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Key features 

• SHARE, the “Survey of Health, Ageing and Retirement in Europe”, is the largest population-

based panel survey among people aged 50+ in 28 European countries and Israel. It investigates 

health, economic and social circumstances over the life-course to shed light on the challenges 

of population ageing. 

• Health is crucial to understand ageing. Gold-standard measures are based on blood. SHARE 

therefore collected dried blood spot samples (DBS) in 12 countries during Wave 6, strictly 

harmonised across countries while observing national and EU ethics regulations. Approximately 

27,200 respondents consented (67%). 

• SHARE-specific assays were employed to determine the blood concentrations of 21 biomarkers 

in DBS, validated and adjusted for the impact of sample collection in a non-medical environment. 

• Key results are: Analysis of HbA1c reveals that the prevalence of undiagnosed diabetes in the 

SHARE countries is 7.2%, representing 34% of all diabetes cases. Analysis of Cystatin C shows 

that population unawareness of chronic kidney disease is high (11%), particular in countries with 

decentralized health systems. Analysis of the neurodegenerative biomarker ApoE4-protein 

detects that 28.4% of the population carries at least one ApoE4 allele; this group is more likely 

to have cognitive impairment. Similarly, pTau217 is significantly correlated with cognitive 

decline. 

 
Keywords: 
Multinational population-based surveys, objective health measurement, dried blood spots 

(DBS), blood biomarkers, age-related health conditions 
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The original cohort 

The research infrastructure SHARE (Survey of Health, Ageing and Retirement in Europe) is the 

largest pan-European social science panel survey to study the health, social, economic, and 

environmental living conditions over the life-course of citizens in European and Israel. It provides 

internationally comparable longitudinal micro data both for scientists and policy makers. Mission and 

methodology have been described1. From 2004 until 2023, more than 615,000 in-depth interviews 

with 160,000 respondents aged 50 years or older from 28 European countries and Israel have been 

conducted in nine survey waves. SHARE has global impact since it not only covers all EU member 

countries in a strictly harmonised way but additionally is embedded in a network of sister studies all 

over the world, from the Americas to Eastern Asia. 

What is the reason for the new data collection? 

Health in SHARE has been measured by self-reports which may be unreliable due to lack of 

knowledge, memory problems by the respondents or other reasons. SHARE has also added 

functional health measures such as grip strength and walking speed. However, to assess the 

prevalence of illnesses that are common in old age, such as diabetes, cardiovascular diseases 

(CVD) or dementia, more reliable measures are needed. This is especially important in a cross-

national and longitudinal survey such as SHARE since self-reports and national differences in the 

survey environment my hamper the intertemporal, international and intercultural comparability. Gold 

standard objective health data relies on biomarkers measured in blood samples. Hence, SHARE 

decided to collect dried blood spot (DBS) samples in eleven European countries (Belgium, 

Switzerland, Germany, Denmark, Estonia, Spain, France, Greece, Italy, Sweden, Slovenia) and 

Israel during Wave 6 in 2015 and analysed the DBS for overall 21 blood biomarkers in three distinct 

sets between 2017 and 2025. The collection of blood-based health data is a major step to convert 

SHARE from a social to an epidemiological survey. 

What will be the new area of research? 

Measuring health is fundamental to understand ageing both on the individual and the population 

level. It is central for new research in public health as blood marker data complements the health 

information self-reported by the respondents and will shed light on population health, in particular 

the prevalence of illnesses common at older ages. It will enhance epidemiological research since 

individual biomarker values can signal the onset of a disease in its early stage still unknown to the 

respondent. It will also open new venues for social and economic research because the new health 

data will help to overcome biases in international comparisons such as differential item functioning 

of self-reported health2 and measures such as grip strength and peak expiratory flow, thereby more 
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precisely elucidating associations between socio-economic status and health of individuals as well 

as the effects of health care systems on population health. 

Who is in the cohort? 

Eligibility for DBS collection was restricted to panel households, i.e., all respondents in Wave 6 who 

had previously participated in any SHARE wave and their partners (independent of previous 

participation in SHARE), a total of 40,049 respondents. Of these, those who completed a DBS 

donation consent form were invited to participate. No blood was collected from respondents who 

were not able to consent themselves. The mean consent rate in the twelve countries was 67.2%, 

with Belgium, Switzerland, Denmark, Estonia, Sweden, and Slovenia reaching a consent rate over 

80%. Across the twelve SHARE countries, 26,358 DBS samples were of a volume sufficiently large 

for the laboratory analysis3. To account for potential selection bias in the DBS subsample, we 

computed DBS-specific weights (Supplement S1). 

What has been measured?  

We measured three sets of biomarkers in the blood material (Table 1). Set 1 includes conventional 

blood biomarkers, set 2 cytokines and apolipoproteins, and set 3 biomarkers of neuro-degeneration.  

-----Table 1 about here----- 

The measurement followed three steps: first the collection of dried blood at the home of the 

respondents and transport to the SHARE biobank, second the chemical analyses in two different 

laboratories, and third a statistical adjustment for survey conditions. Details of these three steps are 

provided in Börsch-Supan et al.4. 

Step 1: Ethical approval by the Institutional Review Boards and obtaining consent is documented in 

Schmidutz and Weiss5. During the interview capillary, non-fasting finger-prick blood was collected 

on DBS cards by trained interviewers and sent as quickly as possible by regular (air)mail to the 

SHARE Biobank (Department of Public Health, University of Southern Denmark) in Odense, 

Denmark, for freezer storage at -23°C until analyses and thereafter. The monitoring of data 

collection, a description of the division of the SHARE DBS into subsamples (punches) and the assay 

protocols of biomarker set 1 as well as the correction for fieldwork conditions, spot size, prolonged 

storage time, change of analysis instrument, and, lastly, blood-specimen type are described in 6,4,7. 

Step 2: Not all DBS samples could be assayed immediately due to funding limitations and lab 

closures during COVID pandemic. In 2018, one-third of set 1 was assayed at the Department of 

Laboratory Medicine and Pathology, University of Washington (UW), Seattle, USA, and all samples 

of set 2 were assayed at the State Serum Institute (SSI) in Copenhagen, Denmark. The analyses of 
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the remaining two-thirds of biomarker set 1 followed in 2020/21 at UW. Much later in 2025, set 3 was 

assayed at SSI.  

Step 3: During sample collection in a non-clinical setting, DBS are inevitably exposed to varying 

fieldwork conditions such as differences in outside temperature, humidity and shipping time 8,9,10.  

Sample quality may also be affected by abbreviated DBS drying times, missing humidity protection 

during shipment or collection of smaller than optimal blood volumes. Degradation of the biomarkers 

due to extended storage as well as changes of the analysing instruments in the interim between the 

earlier and later analyses of set 1 required adjustment of the biomarker levels 11,12. The subset of 

DBS samples analysed for neurodegenerative markers (set 3) in 2025 had an especially long storage 

time. Finally, since capillary blood eluted from DBS is different from venous blood, the biomarker 

values needed a blood-type adjustment to permit results obtained from analyses of DBS to be 

evaluated using metrics established for venous blood. This adjustment was based on laboratory 

simulation studies6 and was applied to the biomarkers in set 1 for which well-established standard 

values are available whereas sets 2 and 3 are unadjusted values (Supplement S2). 

Biomarker set 1 (Conventional blood biomarkers): Set 1 included blood biomarkers related to 

diseases common in older age and routinely measured at doctor visits, indicating blood levels of 

e.g., glycosylated haemoglobin (HbA1c) for diabetes, total haemoglobin (anaemia, frailty), blood 

lipids: triglycerides, total and HDL- cholesterol (cardiovascular disease), CRP (inflammation status), 

and cystatin C (kidney function). Asking SHARE respondents in the health module for diseases 

diagnosed by a doctor, we were able to monitor self-reporting or detect unknown conditions (e.g., 

diabetes or chronic kidney disease, CKD). The DBS subsamples were extracted and blood levels of 

these markers were determined at UW in 2017/18 and 2020/21. Assays were conducted according 

to published techniques, but adapted for the SHARE-specific analyses of multiple biomarkers using 

the eluent from only a subsample of one or two punches (Supplement S3). Reference values from 

venous blood samples are well established for each of these markers. The blood values of the 

biomarkers of set 1 were released to the SHARE users in 2024. 

Biomarker set 2 (Cytokines): Set 2 has been designed to better understand the complex relationship 

between biology, health behaviour and socioeconomic status in the ageing process. Among the 

underlying factors that cause ageing-related diseases, including cognitive decline and 

neurodegeneration, are inflammatory pathways, neoplastic growth or genetic risk factors. Cytokines 

(IL-8, IL-16, IL-18, IL12/23, MCP-1) are small blood-based proteins prominently involved in the 

inflammatory processes, arteriosclerosis, CVD, obesity, diabetes; growth factors (BDNF, VEGF-A, 

EGF) stimulate benign cell growth and differentiation as well as malignant growth of neoplasms; the 

apolipoproteins ApoE4 and Clusterin are involved in (mild) cognitive decline and 

dementia/Alzheimer’s Disease (AD). Moreover, the ApoE4 gene variant is the strongest known 

genetic risk factor for AD. These markers are not routinely analysed in a blood count, but in research 
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they offer the opportunity to investigate different inflammation processes or fine-tune the search for 

risk factors of CVD and cognitive decline. Using multiplex immunoassay analysis, multiple markers 

can be analysed from very small amounts of blood. Borbye-Lorenzen and Börsch-Supan13 describe 

the selection of the ten markers and the methods of analysis. The blood level values of these markers 

were established at SSI in 2018. Laboratory processing and validation are described in Supplement 

S4. Differently from the biomarkers of set 1, there are no standard values available. 

Biomarker set 3 (Neurodegenerative biomarkers): Set 3 complements the psychometric 

measurement of cognition that has been in SHARE since its first wave. It has been motivated by the 

rising number of cognitively impaired or demented individuals which imposes an increasing burden 

not only on the individuals and their families but also healthcare systems and economies. Based on 

research in recent years e.g., 14,15,16,17, we selected the neurodegenerative biomarkers GFAP, NfL, 

Tau(total), and pTau217 for further analysis of the remaining DBS from respondents in Germany, 

Denmark and Sweden. The laboratory analyses for these biomarkers was performed at SSI in 2025 

(Supplement S5). Börsch-Supan et al.18 examined the associations between GFAP, NfL and 

pTau217 and the cognitive performance in Wave 9 seven years later and found significant 

correlations. 

What has been found? 

Table 2 presents the main descriptive statistics of the 21 biomarkers. Not all SHARE respondent 

DBS samples have observations for all markers as for samples with limited blood volume, priority of 

analyses was given to the analysis of biomarkers of high-risk diseases and health conditions 

common at older ages, such as cardiovascular diseases, diabetes and chronic kidney disease 

(CKD). Biomarkers of set 3 were analysed of remaining DBS material in Denmark, Germany and 

Sweden. 

-----Table 2 about here----- 

We found substantial country differences and often a north-south gradient within Europe (Figure 1 

and Supplemental S6). This holds even after adjusting for field conditions, among them the 

temperature differences between north and south. THb, HDL and CHO are highest in Sweden and 

lower in all Mediterranean countries (Italy, Spain, Greece, and lowest in Israel). CYC follow that 

pattern with the exception of Italy. CRP is highest in Spain, Germany and Denmark, lowest in Greece. 

TRG is highest in France and Switzerland and lowest in Denmark and Estonia. HbA1c is highest in 

Greece and lowest in Denmark with a remarkable North-South gradient across the twelve SHARE 

countries. The ApoE4 protein also exhibits a strong north-south gradient. 

-----Figure 1 about here----- 

We found that a large share of respondents was unaware that they had typical age-related illnesses. 

HbA1c blood levels measured from the SHARE DBS collection revealed that 7.2% of all respondents 
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have an HbA1c value larger than 6.5% but do not report that a doctor ever diagnosed diabetes. This 

represents 34% of all diabetes cases19 and disconcerting, since long-term healthcare costs for 

diabetes are very high and can be prevented with early detection and lifestyle changes. 

Similarly, we found substantial unawareness of chronic kidney disease (CKD). 11% of the 

respondents did not report a diagnosis of CKD, although it was indicated by their Cystatin C level. 

One might expect that individuals with hypertension, diabetes or a large number of comorbidities 

would more frequently report a diagnosis. This is not the case. Even in case of four or more 

comorbidities the likelihood of reporting a CKD diagnosis was only ca. 27%20.  

Borbye-Lorenzen et al.21 employed a genetic analysis to match the ApoE4 protein level with carrying 

at least one ApoE4 allele. Based on this, Deza-Lougovski et al.22 found that ApoE4 carriers are 

significantly more likely to have cognitive impairment. 

For the neurodegenerative markers collected 2015, Börsch-Supan et al.18 found evidence for 

associations between pTau217, GFAP and NfL and cognitive performance in SHARE Wave 9 seven 

years later. pTau217 has the strongest significance and with few exceptions also the strongest effect 

size. 

What are the main strengths and weaknesses? 

The main strength of the data is its objectivity which overcomes the self-reporting biases often 

inherent in subjective health data and self-reported doctor diagnoses. Collection and analyses of 

DBS were harmonised and enabled international comparability of blood biomarker data. Validation 

experiments were performed to correct for the impact of field conditions (present in non-clinical 

environment) on the collected blood biomarker levels. We could demonstrate that ApoE4 protein is 

easy to collect in a population survey and can be used in lieu of the genetic data. It is an important 

biomarker when researching cognitive decline in larger populations. In this context and despite long 

storage time, the remaining blood material from three countries allowed the assessment of 

neurodegenerative blood markers. The results encourage larger-scale collection of these markers 

to use their predictive power of cognitive decline to implement lifestyle changes as early as possible 

for possible postponement of dementia. 

The main weakness is the limitation to only twelve of the 28 countries in SHARE, respectively three 

countries for the neurodegenerative markers. Missing baseline levels and standard blood values for 

the biomarkers of sets 2 and 3 allow only in-sample comparisons. Another weakness is the sensitivity 

to survey conditions such as temperature, humidity, drying and shipping time, and spot size. This 

requires elaborate validation methods (biomarker set 1) and post-collection statistical adjustments 

(sets 2 and 3). The long storage times may have had adverse effects on the biomarker levels 

especially for sets 2 and 3. 
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Can I get hold of the data? Where can I find out more? 

The biomarker data is available as a special module of the SHARE data. Access to the SHARE data 

is provided free of charge to all scientists globally. Details on how to register as a SHARE user are 

available at www.share-eric.eu. The SHARE team provides user support under https://share-

eric.eu/data/faqs-support. 

  



9 
 

Author contributions: 
MBS oversaw the biomarker project. ABS coordinated SHARE and was responsible for funding. LW 

and MBS designed and organised the data collection processes. DS took care of ethics and data 

protection issues. ABS and LW designed the validation experiment to adjust for survey conditions 

for biomarker set 1. KAR coordinated the SHARE biobank. JC, EK, TMK, AP, and MW executed the 

laboratory analyses of marker set 1 at UW in Seattle, USA. NBL and KS organized and executed 

punching for all markers and laboratory analyses for marker sets 2 and 3 at SSI in Copenhagen. RG 

developed the spot size correction. AS created the DBS specific weights. ABS, AR, YDL, SH, HMH, 

and LW performed the regression analyses for our findings. All authors participated in drafting and 

critically reviewing the manuscript. 

Funding: 
The EU-Commission’s contribution to SHARE through the 7th framework program (SHARE-M4, No. 

261982) and the H2020 (SHAREDEV3, No. 676536) is gratefully acknowledged. Substantial co-

funding for the collection of the biomarkers was granted by the US National Institute on Aging (U01 

AG09740-13S2, P01 AG005842, P01 AG08291, P30 AG12815, R21 AG025169, Y1-AG-4553-01, 

IAG BSR06-11, OGHA 04-064, BSR12-04 and R01 AG052527-02). The laboratory and statistical 

analysis have been supported by the US National Institute on Aging grant R01 AG063944. 

Acknowledgements: 
We thank SHARE Central, the country teams and the survey agencies of the SHARE countries that 

participated in the DBS collection. Our appreciation goes especially to the interviewers, who 

convinced the respondents to donate their blood. 

Ethics approval: 
The data collection in the Survey of Health, Ageing, and Retirement in Europe (SHARE) procedures 

are subject to continuous ethics review. SHARE-ERIC’s activities related to human subjects’ 

research are guided by international research ethics principles such as the Respect Code of Practice 

for Socio-Economic Research (professional and ethical guidelines for the conduct of socio-economic 

research) and the ‘Declaration of Helsinki’25. The collection of blood samples during Wave 6 in 2015 

was approved by the national ethics committee of all participating countries and the ethics committee 

of the Max Planck Society. Obtaining informed written consent from the respondent was obligatory 

in all participating countries and this consent could be revoked at any time even after blood collection. 

The necessary procedures are documented in 4,5,23,24. 

Conflicts of interest: 
The authors declare no competing interests. The authors and their institutions did not receive any 

payments or services in the past 36 months from a third party that could be perceived to influence, 

or give the appearance of potentially influencing, the work presented in this paper. 



10 
 

Data availability: 
Access to SHARE data is granted to registered users via the SHARE Research Data Center 

(http://www.share-project.org/data-access.html). The available datasets include biomarker set 1 

variables and detailed information on survey conditions. Biomarker sets 2 and 3 will be made 

available in a forthcoming release. 

  



11 
 

References  
1. Börsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, Schaan B, Stuck S, 

Zuber S. Data resource profile: The Survey of Health, Ageing and Retirement in Europe 
(SHARE). International Journal of Epidemiology. 2013; 42(4):992-1001. 

2. Holland PW, Wainer H. Differential item functioning. 1993; Hillsdale, NJ, Erlbaum. 

3. Friedel S, Weiss L. Collecting dried blood spots (DBS) during the sixth wave of SHARE. In F. 
Malter & A. Börsch-Supan (Eds.), SHARE Wave 6: Panel innovations and collecting Dried 
Blood Spots. Munich: Munich Center for the Economics of Aging. 2017. 

4. Börsch-Supan M, Andersen-Ranberg K, Borbye-Lorenzen N, Cofferen J, Groh R, Horton HM, 
Kerschner E, Kha TM, Potter AJ, Schmidutz D, Skogstrand K, Sun A, Weiss LM, Wener MH, 
Börsch-Supan A. Biomarkers in SHARE: Documentation of implementation, collection, and 
analysis of dried blood spot (DBS) samples 2015 – 2023. National Bureau of Economic 
Research (No. w32764). 2024. https://www.nber.org/papers/w32764 

5. Schmidutz D, Weiss L. Preparing the Inclusion of Dried Blood Spots in SHARE - legal, ethical 
and organisational aspects. In F. Malter & A. Börsch-Supan (Eds.), SHARE Wave 6: Panel 
innovations and collecting Dried Blood Spots. Munich: Munich Center for the Economics of 
Aging. 2017 

6. Börsch-Supan A, Weiss LM, Börsch-Supan M, Potter A, Cofferen J Kerschner, E. Dried Blood 
Spot Collection, sample quality and fieldwork conditions: Structural validations for conversion 
into standard values. AJHB; 2021; https://doi.org/10.1002/ajhb.23517 

7. Groh R, Weiss LM, Börsch-Supan M, Börsch-Supan A. Effects of Spot Size on Biomarker 
Levels of Field-Collected Dried Blood Spots – A new Algorithm for Exact DBS Size 
Measurement. AJHB; 2022https://doi.org/10.1002/ajhb.23777 

8. Hannon WH, Therrell BL. Overview of the history and applications of dried blood spot 
samples. In: W. Li & M. S. Lee (Eds.), Dried blood spots: Applications and techniques (pp. 1–
5). Wiley. 2014. 

9. Parsons PJ, Galusha AL, Cui Y, Faustman EM, Falman JC, Meeker JD, Kannan K. A critical 
review of the analysis of dried blood spots for characterizing human exposure to inorganic 
targets using methods based on analytical atomic spectrometry. Journal of Analytical. Atomic 
Spectrometry. 2020; 35:2092–2112. https://doi.org/10.1039/d0ja00159g. 

10. Crimmins EM, Zhang YS, Kim JK, Frochen S, Kang H, Shim H, Ailshire J, Potter A, Cofferen J, 
Faul J. Dried blood spots: Effects of less than optimal collection, shipping time, heat, and 
humidity. American Journal of Human Biology. (2020). e23390.  

11. Kim JK, Faul J, Weir DR, Crimmins E. Dried blood spot based biomarkers in the Health and 
Retirement Study: 2006 to 2016. AJHB. 2023; https://doi.org/10.1002/ajhb.23997 

12. Skogstrand K, Thorsen P,Nørgaard-Pedersen B, Schendel DE, Sørensen LC,  Hougaard DM. 
Simultaneous Measurement of 25 Inflammatory Markers and Neurotrophins in Neonatal Dried 
Blood Spots by Immunoassay with xMAP Technology. Clinical Chemistry 2008;51(10):1854–
1866. 

13. Borbye-Lorenzen N. Börsch-Supan M. Identification of cytokine and lipoprotein markers for 
analyses in SHARE Wave 6 dried blood spots. In: Health and Socio-Economic status over the 
life course - First results from SHARE Waves 6 and 7. Axel Börsch-Supan et al. (eds.). 2019; 
De Gruyter, Berlin/Boston. 

https://doi.org/10.1002/ajhb.23997


12 
 

14. Huber H,  Blennow K, Zetterberg H, Boada, M, Jeromin A, Weninger H, Nuñez-Llaves R, 
Aguilera, N, ….. et al. Biomarkers of Alzheimer's disease and neurodegeneration in dried 
blood spots—A new collection method for remote settings, Alzheimer’s & Dementia, 2024; 
https://doi.org/10.1002/alz.13697. 

15. Wang X, Shi Z, Qiu Y, Sun D, Zhou H. Peripheral GFAP and NfL as early biomarkers for 
dementia: longitudinal insights from the UK Biobank. BMC Medicine. 2024;22:192. 
https://doi.org/10.1186/s12916-024-03418-8. 

16. Salvadó G, Janelidze J, Bali D, Orduna Dolada A, Therriault J, Wagner S, Binette AP, 
Stornrud E, Mattsson-Carlgren N ..… et al. Plasma Phosphorylated Tau 217 to Identify 
Preclinical Alzheimer Disease. JAMA Neurol. 2025;82(11):1122-1134. 
https://doi.org/10.1001/jamaneurol.2025.3217 

17. Kalanko MA, Huber H, David MCB, Montoliu-Gaya L, Simrén J, Blennow K, Zetterberg H, 
Nilforooshan R, …..et al. Quantification of neurofilament light and glial fibrillary protein in 
finger-prick blood. Brain Communications. 2024. https://doi.org/10.1093(braincomms/fcae151 

18. Börsch-Supan A, Borbye-Lorenzen N, Deza-Lougovski Y, Douhou S, Kneip T, Otero MC, 
Pettinicchi Y, Börsch-Supan M. DBS-based Biomarkers of Neurodegeneration predict 
Cognitive Decline and Dementia Seven Years Ahead in a Large Population-Based Sample. 
MEA-Discussion Paper 08-2025 

19. Sun A and Börsch-Supan M. Undiagnosed diabetes mellitus among older adults: a 
harmonized cross-country analysis of prevalence, regional disparities and risk factors in 11 
European countries and Israel. BMC Public Health. 2025;25:(2705). 
https://doi.org/10.1186/s12889-025-23766-1 

20. Horton H and Börsch-Supan, High unawareness of kidney dysfunction in European older 
adults and the importance of early detection through comorbidities. PLOS ONE 2025;20(10): 
e0333578. https://doi.org/10.1371/journal.pone.0333578 

21. Borbye-Lorenzen N, Deza-Lougovski Y, Holmgaard S, Weiss LM, Bækvad-Hansen M, 
Skogstrand K, Rieckmann A, Börsch-Supan A, Börsch-Supan M. Assessment of circulating 
ApoE4 levels from dried blood spots samples in a large survey setting.  Alzheimer’s&Dementia 
- Diagnosis, Assessment & Disease Monitoring. 2024; https://doi.org/10.1002/dad2.12555 

22. Deza-Lougovski Y, Weiss LM, Horton HM, Sun A, Borbye-Lorenzen N, Skogstrand K, 
Holmgaard S, Andersen-Ranberg K, Lundmark VP, Börsch-Supan A, Börsch-Supan, M, 
Rieckmann, A. Circulating apoE4 protein levels from dried blood spots predict likelihood of 
cognitive impairment. Alzheimer’s&Dementia. 2024; https://doi.org/10.1002/alz.14224 

23. Schmidutz D, Ryan L, Müller Gjesdal A, De Smedt K. Report about New IPR Challenges: 
Identifying Ethics and Legal Challenges of SSH Research. Deliverable D6.1 of the DASISH 
project funded under the European Union’s Seventh Framework Programme GA No: 283646. 
2013. 

24. Schmidutz D. Synopsis of Policy-Rules for Collecting Biomarkers in Social Surveys – Field 
Report on the Collection of Dried Blood Spot Samples in SHARE. Deliverable D6.10 of the 
SERISS project funded under the European Union’s Horizon 2020 Research and Innovation 
Programme GA No: 654221. 2016. 

25. World Medical Association. World medical association declaration of Helsinki: ethical 
principles for medical research involving human subjects. JAMA. 2013;310(20):2191–2194. 
https://doi.org/10.1001/jama.2013.281053   

https://alz-journals.onlinelibrary.wiley.com/authored-by/Blennow/Kaj
https://alz-journals.onlinelibrary.wiley.com/authored-by/Zetterberg/Henrik
https://alz-journals.onlinelibrary.wiley.com/authored-by/Jeromin/Andreas
https://alz-journals.onlinelibrary.wiley.com/authored-by/Weninger/Haley
https://alz-journals.onlinelibrary.wiley.com/authored-by/Nu%C3%B1ez%E2%80%90Llaves/Raul
https://alz-journals.onlinelibrary.wiley.com/authored-by/Aguilera/N%C3%BAria


13 
 

Tables and Figures 
 

 

Table 1. Biomarkers and their main involvement in diseases and age-related 
conditions 

Blood biomarkers  Related to 

 

Biomarker set 1: HbA1c, three blood lipids, total hemoglobin, CRP, and Cystatin C 

Glycosylated 
haemoglobin (HbA1c or 
A1c)  

Type 1 and Type 2 Diabetes mellitus and risk predictor for diabetes-related 
complications 

Total haemoglobin 
(THB) 

Anaemia, frailty, chronic inflammation, chronic kidney disease (CKD), and 
certain cancers 

HDL-cholesterol (HDL) 

Total cholesterol 
(CHO) 

Triglycerides (TRG) 

Lipid metabolism; in case of dyslipidaemia risk of (various) cardiovascular 
diseases (CVD) 

C-reactive protein 
(CRP) 

General chronic and acute inflammation, marker involved in CVD, diabetes, 
CKD, obesity, and cognitive decline 

Cystatin C (CYC) Chronic kidney disease (CKD), glomerular filtration rate (GFR), risk predictor 
for CVD, inflammation and mortality independently of CKD 

 

Biomarker set 2: Five pro-inflammatory cytokines, three growth factors and two 
apolipoproteins 

Interleukin 8 (IL–8) Overall inflammatory response, lung disease, CVD, COVID 19, and cancer 

Interleukin 16 (IL–16) Multiple sclerosis, depression, respiratory diseases,  cancer, neuro-
inflammation 

Interleukin 18 (IL–18) Age-related functional impairment; chronic inflammation and immune 
conditions, cancer diabetes and stroke 

Interleukin 12/23 (IL-12) Autoimmune conditions, rheumatoid arthritis, allergies, cancer 
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Monocyte chemo-
attractant protein 
(MCP-1) 

CVD, CKD, diabetes and neurological disorders, rheumatoid arthritis, CVD, 
diabetes 

Brain-derived 
neurotrophic factor 
(BDNF) 

Neuronal growth, neuro-degeneration; depression, physical activity 

Vascular epithelial 
growth factor (VEGF-A) 

Normal and pathological angiogenesis, cancer, diabetes, stroke, rheumatoid 
arthritis 

Epidermal growth 
factor (EGF) Cancer, asthma, ulcers, gastric diseases 

Apolipoprotein J 
(APOJ / Clusterin) 

Alzheimer’s Disease (AD), CKD, cancer, liver disease, heart disease; 
atherosclerosis and apoptosis 

Apolipoprotein E4 
(ApoE4) 

Lipid transport in the brain and periphery, CVD, strongest-known genetic risk 
factor for AD;  

 

Biomarker set 3: Neurodegenerative biomarkers 

Tau(total) General neuronal damage and degeneration 

Neurofilament light 
chain (NfL) Neuro-axonal damage and neurodegeneration 

Glial fibrillary acidic 
protein (GFAP) Astrocyte activation (astrogliosis) and neuroinflammation 

Phosphorylated tau at 
threonine 217 
(pTau217) 

AD pathology, high discriminatory precision from other neurodegenerative 
diseases 
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Table 2. Descriptive statistics of biomarkers 

 

 

  

Marker Unit Obs. Mean Median Std. Dev Min Max

Glycosylated hemoglobin (HbA1c) % 19,788 6.0 6.0 0.6 3.9 16.5

Total hemoglobin (THB) g/dL 14,902 14.8 14.7 1.3 9.8 22.0

HDL-cholesterol (HDL) mg/dL 14,902 68.5 67.9 9.2 37.9 121.9

Total cholesterol (CHO) mg/dL 23,061 223.0 223.1 24.9 118.3 337.7

Triglycerides (TRG) mg/dL 22,989 223.0 196.7 127.6 9.8 3,386

C-reactive protein (CRP) mg/L 22,728 3.5 2.1 6.6 0.1 139.4

Cystatin C (CYC) mg/L 23,061 1.0 1.0 0.1 0.5 2.5

Interleukin 8 (IL-8) pg/mL 15,512 3.0 2.5 7.2 0.4 515.4

Interleukin 16 (IL-16) pg/mL 15,435 327.2 315.1 111.0 34.8 2,651

Interleukin 18 (IL-18) pg/mL 15,515 110.3 103.9 41.6 7.1 726.6

Interleukin 12/23 (IL-12) pg/mL 15,384 12.2 9.6 8.9 0.5 139.5

Monocyte chemo-attractant 
protein (MCP-1) pg/mL 15,515 46.2 44.5 14.9 7.7 565.9

Brain-derived neurotrophic factor 
(BDNF) pg/mL 15,214 40.9 38.2 18.0 12.2 286.7

Vascular epithelial growth factor 
(VEGF-A) pg/mL 15,514 14.1 13.3 5.0 3.2 83.3

Epidermal growth factor (EGF) pg/mL 15,231 3.2 2.9 1.7 0.1 24.5
Apolipoproteine J (APOJ / 
Clusterin) pg/mL 15,514 1,777,746 1,686,167 526,262 32,572 8,265,784

Apolipoprotein E4 (ApoE4) pg/mL 13,108 62,820 7,201 105,720 3,672 1,191,646

Total tau fg/mL 3,103 10,750 10,070 4,437 2,252 54,959

Neurofilament light chain (NfL) fg/mL 2,488 3,698 2,649 3,891 150 61,379

Glial fibrillary acidic protein 
(GFAP) fg/mL 3,054 1,310 1,079 1,112 85 33,315

Phosphorylated tau at threonine 
217 (pTau217) fg/mL 2,921 2,169 1,810 2,126 94 50,299

Set 1: Seven routine blood biomarkers

Set 2: Five pro-inflammatory cytokines, three growth factors and two apolipoproteins 

Set 3: Neurodegenerative biomarkers
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Figure 1. Variation of selected biomarkers by country 
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Supplements 
 

 

Supplement S1: Construction of weights 

The lack of eligibility and consent, plus the failure to produce blood spots that are sufficiently large 

to be analyzed for at least one biomarker may lead to sample selectivity, i.e., the risk of bias due to 

systematic differences between eligible and non-eligible respondents, consenters and non-

consenters, and analyzed and non-analyzed DBS samples (Figure S1). To account for this selection, 

we computed DBS weights, which analysts should use when they analyze the DBS data. The DBS 

weights are the product of calibrated cross-sectional individual weights from the main SHARE survey 

Wave 6 (cciw_w6) and a correction factor for the lack of eligibility, consent or analyzability. 

Figure S1: Eligibility, consent and analyzability 

 
 

For this correction factor, we use an inverse probability weighting method. We estimate a logistic 

model to predict the probability of having at least one biomarker value among all SHARE W6 

participants in these 12 countries who completed interviews. The predictor variables for this model 

are demographic characteristics (gender, age, education) and country fixed effects, specified as 

dummy variables with K categories. Moreover, we included the interaction between education and 
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gender. The dependent variable DBSij indicates that individual i in country j has at least one 

biomarker value. 

Pr�𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 � =  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 � 𝛽𝛽0 + 𝛽𝛽1𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖 + � 𝛽𝛽2𝑘𝑘𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝑘𝑘=1..3

+ � ( 𝛽𝛽3𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖
𝑘𝑘=1..2

+ 𝛽𝛽4𝑘𝑘𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖 × 𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖   )

+ � 𝛽𝛽5𝑘𝑘𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗𝑗𝑗
𝑘𝑘=1..11

� 

The regression was weighted with the baseline calibrated cross-sectional individual weights cciw_w6 

to match the population distribution of the predictors. Gender and education did not significantly 

affect DBS participation. Compared with respondents aged 50-59, respondents aged 60-79 are more 

likely to provide a DBS sample. Compared with Germany, people in Denmark and Switzerland are 

more willing to provide blood samples and also for samples to meet the analysis criteria. All other 

countries have a lower probability to provide analyzable DBS when compared to Germany. The 

predicted invers probability from the logit regression was multiplied with the calibrated cross-

sectional individual weights cciw_w6 from SHARE Wave 6 to obtain the DBS weights:  

 𝑑𝑑𝑑𝑑𝑑𝑑_𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑖𝑖𝑖𝑖 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑤𝑤6𝑖𝑖𝑖𝑖  ×  
1

𝑃𝑃𝑃𝑃(𝐷𝐷𝐷𝐷𝐷𝐷𝚤𝚤𝚤𝚤)�  
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Supplement S2: Correction for field conditions and blood type 

Field conditions have impacted all markers and vary considerably (Table S1). In biomarker set 1, 

storage time, spot size, and fieldwork conditions impact in particular, CHO, CYC and HDL, but less 

so the other biomarkers. Blood-specimen type narrows the distribution since these influences are 

adjusted for, yet TRG remains almost unchanged (Figure S2). The means of CHO and HDL are 

shifted to lower biomarker values, while the reverse holds for CRP and THB. CYC is robust to 

fieldwork conditions and sample quality. HbA1c, had to be corrected for change of the analysis while 

the other conversion steps have negligible effects on the HbA1c biomarker value since HbA1c is a 

ratio measure.  

For the biomarkers of set 2, we observed that shipment time significantly impacts the levels of all 

biomarkers; we consider the field conditions as covariates. Drying time has a significant effect on 

the levels of BDNF, Clusterin, EGF, and IL-16. Outside temperature significantly affects the levels of 

IL–16 and MCP-1 and only Clusterin is affected by humidity protection (closed bag). Finally, spot 

size has a significant effect on all biomarkers except IL–18. Our prior work20 we showed that 

temperature and blood spot size have a significant impact on apoE4 protein measures. Therefore, 

these variables were considered as covariates in the models that analyzed predictors of apoE4 

levels.  

For the neurodegenerative biomarkers (set 3) we find that pTau217 and NfL are robust to survey 

conditions, while GFAP was sensitive to ambient temperature, drying time and whether the shipping 

bag was open or closed. Therefore, we correct for these survey conditions in the statistical analysis 

(Börsch-Supan et al.18). Kalanko et al. and Huber et al.15,16 report similar field impact on these 

markers. 

 

Table S1. Fieldwork conditions  
 

 

 

 

 

 

 

 

 

 
  

Field condition Range / N Mean (Standard deviation) 

Shipment time (days) 0 - 30 5.37 (4.36) 

Drying time (minutes) 1 - 83 22.44 (14.14) 

Outside temperature (°C) 0 - 35 14.14 (8.03) 

Mean spot size (cm2) 0.09 – 2.08 0.70 (0.40) 

Open/close bag (Y/N = 1/0) 1439 / 14134  
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Figure S2: Distribution of raw and final biomarker data for marker set 1 
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Supplement S3: Description of SHARE dried blood spot (DBS) Assays performed at 
the University of Washington Department of Laboratory Medicine and Pathology 
(Seattle, WA; UWLMP)4 

Methodology 

Gold-standard assays were performed on liquid (i.e., serum, plasma, and/or whole blood) specimens 

to establish the target concentrations of analytes in calibrators, quality control (QC) specimens, and 

assay validation specimens. Total cholesterol (CHO), triglycerides (TRG), HDL cholesterol (HDL), and 

C-reactive protein (CRP) concentrations were measured by an AU680 Chemistry Analyzer (Beckman 

Coulter, Miami, FL, USA).  

Total hemoglobin (THB) concentration was measured by a Sysmex XE-5000 hematology analyzer 

(Sysmex, Mundelein, IL). Glycosylated hemoglobin A1c (HbA1c) percentage was measured by a 

Variant II and/or D100 ion-exchange high-performance liquid chromatography system (HPLC; Bio-

Rad Laboratories, Hercules, CA), and, for confirmation of HbA1c values, by an immunoturbidimetric 

method run on a UniCell DxC 600 Chemistry Analyzer (Beckman Coulter). Cystatin C (CYC) 

concentration was measured by a sandwich enzyme-linked immunosorbent assay (ELISA; BioVendor, 

Candler, NC, USA).  

The DBS assays for CHO, TRG, and HDL were modified versions of the gold standard enzymatic 

methods. In brief, a filter paper disc(s) punched from a DBS card was eluted with a buffer solution to 

elute (re-liquefy) the dried blood. An aliquot of DBS eluate was incubated with an assay-specific 

enzyme to produce hydrogen peroxide, which then reacted with horseradish peroxidase (HRP) and a 

fluorogen to produce a fluorescent fluorophore. The fluorescent intensity of the solution, proportional 

to the concentration of analyte in the specimen, was measured by a spectrophotometer (BioTek, 

Winooski, VT).  

The DBS assays for C-reactive protein (CRP) and cystatin C (CYC) were modified versions of well-

established sandwich ELISA methods. For those two assays, in brief, an aliquot of DBS eluate was 

incubated in a reaction plate coated with an antibody specific to the biomarker of interest. The plate 

was then washed, a detector antibody coupled to HRP was added, excess HRP was washed away, 

chromogenic substrate was added, and light absorbance proportional to the amount of analyte in the 

specimen was measured by a spectrophotometer (BioTek). HbA1c was measured in DBS eluates by 

HPLC and/or by immunoturbidimetry. THB concentration was determined by incubating an aliquot of 

DBS eluate with 12.5% Triton X-100/0.1% sodium hydroxide (NaOH), and absorbance was then 

measured by a spectrophotometer (BioTek). Assay-specific details are given below.  

Calibrators and Quality Control (QC)  

Liquid plasma assay calibrators were constructed from high concentration pooled human plasma 

(UWLMP) serially diluted with 7% bovine serum albumin in phosphate buffered saline (BSA/PBS; 74 

Sigma Aldrich, St. Louis, MO) to the desired final analyte concentrations. 50µL aliquots of each 
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calibrator were pipetted onto CF12 filter paper (Whatman, Piscataway, NJ), dried for four hours at 

room temperature (RT), sealed in Ziploc bags with desiccant packs, and stored at -80°C to create 

dried plasma assay calibrators. Two DBS QC samples (i.e., sample controls) were constructed to 

have assay-specific clinically-relevant high and low analyte concentrations by mixing pools of human 

plasma and washed red blood cells in equal volumes (i.e., 50% hematocrit), pipetted in 75µL aliquots 

onto CF12 filter paper, dried for four hours at RT, sealed in Ziploc bags with desiccant packs, and 

stored at -80°C. Prior to spotting, the analyte concentrations of the liquid calibrators and QC samples 

were determined by analysis using the gold-standard methods described above.  

Assay Details:  

To accommodate the limited material available from SHARE DBS, the samples were analyzed using 

modified versions of UWLMP standard DBS assays. HDL, THB, and HbA1c were measured in shared 

eluent obtained from two 3.2mm diameter discs punched from a DBS (during analyses, these jointly 

extracted markers were called A-markers). CHO, TRG, CRP, and CYC were measured in shared 

eluent obtained from a single 3.2mm disc punched from a DBS (during analyses called B-markers). 

For SHARE DBS with very limited material, HbA1c alone was measured in eluent obtained from a 

single 3.2mm disc punched from a DBS (Am1punch).  

A-markers: Two 3.2mm discs were eluted by shaking for one hour at RT in 400µL double-distilled 

water (ddH2O). A 200µL aliquot of the eluate was transferred to a pierceable microvial followed by 

addition of 550µL ddH2O to a final volume of 750µL, and HbA1c then measured by HPLC using the 

proprietary software provided with the instrument (Bio-Rad). To 200µL of the remaining initial eluate, 

200µL ddH2O was added to a final volume of 400µL. 40µL of that solution was incubated with 75µL 

Reagent 1 (Beckman Coulter) for 30 minutes at 37°C. 50µL of Reagent 2 (Beckman Coulter), diluted 

1:1 with ddH2O and containing 0.01% 10-acetyl-3,7-dihydroxyphenoxazine (ADHP; Cayman 

Chemical, Ann Arbor, MI), was then added. After 30 minutes incubation at 37°C, the fluorescence 

emission of the solution was measured at 590nm using 540nm excitation by a Synergy HT 

spectrophotometer (BioTek). Gen5 software (BioTek) was used to construct a standard curve by 

plotting the fluorescence values of the standards against the known HDL concentrations. Using the 

standard curve, the fluorescence values of the DBS were interpolated to determine HDL 

concentrations of the samples. THB was measured by incubating 50µL of the above 400µL DBS 

eluate solution with 100µL 12.5% Triton X-100/0.1% NaOH (Sigma Aldrich) for 15 minutes at RT and 

reading absorbance at 405nm using a spectrophotometer (BioTek). A standard curve was constructed 

by plotting the absorbance values of the standards against the known THB concentrations. Using the 

standard 75 curve, the absorbance values of the DBS were interpolated to determine THB 

concentrations of the samples. To measure HbA1c immunoturbidimetrically, a single 3.2 mm punch 

was eluted in 300 µL Hemolyzing Reagent (Beckman Coulter, Inc.) by shaking at 1000 rpm for 1 hour 

at room temperature. An aliquot of 200 µL was transferred to a 0.3 mL sample cup and loaded onto 
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the DxC 600 (Beckman Coulter) and assayed using the HbA1c- reagent kit (Beckman Coulter A87905) 

without modification beyond the DBS sample type.  

B markers: One 3.2mm diameter disc was eluted by shaking for one hour at RT in 400µL PBS/0.1% 

Triton X 100/0.01% Tween-20. Total cholesterol reagent (Synermed) was prepared following 

manufacturer directions and 0.01% ADHP was then added. CHO was measured by combining 20µL 

DBS eluate and 100µL reagent, incubated for 30 minutes at 37°C, and fluorescence read on a 

spectrophotometer as given above for HDL. Triglycerides reagent (Beckman Coulter) was prepared 

by mixing the contents of cartridge A and C and bringing the pH to 7.4. Just prior to assaying, 5% v/v 

cartridge B and 0.01% ADHP was added to the A/C mixture. TRG was measured by combining 40µL 

sample with 100µL reagent, incubating for 30 minutes at 37°C, and fluorescence then read on a 

spectrophotometer as given above for HDL. ELISAs were used to measure CRP (BioCheck Inc., 

South San Francisco, CA) and CYC (BioVendor) by assaying 80µL and 100µL DBS eluate, 

respectively, with each assay performed following ELISA manufacturer directions. Am1punch (HbA1c 

only) One 3.2mm disc was eluted by shaking for one hour at RT in 400µL ddH2O. 350µL ddH2O was 

then added for a final volume of 750µL, and HbA1c measured by HPLC (Bio-Rad).  

Assay Performance 

A markers and HbA1c: The HDL within-assay imprecision (CV) was 7.4% and between-assay 

imprecision was 11.5%. The HDL concentrations of 50 DBS-paired serum and plasma samples 

assayed on the AU680 correlated with the HDL concentrations of capillary blood DBS and EDTA 

venous blood DBS (R2 = 0.77 and 0.72, respectively). The THB within-assay imprecision (CV) was 

5.2% and between-assay imprecision was 7.4%. The THB concentrations of 50 DBS-paired blood 

samples assayed by Sysmex correlated with the THB concentrations of capillary blood DBS and EDTA 

venous blood DBS (R^2 = 0.59 and 0.43, respectively). The HbA1c within-assay imprecision (CV) was 

1.3% and between-assay imprecision was 2.4%. The HbA1c values of 50 DBS-paired blood samples 

assayed 76 on the HPLC correlated with the HbA1c values of capillary blood DBS and EDTA venous 

blood DBS (R2 = 0.94 and 0.96, respectively). The HbA1c values of 36 DBS-paired blood samples 

correlated with the HbA1c values of capillary DBS and assayed on the DxC 600 (R2 = 0.95).  

B markers: The CHO within-assay imprecision (CV) was 6.2% and between-assay imprecision was 

8.9%. The CHO concentrations of 50 DBS-paired serum and plasma samples assayed on the AU680 

correlated with the CHO concentrations of capillary blood DBS and EDTA venous blood DBS (R2 = 

0.73 and 0.73, respectively). The TRG within-assay imprecision (CV) was 5.3% and between-assay 

imprecision was 13.7%. The TRG concentrations of 49 DBS-paired serum and plasma samples 

assayed by the AU680 correlated with the TRG concentrations of capillary blood DBS and EDTA 

venous blood DBS (R2 = 0.94 and 0.89, respectively). The CRP within-assay imprecision (CV) was 

4.2% and between-assay imprecision was 11.9%. The CRP concentrations of 50 DBS-paired blood 

samples assayed on the AU680 correlated with the CRP concentrations of capillary blood DBS and 
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EDTA venous blood DBS (R2 = 0.99 and 0.99, respectively). The CYC within-assay imprecision (CV) 

was 3.7% and between-assay imprecision was 7.0%. The CYC concentrations of 30 DBS-paired 

serum and plasma samples assayed by ELISA correlated with the CYC concentrations of capillary 

blood DBS and EDTA venous blood DBS (R2 = 0.82 and 0.75, respectively). 
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Supplement S4: Description of the SHARE multiplex assay at SSI 

Sample analysis 

Two 3.2 mm disks from dried blood spot samples (DBSS) were punched into each well of Nunc 96-

well polystyrene microwell plates (#277143, Thermo Fisher Scientific) and stored wrapped in 

parafilm at -20 C until analyses. On the day of analyses 130 µL extraction buffer (PBS containing 

complete protease inhibitor cocktail (#11836145001, Roche Diagnostics)) was added to each well, 

and the samples were incubated for 1 hr. at room temperature (RT) on a microwell shaker set at 900 

rpm. Extracts were analysed with a multiplex immunoassay using preprinted Meso-Scale plates 

(Meso-Scale Diagnostics (MSD), Maryland, US) coated with antibodies specific for ApoE4, BDNF, 

Clusterin (APOJ), EGF, IL-8, IL-12, IL-16, IL-18, MCP-1, and VEGF-A.  

The ApoE4 assay was based on an ApoE4-specific antibody for capture (#M067-3, MBL 

International, Woburn, MA, USA) and an ApoE-pan-specific antibody (MSD) for detection using 

recombinant Human ApoE4 (#JM-4699, MBL International) as calibrator. The preprinted MSD plates 

were incubated at RT with blocker A (#R93BA) for 30 min, washed, and extracts were mixed 7:1 with 

6x custom diluent (based on diluent 43, #R50AG, MSD) on the MSD plate. In addition, to artificially 

lower the signal of Clusterin, we added unlabeled Clusterin capture antibody (MSD) at a final 

concentration of 1 ug/mL. Calibrators were diluted in diluent 7 (#R54BB), detection antibodies were 

diluted in diluent 3 (#R50AP, MSD).  

Controls were made in-house from part of the calibrator solution in one batch, aliquoted in portions 

for each plate, and stored at -20°C until use. Extracts were incubated on the MSD plate for 2 hrs. at 

RT before washing and adding detection antibody following additional 2 hrs. incubation at RT. The 

samples were read on the QuickPlex SQ 120 (MSD) 4 min after adding 2x Read Buffer T (#R92TC, 

MSD). Analyte concentrations were calculated from the calibrator curves on each plate using 4PL 

logistic regression using the MSD Workbench software.  

 

Analytical characterization 

Intra-assay variations were based on 24 replicate measurements of an internal control. Inter-assay 

variations were calculated from controls analysed in duplicate on each plate during the sample 

analysis, 212 plates in total. The lower limit of detections was calculated as 2.5 standard deviations 

above the average of repeated measurements of the zero calibrator. The higher detection limit was 

defined as the highest calibrator concentration. Detection limits and assay variation are outlined in 

Table S2: 
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Table S2: Detection limits and assay variation 
 Detection limit (pg/mL) Coefficient of variation (CV%) 

 Lower Upper Intra-assay variation Inter-assay variation 

ApoE4 3672 6,250,000 6.96 17.9 

BDNF 12.19 12,500 14.6 10.7 

Clusterin (APOJ) 4286 16,000,000 3.81 15.4 

EGF 0.098 125 5.64 10.0 

IL-16 30.97 2880 7.38 12.5 

IL-18 1.072 2500 3.96 8.79 

IL-8 0.309 577 3.56 7.43 

IL-12 0.477 865 4.31 8.91 

MCP-1 0.573 577 5.05 7.05 

VEGF-A 0.353 1210 3.95 7.41 
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Supplement S5: Description of the SHARE S-Plex analyses 

Samples analysis 

Two 3.2 mm disks from dried blood spot samples (DBSS) were punched into each well of Nunc 96-

well polystyrene microwell plates (#277143, Thermo Fisher Scientific) and stored wrapped in 

parafilm at -20 C until analyses. On the day of analyses 90 µL extraction buffer (PBS containing 

complete protease (#11836145001) and PhosSTOP phosphatase (#04906845001) inhibitor 

cocktails (Roche Diagnostics)) was added to each well, and the samples were incubated for 1 hour 

at room temperature on a microwell shaker set at 600 rpm.  

Extracts were analyzed on two separate plates for pTau217 (#K151APFS) and Tau(total), GFAP 

and Neurofilament L (#K15639S) on two consecutive days using the highly sensitive S-plex platform 

following the suppliers’ instructions (Meso-Scale Diagnostics (MSD), Maryland, US). 25 uL undiluted 

DBSS extract was added to the MSD plates containing 25 uL blocking solution and left shaking at 

700 rpm. Calibrator curves and internal controls (made in-house from part of the calibrator solution 

in one batch) were prepared on Nunc 96-well polystyrene microwell plates and frozen prior to 

analysis. All pipetting was performed using a Biomek i5 robot (Beckman-Coulter, Ramcon, 

Denmark). The samples were read on the QuickPlex SQ 120 (MSD) immediately after adding the 

read buffer. Analyte concentrations were calculated from the calibrator curves on each plate using 

4PL logistic regression using the MSD Workbench software.  

Analytical characterization 

Intra-assay variations were based on 37 replicate measurements of an internal control on the same 

plate. Inter-assay variations were calculated from controls analyzed in duplicate on each plate during 

the sample analysis, 45 plates in total. The lower limit (LLOD) is the average of the lower limits of 

detection of each plate defined as 2.5 standard deviations above the background signal. The higher 

detection limit (ULOD) was defined as the highest calibrator concentration. Detection limits and 

assay variation are shown in the table below (and were also provided together with the data): 

 

Table S3: Detection limit and assay variation 
Analyte Intra-assay CV% Inter-assay CV% ULOD (fg/mL) LLOD (fg/mL) 
     
pTau217 22.8 19.3 500000 93.86 
Tau(total) 7.91 8.73 100000 24.23 
GFAP 15.0 13.4 557500 84.82 
NF-L 18.7 14.3 2831250 147.4 
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Supplement S6: Descriptive statistics by age, sex, education, BMI and country 

 

 

THb HDL CHO CRP CYC TRG HbA1c ApoE4 BDNF Clusterin
male 15.09 65.59 219.5 2.53 0.977 206.1 6.07 58034 36.42 1723472
female 14.36 67.79 224.6 2.55 0.982 202.5 6.06 55609 41.27 1778417

age<60 14.57 67.20 222.3 2.89 1.064 203.7 6.07 62209 36.64 1785806
age 60-74 14.96 68.91 227.6 2.42 0.953 208.9 5.97 60438 40.28 1791612
age>=75 14.65 66.39 221.5 2.55 0.982 203.5 6.08 55089 38.90 1743279

educ1 14.68 66.25 222.1 2.88 1.012 206.8 6.07 52804 39.27 1811721
educ2 14.87 68.82 228.4 2.51 0.976 209.1 6.03 65438 40.50 1808721
educ3 14.61 66.11 220.7 2.46 0.972 202.1 6.07 49206 37.93 1667395

bmi<24 14.61 70.77 227.4 2.15 0.970 186.9 5.88 59796 39.71 1814920
bmi 24-29 14.92 67.71 227.1 2.52 0.984 210.8 6.02 57123 39.57 1806275
bmi 30+ 14.57 64.68 219.3 2.63 0.980 205.5 6.13 50763 38.19 1652199

Sweden 15.04 73.25 233.3 2.49 1.025 207.0 6.03 65463 40.39 1942817
Estonia 14.63 67.78 223.2 2.52 0.986 198.1 6.02 60445 43.18 1672399
Denmark 15.00 71.88 226.9 2.47 0.995 190.1 5.89 73807 45.16 1767444
Germany 14.76 67.49 224.3 2.53 0.988 204.4 6.07 64603 39.41 1743295
Belgium 15.00 69.60 222.5 2.45 0.992 201.6 5.97 61148 41.90 1836953
France 14.98 69.86 227.6 2.48 0.975 215.2 5.97 57360 39.78 1786446
Switzerlan 15.00 72.20 231.4 2.40 1.012 213.0 5.98 70031 39.81 1977115
Slovenia 14.97 67.03 222.3 2.61 0.985 208.7 6.15 58695 39.50 1814731
Italy 14.55 63.96 217.8 2.65 0.991 198.3 6.09 37830 39.11 1751023
Greece 13.91 61.58 218.7 2.45 0.960 203.6 6.32 46922 37.90 1703685
Israel 14.16 60.92 203.1 2.57 0.939 199.4 6.13 50087 37.35 1499911

EGF IL-16 IL-8 IL-18 IL-12 MCP-1 VEGF-A Tau total GFAP NfL pTau217
male 2.94 326.7 2.88 119.3 11.04 46.71 13.81 11268 1190 3341 2136
female 3.29 324.6 5.05 100.0 12.63 43.02 14.38 10343 1330 2783 2086

age<60 2.94 337.1 3.21 125.6 12.37 44.14 14.53 10247 1901 4285 2295
age 60-74 3.19 332.8 2.71 103.1 11.15 45.26 13.80 10716 1037 2404 2063
age>=75 3.13 323.3 4.46 109.5 12.11 44.54 14.19 10766 1320 3172 2115

educ1 3.08 325.6 3.18 108.5 12.54 44.15 14.44 10744 1503 3127 2203
educ2 3.16 334.9 2.92 108.1 12.21 45.17 14.13 11011 1195 3012 2140
educ3 3.16 318.2 5.67 109.2 11.23 44.68 13.88 10305 1268 2986 2006

bmi<24 3.16 330.7 3.09 102.2 11.88 44.24 13.63 9803 1386 2951 2010
bmi 24-29 3.09 326.6 2.80 109.1 12.09 44.49 14.09 10721 1187 2819 2060
bmi 30+ 3.18 320.9 6.25 112.3 11.77 45.16 14.49 11991 1315 3592 2340

Sweden 2.94 336.5 2.70 113.8 12.61 46.62 13.62 11093 1385 2808 1992
Estonia 3.46 319.7 3.15 109.8 12.00 46.96 14.02
Denmark 3.60 341.7 2.93 108.2 12.59 47.58 14.31 10846 1225 2851 2264
Germany 3.15 328.7 2.95 108.2 11.66 45.59 14.19 10678 1260 3073 2104
Belgium 3.22 342.8 2.79 112.7 11.91 47.94 14.16
France 3.33 331.9 2.90 107.1 12.00 43.54 14.47
Switzerlan 3.08 340.1 2.67 109.9 12.33 47.44 14.16
Slovenia 2.90 329.6 2.68 109.5 12.47 46.60 14.16
Italy 3.24 316.7 3.28 107.7 12.41 43.67 13.77
Greece 2.91 311.4 2.61 126.1 10.70 42.44 13.65
Israel 3.08 267.4 7.40 106.7 11.45 41.91 13.70
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