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Abstract 

Type 2 diabetes is globally a major non-communicable disease affected by unfavourable 

lifestyle together with polygenic risk factors. Type 2 diabetes can be prevented by 

comprehensive lifestyle changes. However, the individuals at increased risk should be reached 

earlier. Due to the complexity and heterogeneity of the disease, more targeted and personalised 

interventions are also needed. In this study, a new model was created and piloted to collect and 

integrate lifestyle data digitally into the clinical patient register data at Biobank of Eastern 

Finland. Lifestyle data were collected by an electronic questionnaire, the content of which was 

previously developed for the StopDia-project. The study aimed to recognise known 

biomolecular, physiological and lifestyle factors associated with type 2 diabetes in the 

combined biobank and lifestyle data from type 2 and gestational diabetes patients. The 

participation activity in the lifestyle questionnaire was generally low. However, several 

biomolecular and some lifestyle-related risk factors for type 2 diabetes were recognised. 

Obesity emerged as the main disease-related factor in both type 2 and gestational diabetes 

patients. Additionally, predictive changes in glucose and lipid biomarkers were seen in 

gestational diabetes patients after 6 years from the pregnancy indicating the development of 

prediabetes and type 2 diabetes. The study showed that biobank data complemented with 

lifestyle data can provide opportunities to study complex lifestyle-related diseases, though 

more effective methods to collect lifestyle data are needed. Altogether, biobank data are 

valuable in studying and developing targeted, personalised interventions and treatments in 

future. 
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Introduction  

Type 2 diabetes (T2D) is one of the leading and most rapidly growing global health problems. 

In 2019, there were 463 million people (aged 20-79) estimated to live with diabetes and 

4.2 million deaths due to diabetes worldwide (International Diabetes Federation, 2019). T2D 

accounts for around 90 % of all cases of diabetes. According to the newest estimations of the 

International Diabetes Federation (2019), half of the people with T2D are undiagnosed. Almost 

374 million people, nearly one-third of those being under the age of 40 years, are at high risk 

of developing T2D. Diabetes is also a major global economic threat, as the estimates of the total 

health care expenditures caused by it were 760 billion USD in 2019 (International Diabetes 

Federation, 2019). In Finland, a 2.5-fold increase in the prevalence of T2D occurred during 

2000ï2017 and there were nearly 400 000 diagnosed T2D patients in 2017 (Arffman et al, 

2020). Furthermore, the estimated number of people with T2D is more than a half-million, 

nearly 370 000 of those with diabetes medication. The total health care expenditures caused by 

diabetes cover 15-20 % of all health care expenditures in Finland (Koski et al, 2018, Type 2 

diabetes. Current Care Guidelines, 2018).  

Gestational diabetes mellitus (GDM) is a type of diabetes, characterised by glucose intolerance 

first recognised during pregnancy (Khan et al, 2019). GDM can affect pregnant women usually 

during the two last trimesters of pregnancy. Elevated blood glucose concentration 

(hyperglycaemia) is usually screened by oral glucose tolerance test (OGTT) that is used in the 

diagnostics of GDM. Even though GDM usually resolves after pregnancy, women with 

hyperglycaemia are at an increased risk of developing GDM in later pregnancies and about 

50 % will  develop T2D within five to ten years. Furthermore, the babies affected by motherôs 

hyperglycaemia also have a higher lifetime risk of obesity and T2D. On average, 15.8 % of live 

births are affected by hyperglycaemia in pregnancy (20-49 years old women) worldwide, 

83.6 % of those due to GDM. Prevalence of hyperglycaemia in pregnancy increases rapidly 

with age, from 10 % in 20-24-year-old up to 37 % in 45-49-year-old women (International 

Diabetes Federation, 2019). In Finland, the prevalence of GDM has rapidly increased during 

the latest decade from 10-11 % (Lamberg et al, 2012) to around 19 % (Kaaja & Vääräsmäki, 

2019) of women who have given birth. Nutrition therapy and physical activity are the primary 

treatment of GDM (Dolatkhah et al, 2018).  
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T2D is a complex disease affected by the highly polygenic background combined with the 

obesogenic environment characterised by a sedentary lifestyle and a Western-style diet rich in 

sugar and saturated fat. Additionally, several other risk factors, such as age, sex and ethnicity 

have been identified in previous studies (Chatterjee et al, 2017, Kolb & Martin, 2017). 

Epidemiological studies also suggest that smoking, depression, low socioeconomic status, 

duration and quality of sleep and certain infections (hepatitis C and Chlamydia pneumoniae) 

partly or independently contribute to disease development. On the contrary, plant food-based 

diets, rich in fibre and phytochemicals, and moderate- to high-intensity physical exercise have 

emerged as the major diabetes-protective lifestyle factors (Kolb & Martin, 2017). 

Genome-wide association studies (GWAS) have identified around 250 genomic region or loci 

associated with an increased predisposition to T2D. The genetic predisposition is mainly 

explained by common alleles with relatively small, but cumulative effect size (Langenberg & 

Lotta, 2018). However, these genetic variants only account for 10-20 % of the overall risk of 

T2D (Chatterjee et al, 2017, Laakso, 2019). Most of the common variants affect insulin 

processing and secretion while only a few are known to affect insulin sensitivity (Laakso, 2019). 

Additionally, transcriptomic studies have shown many gene associations between obesity and 

T2D based on genotype-phenotype correlations (Chatterjee et al, 2017). 

The major pathophysiological mechanisms in T2D are hyperinsulinemia, insulin resistance in 

liver and skeletal muscles, and pancreatic ɓ-cell failure. Additionally, immune dysregulation, 

inflammation, and changes in the stimulation of insulin secretion (the incretin effect), the colon 

and microbiome have also appeared to contribute to the pathophysiology (Chatterjee et al, 

2017). Many organs, including pancreas, liver, skeletal muscle, adipose tissue, kidneys, brain 

and small intestine, are involved in disease progression and they are connected via different 

endocrine, metabolic, immune and neurological networks (Chatterjee et al, 2017, Kolb & 

Martin, 2017). 

A considerable part of the burden associated with T2D is caused by diabetes complications. 

Microvascular complications, such as renal diseases, retinopathy, neuropathy and low-extreme 

amputation, and macrovascular complications, including coronary heart disease, stroke and 

peripheral vascular disease, increase the morbidity and all-cause mortality of T2D patients 

(Chatterjee et al, 2017, Harding et al, 2019). Hyperglycaemia is the main driving force in the 

development of micro- and macrovascular complications, though several other mechanisms are 
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also involved. These mechanisms and biological processes, including endothelial dysfunction, 

hypercoagulability and increased platelet reactivity, increased formation of glycation end-

products and sodium-glucose co-transporter-2 (SGLT-2) hyperexpression, are also current 

therapeutic targets (Chatterjee et al, 2017). 

Previous studies have conclusively shown that T2D and its comorbidities can be prevented by 

a healthy lifestyle (Knowler et al, 2002, Lindström et al, 2003, Pihlajamäki et al, 2019, Telle-

Hjellset et al, 2013, Tuomilehto et al, 2001). Lifestyle interventions containing nutritional 

counselling, mostly combined with physical activity counselling, are effective in reducing body 

weight (Knowler et al, 2002, Sun et al, 2017, Lindström et al, 2003) and glucose-related 

outcomes (Lindström et al, 2003, Sun et al, 2017), like fasting blood glucose concentration and 

HbA1c (Sun et al, 2017). In both the Diabetes Prevention Program (DPP) (Knowler et al, 2002) 

and the Finnish Diabetes Prevention Study (DPS) (Lindström et al, 2003, Tuomilehto et al, 

2001), 58 % reduction in the incidence rate of T2D was achieved by the comprehensive lifestyle 

intervention. The healthy lifestyle changes reduce the incidence of diabetes more effectively 

(Knowler et al, 2002), and this reduction sustains longer (Haw et al, 2017) compared to the 

medication interventions that promoted weight loss and insulin sensitization. A systematic 

review and meta-analysis done by Sun et al indicated the greatest weight reduction in dietitian-

delivered interventions. Additionally, different delivery channels (in-person vs technology-

delivered) seemed to be equally effective (Sun et al, 2017). 

Despite the convincing scientific evidence of the diabetes-protective lifestyle effects, additional 

research is still needed to integrate this knowledge into the real-world health care systems 

permanently and cost-effectively. One of the main challenges in the prevention of T2D has been 

reaching, early enough, the individuals at an increased risk of T2D. Moreover, to establish cost-

effective and financially sustainable prevention models, like StopDia, in practice, close 

collaboration between academic research and social and health care partners, along with the 

direct link to routine clinical data, registries and biobanks are essential (Pihlajamäki et al, 2019).  

Biobanks operate as a part of the health ecosystems, building bridges between patients, 

researchers and routine health care. The common purpose of Finnish biobanks is to collect, 

administrate, preserve and improve the quality of biological human samples and related clinical 

health data for medical research and development. The access to the biobank material is based 
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on the donorôs consent and the Finnish Biobank Act (Biobank Act 688/2012). Biobank of 

Eastern Finland (BBEF) is one of the five regional university hospital biobanks in Finland.  

In this project, we enhanced the collaboration between academic research and biobanks to 

improve the long-range prevention of T2D by creating a model to collect and integrate lifestyle 

data digitally into the clinical patient register data. We developed a novel biobanking process 

to contact the biobank donors for additional research based on the permission given in the 

biobank consent. This pilot study aimed to examine 1) what kind of individuals respond or do 

not respond to a digital lifestyle questionnaire, 2) how are the known T2D-related clinical 

laboratory measurements, and the general quality of diet and physical activity concerning the 

disease progression recognisable in this combined biobank and lifestyle data, and 3) how do 

T2D and GDM patients differ from each other by their diet, physical activity and clinical 

measurements. Thus, the study provided information about the development and progression 

of T2D and the usability of clinical biobank data in biomedical research. 

Materials and methods 

Study population 

The study population was formed according to the pre-investigation of data availability 

performed at BBEF, covering all individuals with T2D (ICD10: E11) or/and diabetes in 

pregnancy (ICD10: O24) who had a valid biobank consent by May 2019. Initially , 540 

individuals were chosen for the study, including 98 women diagnosed with GDM (ICD10: 

024.4), 440 individuals, both men (n= 263) and women (n=177), with T2D and two persons 

with both diagnoses (ICD10: E11 and O24) (Figure 1, Table 1).  

Individuals contacted for the lifestyle questionnaire (n=497) consisted of 98 women diagnosed 

with GDM and 399 individuals with T2D (two persons with both diagnoses were included). In 

total, 43 individuals were excluded from contacting, consisting of 39 dead persons and 4 

persons with an unknown address (Figure 1). 

The initial study population (n=540) was included in the primary data analysis. On the contrary, 

one individual with both diagnoses was included only in the T2D group in the final data 

analysis as it was the primary diagnosis and she did not have GDM (O24.4) as a sub-diagnosis. 

The other individual with both diagnoses and two GDM patients with additional diagnosis code 
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of O24 (along with O24.4) were also excluded from the final data analysis resulting in the final 

T2D and GDM groups (Figure 1). 

 
Figure 1. The study population from the pre-investigation of data availability to the final data analyses. 

43 individuals, consisting of 39 dead persons and 4 persons with an unknown address, were not contacted. Two 

individuals with both E11 and O24 diagnoses were contacted and included in both T2D (E11) and diabetes in 

pregnancy (O24) groups in the primary data analysis (dashed arrows). One of those was excluded from the final 
data analysis, the other was included in the E11 group as it was her primary diagnosis and she did not have GDM 

(O24.4) as a sub-diagnosis. Two women with an additional sub-diagnosis code of O24 (along with O24.4) were 

also excluded from the final data analysis. 

Table 1. Characteristics of the primary study population. 

Group All  

(n=540) 

E11 

(n=440) 

O24 

(n=98) 

E11 + O24 

(n=2) 

Age (mean ± SD) 63.7 ± 15.35 69.3 ± 10.60 39.1 ± 5.70 40.0 ± 4.24 

Age group, n (%) 

24-39 years 

40-49 years 
50-59 years 

60-69 years 

70-79 years 

80-92 years 

 

54 (10.0) 

59 (10.9) 
63 (11.7) 

117 (21.7) 

176 (32.6) 

71 (13.1) 

 

6 (1.4) 

10 (2.3) 
60 (13.6) 

117 (26.6) 

176 (40.0) 

71 (16.1) 

 

47 (48.0) 

48 (49.0) 
3 (3.1) 

- 

- 

- 

 

 

Sex, n (%) 

Men 

Women 

 

263 (48.7) 

277 (51.3) 

 

263 (59.8) 

177 (40.2) 

 

- 

98 (100) 

 

- 

2 (100) 

Diabetes medication, n (%)  139 (31.6)   

Diabetes medication currently in use. Only age and sex are reported for individuals with both diagnoses due to the 

low number of individuals. E11=Type 2 diabetes, O24=hyperglycaemia in pregnancy. 
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Contacting people with the biobank consent   

The novel biobanking process for contacting people with valid biobank consent was developed 

and documented (not shown) at BBEF. IT experts of BBEF reconfirmed the validity of biobank 

consents and searched the personal information of individuals chosen to the study from the 

biobank and the patient register databases of Kuopio University Hospital (KUH). BBEF 

contacted the chosen individuals by letters delivered by Posti Group Oy. The letters included 

the research announcement, the request and the guidance for participating in the lifestyle 

questionnaire, the written link and the QR-code for the electronic questionnaire, an individual 

identification code for research formulated at BBEF, and the cover letter from BBEF. The study 

was approved by the local Research Ethics Committee and the Scientific Steering Committee 

of Biobank of Eastern Finland. 

Study design 

Previously developed and validated semiquantitative lifestyle questionnaire (Hemiö et al, 2014, 

Rautio et al, 2014), also used in the StopDia-project (Pihlajamäki et al, 2019),  was used as a 

model for collecting lifestyle data. The content of the StopDia-questionnaire was modified for 

our purposes, limiting it to consider the parts of nutrition, physical activity, and smoking. The 

lifestyle questionnaire included 18 questions about nutrition, 13 questions about physical 

activity and 3-4 questions about smoking depending on the smoking habit (current or past 

smokers, respectively). Examples of the lifestyle questions are presented in Appendix 1. 

Additionally, 9 questions about the background information were asked. The background 

information included the marital status, education, employment situation, size of the household 

and economic conditions according to the StopDia-questionnaire, and additional questions 

regarding current height, weight, and current medication for diabetes. Body mass index (BMI) 

was calculated based on the current reported height and weight. For the technical 

implementation of the questionnaire, the UEF e-form (Eduix E-form 3.1) was utili sed as a 

platform.  

Clinical health data related to the diagnostics and treatment of T2D and GDM, and the 

background information about age, sex and diabetes medication were received from BBEF. 

Biobank data included the first and the latest treatments at KUH related to E11 (T2D) and O24 

(diabetes in pregnancy/GDM) diagnoses, all BMI, blood pressure, diabetes medication and 

laboratory data during the first treatment (+/- 6 months) at KUH (time point 1) and the last 12 
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months (time point 2), or the latest information if no data during the latest year were available 

(Table 2). Mostly, the latest BMI value from the biobank data was used unless the current BMI 

from the lifestyle questionnaire was available. In general, the difference between the current 

BMI from the lifestyle questionnaire and the latest biobank BMI  within a person was relatively 

small (the mean difference -0.35 ± 1.66). The time of the primary diagnosis was not available 

at biobank data. Clinical and lifestyle measures of interest and the sources of information are 

presented in detail in table 2. After the study, the lifestyle data are imported to the Biobank 

database by IT-designers at BBEF according to the individual research identification codes. 

Table 2. The clinical and lifestyle measures of interest. The current biobank data and the electronic lifestyle 

questionnaire were used as a source of information. Biobank data included BMI, blood pressure, medication and 

laboratory data during the first treatment (+/- 6 months) at Kuopio University Hospital and the last 12 months, or 

the latest one if no data during the latest year was available. 
Measures of interest  Measures in detail  Source of information  

Diagnosis Treatments at KUH related to 

ICD10: E11 and O24 

T2D (E11), O24.4 (GDM) 

Patient register data at BBEF 

(KUH) 

Background information Age, sex  

Medication  Treatment for diabetes Biobank & Digital questionnaire  

Socioeconomic position  Education, income, marital status, 

the size of a household 

Digital questionnaire   

BMI  Self-reported/Measured weight 
and height 

Biobank & Digital questionnaire 

Blood pressure  Measurements, systolic/diastolic  Patient register data at BBEF 

(KUH) 

  

Laboratory results   fP/P-Gluc, B-HbA1c, OGTT, 
fP-Chol, fP-HDL/LDL -C,  

fP-Trigly, fB-Leuk, P-CRP, B-Hb,  

P-ALP, P-ALT, P-/U-Alb, 
P-K, P-Na, P-Crea, P-TSH, 

GFRe-MD  
Lifestyle factors  General diet quality, e.g. 

vegetables, sugars, animal-based 
products, dairy products, quality 

of dietary fats and number of 

meals per day/week  

Digital questionnaire  

Physical activity/inactivity 

Alcohol consumption  

Smoking habits  

BBEF=Biobank of Eastern Finland, KUH=Kuopio University Hospital, BMI=body mass index, B=Blood, 

fB/fP=fasting blood/plasma, P=plasma, U=urine, Gluc=glucose, HbA1c=glycated haemoglobin, OGTT=oral 

glucose tolerance test, Chol=(total) cholesterol, HDL-C=high-density lipoprotein cholesterol, LDL-C=low-density 

lipoprotein cholesterol, Trigly=triglycerides, Leuk=leukocytes, CRP=C-reactive protein, Hb=haemoglobin, 

ALP=alkaline phosphatase, ALT=alanine transaminase, Alb=albumin, K=potassium, Na=sodium, 

Crea=creatinine, TSH= thyroid-stimulating hormone, GFRe-MD=glomerular filtration rate estimation by MDRD-

formula. 
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Data analysis 

Microsoft Office Excel 2016 was used to pre-process lifestyle questionnaire data. VBA-tool in 

Excel (Microsoft 2016) was used to detect possible unrealistic values in the lifestyle 

questionnaire. Threshold values for outliers were previously determined by the StopDia-

research group (Pihlajamäki et al, 2019) according to a large number of answers. Scores for the 

general quality of diet and different subgroups (dietary pattern, dairy, grains, fruits and 

vegetables, fish and meat, fats, snacks and treats) and physical activity (at work and in the way 

to work, daily activities and physical exercise) were calculated according to formulas generated 

in StopDia-project (Pihlajamäki et al, 2019) using IBM SPSS Statistics for Windows (v. 25.0, 

IBM Corp., Armonk, NY). Additionally, differences in participation activity and lifestyle 

factors between T2D and GDM groups, and differences in age and BMI between participants 

and non-participants were examined using Welchôs unequal variances t-test (95 % CI) and 

Mann-Whitneyôs U test. Participants and non-participants in the lifestyle questionnaire were 

also compared according to the sex ratio and the proportions of current diabetes medication and 

diabetes complications. 

Biobank data combined with the lifestyle results were analysed using IBM SPSS Statistics for 

Windows and Python (3.7.5). To perceive the overall view of the clinical data, the primary data 

analysis, including correlations between each variable (in whole and grouped data) and 

comparisons between diagnostic groups were done using Spyder Python IDE (v4.0.1), and 

SciPy (v1.3.2) and Scikit-posthocs (v0.6.2) packages. Used statistical tests were Pearsonôs 

correlation coefficient, independent samples t-test and Welchôs unequal variances t-test. In 

general, the mean values of all measurements available of an individual were used in the 

primary data analysis. Additionally, the first and the latest results were used separately if 

measurements from two different time points were available. The overall number and time 

frames of all blood pressure, BMI and laboratory measurements, and time from the first 

treatment at Kuopio University Hospital (KUH) related to T2D or GDM were examined with 

IBM SPSS Statistics. The time frame was defined as the time from the measurement or the 

treatment at KUH to the biobank information retrieval (20.12.2019). Descriptive statistics 

(mean, standard deviation) of the common T2D-related factors were used to study the state of 

metabolic health in T2D and GDM patients. 
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According to the results of the primary data analysis, significantly (p<0.05) correlated variables 

were processed and examined further to recognise the known T2D-associated biomolecular and 

physiological markers and lifestyle factors in the combined biobank and lifestyle data. The 

latest results of laboratory measurements, blood pressure and BMI during the last 3-5 years 

were used in the final data analysis. Additionally, time-fixed BMI change (kg/m2/year) of T2D 

patients were used if data on two separate time points were available. The final correlation 

analyses were done using Pearsonôs and Spearmanôs correlation coefficient tests. Clinical 

measurements and lifestyle factors with relation to the prevalence of diabetes complications 

were examined using independent samples t-test and Welchôs unequal variances t-test with a 

95 % confidence interval, and Chi-squared test of homogeneity. 

Laboratory results that clearly indicated the state of health requiring acute medical treatment, 

including fP-glucose > 20.0 mmol/l or < 2.0 mmol/l (Fayfman et al, 2017, Ilanne-Parikka & 

Rönnemaa, 2019, Kalra et al, 2013), HbA1c > 100 mmol/mol (Sherwani et al, 2016, Weng, 

2017), and systolic blood pressure Ó 200 mmHg or diastolic blood pressure Ó  130 mmHg (Ipek 

et al, 2017, Hypertension. Current Care Guidelines, 2014), were excluded in the final data 

analysis. Results indicating acute inflammation: plasma C-reactive protein (CRP) > 10 mg/l 

(Nehring et al, 2020), leukocytes > 20x109/l (Riley & Rupert, 2015), definite genetic 

hyperlipidaemia: fP-low density lipoprotein cholesterol (LDL-C) Ó 8.5 mmol/l or  

fP-triglycerides > 10.0 mmol/l (Chait & Subramanian, 2019, Patni et al, 2020) or severe renal 

insufficiency: plasma creatinine concentration > 500 µmol/l (Eskelinen, 2016) were examined 

and excluded from the final data analysis. Original plasma CRP results ñunder 3 mg/lò were 

transformed into a numeric format giving them a value of 1.0 mg/l.  

Differences in biomolecular and physiological factors between T2D and GDM groups were 

examined using independent samples t-test and Welchôs unequal variances t-test with a 95 % 

confidence interval, and Mann-Whitneyôs U test. Variables examined in the final comparative 

analysis were chosen according to the significant differences found in the primary data 

analysis. Hierarchical multiple regression analysis was done to determine the effect of the 

diagnosis group on the most significantly different variables based on the final comparative 

analysis, considering the age and sex as covariates. All final data analyses (including the final 

correlation and comparative analyses) were done using IBM SPSS Statistics. 
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Results 

Participants and non-participants in the lifestyle questionnaire did not differ in their age, 

BMI or the prevalence of diabetes complications 

In total, 56 (11 %) individuals responded to the lifestyle questionnaire. Men (n=31, 13.4 %) 

participated more actively than women (n=25, 9.4 %) but no differences in participation activity 

were seen between T2D and GDM groups as presented in figures 2A-C. The mean age of all 

individuals who responded to the lifestyle questionnaire was 61.4 (± 13.42) years and of those 

who did not respond 63.1 (± 15.61) years showing no remarkable difference between the groups 

by participation activity (p=0.222), nor in T2D (p=0.061) or GDM (p=0.509) groups separately. 

Expectedly, the mean age differed significantly (p<0.001) between T2D and GDM groups. The 

highest proportional participation activity was in age groups of 40-49 (both in T2D and GDM 

groups) and of 60-69 (in T2D group) and the lowest among the youngest, 24-39 years old (both 

in T2D and GDM groups), and the oldest age groups; 80-92 years old for T2D and 50-59 years 

old for GDM (Figure 2). 

 
Figure 2. Participation activity and age in people contacted for lifestyle questionnaire. A&B:  Participation 

activity in the lifestyle questionnaire in T2D and GDM groups. C: Participation activity by sex among T2D patients 
and overall. D: The mean age of participants and non-participants in T2D and GDM groups, and overall. E: The 

proportion of participants among the contacted individuals in each age group. All individuals in age groups 60-92 

years were T2D patients. 
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As shown in figure 3, 98 % (n=44) of participated T2D patients reported current medication for 

diabetes, whereas only 32 % of non-participants (with T2D) had current diabetes medication 

based on the biobank data. Overall, the prevalence of diabetes complications was nearly 50 % 

in both T2D-participants and T2D-non-participants, though a higher proportion of 

complications occurred during the last 3 years in non-participants compared to participants 

(Figure 3C). Furthermore, BMI did not differ between participants (31.5 kg/m2) and non-

participants (31.8 kg/m2) among all patients or within T2D and GDM groups separately (p>0.1 

for all). Among the participants, BMI was not significantly (p=0.071) higher in T2D patients 

(32.1 kg/m2) in comparison to GDM patients (29.1 kg/m2) (Figure 4). The latest BMI results in 

the biobank data during the last 3 years were primarily used (n=424). Current BMI from the 

lifestyle questionnaire was used (n=9) if BMI measurement during the last 3 years was not 

available. 

 
Figure 3. The prevalence of diabetes medication and diabetes complications in T2D patients. The 

proportions of T2D patients with current diabetes medication who participated (A) or did not participate (B) in 

the lifestyle questionnaire were remarkably different. C: The overall prevalence of diabetes complications during 

the last 11 years (all) was nearly 50 % both in T2D-participants and T2D-non-participants but a higher 

proportion of the complications occurred during the last 3 years in non-participants. 

 
Figure 4. The average BMI did not differ between participants and non-participants. No significant 

(p<0.05) differences in BMI were seen between participants and non-participants in general or in T2D and GDM 

groups separately. Among participants, BMI was not significantly higher in T2D patients compared to GDM 

patients. The latest BMI results during the last 3 years in the biobank data (n=424) or, if not available, the 

current BMI from the lifestyle questionnaire (n=9) were used. The individual with both diagnoses was excluded.  
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Moderate quality of diet and high variation in physical activity was observed both in T2D and 

GDM patients 

Among all participants in the lifestyle questionnaire, the average of the Healthy Diet Score was 

62.5/100 points, indicating the moderate quality of the general diet (Table 3). The more points 

in the healthy diet scores, the healthier the diet. The highest points (the percentage of maximum) 

were generally obtained in meal pattern (92 %) and snack and treats (75 %) scores whereas the 

lowest points were observed in fat (46 %) and fruits and vegetables (52.5 %) scores (Figure 5). 

The average physical inactivity, excluding the time at work, was 5.4 (median 4.5) hours/day. 

The average physical activity (physical exercise, daily activities and physical activity on the 

way to work) was 14.1 (median 10.0) hours/week and varied notably (SD=14.99) among the 

participants. There were 27 (48 %) past smokers and 7 (12.5 %) current smokers among whom 

the total amount of smoking was highly variable. No statistically significant differences 

between T2D and GDM groups were seen in the lifestyle results (Table 3). 

 
Figure 5. Proportional healthy diet scores in T2D and GDM patients. The higher the score, the better quality 

of the diet. Among all participants, the meal pattern was closest to the optimal healthy diet. The poorest quality 

was seen in the fat score. Proportional score (%)=mean score/maximum points. 
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Table 3. Healthy diet scores, total physical activity and smoking years did not significantly differ between 

T2D and GDM patients. The general quality of diet was moderate in both T2D and GDM groups. The more 

points in the healthy diet scores, the healthier the diet. 

Lifestyle factor (max. points) T2D (n=45) GDM (n=11) All (n=56) p-valuea 

The Healthy Diet Score (100) 63.2 ± 11.18 59.7 ± 11.15 62.5 ± 11.16 0.366 

Meal pattern score (10) 9.2 ± 1.19 9.3 ± 1.19 9.2 ± 1.18 0.736b 

Grains score (20) 13.5 ± 5.03 11.8 ± 5.04 13.2 ± 5.03 0.339 

Fruits and vegetables score (20) 10.7 ± 5.43 9.7 ± 6.15 10.5 ± 5.53 0.634 

Fat score (15) 6.8 ± 3.43 7.3 ± 2.05 6.9 ± 3.20 0.580 

Fish and meat score (10) 5.6 ± 1.99 5.5 ± 2.38 5.6 ± 2.05 0.876 

Dairy score (10) 6.2 ± 2.08 5.3 ± 2.28 6.0 ± 2.13 0.195b 

Snacks and treats score (15) 11.3 ± 2.65 10.9 ± 2.55 11.2 ± 2.61 0.526b 

Physical activity     

Total physical inactivity1, h/day 

 

5.8 ± 3.57 

(4.5) 

3.9 ± 2.07 

(3.8) 

5.4 ± 3.40 

(4.5) 

0.080b 

Total physical activity2, h/week 14.0 ± 15.76 

(9.8) 

14.3 ± 12.05 

(11.5) 

14.1 ± 14.99 

(10.0) 

0.500b 

Smoking years3     

Past smokers (n=27) 

 

339 ± 321.9 

(150) 

73 ± 82.0 

(39) 

297 ± 311.7 

(140) 

0.115b 

Current smokers (n=7) 323 ± 116.8 

(300) 

317 ± 275.4 

(300) 

320 ± 189.2 

(300) 

Data are presented as mean ± SD (median). a Differences between T2D and GDM groups based on Welchôs unequal 

variances t-test or b Mann-Whitneyôs U test. Significant p-value <0.05. 1Total physical inactivity includes all sitting 

and lying during a day, excluding the time at work. 2Total physical activity includes physical exercise, daily 

activities and physical activity on way to work. 3Smoking years=years of smoking x amount of tobacco good per 

day. Past and current smokers combined to calculate the p-value. 

Among all participants, nearly three-quarters were either married (55.4 %) or lived in common-

law marriage (16.1 %) and one-fifth (21.4 %) were divorced. The average size of household 

was 2.2 persons. Participants had generally low-level education, most commonly vocational 

school as the highest education. GDM patients seemed to be relatively higher educated than 

T2D patients. Over four-fifths (82.2 %) of T2D patients were retired while almost half of GDM 

patients were employees or entrepreneurs. Furthermore, around 70 % of all participants had 

total incomes in the household under 45 000 ú/year, almost half (47.5 %) of them with total 
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incomes under 25 000 ú/year. More detailed results of the background information are 

presented in supplementary table 1. 

Treatments and clinical measurements existed over a highly variable time frame 

Overall, the biobank data containing the clinical measurements, and diagnostic data of diabetes 

and diabetes complications revealed high variability in the number and time points of the 

clinical measurements and treatments at KUH related to T2D or GDM. In both groups, the time 

from the first treatment at KUH related to GDM or T2D varied from 1 to 12.5 years (T2D: 6.1 

± 3.05; GDM: 7.3 ± 2.88). The time from the latest treatment at KUH was 0-12.3 (6.4 ± 3.2) 

years in GDM patients and 0-10.7 (3.5 ± 3.0) years in T2D patients. In GDM patients who 

responded to the lifestyle questionnaire the time from the first visit at KUH was 4.6-12.3 years, 

and 2.8-12.3 years from the latest visit. In T2D participants these time frames were 1.3-

10.6 years and 0-8 years, respectively. Laboratory measurements existed over the last 13 years, 

complemented with BMI and blood pressure measurements over the last nine years (Figure 6). 

However, 80 % of all laboratory and blood pressure measurements in T2D and 70 % in GDM 

patients were taken during the latest year. Furthermore, around 85 % of all BMI measurements 

were taken during the last three years. 

Figure 6. Clinical biobank data contained laboratory measurements over the last 13 years, and BMI and 

blood pressure measurements over the last 9 years, most of those from the last 3-5 years. Timelines of the 

cumulative proportions of laboratory measurements, BMI and blood pressure (BP) results in T2D and GDM 

patients. GDM: The blue bars represent the time frames including oral glucose tolerance tests in GDM patients 

(left bar n=22, right bar n=6). The black lightning represents the average time point for the first visit at Kuopio 

University Hospital. 

The proportions of laboratory measurements of interest, presented in figure 7, were similar at 

the different time frames (the latest 0-1, 1-5, 5-10, and 10-13 years) in T2D patients while 

differences were seen in GDM patients. Two separate time frames, the latest 1.5 year and 4-9.5 

years, included all oral glucose tolerant tests and the latter one the higher proportion of plasma 

glucose and HbA1c measurements. Taken together, these results suggest that the average time 
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from the GDM diagnosis was approximately 7 years whereas the time from the T2D diagnosis 

remained unclear. 

Figure 7. The proportions of laboratory measurements of interest in T2D and GDM patients during the 

latest year. All measurements during the latest year are included. BMI=body mass index, BP=blood pressure,  
B=Blood, fB/fP=fasting blood/plasma, P=plasma, U=urine, Hb=hemoglobin, HbA1c=glycated haemoglobin, 

Leuk=leukocytes, Gluc=glucose, Chol=(total) cholesterol, HDL-C=high-density lipoprotein cholesterol, LDL-

C=low-density lipoprotein cholesterol, Trigly=triglycerides, ALP=alkaline phosphatase, ALT=alanine 

transaminase, Alb=albumin, CRP=C-reactive protein, K=potassium, Crea=creatinine, Na=sodium, TSH=thyroid-
stimulating hormone, GFRe-MD=glomerular filtration rate estimation by MDRD-formula, Gluc-R1=oral glucose 

tolerance test (short), Gluc-R6=oral glucose tolerance test during pregnancy. 

Obesity was a major disease-related factor both in T2D and GDM patients 

The latest results of BMI (from the lifestyle questionnaire or the biobank data), glucose and 

lipid biomarkers and blood pressure during the last 3 years were used to study the state of 

metabolic health and the common diabetes-related factors in T2D and GDM patients. Obesity 

was seen to be the main disease-related factor both in T2D and GDM patients as the average 

BMI was 31.4 kg/m2 in T2D and 31.1 kg/m2 in GDM patients. Altogether 86.1 % of T2D and 

81.1 % of GDM patients were either overweight or obese (Table 4). T2D patients showed poor 

blood glucose homeostasis as 40 % of patients regarding HbA1c and 62 % regarding fasting 

plasma glucose concentration exceeded the objectives in T2D treatment. On the contrary, lipid 

biomarkers, except triglycerides (2.0 mmol/l), and blood pressure reached the recommended 

levels on average in T2D patients. Blood pressure and the main biomarkers of glucose and lipid 

metabolism in GDM patients met the reference values on average. However, 17-52 % of GDM 

patients did not meet the recommendations of common biomarker during the last 3 years. Most 

commonly, concentrations of fasting plasma glucose (44 % of cases) and LDL-cholesterol 

(52 %) were increased and concentrations of HDL-cholesterol (50 %) decreased (Table 4). 
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Table 4. General biomarkers of glucose and lipid metabolism, BMI and blood pressure in T2D and GDM patients. The latest measurements during the last 3 years. 

Obesity was a major disease-related factor in both groups. Half of the T2D patients showed poor blood glucose homeostasis and 40-50 % of GDM patients impaired homeostasis 

of glucose and/or lipid metabolism. 

Variable T2D % of T2D-cases not 

meeting the treatment 

objectives1 

GDM % of GDM-cases not 

meeting the 

recommended level 

The reference values/the 

objectives in the treatment 

of T2D1 

BMI, kg/m2 31.4 ± 6.53 (n=397) 86.1 

30.2 (25-30) 

30.7 (30-35) 

15.4 (35-40) 

9.8 (>40) 

31.1 ± 6.56 (n=74) 81.1 

27.0 (25-30) 

28.4 (30-35) 

13.5 (35-40) 

12.2 (>40) 

Normal weight 18.5-25 

Overweight 25-30 

Obesity > 30 

HbA1c, mmol/mol  53.4 ± 15.30 (n=338) 

52.3 ± 13.33a (n=331) 

40.2 

39.0 

36.8 ± 5.23 (n=18) 

35.2 ± 3.57 (n=42)b 

16.7 

4.8d 

20-42/ 

< 53 if diabetes medication1 

fP-Glucose, mmol/l 8.3 ± 2.87 (n=316) 

8.1 ± 2.44c (n=313) 

61.7 

61.3 

6.0 ± 0.94 (n=23) 
 

43.5 

 

4.0-6.0/<7.01 

fP-Cholesterol, mmol/l  

fP-HDL-C  

fP-LDL-C  

3.8 ± 1.07 (n=298) 

1.2 ± 0.34 (n=281) 

2.2 ± 0.92 (n=319) 

13.8 

53.0 (women)/34.8 (men) 

30.4 

4.4 ± 0.83 (n=23) 

1.4 ± 0.43 (n=22) 

2.9 ± 0.75 (n=23) 

21.7 

50.0 

52.2 

< 5.0 

> 1.2 (women), > 1.0 (men) 

< 3.0/<2.51 

fP-Triglycerides, 

mmol/l 

2.0 ± 1.36 (n=278) 

1.9 ± 1.16d (n=277) 

51.8 

51.6 

1.2 ± 0.49 (n=22) 22.7 < 1.7 

Blood pressure, mmHg  

Systolic/diastolic  

 

138/76 ± 21.7/12.8 

(n=390) 

137/76 ± 20.7/12.5e 

(n=387) 

25.9 

 

25.6 

127/77 ± 16.4/11.4 (n=64) 

 

23.4f  Optimal < 120/80 

Normal < 130/85 

< 140/801 

Data are presented as mean ± SD (n) and %. The study population of the final data analysis was used consisting of 441 T2D patients and 96 GDM patients. 1According to the 
Type 2 diabetes. Current Care Guidelines (2018). Including only values: a HbA1c < 100.0 mmol/mol, b Older HbA1c measurements in GDM patients taken 4.6-12.2 (mean 8.7) 

years ago, c fP-glucose < 20.0 mmol/l, d fP-triglycerides < 10.0 mmol/l, e blood pressure <200/130 and >70/40, f blood pressure Ó130/85. HbA1c, fP-glucose and blood pressure 

measurements indicating the need of acute medical treatment and triglycerides indicating the definite genetic hypertriglyceridemia were excluded (Chait & Subramanian, 2019, 

Fayfman et al, 2017, Ilanne-Parikka & Rönnemaa, 2019, Ipek et al, 2017, Kalra et al, 2013, Sherwani et al, 2016, Weng, 2017, Hypertension. Current Care Guidelines, 2014)
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The biobank and lifestyle data revealed a high number of correlations within physiological 

and biomolecular measures and lifestyle factors 

In the primary data analysis, the overall view of correlations within the mean values of all 

BMI, blood pressure and laboratory measurements, and lifestyle data revealed a high number 

of significant (p<0.05) correlations (Figure 8, Supplementary Tables 2-3). Within the 

background variables of T2D patients, age correlated with BMI, weight, lipid metabolism 

biomarkers, blood pressure, morning meal score in meal pattern, and several common 

laboratory measurements (e.g. Hb, plasma CRP). Unexpectedly, the correlations between age 

and BMI, weight, lipid biomarkers (except HDL-cholesterol concentration) and diastolic blood 

pressure were negative. Several differences between men and women were also seen 

concerning the physiological and biomolecular measures and dietary habits, for example in 

BMI, concentrations of total cholesterol and plasma creatinine, and alcohol consumption. 

Additionally, the employment situation correlated positively with the healthy diet score and 

the total physical inactivity, the latter of which also correlated positively with smoking 

(Supplementary Table 2). 

Within the physiological measures, the average BMI correlated with all lipid biomarkers, 

physical activity, breakfast score, smoking and several other laboratory measures. Systolic 

blood pressure showed some correlations with consumption of meat and HbA1c whereas 

diastolic blood pressure correlated positively also with weight and HDL-cholesterol 

concentration and negatively with concentrations of fasting plasma glucose and creatinine 

(Supplementary Table 2). 

Several correlations were observed within the biomarkers of glucose and lipid metabolism and 

inflammation. HbA1c and fasting plasma glucose concentration, in addition to the positive 

correlation with each other, correlated positively with triglyceride concentration and negatively 

with HDL-cholesterol concentration. Additionally, the oldest results of total and LDL-

cholesterol concentrations showed positive correlations with CRP change/year whereas the 

oldest HbA1c results correlated positively with the latest results of some general inflammatory 

markers, like leukocytes and plasma alanine aminotransferase (ALT) (Supplementary Table 2). 

Fewer significant correlations were seen in GDM patients in comparison to T2D patients. 

Background variables (education, employment, economics and marital status) showed 

correlations with the general quality of diet and physical activity. Additionally, age correlated 
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positively with blood pressure, HbA1c and plasma creatinine concentration. Concerning 

physiological measures, BMI showed positive correlations with biomarkers of glucose 

metabolism, thyroid-stimulating hormone (TSH) concentration and dietary sugar consumption, 

and negative correlations with HDL-cholesterol concentration. Blood pressure correlated with 

fast food and low-fat milk products in a diet, amount of physical exercise, weight, and 

concentrations of plasma creatinine and HDL-cholesterol. Lipid metabolism biomarkers were 

mostly correlated with each other (Supplementary Table 3). Overall, the primary correlation 

analysis indicated the complexity of T2D in comparison to GDM. 

Figure 8. T2D patients showed a higher number of correlations within physiological and biomolecular 

measures, and background and lifestyle factors in comparison to GDM patients. A general view of significant 

(p<0.05) correlations (coloured lines/bars) between background, lifestyle factors and physiological and 

biomolecular measurements in T2D and GDM patients. The means of all results available in the biobank data 

were used. The thickness of lines and bars between the sectors represents the proportional number of correlations. 

Overall, the primary correlation analysis indicated the complexity of T2D in comparison to GDM. Red: r>0, blue: 

r<0, purple includes both negative and positive correlations. BMI= body mass index, BR=blood pressure, 

TSH=thyroid-stimulating hormone. 

BMI correlated with T2D-related glucose and lipid biomarkers in T2D and GDM patients 

T2D-related biomolecular, physiological and lifestyle factors were examined in more detail 

based on the results of the primary data analysis. Lifestyle data on the diet and physical 

activity, and the latest BMI, blood pressure and laboratory measurements during the last 3 years 

were included in the final correlation analyses (Supplementary Table 4). These clinical 

measurements covered 70-98 % of all measurements (Figure 6). Additionally, a time-fixed 

change (kg/m2/year) in BMI of T2D patients was used. The time between two BMI 

measurements varied from one month to 9.6 years (mean 4.5 ± 2.5 years).  
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In general, mostly weak significant correlations were seen in T2D patients whereas GDM 

patients showed moderate to strong correlations between BMI, blood pressure and some 

laboratory measurements. In T2D patients BMI correlated positively with concentrations of 

LDL-cholesterol (p=0.002) and triglycerides (p<0.001) and negatively with HDL-cholesterol 

concentration (p=0.023) and physical activity (p=0.001). Significant correlations were not seen 

between BMI and HbA1c, leukocytes, snacks and treats score (p>0.1) or fP-glucose (p>0.1, 

not shown), nor between HbA1c and leukocytes (p=0.083, not shown). However, an increase 

in BMI was positively associated with higher HbA1c (p=0.001) and fP-glucose concentration 

(p<0.001) but not with plasma leukocytes, concentrations of LDL and HDL cholesterol and 

triglycerides or blood pressure (p>0.05) (Table 5). Diastolic blood pressure did not correlate 

with HDL-cholesterol concentration or healthy diet scores (p>0.1) in T2D patients 

(Supplementary Table 4). 

Table 5. Time-fixed increase in BMI associated with higher HbA1c and fP-glucose in T2D patients. The 

latest laboratory measurements and blood pressure results during the last three years were used. 

Variable 1 Variable 2 Spearmanôs ɟ p-value 

BMI change/year1 HbA1c (n=159) 0.251 0.001 

 fP-glucose (n=148) 0.296 <0.001 

 Leukocytes (n=189) -0.006 0.937 

 LDL-C (n=154) -0.053 0.513 

 HDL-C (n=139) -0.008 0.921 

 Triglycerides (n=137) 0.051 0.557 

 Diastolic BP (n=176) 0.063 0.408 

 Systolic BP (n=176) 0.135 0.073 

1BMI change/year is calculated dividing the BMI change (BMI new-BMI old) by the time (in years) between the 

two BMI measurements. The average time between two BMI measurements was 4.5 (± 2.5) years. LDL-C=low-

density lipoprotein cholesterol, HDL-C=high-density lipoprotein cholesterol, BP=blood pressure. 

As expected, significant positive correlations were seen in both T2D and GDM patients 

between fP-glucose concentration and HbA1c (p<0.001; p=0.002, respectively), between total 

cholesterol and LDL-cholesterol concentrations (p<0.001 for both), and between 

concentrations of LDL-cholesterol and triglycerides (p<0.001; p=0.002, respectively). 

Additionally, a negative correlation was seen between concentrations of HDL-cholesterol and 

triglycerides (p<0.001; p=0.012, respectively). In GDM patients, LDL-cholesterol 
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concentration correlated also positively with HbA1c (p=0.043) but not with fP-glucose 

concentration (p>0.1, not shown). Correlations between HbA1c and both fP-glucose and LDL-

cholesterol concentrations remained significant (p=0.048; p=0.012, respectively) after 

exclusion of those individuals with GDM diagnosis during the last four years (Supplementary 

Table 4). 

In GDM patients BMI correlated positively with HbA1c (p=0.020) and LDL-cholesterol 

concentration (p=0.019) and negatively with the snacks and treats score (p=0.015) but not with 

leukocytes (p=0.064), concentrations of HDL-cholesterol or triglycerides and physical activity 

(p>0.1) (Supplementary Table 4). No correlations between BMI and fP-glucose concentration, 

physical inactivity or the healthy diet score (p>0.1, not shown) were seen in GDM patients, 

either. However, after excluding those individuals with GDM diagnosis during the last four 

years, the positive correlation between BMI and leukocytes, and the negative correlation 

between BMI and HDL-cholesterol concentration were significant (p=0.028; p=0.043, 

respectively). Diastolic blood pressure correlated negatively with the healthy diet (p=0.026) 

and fish and meat scores (p=0.046) but not with HDL-cholesterol concentration (p=0.624), 

physical activity or inactivity, BMI, fruits and vegetables or snacks and treats scores (p>0.1, 

not shown). Systolic blood pressure did not show significant correlations with BMI, healthy 

diet or physical activity (p>0.1, not shown). 

The prevalence of diabetes complications in T2D patients: no differences in physiological, 

biomolecular or lifestyle factors in general 

According to the latest diagnostic data and treatments at KUH (0-10.7, 3.5 ± 3.0 years ago), 

the prevalence of diabetes complications in T2D patients was 48.3 %. Almost half of those 

(24.7 %) were unspecified, and the most common specified complications were circulatory 

(8.4 %) and ophthalmic (6.8 %) complications (Figure 9). The prevalence of complications 

among patients with the first treatment at KUH during the last 3 years (55.3 %) seemed to be 

higher compared to those with the first treatment at KUH over 3 years ago (46.6 %). 

To study the progression of diabetes, clinical measurements and lifestyle factors with relation 

to the prevalence of complications were examined among T2D patients with the latest T2D-

related treatment at KUH during the last 5 years. No significant differences were seen in age 

(p=0.191) or BMI (p=0.097), common glucose and lipid biomarkers and blood pressure (p>0.2) 

during the last 5 years between T2D patients with and without complications (table 6). 
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Figure 9. Nearly 50 % of T2D patients had diabetes complications.  

The proportions of complications according to the latest diagnostic data at Kuopio University Hospital (0-10.7, 

3.5 ± 3.0 years ago). 

Table 6. No differences in glucose and lipid biomarkers, BMI and blood pressure during the last 5 years 

between T2D-patients with or without complications. The latest laboratory measurement, BMI and blood 

pressure during the last 5 years were used. The prevalence of diabetes complications was based on the latest 
diagnostic data (i.e. T2D-related treatment at KUH) available during the last 5 years. T2D patients with the latest 

treatment at KUH more than 5 years ago were excluded (n=146). 

Variable No complications One or many 

complications 

Mean difference1 

(95 % CI) 

p-

value 

Age2 67.3 ± 10.26 (n=128) 68.6 ± 11.20 (n=167) U=11 636, z=1.306 0.191 

HbA1c3 (mmol/mol) 51.4 ± 12.34 (n=100) 53.7 ± 14.00 (n=129) -2.32 (-5.81-1.17) 0.212 

fP-glucose (mmol/l) 8.3 ± 2.69 (n=96) 8.2 ± 2.51 (n=121) 0.03 (-0.866-0.73) 0.924 

BMI3(kg/m2) 33.0 ± 7.35 (n=123) 31.5 ± 6.42 (n=151) 1.47 (-0.17-3.11) 0.097 

Leukocytes3 (x109/l) 7.5 ± 2.22 (n=125) 7.7 ± 2.28 (n=165) -0.25 (-0.77-0.28) 0.365 

Triglycerides3(mmol/l) 1.8 ± 0.72 (n=82) 2.0 ± 1.20 (n=114) -0.18 (-0.45-0.09) 0.588a 

LDL-C3(mmol/l) 2.2 ± 0.95 (n=95) 2.3 ± 1.03 (n=125) -0.09 (-0.36-0.17) 0.515 

HDL-C3(mmol/l) 1.25 ± 0.38 (n=83) 1.18 ± 0.32 (n=117) 0.06 (-0.03-0.16) 0.220 

Systolic BP (mmHg) 137 ± 19.4 (n=122) 138 ± 21.6(n=158) -1.30 (-6.20-3.61) 0.603 

Diastolic BP (mmHg) 77 ± 13.1 (n=122) 77 ± 13.4 (n=158) 0.57 (-2.58-3.71) 0.724 

Data are presented as mean ± SD (n). 1 Independent samples t-test or a Welchôs unequal variances t-test, 2 Mann-

Whitneyôs U test. 3 Analysed with logarithmically transformed values (Lg10 scale). Values presented in the table 

are non-transformed. 
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The quality of diet in general and physical activity or inactivity were not different between 

patients with and without complications (Table 7). Exceptionally, snacks and treats score was 

slightly higher (p=0.023) in T2D patients with complications meaning fewer snacks and treats 

in their diet (Table 7). Additionally, no differences between T2D patients with and without 

complications were seen in sex (ɢ2(1)=0.047, p=0.829) or smoking (past and current smokers 

versus non-smokers, ɢ2(1)=1.029, p=0.310). 

Table 7. Lifestyle factors and the prevalence of diabetes complications. T2D patients with diabetes 

complications showed slightly higher snacks and treats score meaning fewer snacks and treats in their diet. The 

prevalence of complications was based on the latest diagnostic data (i.e. T2D-related treatment at KUH) available 

during the last 5 years. T2D patients with the latest treatment at KUH more than 5 years ago were excluded (n=9). 

Lifestyle factor No 

complications 

(n=18)1 

One or many 

complications 

(n=18)1 

Mean difference2 

(95 % CI) 

p-value 

Meal pattern score3 

(max 10 points) 

9.5 ± 0.92 8.8 ± 1.26 U=105, z=-1.996 0.074 

Grain score3  

(max 20 points) 
13.7 ± 4.24  

 

12.5 ± 5.96 

 

U=148, z=-0.464 0.650 

Fruits & vegetables score  

(max 20 points)  

10.9 ± 5.86 10.3 ± 5.10 0.61 (-3.11-4.33) 0.741 

Fat score  

(max 15 points) 

7.4 ± 3.53 7.0 ± 3.18 0.39 (-1.89-2.67) 0.731 

Fish & meat score  
(max 10 points) 

4.9 ± 2.15 5.6 ± 1.85 -0.61 (0.67-0.75) 0.368 

Dairy score3  

(max 10 points) 
6.4 ± 1.58 6.2 ± 2.28 U=160, z=-0.065 0.963 

Snacks and treats score  
(max 15 points) 

10.2 ± 2.62 12.1 ± 2.11 -1.89 (-3.50-(-0.28)) 0.023 

Healthy diet score  

(max 100 points) 

63.1 ± 12.48 62.4 ± 10.44 0.72 (-7.07-8.52) 0.852 

Physical activity3 (h/week) 6.3 ± 4.15 4.5 ± 2.12 (n=17) U=128, z=-0.843 0.405 

Physical inactivity3 (h/day) 14.6 ± 15.82,  

md 9.8 

9.7 ± 9.67,  

md 7.0 (n=17) 

U=130, z=-0.778 0.443 

Data are presented as mean ± SD (n). Additionally, medians (md) of physical inactivity are presented. 1 N=18 in 

all analyses unless other noted. 2 Independent samples t-test, 3 Mann-Whitneyôs U test. 

 



 

23 

 

Glucose and lipid biomarkers indicated the development of prediabetes in GDM patients 

The latest laboratory measurements, BMI and blood pressure during the last three years were 

used to examine possible development of prediabetes in GDM patients. Interestingly, GDM 

patients who had over 6 years from the latest GDM-related treatment at KUH showed higher 

fasting plasma glucose concentration and HbA1c, and lower HDL-cholesterol concentration 

compared to those with less than 6 years from the latest treatment (Figure 10). These findings 

were supported by the correlation analysis that showed significant moderate correlations 

between these biomarkers (p=0.002-0.020) and the time from the first and the latest GDM-

related treatment (ñdisease timeò) (Table 8). Additionally, age showed significant (p<0.001) 

positive correlation with the disease time but did not significantly correlate with HbA1c or 

concentrations of HDL-cholesterol or fP-glucose (p>0.1, not shown). Triglyceride 

concentration showed a positive correlation (p=0.026) with the time from the latest, but not 

from the first, GDM diagnosis (Table 8) and moderate positive correlation with age (r=0.509, 

p=0.016, not shown). In most cases, the first and the latest GDM-related treatment indicated 

one pregnancy according to the time range between these two treatments at KUH. Furthermore, 

16 % of patients had only one treatment at KUH. In around 10-18 % of GDM patients, two 

GDM-related treatments suggested separate pregnancies.  

Figure 10.  Predictive changes in glucose and lipid biomarkers indicated the development of prediabetes in 

some GDM patients after 6 years from the latest GDM-related treatment. GDM patients with over 6 years 

from the latest GDM-related treatment showed significantly higher fasting plasma glucose concentration and 

HbA1c, and lower HDL-cholesterol concentration compared to those with less than 6 years from the latest 

treatment. The latest laboratory results during the last 3 years were used. Statistically possible, but not true, outliers  

(° ) presented in fP-glucose and HDL-cholesterol figures were included in analysis. *p<0.05. KUH= Kuopio 

University Hospital. 
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Table 8. HbA1c, concentrations of plasma fasting glucose and HDL-cholesterol and age correlated with the 

time from the first and the latest GDM-related treatment. The latest laboratory results during the last 3 years 

were included. 

Disease time1 Years from the first GDM-

related treatment  

(1.3-12.3 years)  

Years from the latest GDM-

related treatment 

(0-12.3 years) 

Variable Spearmanôs ɟ 

unless other noted 
p-value Spearmanôs ɟ 

unless other noted 

p-value 

Age (n=96) 0.455a <0.001 0.509a <0.001 

fP-Glucose (n=22) 0.558 0.004 0.512 0.015 

B-HbA1c (n=18) 0.500a 0.035 0.544a 0.020 

BMI (n=74) -0.023 0.846 -0.028 0.811 

Systolic BP (n=64) 0.221a 0.079 0.221a 0.079 

Diastolic BP (n=65) 0.075 0.554 0.073 0.563 

fP-LDL-C (n=23) 0.060 0.786 0.191a 0.382 

fP-HDL-C (n=22) -0.592 0.004 -0.630 0.002 

fP-Triglycerides (n=22) 0.289 0.192 0.473a 0.026 

P-CRP (n=47) 0.212 0.153 0.190 0.200 

fB-Leukocytes (n=80) 0.047 0.676 -0.021 0.855 

1The reflect and square root transformation for disease time was done resulting in a reverse scale of the time from 

the treatment. The reversed values of the correlation coefficient are presented in the table to simplify the 

interpretation, i.e. the positive correlation coefficient reflects an increase in a dependent variable when the time 
from the treatment increases. Time ranges between the first and the latest treatments indicated the separate 

pregnancies in around 10-18 % of GDM patients. 16 % of patients had only one treatment at KUH. a Pearsonôs 

correlation coefficient.  

T2D and GDM patients differed in glucose and lipid biomarkers, systolic blood pressure and 

plasma creatinine 

T2D and GDM patients differed most significantly in age, fP-glucose concentration, HbA1c, 

systolic blood pressure, and concentrations of LDL-cholesterol, triglycerides and plasma 

creatinine (p<0.001) (Table 9, Supplementary Table 5). Significant differences were also seen 

in total and HDL-cholesterol concentrations (p=0.007; p=0.016, respectively). As expected, 

T2D patients were significantly older and showed higher levels of glucose biomarkers and 

systolic blood pressure. Additionally, T2D patients showed higher concentrations of 



 

25 

 

triglycerides and plasma creatinine. On the contrary, GDM patients had higher total, LDL- and 

HDL-cholesterol concentrations (Table 9). 

Hierarchical multiple regression analysis was done for the most significantly different 

(p<0.001) biomolecular and physiological factors showed in table 9. Only a minor effect of the 

diagnostic group itself on the variation in these factors was seen when the effect of age and sex 

were considered (Table 10). The diagnostic group had a significant effect on variation in 

HbA1c, fP-glucose, systolic blood pressure and triglycerides. The effect was highest in the 

triglyceride model (æR2=0.094). However, age, sex and the diagnostic group together could 

only explain 9.1 %, 5.5 %, 4.3 % and 9.4 % of the variation in HbA1c, fP-glucose, systolic 

blood pressure and concentration of triglycerides, respectively. Other factors instead of the 

diagnostic group seemed to affect variation in concentrations of LDL-cholesterol and 

creatinine. Around 27 % of the variation in creatinine, and 8 % in LDL-cholesterol 

concentration, were explained by age and sex in these regression models. 
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Table 9. Differences in common biomarkers between T2D and GDM patients. The latest laboratory, BMI and 

blood pressure results during the last 5 years were included. 

Variable  T2D  GDM  

  

Diagnostic 

range and 

objectives  

in T2D1 

Mean difference2, 

(95 % CI) 

p-value2  

Age (years) 69.3 ± 10.70 

(n=441) 

39.0 ± 5.70 

(n=96) 

 30.23 (28.71-31.76) <0.001
a 

BMI 3 

(kg/m2) 

31.5 ± 6.54 
(n=397) 

31.1 ± 6.56 
(n=74) 

<25 0.35, (-1.30-1.99) 0.615 

HbA1c3  

(mmol/mol) 

52.2 ± 13.29 
(n=336)  

36.8 ± 5.23  
(n=18)  

Ó48.0 15.35, (12.43-18.27) <0.001
a 

fP-Glucose3 

(mmol/l) 

8.1 ± 2.44 

(n=320) 

6.0 ± 0.95 

(n=22) 

Ó7.0 2.08, (1.59-2.58) <0.001
a 

Sys BP 

(mmHg) 

137 ± 21.0 

(n=411) 

127 ± 17.0 

(n=70) 

<140 10.49, (5.30-15.68) <0.001 

Dias BP 

(mmHg) 

76 ± 12.8 

(n=411) 

77 ± 12.0 

(n=70) 

<80 -0.78, (-4.01-2.45)  0.636 

Chol 

(mmol/l) 

3.9 ± 1.08 
(n=306) 

4.5 ± 0.82 
(n=25) 

<5.0 -0.60, (-1.03-(-0.16))  0.007 

LDL-C 

(mmol/l) 

2.2 ± 0.93 

(n=324) 

2.9 ± 0.72 

(n=25) 

<2.5 -0.741, (-1.12-(-0.37))  <0.001 

HDL-C 

(mmol/l) 

1.2 ± 0.34 

(n=289) 

1.4 ± 0.42 

(n=24) 

>1.0 (men) 

>1.2 (women) 

-0.18, (-0.32-(-0.03))  0.016 

Trigly 

(mmol/l) 

1.9 ± 1.15 

(n=285) 

1.2 ± 0.48 

(n=24) 

<1.7 0.73, (0.49-0.97) <0.001
a 

Leuk3 

(x109/l) 

7.6 ± 2.29 

(n=430) 

7.5 ± 2.56 

(n=81) 

3.4 - 8.2 0.10, (-0.45-0.66) 0.598 

Crea 

(µmol/l) 

91.1 ± 39.71 
(n=422) 

61.5 ± 10.79 
(n=65) 

60-100 (men) 
50-90 (women) 

29.66, (25.03-34.28) <0.001
a
 

P-CRPÀ 

(mg/l) 

1.0 

(n=200) 

1.0 

(n=47) 

<3.0 U=4976, z=0.734 0.463b 

Data are presented as mean ± SD (n) or Àmedian (n). 1Diagnostic level in T2D (HbA1c, fP-glucose) or aims in 

T2D treatment (Current Care Guidelines: Type 2 diabetes, 2018). 2Independent samples t-test or 
a
Welchôs unequal 

variances t-test (CI 95 %), 3Analysed with logarithmically transformed values (Lg10 scale). Values presented in 

the table are non-transformed, bMann-Withneyôs U test. Original P-CRP results ñ< 3 mg/lò were transformed to a 

numeric format giving them a value 1.0 mg/l. BMI=body mass index, sys BP=systolic blood pressure, dias 

BP=diastolic blood pressure, Chol=total cholesterol, LDL-C=low-density lipoprotein cholesterol, HDL-C=high-

density lipoprotein cholesterol, Trigly=triglycerides, Leuk=leukocytes, Crea=(plasma) creatinine, P-CRP=plasma 

C-reactive protein. The latest BMI results from the lifestyle questionnaire or the biobank data were used. 

Cholesterol, triglyceride and leukocyte measurements are done using fasting plasma samples. 
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Table 10. The diagnostic group had a significant but a minor effect on variation in HbA1c, systolic blood pressure and concentrations of triglyceride  and fP-glucose. 

The latest laboratory, BMI and blood pressure results during the last 5 years were included. Hierarchical multiple regression models for the most significantly different (p<0.001) 

biomolecular and physiological factors. Age and sex were considered as covariates in all models.  

 HbA1c fP-glucose Systolic blood 

pressure 

LDL cholesterol Triglycerides Creatinine 

Model 1 2 1 2 1 2 1 2 1 2 1 2 

Variable B B B B B B 

Age -0.09* -0.04 -0.07* -0.02 -15.42*** -9.44* 0.15***  0.12** 0.07 0.21***  -0.21***  -0.21***  

Sex 0.01 0.02 -0.02 -0.01 1.87 3.66 0.06** 0.05** -0.01 0.03 -0.10***  -0.11***  

DG 

group 

 -0.14***   -0.10***   -8.94**  0.07  -0.28***   0.004 

Adj. R2 0.025 0.091 0.022 0.055 0.031 0.043 0.081 0.086 0.000 0.094 0.273 0.272 

F 5.52** 12.80*** 4.86** 7.67***  8.57***  8.18***  16.33*** 11.95*** 0.95 11.63*** 92.37*** 61.47*** 

æR2 0.031 0.068 0.028 0.036 0.035 0.014 0.086 0.008 0.006 0.096 0.276 0.000 

æF 5.52** 26.55*** 4.86** 12.96*** 8.57***  7.19** 16.33*** 3.00 0.95 32.78*** 92.37*** 0.03 

*p<0.05, **p<0.01, ** *p<0.001, sex: 0=men, 1=women, DG-group: 0=T2D, 1=GDM) 

B=unstandardized coefficient   

Logarithmically transformed values (Lg10 scale) of age, HbA1c, and concentrations of fP-glucose, LDL cholesterol, triglycerides and plasma creatinine were used in the 

analyses. 
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Discussion  

In this study, a new model was created to collect and integrate lifestyle data into the clinical 

patient register data at Biobank of Eastern Finland. The model was piloted by examining the 

known biomolecular, physiological and lifestyle factors associated with type 2 diabetes in the 

combined biobank and lifestyle data from T2D and GDM patients. The study increased the 

knowledge of the usability of biobank data in biomedical research concerning complex 

lifestyle-related diseases. Participation activity in the lifestyle questionnaire was low. In 

general, no remarkable differences were seen between participants and non-participants. 

Several T2D-associated biomarkers, obesity and some lifestyle-related risk factors were 

recognised. T2D and GDM patients differed mostly in glucose and lipid biomarkers and 

systolic blood pressure. No differences were seen in lifestyle factors. 

The model for contacting people to collect lifestyle data digitally was not effective in this pilot 

study as the participation activity remained low (11 %). This could not be explained by the 

relatively high mean age of the study population since the participants and non-participants did 

not differ in their mean age. In the GDM group, none of the patients with a GDM-related 

treatment approximately during the last 3 years participated the lifestyle questionnaire. GDM 

usually resolved after pregnancy and some women may not be aware of their increased risk of 

T2D in the future, though this was described in the research announcement. Additionally, 

family life with small children can be busy and tough decreasing the motivation to participate 

in this kind of studies. Proportionally the higher number of diabetes complications during the 

last 3 years in T2D-non-participants compared to T2D-participants may indicate an increased 

burden of the disease which could decrease the participation activity.  

In general, the timing for the lifestyle questionnaire may have reduced the participation as the 

survey was implemented in December. The delivery of contacting letters was done right after 

the postal service strike, thus possible delays on mail delivery could have occurred. 

Furthermore, the study population was selected among individuals with valid biobank consent. 

Because biobank consent is easy to give without commitment to additional studies also those 

people who are not generally that interested in participating in studies can be involved. On the 

other hand, all contacted individuals had given permission in their biobank consent to be 

contacted concerning further studies. 
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Moderate quality of diet was seen in both T2D and GDM patients. The lowest points were 

obtained in the fat score and the fruits and vegetables score meaning the poorest quality of diet 

in these food groups. The lower the fat score, the higher amount of saturated fats and the lower 

amount of unsaturated fats are consumed in a diet regarding the recommendations. 

Comparably, the lower the fruits and vegetables score, the lower amount of fruits and 

vegetables are consumed in a diet. According to a systematic review, Mediterranean diet, 

characterised by unsaturated fatty acids and plant-based foods (Widmer et al, 2015), effectively 

decreases obesity, abdominal adiposity and the incidence of T2D and cardiovascular diseases 

in healthy individuals. It also reduces symptom severity in individuals with T2D (Franquesa et 

al, 2019). Increased intake of dietary fibre and decreased intake of total and saturated fat have 

been the main dietary changes in successful lifestyle interventions resulting in a reduction in 

the incidence of T2D (Knowler et al, 2002, Lindström et al, 2003, Tuomilehto et al, 2001).  

The beneficial effects of plant-based food are suggested to result from the prebiotic plant fibres 

and phytochemicals. Plant fibres promote diversity and growth of healthy microbiota while 

phytochemicals induce the gene expression of cell defence and anti-inflammatory genes, for 

example, by activating the nuclear factor erythroid 2ïrelated factor 2 (Nrf2) signalling 

pathway. Furthermore, short-chain fatty acids (SCFA) are produced by gut microbiome from 

undigested dietary fibres originated from plants and whole grain. SCFAs can directly bind free 

fatty acid receptor 2 in pancreatic ̡ -cells enhancing the cell function and growth (Kolb & 

Martin, 2017). Therefore, increasing the consumption of fruits and vegetables and unsaturated 

fats would be particularly important in T2D and GDM patients. 

Few significant correlations were found between dietary factors and clinical measurements. 

This could be partly explained by the low number of individuals in the lifestyle data and 

heterogeneity of the study population. However, previous studies show that replacing animal 

proteins, especially processed and red meat, with plant proteins beneficially effects on glucose 

homeostasis. Higher intake of low-fat dairy products also shows the improvement of glucose 

response and may reduce T2D risk. The beneficial effects of dairy food, mainly yoghurt and 

cheese, may partly be explained by the non-protein dairy components, such as vitamin D, 

calcium, magnesium and probiotics, which are associated with lower T2D risk (Comerford & 

Pasin, 2016). As a part of the T2D treatment, replacing processed and red meat with plant-

based protein sources is highly recommended especially for those patients with poor glucose 

homeostasis. Preferring low-fat dairy products instead of high-fat products could decrease the 
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amount of saturated fat in a diet and thus, improve the general quality of dietary fats which was 

seen to be relatively low in T2D and GDM patients in this study. 

Large variability was seen in physical activity in both groups. Additionally, BMI was 

negatively associated with total physical activity in T2D patients. According to T2D prevention 

studies, increased amount and intensity of physical activity are of great importance in T2D 

prevention (Knowler et al, 2002, Lindström et al, 2003, Tuomilehto et al, 2001). According to 

the review made by Kolb & Martin (2017), epidemiological studies indicate that high physical 

activity compared to low total activity is associated with a 30 % decrease in the relative diabetes 

risk. Muscle work is known to activate cell defence and anti-inflammatory pathways mediated 

by Nrf2 signalling (Kolb & Martin, 2017) which could partly explain these beneficial effects. 

Many known associations between T2D and physiological and biomolecular factors were 

recognised in the combined lifestyle and clinical biobank data. However, obesity was seen to 

be the major disease-related factor both in T2D and GDM patients. BMI in GDM patients and 

a time-fixed increase in BMI in T2D patients correlated positively with HbA1c. BMI was also 

associated with lipid biomarkers in both groups. Several studies demonstrate that obesity and 

its distribution, determined by BMI, waist circumference and fat mass, are the major risk 

factors for T2D (Laakso, 2019, Svensson et al, 2018). Furthermore, weight reduction is a key 

factor both in the prevention (Haw et al, 2017, Knowler et al, 2002, Lindström et al, 2003, 

Tuomilehto et al, 2001) and treatment (Scheen & Van Gaal, 2014, Wilding, 2014, Wing et al, 

2011) of T2D. At least moderate (5-10 %) weight loss improves glycaemic control and reduces 

the risk of cardiometabolic complications in overweight and obese T2D patients (Scheen & 

Van Gaal, 2014, Wilding, 2014, Wing et al, 2011). It is also shown that the increased visceral 

obesity and fat accumulation in liver contribute more to an increased risk of T2D than high 

BMI  (Kolb & Martin, 2017). In biobank data, BMI measurements are easily available, but the 

availability of specified body composition data should be further examined to constitute a more 

comprehensive view of obesity. As one option, these data could be collected by contacting 

individuals for further studies based on the permission given in the biobank consent. 

Approximately half of the T2D patients showed poor glucose homeostasis and diabetes 

complications. Most of the specified complications were different microvascular outcomes. 

Similarly, previous studies demonstrate that the prevalence of microvascular complications is 

12-54 % and that of macrovascular complications 16-30 % of all T2D patients. Neuropathy, 
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retinopathy and kidney diseases are the most common microvascular complications (Arffman 

et al, 2020, Gedebjerg et al, 2018, Litwak et al, 2013, Yaghoubi et al, 2019). In Finland, the 

prevalence of kidney, eye and neural complications was 7.3 %, 11.5 % and 6.5 % in 2015-

2017, respectively. The prevalence of heart diseases, the main macrovascular complications, 

was around 30 % among all T2D patients in 2015-2017 (Arffman et al, 2020). In this study, 

the prevalence of specified micro- and macrovascular complications seemed to be lower but 

showed proportionally similar pattern compared to the recent national report made by Arffman 

et al (2020). However, it should be noted that nearly half of the complications were unspecified 

and in around 25 % of T2D patients, the diagnostic data from the latest T2D-related treatment 

at KUH was more than 6 years old. 

The prevalence of diabetes complications was not associated with age and sex or physiological, 

biomolecular and lifestyle factors. Contrary to these results, previous studies show positive 

associations between separate micro- and macrovascular complications and an elevated 

leukocyte count (Dorcely et al, 2017, Moradi et al, 2012, Tong et al, 2004), high blood pressure 

and LDL cholesterol concentration, duration of diabetes and age (Gedebjerg et al, 2018, Litwak 

et al, 2013) in T2D patients. Micro- and macrovascular complications together and separately 

are associated with hypertriglyceridemia, low HDL cholesterol concentration and BMI 

(Gedebjerg et al, 2018, Litwak et al, 2013). Microvascular complications are also associated 

with poor glycaemic control measured by HbA1c, and macrovascular complications associate 

with smoking and high CRP concentration (Gedebjerg et al, 2018). Differences in disease 

progression and diabetes complications between men and women also exist. For example, men 

usually develop the disease at a lower age and are more prone to develop cardiac diseases and 

nephropathy (Kautzky-Willer et al, 2016). In this study, the prevalence of diabetes 

complications was not examined more precisely, for example considering the type of 

complication. This may have hidden the possible associations between complications and 

biomarkers, and differences between men and women. 

Several features of the transition from GDM towards T2D was seen in GDM patients. Around 

20-50 % of GDM patients showed predictive changes in glucose and lipid biomarkers after 

6 years from their latest GDM-related treatment at KUH indicating the development of 

prediabetes. This is in line with the current knowledge suggesting the development of T2D 

within 5-10 years postpartum in approximately 50 % of GDM patients (Bellamy et al, 2009, 

Damm et al, 2016, Kim et al, 2002). Increased fasting plasma glucose concentration is the most 
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associated risk factor with the future risk of T2D (Kim et al, 2002). Additionally, elevated 

blood pressure and dyslipidaemia are well-known risk factors (Laakso, 2019). Increased 

triglyceride concentrations are associated with ɓ-cell dysfunction and reduced insulin secretion 

in individuals with prediabetes while low HDL-cholesterol concentration may contribute to 

progression from prediabetes to diabetes (Dorcely et al, 2017). All in all, these results confirm 

the great importance of the follow-up and effective screening of GDM patients after pregnancy. 

Significant differences between T2D and GDM patients were seen in glucose and lipid 

biomarkers, systolic blood pressure and plasma creatinine concentration. Differences in fasting 

plasma glucose concentration and HbA1c were expected and substantiated the main 

pathophysiological characteristics of T2D. The lower cholesterol concentration in T2D patients 

might be explained by possible lipid-lowering drug treatment that was not considered in this 

study. Additionally, the possible bias occurred due to the inclusion of male T2D patients and 

thus, the effect of sex on the clinical measurements must be taken into consideration when 

interpreting these results. For example, the difference in plasma creatinine concentration was 

explained more by age and sex than the diagnostic group itself. In general, the minor effects of 

the diagnostic group on the differences in clinical measurements found between T2D and GDM 

patients indicated the complexity of T2D and regulation of metabolic homeostasis. 

Surprisingly, no clear signs of inflammation were seen in T2D or GDM patients. However, 

inflammation is known to have great importance in diabetes, and several inflammatory 

biomarkers are associated with prediabetes, diabetes and diabetes complications. Previous 

studies demonstrate that hyperglycaemia by itself does not link diabetes with inflammation. 

CRP is associated both with T2D and prediabetes. The most remarkable increase in CRP (from 

1.4 to 2.3 mg/l) seems to occur from normoglycemia to prediabetes while there is only a minor 

increase in CRP between individuals with prediabetes and diabetes (from 2.3 to 2.4 mg/l) 

(Dorcely et al, 2017). These kinds of small-scale changes could not be detected in the clinical 

biobank data in this study as the lowest range in CRP-measurement was 3.0 mg/l. Instead of 

plasma CRP, high-sensitive CRP measurements should be available and used in studies. In 

addition to CRP, the number of leukocytes is suggested to be clinically valuable when 

evaluating disease progression and organ-specific complications in T2D. A high number of 

leukocytes, i.e. leucocytosis, may predict worsening insulin action and secretion, and 

progression of T2D (Dorcely et al, 2017). 
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Overall, the results of this study indicated the complexity and heterogeneity of T2D. Previous 

studies focusing on the genetic architecture of T2D have classified five major categories based 

on associations between specific risk loci and glycaemic phenotype. These distinct genotype-

phenotypes indicate heterogeneity of T2D concerning the underlying molecular mechanism 

(Laakso, 2019, Udler et al, 2018). As the main limitations of this study, neither comprehensive 

phenotyping and determination of confounding factors such as other chronic diseases nor 

genetic predisposition to T2D were considered. However, a recent study showed that obesity 

and an unhealthy lifestyle are significantly associated with an increased risk of T2D regardless 

of genetic predisposition (Schnurr et al, 2020). 

This study revealed challenges and possibilities in the use of biobank data in biomedical 

research. Currently, the biobank data at BBEF contains the information of all laboratory 

measurements taken by the Eastern Finland Laboratory Centre Joint Authority Enterprise 

(ISLAB), but otherwise only the clinical data from the special health care system are involved. 

Therefore, the data are partly insufficient lacking information, for instance, on the time of 

primary diagnoses in diseases that are commonly diagnosed and treated in primary health care. 

T2D is one of these diseases. As shown in this study, the complete duration of T2D could not 

be examined. For GDM patients the first treatment at KUH was assumed to reflect 

approximately the true time point for the diagnosis. However, this could not be confirmed, 

either. Additionally, there was some inconsistency between the self-reported information and 

the biobank data concerning the current diabetes medication. The reason for this inconsistency 

remained unclear. Taken together, completion of biobank data to include also the clinical 

primary health care data would provide additional value especially for research concerning 

common lifestyle-related diseases. 

It can be assumed that, so far, the biobank consent has been mostly given by individuals with 

chronic diseases treated usually in special health care. Thus, patients with more unstable 

diabetes could be overrepresented in this study. However, the electronic biobank consent form 

is currently available and will probably increase the number of consents given by healthy 

individuals and those with milder symptoms. Furthermore, growing the general awareness of 

biobanking can also increase the interest in it leading to a higher number of biobank consents. 

Other major challenges in the use of biobank data include the complicated and fragmented 

structure of the clinical data and a limited number of biomarkers available. Variation and errors 
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exist in the entry of patient data regardless of the standardisation of data management in social 

and health care. On the other hand, the highly structured form of data is essential for efficient 

data management and utili sation. The biobank data lake, a data repository which enables the 

storage and processing of different types of data regardless of the original data structures, is 

currently under development and aims to improve the quality of clinical data. Regarding 

diabetes, fasting glucose concentration and HbA1c are conventional and commonly used 

diagnostic biomarkers. However, it is known that disease progression occurs over a long time 

and glucose concentration begins progressively rise relatively late when the ɓ-cell function is 

already remarkably reduced. Thus, more sensitive and precise early-stage biomarkers are 

needed (Dorcely et al, 2017). Even though several potential biomarkers have been identified 

(Dorcely et al, 2017, Laakso, 2019), there is considerable delay in implementing the use of 

these biomarkers routinely in health care practices. 

The future research of T2D proceeds towards utili sation of comprehensive phenotyping, 

including different omics-tools, functional (e.g. body composition) measures and biomarkers. 

This study illustrated the potential of biobank data for studying biomolecular background and 

progression of complex diseases. Biobanks have real-life data of an increasing variety of 

diseases and individual timelines of clinical measurements and incidents. Apart from the 

clinical data, biobanks also have collections of various biological samples and genome 

information which will be increased in the foreseeable future. Additionally, the possibility to 

contact individuals for further studies enables collecting and using even more extensive 

information on well-being. Altogether, these clinical data and samples create a comprehensive 

data bank that provides opportunities to study and develop more effective personalised 

interventions and treatments. 

In conclusion, biobank data are valuable in biomedical research concerning complex lifestyle-

related diseases. However, more effective ways to collect lifestyle data are needed. Further 

studies are also needed to evaluate the suitability of biobank blood samples for utilisation in 

different omics-analyses and detection of early biomarkers that are not available in the clinical 

data. Together with the current biobank data, this could contribute to the early detection of 

high-risk individuals for T2D and the development of more comprehensive and personalised 

interventions that are of great importance in the successful prevention of T2D.  
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Appendix 1 

Type of questions in the lifestyle questionnaire 

The original lifestyle questionnaire is in Finnish. The example questions listed below are not 

exact translations.  

Diet (18 questions) 

How many weekdays in a week do you usually eat breakfast/lunch/dinner/snacks (midday, 

afternoon, evening, other)? 

I do not eat/1-2 days in a week/3-4 day in a week/every day 

How many times in a week do you usually eat fish/meat/sausage/chicken/vegetarian dishes? 

Answers are typed as a number 

How often/much do you usually eat vegetables and roots/fruits and berries/nuts, seeds and 

almond/fast food/sweet pastry, ice cream etc/sugar, honey or sweets?  

E.g. 1 portion or more in a day/4-6 portions in a week/1-3 portions in a week/1-3 

portions in a month/less than 1 portion in a month or never.  

Examples of 1 portion are given 

How much liquid milk products/bread and grains/cheese/cold cuts and sausages do you usually 

eat in a day? (e.g. dl, slice) 

Answers are typed as a number  

What kind of cooking fat and oil/cooking cream/table spread is usually used (at your home)? 

Do you usually use salad dressing? 

 The options divided by the total content and quality of fat, and the option ñI do not 

useò 

How much of different beverages do you usually drink on average in a week? 

Answers are typed as a number  

Cups/glasses/bottles/portions of e.g. water, coffee, tea, sugary beverages, juice, wine, 

beer, spirits 

Physical activity (13 questions) 

Are you currently at work? Yes/No 
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How long time do you usually sit or lie in a weekday (excluding sleeping and sitting at work)? 

 Time in hours and minutes 

How long time do you use on average by sitting/standing/walking/carrying or lifting 

weights/walking stairs/having active breaks during a usual shift? 

Time in hours and minutes 

How often do you usually walk/cycle to work? (1 direction=1 time) 

Never/less than once in a month/1-3 times in a month/once in a week/2 times in a 

week/.../13 times in a week/14 or more times in a week 

How long time does it usually take to walk/cycle to work (for 1 direction)? 

Time in hours and minutes 

How often do you usually do physical exercise/daily activities? 

Never/less than once in a month/1-3 times in a month/once in a week/2 times in a 

week/.../6 times in a week/every day 

How long time do you usually do physical exercise/daily activities (in a day when doing 

physical exercise/daily activities)? 

Time in hours and minutes 

What kinds of sports/daily activities you do? 

 27 common sports/11 daily activities listed, the open-ended answer for ñsomething 

elseò 

Smoking 

Have you smoked, used snuff or electronic cigarette during your life? 

Never/Yes, I have quitted/Yes, currently 

How long time ago/how long time did you smoke, use snuff or electronic cigarette? (If quitted) 

How long time have you smoked, used snuff or electronic cigarette? (If current smoker) 

 Time in years 

How much did/do you smoke or use snuff or electronic cigarette usually in a day? 

 The number of cigarettes/hand-rolled cigarettes/cigars/pipe tobacco/the doses of 

snuff/the times of electronic cigarette
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Appendix 2 

Supplementary Table 1. Background information on the lifestyle questionnaire (LSQ) participants.  

Characteristics Responded to the LSQ (n=56) 

Group T2D (n=45) GDM (n=11) All (n=56) 

Size of the household 1.8 ± 0.58 3.9 ± 1.30 2.2 ± 1.13 

Marital status, n (%) 
married 

common-law marriage 

divorced 

widow(er) 

 
26 (57.8) 

7 (15.6) 

8 (17.8) 

4 (8.9) 

 
5 (45.5)  

2 (18.2) 

4 (36.4) 

- 

 
31 (55.4) 

9 (16.1) 

12 (21.4) 

4 (7.1) 

Education, n (%) 

comprehensive/middle school 

vocational school 
college-level training 

university/polytechnic 

 

8 (17.8) 

18 (40.0) 
14 (31.1) 

5 (11.1) 

 

- 

3 (27.3) 
3 (27.3) 

5 (45.5) 

 

8 (14.3) 

21 (37.5) 
17 (30.4) 

10 (17.9) 

Employment, n (%) 

employee or entrepreneur 
retired 

unemployed or something else 

 

6 (13.3) 
37 (82.2) 

2 (4.4) 

 

5 (45.5) 
2 (18.2) 

4 (36.4) 

 

11 (19.6) 
39 (69.6) 

6 (10.7) 

Household income/year, n (%) 
< 25 000 ú 

25 000 ï 44 999 ú 

45 000 ï 64 999 ú 

> 65 000 ú 

 
15 (33.3) 

18 (40.0) 

7 (15.6) 

5 (11.0) 

 
4 (36.4) 

3 (27.3) 

4 (18.2) 

2 (18.2) 

 
19 (33.9) 

21 (37.5) 

9 (16.1) 

7 (12.5) 

Data are presented as mean ± SD or % (by columns). 

Guidance for the background information: ñChoose the most correct option. Choose only one of the followingò.  

Open-ended question for the size of a household, only numbers were accepted. 
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Supplementary Table 2. The primary data analysis: T2D patients. The main significant correlations in T2D patients. Mean values of all measurements in the biobank data 

were used. 

Variable 1 Variable 2 Pearsonôs 

r 

p-

value 

Variable 

1 

Variable 2 Pearsonôs 

r 

p-value Variable 

1 

Variable 2 Pearsonôs 

r 

p-value 

Age BMI -0.357 <0.001 BMI B-Hb 0.180 <0.001 B-
HbA1c 

fP-Glucose 0.582 <0.001 

Weight -0.358 <0.001 P-CRP -0.210 0.001 fP-Trigly 0.188 0.001 

fP-Trigly -0.31 <0.001 fP-LDL-C 0.191 <0.001 fP-HDL-C -0.118 0.044 

fP-Chol -0.243 <0.001 fP-Trigly 0.148 0.011 fB-Leuk 0.149 0.005 

fP-LDL-C -0.224 <0.001 fP-Chol 0.143 0.011 B-
HbA1c1 

fB-Leuk2 0.200 <0.001 

B-Hb -0.257 <0.001 fP-HDL-C -0.140 0.015 P-ALT2 0.303 <0.001 

Diastolic BP -0.260 <0.001 Smoking years3 0.421 0.005 Diastolic 
BP 

Weight 0.148 0.003 

P-ALT -0.233 <0.001 Breakfast score -0.389 0.010 fP-HDL-C 0.151 0.009 

P-CRP 0.186 0.004 Physical activity -0.380 0.013 fP-Glucose -0.140 0.011 

Breakfast score 0.416 0.005 Sex4 BMI 0.196 <0.001 P-Creatinine -0.121 0.013 

Morning meals score 0.327 0.028 fP-Chol 0.229 <0.001 Systolic 
BP 

B-HbA1c -0.112 0.041 

Employment5 Healthy Diet score 0.445 0.002 P-Creatinine -0.208 <0.001 Healthy Diet score 0.376 0.015 

Physical inactivity 0.326 0.003 Alcohol consumption score 0.376 0.011 Meat dishes score -0.345 0.027 

Physical 

inactivity 

Smoking years3 0.344 0.022 fP-Chol/ 

LDL-C1 

P-CRP change/year6 0.311/ 

0.304 

<0.001/ 

0.001 

1Results in the first time point (i.e. the first T2D-related treatment at Kuopio University Hospital +/- 6 months). 2The latest results (i.e. during the last 12 months or the latest one). 3Smoking 

years=years of smoking x amount of tobacco good per day. 4Men=1, women=2, 5A low value reflects a more stable and positive employment situation. 6(The latest CRP-the first CRP)/years 

between two measurements. fP=fasting plasma, B=blood, P=plasma, BMI=body mass index, Trigly=triglycerides, Chol=total cholesterol concentration, LDL-C=low-density lipoprotein 

cholesterol, HDL-C=high-density lipoprotein cholesterol, Hb=haemoglobin, BP=blood pressure, ALT=plasma alanine transaminase, CRP=C-reactive protein, HbA1c=glycated haemoglobin. The 

higher the score (in a healthy diet), the closer a diet is to the national healthy diet recommendations. 
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Supplementary Table 3. The primary data analysis: GDM patients. The main significant correlations in GDM patients. Mean values of all measurements in the biobank data 

were used. 

Variable 1 Variable 2 Pearsonôs r p-value Variable 1 Variable 2 Pearsonôs r p-value 

Age Systolic BP 0.405 <0.001 Systolic BP Consumption of low-fat liquid milk products -0.725 0.012 

Diastolic BP 0.330 0.002 Fast food score -0.632 0.037 

B-HbA1c 0.347 0.009 Weight 0.267 0.030 

P-Creatinine 0.282 0.019 Physical exercise (h/week) 0.614 0.044 

Education1 Healthy Diet score 0.784 0.004 P-Creatinine 0.245 0.046 

Employment2 Healthy Diet score -0.727 0.011 Diastolic BP Healthy Diet score -0.681 0.021 

Marital status3 Physical inactivity (h/day) 0.713 0.014 fP-HDL-C 0.435 0.043 

BMI P-TSH 0.530 0.001 P-Creatinine 0.251 0.044 

fP-Glucose 0.513 0.005 fP-LDL-C fP-Trigly 0.620 <0.001 

B-HbA1c 0.388 0.010 fP-HDL-C fP-Trigly -0.535 0.006 

Sugary beverage score -0.776 0.008 B-Hb change/year4 0.580 0.007 

Snacks and treats score -0.653 0.040 fP-Chol P-LDL-C 0.866 <0.001 

Fruits and berries score -0.645 0.044 fP-Trigly 0.416 0.039 

fP-HDL-C -0.452 0.045 fP-Trigly fP-Glucose change/year4 0.921 0.027 

The higher the score (in a healthy diet), the closer a diet is to the national healthy diet recommendations. 1The lower the value, the lower the level of education. 2A low value 

reflects a more stable and positive employment situation. 3A low value reflects marriage/cohabitation. 4(The latest result-the first result)/years between two measurements. 

B=blood, P=plasma, fP=fasting plasma, BP=blood pressure, HbA1c=glycated haemoglobin, BMI=body mass index, TSH=thyroid-stimulating hormone, HDL-C=high-density 

lipoprotein cholesterol, LDL-C=low-density lipoprotein cholesterol, Trigly=triglycerides, Chol=total cholesterol.
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Supplementary Table 4. The final correlation analysis in T2D and GDM patients. The latest of BMI, laboratory and blood pressure results during the last 3 years were 

included. Significant p-values <0.05 are bolded. 

Group T2D GDM 

Variable 1 Variable 2 

  

(n)  Spearmanôs ɟ  

unless other noted 

p-value  (n) 

 

Spearmanôs ɟ  

unless other noted 
p-value 

BMI B-HbA1c (n=297) 0.032 0.585 (n=14)  

disease time > 4 y. (n=10) 

 0.614a 

 0.678a 

 0.020 

 0.031 

BMI 

 

fP-LDL-Cholesterol (n=288) 0.183 0.002 (n=18) 

disease time > 4 y. (n=11) 

 0.546 

 0.606 

 0.019 

 0.048 

BMI  fP-HDL-Cholesterol 
  

(n=259) -0.141 0.023 (n=17)  
disease time > 4 y. (n=10) 

 -0.332 
 -0.648 

 0.193 
 0.043 

BMI fP-Triglycerides (n=256) 

 

0.346 <0.001 (n=17) 

disease time > 4 y. (n=10) 

 0.337a 

 0.316a 

 0.186 

 0.374 

BMI fP-Leukocytes 

 

(n=381)  

 

0.026 0.611 (n=64) 

disease time > 4 y. (n=52) 

 0.233 

 0.304 

 0.064 

 0.028 

BMI 

 

The snacks and treats 

score 

(n=45) 0.127 0.407 disease time > 4 y. (n=11)  -0.708a  0.015 

BMI Total physical activity 

 

(n=44) -0.466 0.001 disease time > 4 y. (n=11)  -0.305  0.361 

fP-Glucose  

  

B-HbA1c (n=226) 0.359 <0.001 (n=14) 

disease time > 4 y. (n=10) 

 0.753 

 0.636 

 0.002 

 0.048 

fP-Cholesterol  

 

fP-LDL-Cholesterol  (n=295) 0.873a <0.001 (n=23)  0.846 

 

 <0.001 

 

fP-HDL-Cholesterol  fP-Triglycerides  (n=274) 

 

-0.371a <0.001 (n=22)   -0.523  0.012 

fP-LDL-Cholesterol fP-Triglycerides (n=273) 

 

0.228 <0.001 (n=22)   0.626a 

 

 0.002 

fP-LDL-Cholesterol B-HbA1c (n=301) -0.021 0.716 (n=14) 

disease time > 4 y. (n=10) 

 0.548 

 0.751 

 0.043 

 0.012 

Diastolic BP fP-HDL-Cholesterol (n=251) 0.061 0.338 (n=15)  0.138  0.624 

Diastolic BP The Healthy diet score (n=39) 0.229 0.161 (n=9)  -0.728  0.026 

Diastolic BP Fish and meat score  (n=39) -0.055a 0.741 (n=9)  -0.674  0.046 

a Pearsonôs correlation coefficient. Disease time=years from the latest GDM-related treatment at Kuopio University Hospital. BMI=body mass index, HDL=high-density 

lipoprotein, LDL=low-density lipoprotein, BP=blood pressure. 
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Supplementary Table 5. Statistically significant (p<0.05) differences between T2D- and GDM patients in 

the primary data analysis. The mean values of all, or within the first and the latest time points separately, were 

used. The first time point included data during the first T2D- or GDM-related treatments (+/- 6 months) at Kuopio 

University Hospital. The latest time point included data during the last 12 months, or if not available, the latest 

data. 

 

 

 

 

 

 

 

 

 

 

 
Two sample t-test=Independent samples t-test or Welchôs unequal variances t-test. B=Blood, fB/fP=fasting 

blood/plasma, P=plasma, HbA1c= glycated haemoglobin, BP= blood pressure, LDL-C=low-density lipoprotein 

cholesterol, TSH=thyroid-stimulating hormone, HDL-C=high-density lipoprotein cholesterol, CRP=C-reactive 

protein, ALT=alanine transaminase. 

Variable  Method  p-value  

Age_group  Mann-Whitney U  3.26E-53  

Age  Mann-Whitney U  1.22E-51  

Sex  Mann-Whitney U  5.39E-27  

Medication  Two sample t-test  9.45E-20  

B-HbA1C_mean  Two sample t-test  2.49E-12  

BP_systolic_mean  Two sample t-test  2.78E-08  

fP-Glucose_mean  Two sample t-test  1.43E-07  

P-Creatinine_mean  Two sample t-test  2.36E-05  

P-Glucose_mean  Two sample t-test  6.07E-04  

fP-LDL-C_mean  Two sample t-test  7.19E-04  

P-TSH_mean  Two sample t-test  2.67E-03  

fP-Triglycerides_mean  Two sample t-test  3.85E-03  

fP-HDL-C_mean  Two sample t-test  7.19E-03  

Weight_selfreported Two sample t-test  8.76E-03  

P-CRP_mean  Two sample t-test  9.69E-03  

fP-Cholesterol_mean  Two sample t-test  1.68E-02  

fB-Leukocyte_mean  Two sample t-test  2.02E-02  

Education  Two sample t-test  2.03E-02  

fP-LDL-C_change_per_year  Two sample t-test  3.05E-02  

Weight_mean  Two sample t-test  3.58E-02  

P-ALT_change_per_year  Two sample t-test  4.28E-02  


