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Abstract

Type 2 diabetess globally a major noncommunicable diseasaffected by unfavourable
lifestyle together with polygenic risk factors Type 2 diabetescan be preventedy
comprehensive lifestyle changé®wever, the individuals aincreasd risk should beeached
earlier.Due to the complexity and heterogeneity of the disease, more targeted and gersonali
interventions are also needédlthis study, a new modelas created and piloted to collect and
integrate lifestyle datdligitally into the clinical patient register das Biobank of Eastern
Finland Lifestyle data werecollected by an electronic questionnatres content of which was
previously developed for the StopBpaoject The study aimed to recognse known
biomolecular, physiological and lifestyle factors associated with type 2 diabetes in the
combined biobank and lifestyle data frolype 2 and gestational diabetepatients.The
paticipation activity in the lifestyle questionnaingas generally low. However, sveral
biomolecular andsome lifestyle-related risk factors fotype 2 diabetes were recognised.
Obesity emergedas the main diseaseaelatedfactor in bothtype 2 and gestational diabetes
patients Additionally, predictive ©ianges in glucose aniipid biomarkerswere seen in
gestational diabetes patieratfter 6 yearsfrom the pregnancyindicatingthe development of
prediabetesand type 2 diabete§he study showedhat biobank data coplementedwith
lifestyle datacan provideopportunitiesto studycomplex lifestylerelated diseaseshough
more effective method& collect lifestyle dataare needed. ogether biobankdata are
valuablein studying and developintargeted,personalised interventions and treatments in

future.



Introduction

Type 2 dabeteqT2D) is oneof theleadingandmostrapidly growing globalhealthproblems.
In 2019, there were 463 million people (aged 20-79) estimated to livewith diabetesand
4.2 million deathsdueto diabetesvorldwide (International Diabetes Federation, 201B2D
accounts for around 9% of all cases of diabete&ccording tothe newest estimations ¢ie
International DiabetelSederation (2019}alf of thepeoplewith T2D areundiagnosedAlmost
374 million people nearly onethird of thosebeingunderthe age o#l0 yearsareat high risk
of developingl'2D. Diabetess alsoamajorglobaleconomidhreat,astheestimate®f thetotal
health careexpendituresaused by itvere 760 billion USD in 2019 (International Diabetes
Federation, 2019)n Finland a 2.5fold increase irthe prevalence of T2[@ccurredduring
2000 2017 and there werenearly 400000 diagnosedl2D patients in 2017Arffman et al,
2020) Furthermore the estimatednumber ofpeople with T2D ismore than a half-million,
nearly370000of thosewith diabetesnedication Thetotal healthcareexpendituregsausedy
diabetescover 15-20 % of all healh careexpendituresn Finland (Koski et al, 2018, Type 2
diabetes. Current Care Guidelines, 2018)

Gestationatliabetesnellitus (GDM) is atype of diabetescharacterised bglucosentolerance
first recognsedduringpregnancy{Khan et al2019) GDM canaffectpregnanivomenusually
during the two last trimesters of pregnancy. Elevated blood glucose concentration
(hyperglycaemiajs usuallyscreenedby oral glucosetolerancetest(OGTT) thatis usedin the
diagnosticsof GDM. Even though GDM usually resolvesafter pregnancy,women with
hyperglycaemiaare at an increasedisk of developingGDM in later pregnanciesand about
50 % will developT2D within five to tenyears.Furthermorethe babiesaffectedbymot her 6 s
hyperglycaemialsohaveahigherlifetime risk of obesityandT2D. Onaveragel15.8% of live
births are affectedby hyperglycaemia in pregnancy (20 years old womenyvorldwide,
83.6% of those due to GDMPrevalence of hyperglycaemia in pregnancy iases rapidly
with age from 10% in 20-24-yearold up to 376 in 45-49-yearold women (International
Diabetes Federation, 2019 Finland,the prevalenceof GDM hasrapidly increasedluring
the latestdecadefrom 10-11 % (Lamberget al, 2012)to around19 % (Kaaja & Vaarasmaki,
2019) of womenwho havegiven birth. Nutrition therapy and physical activity are the primary
treatment of GDMDolatkhah et al, 2018)



T2D is a complex diseasdfected bythe highly polygenidackgroundcombined withthe
obesogenic environmenharacterised bg sedentary lifestyle and Westernstyle dietrich in
sugar and saturated fa&tdditionally, sever&other risk factors, such as agexandethnicity
have beendentified in previous teidies (Chatterjee et al, 2017, Kolb & Martin, 2017)
Epidemiological studies also suggest tkatoking, depression, low socioeconomic status,
duration and quality of sleep and certain infections (hepatitis CCataimydia pneumonide
partly or independentlgontribute to disease developme®n the contrary, plant foelkased
diets rich in fibre aml phytochemicalsand moderateto highintensity physicaéxercisehave
emerged athe major diabetegrotective lifestyle factor@Kolb & Martin, 2017)

Genomewide association stus¢GWAS) haveidentifiedaround 25@enomic region or loci
associated withan increased predispositioto T2D. The geneticpredisposition ismainly
explained by common alleles witklatively smallbut cumulative effect sizéLangenberg &
Lotta, 2018) However, these genetic variamisly account forl0-20 % of the overall riskof
T2D (Chatterjee et al, 2017, Laakso, 2Q1®ost of the common variantaffect insulin
processing and secretiamile onlya fewareknown to affect insulin sensitivitfaakso, 2019)
Additionally, transcriptomic studiesave showmmany gene associatiobgtweenobesity and

T2D based on genotyg#henotype correlationhatterjee et al, 2017)

The major pathophysiologicatechanismén T2D are hyperinsulinemiainsulin resistancen
liver and skeletal musdea n d p a n-cell failare Additiofially, immune dysregulation,
inflammation andchanges ithestimulation of insulin secretiornheincretin effec}, the @lon
and microbiomehave also appeaged to contribute to the pathophysiolodZhatterjee et al,
2017) Many organs including pancreas, liveskeletal muscle, adipose tissk@&neys, brain
and small intestineareinvolved in disease progressiandthey are connectedia different
endocrine, metabolic, immune and neurological netwd@satterjee et al, 2017, Kolb &
Martin, 2017)

A considerablepart of the burderassociated witif2D is caused by diabetes complications
Microvascular complicationsuch as renal diseasestinopathy neuropathyand lowextreme
amputation and macrgascular complicationsncluding coronary heart disease, stroke and
peripheral vascular diseasacrease the morbidity anall-causemortality of T2D patiens
(Chatterjee et al, 2017, Harding et al, 20Hyperglycaemia is the main driving foraethe

development of microand macrovascular complicati® thoughseveral other mechanisrase
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alsoinvolved. These mechanisnand biological processgisicludingendothelial dysfunction,
hypercoagudbility and increased platelet reactivity, increased formation of glycation end
products and sodiwglucose ceransporte2 (SGLT-2) hyperexpressignare alsocurrent
therapeutic targetChatterjee et al, 2017)

Previousstudieshaveconclusivelyshownthat T2D and its comorbidities can be prevented by
a healthy lifestyldKnowler et al, 2002, Lindstrém et al, 2003, Pihlajamé&ki et al, 2019,-Telle
Hjellset et al, 2013, Tuomilehto et al, 2001)festyle interventionscontainingnutritional
counsellingmostlycombinedwith physicalactivity counselling areeffectivein reducingoody
weight (Knowler et al, 2002, Sun et al, 2017, Lindstromakt2003)and glucoserelated
outcomegLindstrometal, 2003,Sunetal, 2017) like fastingbloodglucoseconcentratiorand
HbAlc(Sunetal,2017) In boththe DiabetesPreventiorProgram(DPP)(Knowler et al, 2002)
andthe Finnish DiabetesPreventionStudy (DPS) (Lindstrom et al, 2003, Tuomilehto et al,
2001) 58 % reductionin theincidencerateof T2D wasachievedy thecomprehensivéfestyle
intervention.The heahy lifestyle changeseducethe incidenceof diabetesmore effectivéy
(Knowler et al, 2002)and this reductionsustairs longer (Haw et al, 2017xompared tdhe
medication interventions that promdteeight loss and insulin sensitizatioA. systematic
reviewandmetaanalysisdoneby Sun et aindicated the greatesteight reduction in dietitian
delivered interventions. Additionally, different delivery channelsp@nson vs technology

delivered) seemed to be equally effecii@en et al, 2017)

Despitethe mnvincing scientific evidence tiie diabeteprotectiveifestyle effects additional
researchis still neededto integratethis knowledgeinto the realworld health care systems
permaneny andcosteffectivdy. Oneof themainchallengesn thepreventiorof T2D hasbeen
reachingearlyenoughtheindividualsatanincreasedisk of T2D. Moreover,to establishcost

effective and financially sustainableprevention models like StopDiag in practice, close
collaborationbetweenacademiaesearch andocialand healthcarepartners along withthe

directlink toroutineclinical data registriesandbiobanksareessentia{Pihlajamakietal, 2019)

Biobanksoperate as a part of the health ecosystdmsdding bridges between patients,
researchers and routine health caree common purpose of Finnish biobanks is to collect,
administratepreserveand improve the quality dfiological human samples and relatdidical

health data for medical research and developnidm.access to the biobank material is based



on the donords consent (Biabank Adt 688/20R2)Biobankefh Bi o b

EasterrFinland(BBEF) is oneof thefive regionaluniversityhospitalbiobanksn Finland.

In this project, we enhancedhe collaborationbetweenacademicresearchand biobanksto
improvethelong-rangepreventionof T2D by creatinga modelto collectandintegratdifestyle
datadigitally into the clinical patientregisterdata.We developed novel biobankingprocess
to contactthe biobankdonorsfor additionalresearchbasedon the permissiongiven in the
biobankconsentThis pilot studyaimedto examinel) whatkind of individualsrespondor do
not respond toa digital lifestyle questionnaire2) how are the known T2Drelatedclinical
laboratory measurementmdthe generalquality of diet and physicalactivity concerning the
disease progressiaecognsablein this combined biobank and lifestyle datnd 3) how do
T2D and GDM patiens differ from eachother by their diet, physical activity and clinical
measurments Thus, thestudyprovided informatioraboutthe developmenand progression
of T2D andthe usability of clinical biobank data in biomedical research.

Materials and methods

Study population

The study populationwas formed accordingto the preinvestigationof data availabiity

performedat BBEF, covering all individuals with T2D (ICD10: E11) or/and diabetes in
pregnancy(ICD10: O24) who hada valid biobank corsent by May 2019 Initially, 540

individuals were chosenfor the study, including 98 women diagnosedwith GDM (ICD10:

024.4) 440 individuals,both men(n= 263) andwomen(n=177), with T2D andtwo persors

with bothdiagnogss (ICD10: E11 and O24jFigurel, Table ).

Individualscontactedor thelifestyle questionnairén=497)consised of 98 women diagnosed
with GDM and 399 individualsvith T2D (two personsvith both diagnoses were inclugeth
total, 43 individuals were excluded from contacting, consisting of 39 dead persons and 4

persons with an unknown addréBgyure 1).

The initialstudy population (n=540) wascluded inthe primary data analysi©n the contrary,
one individual with both diagnoses was included only in the T2D gioupe final data
analysisas it was the primary diagnosis and she did not have GDM (024.4) aslemguobsis.

The other individual with both diagnoses and two GDM patients with additional diagnosis code
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of 024 (along with 024.4) wemdsoexcludedrom the finaldataanalysisresulting in the final
T2D and GDM groupsHigure 1).

' Study population
n=540
264 men, 277 women

Pre-investigation of ICD10: E11, 024

biobank data availability | Ell T ' 024(.4
n=440 Ell +024 o 2
263 men, 177 n=2 )
women
— Ell ] : I__'l'
Contacting Excluded n=398 E11+024 | 024(4) || Excluded
n=42 232 men, n=2 n=97 n=1
| 166 women | *li
Ell )|
=440 e Ell+024 024
Primary data analysis 5 63nmen 177 * =2 * =08
women
) n=1
I =
Ell ’
B n=441 Excluded 024.4
263 men, n=3 n=96
178 women :

Figure 1. The study population from the preinvestigation of data availability to the final data analyses.
43individuals, consisting of 39 dead persons and 4 persons with an unknown address, were not damtacted.
individuals with both E11 and 024 diagnoses wamatacted and included in both T2D (E11) and diabetes in
pregnancy (024) groups the primary daa 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
(024.4) as a suldiagnosisTwo women with an additionaub-diagnosis codef 024 (along with 024.4) were
also excludedrom the final data analysis.

Table 1. Characteristics of the primary study population.

Group All E1ll 024 E11l + 024
(n=540) (n=440) (n=98) (n=2)

Age (meant SD) 63.7 £ 15.35 69.3 £10.60 39.1+5.70 40.0 £4.24
Age group, n (%)

24-39 years 54 (10.0) 6 (1.4) 47 (48.0)

40-49 years 59 (10.9) 10 (2.3) 48 (49.0)

50-59 years 63 (11.7) 60 (13.6) 3(3.1)

60-69 years 117 (21.7) 117 (26.6) -

70-79 years 176 (32.6) 176 (40.0) -

80-92 years 71 (13.1) 71 (16.1) -
Sex, n (%)

Men 263 (48.7) 263 (59.8) - -

Women 277 (51.3) 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 witlagotsesiue to the

low number of individualsE11=Type 2 diabetes, O2dyperglycaemian pregnancy



Contacing people with the biobank consent

The novel biobanking proce&s contacting people with valid biobank consent was developed
anddocumented (not shown) at BBEF expertsof BBEF reconfirmedthevalidity of biobank
consentsand searchedhe personalinformation of individuals chosento the study from the
biobank and the patient register database®f Kuopio University Hospital (KUH). BBEF
contactedhe chosenndividualsby lettersdeliveredby PostiGroupOy. The lettersincluded

the researchannouncementthe requestand the guidancefor participatingin the lifestyle
guestionnairethe written link andthe QR-codefor the electronc questionnaireanindividual
identification code for research formulated at BRBRdthecoverletterfrom BBEF. The study

was approved by the local Research Ethics Committee and the Scientific Steering Committee
of Biobank of Eastern Finland

Study dsign

Previouslydeveloped and validatesgmiquantitativéifestyle questionnairéHemio et al, 2014,
Rautio et al, 2014)alsoused inthe StopDiaproject(Pihlajamaki et al, 2019)was used as a
modelfor collecting lifestyle datal he contentof the StopDiaquestionnairavasmodified for
our purposeslimiting it to considerthe partsof nutrition, physicalactivity, andsmoking.The
lifestyle questionnaire includedl8 questions abouhutrition, 13 questions aboyphysical
activity and3-4 questionsabout smoking dependingn the smokinghabit urrent or past
smokes, respectively. Examples ofthe lifestyle questions are presented in Appendix 1.
Additionally, 9 questions abouthe backgroundinformation were askedThe background
informationincludedthemaritalstatus educationemploymensituation size ofthehousehold
and economicconditionsaccordingto the StopDiaquestionnaire and additional questions
regardingcurrentheight,weight andcurrentmedicationfor diabetesBody mass index (Hl)
was calculated based on the current reported height and weight. For the technical
implementation of the questionnaire, the UEF®N (Eduix E-form 3.1) was utilised as a

platform.

Clinical health datarelated to the diagnties and treatment off2D and GDM, and the
background information abouatge, sexand diabetes medicatiowere receivedfrom BBEF.
Biobank data includethe first and the latesteatmentsat KUH related taE11(T2D) and 024
(diabetes in pregnancy/GDMjiagnosesall BMI, blood pressurediabetesmedication and

laboratory data during the first treatment-(6/months) akUH (time point 1)and the last 12
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months(time point 2) or the latesinformationif no data during the latest yeaewmeavailable
(Table 2) Mostly, thelatestBMI value from the biobank dataasusedunlesshecurrent BMI
from the lifestyle questionnaire wasailable In general, thalifference baveen thecurrent
BMI from the lifestyle questionnaire and the latest biobBNk within a persorwasrelatively
small (the mean difference.35+ 1.66).The time of the primary diagnosis was not available
at biobank dateClinical and lifestyle neasure®f interestandthe sourcesf informationare
presentedn detailin table 2. After the study, he lifestyle datareimportedto the Biobank
databaséy IT-designers at BBERccording to the individual researictentification codes

Table 2. The clinical and lifestyle measures of interestThe current biobank data and the electronic lifestyle
guestionnaire were used as a source of informafiimbank data included BMI, blood pressure, medication and

laboratory data during the first treatment-(8/months) at Kuopio University Hospital atiee 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 retad to Patientregister data at BBEF
ICD10: E11 and 024 (KUH)

T2D (E11), 024.4 (GDM)

Background information  |Age, sex

Medication Treatment for diabetes Biobank & Digital questionnaire
Socioeconomic position  |Education, income, marital stafiDigital questionnaire

the size ofihousehold

BMI Self-reportedMeasured wight  |Biobank & Digital questionnaire
andheight

Blood pressure Measurements, systolic/diastoliPatient register data at BBEF

Laboratory results fP/P-Gluc, B-HbAlc, OGTT,  (KUH)

fP-Chol, fRHDL/LDL -C,
fP-Trigly, fB-Leuk, RCRP, BHb,
P-ALP, P-ALT, P-/U-Alb,

P-K, P-Na, RCrea, PTSH,
GFReMD

Lifestyle factors General diet quality, e.g. Digital questionnaire
vegetables, sugars, animzsed
products, dairy products, quality
of dietary fats and number of
meals per day/week

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, HbAlc=glycated haemoglobin, OGTT=oral
glucose tolerance test, Chol=(total) cholesterol, HDthigh-density lipoprotein cholesterol, LBC=low-density
lipoprotein cholesterol, Trigly=triglycerides, Leuk=leukocytes, CRPeé&ktive protein, Hb=haemoglobin,
ALP=alkaline phosphatase, ALT=alanine transaminase, Alb=albumi¢xpotassium, Na=sodium,
Crea=creatime, TSH= thyroigstimulating hormone, GFR&D=glomerular filtration rate estimation by MDRD
formula.




Dataanalysis

Microsoft Office Excel2016wasusedto pre-procesdifestyle questionnairelata.VBA-tool in
Excel (Microsoft 2016) was used to detect possible unrealistic values in the lifestyle
guestionnaire.Thresholdvaluesfor outliers were previously determinedby the StopDia
researclgroup(Pihlajaméakietal, 2019)accordingo alargenumberof answersScoredor the
generalquality of diet and different subgroups(dietary pattern, dairy, grains, fruits and
vegetablesfish andmeat,fats, snacksandtreats)andphysicalactivity (atwork andin the way
to work, dailyactivities ancgphysicalexercis¢ werecalculatecaccordingo formulasgenerated
in StopDiaproject(Pihlajaméakiet al, 2019)using IBM SPSS Statistics for Windows 5.0,
IBM Corp., Armonk, NY. Additionally, differencesn participation activity andifestyle
factorsbetween T2D and GDMroups anddifferences irageandBMI between participants
and norparticipantsweree x ami ned usi ng Wel ctast(3 % Ch &d u

a l

MannWhitneyd & test.Participants and neparticipants in the lifestyle questionnaire were

also comparedccording tahe sexratio and theproportions oturrent diabetes medication and

diabetes complicatian

Biobank datacombined withthe lifestyle resultsvereanalysed using IBM SPSS Statistics for
WindowsandPython(3.7.5. To perceive the overall view of the clinical ddtee primary data
analyss, including correlations between each variable (in whole and groupea) daud
comparisons between diagtiosgroupswere done using Spyder Python IDE (v4.0)1and
SciPy (v1.3.2) andScikit-posthos ( v O . 6. 2) packages. Used
correlation coefficient, independent samptaéest andWe | c hés un e g-ted.In
general, he mean values of all measuremeatsilable of an individual were usedn the
primary data analsis Additionally, the first and the latesesuls were used separately if
measurementfom two different time poirg were availableThe overall number and time
frames of all blood pressure, BMI and laboratory measuremesmsl time from the first
treatment at Kuopio University Hospital (KUH) relatedTi®D or GDMwere examined with
IBM SPSS StatisticsThe timeframewas déned asthe time from the measurement or the
treatmentat KUH to the biobankinformation retrieval(20.12.2019) Descriptive statistics
(mean standard deviatiom)f the common T2Belated factorsvereused to study the state of
metabolic healtlin T2D and GDM patients.

stati

vari
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According to the resulisf the primary data analysisignificanty (p<0.05) correlatedariables
wereprocessed aneikamined furtheto recognise the known T2&8ssociatethiomolecular and
physiological markergand lifestyle factorsn the combined biob&nand lifestyle dataThe
latest results of laboratory measurements, blood pressure andlBMg the Iat 3-5 years
were used ithe finaldataanalysis Additionally, time-fixed BMI changekg/n?/year)of T2D

patientswere used if data on tweeparate time points were availablde final correlation

analyseswere ® ne wusing Pearsonds and Spe&inomehnds ¢

measurements and lifestyle factors with relation to the prevalendalmétes complicatian
were examinedising independent sampleste st and Wel chogestwithaqu al

95 % confidence interval, and Céguared test of homogeneity.

Laboratory results thatearlyindicatedthe state ohealthrequiringacute medical treatment
including fP-glucose > 20.0 mmol/l or< 2.0mmol/l (Fayfman et al, 2017, llanffearikka &
Ronnemaa2019, Kalra et al, 2013HbA1c >100mmol/mol (Sherwani et al, 2016, Weng,
2017) andsystolic bloodoressur€200mmHg or diastot blood pressur® 130 mmHg(Ipek
et al, 2017, Hypertension. Current Care Guidelines, 204d)e excludedn the final data
analysis Resultsindicating acute inflammationplasmaC-reactive proteifCRP)> 10mg/I
(Nehring et al, 2020)leukocytes 20x1F/I (Riley & Rupert, 2015) definite genetic
hyperlipidaemia fP-low density lipoprotein cholesterol (LBC) ©8.5 mmol/l or
fP-triglycerides >10.0 mmol/lI(Chait & Subramanian, 2019, Patni et al, 20@03evererenal
insufficiency. plasma creatinineoncentratior» 500 umol/l (Eskelinen, 2016)vereexamined
andexcludedfrom the final data analysisOr i gi n al pl asma CRP resul't

transformednto a numericformat giving them avalueof 1.0 mg/I.

Differencesin biomolecular and physiological factobgetweenT2D and GDMgroups were
examined usingndependent samplegdastandWe | cumdigal varianceistestwith a 95 %
confidence intervaland ManAWh i t n e y Gvariallesexamisdd irthe final compaative
analysiswere chosen according to thlsggnificant differences foundh the primary data
analysis Hierarchical multiple regression analysisas doneto determine the effect ahe
diagnoss group on the mossignificantly different variablesased orthe final comparative
analysis considering thege andsexascovariatesAll final dataanalysegincluding thefinal

correlation and comparative analygesere donausinglBM SPSS Statistics.
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Results

Participants and nonparticipants in the lifestyle questionnairdid not differ in their age,

BMI or the prevalence ofliabetes complicatios

In total, 56 (11 %)ndividualsrespondedo the lifestyle questionnairdlen (n=31, 13.4 %)
participated more actively than womgn25 9.4 %) but no differences iparticipationactivity
were seen between T2D and GDM groups as presenteglines 2A-C. The mean age dll
individuals whorespondedo the lifestyle questionnaimgas 61.4 (+ 1312) yearsand of those
who didnotrespond3.1 & 15.61) yearsshowing no remarkablifference between the groups
by participation activitfp=0222), norin T2D (p=0.061) or GDM (p=0509) groupsseparately
Expectedly the mean age differesiignificantly (p<0.001) between T2D and GDM groughe
highestproportionalparticipationactivity wasin age groups of 4@9 (bothin T2D and GDM
groups)andof 60-69 (in T2D group)and the loweshmong the youngest 24-39 years oldboth
in T2D and GDMgroups), andthe oldest age group80-92 years oldor T2D and 56569 years
old for GDM (Figure 2).

A _——~_ T2D B C 15%
S e g 10u
.I...-" -.\".I p ;b-i o
[ ' |I < =
| | , | BY > sop
8o -1
\ o \ o S
\ / . 89 %% Y E: 0%
— ____/ — ___.--"/ =2 D All
O participants [ participants participants participants
Cnon-participants O non-participants O Male OFemale
D % E 2%
80 68,9
70 qu} 614631 . 20% -
v o
o 50 = = 15%
25 40,0391 << =
>~ 40 &2 ou
e [ ] = Q
/B30 £ o
g 20 eé < 5% H
10
5 = % ]
D GDM All 24-39 4049 50-59 60-69 70-79 80-92
O Participants O Non-participants AGE GROUP (YEARS) oGDM 0OT2D 0All

Figure 2. Participation activity and age in people contacted for lifestyle questionnaireA&B: Participation
activity inthelifestyle questionnaire 2D and GDMgroups C: Partcipation activity bysexamongT 2D patients
andoverall D: The mean agefgarticipants and neparticipantdn T2D and GDM groups, and overdl: The
proportion of participants amonigecontacted individuals each age groug\ll individuals in age group60-92
yearswereT2D patiens.
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As shown irfigure 3, 98 % (n=44) of participatedl 2D patientgeported current medication for
diabeteswhereasonly 32% of non-participants(with T2D) hadcurrent diabetesedication
based orthe biobank dataOverall,the pevalence ofliabetes complicati@wasnearly 50%

in both T2Dparticipants andT2D-non-participants though a higher proportion of
complications occurred during the last 3 years in-panticipantscompared to participants
(Figure 3C). Furthermore BMI did not differ betweerparticipants(315 kg/nm?) and non
participantg31.8 kg/n?) among allpatientsor within T2D and GDMgroups separatelyp>0.1
for all). Among the participants, BMI wasot significantly(p=0.071) higher in T2D patients
(32.1kg/n?) in comparison to GD\patients(29.1kg/n?) (Figure 4) The latest BMI resudtin
the biobank dataluring the last 3 yeansere primarily used(n=424) Current BMI from the
lifestyle questionnaire was used (n=9BiMI measurementluring the last 3 years was not

available.
A Diabetes medication B  Diabetes medication C 70%
i 60%
Y% N S & s0%
I". S 5 40%
[ ' '. f =Y 30%
| <=
| ., = % 20%
o 98% 25 10%
N 0%
R — participants non-participants
Oyes Ono Oyes Ono 00-3 years Dall

Figure 3. The prevalence of diabetes medicatioand diabetes complicatiors in T2D patients. The
proportiors of T2D patients with arrent diabetes medicatiavho participated (A) odid not participate (B) in
the lifestyle questionnaineereremarkablydifferent C: Theoverallprevalence ofliabetes complicati@during
the last 11 yearqall) was nearlyb0% both in T2Dparticipants and 2D-non-participantsbut ahigher
proportion ofthe complicationsoccurredduring the lasB yearsin non-participants

40
X a5 321318 ., 320 315308
o 30 .
£ 25 | L
g5
=2 1
>_v
@) 5
Q o

T2D GDM All

O Participantsd Non-participants

Figure 4. The average BMI did not differ between participants and norparticipants. No significant
(p<0.05) differences in BMI were sebatween participants and nparticipants in generalr in T2D and GDM
groups separately. Among participar@8/l was not significantly higher in T2D patients compared to GDM
patientsThe latest BMIresults during the last 3 yearsthe biobank data (#24)or, if not availablethe
current BMI from the lifestyle questionnaire (n38¢re usedThe individual with both diagnoses was excluded.
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Moderate quality of diet and higkariation in physical activity vasobserved both in T2D and
GDM patients

Among all participants the lifestyle questionnairehe average of the Healthy Diet Score was
62.5/100 points, indicatinthemoderate quality alhegeneral die{Table 3) The more points

in the healthy diet scores, the healthier the die¢. highest points (the percentage of maximum)
were generally obtained in meal pattern $@Rand snack and treats (7§ scores whereas the
lowest points were observed in fat (%) andfruits and vegetables (52%) scoregFigure 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) wasl4.1 (median 10.0) hours/week and varied notably (SD=14.99) among the
participants. There were 27 (48 past smokers and 7 (124 current smokers among whom

the total amount of smoking was highly variabMo statistically significant differences
betwesn T2D and GDM groups were seen in the lifestgkults (Table B
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Figure 5. Proportional healthy diet scores in T2D and GDM patientsThe higher the score, the better quality

of the diet. Among all participant)e meal pattem was closest to the optimal healthy diet. The poorest quality
was seen ithefat score. Proportional score (%)=mean score/maximum points.
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Table 3. Healthy diet scores, total physical activity and smoking years did naignificantly 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-valuet
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 0.73¢
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 55+2.38 5.6 £2.05 0.876
Dairy score (10) 6.2 +2.08 53+2.28 6.0+2.13 0.19%
Snacks and treats score (15) 11.3+2.65 109+£255 11.2+2.61 0.52¢
Physical activity
Total physical inactivity h/day 5.8 +3.57 3.9+2.07 5.4 +3.40 0.08C
(4.5) (3.8) (4.5)
Total physical activit§ h/week 14.0+£1576 14.3+12.05 14.1+14.99 0.500
(9.8) (11.5) (10.0)
Smoking year$
Past smokers (n=27) 339+321.9 73+82.0 297 £ 311.7 0.11%
(150) (39) (140)
Current smokers (n=7) 323+116.8 317 +275.4 320+ 189.2
(300) (300) (300)
Data are presented as maeBD (median)?Di f f er ences bet ween T2D and

variancestesto®MannWh i t ney és U

GDM gr o

t-valiset<0.05 Fdtagphyisid¢aliinactivitytinclpdes all sitting

and lying during a day, excluding the time at wafotal physical actiity includes physical exercise, daily
activities and physical activity on way to wof8moking years=years of smoking x amount of tobacco good per
day. Past and current smokers combined to calctiafevalue.

Among all participants, nearly thregiarers were either married (5534) or lived in common

law marriage (16.%) and ondifth (21.4 %) were divorced. The average size of household

was 2.2 persons. Participants had generallyléox@l education, most commonly vocational

school as the highest @chtion. GDM patients seemed to be relatively higher educated than
T2D patients. Over fodfifths (82.2%) of T2D patients were retired while almost half of GDM

patients were employees or entrepreneurs. Furthermore, aro®dof7@ll participantshad

totd incomes in the household under@®u / year |,

13

a | o) of themhwath thtal ( 4 7 . 5



incomes under 28000/ year . Mo r e  dthet badkdroardlinforneaon &ré s o f

presented isupplementaryablel.

Treatmentsand clinical measurementexistedover a highly variable time frame

Overall, the biobank data containing the clinical measurenemisdiagnostidataof diabetes

and diabetes complicatianrevealed high variabilityn the numberand timepoints of the
clinical measuremenemnd treatments at KUH related to T2D or GO 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 = 2.8B The time from the latest treatment at KUH via$2.3(6.4+ 3.2
yearsin GDM patients and-20.7 (3.5 +3.0) years in T2D patientdn GDM patiens who
responded tthe lifestyle questionnaire the time from the first visit at KUH wasl2.8 years

and 2.812.3 years from the latest visit. 2D paticipantsthese time frames were 1.3
10.6years and)-8 years, respectively. Laboratory measurements existed over the last 13 years,
complemented with BMI and blood pressure measurements over thenkygears Figure 6).
However, 8% of all laboratory and bloogressure measurements in T2D and«th GDM
patiens weretaken duringhe latest yeaf-urthermorearound 834 of all BMI measurements

were taken dring the lastthreeyears.
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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 la& Bears.Timelinesof the
cumulative proportions of laboratory measurements, BMI and blood pre&R)yeesults 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 representatieeagetiime point for the first visit at Kuopio
University Hospital

The proportions of laboratory measurements of interest, presented infjgueee similar at

the different time frames (the latestlp 1-5, 510, and 1€13 years) in T2D patients while
differences were seen in GDM patients. Two sepairateframes, the latest 1.5 year angl.8

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

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

remained unclear.

T2D 0-1 year GDM 0-1 year
. Laboratory test 8¢
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Figure 7. The proportions of laboratory measurements of interest inT2D and GDM patients during the

latest year. All measurementsdluring the latest year are includ&MI=body mass index, BP=blood pressure,
B=Blood, fB/fP=fasting blood/plasma, P=plasma, U=urine, Hb=hemoglobin, HbAlc=glycated haemoglobin,
Leuk=leukocytes, Gluc=glucose, Chol=(total) cholesterol, HDBthigh-density lipoprotein cholesterol, LBL
C=low-density lipoprotein cholesterol, Trigly=triglycerides, ALP=alkaline phosphatase, ALT=alanine
transaminase, Alb=albumin, CRP=€active protein, K=potassium, Crea=creatinine, Na=sodium, TSH=thyroid
stimulatirg hormone, GFR& D=glomerular filtration rate estimation by MDRidrmula, GlueR1=oral glucose
tolerance test (short), GkiR6=oral glucose tolerance test during pregnancy.

Obesity was major diseaserelatedfactor both in T2D and GDMpatients

The latestresults of BMI(from the lifestyle questionnaire or the biobank Jaigucose and
lipid biomarkersand blood pressure during thestl® yearswere useal to study the state of
metabolic healtandthe commordiabeteselatedfactorsin T2D and GDM patient®besity
was seen to be thmain diseaseelated factobothin T2D andGDM patients as the average
BMI was 31.4kg/m?in T2D and 311 kg/n? in GDM patients Altogether86.1% of T2D and
81.1% of GDM patientswere either overweiglor obeseTable4). T2D patients showed poor
blood glucose homeostasis 43% of patientsregarding HbAlc ané2 % regarding fasting
plasma glucoseoncentratiorexceeded the objectivas T2D treatmentOn the contrary, lipid
biomarkers except triglyceride¢2.0 mmol/), and blood pressuneached the recommended
levelson averagen T2D patientsBlood pressure and the main biomarkers of glucose and lipid
metabolismin GDM patiens metthe reference valuem averageHowever, 1752 % o GDM
patientsdid not met the recommendations obmmonbiomarker during the la&years.Most
commonly, concentrations of fasting plasma glucoge%4of cases) and LDtholesterol

(52 %) were increased and concentrations of Hibblesterol (5@6) decreasedTable4).
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Table 4. General biomarkers of glucose and lipid metabolism, BMI and blood pressure in T2D and GDM patient3he latest masurements during the l&syears.

Obesity wag majordiseaserelatedfactor in both groupddalf of the T2D patients showed poor blood glucose homeostasis &tl4@f GDM patients impaired homeostasis

of glucose and/or lipid metabolism.

Variable T2D % of T2D-casesot GDM % of GDM-casesot | The reference values/the
meetng the treatment meetng the objectives irthe treatment
objective$ recommended level | of T2D!

BMI, kg/n? 31.4 + 6.531=397) 86.1 31.1 £ 6.561=74) 81.1 Normal weight 18.55

30.2 (2530) 27.0 (2530) Overweight 2830
30.7 (3035) 28.4 (3035) Obesity > 30
15.4 (3540) 13.5 (3540)

9.8(>40) 12.2 (>40)

HbA1c, mmol/mol 53.4 + 15.30r{=338) 40.2 36.8 £ 5.231(=18) 16.7 20-42/

52.3 + 13.33(n=331) 39.0 35.2 + 3.571=42f 4.8 < 53 if diabetes medicatién
fP-Glucose, mmol/l 8.3 £ 2.87(=316) 61.7 6.0 £ 0.94 9=23) 435 4.06.0/<7.6
8.1 + 2.44 (n=313) 61.3
fP-Cholesterol, mmol/l| 3.8 + 1.07 H=298) 13.8 4.4 +0.830=23) 21.7 <5.0
fP-HDL-C 1.2 + 0.34 (=281) 53.0(women)34.8 (men) | 1.4 + 0.434=22) 50.0 > 1.2 (women), > 1.0men)
fP-LDL-C 2.2 £0.920=319) 30.4 2.9 £ 0.7560=23) 522 <3.0/<2.3
fP-Triglycerides, 2.0 £ 1.36 0=278) 51.8 1.2 + 0.494=22) 22.7 <17

mmol/| 1.9+ 1.16' (n=277) 51.6

Blood pressure, mmHg 138/76 + 21.7/12.8 25.9 127/77 + 16.4/11.4nE64) 23.4 Optimal < 120/80

Systolic/diastolic (n=390) Normal < 130/85

137/76 £ 20.7/125% 25.6 < 140/80
(n=387)

Data are presented as mea8D (n)and % The study population dhe final data analysisias used consisting of 441 T2D patients and 96 GDM patiéasording to the

Type 2 diabeteCurrent Care Guideling2018).Including only values*HbAlc< 100.0 mmol/mol® Older HbAlc measurements in GDM patients takerl2.8 (mean 8.7)

years agdfP-glucose < 20.0 mmol/,fP-triglycerides < 10.0nmol/l, ¢blood pressure <200/130 and >70/4®, o o d p r e s sHbAle fREUCE® dndbfood pressure
measuremenisadicating the need of acute medical treatnaamt triglycerides indicating the definite gendtypertriglyceridemiavere excludedChait & Subramanian, 2019,
Fayfman et al, 2017, llanfearikka & R6nnemaa, 2019, Ipek et al, 2017, Katral, 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 primarydata 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) correlationgFigure 8, Supplementary Tabde2-3). Within the
backgound variableof 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 corsdlatiween age

and BMI, weight, lipid biomarkers (except HDBtholesterol concentration) and diastolic blood
pressure were negative. Several differences between men and women weseealso
concerningthe physiological and biomolecular measures and dietary habits, fopkxam

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 correlapaditively 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 somerrelations with consumption of meat and HbAlc whereas
diastolic blood pressure correlated positively also with weight and -etidlesterol
concentration and negatively with concentrations of fasting plasma glucose and creatinine

(Supplementary Table 2)

Several correlations were observed wittlabiomarkers of glucose and lipid metabolism and
inflammation HbAlc andfasting plasma lgcose concentrationin addition to the positive
correlation with each other, correlated positively with triglycecioieentrationand negatively
with HDL-cholesterolconcentration Additionally, the oldest results of total and LDL
cholesterolconcentrationshowed positive correlations with CRP chaggar whereas the
oldest HbA1c results correlated positively with thedatesults of some general inflammatory

markers, like leukocytes and plasma alanine aminotransferase (Bupplementary Tabl2).

Fewer significant correlations were seen in GDbatients in comparison to T2patients.
Background variables (education, employment, economics and marital status) showed
correlations with the general quality of diet and physical actiitiditionally, age correlat
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positively with blood pressure, HbAlc and plasma creatimioecenration Concerning
physiological measures, BMI showed positive correlaionth biomarkers of glucose
metabolismthyroid-stimulating hormonel(SH) concentratiorand dietary sugar consumption,
and negative correlations with HBtholesteroconcentrationBlood pressure correlated with
fast foodand lowfat milk productsin a dief amount of physical exercise, weiglatnd
concentrations gblasma creatinine and HBtholesterolLipid metabolism biomarkers were
mostly correlated with each oth€upplementy Table 3) Overall, the primary correlation

analysis indicated the complexity of T2D in comparison to GDM.

Biomolecular measures T2D Biomolecular measures GDM
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Figure 8. T2D patients showed a higher number of correlations within physiological and biomolecular
measures, andackground and lifestyle factors in comparison to GDMpatients. A general view of significant
(p<0.05) correlations(coloured line&arg between backgroundifestyle factors and physiological and
biomolecular measuneens in T2D and GDMpatients.The meas of all results available in the biobank data
wereused.The thickness dfinesand bardetween the sectors representstitoportionainumber of correlations.
Overall, the primary correlation analysis indicated the complexity of T2D in comparison to R&ir>0, blue:

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

TSH=thyroidstimulating hormone.

BMI correlated withT2D-relatedglucose and lipid biomarkers T2D and GDM patients

T2D-relatedbiomolecular, physiological and lifestyle factors weseamined in more detail
based on the results tifie primary data analysid.ifestyle data onthe diet andphysical
activity, andthe latesBMI, blood pressurandlaboratorymeasurementuring the lasB years
were includedin the final correlation analyses(SupdementaryTable 4). These clinical
measurements cover@®-98 % of all measurements (Figu. Additionally, a time-fixed
change Kg/m?l/year) in BMI of T2D patientswas used The time between two BMI

measurementgaried fromonemonth t09.6 yearsiheand.5+ 2.5 yeark
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In general, rostly weak gynificant correlations werseenin T2D patiens whereas<sDM
patients showed moderate to strong correlatioesveen BMI, blood pressure and some
laboratory measurements T2D patients BMI correlated positively witboncentrations of
LDL -cholesterol (p=0.002) and triglycerides (p<0.001) and negatively with-étdlesterol
concentratiorfp=0.023) and physical activity (p=0.001). Significant correlations were not seen
between BMland HbAlc, leukocytes, snacks and treats score (p>0.1)}glué¢Bse (p>0.1,
not shown) norbetween HbAlc and leukocytes (p=0.088t shown)However anincrease

in BMI was positively associated with higher HbAlc (p=@)0and fRglucose concentration
(p<0.001)but not with plasma leukocytesoncentration®f LDL and HDL cholesterol and
triglyceridesor blood pressuré>0.09 (Table5). Diastolic blood pressurdid not correlate
with HDL-cholesterol concentrationor healthy diet scores (p>0.ljp T2D patients
(SuppgementaryTable4).

Table 5. Time-fixed increase in BMI associated with higher HbAlc and fRglucose in T2D patientsThe
latest laboratory measurements and blood pressure results during theelgtars were used.

Variable 1 Variable 2 Spear mai pvalue

BMI change/yedr  HbAlc(n=159) 0.251 0.001
fP-glucose(n=148) 0.296 <0.001
Leukocyteqn=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 (n476) 0.135 0.073

IBMI changelyear is calculated dividing the BMI change (BMI &M old) by the time (in years) betweéne
two BMI measurementd he averagdime between two BMI measurememias 4.5 (+ 2.5) year&.DL -C=low-
density lipoprotein cholesterol, HBC=high-density lipoprotein cholesterdP=blood pressure

As expected, significant positive correlations were seen in both T2D and ddhts
betweerfP-glucoseconcentratiorand HbAlc (p<0.001; p=0.008spectively, betweertotal
cholesterol and LDicholesterol concentrations (p<0.001 for both), and between
concentrations ofLDL-cholesterol and triglycerides (p<0.001; p=0.002spectively.
Additionally, a regative correlatiomnvas seemetweerconcentrabns ofHDL-cholesterol and

triglycerides (p<0.001; p=0.012 respectively. In GDM patiens, LDL-cholesterol
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concentrationcorrelated also positively with HbAlc (p=0.043) but not withgfBcose
concentratiorfp>0.1, not shown). Correlations betwédd#imAlcand botHfP-glucose and LDL
cholesterol concentrationsremained significant (p=0.048; p=0.Q12espectively after
excluson of those individuals with GDMiagnoss during the last four yearSgpdementary
Table4).

In GDM patiens BMI correlated positively with HbAlc (p=0.02@nd LDL-cholesterol
concentratior{p=0.019)and negatively with the snacks and treats score (&Pt not with
leukocytes (p=0.064%oncentrations dfiDL-cholesterobr triglyceridesandphysical activity
(p>0.1) (Supplementary Tabl4). No correlations between BMI atfil-glucoseconcentration
physicalinactivity or thehealthy diet scor€p>0.1, not shownjvere seenn GDM patients
either However, after excluding those individuals with GRNAgnoss during the last four
years, the positive correlatidmetween BMI andeukocytes and the negative correlation
between BMI andHDL-cholesterb concentrationwere significant (p=0.028; p=0.043
respectively. Diastolic blood pressureorrelatednegativelywith the healthy diet (p3:026
andfish and meat scosgp=0.046) but not wittHDL-cholesterolconcentration(p=0.624)
physicalactivity or inactiviyy, BMI, fruits and vegetables @nacks and treatcores (p>0.1,
not shown. Systolic blood pressurdid notshow significant correlations with BMI, healthy

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

The prevalence ofliabetes comlcations in T2D patients no differencesin physiological,

biomolecularor lifestyle factorsn general

According to thdatestdiagnosic dataand treatments at KUKD-10.7, 3.5 3.0 yearsago,

the prevalence afliabetes complicatianin T2D patients was 48.%. Almost half ofthose
(24.7%) were unspecified, and the most common specified complications were circulatory
(8.4%) and ophthalmic (6.8) complications Kigure 9). The prevalence of complications
among patients with the first treatmext KUH during the last 3 yea($5.3%) seemed to be
higher compared to thosdth the first treatment at KUIdver 3 yearsago(46.6%).

To study the progression of diabetes, clinical measurements and lifestyle factors with relation
to the prevalence afomplications were examined among T2D patients with the latest T2D
related treatment at KUH during the last 5 years. No significant differences were sgen in
(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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M T2D., not specified

0 T2D with hypo-/hyperglycaemic
coma

Il 12D with ketoacidosis

M T2D with kidney complications

0 T2D with ophthalmic
complications

0 T2D with neurological
complications

O T2D with circulatory
complications

O T2D with other specified
complications

[ T2D with multiple complications

0 T2D with unspecified
complications

[ T2D without complications

Figure 9. Nearly 50 % of T2D patients had diabetes complicains.
The proportions of complications according to the latest diagnostic data at Kuopio University HO<ifita]
3.5 £3.0years aga)

Table 6. No differencesin glucose and lipid biomarkers, BMI and blood pressureduring the last 5 years
betweenT2D-patients with or without complications. The latestlaboratory measurement, BMI and blood
pressure duringhe last5 yearswere usedThe prevalence ofiabetes complicatiamwasbased on the latest
diagnostic dat (i.e. T2D-related treatment at KUkravailable during the last 5 yeali®D patients with the latest
treatment at KUH more than 5 years ago were excl(iet16).

Variable No complications One or many Mean differencé p-
complications (95 % CI) value
Age 67.3+10.26(n=128 68.6+ 11.20(n=167) U=116362z=1.306 0.191

HbA1c& (mmol/mol) | 51.4+12.34(n=100) 537+ 14.00(n=129) -2.32(-5.8%1.17) 0.212
fP-glucosglmmoll/l) 8.3+ 2.69(n=96) 8.2+ 251(n=121) 0.03 (-0.866-0.73) 0.924
BMI3(kg/n) 33.0+£7.35(n=123) 315+6.42(n=151) 1.47(-0.17-3.1)) 0.097
Leukocyte$(x10/) 75+ 222 (n=12H 7.7 + 2.8 (n=165 -0.25(-0.77-0.28) 0.365
Triglycerides(mmol/l) | 1.8 £0.72(n=82) 20+ 1.20 (n=1149) -0.18(-0.45-0.09) 0.588
LDL-C3(mmol/l) 22+ 095 (n=95 23+ 1.08 (n=125) -0.09(-0.36-0.17) 0.515
HDL-C3(mmol/l) 1.25+ 0.3 (n=83 1.18+ 0.2 (n=117)  0.06 (-0.03-0.16) 0.220
SystolicBP (mmHg) | 137 + 194 (n=122) 138 + 21.6(n=158) -1.30(-6.20-3.61) 0.603
DiastolicBP (mmHg) | 77 + 13.1(n=122) 77 + 134 (n=158) 057(-2583.7) 0.724

Data are presented as mea8D (n). ! Independensamples-test or*Welchd anequal variancestest,> Mann
Whi t n ey &Analyded with sogarithmically transformed values (Lg10 scale). Values presented in the table
are nontransformed
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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 meaningfeanacks and treats

in their diet (Table 7). Additionally, no differences between T2D patients with and without
(62(1)=0.047,

310) .

were seen in

c2(1)=1.0209,

complications s ex

versusnorss moker s, p=0.

Table 7. Lifestyle factors and the prevalence ofdiabetes complicatios. T2D patients withdiabetes
complicatiors showed slighthyigher snacks and treats score meafémger snacks and treats in their dig¢he
prevalence ofomplicatiors was based on the latest diagnostic (iaar 2D-related treatment at KUravailable
during the last 5 year$2D patients with the latest treatment at KUH more than 5 years ago were exclu@ed (n=

Lifestyle factor No One or many Mean differencé p-value
complications  complications (95 % CI)
(n=18) (n=18)
Meal pattern score 9.5 +0.92 88+ 1.26 U=105, z=1.996 0.074
(max 10 pintg)
Grain scoré 13.7+4.24 125 + 596 U=148, z=0.464 0.650
(max20 points)
Fruits & vegetables score | 10.9 + 5.86 103+5.10 0.61 £3.11-4.33) 0.741
(max20 pointy
Fat score 7.4 £3.53 70+3.18 0.39 €1.892.67) 0.731
(max 15 points)
Fish & meat score 49+215 5.6 + 185 -0.61 (0.670.75) 0.368
(max 10 points)
Dairy scoré 6.4 +1.58 6.2+ 228 U=160, z=0.065 0.963
(max 10 points)
Snacks and treats score | 10.2 + 2.62 121+2.11 -1.89 €3.50(-0.28) 0.023
(max 15 points)
Healthy diet score 63.1+12.48 624+10.4 0.72 (7.07-8.52 0.852
(max 100 points)
Physical activity (h/week) | 6.3 + 4.15 45+ 2.12(n=17) U=128, z=0.843 0.405
Physical inactivity (n/day) | 14.6 +15.82 9.7 £9.67 U=130, z=0.778 0.443
md 98 md7.0(n=17)

Data are presented as mea8D (n).Additionally, mediars (md) of physical inactivityare presented N=18 in
all analyses unless other notéshdependensampleg-test *MannWh i t ney 6 s

U

test .
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Glucose and lipid biomarkers indicateitie development gbrediabetesn GDM patients

The latest laboratory measuremei@® Il and blood pressure during the last three years were
used to examinpossible development of prediabetesGDM patients. InterestinglyGDM
patientswho hadover 6 years from thiatest GDMrelated treatment at KUshowed higher
fasting plasma glucossoncentratiorand HbAlc, and lower HDholesterolconcentration
compared to those with less than 6 years fromatesttreatmeniFigure 10). These findings
were supported byhe correlation analysighat shaved significantmoderatecorrelations
betweenthese biomarker§p=0.0020.020)and the time from the first and the latest GDM
related treatment i d i s e a Gable8).iAdditiainglly, ageshowedsignificant (p<0.001)
positive correlatiorwith the disease timbut did notsignificantly correlae with HbAlc or
concentrations ofHDL-cholesterol or fP-glucose (p>0.1, not shown)Triglyceride
concentratiorshowed a positive correlation (p=0.026) witthe time from the latest, but not
from the first, GDMdiagnoss (Table8) andmoderate positive correlation with age@.509,
p=0.016 not showh In most cases, thirst and the latesGDM-related treatmenndicated
one pregancyaccording to the time range between thesetteatments at KUH-urthermore,
16 % of patients had only one treatment at Kiidaround 1618 % of GDM patients two

GDM-relatedtreatmentsuggested separate pregnancies
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Figure 10. Predictive changes in glucose and lipid biomarkers indicated thdevelopment ofprediabetes in
someGDM patients after 6 years from the latestGDM -related treatment. GDM patientswith over 6 years
from thelatest GDM-related treatmenshowedsignificantly higher fasting plasma glucosencentratiorand
HbAlc, and lower HDEcholesterolconcentrationcompared to those with less than 6 years ftomlatest
treatmentThe latestdboratory results during thesk® years were use&tatisticallypossible, but not true, outliers
(° * ) presentedn fP-glucoseand HDL-cholesterol figuresvereincluded in analysis'p<0.05 KUH= Kuopio
University Hospital.
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Table 8. HbAlc, concentrations of plasma fasting glucose and HDBtholesterol and age correlated with the
time from the first and the latest GDM -related treatment The latestdboratory results during thesks8 years
wereincluded

Disease timé Years from he first GDM- Years from he latestGDM-
related treatment related treatment
(1.312.3 years) (0-12.3 years)
Variable Spear manao p-value Spear man @ pvalue
unless other noted unless other noted
Age (=96) 0.45% <0.001 0.509 <0.001
fP-Glucose (=22) 0.558 0.004 0.512 0.015
B-HbAlc (=18) 0.500 0.035 0.544 0.020
BMI (n=74) -0.023 0.846 -0.028 0.811
Systolic BP 1f=64) 0.22F 0.079 0.22F 0.079
Diastolic BP (=65) 0.075 0.554 0.073 0.563
fP-LDL-C (n=23) 0.060 0.786 0.19% 0.382
fP-HDL-C (n=22) -0.592 0.004 -0.630 0.002
fP-Triglycerides (=22) | 0.289 0.192 0.473 0.026
P-CRP (=47) 0.212 0.153 0.190 0.200
fB-Leukocytesn=80) 0.047 0.676 -0.021 0.855

The reflect and square root transformation for disease time was done resulting in a reverse scale of the time from
the treatment The reversed values dhe correlation coefficient are presented in the table to simplify the
interpretationj.e. thepositive correlation coefficient reflects an increase in a dependent variable when the time
from the treatmentincreasesTime ranges between the first and fatest treatments indicatdtie separate
pregnancies in around 1B % of GDM patients. 16 % of patienthad only one treatmentat KUHP ear son d s
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 agegf@coseconcentrationHbAlc,
systolic blood pressuregnd concentratioa of LDL-cholesterol, triglycerides and plasma
creatinine (p<0.001)T@able9, Supplementarylable5). Significant differences were also seen
in total and HDLcholesterolconcentrationgp=0.007; p=0.016 respectively. As expected,
T2D patients were significantly older and showed higher seokblucose biomarkers and

systolic blood pressureAdditionally, T2D patients showed higheroncentrations of

24



triglycerides and plasma creatinirf@n thecontrary, GDM patients had higher total, LPAnd

HDL-cholesterol concentratiori$able 9)

Hierarchical nultiple regression analysisvas done for the most significantly different
(p<0.001)biomolecular and physiological factors showed in tablerly @minor effect of the
diagnostic group itself on thariation in these factorsagseerwhenthe effect ofage and sex
were consideredT@ble 10). The dagnostic group had a significant effect wariation in
HbAlc, fP-glucose,systolic blood pressure andglycerides. The effect was highest in the
triglycer i>2D@®94)mdodevdr, ageasBx and the diagnostic group together could
only explain 9.1 %5.5%, 4.3 % and3.4 % of the variation in HbA1cfP-glucose,systolic
blood pressure andoncentratia of triglycerides, respectively. Other factors instead of the
diagnostic group seemed to affeeariation in concentratioa of LDL-cholesterol and
creatinine. Around 27 % ofhe variation in creatinine, and 8 % in LDBtholesterol

concentrationwere explaned by age and sex in these regression models.
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Table 9. Differencesin common biomarkers between T2D and GDM patientsT he latestaboratory, BMI and

blood pressure results during thetla years were included.

Variable T2D GDM Diagnostic Mean dfference’, p-valuée?
rangeand (95% CI)
objectives
in T2D!
Age(years) | 693 +10.0 39.015.70 3023(28.7:31.79 <0.0a1°
(n=441) (n=96)
BMI3 31.5+6.54 31.1x6.56 <25 0.35(-1.301.99 0.615
(kg/n?) (n=397) (n=74)
HbA1d 522+1329 36.8+5.23 ™80 15.%, (12.43-1827)  <0.001*
(mmol/mol) | (n=336) (n=18)
fP-Glucosé ' 8.1+244 6.0+0.95 (7.0 2.08, (1.592.58 <0.0°
(mmol/l) (n=320) (n=22)
Sys BP 137+£21.0 127+17.0 <140 1049, (5.3015.68 <0.0
(mmHg) (n=411) (n=70)
Dias BP 76+128 77+120 <80 -0.78, (-4.01-2.45 0.636
(mmHg) (n:411) (n=70)
Chol 39+1.08 45+0.82 <50 -0.60,(-1.03(-0.16) 0.007
(mmol/l) (n=306) (n=25)
LDL-C 22+093 294072 <25 -0.741,(-1.12(-0.37)  <0.001
(mmol/l) (n=324) (n=25)
HDL-C 1.2+0.34 1.4+0.42 >1.0(men) -0.18, (-0.32(-0.03) 0.016
(mmol/l) (n=289) (n=24) >1.2 (women)
Trigly 19+115 1.2+048 <17 0.73, (0.490.97 <0.0a1*
(mmol/l) (n=285) (n=24)
Leuk® 76+229 75+256 3.4-82 0.1Q (-0.45-0.66) 0.598
(x10°/) (n=430) (n=81)
Crea 91.1 £39.71 61.5+10.79 60-100 (men) 29.65, (25.0334.28)  <0.00F
(umol/l) (n=422) (n=65) 50-90 (women)
P-CRP* 1.0 1.0 <3.0 U=4976,2=0.734 0.46%
(mg/l) (n=200) (n=47)

Data are presented asean+ SD (n)or “median (n) Diagnosticlevel in T2D (HbAlc, fRglucose) omimsin

T2Dtreatment (Current Care Guidelines: Type 2 diabetes, 20a8¢pendent samplesdstor®We | chdés unequa
variances-test(Cl 95 %) 3Analysed with logarithmically transformed values (Lg10 scale). Values presented in

the table are notransformeg’MannWi t h n e y @sagin&)P-GR® sesultdi 8  m gverétransformed to a

numeric format giving them a value 1.0 m@MI=body mass indexsys BP=systolic blood pressure, dias
BP=diastolic blood pressure, Chabtal cholesterol.DL -C=low-density lipoprotein cholesterol, HBC=high-

density lipoprotein cholegtel, Trigly=triglycerides Leuk=leukocytes, Credplasma) creatine, RCRP=plasma

C-reactive proteinThe latest BMI resudt from the lifestyle questionnaire dhe biobank data were used.
Cholesterol, triglyceride and leukocyteeasurementaredoneusingfasting plasma samples
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Table 10. The diagnostic grouphad a significant buta minor effect onvariation in HbAlc, systolic blood pressure andoncentrations oftriglyceride and fP-glucose
The latestdboratory, BMI and blood pressure results during thslgearsvereincluded Hierarchical multiple regressianodelsfor the most significantly different (p<0.001)
biomolecular and physiological factosge and sex were consideredcasariates in alnodels.

HbAlc fP-glucose Systolic blood LDL cholesterol Triglycerides Creatinine
pressure

Model 1 2 1 2 1 2 1 2 1 2 1 2
Variable 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 -0.14%** -0.10*** -8.94* 0.07 -0.28*** 0.004
group
Adj. R |0.025 0.091 0.022 0.055 0.031 0.043 0.081 0.086 0.00 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***
aR? 0.031 0.068 0.028 0.036 0.035 0.014 0.086 0.008 0.006 0.096 0.276 0.000
aF 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
Logarithmially transforned valueg4Lg10 scale)of age,HbAlc, and concentrations f#-glucose LDL cholesterol, triglycerides amlasma creatininevere used ithe

analyses
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Discussion

In this study, anew modelwascreatedto collect and integrate lifestyle @anhto the clinical
patient register datat Biobank of Eastern Finlan@the model wagpiloted by examiningthe
known biomoleculay physiologicaland lifestyle factors associated with type 2 diabetelse
combined biobank and lifestyle ddtam T2D and GDM patients.The studyincreasd the
knowledge of the usability of biobank datain biomedical researcltoncerningcomplex
lifestyle-related diseasegRarticipation activity in the lifestyle questionnaire was lolw
general,no remarkable differences were seegtween participants and nparticipants
Several T2D-associatedbiomarkers obesity and some lifestyleelated risk factors were
recognised.T2D and GDM patientgliffered mostly inglucose and lipicbiomarkersand
sydolic blood pressureNo differences were seen in lifestyle factors.

Themodelfor contacting peopl® collect lifestyle data digitallywas noteffective in this pilot
study as the participation activityemainediow (11 %). This couldnot be explained by the
relatively highmean age of the study populatgince theparticipants and neparticipants did
not differ in theirmean ageln the GDM group, none of th@atients witha GDM-related
treatmentapproximatelyduring the last 3 yearspaticipated thdifestyle questionnaireGDM
usually resolved after pregnanagdsome women may nbe aware otheir increased ris&f
T2D in the future though this was described in thesearchannouncementAdditionally,
family life with small childrencanbe busy andough decreamg the motivation to participate
in this kind of studiesProportionallythe higher number ofliabetes complicati@during the
last 3 years in T2Bnon-participantscompared to T2Eparticipantanay indicateanincreased

burden otthe diseasavhich culd decreasthe participation activity.

In general, théiming for the lifestyle questionnainmay havereducel the participation athe
surveywasimplemented in DecembefFhe ctlivery of contacting lettarwas doneight after
the postal service strikethus mssible delays omail delivery could have occurred.
Furthermorethestudy population was selected among individualk valid biobankconsent.
Because biobank consenteiasy to givevithout commitmentto additionalstudiesalsothose
peoplewho arenot generallythatinterested irparticipatingin studies cate involved.On the
other handall contacted individuals had given permissiontheir biobank consertb be

contaced concerningurtherstudies.
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Moderate quality of dietvas seen in both T2D artdDM patiens. The lowest points were
obtained irthefat score andhefruitsand vegetabkscoremeaning thgoorest quality of diet
in thesefood groups The lowerthefat scorethe higher amount of saturated fats #mellower
amount of unsaturated fatare consumedin a diet regarding the recommendations.
Comparably, thedwer the fruits and vegetables scoréthe lower amountof fruits and
vegetablesare consumed in a dieficcording to asystematic reviewMediterraneardiet,
characterised by unsaturated fatty aeidd plantbased foodéWidmer et al, 2015 effectively
decreaseobesity abdominal adiposity antthe incidence of T2D and cardiovascular diseases
in healthy individualslt alsoreducs symptom severity in individuals with T2(BFranquesa et
al, 2019) Increased intake ofietary fibre andlecreased intake of total and saturatedhéae
been the main dietarghangesn successfulifestyle interventionsesulting ina reduction in
the incidence of T2[MKnowler et al, 2002, Lindstrom et al, 2003, Tuomilehto et al, 2001)

The beneficial effects of plaitased food arsuggested to resudtom the prebiotic plant fibres
and phytochemicaldPlant fibrespromote diversity and growth of healthy microbiotahile
phytochemicalsnduce the gene expression of cell defence andirdi@mmatory genesfor
example, by activating thauclear factor erythroid i2elated factor 2 Nrf2) signalling
pathway.Furthermee, shortchain fatty acid§SCFA) areproduced by gut microbiome from
undigested dietary fibresriginatedfrom plants and whole graisCFAs can directly bind free
fatty acid receptor 2n pancreatid -cells enhancing the cell function and growikolb &
Martin, 2017) Therefore increasing the consumption fofiits and vegetablesnd unsaturated

fatswould beparticularlyimportantin T2D and GIM patients.

Few significant correlations werdound between dietary factors and clinical measurement
This could bepartly explained bythe low numberof individualsin the lifestyle dataand
heterogeneity ofhe study populationHowever,previous studies show thegplacing animal
proteins, especially processed and red meat, with plant proteins belyeéffedts on glucose
homeostasis. Higher intake lofwv-fat dairy productsalsoshowsthe improvement of glucose
response and may redut2D risk. The beneficial effects of dairy fooshainly yoghurtand
cheesemay partlybe explained by the noeprotein dairy components, such as vitamin D,
calcium, magnesium and probiotics, whanteassociated with lower T2D rigkComerford &
Pasin, 2016)As a part ofthe T2D treatmentreplacingprocessed and red meaith plant
based protein sourcéshighly recommende@speciallyfor those patients with poor glucose

homeostasisPreferringlow-fat dairy produd instead of higkat productscould decreasthe
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amount of saturated fat in a diet and thus, imptbegeneraljuality of dietary fats which was
seen to be relatively lom T2D and GDM patients ithis study

Large variability was seen in physical activity in both groupdditionally, BMI was
negatively associated with total physical activityf 8D patiens. According to T2D prevention
studies, mcreased amourand intensityof physicalactivity are of great importance in T2D
prevention(Knowler et al, 2002, Lindstrom et al, 2003, Tutghto et al, 2001)According to
the reviewmadeby Kolb & Martin (2017), pidemiological studiemdicatethathigh physical
activity compared to low total activiig associatd with a30 % decrease itherelative diabetes
risk. Muscle work is known to activate cell defence and-enfitammatory pathwaymediated
by Nrf2 signalling(Kolb & Martin, 2017)which wuld partly explain these beneficial effects

Many knownassociations betweeh2D and physiologicalnd biomolecular factors were
recognsedin the combined lifestyle and clinical biobank dakbowever, tesity was seen to
bethe majordiseaseelated factoboth in T2D and GDMatients BMI in GDM patients and

a timefixed increase in BMI in T2Dpatientscorrelated posively with HbAlc. BMI was also
associated withipid biomarkersin both groupsSeveral studies demonstrate that obesity and
its distribution, determined by BMI, waist circumference andnfass, are the major risk
factors for T2D(Laakso, 2019, Svensson et al, 20R)rthermoreweight reduction is key
factor both in the prevention(Haw et al, 2017, Knowler et,a2002, Lindstrém et al, 2003,
Tuomilehto et al, 2001and treatmen{Scheen & Van Gaal, 201%Vilding, 2014, Wing et al,
2011)of T2D. At least moderate (20 %) weight lossmproves glycaemic contraindreduce

the riskof cardiometabolic complications in overweigiiid obese T2D patient&Scheen &

Van Gaal, 2014, Wilding, 2014, Wing et al, 201l1)s also shown that the increased eisd
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
avdlability of specified body composition data should be further exantmeadnstituteamore
comprehensive view of obesitis one optionthese data could be collectbg contacting

individualsfor further studies based on thermissiorgivenin the biolank consent.

Approximately half of the T2D patiens showed poor glucoseomeostasis andiabetes
complicatiors. Most of the specified complicationsvere different microvasculaputcomes
Similarly, previous studieslemonstra that theprevalence ofnicrovasculacomplicatiors is

12-54 % andthat of macrovascular complicatiori-30 % of all T2D patientsNeuropathy
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retinopathy andidneydiseases are the most comnmicrovascular complication@rffman

et al, 2020, Gedebjerg et al, 2018, lakvet al, 2013, Yaghoubi et al, 2018) Finland,the
prevalenceof kidney, eye and neural complicatiowas 7.3%, 11.5% and 6.%%6 in 2015

2017, respectivelyThe prevalence of heart diseases, the main macrovascular complications
was around 306 among all T2D patients in 202917 (Arffman et al, 2020)In this study,

the prevalence adpecified micre and macrovascularomplicationsseemed to b&wer but
showed proportionallgimilar patterrcompared to threcentnationalreportmadeby Arffman

et al (2020)However, t should be notethatnearly half of the complications were unspecified
and in around 25 % of T2D patientise diagnostic datérom the latest T2Brelatedtreatment

at KUH was more than 6 yeaok.

The prevalence afiabetes complicati@was not associated wilgeandsexor physiological,
biomolecularand lifestyle factors.Contrary to these results, previous studibew positive
associations betweeseparatemicro- and macrovascular complications aad elevated
leukocyte counfDorcely et al, 2017, Moradi et al, 2012, Tong et al, 200 blood pressure
and LDL cholesterol concentratigsturation ofdiabeteandage(Gedebjerg et al, 2018, Litwak
et al, 2013)n T2D patientsMicro- and macrovascular complications togethedseparately
are associaté with hypertriglyceridemia, low HDL cholesterol concentratiand BMI
(Gedebjerg et al, 2018, Litwak et al, 201Blicrovascular complications are also associated
with poor glycaemic control measured by HbAdand macrovascular complicatioassociate
with smokingand high CRP concentratiq®@edebjerg et al, 2018pifferencesin disease
progression andiabetes complicati@between men and womaiso existFor example, men
usually develop the diseaseadbwer ageandare more prone tdevelopcardiac diseases and
nephropathy (Kautzky-Willer et al, 2016) In this study, the prevalence ofdiabetes
complicatiors was not examined moreprecisely for example considering the type of
complication This may have hiddernthe possibleassociationdetween complications and

biomarkersanddifferencedetween men and women

Several features of theansition from GDM tavardsT2D was seen in GDMatients Around
20-50% of GDM patients showegredictivechanges irglucose and lipid biomarkeiter
6 years from their latest GDivelated treatmentat KUH indicating the development of
prediabetesThis is in line with the current knowledgeggestinghe development of T2D
within 5-10 years postpartum in approximately%0of GDM patiens (Bellamy et al, 2009,

Damm et al, 2016, Kim et al, 2002)creased fasting plasma glucesacentrations themost
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associatedisk factorwith the future riskof T2D (Kim et al, 2002. Additionally, elevated
blood pressure and dyslipidaemia are welbwn risk factors(Laakso, 2019) Increased
triglycerideconcentrationa r e a s s 0 ccdelldysturttiowand duce insulin secretion
in individualswith prediabetes while low HDLholesterol concentration may contribute to
progression from prediabetes to diabéi@srcely et al, 2017)All in all, these results confirm

the great importance of the follewp and effective screening of GDM patieaterpregnancy

Significant differences between T2D and GDOMtients were seen in glucose and lipid
biomarkerssystolic blood pressure and plasmatreneconcentrationDifferences in fasting
plasma glucose concentration and HbAlc werpeeted and substantiatedthe main
pathophysiologicatharacteristics of T2DI he lower cholestera@oncentrationn T2D patients
might be explainedby possiblelipid-lowering drug treatmerthat was not considered in this
study.Additionally, the possible biagccurreddue to the inclusion of male T2D patients and
thus, the effect of sex on the clinical measuremenist be taken into consideration when
interpretng these resultd=or examplethe dfference in plasma creatinire®ncentratiorwas
explainedmoreby age and sethanthediagnostic groujtself. In genera) the minor effects of
thediagnostic group othe differences clinical measuremenfsundbetweenr2D and GDM

patientsndicated the complexity af2D andregulation ofmetabolic homeostasis

Surprisingly, noclearsigns of inflammatiorwere seenn T2D or GDM patients However,
inflammation is known to havegreat importance in diabetes, and several inflammatory
biomarkers are associated with prediabetes, diabetesliabhdtes complicatia Previous
studiesdemonstratehat hyperglycaemia by itself does not link diabetes with inflammation.
CRP is associated both with T2D and prediabdtiee mostremarkablencrease in CRFrom

1.4 to 2.3 mg/lseemso occur from normoglycemia to prediabetelsile there is only a minor
increase in CRP between individuals with prediabetes and dialbetes2.3 to 2.4 mg/l)
(Dorcely et al, 2017)These kinds of sma#icale changes could not be detected in the clinical
biobank datan this studyas the lowest range in CRReasurement was 3.0gh Instead of
plasma CRP, highensitive CRRAneasurements should be available and used in studies.
addition to RP, the number of leukocyteis suggested to be clinically valuable when
evaluating disease progression and orgecific complications im2D. A high number of
leukocytes, i.e. leucocytosis, may predict worsening insulin actioth secretion and

progression of T2Dorcely et al, 2017)
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Overall, the resultsof this studyindicated the complexitgnd heterogeneityf T2D. Previous
studiesfocusing orthe genetic arckecture of T2Chaveclassifiedfive major categories based
on associations between specific risk lacd glycaemic phenotyp&hese distincgenotype
phenotypesndicate heterogeity of T2D concerning the underlying molecularechanism
(Laakso, 2019, Udler et al, 2018)s the main limitatios of this study neithercomprehensive
phenotypingand determination ofconfounding factorsuch as other chronic diseaser
genetic predispositioto T2D wereconsidered. Howeveg recent studghowed thabbesity
andanunhealthy lifestylearesignificantlyassociated witlanincreased riskf T2D regardless
of geneticpredispositior(Schnurr et al, 2020)

This study revealed challenges and possibilitieshause of biobank data in biomedical
research.Currenty, the biobank dataat BBEF containsthe informationof all laboratory
measurementtaken bythe Eastern Finland Laboratory Centre Joint Authority Enterprise
(ISLAB), butotherwiseonly the clinical data frorthe special health cargystemare irvolved
Therefore,the dataare partly insufficientlacking information for instanceon the time of
primary diagnosem diseases that are commonly diagnomsed treatedh primaryhealth care.
T2D is one of these diseasdss shownin this study, theompletedurationof T2D could na

be examined.For GDM patients the first treatment at KUH wassumed to reflect
approximatelythe truetime point for the diagnas. However,this could not be confirmed
either. Additionally, there was some inconsistency betweenstiereported information and
the biobank data concerning the current diabetes medic@tierreasorfior this inconsistency
remained unclearTaken together, completion of biobank data to include also the clinical
primary health care data would provideddmnal value especially for research concerning

common lifestylerelated diseases.

It canbeassumedhat, so far,the biobank conseititas beemostly given by individuals with
chronic diseasesreated usually in special health caféus, patients withmore unstable
diabetes could be overrepresented in this stddyever,the electronidiobank conserform
is currently availableand will probably increasé¢he number ofconseng given by healti
individuals and those witmilder symptomsFurthermoregrowingthe generalawareness of

biobankingcan alsancrease the interest it leading to ehigher number of biobank consents.

Other major challengein the use of biobank datanclude the complicatedand fragmented

structure of thelinical dataandalimited number of biomarkers availabMariationand errors
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exist inthe entry of patient dategardles®f the standardisation of data manageneisbcial
and health caréOn the other hand, the highly structufedn of data is essntialfor efficient
data managemeiaindutilisation The biobank data lakea data repositorywhich enableghe
storage and processig different types of dateegardless othe original data structuseis
currently under developmerand aimsto improve the quality of clinical dat&egarding
diabetes,fasting glucoseconcentrationand HbAlc are conventional and commonly used
diagnostic biomarkerdHdowever, it is known thatisease progression occunger along time
andglucoseconcentratiorbegirs progressively rise relatively late whéme b-cell functionis
already remarkably reduced@hus, more sensitivand precisesarly-stagebiomarkers are
neededDorcely et al, 2017)Even though several potential biomarkers have been identified
(Dorcely et al, 2017, Laakso, 201%here isconsiderabledelayin implementing theuse of

these biomarkenoutinelyin health care practices.

The futureresearch ofT2D proceed towards utilisation of comprehensive phenotyping,
including different omicgools, functionale.g. body comp&ition) measuresindbiomarkers
This studyillustratedthe potential of biobank dafar studyingbiomolecular background and
progression ofcomplex diseasedBiobanks havereatlife data of an increasingvariety of
diseasesand individual timelines of clinical measuremerdad incidents. Apart from the
clinical data, biobankslso have collections of variousbiological samplesand gerome
informationwhich will be increasedn the foreseeable futur@dditionally, the possibilityto
contact individualsfor further studiesenabls collecing and ughg even more extensive
informationon wellbeing Altogethertheseclinical data and sampleseatea comprehensive
data bankthat provide opportunitiesto study anddevelop more effective personaked

interventiors and treatmeist

In conclusionpiobankdata are valuable biomedical research concerning complex lifestyle
related diseasesiowever, more effective ways to collect lifestyle data are nede@ther
studies aralsoneeded tevaluate thesuitability of biobank blood samplésr utilisation in
differentomicsanalyses andetection of early biomarketkat are not available in the clinical
data. Together with the current biobamlata, tls could contibute tothe early detectiorof
high-risk individualsfor T2D and the development of more comprehensive and perseshali

interventionghat are of great importancetime successfuprevention of T2D.
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Appendix 1

Type ofquestionsn the lifestyle questionnaire

The original lifestyle questionnaire is in Finnisithe example questioristed below are not
exact translations.

Diet (18 questions)

How manyweekdaysin a weekdo you usuallyeat breakfast/lunch/dinnénacks(midday,
afternoon, evening, othér)

| do not eatl-2 days in aveek/34 dayin a week/everylay
How many timesn a weekdo youusuallyeatfish/meatsausage/chickevégetarian dishés
Answersaretyped asa number

How ofteimuch do you usually eat vegetablesand retgdfruits and berriesiuts seedsand
almondfast foodéweetpastry, ice cream etc/sugar, hormegweet®

E.g. 1 portionor more in a day~ portions in a week/B8 portions in a week/3
portions in a monthess than 1 portion in a month or never

Examples of 1 portion are given

How muchliquid milk productsbread and grainstieeseadold cutsandsausagedo youusually
eat in a day (e.qg. dI, slice)

Answersaretyped asa number
What kind ofcooking fat and oiooking crearfiable spreads usuallyused(atyour homeg?
Do you usuallyuse salad dressing?

The options divided by the total content andhlity of fatand t he opti on 0
useo

How muchof differentbeverageslo youusually drinkon average in a we@k
Answersaretyped asa number

Cupdglassethottlegportions ofe.g. water, coffee, tea, sugary beverages, juice, wine,
beer,spirits

Physical activity (13 questions)

Are you currently at workYesNo



How long time do yowsually sit odie in aweelday (excludingsleeping and sitting at work)
Time in hoursaandminutes

How long time do you use on averageby sitting/standing/walkinggartying or lifting
weightsivalking stairdhaving active breakduring a usuashift?

Time in hours and minutes
How oftendo you usuallywvalk/cycle to workq1 direction=1 time)

Never/less thamnce in a monthfB timesin a monthionce 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 walk/cycle to work (for 1 directiof)
Time in hours and minutes
How often do you usually do physicexercis&aily activitie®

Never/less than once in a mon#¥ltimes in amonthonce in a week/2 times in a
week/...6 times in a weeldvery day

How long time do you usually dphysical exercigdaily activities(in a daywhen doing
physical exercise/da activities)?

Time in hours and minutes
What kinds of sport/daily activitiesyou do?

27 common sport$l daily activities listedthe operendedanswerf or A s omet hi
el seo

Smoking
Have yousmokedused snuff oelectronic cigarettduring your life?
Never/Yes, | have quitted/Yes, currently
How long time agfhow long timedid you smokguse snuff or electronic cigarett@f?quitted)
How long time have you smoked, used snuff or electronic cigarette@ (&t smoker)
Time in years
How much diddo you smoke or use snuff or electronic cigarette usually in a day?

The number of cigarettes/hanolled cigarettesigars/pipe tobacdthe doses of
snuff/the times of electronic cigarette



Appendix 2

Supplementary Table 1. Background information on thelifestyle questionnaire(LSQ) participants.

Characteristics Respondedo the LSQ (n=56)
Group T2D (n=45) | GDM (n=11) All (n=56)
Sze of thenousehold 1.8+ 0.58 39+1.30 22+1.13
Marital status, n (%)
married 26 (57.8) 5 (45.5) 31 (55.4)
commonlaw marriage 7 (15.6) 2 (18.2) 9(16.1)
divorced 8 (17.8) 4 (36.4) 12 (21.4)
widow(er) 4 (8.9) - 4 (7.1)
Education, n (%)
comprehensive/middle schog 8 (17.8) - 8 (14.3)
vocational school 18 (40.0) 3(27.3) 21 (37.5)
collegelevel training 14 (31.1) 3 (27.3) 17 (30.4)
university/polytechnic 5(11.2) 5 (45.5) 10 (17.9)
Employment, n (%)
employee or entrepreneur 6 (13.3) 5 (45.5) 11 (19.6)
retired 37 (82.2) 2 (18.2) 39 (69.6)
unemployed or something els 2 (4.4) 4 (36.4) 6 (10.7)
Household incorigear, n (%)
< 25 000 15 (33.3) 4 (36.4) 19 (33.9)
25000144999 U 18 (40.0) 3(27.3 21 (37.5)
450001 64999 « 7 (15.6) 4(18.2) 9(16.1)
>65000 5(11.0) 2 (18.2) 7 (12.5)

Data are presented agan + SD or %k columns.

Guidance for the

bGhookaehemosticnodr riencft o ronpat tiioonn. :

Openended question fahe size ofahousehold, only numbers were accepted.

Ghoose

only



Supplementary Table 2. The primary data analysisT2D patients The main significant correlations in T2D patients. Mean values of all measurementdiobiduek data
wereused.

Variable 1 Variable 2 Pear s|p Variable | Variable 2 P e ar s| p-value| Variable | Variable 2 Pear s| p-value
r value 1 r 1 r

Age BMI -0.357 <0.001 | BMI B-Hb 0.180 <0.001 | B- fP-Glucose 0.582 <0.001
Weight -0.358 <0.001 P-CRP -0.210 0.001 bALe 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- fB-Leuk? 0.200 <0.001
B-Hb -0.257 <0.001 fP-HDL-C -0.140 0.015 HbALS P-ALT? 0.303 <0.001
Diastolic BP -0.260 <0.001 Smoking years 0.421 0.005 | Diastolic | Weight 0.148 0.003
P-ALT -0.233 <0.001 Breakfast score -0.389 0.010 o 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 | Sex¥ 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 | B-HbAlc -0.112 0.041

Employment | Healthy Diet score 0.445 0.002 P-Creatinine -0.208 <0.001 o Healthy Diet score | 0.376 0.015
Physical inactivity 0.326 0.003 Alcohol consumption scorg¢ 0.376 0.011 Meat dishes score | -0.345 0.027

Physical Smoking years 0.344 0.022 | fP-Chol/ | P-CRP changelyear 0.311/ <0.001/

inactivity LDL-Ct 0.304 0.001

IResults in the first time point (i.e. the first T2Blated treatment at Kuopio University Hospital /months)2The latest results (i.e. during the last 12 months or the latest’Sneyking
yearsyears of smoking x amount of tobacco good per fidgn=1, women=25A low value reflectsa more stable angositiveemployment situatiorf(The latest CRPhe first CRP)/years
between two measuremenf®=fasting plasma, B=blood?=plasma,BMI=body mass index, Trigly=triglycerides, Chol=total cholesterohentration, LDI-C=low-density lipoprotein
cholesterolHDL-C=high-density lipoprotein cholesterol, Hb=haemoglobin, BP=blood presaurfie;plasma alanine transaminase, CRP=@ctive proteinHbAlc=glycated haemoglohiithe
higher the score (ia healthydiet), thecloser a diet is to the national healthy diet recommendations.



SupplementaryTable 3. The primary data analysisGDM patients. The main significant correlations in GDM patientsdn values of all measuremeimshe biobank data

were used.

Variable 1 Variable 2 Pear s of pvalue Variable 1 Variable 2 Pear s of pvalue

Age Systolic BP 0.405 <0.001 SystolicBP Consumption ofdw-fat liquid milk products | -0.725 0.012
Diastolic BP 0.330 0.002 Fast food score -0.632 0.037
B-HbAlc 0.347 0.009 Weight 0.267 0.030
P-Creatinine 0.282 0.019 Physical exerciséh/week) 0.614 0.044

Educatiof Healthy Diet score 0.784 0.004 P-Creatinine 0.245 0.046

Employment Healthy Diet score -0.727 0.011 Diastolic BP | Healthy Diet score -0.681 0.021

Marital statud | Physical inactivityh/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-HbAlc 0.388 0.010 fP-HDL-C fP-Trigly -0.535 0.006
Sugary beverage score | -0.776 0.008 B-Hb change/yeér 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-Glucosechange/yedr 0.921 0.027

The higher the score (in a healthy diet), the closer a diet is to the national healthy diet recommetitla¢idmser the value, the lower the level of educatidriow value
reflectsa more stableand positiveemployment situation*A low value reflects marriagedhabitation*(The latest resulthe first result)/years between two measurements.
B=blood, P=plasma, fP=fasting plasri®=blood pressure, Hi c=glycated haemoglobiBMI=body mass indexT SH=thyroid-stimulating hormoneHDL -C=high-density
lipoprotein cholesterol, DL-C=low-density lipoprotein cholestdrdrigly=triglycerides,Chol=total cholesterol.
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Supplementary Table 4. The final correlation analyssin T2D and GDM patients. The latest oBMI, laboratory and blood pressure results during the3agstarswere

included Significant p-values <0.05are bolded

Group T2D GDM
Variable 1 Variable 2 (n) Spearmard p p-value  |(n) Spearmai® s }  |p-value
unless other noted unless other noted
BMI B-HbAlc (n=297) 0.032 0.585 (n=14) 0.614 0.020
disease time > 4 yn€10) |0.678 0.031
BMI fP-LDL -Cholesterol (n=288 0.183 0.002 (n=18) 0.546 0.019
disease time > 4 ynfll) |0.606 0.048
BMI fP-HDL-Cholesterol (n=259 -0.141 0.023 (n=17) -0.332 0.193
disease time >4 yn€l0) |-0.648 0.043
BMI fP-Triglycerides (n=256) 0.346 <0.001 (n=17) 0.337 0.186
disease time >4 yn€l0) |0.316 0.374
BMI fP-Leukocytes (n=381) 0.026 0.611 (n=64) 0.233 0.064
disease time >4 yn€52) |0.304 0.028
BMI The snacks and treats |(n=45) 0.127 0.407 disease time > 4 yn=11) |[-0.708& 0.015
score
BMI Total physical activity |(n=44) -0.466 0.001 disease time >4 yn=11) |-0.305 0.361
fP-Glucose B-HbAlc (n=226) 0.359 <0.001 (n=14) 0.753 0.002
disease time >4 yn€10) |0.636 0.048
fP-Cholesterol fP-LDL -Cholesterol (n=295 0.873 <0.001 (n=23) 0.846 <0.001
fP-HDL-Cholesterol fP-Triglycerides (n=274) -0.371 <0.001 (n=22) -0.523 0.012
fP-LDL -Cholesterol  fP-Triglycerides (n=273 0.228 <0.001 (n=22) 0.626 0.002
fP-LDL -Cholesterol B-HbAlc (n=301) -0.021 0.716 (n=14) 0.548 0.043
disease time >4 yn€10) |0.751 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) -0.055 0.741 (n=9) -0.674 0.046

ap e a r careldien coefficient. Disease timgears from the latest GDivelated treatment at Kuopio University HospitAMI=body mass index, HDL=highensity
lipoprotein, LDL=lowdensity lipoprotein, BP=blood pressure.
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Supplementary Table 5. Statistically significant (p<0.05) differences between T2and GDM patients in
the primary data analysis.The mean values of albr within the first andhelatest time points separatelyere
used.The first time point included data during the first F2D GDM-related treatments (+6 months) at Kuopio
University Hospital. The latest tim@oint included data during the last d®nths, oiif not availablethe latest

data.

Variable Method p-value

Age_group MannWhitney U 3.26E53
Age MannWhitney U 1.22E51
Sex MannWhitney U 5.39E27
Medication Two sample {test 9.45E20
B-HbA1C_mean Two samplé-test 2.49E12
BP_systolic_mean Two sample-test 2.78E08
fP-Glucose_mean Two sample-test 1.43E07
P-Creatinine_mean Two sample-test 2.36E05
P-Glucose_mean Two sample-test 6.07E04
fP-LDL-C_mean Two sample-test 7.19E04
P-TSH_mean Two sample-test 2.67E03
fP-Triglycerides_mean Two sample-test 3.85E03
fP-HDL-C_mean Two sample-test 7.19E03
Weight_selfreported Two sample-test 8.76E03
P-CRP_mean Two sample-test 9.69E03
fP-Cholesterol_mean Two sample-test 1.68E02
fB-Leukocyte_mean Two sample-test 2.02E02
Education Two sample-test 2.03E02
fP-LDL-C_change_per_year | Two sample-test 3.05E02
Weight_mean Two sample-test 3.58E02
P-ALT change_per_year Two sample-test 4.28E02

Two sample test=Independent samples te s t or
blood/plasma, P=plasmbipAlc= glycated haemoglobiBP= blood pressure, LBIC=low-density lipoprotein
cholesterol, TSH=thyroigtimulating hormone, HDIC=high-density lipoprotein cholesteroGRP=Creactive

protein, ALT=alanine transaminase

We | ¢ h 6 s-test B=8lgod, &B/fP=fasdingi anc e s



