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Abstract The aim of this study was to determine whether

serum fructosamine is associated with the risk of type 2

diabetes mellitus (T2DM) in a cohort of middle-age

Finnish men. Fructosamine and other cardiometabolic risk

factors were measured in a sample of 2,520 subjects from

the population-based Kuopio Ischemic Heart Disease

study. Associations between baseline fructosamine levels

and risk of T2DM involved Cox-regression analyses, pro-

gressively adjusted for potential confounders and media-

tors. Mean baseline age and fructosamine levels were

53 years and 267 lmol/L, respectively. During a median

follow-up of 23 years (interquartile range 18–25 years),

153 (6.1 %) new cases of T2DM were recorded. We

observed an approximately ‘‘J-shaped’’ association

between fructosamine values and T2DM risk, with a nadir

at about 250 lmol/L. In subjects with fructosamine

C250 lmol/L, the hazard ratios per 1 standard deviation

(28 lmol/L) higher fructosamine levels resulted 1.20

(95 % CI 1.00–1.44; p = 0.046) in a model adjusted for

age, body mass index, systolic blood pressure, serum high-

density lipoprotein-cholesterol and family history T2DM.

This association did not materially change upon further

adjustment for C-reactive protein, physical activity, serum

triglyceride and insulin resistance. However, no association

was found when adjusting for baseline fasting plasma

glucose (FPG). In this cohort of middle-age Finnish men,

we found a ‘‘J-shaped’’ relationship between fructosamine

and risk of T2DM, with a higher risk in subjects with

baseline levels of fructosamine C250 lmol/L. Such an

increased risk, however, was not independent from baseline

FPG levels.
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Introduction

Because the identification of subjects at risk of type 2

diabetes mellitus (T2DM) is essential for the prevention or

delay of the onset of diabetes-related macro- and micro-

vascular complications, several prognostic and risk score

models have been developed to help identify subjects at

higher risk [1]. These models have suggested that risk

factors such as age, sex, obesity indicators [body mass

index (BMI) and waist-to-hip ratio], family history of

T2DM, and glycemic [fasting plasma glucose (FPG),

postload glucose and glycated hemoglobin] and nongly-

cemic (triglycerides, high-density lipoprotein cholesterol,

uric acid) biomarkers are associated with the risk of inci-

dent T2DM; however, their clinical utility has been argued
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as they perform suboptimally in the prediction of individ-

ual diabetes risk [1]. Therefore, the identification of novel

biomarkers to develop more accurate predictive models

remains a priority.

Serum fructosamine is a glycemic marker formed via

nonenzymatic processes involving the glycosylation of

serum proteins to form ketoamines [2]. Compared to gly-

cated hemoglobin (HbA1c), the ‘‘gold standard’’ measure

of glycemic control, serum fructosamine has a shorter half-

life and reflects the physiology of glucose in the extracel-

lular space, whereas HbA1c indicates glycosylation in the

intraerythrocyte compartment. Thus, fructosamine is of

clinical utility to show short-term glycemic control

(2–4 weeks) and when underlying conditions make HbA1c

interpretation difficult (i.e., anemic states, hemoglobinop-

athies or renal diseases) [2].

Two previous studies have investigated the relationship

between fructosamine and risk of diabetes mellitus in a US

community-based prospective cohort study (Atherosclero-

sis Risk in Communities), showing a positive association

[3, 4]. However, to our knowledge, no other prospective

studies have assessed such relationship in a different pop-

ulation; this is relevant, given the importance of the genetic

background in glycosylation pathways [5]. The objective of

this study was to describe the relationship between serum

fructosamine and incident T2DM in a prospective cohort of

middle-age Finnish men.

Research design and methods

This study was performed following the STROBE guide-

lines for observational studies in epidemiology [6].

Study population

The Kuopio ischemic heart disease (KIHD) risk factor

study was designed to investigate risk predictors for ath-

erosclerotic cardiovascular outcomes in a population-based

sample of men from Eastern Finland. The subjects were a

randomly selected sample of 3,433 men 42–60 years of age

resident in the town of Kuopio or its surrounding rural

communities [7]; baseline examinations were conducted

between March 1984 and December 1989.

A total of 2,682 men (82.9 % of those eligible) were

recruited in two cohorts. The first cohort consisted of 1,166

men who were 54 years old, enrolled from 1984 to 1986,

and the second cohort included 1,516 men who were 42,

48, 54 or 60 years old, enrolled from 1986 to 1989. The

baseline examinations were followed by the 4-year exam-

ination round (1991–1993) in which 1,038 men from the

second cohort (88 % of those eligible) participated. At the

11-year examination round (1998–2001), all men from the

second cohort were invited, and 854 men (95 % of the

eligible) participated. During the 20-year examination

round, all eligible participants from the first and second

cohorts were invited. A total of 1,241 men (80 % of the

eligible) participated.

In this study, we excluded 162 subjects with diagnosed

diabetes at baseline, defined as either having regular treat-

ment with an oral hypoglycemic agent, insulin therapy, or

having treatment only with diet while also having an FPG

level of at least 7.0 mmol/L. Therefore, 2,520 participants

remained for the analyses. Incident case of T2DM was

defined as a self-reported physician-set diagnosis and/or

FPG C7.0 mmol/L or 2-h oral glucose tolerance test plasma

glucose C11.1 mmol/L at re-examination rounds 4, 11 and

20 years after the baseline and by record linkage to the

national hospital discharge registry and to the Social

Insurance Institution of Finland register for reimbursement

of medicine expenses used T2DM for the entire study per-

iod until the end of the follow-up on December 31, 2010.

Assessment of risk factors

Blood samples were taken between 8 and 10 a.m. In

addition to fasting, they were instructed to abstain from

drinking alcohol for at least 3 days prior and from smoking

for at least 12 h. A 30-min rest period was allowed in the

supine position before blood collection using vacuum tubes

(Terumo Venoject; Terumo, Tokyo, Japan). No tourniquet

was used during the blood collection.

The measurement of serum fructosamine concentrations

was made from frozen serum samples photometrically

(Boehringer Mannheim, Mannheim, Germany) by a col-

orimetric method in an autoanalyzer (Kone Specific, Kone

inc, Espoo, Finland). Serum insulin level was determined

using a radioimmunoassay kit (Novo Biolabs; Novo Nor-

disk, Bagsvaerd, Denmark). The serum samples were

stored frozen at -80 �C for 0.2–2.5 years. The between

batch coefficient of variation was 8.9 % for 65 pmol/L and

17.5 % at 222 pmol/L (n = 10). The values obtained were

immunoreactive insulin as the assay has cross-reactivity

with proinsulin. A glucose dehydrogenase method (Merck,

Darmstadt, Germany) was used to assess the blood glucose

after precipitation of proteins by trichloroacetic acid.

Insulin resistance was estimated as follows: HOMA-

IR = fasting plasma insulin (lU/mL) 9 FPG (mmol/L)/

22.5. The cholesterol contents of lipoprotein fractions and

serum triglycerides were measured enzymatically (Boeh-

ringer Mannheim, Mannheim Germany), on the day after

the high-density lipoprotein (HDL) was separated from

fresh samples by ultracentrifugation and precipitation.

Low-density lipoprotein (LDL) was estimated as total

cholesterol-HDL-triglycerides/5. Serum C-reactive protein

(CRP) was measured with an immunometric assay
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(Immulite High Sensitivity C-Reactive Protein Assay;

DPC, Los Angeles, CA).

The resting systolic blood pressure (SBP) was measured

between 8 and 10 a.m. with a random-zero sphygmoma-

nometer (Hawksley, Lancing England) by two trained

nurses using the following protocol: after supine rest of

5 min, three measurements in supine, one in standing and

two in sitting position with 5-min intervals. The SBP was

taken as the mean of all 6 measurements. Baseline diseases,

smoking habits, years of education, family history of

T2DM (defined as positive if a first-degree relative of the

subject had diabetes history) and drug therapy were

assessed by self-administered questionnaires. The diagno-

sis of chronic diseases was checked during a medical

examination by the internist. Alcohol consumption was

assessed using the Nordic Alcohol Consumption Inventory

[8]. Detailed descriptions on physical activity estimation

have been published previously [8]. BMI was computed as

the ratio of weight in kilograms to the square of height in

meters; waist circumference was calculated as the average

of 2 measurements taken after inspiration and expiration at

the midpoint between the lowest rib and iliac crest. Waist-

to-hip ratio (WHR) was defined as waist girth/hip cir-

cumference measured at the trochanter major [9].

Statistical analysis

For all the analyses, natural logarithm (loge) transformed

values of nonnormal distributed variables were used.

Descriptive data are presented as means and standard

deviation (SD) for continuous variables and percentages for

categorical ones; their differences were estimated with

ANOVA and chi-square test, respectively. Correlation

coefficients were calculated to assess the correlation

between fructosamine levels and other continuous vari-

ables, whereas mean differences between groups were

calculated for categorical factors.

Analyses of the associations between fructosamine and

incident T2DM involved Cox-regression modeling. The

proportional hazards assumption was verified for all vari-

ables by inspection of the plots of the Schoenfeld residual

for covariates. Shapes of association were assessed by

plotting hazard ratios (HRs) estimated within quartiles of

fructosamine relative to the bottom quartile against the

mean fructosamine level in each quartile. 95 % confidence

intervals (CIs) were estimated from variances attributed to

the groups to reflect the amount of information within each

group (including the reference category [10]). To assess the

independence of association between fructosamine and

incident cases of T2DM, we calculated HRs comparing top

versus bottom quartile of baseline fructosamine levels with

progressive adjustment for potential confounders selected

on the basis of their previously established role as predictive

factors. In model 1, we included age, BMI, SBP, serum

HDL-cholesterol and family history T2DM; in model 2, we

added CRP, physical activity and serum triglyceride con-

centrations. Model 3a included variables in model 2 plus

HOMA-IR, while model 3b variables in model 2 plus FPG.

Since associations were nearly log-linear (except at low

values of fructosamine), we calculated HRs associated with

1-SD higher baseline value of fructosamine.

To enable a comparison with a previous similar analysis

in a different population [4], we also estimated associations

between fructosamine and incident T2DM with other

adjustment models (model A: age, BMI; model B: model A

plus LDL and HDL-cholesterol, triglycerides, WHR, SBP,

antihypertensive drugs, family history of diabetes mellitus,

education level, alcohol use, smoking status and physi-

cal activity; model C: model B plus FPG) and for three

defined categories of fructosamine levels: \241 lmol/L;

241–264 lmol/L; [264 lmol/L.

All analyses were performed with Stata 12 (Stata Corp,

College Station, TX, USA), and two-sided p value \0.05

was considered statistically significant.

Results

Baseline characteristics and numbers of outcome events

during the follow-up

At baseline, 33 % were smokers, mean age was 53 years

(SD 5 years) and mean fructosamine level was 267 lmol/L

(SD 36 lmol/L); fructosamine levels were weakly corre-

lated with other risk factors. Baseline characteristics of the

study population and fructosamine correlation coefficients

are reported in Table 1.

Subjects in the higher quartiles of fructosamine levels

were older, with higher BMI, SBP, LDL- and HDL-choles-

terol, FPG and insulin resistance, but smoked less and had

lower levels of CRP and triglycerides (Supplementary Table

S1). Levels of cardiometabolic risk factors (i.e., BMI, WHR,

triglycerides, FPG, HOMA-IR) resulted higher in subjects

who had developed T2DM during the follow-up as com-

pared to subjects who had not (Supplementary Table S2).

During a median follow-up time to incident T2DM or

the end of follow-up of 23 years (interquartile range:

18–25 years), a total of 153 (6.1 %) new cases of T2DM

were recorded, with an unadjusted incidence rate of 2.95

(95 % CI 2.51–3.45) per 1,000 person-years.

Fructosamine as risk factor for incident type 2 diabetes

mellitus

The relationship between baseline fructosamine levels and

incident T2DM, progressively adjusted for potential
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confounders, is depicted in Fig. 1 and Supplementary

Figure S1.

In analyses adjusted for age, BMI, SBP, serum HDL-

cholesterol and family history T2DM (model 1), we

recorded an approximately ‘‘J-shaped’’ associations

between fructosamine levels and incident T2DM, with a

nadir at about 250 lmol/L; similar associations were found

after further adjustment for CRP, physical activity, serum

triglyceride (model 2) and HOMA-IR (model 3a). Con-

versely, no clear relationship was evident when FPG was

added to model 2 (Fig. 1 and Supplementary Figure S1;

Supplementary Table S3).

To account for nonlinear associations at low fructos-

amine values, we estimated HRs for 1-SD higher baseline

Table 1 Baseline characteristics of the study population (n = 2,520) and unadjusted correlation coefficients (r) between fructosamine and other

baseline covariates

Variable Mean or % SD r or difference (95 % CI) p value

Age (years) 53 5 0.113 (0.074, 0.151) \0.001

Body mass index (kg/m2) 26.7 3.4 0.040 (0.001, 0.079) 0.043

Waist-to-hip ratio 0.95 0.06 0.068 (0.029, 0.107) \0.001

Systolic blood pressure (mmHg) 134 17 0.133 (0.095, 0.172) \0.001

LDL-cholesterol (mmol/L) 4.05 1.01 0.079 (0.041, 0.118) \0.001

HDL-cholesterol (mmol/L) 1.30 0.30 0.102 (0.063, 0.141) \0.001

Triglycerides (mmol/L) 1.29 0.75 -0.057 (-0.096, -0.018) 0.004

Fasting plasma glucose (mmol/L) 4.59 0.47 0.173 (0.134, 0.211) \0.001

C-reactive protein (mg/L) 2.35 4.06 -0.062 (-0.100, -0.023) 0.002

HOMA-IR 2.56 1.53 0.102 (0.062, 0.141) \0.001

Smoking (yes) 33 % – -3.56 % (-4.66, -2.47) \0.001

Drug for hypertension (yes) 21 % – 0.50 % (-0.79, 1.80) 0.445

Family history of diabetes (yes) 27 % – 0.71 % (-0.48, 1.90) 0.242

Education (years) 8.6 3.4 -0.094 (-0.132, -0.055) \0.001

Alcohol (g/week) 76 138 -0.072 (-0.114, -0.030) \0.001

Physical activity (kcal/day) 370 342 -0.022 (-0.061, 0.018) 0.278

Fructosamine (lmol/L) 267 36 – –

HOMA-IR homeostatic model assessment of insulin resistance
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Fig. 1 Hazard ratios (HRs) and

95 % CI of type 2 diabetes

mellitus by quartiles of baseline

fructosamine levels. Legend:

variables included in the

models. Model 1: Age, body

mass index, systolic blood

pressure, serum HDL-

cholesterol and family history

type 2 diabetes mellitus; Model

2: Model 1 plus C-reactive

protein, physical activity and

serum triglyceride; Model 3a:

Model 2 plus HOMA-IR; Model

3b: Model 2 plus fasting plasma

glucose
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values of fructosamine after the exclusion of 804 partici-

pants with fructosamine levels\250 lmol/L, leaving 1,716

participants and 105 cases for the analyses. The HRs for

1-SD (28 lmol/L) higher fructosamine levels were as fol-

lows: 1.20 (95 % CI 1.00–1.44; p = 0.046) after adjust-

ment for the variables included in model 1; 1.21

(1.01–1.46; p = 0.041) upon further adjustment for CRP,

physical activity and serum triglyceride (model 2); 1.22

(1.01–1.47; p = 0.034) in model 3a, with the further

inclusion of HOMA-IR; and 1.05 (0.86–1.27; p = 0.632)

in model 3b, with FPG instead of HOMA-IR.

Conclusions

Our results indicate that, in this cohort of middle-age

Finnish men, fructosamine is nonlinearly associated with

the risk of incident T2DM, with a nadir around 250 lmol/

L and a *20 % higher risk of T2DM for *30 lmol/L

higher baseline levels of fructosamine over this threshold.

Such association resulted significant after adjustment for

several T2DM risk factors, but was not independent from

FPG.

T2DM is a major cause of morbidity and mortality in

developed and developing world [11]. Although much

progress has been made in the definition and treatment of

T2DM risk factors, there is a growing interest in the

identification of new biomarkers to help identify subjects at

risk of developing T2DM. Common glycemic measures,

such as FPG, postload glucose and HbA1c, have been

demonstrated to be positively and strongly associated with

the risk of T2DM [12–15]. In recent years, however,

research has also focused on the predictive role of ‘‘alter-

native’’ glycemic markers, such as fructosamine. Fructos-

amine is commonly used in clinical practice to monitor

short-term glucose control, whereas HbA1c measurements

can be affected by nonphysiological hemoglobin turnovers

[16]. In population-based study, fructosamine has been

associated with microvascular conditions (particularly ret-

inopathy and chronic kidney disease) [4, 17], while less

clear is its association with macrovascular complications in

the general population [18, 19]. Moreover, in a small study,

fructosamine has been also related to the risk of incident

T2DM [3], and such association has been recently con-

firmed in a larger cohort analysis from the same population

[4]. Both analyses have suggested an approximately linear

association between baseline fructosamine levels and risk

of incident T2DM, while our findings would indicate a ‘‘J-

shaped’’ association, with a nadir at approximately

250 lmol/L. Furthermore, in the two previous studies [3,

4], the association was independent from FPG, while our

results suggest that fructosamine might not add information

regarding T2DM risk independent of FPG.

Several reasons could explain these divergences. This

may be due to a true difference, owing to the inherent

dissimilar characteristics of the study populations in terms

of age, sex, race or genetic background (indeed, differences

in glycation processes have been reported according to

single nucleotide polymorphisms [5]); or related to the

ascertainment of outcomes; or associated with statistical

planning and analysis; or a combination of all these. To

ease a comparison, however, we have also analyzed our

data adjusting for the same covariates and using the same

thresholds of fructosamine baseline levels of the previous

larger ARIC study [4], still finding a different association

with risk of T2DM (Supplementary Figure S2).

Interestingly, ‘‘J-shaped’’ associations have been previ-

ously reported for other T2DM risk factors [20]. It should

be noted that lower concentrations of serum fructosamine

could be related to clinical conditions that are also poten-

tially associated with an increased risk of T2DM (i.e., liver

diseases) [2]. In this view, lower fructosamine levels could

be a marker of other subclinical diseases and explain the

inverse association between its low levels and risk of

T2DM. Indeed, although the low number of participants

and cases with baseline levels of fructosamine\250 lmol/

L limited a formal statistical analysis, subjects with low

levels of fructosamine seem to have a significantly higher

risk of T2DM even after adjustment for FPG (Supple-

mentary Figure S1); these findings further support the role

of low fructosamine as marker of other conditions at

increased risk of T2DM. However, additional studies are

needed to clarify the association between low fructosamine

levels and risk of T2DM.

We should acknowledge some limitations and strengths

of this study. First, a generalization of our findings is

limited by the study population, consisting of middle-age

Finnish men only. As to date data are available only from

studies enrolling US participants, these findings need to be

confirmed in other ethnic groups. Second, we could not

correct for a possible regression dilution bias [21], as we

had only baseline assessment of fructosamine values.

However, for covariates with available repeated measure-

ments, we observed a rather stable ‘‘phenotype’’ (Supple-

mentary Table S4). Third, only fructosamine-derived

HbA1c was available; therefore, we could not evaluate

whether fructosamine measurement might provide addi-

tional information above that of HbA1c on the risk of

T2DM. On the other hand, strengths of this study include

the rigorous measurement of baseline risk factors and the

assessment of T2DM, the large and homogeneous com-

munity-based sample and the long-term follow-up.

In conclusion, in our cohort of middle-age Finnish men,

baseline fructosamine levels were associated with T2DM

risk in a ‘‘J-shaped’’ fashion, with the lowest risk at

250 lmol/L; over this threshold, the risk was mainly

Acta Diabetol (2015) 52:161–166 165

123



explained by parallel higher levels of FPG. Further studies

are necessary to assess the shape of association in other

populations and to clarify the meaning of low fructosamine

levels as risk factor of T2DM.
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