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Summary

Type 1 diabetes mellitus is a chronic metabolic disorder affecting both
young and old. Treatment goals are becoming standardised, but the degree to
which patients with type 1 diabetes meet their goals in practice is uncertain.

The aim of this study was to evaluate the nutrition-related outcomes of
patients with type 1 diabetes diagnosed since 1984 in the Illawarra and at least one
year post-diagnosis. Subjects were recruited from the list of patients registered at
the Diabetes Education Unit (DEU) of the Illawarra Area Health Service.

All patients were aged between 18-40 years. For the purpose of
comparison a similar nondiabetic group who were either relatives/friends of patients
or volunteers was recruited. In these two groups, anthropometric measurements,
blood pressure, glycosylated hemoglobin (HbA1lc%), lipids, urine albumin:
creatinine ratio, dietary intake as well as quality of life were assessed.

Dietary intake of subjects was assessed by a meal-based diet history (Burke
method), and food pattern and food preparation questionnaires (based on validated
DCCT questionnaires). The results were analysed using Diet 1 (V4), which uses
the Australian NUTTAB 1995 food composition database. The findings were
compared to the Australian and American dietary goals and recommendations.

In total 55 patients (18 female and 37 male) and 47 controls (17 female and
30 males) were seen. The means of body measurements including body mass
index (BMI), waist to hip ratio (WHR) and body fat%, blood pressure and blood
lipids and lipoproteins were within normal range and not significantly different
between the two groups. However blood pressure was higher in overweight
subjects in both groups. Also obesity or overweight was associated with an
adverse lipid and lipoprotein pattern. Plasma fibrinogen concentration in people
with type 1 diabetes was significantly higher than in control subjects. Higher
plasma fibrinogen levels were associated with higher BMI and elevated plasma
triglyceride and decreased HDL cholesterol concentrations.

The albumin: creatinine ratios in spot and early moming urine samples of
patients with type 1 diabetes were significantly higher than these ratios in the
control group. The negative relationship of early morning urine sample with HDL
cholesterol was noted.

In this study the degree of glycemic control was evaluated by HbA1c%.
Mean values were 8.52% (SD 2.21) and 8.56% (SD 1.91) for females and males
respectively, higher than in the DCCT intensively treated patients and lower than in

v



the DCCT conventionally treated patients. A number of variables including
anthropometric measurements, blood pressure, diabetes history, blood and urine
results were evaluated as independent variables in several models with HbAlc% in
the diabetic group. No statistically significant associations were found. It was
shown however that those with the least education had the poorest diabetic control
but this also was not found to be significant.

The dietary intake results indicated that only starch intake (in males and
females) and dietary fibre intake (in males) were higher among patients than in
controls when the macronutrient and alcohol intakes were compared in two groups.
None of the same sex comparisons in diabetic and control subjects showed a
significant difference in regard to the energy intake and the contribution of
macronutrients. No associations were found between dietary intakes and glycemic
control in diabetic subjects.

The findings were compared to the recommended dietary mtakes (RDI).
Significantly more subjects with diabetes than controls reached the guidelines for fat
consumption, however the majority of those with diabetes consumed saturated fatty
acids at a level greater than the recommendations. Protein intake of patients with
type 1 diabetes in terms of grams per body weight and its contribution to total
energy intake was higher than recommended. The average carbohydrate (energy%)
was similar in both groups and it was lower than the recommendations. Their
micronutrient intake for both diabetic and control subjects were higher than the
recommendations. Sodium intake in diabetic subjects was higher than in controls.

The overall diet quality of the subjects was scored on the basis of several
dietary recommendations. It was found that the higher the diet score (ie the more
closely the diet adhered to the recommendations) the better the glycemic control but
this association was not significant. Educated people in both groups had higher diet
scores. Also in regard to consumption of basic food groups, it was found that
diabetic subjects had more fruit than controls did. Both groups did not have
legumes and nuts (low glycemic index foods) in their diets regularly.

Not all the patients complied with their dietary prescriptions. Those with
better dietary adherence had better glycemic control, although the correlation did not
reach significance level.

Quality of life of patients and controls was evaluated with the Diabetes
Quality of Life Measure (applied in the DCCT) and SF-36 (a tool which measures
non-disease-specific aspects of quality of life). Our results were comparable with
those from the DCCT, showing neither group of patients had severe complications.
Diabetes worry subscale on the Diabetes Quality of Life Measure was associated



negatively with the duration of diabetes and HbAlc%. The result of SF-36
subscales were similar to controls, in both groups these subscales were inversely
related to either BMI and/or WHR.

The results of this study highlights the possibility of improving diabetic
control and as a result preventing the related complications in this group of patients
by nutritional management. However caution should be taken in generalizing from
these results, given the relatively small sample size. An up to date frequency
counting of this disease is recommended. Then larger scale studies that involve the
majority of the patients in this area and/or nutrition intervention programs (like
nutrition education) are needed to confirm the generalisability of this study.
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Chapter 1

Introduction

This thesis is about some aspects of the nutritional managementof type 1
diabetes mellitus. Type 1 diabetes also known as insulin dependent diabetes
mellitus (IDDM) is one of the most important and serious diseases involving
young people. It is a chronic disease primarily involving glucose metabolism. The
disease markedly increases the risk of morbidity and mortality from various micro-
and macrovascular complications.

The Australian incidence rate is found to be between the rates from
England and New Zealand. The people in these countries have similar ethnic and
genetic backgrounds. But compared with most countries in the world (the highest
rate found in Finland and the lowest rate in Japan), Australia has very high rates of
childhood type 1 diabetes (incidence rate of 14.5 per 100,000 person per year
with prevalence of 361/100,000 (1990-1991) in NSW reported by Verge et al.
1994a). Type 1 diabetes accounts for approximately 10% to 20% of all diabetes
mellitus in the western world (Ludwig-Beymer et al. 1996, Karam et al. 1991).

Multiple factors contribute to the genesis of type 1 diabetes. It has
become clear that it is caused by an autoimmune process which destroys
pancreatic beta-cells resulting in the loss of insulin production (Green et al. 1992,
Karvonen et al. 1993, Watkins et al. 1996). The potential causes of B cell
destruction include a genetic predisposition to the disease, and exposure to
environmental triggers that may activate mechanisms leadingto a progressive loss
of beta cells and insulin production (Walker and Cudworth 1980, Bamett et al.
1981, Dosch et al. 1992, Copstead 1995, Watkins et al. 1996). Between 5-8% of

individuals with newly diagnosed type 1 diabetes have a first degree relative
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(parent or sibling) with type 1 diabetes (Atkinson and MacLaren 1994, Copstead
1995). The risk to children whose father has type 1 diabetes is double that if the
mother has type 1 diabetes (El-Hashimy et al. 1995).

Environmental factors may include viral infection and dietary factors
(Porth 1994). A number of common human viruses including mumps virus,
coxsackie B3 and B4 viruses and reovirus type 3 may induce diabetes by different
mechanisms (Yoon 1990, Watkins et al. 1996). Early exposure to cow’s milk
protein may be an important factor in initiation of the B cell destruction (Daneman
et al. 1987, Scott et al. 1988, Scott 1990), while breast-feeding may be protective,
(Metcalfe and Baume 1992, Norris Kostraba et al. 1992) but these effects have not
been clearly indicated.

Current research indicates that poor metabolic control of type 1 diabetes is
eventually associated with serious complications. Recently the Diabetes Control
and Complications Trial (DCCT) conclusively demonstrated that intensive
therapy reduced the risk of progression and developing diabetes complications in
1441 patients with type 1 diabetes (age 13-39 years). The results show that
intensive therapy compared to conventional therapy could reduce the risk of
retinopathy, nephropathy and neuropathy by 50-75%. In this trial there was
about a threefold increase in the frequency of severe hypoglycemia and an average
weight gain of 4.6 kg in the group receiving intensive therapy compared to the
group receiving conventional therapy (DCCT Research Group 1993a). In the
group receiving intensive therapy macrovascular events was 42% less, the number
of events was small and the difference was not statistically significant.

The Pittsburgh Epidemiology of Diabetes Complication Study also
showed that in well controlled patients with type 1 diabetes who had been
diagnosed for more than 25 years there is an association between glycemic control
and avoidance of major complications (Orchard et al. 1990, Lloyd et al. 1996a).
They also showed that those with higher education and income tend to have fewer

complications.
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In other studies like the EURODIAB IDDM Complications Study it was
shown that duration of diabetes and poor glycemic control are established risk
factors for diabetes complications (EURODIAB IDDM Complications Study
Group 1994). In the same group of patients high fibrinogen together with raised
blood pressure in subjects with retinopathy and microalbuminuria may have a
pathogenic role in arterial disease (Greaves et al. 1997).

The glycemic control of patients with diabetes requires long-term managed
treatment. The objectives of diabetes management are described in figure 1
(European IDDM Policy Group 1993) and indicate the interactions between
components of care, monitoring of glycemic status, dietary modification and

exercise regulation.

Figure 1- Objectives of diabetes management

Optimal Optimal Lower
patient self-care perceived
skills behaviours barriers
4, L
Optimal Minirnal Confident
metabolic hypo- life-style
control glycaemia ,
1]
Avoid Avoid
late acute
tissue problems
damage
C
-
Optimal quality of life

Those who fund our health care system are increasingly concerned to
monitor the quality and effectiveness of health care interventions and match them
to treatment goals. It is recognized that care must not only be effective but also

efficient and any program must be adaptable so that it suits for individual patients

Introduction 3




with individual needs and behaviours. One of the goals of WHO Multinational
Project for Childhood Diabetes is to collect information on evaluation of the
efficiency and effectiveness of health care of patients with type 1 diabetes (WHO
DIAMOND Project Group 1990).

To facilitate and potentially improve the effectiveness of diabetes care, the
current study was undertaken. This study was carried out on patients with type
1 diabetes (18-40 years) living in the Illawarra area, who have been diagnosed since
1984.

The aims of the study were as follows:

o to examine current management and achievement of management goals for

type 1 diabetes by people with type 1 diabetes
o in particular, to measure the achievement of dietary and nutritional

objectives by people with type 1 diabetes
o to gain a measure of their quality of life.

To address these aims the study proposes to compare a group of people
who have lived with type 1 diabetes for some years with a reference population.
These aims were translated into the following research questions:

- What is the glycemic control of these patients with diabetes as measured

by HbA1c%?

- Is glycemic control associated with likely determinants such as age, sex,

duration of diabetes, socio-economic status?

- Are the diabetic subjects able to maintain optimal levels of known

determinants of some of the possible complications, determinants such as

- weight and measures of fatness, blood pressure, plasma lipid levels, and

indicators in blood and urine samples?

- Is there any association between the level of glycemic control and these

indicators of potential complications?

- How does dietary intake of diabetic subjects compare to those in
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controls? Is there any relation between dietary intake and glycemic

control in diabetes?
- What is the dietary practice of diabetic and control subjects when
compared to the recommended dietary intake and food group

consumption? Is there any relation between dietary adherence and

glycemic control in people with diabetes?

- What is the quality of life of patients with type 1 diabetes and how does

it compare to a reference group?

It is expected that this study provides useful information for future

research in individuals with type 1 diabetes in this area.
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Chapter 2

Literature Review

2.1- Type 1 Diabetes

Diabetes mellitus is not a single disease but a number of disorders with
glucose intolerance in common. Historically, diabetes was described as a disease
distinguished by weight loss and excessive urination, thirst, and hunger. It was
observed in at least two forms, one affecting primarily the obese and another more
prevalent among younger, thin individuals.

The term diabetes mellitus now describes a syndrome characterized by
chronic hyperglycemia and other disturbances of carbohydrate, fat, and protein
metabolism (Bennett 1994, Ludwig-Beymer et al. 1996). The World Health
Organization (WHO 1985) has identified four major classes of diabetes mellitus:
insulin-dependent diabetes mellitus IDDM or type 1 diabetes mellitus), non-
insulin-dependent diabetes mellitus (NIDDM), malnutrition-related diabetes
mellitus (MRDM), and others (Bennett 1994).

Type 1 diabetes also known as juvenile-onset diabetes, ketosis-prone
diabetes, or insulin dependent diabetes mellitus, most commonly appears in youth
and young adults but can occur at any age (Laakso and Pyorala 1985). The
classical symptoms such as thirst, polyuria, wasting, and/or ketoacidosis appear
abruptly and insulin treatment is required not only to control the hyperglycemia
and symptoms but to prevent the spontineous occurrence of ketoacidosis

(Bennett 1994, Copstead 1995).
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Prevalence and incidence of type 1 diabetes

It has been reported that type 1 diabetes accounts for approximately 10%
to 20% of all diabetes mellitus in the western world (Ludwig-Beymer et al. 1996,
Karam et al. 1991). Type 1 diabetes occurs most frequently in persons of
northern European descent. Among other racial groups, such as blacks, Native
Americans and Asians, the disease is less common (Diabetes Epidemiology
Research International Mortality Study Group 1991).

The WHO DIAMOND Project Group have reviewed the variation in
incidence between continents and showed that the lowest incidences were found in
Asia, followed by Oceania, South and North America, and the highest were
reported in Europe (Karvonen et al. 1993). It was shown that the incidence ranges
from a low of 1 to 2 per 100,000 per year in Japan to a high of more than 40 per
100,000 per year in parts of Finland (Diabetes Epidemiology Research
International Group 1988, Green et al. 1992). It has been also reported that the
worldwide variation in incidence reflects the distribution of ethnic populations and
demonstrates the importance of the differential genetic susceptibility between

populations (Karvonen et al. 1993).
Prevalence and incidence of type 1 diabetes in Oceania

In New Zealand the incidence of type 1 diabetes among children appears to
be lower in Auckland than in Canterbury. The incidence rate of diabetes in
Auckland in Caucasoid children was about 12/100,000 per year (Brown 1993).
An earlier study had estimated the average incidence of type 1 diabetes at
11.7/100,000 per annum (1982-1986) among those diagnosed under 20 years
(Scott and Brown 1991, Mason et al. 1987). Later it was found that the incidence
of type 1 diabetes in subjects less than 20 years of age in Canterbury was higher
(19.57100,000, 1990-1992) (Scott et al. 1992). This high incidence was associated
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with a high frequency of the HLA-DQpB non-Asp 57 allele in the Canterbury
population (Brown 1993); and the incidence therefore could be attributed to a
gene-environment interaction (Forbes et al. 1993).

In Western Australia from 1985 to 1989, the mean age adjusted
(developed-world population) annual incidence of type 1 diabetes in children aged
0-14 was 13.2 per 100,000 person-year. There was no evidence of an increasing
incidence over the 5 years of the study (Kelly and Byrne 1992).

In New South Wales, over a 2-year period (1990-1991) it has been shown
that the age standardized incidence rate of type 1 diabetes in 0-14 year boys and
girls was 14.5/100,000 persons per year; this rate is in the middle of the
worldwide range. When Cls (95% confidence interval 13.0-16.0) were considered,
this was similar to rates found previously in Australia. No significant differences
were found when comparing the first and second years of the register, boys and
girls, geographical areas, or Aboriginal and non-Aboriginal children (Verge et al.
1994a). Earlier in Sydney, it was shown that the annual incidence of type 1
diabetes per 100,000 population aged 0 to 19 years, rose from 10.3 cases in 1984
to 14.8 cases in 1987 (the increase was not significant) (Sutton et al. 1989).

In the [llawarra area the prevalence of diabetes in 0-19 year patients was

69/100,000, with an incidence of 13/100,000 in 1984 (Moses and Mathews 1986).
2.2- Etiology of Type 1 Diabetes

It has been suggested that type 1 diabetes results from either a genetic
predisposition (diabetogenic genes), or a hypothetical triggering event that
involves an environmental agent that serves .o stimulate an immune response, or
immunologically mediated B cell destruction (Green et al. 1992, Karvonen et al.
1993, Watkins et al. 1996). ItA was concluded by others that autoimmune
destruction of pancreatic B cells is the most common cause of type 1 diabetes

(Kahn and Weir 1994).
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The highly significant genetic component is illustrated by the 30-50 per
cent concordance rate in identical twins (Walker and Cudworth 1980, Barnett et al.
1981, Dosch et al. 1992, Copstead 1995, Watkins et al. 1996) and the 5-8 per cent
prevalence in first degree relatives especially if the affected parent is a father
(Atkinson and MacLaren 1994, Copstead 1995, El-Hashimy et al. 1995). It has
been shown that the main gene associated with a predisposition to type 1 diabetes
is in the major histocompatibility complex (MHC) on chromosome 6, in the region
associated with the genes for the highly polymorphic immune-system-recognition
molecules known as HLA (Human Leukocyte Antigen). This is where the
presence of amino acid aspartic acid at position 57 of the P chain of the DQ
molecules appears to carry resistance to type 1 diabetes (Dorman et al. 1990,
Atkinson and MacLaren et al. 1994). Susceptibility or resistance to type 1
diabetes is associated with different HLA-DR and DQ genotypes (Todd and Bain
1994). There is a strong association between certain HLA antigens (DR3 and
DR4) in Caucasians coded by these immune response genes and type 1 diabetes.
Thus, it appears that what is inherited as part of the HLA genotype in type 1
diabetes is a susceptibility to an abnormal immune response that affects B cells
(Porth 1994, MacLaren 1988).

The incidence of type 1 diabetes in a transmigratory population (Asians
migrated from an area of low incidence of childhood diabetes to England where
there was a higher incidence) has been studied. The incidence of type 1 diabetes
increased in offspring of that transmigratory population, showing that
environmental factors (probably viral infections and possibly climatic condition)
are important in the etiology of type 1 diabetes (Bodansky et al. 1992).

Environmental agents that have been associated with altered pancreatic B
cell function include viral and dietary triggers (Porth 1994). A number of common
human viruses including mumps virus, coxsackie B3 virus, coxSackie B4 virus and

reovirus type3 could infect human beta-cells and may trigger diabetes (Yoon 1990,
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Watkins et al. 1996). These conditions are supported by several experimental
models in which insulinopenic diabetes has been triggered by viruses in animals.

Earlier epidemiologicalstudies have shown that the prevalence of type 1
diabetes among patients with congenital rubella syndrome was significantly higher
in both the United States and Australia (about 20%) (Menser et al. 1978),
although studies in the United Kingdom have failed to confirm this association
(Smithsells et al. 1978).

Evidence for a diabetogenic effect of a milk component has accumulated
rapidly including confirmatory observations in animal experiments (Daneman et al.
1987, Scott et al. 1988, Scott 1990). There has been also a long-standing debate
about a protective effect of breast-feeding against the initiation of the B cell
destructive process in some individuals (Glatthaar et al. 1988, Mayer et al. 1988,
Savilhati and Akerblom 1990, Vritranen et al. 1991, Metcalfe and Baum 1992,
Norris Kostraba et al. 1992). A number of studies have shown that infants who
were fed with breast-milk substitutes before 3 or 4 months of age faced an
increased risk for type 1 diabetes (Virtanen et al. 1991, Norris Kostraba et al.
1992, Virtanen 1992, Verge et al. 1994b). Others were not confident whether the
cow’s milk protein in commercially available infant formulas was associated with
the process of destruction of the B cells (Work Group on Cow’s Milk Protein and
Diabetes Mellitus 1994). The possibility that infants fed breast milk substitutes
may be more susceptible to infections which trigger type 1 diabetes does not seem
to have been explored in any study.

Recently a ineta—analysis was performed on the early infant diet and type
1 diabetes risk (Norris and Scott 1996). It was suggested that the increased risk of
type 1 diabetes associated with any of the infant diets was small. In addition
experimental data on the diabetogenic effect of milk containing diets in the BB rat

and NOD mouse did not support the postulated effect of milk.
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2.3- Complications of Type 1 Diabetes

The complications of type 1 diabetes may be classified as either acute or chronic

(Zeman 1991, Laycock and Wise 1996).
Acute complications

Acute complications can be reversed quickly with the adjustment of blood
glucose level. The most important acute complications of diabetes mellitus are
hypoglycemia, diabetic ketoacidosis and hyperosmolar nonacidotic diabetes. In
addition other difficulties in control such as the Somogyi effect and dawn
phenomenon may be observed (Zeman 1991, Ludwig-Beymer et al. 1996).

In patients with type 1 diabetes, hypoglycemia is known as an insulin
reaction or insulin shock (Cryer 1996). The treatment of this condition must be
prompt. Repeated severe reactions may cause brain damage (Zeman 1991, Widom
and Simonson 1994).

Hypoglycemia can be a major problem in the managementof patients with
type 1 diabetes (Cryer et al. 1994), although in the Diabetes Control and
Complications Trial (DCCT) Research Group (1991) only a minority of
intensively treated patients showed episodes of severe hypoglycemia.
Nevertheless in the DCCT there was a two- to threefold increase in the incidence
of hypoglycemia in the patients receiving intensive insulin treatment (DCCT
Research Group 1987).

Diabetic ketoacidosis (DKA) usually results from lack of insulin. This
leads to a decreased uptake and utilization of glucose by the tissues, increased
glucose synthesis from protein, and the breakdown of fat in the liver and in
adipose tissue. At the same time there are some major changes such as increased
secretion of glucagbn, cortisol, catecholamines and growth hormone (counter-

regulatory hormones). There is a rise in blood glucose, non-esterified fatty acids
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and ketone bodies. The clinical features consist of dehydration, lethargy, and
vomiting, followed by drowsiness progressing if untreated to coma and

occasionally death.

Chronic complications

These complications are the result of hyperglycemia (Nathan 1996)
perhaps in combination with a genetic predisposition (Watkins et al. 1996). The
chronic complications of diabetes are largely the consequence of microvascular
lesions. These lesions may be triggered by sorbitol accumulation, glycoprotein or
mucopolysaccharide formation in blood vessels. The lesions most frequently
occur in the walls of blood vessels of the nerves, kidneys, and eyes of patients
with diabetes (Zeman 1991).

Follow up of 307 patients with type 1 diabetes for 40 years showed that
the occurrence of visual impairment, blindness, renal failure, stroke and
amputation were 14%, 16%, 22%, 10%, 12% and 21% respectively (Deckert et al.
1978). In the DCCT it was shown that producing near-normal blood glucose
levels by intensive therapy reduces the risk of retinopathy, nephropathy and
neuropathy by 50-75% compared with conventional treatment (Genuth 1996).

Angiopathy, which may be classified into macroangiopathy and
microangiopathy accounts for about 30% of diabetic deaths (Laycock and Wise
1996).

Macroangiopathy leads to major_ macrovascular outcomes such as death
from cardiovascular disease, myocardial infarction, and peripheral vascular events.
One consequence of macroangiopathy is vascular occlusion in the legs of patients
with diabetes, leading to intermittent claudication (Zeman and Hanson 1991).

Microangiopathy affects the retina of the eye (retinopathy), the glomeruli
of the kidney (nephfopathy), and some parts of the nervous system (neuropathy)
(Ludwig-Beymer 1994, Nathan DM 1993). In this condition, the basement
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membranes around capillaries thicken, contributing to the loss of circulation in the
limbs and increasing susceptibility to infection.

Retinopathy océurs in all forms of diabetes (Nathan 1993). As with all
diabetes-specific complications, the development of retinopathy depends on the
duration of the disease (Krolewski et al. 1986, Pirart 1978). After seven years,
approximately 50 per cent of patients with type 1 diabetes have some degree of
retinopathy detectable by stereoscopic fundus photography (Palmberg et al. 1981)
and the incidence rises rapidly after 15 years from diagnosis (Palmberg et al. 1981,
Santiago 1993).

Retinopathy starts with microaneurysms arising from the terminal
capillaries of the retina. Dot and blot hemorrhages appear; this is termed
nonproliferative retinopathy. This usually does not lead to the loss of vision.
With increasingly severe retinopathy, the abnormal vessels can become occluded,
leading to retinal ischemia with infarctions in the nerve layer of retina. If vitreous
hemorrhages occur vision will be obscured (Nathan 1993).

Deckert et al. (1978) and Andersen et al. (1983) showed that nephropathy
developed in 35 to 45 percent of patients with type 1 diabetes. Diabetic
nephropathy evolves through several interconnected phases: an early phase of
physiologic abnormalities of renal function, a phase of microalbuminuria, and a
clinical phase with persistent clinical proteinuria progressing to end-stage renal
failure (Trevisan and Viberti 1996).

Microalbuminuria may occur five years after the onset of diabetes (Viberti
et al. 1982, Viberti and Keen 1984, Mathiesen et al. 1984, Mogensen and
Christensen 1984, Selby et al. 1990). Some studies have reported a significantly
higher HbA 1¢% in microalbuminuric individuals (Mathiesen et al. 1984, Wiseman
et al. 1984, Klein et al. 1992). In a study of 1888 patients with type 1 diabetes
who were aged less than 40 years and with disease for less than 35 years, the

prevalence of microalbuminuria was about 3% and it was related to elevated blood
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pressure and longer duration of the disease (The Microalbuminuria Collaborative
Study Group 1992).

Patients developing clinical nephropathy have an increased incidence of
coronary heart disease compared with patients not developing nephropathy
(Dorman et al. 1984, Jensen et al. 1987, Trevisan and Viberti 1996). These
patients have higher blood pressure and serum cholesterol (Jensen et al. 1987,
Barnes 1993).

Initially in type 1 diabetes there is renal hypertrophy, with expansion of
the glomeruli, including the mesangium and giomerular basement membrane.
Glomerular composition changes slowly, leading to characteristic mesangial
expansion, thickening of the glomerular basement membrane, and afferent and
efferent arteriosclerosis. With more advanced nephropathy, glomerular closure
occurs. There is compensatory hypertrophy of the functioning glomeruli during
this stage. End-stage renal disease is characterized by small, atrophic kidneys with
diffuse glomeroulosclerosis (Mauer et al. 1984, Osterby 1987, Bilous et al. 1989,
Feldt-Rasmussen et al. 1991).

It has been found that a peripheral, symmetric sensorimotor neuropathy is
the most common form of diabetic neuropathy, whose other forms include cranial
and peripheral motor neuropathies and autonomic neuropathy. Autonomic
neuropathy can affect gastric or intestinal motility, erectile function, bladder
function, cardiac function, and vascuiar tone. Gastroparesis may not only cause
symptoms but also alter the absorption of meals and affect glycemic control
(Nathan 1993). The DCCT Research Group (1988a) in their electrophysiologic
studies demonstrated subclinical abnormalities, including slowed motor- and

sensory-nerve conduction in most patients after 5 to 10 years of diabetes.

Literature Review 14




2.4- Glycemic Control and the Onset of Complications

The effect of good diabetic control in prevention or delaying the onset of
complications has been discussed since the first clinical use of insulin in 1922
(Page and Tattersall 1994). For instance Johnsson (1960) and Pirart (1978)
showed that poor glycemic control is associated with an increased risk of
microvascularcomplications.

This relationship was confirmed in several other studies (Doft et al. 1984,
Wiseman et al. 1984, Weber et al. 1986, Bangstad et al. 1989, Mortensen 1990,
Klein et al. 1993). Later a relationship between HbAlc level and development of
retinopathy and microalbuminuriain young patients with type 1 diabetes was
reported (Joner et al. 1992).

The Diabetes Control and Complications Trial (DCCT) was designed to
compare the effects of intensive to conventional treatment on the development and
progression of early vascular and neurologic complications in 1441 patients with
type 1 diabetes (age 13-39 years patients with 1-5 years of diabetes) for a mean
follow-up of 7 years (DCCT Research Group 1986, 1987, 1993). In this trial
intensive therapy could delay the onset and slow the rate of progression of
retinopathy, nephropathy, and neuropathy by a range of 35 to more than 70
percent. Also this kind of treatment reduced the risk of subsequent albuminuria
and microalbuminuriaby 54% and 39% respectively. On the other hand it was
found that the risk of hypoglycemia in intensively treated patients was two to six
times higher than that observed with conventional treatment (DCCT Research
Group 1993a). Thus the risk of hypoglycemia must be taken into account when
assessing the benefits of intensive treatment in this trial (DCCT Research Group
1991).

The DCCT Research Group concluded that the onset and progression of

diabetic retinopathy and nephropathy in adolescent subjects would be delayed and
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slowed by intensive therapy, although the risk of hypoglycemia is increased
(DCCT Research Group 1994).

As part of the Pittsburgh Epidemiology of Diabetes Complication Study,
it was shown that good glycemic control in patients who had been diagnosed with
type 1 diabetes for more than 25 years was associated with avoidance of major
complications (Orchard et al. 1990). Others followed up the effects of glycemic
control on the subjects of Pittsburgh Epidemiology of Diabetes Complications
(EDC) who were diagnosed from 1986 to 1988 (Lloyd et al. 1996a). It was found
that during the first 4 years of follow-up, subjects who were in “poor” control at
baseline were significantly more likely to develop microalbuminuria, proliferative
retinopathy, and distal symmetrical polyneuropathy, compared with subjects who
were in “fair” control. This study showed weaker associations for the later stages
of renal disease, and little relation was noticed between glycemic control and
coronary disease. Those with higher education and income had fewer
complications.

An outcome study of type 1 diabetes patients in Soweto, South Africa
showed that after a 10 year follow up retinopathy affected 52%, peripheral
neuropathy 42% and nephropathy 28% of the patients (all significantly increased
from the first assessment). A significant proportion of deaths was due to renal
failure (50%). Although diabetic complications frequently occur in these patients,
most of them reported a satisfactory quality of life (Gill et al. 1995).

Recently a prospective epidemiologicalstudy was carried out to describe
the relation between glycated hemoglobin and the incidence or progression, or
both, of diabetic microvascular complications in patients with type 1 diabetes
(Klein et al. 1996). The results showed that there was a strong relation between
glycemic control and the incidence or progression of diabetic retinopathy, the
incidence of gross proteinuria, and the incidence of loss of tactile sensation or

temperature sensitivity in type 1 diabetes.
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A study was conducted to compare the psychological characteristics of
adults (age 21-40 year) with type 1 diabetes who had poor glycemic control with
similar patients in good glycemic control (Jacobson et al. 1990). They found that
patients with chronic poor control felt physically best at a higher blood glucose
level than patients with good diabetic control. There were no differences in their
level of diabetes knowledge, self-esteem, or psychiatric symptomatology.

In the Oslo Study, the effect of long-tem strict glycemic control on
peripheral and autonomic nerve function in adult patients with type 1 diabetes
was investigated (age 18-42 year). It was observed that lowering blood glucose
during 8 years retarded the deterioration in nerve conduction velocity in the

diabetic nerve (Amthor et al. 1994).
Cardiovascular disease (CVD) and its risk factors in type 1 diabetes

The increased risk of mortality in patients with type 1 diabetes is because
of cardiovascular disease (Kannel and McGee 1979). A number of risk factors for

cardiovascular disease in type 1 diabetes have been described.
Overweight and obesity

Weight gain was a problem for some individuals with type 1 diabetes under
strict glycemic control (Winget al. 1990, DCCT 1988b). This weight gain may
result in increased risk of lipid disturbances and higher blood pressure, which
would counteract the benefits of improved glycemic control (Lasker 1993, DCCT
1993a, Kannel and McGee 1979).

In the DCCT although there was an increasing risk for weight gain,
intensive therapy still had a beneficial effect on macrovascular disease (DCCT
1995a). In the EURODIAB Complications Study overt cardiovascular disease

was found in 9% of men and 10% of women, increasing with age. Cardiovascular
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disease was associated with higher waist to hip ratio, BMI, triglyceride and
hypertension, and with the duration of diabetes (Koivisto et al. 1996).

The findings on mortality risks associated with body weight in people
with type 1 diabetes are conflicting. Goodkin (1975) reported that obesity may
be protective, while others reported that obesity among women with diabetes
increased the risk of death (Chazan 1970). In Denmark no association could be
found between obesity and survival (Borch-Johnsen et al. 1987).

More recently WHO carried out a cohort study and examined morbidity
and mortality risks associated with body weight in individuals with type 1
diabetes (Chaturvedi et al. 1995). A large number of subjects were recruited from
nine centres worldwide. Body weight was positively associated with blood
pressure and cholesterol in men. Fasting blood glucose increased significantly with
body weight in women. Mortality was lowest in people with body mass index of

20 to <24 kg/m?.
Biochemicalfactors

Earlier studies had shown that the prevalence of dyslipidemia was higher in
individuals with type 1 diabetes than non-diabetic controls (Mann JT et al. 1978,
Court et al. 1978, Sosenko et al. 1980, Lopes-Virellaet al. 1981, Al Muhtaseb et
al. 1992). Other researches found no difference between blood cholesterol in
diabetic and non-diabetic subjects (Chase and Glasgow 1976, Ewald et al. 1984,
Strobl et al. 1985, ‘Kobba.h et al. 1988, Salzer et al. 1993). Plasma cholesterol,
triglycerides, and lipoproteins were in the normal range when diabetic control was
good in type 1 diabetes (Sosenko et al. 1980, Briones et al. 1984, Gonen et al.
1985, Nikkila et al. 1985).

Hypertriglyceridaemia is closely associated with coronary heart disease
(Jarrett 1978, Beacﬁ et al. 1979). HDL cholesterol was found to be high rather
than low in this group of patients on insulin (Kennedy et al. 1978, Nikkila and
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Hormila 1978, Mattock et al.1979, Durrington 1980). LDL cholesterol is normal
or low (Schernthaner et al. 1983, Gonen et al. 1985, Laakso et al. 1985). There
were no significant differences in serum triglyceride, serum cholesterol, LDL
cholesterol, and HDL cholesterol between men with type 1 diabetes and non-
diabetic men (Winocour et al. 1986).

As part of the Diabetes Control and Complications Trial, lipid and
lipoprotein levels in patients with type 1 diabetes (age 13 to 40 years) for 1-15
years were compared with the values in healthy non-diabetic controls (DCCT
Research Group 1992). The fasting blood samples were analysed for cholesterol,
triglyceride, low-density lipoprotein cholesterol and high-density lipoprotein
cholesterol. Results in males and older females with type 1 diabetes were similar
to the values found in controls. Total cholesterol, LDL cholesterol and
triglycerides were all directly related with HbA 1c and fasting blood glucose. HDL
cholesterol decreased when insulin dose, body weight, serum creatinine, urinary
albumin, and systolic and diastolic blood pressure were increased. There was a
weak correlation between blood lipids and dietary variables.

Others found that the prevalence of dyslipidaemia among S1 children and
adolescents with type 1 diabetes was higher than in a control population of
schoolchildren (39% versus 17%) (Azad et al. 1994). Fasting serum cholesterol
alone was raised in 25% of children and adolescents with type 1 diabetes, and in a
further 14% cholesterol and triglyceride were raised. These values for non-diabetic
subjects were lower, namely 16% and 4% respectively. Serum total cholesterol,
low density lipoprotein cholesterol, non-esterified fatty acids and triglyceride
were higher in diabetic subjects. With worsening diabetic control, serum total
cholesterol, triglyceride, and apolipoprotein (apo)B concentration increased, while
serum high density lipoprotein cholesterol and apoA-I levels were unchanged. A
positive correlation was found between glycated haemoglobin and total
cholesterol, triglyceﬁdes, and apoB in diabetic children. Therefore it was

concluded that raised blood lipids in young patients with type 1 diabetes was
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related to poorer glycemic control. Also it was shown that lipid levels in patients
with type 1 diabetes with good diabetic controls were similar with those in non-
diabetic subjects. |

The relationship of serum lipids, lipoproteins, apolipoproteins and
antioxidants with renal dysfunction was examinedin 121 type 1 diabetic subjects
(O’Brien et al. 1996). The glomerular function was assessed by urinary
albumin/creatinineratio on three early morning spot urine samples. There was a
significant correlation between urinary albumin/creatinine and serum total
cholesterol, triglycerides, apolipoproteins A-I, A-II and B, and glycated
haemoglobin. No significant association was found between glomerular function
and HDL cholesterol. In another study it was concluded that in patients with
type 1 diabetes, all lipoprotein abnormalities improve with good glycemic control
except VLDL which is increased in these patients (Chait and Brunzell 1996).

In New Zealand the current degree of metabolic control in diabetic patients
attending a diabetes clinic from 1992 to 1995, has been reported (Dunn 1996).
Blood cholesterol, HDL cholesterol and triglyceride were all within normal range
and mean total cholesterol was close to the target values set by the National Heart
Foundation (Mann et al. 1993).

The risk factors of coronary heart disease were investigated in 90 adults
with type 1 diabetes (Winocour et al. 1992). In order to compare the results, 172
non-diabetic normal subjects were recruited. It was found that about 25% of
subjects of each group had coronary heart disease. Type 1 diabetic patients with
coronary heart disease had significantly higher levels of systolic blood pressure,
albumin excretion, serum creatinine, triglycerides, VLDL cholesterol and C-peptide
and decreased level of HDL and HDL2 cholesterol compared to patients without
coronary heart disease. It was found that coronary heart disease in type 1
diabetes was closely related to age and levels of blood pressure and total serum
lipids. In this group of patients apolipoproteins and albuminuria were not

considered important predictors of coronary heart disease.
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Fibrinogen has been found to be elevated in patients type 1 diabetes and
hyperfibrinogenemia is an independent predictor of vascular complications (Ganda
and Arkin 1992). The EURODIAB Complications Study Group showed that
fibrinogen had a positive relationship to vascular risk factors and a possible role in

arterial disease in diabetes (Greaves et al. 1997).

Type 1 diabetes and the kidney

Several studies have all concluded that the development of renal
complications is associated with poor metabolic control (Wiseman et al. 1984,
Kroc Collaborative Study Group 1984, Feldt-Rasmussen et al. 1986, Mathiesen et
al. 1990). Those patients who progressed to microalbuminuriaduring a four year
follow up had worse blood glucose control and higher blood pressure
(Microalbuminuria Collaborative Study Group 1993).

In another report the prevalence of renal disease in two type 1 diabetes
populations in the US (EDC) and in Europe (EURODIAB) were compared (Lloyd
1996b). The results showed that the prevalence of macroalbuminuriawas higher
in EDC than in EURODIAB. Adjusting for glycemic control, hypertension or
smoking did not change the risk of macroalbuminuria.

Patients who took part in the Pittsburgh Epidemiology of Diabetes
Complications Study were re-examinedafter two yeais (Coonrod et al. 1993). It
was found that in these patients who had normal albumin excretion at baseline,
glycemic control, age or duration of type 1 diabetes, disturbed lipids, and possibly
elevated blood pressure might all contribute to the development of
microalbuminuria.

The presence of persistent microalbuminuria can be regarded as a sensitive
predictor of development of clinical diabetic nephropathy (Parving et al. 1982,
Viberti et al. 1982, Viberti and Keen 1984, Mathiesen et al. 1984, Mogensen and

Christensen 1984). In a 10-year perspective study it was shown that after
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another 5 to 10 years of diabetes, overt proteinuria develops in those patients
destined to develop end-stage renal disease (Mathiesen et al. 1995).

In patients with type 1 diabetes there is an association between
nephropathy and cardiovascular disease (CVD) (Jensen et al. 1987, Borch-Johnsen
and Kreiner 1987, Winocour et al. 1987, Deckert et al. 1989, Dullaart et al. 1989,
Jay et al. 1991, Deckert et al. 1992). Although from epidemiological studies it can
be concluded that elevation of blood pressure, cholesterol and fibrinogen in
albuminuric patients with type 1 diabetes are potential cardiovascularrisk factors,
the exact mechanism for this effect is not clear (Jensen et al. 1988, Deckert et al.
1992).

Microalbuminuria is found to have a strong predictive power in renal
disease in diabetic patients (Mogensen 1997). This has been shown in several
other studies (Mogensen et al. 1984, Viberti et al. 1982, Mogensen et al. 1986).
Measurement of albumin can be performed either on a timed urine sample for a
more accurate result or on a spot urine sample for initial screening (Jerums et al.
1994). Microalbuminuria is diagnosed when the urinary albumin excretion rate

(UAER) is >20 pg/min but <200 pg/min (Deckert et al. 1992). Because there is

little information on various cut-off points of albumin concentrations, using the
albumin: creatinine ratio has been suggested on random (Gatling et al. 1988, Watts
et al. 1986) and early morning (Gatling et al. 1988, Cohen et al. 1987, Hutchison et
al. 1988, Gatling et al. 1985, Marshall and Alberti 1986) urine samples. The
results of these studies show that the measurement of the albumin: creatinine ratio
in an early mornihg urine sample appears to be the most reliable method of
screening formicroalbuminuria, with sensitivity of 88 to 100% and specificity of

81 to 100% depending on the cut-off ratio chosen (Marshall 1991).
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2.5- Dietary Management in Type 1 Diabetes

Dietary management has long been regarded as the comnerstone in the
treatment of all types of diabetes mellitus, although various kinds of diets have
been prescribed by different people (Birkbeck et al. 1976). The best diet for
patients with type 1 diabetes has still not been validated and more studies about
high fat versus high-carbohydrate diet for long-term have been recommended
(Grundy 1991).

Table 1 shows the distribution of macronutrients (energy%) recommended
to diabetic patients in different periods (American Diabetes Association 1998). It
is claimed that today there is no one “diabetic” or “ADA” diet. The recommended
diet should only be prescribed on the basis of dietary assessments, treatment goals

and desired outcomes.

Table 1-Historical perspective of nutrition recommendations

Distribution of calories(%)
Year Carbohydrate Protein Fat
Before 1921 Starvation diets
1921 20 10 70
1950 40 20 40
1971 45 20 35
1986 Up to 60 12-20 <30
1994 * 10-20 * =

* Based on nutritional assessment and treatment goals. = Less than 10% of calories
from saturated fats.

Dietary intake

Widdowson (1947) showed that the diets of 13 diabetic children (5 to 17
years) were lower in energy and carbohydrate but higherin fat and protein than
the diets of non-diabetic people.

Others have assessed the current dietary practice and the insulin regimen of

diabetic children (Hackett et al. 1986). The children and their parents were asked
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to record all food intake during three consecutive days, with the time of
consumption and all the foods in household measures. HbA1 and a random C
peptide were measured on their blood samples. It was found that intakes of
energy, fibre and compliance with prescriptions for carbohydrate were the only
factors related to HbA1. Also it was shown that their energy intakes were similar
with expected values for non-diabetic subjects. Similar results was found in
another study in patients with type 1 diabetes (Kinmonth and Baum 1984).

It was reported that the daily dietary variation in the energy and
carbohydrate intake of above mentioned population (Hackett et al. 1986) was less
than that of non-diabetic children. Dietary compliance changed during the day. A
qualitative approach to prescription diets for individuals with diabetes was
suggested (Hackett et al. 1988).

Dietary intakes of diabetic children (age 5-10 year) were compared with
those of non-diabetic children of similar age living in Sydney (Ballinger et al.
1994). Dietary data were collected by the three day food record. They found that
the intake of most nutrients in diabetic children was higher than non-diabetic
children and their intakes met the Australian recommended dietary intakes. The
need for the development of guidelines specific for diabetic children was
emphasized.

The nutritional intake of 2868 patients with type 1 diabetes (15 to 60
years) from 30 centres in Europe was assessed by a validated 3-day food record
(Toeller et al. 1996). It was found that the recommendations from the Diabetes
and Nutrition Study Group of the EASD were achieved for total fat, saturated
fatty acids and carbohydrate by only 14%, 14% and 15% of patients respectively.

In a study in England the nutritional intake of people with type 1 diabetes
was assessed. It was indicated that the majority of patients met the
recommendations when they were only advised on a low fat, high carbohydrate

diet without any education about carbohydrate exchanges (Pearson et al. 1996).
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In the DCCT dietary data weré collected to show the influence of dietary
factors on the outcomes of the trial. The DCCT (1995) reports that the diets of
patients at the baseline was different from the ADA guidelines, with 38% of
calories derived from fat and 45% from carbohydrates. Two groups of intensive
and conventionally treated patients in this trial had similar calorie intake, nutrients,
alcohol, fibre and caffeine. The patients (age 13-39 years) in both treatment
groups were instructed about meal plans and timing of food consumption before

the trial and also energy and nutrient intakes (DCCT Research Group 1988c).

Dietary assessment methods

In Sydney, a one week adolescent diabetes food frequency questionnaire
(ADFFQ) and a four day food record were applied in a group of patients with
type 1 diabetes (age 12-18 year) (Garnett et al. 1995). For both dietary methods
estimated energy intake/estimated basal metabolic rate (EIBMR) was calculated
and the results were compared with the levels, which were suggested by Goldberg
et al. (1991). It was found that results of ADFFQ were similar to the four day
food record regarding the average intakes of nutrient and ranking individuals
accordingto the intakes of protein, fat, carbohydrate, fibre and vitamin C. The
mean EIBMR for individuals’ ADFFQs and food records represented habitual
intake, but there was underreporting in girls. The authors suggested that the
ADFFQ 1is a useful tool in dietary intake studies (although the ADFFQ was
completed after the dietary record which gave experience of recording the food
intake).

In the DCCT the usual dietary intakes, particularly of energy,
macronutrients, dietary fibre, cholesterol, and fatty acids were assessed by the use
of standardized food models and a validated set of two-dimensional shapes. In
this study dietary data were collected by the meal-based diet history method

originated by Burke (1947). Each patient completed a Food Preparation
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Questionnaire and a Food Pattern Questionnaire prior to the diet interview. Diet
history was performed by trained interviewers in order to record the data in a
standardized form. The diet histories completed at the end of years 1 and 2 of the
study showed the reproducibility of this method in the DCCT (Schmidt et al.
1994).

In Tasmania, the application of a self-administered semiquantitative food
frequency questionnaire (FFQ) for measurement of energy and macronutrient
intakes of adults with type 1 diabetes was studied (Riley and Blizzard 1995). The
questionnaire was adapted from a FFQ designed for use in Australia (Baghurst and
Record 1984). The results were compared with 2 days of weighed dietary records. -
It was found that the estimated energy and nutrient intakes were similar except
dietary protein that was 10% higher by FFQ. It was concluded that FFQ method
in this study performed similarly to the method used in other populations. In this
group of patients with type 1 diabetes, readministration of the same method gave
arecord of decreased energy and macronutrient intake, a tendency, which needs to

be confirmed in other studies.

Dietaryadherence

Most patients with type 1 diabetes are reported to have poor adherence to
diet plans. The knowledge and compliance to a controlled carbohydrate diet in a
group of patients with type 1 diabetes were studied (age 14-85 years) (McCulloch
et al. 1983). It was found that 44% had forgotten their dietary prescription and
35% were not able to estimate carbohydrate. The scores of a quiz regarding the
carbohydrate content of foods found to be related significantly to HbA1 levels. It
was concluded that better understanding and adherence to a controlled
carbohydrate diet leads to a better glycemic control.

In a study dietary adherence was assessed by counting the number of

deviations from the planned number of feedings, exchanges, and caloric content. It
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was found that two thirds of subjects adhered to the number of planned feeding,
while only 10% of them adhered to prescribed exchanges 90% of the time. It was
also shown that yoméer age group (0-11 years) tended to report the best
adherence. Those patients with good dietary adherence showed better glycemic
control (Christensen et al. 1983).

In Sydney an educational diet program was conducted for patients with
type 1 diabetes (age 18 to 75 years). Patients who complied with the
recommendations had significantly better glycemic control (Webb et al. 1984).

In a Danish study, daily diets of people with type 1 diabetes were
assessed by 7 day food recall interviews and a questionnaire (Palmviget al. 1987).
They found that the average protein intake was 19-20% of total energy. It was
also emphasized the evaluation of dietary treatment by assessing the compliance
of the patient. In this study it was believed that the measurement of biochemical
parameters was not sufficient to assess the patient’s glycemic control, but along
with these measures, periodical evaluation of the patient’s diet by food records or
interviews was indicated.

It was reported that women with type 1 diabetes who were participants in
the Nurses Health Study consumed less energy from carbohydrates, especially
from sucrose, and more energy from protein and fat than did control women. The
results that were collected by a semiquantitative food frequency questionnaire
showed that these patients did not consume the diet, which is recommended by
the American Diabetes Association (Shimakawa et al. 1993).

In Ireland the dietary intake assessment also showed that the patients with
type 1 diabetes did not meet the present dietary targets in their diets (Humphreys
etal. 1993).

In Germany, it was found that in a group of adults with type 1 diabetes on
intensive insulin therapy there was more diet liberalization and therefore the
treatment was less burdensome (Muhlhauser et al. 1995). In these patients the

duration of diabetes was 15+7 years and they had been on intensified insulin
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therapy for six years. Before follow up instructions were provided about diet,
insulin injection and measuring blood glucose. The patients were educated on the
carbohydrate content of their foods and the estimation of insulin needs for
different carbohydrate intakes. Patients did not receive any information on
energy, fat, protein and fibre intake. In this study, in which there was no control
group, there was no relationship between liberalized diet and HbAlc%, severe
hypoglycemia, body mass index or serum cholesterol.

It has been found that in patients with type 1 diabetes reducing protein
intake in daily diet can protect some degrees of renal function (Pedersen et al.
1990). It was indicated that short term protein restriction can reduce the early
glomerular hyperfiltration (Wiseman et al. 1987, Kupin et al. 1987, Rudberg et al.
1988, Pedersen et al. 1989). Also the results of other studies showed that the
protein reduction in the diet could prevent microalbuminuria/proteinuria (Cohen et
al. 1987, Ciavarella et al. 1987, Evanoff et al. 1987).

Later about 0.8 g protein per kg body weight (10% of energy from protein)
was recommended in the daily diet of patients with type 1 diabetes (Palmvig
1989). Recently the results of five different studies on the restriction of protein
intake in type 1 diabetes were analysed (Pedrini et al. 1996). It was concluded
that restriction of dietary protein significantly delays the progression of diabetic
renal disease (Ciavarella et al. 1987, Barsotti et al. 1988, Walker et al. 1989, Zeller
et al. 1991, Dullaart et al. 1993). These studies prescribed a low protein diet
which contained from 0.5 g/kg of body weight per day to 0.8 g/kgof body weight
daily. After follow-up from 9 to 33 months, they all showed a beneficial effect on
the change in albumin level or total protein excretion rate and the reduction in
glomerular filtration rate or creatinine clearance.

The effect of salt sensitivity on blood pressure in 30 normotensive
subjects with type 1 diabetes (11 with and 19 without microalbuminuria) was
studied (Strojek et al. 1995). In this study the diabetic group were compared with

non-diabetic controls after an experimental diet which contained 130 kJ/kg/d,
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including 20(%1) mmol sodium, 250g complex carbohydrates, 45g fat and 35 mmol
potassium daily. It was found that 43% of diabetic subjects (50% patients with
nﬁcroalBuminuria and 37% without microalbuminuria) and 17% non-diabetic
subjects were salt sensitive.

In a similar study the effects of moderate sodium restriction on blood
pressure were assessed in 16 patients with type 1 diabetes with nephropathy and
mildly hypertensive (Muhlhauser et al. 1996). It was found that the reduction of
100mmol/day of sodium intake after 4 weeks led to a slight decrease in diastolic
blood pressure.

In a recent study it was concluded that moderate alcohol consumption by
healthy, fed subjects does not increase the risk of hypoglycemia (Meeking and
Cavan 1997). Others showed that high carbohydrate, high fibre diets which
provided 70% of energy as carbohydrate and 70 g dietary fibre of daily diet of 10
subjects with type 1 diabetes (35 to 65 years) decreased their basal insulin
requirements and increased peripheral glucose disposal with no change in glycemic

control (Anderson et al. 1991).
Diet and socioeconomic status

It has been reported that people in higher socioeconomic groups eat more
wholemeal and brown bread, more fresh fruit and vegetablesand less fatty milk,
eggs and meat (Steele et al. 1991, Smith and Baghurst 1992, Shimakawa et al.
1994). Also it was shown that higher socioeconomic status was associated with a
lower fat, saturated fat and refined sugar intake, and higher fibre intake (Bolton-
Smith et al. 1991, Hulshof et al. 1991, Smith and Baghurst 1992, Shimakawa et al.
1994).

On the other hand in Finland it was shown that higher socioeconomic
groups did not follow current national dietary guidelines better than lower

socioeconomic groups. Those with higher socioeconomic status consumed more
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of the modern recommended foods, such as vegetables and fruits but less

traditional recommended foods, such as bread and potatoes (Roos et al. 1996).

Low glycemic index diets

The concept of glycemic index allows classification of foods on the basis of
the blood glucose responses they produce (Jenkins et al. 1981). The effects of a
low glycemic index (GI) diet was studied in a group of patients with type 1
diabetes (Calle-Pascual et al. 1988). During two periods of 4 weeks on diet no
significantly differences in insulin dose and glycemic control was observed. In
another study it was shown that a moderate switch from high to low glycemic
index foods for 3 weeks led to an improvement in metabolic control of subjects
with type 1 diabetes (Fontvieille et al. 1988). Low glycemic index starchy foods
could reduce serum cholesterol and improved glucose control in diabetic children in
a 6 week study period (Collier et al. 1988).

In another study the benefit of a low glycemic index diet was examined
(Fontvieille et al. 1992). Two kinds of diets were used by the patients with type
1 diabetes. The high glycemic index diet contained more bread and potato and the
low glycemic index diet was enriched with pasta, rice and legumes. The low
glycemic diet resulted in an improvement in levels of fructosamine, fasting blood
glucose and serum triglycerides, but no significant reduction in body weight,
HbA1c%, insulin requirement and other lipids. It was concluded that inclusion of
low glycemic index foods in the diet of people with type 1 diabetes might have a
favourable effect on carbohydrate and lipid metabolism although this could be
achieved with small changes in the dietary habits of individuals.

Later it has been claimed that the low GI diets are “user friendly” and in
the majority of studies they have had beneficial effects on glycemic and lipid
contro] of patients with diabetes (Brand Miller 1994). In a report by Wolever and
Brand Miller (1995) it was concluded that in patients with type 1 diabetes, the
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isoenergetic substitution of starch by sucrose at a moderate amount does not have
a significant effect on the blood glucose level (Vaaleret al. 1980, Steel et al. 1983,
Hassinger et al. 1983, Forlani et al. 1989, Loghmani et al. 1991). These
investigators also reported that the rise of blood glucose after a meal depends on
many factors including the source of the sugar, method of preparation and its

composition.

2.6- Exercise in Type 1 Diabetes

It has been suggested that exercise does not necessarily improve glycemic
control in patients with type 1 diabetes. However, it is recommended for these
group of patients because of its effect on cardiovascular fitness and psychological
well-being and for better social life and recreation (American Diabetes Association
Position Statement 1990).

In early studies it was shown that exercise in type 1 diabetes patients
lowered blood glucose acutely (Berger et al. 1977, Kemmer 1979). Later it was
reported that patients participating in a program with regular exercise had
improved blood glucose level (Stratton et al. 1987, Marrero 1988). It was also
found that strength-training program for 10 weeks for men with type 1 diabetes
was assoclated with increased strength, reduced blood glucose and HbA1c% with
no change in insulin dose and lower cholesterol level (Durak et al. 1990). Others
have failed to demonstrate long term beneficial effects of exercise on glycemic
contro!l (Zinman et al. 1977, Wallberg-Henriksson et al. 1986).

It has also been shown that supervised regular exercisein type 1 diabetes
patients for 12 weeks did not improve their blood glucose and HbA1¢% (Zinman
et al. 1984). This lack of effect on glycemic control was attributed to the increased
intake of energy. As part of the Pittsburg study, it was shown that long term
physical exercise in patients with type 1 diabetes was not associated with an

adverse effect on health (LaPorte et al. 1986). In another study it was shown that
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in subjects with type 1 diabetes, insulin-mediated glucose disposal was positively
related to the state of physical fitness and negatively to HbAlc level (Arslanian et
al. 1990).

Recently the impact of physical activity on cardiovascularrisk factors in
well-controlled patients with type 1 diabetes was studied (Lehmann et al. 1997).
It was shown that increased physical activity resulted loss of abdominal fat and a
decrease in blood pressure and lipid related cardiovascular risk factors.

On the other hand it was reported that exercise could present risk of
hypoglycemia for patients with type 1 diabetes. Further when vigorous physical
activity is superimposed on the insulin-deficient state, may cause hyperglycemia
and later may lead to ketosis (Horton 1996). It has also been shown that vigorous

exercise increases proteinuria (Mogensen and Vittinghus 1975, Viberti et al. 1978).

2.7- Quality of Life and Well-Being in Type 1 Diabetes

It is now well recognized that the impact of chronic diseases and their
treatments on health outcome must be assessed on the quality of life of the
patients rather than limiting the assessment on traditional methods such as
mortality and morbidity data (Croog et al. 1986, Sansoni 1995). Type 1 diabetes
is a chronic disease which affects the quality of life because the treatments are
burdensome practically, emotionally and socially, and the complications cause
weakness and in some cases they are life threatening (Fisher et al. 1982, Rodin
1983, Jacobson 1994).

It has been reported that patients with type 1 diabetes who had better
metabolic control, had less emotional problems than those that were poorly
regulated (Simonds 1977, Anderson et al. 1981, Mazze et al. 1984). Others have
found that the patients with diabetes have a decrease in their quality of life

(Stewart et al. 1989, Mayou et al. 1990, Nerenz et al. 1992 and Lloyd et al. 1992).
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The DCCT Research Group (1988c¢) assessed the quality of life of the two
treatment group and compared their results after 10 years of trial. The Diabetes
Quality-of-Life (DQOL) measure was designed in a multiple choice form
questionnaire. Items of the questionnaire did not identify the kind of the
treatments. The questions related to satisfaction, impact and worry, and were
responded to on a 5-point Likert scale.

The items of DQOL were derived from other studies (Sullivan 1979,
Jacobson and Hauser 1983), experienced health professionals and the patients
with type 1 diabetes. The validity of this measure was determined by three
assessment instruments including, the Symptom Checklist-90-R (SCL) (Derogatis,
1977, Derogatis et al. 1976), the Bradburn Affect Balance Scale (ABS) (Bradburn
1969, McDowell and Praught 1982), and the Psychosocial Adjustment of Illness
Scale (PAIS) (Derogatis 1983, Derogatis 1983). After administering different
measures to patients, significant correlations were found between their total score
of DQOL, the satisfaction and impact scales, and the SCL, ABS, and PAIS scales.
The reliability and validity of DQOL as a screening measure was supported by
this study.

In another report it was concluded that both intensively and
conventionally treated patients showed a similar levels of well-being and
psychological health at the beginningand the end of the trial. Hypoglycemia did
not lessen the diabetes-related quality of life (the DCCT Research Group 1996).

The effects of type 1 diabetes on patient perception of their quality of life
have been examined in another study (Jacobson et al. 1994). For this purpose two
measures of quality of life, consisting of DQOL and the Medical Outcome Study
Health Survey 36-Item Short Form (SF-36) (Stewart et al. 1989) were used for
this group who were older than 18.

The Medical Outcome Health Survey SF-36 measures six aspects of
functional health status including 1) physical functioning, 2) effect of physical

illness on role functioning, 3) perception of general health, 4) effect of illness on
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social functioning, 5) discomfort because of pain, and 6) mental health (Ware and
Sherbourne 1992 and International Resource Centre (IRC) for Health Care
Assessment 1991). ’

The reliability of these two measures were computed and found to be
similar to the values which were reported previously (The DCCT Research Group
1988, Stewart et al. 1989, Wu et al. 1991, Ware and Sherbourne 1992, Watchel et
al. 1992). SF-36 scales showed a good internal consistency with type I diabetes.
This measure was less sensitive to lifestyle issues like the effect of diet or insulin
treatment than the DQOL. On the opposite it is more sensitive to changes in the
number or severity of complications. Therefore the application of these two
measures in assessing quality of life of diabetic patients were suggested.

The results show that the quality of life was not influenced by
demographic factors such as sex or education level. Older individuals had worse
physical functioning. The patients who were single or married had better quality
of life than those who were separated or divorced. With two measures quality of
life was shown to be lower in patients with more severe complications.

The quality of life of type 1 diabetic patients with pancreatic/renal
transplantation was evaluated by Diabetes Quality of Life Measure (DQOL) and a
general quality of life instrument (Nathan et al. 1991). It was found that there
were no significant differences between the assessment at baseline and the follow-
up in the recipients.

As part of the Pittsburgh Epidemiology of Diabetes Complications Study,
the association of diabetic complications with psychological factors in patients
with type 1 diabetes was studied (Lloyd et al 1992). The study population
consisted of 175 childhood-onset patients with type 1 diabetes who had been
diagnosed for more than 25 years. The quality of life of these patients was
measured by the quality-of-life questionnaire from the DCCT (the DCCT
Research Group 1988c¢), the Bortner questionnaire (Bortner 1969) and the Beck
Depression Inventory (BDI) (Beck and Garbin 1988).
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The results showed that the quality of life of patients was significantly
related to the presence of certain kind of complications. Those who had
macrovascular disease or nephropathy had significantly poorer quality of life
compared with those patients with no complications. Patients with peripheral
vascular disease (PVD) or cardiovascular disease (CVD) reported poorer quality of
life compared with patients free of complications.

Depression as measured by BDI was closely related to the presence and
the number of diabetic complications. Women had higher scores than men. Type
A behaviour was not correlated with the two other measures. its score did not
differ among patients with or without complications.

It was found that DQOL and BDI were correlated with the presence of
complications. In this study DQOL score was especially related to the presence
of nephropathy, while BDI was closely associated with retinopathy and
macrovascular disease.

Another study was conducted to explore the quality of life of 69 young
adult patients with type 1 diabetes (Eiser et al. 1991). A knowledge questionnaire
(adapted from Meadows et al. 1988) and Diabetes Quality of Life (DQOL)
measure (The DCCT Research Group 1988c¢) were administered. Analysis of data
showed that there was a high correlation among three subscales including
Impact/worry, social relationships and diabetes concerns. No correlation was
found between age or knowledge with the quality of life subscales. Social
satisfaction correlated with lower insulin dose. The number of injections did not
have a significant effect on any of the quality of life subscales. There was a
correlation between diabetes satisfaction, and disease variables such as the lower
levels of fructosamine, more clinic attendance and longer duration of diabetes.
Females reported that diabetes had more of a negative impact on their lives than
males, although they obtained higher knowledge scores.

In Sweden the quality of life and metabolic control of 73 subjects with

type 1 diabetes who had used multiple pen-injection instead of syringe injections
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were examined. Quality of life and metabolic control (HbA1c%) were assessed
after 9-13 month follow-up (Wikby et al. 1991). The quality of life of this group
of patients was assessed by a quality of life package, which was based on
previous studies (Hornquist 1982, Hornquist 1989, Hornquist 1995). It was
found that overall quality of life and also metabolic control were not related to
either age or duration of diabetes. Quality of life and metabolic control were
positively related to cohabitation of the patients. Females showed more
satisfaction about their life style than males. They also had better eating, smoking
and drinking habits.

A study was conducted to assess the influence of the disease on the daily
lives and feelings of well-being of 192 adults with type 1 diabetes (Lundman et al.
1990). The patients were 20 years or above, diagnosed for more than two years
and had no severe long-term complications. Twenty three structured questions
about experiences of having diabetes were asked. Well-being was measured by
eleven semantic differentials, which was designed on the basis of the previous
work (Bradley et al. 1984). The analysis of the results showed that no major
differences was found between the genders. Many of them were worried about
eye problems and monitored blood and urine glucose 1 to 3 times a week. Younger
patients had significantly more feelings of anxiety, lack of freedom , insecurity and
low self-esteem. Those with shorter duration of disease had greater degree of
feelings of insecurity and increased worries about complications.

In Sweden, quality of life of patients with type 1 diabetes who switched
from syringe to multiple pen injection treatment was assessed (Hornquist et al.
1995). The results showed satisfactory effects on quality of life in patients while
using pen injection treatment.

In France, a questionnaire for subjective quality of life profile was used
(Dazord et al. 1994). Seven hundred and forty three patients with type 1 diabetes

who were receiving two different forms of insulin injection filled up the
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questionnaire. The results show that patients satisfaction was highly related to

their ability to move around.
Conclusion

Although type 1 diabetes (insulin-dependent diabetes mellitus) constitutes
only 10-20% of all diabetic cases its management becomes critical as it affects
people early in life and it causes multiple complications. Several studies have
shown that good glycemic control will reduce the risk of retinopathy, neuropathy
and nephropathy. Also there is an increased risk of cardiovascular disease among
these patients.

Management of type 1 diabetes includes insulin replacement, diet and
physical exercise. Better understanding and adherence to a prescribed diet is
associated with better glycemic control. However it has been shown in different
studies that diet is the most problematic part of diabetes management for the
dietitian and the patient. The reason may be that the recommended diet for
patients with diabetes has changed over time, and at any one time several views on
best dietary practice may be found among experts. It may also be complicated by
inadequate knowledge of dietary management and inadequate motivation of the
patient.

Type 1 diabetes affects the quality of life of patients, because its
treatments are burdensome both practically and emotionally. It has been shown
that patients with better metabolic control, have less ¢motional problems than
those with poor céntrol. Others have shown that quality of life is lower in
patients with more severe complications.

Thus the periodic evaluation of diabetes management including the current
insulin and dietary regimen along with other indicators of the risk of complications

in patients with type 1 diabetes seems necessary.
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Chapter 3
Methods and Materials

3.1- Study Design

The names and addresses of patients with type 1 diabetes were obtained
from the Diabetes Education Unit (DEU). Those who were recorded as having
type 1 diabetes in the computerized list of DEU and who were in the age range of
18-40 years and had been diagnosed after 1984 in the Illawarra area were eligible
for this study. This study was approved by the Wollongong University Ethics
Comittee (Appendix 1).

A letter (Appendix 2) was sent to each patient. After one week all
patients were contacted by phone. The patients who had changed their phone
number and addresses were followed up using the Illawarra telephone directory,
the electoral roll and medical records of the WollongongHospital. Some of them
were followed up by writing letters to their doctors (Appendix 3)

After agreeingto participate in the study, each subject was asked to
provide a non-diabetic friend of the same gender and within a 5% range of age.
Not all the subjects could do so. Therefore the rest of the non-diabetic controls
with the same age, sex and place of birth and residence were recruited by sending a
message (Appendix 5) through University's electronic network, Wollongong
Hospital and BHP (the Broken Hill Property Company Limited, the largest local
employer). These were used to provide an as-near-as possible control subjects for
the diabetic subjects. A letter was sent to each control (Appendix 4).

Each patient/control were given an appointment and asked to refer to either
the Medical Research Unit or the outpatient clinic at the Wollongong Hospital.

All subjects were nonfasting and were studied between 9:00 am to 5:00 pm. After
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reading the information sheet (Appendices 6 and 7), subjects gave informed
consent (Appendices 8 and 9).

Each individual was given a booklet. After filling out the demographic
(Appendix 10), c|1iabetic medical history (in case of diabetic subjects) (Appendix
11), socio-economic data (Appendix 12), food pattern (Appendix 13) and food
preparation questionnaires (Appendix 14), each subject was interviewed about
their diet and physical exercise. Dietary adherence, weight control, alcohol intake
and physical exercise were recorded separately (Appendices 15-18). Then
anthropometric and blood pressure measurements were performed, and blood and

urine samples were collected.
3.2- Anthropometric Measurements

Weight, height, waist and hip circumferences, and skinfold thicknesses were
measured and recorded on a form (Appendix 21).

Weight was measured using a beam scale (Seca 710) while the individual
was in light clothing and without shoes, standing on the centre of the platform
with the body weight evenly distributed on both feet and without touching
anything else. Weight was recorded to the nearest 100 g (Gibson 1990, Fidanza
1991, Mahan and Arlin 1992, Scott et al. 1995).

Height was measured by a wall scale employing a steel tape ruled in
centimetres and millimetres. An L-shaped bar was used as a measuring instrument
which could make contact with the wall and the top of the subject's head. Height
was measured without shoes to the nearest 0.5 cm (Gibson 1990, Fidanza 1991,
Mahan and Arlin 1992, Scott et al. 1995).

Waist to hip circumference ratio (WHR) which is also called
abdominal/gluteal ratio and distinguishes between android and gynoid obesity, was
also determined. Hip circumference was measured at the widest circumference

over the buttocks or trochanters. Waist was measured at the minimum
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circumference of the mid section of the body at the level where the waist narrows,
seen from the front. These circumferences were measured in standing subjects
with a plastic tape-measure to the nearest 0.5 cm (Gibson 1990, Fidanza 1991,
Mahan and Arlin 1992, Scott et al. 1995).

Subcutaneous fat (skinfold thickness) was measured by skinfold calipers.
A Harpenden caliper was obtained from British Indicators Ltd, which has an
easily read dial up to 40 mm. The measurements were done to the nearest 2 mm.
All the measurements were the average of two readings on each site of the body.
Measurements were made on the right side of the body, using biceps, triceps,
subscapular and suprailiac skinfolds. The calipers were checked and calibrated
periodically (Durnin and Wormersley 1974, Gibson 1990, Fidanza 1991, Mahan
and Arlin 1992, Scott et al. 1995).

For the triceps measurement, the mid-point of the back of the upper arm
between the tips of the olecranon and acromial processes was determined by
measurement with the arm flexed at 90°. With the arm hanging freely at the side,
the calipers were applied vertically above the olecranon at the marked level
(Gibson 1990, Fidanza 1991, Mahan and Arlin 1992, Scott et al. 1995).

For the biceps measurement, the fold is picked up over the belly of the
biceps muscle at the same level as the triceps, with the arm hanging freely and the
palm facing outwards (Gibson 1990, Fidanza 1991, Mahan and Arlin 1992, Scott
etal. 1995).

For the subscapular measurement, the fold is picked up just below the
inferior angle of the scapula at 45° to the vertical along the natural cleavagelines of
the skin (Gibson 1990, Fidanza 1991, Mahan and Arlin 1992, Scott et al. 1995).

The suprailiac measurement was taken just above the iliac crest, in the
midaxillary line with the arm slightly abducted (Gibson 1990, Fidanza 1991,
Mahan and Arlin 1992, Scott et al. 1995).
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Body density (BD) of the subjects was calculated by linear equations
(Durnin and Wormersley 1974) from sum of the all four skinfolds. Then the Siri
Equation was used to calculate body fat per cent (Siri 1956).

Body Density (BD) = C-M x LOG 10 Skinfold sum (All four skinfolds)

C and M are the factors, which can be found from the table for males and females

separately.

The Siri Equation:

(4.95)

FAT% = -4.5x 100
D)

3.3- Blood Pressure

Blood pressure was measured with a standard mercury
sphygmomanometer and the appropriately sized cuff, while the subject was
sitting and after a five minute rest. The point at which repetitive, clear tapping
sounds first appeared for at least two consecutive beats gave the systolic blood
pressure. The diastolic blood pressure was measured at disappearance of the
Korotkoff sounds (phase 5). Both measurements were taken to the nearest 2
mmHg (O’Brien and O’Malley 1991) by one observer. The results of blood

pressure measurements were recorded on a form (Appendix 21).
3.4- Diet History

Diet history was assessed using the method of Burke (1947), which was
used by the Diabetes Control and Complications Trial (DCCT) and its long-term
reproducibility was demonstrated in patients with type 1 diabetes (Schmidt et al.

1994). This was done with the assistance of food and portion size models
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(obtained from the Mentone Educational Centre, Victoria) and measuring cups and
spoons. Diet checklist (Appendix 22), food pattern and food preparation
questionnaires were used as a complementary devices (the DCCT forms were
modified and changed to Australian version). Diet history was taken and recorded
on a form (Appendix 23). It was attempted to establish the subjects’ usual
pattern of eating both at meal times and between meals. All the data were later
analysed and nutrient intakes assessed using version 4 of the software program
Diet 1, which utilises the Australian NUTTAB 1995 food composition database.
Each diet history was assessed for basic food groups consumption and their

variety (Chippindall et al. 1992 and Wahlqvist and Kouris-Blazos 1997).
3.5- Blood Tests

Subjects were in a non-fasted state for blood collection. Blood was
collected from the vein and in tubes containing EDTA. Glucose, HbAl1c, lipids,
fibrinogen, albumin and creatinine were measured in these samples. Blood tests
were partially done at the Medical Research Unit and the rest were performed at
the biochemical and haematology laboratories at the Wollongong Hospital.

Plasma glucose was assayed colorimetrically by the glucose
oxidase/peroxidase (Trinder 1969, Curme et al. 1978) on a Kodak Ektachem 700xR
Analyzer (Kodak, USA).

HbA1c was measured by a high pressure liquid chromatography method
(Bio-Rad Haemoglobin A1c Micro-column Test Instruction Manual 1990). The
column was a Pharmacia Mono S HR 5/5 column and the mobile phase was
buffered sodium malonate and lithium chloride. The detector was an ETP Kortek
65B UV set at 405 nm; 0.01 AUFS. This measurement was performed at the
biochemistry laboratory of Wollongong Hospital on whole blood samples.

For the lipid and lipoprotein assessments, tubes containing EDTA

(1.6mg/mil, Monovette Sarstedt, Germany) were used. The blood samples were
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centrifuged in a swinging bucket centrifuge (Sorvall Instruments, USA) at 1500xg
for 20 minutes to yield plasma. Samples were assayed on a fresh sample or kept
at -85C° prior to analysis. Total cholesterol was assayed enzymatically (Allain et
al. 1974) using reagent kits (Boehringer Mannheim Germany). This was then
determined on a COBAS FARA analyzer (Hoffman-La Roche, Switzerland).
HDL cholesterol was assayed after the addition of dextran sulphate-Mg chloride
solution to the plasma sample, to precipitate apolipoprotein B-containing
lipoproteins (Warnick et al. 1982). The supernatant liquid containing the HDL
fraction was then quantified using a routine cholesterol analysis. LDL cholesterol
was calculated using the modified Friedewald formula (Samman and Truswell
1993). Triglycenide in plasma sample was hydrolyzed enzymatically (Eggstein
1966) by reagent kits (Boehringer Mannheim, Germany) and determined by
colorimetry on a COBAS FARA analyzer.

Serum creatinine was determined by an enzymatic method using a Kodak
Ektachem Clinical Chemistry Slide (CREA). This slide contains a dry,
multilayered analytical element coated on a transparent polyester support. The
analysis is performed as a two-point rate measurement. The rate determining step
is the hydrolysis of creatinine to creatine by creatinine amidohydrolase. The
creatine is then converted to a dye whose rate of formation is proportional to the
concentration of creatinine in the specimen (Eastman Kodak Company 1987,
Ambrose et al. 1983).

Plasma albumin was measured by a colorimetric method. The Kodak
Ektachem Clinical Chemistry Slide (ALB) was used. This slide contains a dry,
multilayered analytical element coated on a clear polyester support. The analysis
is based on the binding of bromcresol green dye to albumin, resulting in a
substantial shift in the wavelength of light absorbed by the free dye. The density
of the albumin-bound dye is related to the concentration of albumin in the sample
and is measured Spéctrophotometrically at 630 nm and reported in grams per

decilitre (Eastman Kodak Company 1986).
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Fibrinogen was measured by the Electra 1000 C Automatic Coagulation
Timer (MLA) on plasma samples that has been collected into sodium citrate tubes
(i.e. one part citrate + nine parts blood). In the presence of a high concentration of
thrombin, the thrombin clotting time is inversely proportional to the fibrinogen
concentration of plasrna; When the final concentration of fibrinogen is in the range
of 1.0-4.0 g/l a linear relationship exists between the elapsed time for clot

formation and the concentration of fibrinogen (Corriveau and Fritsma 1988).
3.6- Urine Tests

Albumin and creatinine were determined on spot and early morning urine
samples at the biochemical laboratory of the Wollongong Hospital. The urine
sugar and ketones were tested by reagent strips at the Medical Research Unit.

The urinary albumin excretion rate was assessed on a fresh spot sample on
the day of the study. Micro Albumin Reagent, when used in conjunction with
Beckman Specific Protein Analyzer and Calibrator 4 is intended for quantitative
determination of micro quantities of albumin in urine by rate nephelometry. The
method employed in the Beckman MA Test measures the rate of increase in light
scattered from particles suspended in solution as a result of complexes formed
during an antigen-antibody reaction (Beckman, MA micro Albumin instructions,
1990). Urinary albumin excretion was expressed as a function of urine creatinine.

Urinary creatinine was determined by an enzymatic method using Kodak
Ektachem Clinical Chemistry Slide (CREA). The method was similar to the
measurement of creatinine in plasma samples.

Urine sugar and ketones (acetoacetic acid) were tested by Ames Multiple
Reagent Strips (Bayer Diagnostics). Results were recorded on the fresh spot urine
sample and the reading of each reagent was at the time specified on the colour

chart. The test was fepeated when a positive result was obtained.
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The results of biochemical assays and the diet history were sent to all the

subjects (and their doctors if they wished) (Appendices 24 - 28).
3.7- Quality of Life

Two measures of quality of life were applied in combination to examine
quality of life of people with diabetes: Diabetes Quality of Life Measure (DQOL)
which was designed for the Diabetes Control and Complications Trial (The DCCT
Research Group 1988c) and the Medical Outcome Study Health Survey 36-Item
Short Form (SF-36) (Ware and Sherbourne 1992) (Appendices 19 and 20).
Control subjects were asked to complete the SF-36 only. The following formula
was used to score both measures (Ware et al, 1993, Jacobson and the DCCT

Research Group 1995):

r(Acmal raw score - lowest possible raw score)—|

Transformed Scale = l_ X 100

Possible raw score range

Using this method DQOL and SF-36 scores were arithmetically transformed to a
100-point scale (100 reflects the highest possible quality of life score and 0 the
lowest possible quality of life).

3.8- Statistical Analysis

The results were analyzed with the computer package JMP version 3.
Unpaired Student’s t-test or Wilcoxon rank sum test where appropriate were
applied to determine the significance differences between the means of continuous
and discontinuous variables. The chi-squared test was used to compare the

proportions and categories. Log-transformation was used for the albumin:
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creatinine ratio with skewed distribution. Pearson’s correlation coefficient was
used to show the association between two variables.

Multiple regression analysis using stepwise regression was performed to
identify significant independent predictors of diabetic control. Analysis of
covariance was also used to assess the significanceof interaction between diabetic
and control groups. In this situation where we have two groups of patients and
controls, an explanatory variable can have a different effect on the predicted
response Y depending on the value of a second explanatory variable. To model an
effect of this type, we create what is known as an interaction term. This is
examined by creating a new variable which is their product and adding this to the
model (Pagano and Gauvreau 1993, Altman 1995).

Education and income level were entered into the models as a categorical
variables (three groups for each) (Altman 1995). Values for p<0.05 were
considered significant for all results. Internal consistency between subscales of the
DCCT quality of life measure and the SF-36 were examined by Cronbach’s a

(Anastasi and Urbina 1997).
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Chapter 4
Results

The results of this study will be presented in different sections.
Measurements including frequency, mean and standard deviation of the values are
given, and any differences between findings in patients with type 1 diabetes and
control subjects are examined.

It will begin with the general characteristics of the recruited subjects
distinguishing between people with diabetes and controls. Data from subjects
with diabetes are then analysed to find out about the significant differences in their
glycemic control in regard to the independent variables like age, sex, duration of
diabetes, dietary intake and adherence and other predictors of glycemic control.
This also includes anthropometric measurements and results from blood and urine
analysis described for both diabetic and control subjects.

Dietary intake of people with diabetes and control subjects were compared
with the Australian dietary guidelinesand recommended dietary intakes and their
differences are tested statistically. Diet quality of the diabetic and control subjects
on the basis of basic food group consumption and dietary score are shown and the
differences found by contingency table analysis and chi square indicated.

Qualities of life of diabetic and control subjects will be presented by two
measures. The pairwise correlation of quality of life subscales with one another
and with other variables will be revealed separately and the fitted modeis will be
illustrated. Internal consistency between subscales will be shown by Cronbach’s
alpha. At the end of each section, associations of dependent variables (those
which are related to diabetic control) on several independent variables will be

tested and presented in regression models.
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4.1- Population Characteristics

There were 130 patients with type 1 diabetes in the computerized list of
the Diabetes Education Unit (DEU) who had been diagnosed since 1984 and prior
to the beginningof the study (September 1995). These patients were in the age
range of 18 to 40 years at the time of recruiting. A letter (Appendix 2) was sent to
all of them and they were contacted by phone (address and phone number were
provided by the DEU list). Those who did not answer were sought through the
hospital and endocrinologist registration lists, phone directory and electoral roll.
Fifty-six individuals with type 1 diabetes participated in the study. This number

represents 65.1 percent of the original list who were available.

Table 2- Non participant subjects

Reason for not participating Number
Moved to another place 11
Not willing to participate 26
Changed their residences (unable to contact) 27
Patients with type 2 diabetes 3
Non-diabetic 1
Studying for Higher School Certificate 4
Health problem * 2

® One individual was quadriplegic and one had a thyroid problem

Each one of the patients was asked to provide a friend or a distant relative
with similar sex and age and without diabetes. The patients recruited 16 controls.
An additional 32 people took part in the study after the messages (Appendix 5)
were sent through the university network, hospital, and BHP.

Table 3 summarizes the demographic characteristics of the patients and
controls. It should be mentioned that one individual from the patient group and

one from the control group were excluded as they were outliers regarding body
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weight, biochemical parameters and underreporting their dietary intake. Also
these two people found to have not answered the questionnaires, quality of life
and SF-36 forms completely. Therefore results presented are for 55 patients and
47 controls.

There were no significant differences between the two groups in the
numbers of females and males. In both groups there were more males than
females. The mean of ages in each group differed, although ranges overlapped.
The effect of the age was found on each variable by a series of dummy variables in
each regression model. In the diabetic group there were more married and fewer
singles than in the control group.

The educational level of both groups was compared and no significant
differences were found between the groups. The number of subjects in each
income level was computed and statistical analysis by contingency table did not
show any significant difference between them for the two groups. . Not all of the
subjects answered to the questions related to the education and income level.

Most participants were born in Australia. There were no significant
differences between the number of Australian and non-Australian parents and
grandparents in the groups. Among patients 5 were born in England, 2 in Poland,
1 in New Zealand, 1 in Macedonia and 1 in Uruguay. Four controls were born in
England, 1 in New Zealand and 1 in France. All patients and controls had been

Australian resident for at least 14 years.
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Table 3- Demographic characteristics of the subjects

Variables Diabetic Control p value

n=55 n=47

Sex n (%) 0.71
Female 18 (32.7) 17 (36.2)

Male 37 (67.3) 30 (63.8)

Age (yr.) , <0.01
MeantSD 31.2446.10 27.7245.07
range(yr) 18-40 18-40

Marital status n (%) 0.23
single 15 (27.3) 20 (42.5)
married 36 (65.4) 23 (48.9)
separated 4(17.3) 4 ( 8.6)

Education* n (%) 0.26
commenced high school 4( 7.3) 1(2.1)
finished high school 15 (27.3) 12 (25.5)
tertiary schooling started 14 (25.4) 8 (17.1)
tertiary schooling finished 21 (38.2) 26 (55.3)
no answer 1( 1.8) 0( 0.0

Income ($/yr.) n (%) 0.64
less than 12000 3(5.5) 2( 4.3)
12000-15000 2( 3.6) 4 ( 8.5)
15001-18000 1(1.8) 2( 4.3)
18001-22000 1( 1.8) 2( 4.3)
22001-26000 3(5.5) 3( 6.3)
26001-32000 5(9.1) 2( 4.3)
3200140000 5(9.1) 4 ( 8.5)
40001-50000 9(16.4) 6 (12.7)

50001 and over 18 (32.7) 20 (42.5)
no answer 8 (14.5) 2( 4.3)

Country of Birth n (%) 0.45
Australia 45 (81.8) 41 (87.2)
Not-Australia 10 (18.2) 6 (12.8)

* There was nobody at the levels of commenced and finished primary school.

The date of diagnosis of diabetes was recorded on the computerized list of
DEU and also was asked from the patients with type 1 diabetes. The data on the
diabetes history of the patients are summarized in table 4.

The duration of diagnosis ranged from one to twelve years. All of the

patients were receiving insulin injections. Two female and 5 male diabetic subjects
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were taking oral drugs as well. The number of injections was 2, 3 or more times
per day for 49 patients (6 did not answer to this question). Seven females and 11
males had been hospitalized for ketoacidosis. Thirty-three patients wanted their
results to be sent to their doctors, 20 of them preferred not to do so and 3 of them

did not answer the question.

Table 4- Type 1 diabetes history

female male total
n=18 n=37 n=55
Duration of diabetes (yr.) n (%)
1-3 2 11 13 ( 23.6)
4-6 7 9 16 ( 29.1)
7-9 4 7 11 ( 20.0)
10-12 5 10 15 ( 27.3)
Total 18 37 55 (100.0)
meantSD 7.27+2.82 5.97£3.93 6.40+3.35
Oral drugs taken n (%) 2 4 6 (10.9)
Taking insulin n (%) 18 37 55 (100)
Number of insulin injection n (%)
two 8 22 30 (54.5)
three or more 9 11 20 (36.4)
no answer 2 3 5(9.1)
Insulin dose (units/day)
meantSD 50.80+18.33  51.66+24.28 51.06%22.51
Insulin dose (units/kg body weight)
meantSD 0.7410.28 0.66+0.29 0.68+0.29
Hospitalized for ketoacidosis n (%) 7 11 18 (32.7)
Diabetes in the family n (%) 8 21 29 (51.8)

Questions related to the several possible complications were asked in the
questionnaire (Appendix 11). Not many patients had complications related to the

eye, kidney and cardiovascular system. The results are tabulated in table 5.
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Table S- Complications survey

no yes  unknown not answered
Eye problems 51 2 1 1
Kidney problems 53 1 0 1
protein/albuminuria 45 3 4 3
kidney transplant 52 0 0 3
kidney dialysis 52 0 0 3
Cardiovascular problems 51 2 1 1
Abnormal ECG 51 0 3 4
heart pain or angina 49 2 1 3
heart attack 52 0 0 3
bypass surgery 52 0 0 3
stroke 53 0 0 2
blood pressure(BP) 47 5 2 2
BP treatment 52 1 0 2
circulation in legs 53 1 0 1
foot ulcers 51 2 0 2
gangrene 52 0 1 2
amputation 54 0 0 1
Other diseases 46 6 0 3

4.2-Anthropometric Measurements and Blood Pressure

The results of anthropometric measurements and systolic and diastolic
blood pressure measured in sitting position of subjects are shown in Table 6 (1
patients refused to have the measurements). There were no significant differences
in blood pressure between diabetic subjects and controls (same sex comparisons).

As revealed in table 6 body mass index (BMI) (kg/m?) calculated from the
weights and heights of the subjects were not significantly different in same sex
comparisons of diabetic and non-diabetic subjects.

The observed frequencies for categories of BMI (underweight, normal,
overweight and obese) in diabetics and controls are shown in Table 7. There were
no significant differences between frequencies in diabetic and control subjects

(same sex comparisons).
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Body fat percent was calculated from skinfold thickness measurement at
four sites. In both groups females had a significantly higher body fat percent than
males (p<0.0001 females vs. males in both groups). There were no significant
differences between body fat percent in diabetic and control subjects (same sex
comparisons) (p=0.17 and p=0.67 for females and males respectively).

Males in both groups had higher WHR (waist to hip ratio) than females
(p<0.0001). No significant difference was found when females and males were
compared in two groups (p=0.33 and p=0.12 for females and males respectively).

As expected, males in both groups had significantly higher systolic blood
pressure compared to females (p=0.01 in diabetic subjects and p=0.04 in control
subjects). There was no significant difference between similar sexes in two groups
(p=0.09 and p=0.83 for females and males respectively).

Diastolic and systolic blood pressure was significantly higher in males than
in females in both groups (p=0.02 in diabetic subjects and p=0.05 in controls). No
significant difference was found between females and males from two groups
(p=0.41 for females and p=0.37 for males).

In the diabetic group 11.1% (one female and 5 males) had a diastolic blood
pressure of 95 mmHg or more. This figure was 2.2% in controls (one male). Two
diabetic males (3.7%) and [ control male (2.1%) had a systolic blood pressure
higher than 160 mmHg.
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Table 6- Anthropometric measurements and blood Pressure in diabetic and

control subjects

“Diabetic Control
n=47

MeantSD 95% CI1 Mean+SD 95% CI
BMI(kg/m?)
female 26.01+3.47 24.23-27.80 23.86%4.25 21.67-26.04
male 25.70+3.97 24.38-27.03 26.11+£3.70 24.73-27.79
Body fat%
female 29.9+2 .45 28.55-31.26 27.15%£5.90 24.11-30.18
male 18.83+5.14 17.12-20.55 18.32+4.52 16.64-20.01
WHR?
female 0.76+0.07 0.72-0.80 0.74+0.04 0.72-0.76
male 0.88+0.06 0.86-0.90 0.90+0.07 0.88-0.93
sBP® (mmHg) :
female 113.94+9.73 108.94-118.94 117.23+7.41 113.42-121.05
male 125.43+16.35 119.98-130.88 124.66+12.99 119.81-129.52
dBP*(mmHg)
female 67.94+12.38 61.57-74.31 69.70+8.92 65.12-74.29
male 76.97+13.74 72.39-81.55 74.50+7.23 71.79-77.20

3 Waist hip ratio. ° systolic blood pressure. ¢ diastolic blood pressure.

Table 7- Observed frequencies of BMI (kg/m?) in diabetic and control

subjects
“Diabetic n (%) Control n(%)

total female male total female male

n=54 n=17 n=37 n=47 n=17 n=30
<20° 0 0 0 4( 8.5 3(7.6) 1(3.3)
20-25° 27 (50.0) 8(47.0) 19(514) 18(384) 6(353) 12(40.0)
25-30°¢ 23(42.6) 7 (41.2) 16(43.2) 19(404) 7(41.2) 12 (40.0)
>30 ¢ 4(74) 2(11.8) 2(54) 627 1(5.9) 5(16.7)

* underweight. ° acceptable weight. © overweight. ° obese.

Allowing for interaction between two groups and adjusting for age and sex,
stepwise regression analysis of systolic blood pressure on anthropometric
measurements showed that BMI was the only variable that entered into the model.
A similar regression model was constructed to indicate the association of

anthropometric measurements and diastolic blood pressure in two groups. The
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result showed that WHR was the only independent variable among
anthropometric measurements, which had significant effect on diastolic blood
pressure (table 8). Regression analysis did not show any effect of diabetes data
(duration of diabetes, number of insulin injections and insulin dose) on blood

pressure in diabetic subjects.

Table 8- Results from regression analysis of systolic and diastolic blood
pressure on anthropometric measurements in diabetic and control subjects

sBP dBP

model I  model2  model 1 mode] 2
Intercept 125.29** 105.07** 77.35%*  44771**
group 0.00 -8.40 -0.83 22.60
age -0.17 -0.16 -0.17 -0.12
sex 4777%* 436 3.50** 0.83
sexxgroup - (®) - (®)
agexgroup - 0.29 - (®)
BMI - 0.80* - (*)
BMIxgroup - (*) - (®)
body fat% - (*) - (®)
body fat%xgroup - (*) - (°)
WHR - (®) - 38.34*
WHRXxgroup - Q) - -28.09*
N 101 101 101 101
R? 0.11 0.17 0.09 0.17
Adjusted R? 0.08 0.13 0.06 0.13
p value of whole model <0.01 <0.01 <0.05 <0.01

The figures in front of each variable are the estimates.- not available in this
model. (¢) available but not statistically significantly contributing to the model.
** p<0.01. * p<0.05.

4.3-Biochemical Results of Blood Samples

The levels of HbAlc%, glucose, lipids and lipoproteins, creatinine,
albumin and fibrinogen that have been determined in non-fasting blood samples (4
patients did not give blood) are shown in table 9. These are the results of blood
samples of 51 patients (35 males and 16 females) and 47 control subjects (30

malesand 17 femalés).
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Table 9-Blood results in diabetic and control subjects

Diabetic Control
n=51 n=47

meant+SD 95% CI meantSD 95% C1
HbA1c%
female 8.52+2.21**  7.33-9.69 5.2240.56 4.93-5.51
male 8.56+1.91**  7.91-9.22 5.3940.55 5.19-5.60
Glucose (mmol/1)
female 9.5246.33* 5.85-13.19 4.994+0.63 4.66-5.31
male 11.84+6.00*%* 9.78-13.90 5.13%0.72 4.86-5.40
Cholesterol (mmol/l)
female 4.47£0.68 4.11-4.83 4.67£1.03 4.15-5.20
male 4.78+1.21 4.36-5.19 5.17£1.11 4.75-5.58
HDL cholesterol (mmol/1)
female 1.65£0.55 1.36-1.94 1.5740.29 1.42-1.71
male 1.32+0.49* 1.15-1.49 1.06+0.27 0.96-1.16
LDL cholesterol (mmol/1)
female 2.35+0.43 2.12-2.58 2.64+1.08 2.08-3.20
male 2.884+0.98 2.54-3.21 3.2740.90 2.93-3.60
Triglyceride (mmol/l)
female 1.03£0.66 0.67-1.38 1.01£0.34 0.83-1.19
male 1.26+0.77 0.99-1.52 1.83+1.09* 1.42-2.24
Creatinine (Lmol/1)
female 66.62+8.50 62.09-71.15  75.6549.90* 70.55-80.74
male 80.48%9.39 77.26-83.71  92.80+13.98*  87.58-98.02
Albumin (g/1)
female 41.00+2.96 39.42-42.58 41.97+2.63= 41.89-43.87
male 42.204+2.95 41.19-43.21  43.53+2.91 42 .44-44 .62
Fibrinogen (g/1)
female 2.89+0.57 2.59-3.19 2.42+0.69= 2.06-2.77
male 2.54+0.84 2.23-2.81 2.11+0.59= 1.88-2.32

** p<0.0001. * p<0.01. = p<0.037p values are for same sex comparisons).

As shown in table 9, blood glucose was higher in male than in female

diabetic subjects (p=0.23).

There was no significant difference in HbA1c%

between female and male diabetic subjects (p=0.93). As it was expected these

values were significantly higher in diabetic subjects compared with control

subjects (p<0.0001 for both females and males). There was a positive correlation

between HbA1c% and blood glucose in patients with diabetes (p<0.01 and

Pearson correlation‘=0.41) in spite of blood glucose being measured non-fasting

(figure2).
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Figure 2- HbA1c¢% by blood glucose in diabetic subjects*

blood glucose (mmol/l)

T T T T 1
8 9 10111213 14
HbA1c%

*Note: The line is called fit line, which finds B0 and B1 for the straight line that fits

the points to minimize the residual sum of squares.

Stepwise regression analysis was used to examine the relationship between
education and income level with HbA1c% in diabetic patients when the model was
adjusted for age and sex. Income level did not enter into this model while
education entered but did not contribute significantly in the model (p<0.1). The
result of this analysis is shown in table 10.

The similar analysis also indicated that none of the variables related to
diabetes history i.e. duration of diabetes, dose of insulin and number of insulin
injections had an independent significant association with HbAlc% when the
models were adjusted for age and sex. But when education and income level were
entered into the model, both of them had some but insignificant effects (R>=0.19

and p<0.05 for the whole model).
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Table 10- Results from multiple regression analysis of HbAlc% on
education and income level in diabetic subjects

model 1 model 2
Intercept 11.68** 11.40%**
sex 0.02 -0.05
age -0.10%* -0.09*
Education (3-2&1) - -0.48
Education (1-2) - (*)
Income (3&2-1) - (*)
Income (3-2) - (o)
N 51 51
R? 0.09 0.15
Adjusted R 0.05 0.09
p value of whole model <0.1 <0.1

The figures in front of each variable are the estimates.- not available in this
model. () available but not entered into the model. ** p<0.01. * p<0.05.

In both groups HbA1lc% significantly decreased with age (p=0.03 and
Pearson correlation=-0.30 for diabetic subjects and p=0.04 and Pearson
correlation=-0.29 for control subjects). When this association was adjusted for
BMI in a regression model, this effect was not longer observed.

All the variables like anthropometric measurements, blood pressure,
diabetes history, and the blood results were used as an independent variable in
several models with HbA1c% in the diabetic group. No association was found.

No significant differences were observed between lipid and lipoprotein
levels in female subjects in two groups (table 9). However male diabetics had
significantly higher HDL cholesterol (p=0.01) and lower triglyceride (p=0.01) than
male controls. In both groups females had significantly higher HDL cholesterol
(p<0.05 and p<0.001 respectively for diabetic and control subjects) and lower
LDL cholesterol (p=0.05 in diabetic and p<0.05 in control subjects) than males.

There were no significant differences between cholesterol and triglyceride
levels in female and male subjects with diabetes but in control subjects the
triglyceride level was significantly higher in male subjects compared to females.
The mean of lipid and lipoprotein levels in both groups were within reference

ranges (Appendix 27).
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Four regression models that allowed for interaction within two groups,
were performed for blood lipids with anthropometric measurements as
independent variables while adjusted for age and sex (p<0.01 for the whole
models). The models indicated that at least two of these measurements had some
positive effects in the prediction of total cholesterol, LDL cholesterol and
triglyceride while BMI had negative effect on HDL cholesterol in diabetic and
control subjects (table 11). It should be mentioned that except the negative effect
of BMI on HDL cholesterol the effect of other variables on blood lipids and

lipoproteins did not reach to a significant level.

Table 11- Results from multiple regression analysis of blood lipids and
lipoproteins on the anthropometric measurements in diabetic and control
subjects

Total cholesterol  HDL cholesterol LDL cholesterol Triglyceride

model 1 model2 modell model 2 model ]l model2 modell model?2

Intercept 4.03**  1.03 1.38%* 2.00%*  2.34*%*  -0.50 0.82 2.76
group 0.20  022*  -1.10*  -0.10¢+ 021* -0.89 021 021

sex 0.19 0.22 -0.21**  -0.19** 0.28**  0.28 0.26 0.04
age 0.02 0.01 0.00 0.00* 0.01 0.00 0.01 0.01

sexxgroup - (e) - (®) - (°) - (®)

agexgroup - (®) - (°) - (°) - (®)

BMI - (*) - -0.03* - 0.01 - 0.06
BMIxgroup - (o) - (*) - 0.04 - (®)

Body fat% - 0.04 - (®) - 0.03 - (®)

Body fat%xgroup - (*) - (*) - (°) - (e)

WHR - 2.87 - (®) - 2.25 - 2.69

WHRXxgroup - (°) - (*) - (*) - (®)

N 98 97 98 97 98 97 98 97

R? 0.06 0.15 0.20 0.27 0.12 0.24 0.13 0.27
Adjusted R? 0.03 0.11 0.41 0.24 0.0 0.18 0.10 0.23

p value of whole model <0.1 -<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

The figures in front of each variable are the estimates.- not available in this model.
() available but not entered into the model. ** p <0.01. * p<0.05.

As shown in table 9 blood creatinine and albumin levels were lower in
diabetic compared to control subjects. Females and males in the control group had
significantly higher creatinine level than females and males in the diabetic group

(p=0.01 and p<0.001 for females and males respectively).
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Blood albumin was significantly higher among female control subjects
(p=0.04) than female diabetic subjects (table 9). Creatinine and albumin levels
were higher among males than in females in both groups. This difference was
significant for creatinine (p<0.001 males vs females in both groups). But all the
values for creatinine and albumin in both groups were within the normal range
(Appendix 27).

Diabetes history (including duration of diabetes, number of insulin
injections and insulin dose), body measurements, blood pressure and biochemical
variables did not enter into a model with creatinine. Similar results was found
from regression analysis of blood albumin on different variables, except when the
regression analysis was done with blood lipids and lipoproteins which HDL

cholesterol found to have negative effect in the model (table 12).

Tablel2- Results from multiple regression analysis of albumin on blood
lipids and lipoproteins in diabetic subjects

model 1 mode] 2
Intercept 45.50%* 49.26
sex 0.59 -0.22
age -0.12 -0.13*
Total cholesterol - (®)
HDL cholesterol - -2.27**
LDL cholesterol - (o)
Trglyceride - (®)
N 51 51
R? 0.10 0.25
Adjusted R? 0.06 0.20
p value of whole model  <0.1 <0.01

The figures in front of each variable are the estimates.- not available in this model.
(e) available but not entered into the model. ** p <0.01. * p<0.05.

As it is shown in table 9, diabetic subjects had significantly higher
fibrinogen than control subjects (p=0.04 for females and p=0.02 for males),
although for both groups these values were within normal range.

In subjects. with diabetes the level of fibrinogen was not related
significantly to age and HbA1c%, but it rose with increasing body mass index

(p<0.01). Similar associations could not be found within control group.
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Regression analysis of fibrinogen on diabetes history did not show any
significant associations when the model was adjusted for age and sex. But with
anthropometric measurements, WHR and body fat% entered into the model. Only
body fat% had significant effect in the model (table 13).

No association was found when a model was fitted for fibrinogen and
blood pressure, adjusted for age, sex and HbA1c¢% in diabetic group.

Stepwise regression analysis of fibrinogen on blood lipids and lipoproteins
in diabetic and control groups showed that allowing for interaction between two
groups and adjusting for age and sex, triglyceride had significant positive effect
(p<0.001) and HDL cholesterol negative but insignificant effect in the model (table
14).

Table 13- Results from multiple regression analysis of fibrinogen on
anthropometric measurements in diabetic subjects

model 1 model 2

Intercept 1.89%* -0.94
sex -0.18 0.02
age 0.02 0.02
BMI - (°)
Body fat% - 0.05*
WHR - 2.12
N 51 51

R? 0.09 0.23
Adjusted R? 0.05 0.17
p value of whole model  <0.1 <0.05

The figures in front of each variable are the estimates.- not available in this model.
(¢) available but not entered into the model.. ** p <0.01. * p<0.05.
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Table 14- Results from multiple regression analysis of fibrinogen on
blood lipids and lipoproteins in diabetic and control subjects

model 1 mode] 2

Intercept 2.01%* 2.20%*
group -0.18 0.75%*
sex -0.17 -0.27%**
age 0.02 0.01
sexxgroup - (®)
agexgroup - ()
Total cholesterol - (®)
Total cholesterolxgroup - (®)
HDL cholesterol - -0.29
HDL cholesterolxgroup - -0.40%*
LDL cholesterol - (®)
LDL cholesterolxgroup - ()
Tnglyceride - 0.30%*
Triglyceridexgroup - -0.37**
N 98 98
R? 0.14 0.37
Adjusted R? 0.12 0.32

value of whole model <0.01 <0.001

The figures in front of each variable are the estimates.- not available in this model.
(e) available but not entered into the model. ** p <0.01. * p<0.05.

4.4- Biochemical Results of Urine Sample

Spot urine samples were tested for sugar and ketones by reagent stripes.
Thirty-seven urine samples of diabetic subjects were sugar positive (from + to
++++) and 10 were ketone positive (trace). None of the urine samples of controls
reacted positive to either sugar or ketone tests.

Albumin and creatinine were measured in both spot and early morning
urine samples of diabetic and control subjects. The ratio between these two values
was calculated as albumin (mg/1)/creatinine (mmol/l).

The concentrations of albumin and creatinine on spot urine samples of
diabetic and control groups are shown in table 15. The ratio of albumin/creatinine
that is also indicated in the table was logarithmically transformed before analysis

because of its positively skewed distribution and then changed to actual figure.
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This ratio was significantly higher in diabetic group than in control group
(p<0.001).

Table 15- Albumin, creatinine and their ratio in spot urine sample in
diabetic and control subjects

diabetic control
n=51 n=47
albumin (mg/1)
meantSD 11.76+£19.07 7.38+4.36
95%CI1 2.67-17.13 6.09-8.66
creatinine (umol/1)
meantSD 10456.1816462.62  14012.49+6650.46
95%CI 8647.54-12282.81 12089.21-15935.77
Albumin (mg/l)/creatinine (mmol/l)
meantSD 0.79+2.04* 0.51+1.62
95%CI 0.64-0.95 0.44-0.59
* p<0.001.

Early morning urine samples were collected from 29 patients and 28
controls. The rest of the subjects did not bring their samples. /The results of
albumin, creatinine and the ratio are presented in table 16. The ratio in this table
was logged and the values presented are transformed to actual figures.

There was a positive correlation between the mean of logged
albumin/creatinine ratio in spot urine samp