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ABBREVIATIONS 
 
HbA1c  glycated haemoglobin 
BMD  bone mineral density 
DCCT  Diabetes Control and Complications Trial 
BMI  body mass index 
GH  growth hormone 
IGF I  insulin-like growth factor I 
DEXA  dual energy X-ray absorptiometry 
ROI  region of interest 
PTH  parathyroid hormone 
SHBG  sex hormone-binding globulin 
HPLC  high pressure liquid chromatography 
LH  luteinising hormone 
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INTRODUCTION 
 
General aspects  
 
Diabetes mellitus has been recognised as a disease since antiquity and was 
described by the Greek physician Aretaeus  in about the year 100 A.D. Aretaeus 
also introduced the name diabetes, from the Greek word diabaino, meaning “to 
run through” (1). One great step forward in the treatment of diabetes mellitus 
was made in 1921 when the first insulin injection was given (2). Type 1 diabetes 
mellitus causes major health problems worldwide and its prevalence is 
increasing, especially in certain industrialised countries, for example Finland (3, 
4). 
 
This thesis will focus on type 1 diabetes mellitus. 
 
The aim of modern management of type 1 diabetes is at least three-fold: In the 
short perspective the goal is to achieve normoglycaemia in order to prevent 
hyperglycaemia episodes and, in the worst cases, diabetic ketoacidosis, whereas 
the long-term goal is to obtain good glycaemic control as measured by glycated 
haemoglobin (HbA1c) in order to prevent late complications. The third goal is to 
achieve the first two objectives without interfering with the patient’s quality of 
life. 
 
 
Epidemiology 
 
The reasons for the increasing prevalence and incidence of type 1 diabetes 
mellitus are unclear, but genetic, immunological and environmental factors all 
seem to be involved (5, 6, 7). There is a pronounced geographical variation in 
incidence, but the disease has no obvious relation to latitude or average 
temperature (8, 9). However, moving from an area with a low incidence of type 
1 diabetes mellitus to an area with a high incidence leads to a higher risk of 
acquiring the disease, indicating that environmental factors might be of 
importance (10). Further, also in the developing world the incidence of type 1 
diabetes is increasing, causing both increased morbidity and mortality from the 
disease (11). In some regions in Africa the life expectancy for a newly 
diagnosed patient with type 1 diabetes may be as short as one year (12), partly as 
a result of specific problems concerning costs (12), distribution and storing of 
insulin. 
 
Several studies have shown that there is still a markedly increased mortality 
among diabetic patients (13, 14, 15, 16).  It has been demonstrated that diabetes 
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mellitus in general is often under-recorded on death certificates (17), and even 
though this presumably applies first and foremost to type 2 diabetes, it makes 
mortality data less reliable. A variation in causes of death among diabetic 
patients between different countries and different ages has been demonstrated, 
depending not only on the duration of diabetes and the occurrence of late 
complications, for example, but also on socio-economic factors (15, 18, 19). 
However, although mortality rates are still higher in persons with type 1 diabetes 
than in the general population, during the last decades there has been a 
significant improvement in survival rates among diabetic patients (7, 16, 20, 21).  
Nephropathy seems to remain the strongest predictor of mortality, and of end-
stage complications (22). 
 
 
Short-term complications 
 
Short-term complications consist mainly of consequences of hyperglycaemia 
and lack of insulin. Hypoglycaemia is related to the insulin treatment and not to 
the diabetes per se, and it may cause considerable difficulties in daily life.   
 
Diabetic ketoacidosis is still an important cause of morbidity and mortality in 
type 1 diabetes (15, 21, 23), in spite of advances in therapeutic regimens, 
including home monitoring of blood glucose. In children, cerebral oedema is an 
uncommon but devastating complication of diabetic ketoacidosis, and its cause 
is not yet clearly understood (24, 25).  
 
In modern society there are several situations or activities in which 
hypoglycaemia may cause major problems. One of the most obvious of these is 
when driving a car, when hypoglycaemia may be hazardous. However, in a 
cohort of more than 7000 persons with type 1 diabetes mellitus among whom 
the incidence of accidents in general was studied, this incidence was not 
increased compared to that in the general population (16, 26). Hypoglycaemic 
episodes with neuroglycopenic symptoms or even hypoglycaemic coma may 
also cause embarassing situations with an impact on social life, both at work and 
at home. In many persons with insulin-treated diabetes, the risk of 
hypoglycaemic coma is ranked as one of the most feared complications (27).  
 
 
Late complications 
 
Macrovascular and microvascular complications are the most well-described 
well-known late complications in diabetes. Modern diabetes regimens have had 
a great impact on lowering of the risk of developing late complications from 
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type 1 diabetes. Good glycaemic control has been shown to delay or prevent the 
development of microvascular complications (28, 29).   
 
 
Nephropathy 
 
Over the last decades there has been a marked decrease in the incidence of 
nephropathy in type 1 diabetes, resulting in a reduction of the mortality rates 
among diabetic patients (16, 30). Several factors influence the development of 
nephropathy, among which arterial blood pressure, glycaemic control, 
albuminuria and to some extent also serum cholesterol levels seem to be of great 
importance (28, 31). Thus, focusing on these factors in the management of 
patients and the availability of new and effective treatment modalities will 
probably result in a further decrease in nephropathy in patients with type 1 
diabetes.  
 
 
Peripheral neuropathy 
 
Neuropathy is a serious complication of diabetes and the incidence may be 
higher than is generally believed, even in children and adolescents (32). In a 
cohort comprising both patients with type 1 and those with type 2 diabetes it was 
found that early signs of peripheral sensory neuropathy, and also early 
nephropathy, were markers of increased mortality, especially among patients 
with type 1 diabetes (33). It has also been shown that peripheral neuropathy in 
patients with type 1 diabetes may be a risk factor for reduced bone mineral 
density (BMD) in the affected limbs as well in the skeleton in general (34).  
 
 
Autonomic neuropathy 
 
Autonomic neuropathy is attended with special problems due to diagnostic 
difficulties, as a result of which it often remains undiagnosed, or the diagnosis is 
delayed (35). In patients with long-standing type 1 diabetes autonomic 
neuropathy may lead to hypoglycaemia unawareness, causing both practical and 
psycho-social problems, as described above. Autonomic neuropathy is also an 
important factor in sexual dysfunction in men, the prevalence of which has been 
reported to be about 50 % in cohorts of middle-age men with diabetes both of 
type 1 and of type 2 (36, 37) and diabetic women (38).  In a cohort of patients 
with type 1 diabetes aged 40-75 years, the incidence of cardiovascular 
autonomic neuropathy was 38 %  and it was found to be associated with a high 
risk of future coronary artery disease (39). In addition, there are suggestions that 
early autonomic neuropathy may at least partly explain the "dead in bed" 
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syndrome, the proposed mechanism being hypoglycaemia with subsequent 
sympathetic overreaction leading to tachyarrhythmias (40). Besides age and 
glycaemic control, nephropathy appears to be an important risk factor for 
cardiovascular autonomic neuropathy (41). Finally, intensified diabetes control, 
resulting in a reduction of glycated hemoglobin, is associated with an 
improvement of the autonomic nerve function (35).  
 
 
Retinopathy 
 
Diabetic retinopathy is a feared late complication, which in clinical practice not 
seldom is experienced as an alarm signal in patients with poor metabolic control. 
Several studies have shown the beneficial effect of intensive glycaemic control 
on diabetic retinopathy (32, 42, 43, 44) whereas the benefit from lowering the 
blood pressure in hypertension is less clear (42, 43, 44, 45), but has been shown 
in type 2 diabetes (46). 
 
 
Cardiovascular complications 
 
Type 1 diabetes is a risk factor for coronary artery disease,  and contributes to an 
increased mortality rate in diabetic patients. In patients with long-standing 
juvenile-onset type 1 diabetes it was found that at age 55 years the cumulative 
mortality rate irrespective of glycaemic control was 6-7 times higher than the 
population mortality rate at that age reported in the Framingham study (47, 48). 
It was also found that there was a marked increase in mortality from coronary 
artery disease after the age of 30, particularly in those with renal complications. 
In another study, in patients with late-onset type 1 diabetes without nephropathy, 
it was shown that poor glycaemic control was a strong predictor of coronary 
artery disease, independently of other cardiovascular risk factors (49). This 
finding was not confirmed in another study on glycaemic control and the risk for 
coronary artery disease (50). In a study in patients with juvenile-onset type 1 
diabetes a ten-fold increase in cardiovascular disease was found in subjects with 
nephropathy, both in men and women, as compared to those without 
nephropathy, and the same result was obtained concerning stroke (51). 
Compared to the population at large, in patients with diabetes mellitus in 
general, the coronary atherosclerosis is more severe and diffuse, making 
coronary intervention more difficult to perform (52). It has also been shown that 
in type 1 diabetes the gender difference in myocardial infarction is lost, but the 
reason for this is unclear (50, 53). 
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Psycho-social complications            
 
Various aspects of the psycho-social situation in diabetes mellitus have been 
investigated, using questionnaires, including both those specially developed for 
diabetes research, such as Diabetes 39 (54) and the Diabetes Quality of Life 
Measure, constructed for use in the Diabetes Control and Complications Trial 
(DCCT) (55, 56), and the Nottingham Health Profile (57, 58, 59). Often 
questionnaires or techniques exclusively designed or adapted for a particular 
study have been used (60, 61, 62, 63, 64, 65, 66).  
 
A population-based, cross-sectional approach concerning both type 1 and type 2 
diabetes has frequently been used (54, 57, 60, 61, 67), and aspects such as 
coping in women (67), relation of the psycho-social situation to glycaemic 
control (61), and quality of life and life-style have been elucidated (54, 57, 60), 
as well as social consequences of diabetes (60). In patients with type 1 diabetes 
both cross-sectional (64, 65, 66, 68) and longitudinal approaches (62, 63, 69) 
have been used, both with and without control subjects. Investigations have been 
made on the social adaptation of adolescents and young adults with type 1 
diabetes (63, 68, 69), the influence of the glycaemic control on the psycho-social 
situation (64) and the impact of the social status on the quality of diabetic care 
(65).  
 
In patients with only or mainly type 1 diabetes, results concerning educational 
and psycho-social findings have varied. For example, compared with the 
population at large or control groups, normal or even better educational (60, 69) 
and professional careers have been described (66, 69), as well as an increased 
frequency of drop-out from educational programmes (62); a higher frequency of 
part-time work and retraining has been found (60), but  also experiences of less 
trust and less sense of intimate friendship (63), delayed social maturation (62), 
social isolation (60, 68), living alone, especially among women (60), and less 
tendency to have children (60, 68). Other studies have shown a worse overall 
health status in diabetic patients of low social class compared to those of high 
social class (65), and a correlation between good glycaemic control and a feeling 
of social isolation and loneliness, but not between glycaemic control and 
satisfaction with life as a whole (64). 
 
Gastrointestinal complications 
 
Symptoms from the lower gastrointestinal tract, such as constipation and 
diarrhoea, are reported to be common in diabetic patients (70, 71, 72, 73, 74, 
75).  Also, the prevalence of upper gastrointestinal symptoms in diabetic 
patients has been found to be increased (75, 76, 77, 78), but reported findings 
have been contradictory. This may partly be explained by the mode of selection 
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or even the absence of control subjects (70, 79, 80). One cohort of middle-aged 
patients with diabetes, both of type 1 and of type 2, did not differ from age-
matched control subjects in the prevalence of upper gastrointestinal symptoms 
(79), and in a another cohort no differences in the prevalence of upper and lower 
gastrointestinal symptoms were found between patients with type 1 diabetes and 
control subjects, but the prevalence was higher in patients with type 2 diabetes 
(81). Heartburn has been reported to be both more (82) and less (83) common in 
diabetic patients, and constipation has been reported to be more common (82),  
possibly as a result of concomitant medication (83). In teenagers, no increase in 
the prevalence of gastrointestinal symptoms was found (84).  
 
Abnormal gastric emptying is often proposed as an explanation for an increased 
prevalence of upper gastrointestinal symptoms, but a correlation between these 
two has not been clearly established (85, 86, 87, 88, 89, 90).  
 
Gastrointestinal symptoms are reported to have a negative impact on the health-
related quality of life in both type 1 and type 2 diabetes (91), and an association 
between psychological distress and upper and lower gastrointestinal symptoms 
has been demonstrated, although the causality is unclear (92). 
 
 
Urinary tract complications 
 
Urinary bladder dysfunction and an increased prevalence of urinary tract 
infections in patients with diabetes mellitus have been reported for many 
decades (93, 94). An increased incidence of asymptomatic bacteriuria in women 
with diabetes, both of type 1 and of type 2 (95, 96, 97, 98), has been observed, 
as well as a similar prevalence of asymptomatic bacteriuria in patients with and 
without diabetes, both females and males (99). It is not clearly established to 
what extent asymptomatic bacteriuria develops into urinary tract infection. In a 
cohort of female patients, both with type 1 and with type 2 diabetes, only those 
with type 2 diabetes and asymptomatic bacteriuria had a significantly increased 
risk of developing symptomatic urinary tract infections (100), a finding in 
accordance with other reports (101, 102). 
 
An association between demonstrated or assumed autonomic neuropathy and 
asymptomatic bacteriuria has been found (103, 99), the reason for which might 
be urogenital autonomic neuropathy, including ureteric reflux. Furthermore, 
peripheral neuropathy and macroalbuminuria in type 2 diabetes, and the duration 
of type 1 diabetes, have been reported to be associated with asymptomatic 
bacteriuria (95). It has been shown that diabetic children may have a diminished 
sensation of bladder-filling (104), a condition which might explain an increased 
prevalence of asymptomatic bacteriuria. 
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There does not seem to be an association between asymptomatic bacteriuria and 
either glycaemic control, hyperglycaemia or glucosuria (99, 96).  
 
Thus, earlier reports of urinary tract problems in patients with diabetes mellitus 
are contradictory and the mechanisms that may contribute to urinary tract 
infections in these patients have not been clearly explained. 
 
 
Rate of response to questionnaires 
 
In many studies a questionnaire is sent by mail to the subjects as a tool for 
collecting data, for example concerning various diseases, including diabetes 
mellitus, and for general health surveys (60, 66, 105, 106, 107). The response 
rates have varied, and a correlation between these rates and the different 
characteristics of the subjects or the cohort may be suggested. In several studies 
on diabetes mellitus, the response rate is generally higher among the diabetic 
patients than among the control subjects, but the variation in response rate is 
fairly wide (60, 66, 105). In general health surveys there seems to be an even 
more pronounced variation in response rates (106, 107).  
 
 
Body composition 
 
Weight gain is reported to be over-represented among adolescent diabetic 
females (108, 109) and the glycaemic control is less satisfactory in this group 
(108, 110, 111, 112, 113).  
 
Insulin dosage is increased during the early stages of pubertal development  
(108, 110, 111, 113, 114), and adolescent females usually receive more insulin 
than males (108, 110, 111, 115), a fact which possibly contributes to the weight 
gain (109, 110, 117, 118). It has been suggested that the more marked insulin 
resistance in girls may be selective for the peripheral carbohydrate metabolism 
(119). The effect of insulin on fat metabolism might also be diminished in 
adolescents with type 1 diabetes (120).  
 
The need for an increased insulin dosage might be explained by the fact that 
during puberty, especially in girls, the growth hormone (GH)-insulin-like 
growth factor I (IGF I) axis is deranged, with a decrease in IGF I concentration 
and an increase in the concentration of GH, changes which, in turn, will lead to 
reduced peripheral insulin sensitivity and a demand for higher insulin doses 
(114, 121, 122, 123, 124, 125, 126). It is also possible that the number of insulin 
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doses daily, and not the daily dosage of insulin, might explain the development 
of overweight (127).  
 
The increased body weight and body mass index (BMI) may contribute to the 
high need for insulin and deterioration of glycaemic control in late adolescence 
(108, 113, 128). It is well documented that overweight per se (129), especially if 
it is located in the abdominal region, is associated with insulin resistance both in 
healthy adults (129, 130) and in adolescents (131).  
 
 
Bone mineral density 
 
The question whether bone mineral density is affected by long-standing type 1 
diabetes is controversial. BMD values in diabetic patients have been compared 
with normal BMD ranges defined for a certain evaluation (132, 133), values in 
healthy volunteers (134), the instrument manufacturers’ age- and sex-matched 
databases (135, 136, 137), and values in age- and sex-matched control groups 
(35, 134, 138, 139, 140). Furthermore, BMD has been estimated in absolute 
numbers (134, 138, 139, 140, 141, 142) and in standard deviations or per cent as 
compared to the manufacturers’ databases (132, 136, 137, 141).  
 
In patients with type 1 diabetes both normal or even increased BMD (134, 138, 
139, 142), and decreased or a tendency towards a decreased BMD (35, 132, 133, 
135, 136, 137, 139, 140, 141) have been reported. In females with type 2 
diabetes, on the other hand, both increased BMD, possibly related to an 
increased body mass index (143), and a tendency to a decreased BMD (140), 
have been found. Also, in patients studied prospectively the findings have 
indicated that once the decreased BMD has become established, it is not 
progressive (144).  
 
Furthermore, efforts have been made to identify risk factors predisposing to a 
BMD reduction, and reduced BMD has been found to be correlated to 
neuropathy (35, 136), retinopathy (136, 145) and overt nephropathy (136), but 
not clearly to glycaemic control (132, 136, 137, 141, 145). In a seven-year 
prospective study no significant decrease in BMD was found, although the Z-
score in Ward's triangle decreased significantly; however, when patients with 
retinopathy, who also had a higher glycated haemoglobin (HbA1c), were 
analysed, a significant decrease in BMD was observed in this group (145).  
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AIMS OF THE INVESTIGATION 
 
The aim of the present studies was two-fold: 
 
Papers I-IV: To investigate a cohort of young adult patients with type 1 
diabetes mellitus since childhood, by comparisons with control subjects 
matched regarding sex, age and place of residence at the time of diagnosis, 
regarding 
 

• The social situation:  
 

To determine whether the social conditions are related to the diabetes 
itself or to the presence of late complications of the disease. 

 
• The prevalence of gastrointestinal symptoms:  
 

To evaluate this prevalence in diabetic patients, and the relation to the 
degree of glycaemic control and to other severe late diabetic 
complications. 

 
• The prevalence of urinary tract symptoms:  
 

To determine to what extent urinary tract complications affect the daily 
lives of the diabetic patients. 

 
• The body composition and bone mineral density:  
 

To evaluate its relation to factors such as insulin dosage, glycaemic 
control and some selected hormones.  

 
 
Paper V: To investigate a cohort of adolescent postmenarcheal females, 16-19 
years of age, with type 1 diabetes since childhood,  by comparisons with 
control subjects living in the county of Örebro matched for sex and age, 
regarding 
 

• The body composition and bone mineral density:  
 

To compare these factors in a young cohort with study IV of patients with 
longer diabetes duration. 
 
To evaluate the relation of these variables to factors such as insulin 
dosage, glycaemic control and some selected hormones.  



 

17 

 
SUBJECTS  
 
Papers I-IV 
 
In the 1960s, in the county of Örebro (population 270,000) the mean annual 
number of children below 16 years of age with newly diagnosed type 1 diabetes 
ranged from 7 to 19. All children in the area with type 1 diabetes were 
hospitalized in the Department of Paediatrics at the time of diagnosis and could 
thus be identified for the purpose of the present studies. A total of 125 children 
were diagnosed from 1960 through 1969. For each diabetic patient two healthy 
controls were selected. These controls were those persons of the same sex and 
age appearing next to the diabetic patients in the registers of the County 
Taxation Authorities, covering people living in the county of Örebro during the 
1960s. In addition, the controls also should be living in the county at the time of 
diagnosis of diabetes in the index subject. The diabetic patients and their control 
persons were then identified in the Swedish National Address register or the 
Swedish Causes of Death register, this being possible by virtue of the unique 
personal national registration number allocated to all residents in Sweden. By 
this procedure a historical cohort of diabetic patients could be followed up 
prospectively and compared with control persons matched for age, sex and 
county. 
 
All five studies have been approved by the Ethics Committee at Örebro 
University Hospital. 
 
Diabetic patients 
 
In study I (paper I), 125 diabetic patients were identified for inclusion in the 
study cohort. However, two female patients were excluded because of 
disabilities that would presumably interfere with normal social life, in one case 
severe rheumatoid arthritis and in the other Wolfram's syndrome. Twelve of the 
remaining 123 patients had died. The remaining 111 patients, 55 men and 56 
women, constituted the study group. None of the patients had emigrated (Figure 
1). 
 
In study II (paper II), 112 diabetic patients, 54 men and 58 women, of the 
original 125 patients, were identified as living in Sweden. Twelve diabetic 
patients had died, and one man had emigrated. Two female patients were 
excluded because of other severe diseases (see study I). The remaining 110 
patients, 54 men and 56 women, constituted the diabetic group. The mean age of 
the included diabetic patients was 37.2 +/- 4.7 years and the mean duration of 
diabetes was 29.7 +/- 2.6 years.  The results of a recent HbA1c determination 
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were taken from the patients’ records without any correction for various 
laboratory methods with over time somewhat varying reference intervals. At the 
time of the study, the upper reference limit at the Örebro University Hospital 
was 5.3 %. Fourteen patients were suffering from at least one severe diabetic 
complication, including social blindness, amputation of a lower extremity, 
myocardial infarction or angina pectoris, end-stage renal failure, and/or a history 
of a cerebrovascular lesion with or without sequelae. 
 
In study III (paper III), 111 diabetic patients, 54 men and 57 women, of the 
original 125 patients, were identified as living in Sweden. Thirteen patients had 
died, including the female diabetic patient with severe rheumatoid arthritis 
excluded from study I, and one male patient had emigrated. One female patient 
declined to participate in further studies, and was excluded, as also was the  
woman with Wolfram’s syndrome. The remaining 109 subjects, 54 men and 55 
women, constituted the diabetic group. The mean age of the included diabetic 
patients was 38.0±4.8 years and the mean duration of diabetes was 29.5±2.7 
years.  As in study II, the results of a recent HbA1c determination were taken 
from the patients’ records. 
 
Study IV (paper IV) comprised all the patients described above who were still 
living in the catchment area of the hospital. The main reason for exclusion was 
thus geographical. Patients with end-stage renal failure were also excluded. 
Altogether 38 patients with diabetes, 20 women and 18 men, participated in the 
study. 
 
 
Control subjects 
 
In study I (paper I), a total of 250 control persons were originally included in the 
study cohort by the procedure described above. As two diabetic patients were 
excluded, the corresponding four control persons were also excluded. Three of 
the potential control subjects had died, and one of these was found to have 
suffered from diabetes mellitus type 1. Six had emigrated, and no further 
information could be obtained about them. The remaining 237 controls, 121 men 
and 116 women, constituted the control group (Figure 1). 
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In study II (paper II), a total of 220 control persons, two for each diabetic 
patient, were identified. Three of them had died, six had emigrated, and one was 
excluded because of diabetes mellitus type 1. The remaining 210 subjects 
constituted the control group. 
 
In study III (paper III), a total of 218 control persons, two for each diabetic 
patient, were identified. Three of them had died, and five had emigrated. One 
control person was excluded because of severe psychiatric illness and one 
because of type 1 diabetes mellitus. The remaining 208 subjects formed the 
control group. 
 
In study IV (paper IV), one control person was selected for each diabetic patient. 
The controls were persons of the same age and sex appearing next to the diabetic 
patients in the register of the County Taxation Authorities for 1960-69 who were 
still living in the catchment area of the hospital. Persons with severe chronic 
diseases, including diabetes mellitus, were excluded. If the first control person 
meeting the above criteria was unable to participate, the next person in the 
register was chosen, and so on. Altogether 38 control subjects, 20 women and 18 
men, were included in the study. 
 
 
Paper V 
 
Diabetic patients 
 
All 20 female patients with type 1 diabetes mellitus of ages 16-19 years at the 
time of the study in the County of Örebro (population 270,000) and who had had 
this disease since prepubertal years were identified and asked if they would 
participate in the study. Two of these 20 patients did not wish to be included, for 
psychological or geographical reasons. The remaining 18 had no other disease. 
All diabetic patients were in Tanner stages 4-5 and had passed the menarche 2-5 
years earlier. One had persistent microalbuminuria. Mild simplex retinopathy 
was observed in two girls.  
 
Control subjects 
 
For each of the 18 patients, one healthy control person was selected. The control 
persons were identified as those females of the same age appearing next to the 
diabetic patients in the current register of the County Taxation Authorities. 
Control persons with diabetes or other serious diseases were excluded. Of the 18 
controls that were asked to participate, six refused and each of these was 
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therefore replaced by the next person in the register who was willing to take 
part, in practice the second, third or fourth control person. Thus, all control 
subjects were born on the same day as or within three days after the index 
person. The control subjects were not classified according to Tanner, nor were 
they asked about their menarche. 
 
 
METHODS  
 
Paper I 
 
A questionnaire concerning psycho-social conditions at the time of diagnosis, 
the current psycho-social conditions and the current somatic state was sent by 
mail to the diabetic patients and the control subjects. The questionnaire was 
mailed a second time if it was not returned within about three weeks. The 
diabetic patients were also asked to answer questions concerning late diabetic 
complications and to authorise the investigators to collect information from their 
hospital records concerning their somatic health. The questionnaire, with 42 
questions mainly covering education, civil state, employment, recreation, mood, 
and use of tobacco and alcohol, was based on a questionnaire originally 
designed for epidemiological research in the county of Örebro. Thus, most of the 
questions had been used in other studies. There was one question concerning 
occupation, and there were several alternatives including employment, 
unemployment, home work, welfare and studies. The reason for studying or 
staying at home was not asked for, though it was recognised that unemployment 
could be one reason contributing to a decision to stay at home or study.  
 
The response rate in study I was 92/111 (82.9 %) among the diabetic patients 
and 189/237 (78.7%) among the control subjects. One patient did not give 
permission to study her medical records and was thus excluded from the 
questionnaire analysis. 
 
Paper II 
 
A questionnnaire concerning the occurrence of 24 gastrointestinal symptoms 
during the preceding three months was sent by mail to the diabetic patients and 
the control subjects. The questionnaire was mailed a second time if it was not 
returned within two weeks. The questionnaire also contained questions 
concerning medications for gastrointestinal disorders, and any abdominal 
operations. Female participants were asked about their menstrual history, parity 
and any gynaecological problems. The questionnaire had been validated in an 
unselected adult Swedish population (146). 
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The response rate in study II was 98/110 (89.1 %) among the diabetic patients 
and 165/210 (78.6 %) among the control subjects. 
 
Paper III 
 
A questionnaire with various questions concerning urinary tract complications 
was mailed to each diabetic patient and control subject. The questionnaire was 
originally designed for and validated in studies in men with benign prostatic 
hyperplasia (147), and the 33 questions mainly dealt with urinary tract 
infections, the need for clamps, social problems due to urinary tract problems -
including incontinence, difficulties in driving a car, physical activities and sleep 
disturbances. There were no questions on obstetric antecedents. 
 
The response rate in study III was 95/109 (87.2 %) among the diabetic patients 
and 161/208 (77.4 %) among the control subjects.  
 
 
Paper IV 
 
Study procedure 
 
Blood samples were drawn in the morning after an overnight fast, and height, 
weight and supine blood pressure were measured. Skinfold thickness was 
measured in all subjects, with a Harpenden caliper (British Indicators Ltd, West 
Sussex, UK), at the biceps and triceps on the non-dominant arm, and in the left 
subscapular and right supra-iliac regions. Three skinfold measurements were 
performed at each of these sites and the mean value was calculated. The 
percentage total body fat was calculated from the sum of the skinfold 
measurements according to the instrument manufacturer’s tables (148, 149). The 
waist/hip circumference ratio was also measured, the waist at the umbilicus and 
the hip at its widest point (150, 151). Both skinfold thickness and waist/hip 
measurements were performed by the same investigator. Subsequently, all 
subjects were examined by dual energy X-ray absorptiometry (DEXA) (Lunar 
Corp., Wisconsin, USA). This method has been validated against four-
compartment techniques for body composition assessment and been found to be 
accurate for total body fat measurements in adults (152) and in children (153, 
154). In addition, DEXA measurements of abdominal fat have been compared 
with CT measurements and found to be highly correlated (155). 
A whole-body measurement was first made to determine the total body fat and 
abdominal fat. The latter was assessed by choosing a certain region of interest 
(ROI), which was restricted by the inner margins of the lower ribs vertically, the 
most cranial point of the second lumbar vertebra (L2), and the most caudal point 
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of the fourth lumbar vertebra (L4) horizontally (156). In addition, bone mineral 
density was measured in the spine (L2-4) and at the femoral neck.  
 
Blood analyses 
 
Intact parathyroid hormone (PTH) was determined by a two-site 
immunoradiometric assay (Nichols Institute Diagnostics, California, USA). 
Testosterone was measured by radioimmunoassay (Diagnostics Product 
Corporation, Los Angeles, USA) and sex hormone-binding globulin (SHBG) 
was determined by a two-site fluoroimmunometric method (Wallac OY, Turku, 
Finland). Cortisol was measured by radioimmunoassay (Diagnostic Products 
Corporation, Los Angeles, USA) and IGF-I was measured by a 
chemiluminescence immunoassay (Nichols Institute Diagnostics, California, 
USA). 
Serum concentrations of total cholesterol, HDL-cholesterol and triglycerides 
were determined using a dry chemistry enzymatic method (Vitros 950 and/or a 
Vitros 250 instrument, Johnson & Johnson Clinical Diagnostics, Rochester, 
USA).  
HbA1c was measured by a semi-automatic cation exchange high pressure liquid 
chromatography (HPLC) method  using the Mono S standard (Variant HbA1c 
Program, BIO-RAD Diagnostics Group, California), reference interval 3.5-
5.3%. 
 
 
Paper V 
 
As in study IV, all patients and control subjects in study V were examined in the 
morning, after an overnight fast. 
 
Study procedure 
 
Blood samples were drawn in the morning, after an overnight fast, and 
anthropological measurements were made as in study IV. However, in study V 
the percentage total body fat obtained by skinfold measurements was calculated 
according to the equation of Slaughter (157, 158). In order to achieve 
measurements of total body fat and regional fat content, including abdominal 
fat, initially, as in study IV, a whole-body measurement was made and 
abdominal fat was measured. Regional fat measurements were performed by 
restricting these regions at the whole-body measurements. A modified 
abdominal-to-leg fat ratio was calculated as described by Chang et al. (159). 
Bone mineral density and blood samples were measured as in study IV.  
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STATISTICAL METHODS 
 
Results are given as means +/- standard deviations (SD), in absolute numbers or 
in per cent. The chi-square test with continuity correction was employed to 
assess the frequency distribution between the diabetic patients and the control 
subjects. A two-sided individually paired t-test was employed to assess the 
significance of differences between the diabetic patients and the control 
subjects. Pearson´s correlation coefficients were used for evaluation of 
relationships between two numerical variables. A Bland-Altman plot was 
constructed for comparison between body fat values calculated from skinfold 
measurements and those obtained by DEXA (160). 
 
 
RESULTS 
 
Paper I 
 
Clinical characteristics of the diabetic patients and control subjects in study I are 
given in Table 1. 
 
Table 1. Clinical characteristics of the diabetic patients and controls in study I 
 
 

Diabetic patients  
(n=91) 

Control subjects  
(n=189) 

Age (years) 37.2 ±4.7 37.5 ±4.9 

Sex (F/M) 46/45 98/91 

Duration of diabetes (years) 28.7± 2.6  

HbA1c 8.07 ±1.43  

BMI 24.2 ±4.4  

Severe diabetic complications 
yes/no 
 

13/78  

 
 
The mortality rate was 9.8 % (12/123) in the diabetic patients after a mean 
diabetes duration of 28.7 +/- 2.6 years, as compared to 1.3 % (3/246) in the 
control subjects (p<0.0005). Uraemia was the cause of death in five diabetic 
patients and suicide was suspected in at least two cases. Drug abuse as the cause 
of death was reported in two diabetic patients. Hypoglycaemia during mountain 
trekking was the cause of death in one case and was suspected as a contributory 
cause of death in another diabetic patient, who died in a car accident.  
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There was no difference in the level of education between the two groups, 
whereas there was a significantly lower rate of employment in the diabetic 
patients than in the control subjects (72.5 % and 84.9 %, respectively, p<0.05). 
However, the diabetic patients were not registered as unemployed more often 
than the control subjects, and this is explained by the fact that those receiving 
welfare benefits were not considered as unemployed. There was also some 
overlap between the categories, as several had part-time occupations. Among the 
diabetic patients, 14 were receiving welfare benefits, as compared to six of the 
control subjects (p<0.0005) (Table 2). 
 
Table 2. Education and occupation in diabetic patients and controls in study I 
  

Diabetic patients (n=91) 
 

Healthy controls (n=189) 
 n % 

 
n % 

 
Education 

    

Comprehensive 
school 

23 25.3 59 31.4 

Upper secondary 
school 

43 47.2 80 42.6 

University 25 27.5 49 26.0 
 
Occupation 

    

Employed 66 71.8 a 158 84.9 
Works at home 4 4.3 6 3.2 
Unemployed 5 5.4 14 7.4 
Welfare benefits 14 15.2 b 6 3.2 
Other (studies, 
training programme) 

16 17.4 27 14.5 

a p<0.05 compared to diabetic patients 
b p<0.0005 compared to diabetic patients 
 
There were no significant differences in housing conditions, social contacts, or 
access to a car, weekend cottage, caravan or boat. Nor were there any 
differences in alcohol and smoking habits. 
 
The civil status and divorce rates were not significantly different between the 
two groups, but there was a tendency for fewer persons to be single in the 
diabetic group as compared to control subjects. 
 
The question 'Do you look with confidence to the future?' was answered with 
one of the yes alternatives by 83.3 % of the diabetic patients, as compared to 
93.1 % of the control subjects (p<0.05), whereas the answers to the question 
'Are you despondent and feel that the days are too much alike?' did not differ 
significantly between the groups. 
 
There was no significant difference in employment between diabetic patients 
with and without severe complications, but, as expected, diabetic patients with 
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severe complications received welfare benefits significantly more often than 
those without (46.2 % and 10.3 %, respectively, p<0.005). The corresponding 
difference between diabetic patients with severe complications and healthy 
control subjects was even greater (p<0.0001) and a significant difference was 
also noted between the diabetic patients without severe complications and the 
control subjects (p<0.05). 
 
A further subdivision concerning housing conditions, life-style, civil status, 
confidence in the future, and alcohol and smoking habits indicated no significant 
differences between the diabetic patients with and without severe complications, 
except regarding access to a car, as six of the patients were blind. 
 
Paper II 
 
The prevalence of gastrointestinal symptoms in general was significantly higher 
in the diabetic patients than in the control subjects (3.9 and 2.3 
symptoms/patient, respectively, p<0.0005) (Table 3). Symptoms related to the 
upper gastrointestinal tract, i.e., an uncomfortable feeling of fullness after meals, 
reflux episodes, early satiety, and nausea and vomiting, were also significantly 
more prevalent in the diabetic patients than in the control subjects, whereas the 
prevalence of symptoms related to the lower gastrointestinal tract was similar in 
the two groups, apart from a feeling of incomplete defecation, which was more 
common in the diabetic patients. 
 
A marked gender difference in prevalence of symptoms was found between the 
two groups: There were 5.40 symptoms/female diabetic patient as compared to 
2.54 symptoms/female control subject (p<0.001), while the corresponding figure 
in the male diabetic group was 2.40 and in the male control group 2.02 (n.s.). 
 
Diabetic patients in the highest quartile of the HbA1c range reported 
significantly more symptoms than those in the three lower quartiles (5.4 
symptoms and 3.1-3.7, respectively, p<0.01). On the other hand, the diabetic 
patients with severe diabetic complications were not found to have a higher rate 
of gastrointestinal symptoms than those without severe complications. 
 
There was no significant difference in the rate of abdominal surgery between the 
diabetic patients and the control subjects, after exclusion of abdominal non-
gastrointestinal operations. Nor was there any significant difference in the use of 
antacids, H2-receptor blocking agents, sucralfate or omeprazole during the last 
three months. Four diabetic patients had used cisapride, but no control subject. 
There was no significant difference in gynaecological morbidity between the 
two groups. 
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Table 3. Prevalence of gastrointestinal symptoms in diabetic patients and  
controls in study II 

Symptoms Diabetic patients 
(%) n=98 

Controls (%) 
n=165 

Upper gastrointestinal symptoms   

Uncomfortable feeling of fullness 
after meals 

18.6a 8.5 

Dysphagia 6.1 1.2 

Eructations 15.3 10.9 

Reflux episodes 22.5a 10.3 

Early satiety 26.8b 6.1 

Nausea 22.7c 9.1 

Vomiting 12.2c 3.0 

Heartburn 26.5 23.0 

Retrosternal pain 

 

19.4 12.1 

Lower gastrointestinal symptoms   

Constipation 14.3 10.3 

Diarrhoea 18.6 13.4 

Alternating diarrhoea and 
constipation 

10.2 6.7 

Feeling of incomplete defecation 28.6a 17.0 

Abdominal discomfort or pain at 
defecation 

12.2 8.5 

Abdominal discomfort or pain 
relieved by defecation 

21.4 12.1 

Flatus 12.2 14.6 

Borborygmi 21.4 20.6 

Nightly urge to defecate 

 

5.1 1.2 

General gastrointestinal symptoms   

Loss of appetite 17.8b 3.6 

Weight loss 5.1 0.6 

Abdominal distension 42.3c 24.4 

Black stools 2.0 3.0 

Blood stains in stools 4.1 3.0 

Mucous stools 10.2 4.9 
a p<0.05; b p<0.001; c p<0.01 
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Paper III 
The results concerning urinary tract complications are given in Table 4. Among 
the female diabetic patients 35/48 (72.9%) reported either general urinary tract 
problems or antibiotic-treated urinary tract infections, or both, and, in fact, none 
reported a urinary tract problem without having been treated for a urinary tract 
infection. Among the female control subjects, 44/82 (53.7%; p<0.05 as 
compared to the female diabetic patients) reported either general urinary tract 
problems or urinary tract infections treated with antibiotics. No significant 
differences were found in the male group.  
 
Table 4. Numbers of subjects (per cent in brackets) with the specified urinary tract complications in study III 

 Diabetic males 
  n=47 

Control males 
n=79 

 Diabetic females 
n=48 

Control females 
n=82 

Urinary tract infections (UTIs) treated with 
antibiotics 

5 (10.6) 13(16.5) 35 (72.9)a 39(47.6) 

Urinary tract problems 2 (4.3) 3 (3.8) 6 (12.5) 9 (11.0) 
Either UTIs or urinary tract problems, or both 6 (12.8) 16 (20.3) 35 (72.9) 44 (53.7) 
Urinary tract complications interfering with 
normal social activities 

0 2 (2.5) 11 (22.9)b 3 (3.7) 

a p<0.01 compared to female control subjects 
b p<0.005 compared to female control subjects 

 
The most obvious finding was that the female diabetic patients reported more 
urinary tract infections treated with antibiotics throughout their lives, five of 
whom had severe diabetic complications, than did the controls (35/48 (72.9%) 
and 39/82 (47.6%), respectively; p<0.01). When the six female diabetic patients 
with severe complications were excluded, the difference between the groups was 
still significant (p<0.05). The question ”In general, has your urinary problem 
interfered with your normal social activity?” was answered in the affirmative by 
the female diabetic patients more often than by the controls (11/48 (22.9%) and 
3/82 (3.7%), respectively; p<0.005).  All six female patients with severe 
complications were in the group without such problems. The female diabetic 
patients used clamps to prevent wetting more often than did the controls (5/48 
(10.4%) vs 1/82 (1.2%); p<0.05), whereas the male diabetic patients had never 
used condoms to prevent wetting. None of the female patients using clamps had 
severe diabetic complications. 
 
Although there was a difference between female diabetic patients and control 
subjects in the answers to the question concerning urinary problems in general, 
no significant differences were found between the diabetic patients and the 
controls regarding difficulties in holding urine, bed-wetting or sleep 
disturbances because of urinary tract problems. Nor was there any difference 
between the groups regarding limitations to car-driving because of urinary tract 
problems, concerns about being too far from a toilet, or embarrassment at having 
to go there too often.  
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The female diabetic patients with HbA1c >9.0% had not had significantly more 
urinary tract complications, including treated urinary tract infections, than those 
with a lower HbA1c (10/14 (71.4%) and 25/34 (73.5%)).  
 
Paper IV 
The skinfolds were markedly thicker in the diabetic patients than in the control 
subjects, indicating increased total body fat % (Table 5). However, when 
measuring skinfold thicknesses, the observer noted that the diabetic patients had 
a qualitatively stiffer and less elastic subcutaneous tissue than the control 
subjects. DEXA revealed no significant difference regarding abdominal or total 
fat, but showed a significantly lower ratio between abdominal fat and total fat in 
the diabetic patients compared to the control subjects. This finding was entirely 
attributable to a difference in the male group and no difference was found 
between the female diabetic patients and controls (Table 6).  
 
Serum analysis showed a slightly higher testosterone concentration and a 
markedly increased concentration of SHBG, and consequently a significantly 
lower testosterone/SHBG ratio, among the male diabetic patients compared to 
the controls (42.5±8.7 and 55.7±12.7, respectively, p<0.005). No such 
difference was found in the female group. The IGF-I concentration was 
significantly lower in both male and female diabetic patients than in control 
subjects (112±31 and 167±47, respectively, p<0.005, and 126±31 and 197±59 
respectively, p<0.0001) whereas no differences in serum cortisol were found. 
Serum lipids, calcium and PTH did not differ significantly between diabetic 
patients and control subjects. 
 
Table 5. Skinfold measurements, body fat based on skinfold measurements, and waist/hip ratio 
 in the diabetic patients and controls in study IV 
 Diabetic  

males (n=18) 
Control  
males (n=18) 

Diabetic 
females (n=20) 

Control 
females (n=20) 

Biceps (mm) 8.0 ± 4.5  5.5 ± 1.7  16.1 ± 8.4a  10.8 ± 4.8  

Triceps (mm) 16.3 ± 9.5b 9.9 ± 2.8  25.1 ± 7.2a  19.6 ± 6.5 

Scapula (mm) 20.2 ± 11.2a  13.2 ± 4.2  23.5 ± 8.2b  15.6 ± 5.8  

Abdomen (mm) 15.1 ± 10.5  9.3 ± 4.6  18.0 ± 7.6a 12.7 ± 5.6  

Body fat based on 
skinfold measurements 
(%)  

23.7 ± 6.5a 19.4 ± 4.7 35.7 ± 5.3a 31.4 ± 5.1 

Waist/hip ratio 0.90 ± 0.07 0.91 ± 0.04 0.90 ± 0.15 0.82 ± 0.06 

 
Diabetic patients vs sex-matched controls: a p < 0.05, b p < 0.01. 
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Table 6. Dual energy X-ray absorptiometry (DEXA) measurements of body fat composition and  
bone mineral density (BMD) in the diabetic patients and controls in study IV 
 Diabetic  

males (n=18) 
Control  
males (n=18) 

Diabetic 
females (n=20)

Control 
females (n=20) 

Total fat 
(kg) 

16.7±9.9 14.8±5.9 25.1±8.5 22.8±8.7 

Body fat by DEXA (%) 19.6±8.3 18.5±5.7 34.6±7.9 32.7±7.3 

Abdominal fat (kg) 1.1±0.8 1.2±0.6 1.3±0.6 1.3±0.6 

Abdominal fat/ 
total fat  

0.064 ± 0.011a 
 

0.082 ± 0.017  0.052 ± 0.008 0.054 ± 0.010  

BMD neck (g/cm2) 0.929 ± 0.185 0.986 ± 0.133 0.983 ± 0.116 1.003 ± 0.137 
 

Z-score neck 
(SD) 

-0.7 ±  1.4 -0.3± 1.0 0.1± 0.9 0.3± 1.0 

BMD  
total femur 
(g/cm2) 

1.039± 0.187 1.094± 0.149 1.060± 0.123 1.066± 0.140 

Z-score 
total femur 
(SD) 

-0.2± 1.5 0.3±1.1 0.4± 1.0 0.6± 1.0 

BMD spine 
(g/cm2) 

1.155 ± 0.194b 1.209 ± 0.158 1.288 ± 0.112 1.230 ± 0.106 

Z-score spine 
(SD) 

-0.7± 1.6c -0.2± 1.3 0.6± 0.9 0.2± 0.7 

 
Diabetic patients vs sex-matched controls: a p <0.01. 
Male diabetic vs female diabetic patients: b p <0.05; c p<0.01 
 
In the female diabetic patients, the daily dosage of insulin correlated 
significantly to the amount of abdominal fat (r = 0.50; p < 0.05), total fat mass (r 
= 0.58; p < 0.01) and total fat mass/body weight ratio (r = 0.51; p < 0.05).  No 
such correlations were observed in male diabetic patients. There was also a 
significant correlation between the total serum cholesterol level and abdominal 
fat in male diabetic patients (r = 0.63, p < 0.005).  There was no relationship 
between HbA1c and total body fat or abdominal fat in either female or male 
diabetic patients. 
There were no significant differences in BMD between the diabetic patients and 
the control subjects. Subdivision according to gender did not reveal any 
significant difference either between males or females. The BMD in the spine 
was significantly higher in female than in male diabetic patients (p < 0.05), but 
in control subjects no such gender difference was observed (Table 6). In 
addition, there was a significant negative correlation between duration of 
diabetes and lumbar BMD in men (p < 0.05) and between femoral neck BMD as 
measured in both absolute values and Z-score in women (both p<0.05), but there 
was no correlation between BMD and age in either diabetic female or male 
patients. 
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Paper V 
 
Clinical characteristics of  the diabetic patients and the control subjects of study 
V are given in Table 7.  
 
Table 7. Clinical characteristics of the diabetic patients (n=18)  
and controls (n=18) in study V 

 Diabetic patients Control subjects 

Age (years) 17.3±0.8 17.3±0.6 

Height (cm) 166 ± 7 170 ± 6 

Weight (kg) 72.6 ± 8.4 65.8 ± 12.5 

BMI (kg/m2) 26.3 ± 2.6a 23.6 ± 3.8 

Duration of diabetes 
(years) 

9.3 ± 3.2  

HbA1c (%) 8.0 ± 1.1  

Daily insulin dosage 
(U) 

76.8 ± 26.7  

Daily insulin dosage 
(U/kg) 

1.1 ± 0.3  

a p<0.05 

BMI = body mass index 
 
BMI was significantly higher in the diabetic females than in the controls (Table 
7). The skinfold measurement values, the proportion of body fat as calculated 
from skinfolds, and the subscapular/triceps ratio were also significantly higher 
in the diabetic females than in the controls (Table 8). There were no differences 
in waist and hip circumference or in the waist/hip ratio between the two groups 
(Table 8).  
 
The total fat mass and the proportion of body fat as measured by DEXA were 
both significantly higher in the diabetic females than in the controls. The 
amounts of arm and torso fat were significantly higher in the diabetic patients, 
whereas the amounts of abdominal and leg fat did not differ significantly 
between the patients and the controls. The amount of lean body mass was the 
same in the two groups. The ratio of abdominal fat to total fat and the 
abdominal-to-leg fat ratio showed no significant differences between the two 
groups. BMD was also similar in the diabetic patients and controls (Table 9).  
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Table 8. Skinfold measurements, body fat based on sum of skinfold measurements, 
 waist and hip circumferences and waist/hip ratio in the diabetic patients 
 (n=18) and controls (n=18) in study V 

 Diabetic patients Control subjects

Biceps (mm) 14.7 ± 4.7 a 10.0 ± 3.2  

Triceps (mm) 27.0 ±5.1 a 20.2 ± 6.6  

Subscapular (mm) 29.0 ± 11.8 a  16.4 ± 8.0  

Supra-iliac (mm) 24.2 ± 8.7 a 16.3 ± 7.3  

Subscapula/triceps 1.05±0.30 b 0.80±0.21 

Sum of skinfold 
measurements (mm) 

94.9±27.2 c 62.8±22.3 

Body fat by skinfold 
measurements (%) 

40.2±8.9 a 29.1±8.1 

Waist circumference 

(cm) 

83.4±10.1 77.4±9.7 

Hip circumference 

(cm) 

102.3±5.1 98.5±9.3 

Waist/hip ratio 0.81 ± 0.08 0.79 ± 0.05 

a p<0.005; b p<0.05; c p<0.001 
 
Table 9. Body fat and regional fat distribution based on dual energy 
X-ray absorptiometry (DEXA) measurements in the diabetic patients  
(n=18) and controls(n=18) in study V 

 Diabetic patients Control subjects

Total fat based on DEXA (kg) 27.2±6.5 a 21.9±8.8 

Per cent body fat based on 
DEXA  

37.1±5.5 a 32.1±7.7 

Abdominal fat based on 
DEXA (kg) 

1.5±0.5 1.2±0.6 

Torso fat (kg) 13.0±3.6 a 10.2±4.6 

Arm fat (kg) 3.4±1.4 a 2.5±1.3 

Leg fat 

(kg) 

9.4±2.3 7.8±2.9 

Abdominal fat/ 

total fat (%) 

5.5±1.1 5.3±1.0 

Abdominal-to-leg fat ratio 0.165±0.052 0.149±0.050 

BMD femur  (g/cm2) 1.091 ± 0.099 1.098 ± 0.114 

BMD spine 

(g/cm2) 

1.212 ± 0.115 1.216 ± 0.130 

a p<0.05  BMD = bone mineral density 
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Body fat as evaluated by skinfold measurements showed, as expected, a strong 
correlation with that measured by DEXA. However, by using a Bland-Altman 
plot (208) it was demonstrated that the skinfold measurements overestimated the 
amount of body fat in diabetic patients, especially in those who had a high fat 
mass (Fig. 2).  
 
The IGF-I concentration was significantly lower in the diabetic patients than in 
the controls. The serum concentration of total cholesterol was significantly 
higher in the diabetic patients, whereas the concentrations of HDL- and LDL- 
cholesterol and triglycerides did not differ between the two groups. There were 
no significant differences regarding luteinising hormone (LH), testosterone or 
SHBG, but there was a tendency to a higher testosterone/SHBG ratio in the 
diabetic females (Table 10). 
 
Waist circumference and waist/hip ratio were correlated to HbA1c, as was the 
abdominal-to-leg fat ratio and the abdominal fat as assessed by DEXA. 
Furthermore, the daily dosage of insulin expressed per kilogram body weight 
was correlated to both HbA1c and the abdominal-to-leg fat ratio. 
 
Abdominal fat as assessed by DEXA was significantly correlated to both serum 
cholesterol and serum triglycerides in diabetic females. The abdominal-to-leg fat 
ratio was significantly correlated to both serum cholesterol and serum 
triglycerides in this group, whereas the correlation was only significant for 
triglycerides in the control subjects.  
 
The serum cholesterol and triglyceride concentrations were significantly 
correlated to HbA1c, whereas the serum triglyceride, but not cholesterol 
concentration, correlated significantly to the daily insulin dosage per kilogram 
body weight (Table 11).  
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Figure 2 a 
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Bland-Altman plot showing the association between the difference of estimated percentage 
body fat, and the mean percentage body fat of skinfold and DEXA measurements in patients 
with Type 1 diabetes. Mean and ± 2 SD for the difference are given in the figure. There was a 
positive correlation between the difference and the mean percentage body fat (r = 0.76; P < 
0.0001). The association is also described by the regression line (Y = -16.078 + 0.495 * X; 
R^2 = 0.58). 
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Figure 2 b 
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Bland-Altman plot showing the association between the difference of estimated percentage 
body fat, and the mean percentage body fat of skinfold and DEXA measurements in control 
subjects. Mean and ± 2 SD for the difference are given in the figure. There was no significant 
correlation between the difference and the mean percentage body fat. 
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Table 10. Hormone and lipid concentrations in the diabetic patients 
(n=18) and healthy controls (n=18) in study V 

 Diabetic patients Control subjects 

Testosterone 
(nmol/l) 

1.7 ± 1.2 

 

1.0 ± 0.6  

 

SHBG  

(nmol/l) 

72.1 ± 59.6 

 

84.8 ± 65.4  

 

Testosterone/ 

SHBG 

3.9 ± 4.0 

 

2.1 ± 1.8 

 

LH (IU/l) 4.5±2.8 4.1±5.2 

PTH (ng/l) 14.9±5.9 15.8±4.6 

Calcium (mmol/l) 1.23±0.04 1.18±0.03 

Cortisol (nmol/l) 724±312 740±342 

IGF-I (µg/l) 213±60 a 266±68 

Total cholesterol 

(mmol/l) 

4.8±1.1 a 4.3±0.7 

HDL cholesterol 

(mmol/l) 

1.5±0.3 1.4±0.3 

LDL cholesterol 

(mmol/l) 

2.6±1.0 2.3±0.7 

Triglycerides 

(mmol/l) 

1.4±1.0 1.1±0.5 

a p<0.05 

SHBG = sex hormone-binding globulin 

LH = luteinizing hormone 

PTH = parathyroid hormone 

HDL = high density lipoprotein 

LDL = low density lipoprotein 
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Table 11. Univariate relationships between body composition, HbA1c, blood lipids and dosage of insulin 
expressed as Pearson’s correlation coefficients in the diabetic patients (n=18) in study V 

 HbA1c Total cholesterol Triglycerides Insulin daily 
dosage/kg 

 r p r p r p r p 

Total cholesterol 0.50 <0.05       

Triglycerides 0.77 <0.0005       

Body mass index 0.25 n.s. 0.30 n.s. 0.28 n.s.   

Waist 
circumference 

0.51 <0.05 0.49 <0.05 0.46 n.s.   

Waist/hip ratio 0.60 <0.05 0.71 <0.005 0.62 <0.01   

Abdominal-to-leg 
fat ratio 

0.69 <0.005 0.60 <0.001 0.73 <0.01 0.78 <0.0005 

Abdominal fat 
based on DEXA 

0.58 <0.05 0.57 <0.05 0.51 <0.05 0.39 n.s. 

Insulin daily 
dosage/kg 

0.62 <0.01 0.38 n.s. 0.62 <0.01   
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DISCUSSION 
 
The present investigation represent two different types of population-based 
observational studies. Studies I-IV were performed in a prospective way on a 
historical cohort, whereas study V was a cross-sectional study. Both designs 
were made possible by the fact that the diabetic patients and their controls could 
be identified in the Swedish National Address Register or the Swedish Causes of 
Death Register, by virtue of the unique personal national registration number 
given to all residents in Sweden. Thus, loss to follow-up was minimised and 
restricted to those who had emigrated. 
 
 
Social conditions and late complications 
 
The results regarding social conditions are in contrast to those of other studies 
where the social maturation in diabetic patients has been reported to be 
significantly affected (62, 68), with a more dependent life-style, a lower 
frequency of married diabetic patients and more separation problems - with 
more diabetes patients than healthy controls still living with their parents. 
However, in the present study the mean age was higher and the mean disease 
duration longer, indicating that although social maturation might be delayed 
during adolescence, the effect does not persist into adulthood, which is in line 
with reports on normal or even better educational and professional careers (60, 
69) in patients with type 1 diabetes. Thus, type 1 diabetes does not seem to 
hamper the social situation in the long term. Furthermore, many diabetic patients 
may also have high ambitions concerning education and life as a whole and 
show that they can reach at least the same goals as non-diabetics. The observed 
differences in employment and social welfare were expected and, concerning the 
latter, related to the presence of severe late complications. The "confidence in 
the future" was almost as great in the diabetic patients as in the control subjects, 
In contrast to findings in patients with other chronic diseases influencing social 
life (161). A connection between diabetic complications and psycho-social 
health has been reported (68), but aside from different frequencies of need for 
welfare benefits, no differences between patients with and without severe 
complications were found in the present study. One possible explanation for the 
absence of striking social differences between the groups could be that some of 
the diabetic patients who had developed severe complications by the time of the 
study had not had such complications 10 or 15 years earlier, when involved in 
their education and plans for marriage.  
 
The mortality from hypoglycaemia was 1/12 (8.3%), which is in accordance 
with earlier reports (162), and showing that in modern diabetes management the 
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risk of severe hypoglycaemia has still to be considered. Furthermore, suicide has 
been found to be over-represented in diabetic patients (163). Uraemia was 
reported as the cause of death in five diabetic patients, but in recent studies a 
decline in the mortality rate in young patients with diabetes mellitus type 1 has 
been observed, both in groups with and without renal complications (21, 22, 23). 
Improved treatment has dramatically prevented the development of nephropathy 
in diabetic children (164), which may imply a better future prognosis for 
children with onset of diabetes in the last one or two decades.  
 
The increased prevalence of upper gastrointestinal symptoms could be due to 
disturbances of gastric motility, which are reported to be frequent in long-
standing diabetes (165). Variations in blood glucose concentrations have been 
shown to affect the gastric emptying rate, with an increased rate in insulin-
induced hypoglycaemia and a delayed rate in physiological postprandial 
hyperglycaemia (166, 167, 168, 169), changes which might explain some of the 
symptoms. However, previous studies have shown a poor correlation between 
disturbed oesophageal or gastric motility and gastrointestinal symptoms (85, 86, 
87, 88, 89, 90). Feedback from mechano- and chemo-receptors in the stomach 
and small intestine has been shown to be an important mechanism underlying 
symptoms in patients with functional dyspepsia (90), and it has also been 
demonstrated that the perception of gastric distention is increased in diabetic 
patients with gastrointestinal symptoms clamped at a normal blood glucose 
(170). Consequently, gastroparesis could be regarded as a marker of 
gastroduodenal motor abnormality rather than the cause of symptoms (171). 
 
In spite of the above considerations, the possibility cannot be excluded that poor 
glycaemic control, by affecting gastrointestinal motor function both acutely and 
through association with autonomic neuropathy, may contribute to the high 
frequency of symptoms in these patients. However, the findings indicate that 
delayed gastric emptying does not necessarily indicate the presence of diabetic 
complications, as the patients with more severe diabetic complications were not 
found to have a higher rate of gastrointestinal symtoms than those without 
severe complications. 
 
The frequency of symptoms from the lower gastrointestinal tract was similar in 
diabetic patients and control subjects. This makes it less likely that the finding of 
increased upper gastrointestinal symptoms in the diabetic patients was due to an 
observational bias resulting from their more frequent contacts with medical care, 
or an expression of  a person with a severe chronic disease paying more 
attention to intercurrent symptoms. 
 
The study group was young,  and included no elderly subjects, who often report 
constipation, and this might partly explain the differences between the present 
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results and those of other studies regarding lower gastrointestinal symptoms. 
Furthermore, the dietary recommendations of today favouring a diet richer in 
fibre could account for some of the differences between the present and earlier 
studies. 
 
Higher scores for depression and anxiety and lower general well-being in female 
than in male diabetic patients have been shown (172), and part of the 
explanation for the higher scores in gastrointestinal symptoms in diabetic 
females might thus be an expression of poorer mental health rather than of 
somatic illness. Also, eating disorders are reported to be more frequent in female 
diabetic patients (173), which could result in an awareness of gastrointestinal 
symptoms.  
 
Urine tests, including both glucose and ketones, and blood, leucocyte and nitrite 
analyses are often performed in diabetic patients at follow-up visits, and an 
increased incidence of asymptomatic bacteriuria in diabetic females has 
previously been reported, but the benefit of this screening is controversial (95, 
174, 175). Furthermore, a person with a severe chronic disease is probably more 
attentive to intercurrent symptoms than a healthy person. Consequently, the 
increased frequency of urinary tract infections treated with antibiotics could at 
least partly be explained by a detection bias. However, the absence of 
differences among men make these explanations less probable as the main 
reasons for the differences among women, and there is probably a multifactorial 
cause. The cause of the increased frequency of urinary tract problems and 
urinary tract infections treated with antibiotics in diabetic females could be due 
to poor metabolic control, but as there was no difference between the diabetic 
females with HbA1c >9.0% and ≤ 9.0% this is less likely, an assumption in 
accordance with previous reports (96, 99). Other explanations, such as 
autonomic neuropathy with ureteric reflux, seem to be more probable (99, 103). 
In the diabetic patients with severe complications the results concerning the 
frequency of urinary tract problems might be explained by the small number of 
subjects and the heterogeneity of severe complications reported.  
 
The answers given by the diabetic females to the questions about urinary tract 
problems and interference of such problems with normal social activities varied. 
The latter question, concerning effects on social activities, was possibly easier to 
understand and to answer. 
 
The present study was using a validated questionnaire originally designed for 
patients with benign prostatic hyperplasia and considered appropriate for the 
investigated population. However, with this type of questionnaire, certain 
questions remain unclear, since it gives no information about the presence of 
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residual urine, the bacteria responsible and the severity and location of the 
urinary tract infections. 
 
 
Body composition 
 
Overweight is usually more prevalent in adolescent (108, 109, 176) than in adult 
diabetic females, as was also found in the present study. Furthermore, there is a 
generally increased insulin resistance during puberty, which is more pronounced 
in diabetic girls, and this occurs in parallel with an increased body mass (115, 
116) and increased secretion of sex hormones and growth hormone (121). In the 
middle-aged diabetic women in the present study, there was only a tendency 
towards overweight, a finding which might be attributed to the amelioration of 
insulin resistance after puberty, which could be selective for the carbohydrate 
metabolism and would therefore decrease fat deposition in adulthood (119). 
Thus, overweight seems to be a transient phenomenon of adolescence in diabetic 
females (109).  
 
In non-diabetic adult subjects visceral obesity is associated with insulin 
resistance (130), and this has also been found in healthy adolescents (116, 131, 
177, 178) and in adolescents with type 1 diabetes (125). Furthermore, in patients 
with type 2 diabetes  abdominal fat accumulation is usually associated with 
insulin resistance and other hormonal disorders, such as hypercortisolism, 
impaired growth hormone secretion and lower testosterone concentrations in 
males and slightly elevated testosterone levels in females, compared to controls 
(179, 180). It is not clear, however, whether there are any relationships between 
insulin resistance, body composition and hormonal abnormalities in adult 
patients with type 1 diabetes, but an association between a low 
testosterone/SHBG ratio and abdominal fat does not seem to be present in 
diabetic men (181).  
 
In adult diabetic women the insulin requirement was related to the fat 
distribution, probably reflecting differences in insulin sensitivity between men 
and women. The reason for this gender difference in body composition and its 
relation to insulin dosage is unclear, but the sexual dimorphism regarding insulin 
sensitivity previously reported in diabetic adolescents (115) may be in line with 
the observed differences in body composition in the present studies.  
 
Regarding body composition in the female diabetic adolescents, and also the 
tendency to a higher testosterone/SHBG ratio, there are similarities to females 
with polycystic ovary syndrome, where upper body obesity is linked to insulin 
resistance (182, 183, 184, 185, 187), and this syndrome has an increased 
prevalence in diabetic girls (186). In addition, genetic factors, a sedentary life-
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style, stress and dietary habits may all contribute to the tendency to abdominal 
fat accumulation. 
 
Previous studies of diabetic boys and girls have shown divergent results 
concerning the association between HbA1c and BMI (109, 112, 119). It is 
reasonable to speculate, however, that the development of particularly 
abdominal obesity in female adolescents is a risk factor that will negatively 
influence the insulin treatment and the possibility of achieving good metabolic 
control. 
 
The significantly lower levels of IGF-I in the middle-aged diabetic patients 
compared to controls are in line with the characteristically low IGF-I production 
and increased secretion of growth hormone in diabetic adolescents (126). 
 
In diabetic adolescents an adverse lipid profile has been found to correlate to 
HbA1c (188, 189, 190), and lipolysis is reported to be increased in insulin 
deficiency and resistance, although reports on this issue are contradictory (119, 
191). As a consequence serum free fatty acids and glycerol would increase and 
this, in turn, might impair glucose metabolism and insulin sensitivity via the 
Randle cycle. Serum triglycerides were highly correlated to HbA1c and also to 
the abdominal-to-leg fat ratio, possibly reflecting the effect of abdominal fat 
accumulation on lipid turnover. Unfavourable dietary habits, physical inactivity 
(190), central adiposity (192) and genetic factors (188) are all associated with an 
increase in serum lipids. 
  
In non-diabetic subjects, body fat as estimated by measurement of skinfold 
thicknesses usually corresponds well with that as measured by DEXA (193). 
The reason for the discrepancy between skinfold measurements in diabetic 
patients and healthy controls is unclear. There was, however, a subjective 
impression of a stiffer subcutaneous tissue, mainly in patients with long-
standing diabetes, which may be due to glycation of connective tissue 
components such as collagen (194). This finding indicates that skinfold 
measurements are inadequate in diabetic subjects for evaluation of body fat.  
Furthermore, it is possible that this subcutaneous stiffness is an early 
consequence of type 1 diabetes, preceding other types of long-term effects, in 
accordance with earlier findings of  reduced joint mobility (195). 
 
Concerning bone mineral density, the present results are in accordance with 
those of Lunt et al, who studied a group of diabetic adults with long-standing  
type 1 diabetes (138). Other studies have shown reduced bone mineral density, 
associated with an abnormality in the calcium-vitamin D axis (140) or with 
imbalance in the components of the IGF system (135). The observed correlation 
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between diabetes duration and bone mineral density indicates that the former 
variable might influence the latter (141, 144, 145).  
 
The higher bone mineral density in the spine of diabetic women may be a 
consequence of the common overweight during adolescence (196). The elevated 
GH concentrations found in diabetic adolescent girls (126) might lead to local 
stimulation of IGF-I in bone, even with concomitantly low serum IGF-I 
concentrations. 
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SUMMARY AND GENERAL  CONCLUSIONS 
 
In the young adult patients with type 1 diabetes mellitus since childhood, in 
comparison with matched controls: 
 

• In comparison with matched controls only minor differences were found 
concerning education, occupation, housing conditions and civil state, 
whereas the mortality and frequency of welfare benefits were 
substantially increased in the diabetic patients. The results indicate that 
type 1 diabetes mellitus affects social development to only a limited 
extent, in the absence of severe late complications. 

 
• In the female diabetic patients there was an increased frequency of  

gastrointestinal symptoms, and this was associated with poor glyaemic 
control, but not with severe late complications, indicating that there are 
underlying factors other than or additional to autonomic neuropathy. 

 
• Compared to the controls, the female diabetic patients showed an 

increased frequency of antibiotic-treated urinary tract infections, 
irrespective of glycaemic control, and also increased interference of 
urinary tract problems with normal social activities, and a greater need to 
prevent wetting. The results indicate that women, who generally are more 
susceptible to urinary tract infections than men, are more affected than 
men by long-standing type 1 diabetes mellitus, and severe late 
complications may be contributory. 

 
• Long-standing diabetes had minor effects on body composition, 

consisting of a tendency to a reduced abdominal fat mass in diabetic 
males and a relationship between insulin dosage and fat mass in diabetic 
females. Compared to the controls, no difference was observed regarding 
bone mineral density, but this might be influenced by the duration of 
diabetes.  

 
In the adolescent postmenarcheal females with type 1 diabetes mellitus since 
childhood: 
 

• The overweight found in the diabetic patients was shown to consist of an 
increased fat mass that was concentrated to the upper part of the body. 
The increased fat mass in the abdominal region might influence the 
insulin treatment and have a deleterious effect on HbA1c.  
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Body composition in the two cohorts:  
  

• Overweight seems to be a transient phenomenon of adolescence in female 
diabetic patients.  

 
• The fat distribution seems to be incorrectly evaluated by skinfold 

measurements in both young adult patients and in adolescent females with 
type 1 diabetes mellitus since childhood, and should instead be measured 
by methods such as DEXA or CT scan. 
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