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Abstract
Type 2 diabetes is a significant health problem because of its high prevalence and strong associa-
tion with cardiovascular morbidity and mortality. An increase of type 2 diabetes is predicted due 
to increasing obesity and sedentary lifestyle habits. The development from latent to diagnostic 
disease spans many years and during this time it is possible to prevent or postpone type 2 diabetes 
using lifestyle and pharmacological interventions. 

The objective of this thesis is to investigate and describe early patterns and risk indicators of 
type 2 diabetes. The focus is on type 2 diabetes as one component in metabolic syndrome, i.e. 
the clustering of several cardiovascular risk markers. 

Two studies based on the Västerbotten Intervention Programme (VIP) provided the data; 
one case-referent study nested within VIP which includes 237 diabetes cases that were clinically 
diagnosed 5.4 years after the health survey, each with two referents; and one panel study with 5 
consecutive annual cohorts including subjects that participated in VIP between1990 and 1994 
and returned to a follow-up after 10 years, a total of 16 492 individuals. Associations between risk 
markers and type 2 diabetes or metabolic syndrome are evaluated by several statistical techniques. 
A model of metabolic syndrome is hypothesized.

A prediction model for developing type 2 diabetes among middle-aged individuals is proposed, 
where high risk is defined as having at least two out of three risk criteria (fasting plasma glucose 
≥6.1 mmol/L, HbA1c ≥4.7% (Swedish Mono-S standard) and BMI ≥27 in men and BMI ≥30 
in women). With positive predictive values of 32% in men and 46% in women, this model 
performs at least as well as other published prediction models. Information on family history 
of diabetes does not improve the result and the cumbersome oral glucose tolerance test is not 
needed. Therefore this model should be feasible for use in routine care. 

A model of metabolic syndrome with five composite factors, based on 14 variables including 
markers produced by adipose tissue and b-cells, suggest that obesity with insulin resistance and 
b-cell decompensation are the core perturbations in the early stages of type 2 diabetes, while 
inflammation and dyslipidemia could not be shown to be independent early risk indicators. The 
composite factors do not improve the prediction as compared to the single markers of fasting 
glucose, BMI and proinsulin and, possibly blood pressure values.

Stress (measured as passive or tense working conditions) and weak social support (measured 
as emotional support), are suggested to be strong risk indicators along with high BMI for type 2 
diabetes in women. In men BMI is predictive, but the stress variables are not shown to be associ-
ated with future type 2 diabetes. A social gap is indicated by double risk of metabolic syndrome 
among subjects with low (≤ 9 years at school) compared to high education (≥ 13 years). High 
consumption of Swedish smokeless tobacco, snuff (>4 cans/week), is independently associated with 
metabolic syndrome, obesity and hypertriglyceridemia, but not with dysregulation of glucose.

To conclude, single markers, that are commonly used in daily practice, are useful and suf-
ficient for identification of subjects that are in the early stages of type 2 diabetes. Obesity with 
insulin resistance and ß-cell decompensation are the core perturbations in early development 
to T2DM. Lifestyle, socioeconomic and psychosocial markers, in addition to biomarkers, are 
important determinants of future type 2 diabetes and metabolic syndrome, albeit not similarly 
among men and women. 
Key words: Type 2 diabetes mellitus, metabolic syndrome, risk, obesity, lifestyle, psychosocial, clinical 
markers, case-referent study, cohort study, prediction, stress, social support, smokeless tobacco.
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Summary in Swedish – Sammanfattning på svenska
Typ 2 diabetes (T2DM) är ett stort folkhälsoproblem, dels pga av sin vanlighet, T2DM beräknas 
förekomma hos ca 7% i den svenska befolkningen (figur 2), och dels pga det starka sambandet 
med hjärt- och kärlsjukdomar. Ökande fetma och mer stillasittande livsstil beräknas medföra att 
även T2DM kommer att öka. Utvecklingen från tysta förstadier till fullt utvecklad diabetes tar 
många år (figur 1), och under den tiden finns möjligt att fördröja eller helt förebygga sjukdomen 
genom livsstilsförändring eller farmakologisk behandling.

Avhandlingens övergripande syfte är att undersöka och beskriva tidiga mönster och riskmarkörer 
för T2DM med fokus på T2DM som en del av det metabola syndromet. Metabola syndromet 
innebär att en individ samtidigt har flera riskmarkörer för hjärt- och kärlsjukdom, och dit räknas 
vanligen fetma, högt blodtryck, höga blodfetter och blodsockerstörningar. 

Alla data i avhandlingen kommer från Västerbottens Hälsoundersökningar (VHU). Två studier 
ingår; dels en fall-kontroll studie med 237 personer som fick diagnosen T2DM i medeltal 5.4 år 
efter hälsoundersökningen i VHU, och för varje fall 2 kontroller som var friska avseende diabetes; 
dels en panelstudie med 5 kohorter, sammanlagt 16 492 personer, som har undersökts 2 gånger 
inom VHU med 10 års mellanrum, först 1990–1994 sedan 2000–2004. Sambanden mellan å ena 
sidan biologiska markörer, sociala bestämningsfaktorer och levnadsvanor och å andra sidan risk 
för framtida T2DM eller metabola syndromet undersöks med hjälp av flera statistiska metoder. 
En hypotetisk modell av metabola syndromet föreslås.

En modell för identifiering av medelålders individer som har hög risk att få typ 2 diabetes 
föreslås. Hög risk definieras som att en person samtidigt har minst två av följande tre kriterier: 
fastande blodsocker ≥ 6.1mmol/L, HbA1c≥4.7% samt BMI≥27 för män och BMI≥30 för kvin-
nor. Med positivt prediktivt värde 32% för män och 46% för kvinnor är denna modell minst lika 
effektiv som andra publicerade prediktionsmodeller. Den förbättras ej om kännedom om ärftlig 
belastning för diabetes får ingå som ett av de tre riskkriterierna. En fördel är att det för individen 
besvärliga samt resurskrävande sockertoleranstestet inte behöver göras. Därför föreslås denna 
modell som en rutinmetod för identifiering av individer som har stor risk för framtida T2DM.

En modell av metabola syndromet med fem komplexa faktorer, baserade på 14 markörer, 
inklusive några molekyler producerade i fettceller eller i betaceller i bukspottkörteln, föreslås. 
Modellen visar att fetma som åtföljs av insulin resistens och sviktande betacellsfunktion är de 
centrala störningarna under de tidiga stadierna av T2DM. Inflammation och störda blodfetter 
visade inga säkra samband med den tidiga diabetesutvecklingen. För att fastställa risk för diabe-
tesutveckling fungerade de komplexa faktorerna inte bättre än de enkla markörerna fasteblod-
socker, BMI och proinsulin. 

Stress, mätt som passiv eller spänd arbetssituation (figur 17), och svagt emotionellt stöd, 
verkar vara starka riskfaktorer, jämte högt BMI, bland kvinnor. Bland män är BMI en klar risk 
markör för T2DM, däremot verkar inte dessa stresssituationer vara det. En social klyfta avseende 
hälsa påvisas då personer med högst grundskoleutbildning hade fördubblad risk för metabola 
syndromet jämfört med personer med utbildning högre än gymnasienivå. Hög snuskonsumtion 
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(över 4 dosor/vecka) visade samband med ökad risk att efter 10 år ha metabola syndromet, fetma 
och förhöjda triglycerider (ett blodfett).

Sammanfattningsvis visar avhandlingen att 1) enkla markörer som rutinmässigt utförs kan 
användas för att hitta personer som har hög risk för framtida T2DM. 2) Fetma med insulinresistens 
och sviktande beta-cellsfunktion är de centrala tidiga störningarna av T2DM. 3) Levnadsvanor 
och psykosociala faktorer är liksom biologiska faktorer viktiga markörer för framtida T2DM och 
metabolt syndrom, men inte på samma sätt för män och kvinnor.
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Abbreviations
ADA American Diabetes Association
CHD Coronary heart disease
CVD Cardiovascular disease
DM Diabetes Mellitus, FPG ≥7mmol/L and/or 2hPG ≥12.2 mmol/L (capillary plasma)
FG Fasting Glucose
FPG Fasting plasma glucose
FFA free fatty acids = NEFA non-esterified fatty acids
2hPG 2-hour plasma glucose in OGTT
HbA1c Haemoblobin A1c. Glycated haemoglobin
HDL High-density lipoprotein cholesterol
HPA axis hypothalamic-pituitary-adrenal axis
IFG Impaired Fasting Glycemia; WHO definition FPG 6.1–6.9 mmol/L, 
	 ADA definition FPG 5.6–6.9 mmol/L.
IGT Impaired Glucose Tolerance, FPG < 7mmol/L and 2hPG 8.9–12.1 mmol/L.
IL-6 Interleukin 6
OGTT Oral glucose tolerance test
KDM Known diabetes mellitus, i.e. previously diagnosed
MetSy Metabolic Syndrome
MI Myocardial infarction
MONICA Multinational Monitoring of Trends and Determinants in Cardiovascular Disease
NDM Newly diagnosed diabetes mellitus
NGT Normal Glucose Tolerance, FPG <7 mmol/L and 2hPG < 8.9 mmol/L (capillary plasma)
NPV Negative predictive value
OR Odds ratio
PPV Positive predictive value
ROC Receiver operating characteristic (statistical method)
SNS Sympathic nervous system
T2DM Type 2 diabetes mellitus
TG Triglycerides
TNF- Tumour necrosis factor-
TRIM Tidiga Risk Markörer för typ 2 duabetes mellitus
VHU Västerbottens Hälsoundersökningar =VIP 
VIP Västerbotten Intervention Programme =VHU
WHO World Health Organisation
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Prologue
Previously it was said that a person “had only a touch of diabetes of the aged”, meaning a condition 
of little consequence for the subject’s well-being and life expectancy or for their need for health 
care. Today however, this standpoint has been completely reassessed. Type 2 diabetes is known to 
be a severe disease affecting an increasing number of people, from the adolescence to advanced 
ages, with severe and widespread complications, mainly caused by vascular damage and eventu-
ally leading to disability and premature death. Therefore, society and the health-care system are 
facing large expectations and demand for health care efforts to tackle type 2 diabetes. Moreover, 
type 2 diabetes is now considered to be a preventable condition, generating further expectations 
on the health-care system to detect subjects at risk and to provide preventive methods.

An incident – could it have been predicted?
One day a 56-year-old woman came to Böleäng Health Care Centre during her lunch break. 
She complained of discomfort in her chest and, as she was in a hurry, she just wanted to be given 
advice for what she supposed was gastritis and then wanted to get back to her job as quickly as 
possible. An ECG was done and showed changes indicating myocardial infarction. She was referred 
to the Department of Cardiology at the hospital. When the ambulance had left, her history was 
reviewed. The woman had participated in a health survey 6 years previously and at that time she 
was overweight, but not obese, she smoked, she had impaired glucose tolerance and her mother 
had suffered from myocardial infarction. Appropriate advice about lifestyle changes had been 
given and it had been recommended that she come back after 6 months for a follow-up. The 
next time she returned, however, was with a myocardial infarction. The inevitable reflection was 
about what could have been predicted and could the infarction have been prevented? 
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Background

Diabetes mellitus

Etiological classification and clinical stages

Hyperglycemia, the characteristic sign of diabetes mellitus, can occur in different clinical situations. 
The current diagnostic limits as defined in 1998 by the World Health Organisation (WHO)1 are 
shown in table 1. At that point in time the diagnostic limit for diabetes (fasting plasma glucose) 
was changed from 7.8 mmol/L to 7.0 mmol/L. For clinical purposes the diagnosis of diabetes 
requires confirmation by repeated tests on another day unless there are obvious symptoms of 
hyperglycemia and random capillary plasma glucose is ≥12.2 mmol/L (venous plasma ≥11.1 
mmol/L). For epidemiological or population screening purposes, the fasting or 2-hour value at 
an Oral Glucose Tolerance Test (OGTT) can be used alone.

Table 1. Diagnostic limits for diabetes mellitus and other categories of hyperglycemia according 
to 1998 WHO definition*

Glucose concentration, mmol/L

Plasma Whole blood
Capillary Venous Capillary Venous

Diabetes Mellitus
 fasting ≥7.0 ≥7.0 ≥6.1 ≥6.1
 and/or 2-hour plasma glucose ≥12.2 ≥11.1 ≥11.1 ≥10.0 

Impaired Glucose Tolerance
 fasting* <7.0 <7.0 <6.1 <6.1
 and 2-hour plasma glucose 8.9–12.1 7.8–11.0 7,8–11,0 6.7–9.9

Impaired Fasting Glucose**
 fasting 6.1–6.9 6.1–6.9 5.6–6.0 5.6–6.0
 (and 2-hour plasma glucose)*** (<8.9) (<7.8) (<7.8) (<6.7)

* Previously the fasting limit for diabetes was ≥7.8 and ≥7.0 for plasma and whole blood, respectively. **The interme-
diate group Impaired Fasting Glucose (IFG) was introduced by the American Diabetes Association (ADA) in 1997 and 
in 2004 ADA changed the definition to fasting plasma glucose 5.6–6.9 mmol/L or fasting whole blood glucose 5.1–6.0 
mmol/L. *** if measured

The current diabetes classification encompasses both etiological classes and clinical stages. Type 
1 diabetes is caused by destruction of pancreatic b-cells, predominantly by an autoimmune 
process, and insulin treatment is needed for survival. The cause of type 2 diabetes (T2DM) is, as 
yet, not fully known, but is predominantly described as the result of interacting complex genetic 
and environmental factors leading to both a defective insulin action, i.e. insulin resistance in 
peripheral tissues and defective insulin production from the b-cells. The pathophysiological proc-
ess causes chronic hyperglycemia and disturbances of fat, carbohydrate and protein metabolism 
and is frequently accompanied by obesity, hypertension and dysglycemia. The clustering of these 
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major cardiovascular risk factors is labelled the metabolic syndrome. In addition there are other 
etiologically specific types of diabetes and gestational hyperglycemia and diabetes. 

This thesis does not discuss type 1 diabetes, other specific types and gestational diabetes 
further.

The development of type 2 diabetes mellitus is known to proceed over many years2 with 
gradual decompensation from normal glucose homeostasis to overt diabetes mellitus, illustrated 
in fig 1. Two asymptomatic prediabetic stages can be identified: Impaired Fasting Glucose (IFG) 
and Impaired Glucose Tolerance (IGT), both with varying degrees of insulin resistance with 
accompanying compensatory increased insulin production followed by b-cell insufficiency and 
falling insulin levels3–5. IGT was introduced in 1979 and defined by WHO in 19806. IFG was 
introduced by ADA in 1997 and was defined by WHO in 19991. In 2004, ADA suggested 
changing the lower limit from 6.1mmol/L to 5.6mmol/L7. This new wider IFG-definition has 
not been accepted by WHO1.

The difference between the diagnostic limits for diabetes and for the two prediabetic condi-
tions is a matter of principle. The cut-offs for diabetes are mainly based on the risk of diabetic 
retinopathy and permit an equally large group to be defined by the FPG and the 2HPG values. 
The definitions of IGT and IFG are more arbitrary and the result of consensus on which level 
is “normal”. In most populations IGT is more prevalent than IFG. They overlap only to a very 
small extent8, i.e. few people have both IGT and IFG, indicating that the two categories define 
different phenotypes. IGT is in most populations more prevalent among women and rises with 
age. IFG is more common among men and plateaus in middle age5. The new IFG-definition was 
created by ADA to 1) allow IFG to diagnose an equally large group as IGT, 2) to have similar 
sensitivity and specificity, as compared to IGT for the prediction of diabetes and 3) to increase 
the proportion of individuals with IGT who can be identified by a FPG test. The decision on the 
new cut-off point for IFG was based on curves from Receiver Operating Characteristic analyses 
(ROC) from four populations9.

Both fasting and 2-hour glucose values, measured as continuous variables are curvelinearly 
correlated to the development of diabetes10. They are also correlated to CVD, although 2HPG 
is more strongly associated with future CVD than is fasting glucose5. The association between 
FPG and CVD seem to be J-shaped11, alternatively only apparent on FPG levels >7mmol/L5. 
For IFG and IGT it is concluded that the co-occurrence of IFG and IGT implies the strongest 
risk for the development of diabetes. Some studies show that isolated IFG and IGT are similarly 
predictive for T2DM5,12. However, there may be discrepancies between populations and ethnic-
ity and IFG has been shown to have stronger predictive power in some studies10,13, while other 
studies show IGT to have stronger predicitive ability14–16,17,18. It is noteworthy that a substantial 
proportion of new diabetes cases, well over a third in most studies running over 5 years, have 
normal glucose regulation at baseline. The longer the time between baseline and follow-up, the 
larger this normoglycemic proportion. It is suggested that IGT is more strongly associated with 
CVD as compared to IFG5,11. 
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Figure 1. Preclinical and clinical stages of type 2 diabetes. 

* MI Myocardial Infarction, ERD End stage Renal Disease.

	
There is no clear distinction between IFG and IGT from a pathophysiologic perspective. IFG is 
suggested to be mainly characterized by insulin resistance in the liver leading to increased basal 
glucose output and by insufficient basal insulin production from the pancreas to control glucose 
levels in the fasting state. IGT is characterized by defective insulin action in peripheral tissues, 
mainly in the muscles, leading to defective glucose uptake, and also in the liver with defective 
control of hepatic glucose output, as well as defective insulin secretion after carbohydrate absorp-
tion5. T2DM, IFG and IGT are associated with other cardiovascular risk factors and are com-
ponents of the metabolic syndrome19–21. When the diagnostic limits for diabetes are exceeded, 
on one hand the subjects may still be asymptomatic for long periods, and on the other hand, the 
progress of atherosclerosis may already be advanced. Therefore, in clinical practice a diagnosis 
of T2DM is often confirmed unexpectedly. The development from normal glucose regulation, 
over the prediabetic states to overt type 2 diabetes and the shift from asymptomatic stages to 
macro- and microvascular complications is outlined in figure 1. Globally, diabetes is estimated 
to be the fifth leading cause of death and in individuals with diabetes aged 35–64 years and > 
64 years are 59% and 29% of all deaths, respectively, estimated to be attributable to diabetes22. 
One Swedish study showed a 4–6 times higher relative risk for stroke or myocardial infarction 
in diabetic subjects compared to non-diabetic23, another that the mortality risk is almost four 
times higher than expected, when compared to the background population24. A large study from 
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U.S. showed that the life expectancy is 8 years shorter for diabetic compared to non-diabetic 
adults aged 55–64 years25. 

Epidemiology of type 2 diabetes			 

Though type 2 diabetes is a non-communicable disease, a global epidemic is predicted by WHO26, 
with an estimated average increase in the prevalence of diabetes for all age groups from 2.8% in 
2000 to 5.8% in 2030 and the total number of subjects with diabetes increasing from 171 mil-
lion to 336 million. The greatest relative and absolute increase will be in developing countries. 
These estimates used epidemiological models based on demographic changes, available incidence 
studies and are based on the assumptions that the age-specific prevalence is constant and that 
other risk factors are stable (obesity prevalence, physical activity, urbanization). Hence, they are 
conservative and could be regarded as estimates minimum expected prevalence. However, the 
prevalence does not add information on the reasons for the diabetes epidemic, nor is it useful as 
an outcome measure for evaluation of how the health-care system deals with diabetes. Besides 
demographic factors, the prevalence is also the result of other factors e.g. the incidence, im-
proved treatment resulting in longer survival in patients with diabetes (reduced mortality), the 
ratio between diagnosed and undiagnosed diabetes cases and age of onset of diabetes27. There 
are currently no overall surveillance systems, neither in developed nor in developing countries, 
for monitoring incidence or age-specific prevalence of diabetes and the question of whether the 
diabetes incidence is increasing or not, cannot be conclusively answered28. 

The diabetes epidemic is one aspect of the emerging epidemiologic transition of diseases, with 
a shift from infectious diseases and nutritional deficiencies to chronic degenerative diseases of 
CVD, diabetes and cancers29. The genetic predisposition is regarded as an prerequisite for the 
development of type 2 diabetes, is thought to be stable over time but markedly different between 
various ethnic groups and dependent on a complex pattern of several involved genes30. The main 
driving forces of the diabetes epidemic are profound changes of socioeconomic conditions and 
lifestyles, besides demographic changes with growing and aging populations. These changes 
follow industrialization and urbanization and lead to increasing obesity and physical inactivity. 
All these factors are highly variable between populations, not only between countries, but also 
between regions and population groups within countries. 

The International Diabetes Federation (IDF) publish estimates of crude prevalence of diabe-
tes for 2003 for ages 20–79 years from a great number of countries based on published studies 
and contacts with IDF-member organisations31 (figure 2). The varying prevalence illustrate the 
dynamic changes in diabetes epidemiology, that are part of the epidemiologic transition. 

Mauritius is an illustrative example of changing patterns of diabetes epidemiology in progress. 
The government was concerned by the increasing prevalence of non-communicable diseases, and 
therefore launched a preventive programme addressing these diseases in 1987. The programme, 
included a basal population-based cross-sectional study in 1987 followed by repeated follow-up 
studies in 1992 and 1998. This renders the possibility to estimate both prevalence and incidence 
rates, and it is reported that the overall incidence rate for diabetes (standardized to the 1992–98 
cohort) was high, with a slight increase between the periods: 20.6/1000 person years 1987–1992 
compared to 24.5/1000 person years 1992–199817. However, there was a gender difference as 
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the incidence rates were almost the same in men, 24.5% and 25.4%, respectively, but t increased 
from16.4% to 23.3% in women, thus demonstrating a “catch-up” among Mauritanian women. 
There were also high conversion rates from prediabetes, IFG and IGT, to diabetes (38% and 
46% respectively) during the 11-year period. The prevalence rates for diabetes also increased in 
all ethnic groups from 12.8% in 1987, to 15.2% in 1992 and 17.9% in 1998 (age- and sex-ad-
justed to the 1992 population)32. Mauritius is a multi-ethnic nation and these patterns may be 
expected in other rapidly modernising African and Asian populations33. 

Figure 2. Some examples of diabetes prevalence from the IDF-atlas.

The DECODE study (Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in 
Europe) reported prevalence from 11 separate studies in Europe ranging from 2 %, in women 
aged 36–77 years in Goodinge, England, to 24 % in men 44–46 years in Glostrup, Denmark. In 
cross-sectional analyses the diabetes prevalence in Europe increased by 83% in men and 100% in 
women per 10-year increase in age and by 12% in men and 10% in women per 1 kg/m² increase 
in BMI. The DECODE study concluded that differences in age and BMI could partly explain 
differences between countries in prevalence of impaired glucose regulation and diabetes, but that 
there must also be other explanatory factors, such as genetics, lifestyle habits and methodology34. 
A population-based cross-sectional study 1999–2001 in Augsburg, Germany, which used the 
same methodology as the former WHO-MONICA Augsburg project, reported that 40% of the 
population aged 55–74 years had disturbed glucose tolerance and that 50% of the total cases of 
diabetes were undiagnosed35. A noteworthy review of over 18 studies on immigrants in North 
West Europe found high prevalence rates of type 2 diabetes among Turkish and Moroccan im-
migrants compared to the indigenous population36.
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In Sweden, the National Board of Health and Welfare is responsible for the official statistics 
on causes of deaths and in-patient care diagnoses. However, the majority of patients with type 
2 diabetes receive primary health-care and there are currently no official pooled statistics for 
primary care diagnosis, albeit a National Diabetes Registry (NDR) is underway. The cause-of-
deaths statistics do not reflect the true amount of deaths attributable to diabetes since physicians, 
according to the instructions in the death certificate, select complications to diabetes as the primary 
cause of death, e.g. acute myocardial infarction or stroke, rather than the underlying disease, 
e.g. type 2 diabetes37. Therefore the true overall incidence and prevalence of type 2 diabetes in 
Swedish adults are unknown, but several epidemiological reports are available. These are not fully 
comparable, however, because of variations in screening methods and population characteristics. 
In addition, WHO changed the diabetes criteria in 1998, decreasing the fasting glucose limit 
from 7.8 to 7.1 mmol/L capillary plasma. From the municipality Kinda, the diabetes prevalence 
was reported to be 3.3% in 1987 (standardized to the Swedish population)38. Two cohorts of 
50-year-old men were studied in Gothenburg in 1963 and 1973, respectively, and were followed 
until 198039. The diabetes prevalence at age 50 in men born in 1913 was 1.5% and in men born 
in 1923, it was 3.7%, suggesting increased prevalence among men 50 years of age. A contempo-
raneous study from a rural primary-care setting in Laxå showed that the overall incidence rates 
were fairly stable, but the prevalence showed an increasing trend that was mainly attributed to 
an active case-finding strategy leading to diagnosis at an earlier age40. Similarly, the Skaraborg 
Diabetes Registry also reported a yearly increase of 6% of the crude prevalence but unchanged 
incidence rates from 1992 to 199624. By contrast, the Northern Sweden MONICA Project that 
was conducted in four independent 25–64 aged cohorts found that the crude, as well as the age- 
and sex-standardized, prevalence of known (2.5%) and previously undiagnosed (2.7%) diabetes 
were largely unchanged over a 13-year observation period from 1986 to 199941. During the same 
period, obesity increased significantly, however with a more distal distribution (less central over 
the abdomen, more over the hip-region), which might explain why the diabetes prevalence was 
stable23. The prevalence is also reported to vary between ethnic groups in Sweden42,43.

In conclusion, there is high and/or increasing prevalence of diabetes in most countries. By 
contrast, the reported prevalence from different Swedish studies is remarkably stable, and consid-
erably lower than most other westernized countries, but there are conflicting results on whether 
the prevalence rate is changing. At the same time, socioeconomic conditions and lifestyle habits 
are changing profoundly and this might influence the patterns of diabetes and other non-com-
municable diseases23,44.
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Insulin resistance

Blood glucose is normally delicately balanced within a narrow range between 4 and 7 mmol/L as 
a result of carbohydrate uptake from ingested food in the intestine, production in the liver and 
uptake and utilisation as storage or energy in the muscles, adipose tissue and other tissues (figure3). 
The brain is predominantly dependent on glucose for its metabolism and function, and is con-
sidered to be not dependent on insulin for its glucose uptake. Other tissues can change between 
energy supplies, and insulin is a central hormone regulating the metabolism of carbohydrate, 
protein and fat. Very low plasma glucose values are counteracted by the hormone glucagon, that 
is produced in the a-cells in the pancreas and stimulates glucose release from the liver.

The main actions of insulin in the homeostasis of glucose lead to decreasing glucose levels 
and they are: 1) to inhibit the breakdown of stored carbohydrates, glycogen, to glucose and to 
inhibit the output of glucose from the liver; 2) to stimulate the uptake and storage of glucose 
and its use for energy production in the muscles and, to a lesser degree, fat tissue (figure 3). In 
turn, increasing plasma glucose levels induce increased insulin production and secretion from 
the b-cells in the pancreas. Increased insulin levels can be used as a surrogate measure of insulin 
resistance. In consequence, the concept of insulin resistance implies reduced insulin effect and 
hence increasing glucose levels in a fasting state and after meals due to increased hepatic glucose 
output and decreased uptake and utilisation of glucose in muscles and adipose tissue. 

Insulin also stimulates the storage of fat, carbohydrate and protein in liver, muscles and fat tis-
sue and inhibits their breakdown, i.e. lipolysis, glycogenolysis and proteinolysis. Therefore insulin 
resistance also leads to dyslipidemia. Even if insulin-mediated glucose-uptake is largely dominated 
by muscle (up to 80%) the adipose tissue strongly influences metabolism beyond glucose-uptake 
and, in genetically predisposed individuals, obesity contributes to insulin resistance. The adipose 
tissue produces numerous hormones and mediates many signals and is considered to be an active 
endocrine organ45, and not merely a passive fat store. 

Obesity is associated with increased turnover of free fatty acids (FFA, the same as non-esteri-
fied fatty acids, NEFA) related to the enlarged fat mass, but the release to plasma is normally 
counteracted and balanced by insulin. However, in individuals genetically-predisposed to insulin 
resistance, irrespective of obesity the lipolysis and FFA-release from fat tissue increase, in turn 
resulting in abnormally high levels of plasma FFAs. Increased FFAs are thought to be crucial 
for the development of peripheral insulin resistance as a result of intracellular accumulation of 
triglycerides and fat-derived metabolites in muscle and the liver46,47. The effect is impairment 
of insulin action, primarily via reduced glucose uptake in muscle, leading to reduced glycogen 
synthesis and glucose oxidation, and also increased glucose output from the liver. FFA also affects 
glucose-induced insulin secretion from the pancreas. The insulin secretion is acutely stimulated, 
however in genetically-predisposed individuals, plasma FFAs cannot sufficiently balance con-
comitant insulin resistance in the long term46. Progressive b-cell apoptosis also contributes to 
the b-cell decompensation with resultant hyperglycemia. 

The fat cells also produce a number of hormones and signal substances, adipokines, that have 
in complex interplay widespread effects on metabolism and energy expenditure45. Leptin levels 
are correlated to BMI and to insulin resistance48–50. Leptin has a major role in energy balance. 
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Acting via the central nervous system it inhibits food intake and modulates insulin action in 
the liver through neuroendocrine pathways. Leptin also suppresses insulin action in muscle, as 
well as insulin secretion, while insulin in a feed-back loop stimulates leptin production – the 
adipo-insular axis51. Several inflammatory markers, e.g. interleukin-6 (IL-6) and tumour necrosis 
factor-a(TNF-a) are also derived from adipose tissue and have been suggested to contribute to 
insulin resistance in the liver and in skeletal muscle. IL-6, produced not only in fat cells but also 
in a variety of other cells, also increases hepatic glucose production and the production of pro-
coagulant molecules from the liver. Adiponectin, exclusively produced in fat cells, is negatively 
associated with obesity, metabolic syndrome features and insulin resistance and seems to enhance 
insulin action through increased fatty-acid oxidation and decreased hepatic glucose output52. 

Exercise mediates regulation of gene expression in muscle cells. Thus, physical activity modu-
lates insulin signalling and reduces insulin resistance through increased glucose transport and 
glycogen synthesis after muscular exercise53,54. However, this effect has a limited duration of up 
to 2 days.

Figure 3. Interplay between tissues in the regulation of glucose metabolism. Adipoinsular axis 
and influence of stress are not indicated.

Stress may evoke profound physiologic and metabolic effects. In short, stress may lead to activa-
tion of two principal and closely interrelated adaptation systems: the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic nervous system (SNS)55. Activation of the HPA axis 



19

Background

leads to an increase of plasma cortisol, which contributes to hypertension, visceral obesity, insulin 
resistance in adipose and muscle cells and increased hepatic glucose metabolism contributing to 
dyslipidemia, i.e. the whole metabolic syndrome. Cortisol affects protein synthesis and activates 
lipolysis leading to increased levels of FFA and accumulation of triglycerides in adipocytes, 
particularly intra-abdominal. Moreover, cortisol suppresses glucose uptake and the expression 
of insulin-signalling proteins in visceral but not subcutaneous adipocytes56. Recently, it has also 
been shown that glucocorticoids increase isoprenalin-stimulated lipolysis in subcutaneous adi-
pose tissue, but not in omental adipose tissue, in women but not in men57, which might partly 
explain different vulnerability for stressors between sexes. In contrast, visceral adipose tissue is 
more sensitive to cortisol effects on glucose uptake and lipid accumulation, i.e. less responsive to 
insulin’s anti-lipolytic effect, in both sexes58. Activation of SNS, together with neuro-endocrine 
pathways, contributes to hypertension and increased vascular resistance.

Stress may be of physiological or psychological origin. Stressors are those environmental aspects 
of life that threaten an individual’s well-being or existence and therefore encompass activation of 
vital adaptive systems, including HPA-axis and SNS, the “fight and flight reactions”. Physiologic 
stressors, e.g. trauma or starvation, are most extensively studied in both animal models and humans. 
Psychologic stressors are more complex and include a wide spectrum of adverse social and work 
related factors as well as life events, such as the death of a relative55. The results of psychological 
stressors are highly individual and dependent on the individual’s coping capacity.

The Metabolic Syndrome

Figure 4. Original article by Eskil Kylin on 
metabolic syndrome, published in 1923. 
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Definitions 

The observation that several major cardiovascular risk factors occur simultaneously more fre-
quently than could be expected by chance alone, was made 85 years ago by the Swedish physician 
Eskil Kylin (figure 4)59. However, this did not receive much attention until Reaven described 
Syndrome X in 1988 and postulated that insulin resistance is the unifying mechanism60. The 
metabolic syndrome (MetSy) is characterized by multiple associations and complex feed-back 
systems between its components and the different definitions are all variations on the same theme 
with varying limits and constellations of the central components of the syndrome, i.e. obesity, 
hyperglycemia, hypertension and dyslipidemia. It has also been suggested to include markers of 
fibrinolysis61, endothelial dysfunction62 , inflammation63 and several mediators synthesized and 
secreted by adipose tissue45. In recent years several definitions have been proposed (table 2)1,64–66. 
The latest definition was presented in April 2005 by the International Diabetes Federation67. 
WHO and NCEP/ATP III definitions seem to be the most widely used, however. The WHO 
and EGIR criteria are both suited as research tools as they assume measurements of insulin re-
sistance (hyperinsulinemic euglycemic clamp) or fasting insulin, respectively. The NCEP/ATP 
III and IDF definitions are applicable to clinical practice and some criteria are the same in both 
definitions. However, central obesity is a prerequisite according to IDF and the cut-off values 
for waist circumference and fasting glucose are comparably low. According to NCEP/ATP III, 
the metabolic syndrome can solely be diagnosed on the basis of blood pressure and blood lipids, 
without using derangement of body composition or dysregulation of glucose haemostasis. 

MetSy is currently questioned because the criteria are ambiguous or incomplete, and in 
particular because one common underlying pathophysiologic cause has not been clearly eluci-
dated. No specific treatment is available that targets the syndrome beyond the usual treatments 
of its individual components, nor is it more predictive than its components as calculated by 
algorithms68,69. However, the concept of the metabolic syndrome is epidemiologically justified 
by its association with cardiovascular disease (CVD)70,71 and diabetes19,20,72,73. Furthermore, 
from a clinical perspective it is relevant, since it facilitates focusing on individuals eligible for 
multifactorial risk-factor interventions74.



21

Background

Table 2. Four definitions of metabolic syndrome.

WHO criteria 1999
World Health Organisation

NCEP/ATP III criteria 2005
The National Cholesterol Education Program’s 

Adult Treatment Panel III report

Impaired glucose regulation identified by 1 of the  

following:

•	 Type 2 diabetes

•	 Impaired fasting glucose

•	 Impaired glucose tolerance

•	 Lowest quartile glucose uptake under  

	 hyperinsulinemic hyperglycaemic conditions

Plus any 2 of the following:

•	 Blood pressure ≥140/90 and/or anti- 

	 hypertensive medication

•	 Triglycerides ≥1.7 mmol/L and/or 

•	 HDL-cholesterol <0.9 mmol/L in men, 

	 <1.0 mmol/L in women

•	 BMI>30 and/or waist/hip ratio >0.9 in men, 

	 >0.85 in women

•	 Urinary albumin ≥20 μg/min or albumin/ 

	 creatinin ratio ≥30 mg/g

•	 Described but not necessary: hyperuricemia,  

	 coagulation disorders, raised PAI.1, etc.

Any 3 of the following:

•	 Blood pressure ≥130/85 or antihypertensive  

	 medication

•	 Triglycerides ≥1.7 mmol/L or drug treatment

•	 HDL-cholesterol <0.9 mmol/L in men, 

	 <1.1 mmol/L in women or drug treatment

•	 Waist circumference ≥102 cm in men, ≥88 cm  

	 in women (Asian Americans ≥90 in men and ≥80  

	 in women)

•	 Fasting plasma glucose ≥5.6 mmol/L

EGIR criteria 2002
European Group for the study of Insulin  

Resistance

IDF criteria 2005
International Diabetes Federation

Fasting hyperinsulinemia (top 25% of non- 

diabetic population)

Plus 2 or more of the following:

•	 Blood pressure ≥140/90 and/or anti- 

	 hypertensive medication

•	 Dyslipidemia: Triglycerides >2 mmol/L and/or  

	 HDL-cholesterol <1.0 mmol/L and/or  

	 medication for dyslipidemia

•	 Central obesity: Waist circumference ≥94 cm  

	 for men and ≥80cm for women

•	 Fasting plasma glucose ≥6.1 mmol/L or  

	 fasting whole blood ≥5.6 mmol/L 

Central obesity, ethnicity specific. Europids ≥94 cm 

for men and ≥80 cm for women. If Body Mass Index 

≥30 kg/m², central obesity can be assumed and waist 

circumference does not need to be measured.

Plus any 2 of the following:

•	 Blood pressure ≥130/85 and/or antihypertensive  

	 medication

•	 Triglycerides ≥1.7 mmol/L and/or specific treatment  

	 for this lipid abnormality

•	 HDL-cholesterol <1.0 mmol/L in men and  

	 <1.3 mmol/L in women and/or specific treatment for  

	 this lipid abnormality

•	 Fasting plasma glucose ≥5.6 mmol/L or previously  

	 diagnosed type 2 diabetes. If FPG >5.6, OGTT is  

	 strongly recommended (In clinical practice is  

	 Impaired Glucose Tolerance also acceptable Reports  

	 of prevalence should use only FPG and previously  

	 diagnosed diabetes) 



Background

22

Epidemiology of the metabolic syndrome 

When the occurrence of the metabolic syndrome is discussed, it is necessary to consider not 
only methodology and population chracteristics, but also which definition is being used. From 
NHANES in USA it was reported that the age-adjusted prevalence (standardized to the civilian 
non-institutionalized US population) using NCEP/ATP III-criteria was 24.1% in 1988–1994, 
increasing with ages from 6.7% in 20–29-year-old subjects to 43.5% among thosed aged 60–69 
years, and thereafter with a slight decrease in older ages75. The overall prevalence increased to 
27.0% by 1999–200076. Among subjects with a family history of diabetes in the Botnia study 
from Finland and Sweden, applying the WHO definition, the prevalence of the metabolic syn-
drome increased with deteriorating glucose tolerance; 10% of men and 15% of women with 
normal glucose tolerance had the metabolic syndrome; 42% and 64%, respectively, among those 
with IFG or/and IGT; and 78% and 84%, respectively, among those with type 2 diabetes with a 
markedly increased cardiovascular morbidity (threefold) and mortality (12% vs. 2 %, p<0.001) 
among subjects with the metabolic syndrome70. In Sweden, one study from Stockholm reported 
that 19% of the men and 13% of the women (all 60 years old) fulfilled the EGIR-criteria77.	

Prevention of Diabetes

A shift in the paradigm? To grab the possibility whenever there is .
an opportunity

In 1980 the Swedish Nestor of diabetes research in primary care, Bengt Schersten and colleagues, 
showed that IGT was highly associated with the risk of progression to type 2 diabetes and that 
diet regulation, combined with tolbutamid medication, could delay or prevent this progression78. 
It was not until 1997, however, that the Oslo Diet and Exercise study showed that a one-year diet 
intervention, with or without increased physical activity, could reduce insulin resistance79. Also 
in 1997, the Da Qing IGT and Diabetes Study was published, showing that diet and exercise 
over a 6-year period could decrease the progression from IGT to type 2 diabetes116. In 1998, 
another pioneering Swedish study was published, showing reduced mortality in subjects with 
IGT after 12 years of lifestyle interventions80. The Diabetes Prevention Study (DPS) in Finland81 
and the Diabetes Prevention Program (DPP) in USA82, both convincingly showed that lifestyle 
intervention can postpone or delay the progression to type 2 diabetes in obese subjects with 
prediabetes. Importantly, in the Finnish study the lifestyle changes sustained and the decreased 
diabetes incidence remained during three years follow-up after the intervention, that lasted in four 
years83. The American study demonstrated that metformin could also prevent diabetes, however, 
metformin was less effective than lifestyle intervention. Another drug, Acarbose, given to subjects 
with IGT was also shown to prevent the development of type 2 diabetes84, hypertension and 
cardiovascular events85, however these findings have been questioned from methodological per-
spectives86,87. Treatment with troglitazon (a small study of Hispanic women only)88 and orlistat89 
also have demonstrated pharmacological preventive effects. Recently, a multicenter study with 
5269 study-subjects reported that rosiglitazon together with lifestyle recommendations reduced 
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the risk of diabetes by 60% compared to placebo over three years, i.e. similar to the results with 
intensive lifestyle intervention in DPP and DPS.

 In summary: The evidence that type 2 diabetes is a preventable disease is overwhelming and 
lifestyle modification, compared to pharmacological intervention, has the potential to be more 
effective for the prevention of type 2 diabetes Furthermore, this type of intervention has the 
advantage that monitoring by physicians is not needed and there are practically no side effects.

The increasing number of diabetes patients should encourage the health-care systems and the 
societies, to enhance efforts to prevent type 2 diabetes. Indeed, in addition to the above-mentioned 
Swedish studies, some comprehensive community-based programmes are ongoing in Sweden. 
The Stockholm Diabetes Prevention Programme90is a community-based intervention focusing 
on the whole adult population in three municipalities and including a baseline cross-sectional 
health survey of a sub-sample of the population, that was performed between 1992 and 1994. 
The selection of the study sample was based on known family history of diabetes and a follow-
up study after 10 years was planned91. In the county of Kalmar there is a project addressing the 
metabolic syndrome and each health-care centre designs their own specific programme92. In the 
county of Västerbotten, the Västerbotten Intervention Programme (VIP) has been running since 
1985, addressing cardiovascular diseases and diabetes and combining a low-risk strategy at the 
population level and a high-risk strategy directed to high-risk subjects (for more details se the 
Materials’ section below). 

The identification of subjects at high risk for future development of type 2 diabetes, how-
ever, was based on the oral glucose tolerance test (OGTT) in the above mentioned intervention 
studies. OGTT is a method that is seldom used even for the diagnosis of diabetes, because it 
is inconvenient for the subject, as overnight-fasting is needed and adverse reactions might be 
experienced. It is time-consuming and is resource-demanding for the provider. Therefore, in 
daily practice, OGTT is not very likely to be used as a method to identify subjects at high risk 
of future type 2 diabetes. The need for alternative methods was met by several studies addressing 
easier methods for the prediction of future type 2 diabetes (table 5). Our study contributes to 
such research efforts.
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Aims

The overall aim of this thesis is to describe early patterns and risk markers of type 2 diabetes. 
This knowledge is intended to be useful for the development of methods within primary 
care for early identification of subjects at high risk of type 2 diabetes and hereby contribute 
to possibilities to reduce the burden of diabetes and cardiovascular disease in the population.  
  
Specific aims 
 
–	To define a model that is useful in clinical practice for prediction of the development of type 

2 diabetes. 
–	To evaluate biomarkers for better understanding of the perturbations that are central in the 

early stages during the development of type 2 diabetes and also to evaluate early risk markers 
of type 2 diabetes in the context of metabolic syndrome. 

–	To analyse some social determinants and lifestyle habits to facilitate understanding of how 
these factors interplay with biologic factors and modulate the development of type 2 diabetes 
and metabolic syndrome. 
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Materials and Design

Västerbotten Intervention Programme, VIP

The Västerbotten Intervention Program (VIP, Västerbottens Hälsoundersökningar, VHU) has 
been running since 1985. In the early 1980s the awareness among scientists, health-care providers 
and politicians grew, as well as among medical professionals and the public, that the mortality 
in the county in general and in the municipality of Norsjö particularly, was higher as compared 
to the rest of Sweden. Therefore, in 1984 the county council decided to do something about 
it93. “The Norsjö Project” was the departure, a pilot project, that in addition to using a distinct 
population approach, including a series of activities in the local community, also developed an 
individual approach. The concept of this individual approach was to establish a base arena within 
primary care, where a dialogue between the individual and a specially trained district nurse would 
lead to assessment of a health profile based on results from a health survey, and counselling re-
garding lifestyle habits to promote better health. More intense interventions were intended for 
subjects at high risk of CVD or diabetes, e.g. consultation with a physician and pharmacological 
intervention94. The programme was gradually implemented throughout the county from 1987, 
and since 1991 the entire middle-aged population has been covered. The activities were initially 
characterized as a project and the health surveys could be omitted in periods of sparse resources. 
Therefore, in order to give priority to these preventive efforts, the county council decided to 
integrate VIP into primary care in 1995, as one part among others, in daily activities. 

The health surveys in VIP also accumulate health data at the population level and brings 
information to the participants on their personal CVD and diabetes risk indicators.

Hypertension, hypercholesterolemia, diabetes and smoking habits have been a focus for health 
counselling from the start and, since 2003, metabolic syndrome has also been included.

Measurements and procedures

The individual approach is based on the yearly invitation addressed to all subjects in Västerbot-
ten when they are 30, 40, 50 and 60 years of age to participate in a health survey at their local 
primary-care centre. Since 1995, those of 30 years of age have been omitted because of economic 
restrictions and low attendance rates among this group (except in a few municipalities). The 
participants come to the survey after an overnight fast and the following biological measurements 
are taken: height and weight in light clothing are measured and BMI (kg/m²) is estimated; blood 
pressure is measured once with a mercury sphygmomanometer after 5 minutes of rest with the 
subject in a supine position. An oral glucose tolerance test (OGTT) following WHO standards1 
is done with 75 g oral glucose load. Subjects with previously-known diabetes mellitus (KDM) 
or with fasting glucose exceeding the lower limit for diabetes diagnosis do not undergo OGTT. 
S-cholesterol and S-triglycerides are measured by a Reflotron bench-top analyzer. Depending on 
the result of these measurements, extra blood sampling is carried out for a more detailed analysis 
of blood lipids which is sent to the Department of Clinical Chemistry at the local hospital. The 
participants are also asked to donate extra blood samples for research to be stored at -80ºC in 
the Medical Biobank, Umeå University Hospital.
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Participants answer a comprehensive questionnaire on civil status and living conditions, educa-
tional level, occupation and working conditions, previously-diagnosed hypertension, myocardial 
infarction (MI) or diabetes (KDM), perceived health and on-going medications, family history 
of MI, stroke or diabetes. Social network and emotional support are mapped by a reliable and 
valid abbreviated Swedish version of the Interview Schedule for Social Interaction95. Questions 
on stress in the working environment are described by the Karasek demand/control model96, 
which has been tested for consistency and reliability among the Swedish population97. Work 
stress is encoded into psychological demands and decision latitude at work, and is dichotomized 
and combined into four groups: relaxed, active, passive and tense working conditions. For more 
details regarding the social interaction and work stress variables see paper III. Furthermore, there 
are detailed questions on physical activity at work and in leisure time, on tobacco use (smoking 
and the use of Swedish moist snuff, ‘snus’) and on food and beverage intake. Alcohol problems 
are evaluated by the four CAGE questions (Cut down, Annoyance, Guilt, Eye-opener)98. After 
year 2000, questions on quality of life (including SF 36) and sleeping habits have been added, 
as have in 2005, extended questions on alcohol consumption (AUDIT)99.

Each health survey concludes with information about the results of the examination and the 
questionnaire being fed back to the participant. Taking the individuals possibilities and prefer-
ences into account, counselling is provided. A dialogue, based on the concept of motivational 
interviewing, between the participant and the health personnel is taking place aiming at reduc-
tion of the risk of future CVD and diabetes. Specific educational activities are held yearly for the 
staff with regard to scientific achievements, pedagogic approaches and development on how the 
motivational dialogue can be applied. 

Dialogue, follow-up visits and referrals follow a detailed VIP-manual that has been revised 
several times in line with new scientific findings. Subjects with newly-diagnosed diabetes (NDM), 
hypertension or familial hypercholesterolemia and, since 2003, also metabolic syndrome are 
referred to the family doctor for further assessment and, if necessary, pharmacological or other 
interventions. For subjects with obesity, impaired glucose tolerance and, since 2003 impaired 
fasting glucose or moderately increased blood lipids, the need for lifestyle modifications are 
specifically underlined. These participants are also to some extent invited to return visits for 
follw-up examinations. 

In the late 1990s, two evaluation studies carried out by two general practitioners working in 
primary care in Umeå, independently found that the responsibility for follow-up of participants 
with impaired glucose tolerance lay with the participants themselves, and in practice follow-up 
did not exist100,101. Only subjects with other diagnosis, e.g. hypertension or angina pectoris, in 
addition to IGT were continuously monitored. The remaining IGT subjects were lost to follow-up 
and no specific intervention were carried out. This disappointing result led to a thorough revision 
of the manual in 2003 and the metabolic syndrome was integrated into VIP to constitute a tool 
for the identification of individuals with a high risk of diabetes and CVD, characterized by several 
concomitant risk indicators, and with the overall aim of carrying out multifactorial risk-factor 
interventions. One of these evaluations became the point of departure for this thesis.



27

MATERIALS AND DESIGN

The number of individuals with diabetes attending primary care 
in Umeå – One output from the computerized patient records in 
Västerbotten.
	
Work as a general practitioner in primary care in Västerbotten is probably similar to general 
practice work in other locations. However, there is perhaps one obvious disparity, and that is the 
number of subjects who after taking part in a VIP health survey, consult their doctor with newly 
diagnosed diabetes, hypertension, hypercholesterolemia or (since 2003) metabolic syndrome. 
A doctor may also in many other situations include results from a previously performed health 
survey when discussing steps towards improved health with patients. Since 1993 patient records 
have been computerized. All family physicians in Umeå and the surrounding municipalities 
(n=78 in 1999, statistics obtained from the county council) are linked to the same data system 
for patient records, except one private family physician. In the beginning, each health centre had 
its own database, but at the beginning of 2000, all primary-care centres were connected to one 
pooled database, known as the “basin”, which is managed by the county council. Unfortunately, 
the systems have not been used for regular monitoring of diagnoses at the level of primary-care 
centres, and little is known as to what extent diabetes patients (or patients with hypertension etc.) 
are “recruited” through VIP or as a result of routine care. In order to get some indication of the 
number of diabetes patients receiving primary care in Umeå and the surrounding municipalities, 
a request was sent to the administration office for the “basin”. The one private general practitioner 
who is not connected to this database has 1.6% of the population on his list of patients. Hence 
the number of missing primary care patients is negligible. The number of subjects with diabetes 
diagnosis attending primary care in Umeå at least once each specific year is demonstrated in figure 
5: In 1995 there were 2156 subjects, 3611 in 2000 and 4761 in 2005.

On January 1st 1999 the diagnostic criteria for diabetes in Sweden were revised according to 
a WHO consultation102 and the lower limit for diabetes was changed from 6,7 mmol/L to 6.1 
mmol/L (capillary whole blood). This was estimated to result in a 7–8% increase of the diabetes 
prevalence103. There seem to be a small increase in 2000 which may have been due to the new 
criteria and earlier diagnosis. However, the bars rather demonstrate a rather smooth increase in 
prevalence over time.

During the period 1995–2005, the total population increased from 135,233 in 1995, to 
136,783 in 2000 and 142,011 in 2005104. Thus, the crude prevalence of subjects with diabetes 
attending primary care at least once during each specific year increased from 1.6% in 1995, 
to 2.6% after five years and up to 3.4% ten years later, and the absolute number increased by 
slightly more than 100%. 
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Figure 5. Bars are number of subjects (men and women) with diabetes diagnosis attending 
Umeå primary care at least once each specific year, scale on the left y-axis. The three asterisks 
indicate the crude prevalence (%) of subjects with diabetes attending primary care in Umeå with 
surrounding municipalities 1995, 2000 and 2005, scale on the right y-axis.

The case-referent study nested within VIP, papers I, II and III

The basic concept and design for the case-referent study nested within VIP105–107 was initially 
discussed in 1999. 

The idea was to explore the health survey, including both the physical examination and the 
questionnaire, and the stored blood samples in The Medical Bio Bank to describe patterns that 
distinguish subjects who later developed type 2 diabetes from those that remained free from the 
disease.

In an incident nested case-referent study, similar to a prospective cohort study, information 
about exposures that are relevant for the outcome, are collected for both cases and referents before 
the disease is diagnosed and the two groups are compared. The cases and referents are recruited 
from the same population based cohort. All cases with the outcome of interest in the population 
under study, are incorporated into the study consecutively as they are diagnosed, i.e. all incident 
cases within the cohort. The referents are randomly selected from the study base, which is the 
population-based cohort. Matching may be done for exposures that are considered to be con-
founders, however matching also precludes the possibility to evaluate the matching variables as 
risk indicators. The study base in the case-referent study was developed in the following way:

Step I: To identify all subjects with type 2 diabetes attending primary care and the hospital in Umeå 
and the surrounding municipalities. 
A list of all subjects with diabetes diagnosis, according to ICD-9 (numbers 250A-X) and ICD-
10 (numbers E10,11,13,14), attending Umeå primary care between 1993 and 31st 2001 was 
generated from the data base of computerized patient records in February 2001. A total of 4304 
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subjects were identified and recruited to the study. Subjects with both type 1 and type 2 diabetes 
diagnosis (from different occasions) were assumed to have type 2 diabetes. The rationale for this 
assumption was based on the observation that patients with type 2 diabetes who receive insu-
lin-treatment are often misclassified as having type 1 diabetes, and the overall consensus that 
all type 1 diabetes patients in this area would be attending hospital care and could be identified 
from cross-checking with hospital records. From the diagnosis registers of 1994–2000 from the 
departments of Internal Medicine and Cardiology at Umeå University Hospital, a file with 3337 
in-patients and 2923 out-patients was identified. These three sources were merged, resulting in 
6743 subjects with diagnosis of diabetes. Those with exclusive type 1 diabetes diagnosis from the 
hospital clinics (n=651) and 4 subjects with temporary personal number were excluded. The result 
was a register with 6088 subjects, each with a diagnosis of type 2 diabetes mellitus (figure 6). 
 

Figure 6. Subjects with type 2 diabetes in Umeå with surrounding municipalities. 

Step 2: To identify subjects in Umeå that participated in VIP. 
There were 33,336 health surveys carried out between 1989 and 2000 in Umeå. All subjects 
with KDM, i.e. those who answered yes to the question ‘Do you have diabetes?’, and those with 
newly diagnosed diabetes (NDM), i.e. with fasting glucose ≥ 7.0 mmol/L or 2-hour glucose ≥ 
12.2 mmol/L (capillary plasma) at the OGTT, (n= 1038) were excluded. In addition, those who 
had not answered the question or had incomplete data on OGTT (n= 3562) were excluded. 
Thus, a register of 28,737 subjects who did not have diabetes at the time of their first health 
survey was produced (figure 7).

	

Figure 7. Subjects in Umeå that participated in VIP.

Step 3: Record linkage of the data sources from step 1 and 2. 
Record linkage was carried out in the Mars 2001 and resulted in 277 cases with diabetes mellitus 
diagnosed after the health survey (figure 8). At the same time, two referents for each case were 
randomly selected from the same cohort of 28,737 subjects without diabetes diagnosis at the time 
of the health survey. The referents were matched for sex, age and year of health survey. 
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Figure 8. Record linkage of the data sources

Step 4: Verification of the type 2 diabetes diagnosis according to WHO consultation102 for the cases.
 This was done by reading and checking the patient records, computerized and going back to 
1989 also not computerized records. This task was carried out during the rest of 2001 for all 
cases that were attending primary care and the remaining cases (n=14), who had been attending 
hospital care only. This verification process identified 8 subjects with type 1 diabetes (5 attend-
ing primary care for other reasons), 2 with gestational diabetes only, 6 with secondary diabetes, 
e.g. pancreatic disease, and for 2 subjects whose records were not available. 22 subjects did not 
meet the diabetes criteria at all. Thus, we ended up with 237 cases in the case-referent study, 
all of whom were free from diabetes diagnosis when they were examined in VIP, but were later 
diagnosed with type 2 diabetes (figure 9). One referent was excluded because of data error and 
thus 473 referents with data from the health survey were included.

Figure 9. Verification of the type 2 diabetes diagnosis.
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Step 5: Further exclusion was carried out before analysis of stored blood samples.
Thirty-four cases had not donated any blood sample and one case was excluded as both referents 
were excluded. 25 samples of plasma were prioritized to other studies (leaving 177 cases available 
for this study) (figure 10). 21 samples of erytrocytes were prioritized to other studies and 17 were 
reserved for DNA-extraction (leaving 164 cases available for this study). Referents were excluded 
consequently or as a result of priority to other studies or lack of blood samples: 137 for samples 
of plasma and 169 for erytrocytes, leaving 336 referents for plasma measurements and 304 for 
analysis of erytrocytes (HbA1c). The database was closed on 18 April 2002. 

Figure 10. Further exclusion before analysis of stored blood samples

Step 6: To decide what chemical analyses needed to be performed on the frozen blood samples. 
Chemical analysis initially focused on markers of glycemic control, insulin resistance, lipids, 
fibrinolysis, inflammation and adipose tissue related markers. For details on the analyses that 
were carried out on stored blood plasma and erytrocytes, see paper I and II. Figure 11 summarizes 
the variables currently analysed, evaluated and available for future analyses in the case-referent 
study.
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Figure 11. Biomarkers, psychosocial and lifestyle risk indicators of type 2 diabetes mellitus. Com-
monly-used clinical markers in bold.

The Panel-study, Paper IV

The design of VIP is to invite all citizens in the county aged between 30 and 60 years to partici-
pate in a health survey every 10 years. This implies, that out of the total number of subjects that 
have participated in VIP (n=78,960 by the end of 2005), a large proportion has been examined 
twice (n=20,536), and in the case of Norsjö even three times. A substantial proportion of each 
early cohort return after 10 years for a follow-up examination. We utilized this design feature for 
the study of associations between socioeconomic conditions, life-style habits and the metabolic 
syndrome and its separate components. Five consecutive cross-sections 1990–1994 (panels) were 
included. The associations between exposures at baseline and the outcome, metabolic syndrome 
at follow up in 2000–2004, were evaluated. Figure 12 outlines the design of the studies in the 
thesis and the links between VIP, the “Basin”, the case-referent and the panel studies.
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Figure 12. Studies in the thesis 

Statistical methods

Characteristics and risk indicators at baseline for cases and referents in the case-referent study 
and at baseline and follow-up for subjects in the panel study were presented as mean values and 
standard deviations or frequencies. Differences between continuous and categorical variables 
were tested with t-tests and ²-tests, respectively. Variables with skewed distribution were log 
transformed. 

Metabolic syndrome is characterized by a complex interplay between its components, among 
them type 2 diabetes, and associated changeable background indicators, in general denominated 
as risk factors. Therefore associations and interactions between risk indicators and the outcome, 
i.e. type 2 diabetes for the case-referent study and the metabolic syndrome for the cohort study, 
were evaluated with various statistical procedures and techniques. Here are some comments on 
the statistical methods applied (for more details see papers I–IV).

Univariate and multivariate logistic regression for estimation of odds ratios (OR) with 95% 
confidence intervals (95%CI) were applied in all papers. For the case-referent study in papers I 
and II these analyses were conditional, i.e. each case was compared to its own controls in the same 
triplet. In order to increase the statistical power in paper III, all cases and controls with data on 
the included variables were included in the analysis, i.e. the analysis were not matched. 

The concept of interaction between variables and relative excess risk due to interaction, as defined 
by Rothman108 was the basis for the analyses in papers I and III. Interaction is the extra effect, 
either more or less, beyond an additive (or multiplicative) effect from the concomitant exposure 
to several risk factors. Odds ratios were used for calculation of a synergy index in paper III. This 
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index is ≠1 when there is an interaction109. Odds ratios were also used in paper I to calculate the 
attributable proportion, i.e. the proportion of the outcome that can be attributed to (explained 
by) each single or combined risk exposure110. Three-factor models for prediction of future type 2 
diabetes were evaluated and the attributable proportions, due to exposure to a single risk indicator 
and to the combinations of two or all three risk indicators in each model, were calculated with 
an algorithm that was previously developed and described111. 

Factor analyses are statistical techniques that summarize a large number of interrelated vari-
ables into fewer hypothetical, latent or underlying factors. These factors can be interpreted as 
simplifications of several mutually-related variables and are also suggested to represent physiologic 
phenotypes112,113. The mathematical technique is an analysis of the correlations and covariations 
between the variables, resulting in composite factors. The methods were originally developed 
within social and psychological sciences, and they are also used in medical sciences to investigate 
complex phenomena.

Receiver operator characteristic curve (ROC) analysis was used in paper II and also for the pre-
paratory work to paper I. ROC-analysis evaluates the degree of association between a variable 
at baseline and the outcome, i.e. later development of type 2 diabetes. The curve represents the 
entire range of cut-off points for sensitivity and 1-specificity (i.e. false-positive rate). The curves 
render the possibility to clearly evaluate different cut-off points for different predictive markers 
and also enable the definition of the optimal cut-off point, i.e. the point with highest possible 
sensitivity and specificity (1-false positive rate). The greater the area under the curve (aROC), 
the stronger the association. Comparison of the areas under the curve for two different models 
makes it possible to compare the predictive ability of these models irrespective of what variables 
the models apply or the units that variables are measured in. 

Diagnostic tests Sensitivity and specificity, as well as positive and negative predictive values and 
attributable proportion, were used in paper I for comparison of the three-factor models that were 
suggested for the prediction of future type 2 diabetes.
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Results

Baseline characteristics in the case-referent study and the panel 
study.

The three papers based on the case-referent study represent slightly different subpopulations, due 
to the analysed variables. Paper I includes subjects with variables analysed on stored samples of 
erythrocytes, paper II analyses plasma variables and therefore only includes subjects with avail-
able plasma samples, and paper III only includes subjects who were active in the labour market 
(employed or self-employed). Therefore there are some minor variations regarding number of 
cases and referents and baseline characteristics between the three papers. Some of the baseline 
characteristics from the health survey for all subjects in the case-referent study are shown in 
table 3. The proportions of male and female referents with normal glucose regulation, according 
to the WHO-definition, were 87% and 82%, respectively. It is noteworthy that adopting the 
ADA-definition resulted in a decrease to 73% in men and 65% in women (i.e. isolated IGT 
“concealed” within the normal group). 9% of female referents with IGT remained undetected, 
which is similar to the proportion of undetected cases of both sexes. Only 2 % of male referents 
with IGT remained undetected. 

Table 4 shows the number of subjects and the proportion in each glucose regulation category 
according to WHO and the new ADA definitions, and also shows body mass index distribution by 
WHO-definitions114 in the panels at baseline and 10-year follow-up. (Underweight, BMI<18.5, 
is included in the normal weight group with BMI<25, pre-obesity or overweight is divided into 
two groups 25–26.9 and 27–29.9 and obesity with BMI ≥30 includes the very obese group with 
BMI≥40.) For further clinical characteristics at baseline and 10-year follow-up for the panels, 
see paper IV, table II.
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Table 3. Characteristics for all cases and referents at baseline in the the case-referent study. 
Mean values ±SD are given for continuous variables and numbers and percentages in parenthe-
sis for categorical variables.

Men Women

Cases
n=136

Referents
n=271

p Cases
n=101

Referents
n=202

p

Age 51.5±7.9 51.4±7.9 0.97 52.3±8.2 52.3±8.2 1.000

BMI, kg/m 29.3±3.4 25.5±3.4 <0.001 30.0±4.9 25.4±4.1 <0.001

	 BMI <25 11 (8.1 127 (47.4) 15 (15.0) 105 (52.0)

	 BMI 25–26.9 23 (16.9) 64 (23.9) 50 (20.0) 37 (18.3)

	 BMI 27–29.9 52 (38.2) 62 (23.1) 16 (16.0) 40 (19.8)

	 BMI ≥30 50 (36.8) 15 (5.6) 49 (49.0) 20 (9.9)

Systolic BP, mm Hg 140±19 128±16 <0.001 141±19 129±17 <0.001

Diastolic BP, mm Hg 89±13 80±10 <0.001 85±10 79±10 <0.001

Hypertension1, N (%) 96 71) 88 (33) <0.001 69(68) 80 (40) <0.001

Fasting glucose 2, mmol/L 5.9±0.8 5.2±0.7 <0.001 5.9±0.7 5.2±0.7 <0.001

2-Hour glucose 2, mmol/L 8.1±2.1 6.1±1.5 <0.001 8.6±2.2 7.2±1.6 <0.001

Glucostolerans N (%)

 WHO-definition: Normal 55 (40.4) 236 (87.1) <0.001 36 (35.6) 165 (81.8) <0.001

		  Isolated IGT 21 (15.4) 7 (2.6) 25 (24.8) 24 (11.9)

 		  Isolated IFG 35 (25.7) 22 (8.1) 17 (16.8) 12 (5.9)

 		  IFG och IGT 25 (18.4) 6 (2.2) 23 (22.8) 1 (0.5)

 ADA-definition: Normal 25 (18.4) 198 (73.1) <0.001 25 (24.8) 132 (65) <0.001

 		  Isolated IGT 12 (8.8) 5 (1.8) 10 (9.9) 18 (9)

 		  Isolated IFG 65 (47.8) 60 (22.1) 28 (27.7) 45 (22)

 		  IFG och IGT 34 (25.0) 8 (3.0) 38 (37.6) 7 (4)

Fam hist diabetes3, N (%) 37 (27.2) 39 (14.4) 0.002 41 (40.6) 39 (19.3) <0.001

Fam hist diabetes or/and CVD3, N (%) 60 (44.1) 74 (27.3) 0.003 54 (53.5) 71 (35.1) 0.003

Swedish moist snuff: Never 87 (64.0) 189 (69.7) 0.454 101 (100) 196 (97) 0.216

	 Former 21 (15.4) 32 (11.8) 3 (1.5)

	 Daily 28 (21.4) 50 (18.5) 3 (1.5)

Smoking: Never 51 (37.5) 148 (54.6) 0.005 55 (55) 114 (56.4) 0.777

	 Former 52 (38.2) 77 (28.4) 23 (23) 39 (19.3)

	 Daily 33 (24.3) 46 (17.0) 23 (23) 49 (24.3)

Exercise/ training: At least once a week 25 (18.9) 84 (31.1) 0.008 22 (22.2) 57(28.5) 0.500

	 Now and then 47 (35.6) 63 (23.3) 28 (28.3) 50 (25.0)

	 Never 60 (45.5) 123 (45.6) 49 (49.5) 93 (46.5)

Cage questionnaire4: at least 2 positive 

answers

14 (10.3) 21 (7.7) 0.388 2 (1.0) 0 0.554

Emotional support5: weak 46 (34.8) 74 (28.0) 0.164 41 (42.3) 48 (24.6) 0.003

Social integration5 :low 55 (47.8) 106 (47.5) 0.959 44 (52.4) 64 (40.3) 0.079
1 Blood pressure ≥140/90 and/or on antihypertensive medication
2Glucose determined on capillary plasma. Impaired Fasting Glucose (IFG): WHO-definition: FPG 6.1–6.9 and 2hPG 
<8.9; ADA-definition: FPG 5.6–6.9 and 2hPG <8.9. Impaired Glucose Tolerance (IGT): FPG <7.0 and 2hPG 8.9–12.1.
3Family history in first degree relatives of case/referent.
4 Two out of the four questions indicative for problematic alcohol consumption.
5 Dichotomizing by the mean.
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Table 4. Glucose regulation and body mass index in VIP-panels. Numbers are given, percentages 
in parenthesis.

Baseline 1990–94 Follow-up 2000–2004

Men Women Men Women
WHO-definition
	 Normal 7092 (92.2) 8018 (91.1) 5369 (69.8) 6580 (74.8)
	 Isolated IGT 147 (1.9) 347 (3.9) 216 (2.8) 440 (5.0)
	 Isolated IFG 300 (3.9) 265 (3.0) 1459 (19.0) 1117 (12.7)
	 IGT and IFG 28 (0.4) 40 (0.5) 194 (2.5) 280 (3.2)
	 Diabetes 125 (1.6) 130 (1.5) 454 (5.9) 383 (4.4)
ADA-definition
	 Normal 6189 (80.5) 7123 (80.9) 3253 (42.3) 4429 (50.3)
	 Isolated IGT 109 (1.4) 285 (3.2) 94 (1.2) 222 (2.5)
	 Isolated IFG 1203 (15.6) 1160 (13.2) 3575 (46.5) 3268 (37.1)
	 IGT and IFG 66 (0.9) 102 (1.2) 316 (4.1) 498 (5.7)
	 Diabetes 125 (1.6) 130 (1.5) 454 (5.9) 383 (4.4)
Body Mass Index
	 ≤ 25 3934 (51.5) 5678 (64.8) 2652 (34.6) 4282 (48.9)
	 25–26.9 1808 (23.7) 1345 (15.4) 1945 (25.4) 1519 (17.3)
	 27–29.9 1357 (17.8) 956 (10.9) 1930 (25.2) 1493 (17.0)
	 ≥ 30 540 (7.2) 781 (8.9) 1139 (14.8) 1471 (16.8)
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Thematic overview and main results .
in the four papers in the thesis

Table 5. Thematic overview and main results in the four papers in the thesis

Specific aims Paper I Paper II Paper III Paper IV
Early clinical 
detection of type 2 
diabetes

Combinations of 
FPG, BMI and 
HbA1c effectively 
predict future type 2 
diabetes.
2HPG, TG, FPG 
5.6–6.9 or FHD do 
not improve the 
model.
Different BMI cut-off 
for men and women.

Single clinical vari-
ables (FPG, 2HPG 
and BMI) are strong 
risk markers for type 
2 diabetes. Blood 
pressure values 
near significant risk 
indicators.
Composite factors 
do not improve the 
prediction.

Biomarkers Proinsulin independ-
ent risk indicator.
Inflammation, and 
dyslipidemia not 
independently as-
sociated with future 
type 2 diabetes. 
Obesity with insulin.
resistance and b-cell 
decompensation 
are the main early 
perturbations.

BMI≥27 in men and 
BMI≥30 in women

Family history of 
CVD or/and diabetes 
are risk indicators for 
the metabolic syn-
drome and each of 
the separate compo-
nents of metabolic 
syndrome.

Background factors Work stress and low 
emotional support 
associated with fu-
ture type 2 diabetes 
in women, but not 
in men. Educational 
level and civil status 
not independently 
associated with 
T2DM.

Educational level 
associated with the 
metabolic syndrome 
and each of the 
components. 
No association 
between snus and 
dysregulation of 
glucose. High-dose 
consumption of snus 
is a risk marker for , 
metabolic syndrome, 
hypertriglyceridemia 
and obesity. Smok-
ing and physical 
inactivity independ-
ently associated 
with future MS and 
each of the separate 
components of MS.
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Early detection of type 2 diabetes in primary care, papers.

Paper I
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Figure 13. Variables that were analysed in paper I.

Paper I focuses on a model for early clinical prediction of type 2 diabetes. One starting point in 
searching for a model aimed at the identification of subjects at increased risk of developing of type 
2 diabetes was of course the well known risk factors for type 2 diabetes115: overweight/obesity, 
hypertension, dyslipidemia, dysglycemia and family history of diabetes (figure 13). As expected, 
regression analyses showed that all selected variables were predicitive in a univariate model (Table 
6a and table 6b). In multivariate analyses, HbA1c≥4.7, IFG, IGT (in women only), BMI≥27 in 
men and BMI≥30 in women retained significant ORs. Roc-curves for these variables are shown 
in figure 14.
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Table 6a. Multivariate conditional logistic regression analyses in men. The outcome is clinical 
diagnosis of type 2 diabetes after a mean time of 5.4, SD 8.4, years. The case and referent (Ref) 
subjects were matched for sex, age and year of health survey. 

Risk factor No. observations Univariate model Multivariate model
Cases

97
Ref
182

OR CI (95%) OR CI (95%)

HbA1c, % *
– < 4.50 25 138 1.0 1.0
 – 4.50–4.69 20 25 4.1 1.7–9.8 1.2 0.3–5.3
 – ≥4.70 52 19 22.0 8.2–59 16.0 2.2–115
Body mass index, kg/m2
– < 27 24 133 1.0 1.0
 – 27–29.9 37 42 5.7 2.7–12 4.8 1.3–18
 – ≥30 36 6 35,4 11.0–113 21.6 2.2–217
Impaired fasting glucose**
 – no 42 162 1.0 1.0
 – yes 55 20 19.8 7.1–55 18.8 2.9–123
Impaired glucose tolerance **
 – no 66 173 1.0 1.0
 – yes 31 9 9.2 3.8–22 1.9 0.2–15
Hypertension§
 – no 29 124 1.0 1.0
 – yes 67 58 5.3 2.9–9.7 2.6 0.7–9.0
Triglycerides, mmol/L
 – <1.7 39 136 1.0 1.0
 – ≥1.7 53 37 5.0 2.7–9.2 2.1 0.6–6.6
Family history of diabetes
 – no 72 154 1.0 1.0
 – yes 24 25 2.1 1.1–4.0 2.9 0.8–11

Table 6b. Multivariate conditional logistic regression analyses in women. The outcome is clinical 
diagnosis of type 2 diabetes after a mean time of 5.4, SD±8.4, years. The case and referent (Ref) 
subjects were matched for sex, age and year of health survey.

Risk factor No. observations Univariate model Multivariate model
Cases

67
Ref
122

OR CI (95%) OR CI (95%)

HbA1c, % *
– < 4.50 17 77 1.0 1.0
 – 4.50–4.69 14 25 3.1 1.2–7.9 2.0 0.5–8.9
 – ≥4.70 36 20 14.8 5.0–44 19.6 2.5–152
Body mass index, kg/m2
– < 27 26 83 1.0 1.0
 – 27–29.9 6 25 0.6 0.2–1.6 0.2 0.03–1.7
 – ≥30 34 14 7.1 3.1–16 4.8 1.3–18
Impaired fasting glucose**
 – no 40 109 1.0 1.0
 – yes 27 13 6.7 2.7–17 10.5 2.0–57
Impaired glucose tolerance **
 – no 36 106 1.0 1.0
 – yes 31 16 5.7 2.6–13 8.2 1.8–37
Hypertension§
 – no 21 67 1.0 1.0
 – yes 46 54 2.7 1.4–5.2 0.9 0.2–3.1
Triglycerides, mmol/L
 – <1.7 39 95 1.0 1.0
 – ≥1.7 28 27 2.3 1.2–4.4 1.0 0.3–3.7
Family history of diabetes
 – no 51 91 1.0 1.0
 – yes 15 31 2.6 1.3–5.1 3.5 0.9–13

* Swedish Mono-S calibration, normal range 3.6–5.3%, equivalent to ~4.6–6.3% DCCT calibrated. 
** WHO definitions: Impaired fasting glucose: f-P-glucose 6.1–6.9 and Impaired glucose tolerance: f-P-glucose<7.0 
and 2-hour-plasma glucose 8.9–12.1 measured on capillary plasma.
§ WHO definition: Systolic blood pressure ≥140 and/or diastolic blood pressure ≥80 and/or on antihypertensive medication.
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Figure 14. Roc curves for fasting and 2-hour capillary plasma glucose, BMI and HbA1c for the 
prediction of type 2 diabetes mellitus. Cut-points that were tested in three-factor models are 
indicated. False-positive rate= 1-specificity. 

The other starting point was that the method should be feasible for use in daily practice. Therefore 
the aim was to avoid the use of 2hPG, i.e. the OGTT. However, OGTT is considered to be the 
“gold standard” for identification of subjects with prediabetes and was used in previous preventive 
projects, e.g. the da Qing study in China116, the Diabetes Preventive Study in Finland81 and the 
Diabetes Preventive Project in US82. As such, it was necessary for our model to be comparable to 
OGTT. As an alternative to OGTT we decided to evaluate HbA1c in combination with FPG, 
and this decision was based on previous studies117 and the fact that HbA1c is reported to reflect 
glucose levels in subjects without diabetes118. In addition, HbA1c is discussed for the diagnosis 
of prevalent diabetes119–122. Based on the multivariate regression analyses, we also selected BMI. 
In complimentary analyses we also tested triglycerides and family history of diabetes. All these 
variables are readily available in clinical practice.

For the analysis of risk of future type 2 diabetes we applied an algorithm that is based on 
crude odds ratios and the concept of interaction as defined by Rothman108. The method evaluates 
models with three dichotomized variables (A, B and C) and calculates the number of etiological 
cases, i.e. attributable to or explained by the exposure to single risk factors or to the combination 
of risk factors. There are eight possible exposures: ABC, ABC, ABC, ABC, ABC, ABC, ABC and 
ABC and the algorithm assumes that there are cases and referents with all possible exposures. 
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For combinations of risk factors the etiological cases can be split into cases that are due to the 
additive effect and to the interaction of the two risk factors. 

Cut-offs were defined for each variable. For glucose we selected IFG, i.e. FPG-6.1–6.9 mmol/L, 
and for the comparison with the gold standard it was necessary to evaluate FPG alone and FPG 
together with 2hPG, more precisely IGT. When the redefined diagnostic limit for IFG was 
published by ADA 7, FPG 5.6–6.9 mmol/L, we also decided to use this as an alternative to the 
WHO-definition of IFG. For HbA1c, the 90th percentile in the distribution of the referents in 
the case-referent study was selected, i.e. ≥4.7%. Overweight was defined according to Bray 123 
and also as a result of the regression analyses and ROC-analyses: BMI≥27 or BMI≥30. BMI≥30 
is also the WHO-definition for obesity 114. There follows below an example of the model, with 
the criteria FPG≥6.1 mmol/L (no 2hPG), HbA1c≥4.7% and BMI≥27, men and women in the 
case-referent study. The table 7 shows the distribution of cases and referents, the crude odds ratio 
(OR) for future type 2 diabetes and the number of etiological cases due to each exposure. In this 
example FPG was <6.1mmol/L.

Table 7. Etiological cases due to one or both of HbA1C≥4.7% and BMI≥27. Fasting Plasma glucose 
was <6.1 mmol/L.

Exposure
Fasting plasma glucose <6.1 (C)

HbA1C <4.7 (A) HbA1C ≥4.7 (A)
BMI <27 (B) BMI ≥27 (B) BMI <27 (B) BMI ≥27 (B)

Cases 17 31 8 25
Referents 173 66 24 7
Odds ratio 1 4.78 3.39 36.34
Etiological cases (n) 0 24.51 5.64 24.31

Formulae used: 
Attributable proportion (AP), i.e. can be explained by the exposure, single or combined risks: (OR-1)/OR.
Number of etiological cases due the exposure: AP*number of cases with the exposure.
Relative excess risk due to interaction (RERI): OR(AB)-OR(AB)-OR(AB)+1
Attributable proportion (AP) due to the interaction: RERI/OR(AB)

Example: AB=no exposure, AB= HbA1c≥4.7, AB= BMI≥27 and AB exposure to both HbA1c≥4.7 and BMI≥27
OR for subjects with only BMI≥27:(31/66)/(17/173)=4.78 , number of etiological cases 24.51 
OR for subjects with only HbA1c≥4.7:(8/24)/(17/173)=3.39, number of etiological cases 5.64
OR for subjects with HbA1c≥4.7 and BMI≥27: (25/7)/(17/173)=36,34
AP(HbA1c≥4.7 and BMI≥27): (36.34-1)/36.34= 0.948, i.e. 94.8% out of the 25 cases (n=24.31)are etiological cases 
and could thus be explained by this exposure. This could be decomposed as follows :
RERI (HbA1c≥4.7 and BMI≥27): 36.34-3.39-4.78+1=29.17.
AP due to the interaction: 29.17/36.34=0.803, i.e.80.3% of the 25 cases exposed to HbA1c≥4.7 and BMI≥27=20.07 
are attributable to the interaction.
The remaining 25-20.07=4.93 cases could be explained by additive effect from HbA1c≥4.7 and BMI≥27 and the OR is 
(4.93 /7)/(17/173)=7.167.
The excess risk from HbA1c≥4.7 among those who also have BMI≥27 is 7.167/4.78=1.499 and the excess risk from 
BMI≥27 among those who have HbA1c≥4.7 is 7.167/3.39=2.114.
Etiological cases due to HbA1c≥4.7 among those with combined exposure is 0.499/1.499*4.93=1.64 and due to 
BMI≥27 1.114/2.114*4.93=2.60. 
Among the 25 cases with HbA1c≥4.7 and BMI≥27 was 1.64 attributable to HbA1c≥4.7, 2.60 to BMI≥27 and 20.07 to 
the interaction: 1.64+2.60+20.07=24.31.
To summarize: Among these 81 cases 27.11 (24,51+2.60) could be explained by (=are attributable to) BMI≥27, 7.28 
(5.64+1.64) by HbA1c≥4.7 and 20.07 by the interaction, in total 54,46. The remaining 26.54 cases could not be ex-
plained by these two risk factors.
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To evaluate the diagnostic value of the tested models we calculated sensitivity, specificity and 
positive and negative predictive values. For the predictive values we assumed a prevalence of 4.7% 
based on the number of known type 2 diabetes cases, 6088, and the population in the district of 
Umeå (125,351 in 1990 and 135,233 in 1995)104. Table 8 shows that when all single variables 
as well as combinations are considered as risk of future type 2 diabetes, the sensitivity is high 
for all alternatives and almost all future type 2 diabetes cases were detected, as shown by high 
attributable proportions. However, PPVs were very low, 8%, implying that such a model has no 
practical value. PPVs were higher when risk for future type 2 diabetes was defined as fullfilling 
at least two risk criteria. Analysis of men and women separately and using the obesity cut-off 
point BMI≥30 for women, instead of ≥27, is also presented in table 8. The model displaying 
the highest PPV was for combinations of FPG 6.1–6.9, HbA1c≥4.7% and BMI≥27 in men and 
BMI≥30 in women. Alternative risk criteria were also evaluated: HbA1c with a cut-off ≥4.5%: 
the 75th percentile among the referents; family history of diabetes; and hypertriglyceridemia with 
the cut-off ≥1.7 mmol/L, which is used in the WHO- and the IDF-definitions of the metabolic 
syndrome (table 9). For several of these models it was not possible to evaluate men and women 
separately, as the algorithm is only applicable if all possible combinations occur among both 
cases and referents.

Table 8. Sensitivity, specificity, attributable proportion and positive and negative predictive 
values for combinations of risk criteria in each screening model. 95% confidence intervals are 
shown in brackets. Plasma glucose measured on capillary plasma. Best performing models in 
bold.

≥ one criteria
All study subjects

Sensitivity
%

Specificity
%

Attributable 
proportion, 

%

Pos predic-
tive value, %

Neg predic-
tive value, %

FPG 5.6–6.9,BMI≥27, HbA1c≥4.7 93 45 85 8 99

OGTT, FPG 5.6–6.9, BMI≥27, HbA1c≥4.7 96 43 92 8 99.5

FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 90 57 82 8 99

OGTT, FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 93 54 88 8 99

≥ two criteria
All study subjects

FPG 5.6–6.9, BMI≥27, HbA1c≥4.7 71 85 54 19 98

OGTT, FPG 5.6–6.9, BMI≥27, HbA1c≥4.7 0.73 82 51 17 98

FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 61 92 48 27 98

OGTT, FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 68 88 50 22 98

Men

FPG 5.6–6.9, BMI≥27, HbA1c≥4.7 74 86 56  21 99

OGTT, FPG 5.6–6.9, BMI≥27, HbA1c≥4.7 76 85 57 20 99

FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 66 93 54 32 98

OGTT, FPG 6.1–6.9, BMI≥27, HbA1c≥4.7 70 92 56 28 98

Women

FPG 5.6–6.9, BMI≥30, HbA1c≥4.7 62 90 49 23 97

OGTT , FPG 5.6–6.9, BMI≥30, HbA1c≥4.7 65 87 47 20 98

FPG 6.1–6.9, BMI≥30, HbA1c≥4.7 52 97 44 46 98
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OGTT, FPG 6.1–6.9, BMIi≥30, HbA1c≥4.7 64 93 52 31 98
Table 9. Alternative models Sensitivity, specificity, attributable proportion and positive and 
negative predictive values for combinations of risk criteria in screening models using three 
risk criteria. Plasma glucose measured on capillary plasma. Models that were evaluated on the 
Botnia Study are in bold.

All study subjects
≥ 2 criteria

Sensitivity
%

Specificity
%

Attributable 
proportion, %

Pos predic-
tive value, %

Neg predic-
tive value, %

FPG 5.6–6.9, BMI≥27, FHD 63 82 32 15 98

OGTT, 5.6–6.9, BMI≥27, FHD 69 80 42 15 98

FPG 6.1–6.9, BMI≥27, FHD 50 89 21 18 97

OGTT, FPG 6.–6.91, BMI≥27, FHD 58 87 27 18 98

FPG 5.6–6.9, BMI≥30, FHD * 49 90 22 19 97

OGTT, FPG 5.6–6.9, BMI≥30, FHD * 52 87 28 16 97

FPG 6.1–6.9, BMI≥30, FHD * 35 96 16 30 97

OGTT, FPG 6.1–6.9, BMI≥30, FHD * 43 93 20 23 97

FPG 5.6–6.9, HbA1c≥4.7, FHD* 59 89 45 21 98

OGTT, FPG 5.6–6.9, HbA≥4.7, FHD* 64 87 49 20 98

FPG 6.1–6.9, HbA1c≥4.7, FHD* 44 95 30 30 98

OGTT, FPG 6.1–6.9, HbA1c≥4.7, FHD* 55 92 38 25 98

HbAc≥4.7, BMI≥30, FHD * 43 96 32 35 98

HbAc≥4.5, BMI≥30, FHD * 51 93 35 26 98

FPG 6.1–6.9, HbAc≥4.5, TG ≥1.7 65 86 48 18 98

Men

HbAc≥4.7, BMI≥27, FHD 55 0.92 39 25 98

Plasma glucose measured on capillary plasma.

FHD Family history of diabetes in at least one first degree relative.

TG: Triglycerides.

* Referents or cases were missing for at least one of the four possible combinations of criteria among women and/or 
men.

Absolute and relative risk

In the case-referent study the univariate relative risk of KDM within 5.4 years was 5.7 in men 
with BMI ≥27 (table 6a) and 7.1 in women with BMI ≥30 (table 6b), respectively. In the panels 
the crude absolute 10-year risk of developing diabetes (KDM+NDM) for non-diabetic 50 years 
old men living in Umeå with BMI <27 and women with BMI <30 at baseline was 4.5% and 
5.1%, respectively. Assuming that the rate of developing T2DM is the same during 10 years, 
that 50% of the total number of diabetes cases are KDM35,41,124 and that the risk for men aged 
51 years and women aged 53 years is similar to the risk for those aged 50years, the absolute risk 
of developing clinically diagnosed T2DM within 5 years can be estimated to ~6% among men 
with BMI ≥27 and ~9% among women with BMI ≥30 and living in Umeå.
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Paper II

Paper II focused on dysregulation of glucose as one part of metabolic syndrome and we included 
several markers of inflammation and b-cell function, adipokines and non-esterified fatty acids 
(NEFA) in the analyses. These variables could be designated “preclinical” as they, with some 
exception (insulin), are rarely measured in clinical practice, as opposed to the “clinical variables” 
of glucose values, blood lipids, blood pressure and anthropometrics. FPG and proinsulin in both 
sexes and BMI in men were independently associated with diabetes development. BMI and systolic 
blood pressure in women and diastolic blood pressure in men were near-significantly associated 
with future T2DM (paper II, table 3).

Paper III

Paper III focused on psychosocial risk markers. BMI was included in the analyses in order to adjust 
for one major biomedical risk indicator. In the multivariate analyses BMI retained a significant 
association with future T2DM in both sexes, but from different BMI levels, from BMI≥27 in 
men and BMI≥30 in women. In women, but not in men, work stress and weak emotional sup-
port were also independently associated with future type 2 diabetes. 

Biomarkers of early perturbations of type 2 diabetes and the 
metabolic syndrome

Paper II 

Figure 15. Variables that were analysed in paper II.
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In order to evaluate early dysregulation of glucose balance in the context of metabolic syndrome, 
we used factor analysis as a means of handling many correlated variables. As obesity is a central 
feature of metabolic syndrome, even a prerequisite according to the IDF-definition, we included 
markers produced in adipose tissue. Insulin resistance is often supposed to be the unifying under-
lying perturbation of metabolic syndrome and therefore such markers were also included (figure 
15). The evaluation was carried out in several steps:
1)	A model of the metabolic syndrome was formulated with five factors that were constituted by 

aggregations of the 14 selected variables (figure 16).

Figure 16. Proposed five-factor model of metabolic syndrome. All variables were significantly 
correlated to respectively factor and standardized variable estimates representing factor load-
ings are shown on the straight arrows between variables and respectively factor, p<0.01 for 
two-tailed test. All factors were significantly correlated to each other. Correlation estimates are 
shown on the bowed arrows, p<0.05 for two-tailed test.
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2)	Associations between the chosen 14 original markers and future T2DM were evaluated by re-
gression analyses, see paper II table 3. In the final multivariate model, only FPG and proinsulin 
in both sexes and BMI in men were independent predictors of T2DM. Systolic blood pressure 
and BMI in women and diastolic blood pressure in men displayed near-significant ORs.

3)	The associations between the five composite factors and development of T2DM were also evalu-
ated by regression analyses and the patterns were similar among men and women: only the obesity 
and glycemia factors retained significant ORs in multivariate analysis (paper II, table 4).

4)	The single-variable model and the composite-factor model were compared using ROC-analy-
ses. The areas under the curves were similar for the two models in both sexes, 0.89 and 0.88 
for men and 0.84 and 0.86 for women, respectively, implying that the complex factors of the 
metabolic syndrome did not improve the evaluation of diabetes risk. 

Social determinants modulating the development .
of type 2 diabetes and metabolic syndrome

Paper III

Figure 17. Variables that were analysed in paper III.

Paper III evaluated the associations between risk of future type 2 diabetes and some psychosocial 
factors (figure 17). The result differed between men and women. In women we found significant 
associations between work stress, as defined by the Karasek demand/control model (figure 18), 
and future T2DM and between emotional support and future T2DM, even when controlling 
for a biological risk marker, as strong as BMI, as well as for educational level and marital status. 
There was no significant OR, even in univariate analysis, for psychological demands at work and 
therefore the results suggest that the association between passive or tense working conditions with 
diabetes development among women was due to low decision latitude. 
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In contrast, among men we could not show any independent associations between risk of 
type 2 diabetes and neither work stress variables or social interaction variables. In the univariate 
analyses both educational level and civil status showed significant ORs, but they disappeared in 
the multivariate model and only BMI retained a significant OR.

Figure 18. Karasek demand/control model

A more detailed analysis regarding the impact of civil status showed that never married men and 
widowed women were at increased risk of diabetes. Adjusting for BMI, the significance disappeared 
among never married men and remained among widows. However, this association with civil 
status disappeared among widows when further adjustment for emotional support was made.

In supplementary analyses we evaluated the combined effects of BMI and emotional support 
on the risk of diabetes, figure 19. These analyses confirmed that BMI is a strong risk indicator 
at a level as low as BMI≥27 in men and ≥30 in women. Moreover, emotional support neither 
adds to, nor interacts with the risk associated with BMI in men. In contrast, there is an additive 
effect when women experience weak emotional support, regardless of level of BMI, but there is 
no apparent interaction.
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Figure 19. Combined effect of BMI and emotional support (AVAT) for the risk of type 2 diabetes 
mellitus among men and women. Significant ORs are indicated by an asterisk. Analyses adjust-
ed for level of education.

Analyses of interaction between work stress, measured as psychological demands or decision 
latitude, or civil status on one hand and social network or emotional support on the other hand, 
suggests a synergistic effect, although not significant, for emotional support and decision latitude 
at work among women (paper III figure 1 and 2 and figure 20 and table 10). Among men we 
could not find any modifying effects between work stress variables or civil status and the two 
social integration variables. In figure 20, the psychosocial stress variables are indicated on the 
y-axis and the lines show the ORs for two levels of emotional support. Divergent or convergent 
lines demonstrate an interaction and parallel lines shows that there is no interaction. Parallel lines 
with a space between them, indicate additive effects.

Figure 20. Combined effect of emotional support and civil status and work stress (psychological 
demands and decision latitude)



results

50

Table 10. Interaction analyses for combination of dichotomized variables indicating risk of future 
type 2 diabetes.

Interaction variable* Synergy index**
women

Synergy index**
men

Emotional support and marital status 0.45 (0.06–3.5) 0.78 (0.17–3.6)
Emotional support and psychological demands 0.14 (0.01–3.1) 1.2 (0.02–71)
Emotional support and decision latitude at work 5.0 (0.50–48.8) 0.93 (0.05–18.7)
Social network and civil status 1.5 (0.06–37.9 0.62 (0.08–4.9)
Social network and psychological work demands 2.4 (0.03–200) -2.08 (0 – ∞)
Social network and decision latitude at work 1.1 (0.33–3.7) 0.32 (0–142)

* Strong emotional support, extended social network, civil status as married, low psychological demands and high 
decision latitude were regarded as the favourable situations and reference points.

The analyses were done without covariates to attain more narrow CIs. The pattern was similar with covariates, BMI 
and educational level, however with extremely wide confidence intervals

** A negative interaction index indicates an antagonistic effect and a positive index a synergistic effect.

The study population was too small to allow evaluation of other lifestyle variables, such as 
physical activity and smoking, or to include them as confounders in the multivariate and the 
interaction analyses

Paper IV

Figure 21. Variables that were analysed in paper IV.

Paper IV evaluated lifestyle habits and educational level as risk markers for the development of 
metabolic syndrome and its separate components (figure 21). Low as well as medium educational 
level were the strongest risk indicators for MetSy. For the first time in a longitudinal study we were 
able to demonstrate an increased risk of developing metabolic syndrome among high consumers 
of snus. As expected, family history of CVD and/or diabetes (OR 1.4, 95% CI 1.3–1.6), physi-
cal inactivity and smoking habits were independently associated with the metabolic syndrome 
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(paper IV table 3 and figure 22). For problematic alcohol consumption, significance was reached 
in the univariate regression model only by four positive answers in the Cage questionnaire. In 
the multivariate model there was no significant effect according to the Cage model. However, 
there was a gradient of increasing ORs associated with increasing numbers of positive answers, 
suggesting an increased risk of metabolic syndrome with increasing alcohol problems. 

	 Ex-smokers are well known to increase in weight125 and as obesity is a prerequisite for 
MetSy, according to IDF, we excluded all subjects who were ex-smokers at follow-up in repeated 
analyses. With all other adjustments as before, the result for the use of snus ≥4 cans/week at 
baseline for having MetSy at 10-year follow-up was OR 1.7(1.23–2.45) and for obesity at 10-year 
follow-up OR 2.0(1.48–2.62), as compared to non-use of snus. 

When the risk of the separate components of the metabolic syndrome was evaluated in mul-
tivariate analyses, significant ORs were identified for the different lifestyle habits and the social 
situation, as expressed by educational level, as well as sex and family history of CVD and/or 
diabetes (Table 11). 

Focusing on the risk of dysregulation of glucose and applying the IDF-definition (FPG≥5.6 
or KDM), all variables displayed increased risk, except the use of snus and alcohol problems, as 
measured by at least 2 positive answers to the four Cage questions.

Figure 22. Background factors and risk of metabolic syndrome. Bars show odds ratios (OR) in 
multivariate regression analysis with metabolic syndrome after 10 years as outcome in a panel 
study, n=16,492. Significant ORs are indicated in bold with 95% confidence intervals. Analysis 
adjusted for age, sex (men 30 years of age at baseline referent group, men 40 years 1.3(1.1–1.6), 
men 50 years 1.3(1.1–1.7), women 30 years 0.7(0.6–0.9), women 40 years 1.1(0.9–1.4), women 50 
years 1.7(1.4–2.1)) and family history of CVD and/or diabetes.
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Table 11. Multivariate regressions with odds ratios (95% confidence intervals) for educational 
level, lifestyle factors at baseline and family history of CVD or diabetes with the components of 
the metabolic syndrome, as defined by International Diabetes Federation (IDF), as outcomes. The 
analyses were adjusted for sex and age.

Risk factors at 
baseline1

ORs of components of Metabolic Syndrome at 10-year follow-up
f- P-glucose ≥5.6 

or diabetes2

Triglycerides≥1.7 Low HDL- 
cholesterol3 

Hypertension4 Body Mass 
Index ≥30

Smoking

	 ex-smoker 1.2 (1.15–1.35) 1.3 (1.16–1.41) 1.1 (1.00–1.27) 1.2 (1.07–1.27) 1.2 (1.04–1.30)

	 daily smoking 1.3 (1.23–1.45) 1.6 (1.43–1.73) 1.2 (1.07–1.35) 0.8 (0.75–0.89) 1.1 (0.98–1.23)

Use of snus

	 ≤4 cans/week 1.0 (0.86–1.08) 1.2 (1.06–1.35) 1.0 (0.86–1.18) 0.9 (0.84–1.05) 1.0 (0.88–1.20)

	 >4 cans/week 0.8 (0.69–1.02) 1.6 (1.30–1.95) 1.1 (0.82–1.42) 1.2 (0.99–1.46) 1.7 (1.36–2.18)

Education

	 Medium 1.1 (1.00–1.17) 1.2 (1.12–1.37) 1.4 (1.26–1.63) 1.4 (1.31–1.54) 1.5 (1.37–1.75)

	 Low 1.4 (1.25–1.51) 1.4 (1.26–1.59) 1.8 (1.57–2.09) 2.5 (2.24–2.71) 1.9 (1.62–2.12)

Exercise/training

	 Once/week 1.0 (0.87–1.08) 1.1 (0.96–1.27) 1.2 (1.01–1.43) 0.9 (0.82–1.03) 1.0 (0.81–1.12)

	 Now and then 1.1 (1.03–1.27) 1.3 (1.15–1.50) 1.4 (1.19–1.65) 1.2 (1.07–1.33) 1.3 (1.08–1.46)

	 Never 1.2 (1.07–1.31) 1.3 (1.19–1.53) 1.3 (1.15–1.57) 1.2 (1.10–1.35) 1.3 (1.14–1.53)

Alcohol use by 
Cage questions 

	 Yes on 2–4  
	 questions

1.1 (0.98–1.29) 1.3 (1.08–1.47) 1.1 (0.93–1.38) 1.3 (1.16–1.54) 1.0 (0.80–1.18)

Family history 
CVD/diabetes

1.2 (1.15–1.32) 1.4 (1.29–1.501) 1.4 (1.25–1.51) 1.3 (1.26–1.44) 1.4 (1.24–1.47)

1 Non-smoking, no use of snus, high education (university/academic), exercise/training in leisure time at least 
twice/week, 0-1 positive answers in Cage questionnaire, men of age 30 years and no family history of CVD and/or 
diabetes in first degree relatives (reported at follow-up) were references with OR 1.0. Statistically significant findings 
are shown in bold.
2 Fasting plasma-glucose ≥5.6 mmol/L or diabetes known before the health survey .
3 HDL-cholesterol≤1.03 in men and HDL≤1.29 mmol/L in women or lipid-lowering medication.
4 Blood pressure ≥130/85 mmHg or ongoing antihypertensive medication

Absolute and relative risk

Odds ratios are estimates of relative risks. The multivariate OR of developing MetSy in10 years 
among individuals with low-level education was 2.2 as compared to subjects educated for at least 
13 years and 1.6 among those that consumed >4cans of snus/week compared to non-users. The 
crude absolute 10-year risk of having MetSy among men aged 30 years at baseline was 8.8%. 
The relative 10-year risk among men aged 40 or 50 years and women aged 30, 40 or 50 years, as 
compared to men aged 30 years, was 1.3, 1.5, 0.7, 1.1 (p=0.527), 1.8, respectively (all p-values 
<0.001 except for women aged 40 years). In both sexes there were considerable differences be-
tween ages regarding level of education. 10 % reported education ≤9 years in both sexes for those 
aged 30 years at baseline and 40 % among those that were 50 years old. The proportion with 
education ≥13 years did not differ much between age-groups; 15–23 % in men and 22–31 % in 
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women. The proportion with medium level education was higher among 30 years old compared 
to 50 years old subjects in both sexes. There was a gradient with the higher OR the shorter the 
length of the education in all age and sex-groups, and these ORs were significant except among 
30 years old men. The univariate 10-year relative risk of MetSy for those with education ≤9 years 
compared to those with education ≥13 years was in men and women aged 30, 40 and 50 years 
1.6, 1.8 and 1.8 and 2.4, 2.9 and 2.4, respectively. 

For the use of snus, the proportion that consumed >4 cans/week exceeded 5% only among 
men aged 30 and 40 years at baseline. The absolute risk of having MetSy (IDF-definition) 10 
years after the health survey was at ages 30, 40 and 50 years 9%, 11% and 13% in men and 6%, 
9% and 15% in women. 

To illustrate the age and sex-adjusted relative and absolute risk, forty years old men and women 
are chosen. The crude absolute risk of having MetSy at 10-year follow-up among individuals with 
education ≥13 years was 7.4% in men and 5.2% in women and among those that did not use any 
snus 10.8% and 9.4%, respectively. The crude relative risk, i.e. the univariate ORs, for MetSy 
at follow up was 1.8 in men and 2.9 in women for those with education ≤9 years compared to 
education ≥13 years. The OR was 1.9 among men that consumed >4 cans snus/week compared 
to non-users. The proportion of women that used snus was negligible. Thus the crude absolute 
risk of having MetSy at follow up for subjects aged 40 years at base-line and with ≤9 years edu-
cation would be 1.8x7.4%=13.3% in men and 2.9x5.2%=15% in women and the absolute risk 
for men that used > 4 cans of snus per week would be 1.9x10.8%=20.5%. 
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Discussion

Baseline characteristics in the case-referent study .
and the panel study.

The referent population in the case-referent study and the participants in the VIP-panels might 
reflect the “metabolic temperature” in the population. The referents in the case-referent study 
and the panels at follow-up are comparable in age, however the panels’ follow-up examinations 
were performed some 10 years later and might therefore illustrate the trend. Overall it can be 
concluded that BMI, particularly among men, and fasting glucose in both sexes, increased, whereas 
the blood pressure, at least among women, decreased. 

The proportion of subjects with abnormal glucose regulation was considerable, especially when 
the ADA-definition was used, and this was already apparent in the early 1990s, when among 
referents in the case-referent study 25.1% of men and 26% of women had IFG (table 3). The 
panels also suggest a great increase in abnormal glucose regulation over a decade when, in the 
same age group as referents in the case-referent study, but 10 years later, the glucose regulation 
is abnormal in half of the population (table 4). Coinciding with this there is a similar trend in 
BMI-levels. 

Although overweight and prediabetes are accepted as risk markers of type 2 diabetes, at least 
from a primary-care perspective, it is an impossible mission to suggest interventions and/or fol-
low-up visits for all those who have a BMI exceeding e.g. 27 as this comprises approximately 40% 
of the population, or for all those that are identified as having prediabetes. Therefore methods 
are needed for identification of subjects at markedly high risk of diabetes. 

Early detection of type 2 diabetes in primary care

OGTT is the standard method, and IGT the criterion, for identification of subjects at increased 
risk of developing diabetes1,21,126. However, OGTT is seldom used in clinical practice. Several 
methods for the prediction of incident T2DM have been published, posing the question: Do we 
need the oral glucose tolerance test?126. To answer this question, the predictive ability of these 
methods, that do not make use of 2hPG, must be compared to IGT. Papers that evaluate such 
methods are summarized in table 12.
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Table 12. Published screening models for prediction of incident diabetes

Author 
Year

Data/population/
mean age

Diagnostic 
method

Time till 
diagnosis

Result Tool

Lindahl 
1999 8

VIP 
N= 21 057 cross-
sectional.
Low risk 

IGT – Age, BMI, blood pressure, FPG,TG, HDL(low), FHD associated 
with IGT.
Only 25% were obese, 28% had normal BMI. 
76% of men, 71% of women with IGT reported no FHD. 13% 
and 19% of IFG subjects had IGT.

Single variables

Wareham
1999 127

The Isle of Ely study
N= 1122 adults, 
population based 
cohort

OGTT
follow-up, 26 
NDM cases

4.4 years Subjects with the combination of top quartile of FPG and 
proinsulin and with FHD were a high risk group

Single variables: age, 
BMI, sex, FHD physi-
cal activity, insulin, 
proinsulin

Eckardstein 
2000 128

PROCAM Working 
men, age 46
N=3737
Cohort. Low risk

Clinical 
diabetes or 
FPG follow-up

6.3 years 70% of cases in the highest quintile by MLF
ROC analyses: aROC for MLF and FPG similar. Sensitivity at 
specificity 0.91: FPG 6.1mmol/L 0.51 and MLF 0.53.
PPV at specificity 0.90: FPG 22.1% and MLF 24.6%.
Optimal cut point for FPG: 5.7mmol/L: sens 0.75, spec 0.73

Multivariable logistic 
formula (MLF), clinical 
variables incl. FHD

Ko 
2000 117

High risk Chinese, 
age 35
N=208, 88% women.

OGTT yearly 
until diabetes

1.6 years Sensitivity 0.34 and specificity 0.96. Likelihood ratio 9.3.
FPG<6.1 or/and HbA1c<5.1:Likelihood ratio 0.6–1.1.

FPG≥ 6.1mmol/L + 
HbA1c≥ 5.1%
(Mono-S calibrated)

Rolandsson 
2001129

VIP
N=2278
Cohort. Low risk

Clinical 
diabetes

4 years ROC analyses: IGT sens 0.50, spec 0.92. IFG sens ~0.40, spec 
~0.97. BMI 30 sens ~0.50, spec ~0.97.
PPV (NPV) for fourth quartiles: FPG >5.6mmol/L: 5.2% 
(99.2%), 2hPG>7.5mmol/L: 5.4% (99.4%) and BMI>27: 5.7% 
(99.6%)

Single variables

Stern 
2002 126

San Antonio Heart 
Study (SASH)
N=3682, age 43
Cohort. Mixed risk

OGTT 
follow-up

7–8 years ROC: Sensitivity for IGT, Clinical model without 2hPG, Full 
model with 2hPG: 0.51, 0.57 and 0.61, respectively, at a 
specificity 0.90.
aROC : 0.77, 0.84 and 0.86, respectively.

Multivariable formula 
DPM¹, clinical vari-
ables incl. FHD.
Calculator/computer

Laaksonen
2002 72

Population based 
cohort. N=1005 men
Age 52

OGTT
follow-up

4 years WHO(BM≥30 or w/h ratio >0.9): sensitivity 0.67 specificity 
0.80. 
WHO(waist >87 cm, or BMI≥25/waist≥102): as above
WHO(waist >94 cm):	 sensitivity 0.57 specificity 0.83
NCEP (waist >102 cm):	 sensitivity 0.41 specificity 0.90
NCEP (waist >94 cm):	 sensitivity 0.49 specificity 0.84
NCEP (waist >87 cm):	 sensitivity 0.59 specificity 0.79

Metabolic syndrome
WHO or NCEP
Varying definitions of 
obesity

Hansson
2002 73

Pima, high risk pop
N=890. Age 33

Clinical 
diabetes or 
OGTT every 
second year

3.3years WHO: sensitivity 0.58 specificity 0.75
 NCEP: sensitivity 0.46 specificity 0.72
aROC Multivariable model: 0.81, Insulinemia factor 0.66, 
body size 0.65, lipids 0.60 and blood pressure .52

Multivariable factor 
model and composite 
factors (defined by 
factor analyses)
Metabolic syndrome
WHO or NCEP

Lindström
2003 130

Population based
Two Cohorts, N=4746 
and 4615
Age 25–64 years

Drug treated 
diabetes

5 or 10 years aROC 0.85 and 0.87 in cohort from 1987 and 1992.
Score value ≥9: sensitivity 0.78 and 0.81, specificity 0.77 and 
0.76, PPV 0.13 and 0.05 respectively.
At a sensitivity 0.65 the specificities were 0.89 and 0.87

FINDRisc²
No blood testing. 

McNeely
2003 131

Japanese  
Americans
Cohort
N=465 . 
Age 34–75 years

OGTT 5–6 or 10 
years

≤ 55 years: aROC for DPM, FPG and 2hPG at 5–6 and 10 
years: 0.90 and 0.81, 0.78 and 0.74, 0.85 and 0.83 

	 sensitivity  
	 (5–6 and 10 years)	 specificity 
DPM	 0.63 and 0.57	 0.88 and 0.90
FPG≥5.6 mmol/L	 0.50 and 0.30	 0.87 and 0.87
FPG≥6.1mmol/L	 0.06 and 0.13	 0.98 and 0.995
IGT	 0.87 and 0.78	 0.75 and 0.76

>55 years DPM not useful. IGT useful regardless of age.

DPM 
Same as Stern 2002 
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Author 
Year

Data/population/
mean age

Diagnostic 
method

Time till 
diagnosis

Result Tool

Lorenzo
2003 21

SASH (mixed risk), 
cohort
N=1734.
Ages 25–68

OGTT
follow-up

7–8 years 	 sensitivity	 specificity	 PPV %
IGT	 0.52	 0.91	 43
IFG ≥6.1	 0.09	 0.99	 51
NCEP	 0.53	 0.85	 31
WHO	 0.43	 0.87	 30

IGT and 
Metabolic syndrome 
WHO (except 2hPG) 
and NCEP

D’Agostino
2004 20

IRAS study. Cohort

N=8872. Age 55

OGTT
follow-up

5 years For each RF double conversion rate to diabetes compared to 
absent RF. IGT strongest RF (4-fold risk).
NGT: low risk if 0–2 RFs. 15% risk if 3 and 40% if 4 RFs.
IGT: 20–25 % developed diabetes if 0–1 additional RF, and 
40–50% if 2–4 additional RFs

CVD risk factors (RF)

Stern  
2004 132

SASH pop.based 
cohort
N=1709. 
Age 25–64
MCDS³ pop.based 
cohort
N=1353. 
Age 35–64

OGTT
Follow-up

7–8 years SASH:	 sensitiviy	 specificity
NCEP	 0.66	 0.72
DPM	 0.76	 fixed at 0.72
DPM	 fixed at 0.66	 0.81

MCDS:
NCEP	 0.62	 0.61
DPM	 0.76	 fixed at 0.61
DPM	 fixed at 0.62	 0.77

Metabolic syndrome 
NCEP
DPM

Smidt  
2005 133

ARIC4 study pop.
based cohort
N=7915. 
Age 45–64

Clinical 
diagnosis or 
OGTT

3 years aROC: Clinical variables + FPG and lipids 0.80 
Clinical variables+ FPG 0.78
Clinical variables (no blood testing) 0.71 
FPG (only) 0.74 
NCEP 0.75
DPM 0.80
Diagnostic properties better when analysis was based on 
cases ascertained by clinical diagnosis. Lowering cut point 
to FPG 5.6 did not improve.

Multivariable risk-
functions with clinical 
variables
FPG
NCEP
DPM

Lyssenko 
2005 134

Botnia Study5
Cohort based on FHD
N=2115

OGTT every 
2–3 years

6 years 	 sensitivity	 specificity	 PPV
FHD, FPG ≥5.6, BMI≥30	 0.22	 0.95	 21%
FHD, FPG ≥6.1, BMI≥30	 0.16	 0.97	 29%
FHD, IGT, BMI≥30	 0.13	 0.98	 31%
IFG	 0.44	 0.81	 13 %
IGT	 0.49	 0.82	 15%
IFG and/or IGT	 0.68	 0.70	 13%
Adding hypertension or dyslipidemia did not improve.
FHD + full MetSy had the highest risk but was rare.

Combinations of 
dichotomized MetSy 
variables: BMI, FHD 
and FPG. 
Metabolic syndrome 
WHO and NCEP

Norberg
2006 135

Case-referent study 
nested within VIP
N= 164. 
Age 51–53

Clinical 
diagnosis

5.4 years FPG≥6.1, HbA1c≥4.7, BMI≥27 in men and BMI≥30 in 
women.
	 sensitivity	 specificity	 PPV
men	 0.66	 0.93	 32%
women	 0.52	 0.97	 46%
men+women  
FHD, FPG≥6.1, BMI≥30	 0.35	 0.96	 30% 
FHD, HbA1c≥4.7, BMI≥30	 0.43	 0.96	 35% 

Combinations of three 
dichotomized clinical 
variables

1 DPM Diabetes Prediction Model
2 FINDRisc: Age, BMI, waist (sex specific), history hypertension , history hyperglycemia including GDM, FHD, fhysical 
activity, fruit/vegetable/berries intake.
3 MCDS Mexico City Diabetes Study
4 ARIC Atherosclerosis Risk in Communities
5 Botnia Study. Family based, selected on the basis of family history of diabetes (FHD) in first and second degree rela-
tives. (1715 subjects with FHD and 400 without)

As IGT is the basis for comparison, it is important to highlight the work of Lindahl et al8; a 
large cross sectional study that was based on VIP and showed that subjects with IGT are more 
overweigt, have higher blood pressure and triglyceride levels (i.e. other components of MetSy) 
compared to subjects with NGT, and this agrees with previous works60. Although there is a four-
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fold increase in the risk of IGT among obese subjects, compared to normal weight subjects, only 
25 % of overweight subjects have IGT. Similarly <30% of IGT subjects report family history of 
diabetes (FHD). In addition, only 13% of men and 19% of women with IGT in this population 
also have IFG. In a study from Malmö on middle-aged women, IFG was found among 27% of 
subjects with IGT136. In conclusion,obesity, FHD or IFG alone, are not sufficient to identify 
subjects with IGT. Similar results were obtained by Rolandsson et al129 and they suggested the 
combined use of measurements on overweight, BMI or waist/hip ratio, and HbA1c or FPG for 
the prediction of incident T2DM.

Most of the previous efforts to replace OGTT for the prediction of diabetes risk use elabo-
rate combinations of multiple clinical criteria and either evaluate risk functions with applica-
tion of a multivariable formula126,128,130–133,137, or as combinations of criteria as defined by 
MetSy20,21,72,73,132–134. The different multivariate function models seem to perform similarly well 
with sensitivities around 0.60 and specificities between 0.80 and 0.90. Some of the multivariate 
models were superior to IGT126 and to FPG126,128 in predicting diabetes risk, some were shown 
to perform somewhat better then MetSy73,132,133. One multivariable model performed better 
than FPG and 2HPG in subjects up to 55 years of age while it was useless in older age groups131, 
whereas IGT is a useful predictor regardless of age. 

One obvious advantage of multivariate models is that they can give estimates of the probability 
of developing diabetes within a specified time period as they take the graded relationship between 
risk indicator and disease into account126,128,130,133. However, they also have the disadvantage that 
clinicians are assumed to be able to handle an algorithm, preferably by using a calculator or a com-
puter with a risk equation in the interface or via the web. The metabolic syndrome models displayed 
sensitivities of 0.51–0.67 and specificities of 0.72–0.90, and the WHO definition was somewhat 
better in some populations72,73 whilst the NCEP definition performed better in another21. 

The metabolic syndrome model is readily used on the basis of simple clinical evaluations 
and measurements and is therefore well justified even though some information loss must be 
acknowledged as a result of the dichotomization of variables values21,138. One of these studies133, 
similar to ours, used diabetes cases that were clinically diagnosed as the outcome, and showed 
that all models had better predictive ability regarding clinically diagnosed diabetes, indicated 
by lager areas under the ROC-curves, compared to the prediction of diabetes diagnosed at fol-
low-up OGTT. In addition, MetSy indicates risk of both T2DM and CVD19,70. Moreover, the 
Finnish risk score130,137 was based on diagnosed diabetes, but the outcome is pharmacologically 
treated diabetes. Whilst this might be a more accurate definition, earlier stages of T2DM could 
possibly be overlooked.

Some of the previous studies have tested combinations of 2–3 dichotomized variables117,134. A 
study conducted in China suggested the paired values of FPG ≥6.1mmol/L and HbA1c ≥6.1% 
(~5.1 Mono-S calibrated). However, this study population was selected on the basis of high 
diabetes risk (FHD, GDM, previous IGT or overweight), thus the progression rate to diabetes 
was high (13.3%/year) and the mean time to diabetes diagnosis was only 1.6 years. The same 
variable combination has also been shown to be highly sensitive for the diagnosis of prevalent 
diabetes in both a high-risk119 and a low risk Chinese population139. Therefore, it is likely that the 
sensitivity for this combination is too low to be useful as a prediction tool for incident diabetes 
in a population-based or low-risk sample.
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The Finnish-Swedish Botnia Study includes three dichotomized variables and therefore some 
comparisons with our models are possible. A caveat is the difference in selection criteria, as the 
Botnia Study aims to identify genetic risk indicators and therefore the study cohort is sampled to 
be enriched with subjects with FHD (81% of diabetes cases reported FHD), whereas our case-refer-
ent study is population based. Firstly, the model proposed by Lyssenko et al (i.e. FHD, BMI ≥30 
and IFG_ADA/ IFG_WHO alternatively) resulted in sensitivities of 22% and 16% respectively, 
specificities of 95% and 97% and PPVs 21% and 29% in the Botnia-study population. The same 
model applied in our case-referent study resulted in sensitivities of 49% and 35%, specificities of 
90% and 96% and PPVs of 19% and 30%, i.e. the model seem to perform equally well in both 
study populations with regard to PPVs (table 9). Secondly: the predictive ability of the models 
we propose for men and women, respectively, namely IFG_WHO, HbA1c≥4.7 and BMI ≥27 
in men and BMI≥30 in women, performes better, at least in this population, as the sensitivities 
are considerably higher at similarly high specificities with higher resultant PPVs (table 8). 

Moreover, our three-factor model seem to perform (at least) equally well as MetSy or the more 
complicated published multivariable formulas (table 12). These formulas all include FHD as one 
variable. 14% of male referents and 19% of female referents in our study-population reported 
FHD, which is similar to Lindahl’s cross sectional study from the same middle-aged population 
8. Obviously, FHD in this age-group in this population is not a reliable variable if it is negative, 
i.e. either there really is no FHD or the subject is unaware of their FHD status. FHD is an im-
portant clinical marker, but it is useful only when it is positive and should therefore not be used 
as a general screening tool. Moreover, we showed that FHD or an additional metabolic syndrome 
variable (triglycerides) did not improve the model.

IGT has been shown to entail a higher risk of CVD than IFG5 and therefore an important 
finding from this study was that with the combined use of FPG, HbA1c and BMI, only a small 
number of individuals with IGT were not identified as being at risk of T2DM. Our interpretation 
of this is that the combination of FPG and HbA1c in non-diabetic subjects reflects the overall 
glycemic level, i.e. including postprandial glucose summits. This is supported by the finding 
that HbA1c, but not FPG, is strongly correlated to 2hPG in subjects without diabetes4,and 
that postprandial glucose contributes relatively more than FPG to the lowest (=normal) levels of 
HbA1c140. It is also relevant that HbA1c is associated with all cause, CVD and CHD mortal-
ity141. A Swedish study showed that among patients with acute myocardial infarction and without 
known diabetes, both FPG (at day 4) and HbA1c (on admission) were independent predictors 
of abnormal glucose tolerance (diabetes or IGT) at OGTT three months after the infarction142, 
although another study found that FPG alone failed to identify the majority of patients with 
abnormal glucose tolerance143. 

We also found that several alternative three-factor models could not be analysed separately 
for men and women, because there were combinations without any case or referent. This means 
that having 2–3 risk criteria, whatever they are, is indicative not only of the possible risk of future 
CVD but also T2DM. This is in agreement with the finding that the risk of developing diabetes 
increases with increasing numbers of CVD risk factors both for subjects with NGT or IGT20, 
and also agrees with a British study that showed that subjects with FHD and top quartile of FPG 
and proinsulin were a high risk group for T2DM127.
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In general, a risk score performs best in the population where it is developed. It has been 
shown that a risk score for prevalent diabetes does not function equally well in populations with 
other ethnic origins different to the one that of the original test population144. This is because the 
impact of different risk indicators, in particular for BMI and age, are ethnic specific. However, 
the model could perhaps easily be adapted to other populations if the cut-off point for each 
variable is set at the same level of sensitivity on the basis of ROC analyses for each population. 
It is also interesting to note a study from the third National Health and Nutrition Examination 
Survey (NHANES III)145, that showed that among subjects with BMI≥24,selecting subjects with 
FPG ≥5.8 mmol/L or Hb1c≥4.5% (5.5% DCCT-calibrated) could greatly reduce the number 
of OGTTs needed to be performed in order to identify subjects with IGT. Increasing the cut 
off for BMI to ≥27 or ≥30 also increased the sensitivity and PPV for both FPG and HbA1c. In 
addition, it was shown that the sensitivities, specificities and PPVs were somewhat better in ages 
60–74 years than in ages 40–59 years, and the effect of race was minor for FPG while HbA1c 
among non-Hispanic whites had lower sensitivity and higher specificity. These findings support 
the hypothesis that BMI, FPG and HbA1c are useful for identification of subjects with high risk 
of developing T2DM.

Some results from papers II and III support the findings from paper I. One conclusion from 
paper II was that single variables are as predictive as complex composite factors for the develop-
ment of T2DM and that routine clinical measures, FPG, BMI and blood pressure values, as well 
as proinsulin, are useful as risk indicators for T2DM. Paper III showed that the risk of future 
T2DM increased at a lower level of BMI in men as compared to women. 

 To conclude, we propose that a three factor model for identification of subjects at high risk 
of future T2DM, using the criteria FPG ≥6.1 mmol/L, HbA1c ≥4.7% and BMI ≥27 in men 
and BMI ≥30 in women, is feasible for use in Swedish (primary) care. 

Family history of diabetes is probably not a reliable variable in the young or middle-aged age-
group in this population, on the other hand this information is not needed.

More frequent use of HbA1c among non-diabetic subjects, not only for the evaluation of 
metabolic control in patients with T2DM, might contribute to rising awareness among physi-
cians of what is the normal level among healthy people. This in turn could stimulate to increased 
activities to reach the treatment goals for HbA1c among diabetic patients. 
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Biomarkers of early perturbations of type 2 diabetes and the 
metabolic syndrome

The model of MetSy was based on data from the referent population in the case-referent study. This 
means that our model describes the normal pattern and correlations between variables and factors, 
not that the referents were afflicted by MetSy. Applying this model to the pre-diabetic cases in the 
case-referent study disclosed the imbalance or derangement within or between the factors that are 
characteristic of the pre-diabetic state, i.e. outlined the factors that were predictive for incident 
T2DM. Thus a pre-diabetic state is confirmed to be an important aspect of MetSy. The obvious 
and expected finding was that obesity (BMI↑), with insulin resistance (proinsulin↑) and deficient 
b-cell function (blood glucose↑) are central perturbations during early diabetes development, but 
we could not confirm insulin resistance to be the only unifying mechanism for the different features 
of MetSy. The other complex factors, although associated with future T2DM in univariate analysis, 
were not independently predictive of T2DM. Therefore, from a clinical perspective, it might be 
concluded that inflammation, dyslipidemia and possibly hypertension are not distinctive traits 
during the very early stages of diabetes development. They could be the result of the subsequent 
effects of obesity, insulin resistance and/or hyperglycemia, e.g. vascular damage. This suggests that 
they represent other pathophysiological mechanisms in the context of MetSy.

Blood pressure, measured as a weighted composite factor, was not predictive. The same result 
regarding a blood pressure factor was obtained in two previous studies that adopted similar meth-
odology 73,146. The Chinese study146 also agreed regarding a lipid factor, while the study on Pima 
Indians73 showed significant OR for the lipids factor, albeit lower than for the insulinemia and 
the body size factor. There is an additional (third) study that evaluated the association between 
factors derived from a factor analysis and incident T2DM. However, this Finnish study147 is not 
completely methodologically comparable as it used only one variable for blood pressure and one 
for body size, and these two variables clustered with glucose and insulin variables in one composite 
factor, that among four factors, was the only one that predicted T2DM.

Nevertheless, in the single variable model, the ORs for blood pressure were very near the 
significance level in the multivariate analysis in both sexes. There was also a strong correlation, 
produced in the confirmative factor analysis, between the composite blood pressure and the 
glycemia factors in the proposed MetSy model. This strengthens the point of view that clinicians 
should be observant of dysglycemia in subjects with hypertension. In addition, increased glucose 
levels can be an adverse effect from some anti-hypertensive drugs. 

From a preventive perspective it is highly relevant that obesity, with accompanying insulin 
resistance and b-cell decompensation are the central features during early diabetes development. 
These factors are modifiable by lifestyle changes, see figure 3. Weight reduction and increased 
physical activity contribute to enhanced insulin action and decreased demands on the b-cells and 
hence, reduced risk of T2DM. Insulin action is also affected by, for example, adipokines, NEFA 
and leptin, however these factors are not easily modulated beyond the effect from changes of 
BMI. Therefore it is interesting and has strong public health implications that this is not only a 
theoretical reasoning, it has also been proven to be substantial, not least because the large preven-
tive studies with lifestyle intervention attained markedly similar results81–83,116,148. 
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Social determinants for the development of type 2 diabetes and 
the metabolic syndrome

Some aspects on work and non-work stress and the development of T2DM

In paper III, weak emotional support emerged as a new risk indicator among women. Weak 
emotional support in addition to work stress, defined as passive or tense working conditions or 
as low decision latitude, seem to be strong risk indicators among women, and importantly, even 
when controlling for obesity. Psychosocial stress variables were more or less equally distributed 
in men and women, but in the multivariate analysis was BMI the only significant indicator of 
incident T2DM among men.

Figures 1 and 2 in paper III illustrate the combined effects of emotional support (paper III 
figure 1) or social network (paper III figure 2) on the x-axis and two levels of non-work stress (civil 
status) or work stress (psychological demands or decision latitude) expressed on the two lines. 
As illustrated by almost parallel lines, there were small modifying effects between the two social 
integration variables on one hand, and work stress variables and civil status on the other hand 
among men. In women, weak emotional support increased the ORs for diabetes development 
irrespective of civil status, i.e. there was a direct (additive) effect from emotional support and no 
interaction with civil status149. The divergent lines illustrate that emotional support modified the 
harmful effect of work stress. Social network interacted with low decision latitude to produce the 
worst outcome, i.e. the highest ORs, in situations with low support and high stress load (paper 
III fig 2). Contrary to what might be expected, figure 1 shows that jobs with low psychological 
demands were associated with higher OR, i.e. indicating the high stress situation among women, 
whilst jobs with high psychological demands indicate the low stress situation. A possible reason 
for this is that jobs with high psychological demands are the jobs that might be more advanced 
and entail more opportunities for esteem and progress, whereas these benefits may be lacking 
in jobs with low demands. For jobs with high psychological demands the figure 1 in paper III 
suggests, albeit with insignificant synergy index, that this situation completely counteracted the 
diabetes risk for concomitantly weak emotional support.

In most stress interaction models, social support variables are considered as factors that reduce 
the harmful effects of both work and non-work stress149, and it is more customary to illustrate this 
like figure 20, which is an alternative to figure 1 in paper III. The lines represent the two levels 
of emotional support and the work and non-work stressors are expressed on the x-axis. For work 
stress (low demands and low decision latitude figure 19), the ORs were significantly higher at low 
emotional support among women. Strong emotional support totally counteracted the harmful 
effect of low decision latitude, i.e. a pure buffering effect. A similar interaction is illustrated for 
emotional support and psychological demands. High emotional support even seems to overcome 
the harmful effect of low psychological demands. 

These findings cannot answer questions on why the impact of emotional support and work 
stress on diabetes risk differs between men and women. There might be biological explanations, 
e.g. sex-specific differences in hormonal or adipose tissue functions50 or in inflammatory mecha-
nisms150,151. Structural societal differences exist between sexes. For example Swedish women work 
professionally to the same extent as men, but do more household work152, which means that the 
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total workload might be greater for women and may create the necessity to manage several, often 
contradictory, responsibilities. According to the “role stress hypothesis”153 this could result in an 
overload with disease as the result, whilst according to the “role expansion hypothesis”, several 
social roles may lead to health improvements if the resources provided by several roles (e.g. in 
jobs with high demands) outweigh the possible stress burden. Our results indicate that the arena 
for integration of several roles in professional work and family/private life, is still characterized by 
an unequal division of strain between men and women and there is a need to achieve improved 
conditions.

To expand the understanding of health and disease in general, and diabetes development in 
particular, it is also necessary to discuss differences between men and women in terms of gender. 
The author is not the right person to do that. However, some questions might be suggested. For 
example, what are the health consequenses of contemporary gender-related shifts in: roles and 
tasks in the labour market and in family/private life; responsibilities; opportunities; individu-
alization; and diversity of experiences? Qualitative research methods are needed to address such 
questions

To conclude, work stress and weak emotional support may increase the risk of future T2DM 
in women. This hypothesis should be examined in further studies. BMI is associated with high 
diabetes risk in both sexes. The question as to whether too much emphasis is placed on biological 
risk indicators in the evaluation of diabetes risk needs to be addressed further. 

The role of lifestyle and social determinants for the Metabolic Syndrome.

The case-referent study was too small a study to render sufficient power for evaluation of the impact 
of additional lifestyle factors on diabetes risk, however VIP offers excellent opportunities with 
its large study populations. In paper IV the strongest risk indicator of MetSy was low education, 
possibly more marked in women. Subgroup analyses indicated that the crude absolute 10-year 
risk of MetSy among 40 years old women with low education was at the same level as among 
men at the same age, thus levelling out the higher crude relative risk of MetSy among men at 
the same age. The demonstrated social gap seem not to be mediated by physical exercise, alcohol 
problems or tobacco habits. This result agrees with several previous reports154–157. It could be 
suggested that the less educated subjects may have more un-healthy eating or drinking habits77. 
However, a higher risk of MetSy could also be attributed to more stressful life circumstances 
evoking stress responses158,159. 

Our results also support earlier findings highlighting the significant impact of physical exercise 
and positive smoking history on the increased risk of MetSy. We chose the IDF definition of MetSy, 
since this definition was launched at the time of this work. The fact that obesity is a prerequisite 
in this MetSy-definition and smokers have lower obesity prevalence than non-smokers125, might 
explain that daily smoking was not associated with MetS. It is noteworthy that the associations 
between MetSy and education and lifestyle habits were significant in addition to significantly in-
creased OR for family history of CVD and/or diabetes (OR 1.4, 95% CI 1.2–1.6). This illustrates 
the interaction between biologic, socioeconomic and lifestyle factors for disease outcomes. 
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Results from previous studies regarding associations between snus habits and MI160–162 or 
diabetes162,163 have been conflicting. However these studies were considerably smaller, except for 
the study by Bolider, that on the other hand was not adjusted for alcohol. Our study therefore 
meets the demand from several overview articles regarding larger studies on snus and disease 
outcomes164–166. 

The finding that high-consumption of snus was associated with MetSy was not expected. 
However, our results agree with other studies with respect to associations between snus and 
obesity125,162,167, triglycerides168 and hypertension162. Animal studies also support these results, 
showing that nicotine may induce lipolysis166 which might contribute to dyslipidemia. However, 
the reasons why snus exerts a dysmetabolic effect are not clarified by our study. The dysmetabolic 
effect may be a direct effect of the nicotine or other chemical substances in snus, or snus might 
merely be a marker of other unhealthy behaviours e.g. food and alcohol consumption, as presvi-
ously demonstrated for smoking169. Alcohol and nicotine act on the common neurohumoral 
reward pathways in the brain 170. Animal studies shows that nicotine may increase alcohol 
intake171,172 and alcohol seeking behaviours173. There is also a strong correlation between smok-
ing and alcohol consumption in humans174,175. To my knowledge, there are no studies on the 
correlation between alcohol consumption and the use of snus among adults, but there is one 
Swedish cross-sectional study reporting a link between snus use and high alcohol consumption 
independently of smoking among boys of 15–16 years age176, and a few American studies have 
found a correlation between alcohol and other varieties of smokeless tobacco177–179. 

High-dose consumption of snus as a risk indicator for MetSy, obesity and hypertriglyceridemia 
raises further questions and concerns as the use of snus increases in Sweden. The proportion of snus 
users has more than doubled since the 1980s. Today one million Swedes are snus users180. In the 
two northernmost counties, Norr- and Västerbotten, the total proportion of tobacco consumers 
was stable during the period 1984–2004, but coinciding with decreasing smoking rates. The use 
of snus increased from 18% to 27% among men and from almost zero to 9% among women181. 
Accordingly, the relative increase was greater among women, and this occurred in the course of one 
decade from the middle of the 1990s. Alcohol consumption increased by 33% in Sweden during 
the same time period182 and there was a concomitant shift towards more “continental” drinking 
habits and a weaker correlation between alcohol habits and socioeconomic and civil status183.

The alcohol variable we used was a rather weak risk indicator. However, the graded increases 
of ORs with increasing number of positive answers to the Cage questions indicate a correlation 
between alcohol problems and MetSy. Assessment of a quantitative measure of alcohol consump-
tion in a similar analysis is warranted.

To conclude, we demonstrated that low educational level is a determinant for future MetSy, 
and this seem to be more marked among women. Morover, the use of snus seem to play a role 
in the development of MetSy. This could be shown only among 30 and 40 years old men. These 
were the only age-groups where more than 5% of the individuals consumed >4 cans snus per 
week. The snus use was also associated with obesity and hypertriglyceridemia. These findings 
illustrate the need of large studies including younger middle-aged subjects for the investigation 
of possible harmful effects of snus. The findings imply a need for further studies regarding as-
sociations between snus and disease outcomes, as well as between snus and other lifestyle habits. 
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Tobacco habits are complicated. People shift from use to non-use or combined use of different 
types, and tobacco habits are related to other lifestyle habits. Therefore large sample sizes are 
necessary to avoid confounding. 

Design and methodological considerations

The case-referent study nested within a cohort.

There are two main factors in favour of a nested case-referent study105,106: 
1)	The design is prospective as all data are collected before the diagnosis of the outcome, hence 

there are no recall biases. Certainly in the case-referent study, the stored samples of plasma and 
erythrocytes underwent chemical testing after the study period, but they were collected at the 
same time as the health survey and were therefore not biased by a subsequent clinical diabetes 
diagnosis or not. 

2)	The nested case-referent study is cost-effective and time saving as only a limited number of 
referents (and all cases) are analysed, instead of the total number of subjects in a cohort study. 
Nevertheless, this still allows for statistically-efficient analysis of data representing the cohort as 
the referents are randomly selected from the cohort in order to be representative for the whole 
cohort. 

The alternative, a pure prospective cohort design, would be too costly and time consuming. 
Moreover, the Medical Biobank was created to enable research on a wide range of diseases and 
therefore, from an ethical perspective, it would not be appropriate to consume large amounts of 
stored samples of blood in a cohort study for one single disease.

By definition, the cases and referents in a case-referent study are selected from the same cohort. 
In this case-referent study this was the cohort of non-diabetics at baseline. The definition of the 
risk set, from where all references were recruited, was intensively discussed during the planning 
phase of the case-referent study and we decided, for simplicity, that a referent could not be 
defined as a case after the time point for the diagnosis of the respective case later on during the 
study period. After the study, any referent might well have been diagnosed with T2DM but this 
was beyond our knowledge. Therefore the time from health survey until diagnosis among cases 
was shorter than the observation time for both cases and referents (i.e. from health survey until 
January 31st 2001). Hence, the exposures might to some extent differ between cases and referents 
and this could to some extent be a bias to our results.

False positive diagnoses among cases were excluded by scrutinizing the case records, but the 
referents should also be free of the outcome of interest. The fact that there was no follow-up testing 
of the referents in this study is the cause of some concern100,101. However, if type 2 diabetes did 
develop in any referent (false negative diagnosis), which could have been diagnosed at a follow-up 
test, this would increase rather than decrease the differences observed at baseline between cases and 
referents. As such, our results should be regarded as conservative, and not as overestimating the 
risk of T2DM . In addition, the true number of subjects with T2DM was probably higher than 
the figure obtained. Hence, our results are applicable only to prediction of clinically diagnosed 
T2DM, not to screen diagnosed T2DM. Nevertheless, enduring screening activities for T2DM 
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are not routine, except in Västerbotten for people of 40, 50 and 60 years of age. Therefore our 
conclusions should most likely be relevant in other clinical settings.

Another methodological issue to consider in relation to interpretation of the results, is the 
exclusion of some cases and referents, with respect to analyses of stored samples of plasma and 
erythrocytes, previously described in the section for step 5 of the design of the case-referent study. 
The exclusion of such cases may imply that some less healthy future diabetics were excluded from 
our study, as their donated samples of blood were being used in cancer, myocardial infarction 
or stroke studies, in a prevention study based on IGT that was diagnosed in the health survey, 
or undergoing DNA-preparation. On the other hand, such individuals are likely to have more 
severe metabolical derangements and to be closer to a diabetes diagnosis and therefore our results 
should be particularly applicable for the early prediction of T2DM. The exclusion of referents 
was mainly a consequence of the exclusion of their respective cases. However, there were no sig-
nificant differences in BMI and FPG levels between those who were or were not excluded from 
analyses of stored plasma or erythrocytes, either in cases or referents, or in men or women. The 
selection bias due to exclusion of cases and referents for priority to other studies should therefore 
be negligible with respect to results and the conclusions drawn on early prediction of T2DM 
based on plasma variables or HbA1c. 

Originally three referents were randomly selected in order to avoid the need for replacement 
selection if a referent was excluded because the subject had not donated any blood sample. The 
costs for chemical analyses were high, and therefore we decided to use only two referents per case184. 
Although no prior power calculations were done, calculations based on the existing number of 
cases and referents revealed that there would be enough power to carry out suitable analyses. 

The referents in the case-referent study were matched on the basis of age, sex and year of health 
survey. Thus, alterations in diabetes risk due to cohort effects over time were controlled for. But 
we lost the possibility to evaluate different risks of T2DM due to age and sex. 

The panel study. 

The strength of a panel study is that the same subjects are examined at least twice in repeated 
cross-sectional studies, and therefore the value of evidence is higher for demonstrated associa-
tions between changes in variables as compared to cross-sectional studies. By combining the 
results from case-referent and panel studies with cross-sectional studies it is possible to describe 
the risk-factor burden in the population and the distribution of risk indicators in different strata 
of the population.

Epidemiological aspects 

The case-referent study and the panel-study, the two analysed data sets in this thesis, represent two 
epidemiological windows onto the investigated population. Their validity depends on whether they 
are representative of the wider population. If they are representative, it is possible to evaluate the risk 
of future development of type 2 diabetes and the risk of MetSy, from a wide range of indicators, 
and thereby contribute to the understanding of the processes that cause T2DM and MetSy. It is 
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necessary to conduct cross-sectional or prospective cohort studies to draw conclusions regarding the 
distributions of T2DM, prediabetes and metabolic syndrome, i.e. prevalence and incidence.

The challenge in a case-referent study is to define an appropriate group of referents107. Ideally, 
the study base is well defined, as this implies that the referents adequately represent all subjects in 
the source population at risk of becoming a case. This is likely for the case-referent study, because 
VIP is well defined185. Cases and referents emerged from all health surveys performed in Umeå 
during a little more than a decade (1989–2000). The majority of the cases and referents (78%) 
participated in VIP between 1990 and 1994. 17% of cases were diagnosed with T2DM at the 
end of 1995, 39% between 1996 and 1998 and the remaining 44% between1999 and January 
2001.The referents were randomly selected and matched for sex, age and year of health survey. 
All health surveys between 1992 and 1993 from the whole county were evaluated in 1998 and 
there were only marginal differences in social characteristics between participants and non-par-
ticipants186. In that study, the health survey participants in Umeå were not specifically studied 
but they are not thought to differ, with respect to participation from the rest of the county. 
Therefore the selected referents in the case-referent study may be considered to represent the 
whole population in Umeå. 

However, Umeå includes only approximately half of the county’s population and the city 
of Umeå dominates by a younger and higher educated population, compared to the rest of the 
county. The panel study in this thesis, on the other hand, represented the whole county, but is, 
however limited to those who returned to a new health survey after 10 years. 74% were included 
in the panels after exclusion of deaths and those who had moved out from the county. Non-re-
spondents to follow-up were more likely to have high level of education (28% versus 23%), to 
be smokers (26% versus 20%) and to have higher body weight (74.3kg versus 72.9kg) compared 
to respondents (not published data). This could to some extent bias the results. However, the 
overall effect seem to be complex as those that probably were more loaded by risk markers, as 
indicated by low educational level, more frequently responded, at the same time as  those with 
risk indicators such as higher body weight or smoking were less respondent.

 To compare the representativity of these two studies the distribution of different glucose 
regulation states in the panels were compared to the distribution among the referents in the case-
referent study. It was necessary to only select panel subjects from Umeå with the same sex and age. 
The panel baseline data were selected, as they are from the same time period as the majority of 
baseline data in the case-referent study. Also, only panel subjects of 50 years of age were selected, 
as the referents in the case-referent study were 51 and 53 years, men and women, respectively. 
All diabetic subjects were excluded from the panels to be comparable with the case-referent 
study. The results are shown in table 13. The proportions of normal glucose regulation, isolated 
IFG (WHO-definition), isolated IGT and combined IFG and IGT (in table) are rather similar 
among men. Among women, the normal group is smaller in the case-referent study than in the 
panels, and the proportion of IGT seems to be larger. This could to some extent be explained 
by the higher mean age in women in the case-referent study. Applying the ADA definition for 
IFG, results in even stronger agreement between the panels and the case-referent study among 
men and the same noticeable differences among women (data not shown). There is thought to 
be no differences in selection bias in the Umeå district compared to the rest of the county. This 
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is to some extent supported by the 10-year diabetes risk for 50 years old non-diabetic women 
(n=1737) and men (n=1520) living in Umeå that was 6.2% and 7.9%, respectively, which is 
similar to the result in corresponding health survey participants from Skellefteå and Lycksele 
(combined), 6.2% and 8.9%, respectively. It could therefore be argued that the panels and the 
case-referent study may represent the population. Hence our results should be applicable to the 
whole middle aged population in Västerbotten.

Table13. Glucose regulation by WHO-definition at baseline in the panel study* and in the referent 
population in the case-referent study . Numbers and (percent).

Men Women

Panels*
N=1520

The case-referent study
N=271

Panels*
N=1737

The case-referent study
N=202

NGR 1351 (88.9) 236 (87.1) 1546 (89.0) 165 (81.7)
Isolated IFG 110 (7.2) 22 (8.1) 83 (4.8) 12 (5.9)
Isolated IGT 47 (3.1) 7 (2.6) 94 (5.4) 24 (11.9)
IFG and IGT 12 (0.8) 6 (2.2) 14 (0.8) 1 (0.5)

* Only Umeå health care district, subjects with diabetes excluded. Mean age was 50 years in both sexes in the panel 
study and 51 years in men and 53 years in women in the case-referent study.

Statistical considerations

Calculations that manually would take weeks or months, were solved by the computer in frac-
tions of a second. What can be understood from these statistics from the view of a physician? A 
few comments or experiences may be outlined.

– Factor analysis. Factor analysis seem to be congenial for the analysis of complicated biological 
patterns offering possibilities to unfold hidden associations that may explain the correlation 
between variables. It is also useful for testing of hypotheses that are based on biological or psy-
chosocial theories. However, this statistical technique highlighted the fact that statistics can be 
highly subjective. The more variables, considered as important markers, that were introduced in 
the analyses, the more complicated factor patterns was the result. If, for example, only one blood 
pressure variable was used (systolic or diastolic or mean pressure), the EFA result among referents 
in paper II, would be five factors in stead of six. The blood pressure variable would cluster in a 
factor together with PG values. On the other hand, such a model retains less of the total variance 
(64.4% instead of 69.9%). Therefore it is important to clearly describe and motivate the selection 
of variables to be studied. If a one-factor solution is wanted, then only a few variables, that are 
similarly correlated to each other, should be introduced. 

The factors are constructs that summarize the properties of complex underlying structures, 
eg the adiposity factor in paper II with BMI, leptin, insulin and proinsulin, and the factors are 
measured as scores with anonymous scales. The impact of one unit is difficult to interpret in a 
regression model. However, the factors can be compared between themselves in a multivariate 
regression and their biological meaning can be interpreted.



69

discussion

– Regression analyses and odds ratios are also difficult to interpret from other points of view. In 
incident case-referent studies, odds ratios are shown to be an estimate of the relative risk of disease 
in the population105. It is a mathematical measure of the association between the risk marker 
and the outcome. However, this is not a useful measure for the classification of subjects accord-
ing to future disease outcomes, i.e. an odds ratio cannot tell if a variable is a useful risk marker. 
This is illustrated in paper I where HbA1c≥4.7 shows a very high OR in both men and women 
in the multivariate analysis, 16.0 (2.2–115.2) and 19.6(2.5–152.4), respectively. However, the 
ROC curve shows that HbA1c 4.7 identifies only 51% of the cases (sensitivity 0.51) and yet 
mislabels 11% of the referents (specificity 0.89). BMI≥27 discriminates well from the point of 
view that 71% of future cases are identified, however, 29% of those that will be free of a future 
T2DM diagnosis are mislabelled as future cases. Such markers are not useful for screening in a 
healthy population.

 The coding of the risk marker is also important to note. If it is continuous, the OR reflects 
the association with outcome and how the risk increases for every one-unit increase of the marker, 
i.e. the size of the OR depends on how the units are measured. Therefore comparisons between 
markers that are measured in different units must be done with discretion. A categorized marker 
is simple to use but cannot reflect a graded association, i.e. cannot take into account the whole 
continuum of risks from low to high values of the marker.

Another aspect to consider is that multivariate regression analyses with variables that are 
correlated is “like a race and only those that runs the fastest come to the winners’ stand, but all 
competitors contribute and many of them may perform strongly and influence the outcome” 
(quotation: Lars Weinehall). Clinically-important markers may be insignificantly associated with 
the outcome if other markers, that are correlated to the same marker, display significant ORs. An 
illustration of this might be table 3 in paper II, where inflammation and blood pressure variables, 
that are highly correlated to obesity, did not reach statistical significance. Moreover, this was after 
we first evaluated three inflammatory markers and the two blood pressures values and previously 
known hypertension (dichotomized variable!) in separate multivariate regressions to identify the 
most predictive marker between the three measures of inflammation and of blood pressure.

– Analyses of interaction. The analyses of interaction must be based on theory, i.e. a model that 
describes how the factors interact. According to the model we used, as defined by Rothman108, 
there is an interaction between two factors if the combined effect is stronger or weaker than 
the expected added or multiplicative effects. We showed this for stress at work and stress in the 
private sphere of life153 as tested in paper III, and graphically illustrated for one risk over two 
strata of the other risk, figure 19. 

Interaction seems to be more comprehensible when it is labelled as a modifying effect, i.e. one 
marker modifies the effect of other marker(s) in a way that the combined effect is differentiated 
from the pure addition of their effects. In paper I, cases explained by additive and interactive 
effects were summarized, and we showed that the modifying effect was substantial (Table 7), 
leading to a large proportion of cases attributable to interaction. 

– Diagnostic tests. Whether or not a marker is useful for screening also depends on how the 
disease is distributed within the population. The positive predictive value increases with increasing 
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prevalence of the disease of interest. If, for example, the prevalence of T2DM in paper I increases 
by 0.5 %, the PPVs for combinations of FPG≥6.1, BMI≥27 and HbA1c≥4.7 increase with 2% 
in both sexes while the negative predictive values remain at the same level (98.23% in women 
and 98.24% in men) . The diagnostic tests made it possible to discriminate between having and 
not having high risk of T2DM.

The number of individuals with diabetes attending primary care 
in Umeå – An output from the computerized patient records in 
Västerbotten. 

The increase in absolute number of patients with T2DM attending primary care in Umeå and 
the increase in prevalence warrant further study, beyond the scope of this thesis. However, some 
conclusions are evident. 

Firstly, two main reasons for the continuously increasing number of diabetics attending primary 
care are likely to be the population growth and increasing life time expectancy. Other reasons 
could be changes in lifestyle habits, e.g. leading to increasing obesity prevalence, and more effec-
tive treatments leading to extended survival in subjects with known diabetes mellitus (KDM). 
Larger proportions of ethnic groups, i.e. immigrants, with genetically higher susceptibility and 
possibly less healthy lifestyles and living conditions might also increase the numbers of diabetics 
in some districts42. In addition, the screening targeting the middle-aged population within VIP 
could contribute to the large number of diabetes patients, possibly also with “onset” at younger 
ages. It might also be possible that physicians register the diagnosis in the case records more 
frequently and that diabetic patients more often are examined annually in recent years. Whether 
the age and sex adjusted incidence and prevalence really varies is an open question. 

Secondly, the obvious increase (doubling) in the number of diabetes patients within primary 
care is likely to be accompanied by a corresponding increase in demands for efforts to take care 
of all these patients. In addition, during recent years it has become widely accepted that intensive 
multifactorial risk-factor management delays or reduces the risk of complications among patients 
with T2DM187–189. This implies that more efforts are needed to provide all preventive and treat-
ment measures for every single patient. It appears that the available resources for management of 
T2DM have not been upgraded to balance the increasing demands in the field of primary care, 
which needs to be put on the agenda for decision makers. Especially, since there is a consider-
able discrepancy between guidelines and reality in the care of T2DM in Sweden190. If primary 
care fails to reduce the risk of long-term complications, there will be a staggering increase in the 
demand within hospital care for more costly interventions targeting macro- and microvascular 
complications191.

Thirdly, substantial numbers of patients with T2DM in Västerbotten are detected by screening 
and there are no studies that evaluate the long-term results for this strategy192. There is a great 
need for such studies or else the value of screening activities for T2DM will be questionable.
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The importance of VIP and the role of primary care in VIP

Västerbotten Intervention Programme is currently probably one of the largest population based 
databases, with 100,000 completed health surveys, representing almost 80,000 individuals, of 
whom slightly more than 20,000 have been examined twice. A significant improvement of the 
VIP methodology was the implementation of EviBase VIP in 2004. This is a computerized 
decision support system and is based on current medical evidence and guidelines. EviBase is 
invented and developed by Mats Persson, a general practitioner in Umeå. Another improvement 
was introduction of data sheet to each VIP nurse, listing participants during the previous year, 
who had at least one of the specific criteria for “mandatory” follow-up suggested by the VIP-
manual (smoking, metabolic syndrome, treated but un-controlled hypertension, S-cholesterol 
>7.4 mmol/L combined with family history of early CVD etc.).

It is not only the size of VIP that is important. Some other principal reasons also contribute to 
the potential of VIP.
–	The endurance and continuity of VIP with the overall concept of combined population-wide 

and high-risk strategies. 
–	VIP is a part of primary care that is evenly distributed and accessible to the whole population. 

The advantage of being integrated in the established health-care system is most likely decisive 
in the population’s confidence and willingness to participate. Every year slightly more than 
70% of the invited subjects participate.

–	The Swedish district nurses possess both legitimacy and esteem among the population, as well 
as a high degree of familiarity. Therefore the fact that the participant meets a district nurse 
at the health survey generates a sound base for VIP to be a longstanding activity with high 
participation rates. This is perhaps the most important factor for the successful implementa-
tion of VIP in Västerbotten. In addition, individuals who are identified as high-risk subjects 
are referred to their family doctor (general practitioner) for evaluation and medical treatment, 
and therefore the link from survey to care is also rapid and natural. 

–	Coordinating staff of VIP maintain continuous contact with the personnel who carry out the 
health surveys at each health-care centre and are also responsible for annual educational and 
up-dating arrangements. Moreover, a Scientific Board is responsible for the content of the 
health survey and its accuracy in line with current scientific medical knowledge. 

In addition to VIP’s potential for intervention for better public health, the VIP database enables 
many research projects:
–	Epidemiological studies using repeated cross-sectional data where it is possible to explore 

changes in disease panorama, socioeconomic conditions and lifestyle habits.
–	Longitudinal observations from panel data as well as case-referent studies nested within VIP for 

the investigation of associations between a wide range of risk indicators and disease outcomes. 
Thus VIP may contribute to the understanding of causes of diseases, which in turn may lead 
to novel methodologies for diagnosis and treatment.
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–	Survey data, both biomarkers and questionnaire data, combined with analyses of blood samples 
from the Medical Biobank, is a solid base for investigations, not only regarding cardiovascular 
diseases and diabetes, but also for a wide range of cancers, inflammatory and neurological 
diseases etc.

Without VIP, the studies in this thesis would be impossible to carry out without extensive and 
costly investments. On the other hand, with VIP there are abundant opportunities for important 
research questions to be explored and answered.

Ethical considerations

Do these studies cause any harm to the study subjects? All participants in VIP were informed 
at the occasion of the health survey and gave written consent to the future use of data from the 
health survey, as well as donated samples of blood for research. The data in the case-referent and 
in the panel study remained anonymous when handled and analysed and there has been no fur-
ther contact with the subjects. Therefore, no harm or maleficence was done to the study subjects 
within the case-referent and the panel studies. VIP, the case-referent study and the panel study 
are approved by the Research Ethics Committee of Umeå University.

The ethical dilemma could also be formulated in the opposite way: Is it ethically justifiable to 
abstain from doing research on the large amount of data that are generated within VIP? I would 
answer no to this question. The important aim is to contribute to the knowledge about the 
early biological, lifestyle and socioeconomic risk markers for type 2 diabetes and the metabolic 
syndrome. This knowledge should be used to establish methods for prevention and possibly treat-
ment. A challenge is how to communicate the results to the participants and to the community 
in a way that is balanced, respectful and trustworthy, bearing in mind the rapid shifts that are 
taking place in lifestyle habits and socioeconomic living conditions in the population. One pos-
sible way researchers might contribute to the continuous development of VIP is by participating 
in revisions and improvements of the manual and principles for the practical work in VIP and 
also by taking part in yearly training sessions for and discussions with the health personnel who 
carry out the surveys. During these educational meetings the personnels also can be informed 
about results and findings based on VIP data, and they may in turn communicate this to new 
health-survey participants. Another possibility is to recurrently give feed back to the population, 
e.g. to policy makers or in local daily papers, about results, trends and conclusions. 
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Conclusions

Results from the studies in this thesis show that single markers, commonly used in daily practice, 
are useful for identifying subjects in the early stages of development of T2DM. Preclinical markers 
or complex factors seem not to improve this prediction. Socioeconomic and psychosocial mark-
ers, in addition to biomarkers, are also important determinants of future T2DM and metabolic 
syndrome, albeit not similarly among men and women.

•	Subjects with at least two of the three criteria FPG ≥6.1mmol/L, HbA1c ≥4.7% and BMI≥27 
for men and BMI ≥30 for women are at high risk of type 2 diabetes. These measurements are 
available and easily performed and therefore this model is suggested for the identification of 
subjects in middle-age who are at risk of T2DM. This model performs at least as well as other 
suggested prediction models.

•	The variable “family history of diabetes”, although indicative of genetic predisposition, is not 
necessary for the identification of subjects at risk of T2DM. This variable is probably not reli-
able among “younger middle-aged” individuals because their parents and siblings themselves 
may still be healthy. 

•	Obesity with insulin resistance and failing beta-cell function are the core perturbations during 
the early development to T2DM. 

•	 Inflammatory markers and dyslipidemia, and possibly high blood pressures, are strongly predic-
tive in univariate analysis, but could not be demonstrated to be independent early predictors 
of T2DM.

•	Work stress (measured as passive or tense working conditions) and social interactions (measured 
as weak emotional support) seem to be independent indicators of future T2DM in women. 
Availability of attachment as a risk indicator for T2DM warrants further studies, including 
possible differences between sexes.

•	There is an obvious social gap with double the risk of metabolic syndrome and its separate 
factors among those of low education (≤ 9 school years) as compared to subjects with high 
education (≥ 13 years).

•	High consumption of Swedish moist snuff (snus), in addition to previously known unhealthy 
lifestyles, might be independently associated with future MetSy, obesity and high triglycer-
ides.

•	Any association between snus consumption and dysregulation of glucose measured as FPG ≥ 
5.6 mmol/L could not be demonstrated.

•	Socioeconomic factors, lifestyle habits and markers of stress are, in addition to biomarkers, 
important to consider for the evaluation of the risk of metabolic perturbations.
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Implications for future research 

The studies and results that are reported in this thesis generate new questions and domains for 
research.

Time trends and glycemic control

In the panel study, the prevalence of IFG increased considerably in both sexes from the beginning 
of the 1990s to the first years of the new millennium. This increase was larger than might be 
expected, considering the fact that the study subjects were 10 years older at follow-up. Further 
studies are therefore needed, with analysis of patterns and trends for incidence and prevalence of 
diabetes, IFG and IGT . Cross-sectional and longitudinal cohort studies within VIP are eligible. 
Possible associations between such trends in biomarkers and changing lifestyle patterns and psy-
chosocial conditions, as well as associations with disease outcomes, i.e. development of diabetes 
and/or CVD, are motivated. 

Further studies in the case-referent study

The case-referent study represents a unique database and additional analyses are planned in 
collaboration with other researchers e.g. islet cell antibodies, lipids in eryrocyte membranes, ho-
mocysteine, cystatin C, creatinine, albumin, cadmium in erytrocytes, hormones and additional 
insulin resistance and adipose tissue related markers. Moreover, the Research Ethics Committee 
of Umeå University approved the extension of the case-referent study to incorporate the rest of 
the county (Skellefteå and Lycksele ) in 2001. The results in papers I and II in this thesis raise 
questions on the relative roles of IFG and IGT in the development of early diabetes, as well as 
questions on how they relate to insulin resistance and adipokines, and the possible differences 
between sexes. It would be interesting to explore these questions in the future.

The metabolic impact of snus

The result in paper IV on snus consumption and the association with metabolic syndrome, 
obesity and high triglycerides should be investigated further. Moreover, further investigations on 
snus consumption within the framework of other lifestyle habits are warranted. This is of great 
interest for public health because snus is used by a large proportion of the Swedish population 
and is in public opinion probably supposed to be without major health hazards. In addition, 
previous studies on snus have reported conflicting results.

Social network and emotional support

The result in paper III that highlights lack of emotional support as a risk indicator of T2DM 
needs to be confirmed. Firstly, the social interaction variables, AVAT and AVSI, should be evalu-
ated as risk indicators for T2DM in the whole case-referent population, and not only in the 
occupationally-active sub-population. Another possibility would be to use panel-data in VIP for 
similar analyses, as well as for analyses of these variables and other outcomes, e.g. obesity, and 
the interplay with other lifestyle and psychosocial variables. An explicit gender perspective and 
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qualitative methods are needed in order to better understand the meaning or health consequences 
of AVSI and AVAT among men and women.

Intervention

VIP is integrated in the usual primary-care service and the population accepts screening as a 
routine. Nevertheless, there is still a need to develop and evaluate methodologies in order to 
optimize preventive activities193. This should not be the responsibility for a single physician or 
single health-care centre. Studies on pharmacological preventive interventions are ongoing, and 
are driven by strong economical forces. However, for the development of lifestyle interventions 
there are no such commercial driving forces. Therefore, other actors, i.e. the universities, local 
and regional institutions (municipalities and county councils), need to collaborate to increase 
the opportunities for progress in methods aimed at efficacious interventions targeting the whole 
population, and particularly those that are most in need of interventions. In this respect, VIP is 
a base, that creates unique possibilities to contribute to such developments.
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Epilogue

I would like to briefly outline the arena in which this work was undertaken. Observations of a 
large number of patients over 30 years as a doctor were the departure for this thesis. Patterns and 
associations gradually became discernible and questions were formed. To my opinion, being a 
specialist in family medicine, a GP, the characteristic quality of and challenge for family medicine 
is to integrate the biomedical and psychosocial perspectives of modern medical knowledge with 
the understanding, evaluation and treatment of patients with their symptoms. This takes place 
within a broader context where public health and epidemiology as well as the society and policy are 
important aspects, which might better be reflected by the old title for a family doctor – a district 
medical officer (distriktsläkare, provinsialläkare). For screening and preventive considerations, 
an individual or a public health perspective is motivated, depending on the specific disease of 
interest194. It might seem impossible to walk in a GP’s shoes, having such a task without limita-
tions. Therefore a large dose of humbleness is necessary and is needed. He/she can not manage 
everything, and not at the same time. However, there are great possibilities to development and 
also to collaboration with other specialists and other professionals. I have had the opportunity 
to take time for research. I have tried to bring family medicine and epidemiology together, from 
both biomedical and psychosocial perspectives, to see both details and the landscape. With this 
little piece of knowledge I wish to some extent facilitate better understanding of type 2 diabetes 
and metabolic syndrome. 
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