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CHAPTER 1

TYPE 1 DIABETES MELLITUS

1.1 Introduction

Diabetes is a serious, long-term condition that occurs when the body cannot
produce any or enough insulin or cannot effectively use the insulin it produces.
Insulin, the essential hormone produced in the pancreas, allows the entrance of
glucose from the bloodstream into the body’s cells, thus producing energy.
Increased levels of blood glucose due to lack of insulin can cause long term damage
to many of the body’s organs. This damage will eventually, if untreated, lead to
disabling and life-threatening health complications such as cardiovascular diseases,
nerve damage, kidney damage and eye disease. in the contrary, with appropriate
treatment, these serious complications can be delayed or prevented altogether?

Type 1 diabetes mellitus (T1DM) is caused by an autoimmune process in
which the body’s immune system attacks the insulin producing beta-cells of the
pancreas. As a result, the body produces very little or no insulin. The causes of this
destructive process are not fully understood but a likely explanation is that the
combination of genetic susceptibility (conferred by a large number of genes) and
an environmental trigger such as a viral infection, initiate the autoimmune reaction.
The condition can develop at any age, although T1DM occurs most frequently in
children and young adults. TIDM is one of the most common chronic diseases in
childhood. Type 2 diabetes is also seen in older children and is increasing in some

countries as childhood overweight and obesity become more common?.



1.2 Epidemiology

Findings of the current 10th edition confirm that diabetes is one of the fastest
growing global health emergencies of the 21st century (Figure 1.1). In 2021, it is
estimated that 537 million people have diabetes, and this number is projected to
reach 643 million by 2030, and 783 million by 2045. In addition, 541 million people
are estimated to have impaired glucose tolerance in 2021. It is also estimated that
over 6.7 million people aged 20—79 will die from diabetes-related causes in 2021.
The number of children and adolescents (i.e., up to 19 years old) living with
diabetes increases annually. In 2021, over 1.2 million children and adolescents have
type 1 diabetes. Direct health expenditures due to diabetes are already close to one
trillion USD and will exceed this figure by 2030 2.

Wide variations exist between the incidence rates of different populations,
incidence is lowest in China and Venezuela (0.1 per 100 000 per year) and highest
in Finland and Sardinia (37 per 100 000 per year). In most populations girls and
boys are equally affected. In general, the incidence increases with age; the incidence
peak is at puberty. After the pubertal years, the incidence rate significantly drops in
young women, but remains relatively high in young adult males up to the age 29—

35 years.
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Figure 1.1- Number of people with diabetes worldwide and per IDF Region in 2021-2045 (20-79
years).

Diabetes estimates for 2021 show increasing prevalence of diabetes by age.
Similar trends are predicted for 2045. Prevalence is lowest among adults aged 20—
24 years (2.2% in 2021) (Figure 1.2). Among adults aged 75-79 years diabetes
prevalence is estimated to be 24.0% in 2021 and predicted to rise to 24.7% in 2045.
The aging of the world's population will produce an increasing proportion of those

with diabetes being over the age of 60 years.
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Figure 1.2- Number of people with diabetes in adults (20—79 years) by age group in 2021 (columns)
and estimated prevalencei across age groups in 2045 (black line).

The estimated prevalence of diabetes in women aged 20-79 years is slightly
lower than in men (10.2% vs 10.8%). In 2021, there are 17.7 million more men than

women living with diabetes (Figure 1.3).
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Figure 1.3- Prevalence of diabetes among men and women (20-79 years), 2021.

In 2021, more people with diabetes live in urban (360.0 million) than in rural
(176.6 million) areas — the prevalence in urban areas being 12.1% and in rural areas
8.3%. The number of people with diabetes living in urban areas is expected to
increase to 596.5 million in 2045, as a result of global urbanization. By 2045, the
predicted prevalence of diabetes in urban areas is estimated to increase to 13.9%,

due to population ageing (Figure 1.4)2,
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Figure 1.4-Number of people with diabetes in adults (2079 years) living in urban and rural areas
in 2021 and 2045.

The incidence of T1DM varies around the world, with some regions having
much higher incidences than others. The countries with the largest numbers of
adults with diabetes aged 2079 years in 2021 are China, India and Pakistan. They
are anticipated to remain so in 2045 (Table 1.1). The countries that have the highest
number of people with diabetes do not necessarily have the highest prevalence. The
highest comparative diabetes prevalence rates in 2021 are reported in Pakistan
(30.8%), French Polynesia (25.2%) and Kuwait (24.9%). These countries are also
expected to have the highest overall comparative diabetes prevalence in 2045, with

figures in Pakistan reaching 33.6%, Kuwait 29.8% and French Polynesia 28.2%.



Table 1.1- Top 10 countries or territories for number of adults (2079 years) with diabetes in
2021 and 2045.

N

Rank Country or territory ~ Number of people Rank Country or territory ~ Number of people
with diabetes with diabetes
(millions) (millions)

1 China 140.9 1 China 174.4

2 India 74.2 2 India 124.9

3 Pakistan 33.0 3 Pakistan 62.2

4 United States of 32.2 4 United States of 36.3

America America

5 Indonesia 19.5 5 Indonesia 28.6

6 Brazil 15.7 6 Brazil 23.2

7 Mexico 14.1 7 Bangladesh 22.3

8 Bangladesh 13.1 8 Mexico 21.2

9 Japan 11,0 9 Egypt 20,0

10 Egypt 10.9 10 Turkey 13.4

In total, 1,211,900 children and adolescents younger than 20 years are
estimated to have type 1 diabetes globally. It is estimated that around 108,200
children and adolescents under 15 years are diagnosed each year. This number rises

to 149,500 when the age range extends to those under 20 years (Table 1.2)°.

Table 1.2-Global estimates for type 1 diabetes in children and adolescents (0-14 years and 0-19
years) in 2021.

Global population (0-14 years) 1.99 hillion
Global population (0-19 years) 2.61 billion
Type 1 diabetes in children and adolescents (o-14 years)

Number of prevalent (existing) cases of type 1 diabetes 651,700
Number of incident (new) cases of type 1 diabetes per year 108,300
Type 1 diabetes in children and adolescents (0-19 years)

Number of prevalent (existing) cases of type 1 diabetes 1,211,900

Number of incident (new) cases of type 1 diabetes peryear 149,500




1.3 Aetiology and Risk Factors for TIDM

T1DM can be defined as a polygenic multifactorial disease due to the interaction
between multiple predisposing genetic factors in the presence of permissive

environmental factors.

1.3.1 Genetics factors

T1DM is a polygenic disease linked with over 60 loci across the genome
including strong association in the HLA class Il region®. Genetic risk factors that
have been identified to be associated with TIDM include HLA-DR3-DQ2 and
HLA-DR4-DQ8 haplotypes, non-HLA single nucleotide polymorphism (SNP) and
a family history of TIDM °. HLA class Il molecules perform antigen presentation
and the haplotypes HLA-DR3-DQ2 and HLA-DR4-DQ8 are linked to
approximately 50% of T1DM®. HLA-DR4-DQ8 confers the highest risk for TIDM
development with an 11.37 odds ratio’. Indeed, 90% of children diagnosed with
T1DM in Scandinavia have either HLA-DR3-DQ2 or HLA-DR4-DQ8 haplotypes
or both of these haplotypes *. Some other HLA class Il haplotype are associated
with protection from T1DM e.g., HLA-DR2-DQ6’. Non-HLA single nucleotide
polymorphism (SNP) that have been associated with autoantibody production and
T1DM, include PTPN22 (an Immune regulator with gene located at 1p13), insulin
gene and Cytotoxic T-lymphocytes-associated protein 4 (CTLA4) a T-cell
inhibitory receptor® Probably these genetic factors also predispose these patients to
other autoimmune disorders, as these patients are also prone to diseases such as

Grave’s disease, Addison’s disease, autoimmune hepatitis, myasthenia gravis and



pernicious and celiac disease. The summation of these genetic risk factors into a
single continuous variable or polygenic risk score is likely to be useful for TLDM
prediction, discrimination from other diabetes and classification of TLDM *. Also
these HLA and non-HLA genetic factors represent potential targets for the

prevention and therapy of TIDM.

1.3.2 Environmental factors

Infections

Early ecological reports, seroepidemiological studies, and case reports have
drawn attention to viral infections as a potential cause of TLDM. Several viruses
have been implicated, with enteroviruses having the strongest evidence from studies
in animal models and in human beings. These viruses have a tropism to human
pancreatic islets in vivo and in vitro, and have been detected in the pancreas
of patients recently diagnosed with T1DM. Recent findings consistent
with a persistent enteroviral infection in patients at diagnosis of TIDM
include: more frequent detection of enteroviral VP1 protein immunoreactivity in

the P cells of children with TLDM than in age-matched controls®.

Intestinal microbiota

Some of the candidate environmental factors for TLDM (eg, caesarean delivery,
early childhood diet, and use of antibiotics) are intertwined with the development

and function of the human microbiome. Gut microbes influence lipid and glucose



metabolism, as well as immunity and systemic inflammation outside of the
intestine. Commensal microbiota might modulate the risk of T1DM, but studies so
far have been underpowered and focused on taxa diversity. Some have reported
lower microbial diversity in children with islet autoimmunity before progression to

diabetes, compared with healthy controls®.

Breastfeeding

Many case-control studies suggested that short breastfeeding and/ or early cow’s
milk introduction increases T1IDM risk 1% including data from a large study of
randomly selected children from Southeast Sweden 213, The mechanism of cow’s
milk effect was postulated as related to development of human antibodies to bovine
insulin*. One study found that increased amounts of cow’s milk ingestion, but not
age at introduction, was associated with T1DM risk®®, while another found

increased cow’s milk intake to be protective against TIDM?®,

Vitamin D

Other nutritional factors may modulate the TIDM process as well. Much
attention has been paid to the role of vitamin D in protection against TIDM.
Vitamin D may act by modulating immune cell function’-*8, Case-control studies
from both Norway (545 cases, 1668 controls) and the EURODIAB-2 study (820
cases, 2335 controls) suggested that early vitamin D supplementation decreased

T1DM risk!®. The first prospective study of Vitamin D protection from T1DM



included 12,055 pregnant women living in the far north of Finland?°. Vitamin D
supplementation was determined from medical records, usually at multiple time
points. Most children were given regular or occasional Vitamin D supplements as
recommended to prevent rickets. The relative risk of developing T1D was 0.12 and
0.16 in those given regular and occasional Vitamin D supplements, respectively, as
compared to children not given supplements. The relative risk of developing TIDM
was 0.12 and 0.16 in those given regular and occasional Vitamin D supplements,
respectively, as compared to children not given supplements. The protective effect
was also dose-related (>2,000 IU/day, RR 0.14; exactly 2,000 1U/day, RR 0.22;
both compared to supplementation with <2,000 1U/day). These highly significant
and very convincing results suggest that infant supplementation with Vitamin D, at

least in northern locations and in high doses, protects against TLDM?.

1.4 Pathogenesis of TILDM

The underlying pathogenesis of T1IDM is the targeted autoimmune destruction
of insulin secreting pancreatic beta cell by islet-specific CD4*, CD8" and B
cell*!(Figure 1.5). Histopathological examination of TLDM pancreas shows loss of
insulin producing beta cells and immune infiltration of the islet, known as
insulitis?2. This infiltration is mostly consisting of CD8" T lymphocytes, however
other types of leucocytes may also be present including CD4* lymphocytes, B-cells
and macrophages??. It is thought that the destruction of beta cells is initiated when
APCs present an unknown antigen that might be beta cell peptide (auto-antigen) or

viral antigen. The APCs with these antigens migrate to the pancreatic lymph nodes

10



where they interact with CD4* T lymphocytes. This interaction causes activation of
CD4" T lymphocytes which then activate CD8* T lymphocytes. Activated CD8" T
lymphocytes then move into the islet and cause lysis of beta cells expressing these
antigens on MHC class | molecules®. Proinflammatory cytokines, defects in
regulatory T lymphocyte function, innate cells like macrophages, natural killer cells
and neutophils and reactive oxygen species they produce, contribute to the
destruction of beta cells®. In addition, B cells are activated to produce auto-
antibodies against insulin and beta cell proteins. The measurement of these auto-

antibodies in peripheral blood serves as biomarkers of asymptomatic TIDM.

Figure 1.5- The immunopathogenesis of type 1 diabetes.

These T1DM associated auto-antibodies include Islet-cell cytoplasmic

autoantibodies (ICA), insulin auto-antibodies (IAA), glutamic acid decarboxylase

11



(GAD), insulinoma-associated autoantigen 2 (1A2) and Zinc transporter 8 (ZnT8).
Greater than 90 percent of patients with recent TIDM diagnosis have one or more
of these auto-antibodies; actually, these auto-antibodies appear early in life with a
peak incidence before 2 years of age in genetically susceptible individuals 23, Thus,
these auto-antibodies are present long before symptomatic onset of TLDM however,
not all individuals with these auto-antibodies progress to symptomatic T1DM.
Having just one of the four antibodies is associated with a small increase in risk
however the risk for TLDM is markedly increased when there are two or more islet
auto-antibodies, with an increase in risk with an increase in the number of
antibodies.

Therefore, the highest risk is when all four antibodies are present. In a study of
13,337 children, Ziegler et al found an 84% risk of progression to clinical diabetes
after islet autoantibody seroconversion in children with multiple autoantibodies at
15 years follow up 2*. Due to the high risk of progression to clinical diabetes with
hyperglycaemia individual with two or more auto-antibodies the presence of these
auto-antibodies can be considered as pre-symptomatic TIDM.

Symptomatic onset of TLDM only occurs when a critical mass of beta cells is
destroyed. At least >75% of beta cell mass is destroyed before onset of symptoms
22 The rate of beta cell destruction differs and is usually more rapid in children and
slower in adults ?°.

Figure 1.6 shows the natural history of T1DM and the different stages.
Symptomatic T1DM also known as stage 3 occurs after a long silent phase lasting
several years considered as pre-symptomatic TILDM. Pre-symptomatic TIDM

refers to stages 1 and 2. Given that, the progression from onset of beta cell

12



autoantibody production (stage 1 T1DM) to symptomatic onset (stage 3 TIDM)
takes several months or years, it allows a window for potential immunotherapy or

preventive therapy to stop beta cell destruction below critical mass 2°.

Stage 1 Stage 2 Stage 3

f-cell autoimmunity
(with the presence  Present® Present Present
of autoantibodies)

B-cellloss  Present Present Present
Dysglycaemia Absent Hyperglycaemia  Hyperglycaemia
Symptoms  Absent Absent Present
100 - '
90 |
270 i
° 1
Eeo i
T |
EI' 50 :
C 40 4 !
2
T 304 )
S Variable
4204 genetic and
104 environmental ! !
risk for TIDM ! Presymptomatic TIDM ! Symptomatic TIDM
0 L 1

Disease progression

Figure 1.6 —Variable factors contributing to TLDM, disease progression and stages of TLDM.

1.5 Diagnosis of TIDM

T1DM is usually diagnosed in stage 3 when the patient presents with the
symptoms of TIDM. The clinical presentations of TIDM included polydipsia,
polyuria, fatigue, polyphagia, ketoacidosis, blurred vision and weight loss. These
manifestations of TLDM are due to insulin deficiency and hyperglycaemia, after a
critical mass of beta cells has been lost. At this stage, the patient requires exogenous
insulin therapy. The onset of TIDM frequently occurs in the setting of an

intercurrent illness, which may support the theory that it may be triggered by an

13



infection 5. Children usually present with more severe symptoms than adults, and
adults are sometimes misclassified as having type 2 diabetes ?’. Infact as many as
50% of adults with TADM might be initially misdiagnosed as have type 2 diabetes
(T2DM) 5. Also, more than 50% of patients diagnosed with TIDM after age 35
were shown to have T2DM in long term follow up ?’. This is an indication that
there is a challenge distinguishing between T1IDM and T2DM in adults, probably
because of the much higher prevalence of type 2 diabetes compared to TIDM in
adults.

The American Diabetes Association 2 and the World Health Organization 2°, in
their diagnostic criteria do not distinguish between T1DM and T2DM i.e. the
diagnostic criteria for TADM and T2DM are the same.

The American Diabetes Association criteria for diagnosis of diabetes 8 are:

1. A1C >6.5%. The test should be performed in a laboratory using a
method that is NGSP certified and standardized to the DCCT assay.”

or

2. FPG >126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric
intake for at least 8 h.”

or

3. 2-hplasma glucose >200 mg/dl (11.1 mmol/l) during an OGTT. The
test should be performed as described by the World Health Organization,
using a glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water. *

or

14



4. In a patient with classic symptoms of hyperglycaemia or
hyperglycaemic crisis, a random plasma glucose >200 mg/dl (11.1 mmol/l).

*In the absence of unequivocal hyperglycaemia, criteria 1-3 should be
confirmed by repeat testing.

Types 1 and 2 diabetes are classified and distinguished based on accessing
biomarkers such as auto-antibodies, C-peptide concentration, presence of risk
factors for TLDM and clinical features of the patient, e.g. young age at diagnosis
and low body mass index®. However, no single clinical feature can perfectly
distinguish between T1DM and other types of diabetes. Distinguishing between
T1DM and T2DM is important for the management of T1LDM patient and avoidance
of dangerous complications like diabetic ketoacidosis

Clinical features like physical appearance and patient age give a clue to the
diagnosis of the types of diabetes but cannot be relied on, as can sometimes be
misleading. For instance, in obese adolescents with clinical diagnosis of T2DM,
10% were pancreatic auto-antibodies positive suggesting T1DM is the likely
diagnosis®. The increasing incidence of obesity especially in youth could
complicate the diagnosis TIDM 3! hence, though T1DM patients are usually not
obese, the presence of obesity should not preclude the diagnosis of TIDM.

Another feature that can be used to distinguish between type 1 and type 2
diabetes is the presence of beta cell auto-antibodies because more than 90% of
patients with recently diagnosed T1DM have one or more of these auto-antibodies
at disease onset 23, It should be noted that measuring beta cell auto-antibodies can
sometime give a false negative result if auto-antibody testing is done after long

duration of diabetes as antibody titers diminish over time. 5 years after diagnosis,

15



almost 20% of individual had neither GAD nor 1A2 (antibody-negative); this
percentage increased to 40% after 6-13 years®?,

C-peptide level, a marker for insulin secretion can be used to distinguish TLDM
(low C-peptide concentration) from other diabetes however, it is inadvisability to
use C-peptide alone to differentiate between type 1 diabetes and other forms of
diabete®®. Residual insulin secretion though unexpected in TLDM is present in one
out of three individuals after 3 or more year from diagnosis*:.

By taking into account biomarkers, risk factors and clinical features of the patient
T1DM can be classified. An indication that a patient has been classed wrongly is
when hyperglycaemia persists even after treatment with noninsulin agent used in
the therapy of T2DM; in this situation TIDM should be considered. Monogenic

forms of diabetes are diagnosed with genetic testing.

1.6 Therapy of TIDM

T1DM is a chronic disease that eventually leads to complete loss of insulin due
to destruction of B cells. Also, the lack of appropriate islet cell repair mechanisms
which ultimately affects glycaemic control. As a result, insulin replacement therapy
is currently the first-line therapeutic option for treating T1IDM. The use of
exogenous insulin as a therapy for TLDM was first described by Banting and Best
in 1921, who used crude extracts of animal pancreas to achieve glucose-lowering
actions.® Soon after in 1922, crude insulin preparations of animal origins were
commercialised for clinical use. However, there were problems associated with

pharmacokinetics of insulin, prominently due to insulin absorption. In addition,

16



inefficient action of administered insulin was also reported, which led to either
inconsistent glucose-lowering effects or prolonged periods of hypoglycaemia.
These remained hindrances for achieving long-term glycaemic control and for
prevention of diabetic complications.®® Since then, many humanised insulin
analogues have emerged (Table 1.3), which not only mimic the biologic actions of
endogenous insulin but also have enhanced the pharmacokinetic profile.%
Nevertheless, clinical insights in the past decades have highlighted limitations of
insulin replacement therapy, especially the failure of insulin preparations to fully
replicate biological actions of endogenous insulin.®’ Together with increasing
number of TIDM cases, there is a need to identify novel therapeutic approaches to
restore normoglycaemia. The current treatment regimen for TIDM focusses on
combining intensive diet treatments coupled with lifelong exogenous insulin
administration, either using multiple daily injections or by insulin pumps.® In
addition, there have been advances in the development of genetically modified
insulin analogues (Aspart, Lispro, and Delgludec insulins), which are fast acting
and long acting. These provide a more physiological glycometabolic control
compared with traditional insulins.*® The current insulin centric therapeutic
approach renders a TLDM patient susceptible to severe episodes of hypoglycaemia,
lifelong dependency on exogenous insulin, insulin resistance, mild obesity, and
psychiatric conditions.®4%41 Such observations highlight the importance of
developing alternative strategies to restore glycaemic control and complete insulin

independence.

17



Table 1.3- List of different categories of insulin available in the National Health Service formulary.

TYPE BRAND NAMES TIME ACTION PROFILE DOSE

Rapid acting  Insulin aspart (Novorapid, Fiasp), insulin lispro  Usually 4-20min after s.c. Three times a day up to 15min
(Humalog), insulin glulisine (Apidra) injection with peak at 20-30min  before food intake

Shortacting  Actrapid (Novo Nordisk), Humulin S (Lilly), Begins from 30min after s.c. Three times a day, 30min before
Insuman Rapid (Aventis) injection with peak action food intake

reaching 2-4h

Long acting Levemir (Novo Nordisk), ABASAGLAR (Lilly), Beyond 24h and up to 36h Once daily s.c., usually at the same
Lantus (Aventis), Toujeo (Aventis), Tresiba time everyday with minimum 8h
(Novo Nordisk) interval between consecutive doses

Intermediate  Insulatard (Novo Nordisk), Insuman Basal Peak onset from 4-6h, with Once or twice daily s.c.

acting (Aventis) duration of action until 14-16h

1.6.1 Future perspectives on insulin replacement therapy

The widespread use of self-monitoring devices for measuring blood glucose and
non-enzymatically glycosylated haemoglobin A1C (HbAlc) has enhanced the
therapeutic applicability of commercial insulin preparations.*? This has resulted in
the generation of a range of insulin analogues (Table 1.3). These modified insulins
are rapid acting (biological activity begins from 4min and lasts for 30min), short
acting (regular insulin — biological activity beginning from 30min and lasting for
4h), intermediate acting (Insulatard, Insuman — peak onset from 4 to 6h), long acting
(Glargine and Detemir — biological activity from 24 to 36h), and ultra-long acting
(Degludec — onset from 30 to 90min and lasts until 42h). However, even such
preparations are dependent on delivery systems, including syringes, glucose sensor-
augmented insulin infusion pumps, supersonic injectors, and pens.*

The use of these traditional delivery systems involves an invasive procedure and
treatment fails to provide long-term insulin independence.®’ Consequently, research
is being carried out to identify alternative means of insulin replacement therapy. A

novel approach for oral insulin delivery utilises an ingestible self-orienting

18



millimetre-scale applicator (SOMA).* The device autonomously positions itself to
engage with gastro-intestinal tissue and deploys milliposts directly through the

gastric mucosa while avoiding perforation.**
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CHAPTER 2

COMPLICATIONS OF TYPE 1 DIABETES

2.1 Acute Complications of TIDM

T1DM has been linked to several complications that can be microvascular or
macrovascular, or acute complications such as diabetic ketoacidosis and
hypoglycaemia. Hypoglycaemia and diabetic ketoacidosis (DKA) are serious acute
life-threatening complication of T1DM which are preventable. Acute
hypoglycaemia can lead to confusion, seizures, loss of consciousness and even
death. An estimated 10% of deaths in patients with TIDM are caused by
hypoglycaemia. Recurrent hypoglycaemia leads to decreased hypoglycaemia
awareness known as hypoglycaemia unawareness, and can result in subsequent
severe hypoglycaemic event because each hypoglycaemic event reduces the
glucose concentration that triggers the counter-regulatory responses to return to
euglycaemia .

Severe hypoglycaemia occurs when low blood glucose level requires the
assistance of others for treatment or when patients with hypoglycaemia of <70mg/dl
but >40mg/d] have a coma or seizure 8. Severe hypoglycaemia a complication of
insulin therapy, most commonly occurs in children aged less than six years of age®’.
This is worrying because young children who have developing brains are more

prone to repeated severe hypoglycaemic events which has been linked to adverse
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effects on various cognitive domains like long term memory, attention and verbal
1Q*648, Hypoglycaemia can significantly impact the quality of life TLDM patient.
Some of these patients constantly live with the fear of hypoglycaemia, nocturnal
hypoglycaemia can impact sleep and one’s sense of well-being the next day, can
reduces productivity, and some of these patients have been found to struggle with
chronic mood disorders like depression and anxiety .

DKA accounts for 13-19% of mortality in TIDM ° and it is characterised by the
presence of elevated ketones in the blood known as ketosis, hyperglycaemia and
metabolic acidosis. DKA most commonly occurs in adolescents and is associated
with higher haemoglobin Alc (HbA1lc) #'. Karges B et la found the highest rate of
DKA was observed in patients with HbAlc of >9.0% “°. The incidence of DKA is
higher in females than in males and higher in migrants than non-migrants*®
Probably due to poorer health services available to migrants and their social

economic status.

2.2 Macrovascular Complications of TIDM

Microvascular and macrovascular complications are long term complications that
affect the quality of life and life expectancy of TIDM patients. Macrovascular
complications are cardiovascular, cerebrovascular and peripheral vascular diseases.

Hyperglycaemia is the primary risk factor for microvascular disease which can
be reduced by reducing HbA1lc through intensive blood glucose control. However,
for macrovascular complications of T1DM, the risk of cardiovascular disease does

not seem to be considerably reduced by intensive blood glucose control .
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Type 1 diabetes patients are at higher risk of cardiovascular disease than the
general population. Despite recent advance in the management of these patients,
cardiovascular disease still remain the major cause of morbidity and pre mature
mortality in TIDM. The extent of coronary artery disease was correlated with
HbALc over 18 years of follow-up in the Oslo Study and a 1% increase in mean
HbA1c was associated with a 6.4% increase in coronary vessel stenosis *°.

An estimate of life expectancy in a Scottish cohort of national population with
T1DM between the years 2008 to 2010 showed that at the age of 20 years the
average man with T1DM had an estimated life expectancy loss of about 11 years
and women had an estimated loss of about 13 years *%. In the general population
without T1IDM in Scotland, 76% of men and 83% of women survived to age 70
years compared with 47% of men and 55% of women with T1DM °L. Intensive
glycaemic control is now the standard of care for TIDM patients compared to
conventional diabetes therapy for the prevention of cardiovascular disease, due to
the findings of the Diabetes Control and Complication Trial (DCCT) and
Epidemiology of Diabetes Interventions and Complication (EDIC) follow up study
which compared intensive glycaemic control with conventional management, and
demonstrated intensive glycaemic therapy reduces the incidence of cardiovascular
disease °2°3, Although the incidence of cerebrovascular disease (stroke) is less than
that of cardiovascular disease it is still a disturbing cause of morbidity and mortality
in TLDM. Compared to the general populations the incidence of cerebrovascular
disease in T1LDM patient is much higher. The European Diabetes (EURODIAB)

Study reported an incidence of 0.74% for cerebrovascular disease per year
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compared to the incidence reported in the general population, which are reported at
approximately 0.2% to 0.3% per year %,

Peripheral artery disease can result in peripheral arterial calcification and non-
traumatic amputation >*. In a meta-analysis by Adler et la, each one percentage
increase in HbAlc was associated with between 26-36% increase in the risk of
lower extremity amputation. The DCCT/EDIC study reported that intensive
treatment is associated with reduced incidence rate of peripheral arterial

calcification .

2.3 Microvascular Complications of Type 1 Diabetes

Microvascular complications of TIDM include nephropathy, retinopathy and
neuropathy. Clinically evident diabetes-related vascular complications are rare in
childhood and adolescence. However, early functional and structural abnormalities
may be present a few years after the onset of the disease and often progress during
puberty>®

Diabetic nephropathy is a major cause of morbidity and mortality amongst
young adults with type 1 diabetes. The changes occurring in the kidney in patients
with type 1 diabetes are generally classified into five stages, reflecting specific and
progressive alterations in renal morphology and function. The earliest stage is
characterized by glomerular hypertrophy, hyperfiltration, and hyperperfusion. This
is followed by a stage of subclinical morphological changes and increases in
albumin excretion rates (AER) within the normal range® .Further increases in
albumin excretion, with an AER between 30 and 300 mg/24 h or 20 and 200 pg/min

in a 24-hour or timed urine collection, indicate the development of albuminuria
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(formerly “microalbuminuria”) (stage 3), which may further progress to overt
proteinuria (formerly termed “macroalbuminuria)” (AER >200 pg/min or >300
mg/24 h) (stage 4) and, without any treatment, to end-stage renal disease (ESRD)
(stage 5) *8.

Diabetic retinopathy (DR) is one of the major complications of diabetes.
Diabetes has been one of the most common causes for death in adults aged 20-74
years old*®. DR is resulted from long-term accumulated damages by
hyperglycaemia or other factors (such as hypertension) to the microvessels in the
retina®. It is a major cause of blindness and other relevant retinal diseases (such as
diabetic macular edema and DME) and has received particular attention®.

The underlying molecular mechanisms associated with vascular dysfunction,
especially endothelial dysfunction, in DR are multifactorial. Extensive studies have
been performed to identify factors that are associated with endothelial dysfunction
in DR, such as advanced glycosylation end products (AGESs) and receptors (RAGE),
disruption of peroxisome proliferator-activated receptor-y (PPARY), chronic
inflammation, leukotasis®*®3, oxidative stress, and dysregulated growth factors,
cytokines, and microRNA (miRNA) networks®,

Diabetic neuropathy is the most common type of neuropathies. It affects patients
with both type 1 and type 2 diabetes, but it progresses more rapidly and its
manifestations are more severe in type 1 diabetes. Although there has been a
significant progress in the understanding of the clinical aspects of these conditions,
many questions remain unanswered. Peripheral and autonomic neuropathy are
strong risk markers for future mortality. Diabetic autonomic neuropathy is a serious

and common complication of diabetes. DAN frequently coexists with other
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peripheral neuropathies and other diabetic complications, but DAN may be isolated,
frequently preceding the detection of other complications. The presence of the
autonomic diabetic neuropathy significantly influences the regulatory function of
microcirculation, which may predispose to the occurrence of different late diabetic
complications®.

Since childhood and adolescence is a period during which intensive education
and treatment may prevent or delay the onset and progression of complications,
efforts should be steered to screening for early signs of diabetic complications and

modifiable risk factors.5®
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CHAPTER 3

FEMALE REPRODUCTIVE SYSTEM

3.1 Reproductive system and menstrual cycle

The reproductive system in females is responsible for producing gametes, certain
sex hormones, and maintaining fertilized eggs as they develop into a mature fetus
and become ready for delivery. A female’s reproductive years are between
menarche (the first menstrual cycle) and menopause (cessation of menses for 12
consecutive months)®’.

The reproductive ‘axis’depends on the dynamic interplay between neural and
hormonal signals originating from three primary sources: the anterior
hypothalamus, where GnRH is synthesised and secreted in pulses; the anterior
pituitary, where GnRH pulses stimulate pituitary gonadotrophin (luteinising
hormone (LH) and follicle-stimulating hormone (FSH)) secretion; and the gonads,
which respond to the trophic actions of gonadotrophins by secreting sex steroids
and producing gametes®®. Menstrual cycles are measurable vital signs of women’s
reproductive health®® and are repeated up to about 500 times within a healthy
woman’s 35- to 40-year reproductive lifespan, from menarche to menopause.
Menstrual cycles are indicative of not only women’s reproductive health but also
functioning of other body organs and systems. For example, bleeding problems and
menstrual irregularities are common in hypothyroid women®. Women’s

reproductive dysfunction has been linked to long-term risk of developing chronic
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diseases including osteoporosis, some types of cancer, and cardiovascular
diseases’"2,

The reproductive cycle is divided into a follicular phase, an ovulatory phase and
a luteal phase (Figure3.1). The first day of menses is the beginning of the follicular
phase, during the first half of which concentrations of estrogens and progesterone
are stable and low’®. Approximately 7-8 days before the preovulatory luteinizing
hormone (LH) surge, the second half of the follicular phase begins, which is
characterized by an increase in estradiol concentrations’. Progesterone
concentrations do not increase during this period. During the ovulatory phase, there
is a rapid increase in plasma LH levels eventually leading to the rupture of the
mature follicle, which marks the beginning of the luteal phase’®. Representing the
hallmark of the luteal phase is an increase in progesterone levels, which reaches
maximum concentrations approximately 8 days after the LH peak’™. At this time,

estradiol and progesterone concentrations increase in parallel .

Menstruation Follicular phase Days 13-16 peri-ovulatory  Luteal phase (premenstrual)
—— Estrogen
LH
Progesterone
= /7/’/ N #\
T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Figure 3.1- Changes in reproductive hormone concentrations across the menstrual cycle.

Luteinising hormone (LH) and follicle stimulating hormone (FSH) are important

pituitary hormones, required for reproductive processes in both males and females.
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The reference range for FSH and LH in adult females is

Phase FSH (IU/L) LH (IU/L)
Early follicular 3-10 2-8
Mid-cycle peak  4-25 10-75
Post- >20 >15
menopausal

Pregnancy <1 2-9

Oestradiol is the principal oestrogen in females who are ovulating and the

dominant ovarian hormone during the follicular (first) phase of the menstrual cycle.

The concentration of oestradiol varies throughout the menstrual cycle and. The

adult female reference range for oestradiol is:

Phase Oestradiol (pmol/L)
Early follicular <300

Ovulatory surge <500 - 3000

Luteal surge 150 - 1400
Post-menopausal <200

Progesterone is the dominant ovarian

(second) phase of the menstrual cycle.
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The reference range for progesterone in adult females is:

0-6 nmol/L ovulation unlikely
7-25 nmol/L ovulation possible
>25 nmol/L ovulation likely

3.2 Reproductive system: role of insulin

Reproductive dysfunction is a common but little studied complication of diabetes.
Depending on the age at diagnosis of diabetes, reproductive problems can manifest
early on in puberty, emerge later when fertility is desired, or occur during the
climacteric period.

Insulin is the other major hormone involved in the crosslink between
reproduction and metabolism™. The insulin effect on GnRH neurons seems to be
indirect, via kisspeptins, AgRP, and proopiomelanocortin (POMC) neurons’®.
Insulin possibly also modulates the GnRH receptors in the pituitary and increases
LH secretion’’. Moreover, insulin (and glucose) exerts modulating actions in the
ovaries (demonstrated in vitro) by enhancing both FSH and LH-stimulated
steroidogenesis in the granulosa and theca cells, insulin receptors having been
identified in the granulosa and theca cells/oocytes. Interestingly, the in vivo data
indicate that insulin may also have an inhibiting effect (dependent on glucose
uptake by the ovaries) on ovarian steroidogenesis (E2)"8.

Maintenance of a functional reproductive system is reflected in the presence of

regular ovulatory cycles. Menstrual irregularities, however, are common in women
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with type 1 diabetes mellitus. Approximately, one-third of these women have
irregular cycles during their reproductive years’®. A higher prevalence of
oligomenorrhea is seen in women with poor metabolic control as indicated by
HbA1c®. There are many theories as to the cause of ovulatory dysfunction in
women with type 1 diabetes mellitus. The data (discussed previously) suggest that
although hyperglycaemia likely contributes to these manifestations, other factors
may be involved in the pathophysiology. States of chronic disease and physiologic
stress, such as malnutrition, are associated with delayed puberty and menarche. It
is possible that the metabolic stress of the onset of type 1 diabetes mellitus affects
age of menarche in the girls”. Increased catecholamine and dopamine release
during periods of hyperglycemia may also suppress LH levels. Additionally, in
mice with streptozotocin-induced diabetes, there is a hypogonadotrophic
supresssion of LH and FSH. The mechanism for this effect is believed to involve
abnormal gonadotropin-releasing hormone (GnRH) secretion®!.

Before the introduction of insulin therapy in 1923, primary and secondary
amenorrhoea, infertility, and the absence of pubertal development were common in

women with type 1 diabetes®?.
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As early as 1925, Joslin described the important impact of insulin therapy on
reproductive function in women with diabetes®. In women with type 1 diabetes
who had pubertal delay and primary and secondary amenorrhoea, insulin therapy
led to improvements in pubertal development and menstrual regularity. In the
1980s, hypogonadotropic hypogonadism was described in patients with type 1
diabetes and poor metabolic control, with decreased concentrations of luteinising

hormone (LH), folliclestimulating hormone (FSH), and oestradiol®.
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CHAPTER 4

SEXUAL DYSFUNCTIONS

4.1 Diabetes and sexual dysfunctions

Diabetes is an increasingly prevalent problem that has been associated very strongly
with sexual problems in both men and women. The presence of sexual dysfunction
in type 1 diabetes has been associated with markedly lower quality of life and

psychological distress®.

4.1.1 Epidemiology

Diabetes is an established risk factor for sexual dysfunction in men; a threefold
increased risk of erectile dysfunction (ED) was documented in diabetic compared
with nondiabetic men. Among women, the evidence regarding the association
between diabetes and sexual dysfunction is less conclusive although most studies
have reported a higher prevalence of female sexual dysfunction (FSD) in diabetic
women as compared with nondiabetic women®®'

Several studies have reported that FSD is more frequent in diabetic women than
in control women. A meta-analysis that included 26 studies, 3,168 diabetic women,
and 2,823 controls showed that FSD is more frequent, and is associated with a lower

Female Sexual Function Index (FSFI) score in diabetic women than in controls. In
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particular, the risk for FSD was 2.27 (95% confidence interval [Cl]: 1.23-4.16) and
2.49 (95% CI: 1.55-3.99) in type 1 and type 2 diabetic women, respectively.

Furthermore, the risk for FSD was 2.02 (CI: 1.49-2.72) when considering “any
diabetes” (which repre- sented the two forms of diabetes together)®.

Another Italian study has shown a significantly higher prevalence of FSD in
women with DM1 than in the control group (36.4% vs. 5.2%, respectively)®.
According to a recent meta-analysis, involving 25 studies and 3892 women with an
age range of 1872 years, the overall prevalence of FSD in women DM2 was 68.6%
(95% CI 61.6-75.3%)%. Results of meta-regression analysis have also shown a
statistically significant increase in FSD prevalence in diabetic women over the
years®. All the phases of sexual cycle response, including desire, arousal,
lubrication, orgasm, and satisfaction, are impaired in diabetic women. Meeking and
colleagues described a reduction in sexual desire (64%), loss of vaginal lubrication
(70%), difficulty of achieving orgasm (50%), decrease satisfaction (47%), loss of
genital sensation (36%), and dyspareunia (43%) in 270 women with diabetes aged

21-65%,

4.1.2 Pathogenesis

FSD is a highly prevalent, age-related and progressive problem. It is
characterized by disturbances in the psychophysiological changes associated with
the sexual response cycle in women, and it includes disorders of sexual desire,
arousal, orgasm, and pain. There are common risk factor categories associated with

sexual dysfunction in women; these include aging, diabetes mellitus®’, CVD%,
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hypertension®®, concurrence of genitourinary disease®®, psychiatric/psychological
disorders®, cancer®, and other chronic diseases. Moreover, limited social relations,
financial difficulties, employment status, religious beliefs, educational background,
and lack of exercise represent the sociocultural risk factors of FSDY’.

The normal female sexual response needs the integrity of the sensory and
autonomic nervous systems in order to respond to erotic stimuli, as well as of the
vascular districts that supply blood to the external genitalia and vagina. The
regulation of blood flow and clitoral erectile function is governed by the same NO/
cGMP pathway in women as that involved in erectile function is in men. NO and
PDES5 have been identified in human clitoral smooth muscle,115,116 indicating a
key role of NO in female sexual function®®®. Normal levels of various hormones
are also required for physiologic sexual activity. Diabetes may affect all of these
integrated systems, leading to sexual dysfunction. The mechanisms involved
include hyperglycemia, infections, vascular and neurological damage, and
hormonal disorders!®. Hyperglycemia reduces the hydration of the vaginal mucus
membranes, producing poor vaginal lubrication and dyspareunia®®?.

Diabetes induced vascular and nerve dysfunctions may impair the sexual
response by producing structural and functional changes in the female genitalia. It
has been hypothesized that FSD may be the consequence of an imbalance in the
hormonal levels of diabetic women, as indicated by epidemiological studies
showing a correlation between alterations in the levels of androgens, estrogens, as
well as sex hormone-binding globulin and sexual problems in diabetic women?%2,

Moreover, several endocrinological pathologies that may be associated with

diabetes, such as thyroid disorders, hypothalamic pituitary dysfunctions and
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polycystic ovarian syndrome, may further contribute to sexual dysfunctions in these
women'%,

Depression seems to be the principally established determinant of sexual
dysfunction in women with diabetes!®®. Diabetic complications may also affect
health and relationship status, quality of life, and a woman’s self-image, generating
a vicious cycle that may have detrimental effects on sexual performance!®.FSD
pathogenesis in diabetes is complex, and current studies have not yet clarified all of

the pathological pathways involved.

4.1.3 Screening

Sexual function is assessed by completing the Female Sexual Function Index
(FSFI), which is a validated 19-item self-report measure of female sexual
function® (Figure 4.1). It is simple to administer and score and is unbiased with
respect to age, ethnicity, education, and economic status. The 19 items are assigned
to six separate domains of female sexual function. Four domains are related to the
four major categories of sexual dysfunction: desire disorder, arousal disorder,
orgasmic disorder, and sexual pain disorder. The fifth domain assesses the quality
of vaginal lubrication, whether the sixth domain is related to global sexual and
relationship satisfaction: it is viewed as the ‘quality of life’ domain of the scale.
Each domain is scored on a scale of zero or 1-6, with higher score indicating better
function. The full FSFI scale score, which could be 36 at the highest, was obtained

by adding the six domain scores. The functional results are good when the FSFI
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score was 30 or more, intermediate between 23 and 29, and poor below 23. Female

sexual dysfunction is diagnosed with an FSFI result of less than 26.55%,

Female Sexual Function Index (FSFI)

Subject Identifier Age Date
INSTRUCTIONS: These gquestions ask about your sexual feelings and responses during the past 4 weeks. Please answer
the following questions as honestly and clearly as possible. Your responses will be kept completely confidential. In answering
these questions the following definitions apply:

Sexual activity can include caressing, foreplay, masturbation and vaginal intercourse.

Sexual intercourse is defined as penile penetration (entry) of the vagina.

Sexual stimulation includes situations like foreplay with a pariner, seff-stimulation (masturbation), or sexual fantasy.

CHECK ONLY ONE BOX PER QUESTION.
Sexual desire or interest is a feeling that includes wanting to have a sexual experience, feeling receptive to a partner's
sexual initiation, and thinking or fantasizing about having sex.

1. Over the past 4 weeks, how often did you feel sexual 6. Overthe past 4 weeks, how often have you been satisfied

desire or interest? with your arousal (excitement) during sexual activity or
o Almost always or always intercourse?
o Most times (more than half the time) o No sexual activity
= Sometimes (about half the time) o Almost always or always
o Afew times (less than half the time) o Most times (more than half the time)
= Almost never or never o Sometimes (about half the time)
o A fewtimes (less than half the time)
2. Over the past 4 weeks, how would you rate your level o Almost never or never
(degree) of sexual desire or interest?
o Very high 7. Over the past 4 weeks, how often did you become
= High lubricated ("wet") during sexual activity or intercourse?
o Moderate o No sexual activity
o Low o Almost always or always
o Very low or none at all o Most times (more than half the time)
o Sometimes (about half the time)
Sexual arousal is a feeling that includes both physicaland o A few times (less than half the time)
mental aspects of sexual excitement. It may include feelings o  Almost never or never

of wammth or tingling in the genitals, lubrication (wetness),

or muscle contractions. 8. Over the past 4 weeks, how difficult was it to become
lubricated ("wet") during sexual activity or intercourse?

3. Over the past 4 weeks, how often did you feel sexually o No sexual activity

aroused ("tumed on”) during sexual activity or intercourse? o Extremely difficult or impossible

= No sexual activity o Very difficult

o Almost always or always o Difficult

= Most times (more than half the time) o Slightly difficult

= Sometimes (about half the time) o Not difficult

o Afew times (less than half the time)

= Almost never or never 9. Over the past 4 weeks, how often did you maintain your
lubrication ("wetness") until completion of sexual activity or

4. Over the past 4 weeks, how would you rate your level intercourse?

of sexual arousal ("turn on") during sexual activity or o No sexual activity

intercourse? o Almost always or always

= No sexual activity o Most times (more than half the time)

o Very high o Sometimes (about half the time)

= High o Afew times (less than half the time)

= Moderate o Almost never or never

o Low

o Very low or none at all 10. Over the past 4 weeks, how difficult was it to maintain
your lubrication ("wetness") until completion of sexual

5. Over the past 4 weeks, how confident were you about  activity or intercourse?

becoming sexually aroused during sexual activity or o No sexual activity

intercourse? o Extremely difficult or impossible

o No sexual activity o Very difficult

= Very high confidence o Difficult

= High confidence o Slightly difficult

= Moderate confidence o Not difficult

= Low confidence

= Very low or no confidence
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11. Over the past 4 weeks, when you had sexual stimulation
or intercourse, how often did you reach orgasm (climax)?
= No sexual activity

Almost aiways or always

Most times (more than half the time)

Sometimes (about half the time)

A few times (less than half the time)

Almost never or never

oo onan

12. Over the past 4 weeks, when you had sexual stimulation
or intercourse, how difficult was it for you to reach orgasm
(climax)?

o Nosexual activity

Extremely difficult or impossible

Very difficult

Difficult

Slighty difficult

Not difficult

o oooan

13. Over the past 4 weeks, how satisfied were you with
your ability to reach orgasm (climax) during sexual activity
or intercourse?

= No sexual activity

Very satisfied

Moderately satisfied

About equally satisfied and dissatisfied

Moderately dissatisfied

Very dissatisfied

oo ooan

14. Over the past 4 weeks, how satisfied have you been
with the amount of emotional closeness during sexual
activity between you and your partner?

No sexual activity

Very satisfied

Moderately satisfied

About equally satisfied and dissatisfied

Moderately dissatisfied

Very dissatisfied

oo ooonoan

15. Over the past 4 weeks, how satisfied have you been
with your sexual relationship with your partner?

Very satisfied

Moderately satisfied

About equally satisfied and dissatisfied

Moderately dissatisfied

Very dissatisfied

0o oooan
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16. Over the past 4 weeks, how satisfied have you been
with your overall sexual life?

Very satisfied

Moderately satisfied

About equally satisfied and dissatisfied

Moderately dissatisfied

Very dissatisfied

0O oo oo

17. Over the past 4 weeks, how often did you experience
discomfort or pain during vaginal penetration?

o Did not attempt intercourse

Almost always or always

Most times (more than half the time)

Sometimes (about half the time)

A few times (less than half the time)

Almost never or never

0Oo0oooo

18. Over the past 4 weeks, how often did you experience
discomfort or pain following vaginal penetration?

o Did not attempt intercourse

Almost always or always

Most times (more than half the time)

Sometimes (about half the time)

A few times (less than half the time)

Almost never or never

0O oo oo

19.0ver the past 4 weeks, how would you rate your level
(degree) of discomfort or pain during or following vaginal
penetration?

o Did not attempt intercourse

o Very high
o High

o Moderate
o Low

o Very low or none at all

Thank you for completing this questionnaire.

Figure 4.1- Female Sexual Function Index (FSFI) questionnaire.



Another questionnaire to assess sexual function is the Female Sexual Distress
Scale (FSDS) %7 that is a 12-item scale developed to assess sexual distress
independent of specific domains of sexual function (e.g., erectile function, sexual
desire) (Figure 4.2). Women were required to quantify the frequency of each area
on a scale of 0—4 (0 = never, 4 = always). A total score higher than or equal to 15
indicated distress related to sexual lifel®. Each sexual function domain was
considered altered if associated with personal distress, in accordance with the

American Psychiatric Association guidelines'®,

The Female Sexual Distress Scale-Revised (FSDS-R;
revised 2005): Screening Questionnaire for Measuring
Sexually Related Personal Distress in Women With
Female Sexual Dysfunction (FSD)

Name: Date:

Below Is a list of feelings and problems that women sometimes have concerning their
sexuality. Please read each item carefully, and circle the number that best describes HOW
OFTEN THAT PROBLEM HAS BOTHERED YOU OR CAUSED YOU DISTRESS DURING THE PAST
30 DAYS INCLUDING TODAY. Circle only one number for each item, and take care not to
skip any items. If you change your mind, erase your first circle carefully. Read the example
before beginning, and if you have any questions please ask about them.

Example: How often did you feel: Personal responsibility for your sexual problems.

NEVER RARELY OCCASIONALLY ~ FREQUENTLY ALWAYS
0 1 2 3 4

How often did you feel

1. Distressed about your sex life 0 1 2 3 4
2. Unhappy about your sexual relationship 0 1 2 3 4
3. Guilty about sexual difficulties 0 1 2.3 &
4. Frustrated by your sexual problems 0 1 2 3 4
5. Stressed about sex 0 1 2 3 4
6. Inferior because of sexual problems 0 1 2 3 4
7. Worried about sex 0 1 2 3 4
8. Sexually inadequate 0 1 208 4
9. Regrets about your sexuality 0 I 2 38
10. Embarrassed about sexual problems 0: & 20 35N
11. Dissatisfied with your sex life 0 1 2.3 4
12. Angry about your sex life 0 1 2 3 4
13. Bothered by low sexual desire 0° 3 20:3 4
A score of >11 effectively discriminates between women Total
with FSD and no FSD.*

Copyright ©2000 by American Foundation for Urological Disease Inc.
* DeRogatis L, et al. J Sex Med. 2008,5:357-364.

Figure 4.2- Female Sexual Distress Scale (FSDS) questionnaire.
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CHAPTER S

MECHANISMS OF VASCULAR REPAIR: THE ROLE OF
ENDOTHELIAL PROGENITOR CELLS

5.1 Endothelial progenitor cells (EPCs)

Endothelial progenitor cells (EPCs), are bone marrow-derived cells that
contribute to vascular healing and remodeling under physiological and pathological
conditions. They are indispensable for vascular homeostasis and maintenance of
perivascular tissues. EPCs were first described by Asahara and coworkers in 1997.
This group described a population of peripheral blood mononuclear cells that could
differentiate into endothelial cells. These cells expressed the hematopoietic stem
marker CD34 as well as the endothelial cell marker VEGFR2 and were shown to
contribute to revascularization and the salvage of ischemic hindlimbs. Since then,
various different markers have been used to identify this population, and the exact
source for these cells remains controversial. EPCs are known to mobilize from the
bone marrow into the peripheral blood in response to tissue ischemia/hypoxia and
to differentiate into mature endothelial cells'®.

The identification of circulating EPCs in peripheral blood marked the beginning
of a new era with enormous potential in the rapidly transforming regenerative field.
Overwhelmed with the revelation, researchers across the globe focused on isolating,
defining, and interpreting the role of EPCs in various physiological and
pathological conditions. Consequently, controversies emerged regarding the

isolation techniques and classification of EPCs.
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In general, EPCs are characterized by the expression of 3 markers, CD133,
CD34, and the wvascular endothelial growth factor receptor-2. During
differentiation, EPCs obviously lose CD133 and start to express CD31, vascular
endothelial (VE) cadherin, and von Willebrand factor. CD133, an early
hematopoietic stem-cell marker, is a 120- kDa transmembrane polypeptide,
expressed on hematopoietic stem and progenitor cells from human bone marrow,
fetal liver, and peripheral blood. A possible mix of both early progenitor and
endothelial phenotype is CD133+/CD34/ VEGFR-2+ cells, which do not express
vascular endothelial (VE) cadherin and von Willebrand factor. Cells with these
characteristics are localized predominantly in the bone marrow. In the peripheral
circulation of adults, more mature EPCs are found that obviously have lost CD133
but are positive for CD34 and VEGFR-2. Mature ECs show a high expression of
VEGFR-2, VE-cadherin, and von Willebrand.

The mobilization of EPCs from the bone marrow is a complex process, regulated
by a variety of factors. The activation of matrix metalloproteinase-9 (MMP-9),
which promotes the transformation of membrane-bound Kit ligand (mKitL) to a
soluble Kit ligand (sKitL), is an early step in this process. Subsequently, cKit-
positive stem and progenitor cells, including also a common hematopoietic and
angioblast precursor cell (hemangioblast, HABL), move to the vascular zone of the
bone marrow microenvironment. This translocation activates the cells from a
quiescent to a proliferative state. The signals, which initiate the diversion of the
hemangioblast to either hematopoietic precursor cells or EPCs, are largely unknown
at present but may include angiogenic growth factors from the periphery. For

example, limb ischemia or vessel wall damage after coronary thrombosis, burn

40



injury, or coronary bypass surgery rapidly enhance the number of circulating EPCs.
These events are associated also with elevated levels of endogenous VEGF, which
has been shown to stimulate the release of EPCs from the bone marrow!'° (Figure

5.1).

Bone Marrow Stromal Cells

Kit* mKi
HABL <
J/ sKitl

EPC
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Figure 5.1- The mobilization of EPCs from the bone marrow is a complex process, regulated by a
variety of factors.

5.1.1 Isolation of EPCs by various techniques

EPCs can be isolated from bone marrow or peripheral blood. In addition, EPCs
have also been isolated from fetal liver or umbilical cord blood!*12,

There are essentially two methods used to assess circulating EPCs: flow
cytometry or fluorescence-activated sorting (FACS) system and cell culture. FACS
works on the principle of excitation and emission of fluorochromes bonded to the
antibody/protein. The flow cytometry protocol is based on a mononuclear cell

analysis for size, nuclear complexity and binding of specific antibodies conjugated
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to given fluorochromes Minimal antigenic profile in order to define the EPCs
should include at least one stemness/immaturity (CD34 and/or CD133) marker and
at least one vascular endothelial growth factor receptor 2 (VEGFR-2) marker. The
classical isolation methods include the use of adherence culture of total peripheral
blood mononuclear cells. After isolation, the cells are cultured in medium with
specific growth factors (eg, VEGF, bovine brain extract, and epidermal growth
factor), which facilitate the growth of endothelial-like cells. The incubation in vitro
with a mixture of growth factors, the adhesion on specific substrates (eg,
fibronectin), and the contact with the extracellular matrix or the surrounding mature
ECs in vivo will probably influence the proliferation or differentiation of bone
marrow— derived EPCs. After initial adhesion in vitro, EPCs begin to lose their
progenitor characteristics and start to differentiate. EPCs form within 3 to 4 weeks

monolayers with endothelial appearance!?113,

5.1.2 EPC in Diabetes

Patients with type 1 and type 2 diabetes have fewer circulating EPCs compared
with matched healthy subjects because of the reduced mobilization of EPCs from
bone marrow either due to insufficient release of marrow-stimulating factors, such
as VEGFR and SDF-1, which resulted in downregulation of hypoxia-induced factor
(HIF-1) or through the PIBK-AKT-eNOS pathway!'*. Moreover, EPCs of diabetic
patients exhibit reduced proliferation, adhesion, migration, and incorporation into
tubular structures 15116 Also, many complications of diabetes, such as diabetic

vasculopathy, cardiomyopathy, neuropathy, nephropathy, and retinopathy, are
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closely linked to the problem of vascularization. Interestingly, among all these
complications, there is a marked reduction in EPCs, except for retinopathy, which
follows a reverse patterntt’,

Cindy J.M. Loomans et al showed that in TIDM, EPC numbers inversely
correlate with HbAlc levels, demonstrating that the degree of glycemic
dysregulation directly affects EPC proliferation or differentiation?2,

Longo M. et al have demonstrated that over a 2-year follow-up, young type 1
diabetic patients treated with intensive insulin regimen showed an increase in
circulating EPCs levels, which correlates with the improvement in glucose

variability®!®.

5.2 Vascular repair mechanisms

It is accepted that generalized endothelial dysfunction precedes the development
of atherosclerosis. When endothelium is exposed to hyperglycemia, an array of
negative intracellular events promotes endothelial dysfunction. EPCs constitute a
circulating pool of cells able to form a cellular patch at sites of endothelial injury,
thus contributing directly to the homeostasis and repair of the endothelial layer.
EPCs have now been recognized as playing a major role in cardiovascular biology:
in fact, the extent of the circulating EPC pool is now considered a mirror of
cardiovascular health'?°,

Tissue ischemia is considered the strongest stimulus for EPC mobilization,

through the activation of hypoxia-sensing systems, such as hypoxia inducible factor
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(HIF)-1a'".The resulting active HIF-1a binds to enhancer DNA regions and
promotes the transcription of oxygen-sensible genes encoding, among others,
vascular endothelial growth factor (VEGF), stromal derived factor-la (SDF-1a),
other genes involved in the angiogenic response, and erythropoietin?.,

Then, growth factors allow bone marrow EPCs to undergo transendothelial
migration and to pass into the peripheral blood by means of attenuating stromal
cell-stem cell interactions and by rearranging extracellular matrix. EPC
mobilization is characterized by both a loss in cell-cell contacts and a
desensitization of chemokine signaling, notably the SDF-1a/C-X-C chemokine
receptor 4 (CXCR4) axis, the fundamental signaling pathway underlying stem cell
mobilization and homing during tissue homeostasis and injury*?.

On the contrary, stem cell homing requires upregulation of cell adhesion
molecules and activation of the SDF-1a/CXCR4 axis. The majority of cytokines
that mediate stem cell migration do so via modulation either of SDF-1a or of its
receptor, CXCR4. Under homeostatic conditions, most pro- genitors remain in the
bone marrow compartment, retained by high SDF-1a expression, which is
maintained by the hypoxic microenvironment. After an ischemic insult, soluble
factors, such as SDF-1a, are released by injured tissue and stimulate mobilization
of progenitor cells from the bone marrow. These cells are recruited to ischemic
tissue by high local levels of SDF-1a, providing a permissive niche. Interestingly,
SDF-1a is cleaved and inactivated by CD26/dipep- tidyl peptidase 4 (DPP-4).

Zaruba et al.'?® showed that the pharmacological inhibition of DPP-4 increased

myocardial homing of circulating CXCR4* stem cells, reduced cardiac remodeling,

and improved heart function and survival. Against this background cardiovascular
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health depends on a balance between damage and repair thanks to the contribution

of endothelial progenitor cells (Figure 5.2).
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Figure 5.2- Schematic biological role of endothelial progenitor cells and potentially available
treatment aiming to restore their circulating concentration.
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CHAPTER 6

THE STUDY

6.1 Introduction and aim of the study

The overall global incidence of type 1 diabetes is rising, with an especially
concerning rate in children under the age of 5 years'?*, which translates to a lifetime
of exposure and increased risk for early death from cardiovascular disease?.

T1DM is associated with both macrovascular (including CVD) and
microvascular  (including  retinopathy, nephropathy, and neuropathy)
complications. People with diabetes are at a greater risk of developing CVDs, such
as heart attack and stroke'?. The risk of cardiovascular death remains 4.2 times
higher in people with TLDM compared with non-diabetic controls?”%8,

Cardiovascular disease also disproportionally affects women with type 1
diabetes, which contrasts with a male predominance observed in the general
population®?®,

Diabetes attenuates the general female biological advantage by protecting
against cardiovascular complications across all ages!?. Reproductive factors,
differences in experience, and presentation of symptoms or psychosocial stress may
also play a role in the more unfavourable situation of diabetic women*°.

Hyperglycemia contributes significantly to endothelial damage, making itself
responsible for a process of chronic inflammation, production of reactive oxygen
species, alteration of hypoxia sensors. Circulating endothelial progenitor cells

(EPCs) play a fundamental role in maintaining endothelial health, given their ability
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to differentiate into mature endothelial cells and participate in the mechanisms of
neo-angiogenesis and endothelial repair. EPCs show a wide heterogenic antigenic
profile. Typical surface antigens to identify EPCs are CD34, CD133, and KDR'Y’.
There is evidence that circulating levels of EPCs are reduced in diabetic patients
compared with age-matched subjects!®, representing one of the mechanisms
linking increased vascular risk with diabetes mellitus®?®,

During the menstrual cycle, the number of EPCs in peripheral blood exhibits a
cyclic change. Robb et al have demonstrated that in healthy nulliparous,
premenopausal, non-smoking women with regular menses, triple positive
(CD34+CD133+KDR+) EPCs varied during the menstrual cycle with mid-
follicular levels being 3-fold higher than peri-ovulatory levels!®2. Foresta et al
observed a significant increase in the number of PCs (CD34+/CD133+) and EPCs
(CD34+CD133+ KDR+) cells during ovulation in young fertile women. The levels
of EPCs during menses in women with diabetes has never been investigated®3,

Female sexual dysfunctions (FSD) are complex conditions characterized by
impairment of the female sexual cycle'®*. Higher prevalence of FSD has been found
in women with diabetes, as compared with matched healthy controls. Sexual
problems in women with diabetes can be explained by several mechanisms such as
hyperglycemia, vascular and nervous dysfunctions, endocrinological disorders and
psychological factors®!,

The objective of this longitudinal observational study is to evaluate the trend
of circulating EPCs levels in the follicular, ovulatory and luteal phase of the

menstrual cycle and the change of sexual function in young women with type 1
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diabetes mellitus during the menses compared with non-diabetic women (controls)

matched by age.

6.2 Materials and methods

6.2.1 Study design and participants

This is a single-center, longitudinal observational study conducted between
January 2019 to March 2021. Type 1 diabetic women attending the Unit of
Endocrinology and Metabolic Diseases at University Hospital “Luigi Vanvitelli’
(Naples, Italy) were consecutively screened for eligibility criteria: 1) age > 18 and
<35 years, 2) stable couple relationship or masturbation in the previous 6 months,
3) regular menses and 4) absence of oral contraceptive use. We excluded patients
with major health problems including diabetic chronic complications, neoplasms,
major depression or other psychiatric disorders, severe neurological diseases, drug
or alcohol abuse, polycystic ovarian syndrome (PCOS), use of medication with
recognized adverse effects on the female sexual function. Also excluded were
pregnant or planning to become pregnant women and those who experienced
gynecological surgery, lower urinary tract symptoms, and pelvic trauma in the last
6 months. The study was approved by the local ethical committee, and all

participants signed an informed consent before enrolment.
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6.2.2 Assessment of sexual function

Both patients and controls were asked to complete two validated multiple-choice
questionnaires assessing sexual function 1% and the discomfort related to sexual
activity %7 the score for each instrument was calculated by the recommended
scoring system. Each questionnaire was administered after a short explanation.

Sexual function was assessed by completing the Female Sexual Function Index
(FSFI) is a self-report questionnaire including 19 items subdivided into six domains
(desire, arousal, lubrication, orgasm, satisfaction and pain) referring to sexual
activity in the last 4 weeks. Each domain was scored on a scale of 0 or 1-6, with
higher score indicating better function. For each of the six domains, a score was
calculated and the total score was obtained by adding the six domains scores. The
total score range was 2—-36. An alteration of sexual function was evidenced by a
score of 26.55 or less.

Sexual activity-related distress was assessed using the FSDS, a self-
assessment questionnaire composed of 12 items. Women were required to quantify
the frequency of each area on a scale of 0—4 (0 = never, 4 = always). A total score
higher than or equal to 15 indicated distress related to sexual life. Each sexual
function domain was considered altered if associated with personal distress, in
accordance with the American Psychiatric Association guidelines. FSD was
diagnosed according to a FSFI score lower than 26.55 and a FSDS score higher than

15135.
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6.2.3 Clinical measures and laboratory analyses

All patients underwent a full physical examination to assess weight and height,
body mass index (BMI), and blood pressure. Height and weight were measured to
the nearest 0.5 cm and 100 g, respectively, with participants wearing lightweight
clothing and no shoes. BMI was calculated as weight (in kilograms) divided by
standing height (in meters squared). Arterial blood pressure was measured three
times, at the end of the physical examination with the subject in sitting position.
Assays for fasting glucose, HbAlc, total cholesterol, low-density and high-density
lipoprotein cholesterol, triglyceride levels, were performed in the hospital’s
chemistry laboratory. Blood samples were drawn in the follicular, ovulatory and
luteal phases of the same menses to assess sexual hormones levels, including FSH,

LH, progesterone and estradiol.

6.2.4 Assessment of Circulating Levels of EPCs

Peripheral blood cells were analyzed for the expression of surface antigens by
direct flow cytometry, as previously described!®. Briefly, fasting blood samples
were processed after 1-2 hours. Mononuclear cells were isolated from peripheral
venous blood by density centrifugation. Then, the isolated blood cells were stained
for 30 minutes at 4°C in the dark with fluorescein isothiocyanate (FITC)-conjugated
antihuman CD34 monoclonal antibody (mAb) (Becton Dickinson, Buccinasco,

Bologna, Italy), phycoerythrin (PE)-conjugated antihuman KDR mAb (R&D
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Systems, Minneapolis, MN, USA), and allophycocyanin (APC)-conjugated
antihuman CD133 (Miltenyi Biotec, Calderara di Reno, Bologna, Italy). Isotope
immunoglobulin IgG1 and IgG2a antibody was used to discriminate between signal
range and baseline fluorescence within the samples. After incubation, quantitative
analysis was performed on a BD FACSCalibur cytometer, and 1,000,000 cells were
acquired in each sample. A morphological gate was used to exclude granulocytes.
Then, we gated CD34+ or CD133+ peripheral blood cells in the mononuclear cell
fraction and examined the resulting population for the dual expression of KDR. In
the two-dimensional dotplot analysis, we identified CD34+ CD133+ cells. Triple-
positive cells were identified by the dual expression of KDR and CD133 in the
CD34+ gate. Data were processed with the use of the Macintosh CELLQuest
software program (Becton Dickinson). The results from flow cytometry were

expressed as the number of cells per 10° events.

6.2.5 Statistical analysis

Data in tables are presented as mean * standard deviation, median and
interquartile range or number and percentage. Descriptive statistics were used for
demographic and baseline clinical characteristics of all participants in the study.
Comparisons of baseline data between the patients’ groups were performed by
Student’s t test or Mann—-Whitney Rank Sum test, depending on the normality of
sample distribution. The correlation between changes in levels of EPCs and
corresponding changes in the sexual hormones was assessed using Spearman’s

coefficient of correlation. The y? test was used for comparing dichotomous
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variables. Data were analysed using Stata, version 16.0 (Stata Corp, College

Station, Texas). P-value <0.05 was considered statistically significant.

6.3 Results

A total of 18 women with T1D and 8 healthy controls were enrolled. The clinical
and metabolic characteristics of the overall study population are shown in Table
6.1. Mean age was 25 years and mean BMI was 23.4 Kg/m?. The average age was
not different between women with diabetes and control women, nor were different
anthropometric parameters, lipid profile and blood pressure. As expected, women
with diabetes had higher levels of fasting glucose (P = 0.003) and HbAlc (P <
0.001), compared with the control group. The overall prevalence of FSD, defined
as the concomitant presence of pathological FSFI and FSDS scores, was 7 % (2/18)

among women with diabetes and 12.5% (1/8) among control women.
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Table 6.1-Characteristics of participants in the study.

Parameters

Age, years

Duration of diabetes, years

Weight, Kg
BMI,Kg/m2

Fasting glucose, mg/dl
HbAlc, %

SBP, mmHg

DBP, mmHg

HR, bpm

Total cholesterol, mg/dl
HDL- cholesterol, mg/dI
LDL-cholesterol, mg/dl
Triglycerides, mg/dl

Creatinine, mg/dl

In the two groups, there was a normal cyclical variation in circulating pituitary and
ovarian hormones with peri-ovulatory peaks in both serum LH and FSH
concentrations, and peri-ovulatory and mid-luteal peaks in both serum estradiol and

progesterone concentrations. There were no differences in sexual hormone levels

DM1
25.0 +5.6
141+48
65.9 + 15.2
258 +5.0

133.6 +42.9
77+11

110.0 (110.0, 112.5)

70.0 (65.0, 70.0)
81.3+7.3
168.5 +20.8
60.7 +13.3
96.3 +15.7
64.2 £ 245

0.78 +0.1

Controls

26.7+2.3

60.7+7.3
22.9+2.6
76.0+5.6
5.0+0.6
110.0 (105.0, 115.0)
60.0 (67.5, 62.5)
76.3+6.9
163.0 £ 20.4
58.1+8.4
101.2 + 26.0
72.5+24.7

0.85+0.01

0.062

0.375

0.232

0.003

< 0.001

0.876

0.514

0.137

0.536

0.835

0.303

0.255

0.428

during the different phases of menses between the two groups (Table 6.2).
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Table 6.2- Sexual hormone levels during follicular, ovulatory and luteal phases of the same mense
in women with type 1 diabetes and healthy controls.

Follicular phase Ovulatory phase Luteal phase
Patients Controls P Patients Controls P Patients Controls P
FSH,miU/ml 7.1+ 18 6.8+ 16 |0.628| 61122 6.1+26 |0953| 3.6t 15 | 40+18 |0526
LH, miU/ml 53+ 15 57+ 16 |0.524 84 +41 105 £ 6.1 |0311| 4.0 15 37+ 14 0.482
Progesterone, ng/mL| 0.42% 0.2 [0.36 + 0.17 | 0.420 22+ 39 1.1+ 09 |0488| 6.0t 4.8 48+ 24 | 0.546
Estradiol, pg/mL 65.0+ 61.1 |77.4 + 70.3| 0.628 | 133.2 + 72.7 |129.6 + 74.3| 0.906 |137.1+ 77.9|140.0+ 71.6| 0.927

Table 6.3 shows the change in circulating levels of EPCs in the women with
diabetes and controls during the three phases of the menstrual cycle. Compared with
controls, women with diabetes showed a significantly lower levels of CD34+ cells
in the ovulatory phase [cases vs control, median and IQR, 211 (171, 310) vs 361
(345, 437) P=0.031], and CD34+KDR+ cells in both the ovulatory phase [22 (19,
26) vs 41(17, 251) P=0.041] and in the luteal phase [19 (9, 27) vs 38 (28, 49) P=
0.002] (Table 6.3, Figure 6.1). No significant difference was recorded for the other

EPC phenotypes between the two groups (Table 6.3).
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Figure 6.1- Circulating levels of CD34+ and CD34+KDR+ cells EPCs in the three phases of
menses in women with diabetes and healthy controls.
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Table 6.3-Circulating levels of EPCs in the follicular, ovulatory and luteal phases in diabetic and
control women.

CD34+ Patients Controls P
Follicular phase 207 (171,320) 217(147, 330) 0.842
Ovulatory phase 211 (171, 310) 361 (345, 437) 0.031
Luteal phase 247 (166, 267) 219 (142, 296) 0.765
CD34+CD133+

Follicular phase 119 (90, 132) 124 (76, 198) 0.845
Ovulatory phase 111 (80, 113) 113 (110, 153) 0.278
Luteal phase 117 (80, 134) 116 (103, 119) 0.940
CD34+KDR+

Follicular phase 16 (12, 32) 35 (23, 47) 0.215
Ovulatory phase 22 (19, 26) 41 (17, 251) 0.041
Luteal phase 19 (9, 27) 38 (28, 49) 0.002
CD34+KDR+CD133+

Follicular phase 7 (2,10) 8 (6,11) 0.189
Ovulatory phase 4 (3,6) 504,7) 0.275
Luteal phase 3(2,6) 7,5 (3,12) 0.073

Patients with diabetes showed a significantly lower total FSFI scores in all the
three phases of the menses, as compared with control women (Table 6.4). We then
evaluated the individual domains of sexual function in the different phases of the
menstrual cycle comparing the FSFI single domain scores between women with
diabetes and control subjects. Compared with control women, diabetic women
showed significant lower scores in the domains of desire, arousal and pain in the
follicular phase, significant lower scores in the domains of desire, arousal,

lubrication, orgasm and pain in the ovulatory phase, and significant lower scores in
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the domains of arousal, lubrication, orgasm and pain in the luteal phase (Table 6.4).

and found a significant reduction in the score of all domains except that of

satisfaction in diabetic women compared to controls in the ovulatory phase.

Table 6.4- FSFI total score and single domains scores during the different phases of the menses in

diabetic women and control subjects.

DESIRE
Follicular phase
Ovulatory phase
Luteal phase
AROUSAL
Follicular phase
Ovulatory phase
Luteal phase
LUBRICATION
Follicular phase
Ovulatory phase
Luteal phase
ORGASM
Follicular phase
Ovulatory phase
Luteal phase
PAIN

Follicular phase
Ovulatory phase
Luteal phase
SATISFACTION
Follicular phase
Ovulatory phase
Luteal phase

FSFI TOTAL
SCORE
Follicular phase

Ovulatory phase
Luteal phase

Patients
4.2 (3.6,4.8)
4.2 (3.6,4.2)
4.8 (3.6, 4.9)

5.1 (4.2, 5.4)
5.1 (4.2, 5.4)
4.5 (4, 5.4)

4.8 (3.6, 6)
5.4 (4.2, 5.4)
4.5 (3.6, 5.4)

4.4 (3.2, 5.6)
4.8 (3.2,5.2)
4.8 (4.5, 6)

5.6 (5.6, 6)
5.6 (4, 6)
5.2 (4.4, 5.6)

46+15
6 (4.8, 6)
5.6 (4, 6)

28.4 (22, 32.8)
28.4 (26.8, 31.9)
29.4 (25, 29.9)
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Controls
5.1(4.5,5.7)
5.4 (4.9, 6)
5.4 (4.8, 6)

5.7 (5.5, 5.8)
6 (5.7, 6)
6 (6, 6)

5.7 (5.1, 6)
6 (5.7, 6)
6 (6, 6)

4.8 (4.4,5.4)
5.6 (5.6, 6)
6.6 (6, 6)

6 (5.8, 6)
6 (6, 6)
6 (6, 6)

53+0.6
6 (6, 6)
6 (6, 6)

32.6 (31.5, 33.3)
35 (34.8, 35.7)
35.4 (34.8, 36)

0.005
0.005
0.104

0.001
<0.001
0.002

0.143
0.005
0.006

0.448
0.004
0.002

0.043
0.006
0.016

0.256
0.244
0.069

0.049
0.002
0.002



Results from the univariate analysis, which tested the presence of an association
between circulating levels of CD34+ and CD34+KDR+ cells and the concentrations
of sex hormones in the different phases of the menstrual cycle in women with
diabetes and control women, is showed in Table 6.5 and in Table 6.6.

In women with diabetes, there was a significant association between the number
of CD34+ and FSH concentrations in the luteal phase (r = 0.600, P=0.013).
Moreover, circulating levels of CD34+KDR+ cells were positively associated with
progesterone in the follicular phase (r=0.767, P=<0.001) and negatively associated

with progesterone in the luteal phase (r = -0.738, P= <0.001).

Table 6.5- Correlation between circulating levels of CD34+ and CD34+KDR+ cells and the
concentrations of sex hormones in the different phases of the menstrual cycle in women with
diabetes.

CD34+ Follicular phase Ovulatory phase Luteal phase

Ip P I P I P
FSH 0.430 0.09 -0.337 0.202 0.600 0.013
LH -0.314 0.274 -0.139 0.608 -0.364 0.165
Estradiol -0.116 0.668 0.268 0.316 -0.227 0.398
Progesterone 0.373 0.154 -0.422 0.133 -0.185 0.526
CD34+KDR+ Follicular phase Ovulatory phase Luteal phase

o P o P ro P
FSH 0.288 0.279 -0.166 0.540 0.295 0.268
LH 0.145 0.620 0.206 0.445 0.018 0.945
Estradiol -0.03 0.917 0.010 0.970 0.019 0.944

Progesterone 0.767 <0.001 0.203 0.486 -0.738 <0.001

58



In the control group, the number of CD34+ cells was positively associated with
the levels of estradiol in the follicular phase (r=0.810, P= 0.014) and negatively
associated with the levels of progesterone in luteal phase ((r = -0.967, P = 0.002).
Moreover, CD34+KDR+ cell count was positively associated with the levels of
progesterone in the follicular phase (r=0.892, P=0.003) and inversely correlated

with the level of progesterone in the luteal phase (r = -0.894, P = 0.016).

Table 6.6- Correlation between circulating levels of CD34+ and CD34+KDR+ cells and the
concentrations of sex hormones in the different phases of the menstrual cycle in control women.

CD34+ Follicular phase Ovulatory phase Luteal phase

Iy P Iy P Iy P
FSH -0.556 0.153 -0.215 0.728 -0.456 0.157
LH -0.330 0.424 -0.110 0.860 -0.578 0.133
Estradiol 0.810 0.014 0.293 0.633 -0.185 0.662

Progesterone 0.130 0.759 -0.193 0.756 -0.967 0.002

CD34+KDR+ Follicular phase Ovulatory phase Luteal phase

I P Ip P Iy P
FSH -0.729 0.04 -0.359 0.553 -0.456 0.257
LH 0.277 0.507 -0.328 0.590 -0.578 0.133
Estradiol 0.229 0.585 0.139 0.824 -0.185 0.662

Progesterone 0.892 0.003 -0.357 0.556 -0.894 0.016
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6.4 Discussion and conclusions

We showed for the first time a decrease in circulating levels of EPCs in young
fertile women with diabetes during the menses. Our results are novel, as no previous
studies evaluated the change in circulating progenitor cells in a population of young
fertile women with type 1 diabetes in all phases of menstrual cycle. Moreover,
young fertile diabetic women showed a worse sexual function and lower FSFI total
score among the three phases of the menses compared with those of control
subjects.

Women in the reproductive age are exposed to a lower cardiovascular risk than
age-matched men'?. This is generally attributed to the differences in sex hormones
and, specifically, to the protective cardiovascular properties of female estrogens®=°.
Besides the effects on plasma lipids and on the vessel wall, other mechanisms may
link sexual hormones to a favourable cardiovascular profile, including the
regulation of endothelial homeostasis. Interestingly, both quantitative and
qualitative differences in EPCs between young men and women, together with the
observation that EPCs are mobilized during the hormonal cycle, indicated that
EPCs may be influenced by female sex hormones®3,

Indeed, there is evidence that in healthy normally menstruating women, a
physiological role for the menstrual cycle in regulating the availability of EPCs
emerged during the different phasest®!’. Our results confirm these findings;
however, we found significantly lower levels of CD34+ in the ovulatory phase
associated with significant lower levels of CD34+KDR+ both in the ovulatory
phase and in the luteal phase in diabetic women compared with control group,

suggesting that the cyclic mobilization of EPCs during menstrual cycle observed in
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healthy women is blunted in diabetic women, even in the context of a normal
cyclical variation in circulating pituitary and ovarian hormones. The lack of
previous studies evaluating the fluctuation of EPCs in young fertile women with
type 1 diabetes in all phases of menstrual cycle does not allow to make comparisons.

A potential hypothesis explaining our findings may be the loss of regulating
function of sexual hormones on the fluctuations of EPCs levels during the phases
of the menses in women with diabetes. In type 2 diabetic women, an imbalance
between ERo/ERf distribution responsible for increased vasoconstriction and
enhanced vascular inflammation has been described!®®. Moreover, in post-
menopausal healthy women, with the cessation of the ovarian and endometrial
activity, the number of EPCs are similar to those expressed in males!®. Evidence
on type 1 diabetic women are currently lacking. However, recent studies
demonstrated that circulating levels of EPCs are lower in young people with type 1
diabetes as compared with healthy age-matched control*'®**, Furthermore, we
previously identified gender differences in the count of circulating EPCs in a
population of young adult with type 1 diabetes favouring males'®, suggesting that
women with diabetes may present additional detrimental conditions which further
blunt the physiological mobilization from bone marrow of these staminal cells.
Whether the gender gradient in EPCs number could reflect a vulnerability for
diabetic women in terms of increased risk of vascular complications remains
unknown.

Previous reports have shown an increased prevalence of sexual dysfunction
among women with type 1 diabetes*®#!, Our data confirm the observation that

type 1 diabetes affects several aspects of female sexual function, including arousal,

61



lubrication, orgasm, desire and pain, but not satisfaction. Indeed, we found a
significant reduction in the score of all domains except that of satisfaction in
diabetic women compared with controls in the ovulatory phase. The FSFI total
score as well as the scores related to desire, arousal, lubrication and pain were lower
in diabetic women as compared with those of control subjects in the three phases of
menses, even they can not be considered severely alterated.

Major strengths of this study include the use of a validated tool for the evaluation
of sexual dysfunction, the assessment of four different EPC phenotypes by flow
cytometry in different phases of the same menstrual cycle. This study has also
limitations. Due to the observational nature of this study, we cannot make inference
regarding cause and effect. Moreover, a major limitation of the study relates to the
limited number of subjects investigated, which needs confirmation.

In conclusion, women with type 1 diabetes show lower levels of EPCs during
the ovulatory and luteal phases of the menstrual cycle, associated with a worse
sexual function, as compared with healthy controls. Further longitudinal studies are
needed to clarify whether these dysfunctions can be related to the increase in

cardiovascular risk of women with type 1 diabetes.
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