
A
B
C
D
E
F
G

UNIVERSITY OF OULU  P .O. B  00  F I -90014 UNIVERSITY OF OULU FINLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Professor Esa Hohtola

University Lecturer Santeri Palviainen

Postdoctoral research fellow Sanna Taskila

Professor Olli Vuolteenaho

University Lecturer Veli-Matti Ulvinen

Director Sinikka Eskelinen

Professor Jari Juga

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-952-62-0451-2 (Paperback)
ISBN 978-952-62-0452-9 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

D
 1245

AC
TA

Tuula Pienim
äki

OULU 2014

D 1245

Tuula Pienimäki

FACTORS, COMPLICATIONS 
AND HEALTH-RELATED 
QUALITY OF LIFE 
ASSOCIATED WITH DIABETES 
MELLITUS DEVELOPED 
AFTER MIDLIFE IN MEN

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU, FACULTY OF MEDICINE, 
INSTITUTE OF HEALTH SCIENCES, GERIATRICS;
OULU UNIVERSITY HOSPITAL;
UNIVERSITY OF HELSINKI, DEPARTMENT OF MEDICINE, GERIATRIC CLINIC;
HELSINKI UNIVERSITY CENTRAL HOSPITAL





A C T A  U N I V E R S I T A T I S  O U L U E N S I S
D  M e d i c a  1 2 4 5

TUULA PIENIMÄKI

FACTORS, COMPLICATIONS AND 
HEALTH-RELATED QUALITY OF 
LIFE ASSOCIATED WITH DIABETES 
MELLITUS DEVELOPED AFTER 
MIDLIFE IN MEN

Academic dissertation to be presented with the assent
of the Doctoral Training Committee of Health and
Biosciences of the University of Oulu for public defence
in Auditorium 7 of Oulu University Hospital, on 24 May
2014, at 12 noon

UNIVERSITY OF OULU, OULU 2014



Copyright © 2014
Acta Univ. Oul. D 1245, 2014

Supervised by
Professor Timo Strandberg
Doctor Arto Strandberg

Reviewed by
Doctor Markku Saraheimo
Docent Seppo Lehto

ISBN 978-952-62-0451-2 (Paperback)
ISBN 978-952-62-0452-9 (PDF)

ISSN 0355-3221 (Printed)
ISSN 1796-2234 (Online)

Cover Design
Raimo Ahonen

JUVENES PRINT
TAMPERE 2014

Opponent
Docent Juha Saltevo



Pienimäki, Tuula, Factors, complications and health-related quality of life
associated with diabetes mellitus developed after midlife in men. 
University of Oulu Graduate School; University of Oulu, Faculty of Medicine, Institute of Health
Sciences, Geriatrics; Oulu University Hospital; University of Helsinki, Department of Medicine,
Geriatric Clinic; Helsinki University Central Hospital
Acta Univ. Oul. D 1245, 2014

Abstract

Type 2 diabetes is increasing overall in the world and is mostly associated with Western lifestyle
including replete, unhealthy diet, sedentary life style and growing obesity. In the future the highest
prevalence will be seen among older people due to longer life expectancy and changes in
demography. Because diabetes is associated with increased morbidity, especially from
cardiovascular causes, and a shortened life expectancy, an important aspect in the older population
is the impact of diabetes on health related quality of life (HRQoL) and development of disability.
To measure HRQoL we have many valid instruments, one of them the widely used RAND-36
survey. The 2-hour glucose value is important in screening subjects at high risk for diabetes, but it
is time consuming and costly. Recently, 1-hour post load glucose has aroused interest in the
prediction of diabetes. Few studies have focused on the effect of the age of onset of diabetes and
how it effects on the HRQoL at an older age.

The aim of this study was to investigate the risk factors for future diabetes in men healthy in
midlife; the interest was especially focused on 1-hour post load glucose. The other objective was
to estimate the HRQoL in men who develop diabetes at an old age.

The present prospective study is based on the Helsinki Businessmen Study originally consisting
of 3.490 men, born in 1919–1934 and followed since the 1960´s. All the men had
socioeconomically similar status and belonged to the highest social group. The extensive baseline
examinations were conducted in 1974, when the men were in midlife, mean age 48. At that time
the men´s health, medication and cardiovascular risk factors were observed and self-related health
(SRH) was rated on a five-step scale. The men who were healthy without medications were
included in the follow-up group. The men were later investigated with postal questionnaires (1985/
86, 2000, 2002/03, 2007). In 2000, at mean age of 73, the HRQoL of the survivors was examined
using the RAND-36 instrument and was replicated in 2002/03, 2005 and 2007. Development of
diabetes was evaluated using the National Drug Reimbursement register and self-reported diabetes
in questionnaires.

Baseline 1-hour post-load blood glucose and weight gain from the age of 25 to midlife predicted
future diabetes, and especially a combination of 1-hour glucose >8.9 mmol/L and body mass index
(BMI) of ≥30 was associated with a 10.1-fold increase of diabetes risk independently of
cardiovascular risk factors. Men with late-onset of diabetes (age >75) tented to be healthier in
midlife. Diabetes did not affect the HRQoL until after diabetes onset. According to the evaluation
in 2000, three RAND-36 scales, i.e. physical functioning, general health and social functioning,
worsened already after 0–4 years from diabetes onset but did not deteriorate thereafter. There was
no consistent impact on mental health.

In conclusion, this study demonstrates that in men, who develop diabetes later in old age,
cardiovascular risk factors in midlife and elevated 1-hour post-load glucose and weight gain up to
midlife are important predictors for future diabetes. Developing diabetes exerts clear effects on
HRQoL, measured with RAND-36 very early after diagnosis, but affects only some of the domains.

Keywords: 1-hour post-load glucose, age, HRQoL, type 2 diabetes, weight gain
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Tiivistelmä
Tyypin 2 diabetes on lisääntymässä maailmanlaajuisesti ja on suurelta osin yhteydessä länsimaisen
elämäntyylin yleistymiseen. Keskeisimpinä tekijöinä ovat muuttunut, yltäkylläinen ruokavalio,
vähentynyt fyysinen aktiivisuus ja niiden myötä lihavuuden lisääntyminen. Diabeteksen lisääntymi-
nen näyttäisi olevan suurinta yli 65-vuotiaiden keskuudessa. Tähän vaikuttavat mm. eliniän pidenty-
minen ja väestörakenteen muutokset. Diabetesta sairastavien riski sairastua ja kuolla sydän- ja veri-
suonisairauksien komplikaatioihin on suurempi kuin ei-diabeetikoilla ja sairauksien myötä toiminta-
kyky sekä elämänlaatu heikkenevät. Henkilön oma arvio hyvinvoinnista on tärkeä mittari. Elämän-
laadun luotettava mittaaminen on tullut mahdolliseksi testattujen kysymyssarjojen myötä. Yksi laa-
jasti käytetty mittari on RAND-36. Diabetesriskissä olevien henkilöiden löytämiseksi on käytetty 2-
tunnin glukoosirasitustestiä, joka on aikaa vievä. Viimeaikoina onkin herännyt kiinnostus glukoosira-
situksen jälkeistä yhden tunnin sokeriarvoa kohtaan. Useimmat tyypin 2 diabetekseen liittyvät tutki-
mukset ovat keskittyneet työikäiseen väestöön, minkä vuoksi tutkimuksia vanhemmalla iällä puhjen-
neesta diabeteksesta ja sen vaikutuksesta elämänlaatuun on vähemmän.

Tämän tutkimuksen tarkoituksena oli selvittää keski-iän riskitekijöitä, jotka ennustavat tulevaa
tyypin 2 diabetesta myöhemmällä iällä. Yhtenä tutkimuskohteena oli yhden tunnin glukoosirasituk-
sen jälkeinen sokeriarvo. Myöhemmällä iällä puhjenneen diabeteksen merkitystä elämänlatuun kar-
toitettiin RAND-36-mittarilla.

Tutkimusaineistona oli ns. Helsingin Johtajatutkimuksen mieskohortti, jota on seurattu 1960-
luvulta alkaen. Kaikki miehet (n=3.490) olivat alkuaan terveitä, vuosina 1919–1934 syntyneitä mie-
hiä, jotka kuuluivat ylimpään sosiaaliryhmään. Heidän terveydentilaansa on kartoitettu nykypäiviin
saakka. Laajempi perustutkimus tehtiin vuonna 1974, jolloin miehet olivat keski-iässä (48 v). Seu-
rantaan valittiin terveet henkilöt, joilla ei ollut säännöllisiä lääkityksiä. Tällöin kartoitettiin sydän- ja
verisuonisairauksien riskitekijöitä, mitattiin glukoosirasituksen jälkeinen yhden tunnin sokeriarvo ja
selviteltiin elämäntapoja, minkä lisäksi sen hetkistä itse koettua hyvinvointia mitattiin 5-portaisella
asteikolla. Postitse lähetettyjä kyselytutkimuksia on tehty tietyin väliajoin ja aineiston tiedot tähän
tutkimukseen on kerätty 31.12.2007 mennessä. Vuonna 2000 kyselytutkimukseen liitettiin elämän-
laatumittarina RAND-36-mittarin suomalainen versio. Diabeteksen puhkeamista on seurattu Kelan
lääkekorvausrekisteristä sekä itse ilmoitettuna postikyselyiden kautta.

Tässä keski-iässä terveessä mieskohortissa tulevan diabeteksen kannalta merkittävimmät ennus-
teelliset tekijät olivat painon nousu 25-vuoden iästä keski-ikään sekä keski-iässä mitattu glukoosira-
situksen jälkeinen yhden tunnin sokeriarvo. Etenkin yhden tunnin sokeriarvo >8.9 mmol/L ja BMI
≥30 nostivat tulevan diabeteksen riskin 10-kertaiseksi. Näillä tekijöillä oli myös vahva yhteys sydän-
ja verisuonisairauksien aiheuttamaan kuolleisuuteen. Glukoosirasituksen jälkeisellä yhden tunnin
sokeriarvolla näyttäisi olevan merkitystä arvioitaessa tyypin 2 diabetesriskiä tulevaisuudessa, katkai-
supisteenä plasman ≥7.8 mmol/L. Elämänlaatua diabetes näytti heikentävän pian diagnoosin jälkeen
(0–4 vuotta diagnoosista), mutta sen jälkeen elämänlaatu ei huonontunut oleellisesti. RAND-36 mit-
tarilla mitattuna elämänlaatu heikkeni merkittävästi diabeetikoilla ei-diabeetikoihin verrattuna fyysi-
sen toimintakyvyn, yleisen elämänlaadun ja sosiaalisten toimintojen osa-alueilla, mutta mielenter-
veyteen diabetes ei näyttänyt vaikuttavan.

Asiasanat: elämänlaatu, ikä, painon nousu, tyypin 2 diabetes, yhden tunnin glukoosirasituksen
jälkeinen sokeri





Tietämisemme on kuin pallo: mitä suuremmaksi sen 
tilavuus kasvaa, sitä suuremmaksi tulee myös sen 
tietämättömyyteen ja tuntemattomaan suuntautuva 
pinta-ala. (Mahatma Gandhi) 
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1 Introduction 

Diabetes mellitus (later in text diabetes) is increasing overall in the world and an 

increasing proportion of those affected will be older persons (McBean et al. 2004). 

Earlier it was estimated, that in 2030 we will have over 360 million people with 

diabetes in the world due to population growth, ageing, urbanization and 

increasing prevalence of obesity and physical inactivity (Wild et al. 2004). The 

newest global estimation of the prevalence of diabetes in 2030 is already 552 

million, in 2011 the number of diabetic individuals was 366 million, most of them 

living in low- and middle-income countries (Whiting et al. 2011)  

Diabetes is a major risk factor for cardiovascular disease (CVD) and 

mortality (Kannel & McGee 1979b, Stamler et al. 1993) and approximately 75– 

80% of diabetic people are reported to die of CVD (Alberti et al. 2007, Reunanen 

1983). CVD events and the high incidence of other macro- and microvascular 

complications associated with diabetes (Stratton et al. 2000) are a major cause of 

illness and a remarkable economic burden (Hogan et al. 2003).  

Early identification of those at risk of developing type 2 diabetes is essential 

for prevention of diabetes and its complications. Fasting plasma glucose (FPG) 

and the 2-hour oral glucose tolerance test (OGTT) are recommended for early 

detection of type 2 diabetes (American Diabetes Association 2010). These 

instruments reflect different pathophysiologic mechanisms (Nathan et al. 2007) 

and detect different individuals at high risk of developing type 2 diabetes (Levitan 

et al. 2004). Recently, 1-hour post-load glucose has aroused interest in the 

prediction of diabetes (Abdul-Ghani et al. 2008, Abdul-Ghani et al. 2009, Manco 

M. et al. 2010), but its clinical significance has not been studied sufficiently and 

its position as a risk-predicting tool has not been established. One-hour post-load 

glucose measurements have been reported to predict CVD mortality (Orencia et 

al. 1997, Strandberg et al. 1995) and to be associated with carotid intima-media 

thickness and chronic kidney disease (Succurro et al. 2009, Succurro et al. 2010). 

Older people with diabetes are a heterogeneous group because of frequent co-

morbidity and different history. They require special caution when handling their 

diabetes (Kesavadev et al. 2003). Few studies have considered the effect of the 

age at the onset of diabetes. The duration of diabetes may be important when 

assessing the risks of older individuals who have developed diabetes. The risk of 

CVD increases already before clinical diagnosis of diabetes (Qiao et al. 2002). 

People, who have developed diabetes earlier in life or later at older age are at the 

same risk of experiencing a coronary artery disease (CAD) event. Early onset 
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with duration > 10 years, showed a risk similar to those with previous myocardial 

infarction (MI) and no diabetes (Wannamethee et al. 2011, Whiting et al. 2011).  

As a result of ageing, the morbidity of chronic diseases anticipates increasing 

disability and functional impairment among older people, affecting their quality 

of life. Validated questionnaires such as RAND-36 have made it possible to 

obtain information about various diseases and how they influence health-related 

quality of life (HRQoL). While diabetes is associated with increased morbidity 

and a shortened life expectancy (Morrish et al. 2001), an important factor in the 

older population is the impact of diabetes on HRQoL. Many studies show that 

diabetes with its complications has a significant and negative impact on HRQoL 

(Goodridge et al. 2005, Lloyd et al. 2001, Redekop et al. 2002), but there are only 

a few studies of the time course of this relationship between diabetes and HRQoL.  

We need simple and cost-effective tools to find the individuals at high risk of 

diabetes and CVD. One possible tool could be the 1-hour post-load glucose level. 

In the older population insulin sensitivity is different from younger individuals 

(Short et al. 2003) and postprandial hyperglycemia is more sensitive in 

identifyiong persons with diabetes (Kesavadev et al. 2003). The duration of 

diabetes and the glycemic control affect the risks of complications companied 

with diabetes (Pirart 1977) and can impair HRQoL. It is also important to take 

into consideration the person´s age at diabetes onset and to avoid goals that are 

too strict for the older population (Bonds et al. 2010).  

The aim of the present study was to study 1-hour post-load glucose as a 

predictor for future diabetes and mortality in men, who were healthy in midlife. 

Furthermore the aim was to compare fasting and 1-hour post-load glucose levels 

in predicting future diabetes. The Helsinki Businessmen study cohort also enabled 

us to evaluate the risk factors assessed in middle age for later CVD and diabetes. 

Finally, the aim was to study how diabetes developed in older age affects HRQoL. 
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2 Review of the literature 

2.1 Definition and classification of diabetes 

2.1.1 Definition 

Diabetes is a disease, in which the blood glucose level is permanently abnormally 

high. It may result from many environmental and genetic factors with 

disturbances of carbohydrate, fat and protein metabolism. Several pathogenic 

processes are involved in the development of diabetes including processes that 

destroy beta-cells of the pancreas and factors resulting in insulin resistance. The 

long-term effects of diabetes can damage various organs such as kidneys, eyes 

and the autonomic nervous system (Alberti & Zimmet 1998). People with 

diabetes have also an increased risk of CVD (Deshpande et al. 2008, Kannel & 

McGee 1979a). 

2.1.2 Classification 

The tests used for diagnosis and classification of diabetes were brought into order 

by the National Diabetes Data Group of the USA and the second World Health 

Organization Expert Committee on Diabetes Mellitus in 1979 and 1980 (Alberti 

& Zimmet 1998). The World Health Organization (WHO) has published several 

guidelines for diagnosis of diabetes since 1965, and the diagnosis and 

classification were reviewed in 1999 and published in Part 1: Diagnosis and 

Classification of Diabetes Mellitus and its complications (World Health 

Organization 1999). 

Diabetes was classified earlier in 1985 by the WHO into the following groups: 

1) Type I, insulin dependent diabetes mellitus (IDDM), 2) Type II, non-insulin 

dependent diabetes mellitus (NIDDM), and 3) other types, including impaired 

glucose tolerance (IGT) and gestational diabetes mellitus (GDM). The new 

classification (1999) contains various degrees of hyperglycemia and subsequently 

NIDDM and IDDM should no longer be used. The main etiological groups are: 

Type I and Type II diabetes mellitus, other specific types, and GDM. The clinical 

staging contains IGT and impaired fasting glucose (IFG). These represent 

impaired glucose regulation referring to an intermediate metabolic state between 

normal glucose homeostasis and diabetes characterized by different abnormalities 
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of glucose regulation, one in the fasting stage (IFG) and one in the postprandial 

stage (IGT) (Alberti & Zimmet 1998).  

Table 1. Disorders of glycaemia: aetiological types and clinical stages modified from 

Alberti & Zimmet (1998). 

Etiological types Clinical stages (impaired glucose regulation) 

Type 1 diabetes mellitus IGT: impaired glucose tolerance 

Beta-cell destruction leading normally to absolute 

insulin deficiency, insulin is required for survival 

An autoimmune process 

IFG: impaired fasting glucose 

Idiopathic  

Type 2 diabetes mellitus  

Results from predominantly insulin resistance with 

relative insulin deficiency (secretory defect with or 

without insulin resistance) 

 

Other specific types (less common causes)  

Genetic defects of beta-cell function  

Genetic defects of insulin action  

Disease of the exocrine pancreas  

Drug- or chemical-induced  

Infections  

Other genetic syndromes  

Endocrinopathies  

Gestational diabetes  

2.2 Prevalence and incidence of diabetes 

The number of people with diabetes is increasing overall in the world and among 

adults type 2 diabetes accounts for about 90% of all diagnosed cases of diabetes 

(World health Organization 1999). In 2011 the global burden of diabetes was 366 

million people: by 2030 it is estimated to rise to 552 million. Most of these people 

live in low-income and lower middle-income countries and the largest increase is 

expected in the older age groups, but this varies according to countries´ income 

status (Whiting et al. 2011). The largest group of diabetic people in the world 

consists of persons between 40 and 59 years of age. It is estimated that altogether 

183 million people (50%) with diabetes are undiagnosed. The global prevalence 

(20–79 years) of diabetes in 2011 was 8.3%, and in 2030 it is estimated to be 9.9% 

(Diabetes Atlas 2011). In the United States in 1999–2002 based on the National 

Health and Nutritional Examination Survey (NHANES), the prevalence of 
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diabetes was 9.3% and affected 19.3 million people in 2002 (Cowie et al. 2006) 

Today, the number of diabetic individuals there is already 25.8 million people, of 

those 18.8 million are diagnosed and 7.0 million undiagnosed (Diabetes Statistics 

2011). In the United States among older people aged 65 and over, approximately 

20% (about 7 million people) have diabetes (Kesavadev et al. 2003). The 

prevalence of diabetes increases with age (Cowie et al. 2006) and in countries 

classified as being high-income countries most people with diabetes are aged over 

60 years, whereas in low- and lower middle-income countries diabetic people are 

mostly of working age, between 40 and 60 years (Whiting et al. 2011). In Finland 

diabetes affects approximately 10% of the adult population among whom the 

great majority, 85%, have type 2 diabetes. About 200,000 Finns have diabetes 

without knowing it. The number of people with type 2 diabetes being under 

treatment will be double every 12th year (Koski 2011). The number of people 

having IGT is estimated to be 500,000, and 5–10% of these convert to diabetes 

every year (Winell & Reunanen 2006). A study published in 2005 showed, that 

among 45 to 64 year-old Finns the prevalence of diabetes was 10.2% in men and 

7.4% in women (Yliharsila et al. 2005). According to the National Health 

Insurance of Finland (2012), 330,545 persons were reimbursed for anti-diabetic 

medication.  

2.3 Diagnostic criteria of prediabetes and type 2 diabetes 

The term prediabetes was used in 1980 by the WHO but was later withdrawn to 

avoid unnecessary worry, because people with slightly elevated glucose level do 

not always convert to type 2 diabetes (World Health Organization 1985). In 2005 

the American Diabetes Association (ADA) proposed again using the term 

prediabetes for IGT and IFG (Nathan et al. 2009). Prediabetes is a stage of 

intermediate hyperglycemia between normal glucose level and tolerance and type 

2 diabetes mellitus (Table 2). IFG identifines a smaller number of people who are 

at higher risk of developing diabetes mellitus than those with IGT (Gabir et al. 

2000). Recently hemoglobin A1c (HbA1c) has been proposed by ADA at the range 

of 5.7–6.4% as a tool to definite prediabetes (American Diabetes Association 

2010). Prediabetes is a risk for future diabetes and CVD risk, but is also 

associated with nephropathy, neuropathy and other CVD complications (Tabak et 

al. 2012). 

The development of type 2 diabetes takes place a long time before the clinical 

diagnosis is made, when insulin resistance develops and beta-cell function starts 
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to deteriorate (Cheng 2005). The diagnostic criteria for diabetes have not been 

changed since 1999, when fasting plasma glucose value was lowered from ≥ 7.8 

mmol/L to ≥ 7 mmol/L to facilitate identification of undiagnosed diabetes and to 

reduce the discrepancy between FPG and 2-hour post-load plasma glucose (2-h 

PG) cut-off points used in OGTT (Gabir et al. 2000). The most recent diagnostic 

criterion of diabetes is HbA1c, which WHO accepted in 2011 with the cut-off 

value HbA1c ≥ 6.5% (World Health Organization 2011) (Table 2). 

Table 2. Diagnostic criteria for normoglycemia, prediabetes and diabetes according to 

WHO and ADA. 

Variables NGT IGT IFG Prediabetes Diabetes 

FPG (mmol/L) ≤ 6.0 WHO  6.1–6.9 WHO 6.1–6.9 WHO ≥ 7.0 

≤ 5.5 ADA  5.6–6.9 ADA 5.6–6.9 ADA  

2-hour glucose (mmol/L) < 7.8 7.8–11.0  7.8–11.0 ≥ 11.1 

HbA1c (%) < 5.7%   5.7–6.4% ADA ≥ 6.5% 

NGT = normal glucose tolerance, IGT = impaired glucose tolerance; IFG = impaired fasting glucose, 

FPG = fasting plasma glucose  

2.3.1 OGTT, FPG and HbA1c 

Two-hour post-load glucose measurement is recommended for early detection of 

diabetes (American Diabetes Association 2010) and has become the standard 

method for identifying individuals at risk for type 2 diabetes. People, who have 

normal fasting glucose (NFG), may have hyperglycemia during OGTT and vice 

versa (Levitan et al. 2004). If OGTT is performed in individuals having fasting 

glucose between 5.7 mmol/L and 6.9 mmol/L, it improves the diagnostic strategy 

for diabetes and detects over 80% of patients at risk for diabetes (Botas et al. 

2003). The OGTT identifies people with either IFG or IGT and finds thus more 

people who are at increased risk for future diabetes (American Diabetes 

Association 2010).  

OGTT is also an important method for screening individuals at high risk of 

type 2 diabetes, but it is time-consuming and costly.  

For decades FPG has been used for the diagnosis of diabetes. FPG tells the 

glucose level at the moment of measurement and two separate assessments are 

required to confirm the diagnosis. FPG does not reflect the glucose level during 

the daytime as it is measured after a long nocturnal period without any intake of 

food and with no special stress on pancreatic beta-cells. The two-hour OGTT 
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reflects the pathophysiology of diabetes during the postprandial state because the 

health of the beta-cells is essential for normal postbrandial glucose values 

(Bonora & Tuomilehto 2011).  

HbA1c has recently been accpeted as a part of the diagnostic criteria of 

diabetes (Word Health Organization 2011). HbA1c reflects the average glucose 

level of the past two of three months. Additionally, it has low intravidual 

variability. Therefore it may be a better measure than FPG for long-term 

macrovascular risk stratification (Selvin et al. 2010). Earlier, HbA1c was used as a 

control measurement to determine the glucose balance when the diagnosis of 

diabetes was received. HbA1c values reflect chronic hyperglycemia and are 

assosiated with microvascular diseases (American Diabetes Assosiation 2010). 

The community-based stydy of 11.092 middle-aged adults without diabetes 

showed that HbA1c was similarly associated with the risk of diabetes and 

especially with risks of CVD and death compared with the fasting glucose (Selvin 

et al. 2010).  

The advantages diagnosing diabetes with HbA1c compared with FPG and vice 

versa are shown below modified according Bonora & Tuomilehto (2011)  

HbA1c better than FPG for determination for diagnosis of diabetes 

– chronic hyperglycemia is captured by HbA1c but not by FPG (even 

repeated) 

– HbA1c is better related to cardiovascular disease than FPG 

– fasting is not needed for HbA1c assessment  

– HbA1c has a greater pre-analytical stability than blood glucose 

– biological variability of HbA1c is lower than FPG and 2-hour post-load 

plasma glucose 

– microangiopathic complications (retinopathy) are associated with HbA1c 

as strongly as with FPG 

FPG better than HbA1c determination for diagnosis of diabetes 

– diabetes is clinically defined by high glucose and not by glycation of 

proteins 

– HbA1c is a poor marker of important pathophysiological abnormalities 

featuring diabetes 

– HbA1c levels of 6.0–6.5% do not predict diabetes as effectively as FPG 

and 2-hour post-load plasma glucose 
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– HbA1c has significant differences in various ethnic groups, which are 

poorly understood and characterized 

– cost of assey: glucose is cheaper than HbA1c and HbA1c assay is not 

available on a large scale in most ot the countries 

– using HbA1c will deley the diagnosis of diabetes in about 60% of incident 

cases 

2.3.2 One-hour post-load glucose as a predictor of type 2 diabetes 

Subjects with IGT and IFG have an increased risk for future type 2 diabetes. 

Those with IGT about 50% convert to type 2 diabetes during 10-year follow-up. 

At the same time however about 40% subjects with normal glucose tolerance 

(NGT) at baseline will develop diabetes (Unwin et al. 2002). For identification of 

individuals at high risk of future type 2 diabetes, many models have been 

proposed (McNeely et al. 2003, Stern et al. 2002, Wilson et al. 2007, Tuomilehto 

et al. 2010, Wannamethee et al. 2011).  

One-hour post-load glucose testing has recently aroused interest in the 

prediction of diabetes (Abdul-Ghani et al. 2008, Abdul-Ghani et al. 2009, Manco 

M. et al. 2010). One-hour plasma glucose stratifies subjects with NGT as well as 

subjects with IGT into high- and low-risk groups (Abdul-Ghani et al. 2008). 

Subjects who develop type 2 diabetes have impaired beta-cell function and insulin 

resistance in the liver and skeletal muscle (DeFronzo 1988). It has been shown, 

that during OGTT, the plasma glucose concentration at the 30–60 min time 

interval depends on insulin sensitivity in skeletal muscle and on beta-cell function 

(Abdul-Ghani et al. 2006, Abdul-Ghani et al. 2007, DeFronzo 1988, Graham et al. 

2007). The increase in 1-hour post-load plasma glucose concentration would 

correlate with insulin resistance in liver and skeletal muscle and impaired beta-

cell function (Abdul-Ghani et al. 2008). In individuals who have NGT with high 

1-hour post-load glucose concentration to the same level as individuals with IGT, 

beta-cell rate sensitivity is impaired and characterizes the difference in their 

metabolic phenotype. Increased value of 1-hour post-load glucose (> 8.95 

mmol/L) in individuals with NGT identifies insulin resistance and beta-cell 

dysfunction (Manco M. et al. 2010).  

A cut-off point of 155 mg/dL (8.6 mmol/L) for the 1-hour post-load plasma 

glucose during the OGTT can identify subjects with NGT at high risk for future 

diabetes (Abdul-Ghani et al. 2008, Abdul-Ghani et al. 2009), but also those with 

increased risk for cardiovascular disease (Succurro et al. 2009). A new study 
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concerning obese Hispanic youth shows that 1-hour post-load glucose ≥ 155 

mg/dL during OGTT predicted independently beta-cell deterioration and 

progression to prediabetes over a follow-up-time of 8 years (Kim et al. 2013).  

One-hour post-load plasma glucose level a cut-off point of 155 mg/dL during 

OGTT in non-diabetic subjects has been shown to be a strong predictor for future 

type 2 diabetes (Abdul-Ghani et al. 2007, Abdul-Ghani et al. 2008). In a large 

cohort of 1,611 non-diabetic participants in the San Antonio Heart study, subjects 

with NGT and 1-hour post-load plasma glucose concentration > 155 mg/dL, 

altogether 16.7%, developed type 2 diabetes over 7 to 8-year period, while the 

annual risk was 2.2%. Among those with 1-hour post-load plasma glucose level 

during OGTT < 155 mg/dL, the annual risk for onset of diabetes was 0.4%. One-

hour post-load plasma glucose > 155 mg/dL among persons with metabolic 

syndrome (MetS) increased the annual risk to 4.3% for future type 2 diabetes and 

exceeding the risk of those with IGT. Using the cut-off point 155 mg/dL for 1-

hour post-load glucose level in conjunction with MetS, non-diabetic subjects with 

NGT, IFG and IGT can be divided into three risk groups, low, intermediate, and 

high risk, independent of their 2-hour plasma glucose concentration (Abdul-Ghani 

et al. 2008). 

Similarly in the Botnia study after 7–8 years of follow-up, subjects with NGT 

with 1-hour post-load plasma glucose concentration over 155 mg/dL (8.6 

mmol/L), and the presence of the MetS, had a significantly increased risk for 

future diabetes (8.5%) compared with people, who had NGT and a 1-hour post-

load plasma glucose concentration below 155 mg/dL (1.3%). Also among the 

groups IFG and IGT, the value of 1-hour post-load plasma glucose concentration 

during OGTT identifies high-risk individuals for future type 2 diabetes. Those 

with 1-hour post-load plasma glucose concentration > 155 mg/dL compared with 

those < 155 mg/dL, the risk was 10% and < 2%, respectively (Abdul-Ghani et al. 

2009). 

In these the San Antonio Heart and the Botnia studies 1-hour post-load 

plasma glucose seemed to correlate strongly as a measure of insulin resistance 

and beta-cell dysfunction instead of 2-hour post-load plasma glucose.  

One-hour post-load plasma glucose with levels > 155 mg/dL has also been 

proposed to be a new possible marker for CVD (Bardini et al. 2010). Higher 

white blood cell count and fibrinogen levels that are signs of subclinical 

inflammation and worsening lipid profile were measured in subjects with higher 

levels of NGT than with lower NGT. 



 26

2.4 Type 2 diabetes and its risk factors 

2.4.1 Obesity and insulin resistance 

A tendency to be overweight and obese is increasing in the world (Must et al. 

1999, Shields & Tjepkema 2006, Shields et al. 2011). A crude measure of obesity 

is the body mass index (BMI), a measure of body fat, where a person´s weight (in 

kilograms) is divided by the square of the person´s height (in metres). Obesity is 

defined as BMI ≥ 30 kg/m2 and overweight as BMI ≥ 25 to < 30 kg/m2 (World 

Health Organisation 2011). According to WHO estimates there will be over 1.6 

billion overweight people and over 400 million obese people by 2015 (Drew et al. 

2007). Over a 20-year period in the United States and Canada the highest weight 

increase among men was in the age group 60–74 years, but among women among 

those aged 20–30 (Shields et al. 2011). In the United States the prevalence of 

diabetes is high exceeding over 30% in most age and sex groups. Within racial 

and ethnic groups the prevalence ranged in 2007–2008 from 31.9% among non-

Hispanic white men to 37.3% among non-Hispanic black men, and among 

women 33.0% to 49.6%, respectively (Flegal et al. 2010). In Finland the 

prevalence of obesity has increased during a 20-years period (1978–1980 to 

2000–2001) from 17.9% to 24.1% in women and from 11.3% to 20.7% in men 

(Lahti-Koski et al. 2010).  

Obesity is an important risk factor for type 2 diabetes, particularly obesity of 

long-term duration (Hu et al. 2001, Manson & Spelsberg 1994, Pi-Sunyer 1996, 

Wannamethee & Shaper 1999). The tools of preventing type 2 diabetes consist of 

weight control with lifestyle changes (Saaristo et al. 2010, Tuomilehto et al. 

1992). In a prospective study BMI was the dominant risk factor for diabetes 

among middle-aged British men, and moderate physical activity reduced the risk 

for type 2 diabetes more than 50% (Perry et al. 1995). It has been known for a 

long time that obesity enhances insulin resistance, because glucose uptake to the 

tissues (liver, muscle, adipose tissue) is disturbed leading to an increase in insulin 

production and type 2 diabetes (Olefsky et al. 1982). In the background there are 

many metabolic disorders and the resistance to insulin-stimulated glucose uptake 

and hyperinsulinaemia are related apart from type 2 diabetes, also to hypertension 

and CAD (Reaven 1988).  

The excess of body fat can be estmated with magnetic resonance imaging or 

computed tomography. These methods measure regional adiposity such as 

visceral and subcutaneous adipose tissue (Cambi et al. 2011). In practice BMI is 
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used as an indicator of overall obesity and waist circumference (WC) is employed 

to measure abdominal obesity. In a stydy, where fat distribution was measured by 

magnetic resonance, BMI had the stongest correlation for non-abdominal and 

abdominal subcutaneous fat, whereas WC was associated with an increase of 

visceral fat in white men and women. In this stydy BMI and WC independently 

contributed to prediction of non-abdominal, abdominal subcutaneous and visceral 

fat. This finding reinforces the useability of BMI and WC in clinical paractise 

(Janssen et al. 2002). Some differences, however, have been found between sex 

and race in the relationship between WC and BMI and visceral fat, subcutaneous 

adipose tissue and fat mass (Cambi et al. 2011).  

In overweight people the abundant adipose tissue releases increased amounts 

of biologically active factors such as hormones, pro-inflammatory cytokines and 

non-esterified fatty acids, which are responsible for insulin resistance 

accompanied by dysfunction of pancreatic beta-cells releasing insulin. These 

factors result in failure to control blood glucose levels and are critical in defining 

the risk and development of type 2 diabetes. Therefore studies of type 2 diabetes 

and its reasons have moved on to the molecular and genetic basis providing new 

possibilities to treatment and prevention of this disease. (Kahn et al. 2006).  

Adipokines are polypeptides released by adipose tissue. They are biologically 

active substanties and many of these are pro-inflammatory cytocines as tumor 

necrosis factor α (TNF-α), interleukin-6 (IL-6) and interleukin-1 (IL-1) (Fatuzzi 

et al. 2005, Lago et al. 2007). TNF-α acts locally by redusing insulin sensivity in 

adipocytes and increases also the secretion of other inflammatory mediators (Lau 

et al. 2005). An attenuated insulin sensivity produces the release of free fatty 

acids and leads to atherogenic dyslipidemia (Krauss et al. 2004). IL-6 is a 

pleiotropic cytokine and a central mediator in many acute-phase events (Heinrich 

et al. 1990). IL-6 impairs insulin sensivity and increases the hepatic production of 

C-reactive protein (CRP) (Lago et al. 2007, Despres 2006). Many studies suggest 

that IL-6 and CRP which are sensitive physiological markers of subclinical 

systemic inflammation, coud be associated with insulin resistance and type 2 

diabetes (Sandler et al. 1990, Pickup et al. 1997, Ford 1999, Frohlich et al. 2000). 

A prospective study among middle-aged women, who were at baseline free of 

diabetes, showed that elevated levels of CRP and IL-6 predicted the development 

of type 2 diabetes (Pradhan et al. 2001).  
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2.4.2 Physical inactivity 

Many diabetes prevention studies have shown that diabetes is preventable by 

lifestyle interventions (Tuomilehto el al. 2001, Alberti et al. 2007, Laaksonen et 

al. 2005, Lindstrom et al. 2003). The protective benefits are seen especially in 

persons who are at the highest risk for diabetes (Helmrich et al. 1991). Physical 

activity is often recommended as a basic treatment for diabetic people, because 

physical exercise increases the sensitivity of skeletal muscles to glucose uptake 

and to insulin (Goodyear & Kahn 1998). Regular physical activity may prevent 

diabetes or delay it and its complications (Balducci et al. 2006, Zoppini et al. 

2006) and improves blood glucose control (Duncan et al. 2003, Hamman et al. 

2006). In spite of this many people with type 2 diabetes are not active (Morrato et 

al. 2007). Already moderate exercise for 20 min or 10 min of strenuous exercise 

twice per day reduced the risk of diabetes by 46% (an exercise-only treatment 

arm) in the Da Quig IGT and Diabetes Study in China (Pan et al. 1997). 

One of the controlled, randomized trials was the Finnish Diabetes Prevention 

Study, in which the risk of diabetes was reduced by 58% in the intensive lifestyle 

intervention group the mean follow-up duration of 3.2 years. Exercise per day in 

the intervention group was at least 30 min (Tuomilehto et al. 2001). It has been 

shown that low cardiorespiratory fitness and physical inactivity independently 

predicted all-cause mortality in men with type 2 diabetes (Wei et al. 2000). 

Similar results have also been reported in some Finnish studies, in which good 

cardiorespiratory fitness was associated with a slower progression of early 

atherosclerosis and lower CVD and non-CVD mortality in middle-aged men 

(Lakka et al. 2001, Laukkanen et al. 2001). According to some studies low 

cardiorespiratory fitness as a notable risk is comparable to that of diabetes 

(Laukkanen et al. 2001, Wei et al. 1999). 

The technical recommendations of exercise and type 2 diabetes were 

published by ADA in 1990. In a new review article the researchers have 

concentrated on major developments since 1990 (Sigal et al. 2004). It is 

recommended that the people with IGT should include in their weight control at 

least 150 min/week moderate to vigorous physical activity and a healthful diet. 

Many cohort studies have shown that low aerobic fitness and low physical 

activity level predict increased risk of CVD mortality in diabetic subjects. The 

structured exercise intervention in type 2 diabetes has reduced HbA1c independent 

of body weight. New data of the benefit of resistance training in glycaemic 
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control and its safety among persons at high risk for CVD has also been found 

(Sigal et al. 2004). 

2.4.3 Other risk factors 

Many of the persons with type 2 diabetes have metabolic syndrome, which is a 

cluster of risks factors for CVD and also for diabetes including hypertension and 

disorders in lipid metabolism (Lakka et al. 2002). There is no internationally 

agreed definition for the metabolic syndrome, but the following components 

according to WHO (World Health Organization 1999) described below can be 

used as a working definition. 

Clinical criteria for metabolic syndrome (WHO 1999) 

– impaired glucose regulation (IFG, IGT) or diabetes 

– insulin resistance  

and any two of the following 

– raised arterial pressure ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic  

– plasma triglycerides ≥ 1.7 mmol/L 

– HDL cholesterol < 0.9 mmol/L in men and < 1.0 mmol/L in women 

– BMI > 30 kg/m2 and /or waist/hip ratio > 90 cm in men and > 85 cm in 

women 

– microalbuminuria: urinary albumin excretion rate ≥ 20 ug/min  

Some studies have shown that major stress-related events associate with an 

increased risk of having metabolic syndrome (Chandola et al. 2006, Vogelzangs et 

al. 2007). The results in the Finnish study were in agreement with previous 

findings based on population in the Prevalence, Prediction and Prevention of 

diabetes (PPP)-Botnia Study, where stressful life events, such as financial 

difficulties increased the risk for MetS. Stress may be associated with metabolic 

changes through smoking, alcohol use and physical inactivity (Pyykkonen et al. 

2010).  

In some studies patients with hypertension had a 2.5-fold risk of developing 

diabetes compared to their normotensive partners (Gress et al. 2000, Weycker et 

al. 2009). Age also has a strong effect on the development of diabetes. The 

prevalence of diabetes is increasing in the world especially among older persons 

(Wild et al. 2004). There are also racial and ethnic differences. The risks for 



 30

diabetes are higher in Hispanics than among whites, blacks and Asians (McBean 

et al. 2004). Genetic factors and family history have a marked influence on ethnic 

and racial habits increasing the risk for diabetes (Haffner 1998, Harrison et al. 

2003). 

Some studies have shown that moderate alcohol consumption is associated 

with lower insulin secretion (Crandall et al. 2009, Waki et al. 2005) while 

smoking increases insulin resistance (Houston et al. 2006). A meta-analysis of 

smoking and type 2 diabetes found an association between active smoking and 

increased risk of type 2 diabetes (Willi et al. 2007). In conclusion of the meta-

analysis of the relationship between depression and type 2 diabetes, is suggested 

that depression is a risk factor for developing type 2 diabetes, comparable in size 

to smoking and physical activity (Knol et al. 2006).  

A relationship between socioeconomic status and type 2 diabetes was showed 

among people aged 40–69 years in the U.K. The prevalence of type 2 diabetes 

was increased in deprived areas and was higher among men (13.4 per 1000) than 

women (10.8 per 1000). According to researches the explanation to this probably 

relates to increased exposure to lifestyle and environmental risk factors for type 2 

diabetes among people from areas of low socioeconomic status (Connolly et al. 

2000). A study performed in Western European countries compared individuals 

with a high educational level with those with low educational status. The results 

indicated an inverse relationship between educational level and risk of type 2 

diabetes which was only partially explained by variations in BMI (Sacerdote et al. 

2012). 

Recently has been dicussed also statin therapy and risk of developing type 2 

diabetes. In a population based study was found a possible risk with atorvastatin 

and simvastatin compared with pravastatin (Carter et al. 2013). A large meta-

analyzes of 13 randomized trials over 90.000 participants found a 9% risk for 

incident diabetes among statin users after 4 years follow-up. The risk was found 

particularly among older people. The researchers mention that risk is low and 

must remember also statins advantages in reduction of coronary events (Sattar et 

al. 2010). Some studies suggest that the antihypertensive drugs can increase the 

risk of new onset of diabetes especially beta-blockers and diuretics (Kostis et al. 

2005, Elliot & Myer 2007).  

People with obstructive sleep apnea have often same clinical findings as 

people with type 2 diabetes, such as obesity, hypertension and impared glucose 

tolerance. A resently published stydy found that about half of aduts with type 2 

diabetes may be at high risk of obstructive sleep apnea and many may be 
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undiagnosed (Cass et al. 2013). But sleep apnea can also be a risk factor for type 

2 diabetes. In a cohort study 544 participants without diabetes, but with sleep 

apnea were divided into quartiles according the severity of sleep apnea (Botros et 

al. 2009). The researches found that sleep apnea was an independent risk factor of 

developing type 2 diabetes (HR per quartile 1.43, confidence interval 1.10–1.86).  

Many of the risk factors for type 2 diabetes can be controlled with lifestyle. 

Table 3.  

Table 3. Modifiable and non-modifiable risk factors and associated disorders for type 

2 diabetes. Modified from Alberti et al. 2007. 

Modifiable Non-modifiable 

Overweight BMI ≥ 25 to < 30 kg/m2 and obesity BMI ≥ 30 kg/m2 Family history 

Sedentary lifestyle Gender 

Metabolic syndrome History of gestational diabetes 

IGT or/and IFG Polycystic ovary  

Hypertension Ethnicity 

Increased triglycerides, low HDL-cholesterol  

Dietary factors  

BMI = body mass index, IFG = impaired glucose tolerance, IFG = impaired fasting glucose  

2.5 Type 2 diabetes and cardiovascular disease 

2.5.1 Cardiovascular disease and mortality 

CVD is the leading cause of death and disability in the world as reported in the 

book Global Atlas on cardiovascular disease prevention and control (2011). 

About 17.3 million people in the world died from CVD in 2008, and over 80% of 

these deaths took place in low- and middle-income countries. CVD is the leading 

cause of death in many developed countries as well (Yusuf et al. 2004). 

Diabetes seems to be an independent risk factor for CVD death (Butler et al. 

1985, Pan et al. 1986, Stamler et al. 1993). In a large Finnish prospective 

population study CVD accounted for 70% of the causes of death among diabetic 

people (Reunanen 1983). In another large study researches have investigated risk 

factors for CVD mortality and morbidity among diabetic individuals. According 

to the results the assessment of CVD risk in diabetes must also include ´diabetes-

related´- variables such as glycemic control, proteinuria and retinopathy, within 

the classic risk factors, blood pressure, smoking and dyslipidemia (Fuller et al. 
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2001, Turner 1998). Severe hypoglycaemia can be associated with increased risk 

with vascular events and death. Important risks are older age, duration of type 2 

diabetes and use of many anti-diabetic drugs (Zoungas et al. 2010). Previous 

analysis based on the cohort of the Helsinki Businessmen Study concerning 

multifactorial prevention of CVD, the traditional risk factors smoking, blood 

pressure and cholesterol were significantly associated with CVD mortality, but 

factors related to glucose tolerance (1-hour post load glucose) explained in part 

the excess mortality (Strandberg et al. 1995). The mortality of people with 

diabetes diagnosed at an older age is lower than that reported for general older 

population with diabetes (Barnett et al. 2006). People with early- and late-onset 

diabetes are likely to experience major CAD events, but only early onset of 

diabetes and its duration of longer than 10 years seemed to be equivalent to CAD 

in predicting a CAD event (Wannamethee et al. 2011). 

2.5.2 Cardiovascular disease and risk factors 

Diabetes belongs to a special category of risk factors increasing the risk of CVD 

and is considered an independent risk factor for CVD both in men and women 

(Grundy et al. 1999, Wilson 1998). There is a lot of evidence showing that 

diabetic people are at high risk for several cardiovascular disorders such as 

coronary heart disease, stroke, peripheral arterial disease, cardiomyopathy, and 

congestive heart failure (Adler et al. 2002, Gaede et al. 2003, Pan et al. 1986). 

Individuals with type 2 diabetes without signs of myocardial infarction are at the 

same risk to have cardiac event than non-diabetic people with previous 

myocardial infarction (Haffner et al. 1998). CVD risk factors are often seen in 

conjunction with MetS including hypertension, increased waist circumference, 

atherogenic dyslipidamia, and hyperglycemia (Wilson et al. 2005) Both obesity 

and physical inactivity as predisposing conditions are recognized as CVD risk 

factors often accompanying the MetS (Lakka et al. 2002). In the United Kingdom 

Prospective Diabetes Study (UKPDS:23) researchers found, that many of 

potentially modifiable risk factors for CAD exist in patients with type 2 diabetes 

including disorders of the lipoprotein metabolism, raised blood pressure, 

hyperglycemia, and smoking (Turner et al. 1998). The data based on Euroaspire I 

and II surveys showed that among patients under 70-years with acute coronary 

syndrome, 18% and 20%, respectively, had diabetes. There was a high prevalence 

of adverse lifestyle and modifiable risk factors (smoking, hypertension, obesity 

and elevated total cholesterol) among diabetic and non-diabetic patients with 
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CAD, but the risk factor status was more adverse among diabetic individuals 

(Pyorala et al. 2004). Hypertension alone has been considered a major risk factor 

for CVD (Wilson 1998). Prospective studies such as the Framingham, Honolulu, 

and San Antonio Heart Studies, have documented the excess CVD risks in 

diabetic patients (Kannel & McGee 1979b, Rodriguez et al. 1999, Wei et al. 

1998).  

The risks for CVD can be divided into two groups: modifiable and non-

modifiable risk factors. The majority of CVD is caused by risk factors that can be 

controlled, treated or modified. Table 4.  

Table 4. Risk factors for CVD modified from Kannel et al. 1979. 

1. Modifiable 2. Non-modifiable 

Hypertension Age 

Raised blood glucose family history 

Physical inactivity Gender 

Smoking  

Cholesterol/lipids  

Overweight and obesity  

2.6 Complications associated with type 2 diabetes 

The risks of developing diabetic complications are strongly associated with 

previous hyperglycemia. High blood glucose is a risk for development of 

microvascular and macrovascular complications (Fowler 2008). In the 

prospective observational study UKPDS 35 it was shown that the incidence of 

clinical complications was significantly associated with glycemia. Each 1% 

reduction in updated mean HbA1c reduces the risk for microvascular 

complications by 37% (Stratton et al. 2000). A study conducted among older 

diabetic patients compared to a non-diabetic group indicated a significant increase 

in retinopathy, neuropathy, impotence and macrovascular complications such as 

CAD among diabetic individuals. The duration of diabetes was not associated 

with macrovascular diseases but was associated with the occurrence of 

retinopathy and neuropathy (Nathan et al. 1986). Improved blood glucose control 

decreased the progression of diabetic microvascular complications (retinopathy, 

neuropathy, nephropathy), but not macrovascular disease. On the other hand, 

goals that are too strict increase the risks of hypoglycaemia (Turner 1998). A 

cross-sectional study conducted in Sweden showed that risks for micro- and 
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macrovascular complications differ between men and women. Among men the 

important risk for macrovascular compications as well as for retinopathy and 

nephropathy was hypertension. Among women age and duration of diabetes were 

risks both for micro- and macrovascular complications (Wandell 1999). A value 

of 7.0% for HbA1c was suggested to avoid hypoglycaemia and to prevent 

microvascular complications (Reusch & Wang 2011). Studies of the 

complications of type 2 diabetes normally concern a long-term period, but also 

glycemic control during a daily period is significant. In the study among older 

diabetic people the results suggest a significant relationship between acute 

glucose swings and cognitive performance impairment (Rizzo et al. 2010).  

2.7 Health-related quality of life 

2.7.1 Quality of life 

Quality of life (QoL) is a wide-ranging concept and refers to the general well-

being of individuals and societies. The term is multidimensional and does not 

include only wealth and employment, and may be categorized into five 

dimensions: physical wellbeing, material wellbeing, social wellbeing, emotional 

wellbeing, and development and activity (Felce & Perry 1995). In 1948 the WHO 

definition of health as “a state of complete physical, mental and social well-being 

and not merely the absence of a disease or infirmity”, contributed to the concept 

of quality of life (World Health Organization 1948). 

The World Health Organization Quality of Life (WHOQOL) project started in 

1991. The aim was to develop an international cross-culturally comparable 

instrument to assess individuals´ perceptions in the context of their culture and 

value system, and their personal goals, standards and concerns. The WHOQOL-

BREF instrument comprises 26 items measuring physical and psychological 

health, social relationships and environment and is a shortened version of the 

WHOQOL-100 quality of life assessment (WHOQOL Group 1998). 

According to the report of the National Institute for Welfare and Health (THL) 

in 2010 the QoL of Finnish people is in generally high until old age, but in a 

socially selective manner. In all 80% of Finns found their QoL to be good until 

the age of 70 years, but after this it decreased to 73% and after 80 years of age 

only 57% perceived their QoL to be good. The WHO QoL-instrument 

(WHOQOL-BREF) was used in this report (Vaarama et al. 2010). 
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2.7.2 Health-related quality of life 

Health is a wide concept denoting more than just absence of illnesses. According 

to the WHO health is complete state of physical, mental and social well-being. 

This was criticized later and in 1993 WHO presented a definition of QoL linked 

to health: ”An individual´s perception of his/her position in life, in the context of 

the culture and value systems in which he/she lives and in relation to his/her goals, 

expectations, standards and concerns” (WHOQOL Group 1993). 

The concept of HRQoL is narrower than the concept of the QoL. The HRQoL 

includes the influence of illnesses and the care on the ability to function and 

welfare. It also usually includes self-reported measures of physical and mental 

health. (Guyatt et al. 1993, Kaukua 2006).  

In addition to morbidity and mortality, we need more information about 

chronic diseases and their care and how they affect individuals from their own 

point of view. An essential goal of the health care system is to improve the 

HRQoL. For this we need measures that are reliable and valid.  

According to Guyatt et al. 1993 two basic approaches to measure the quality 

of life are available: generic and specific instruments. The generic instruments 

provide a summary of HRQoL including health profiles and instruments that 

generate health utilities. Specific instruments focus on specific aspect of health 

such as single disease states or areas of function. The first meeting of the 

International Health-related Quality of Life Society was held in Brussels in 

February 1994 and the focus of many abstracts was on the development of new 

disease-specific scales of quality of life (Bowling 1999). Generic HRQoL is 

indicative in the areas of physical, emotional and social functioning of the 

patient´s sense of his own health and well-being (Polonsky 2002). Generic 

HRQoL is a multidimensional concept and involves domains which contribute 

independently to HRQoL. Disease-specific measures include the categories 

treatment satisfaction, disease-related self-efficacy, disease-related coping styles, 

and other feelings and beliefs about the disease. The disease-specific HRQoL has 

been more difficult to elucidate than generic HRQoL. 

There are many generic instruments to measure HRQoL. In Finland the most 

commonly used instruments have been WHOQOL-BREF, 15D, EQ-5D and 

RAND-36/SF-36. There are validated Finnish versions available of all these, and 

the questionnaires can be completely self-administered. 15D and EQ-5D are 

utility surveys (single index score measure) and they are suitable for estimating 

health care measures and their impact and cost effectiveness for quality adjusted 
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life years (QALY). 15D, which was originally developed in Finland, can be used 

also as a profile instrument (describes the state of patient in many health-

dimensions) (Sintonen 2001, Sintonen 2013). 

Table 5. Some instruments to measure the health-related quality of life. 

Instrument, year, country Profile/utility Questions  Domains Dimensions 

Social Physical Mental 

WHOQOL BREF,  

HRQoL instrument by 

WHO, 1994 UK. 

profile 26 4 11 9 6 

15D 

1989 Finland 

utility/profile 15 15 1 9 5 

EQ-15D EuroQoL 1987 

UK. 

utility 5+VAS* 5+VAS 0 4 1 

RAND-36-Item Health 

survey 1993 USA 

profile 36 8 2 25 9 

SF-36 the MOS-item short 

form health survey 1992 

USA 

profile 36 8 2 25 9 

SF-20 the MOS-item short 

form health survey 1988 

USA 

profile 20 6 1 14 5 

* visual analogue scale 

Rand-36 

The RAND 36-item health survey (Version 1.0) is perhaps the most widely used 

HRQoL survey in the world today (Hays & Morales 2001). It has been developed 

in the United States as a measure of HRQoL. The RAND-36 consists of eight 

domains including 36 items reflecting functioning and well-being (Appendix 2). 

These 36 items are identical to the MOS 36-Item Short Form Health Survey (SF-

36) described (Ware & Sherbourne 1992) and developed in 1988–1990 based on 

the data in the Medical Outcomes Study (MOS) (Hays et al. 1993, Hays & 

Morales 2001).  
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RAND-36 and the eight main domains 

1. Physical functioning (PF) 

Includes ten items, describing health limits in physical activities such as to 

climbing stairs, walking distance, lifting objects At best, the patient has the 

ability to perform even demanding physical activities. At worst, the patient 

has great difficulty in moving around  

2. Role limitations caused by physical health problems: (RP)  

Four items describing limitations in activities caused by physical problems. 

At best during the last 4 weeks there have been no limitations. At worst the 

patient´s work performance has been unusually poor and it has been 

necessary to reduce working hours and tasks. 

3. Role limitations caused by emotional problems (RE) 

Three items that describe limitations in activities caused by emotional 

problems.  

4. Social functioning (SF) 

Two items covering limitations in normal social activities due to physical or 

mental factors. At best the patient´s social life has been normal without 

limitations. At worst social life has been severely limited by the condition.  

5. Mental health (MH) 

Five items covering happiness, anxiety and depression. At best the patient has 

been calm and happy, but at worst continuously nervous and depressed for the 

last 4 weeks. 

6. Energy/fatigue (VT) 

Four items reflecting the respondent´s vitality and tiredness. At best the 

patient has been feeling energetic and vital over the last 4 weeks and at the 

worst the patient has been constantly tired. 

7. Bodily pain (BP) 

Two items measuring the magnitude of pain and how it is present with daily 

activities. At best, there is no pain. At worst, the patient experiences intense, 

crippling pain.  
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8. General health perception (GH) 

Five items on self-perceived conception on one`s current health, state 

compared to others, future health and resistance to illness. At best, the 

perceived health is excellent and at worst poor and weakening.  

Scoring the RAND-36 Item Health Survey is a two-step process. First all items 

are scored so that a high score defines a more favorable health state. Each item is 

scored on a 0 to 100 range, so that the lowest and highest possible scores are set at 

0 and 100, respectively. The scores represent the percentage of total possible 

score achieved. The second step lists the items averaged together to create each 

scale. Missing data are not taken into account when calculating the scale scores. 

Scale scores thus represent the average for all items in the scale that the 

respondent answered. The RAND-36 questionnaire is distributed freely without 

copyright protection.  

It has been shown in many clinical studies in the United States that RAND-36 

is a reliable and valid instrument in measuring HRQoL (Garratt et al. 1993, 

Jenkinson et al. 1994). The RAND-36 is suitable when studying HRQoL in a 

heterogeneous population including older people or comparing different patients 

groups (Haywood et al. 2005, Lyons et al. 1994). The Finnish version of the 

RAND-36 was developed together with Stakes and Kansanterveyslaitos in 1994 

and validated as a posted questionnaire for general population with age- and sex-

matched in the Finnish population (Aalto et al. 1999). 

2.7.3 Diabetes and Health-related quality of life 

Background 

People with diabetes must deal with their illness every day by checking blood 

glucose and their medications. QoL is a very important aspect of life for persons 

with diabetes. Diabetes affects many areas of life, including diet, activity, 

employment, and daily routines. (Norris 2005). Diabetes therapy, for example 

administering insulin, can affect the quality of life positively or negatively 

reducing or increasing symptoms according to blood glucose level. Some studies 

have shown that HRQoL is reduced in type 2 diabetic patients compared to the 

general population (Rubin & Peyrot 1999) and is somewhat lower also than in 

patients with other chronic diseases.  



39 

The interest in HRQoL has increased in recent years (Rubin & Peyrot 1999). 

In evaluating HRQoL, patient´s subjective rather than objective health status is 

important (Polonsky 2002). According to Polonsky, disease-specific measurement 

of HRQoL refers to how the disease compromises a person´s well-being in three 

domains: physical, psychological, and social function. He has presented the six-

component model of HRQoL in diabetes. He divides diabetes-specific physical 

aspects of HRQoL into four major categories: long-term complications, short term 

complications, blood glucose alternatives, and side effects of medications. 

Generic physical aspects of HRQoL concern diabetic people, include many 

major medical issues such as arthritis, cancer, alcoholism, chronic pain, and are 

not directly attributable to diabetes, but they can affect diabetes management. 

(Polonsky 2002). 

The impact of diabetes on HRQoL 

Diabetes is a serious disease and has significant effects on quality of life. In 

several studies diabetes has been shown to have a negative impact on the HRQoL, 

especially in the presence of complications (Goodridge et al. 2005, Lloyd et al. 

2001, Redekop et al. 2002, Smith 2004). A study, conducted in the United States 

in a heterogeneous sample of adults with diabetes, with an average age of 59 

years using a generic HRQoL instrument (the SF-20 survey) showed that older 

persons reported more impairment in physical and social function and less 

impairment in mental health than younger diabetic persons. Females reported 

significantly lower quality of life than males in physical and social functioning 

and mental health (Glasgow et al. 1997). The effects of diabetes on physical, 

psychological and social function has been reviewed in a study which show that 

persons with diabetes have more disability days and more restrictions on daily 

activities than non-diabetic subjects (Revicki 1990).  

Using the SF-36 survey studying urban African Americans with type 2 

diabetes, researchers found that during follow-up mean SF-36 change scores for 

usual care revealed lower vitality and mental health. The scores were lower also 

in physical functioning, physical role functioning, and bodily pain, but were not 

statistically significant. The intervention groups showed modest improvement in 

some clinical measurements (HbA1c, blood pressure) compared with usual care 

but they did not improve HRQoL (Hill-Briggs et al. 2005). In a recently published 

study using EQ-5D to describe differences in HRQoL in individuals with type 2 

diabetes, co-morbidity but not average glycemic control reduced HRQoL. Age 
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over 66 years, female gender, hypertension, peripheral neuropathy and clinically 

relevant depression, were independent predictors for EQ-5D, whereas 

dysglycemia had no influence on the EQ-5D scores (Wasem et al. 2013).  

The relationship between diabetes and depression is known well. Diabetes 

doubles the risk of depression impairing effective self-care and clinical 

management as well as glycemic control (Leppävuori 2010, Lustman et al. 2000).  

Studies on how the newly diagnosed diabetes affects HRQoL are scarce. In a 

study researches have compared persons with type 2 diabetes diagnosed one year 

before and those detected at the time of study by screening. The differences were 

statistically significantly worse for the domains of role emotional, mental health, 

vitality and general well-being during the first year after diagnosis compared to 

those whose diabetes was detected by screening. However, general health and 

vitality scores improved over time in the newly diagnosed group, indicating a 

positive effect of diabetes treatment on HRQoL (Adriaanse et al. 2004).  

There are a few Finnish studies of diabetes and HRQoL. In most of these 

studies researches have used SF-20 or the Nottingham Health Profile (NHP) 

questionnaires to assess HRQoL (Hanninen et al. 1998, Hanninen et al. 2001, 

Hiltunen & Keinanen-Kiukaanniemi 1999, Keinanen-Kiukaanniemi et al. 1996). 

In these studies there was a moderate worsening impact on HRQoL among 

diabetic people compared with non-diabetic controls. Existence of diabetes, CAD 

and other macrovascular disease were associated with impaired physical and 

social functioning, whereas mental status was not affected (Hanninen et al. 1998). 

Regular clinical check-ups at least twice per year, and education by a diabetes 

nurse and satisfaction with diabetes education seemed to improve HRQoL among 

diabetic people (Hanninen et al. 2001). A review article of the quality of life 

among patients with diabetes in the Nordic countries indicated that diabetes 

affects the HRQoL through macrovascular complications and is very highly 

associated with non-vascular co-morbidity, whereas microvascular complications, 

age and metabolic level are weaker predictors (Wandell 2005). 
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3 Purpose of the study 

The aim of this study was to assess 

1. how one-hour post-load glucose among men healthy in midlife predicts future 

diabetes  

2. whether there are differences between normal fasting glucose and 1-hour 

glucose levels as predictors of future diabetes 

3. how risk factors in midlife affect the those of onset of diabetes in older age 

4. how diabetes developed in older age affects the HRQoL 
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4 Subject and methods 

4.1 Helsinki businessmen cohort 

The present thesis is part of the prospective study named The Helsinki 

Businessmen Study started in the 1960´s. The participants took part in 

examinations and answered to the postal questionnaires between the years 1964–

2007. The schedule is presented in Table 6. A more detailed timeline for the study 

is summarized in Appendix A. 

Table 6. The schedule of the investigations between 1964–2007. 

The year of the 

investigation 

Contents 

1964–1973 3,490 men in leading positions took part in voluntary health examinations performed 

at the Institute of Occupational Health of Helsinki 

1974 baseline examinations for 2,375 men, among them 1,815 clinically healthy men 

without diabetes, investigations for CVD risk factors and questions of SRH on a 5-

step scale 

1985/86 postal questionnaire and clinical examinations  

2000 postal questionnaires including RAND-36 HRQoL, mortality retrieved from national 

registers 

2002/03, 2005 postal questionnaires with RAND-36 survey, mortality from national registers 

2007 mailed questionnaires, mortality from national registers 

CVD = cardiovascular disease, HRQoL = health related quality of life, SRH = self-related health 

4.2 Baseline examinations in 1964–1973 

The men who took part in this study were in leading positions, mostly business 

executives or managers in different companies mainly in the field of industry or 

commerce. Between 1964 and 1973, altogether 3,490 men born in 1919–1934 

participated in the examinations. Baseline examinations including measurements 

of 1-hour post-load blood glucose level and CVD risk factors are presented in 

Table 7. 
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Table 7. The health evaluation performed between 1964 and 1973. 

Assessment Contents 

Clinical examination performed by a physician 

height and weight measured 

blood pressure 

smoking status 

Laboratory tests serum cholesterol 

serum triglycerides (from 1969 onwards) 

1-hour post-load blood glucose 

1g/kg of body weight of glucose orally 

At this point risk factor levels were available for 3,313 men, 95% of the original 

study population. This originally healthy and socioeconomically homogenous 

population with a follow-up time of over 40 years offers an appropriate basis for 

evaluating CVD risk factors in midlife and the risk of developing diabetes later at 

an older age and its impact on the HRQoL.  

4.3 Baseline examinations in 1974 (midlife examination) 

In 1974 CVD risk factors and weight gain from age 25 were assessed in 1,815 

men. Mean age of the cohort was 48 years (SD 4). The men were asked about past 

and current diseases and medication and to describe their present health on a 5-

step scale (self-related health, SRH): very good, fairly good, average, fairly poor 

and very poor. Smoking status was divided into never smoker, ex-smoker, and 

current smoker, alcohol consumption was calculated as g/week. To measure the 

glucose concentration was used whole blood according to the method of Hultman 

(Hultman 1959). The fasting glucose was measured after an overnight fast of 12 

hours (mmol/L) as well as 60 minutes after an oral load of 1 g of glucose per kg 

of body weight which was standard procedure at that time (Pelkonen et al. 1981). 

The blood samples were analyzed immediately after drawing. Methods of the 

measures are presented in Table 8.  
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Table 8. Methods of the measures in 1974. 

Variables Measurement 

Blood pressure in sitting position after a 10-min rest measured with a mercury 

sphygmomanometer 

Heart rate calculated from resting electrocardiography (ECG) 

Cholesterol and triglycerides in the fasting state by standard methods 

Blood glucose in the fasting and one hour after a glucose load (1g/kg of body 

weight of glucose orally) 

Smoking status never smoker, ex-smoker, current smoker. 

number of cigarettes/day in self-reported questionnaire 

Alcohol consumption calculated as grams of ethanol/week assessed with a self-reported 

questionnaires  

Weight measured and BMI calculated as weight (kg) divided by height 

(metres) squared 

Self-reported current health and 

physical fitness 

5-step scale: very good, good, fair, poor very poor 

Baseline characteristics in 1974 and diabetes developed during follow-up are 

presented in Table 9.  

Table 9. Baseline characteristics in 1974 (n = 1,815) and onset of diabetes during 

follow-up (until 31 December 2007). 

Variable No diabetes during follow-up 

n = 1,599 

Diabetes during follow up 

n = 216 

Age, year 47.7 (4.1) 46.9 (4.0) 

BMI kg/m2 25.6 (2.6) 27.2 (3.0) 

BMI at 25 years of age, kg/m2 22.7 (2.1) 22.7 (2.3) 

Weight gain until 1974, kg 9.1 (8.0) 14.4 (8.9) 

Smokers, n (%) 477 (29.8) 74 (34.1) 

Alcohol consumption g/week 155.2 (142.2) 185.1 (214.0) 

Systolic BP 142.2 (18.6) 146.7 (19.2) 

Diastolic BP 91.3 (11.2) 94.8 (11.3) 

Resting heart rate beats/min  63.7 (10.9) 65.4 (11.3) 

Serum cholesterol mmol/L 6.2 (1.0) 6.2 (1.1) 

Serum triglycerides mmol/L 1.57 (0.88) 2.00 (1.14) 

Fasting blood glucose mmol/L 4.7 (0.6) 5.1 (0.9) 

1 hour post-load glucose mmol/L 6.8 (1.9) 8.7 (2.5) 

BMI = body mass index, BP = blood pressure  

Data are mean (SD) unless otherwise indicated 
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4.4 Examinations in 1986 

In 1986 examinations included the third scientific evaluation in this male cohort. 

Postal questionnaires were sent to the participants who were healthy in 1974 and 

alive in 1986. Altogether 1,399 men (82%) replied, but some of the responses 

were incomplete. The men were asked to have their blood pressure, weight gain, 

electrocardiography (ECG) and blood samples taken at their local health care 

centre. Smoking status and alcohol consumption were assessed by the 

questionnaires. 

4.5 The 2000 survey and later questionnaires 

In 2000 a postal questionnaire including the Finnish version of the RAND-36–

Item Health Survey 1.0, a HRQoL instrument practically identical to the SF-36, 

was sent to all survivors of the original cohort (n = 2,286). The questionnaire 

included also the variables: weight, physical activity, alcohol consumption, blood 

pressure (the latest measured), current smoking status, current diseases including 

cardiovascular diseases and diabetes. A questionnaire was re-mailed once to non-

respondents and altogether 1,864 (88%) responded.  

The postal surveys with RAND-36 were replicated in 2002/2003, 2005 and 

2007. The response rates diminished gradually due to aging of the cohort being 

67.8% in 2007.  

4.6 Development of diabetes 

Development of diabetes during the follow-up time from 1974 up to December 31, 

2007, was assessed using the National Drug Reimbursement Register (Reunanen 

et al. 2000)) and self-reported diabetes in questionnaires. In Finland all 

individuals needing prescription medication for diabetes are entitled to 

reimbursement of their expenses, which requires a detailed medical certificate 

from the attending physician. The Social Insurance Institution of Finland (KELA) 

checks that the case fulfils the criteria for diabetes and maintains a register of 

these cases. In the case of questionnaire-verified diabetes the year it was first 

mentioned was used, if the year of onset was not specifically given. 
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4.7 Mortality follow-up 

For the mortality follow-up of the study population the National Population 

Information system of Finland was used from baseline through 31 December 

2007. The total mortality of the initial cohort was 44%. 

4.8 Ethical consideration 

This follow-up study has been approved by the Ethical Committee of the 

Department of Medicine of Helsinki University Hospital. 

4.9 Statistical methods 

In studies I, II and III statistical analyses were performed with NCSS 2004 

(NCSS, Kaysville, Utah, www.ncss.com), in study IV with NCSS 2007 version. 

Descriptive statistics, t-tests (log transformed values were appropriate), 

nonparametric tests, and analysis of covariance (ANCOVA) were used in these 

studies. 

Descriptive statistics, analyses of covariance, and logistic regression were 

used to find independent midlife predictors of diabetes (study III). In logistic 

regression with forward stepping, odds ratios (ORs and their 95% confidence 

intervals (CIs) were calculated. Analyses were age-adjusted, and the covariates 

included age, serum lipids, 1-hour glucose, weight gain up to midlife, systolic 

blood pressure, and smoking. In these analyses odds ratios (OR) were calculated 

per standard deviation of continuous variables to facilitate comparisons. 

Chi-square and trend tests were used to compare proportions in the studies. 

Cox proportional hazards models were used to find independent predictors of 

diabetes (study I). In these analyses only registry-verified diabetes was used 

because the exact year of onset was known. Hazard ratios (HR, with their 95 per 

cent confidence intervals [CI]) for baseline variables were calculated. In these 

analyses HR was calculated per SD of continuous variables (except age) in order 

to facilitate comparisons.  

In the analyses of study II both fasting and 1-hour post load glucose values 

were divided into quintiles. Analysis of covariance (ANCOVA) was used to 

include continuous variables in the analysis. Differences in the development of 

diabetes were analysed using Kaplan-Meier curves and log-rank tests. Before 

2007, cases were censored at the time of diabetes diagnosis, or death. Cox's 
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proportional hazards regression was used to calculate adjusted RR with their 95% 

CI.  

In study IV t-tests (log-transformed values were appropriate) and non-

parametric tests were used, and analysis of co-variance was used to compare 

diabetes onset groups. Two-tailed tests were used in statistical analyses in all 

studies and two-sided P values < 0.05 were considered significant. 
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5 Results 

5.1 One-hour post-load glucose, BMI and future diabetes (I) 

The first substudy evaluated how 1-hour post-load blood glucose in conjunction 

with BMI would predict mortality and development of diabetes during follow-up. 

At baseline 2,765 men with 1-hour post-load blood glucose values without 

diagnosed diabetes and CVD were included in the analyses. Maximum follow-up 

time was 44 years with a median of 37 years (interquartile range = IQR, 29–40 

years).  

At baseline in 1974, the median age of the cohort was 42 years (IQR, 39–46 

years), the median age of the survivors by 2007 was 79 years (IQR, 76–83 years). 

Median 1-hour glucose during the follow-up was 108 mg/dL (6.0 mmol/L), (IQR, 

88.2–133 mg/dL). To convert glucose to millimoles per litre, multiplying by 

0.0555 was used. Median BMI was 25.7 (IQR, 24.1–27.5). The 1-hour post-load 

glucose levels were divided into quartiles. See Table 10.  

Altogether 357 men (13%) developed diabetes; 289 cases were from the 

reimbursement register and 68 cases from questionnaire data only.  

Table 10. 1-hour post-load glucose levels, BMI and mortality by quartiles, a 44-year 

follow-up. 

Variable I II III IV 

1-hour post-load glucose mg/dL ≤ 161 ≤ 161 > 161 > 161 

BMI < 25 ≥ 25 < 30 ≥ 30 

Deaths 367 627 213 56 

Incident diabetes 56 171 95 33 

n/men 920 1313 390 86 

%/men 44.2 48.4 14.3 3.2 

BMI = body mass index 

One-hour post-load blood glucose level higher than 144 mg/dL (7.9 mmmol/L), 

(plasma value > 161 mg/dL, > 8.9 mmol/L), the cut-point used in the study by 

Manco et al. (2010.) and BMI of 30 or higher, was associated with 10.1-fold 

increase of diabetes risk independently of CVD risk factors. Only 3.2% (86 out of 

2,709 men) of the cohort belonged to this subgroup. The results demonstrate the 

very high diabetes risk associated with elevated 1-hour glucose level measured in 

early midlife.  
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5.1.1 Mortality during follow-up (I) 

In the cohort a total of 1,287 men died (46.5%), 509 (39.5%) of them of CVD. 

The elevated 1-hour post-load blood glucose level measured in early midlife 

indicated higher mortality risk later in old age and was independent of traditional 

CVD risk factors. The impact of the combination of 1-hour post-load blood 

glucose level and BMI on total mortality was significant in all subgroups 

compared to reference group (1-hour glucose < 161 mg/dL and BMI < 25). 

Table 11. Causes of death in the study groups up to 31 December 2007 according to 

the blood 1-hour post-load glucose quartiles at baseline  

Variable Quartile Numbers 

2,756 

P-value between 

quartiles 1 n = 668 2 n = 705 3 n = 700 4 n = 683 

OHPLG, mmol/L 

median, (IQR) 

4.4  

(4.1–4.6) 

5.4  

(5.2–5.7) 

6.6  

(6.3–6.9) 

8.5  

(7.9–9.5) 

  

CVD 89  124  122 174 509 < 0.001 

CAD 68 92 82 127 369 0.03 

Cancer 81 98 94 86 359 0.76 

Accident and suicide 30 27 28 29 114 0.93 

Other causes 58 56 61 66 241 0.73 

OHPLG = 1-hour post load glucose, CVD = cardiovascular disease, CAD = coronry artery disease, 

IQR = inter quartile range 

5.2 Comparison of normal fasting and 1-hour post-load glucose 

and future diabetes (II) 

This study compared the value of fasting and 1-hour post load blood glucose to 

predict diabetes risk during a 34-year follow-up in an originally normoglycemic 

(FBG < 5.0 mmol/L) male cohort.  

At baseline in 1974 the mean age of the men (n = 1,145) was 47.8 (SD 4) 

years and median FBG was 4.4 (IQ range 4.2–4.7) mmol/L. For 1-hour glucose 

the median level was 6.6 (IQ range 5.5–7.8) mmol/L and mean BMI was 25.7 

(SD 2.7) kg/m2.  

The mean age of surviving participants (n = 689) was 80.7 (SD 4) years at the 

end of the follow-up in 2007. During the 34-year follow-up time 108 incident 

cases of diabetes developed. Of these 108 cases 33 were identified via self-

reporting. 
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The unadjusted cumulative incidence of diabetes among quintiles of fasting 

glucose and 1-hour post-load blood glucose is presented in Figures 1 and 2. The 

varying power of these two glucose variables to predict the development of 

diabetes is seeing in these curves. The RRs (with 95% CI) of various quintiles, 

adjusted for age, smoking, and BMI, with lowest quintile as referent, are shown in 

Table 12. 

Fig. 1. Cumulative incidence of diabetes during 34 years of follow-up according to 

baseline fasting blood glucose in 1974. Unadjusted. 

Fig. 2. Cumulative incidence of diabetes during 34 years of follow-up according to 

baseline 1-hour post-load glucose in 1974. Unadjusted. 
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Table 12. Risk ratios for type 2 diabetes among 1,145 men during 34 year of follow-up 

according to quintiles of normal fasting glucose in 1974.  

Variable Quintile 1 

(n = 267) 

Quintile 2 

(n = 211) 

Quintile 3 

(n = 217) 

Quintile 4 

(n = 258) 

Quintile 5 

(n = 192) 

Fasting blood glucose mmol/L ≤ 4.0 > 4.0–4.3 >4.3–4.5 > 4.5–4.7 > 4.7–4.9 

Equivalent plasma glucose ≤ 4.5 > 4.5–4.8 > 4.8–5.0 > 5.0–5.3 > 5.3–5.5 

Risk ratio, adjusted for age, 

smoking and BMI (95% CI) 

1 1.90  

(0.93–3.85) 

1.92  

(0.95–3.90) 

2.03  

(1.02–4.02) 

2.22  

(1.10–4.50) 

Risk ratio for the register-verified 

cases, adjusted for age, smoking 

and BMI (95% CI) 

1 4.14  

(1.39–12.36) 

3.94  

(1.31–11.85) 

4.04  

(1.37–11.97) 

4.92  

(1.65–14.64) 

Table 13. Risk ratios for type 2 diabetes among 1,145 men during 34 year of follow-up 

according to quintiles of 1-hour post-load glucose in 1974. 

Variable Quintile 1 

(n = 214) 

Quintile 2 

(n = 256) 

Quintile 3 

(n = 230) 

Quintile 4 

(n = 221) 

Quintile 5 

(n = 224) 

1-hour post-load blood glucose, 

mmol/L  

≤ 5.2 > 5.2–6.2 > 6.2–7.0 > 7.0–8.2 > 8.2 

Equivalent plasma glucose ≤ 5.8 > 5.8–6.9 > 6.9–7.8 > 7.8–9.2 > 9.2 

Risk ratio, adjusted for age, 

smoking and BMI (95% CI) 

1 0.86  

(0.45–1.67) 

1.55  

(0.84–2.84) 

2.79  

(1.63–4.78) 

4.23  

(2.49–7.17) 

Risk ratio for the register-verified 

cases of diabetes, adjusted for 

age, smoking and BMI (95% CI) 

1 0.88  

(0.29–2.61) 

1.13  

(0.39–3.28) 

2.40  

(0.93–6.14) 

4.76  

(1.94–11.62) 

BMI = body mass index, CI = confidence interval 

The number of register-verified diabetes cases was also 75, and the results were 

analyzed separately for these as well. In spite of less statistical power, these 

results did not change the conclusion of the study (Table 12 and 13). 

5.2.1 Fasting blood glucose and risk for future diabetes 

When analyzing the results, among the quintiles of FBG (below 5.0 mmol/L), the 

lowest quintile ≤ 4.0 mmol/L was associated with the lowest (4.9%) risk of 

diabetes. In the higher quintiles, RRs were greater, but fairly comparable, ranging 

from 1.9 to 2.2. 
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5.2.2 One-hour post-load glucose and risk for future diabetes 

When comparing the lowest 1-hour post-load blood glucose quintile to the lowest 

FBG quintile, the incidence of new diabetes was similar, 4.7%. There were no 

significant differences in RR from the referent 1-hour post-load glucose in the 

second and third quintiles (≤ 7.0 mmol/L), but RR rose to 2.8 in the fourth 

quintile (> 7.0–8.2 mmol/L) and to 4.2 in the highest quintile (> 8.2 mmol/L).  

5.3 Modifiable risk factors in midlife and future diabetes (III) 

The follow-up time in this substudy was 34 years, from 1974 through 2007. At 

the beginning the men in this cohort were healthy without diabetes, with mean 

age 48 years (SD 4). During the follow-up, register-verified diabetes developed in 

166 men (median time to diagnosis 21 years) while 52 cases were based on self-

report. Age at onset of diabetes could be determined in 214 men and was divided 

into age groups 45–64, 65–74, and 75–87. They were compared with men without 

diabetes during the follow-up.  

5.3.1 Midlife characteristics at baseline in 1974 

At baseline in 1974, cardiovascular risk factors and weight gain from age 25 were 

assessed in 1,815 healthy middle-aged men without diabetes. The weight gain 

from the age of 25 in men who did not develop diabetes was 9.1 kg and the mean 

1-hour post-load glucose level 6.8 mmol/L. Those who developed diabetes later 

gained more weight and their 1-hour post-load glucose levels were higher. See 

Table 14. 
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Table 14. Midlife characteristics according to age of onset of diabetes. 

Characteristics No diabetes 

n = 1.597 

Diabetes age groups P-value 

between < 65, n = 65 65–74, n = 86 > 75, n = 63 

Year of onset of diabetes, 

median (IQR) 

 1986  

(1982–92) 

1999  

(1993–2003) 

2005  

(2004–07) 

 

Age at DM onset,  

median (IQR) 

 60 (54–63) 71 (67–72) 78 (76–81) < 0.001 

BMI at age 25, kg/m2 22.8 (0.06) 22.7  (0.3) 22.4 (0.3) 22.9 (0.3) 0.41 

Weight gain from age 25 to 

year 1974, kg  

9.1 (0.2) 17.4  (1.1.) 14.8 (1.0) 11.5 (1.1) 0.002 

Variable in 1974       

Age, mean (SE) 47.7 (0.1) 46.0  (0.5) 46.1 (0.4) 49.0 (0.5) < 0.001 

BMI kg/m2 mean (SE) 25.6 (0.07) 28.2 (0.4) 27.1 (0.3) 26.6 (0.4) 0.009 

Smoker, n (%) 478 (29.9) 24 (36.9) 34 (39.5) 14 (33.6) 0.07 

BP, mmHg mean (SE)       

Systolic 142.1 (0.5) 152.6 (2.4) 145.0 (2.1) 142.5 (2.5) 0.01 

Diastolic 91.3 (0.3) 98.3 (1.4) 92.1 (1.2) 94.4 (1.4) 0.003 

Resting heart rate,  

beats/min, mean (SE) 

63.7 (0.3) 69.9 (1.4) 65.2 (1.2) 61.9 (1.4) 0.003 

Serum cholesterol,  

mmol/l, mean (SE) 

6.1 (0.03) 6.2 (0.1) 6.1 (0.1) 6.1 (0.1) 0.62 

Serum triglycerides,  

mmol/l mean (SE) 

1.56 (0.02) 2.15 (0.14)  2.01 (0.12) 1.81 (0.14) 0.29 

1-hour post-load glucose,  

mmol/l mean (SE) 

6.8 (0.05) 10.0 (0.3) 8.4 (0.3) 7.8 (0.3) < 0.001 

Alcohol consumption,  

g/week, mean (SE) 

154.9 (3.8) 208.6 (26.7) 189.8 (23.4) 153.5 (2.71) 0.38 

age adjusted 

Log-transformed values where appropriate 

IQR = inter-quartile range; SE = standard error, BMI = body mass index, BP = blood pressure 

Among the whole cohort, only baseline 1-hour post-load blood glucose (OR per 

SD = 1.9, 95% CI = 1.7–2.3), and weight gain from 25 years to midlife (OR per 

SD = 1.5, 95% CI = 1.3–1.8) predicted future diabetes. When compared to onset 

of diabetes at age < 64, onset at higher age was characterized by lower levels of 

midlife risk factors of which weight gain up to midlife, 1-hour post-load blood 

glucose, blood pressure, and pulse rate were statistically significant. Men with 

late-onset diabetes ≥ 75 also tended to have been healthier in middle age with less 

smoking and alcohol consumption. (Table 12). 



55 

5.4 Onset of diabetes in old age and HRQoL (IV) 

In this substudy the aim was to evaluate the effect of diabetes onset on HRQoL.  

During the 34-year follow-up (from 1974 to 31 December 2007), 634 men 

(34.9%) died and 216 (11.9%) developed diabetes, 161 of the cases were register-

verified and 55 questionnaire-based. At baseline the men, who developed diabetes 

showed higher CVD risk and poorer glycemic status compared to men without 

diabetes during follow-up. The groups of diabetes (n = 216) onset were divided as 

follows: 1991 or before, n = 57; 1992 to 1995, n = 38; 1996 to 2000, n = 34; 2001 

to 2003, n = 36; and 2004 to 2007, n = 61. The numbers of diabetes cases and 

deaths are compared in Table 14. 

Table 15. Number of deaths during follow-up (1974 to 2007) and proportion of men 

with HRQoL assessment in 2000. 

Diabetes onset (number) No of 

men  

No of deaths by 

2000 

No of deaths 

2001–2007 

HRQol assessed in 2000 

(response %) 

Diabetes during 1974–2007 1,599 396 250 1,067 (89) 

Diabetes before 1992 57 18 13 32 (82) 

Diabetes 1992–1995 38 10 15 23 (82) 

Diabetes 1996–2000 34 2 9 32 (100) 

Diabetes 2001–2003 26 -- 8 23 (88) 

Diabetes 2004–2007 61 -- 2 52 (85) 

HRQoL = health related quality of life 

5.4.1 RAND-36 questionnaire 

In 2000, all survivors (n = 1,390) were sent a postal questionnaire including the 

Finnish version of the RAND-36 item health survey 1.0 was sent to all survivors 

to evaluate HRQoL. The response rate was very good, 87.8%, the mean age of 

respondents being 73 years (SD 4)  

Questionnaire data including HRQoL could be obtained from 162 men with 

diabetes (i.e. 75% of all) and from 1,067 men without diabetes during follow-up 

up to 2007.  

According to the onset of diabetes, the scores of eight RAND-36 scales in 

2000 were adjusted for age and SHR in 1974, when the men were free of diabetes. 

Statistically significant differences in old age between the onset groups were 

found in scores for physical functioning (p > 0.001), social functioning (p = 0.03), 

and general health (p = 0.01). In these scales HRQoL worsened rapidly and quite 
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constantly after diabetes developed (during 4 years after onset of diabetes). 

However there were no significant differences between “prediabetic” men and 

non-diabetic men during the 34-year follow-up. No consistent relationship was 

seen between mental health (p = 0.7) or vitality (p = 0.4) and diabetes. 

5.4.2 Self-related health  

To compare SRH at baseline in 1974 (five step scale) and at the end of follow-up 

in 2007 according to diabetes onset groups, the SRH question of RAND-36 

reported in 2007 was used. The wording in RAND-36 (excellent, very good, good, 

fair, poor) differs somewhat from that in the 5-step scale used in 1974 (very good, 

fairly good, average, fairly poor, very poor). 

At baseline there was no consistent association between the groups, but with 

longer duration of diabetes in 2007, SRH tended to worsen (global p = 0.07). 
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6 Discussion 

6.1 Assessment of the study cohort 

This present thesis was based on a prospective study cohort called the Helsinki 

Businessmen study, with follow-up from 1964 to the end of year 2007. All 

participants were Caucasian men of high socioeconomic status with similar 

working life positions. In the beginning all participants (3,490) were healthy men 

born in 1919–1934. The men took part in examinations and completed postal 

questionnaires during the follow-up.  

In1974 when the men were in midlife, with a mean age of 48 years (SD 4), 

without diabetes, they were evaluated especially for CVD factors with 

questionnaires and clinical and laboratory investigations. Fasting blood glucose 

(FBG) and 1-hour post-load glucose levels have been measured during the 

follow-up offering an opportunity to examine the development of diabetes among 

normoglycaemic men from midlife to old age. The onset of diabetes was 

ascertained through registers (the National Drug Reimbursement register) 

(Reunanen et al. 2000) and from questionnaires up to 31 December 2007.  

To assess their HRQoL, the men were asked about their present health (SRH) 

on a five-step scale in 1974, reflecting “global” quality of life at baseline. In 2000 

all survivors (mean age 73 years, SD 4) were sent a postal questionnaire including 

the Finnish version of the RAND-36–Item survey 1.0 consisting of 36 questions 

assessing eight domains of HRQoL (Aalto et al. 1999, Hays et al. 1993) The 

response rates have diminished gradually, being 87.8% in 2000 and 67.8% in 

2007, due to the ageing of the cohort.  

Mortality was 34.9% from 1974 to the end of 2007 and retrieved from the 

National Population Information System of Finland. 

6.2 Discussion of the methods 

The results are based on a large, homogenous cohort with an especially long 

follow-up time from the 1960´s until 31 December, 2007. All the men were 

healthy without any chronic disease or medication at baseline. The participants 

were from higher socioeconomic class with similar job status and most of them 

belonged to the group of professional executives. This homogenous status has its 

advantages when evaluating QoL, but there are also disadvantages, because social 
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class has a clear impact on morbidity and mortality (Drever et al. 1997). Thus the 

generalization of the results to the general population should be done with caution.  

Development of diabetes with year of onset was evaluated using the National 

Reimbursement register, which indicates clinically well-established diabetes in 

Finland, even though the actual “break-out” may have happened several years 

before. Cases of self-reported diabetes in questionnaires were not reliably verified 

and were therefore not included in statistics, even though they did not seem to 

change the results. 

The National Population Information System of Finland was used for the 

mortality follow-up. Data in this register include names, births and deaths and are 

100% complete.  

HRQoL was measured in 2000 and replicated later with the RAND-36 survey, 

which is a widely used and validated international instrument. At baseline in 1974 

SRH-questionnaire (5-step scale) was used, with wording that differs somewhat 

from that used in RAND-36. 

The data on the risk factors at baseline, later clinical examinations and in the 

questionnaires enabled multivariate adjustments for potential confounding factors 

and wide use of statistical analyses.  

6.3 Major results of the study 

6.3.1 One-hour post-load glucose, diabetes risk and mortality (I)  

This 44-year follow-up study shows a very high diabetes risk associated with 

elevated 1-hour post-load glucose level measured in early midlife. In the quartiles, 

the combination of blood 1-hour post-load glucose level higher than 144 mg/dL 

(7.9 mmol/L), equivalent to plasma value > 161mg/dL (8.9 mmol/L) and BMI of 

30 or higher was associated with a 10.1-fold increase of diabetes risk 

independently of CVD factors.  

In this study there was a strong relationship between 1-hour glucose quartiles 

and both cardiovascular (p < 0.001) and total mortality and development of 

diabetes (p < 0.001) during the follow-up. Non-vascular mortality was not related 

to 1-hour post-load glucose in this cohort. 
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6.3.2 Comparison of normal fasting and one-hour glucose and future 
diabetes (II) 

Fasting and 1-hour post-load glucose were measured in the originally 

normoglycaemic (FBG < 5.0 mmol/L, equivalent to plasma glucose FPG < 5.6 

mmol/L), middle-aged male cohort, who were then followed up for34 years for 

development of diabetes. The median FBG and 1-hour post-load glucose values at 

baseline were 4.4 and 6.6 mmol/L, respectively. 

The fasting blood glucose ≤ 4.0 mmol/L indicated protective effect compared 

to the mid-high normal range > 4.0 to 4.9 mmol/L. Among the quintiles the risk 

of incident diabetes was doubled for the highest quintile compared to the lowest 

quintile. 

In the 1-hour post-load glucose quintiles, the incidence of diabetes was 

similar in the lowest quintile (< 5.2 mmol/L) as in fasting glucose (< 4.0), but 

quadripled in the highest quintile (> 8.2 mmol/L).  

FBG could not separate the risk for those with higher levels of glucose in the 

range < 5.9 mmol/L, whereas 1-hour post-load glucose discriminated the risk 

better at higher values. The incidence of diabetes did not seem to increase steeply 

until after 15–20 years of follow-up.  

6.3.3 Midlife risk factors and the age of onset of diabetes (III) 

In this study the men with higher post-load glucose, blood pressure, and pulse rate 

at baseline or greater weight gain up to midlife appeared to develop diabetes 

earlier than 65 years of age compared to those with fewer risk factors. The men 

who developed diabetes later, ≥ 75 years, were shown to have been healthier in 

middle age, to have used less alcohol and have smoked less. In the whole cohort, 

only baseline 1-hour post-load glucose (p < 0.001) and weight gain from age of 

25 to midlife (p = 0.002) predicted future diabetes. 

6.3.4 Onset of diabetes and HRQoL (IV) 

The results suggest that diabetes does not affect the quality of life until after 

diabetes onset. This worsening is seen in only some of the domains of RAND-36: 

physical functioning (p < 0.001), social functioning (p = 0.03) and general health 

(p = 0.01). Mental aspects seemed not to be affected by diabetes in this male 
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cohort. During the pre-diagnostic period of up to seven years no association was 

found between pre-diabetic state and HRQoL.  

6.4 Strength and limitations 

6.4.1 Strengths in the study 

The major strength of this study was the large socioeconomically homogenous 

cohort at baseline consisting of subjects of the same ethnicity. The exceptionally 

long follow-up time of the study cohort allows a distinctive opportunity to 

observe subsequent health consequences of different cardiovascular risk factor 

and predictors of future diabetes from midlife to older age. The results are based 

on a male cohort, healthy at baseline without any diseases or medications.  

To evaluate the HRQoL of the men the Finnish version of the RAND-36-

survey was used. The RAND-36 survey is widely used in the world and reliable 

and validated to assess the HRQoL. 

6.4.2 Limitations in the study 

While the homogenous nature of the study population is an advantage, it has 

limitations too. The good socioeconomic status can diminish the important bias 

related to socioeconomic status and restricts the generalization of our results to 

the general population. Especially the lack of women is also a remarkable 

limitation, as is the lack of younger people. For instance, it has been shown that 

glucose absorption may differ between genders during OGTT (Anderwald et al. 

2011). 

Even though the long follow-up time has its benefits, it does have 

disadvantages as well. During this time the criteria for the diagnoses of diabetes 

have changed, as have measurements methods. Otherwise, missing data related to 

mortality should be taken into account concerning a longitudinal study and its 

duration. It is possible that some of the men who died during the follow-up of 

other causes would have developed diabetes. It is also possible that with 

advancing age and co-morbidities, diabetes may remain undiagnosed, untreated, 

or unreported in a long-term study.  

The majority of diagnoses of diabetes were gathered from registers, but some 

of them were based on self-reports, which may be unreliable. The diagnoses taken 



61 

from the registers were not separated into type 1 and type 2 diabetes (taking into 

account the frequency of type 2 diabetes and the age of men). The exclusion of 

self-reported diabetes did not change the conclusions of our study. 

The incidence of diabetes in the cohort was low. At baseline we had only a 

single sample of fasting and one-hour glucose and there could have been 

inconsistency among repeated measurements. This may diminish the accuracy 

and the reliability of this study. 

Because the men belonged to a high socioeconomic group, their lifestyle may 

have been healthier compared to those in lower socioeconomic groups (Hulshof et 

al. 2003) and they may have assessed their HRQoL differently from other 

socioeconomic groups. On the other hand, the lifestyle of the participants may 

have changed during the long follow-up, affecting their predisposition to diabetes.  

6.5 Discussion of the results 

6.5.1 One-hour post-load glucose, normal fasting glucose and future 

diabetes (I, II) 

To identify the people at risk for future diabetes the use of 2-hour OGTT is 

recommended, and the WHO also recommends the use of OGTT in people with 

fasting plasma glucose between 6.1 and 6.9 mmol/L (World Health Organization 

1999). Botas et al. (2003) have compared the diagnostic criteria for diabetes 

according to WHO-1985, ADA-1997 and WHO-1999 in the adult population of 

Asturias (Spain), and they propose the use of OGTT for all those with fasting 

blood glucose between 5.7 mmol/L and 6.9 mmol/L to improve the diagnostic 

strategy for diabetes and detect up to > 80% of patients. In another study of 5.023 

adult Pima Indians, the frequency of diabetes was 12.5% by the 1997 ADA 

criteria, 14.6% by the 1985 WHO criteria and 15.3% by the 1999 WHO criteria, 

and the incidence of diabetes was clearly related to higher FPG and 2-hour post 

load glucose. Even though IGT was more common than IFG (15% vs. 5%), the 

incidence of diabetes was higher among people with IFG than among those with 

IGT (37% vs. 24%) (Gabir et al. 2000).  

Several studies have been carried out to find better models to improve the 

ability to predict future diabetes (McNeely et al. 2003, Stern et al. 2002, 

Wannamethee et al. 2005, Tuomilehto et al. 2010) and these are based on risk 

factors for type 2 diabetes. Stern et al. (2002) showed in their study that persons 
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at high risk for diabetes are better identified by using a simple prediction model 

than by relying exclusively on results of a 2-hour OGTT. They used a 

multivariable model measuring BMI, BP, lipids, FPG and 2-hour post-load 

glucose and medical history. In another multivariable model McNeely et al. (2003) 

found that clinical model (age, BMI, BP, FPG, HDL, family history, ethnicity) 

was better than FPG alone for predicting diabetes after 5–6 years but not after 10 

years, in Japanese Americans aged ≤ 55 years. The model was not useful in older 

age, whereas 2-hour post-load glucose was useful in predicting diabetes 

regardless of age. In the Finnish model targeted to the general population, the risk 

screening based on risk assessment and subsequent glucose measurements 

predicted with 85% accurary future diabetes risk in 10 years follow-up. This tool 

detects also current asymptomatic diabetes and abnormal glucose tolerance 

(Lindstrom et Tuomilehto 2003, Saaristo et al. 2005) 

OGTT is time-consuming, costly and inconvenient. Even though the OGTT 

diagnosis of IGT has high specificity (92%) in predicting subject at high risk for 

developing type 2 diabetes, it has a much lower sensitivity (51%) and half of 

those who convert to type 2 diabetes could not to be identified (Abdul-Ghani et al. 

2007). We need less expensive and less time-consuming methods of identifying 

persons at high risk for type 2 diabetes. 

One-hour post-load glucose has recently aroused interest in prediction of 

future type 2 diabetes (Abdul-Ghani et al. 2007, Abdul-Ghani et al. 2008, Abdul-

Ghani et al. 2009, Manco M. et al. 2010). Individuals with NGT have low risk of 

developing type 2 diabetes, but about 40% of subjects who develop diabetes have 

NGT at baseline (Unwin et al. 2002). Abdul-Ghani et al.(2008) showed in their 

study, that 16.7% of subjects with NGT and 1-hour plasma glucose level during 

OGTT > 155 mg/dL developed diabetes during a 7- to 8-year period. NGT 

subjects with one-hour plasma glucose > 155 mg/dL with metabolic syndrome 

were at very high risk for type 2 diabetes and their risk exceeded that of subjects 

with IFG and IGT. The researchers suggest that the plasma glucose concentration 

at one hour during the OGTT is a strong predictor for future type 2 diabetes 

independent of the glucose tolerance status and a cut-point of 155 mg/dL divides 

individuals with NGT, IFG, and IGT into low-, intermediate-, and high-risk 

groups. In this present study the results point in the same direction.  

In this study it was found that 1-hour post-load blood glucose level > 144 

mg/dL (plasma value > 161 mg/dL) measured in early midlife combined with 

BMI ≥ 30 demonstrated very high diabetes risk, a 10.1-fold, independently of 

CVD risk factors, later in older age in men. Of all incident diabetes 84.2% 
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occurred among individuals who were either overweight (BMI ≥ 25), had 1-hour 

post-load blood glucose level higher than 144 mg/dL or both at baseline. A cut-off 

point of 1-hour post-load glucose level used in the study was the same as used by 

Manco (2010). Using the cut-off point of plasma glucose 155 mg/dL for the 1-

hour post-load glucose concentration gave 50% greater sensitivity in predicting 

future diabetes compared with the OGTT diagnosis of IGT with only a modest 

(15%) decline in specificity (Abdul-Ghani et al. 2007). The cut-off values of 

plasma glucose used by Abdul-Ghani (2007) and Manco (2010) are quite close to 

each other: 155 mg/dL equivalent to 8.6 mmol/L and 161 mg/dL equivalent to 8.9 

mmo/L. 

FPG and 2-hour OGTT are recommended for screening of type 2 diabetes. 

They are both useful, reflecting different pathophysiologic mechanisms (Nathan 

et al. 2007). IGT and IFG are states of carbohydrate metabolism intermediate 

between normal glucose tolerance (NGT) and type 2 diabetes, and represent two 

partially overlapping conditions with different metabolic characteristics (Abdul-

Ghani et al. 2006, Unwin et al. 2002). It is known that IFG reflects marked 

hepatic insulin resistance and near normal muscle insulin sensitivity, while this 

pattern is reversed in IGT (Abdul-Ghani et al. 2006). Earlier studies have shown 

that beta-cell glucose sensitivity and insulin sensitivity contribute to values of 2-

hour plasma glucose independently of each other (Ferrannini et al. 2005). In the 

literature there are some studies concerning 1-hour post-load glucose and beta-

cell function. A higher level of 1-hour post-load glucose might represent a 

surrogate marker on impaired beta-cell function (beta-cell glucose sensitivity and 

rate sensitivity) in individuals otherwise regarded as having NGT who are insulin-

resistant (Manco M. et al. 2010). They showed that 1-hour post-load plasma 

glucose correlated better than 2-hour plasma glucose with total insulin secretion, 

beta-cell glucose sensitivity and beta-cell rate sensitivity. The best cut-off value 

for 1-hour plasma glucose was > 8.95 mmol/L. Participants with NGT and with 1-

hour plasma glucose > 8.95 mmol/L had larger waist circumference, higher BMI, 

lower insulin sensitivity, higher fasting glucose and higher insulin secretion than 

their counterparts with 1-hour plasma glucose < 8.95 mmol/L. Also in the present 

study individuals at higher risk for future diabetes had higher BMI (> 25) and 

higher 1-hour post-load blood glucose level > 144 mg/dL (equivalent to plasma 

glucose 8.9 mmol/L) at baseline. Median BMI and 1-hour post-load blood 

glucose were 27.5 (IQR 24.1–27.5) and 108 mg/dL (IQR 88.2–133 mg/l), 

respectively. The risk for future diabetes was 2.2-fold in the quartile BMI ≥ 25 

and 1-hour post-load blood glucose level ≤ 144 mg/dL, but 10.1-fold in the 
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quartile BMI ≥ 30 and 1-hour post-load blood glucose ≥ 144 mmol/dL equivalent 

to plasma glucose 161 mg/dL (8.9 mmol/L). These results with higher values of 

1-hour post-load glucose may identify an intermediate condition between NGT 

and IGT characterized by greater insulin resistance, reduced beta-cell glucose 

sensitivity, and reduced beta-cell rate sensitivity as mentioned by Manco et al. 

(2010). In another study obese Latino youth with a family history of type 2 

diabetes were divided into two groups based on 1-hour glucose threshold of 155 

mg/dL and followed up for 8 years. The results suggest that a 1-hour post-load 

plasma glucose ≥ 155 mg/dL during an OGTT is an independent predictor of 

beta-cell deterioration and progression to prediabetes among obese Latino youth 

(Kim et al. 2013). 

The present study investigated also individuals with normal FBG below 5.0 

mmol/L, (equivalent to FPG below 5.6 mmol/L, median 4.4 mmol/L) and 1-hour 

post-load blood glucose levels (median 6.6 mmol/L) as predictors of future 

diabetes. Low normal FBG (≤ 4.0 mmol/L) showed a protective effect compared 

to the mid-high normal range (> 4.0–4.9 mmol/L), while 1-hour post-load blood 

glucose levels predicted diabetes more strongly in the highest quintile. FBG could 

not separate the risk for those in the range < 5.0 mmol/L. According to the studies 

fasting glucose and OGTT do not identify the same subjects at increased risk for 

type 2 diabetes (Nathan et al. 2007, Shaw et al. 1999) and this is suggested by the 

present findings as well. A study among young army personnel, demonstrated a 

progressive increasing risk for diabetes above fasting plasma levels of 4.8 

mmol/L compared to levels below 4.5 mmol/L during a 6-year follow-up (Tirosh 

et al. 2005) The RR of 1.8 was similar to our finding in the same glucose category. 

Another study suggests that persons with normal FPG levels, 5.3–5.5 mmol/L, 

had a 2.3-fold risk for developing diabetes compared to those with FPG below 4.7 

mmol/L (Nichols et al. 2008). In these studies IGT was not identified because 

OGTT was not performed. At baseline in the present study, there was a very low 

diabetes risk in this population. They all had FBG values below 5.0 mmol/L, only 

a few were obese, and the mean 1-hour post-load blood glucose value was < 7.0 

mmol/L. The men belonged to the highest socioeconomic group. In the cohort 9.4% 

of the subjects developed diabetes. Individuals at low risk in midlife indicate the 

importance of early identification of those at risk of diabetes with advancing age.  

In the present study the incidence of diabetes started to increase steeply after 

15 to 20 years during the follow-up, also accelerating during the last years, when 

the mean age of participants was 81 year. The men who had arithmetic mean of 
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baseline fasting glucose and 1-hour post-load blood glucose value < 4.8 mmo/L 

had practically no risk of diabetes during later life.  

One-hour post-load plasma glucose has been reported to predict CVD 

mortality (Orencia et al. 1997) and chronic kidney disease (Succurro et al. 2010). 

In this study an increased risk for diabetes and mortality was found to associate 

with elevated 1-hour post-load blood glucose level measured in early midlife.  

6.5.2 Predictors in midlife for future diabetes (III) 

It is important to recognize in time those, who are at risk of developing diabetes 

later in older age. Many studies have shown that weight gain and lifestyle are 

remarkable risks of future diabetes (Lindstrom et al. 2003, Manson & Spelsberg 

1994, Must et al. 1999, Saaristo et al. 2010, Wannamethee & Shaper 1999) 

Diabetes is associated with many complications and the risk of complications 

depends on the duration of diabetes (Dankner et al. 2009). A unified national 

system was launched in the United States in 1989 to monitor trends in diabetes 

and diabetic complications and mortality in order to document the disease burden 

of diabetes and to identify high-risk groups (Wetterhall et al. 1992). In the UK, in 

a prospective study with a follow-up time of 12 years, researchers determined the 

risk factors for development of type 2 diabetes in middle-aged British men (Perry 

et al. 1995). This study showed a strong, graded association between BMI and 

risk of diabetes in this middle-aged male cohort, but evidence incriminating 

alcohol intake and cigarette smoking was lacking. Many CVD risk factors linked 

with insulin resistance (triglyceride, high density lipoprotein cholesterol and uric 

acid concentrations) predicted the development of type 2 diabetes already years 

before the onset of clinically manifest disease.  

In this present study a statistically significant correlation was also found 

between weight gain (p = 0.002) and risk for diabetes at older age. Alcohol 

consumption and smoking did not seem to affect the risk of diabetes, although it 

has been found that the incidence of glucose intolerance is higher among smokers 

than among non-smokers (Houston et al. 2006). In one study the lowest 

association between alcohol consumption and the risk of diabetes was seen in 

moderate drinkers, 16–42 units/week (one unit is 10 ml pure alcohol) (Perry et al. 

1995). 

In this cohort baseline future diabetes was very strongly predicted by 1-hour 

post-load blood glucose. It has been shown that metabolic syndrome increases the 

risk of diabetes 3–6 times (Dankner et al. 2009), and in our study men with higher 



 66

post-load glucose, blood pressure, and pulse rate at baseline or greater weight 

gain up to midlife appeared to develop diabetes earlier (age < 65) than those with 

fewer risk factors. The men, who developed diabetes at age ≥ 75 years, showed 

less weight gain, better one-hour blood glucose levels and healthier lifestyles (less 

alcohol, less smoking) in middle age.  

In accordance with earlier studies these findings show that obesity and 

elevated 1-hour post load glucose in midlife, are risks for future diabetes. One-

hour post-load glucose level has earlier been used mainly as a marker for 

gestational diabetes. Interest in using it as a screening tool of type 2 diabetes has 

arisen recently. Screening the risks for diabetes is important for the prevention of 

this disease, but also for the prevention of CVD and mortality.  

6.5.3 HRQoL and diabetes developed in old age (IV) 

Among the older population type 2 diabetes is a growing problem everywhere in 

the world, and a larger proportion of newly diagnosed diabetic patients are older 

people, so that the prevalence is 13% among those older than 70 years, and many 

remain undiagnosed (McBean et al. 2004, Mokdad et al. 2000). In the older 

population an important aspect is the impact of diabetes on HRQoL and 

development of disability. Established diabetes and particularly its complications 

affect physical functioning and HRQoL (Brown DW. Balluz LS. Giles WH. 

Beckles GL. Moriarty DG. Ford ES. Mokdad AH. behavioral risk factor 

surveillance system (BRFSS) 2004, Hiltunen & Keinanen-Kiukaanniemi 1999, 

Redekop et al. 2002), and predict mortality (Graham et al. 2007, Kleefstra et al. 

2008, Landman et al. 2010). In the literature there are few studies of the time 

course of this relationship concerning diabetes and HRQoL. Earlier studies of 

diabetes and HRQoL, have focused either on how HRQoL in diabetes affects 

prognosis (Kleefstra et al. 2008, Landman et al. 2010, McEwen et al. 2009) or 

how HRQoL in patients with diabetes differs from those without diabetes (Brown 

DW. Balluz LS. Giles WH. Beckles GL. Moriarty DG. Ford ES. Mokdad AH. 

behavioral risk factor surveillance system (BRFSS) 2004, Mata Cases et al. 2003, 

Redekop et al. 2002, Wandell & Tovi 2000). 

In the present study developing diabetes was found to exert clear effects on 

HRQoL measured with RAND-36 very early after diagnosis, but diabetes affected 

only some of the domains of RAND-36: physical functioning, social functioning 

and general health. Mental aspects of HRQoL did not seem to be affected by 

diabetes in this cohort. 
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The ZODIAC-18 study of 1,353 men and women with diabetes showed, that 

poorer physical and mental HRQoL, assessed with RAND-36, was associated 

with higher total mortality and CVD mortality, although the dimension of mental 

health was significantly related to mortality in men only (Landman et al. 2010). 

In a population-based case-control study the objective was to explore the nature 

of functional impairment in older people with diabetes (median duration of 

diabetes 7 years and median age 75 years). The researchers found significant 

differences in the physical functioning domain of the SF-36 between control 

subjects and those with diabetes (Sinclair et al. 2008). In our study the results 

showed a similar trend concerning physical functioning, which worsened soon 

after diagnosis. Also in a Swedish study, older patients (64–84 years) with 

diabetes had poorer HRQoL, assessed with SWED-QUAL/MOS instruments, 

than general population, especially regarding physical health. In this study 

atheromatous complications were significant predictors of poor HRQoL and poor 

metabolic control was associated with reduced cognitive function (Wandell & 

Tovi 2000). Another study conducted in the Nordic countries, this time in 

Denmark, points in the same direction as a study above. In the Danish study, 

presence of complications had a significant effect on HRQoL (measured with EQ-

5D) of patients with diabetes, whereas HRQoL of patients without complications 

was only slightly lower than among individuals in the general population 

(Redekop et al. 2002). In a Spanish survey of diabetes diagnosed after the age of 

30 years and using the EQ-5 instrument, patients with complications, poor 

glycaemic control or using insulin, had worse HRQoL than people of the same 

age and gender in the general population (Mata Cases et al. 2003). In a recent 

study involving 2,205 healthy and 396 persons with diabetes, HRQoL (assessed 

with SF-36 instrument) was mainly predicted by complications of diabetes 

(Venkataraman et al. 2013). In a cross-sectional study of older Mexican 

Americans (60% women) with diabetes, researchers found no significant 

difference in the mental scale of SF-36 compared to individuals without diabetes, 

but people with diabetes had significantly lower scores on physical scales of 

HRQoL (Graham et al. 2007). The present findings point in the same direction 

concerning mental aspects and physical function.  

This present study found no consistent effects on HRQoL observed in the pre-

diagnostic period up to 7 years. The prevalence of prediabetes and associated 

health behaviours and chronic conditions among New Hampshire adults is 

described in the brief data from the New Hampshire Behavioral Risk Factor 

Surveillance Surveys (NH BRFSS). There were significantly more adults with 
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diabetes and prediabetes who reported having fair or poor health compared with 

adults without diabetes or prediabetes The subjects were also asked about 

physical and mental health in the past 30 days, and adults with prediabetes 

reported 6 physically and 6 mentally unhealthy days, whereas adult with diabetes 

reported 7 physically and 4 mentally unhealthy days. People without diabetes or 

prediabetes had 3 physically and mentally unhealthy days (Prediabetes in NH 

Issue Brief 2011). Findings from a study of physical activity and HRQoL in 

individuals with prediabetes demonstrated higher levels of physical and mental 

HRQoL in active than inactive people (Taylor et al. 2010). 

Overall, the results are in accordance with earlier studies suggesting that 

worsening of HRQoL starts after the clinical diagnosis of diabetes and this 

worsening is mainly focused on physical functioning. HRQoL was assessed using 

RAND-36/SF-36, a widely used and validated generic instrument. With RAND-

36 it is possible to distinguish both physical and mental aspects of HRQoL, which 

is important (Aalto et al. 1999).In Finland reimbursement for diabetes medication 

marks well-established diabetes, but the actual “break-out” may have happened 

several years earlier. This can have an effect on the findings that HRQoL 

worsened very early after diagnosis of diabetes affecting both physical and social 

function and general health. The finding that diabetes does not seem to affect 

mental HRQoL is somewhat surprising, although psychosocial factors have been 

considered as risk factors for diabetes onset at least in women (Strodl & Kenardy 

2006). An explanation for this may be differences between the genders. A recent 

study suggested that psychosocial work environment increased diabetes risk 

among women but not among men (Smith et al. 2012).  

These results suggest that worsening of HRQoL is not observed before 

clinical diagnosis of diabetes. In the future, the number of older people with 

diabetes will increase, and the worsened physical and social function due to this 

disease and its complications will increase the burden both to individuals and to 

society. These findings thus offer a possibility for prevention and hence 

encourage efforts for early detection of diabetes.  
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7 Conclusions 

The findings in the present study indicate that 1-hour post-load glucose could be 

one option in midlife screening for the risk of future diabetes. Diabetes developed 

at an older age seems to affect HRQoL in some domains of the RAND-36 

measurement. The main conclusions are:  

I  One-hour post-load glucose measured in early midlife showed elevated 

diabetes risk at an older age. The risk was independent of traditional 

cardiovascular risk factors, and was accentuated when combined with BMI. A 

strong relationship was also seen between 1-hour post-load glucose quartiles 

and both total and CVD mortality. 

II  Comparing normal fasting and 1-hour post-load glucose in an originally 

fasting normoglycaemic middle-aged male cohort as predictors for future 

diabetes, higher values for both fasting and one-hour post-load glucose 

predicted long-term incidence of diabetes. One-hour blood glucose 

values > 7.0 mmol/L (equivalent to plasma glucose 7.8 mmol/L) in midlife 

could be regarded as a cut-off point for future risk of incident diabetes. 

III  Among middle-aged men healthy at baseline, assessed with CVD risk factors 

and without diabetes, only baseline 1-hour post-load glucose, and weight gain 

from 25 years to midlife predicted future diabetes.  

IV  HRQoL was affected by diabetes after diagnosis of diabetes after 0–4 years 

and did not deteriorate thereafter. Three RAND-36 scales physical 

functioning, social functioning and general health were significantly 

worsened compared with non-diabetic subjects. HRQoL was not worsened in 

prediabetic state compared with non-diabetic subjects. 
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8 Implications and future perspectives 

Our results suggest that one possibility to assess the risk of future diabetes could 

be 1-hour post-load glucose, which is a less time- and resource-consuming 

method than 2-hour OGTT. Closer examination of high-risk men who survive to 

old age without diabetes and low-risk men who develop diabetes would give 

further information about pathways to diabetes. Our long-term results 

demonstrate that fasting and 1-hour post-load glucose even with normal values 

predicts the development of diabetes at a very early stage in population initially at 

low risk.  

WHO (2011) has recently accepted HbA1c as one of the diagnostic criteria for 

diabetes. It could be important to compare 1-hour post-load glucose with fasting 

and two-hour post-load glucose levels as well as HbA1c in similar conditions and 

in various populations. We need reliable, fast and easy tests to find subjects who 

are at a risk to develope type 2 diabetes.  

Diabetes is increasing among older people and worsened physical and social 

function will have an impact on the burden of this disease both to individuals and 

society. Results show that this worsening does not happen before clinical 

diagnosis of diabetes and offer an opportunity for prevention, and thus 

encouraging efforts for the early detection of diabetes. It may be important to treat 

older people according to the time when their diabetes emerged and avoid 

worsening HRQoL with too strict restrictions.  
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Appendix 1 

 

The Helsinki Businessmen Study timeline

1964–1973

3.490 men of high sosioeconomic status, born 1919–1934 attend voluntary health
checks at the Institute of Occupational Health in Helsinki. Data available n= 3.313
Clinical examinations: weight, blood pressure,
Laboratory examinations including cholesterol,  fasting and 1-hour post-load blood
glucose, triglycerides from 1969 
Medical history

Dead n= 68

No response/refused n= 867

1974–1975, 
mean age 48 years

Questionnaire and invitation to examination to all surving men,  data available n= 2.375
-Clinical examinations including weight, blood pressure
-Laboratory examinations including cholesterol, triglycerides,  fasting and 1-hour post-
load blood glucose, EKG 
-Cardiovascular risk factors anf life style including : smoking, self-reported weight from
age 25, alcohol consumption, physical activity
-Self-rated health and fitness

1. Healty, no CVD n=1.815
2. Chronic disease or medication n= 536

2000,
mean age 73 years

Mortality from registers , cumulative dead n=1023
Postal questionnaire n= 2.286 , data available n= 1.864
-RAND-36, 
-self-reported weigh and cardiovascular risk factors, 
-diseases, mediacations

Dead n= 422

1. Dead n=518 
2. Dead n=244
Dead  n=285, no 
response/refused

2007, 
mean age 81 years

Mortality from the registers.  Cumulative dead 1537
Postal questionnaires from the ability of function, the memory disorders, and B-gluc, 
weight, s-kol and latest blood pressure
Data available n =1120
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Appendix 2 RAND 36-Item Health Survey 1.0 
Questionnaire Items 
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