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ABSTRACT

Aims

To compare 13-year mortality rates in normoglycemic, prediabetic and diabetic subjects attending a

community-based screening and intervention programme.

Methods

Population survey identified 2569 cardiovascular disease (CVD) white risk subjects aged 45-70

years and without manifested CVD or diabetes. Oral glucose tolerance test was performed, and

multifactorial intervention was provided. Effect of glycemic status on mortality was estimated in

models adjusted for age, gender, education years, smoking, body mass index, mean arterial

pressure, total cholesterol, and physical activity.

Results

Of the subjects, 2055 (77%) were normoglycemic, 380 (14%) had prediabetes and 224 (9%)

diabetes. Compared to the normoglycemic group, the fully adjusted hazard ratios (HR) for all-cause

mortality were 1.34 (95% CI: 0.98 to 1.83) in the prediabetes group and 2.31 (95% CI: 1.62 to 3.31)

in the diabetes group. Standardized mortality rates were 0.63 (95% CI: 0.54 to 0.73), 0.91 (95% CI:

0.69 to 1.18), and 1.55 (95% CI: 1.19 to 2.02) in the normoglycemic, prediabetes, and diabetes

groups, respectively. The most common cause of death was cancer (42% of all deaths), followed by

CVD (28%).

Conclusions/interpretation

Screen-detected diabetes carries a substantial risk of death even after primary care intervention. The

pattern of excess mortality has shifted towards cancer deaths.
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1. INTRODUCTION

Over the past 20 years, the global rise in obesogenic lifestyles and ageing population have more

than tripled the prevalence of type 2 diabetes [1]. The number of individuals affected by diabetes

has been estimated to reach 700 million by 2030 [1]. Type 2 diabetes associates with significant

complications, such as kidney failure and cardiovascular disease (CVD), and 1.15 to 1.80 times

higher risk of all-cause mortality compared to people without diabetes [2-4]. It is typical that type 2

diabetes has a long subclinical phase and the diagnosis is postponed for several years [5]. Thus,

some diabetes associated comorbidities are present already at clinical diagnosis [6]. It has been

proposed that early diagnosis and treatment of type 2 diabetes might be beneficial in reducing CVD

risk of diabetic individuals [7]. However, it is uncertain if population-based screening for type 2

diabetes has an effect on mortality [8, 9].

Impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) are high-risk precursory

conditions for diabetes, also referred as prediabetes. The condition is defined by glycemic levels

higher than normal but lower than the diagnostic thresholds for diabetes [10]. Depending on the

definition used, up to 70% of prediabetics will develop type 2 diabetes within 10 years [11].

Prediabetes has been associated with increased all-cause mortality and CVD both in the general

population and in subjects with atherosclerotic CVD [6].

In this longitudinal cohort study, we examined the effect of a community-based CVD and type 2

diabetes screening and intervention programme [12] on mortality during the 13-year follow up.

Specifically, we compared the risk of all-cause mortality and causes of death between three groups

of cardiovascular risk subjects: those with screen-detected diabetes, those with screen-detected

prediabetes and those who were normoglycemic according to the oral glucose tolerance test

(OGTT) at baseline. Mortality rates in these study groups were also compared to the mortality rate

of the general population in Finland.

2. SUBJECTS, MATERIALS AND METHODS

A population survey, the Harmonica Project (Harjavalta Risk Monitoring for Cardiovascular

disease), was conducted in the towns of Harjavalta and Kokemäki in Southwest Finland from

August 2005 to September 2007. All home-dwelling inhabitants aged 45-70 years (6013 eligible
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inhabitants on 31.12.2007) without previously diagnosed diabetes or CVD were invited to

participate in the project. An invitation to the project, a cardiovascular risk factor survey, a tape for

the measurement of waist circumference (WC), and a type 2 diabetes risk assessment questionnaire

(FINDRISC, Finnish Diabetes Risk Score, available from www.diabetes.fi/english) [13] were

mailed to every eligible home-dwelling inhabitant. The invited subjects were instructed to fill in the

risk factor survey and mail it back to the public health centre if they were willing to participate in

the project.

The respondents were eligible if they reported one or more of the following CVD risk factors:

- the latest measured blood pressure (BP) 140/90 mmHg

- use of antihypertensive medication

- history of gestational diabetes or hypertension

- first-degree family members’ history of coronary heart disease, myocardial infarction or

stroke (age ≤55 years if male, ≤65 years if female)

- FINDRISC 12 points in Harjavalta (an estimated 1 in 6 will develop diabetes within 10

years) or 15 points (1 in 3 will develop diabetes within 10 years) [13] in Kokemäki

- WC  80cm in women and  94cm in men in Harjavalta

In Kokemäki, high WC without any other risk factors was not used as an inclusion criteria for

logistical reasons due to limited financial resources.

Invitations to participate in the study were scheduled so that the time span from the invitation to the

nurse´s appointment was approximately two months. None of the participants died before

classification into the study groups. Altogether 4450 (74%) of the invited subjects filled in and

returned the risk factor survey. Of them, 2752 met the inclusion criteria and attended the

intervention i.e., an appointment with a nurse or both nurse and GP. Only the subjects in whom an

OGTT was performed (n = 2659) were included in the analysis described in this study. Respondents

with previously diagnosed CVD or diabetes were excluded to create a primary prevention cohort.

All participants were white, native Finns. Figure 1 illustrates the study design and the formation of

the study population. Participation and all the measurements included were free of charge for the

subjects.

http://www.diabetes.fi/english
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2.1. Nurse’s appointment for all risk subjects

Prior to the appointment with the study nurse, laboratory tests were collected from all the study

participants, and a self-administrated questionnaire including details on education, current smoking

status, alcohol consumption (Alcohol Use Disorders Identification Test, AUDIT [14], leisure-time

physical activity (LTPA), and depressive symptoms (Beck’s depression inventory, BDI) [15] was

completed.

At the nurse’s appointment a physical examination (including anthropometric measurements and

BP) was performed. The nurse explained the laboratory test results and gave lifestyle counselling to

all subjects personally. The subjects were advised to reduce intake of saturated fat in the diet and to

perform LTPA at least 30 minutes per day or four hours per week. Smokers were encouraged to

stop smoking, and overweight and obese persons (BMI ≥25.0 kg/m2) were encouraged to weight

reduction of at least 5% [12]. If the test results revealed high CVD risk defined as newly detected

IGT or type 2 diabetes, hypertension, metabolic syndrome (MetS), obesity (BMI 30.0 kg/m2) or

the ten-year risk of cardiovascular death was 5% based on the SCORE (Systematic Coronary Risk

Evaluation) system [16], an appointment with the general practitioner (GP) of the project was

scheduled within 2-4 months.

2.1.1. Laboratory tests and measurements

Laboratory tests were performed after at least 12 h of overnight fasting. OGTT was performed by

measuring fasting blood glucose (FPG) and 2-hour post-load plasma glucose (2hPG) concentrations

after ingestion of a glucose load of 75 g of anhydrous glucose dissolved in water. Glucose

concentrations were measured from capillary whole blood samples using the HemoCue Glucose

201+ system (Ängerholm, Sweden). The results were converted from capillary whole blood to

capillary plasma glucose values by the analyser. Plasma total cholesterol, triglycerides and HDL

cholesterol were measured enzymatically (Olympus AU604, Japan). LDL cholesterol was

calculated by Friedewald’s formula [17].

BP was measured with a calibrated mercury sphygmomanometer by a trained nurse. The

measurements were taken in a sitting posture after at least five minutes rest with a suitable cuff

placed on the arm. The mean of two BP readings taken at intervals of at least two minutes was used

in the study. Mean arterial pressure (MAP) was calculated as diastolic BP + 1/3 x (systolic BP –

diastolic BP). If the mean systolic BP was ≥140 mmHg or the mean diastolic BP ≥90 mmHg,
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subjects were instructed to use an automatic BP monitor (Omron M4-1, the Netherlands), which

was lent to them to execute a one week of home BP monitoring [18].

Height and weight were measured in a standing position without shoes and outer wear. Height was

recorded to the nearest 0.5cm and weight to the nearest 0.1kg. Regularly calibrated digital scales

were used. WC was measured at the level midway between the lower rib margin and the iliac crest.

The tape was held firmly in a horizontal position and the subjects were asked to breathe out gently

during the measurement. Body mass index (BMI) was calculated as weight (kg) divided by the

square of height (m²).

LTPA level was categorized as low (LTPA for ≥30 minutes at a time for maximum of three times a

week), moderate (LTPA for ≥30 minutes at a time for four to five times a week), and high (LTPA

≥30 minutes at a time for six or more times a week).

MetS was defined according to the IDF criteria [19].

2.2. GP´s appointment for high-risk subjects

At the appointment with the study GP for persons with high CVD risk, plasma lipids and fasting

plasma glucose were retested, and an ECG and laboratory tests were collected also to exclude

secondary causes of hypertension, glucose disorders or dyslipidaemia. The GP examined the

patients and repeated lifestyle counselling.

Antihypertensive medication was prescribed if systolic BP was ≥160 mmHg or diastolic ≥100

mmHg. In patients with newly detected diabetes or hypertensive target organ damage (albuminuria,

left ventricular hypertrophy on ECG), antihypertensive medication was initiated if systolic BP was

≥140 mmHg or diastolic BP ≥90 mmHg. Ongoing antihypertensive medication was intensified if

systolic BP was ≥140 mmHg or diastolic ≥85 mmHg (≥80 mmHg in patients with diabetes. For

subjects with SCORE ≥ 5 % [16], preventive medication – an antihypertensive drug, a lipid

lowering agent or low dose aspirin – was initiated. A follow-up appointment with the study GP was

arranged if type 2 diabetes was diagnosed, if new medications were started, or if previous

medication was modified. According to the European guidelines on CVD prevention of that time

[20] the first treatment in diabetes was professional dietary advice, reduction of overweight and

increased physical activity. Drug therapy was to be added if lifestyle counselling did not lead to a

sufficient reduction of hyperglycaemia [20].
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2.3. Formation of study groups

Glucose regulation was classified according to the WHO 1999 criteria [21]. The study population

was divided into three groups according to their glycemic status:

- Normoglycemic group: FPG <6.1 mmol/l and 2hPG <8.9 mmol/l

- Prediabetes group (including IFG and IGT): FPG 6.1-6.9 mmol/l or 2hPG 8.9-12.2 mmol/l

- Diabetes group: FPG ≥7.0 mmol/l or 2hPG ≥12.2 mmol/mol. The diagnosis of diabetes was

confirmed with a control fasting plasma glucose value on another day if the fasting plasma

glucose on OGTT was ≥7.0 mmol/l but the 2-hour plasma glucose was <12.2 mmol/l.

2.4. Ethical approval

The study protocol and consent forms were reviewed and approved by the Ethics Committee of

Satakunta Hospital District. All participants provided written informed consent for the project and

subsequent medical research.

2.5. Mortality

Data on mortality was obtained from Statistics Finland. Causes of death were classified according

to the ICD, 10th Revision (ICD-10). We report all-cause mortality and proportion of cancer (ICD

codes C00-D48) and CVD (ICD codes I00-I99) mortality in the study groups. For each person, the

date of the invitation to the Harmonica project was the start date of the observational period.

Follow-up time of mortality ended on December 31st, 2018.

2.6. Statistical analysis

Continuous data are presented as mean and standard deviation (SD) or median and interquartile

range (IQR) depending on data distribution, while categorical data are presented as rate and

proportion. Group differences were investigated through a series of chi-square test and one-way

analysis of variances (ANOVA) or logistic models. Sidak multiple comparison procedure was used

to correct significance levels for post hoc testing (α 0.05), when appropriate. The bootstrap (10 000

replications) method was used when the theoretical distribution of the test statistics was unknown or

in the case of violation of the assumptions (e.g., non-normality). Kaplan-Meier’s method was

performed to estimate cumulative mortality. Adjusted Kaplan-Meier cumulative mortality rates

were estimated using two propensity score-based techniques, stratification and weighting (MMWS,

marginal mean weighting through stratification) [22]. MMWS is an extension of propensity score

matching (a multiple nominal level treatment) that combines propensity score stratification and
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inverse probability of treatment weighting. MMWS is a data pre-processing procedure that

reweights a dataset to balance the observed pretreatment characteristics across all treatment groups.

Cox proportional hazards regression was used to estimate the crude and adjusted hazard ratios (HR)

and their 95% confidence intervals (CIs). We fit three models in these analyses: Model 1

(unadjusted), Model 2 (adjusted for age, gender, education years), and Model 3 (adjusted for age,

gender, education years, smoking, body mass index, mean arterial pressure, total cholesterol,

leisure-time physical activity, AUDIT score, and cohabiting).

The proportional hazards assumption was tested graphically and by use of a statistical test based on

the distribution of Schoenfeld residuals. Relative survival was calculated as the ratio of observed

survival to the survival expected from a population matched with regard to age, sex and calendar

period using the Ederer II method [23,24]. Relative survival is defined as the observed survival in

the patient group divided by the expected survival of a comparable group from the general

population. The ratio of observed to expected number of deaths, the standardized mortality ratio

(SMR) for all-cause deaths, was calculated using subject-years methods. The expected number was

determined by multiplying the person-years of observation by the appropriate mortality rate in the

general population according to categories of gender, 1-year age group and calendar (year) period.

Statistical comparison between SMRs was made by the Poisson regression models. The Poisson

regression models were tested using goodness-of-fit test and the assumptions of overdispersion in

models were tested using the Lagrange multiplier test. Probabilities of survival in an age- and

gender-matched sample of the general population were calculated from data of the Official

Statistics of Finland from Statistics Finland. Normal distributions were evaluated graphically and

with the Shapiro–Wilk W test. Stata 17.0 (StataCorp LP; College Station, Texas, USA) statistical

package was used for the analysis.
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3. RESULTS

The study population consisted of 2659 home-dwelling 45-70-year-old subjects (55% females)

without previous diagnosis of CVD or diabetes at baseline. Of them, 2055 (77%) subjects were

normoglycemic, 380 (14%) had screen-detected prediabetes and 224 (9%) had screen-detected

diabetes. Table 1 shows the baseline characteristics of the subjects according to glycemic status.

In the normoglycemic group there were 1395 (68%) subjects regarded as high CVD risk

individuals, and 339 (89%) in the prediabetes group. All the subjects in the screen-detected diabetes

group were regarded as high-risk.

The normoglycemic subjects were slightly younger and more often females compared to the

prediabetes and diabetes group. The normoglycemic subjects had lower levels of metabolic risk

factors compared to the other groups, however, the mean total cholesterol level was highest in the

normoglycemic group.

The screen-detected diabetics had pronounced metabolic risk factor levels: higher BMI and WC,

higher mean systolic BP and MAP, lower mean HDL cholesterol and higher mean triglycerides.

They were less educated, and they had higher mean BDI-score than the subjects in the two other

groups. When compared to the normoglycemic group, they more often lived alone, were physically

less active and used more often antidepressants.

The prediabetic subjects also had higher levels of metabolic risk factors compared to the

normoglycemic subjects, but lower levels when compared to the diabetic group. However, smoking

was more prevalent, and they had higher mean AUDIT-scores than the normoglycemic subjects.

At baseline, antihypertensive and lipid lowering medication was more often used by subjects with

glucose disorders.

3.1. Mortality in the study groups

In the whole cohort, a total of 31,710 person-years were followed up. Median (IQR) follow-up time

was 12.3 (11.8 – 12.9) years. There were 289 deaths during the follow-up period: 181 in the

normoglycemic group, 54 in the prediabetes group and 54 in the diabetes group. The crude

cumulative all-cause mortality over 13 years were as follows: 9.4% (95% CI 8.1 to 10.8) in the
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normoglycemic group, 15.0% (95% CI 11.6 to 19.3) in the prediabetes group, and 24.2% (95% CI

19.0 to 30.5) in the diabetes group. The adjusted cumulative all-cause mortality according to

glycemic status (p-value for linearity <0.001) is presented in Figure 2.

Table 2 shows the hazard ratios for all-cause mortality in the prediabetes and diabetes groups when

the normoglycemic group was set as a reference. Prediabetes was associated with increased

mortality risk even when adjusted for sociodemographic factors, but the association was no more

significant when further adjustments with major CVD risk factors and lifestyle were made. In the

diabetes group, mortality risk was more than two-fold compared to normoglycemic subjects in the

fully adjusted model. Hazard ratios for all-cause mortality increased linearly (p <0.001) across the

glycemic groups.

3.2. Mortality in relation to standard population

Figure 3 illustrates the relative-survival ratio and standardized mortality ratio (SMR) in the different

glycemic groups. In the normoglycemic group the relative survival is higher, in the prediabetes

group at the same level and in the diabetes group lower than in the general population. There was a

statistically significant difference in the SMR between the study groups (P for linearity <0.001).

Altogether, the most common cause of death was cancer (42% of all deaths), followed by CVD

(28%). Table 3 shows the causes of death according to glycemic groups.
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DISCUSSION

In this cohort of cardiovascular risk subjects without previously diagnosed CVD or diabetes,

all-cause mortality risk during the 13-year follow-up was more than two-fold in the screen-detected

diabetics when compared to the normoglycemic subjects. In contrast, prediabetes was not associated

with increased mortality risk when sociodemographic factors, lifestyle and major CVD risk factors

were taken into account. The most prevalent cause of death was cancer followed by CVD. SMR

was lowest in the normoglycemic group, highest in the diabetes group, and at the population level in

the prediabetes group. Of note, 60% of the normoglycemic study subjects were high-risk subjects. It

seems possible that the used multifactorial intervention managed to lower mortality in the

normoglycemic CVD risk persons and stabilize mortality rates in the prediabetes group. However,

newly detected diabetes conveys a substantial risk of death even after lifestyle counselling and

evidence-based treatments for hypertension and dyslipidaemia.

Our results are in line with previous studies showing that diabetes is associated with nearly twofold

higher all-cause mortality risk compared to people without diabetes [2], and screen-detected

diabetic subjects have a pronounced CVD risk profile [25, 26]. Type 2 diabetes typically has a long

asymptomatic preclinical phase, during which prediabetic glycemic levels are present and the

atherosclerotic processes have been proceeding for several years before the clinical diagnosis [27,

28]. Thus, early CVD risk factor modification has been advocated [29]. However, to this date there

is still no evidence that early type 2 diabetes diagnosis by screening would reduce population level

mortality [8, 9].

The Anglo–Danish–Dutch Study of Intensive Treatment in People with Screen-Detected Diabetes

in Primary Care (ADDITION) – Cambridge study [8], the single largest randomized trial to

evaluate the outcome of T2D screening in high-risk individuals on population mortality, found no

reductions in all-cause or diabetes-related mortality over 10 years. The ADDITION-Europe study

found that over a 5-year follow-up, the screen-detected diabetic subjects receiving intensive or

routine care had similar mortality rate than the general population of Denmark without diabetes

[30]. However, in our study with longer follow-up time, the relative survival of the diabetic subjects

was observed to decline sharply 4 years after the screening and intervention. Thus, longer follow-up

time might explain the contrary results. To our knowledge, the only population-based study

showing significant reduction in all-cause mortality in subjects with screen-detected diabetes

compared to subjects with clinically detected diabetes is the ADDITION-Denmark study [7]. The



12

study showed that a single round of diabetes screening and cardiovascular risk assessment was

associated with a 21% reduction in all-cause mortality rate, 20% reduction in cardiovascular

mortality and 17% reduction in cancer mortality. The ADDITION-Europe and -Denmark studies

both included screening and intervention of other CVD risk factors, such as high cholesterol and

hypertension, and included early medical treatment of hyperglycaemia. However, their study

populations included also high-risk subjects with history of myocardial infarction and stroke,

whereas our study was primary preventive. Also, in our study, antihyperglycaemic medication was

not initiated at clinical diagnosis due to the treatment guidelines of that time, which might affect the

results. However, as our diabetic subjects were observed to have increased mortality risk, we

consider our results to support the current diabetes treatment guidelines that advocate intensive

multifactorial CVD risk factor modification for all diabetics [29], including early treatment with

prognosis improving antidiabetic medications for diabetic subjects with pronounced cardiorenal risk

profile [31].

In the general population, IFG has been associated with a 1.13 increased risk and IGT (defined by

the WHO 2006 criteria: 2hPG 7.8. – 11.1 mmol/l) with a 1.25 increased risk of all-cause mortality

[6]. In the present study, the subjects with screen-detected prediabetes had higher CVD risk factor

levels compared to the normoglycemic group, but with the applied intervention, the mortality rate in

the prediabetic group was at the same level as in the normoglycemic group and the general

population. Similarly, the Da Qing Diabetes Prevention Outcome Study showed reduced all-cause

mortality [HR 0.74 (95%CI: 0.61-0.89)] and fewer CVD deaths with multifactorial lifestyle

intervention for subjects with IGT. Our results support the current American and European

guidelines that recommend lifestyle changes i.e., weight loss, dietary advice, increased physical

activity and stopping smoking, for subjects with prediabetes or increased risk of CVD. Sufficient

care for hypertension and dyslipidaemia by evidence-based medication according to individual risk

profile is also advised [29,32]. These approaches ultimately aim at reducing the risk of CVD or

other vascular complications. The diagnosis of prediabetes is not necessarily essential for efficient

risk factor modification, but for some individuals it might serve as a motivational factor [33].

In the present study, the most common cause of death was cancer in all study groups, followed by

CVD. The subjects with glucose disorders had 10% higher cancer mortality compared to

normoglycemic subjects and the subjects with screen-detected diabetes had over 10% higher CVD

mortality compared to the two other groups. In the recent studies from England [34] and Scotland

[35] a transition towards cancer as the leading contributor of death in diabetic population has been
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found. In the Finnish diabetic population CVD mortality is still the most common cause of death,

however, cancer mortality is about 50% higher in subjects with diabetes than in non-diabetic

subjects, accounting for 25% of the total mortality [36]. The decreasing CVD mortality in

individuals with diagnosed diabetes might be associated with shortening of the time between

diabetes onset and clinical diagnosis [5], improved diabetes treatment and intensified simultaneous

treatment of other CVD risk factors. Moreover, premature coronary artery disease mortality has

declined markedly in Finland and in other Western industrialized countries in the last decades [37].

The prevalence of undiagnosed diabetes has declined in Finland after the national diabetes

prevention programme (The Development Programme for the Prevention and Care of Diabetes,

DEHKO) was successfully carried out during 2000-2010 with the intention to raise awareness of

diabetes and its risk factors [38]. At present, the proportion of unidentified diabetes in the

population is 3.1% in men and 1.4% in women [39].

4.1. Strengths and limitations

Our study has some limitations. First, the lack of randomization, thus we could not compare the

benefits of screening and intervention in comparison to standard care. Moreover, there may be

additional, non-measured factors associated with increased risk of mortality which we could not

take into account. Second, the eligibility criterion regarding the home-measured WC was not used

in Kokemäki due to financial reasons. Thus, some subjects with prediabetes might have remained

unidentified. In Harjavalta, we performed an OGTT to all women with WC ≥80 cm and men with

WC ≥90 cm. Although this definition of central obesity was a highly sensitive (sensitivity 91% in

women, 81% in men) screening method for glucose disorders, it lacked specificity (specificity 20%

in women, 28% in men) [40]. Given the high prevalence of central obesity in general population,

screening all these individuals with an OGTT would be an unreasonable demand for primary care.

Third, the measurements, including glucose parameters, and CVD risk factor evaluations were only

made at baseline. We have no information about the shifts in CVD risk factors and development or

resolvement of glucose disorders during the follow-up. Fourth, the newly diagnosed diabetics were

not treated with glucose lowering medication at the time of diagnosis, which might reflect to the

results and complicates the comparison to other studies. Finally, the primary preventive focus in the

selection of the study population disables us from comparing the mortality rate of screen-detected

diabetics to subjects with previously diagnosed diabetics.

One of the strengths of the present study is the study population. The study participants comprise a

representative sample of the community’s apparently healthy subjects at risk for CVD and diabetes.
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However, although response rate to the Harmonica Project was quite good, there might have been

non-response bias since non-respondents in preventive programmes often have a less healthy

lifestyle and may have lower socioeconomic position than respondents [41]. Also, the used

intervention was typical for general practice where patients at risk of diabetes are usually screened

for and where most patients with glucose disorders are treated. The in-office measurements were

reliably made by trained medical staff, and the presence of glucose disorders was verified by

retesting prior to the visit with the study GP. The 13-year follow-up time was adequate enough to

accumulate a sufficient number of outcome events. Furthermore, the used Finnish registers to obtain

the underlying causes of death have high validity [42].

In conclusion, our study shows a difference in mortality risk between white subjects with screen-

verified normoglycemia, prediabetes and diabetes. Type 2 diabetes, even when detected early by

screening, proposes still a significant risk factor for mortality. However, early detection and

enhanced treatment of simultaneous CVD risk factors is shifting the pattern of excess mortality

towards cancer in the whole spectrum of glucose disorders. Further studies are needed to clarify the

possible preventive and clinical implications.
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TABLES AND FIGURES WITH LEGENDS

Table 1. Baseline characteristics of the study participants. P-value denotes to the statistically significant

comparisons between the study groups.

Glycemic status

Normoglycemic

(N)

N=2055

Prediabetes

(P)

N=380

Diabetes

(D)

N=224

P-value [multiple

comparison]

Age, mean, years (SD) 58(7) 59(7) 60(6) <0.001 [N/P, N/D]

Females, n (%) 1187(58) 185(49) 103(46) <0.001 [N/P, N/D]

Education years, mean (SD) 10.5(2.7) 10.1(2.5) 9.5(2.5) <0.001 [N/P, N/D, P/D]

Cohabiting, n (%) 1644(80) 291(77) 159(71) 0.004 [N/D]

Body mass index, kg/m2, mean

(SD)

28.3(4.7) 29.6(5.3) 32.0(5.9) <0.001 [N/P, N/D, P/D]

Waist circumference, cm, mean

(SD)

Women 91(13) 95(14) 102(16) <0.001 [N/P, N/D, P/D]

Men 100(11) 102(11) 109(13) <0.001 [N/P, N/D, P/D]

Current smoking, n (%) 326(16) 87(23) 50(22) <0.001 [N/P]

AUDIT-score, mean (SD) 4.4(4.6) 5.4(5.5) 5.1(6.1) <0.001 [N/P]

Leisure-time physical activity level,

n (%)

0.002 [N/D]

Low 349(17) 75(20) 54(24)

Moderate 1035(50) 181(48) 118(53)

High 671(33) 124(33) 52(23)

Blood pressure, mmHg, mean (SD)

Systolic 139(18) 143(20) 149(21) <0.001 [N/P, N/D, P/D]

Diastolic 84(10) 85(10) 86(12) <0.001 [N/D]

Mean arterial pressure 102 (11) 104 (12) 107 (14) <0.001 [N/P, N/D, P/D]

Plasma lipids, mmol/l, mean (SD)

Total cholesterol 5.44(0.96) 5.18(0.99) 5.25(1.08) <0.001 [N/P, N/D]

HDL cholesterol 1.58(0.45) 1.48(0.41) 1.39(0.45) <0.001 [N/P, N/D, P/D]

LDL cholesterol 3.28(0.88) 3.09(0.88) 3.15(0.94) <0.001 [N/P]

Triglycerides 1.35(0.71) 1.40(0.75) 1.71(0.98) <0.001 [N/D, P/D]

Plasma glucose, mmol/l, mean (SD)

Fasting 5.23(0.48) 6.33(0.38) 7.95(2.40) …
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2h glucose 6.92(1.60) 7.95(1.91) 12.59(3.30) …

BDI score, mean (SD) 5.9(5.6) 6.1(5.3) 7.5(6.5) <0.001 [N/D, P/D]

Medication, n (%)

Lipid-lowering 217(11) 74(19) 44(20) <0.001 [N/P, N/D]

Antihypertensive 605(29) 171(45) 127(57) <0.001 [N/P, N/D, P/D]

Antidepressant 80(4) 17(4) 18(8) 0.015 [N/D]

Sidak’s multiple comparison procedure was used to correct significance levels for post hoc testing between

the groups (p<0.05); multiple comparison test after overall test established significant differences

among the groups.
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Table 2. Crude and adjusted hazard ratios for all-cause mortality.

Model 1

HR (95% CI)

Model 2

HR (95% CI)

Model 3

HR (95% CI)

Normoglycemic 1.00 (Reference)* 1.00 (Reference) 1.00 (Reference)

Prediabetes 1.67 (1.23 to 2.26) 1.44 (1.06 to 1.95) 1.35 (0.99 to 1.85)

Diabetes 3.09 (2.28 to 4.18) 2.42 (1.78 to 3.29) 2.02 (1.45 to 2.81)

P for linearity <0.001 <0.001 <0.001

Model 1: crude. Model 2: Adjusted for age, gender, education years. Model 3: Adjusted for age,
gender, education years, smoking, body mass index, mean arterial pressure, total cholesterol,
leisure-time physical activity, AUDIT score, and cohabiting. *Denominator of Hazard Ratio (HR)
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Table 3. Causes of death according to glycemic status.

Cause of death

(ICD-10)

Normoglycemic

n (%)

n = 181

Prediabetes

n (%)

n = 54

Diabetes

n (%)

n = 54

Total

n (%)

n = 289

Malignant neoplasms

(C00-D48)

70 (38.7) 26 (48.2) 26 (48.2) 122 (42.2)

Diseases of the circulatory

system (I00-I99)

48 (26.5) 12 (22.2) 21 (38.9) 81 (28.0)

Other 63 (34.8) 16 (29.6) 7 (13.0) 86 (29.8)
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Figure 1. Study design and formation of the study population.
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T2D: type 2 diabetes; FINDRISC: Finnish Diabetes Risk Score; WC: waist circumference; BP:

blood pressure; BMI: body mass index; OGTT: oral glucose tolerance test; HA: hypertension

arterialis; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; MetS: metabolic

syndrome; SCORE: Systematic Coronary Risk Evaluation system.
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Figure 2. Adjusted cumulative mortality according to glycemic status. Adjustments were made for

age, gender, education years, smoking, body mass index, mean arterial pressure, total cholesterol

and leisure-time physical activity.
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Figure 3. Relative survival over the follow-up period and standardized mortality ratios (SMRs)

according to glycemic status during the 13-year follow-up. The dashed line represents the even ratio

of observed survival to the survival expected from a population matched with regard to age, sex and

calendar period.

Years from screening
0 2 4 6 8 10 12

R
el

at
iv

e 
su

rv
iv

al

0,70

0,75

0,80

0,85

0,90

0,95

1,00

1,05

1,10
Normoglycemic

Years from screening
0 2 4 6 8 10 12

Prediabetes

Years from screening
0 2 4 6 8 10 12

R
elative survival

0,70

0,75

0,80

0,85

0,90

0,95

1,00

1,05

1,10
Diabetes

SMR = 0.63
(95% CI: 0.54 to 0.73)

SMR = 0.91
(95% CI: 0.69 to 1.18)

SMR = 1.55
(95% CI: 1.19 to 2.02)


