-treated group »s 1.2 episodes per patient
year in the placebo group) (Table 1).

In another study, a direct comparison was performed
between adding exenatide BID s short-acting prandial
insulin lispro to ongoing insulin glargine (+ metformin)
in patients who wete inadequately controlled on insulin
glargine + metformin. The study used an initial 12 wk
titration phase with insulin glargine [fasting glucose (FPG)
glucose target < 5.6 mmol/L]. Patients who failed to re-
duce HbAlc below 7% during this titration petiod (mean
8.3%) were randomized to receive additional exenatide
BID (# = 316) or insulin lispro (# = 321). The results
showed that after 30 wk, HbAlc had been reduced by
1.1% £ 0.1% in both groups (not significantly different).
Fasting glucose was reduced by 0.5 * 0.2 mmol/L in the
exenatide group »s 0.2 £ 0.2 mmol/L in the insulin lispor
group (P = 0.002) and whereas postprandial glucose was
similarly reduced after breakfast and evening meals, it
was more pronouncedly reduced by lispro at lunch (when
exenatide was not given; P < 0.001). Body weight was
reduced in the exenatide BID group (by 2.4 + 0.2 kg) and
increased in the insulin lispro group (by 2.1 = 0.2 kg).
The number of hypoglycemic events was lower in the ex-
enatide[%g]roup (n = 206) than in the insulin lispro group (#
= 522)"".
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Lixisenatide

The GLP-1 receptor agonist lixisenatide has been ex-
amined as an add-on to basal insulin in three studies. In
the first study, patients treated with basal insulin with
inadequate glycemic control (HbAlc 7%-10%, mean
7.6%) were randomized to addition of lixisenatide (# =
328) or placebo (# = 167) without any insulin titration”".
The used basal insulins in the study were insulin glargine
(50%), insulin detemir (47%), neutral protamine Hagedo-
rn (NPH) insulin (7%) or premix insulin (2%) and 80%
of the patients were additionally treated with metformin.
After the study period of 24 wk, HbAlc was reduced by
0.7% by lixisenatide and by 0.4% by placebo (P < 0.001).
Fasting glucose was reduced in both groups but with no
significant difference. In contrast, postprandial glucose
was mote pronouncedly reduced in the lixisenatide group
(by 5.5 0.5 mmol/L) than in the placebo group (by 1.7
+ 0.5 mmol/L, P < 0.001). Body weight (from baseline
of 88 kg) was reduced by 1.8 kg by lixisenatide and 0.5 kg
by placebo (P < 0.001). The daily insulin dose (mean 56
U at baseline) had been reduced by 5 U in the lixisenatide
group and by 2 U in the placebo group. Twenty-eight
percent of patients in the lixisenatide group reported hy-
poglycemia s 22% in the placebo group.

In the second study on add-on with lixisenatide to
basal insulin, lixisenatide was added to insulin glargine in
patients who initially failed to control glycemia with oral
agents (HbAlc 7%-10%, mean HbAlc 8.6%)"". After
an initial titration phase of insulin glargine alone for 12
wk targeting a fasting glucose of 4.4-5.6 mmol/L (mean
HbA1lc was reduced to 7.6%), patients were randomized
to lixisenatide (7 = 223) or placebo (# = 223) together
with ongoing insulin therapy (+ metformin) for 24 wk. It
was found that mean HbAlc was further reduced to 7.0%
in the lixisenatide group »s to 7.3% in the placebo group
(P < 0.001). Fasting glucose was similarly reduced in both
groups, whereas postprandial glucose was reduced more
in the lixisenatide group (by 3.4 = 0.5 mmol/L) than in
the placebo group (0.1 £ 0.5 mmol/L; P < 0.001). Body
weight was increased by 1.2 kg in the placebo group and
by 0.3 kg in the lixisenatide group (baseline 86 kg) (P =
0.0012). Confirmed hypoglycemia was reported in 0.80
episodes per patient year in the lixisenatide group vs 0.44
in the placebo group.

Finally, the effect of adding lixisenatide to ongoing
insulin therapy has also been examined in Asian patients
with inadequate glycemic control on basal insulin [with
(70%) or without sulfonylurea therapy]| P Of the pa-
tients, 60% were treated with insulin glargine, 27% with
insulin detemir and 13% with NPH insulin with a mean
daily insulin dose of 25 U. The patients were random-
ized to addition of lixisenatide (# = 154) or placebo (7 =
157) together with ongoing therapy with basal insulin *
sulfonylurea. After the 24 wk study period, HbAlc was
reduced by 0.8% in the lixisenatide group »s increased by
0.1% in the placebo group (P < 0.001). There was a re-
duction in fasting glucose in the lixisenatide group com-

pared to the placebo group (P = 0.0187) and postprandial
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Table 2 Published clinical trials with dipeptidyl peptidase-4 inhibitors combined with basal + prandial insulin

Vildagliptin Sitagliptin Alogliptin Saxagliptin Linagliptin
Ref 62 63 64 65 67 69 70
Number of patients 296 449 641 124 390 455 1261
Study duration (wk) 24 24 24 24 26 52 24
Comparator Stable insulin Stable insulin ~ Stable insulin  Increasing insulin =~ Stable insulin Stable insulin Stable insulin
HbAlc (%) Baseline 84+1.0 88*1.0 8.7+0.9 92+1.0 93+11 8.7+0.9 83%0.1
Change -05+0.1 -0.8+0.1 -0.6 (-0.7, -0.5) -0.6 (-0.9,-0.3) -0.7 -0.8+0.1 -0.6 £0.1
Baseline placebo 84+1.1 8.8*1.0 8.6 0.9 92+11 93+1.1 8.6 £0.9 83%0.1
Change placebo -02+0.1 -01+0.1 0(-0.1,0.1) -0.2 (-0.5,0.3) -0.1 -04+£0.1 -01+0.1
FPG (mmol/L) Baseline 93+31 9.6 £2.6 98+29 9.0£33 103 £3.9 NR 82%26
Change -0.8+0.3 -0.8 -1.0 (-1.4,-0.7) -1.0 (2.7, -0.2) -0.6 £0.3 -02£0.2
Baseline placebo 8.7+31 91+£25 99+33 84+28 109+43 NR 84+26
Change placebo -02+04 -0.2 -0.2 (-0.6,0.2) -1.3 (-1.8,-0.5) 03+03 -03£0.2
Hypoglycemia 113 8.47 16° 7 20° 23° 23
Hypoglycemia placebo 185' 7.2° 8§ 14° 407 27° 22
Body weight (kg) Baseline 9%5+2 7816 87 +19 69 +12 87 +19 88 +18 BMI (31 £ 5)
Change 1.3+£03 0.1 -0.1(-0.2, 0.4) -0.7 (-1.4,-0.1) 0.6 £0.2 0.8 -02+0.1
Baseline placebo 95 +2 79+17 87 +18 66 +10 91+21 86 +16 BMI (31 £ 5)
Change placebo 0.6+0.3 -0.4 -0.1(-0.3, 0.4) 1.1(0.2,1.8) 0.6 £0.2 0.5 01£0.1

In the studies long and medium acting insulin and premixed insulins were used. Occurrence of hypoglycemia was reported as number of events' or as per-
centage of patients with at least one hypoglycemic episode’. Variation in baseline is SD, variation in effect is SE. Variation within parenthesis is the 95%CL.
FPG: Fasting glucose; BMI: Body mass index (kg/m?); HbAlc: Hemoglobin Alc.

glucose was reduced by 8 mmol/L in the lixisenatide
group but not changed in the placebo group (P < 0.001).
Symptomatic hypoglycemia was more frequent with
lixisenatide (42.9%) »s5 placebo (23.6%). In contrast, in
patients not treated with sulfonylurea, hypoglycemia was
similar between groups (32.6% »s 28.3%, respectively).
Change in body weight was not significantly different
between the groups wheteas the daily insulin dose was
reduced by 1.4 U in lixisenatide group »s by 0.1 U in the
placebo group (P = 0.0019).

Albiglutide

A study compared the effects of the once weekly GLP-1
receptor agonist albiglutide (#z = 285) s insulin lispro (»
= 281) to ongoing insulin glargine therapy (+ oral agents,
no sulfonylurea) in patients with type 2 diabetes with in-
adequate glycemic control (mean HbAlc 8.5%)"). There
was a titration algorithm for insulin glargine to achieve
fasting glucose of 4.4-7.2 mmol/L. After the 26 wk study
period, HbAlc was similarly reduced by albiglutide (0.8%
+ 0.1%) and by insulin lispro (0.7% % 0.2%). Fasting
glucose was reduced in both groups with no significant
difference. Body weight (baseline 92 kg) was reduced
0.7 + 0.2 kg by albiglutide and increased by 0.8 = 0.2 kg
by insulin lispro (P < 0.001). Mean insulin glargine dose
did not change during the study. Thirty-two percent of
patients on albiglutide experienced hypoglycemia 25 50%
with insulin lispro.

CLINICAL STUDIES OF ADDING DPP-4
INHIBITORS TO INSULIN

Vildagliptin
The first study examining a DPP-4 inhibitor in combina-
tion with insulin added vildagliptin (2s placebo) to insulin
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treated patients with insufficient glycemic control (HbAlc
7.5%-11%, mean HbAlc 8.4%; n = 296)"""". Patients were
treated with basal and prandial insulin (mean 2.8 injec-
tions per day, mean daily insulin dose 82 U). After the
24 wk study period, HbAlc was reduced by 0.5% in the
vildagliptin group »s 0.2% in the placebo group (baseline
8.4%) (P = 0.01). During the course of the study, there
were 113 hypoglycemic events in the vildagliptin group
compared to 185 in the placebo group and whereas there
were 6 episodes of severe hypoglycemia in the placebo
group, no severe hypoglycemic episode was seen in the
vildagliptin group. The mean daily insulin dose was re-
duced by 1.9 U in the vildaglitpin »s increased by 2.4 U in
the placebo group. Change in body weight did not differ
between the groups (Table 2).

Another study examined the addition of vildagliptin
to ongoing insulin (+ metformin) therapy in 449 patients
over 24 wk'”. The patients were treated with long-acting
insulin (22%), intermediate acting insulin (17%) and
premixed insulin (60%), with a mean daily insulin dose
of 40 U. They had insufficient glycemic control (HbAlc
7.5%-11%; mean HbAlc 8.8%). It was found that
HbA1lc was reduced by vildagliptin by 0.8% and by pla-
cebo by 0.1% (P < 0.001). Fasting glucose was reduced in
the vildagliptin group but not in the placebo group (P =
0.050). Hypoglycemia was reported in 8.4% of patients in
the vildagliptin group and by 7.2% in the placebo group.
The daily insulin dose was 41 U at baseline and slightly
reduced in both groups with no difference. There was no
change in body weight in any of the groups.

Sitagliptin

The first study examining the combination of sitagliptin
with insulin therapy added the DPP-4 inhibitor »s pla-
cebo to ongoing insulin (+ metformin) treatment over 24
wk in 641 patients with pootly controlled type 2 diabetes
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(HbAlc 7.5%-11%, mean HbAlc 8.6%). Seventy-four
percent of the patients were treated with long-acting
or intermediate-acting insulin and 26% were treated
with premixed insulin. After the 24 wk study period,
HbAlc was reduced by 0.6% by sitagliptin »s no change
by placebo (P < 0.001). Fasting glucose was reduced in
the sitagliptin group but not in the placebo group (P <
0.001). Similarly, postprandial glucose was reduced in the
sitagliptin group (by -1.7 mmol/L, 95%CI: -2.2, -1.2) but
not changed in the placebo group (0.3 mmol/L, 95%CI:
-0.2-0.7) (P < 0.001). Hypoglycemia was observed in 16%
of the patients on sitagliptin »s 8% of patients on pla-
cebo. Insulin dose was reduced by 0.1 U in the sitagliptin
and by 1.6 U in the placebo group (baseline 44 U for long
acting insulin and 67-74 U with premixed insulin). Body
weight was reduced by 0.1 kg in both groups.

Another study compared adding sitagliptin to insulin
therapy ss increasing the insulin dose in 140 patients on
insulin therapy (+ oral agents) who had inadequate gly-
cemic control (baseline HbAlc 7.5%-11%, mean HbAlc
9.2%). Patients were treated with insulin glargine alone
(48%), insulin glargine together with rapid acting insulin
(23%) or NPH insulin in combination with regular insu-
lin (29%); mean daily insulin dose was 37 U. It was found
that over the 24 wk study period, sitagliptin (mean insulin
dose reduced by 2 U) reduced HbAlc by 0.6%, whereas
increasing the insulin dose (by 10 U) reduced HbAlc by
0.2% (P < 0.005)"". Fasting glucose was reduced by ap-
proximately 1 mmol/L in both groups with no significant
difference. Hypoglycemia occurred in 7 events pet patient
year in the sitagliptin group »s 14.3 events per patient year
in the insulin group. Body weight was reduced by 0.7 kg
in the sitagliptin group »s increased by 1.1 kg in the insu-
lin group (P < 0.05).

A third study examined the add-on of sitagliptin (»
= 2306) vs placebo (n = 232) to patients who were treated
with insulin (long-acting, intermediate-acting or premixed
insulin) in combination with metformin over 6 mo. It was
found that with the addition of sitagliptin, HbAlc was
reduced by 0.8% (baseline 8.5%) »s no change in HbAlc
after addition of placebo (P < 0.001). Relative to the pla-
cebo group, fasting glucose was reduced by 1.0 mmol/L
and postprandial glucose by 2.0 mmol/L. Hypoglycemia
was observed in 18% of patients in the sitagliptin group
s 8% in the placebo group[GS].

Alogliptin

Alogliptin (two doses) or placebo was added to ongoing
insulin therapy alone (40%) or with metformin in 390 pa-
tients with inadequate glycemic control (HbAlc = 8.0%;
baseline HbA1c 9.3%)" . The insulin treatment that was
used was premixed insulin or insulin combinations (64%),
as well as long-acting basal insulin alone (34%) or short-
acting insulin alone (2%); mean daily insulin dose was
57 U. During the course of the 26 wk study, daily insulin
dose was kept constant. Alogliptin reduced HbAlc by
0.6% (12.5 mg daily; » = 131) and 0.7% (25 mg daily; #
= 129) vs a reduction by 0.1% in the placebo group (# =
130) (P < 0.001). Fasting glucose was reduced by aloglitin
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in the 25 mg group (by -0.6 = 0.3 mmol/L »s the placebo
group (0.3 £ 0.3 mmol/L; P = 0.030) but not changed
in the 12.5 mg group. The number of patients reporting
hypoglycemia was lower in the two alogliptin groups (21%
and 20%, respectively) than in the placebo group (40%; P
< 0.001). There was no difference in hypoglycemia events
(24%-27% of patients reported hypoglycemic episodes in
the three groups). Body weight increased by 0.6 kg (base-
line 88 kg) in all groups.

Saxagliptin

Saxagliptin or placebo was added to ongoing insulin
therapy (basal insulin or premixed insulin = metformin)
in 455 patients with inadequate glycemic control (HbAlc
7.5-11). During the course of the 24 wk study, daily insu-
lin dose was kept constant'"”, Placebo-adjusted reduction
in HbAlc by saxagliptin was 0.4% (P < 0.001). There was
no difference in hypoglycemia events (18% with saxa-
gliptin, 20% with placebo). Body weight was increased
by 0.4 kg in the saxagliptin group and by 0.2 kg in the
placebo group. An extension phase of this study showed

sustained effects over 52 wk'®.

Linagliptin

Linagliptin or placebo was added to ongoing basal insu-
lin therapy (+ metformin and/or pioglitazone) in 1261
patients with inadequate glycemic control (HbAlc 7-10).
During the study, daily insulin dose was kept constant
during the first 24 wk but could thereafter be titrated ac-
cording to fasting glucose[()g]. After 24 wk, HbAlc was
reduced by 0.6% (baseline 8.3%) by linagliptin and by
0.1% by placebo (P < 0.001). Placebo-adjusted reduc-
tion in fasting glucose with linagliptin was 0.6 mmol/L
(95%CI: -0.9-0.4). During the following 28 wk, insulin
dose was increased by 2.6 U in the linagliptin group and
by 4.2 U in the placebo group but with no further change
in HbAlc. There was no difference in hypoglycemia
events (23% with linagliptin, 22% with placebo after 24
wk). Body weight was reduced by 0.3 kg in the linagliptin
group and by 0.04 kg in the placebo group.

COMPARING CONTROLLED TRIALS
COMBINING ADDING INCRETIN THERAPY
TO INSULIN

As outlined above, the reduction in HbAlc, fasting and
postprandial glucose, the lower risk of hypoglycemia, the
prevention of weight gain and the potential disease modi-
fication are the main advantages of combining incretin
therapy with insulin. Except for any direct evidence of
a disease modifying effect of the combination, the con-
trolled trials summarized above include information on
these aspects and therefore it is of interest to compare
their results in this regard (Tables 1 and 2).

HbA1c
The mean reduction in HbAlc in the controlled clinical
studies adding incretin therapy to stable dose for 6 mo
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was -0.8% £ 0.1% compared to -0.3% * 0.1% when pla-
cebo was added (P < 0.001; Tables 1 and 2). There does
not seem to be a difference between the two different
strategies of incretin therapy since the placebo-adjusted
reduction in HbAlc was -0.6% % 0.2% for GLP-1 recep-
tor agonists (# = 4 studies) »s -0.5% * 0.1% for DPP-4
inhibitors (# = 6 studies).

Fasting glucose

Fasting glucose is also reduced by adding incretin therapy
to stable dose of insulin. It was found to be reduced by
-0.7 £ 0.1 mmol/L by the incretin therapy ss by -0.3 £
0.1 mmol/L in the placebo groups (P = 0.027; Tables 1
and 2). There does not seem to be a difference between
the two different strategies of incretin therapy since fast-
ing glucose was reduced by 0.2 £ 0.2 mmol/L by GLP-1
receptor agonists (7 = 4 studies) »s by -0.6 + 0.2 mmol/L
by DPP-4 inhibitors (# = 5 studies).

Postprandial glucose

A few studies also examined postprandial glucose after
adding incretin therapy to a stable dose of insulin. They
showed that postprandial glucose was markedly reduced
when adding GLP-1 receptor agonists exenatide BIDP
and lixisenatide™, whereas after adding the DPP-4 inhib-
itor sitagliptin, postprandial glucose was more modestly

reduced®”.

Hypoglycemia

In the studies where incretin therapy has been added
to insulin compared to ongoing insulin, the occurrence
of hypoglycemia was not different between the incretin
treatment and placebo in most studies (Tables 1 and
2). Since in most of these studies HbAlc is lower after
addition of incretin therapy compared to placebo, an
increased risk of hypoglycemia would be expected af-
ter incretin therapy. Since the opposite was the case, a
conclusion is that incretin therapy will reduce the risk
of hypoglycemia. This conclusion is also evident in the
studies in which incretin therapy as an add-on to basal
insulin was compared with the active comparator of
either adding short-acting insulin®**"!
insulin dose'™. A reason for the low risk of hypoglycemia
when adding incretin therapy to insulin therapy could be
the reduced dose of insulin which often accompanies
the combination. It may, however, also be caused be a
sustainment of the glucagon counterregulation to hypo-
glycemia, as was recently demonstrated for the DPP-4
inhibitor vildagliptin when added to insulin; the sustained
glucagon counterregulation assures a sufficient hepatic
glucose response to prevent hypoglycemia[sm.

or increasing the

Weight gain

Body weight was significantly reduced by -0.9 * 0.5 kg
by adding GLP-1 receptor agonists to ongoing insulin
therapy compared to 0.4 * 0.4 kg in the placebo groups,
corresponding to a placebo-adjusted reduction by -1.4 *
0.5 kg (Table 1). In contrast, DPP-4 inhibitors are weight
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neutral when added to insulin with a placebo-adjusted

change in body weight of -0.2 = 0.1 kg (Table 2).

OTHER STUDIES COMBINING INCRETIN
THERAPY WITH INSULIN

Adding insulin to a GLP-1 receptor agonist

One study has examined the addition of basal insulin to
patients who are treated with a GLP-1 receptor agonist
with insufficient glycemic control. The study initially ex-
amined addition of liraglutide to patients failing glycemic
control on metformin (& sulfonylurea; sulfonylurea was
removed at start of study) (z = 988)". After 12 wk, pa-
tients who were still uncontrolled (HbAlc > 7%) were
randomized to continue metformin plus liraglutide or ad-
dition of insulin detemir to titrate fasting glucose to 4-6
mmol/L. After another 26 wk, HbAlc had been reduced
by 0.5% by the combination of insulin detemir plus
liraglutide, whereas those on liraglutide alone (all with
metformin) had no further change in HbAlc (P < 0.001).
FPG decreased more in the liraglutide + insulin group
than in the liraglutide control group (P < 0.001). Hypo-
glycemia rates were 9.2% in the group given insulin de-
temir and liraglutide #s 1.3% with liraglutide alone. Body
weight (baseline 96 kg) decreased by 3.5 kg by liraglutide
during the initial period and then by 0.16 kg with insulin
detemir and liraglutide »s by 0.95 kg with liraglutide with-
out insulin detemir (P = 0.03).

Initial combination of incretin therapy with insulin
Liraglutide has been examined in a fixed ratio combi-
nation with insulin degludec in a randomized study in
subjects with type 2 diabetes". Tt was a large trial in
which patients treated with metformin + pioglitazone
and inadequate glycemic control (baseline HbAlc 8.3%)
were randomized to the addition of insulin degludec (# =
414), liraglutide (2 = 415) or the combination of insulin
degludec and liraglutide (7 = 834). After 26 wk of treat-
ment, HbAlc had been reduced by 1.4% with insulin
degludec alone, 1.3% with liraglutide alone and 1.9%
with insulin degludec in combination with liraglutide.
Body weight had increased by 2.2 kg with insulin de-
gludec alone, was reduced by 2.4 kg by liraglutide and was
neutral with the combination. Cumulative episodes of
hypoglycemia were 1.3 per patient in the insulin degludec
group and reduced to 0.9 per patient in the combination
group (0.1 in the liraglutide alone group).

Another study randomized 217 patients who had in-
sufficient glycemic control on metformin * sulfonylurea
to receiving sitagliptin plus sulfonylurea or sitagliptin plus
insulin detemir (all on metformin). After the 26 wk study
period, sitagliptin had reduced HbAlc by 0.9% (mean
baseline HbAlc 8.5%), whereas sitagliptin plus insulin
detemir had decreased HbAlc by 1.4%. Hypoglycemia
was reported in 1.3% of patients in the insulin detemir
plus sitagliptin group and 1.7% in the sitagliptin alone
group. Body weight decreased in both arms with a mean
decrease of -1.7 kg in the sitagliptin control group #s -0.8
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kg with sitagliptin plus insulin detemir group[m.

Uncontrolled studies combining incretin therapy with
insulin

There are also a few uncontrolled studies of combin-
ing insulin therapy and incretin therapy in patients with
type 2 diabetes which arrive at similar conclusions as the
previously summarized controlled trials. One retrospec-
tive report showed that addition of exenatide BID to 188
insulin-treated patients resulted in a reduction in HbAlc
by 0.66% (baseline 8.1%) after 6 mo with a persistent ef-
fect throughout two years; mean insulin dose could be
reduced by 15% and only 4% of patients experienced
hypoglycemia™”. Furthermore, a study in obese patients
with type 2 diabetes added exenatide BID (z = 21) or li-
raglutide (# = 40) to ongoing insulin therapy and showed
a reduction in HbAlc in these patients by 1.0% (baseline
8.9%) after 7 mo. At the same time, the daily insulin dose
was reduced from 91 U to 52 U and only a few hypogly-
cemia episodes were reportedm. Morteover, a study in
severely insulin resistant obese subjects treated with in-
sulin U-500 (mean daily dose 192 U) received liraglutide
for twelve weeks which reduced HbAlc by 1.4% (mean
baseline HbAlc 8.5%) and at the same time the insulin
dose was reduced by 28%. There were no reports of hy-
poglycemia and body weight was reduced by 5 kg (baseline
body weight 136 kg)".

SAFETY OF THE COMBINATION OF
INSULIN AND INCRETIN THERAPY

Incretin therapy has been shown to be safe with high
tolerability and the only consistent adverse event is nau-
sea and vomiting during the initial treatment period with
GLP-1 receptor agonistslﬂ’zo’”’q. Local injection site reac-
tions (nodules and/or erythema) sometimes occur in as-
sociation with treatment with GLP-1 receptor agonists,
although such reactions are rare and commonly transient.
Antibodies may be formed against GLP-1 receptor ago-
nists; more commonly with exendin-4-based agonists
(exenatide, lixisenatide) than after GLP-1-based agonists.
In contrast, adverse events are rare during treatment with
DPP-4 inhibitors, as evident from pooled analysis of clin-
ical trials”""™. Recently, there has been a discussion about
whether there is an increased risk of acute pancreatitis in
incretin therapy. However, pooled or meta-analysis analy-
ses have not demonstrated any increased risk when com-
pared to placebo or other comparatorsmm]. Nevertheless,
it is important to follow patients on GLP-1 receptor ago-
nists in this regard and in patients with a history of acute
pancreatitis, incretin therapy should not be given. Rodent
data also suggest that GLP-1 receptor agonists may be
associated with medullary thyroid carcinoma™. This has
not, however, been observed in other animal species or
humans, possibly because C-cells in humans have a lower
expression of GLP-1 receptors than rodent C-cells™",
Incretin therapy has also been discussed in relation-
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ship to cardiovascular safety and meta-analyses have
shown that there is no detrimental effect of GLP-1 re-
ceptor agonists”? or DPP-4 inhibitors'™. Furthermore,
several cardiovascular safety trials with incretin therapy
are at present ongoing and two such recently published
studies showed no increased risk for cardiovascular dis-
ease with saxagliptin®™ or alogliptin®.

Also, insulin therapy is safe with the only concern be-
ing the increased risk of hypoglycemia and weight gain,
expected adverse events through the glucose-lowering
actions of the therapy. By combining incretin therapy
and insulin, there is no additional concern for safety or
tolerability, as evident from the studies reported in this
review”” ™. Hence, the number of adverse events is not
higher in the incretin therapy + insulin treatment groups
than in placebo groups in placebo-controlled clinical tri-
als on GLP-1 receptor agonists or DPP-4 inhibitors as an
add-on to insulin therapy, except the nausea and vomit-
ing for the GLP-1 receptor agonists. This also includes
recently discussed potential adverse events such as acute
pancreatitis.

Some practical aspects need to be taken into account
for incretin therapy. This includes the dose reduction of
sitagliptin, vildagliptin, saxagliptin and alogliptin in pa-
tients with renal impairment due to their renal excretion.
Furthermore, exenatide and liraglutide should be cau-
tiously used in patients with renal impairment due to in-
sufficient experience in this patient group. Furthermore,
in patients with hepatic impairment, vildagliptin is not
recommended. As for all new treatment combinations,
however, the combination of incretin therapy with insu-
lin also needs careful follow-up for examining potential
adverse events which have not yet been observed.

SUMMARY AND CLINICAL POSITIONING
OF INCRETIN PLUS INSULIN
COMBINATION

The combination of insulin therapy with incretin therapy
is attractive due to experience that this combination
improves glycemia with a low risk of increasing risk for
hypoglycemia and low risk of weight gain. The combina-
tion is therefore of particular value in patients on insulin
therapy in whom HbA1lc is not sufficiently reduced. In
some patients, insufficient improvement of glycemia may
be caused by clinical inertia with reluctance to increase
the insulin dose due to fear of hypoglycemia or weight
gain. Addition of incretin therapy with its lower risk of
hypoglycemia and low risk of weight gain may therefore
prevent the clinical inertia in these patients.

Incretin addition is also of value in patients who have
insufficient reduction in HbAlc by intensified basal insu-
lin therapy due to persistent high postprandial glycemia
or frequent hypoglycemia. Incretin therapy offers advan-
tages over addition of prandial insulin in these patients.
Of particular importance is the prevention of hypogly-
cemia, since hypoglycemia is associated with both short-
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term and long-term negative impact, not least on cardio-
vascular outcomes. The combination of incretin therapy
with insulin may therefore provide advantages both in
the short-term and by reducing long-term complications
to the disease.

A main indication for the combination of incretin
therapy and insulin is thus in patients who are treated
with basal insulin (£ metformin) in whom there is insuf-
ficient glycemic control and/or an unacceptable high
rate of hypoglycemia and/or unacceptable weight gain.
In patients with HbAlc levels which are not very high
(< 7.5%), it is advisable to reduce the basal insulin dose
when starting incretin therapy. The combination of in-
cretin therapy with insulin is also an important treatment
strategy in patients who are treated with metformin and
incretin therapy in combination and in whom the glyce-
mic control is insufficient, ze., to add basal insulin thera-
py to incretin therapy (+ metformin). The combination
with incretin therapy and insulin may thus be introduced
in either way, starting with incretin therapy or starting
with insulin. It is also a possibility to start immediately
with initial combination with incretin therapy and insulin
in patients who are treated with metformin and who are
in insufficient metabolic control. Such an early introduc-
tion of the combination may be a solution to the unmet
need to start aggressive therapy eatly on during the dis-
ease development to achieve long-term control. Further
studies are required to examine the long-term effects
of this initial combination. One important set of trials
would be studies comparing this treatment strategy with
other three-drug combinations. This would be of inter-
est to further analyze the potential for the combination
of incretin plus insulin therapy (+ metformin). What
would also be of value would be to compare different
incretin therapies (different GLP-1 receptor agonists
and different DPP-4 inhibitors) to elucidate potential
differences in effects of the different compounds when
combined with insulin. More mechanistic studies would
also be of value, for example to examine the relationship
between insulin therapy and incretin hormones for the
regulation of hepatic glucose output, glucose utilization
and islet function and, furthermore, to study impact of
the combination therapy on gastric emptying and satiety.
Moreover, it would also be of great value to analyze the
cardiovascular outcome of this three-drug combination.
This would be possible in sub-group analysis on the car-
diovascular outcome trials of incretin treatment in which
patients on insulin therapy have also been enrolled. Fi-
nally, studies directly aiming at examining the potential
disease modifying effect of the combination of incretin
therapy and insulin are important; these studies need to
have a long duration and include mechanistic studies on
islet function.

The combination of incretin therapy with insulin (£
metformin) is thus a promising glucose-lowering strategy
in type 2 diabetes, allowing a more intensified treatment
at an earlier stage of the disease with a lower risk for
hypoglycemia and weight gain when compared to other
intensifying therapies.
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Abstract

Approximately 170 million people worldwide are chroni-
cally infected with hepatitis C virus (HCV). Chronic HCV
infection is the leading cause for the development of
liver fibrosis, cirrhosis, hepatocellular carcinoma (HCC)
and is the primary cause for liver transplantation in the
western world. Insulin resistance is one of the patho-
logical features in patients with HCV infection and of-
ten leads to development of type II diabetes. Insulin
resistance plays an important role in the development
of various complications associated with HCV infection.
Recent evidence indicates that HCV associated insulin
resistance may result in hepatic fibrosis, steatosis, HCC
and resistance to anti-viral treatment. Thus, HCV as-
sociated insulin resistance is a therapeutic target at any
stage of HCV infection. HCV modulates normal cellular
gene expression and interferes with the insulin signal-
ing pathway. Various mechanisms have been proposed
in regard to HCV mediated insulin resistance, involving
up regulation of inflammatory cytokines, like tumor
necrosis factor-a, phosphorylation of insulin-receptor
substrate-1, Akt, up-regulation of gluconeogenic genes
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like glucose 6 phosphatase, phosphoenolpyruvate car-
boxykinase 2, and accumulation of lipid droplets. In this
review, we summarize the available information on how
HCV infection interferes with insulin signaling pathways
resulting in insulin resistance.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis C virus; Insulin resistance; Insulin
receptor substrate 1; Protein kinase B; mammalian tar-
get of rapamycin/S6K1; Suppressor of cytokine signal-
ing 3; Glucose transporter-4; Lipid metabolism; Anti-
viral therapy

Core tip: Insulin resistance is one of the pathological
features in patients with hepatitis C virus (HCV) infec-
tion and often leads to development of type II diabe-
tes. Recent evidence indicates that HCV associated in-
sulin resistance may result in hepatic fibrosis, steatosis,
hepatocellular carcinoma and resistance to anti-viral
treatment. In this review, we summarize the available
information on how HCV infection interferes with insulin
signaling pathways.

Bose SK, Ray R. Hepatitis C virus infection and insulin resis-
tance. World J Diabetes 2014; 5(1): 52-58 Available from: URL:
http://www.wjgnet.com/1948-9358/full/v5/i1/52.htm DOIL: http://
dx.doi.org/10.4239/wjd.v5.i1.52

INTRODUCTION

Hepatitis C virus (HCV) contains a positive sense single
stranded RNA genome and belongs to the family Flavi-
viridae and genus Hepacivirusm. HCV genome, 9.6 kb in
length, is composed of a 5" non-translated region (NTR),
a long open reading frame (ORF) encoding a polyprotein
and a 3> NTR. The ORF encodes a polyprotein of about
3000 amino acids that is translated »7z an internal ribo-
some entry site at the 5 NTR. The polyprotein is then
cleaved by both cellular and viral proteases into at least
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10 different proteinsm. These include three structural
proteins namely, core and two envelope glycoproteins (E1
and E2). In addition, a protein called F or ARFP can be
produced from a frame-shift of the core protein™. An
ion channel protein p7 is formed by cleavage of E2",
Non structural proteins of HCV include NS2, NS3,
NS4A, NS4B, NS5A, and NS5B.

The primary host cell for HCV is hepatocytes but
replication may also occur in other cell types, such as pe-
ripheral blood mononuclear cells, as well as in B and T
cell lines™. HCV is a major cause of acute and chronic
liver disease worldwide. More than 170 million people are
currently infected with HCV'. Currently HCV vaccine
is not available. Acute infection is usually asymptomatic,
making early diagnosis difficult. Approximately 70% of
acutely infected individuals fail to clear the virus and be-
come chronically infected”. Chronic HCV infection is the
leading cause for the development of liver fibrosis, cirrho-
sis, hepatocellular carcinoma (HCC), and is the primary
cause for liver transplantation in the western world. The
sustained antiviral response rate in treatment of chronic
HCV infection with interferon (IFN)-o with ribavirin is
limited (about 30%—40%)[8’9]. Boceprevir and telaprevir
protease inhibitors, have been shown to exhibit signifi-
cantly higher rates of sustained virologic response (SVR)
against HCV genotype 1 (about 65%-75%) as compared
with peginterferon-ribavirin alone"™"". However, use of
these antiviral agents display higher incidence of adverse
events, such as rash, gastrointestinal disorders, and ane-
mia.

Insulin resistance plays an important role in the devel-
opment of various complications associated with HCV
infection. Recent evidence indicates that HCV associated
insulin resistance may result in hepatic fibrosis, steatosis,
HCC and resistance to anti-viral treatment!”. Thus, HCV
assoclated insulin resistance is a therapeutic target at any
stage of HCV infection. HCV modulates normal cellular
gene expression and interferes with the insulin signaling
pathway. The aim of this review is to summarize the cur-
rently available information on how chronic HCV infec-
tion interferes with insulin signaling pathways resulting in
insulin resistance.

GLUCOSE UPTAKE AND INSULIN
RESISTANCE

Glucose is a key metabolite essential for the production
of energy (mostly ATP) which is required by cells. There
are several mechanisms underlying increased glucose

production. These include production of free glucose by
increased glycogenolysis in the liver, increased gluconeo-
genesis, activation of forkhead box transcription factor
(FoxO1) and improper insulin-glucagon hormonal bal-
ance, which stimulates increased glucose productionm]
Several factors contribute to elevated gluconeogenesis
in diabetes, namely (1) increased supply of glucogenic
precursors to the liver (glycerol, amino acids, free fatty
acids), (2) increased lipid content, (3) increased cytokines
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and adipokines, and (4) decreased insulin receptor (IR)
signaling in hepatocytesm. Glucose uptake into cells is
regulated by the action of specific hormones, namely in-
sulin and glucagon. Insulin is a peptide hormone secreted
by the B-cells of the pancreatic islets of langerhans and
maintains normal blood glucose levels by facilitating cel-
lular glucose uptake, regulating carbohydrate, lipid and
protein metabolism and promoting cell division and
growth through its mitogenic effects'. The ability of in-
sulin to stimulate glucose uptake into tissues is central to
the maintenance of whole-body glucose homeostasis' .
Type I diabetes mellitus (T2DM), occurs when the pro-
duction of insulin is not sufficient to overcome a difficul-
ty the body has in properly using insulin. This difficulty is
called insulin resistance, resulting in increased glucose lev-
els. Both forms of diabetes can pose an increased risk of
major lifelong complications. In the case of insulin resis-
tance, this includes a fivefold increased risk of coronary
vascular disease, diabetic retinopathy and neuropathym’l()].
Fatty liver is relatively common in overweight and obese
persons with T2DM and is an aspect of body composi-
tion related to severity of insulin resistance, dyslipidemia,
and inflammatory markers®”.

Glucose transporter-4 (GLUT-4) was shown to be
the major isoform responsible for enhanced glucose up-
take into muscle and adipose tissues following the secre-
tion of insulin into the bloodstream"*?. The process of
glucose uptake by cells requires a series of events to take
place in a timely manner. It involves the binding of in-
sulin to the IR resulting in subsequent phosphorylation
and activation of IR substrate 1 and 2 (IRS-1/IRS-2),
central molecules of the insulin signaling cascade™?".
This in turn activates protein kinase B (AKT) by phos-
phorylation of Ser'” and Thr” residues. Activated AKT
causes the translocation of GLUT-4 from intracellular
compartments to the cell surface where it is required for
glucose uptake[zﬂ. Any change in the signaling is likely
to induce insulin resistance which is associated with a
number of pathophysiological changes including glu-
cose intolerance, obesity, dyslipidemia and hypertension.
Insulin resistance is a physiological condition in which
cells fail to respond to the normal actions of the hor-
mone insulin. The body produces insulin, but the cells
in the body become resistant to insulin and are unable
to use it as effectively, resulting in an attenuated biologi-
cal response, leading to hyperglycemia[w. Accumulation
of ectopic lipid metabolites, activation of the unfolded
protein response pathway, and innate immune pathways
have all been implicated in the pathogenesis of insulin
resistance” . During the course of insulin resistance sev-
eral inflammatory cytokines and lipid metabolites, like
free fatty acids, interrupt with the normal insulin signal-
ing and promote T2DM.

CHRONIC HCV INFECTION AND INSULIN
RESISTANCE

Epidemiological studies suggest that patients with chron-
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Insulin

Figure 1 Schematic showing the interference of Hepatitis C
virus in the insulin signaling pathway. Hepatitis C virus (HCV)
core protein is known to up regulate Ser*”” phosphorylation of
insulin receptor substrate (IRS)-1 leading to degradation of IRS-1,

-
14-3-3

Nucleus

the key molecule involved in propagation of insulin signal down-
stream from the insulin receptor (IR). HCV infection is also known

P-s6K1 T to down regulate TSC1/TSC2 complex, resulting in subsequent
upregulation of mTOR/S6K1 which leads to Ser™ phosphorylation
of IRS-1 and its subsequent degradation. A role of HCV mediated

mTOR T upregulation of SOCS3 and tumor necrosis factor-o. (TNF-o.) has

Rh

P-Thr®%-Akt-Ser*?-p ———— > TSC1/TSC2

"

also been proposed which leads to degradation and blocking of
IRS-1 function. HCV also upregulates glucose 6 phosphatase
(G6P), phosphoenolpyruvate carboxykinase 2 (PCK2) leading to
increased glucose production, and down regulates glucose trans-
porter (GLUT)-4, GLUT-2, leading to decreased glucose uptake by
hepatocytes. Overall, these alterations lead to insulin resistance.
mTOR: Mammalian target of rapamycin.

o 1

l

Cytoplasm

GLUT-4
GLUT-2

| |

Glucose
production

ic HCV infection have a significantly increased preva-
lence of T2DM as compared to hepatitis B virus infected
patients”", Both insulin resistance and diabetes can
adversely affect the coutse of chronic hepatitis C (CHC),
leading to enhanced steatohepatitis and liver fibrosis™ .
Insulin resistance, associated with type 2 diabetes, can
promote fatty liver, and excessive hepatic accumulation
of fat may promote insulin resistance and therefore con-
tribute to the pathogenesis of the metabolic syndrome™.,
Insulin resistance is a critical component of type 2 diabe-
tes mellitus pathogenesis. Several mechanisms are likely
to be involved in the pathogenesis of HCV-related insu-
lin resistance™. Several cellular lesions have been associ-
ated with insulin resistance, but the precise mechanism
by which HCV induces insulin resistance remains elusive
with numerous viewpoints and opinions[3u].

Impairment of IRS-1 and IRS-2 expression has been
observed in the liver of patients with chronic HCV infec-
tion, as well as in HCV core transgenic mice, and from
in vitro cell culture systemm'}g]. HCV mediates dysfunc-
tion of the insulin signaling pathways vz several distinct
mechanisms, such as upregulating the expression of
suppressors of cytokine signaling 3 expression”, down
regulation of peroxisome proliferator-activated receptors
gamma (PPARy)m, activation of mammalian target of
rapamycin (mTOR)/S6K1 pathway[38], and increased tu-
mor necrosis factor-o. (ITNF-q) secretion®”,

MODULATION OF IR SUBSTRATE BY
HCV

HCV modulates insulin signaling and IRS-1 iz multiple
mechanisms which have been presented in Figure 1.
Set/Thr phosphorylation of IRS-1 inhibits its association
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with the IR, which in turn inhibits tyrosine phosphoryla-
tion of IRS-1, required for its activation, and promotes
degradation. Upregulation of serine phosphorylation of
IRS-1 is a key negative feedback mechanism under physi-
ological conditions to prevent the action of insulin. In
an insulin-resistant state, an imbalance occurs between
positive IRS-1 Tyr-phosphorylation and negative Set-
phosphorylation of TRS-1"". HCV core protein expres-
sion in hepatocytes upregulates Ser’”? phosphorylation
status of IRS-1 and modulates downstream Akt activity
by inhibiting Thr™™ phosphorylationm. Ser’” and Ser'"!
phosphorylation of IRS-1 inhibits its association with the
IR and stimulates degradation. HCV core protein induces
insulin resistance by increasing Ser’?and Ser """ phos-
phorylation, marking its for degradation viz the activated
mTOR/S6K1 pathwaypgj, and subsequently blocking Tyt-
phosphorylation of TRS-1 and Thr™" phosphorylation of
Akt for the inhibition of glucose uptake. Activation of
mTOR signaling also plays a key role in modulating IRS-1
activity. HCV genotype 2a infection significantly down-
regulates the expression of TSC1/TSC2, which in turn
results in activation of downstream mTOR and S6K1%.
Phosphorylation of TRS-1 at Ser'"" 2z the mTOR-S6K1
pathway may release IRS-1 from intracellular complexes,
thereby enabling its degradationw. HCV significantly
increases Ser'"" phosphorylation of IRS-1, which enables
its degradationm].

A decrease in expression of IRS-1 and IRS-2, in
patients with HCV infection has also been reported™.
Down-regulation of IRS-1 and IRS-2 was also seen in
HCV core-transgenic mice livers and HCV core-trans-
fected human hepatoma cells™. HCV core up-regulated
suppressor of cytokine signaling 3 (SOCS3) and caused
ubiquitination of IRS-1 and IRS-2. HCV core-induced
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down-regulation of IRS-1 and IRS-2 was not seen in
SOCS3(-/-) mouse embryonic fibroblast cells, indicating
the important role played by SOCS3 in mediating down
regulation of IRS-1", There have been reports that
HCV genotypes might play an important role in deciding
the pathway by which it impairs insulin signaling. It has
been shown that the core protein of HCV genotype 3a
promoted IRS-1 degradation through the downregulation
of PPARy and by upregulating the SOCS7, the core pro-
tein of genotype 1b activated the mTOR™.,

TNF-q, released in an excess may promote phos-
phorylation of serine residues of IRS-1 eventually leading
to the downregulation of downstream insulin signaling
molecule Akt. HCV core protein increases the expression

level of TNF-q, and promotes insulin resistance ™.

IMPAIRED LIPID AND GLUCOSE
METABOLISM BY HCV

Insulin resistance is strongly influenced by abnormalities
in lipid metabolism. Any dysfunction of the lipid me-
tabolism triggers lipotoxicity through the production of
free fatty acids thereby promoting insulin resistance”,
HCV core protein down-regulates microsomal triglycer-
ide transfer protein, an enzyme that mediates lipid trans-
location to the endoplasmic reticulum membrane and de-
creases the assembly of very low density lipoproteins[44].
It has been observed that HCV promotes fatty acid
synthesis by the upregulation of lipogenic gene sterol

regulatory element binding protein 1c which promotes
the transcriptional activation of other lipogenic genes like
acetyl CoA carboxylase, ATP citrate lyase, hydroxymeth-
ylglutaryl CoA reductase!™,

HCV infection promotes the expression of gluco-
neogenic genes namely, glucose 6 phosphatase (G6P) and
phosphoenolpyruvate carboxykinase 2 (PCK2) resulting
in increased glucose production and enhanced insulin re-
sistance!™”. HCV also down regulates the expression of
GLUT4, which is necessary for uptake of glucose. This
results in a decreased glucose uptake and increased plasma
glucose, leading to development of insulin resistance”".

A schematic showing how HCV interferes with in-
sulin signaling pathway, leading to insulin resistance is
presented in (Figure 1). HCV modulates functioning of
IRS-1 2ia multiple mechanisms, including up regulation
of Ser’” or Ser'"! phosphorylation which leads to degra-
dation of IRS-1. HCV also upregulates SOCS3 and down
regulates TSC1/TSC2 leading to blocking of insulin
signaling. HCV infection leads to increased gluconeogen-
esis via up regulation of GOP and PCK2. GLUT-4, and
GLUT-2 expression is also down regulated by HCV lead-
ing to decreased glucose uptake. Overall, all these altera-
tions by HCV leads to development of insulin resistance.

INSULIN RESISTANCE AND LIVER
DISEASE PROGRESSION

The metabolic syndrome is a constellation of problems
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that includes insulin resistance, obesity, hypertension,
and hyperlipidemiam. Increasingly, components of the
metabolic syndrome are being linked to various forms
of cancer, including the risk of developing HCC. IR is
induced by HCV-4 irrespective of severity of liver dis-
ease. IR starts early in infection and facilitates progres-
sion of hepatic fibrosis and HCC developmentm. HCC
patients showed higher IR frequency, and moderate to
high viral load associated with high HOMA-IR in CHC
and HCC"". Tnsulin resistance associates with a higher
tisk of HCC in citthotic HIV/HCV-co-infected patients
also™. There are many causes of HCC, and nonalcoholic
fatty liver disecase (NASH) is emerging as a leading risk
factor owing to the epidemic of obesity and T2DM. The
mechanisms leading to HCC in obesity and T2DM likely
involve interactions between several signaling pathways,
many of which are modulated by HCV infection, and
also include oxidative stress, inflammation, oncogenes,
adiponectins, and insulin resistance associated with vis-
ceral adiposity and diabetes™.

Insulin resistance and subsequent hyperinsulinemia
are highly associated with fatty liver disease and is an
important risk factor for the progression of fibrosis in
CHC"™". From metabolic aspect, HCV infection resem-
bles NASH in numerous features, such as the presence
of steatosis, serum dyslipidemia, and oxidative stress in
the liver™. On the other hand, there are noticeable dif-
ferences between hepatitis C and NASH, in the fact that
HCV modulates cellular gene expression and intracellular
signal transduction pathways, while such details have not
been noted for NASH. HCV core protein expression
leads to the development of progressive hepatic steatosis
and HCC in transgenic mice””. Hepatic steatosis is known
to occur at a high rate (40%-86%) in chronic HCV pa-
tients, and a close relationship between steatosis and intra-
hepatic core protein expression has been noted®™. Insulin
resistance is a prominent mechanism linking steatosis and
fibrogenesis although this link is complex and not prop-
erly understood.

CLINICAL IMPLICATIONS OF
HCV-MEDIATED INSULIN RESISTANCE

Several epidemiological, clinical and experimental data
show that HCV plays a direct role in perturbing glucose
metabolism, leading to both insulin resistance and dia-
betes™ . Curing HCV results in the amelioration of
insulin resistance and decreased incidence of diabetes af-
ter the end of therapylSS’SGJ. In the only trial that used the
antidiabetic metformin®”, only a marginal, nonsignificant
increase of the SVR rate was observed, despite an in-
creased virological response after 4 wk of triple therapy.
The data reported in a study using different schedules
containing the antiglycaemic PPAR-y agonist piogli-
tazone™ are discouraging, Overall, the administration
of insulin sensitizers together with the standard of care
has not only failed to improve the virological response to
therapy, but has also fallen short of providing much use-
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ful insight into the mechanisms linking reduced response
to insulin resistance””. Early sulfonylureas although use-
ful in lowering blood glucose level, were associated with
significant off-target effects, and the biguanide phenfor-
min was discontinued due to adverse events™. Although
metformin is in the same drug class, it has a better safety
profile and is now recommended as first-line treatment

of diabetes during HCV infection.

THERAPEUTIC APPROACHES AND
FUTURE GOALS

Treatment for HCV induced insulin resistance is highly
linked with anti-viral treatment. Treatment of chronic
HCYV infection has 2 goals. The first is to achieve SVR (ze.,
sustained eradication of HCV, which is defined as the
persistent absence of HCV RNA in serum 6 mo or more
after completing antiviral treatment). The second goal is
to prevent progression to cirrhosis, HCC, and decom-
pensated liver disease requiring liver transplantation. The
treatment of HCV has evolved over the years. Current
treatment options include combination therapy consisting
of ribavirin and pegylated IFN. Protease inhibitors are
emerging as a third feature of combination therapy. The
sustained antiviral response rate in treatment of chronic
HCYV infection with IFN-q and ribavirin is limited (about
30%-40%)"™". Boceprevir and telaprevir protease inhibi-
tors have been shown to exhibit significantly higher rates
of SVR against HCV genotype 1 (65%-75%) as com-
pared with peginterferon-ribavirin alone™'". More re-
cently, sofosbuvir has also been used for treatment along
with ribavirin, with significant increased SVR', How-
ever, use of these antiviral agents display higher incidence
of adverse events, such as rash, gastrointestinal disorders,
and anemia. Thus, development of therapies with less
side effects is desirable.

The prevalence of HCV antibodies in the type 2
diabetic population ranges between 1.78% and 12.1%'*
Several cross-sectional studies have found a higher preva-
lence of HCV antibodies in type 2 diabetic patients than
expected in the general populationléz’m. Early phase and
total insulin secretion are determined using oral glucose
tolerance testing (OGTT), Insulin sensitivity was mea-
sured directly by steady-state plasma glucose concentra-
tion during insulin suppression test. Fasting plasma glu-
cose = 126 mg/dL or 2-h plasma glucose > 200 mg/dL
during OGTT are generally used as criteria for diagnosis
of diabetes™. Well controlled DM was defined when the
HbA1lc level was < 7%. Agents used in diabetic therapy
include the following: sulfonylureas, biguanides, alpha-
glucosidase inhibitors, thiazolidinediones, Meglitinide
derivatives ez'". Although effective in reducing blood
glucose levels, early sulfonylureas were associated with
significant off-target effects, and the biguanide phenfor-
min was discontinued due to adverse events®. Although
metformin is in the same drug class, it has a better safety
profile and is now recommended as first-line treatment.
However, many patients require additional glucose con-
trol treatment with an agent that has a complementary
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mechanism of action like metformin. Some common
drugs used for treatment of T2DM available in the mar-
ket include metformin oral, actos oral, Byetta subQ, Janu-
via oral, efc.

Another possible way of reversing insulin resistance
would be vz targeting the signaling components in the in-
sulin signaling pathway modulated by HCV. For instance,
we have shown that HCV up regulates phospho-S6K1,
which stimulates degradation of IRS-1%. Thus, targeting
phospho-S6K1 would be a target against HCV induced
insulin resistance. These studies have not been done yet,
so at this time it will be difficult to comment on the pre-
dictive outcome on reversal of insulin resistance. Use of
specific inhibitors of SOCS-3, which may become useful
to correct resistance to both insulin and IFN-q, are not
available for clinical use. Alternatively, one may envision
inhibiting TNF-o by administering infliximab or similar
agents. IR also results from uncontrolled diet and life
style. Regulation of weight, diet, and life style manage-
ment will also be key in managing IR.
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Abstract

AIM: To minimize the expansion of pancreatic mesen-
chymal cells /n vitro and confirm that B-cell progenitors
reside within the pancreatic epithelium.

METHODS: Due to mesenchymal stem cell (MSC) ex-
pansion and overgrowth, progenitor cells within the
pancreatic epithelium cannot be characterized /n vitro,
though B-cell dedifferentiation and expansion of MSC
intermediates via epithelial-mesenchymal transition
(EMT) may generate B-cell progenitors. Pancreatic epi-
thelial cells from endocrine and non-endocrine tissue
were expanded and differentiated in a novel pancre-
atic epithelial expansion medium supplemented with
growth factors known to support epithelial cell growth
(dexamethasone, epidermal growth factor, 3,5,3'-tri-
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iodo-I-thyronine, bovine brain extract). Cells were also
infected with a single and dual lentiviral reporter prior
to cell differentiation. Enhanced green fluorescent pro-
tein was controlled by the rat Znsufin 1 promoter and
the monomeric red fluorescent protein was controlled
by the mouse PDXI promoter. In combination with len-
tiviral tracing, cells expanded and differentiated in the
pancreatic medium were characterized by flow cytom-
etry (BD fluorescence activated cell sorting), immunos-
taining and real-time polymerase chain reaction (PCR)
(7900HT Fast Realtime PCR System).

RESULTS: In the presence of 10% serum MSCs rap-
idly expand /n vitro while the epithelial cell population
declines. The percentage of vimentin® cells increased
from 22% =+ 5.83% to 80.43% * 3.24% (14 d) and
99.00% =* 0.0% (21 d), and the percentage of epithe-
lial cells decreased from 74.71% = 8.34% to 26.57% *
9.75% (14 d) and 4.00% * 1.53% (21 d), P < 0.01 for
all time points. Our novel pancreatic epithelial expan-
sion medium preserved the epithelial cell phenotype
and minimized epithelial cell dedifferentiation and EMT.
Cells expanded in our epithelial medium contained sig-
nificantly less mesenchymal cells (vimentin®) compared
to controls (44.87% * 4.93% vs 95.67% * 1.36%; P
< 0.01). During cell differentiation lentiviral reporting
demonstrated that, PDX1* and insulin* cells were local-
ized within adherent epithelial cell aggregates com-
pared to controls. Compared to starting islets differenti-
ated cells had at least two fold higher gene expression
of PDX1, insulin, PAX4 and RFX (P < 0.05).

CONCLUSION: PDX1" cells were confined to adherent
epithelial cell aggregates and not vimentin® cells (mes-
enchymal), suggesting that EMT is not a mechanism for
generating pancreatic progenitor cells.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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genitor; Vimentin

Core tip: Previously, we demonstrated that mesenchy-
mal stem cells could be expanded from human endo-
crine and non-endocrine pancreas cell fractions /n vitro.
However, we were unable to complete cell differentia-
tion of mesenchymal cell intermediates to functional
endocrine cells. In this study we utilized a novel cell
culture medium to prevent epithelial cell de-differenti-
ation and mesenchymal cell expansion. After epithelial
cell expansion in this medium cells were differentiated
via our previously described protocol and we confirmed
by lineage tracing, flow cytometry, immunostaining and
real-time polymerase chain reaction that islet progeni-
tors reside in the pancreatic epithelium and are not de-
rived via a mesenchymal cell intermediate.

Seeberger KL, Anderson SL, Ellis CE, Yeung TY, Korbutt GS.
Identification and differentiation of PDX1 B-cell progenitors with-
in the human pancreatic epithelium. World J Diabetes 2014; 5(1):
59-68 Available from: URL: http://www.wjgnet.com/1948-9358/
full/v5/i1/59.htm DOL: http://dx.doi.org/10.4239/wjd.v5.11.59

INTRODUCTION

Islet transplantation is an attractive alternative to daily
insulin injections to achieve a more physiological means
for restoring glucose homeostasis' . Identifying and
understanding the origin of a potential human (-cell
progenitor could alleviate the current shortage of donor
islets and contribute to the overall knowledge of [-cell
regeneration. However, the study of [B-cell progenitors
is fraught with controversy, as several conflicting mod-
els and mechanisms describing the origin and existence
of these progenitor cells have been proposed. Despite
lineage tracing experiments utilizing transgenic mouse
models"” the exact origin of B-cell progenitors residing
within the pancreas is yet to be elucidated. For example
[B-cell progenitors have been proposed to originate from:
B-cell replicationm, acinar cell transdifferentiation”
ductal cell transdifferentiation’”'”, pancreas derived mul-
tipotent precursors' ), pluripotent islet survivor cells'™
and [-cell dedifferentiation with expansion of mesenchy-
mal stem cell (MSC) intermediates via epithelial mesen-
chymal transition (EMT)"*2".

Previously we reportedmJ that MSCs, also referred to
as multi-potent stromal cells””, could be expanded 12-fold
from human islet depleted pancreatic tissue (IDPT) that
remains following islet isolation. We demonstrated that
these pancreatic MSCs could be partially differentiated
into islet-like cells. However, in a follow up studyl23J we
could not restore an epithelial phenotype during tissue
culture or generate functional endoctine cells. We hypoth-
esized that this was due in part to our experimental culture
conditions, which favored pancreatic MSC expansion and
negatively selected pancreatic epithelial cells.

In this study we report that, during iz vitro pancreatic
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MSC expansion, epithelial cells also proliferate and when
these epithelial cells are enriched and differentiated, this
cell population expresses developmental transcription fac-
tors indicative of a B-cell progenitor such as PAX4 and
REX6* Therefore, to maintain epithelial cell pheno-
type and allow long-term study of this cell population ir
vitro, we utilized a pancreatic epithelial expansion medium
that minimized epithelial cell dedifferentiation and MSC
overgrowth in combination with our differentiation pro-
tocol”?!. Furthermore, by utilizing single and dual lenti-
viral reporters where, enhanced green fluorescent protein
(EGFP) is controlled by the rat Insulin 1 (Ins1) promoter
and monomeric red fluorescent protein (mRFP) is con-
trolled by the mouse PDX7 promoter™ we determined
that PDX1" cells observed after 25 d post-differentiation
were epithelial cells. Unlike the reversible (EMT) model
first described by Gershengorn ¢z a/'” and the dedifferen-
tiation of f-cells then replication of B-cell-derived cells
described by Russ ¢ al™”", we propose that B-cell progeni-
tors reside within the human pancreatic epithelium and
that these cells have the potential to respond favorably
to #n vitro differentiation without dedifferentiation into a
MSC intermediate »ia EMT. Overall, we report a novel
cell culture media that promotes pancreatic epithelial cell
survival and minimizes MSC overgrowth, and report that
PDX1" cells observed 25 d post-differentiation are epi-
thelial cells.

MATERIALS AND METHODS

Cell , | diff L
Human islets (# = 9) and IDPT (» = 13) were obtained

from the Edmonton Clinical Islet Transplant Program
(University of Alberta and Alberta Health Services). Writ-
ten, informed, consent was provided by donor relatives
and all protocols were approved by the UofA Research
Ethics Office. Average donor age was 54 (30-71 years)
and islet purity assessed by dithizone staining ranged be-
tween 10%-40%. IDPT (< 5% insulin positive cells) was
obtained following removal of islets by density gradient
purification®**”, Upon receipt, IDPT was cultured in
Roswell Park Memorial Institute (RPMI) 1640 medium
(Invitrogen, Burtlington, ON Canada) supplemented with
0.5% w/v fraction V bovine serum albumin (Sigma-Al-
drich, Oakville, ON Canada), 1% insulin-transferrin-sele-
nium (Sigma-Aldrich) and 100 U penicillin/1000 U strep-
tomycin (Invitrogen). Islets were cultured in Connaught
Medical Research Laboratories-1066 medium (Invitrogen)
supplemented with 10% fetal bovine serum (FBS, Invit-
rogen), 2 mmol/L L-glutamine (Invitrogen), 10 mmol/L
hydroxyethyl piperazineethanesulfonic acid (HEPES)
and 100 U penicillin/1000 U streptomycin (Invitrogen).
Both IDPT and islets were cultured in 150 mm non-tissue
culture treated plates (Corning, NY, United States) and
maintained for 24-48 h at 37 C in 5% COz and 95% air.
Following culture, single cell suspensions were detived by,
dissociating islets or cellular aggregates derived from the
cultured IDPT with 0.05% trypsin, 0.5 mmol/L ethylene-
diaminetetraacetic acid (Invitrogen) in 1X PBS.
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Single cell preparations were cultured and expanded
in pancreatic MSC medium or pancreatic epithelial
expansion medium. MSC medium is composed of
RPMI-1640 supplemented with 10% FBS, 10 mmol/L
HEPES, 1 mmol/L sodium pyruvate (Invitrogen), 71.5
umol/L B-mercaptoethanol (Sigma-Aldrich), 20 ng/mL
epidermal growth factor (EGF, R&D, Minneapolis,
MN United States), 20 ng/mL fibroblast growth factor
(Invitrogen) and 100 U pencillin/1000 U streptomy-
cin®**?1. Cell confluence was achieved in 10-14 d and
cells required passaging every 7 d after that. From both
islets and IDPT at the 2™ and 3" passage we routinely
generate a cell population with MSC characteristics as
previously described 7, To preserve epithelial cell
phenotype, single cells derived from islets or the IDPT
were also cultured and expanded in a pancreatic epithe-
lial expansion medium either on 150 mm tissue culture
treated plates (Corning) or 12 mm poly-I-lysine coated
cover slips (BD Biosciences) placed in 24 well tissue
culture treated plates (Corning). Pancreatic epithelial ex-
pansion medium is composed of Dulbecco’s Modified
Eagle’s Medium/F12 (Invitrogen) supplemented with
0.5% FBS, 0.1 pg/mL EGE 0.4 pg/mL dexamethasone
(Sigma-Aldrich), 14 mg/mL bovine brain extract (Lonza,
Walkersville, MD United States), 0.05 umol/L triiodo-
l-thryonine sodium salt (Sigma-Aldrich), 0.1 mg/mL
soybean trypsin inhibitor (US Biological, Swampscott,
MA, United States), 0.5X ITS premix (BD Biosciences)
and 100 U penicillin/1000 U streptomycin. Expanded
cell populations were subsequently differentiated using
a multi-step protocol previously described”**"* and
characterized by flow cytometry, immunohistochemis-
try and real-time polymerase chain reaction (PCR). For
differentiation, the cell monolayer was treated with 20
ng/mL OncostatinM (R&D) for 72 h. In steps 2 and 3
the medium was supplemented with 10 mmol/L nicotin-
amide (Sigma-Aldrich) for 72 h followed by 10 mmol/L
nicotinamide and 10 nmol/L exendin4 (Sigma-Aldrich)
for another 72 h. In step 4, 10 ng/mL of transforming
growth factor-B1 (TGFB-1; EMD Millipore, Billerica,
MA, United States) was included with nicotinamide and
exendin4 for 3-10 d with media changes every 72 h. Cell
monolayers were detached with trypsin and aggregated
by reconstituting cells at 125000 cells/mL in medium
supplemented with nicotinamide, exendin4, TGFf-1,
0.5X ITS" premix (BD Biosciences, Beford, MA United
States) and transferred to 100 mm ultra-low attachment
non-tissue culture treated plates (Corning).

Immunohistochemistry

Double immunofluorescence (IF) analysis was performed
on paraffin sections of single cells that had first been
fixed with 1% formalin (Fisher Scientific, Nepean, ON
Canada) and embedded in 2% low melting point agarose
(Sigma-Aldrich) or cells which had been differentiated on
12 mm poly-l-lysine cover slips (BD Biosciences). Paraf-
fin sections were processed and immunostained as previ-
ously described®*. Cover slips were fixed in 1% forma-
lin for 30 min in the dark at 4 C, and then washed twice
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with 5% normal goat serum (NGS) in PBS. For antibod-
ies requiring permeabilization, 0.3% saponin (Sigma) in
PBS was applied for one minute, and another two washes
of 5% NGS followed. All cover slips were then blocked
with 20% NGS for 1 h in the dark. Primary antibodies
were diluted in 5% NGS at the following concentrations:
1/200 anti-epithelial cell adhesion molecule (EpCAM,
Stem Cell Technologies, Vancouver, BC Canada), 1/100
anti-vimentin (Dako, Mississauga, ON Canada), 1/25
anti-human proliferating cell nuclear antigen (PCNA, In-
vitrogen), 1/50 anti-CK19 (Dako), 1/5000 anti-glucagon
(Sigma-Aldrich), 1/1000 anti-insulin (Dako), 1/1000 anti-
pancreatic polypeptide (Dako), 1/1000 anti-somatostatin
(Dako), 1/1000 anti-PDX1 (Abcam, Cambridge, MA,
United States). All appropriate species-specific second-
ary antibodies were AlexaFluor 488 or 594 conjugates
(Molecular Probes, Eugene, OR, United States) and di-
luted 1/200 in 5% NGS. Slides and or cover slips were
cover-slipped with ProLong Gold anti-fade reagent with
4 6-diamidino-2-phenylindole (Invitrogen) to counter
stain nuclei and preserve fluorescence. Negative controls
were incubated without primary antibodies and posi-
tive controls were sections of normal human and infant
pancreas. All slides were visualized with an Axioscope I
equipped with AxioCam MRC and analyzed with Axiovi-
sion 4.6 (Catl Zeiss, Gottingen, Germany).

Flow cytometry

Single cells from islets and IDPT were stained and ana-
lyzed by fluorescence activated cell sorting (FACS) using
the FACS Calibur (BD Biosciences) and Cell Quest Pro
software and compared to matched isotype controls™”.
Cells were permeabilized with 0.3% saponin for 60 min
and stained with 1/10 vimentin-FITC, 1/5 EpCAM-
FITC and 1/15 PCNA-647 (Biolegend, San Diego, CA,
United States). Isotype controls were; IgG1-FITC, Ig-
G2a-FITC and IgG2a-647. Values are expressed as mean
percent £ SE.

RNA isolation and real-time PCR

Islets and IDPT cells prior to cell culture, during expan-
sion and post differentiation were preserved in Trizol
reagent (Invitrogen) and stored at -80 C. RNA was ex-
tracted in combination with the RNeasy Mini Kit (Qiagen,
Mississauga, ON Canada) as per the manufacturer’s pro-
tocol. cDNA was synthesized as described”!. Real-time
PCR was performed using the “TagMan gene expression
assay” (Applied Biosystems, Invitrogen) and a 7900HT
Fast Realtime PCR System (Applied Biosystems). Relative
quantification was performed by utilizing the comparative
Ct method and all results were compared to the control
samples for each time point after normalizing to an en-
dogenous control (beta 2-microglobulin) using the Rela-
tive Quantification Manager software (Applied Biosys-
tems). Values are expressed as mean percent £ SE. cDNA
negative controls contained water in place of RNA and
RT-PCR negative controls contained water in place of

cDNA, B2-microglobulin (32m) ensured cDNA integrity.
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Vimentin

Figure 1 Double immunofluorescence staining of islet depleted pancreatic tissue expanded cells after 14 d in culture. Cells are positive for vimentin (green),
EpCAM (green) and PCNA (red). Both vimentin and EpCAM positive cells are positive for PCNA staining (merged) and proliferating. Scale bars are 50 um. EpCAM:

Epithelial cell adhesion molecule; PCNA: Proliferating cell nuclear antigen.

Lentivirus infection

Lentiviral vectors were kindly provided by Dr. James D.
Johnson (University of British Columbia, Vancouver, BC,
Canada) and described in detail by Szabat e a/*". We re-
ceived the following vectors: dual reporter mouse PDX1
promoter-mRFP/rat Ins1 promoter-EGFP, single report-
er mouse PDX1 promoter-mRFP, single reporter rat Ins1
promoter-EGFP as well as the structural and envelope
vectors. Virus was produced by transfection of 293T cells
that were a gift from Dr. Patrick MacDonald (University
of Alberta, Edmonton, AB, Canada) utilizing FuGENEG
Transfection Reagent (Roche Diagnostics, IN, United
States) and the protocol first described by Dr. Garry No-
lan Lab (http://www.stanford.edu/group/nolan/index.
html). Virus was titred using the rat INS1 cell line (a gift
from Dr. Patrick MacDonald) and titres were between 2-4
x 10° TU/mL with an infection efficiency of 40%-70%.
Single cells from human islets or IDPT were plated at a
density of 0.3 X 10° cells /well onto a 24 well plate that
contained 12 mm poly-I-lysine cover slips and cultured
in pancreatic epithelial expansion medium. Cells were al-
lowed to adhere and infected at a multiplicity of infection
of < 1. Protein expression (fluorescence) was monitored
daily and peak fluorescence of human primary cells was
routinely detected between 4-7 d post infection. Differen-
tiation of infected primary cells was started at 4-7 d post-
infection. Absolute counts of positive mRFP and EGFP
cells were counted using Image] software™,

Statistical analysis
Data is expressed as mean * SE. Statistical comparisons

were performed with STATA11 (StataCorp LP, College
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Station, TX) using one-way analysis of variance and Bon-
ferroni post-hoc test. Acceptable level of significance was

considered P < 0.05.

RESULTS

Epithelial cells from IDPT proliferate in pancreatic MSC
medium

Previously, we demonstrated that during iz vitro cell ex-
pansion of cells from IDPT, the proportion of epithelial
cells decreased while vimentin positive cells (MSCs) sig-
nificantly increased”*”. In this study, to determine if epi-
thelial cells were still capable of proliferation, we assessed
cell proliferation after 14 d in culture zia dual IF staining
and flow cytometry. Cells that were formalin fixed and
embedded in agarose were stained with antibodies against
EpCAM or vimentin (MSC) then co-stained for PCNA.
After 14 d in culture we confirmed that vimentin® cells
were the predominant cell population and these cells were
PCNA" and proliferating (Figure 1). A small proportion
of epithelial cells (EpCAM") were still present and were
also PCNA" thus still proliferating (Figure 1). The pro-
portion of vimentin and EpCAM cells that were positive
for PCNA were quantified by FACS analysis at Time 0,
14 and 21 d in culture (Table 1). During cell expansion;
the percentage of vimentin" cells proliferating (PCNA")
increased from 22% * 5.83% to 80.43% * 3.24% (14 d)
and 99.00% = 0.0% (21 d), and the percentage of prolif-
erating epithelial cells decreased from 74.71% =+ 8.34%
to 26.57%  9.75% (14 d) and 4.00% *+ 1.53% (21 d), P
< 0.01 for all time points. Therefore, MSC expansion cul-
ture conditions favor MSC expansion over epithelial cells
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Table 1 Cell composition and proportion of proliferating cell
nuclear antigen positive cells during pancreatic cell expansion

from islet depleted pancreatic tissue

Days Percent positive

in Vimentin  EpCAM PCNA Vim/ EpCAM/
culture PCNA PCNA

0 2271+ 493 8757 +3.96 73.57 + 842 22.00 +5.83 74.71 + 8.34
(n=7)

14 80.29 + 3.07° 23.69 + 7.88"° 88.43 + 2.91 80.43 * 3.24° 26.57 * 9.75"
(n=7)

21 99.00 +0.0° 3.33 +0.88° 99.00 + 0.0 99.00 +0.0° 4.00 + 1.53"
(n=3)

Data represent means + SE. Statistical analysis of differences between the
groups was performed with STATA11 (StataCorp LP, College Station, TX)
using one-way analysis of variance and Bonferroni post-hoc test. "P < 0.01
compared to Time 0. EpCAM: Epithelial cell adhesion molecule; PCNA:
Proliferating cell nuclear antigen.

Table 2 Preservation of epithelial cells during culture in a
defined epithelial medium

Condition Percent positive
Vimentin EpCAM

Epithelial Medium (1 = 7) 4487 +4.93° 2410 + 8.60

MSC Medium (1 = 3) 95.67 +1.36° 17.43 £ 6.88

Data represent means + SE. Statistical analysis of the differences between
the groups was calculated with STATA11 (StataCorp LP, College Station,
TX) using one-way analysis of variance and Bonferroni post-hoc test. "P
< 0.01 for vimentin positive cells expanded in epithelial medium vs MSC
medium. EpCAM: Epithelial cell adhesion molecule; MSC: Mesenchymal
stem cell.

Epithelial cell phenotype is preserved when IDPT is
cultured in defined pancreatic epithelial expansion
medium

Our MSC expansion medium limits pancreatic epithe-
lial cell growth in vitrd®"*", We determined that sorted
epithelial cells could expand and divide in MSC medium
but vimentin® MSCs were still the predominating cell
population (not shown). By reducing the FBS content
from 10% to 0.5% and including growth factors known
to promote epithelial cell survival under reduced serum
conditions such as EGE, 3,5,3’-triiodo-1-thyronine and
bovine brain extract”™ ™ we were able to minimize MSC
overgrowth and preserve the epithelial cell phenotype
(Table 2). IDPT cells cultured in pancreatic epithelial
expansion medium contained significantly less vimentin"
cells (44.87% * 4.93%) than cells expanded in MSC ex-
pansion medium (95.67% * 1.36%; P < 0.01). Therefore,
pancreatic epithelial expansion medium was used to trace
cell fate and was supplemented for cell differentiation.

Culture in differentiation medium increases the
proportion of PDX1 and insulin positive cells

To determine the progenitor cell content within the pan-
creatic epithelium, cells from dissociated islets and IDPT
were seeded onto poly-l-lysine coated cover slips placed
in 24 well plates with pancreatic epithelial expansion me-
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dium. Prior to differentiation cells were infected with, the
PDX1-mRFP-Ins1-EGFP dual reporter, PDX1-mRFP
or Ins1-EGFP single reporter lentivirus then character-
ized via IF staining and real-time PCR. Fluorescence was
detected between 4-7 d post infection in both islet and
IDPT preparations, at which time differentiation was
initiated. Controls were infected but not differentiated.
During islet cell differentiation, cell aggregates formed
throughout the cell monolayer. Within these adherent
aggregates PDX1" (RFP) and insulin” (EGFP) express-
ing cells were observed (Figure 2A). In addition, both
single positive (PDX1" or INS") and double positive
(PDX1" INS") cells were observed (Figure 2A). In un-
differentiated conditions fewer positive cells and cell
aggregates were observed (Figure 2B). When analyzing
image fields, in 4/4 cell preparations approximately twice
as many PDX1" and insulin” cells were observed in dif-
ferentiated conditions (51.25 + 17.24 mRFP and 28.13
+ 9.34 EGFP) versus undifferentiated conditions (31.75
+ 10.83 mRFP and 14.50 = 4.03 EGFP) as determined
by absolute cell counts. Relative quantification of gene
expression by real-time PCR (Figure 2C) confirmed this
observation and demonstrated that differentiated islet
cells compared to starting islets had increased expression
of PDX1 (P < 0.05), insulin (P < 0.01) PAX4 (P < 0.05)
and RFX6 (P < 0.01). A similar pattern was observed in
differentiated (Figure 3A) and undifferentiated (Figure
3B) wells of cultured IDPT infected with PDX1-mRFP
or PDX1-mRFP-Ins1-EGFP, although much less PDX1
and insulin expression (not shown) was observed com-
pared to islet cell cultures.

PDX1 progenitor cells are localized within the pancreatic
epithelium

To identify cells within the differentiated cell aggregates
that were PDX1", and to confirm expression after lentivi-
ral infection, cells were characterized by IF staining (Fig-
ures 4 and 5) utilizing the following antibodies: EpCAM,
vimentin, CK19, PDX1, glucagon, insulin, pancreatic
polypeptide and somatostatin. Cells positive for glucagon,
pancreatic polypeptide and somatostatin, still remained
after 25 d in culture compared to controls although
these cells were infrequent and did not express PDX1"
(not shown). PDX1" cells were shown to be negative
for vimentin staining (Figure 4) and CK19 (not shown).
PDX1" cells did however, co-stain with EpCAM (Figure
4) demonstrating that in our experimental conditions
PDX1" cells are localized to the epithelial cell population.
PDX1 and insulin expression was verified by, insulin and
PDX1 primary antibody staining (Figure 5). Nuclear and
cytoplasmic PDX1 staining (Figure 5) was observed while
insulin staining was confined to the cytoplasm (Figure 5).

DISCUSSION

Although several recent human studies that involve lin-
. [13,142026

eage tracmg[ 142020 have been conducted, the debate con-

tinues as to the origin of human B-cell progenitors. Sev-
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Figure 2 Comparison of differentiated and
undifferentiated islet cells infected with PDX1-
monomeric red fluorescent protein/insulin
1-enhanced green fluorescent protein. Islet cells
cultured in differentiation medium (A) form adherent
cell aggregates within the cell monolayer and insu-
lin* (GFP) and PDX1" (RFP) expressing cells are
localized within these cell aggregates. Islet cells
cultured in control medium (B, undifferentiated)
have fewer cell aggregates and insulin (GFP) and
PDX1" (RFP) cells. Scale bars are 100 um. Gene
expression (C) of PDX1-monomeric red fluorescent
protein (mRFP)/insulin-enhanced green fluorescent
protein islet cells (PDX1" insulin®, white bars; n =
7) and PDX1-mRFP infected islet cells (PDX1",
grey bars; n = 4) post-differentiation compared
to starting islet tissue (Time 0, black bars; n = 8)
measured by real-time PCR. °P < 0.05 and °P < 0.01
compared to Time 0. RFP: Red fluorescent protein.

Differentiated

Undifferentiated

B TimeO

[] PDX1*/Insulin*
B PDXi*

Relative quantification

PDX1 Insulin  Glucagon  PAX4 RFX6

Figure 3 Comparison of differ-
entiated (A) and undifferentiated
(B) cells from the islet depleted
pancreatic tissue infected with
PDX1-monomeric red fluorescent
protein. A few PDX1" cells (RFP)
are visible within the adhered aggre-
gates in the differentiated condition
(A). Cell aggregates are absent in
the undifferentiated cell conditions
(B) and PDX1" cells are within the
monolayer. Scale bars are 100 um.
RFP: Red fluorescent protein.

Differentiated

Undifferentiated
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Vimentin

Figure 4 Immunofluorescence staining of differentiated PDX1- monomeric red fluorescent protein infected islet cells with primary antibodies to vimentin
and epithelial cell adhesion molecule, with secondary antibodies conjugated to Alexa-488 (green). PDX1" positive cells (RFP) are not co-localized with vimentin
(merged), but are co-localized with epithelial cell adhesion molecule. Nuclei are stained blue with DAPI. Scale bars are 20 um. RFP: Red fluorescent protein; DAPI:

4' 6-diamidino-2-phenylindole.

Figure 5 Immunofluorescence staining of differentiated PDX1-monomeric red fluorescent protein infected islets with primary PDX1 and insulin antibod-
ies with secondary antibodies conjugated to Alexa-Fluor488 (green). PDX1" cells (RFP) nuclei stain positive with PDX1/Alexa-488 antibody confirming lentiviral
expression. Insulin/Alexa-Fluor488 (green) stains insulin within PDX1" infected cells (yellow). Nuclei are stained blue with DAPI. Scale bars are 20 pm. RFP: Red
fluorescent protein.

Insulin

Insulin

eral studies have proposed that 3-cell progenitors can be
derived from a mesenchymal cell intermediate »ia EMT.
In our previous studies we were also able to expand
MSCs from exoctine and endoctrine cell explantsm’m. We
determined that when the culture medium contained 10%
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serum, pancreatic MSCs could be rapidly expanded from
pancreatic cells and that these MSCs could be easily dif-
ferentiated into mesoderm (bone, fat and cartilage)”"*.
However, in those studies pancreatic MSCs could only be
partially differentiated into endocrine cells and we were
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unable to restore the epithelial cell phenotype or detect
insulin protein by immunostaining[21’23]. We have since
hypothesized that in our differentiation conditions it is
the low percentage of epithelial cells, which remain after
mesenchymal cell expansion, that respond favorably to
our differentiation protocolm’m and not MSCs or a MSC
intermediate. Thus, the dedifferentiation of islet or IDPT
cells during long-term culture results in the loss of epi-
thelial cells thus making this population difficult to follow
in vitro.

In this study we utilized a reduced serum medium
supplemented with growth factors known to support epi-
thelial cells (EGE, 3,5,3’-triiodo-I-thyronine, bovine brain
extract) and were able to minimize EMT and preserve
the epithelial phenotype (Table 2). We determined that
by preventing cell dedifferentiation and MSC overgrowth
we could maintain the epithelial phenotype for greater
than 25 d. If in fact epithelial mesenchymal transition'>”"
is a necessary process where progenitors or [3-cells must
dedifferentiate to replicate and then be redifferentiated
into insulin producing cells then an alternate cell culture
model must be employed. However, it is unclear if dedif-
ferentiation, expansion then redifferentiation is a prefer-
ential model for increasing [3-cells since B-cells generated
in this model do not secrete physiologic levels of insulin
compared to normal B-cells">*",

Lentiviral tracingm] in combination with our pancre-
atic epithelial expansion medium, allowed us for the first
time to observe morphological changes during in vitro
differentiation without MSC overgrowth. Compared to
lentiviral infected controls (undifferentiated) we have
concluded that it is within the adherent differentiated cel-
lular aggregates where PDX1" and insulin” cells reside. In
addition, it is within these cellular aggregates where epi-
thelial cells (EpCAM) that are PDX1" are located. More
importantly we did not observe vimentin" or ductal epi-
thelial cells (CK19") that were PDX1 or insulin positive
within the cell aggregates. Although several citations have
demonstrated that pancreatic ductal epithelial cells can
generate new B—cells[()'lz], we did not observe this in our
differentiation model. In addition, the infrequent cells we
observed that were pancreatic polypeptide, somatostatin,
and glucagon positive were also negative for PDX1 and
insulin. By relative quantification we observed increased
gene expression of developmental transcription factors
indicative of a -cell progenitorm%]. Differentiated cells
compatred to starting islets had at least two fold higher ex-
pression of PDX1, insulin, PAX4 and RFX (Figure 2C).

In summary we describe a unique cell culture condi-
tion for long-term study of pancreatic epithelial progeni-
tor cells that minimizes overgrowth of MSCs (vimentin®)
and dedifferentiation of epithelial cells through EMT. We
confirmed that during differentiation iz lentiviral report-
ing that PDX1" cells were confined to epithelial cell ag-
gregates that form during differentiation and not vimen-
tin" cells suggesting that EMT is not a mechanism for
generating pancreatic progenitor cells. Future studies will
be to determine overall function of differentiated cells.
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COMMENTS

Background

Islet transplantation is an attractive alternative to daily insulin injections. Identi-
fying and understanding the origin of a potential human B-cell progenitor could
alleviate the current shortage of donor islets and contribute to the overall knowl-
edge of B-cell regeneration. However, the study of B-cell progenitors is fraught
with controversy, as several conflicting models and mechanisms describing the
origin and existence of these progenitor cells have been proposed.

Research frontiers

A popular model describing the origin of human B-cell progenitors that has been
proposed is B-cell dedifferentiation and the expansion of a mesenchymal stem
cell (MSC) intermediate via epithelial-mesenchymal transition (EMT). However,
there has been limited success when redifferentiating these mesenchymal cells
back into functional B-cells.

Innovations and breakthroughs

The authors previously demonstrated that MSCs, could be expanded 12-fold
from human islet depleted pancreatic tissue that remained following islet isola-
tion and demonstrated that these pancreatic MSCs could be partially differenti-
ated into islet-like cells in vitro. However, in a follow up study the authors could
not restore an epithelial phenotype or generate functional endocrine cells. The
authors determined that the few remaining epithelial cells after MSC expansion
were the cells that responded to the authors differentiation protocol. In these
culture conditions MSC overgrowth prevented pancreatic epithelial progenitor
expansion and differentiation. In this study the authors report that by using a
novel pancreatic epithelial medium, MSC expansion and epithelial cell dedif-
ferentiation can be minimized and pancreatic epithelial cell progenitors can be
successfully expanded and differentiated.

Applications

This study demonstrates that -cell progenitors reside in the pancreatic epithe-
lium and that EMT should be inhibited in vitro to successfully expand and differ-
entiate these progenitors. The authors conclude that EMT is not a mechanism
for generating pancreatic progenitor cells.

Terminology

EMT occurs in vitro when epithelial cells de-differentiate and lose their pheno-
type. The resulting cells are MSCs otherwise known as multi-potent stromal
cells.

Peer review

The authors describe a new method that could in the future allow for in vitro
generation of insulin-producing cells. The work is well done and appropriately
presented.
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Abstract

AIM: To evaluate the safety of four insulin titration al-
gorithms in @ homogeneous population of insulin-naive
type 2 diabetic patients.

METHODS: We conducted a 24-wk, open, single-cen-
ter study with 92 insulin-naive type 2 diabetes patients
who failed treatment with one or two oral drugs. The
patients were randomized to one of the four following
algorithms: LANMET (7 = 26) and LANMET PLUS (n =
22) algorithms, whose patients received a fixed initial
insulin dose of 10 U, and DeGold (7 = 23) and DeGold
PLUS (7 = 21) algorithms, whose patients’ initial insulin
dose was based on their body mass index (BMI). In
addition, patients in the PLUS groups had their insulin
titrated twice a week from 2 to 8 U. In the other two
groups, the titration was also performed also twice a
week, but in a fixed increments of 2 U. The target fast-
ing glucose levels for both groups was 100 mg/dL.
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RESULTS: There was no significant difference in ef-
ficacy parameters. There was no significant difference
when comparing moderate hypoglycemia events in
algorithms starting with a 10 U fixed dose and algo-
rithms based on BMI. However, there was a significant
increase in moderate hypoglycemia events among the
PLUS treated patients when the LANMET and DeGold
algorithms were compared with the 2 fast-titration
PLUS algorithms. We observed 12 hypoglycemia events
in the first group, which corresponded to 0.94 events/
patient per year, and we observed 42 events in the
second group, which corresponded to 2.81 events/pa-
tient per year (P < 0.037). No further significant differ-
ences were observed when other comparisons between
the algorithms were carried out.

CONCLUSION: Starting insulin glargine based on BMI
is safe, but fast titration algorithms increase the risk of
moderate hypoglycemia.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Type 2 diabetes; Insulin glargine; Basal in-
sulin; Hypoglycemia; Titration algorithms

Core tip: To start insulin therapy in insulin naive type 2
diabetes patients, a long-acting basal insulin, such as
insulin glargine, is added once a day. The majority of
algorithms determine insulin titration according to fast-
ing plasma glucose levels, but the dosage differs at the
initial dose, frequency and speed of adjustments. It is
difficult to compare the different algorithms employed
in trials with populations of different socio-economic
strata and variable access to educational materials.
Here, we compared the safety of different titration
algorithms in a population that was homogeneous in
terms of socio-economic strata and with the same de-
gree of education in diabetes.

Franco DR, Baptista J, Abreu FRM, Batista RB, Eliaschewitz
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INTRODUCTION

Type 2 diabetes is characterized by insulin resistance and
is associated with the incremental loss of pancreatic beta
cell mass and/or function!”. Patients who are initially
capable of maintaining a good metabolic control using
oral anti-diabetes drugs (OADs) frequently need to add
insulin to their treatment over time™. The simplest way to
begin insulin therapy is to add a long-acting basal insulin,
such as insulin glargine, once per day".

Basal insulin therapy is an efficient glycemia-lowering
treatment, provided it is delivered in the appropriate
doses. Therefore, it must be carefully titrated until pa-
tients achieve the established fasting plasma glucose goal
(FPG)"™. Several titration algotithms have been validated
in clinical trials, and they can be used to guide basal in-
sulin dose adjustments. Most algorithms determine in-
sulin titration according to FPG levels, but differ in the
initial insulin dose, frequency, and speed of dose adjust-
ments®”. A new algorithm (DeGold) has been recently
described, and it considers the degree of insulin resis-
tance due to obesity and recommends initial doses rang-
ing from 0.2 to 0.35 U/kg according to the patient’s body
mass index (BMI)".

The initial insulin dose is important for predicting
whether a target can be reached and how long titration
will take” before treatment is started. Treatment compli-
ance may be jeopardized if the treatment period is too
long and if patients do not see any significant changes in
their FPG levels. The frequency and speed at which insu-
lin doses atre adjusted also vary according to the chosen
algorithm. For example, in the AT LANTUS trial with
insulin Glargine, titration from 2 to 8 U weekly according
to the FPG that was performed by physicians was com-
patred to the increment of 2 U every 3 d until the FPG
reached 100 mg/dL that was performed by the patents
themselves. The results showed that titration performed
by patients could be more effective in achieving A1C tar-
gets[(’]. In the Canadian INSIGHT Trial, patients titrated
their insulin Glargine dose by adding 1 U/d until they
reached the target of 100 mg/dL FPG"!,

Provided it is employed correctly according to the
“Treat to Target” concept, any algorithm can bring fast-
ing glucose levels to normal and allow patients who are
not in need of additional prandial therapy, like rapid act-
ing insulin, to achieve the desired glycated hemoglobin
(A1C) values'”.

Hypoglycemia may also be a factor in the achieve-
ment of a glycemic tatget. The occurrence of hypoglyce-
mia events is not solely due to the effects caused by exog-
enous insulin” but is also fundamentally linked to other
factors, including the level of education of diabetic pa-

(49

TR
JBaishideng®

WJD | www.wjgnet.com

70

tients, especially in regard to compliance to treatment and
protective measures against hypoglycemia'’, Tt is difficult
to compare the efficacy and the safety of all different
algorithms used in trials that have populations belonging
to different socioeconomic levels and having different
access to educative measures™™”'”. As such, we decided to
compare the safety of different titration algorithms in a
population that was homogeneous in terms of socioeco-
nomic level and level of education in diabetes.

The main objective of the study was to evaluate the
safety of four insulin glargine titration algorithms applied
to a homogeneous sample of insulin-naive type 2 diabe-
tes patients and to compare the frequency of severe and
moderate hypoglycemia (glycaemia < 56 mg/dL) events,
the frequency of nocturnal symptomatic hypoglycemia,
total number of hypoglycemic events, and serious adverse
events. The efficacy parameters analyzed for each algo-
rithm were the changes in A1C from baseline to study
end, changes in FPG levels, weight variation during the
study, insulin doses, time needed to reach the FPG target,
and the proportion of patients who reached an A1C tar-
get between 7% and 7.5%, and below 7%.

MATERIALS AND METHODS

Population sample and experimental design

This was a 24-wk, single-centered, randomized, open
study. We screened 125 patients diagnosed with type 2
diabetes, > 18 years old and BMI < 40 kg/ m’ who had
been on stable treatment with one or two OADs for
more than 3 mo, and A1C between 7% and 12%. The
main criteria for exclusion were as follows: chronic kid-
ney disease, liver disease with transaminases = 2.5 times

the normal value, and any pathology requiring systemic
corticosteroid treatment. A total of 33 patients were ex-
cluded because their A1C was above threshold, their he-
patic enzymes were above normal, or they had moderate
renal failure.

The study was approved by the local institucional re-
view board and was conducted according to the Helsinki
Declaration and the GCP-ICH. Informed consent was
obtained from all patients. All patients were living in the
area outside of Sao Paulo city, had the same socioeco-
nomic background and were insulin treatment naive. All
patients attended the same education sessions on diabe-
tes, and lessons were always given by the same person.

Comparisons between the algorithms were made us-
ing ANOVA /Kruskal-Wallis and Student’s # tests. The
data on patients who completed the protocol were used,
and all patients who received at least one dose of insulin
to evaluate data on safety parameters were included.

The demographic data of the randomized patients are
shown on Table 1. Population homogeneity was tested
and showed the groups were similar in terms of age,
weight, BMI, time they have had diabetes for, initial A1C
level, and previous treatment with OADs. However, the
proportion of M/F gender was significantly different in
the LANMET PLUS (P < 0.047) group.

After 4 wk of a run-in period, 92 patients were ran-
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Table 1 Characteristics of the patient population, as grouped according to the four algorithms

n Gender Age (yr) Weight (kg) BMI (kg/m?) Duration (yr) Baseline A1C

Baseline FPG (mg/dL) Previous treatment

Fixed titration 2/2 U

LANMET 26 8M 55.0+10 78 +16.6  30.7 +4.95
Variable titration

LANMET PLUS 22 6M 523+77 70.6%13 278+47
Fixed titration 2/2 U

DeGold 23 14M 546*8 783+135 288+44
Variable titration

DeGold PLUS 21 12M 538+7.6 793+159 295+44

1

81423 939% £1.67% 193.0 £ 59.4 2 OAD (20) 1 OAD (6)
78£3.8 9.35% +1.34% 179.4 £ 51.4 2 OAD (21) 1 OAD (1)
02+£71 9.21% +1.30% 196.6 + 54.8 2 OAD (19) 1 OAD (4)
98+54 9.61% +1.69% 196.1 +53.4 2 OAD (19) 1 OAD (2)

OAD: Oral anti-diabetes drug; FPG: Fasting plasma glucose; BMI: Body mass index.

Table 2 Treatment algorithms used in this study

Initial dose BMI Algorithms
LANMET LANMETPIus DeGold DeGoldPlus
fixed fixed

Fixed initial na. 10 10
dose in U
Variable dose <26 0.2 0.2
according to
BMI (kg/m’)  26<30 0.25 0.25
inU/kg 30<35 0.3 0.3

> 35 0.35 0.35
Insulin FPG
adjustment
Fixed Titration 2 2
twice/week
inU
Variable <100 0 0
titration
according to
FPG (mg/dL) 101 <120 2 2
twice/week 121 <140 2 2
inU 141 <180 4 4

> 180 2 2

FPG: Fasting plasma glucose; BMI: Body mass index.

domly distributed to the four algorithms and were treated
for the next 16 wk. During this period, 10 visits were
scheduled and telephone monitoring was performed by
the investigators between visits. A follow-up visit was
performed 4 wk after the completion of the study. Three
patients withdrew their informed consent. No patients
dropped out due to hypoglycemia or any other adverse
events.

Most patients were being treated with metformin and
sulfonylurea, except for one patient in the DeGold PLUS
group who received nateglinide and metformin, and an-
other one in the LANMET PLUS group who received
rosiglitazone and metformin. Thirteen patients were on
monotherapy, of which seven were on sulfonylurea and
six were on metformin. All patients were kept solely ei-
ther on metformin 2 g/d or on the maximum tolerated
dose during the treatment period.

Treatment algorithms

LANMET and LANMET PLUS used the same initial In-
sulin Glargine dose of 10 U, while DeGold and DeGold
PLUS used an initial insulin Glargine dose based on BMI,
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as shown on Table 2. For the LANMET and DeGold al-
gorithms, the insulin doses were increased by 2 U, twice a
week, to reach the FPG target of 100 mg/dL. For LAN-
MET Plus and DeGold Plus, titration was performed
by increasing insulin doses, from 2 to 8 U total, twice a
week, according to the FPG.

Patients administered the insulin at bedtime and
adjusted the doses under the supervision of a person
over the phone. In all algorithms, the titration of insulin
doses was delayed and an immediate reduction of the
insulin dose was recommended if hypoglycemia < 70
mg/dL. Insulin titration continued in all algotithms until
the targeted FPG, which was between 80 and 100 mg/
dL, was reached. The insulin dose was then maintained
and considered adequate when at least 50% of the sub-
sequent FPG measurements corresponded to the aimed
target.

Rescue therapy with rapid acting insulin was used on
one patient who presented with persistent A1C > 8%,
even though he had his FPG on target for more than 6 wk.

The patients measured their capillary FPG daily and
were instructed to repeat the measurements if they start-
ed having symptoms suggestive of hypoglycemia. When
necessary, the mean values of 3 d of capillary FPG were
used to calculate a new insulin dose.

Classification of hypoglycemia

Severe hypoglycemia: Severe hypoglycemia was defined
as an event requiring third party assistance and glucose
levels below 30 mg/dL, or if the patient recovered after
receiving oral carbohydrates, intravenous glucose, or glu-
cagon.

Symptomatic hypoglycemia: Symptomatic hypoglyce-
mia was defined as an event where the patient presented
with symptoms of hypoglycemia, but responded to oral
carbohydrate ingestion or had a glycemia < 70 mg/dL
(mild) or < 56 mg/dL (moderate).

Asymptomatic hypoglycemia: Asymptomatic hypogly-
cemia was defined as an event without any hypoglycemia
symptoms, but glucose levels below 70 mg/dL.

Asymptomatic nocturnal hypoglycemia: Asymptom-

atic nocturnal hypoglycemia was determined when glyce-
mia under 70 mg/dL was detected before breakfast.
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Table 3 Treatment efficacy data n (%)

LANMET LANMET PLUS DeGold DeGold PLUS
Initial insulin dose (U) 10.0+0 10.0+0 21.0+73 183+7.0
Initial insulin dose (U/kg) 0.13 £ 0.02 0.13 £0.03 0.26 + 0.05 0.25 + 0.05
Final insulin dose (U) 41.65 + 14.00 87.00 *+ 26.87 54.68 + 21.63 48.19 + 38.50
Final insulin dose (U/kg) 0.54 +0.20 0.59% £ 0.27% 0.67% £ 0.24% 0.65% * 0.52%

Baseline A1C 9.39% £ 1.67%
Final A1C 7.36% *1.32%
Reduction in A1C 2.02% £ 1.60%
Proportion of patients reaching FPG target 19/26 (73)
Proportion of patients reaching A1C < 7.5% 17/26 (65)
Proportion of patients reaching A1C < 7.0% 11/26 (42)
Duration of titration to reach FPG target (d) 28 +31
Weight variation (kg) 0.276 £2.94
Final FPG (mg/dL) 119.4 £ 36.2

9.35% £ 1.34%
7.32% + 0.67%
2.02% £1.17%

9.21% £ 1.30%
6.82% £ 0.70%
2.48% £1.23%

9.61% £ 1.69%
7.38% *+ 0.95%
2.23% £ 1.69%

16/20 (80) 22/23 (95) 20/21 (95)
13/20 (65) 20/23 (87) 13/21 (62)
5/20 (25) 16/23 (69) 7/21 (33)
15+ 19 22420 20+17
1.190 + 2.430 0.954 + 2,590 1.630 + 2.500
109.0 + 28.7 106.6 + 18.0 107.6 +17.3

FPG: Fasting plasma glucose.

Table 4 Hypoglycemia events n (%)

LANMET LANMET DeGold DeGold LANMET and DeGold and LANMET LANMET PLUS
PLUS PLUS  LANMETPLUS  DeGold PLUS  and DeGold _and DeGold PLUS
Fixed initial dose Variable initial dose Fixed titration Variable titration

Patients with moderate or 7 (27) 6 (30) 5(22) 5(23) 13 (28) 10 (23) 12 (25) 11 (27)
severe hypoglycemia (1)
Number of moderate or 10 22 5 20 32 25 15 42
severe hypoglycemia events
Patients with symptomatic 13 (50) 4 (15) 5(22) 4(19) 17 (37) 9 (20) 18 (37) 8(19)
night hypoglycemia (1)
Number of nocturnal 46 16 9 8 62 17 31 25
symptomatic hypoglycemia events
Patients presenting any 16 (61)  14(70) 15(68) 12 (57) 30 (65) 27 (62) 31 (64) 26 (60)
type of hypoglycemia (1)
Number of any type of 113 107 48 111 220 159 157 155

hypoglycemia events

Symptomatic nocturnal hypoglycemia: Symptomatic
nocturnal hypoglycemia was defined when hypoglycemia
occurred during sleep, after the bedtime insulin dose and
before wakening, In this case, hypoglycemia was classi-
fied as mild (plasma glucose > 56 mg/dL), moderate (36
mg/dL < plasma glucose < 56 mg/dL) or severe (plasma
glucose < 36 mg/dL).

The evaluation of insulin titration was based on the
patients’ diaries and glycemia levels at every visit. Treat-
ment compliance was evaluated based on the aforemen-
tioned information.

RESULTS

Table 3 shows insulin glargine doses in U and U/kg, effi-
cacy parameters, namely FPG and A1C at the end of the
study, A1C decrease with respect to baseline value, pro-
portion of patients reaching FPG target (A1C < 7.5% or
< 7%), and mean titration time to reach the FPG target
in the various groups.

There was no significant difference between the

groups in the time required to achieve the target. The
safety parameters are shown in Table 4. A unique severe
hypoglycemia event (glycaemia < 36 mg/dL) occurred
after a prolonged fasting period in a patient randomized
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according to the DeGold PLUS algorithm. No other se-
vere adverse events occurred.

In a pooled analysis, there was no significant differ-
ence when comparing moderate hypoglycemia events
in algorithms starting with a 10 U fixed dose with algo-
rithms with BMI variation. However, when we compared
patients (# = 46) whose titration increment was 2 U
twice a week with patients (7 = 43) whose titration varied
according to FPG, we observed a clear increase in the
number of hypoglycemia events in the second group.
We observed 12 hypoglycemia events in the first group,
which corresponded to 0.94 events/patient per yeat, and
we observed 42 events in the second group, which cor-
responded to 2.81 events/patient per year (P < 0.037,
Figure 1).

There were no other significant differences in the fur-
ther comparisons between the algorithms.

DISCUSSION

Titration algorithms are important tools for maximiz-
ing the benefits of insulin therapy for metabolic con-
trol. Many algorithms have been proposed as guides for
achieving metabolic control with basal insulin therapy.
These algorithms differ in their initial recommended dos-
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Hypoglycemia events < 56 mg/dL Figure 1 The graphic represents the

P < 0.037
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es, and in the frequency and speed of basal insulin dose atic, or total hypoglycemia events showed no significant
adjustments[s’é’“’lz]. All were conceived based on the treat- difference between the groups. However, when compar-
to-target concept, thus becoming comparable in efficien- ing the frequency of severe and moderate hypoglycemia
cy if correctly used. However, because these algorithms events between the two groups on fixed titration and the
are being used in different populations, it is difficult to other two groups using a variable regimen, a significant
compare their safety based on the risk of hypoglycemia increase was observed in the latter groups (0.94 events/
because it is unclear whether differences in rates of hy- patient per year 25 2.81 events/patient per year, P < 0.037).
poglycemia ate truly due to the algorithm itself or to the It has previously been reported that patients typically
patients’ varying levels of education. In this study, we expetience 3 events/patient per year, which is similar to
evaluated the efficacy and safety of four insulin glargine what we observed in the patients who were subject to the
titration algorithms in a highly homogeneous population titration regimen that varied according to FPG'"?. The
to compare the impact of both the initial dose and the frequency of symptomatic hypoglycemia events in the
titration regimen on hypoglycemia events. Treat to Target study was higher than in the LANMET

Titration was successfully performed in all groups. trial (4.1 events/patient per year s 13.9 events/patient
The DeGold and DeGold PLUS algorithms used a signif- pet year) that used fixed titration, a finding that is in
icantly higher initial insulin doses compared to the other agreement with our observations'",
two algorithms, which used a 10 U fixed initial dose. Nev- The performance of the DeGold algorithm was
ertheless, at the end of the study, the doses were similar especially notable, and it was recently proposed as an

in all four groups. The doses were slightly higher (0.67 algorithm to guide the introduction of insulin glargine in
U/kg) in the DeGold groups, but were comparable to replacement of OADs for inpatients™. We extended its
previously reported values (0.69 U/kg) in the LANMET use to outpatients currently being treated with OADs and
study“”. as a result, after a mean titration period of 22 d, 95% of

As expected, all four algorithms resulted in a decrease the individuals reached the FPG target and 69% reached
in FPG and A1C values, and 85% of all patients actually values of A1C < 7%, without increase in any hypoglyce-
reached the FPG target and 39% of the patients achieved mia categories.

an A1C < 7% after 18 wk of treatment. This propor- Nevertheless, there was no significant difference
tion is lower than the 60% reported in the Treat to Tar- between the algorithms regarding efficacy parameters,
get study, where the introduced patient population had possibly due to a lack of statistical power because of the
lower initial A1C levels (8.6% vs 9.5%) and results were small sample size.
reported after 36 wk of treatment. In our case, all groups An increase in the risk of hypoglycemia was associ-
presented a mean reduction of at least 2% in A1C values. ated with the rapid titration algorithms, in comparison to
LANMET is a more conservative algorithm, as it rec- patients receiving higher initial doses. A possible explana-
ommends the smallest initial dose and slower titration, as tion for the observed discrepancy may be the extremely
opposed to the DeGold PLUS algorithm, which recom- low number of events that occur in the beginning of
mends the initial insulin dose based on BMI and a faster treatment. Analysis of the distribution of occurrences
titration protocol. As such, the most important safety out- throughout the study showed that only 14% of all events
come to be compared is the frequency of moderate and occurred during the first 4 wk of treatment (data not
severe hypoglycemia events, which is a bartier to the accep- shown). After this period, the insulin doses in the titra-

tance of insulin therapy among clinicians and patients' ', tion regimens that varied according to FPG were higher,

In addition, hypoglycemia is currently acknowledged irrespective of the initial dose. Our data suggest that the
as risk factor that could lead to cardiovascular events and initial dose is not important for achieving glycemic con-
death"”?, Analysis on the incidence of mild, asymptom- trol, nor was it shown to affect the rates of hypoglycemia
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events, as long as titration was performed. However,
forced and rapid titration did increase the rates of hypo-
glycemia events.

In conclusion, there is no increase in the risk of mod-
erate/severe hypoglycemia events when treatment with
insulin glargine is initiated on insulin-naive type 2 diabetes
patients using an algorithm where the initial insulin dose
is calculated based on BMI, as observed in the DeGold
algorithm. However, this risk is increased when a faster
titration schedule was used, compared with a fixed 2-U
increment twice a week.
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Background

To start insulin therapy in insulin naive type 2 diabetes patients, a long-acting
basal insulin, such as insulin glargine, is added once a day. The majority of al-
gorithms determine insulin titration according to fasting plasma glucose levels,
but the dosage differs at the initial dose, frequency and speed of adjustments.

Research frontiers

It is difficult to compare the different algorithms employed in trials with popula-
tions of different socio-economic strata and variable access to educational
materials.

Innovations and breakthroughs

Here, authors compared the safety of different titration algorithms in a popula-
tion that was homogeneous in terms of socio-economic strata and with the
same degree of education in diabetes.

Terminology

Insulin algorithm titration: A guideline to modify the insulin dose after starting
insulin therapy in a patient.

Peer review

This is an interesting study. The authors tried to compare the safety and effi-
cacy of four insulin glargine algorithms in insulin naive type 2 diabetes patients.
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Abstract

AIM: To describe baseline data of the optimal type
2 diabetes management including benchmarking and
standard treatment (OPTIMISE) study in Greece.

METHODS: “Benchmarking” is the process of receiv-
ing feedback comparing one’s performance with that
of others. The OPTIMISE (NCT00681850) study is a
multinational, multicenter study assessing, at a primary
care level, whether using “benchmarking” can help to
improve the quality of patient care, compared with a
set of guideline-based reference values (“non-bench-
marking”). In the Greek region, 797 outpatients (457
men, mean age 63.8 years) with type 2 diabetes were
enrolled by 84 office-based physicians. Baseline charac-
teristics of this population are presented.

RESULTS: Hypertension was the most prevalent con-
comitant disorder (77.3%) and coronary heart disease
was the most frequent macrovascular complication
of diabetes (23.8%). Most patients were overweight
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or obese (body mass index 29.6 + 5 kg/m?®), exhibit-
ing mostly abdominal obesity (waist circumference
102.6 + 13.6 cm). Biguanides were the most preva-
lent prescribed drugs for the management of diabetes
(70.1% of all prescriptions), whereas statins (93.5%
of all prescriptions) and angiotensin receptor blockers
(55.8% of all prescriptions) were the most prevalent
prescribed drugs for hyperlipidemia and hypertension,
respectively. Only 37.4% of patients were on aspi-
rin. Despite treatment, pre-defined targets for fasting
plasma glucose (< 110 mg/dL), glycated hemoglobin (<
7%), systolic blood pressure (< 130 mmHg and < 125
mmHg for patients with proteinuria) and low density
lipoprotein cholesterol levels (< 100 mg/dL and < 70
mg/dL for patients with coronary heart disease) were
reached in a relatively small proportion of patients
(29%, 53%, 27% and 31%, respectively). In a Greek
population with type 2 diabetes, the control of glycemia
or concomitant disorders which increase cardiovascular
risk remains poor.

CONCLUSION: Despite relevant treatment, there is a
poor control of diabetes, hypertension and hyperlipid-
emia in Greek outpatients with type 2 diabetes.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Diabetes; Benchmarking; Treatment tar-
get; Glycemic control; Dyslipidemia; Blood pressure

Core tip: This is an epidemiological study assessing the
prevalence of comorbidities as well as treatment control
in a Greek population of patients with type 2 diabetes.
“"Benchmarking” is the process of receiving feedback
and comparing one’s performance to that of others.
The optimal type 2 diabetes management including
benchmarking and standard treatment (OPTIMISE)
study is a multinational, multicenter study comparing
the efficacy of two follow-up strategies in the manage-
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ment of type 2 diabetic outpatients: “benchmarking”
vs “non-benchmarking”. This paper describes the ratio-
nale and the design of the OPTIMISE study as well as
the baseline characteristics of patients included in the
Greek region.

Kostapanos MS, Tsimihodimos V, Elisaf MS, Tzouvelekis
E, Nikas N. Rationale, design and baseline patient character-
istics of the optimal type 2 diabetes management including
benchmarking and standard treatment study in Greece. World J
Diabetes 2014; 5(1): 76-83 Available from: URL: http://www.
wjgnet.com/1948-9358/full/v5/i1/76.htm DOI: http://dx.doi.
org/10.4239/wjd.v5.11.76

INTRODUCTION

According to the World Health Organization (WHO),
> 180 million people wotldwide suffer from diabetes".
This number is likely to increase by more than double
by the year 2030. In 2005 alone, approximately 1.1 mil-
lion people died from diabetes-related complicationsm.
The WHO projects that without urgent action, deaths
due to these complications will increase by > 50% in the
next 10 yearsm. Type 2 diabetes, which is closely related
to an unhealthy lifestyle and obesity, is associated with
increased risk of micro- and macrovascular outcomes,
including heart attacks, strokes and amputations of the
lower limbs!". Furthermore, diabetes complications not
only decrease life expectancy, but also markedly reduce

the quality of life. These outcomes result in increasing
health care costs".

This burden can be limited with effective treatment
practices[z]. However, a marked variability has been docu-
mented in preventive and therapeutic approaches, sug-
gesting that the level of diabetes care currently delivered
may not produce the predicted health-related benefits".
Gaps between medical care as actually practiced and the
recommendations derived from evidence-based research
are large and widespread”. Approaches improving the
quality of patient care include the development of guide-
lines, flowcharting, data collection and graphical data
analysis. More recent innovations are benchmarking and
computerized decision support™.

Benchmarking is the process of comparing one’s
performance with that of others™. This process begins
with standardized and comparative measurement. It can
go further to understand why there are performance dif-
ferences between seemingly similar processesw. Bench-
marking is practical and action-oriented in its analysis; it
is not a rigorous research methodology. It is, however, a
promising technology that breaks through the isolation
that many clinicians report as the underlying cause of
variation in clinical practice[4].

The optimal type 2 diabetes management includ-
ing benchmarking and standard treatment (OPTIMISE,
NCT00681850) study was a multinational, multicenter

study assessing, at a primary care level, whether us-
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ing benchmarking can help in improving the quality of
patient care as compared with a set of guideline-based
reference values. In this paper, baseline data of patients
included in the OPTIMISE study in the Greek region are
analyzed.

The primary objective of this study was the improve-
ment of the quality of diabetic patient care, particularly
the control of glycemia, lipids and blood pressure, with
benchmarking over a set of guideline-based reference
values (non-benchmarking). In this context, the percent-
age of patients in the benchmarking group achieving pre-
set targets for glycated hemoglobin (HbA10)", low den-
sity lipoprotein cholesterol (LDL-C) ¥and systolic blood
pressure (SBP)™™ s5 non-benchmarking group (control
group) after 12 mo of follow-up was assessed.

Secondary objectives were to demonstrate that using
benchmarking improves the control of diabetes, lipids
and blood pressure (1) by means of the proportion of
patients achieving pre-set targets for HbA1c!", glycerniam,
LDL-C levels"” and SBP™ or (2) by determining the im-
provement in these parameters after 12 mo of follow-up.
Other secondary objectives included (3) the preventive
screening for several outcomes: retinopathy, neuropathy,
dietary counseling, microalbuminuria, smoking habits,
body mass index (BMI) and physical activity and (4) the
measurement of physical activity by registering the num-
ber of steps and the distance walked per day.

MATERIALS AND METHODS

Study design and population
Type 2 diabetic patients, followed by usual physician
treatment, were recruited for observation. Selection crite-

ria were male or female subjects (1) with a minimum age
of 18 years; (2) with type 2 diabetes, treated or untreated,
insulin dependent or not insulin dependent at the time
of first visit; and (3) who signed an informed consent to
participate in the study. Diabetes was defined by plasma
levels of glucose (PG); fasting PG was = 126 mg/dL or
PG levels 2-h post-load was = 200 mg/dL. Patients who
(1) suffered from type 1 diabetes or gestational diabetes,
(2) participated in any other clinical study or (3) were hos-
pitalized during the study period (because it is a primary
care study) were excluded from the study.

Investigators recruited for this study were physicians
from all over the country who were willing to participate.
A selection was based on the availability of sufficient
diabetic patients in the physician’s practice and the mo-
tivation to fulfill the administrative procedures linked to
the study. All participating investigators performed their
usual monitoring, treatment and counseling of their dia-
betic patients. Investigators were randomized into two
groups. The group that performed the usual monitoring
of their diabetic patients by knowing the relative level
of diabetic control of their patients compared with the
patients of other investigators was defined as the bench-
marking group. The other group (non-benchmarking)
did not receive any information and behaved as a control
group. The proportion of investigators receiving that in-
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formation (benchmarking) »s the control group was 3 to 1.

Follow-up

All investigators received feedback on the risk factors of
their patients. Additionally, in the benchmarking group,
physicians anonymously received information on the level
of control of cardiovascular risk factors for their patients
compared with their colleagues. This possibly resulted in
an additional motivational stimulus for investigators and
patients to follow therapeutic advice and to improve their
risk factors.

The time interval between visits in this study coz-
responded to the four-times yearly control visits for
diabetic patients regarding blood pressure, fasting glyce-
mia, HbAlc, body weight, smoking habits and physical
activity, as recommended by the “International Diabetes
Federation””. Therefore, according to the study proto-
col, patients were followed-up in four visits. Baseline as-
sessments were recorded at visit 1, and further data were
collected after approximately 4 mo (visit 2), 8 mo (visit 3)
and 12 mo (visit 4). The serum lipid profile [total choles-
terol (TC), LDL-C, high density lipoprotein cholesterol
(HDL-C) and triglyceride (T'G) levels] was also recorded

at baseline and at the same time intervals.

Clinical evaluation

At each visit, blood pressure was measured with the pa-
tient in the sitting position following at least 5 min of
rest with a manometer with a cuff of the recommended
dimensions. The mean blood pressure based on three
successive readings was recorded. Somatometrics, includ-
ing body weight, height (only at the first visit) and waist
circumference, were also measured during the follow-
up. The patient ideally wore light clothing and no shoes
during the weight measurement. Weight was given in
kilograms, without decimals (to round up as from 0.5 kg).
The patient ideally wore no shoes during the height mea-
surement. Height was given in centimeters without deci-
mals (to round up as from 0.5 cm). For the measurement
of waist citcumference, a measuring tape was placed in a
horizontal plane around the abdomen at the level of the
iliac crest. Before reading the tape measure, investigators
ensured that the tape was snug without compressing the
skin and parallel to the floor. The measurement was made
at the end of a normal expiration.

Laboratory evaluation

After an 8-h overnight fast, two blood samples (7 mL)
were obtained. The following parameters were analyzed
at the central lab BARC (Industriepark Zwijnaarde 7b3,
B-9052 Ghent, Belgium): (1) HbAlc, (2) fasting PG and
(3) the serum lipid profile, including TC, TG, HDL-C
and LDL-C levels. At visits 1 and 4, a urine sample of 4
ml. was collected for analysis of microalbuminuria.

Pre-defined targets of treatment

Pre-defined targets of treatment were (1) HbAlc < 7%
and fasting PG < 110 mg/dL for glycemic control, (2)
SBP < 130 mmHg and < 125 mmHg in the case of renal
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impairment and proteinuria > 1 g/24 h for blood pres-
sure control and (3) LDL-C levels < 100 mg/dL and < 70
mg/dL for very high-risk patients (i.e., those with diabetes
and coronary heart disease) for serum lipids control.

Patient classification

Patients were categorized according to fasting PG levels
into (1) “normal” if fasting PG was < 110 mg/dL, (2)
“bordetline” if fasting PG was 110-125 mg/dL and (3)
“diabetics” if fasting PG was = 125 mg/dL. According
to HbAlc levels, patients were classified into “good” if
HbAlc < 7% and “too high” if HbAlc > 7%. SBP levels
divided the study population into: “good” if < 130 mmHg
and “too high” if = 130 mmHg. According to LDL-C
levels, patients were categorized into “good” if LDL-C <
100 mg/dL and “too high” if LDL-C = 100 mg/dL.

A four-point verbal rating scale was used to assess the
following physical activity: (1) no weekly activity; (2) only
limited physical activity during most weeks; (3) intense
physical activity (activity that gives rise to shortness of
breath, tachycardia and sweating) during at least 20 min,
once to twice a week; and (4) intense physical activity
(activity that gives rise to shortness of breath, tachycardia
and sweating) during at least 20 min, three times or more
a week.

Statistical analysis

Descriptive statistics (mean, median, number of observa-
tions, standard deviation, standard error, 95%CI, mini-
mum and maximum) of all primary and other variables
are presented in tables and, if appropriate and interesting,
in graphs. This is applicable for the following variables:
HbAlc, glycemia, LDL-C, SBP, TG, TC, HDL-C, diastol-
ic blood pressure, waist citcumference, smoking habits,
microalbuminuria, BMI, physical activity (rating scale),
degree of ophthalmic control and degree of dietary ad-
vice.

The null hypothesis for the primary objective is that
the proportion of patients who reached targets after 12
mo in both groups is equal. The alternative hypothesis
is that this proportion is greater in the benchmarking
group compared with the control group. This analysis is
petformed for the following variables: HbAlc, LDL-C
and SBP. For secondary objectives, the null hypothesis is
that the proportion of patients who reached the target
after 12 mo is the same as the proportion of patients
who reached the target at baseline. The alternative hy-
pothesis is that this proportion is even greater after 12
mo than at baseline. This analysis is also performed for
HbAlc, LDL-C and SBP. Another null hypothesis is that
the mean proportion improvement of these variables
after 12 mo is equal to zero. The alternative hypothesis is
that the mean petrcentage improvement is different from
zero.

RESULTS

The study design and the global baseline results of the
OPTIMISE study have been previously reported™. Ad-
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Table 1 History data of the study population in Greece

Variable Value
Age (yr) 64 +11
Male gender 457 (57.3)
Positive family history of diabetes 483 (64.2)
Family history of premature heart disease 213 (28.4)
Time since diagnosis of diabetes (yr) 92183
Age at diagnosis of diabetes (yr) 54 +11
Smoking status

Current smokers 194 (24.3)

Ex-smokers 171 (21.4)

Non-smokers 432 (54.2)

Data are expressed as absolute numbers (percentage) or mean * SD.

Table 3 Baseline clinical characteristics of the study

population in Greece (mean * SD)

Variable Value
Height (cm) 167 £9
Weight (kg) 83+ 16
Body mass index (kg/m®) 29.6 £5.0
Waist circumference (cm) 103 £ 14
Systolic blood pressure (mmHg) 138 £17
Diastolic blood pressure (mmHg) 80%9

ditionally, the benchmarking process has been schemati-
cally described in detail above'.

History data and clinical evaluation

A total of 797 patients were enrolled in this study (z =
570 in the benchmarking group and 227 in the control
group) by 84 participating office-based physicians across
Greece. History data of the study population are shown
in Table 1. Most patients were middle-aged and had a
positive family history of diabetes (Table 1). A small
predominance of male gender was noted in our popula-
tion. Patients were middle-aged at the time of diagnosis
of diabetes and presented after approximately a 10-year
course of diabetes.

Hypertension was a common concomitant disorder
in our population, present in approximately 8/10 pa-
tients (Table 2). Among macrovascular complications of
diabetes, coronary heart disease was the most prevalent,
followed by peripheral artery disease and stroke (Table 2).
Only two patients have undergone amputation. Retinopa-
thy was the most commonly observed microvascular com-
plication of diabetes, followed by proteinuria (Table 2).

Table 3 shows the main clinical characteristics of
the study population. The vast majority of patients were
overweight or obese, as reflected by increased BMI. The
predominance of visceral obesity was mirrored by abnor-
mally raised measurements of waist circumference. Most
patients (ze., 77%) reported no or light weekly physical
activity and the rest (23%) reported “intense physical ac-
tivity” for 1-2 times per week.

Both systolic and diastolic blood pressure levels were
moderately elevated (Table 3). As expected, SBP was
greater in patients with proteinuria than in patients with-
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Table 2 Macrovascular and microvascular complications of
diabetes and concomitant diseases of the study population in

Greece n (%)

Clinical condition Value
Hypertension 615 (77.2)
Coronary heart disease 186 (23.8)
Stroke 50 (6.3)
Peripheral artery disease 85 (11.1)
Amputation 2(0.3)
Proteinuria 38 (5.6)
End-stage renal disease 1(0.1)
Retinopathy 54 (7.2)

Table 4 Treatment of the study population in Greece

Treatment n (%)
Antidiabetic 740 (92.9)
Insulin 145 (19.6)
Biguanide (metformin) 519 (70.1)
Sulfonylurea 343 (46.4)
Glitazone 142 (19.2)
Others 104 (14.1)
Lipid-lowering 553 (69.4)
Statin 517 (93.5)
Ezetimibe 53 (9.6)
Fibrate 17 (3.1)
Others 43 (7.8)
Antihypertensive 591 (96.1")
ARBs 330 (55.8)
ACEi 202 (34.2)
CCBs 242 (40.9)
Beta-blockers 179 (30.3)
Alpha-blockers 13 (2.2)
Diuretics 220 (37.2)
Others 19 (3.2)
Anti-obesity 40 (5.0)
Aspirin 298 (37.4)

'The percentage value refers to patients with hypertension. ARBs: Angio-
tensin receptor blockers; ACEi: Angiotensin converting enzyme Inhibitors;
CCBs: Calcium channel blockers.

out proteinuria (144 * 19 mmHg »s 138 *+ 17 mmHg).
Only a small proportion of patients (27%) reached the
pre-defined target for blood pressure, whereas most pa-
tients (72%) did not reach this target (Figure 1).

Medical treatment

Prescribed medications are shown in Table 4. Biguanides
were the most commonly prescribed antidiabetic drugs,
followed by sulfonylureas. Approximately one fifth of
the patients in outr population were treated with insulin.
The mean insulin dosage among insulin-treated patients
was 48 £ 28 units/d. From all antidiabetic drug combina-
tions, biguanide + sulfonylurea was the most commonly
prescribed (20% of all prescriptions).

Almost all patients on lipid lowering therapy were
taking statins (Table 4). Simvastatin was used by 34% of
the statin-treated patients at a mean dose, atorvastatin by
36% and rosuvastatin by 24% at a mean dose of about
30, 20 and 12 mg/d, respectively. Statins with a mild
lipid-lowering potency, including fluvastatin and pravas-
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Figure 1 Proportion of patients who did not reach or reached pre-defined
targets of treatment. SBP: Systolic blood pressure; HbA1c: Glycosylated he-
moglobin; LDL-C: Low density lipoprotein cholesterol.

tatin, were less frequently prescribed. The use of other
hypolipidemic drugs was limited in our population. The
dose of 100 mg/d was the predominant dose of aspirin,
corresponding to 92% of all prescriptions.
Renin-angiotensin-aldosterone system blockade was
the most popular antihypertensive strategy, with angio-
tensin receptor blockers (ARBs) being prescribed in more
than half and angiotensin converting enzyme inhibitors
(ACE)) in approximately one third of our population
(Table 4). ARBs were the most commonly prescribed an-
tihypertensive drug category, followed by calcium channel
blockers (CCBs), diuretics, ACEi and beta-blockers (Table
4). From combinations of two antihypertensive drugs,
ARBs with diuretics or CCBs were the more prevalent
(each representing approximately 5% of all prescriptions),
followed by ACE1 with the same categories (approximately
3% of all prescriptions for each combination). ARBs,
CCBs and diuretics combination were the most frequent
among triple combinations (5% of all prescriptions).

Target achievement for laboratory parameters

Table 5 shows the glycemic control and serum lipid pro-
file. Glycemic control was poor, with 71% of all patients
being out of the pre-defined target according to fasting
PG and 47% according to HbAlc (Figure 1). Interesting-
ly, glycemic control was better when assessed by HbAlc
rather than by fasting PG levels.

Only 31% of patients reached the pre-defined target
for LDL-C (< 100 and < 70 mg/dL for patients with
coronary heart disease). This proportion was greater (..,
40%) for the target of LDL-C < 100 mg/dL and lower
(19%) for a more aggressive LDL-C target of < 80 mg/
dL (Figure 1). Consequently, the LDL-C target was not
reached in the vast majority of patients with coronary
heart disease (82%).

DISCUSSION

The OPTIMISE study is designed to compare two dif-
ferent strategies in the follow-up of type 2 diabetic
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Table 5 Laboratory evaluation of the study population in
Greece (mean * SD)

Variable Values
Glucose (mg/dL) 138 + 47
HbAlc (%) 72+13
LDL-C (mg/dL) 112 + 35
HDL-C (mg/dL) 50 £13
TC (mg/dL) 192 + 42
TG (mg/dL) 154 + 85
Albuminuria (mg/g Cr) 66.6 = 249.2

HbAlc: Glycosylated hemoglobin; LDL-C: Low density lipoprotein choles-
terol; HDL-C: High density lipoprotein cholesterol; TC: Total cholesterol;
TG: Triglycerides; Cr: Creatinine.

outpatients regarding the control of diabetes and its con-
current morbidities. Benchmarking is a relatively recent
innovation in the quality management sciences, repre-
senting a useful tool in the understanding of why there
are performance differences between seemingly similar
processes'’. Feedback methods such as benchmarking
in which clinicians receive reports of their performance
compared with the mean performance of a peer group
have been used and studied extensivelyp’mj. One under-
lying theory holds that viewing personal performance
within the context of peer performance is a powerful
motivator for changeﬁ’“]. In the OPTIMISE study, the
hypothesis whether “benchmarking” is superior to a
“non-benchmarking” follow-up strategy in the control of
diabetes and concurrent morbidities is evaluated.

In the present papet, we discuss baseline characteris-
tics of a relatively large population of type 2 diabetic pa-
tients in the Greek region participating in the OPTIMISE
study. To the best of our knowledge, this study represents
one of the larger diabetes registries in the country.

Type 2 diabetes is becoming an increasingly prevalent
morbidity in Greece. In the ATTICA study, the preva-
lence of diabetes in 3042 subjects who were free of car-
diovascular disease was raised from 8% in 2001 to 12.8%
in 2006, According to the same study, the age-adjusted
five-year incidence of type 2 diabetes was 5.5%",

The mean age at diagnosis of diabetes in the OPTI-
MISE study was 54 years. This finding is in accordance
with the “Aegaleo” studies in which the increase in dia-
betes begins in those > 50 years of age''”. Interestingly,
current data showed clearly that the prevalence is con-
siderably increased after the age of 30 years“SJ. Age was
found to independently correlate with increased risk for
diabetes (OR = 1.07, 95%CI: 1.06-1.08)""",

In the OPTIMISE study, a mild predominance of
the male gender over female was noted. This finding is
consistent with epidemiological data from the ATTICA
study in which the prevalence of diabetes was higher in
men than in women (8% s 6%, respectively)'?. Likewise,
in another analysis, male gender was recognized as an
independent predisposing factor for diabetes (OR = 1.43,
95%CI: 1.04-1.95)""). The possible explanation for these
sex differences may be that men are more susceptible
than women to the consequences of indolence and obe-
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sity, possibly due to differences in insulin sensitivity and
abdominal fat depositionm.

Most of our diabetic patients had a positive fam-
ily history of diabetes. It has been shown that Greek
subjects with a positive family history of diabetes may
have approximately a seven-fold higher risk for diabetes
compared with co-responders without a family history of
diabetes!". Approximately 1/4 of diabetic patients in our
population (ze., 24%) exhibited coronary heart disease,
a proportion which is similar to that reported for the
prevalence of diabetes among Greek patients who had
suffered a myocardial infarction (i.e., 25%)"". Coronary
heart disease represented the most prevalent disorder
among all macrovascular complications of diabetes, with
the rates for other forms of cardiovascular disease being
relatively low.

The prevalence of hypertension was high among
our subjects. Hypertension was considered as an inde-
pendent contributing factor for diabetes in Greek adult
subjects with self-reported diabetes (OR = 2.19, 95%CI:
1.60-2.99)"". The prevalence of hypertension in our
population was greater compared with that recorded in
an urban Greek population of self-reported diabetes (77%
vs 51%, respectively)m. The great prevalence of hyper-
tension among Greek subjects with metabolic syndrome
(ze., 71%)[19], which represents a pre-diabetic condition,
may account for high rates of hypertension in type 2 dia-
betic patients.

According to BMI values, approximately all patients
were overweight or obese with increased measurements
of waist circumference. Being overweight and obese was
associated with a two-fold increase in the risk for diabetes
in a Greek populationm. Abdominal obesity, which is
present in 82% of patients with metabolic syndrome in
Greece, may play a major role in the pathogenesis of
type 2 diabetes by promoting insulin resistance’™”. Physi-
cal inactivity was another important finding of this study.
The proportion of our diabetic patients who reported
physical inactivity was greater than that recorded in the
ATTICA study (77.41% vs approximately 50%, respec-
tively)"”. This unhealthy lifestyle pattern could be related
to the development of obesity and diabetes.

The most important finding of this study lies in the
low rates of patients who reached pre-defined targets of
treatment for SBP, glycemia and LDL-C levels. Approxi-
mately 72% of patients were off target regarding SBP.
This rate is in accordance with the Didima study, which
shows that only 27% of treated hypertensive subjects
reached treatment targets for arterial blood pressure in a
rural Greek area®. In the EUROASPIRE 1T study, 50%
of patients with coronary heart disease in 15 European
countries (including Greece) had raised blood pressure
levels™. Similar were the results of a Greek trial per-
formed in patients with coronary heart disease of whom
only 50% had desirable blood pressure levels™.

Suboptimal control was noted for LDL-C levels.
Seven out of 10 patients did not reach the pre-defined
target of LDL-C levels < 100 mg/dL and < 70 mg/dL

for diabetic patients with coronary heart disease. This
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rate was even lower for a more promising target of < 80
mg/dL. Interestingly, this was evident despite high rates
of patients who were treated with statins (7., 65% of the
total study population or 94% of those receiving lipid
lowering medications), particularly the most potent ones.
Nevertheless, few patients were treated with drugs that
could offer further LDL-C lowering, including ezetimibe.
Lipid-lowering drug combinations, which are currently
underused, could contribute to a greater percentage of
patients reaching the targets for LDL-C levels. In the
EUROASPIRE I study, 58% of patients with coronary
heart disease had elevated TC levels™. In Greece, the
OLYMPIC study showed that only 26% of 2660 adults
with dyslipidemia, who had been receiving lipid-lowering
treatment for at least 3 mo (of whom 36% had diabetes),
achieved the NCEP-ATPIII targets for LDL-C levels™.
A greater proportion (7.e., 49%) of patients achieving the
2004-updated NCEP ATPIII targets was reported in the
CEPHEUS (Centralized Pan-European survey on the
undertreatment of hypercholesterolemia in patients using
lipid lowering drugs). This study was performed in 1321
Greek patients who were on lipid lowering treatment for
at least 3 mo were stable for at least 6 wk. Interestingly,
25% of these patients had diabetes™.

In the OPTIMISE study, 34% of the statin-treated
patients were on simvastatin, most of them at low doses
(49% of them 20 mg/d and 9% 10 mg/d). If these
patients were switched to a more potent statin (either
atorvastatin or rosuvastatin), they might have reached
the targets for LDL-C. Moreover, > 36% of patients
on atorvastatin were using low-to-moderate doses (38%
of them 10 mg/d and 44% 20 mg/d). It is possible that
these patients would reach their targets if titrated to a
higher atorvastatin dose or switched to a more potent
statin, such as rosuvastatin. Finally, 24% of patients were
treated with rosuvastatin (76% of patients used 5-10 mg/
d and only 22% 20 mg/d). A higher rosuvastatin dose
could potentially offer a higher proportion of patients
achieving LDIL-C goals. According to international rec-
ommendations, statin treatment should be optimized and
if the target is not reached, then a second agent should
be added. Nevertheless, it appears that statin treatment
was far from optimal in the OPTIMISE population. An
optimization of statin dose or switching to a more potent
statin could help more patients reach the target. If the
target is not reached, then the addition of a second agent
could be useful.

Poor glycemic control was also noted in our popula-
tion; only 30% according to fasting PG levels and 50%
according to HbAlc levels. The results of the EU-
ROASPIRE II study were similar among diabetic pa-
tients with coronary heart disease, with more than 70%
being out of target for PG levels™. In a Greek popula-
tion of 819 diabetic patients with coronary heart disease,
only half of the patients exerted HbAlc levels < 7.5%",
Although insulin is considered as a first-line treatment
choice for the management of type 2 diabetic patients,
only one fifth of patients in the OPTIMISE study were
treated with insulin. This could have attributed to low
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rates of glycemic control.

The OPTIMISE study was designed to compare
the efficacy of “benchmarking” compared with “non-
benchmarking” in the control of type 2 diabetes in an
outpatient basis. In Greek participants of this study, poor
control of diabetes, hypertension and hyperlipidemia
were noted at baseline despite treatment.
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by the relevant research ethics committee or institutional review
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SUBMISSION OF MANUSCRIPTS
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start each of the following sections on a new page: Title Page, Abs-
tract, Introduction, Materials and Methods, Results, Discussion,
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ends. Neither the editors nor the publisher are responsible for the
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Publishing Group Co., Limited, and may not be reproduced by any
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sake of transparency in regard to the performance and reporting
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February 15, 2014 | Volume 5 | Issuel |



mittee of Medical Journal Editors to refuse to publish papers
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to our knowledge, is http://www. clinicaltrials.gov sponsotred by
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letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/1948-9358/¢_info_
20100107165233.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submission
System may send an email describing the problem to bpgofficw@
wjgnet.com, ot by telephone: +86-10-85381892. If you submit your
manusctipt online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Auth-
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One
author may be represented from two institutions, for example, Ge-
orge Sgourakis, Department of General, Visceral, and Transplan-
tation Surgery, Essen 45122, Germany; George Sgourakis, 2nd
Surgical Department, Korgialenio-Benakio Red Cross Hospital,
Athens 15451, Greece
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Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801
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Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.,
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in IW]D, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anten Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Uni-
versity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured
into the following sections: AIM (no more than 20 words; Only the
purpose of the study should be included. Please write the Aim in
the form of “To investigate/study/”), METHODS (no less than
140 words for Original Articles; and no less than 80 words for Brief
Articles), RESULTS (no less than 150 words for Original Articles
and no less than 120 words for Brief Articles; You should present P
values where appropriate and must provide relevant data to illustrate
how they wete obtained, eg., 6.92 £ 3.86 »s 3.61 + 1.67, P < 0.001),
and CONCLUSION (no mote than 26 wotds).

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Key words
Please list 5-10 key words, selected mainly from Index Medicns, which
reflect the content of the study.

Text

For articles of these sections, original articles, rapid communi-
cation and case reports, the main text should be structured into
the following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
main text or in Figures and Tables, but not in both.

1llustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
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applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of the bar
defined in the legend rather than on the bar itself. File names should
identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the
same subjects. For example: Figure 1 Pathological changes in
atrophic gastritis after treatment. A: ..; B: ..; C: ;D o Er g B
G: ...ee. It is our principle to publish high resolution-figures for the
printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'F, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ®, o, m, O, A, /\, e, in a certain
sequence.
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after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
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Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first

(49

;guamaﬁ.,g@ WJD | www.wjgnet.com

v

and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
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Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

Express 7 test as # (in italics), I test as I (in italics), chi square test as
Xz (in Greek), related coefficient as  (in italics), degree of freedom as
v (in Greek), sample number as 7 (in italics), and probability as P (in
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressute, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO,
volume fraction, 50 mL/I. CO,, not 5% CO,; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fracton, 8 ng/g, ef.
Arabic numerals such as 23, 243, 641 should be read 23243 641.
The format for how to accurately write common units and
quantums can be found at: http:/ /www.wjgnet.com/1948-9358/
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Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
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