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We are delighted to announce the second NFKK Young Researcher
Award (NYRA) Competition, which will take place during the XXXX
Congress in Clinical Chemistry in Aarhus in September 2026.

Researchers below the age of 40 and who are working in one of the
Nordic countries, are invited to submit an abstract of their recent
scientific work. In all, there will be three awards at a value of

DKK 40 000, DKK 20 000 and DKK 10 000 respectively.

For all details about NYRA, please visit the NFKK homepage

(https://www.nfkk.org/) under “stipendier og priser”.

We look forward to receiving your abstract no later than
Monday June 1, 2026!

NYRA prize winners in 2024: Emil List
Larsen (2nd prize), Selma Salonen
(3rd prize) and Lasse Bach Steffensen
(1st prize).



https://www.nfkk.org/
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Leder:

The Professional Role of a Clinical Biochemist / Laboratory Doctor:
Erfaringerne fra kurset - set med kursusledernes gjne
Linda Hilsted

| Dette kursus I NFKK- regi lgb af
stablen for 4. gang i september
maned. Initiativet til kurset blev
oprindelig taget af NFKK’s besty-
relse som en strategisk indsats,
og overlaege Nete Hornung blev
udpeget som Chair for den gruppe

it der skulle udpeges, og i hvilken
de kolleger der var ansvarlige for speciallegeud-
dannelsen i de nordiske lande indgik. Nete har veere
gennemgdende kursusleder alle 4 gange kurset har
veeret afholdt, og jeg har haft forngjelsen af at vaere
med i kursusledelsen de sidste 3 gange. Formalet med
kurset er beskrevet her:

The overall topic is to introduce various profes-
sional roles in clinical biochemistry - and to discuss
what is important when searching for a professional
role. Various examples of professional roles of clinical
biochemists/laboratory doctors are presented, either by
lecturers sharing their personal academic road or by
lecturers presenting how they manage important tasks
being a specialist in clinical biochemistry. There are 3
sessions with topics within basic clinical biochemistry,
laboratory operation and development and leadership
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and communication. Most lecturers are well known
experts within their specific field and will present
themselves and their professional role in combination
with their specific topic.

Idéen med kurset var netop at undervise i den
rolle, som kan vere svaer at fa greb om: rollen som
professionel. Og i lgbet af de seneste 3 gange, har
det veret tydeligt at kursisterne ensker mere tid
til gruppearbejde og netveerksdannelse. Det har vi
provet at efterkomme, og da Nete og jeg selv ikke er
langtidsholdbare som kursusledere, havde vi denne
gang inviteret en nyuddannet specialleege med i kur-
susledelsen: Emil List Larsen. Og det var en god idé!
Emil bidrog til fornyelsen.

Nogle af underviserne var gengangere fra tidligere,
nogle var nye. Vi forseger altid at fa undervisere fra
alle de nordiske lande, og det er dejligt, at dem vi
sporger, siger ja! Denne gang var der ogsa mange
af deltagerne, der ikke var danskere (Kurset holdes
i Kebenhavn), idet der var god repreesentation fra
Norge, Sverige og Finland. Kurset er &bent for leeger
i speciallegeuddannelse og for kemikere i Klinisk
Biokemi. 35 af de 36 deltagere var leger og 1 var
sygehuskemiker.

Hvad oplevede vi kursusledere? Fantastisk engage-
rede og sporgelystne kursusdeltagere. Mens de tidli-
gere hold nogle gange har veeret lidt tilbageholdende/
generte i forhold til at stille sporgsmal og spille sig selv
ind i diskussionerne, var det dejligt anderledes her.
Masser af pingpong og undren over hvor forskellig
uddannelsen er i de forskellige lande, forundring over
alt det, uddannelse i Klinisk Biokemi kan anvendes
til, alle de professionelle roller vi har muligheder for
at udfylde (forudsat at der er stillinger — hvad der
kniber en del i Danmark for tiden). Vi oplevede ogsa
(igen) hvor engagerede og velforberedte underviserne
er, og stolte af vores ”fag! Og vi oplevede (igen) at
kursusdeltagerne holder meget af, at der indimellem
er nogle undervisere, der ikke anvender power point
eller lignende. Men blot fortaeller!



LABQUALITY DL\YS

50t jvers aly
5-6 February 2026 | Helsinki, Finland

2026 marks the 50th anniversary of the congress!

In addition to the extensive two-day scientific program, the
congress includes an exhibition of companies in the field of
clinical laboratory, IT and health technology, an ePoster
exhibition where you can_share your research and project
results, and a satellite workshop on patient-based quality
control.

Join us in this special anniversary year to hear the latest
developments in laboratory medicine and health technology!

Scientific program and registration at

Under the auspices of:
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Nar vi skal reflektere over, hvorfor de unge men-
nesker var sa engagerede, kan vi selvfolgelig pasta, at
béade kursuslederne og underviserne er blevet mere
erfarne hen ad vejen, og derfor "leverer en bedre vare”
(et citat fra en god kollega: Selvros skal man tro p4,
den er uden bagtanker!).

Med hensyn til kursisterne, sa er der selvfolgelig
noget med selve tidsdnden, at den unge generation
generelt bliver mere og mere vant til at veere udad-
vendte i deres interaktion med andre. Men jeg teenker
nu ogsa, at de modtager en bedre og bedre uddannelse
i deres klinisk (bio)kemiske hverdag, og derfor foler
sig bedre kleedt pa og bedre tilpas i vores kursussam-
menhzng, som en forklaring.

Det eneste, jeg kan beklage mig over (og det er jo

ikke deres fejl) er, at det med de nordiske sprog og
forstaelse pa tveers af landegreenser er ved at veere en
saga blot. Jeg har leenge vidst, at det talte sprog - isaer
mellem danskere og svenskere - er vanskeligt, men nu
siger de unge, at de heller ikke kan forsta de skrevne
sprog indbyrdes. Heldigvis er de alle supergode til
engelsk, men det er nu lidt sergeligt.

Kurset er obligatorisk i den danske specialleegeud-
dannelse i Klinisk Biokemi, men jo ikke i de andre
nordiske landes uddannelse. Vi haber at den Danske
Sundhedsstyrelse bliver ved med at inkludere kurset
i den obligatoriske kursusrackke.

Las om kursusdeltagernes "anmeldelse” af kurset
pé side 12.

De tre kursarrangorer: Nete Hornung, Linda Hilsted og Emil List Larsen.
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Ordfoérandespalten

Per Bjellerup
Chairman of NFKK

Dear KBN reader!

Time flies!

“Time flies” is a dear and truly relevant expression.
Our previous issue of KBN, it was the end of August
and still summer. The crayfish and surstrémming (fer-
mented herring) premieres had just taken place. Now
we are in the last autumn month, November, which
is also the first winter month, at least in the northern
parts of the Nordic region. The lobster season is at its
peak, and the oysters are becoming increasingly fla-
vourful, at least if the French have their say.

When in November, it always makes me think of
Harry Belafonte. I guess at the most 10% of our read-
ers know about him, a very popular singer during the
second half of the 20th century. His records often
spun on the turntable at home. Belafonte had a big hit
with the song “Try to Remember”, and what we should

remember is the warm and calm month of September.
Now in November, nature has finished preparing for
winter, closed the shop, and the darkness dominate the
day. November, actually a fine month if you think of it.
And, in just a little more time than a month, the day-
light will start getting longer again. And not to forget,
St. Martin’s goose has just been celebrated with black
soup, roast goose, and Scanian apple cake. Of course,
enjoyed with Burgundy wine of excellent quality!

KBN editorial meeting in Lund in October
Enough about food! In early October, the editorial
team of KBN met in Lund, where colleagues Char-
lotte Becker and Ulf Ekstrom arranged a nice venue
for us to gather. Thank you guys! We saved some
money for the benefit of the journal. The weather
was as expected in the south of Sweden, warm, not
windy and so humid that it was unclear whether it
was raining or not. In addition to the usual matters
regarding previous and upcoming issues of KBN, we
welcomed Ingrid Hokstad to the editorial team as
the Norwegian representative. A most valuable and
pleasant addition.

Beyond that, a tough question: can we afford to, or
do we want to, continue publishing KBN as a printed
magazine sending it to all our members? Without the
sponsorship that recently was ended for the postal
distribution, it will be a substantial deficit in the bal-
ance sheet for KBN. Opinions differ on the value of
printing and distributing. I am “all for” it as I really
like the printed version. But I realize that in the long
run, we need new sources of income. However, the
most important opinion about it is what you think,
dear reader! The different societies will soon email
their members to ask whether they still wish to receive
KBN in print.

NFKK board meeting in Visteras in November

Of ten members, two from each country, four are
brand new at the NFKK’s board this year. Therefor
we will have an in-person meeting now in November
in Visteras. We are staying at the Steam Hotel, a cool
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hotel housed in a power plant from the 1920s. Many
details are preserved, and on the sixth floor, there
is an outdoor pool overlooking Lake Milaren. The
board meeting will be held in the hospital’s facilities
at no cost. I'll return with a report on what we dis-
cussed at the meeting in the next issue of KBN.

Looking back

In the previous issue, I highlighted two major break-
throughs in Clinical Chemistry after the turn of the
millennium with great impact on the clinical work. It
was PEth, the superb alcohol marker, and the ongoing
introduction of blood-based biomarkers for Alzheim-
er’s disease. I asked for a third suggestion and am still
waiting. So now I promise a gift card of 100 Euros to
whoever helps out!

Posters from NCCC2024 in Stockholm

Did you know that all posters from the Nordic Con-
gress in Stockholm are published in SJCLI? Here’s the
link: https://www.tandfonline.com/doi/full/10.1080/
00365513.2024.2428121

Many thanks to the Department of Clinical Chem-
istry at Karolinska University Hospital for fixing it,
much work and money!

I wish you a pleasant autumn and winter! Next
time we meet, the daylight will already be getting
longer again!

Meanwhile, do you have an interesting patient case
for KBN? Send it to us!

Best regards,
DPer

CASE STUDY

Do you have an interesting

patient case to share?

In the early 1990s, patient cases were a regular and popular

feature in Klinisk Biokemi i Norden.

Now, we want to revive this tradition — and we need your help!

=
D

We invite our readers to submit manuscripts featuring interesting and educational patient stories.

These could include:
o Unusual blood test results
o Atypical disease presentations

o Cases where the laboratory played a key role in diagnosis or clarification

Your manuscript should include a case description followed by a discussion.

We encourage you to add:

o Reflective questions to stimulate learning and discussion

o Up to 5 key take-home messages at the end

Submit your case and help advance clinical biochemistry across the Nordic region!

The Editorial Team
Klinisk Biokemi i Norden
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The 40 Nordic Congress in
Clinical Biochemistry 2026 in Aarhus

On behalf of the Nordic Federation of Clinical Chemistry (NFKK) and the Danish Society for Clinical Bio-
chemistry (DSKB), we are delighted to invite you to the 40th Nordic Congress in Clinical Biochemistry. The
congress will be held on 15-18 September 2026 and will be located in the heart of Aarhus - Denmark’s vibrant
and young metropolis.

Registrationndbstracts

Early Bird registration: 1 March 2026 - 31 May 2026
Regular registration: 1 June 2026 - 15 August 2026

Late registration: 16 August 2026 - 14 September 2026
Abstract submission: 1 March 2026 - 31 May 2026

Scientific Program

The scientific program is nearing its final form and has been compiled based on input from a number of dif-
ferent environments in all the Nordic countries. We hope we have put together an interesting and relevant
program with a mix of current topics and a look to the future.

We plan for 5 plenary lectures, 27 parallel sessions, and, as always, the traditional scientific competitions:
The NFKK Young Researcher Award and the Lorentz Eldjarn Prize Competition for Best Publication. We
also have the honor of presenting a scientific plenary with the winners of the prestigious UNIVANTS of
Healthcare Excellence Award.

We look forward to welcoming you to Aarhus and sharing this exciting scientific experience.

The Organizing Committee

Holger Jon Moller Mie Samson
Chair of Scientific President of Congress
Committee
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Preliminary PROGRAM NFKK 40t Nordic Congress in
Clinical Biochemistry Aarhus, September 15-18, 2026

Tuesday September 15

Wellcome

Plenary lecture
Gastro-intestinal peptide hormones, from basic research in clinical biochemistry to major public impact

Parallel sessions

Novel diagnostic opportunities Sustainability in the lab Thyroid function tests — past,
Afternoon . o il
in neurological disease and present, and beyond
cognitive decline
Parallel sessions
What's new: Lipids, lipoproteins, ctDNA for early detection and Establishing Robust Pediatric
and cardiovascular risk screening Reference Intervals
Opening ceremony
Wednesday September 16
Parallel sessions
Reproductive biomarkers Presentation of working groups Extracellular vesicles
in NSMB
Morning Plenary lecture
Sex and Biomarkers
The NFKK Young Researcher Award
Poster walks
Plenary lecture
Afternoon Parallel sessions
Fibrinogen and fibrinolysis in Al'in Diagnostics: Where are Mass spectrometry-based
health and disease we now and what lies ahead? proteomics in clinical biochemistry

Parallel sessions

Outcome studies in Updates from Nordic screening and The microbiome and
laboratory medicine screening pilots (session by SKKY) human health
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Thursday September 17

Parallel sessions

Bone turnover markers for
monitoring treatment for Session by SFKK Biomarkers of ageing

osteoporosis

Morning Plenary lecture

The role of epigenetics in mediating health and disease

The Lorentz Eldjarn Prize Competition for Best Publication

Poster walks

Scientific Plenary:

UNIVANTS of Healthcare Excellence Awar

Afternoon
Company sessions
Parallel sessions
Platelet function testing: old From Algorithm to Insight: LC-MS based immunoglobulin
acquaintances and novel Practical Applications of Al in measurement in Clinical
biomarkers Diagnostics Diagnostics
Friday September 18
Parallel sessions
Choosing wisely Session by IFKE ctDNA for guiding treatment
decisions
Morning Session by NFKK to be announced to be announced
Plenary lecture
Clinical biochemistry in a stressed healthcare system
AR emaen Closing ceremony
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Experiences from the Nordic Course in specialist training 2025
— The Professional Role of a Clinical Biochemist/

Laboratory Doctor

Jennifer Sinead Mack!, Kirsi Niemi?, Johanna Dehlsen Wersdll?, Josefine Bak H. Adelhelm*
I Avdeling for medisinsk biokjemi, Oslo Universitetssykehus, Norge
2 TYKS Laboratories, Clinical Chemistry and Hematology Unit,

Turku University Hospital, Finland

3 Avdelningen for Klinisk Kemi, Karolinska Universitetssjukhuset, Sverige

4 Blodprover og Biokemi, Odense Universitetshospital, Danmark

I september 2025 deltog 35 hoveduddannelses-
leeger og én biokemiker i Nordisk kursus i Koben-

havn for at leere om rollen som klinisk biokemiker
i de nordiske sygehuslaboratorier. Kurset blev
kyndigt faciliteret af leegerne Nete Hornung, Linda
Hilsted og Emil List Larsen.

Kursets overordnede temaer var "Goldmining”, “Ope-
rating and optimizing a Clinical Biochemistry Lab”
og “Communication, dialogue, teaching, leadership”.
Under disse overskrifter medte vi inspirerende rolle-
modeller fra specialet, som hver iszr fortalte om deres
karrierevej i klinisk biokemi, og vi blev samtidig bedt
om at gennemfore refleksionsevelser undervejs. Deru-
dover havde vi gruppearbejde om rollen som klinisk
biokemiker, poster-praesentation med meget mere.
Med afsaet i vore nationaliteters forskelle, folger her
beretninger fra kurset fra de fire lande.

En danskers perspektiv (Josefine)

Det var utroligt spaendende at mgdes med ligesin-
dede fra de ovrige nordiske lande, dele erfaringer og
merke det ssmmenhold, vi har pa tvers af vore lande.
De engagerede oplagsholdere satte gang i mine reflek-
sioner over min egen karrierevej inden for klinisk bio-
kemi, og flere pointer har gjort serligt indtryk pa mig:
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Det er afgerende, at vi arbejder teet ssammen med vores
kliniske kollegaer, for at sikre faglighed og relevans.
Beslutningsstette er en uadskillelig del af biokemi nu
og i fremtiden - vores rolle er sikre kvalitet og sikker
implementering af f.eks. kunstig intelligens. Forsk-
ning kan implementeres i vores arbejdsliv pd mange
forskellige méder - ad de klassiske veje, sisom ph.d. og
postdoc, men ogsa ved at anvende data fra den daglige
drift. Jeg takker for et yderst givende kursus, som bade
inspirerede og gav stof til eftertanke.

Et norsk perspektiv (Jennifer)

Jeg er utrolig takknemlig for at jeg fikk delta pa kurset,
selv om det ikke er en obligatorisk del av utdanningen i
Norge. Nete, Linda og Emil, ssmmen med alle de andre
foredragsholderne, klarte & lage et kurs som formidler
de delene av faget som er umulig & leere seg fra fagboker
eller litteraturstudie: det som skjer i den daglige job-
ben var pa jakt etter nye biomarkerer, bedre drift eller
berekraftig ledelse; hva dette gjor med oss som men-
nesker og de utallige veiene a g videre.

En setning som har gjort spesielt inntrykk pa meg
var at “vi kan gjore alt i var karriere, bare ikke sam-
tidig”.

Vi deltakerne fra alle de forskjellige stadiene i spe-
sialistutdanningen fikk here yrkesbiografier, fortalt av
protagonistene selv, og det var gjennom hele kurset en
apen og forfriskende eerlig dialog om utfordringer og
lesningsforslag.

Pa toppen av dette si var utvekslingen med kollegaer
fra Danmark, Sverige og Finland veldig givende, og jeg
héper 4 kunne delta pa flere nordiske arrangementer
fremover. Jeg anbefaler kurset pa det varmeste til mine
norske kollegaer!



A Finnish perspective (Kirsi, Nikolai and Samuel)
The Nordic Course for MDs in Specialist Training
was a deep dive into self-reflection and a career path
adventure, where we had the pleasure of meeting our
Nordic colleagues. During the course, we had several
forward-looking lectures, inspiring discussions about
the future of our field (e.g., AI and automation), and
even a bit of forecasting along the way. Thankfully, we
came to the comforting conclusion that our expertise
is still much valued in the future.

As our field of specialty is relatively small, we find
it especially important to connect with fellow profes-
sionals. In beautiful Copenhagen, our group aimed to
learn more about our role as clinical biochemist/doctor
in the laboratory. In Finland, clinical chemists also play
a crucial role in the daily laboratory work, and it was
fascinating to learn about alternative ways of managing
laboratory practice across the Nordic countries. Our
course also included lectures and group work on lea-
dership and communication, both within and beyond
the laboratory. We learned essential facts about the
foundations of a well-functioning and reliable labora-
tory, including pre- and post-analytical factors, as well
as how to strengthen the academic part of our work
and why research truly matters.

This course was a unique experience for us. Firstly,
the leadership lectures guided us to a meaningful
introspection (know thyself!). Secondly, it provided
us with a platform to meet many of our internatio-

nal peers for fruitful discussions and to share career
stories. Lastly, we learned about the newest trends in
the field.

We returned to Finland feeling inspired and moti-
vated to continue our work and develop our field.

Et svenskt perspektiv (Johanna)

Jag vill borja med att tacka for en otroligt inspirerande
kurs som jag varmt rekommenderar till mina kollegor
i Sverige.

Under kursen fick vi ta del av inspirerande berit-
telser fran kliniska biokemister som tagit olika vagar
inom yrket men framférallt fick vi tid att diskutera
med varandra och skapa kontakter deltagare emellan.

Det finns manga likheter mellan vara fyra linder
och var roll som klinisk biokemist men dven en hel
del olikheter. Vi har kommit olika langt inom olika
omraden, och dérfor har vi stor nytta av att métas och
inspireras av varandra.

Framtida samarbeten dér vi kan ta del av varandras
framsteg och utveckling samt dven det som har varit
mindre lyckat, vore dnskvart. Jag tror att var framtid
som kliniska biokemister kommer att gynnas av att
vi sammarbetar mer, bdde inom landet och mellan
nationerna, for att forbli relevanta och bidra till den
storsta mojliga nyttan for vara patienter.

For att bygga nitverk 6ver nationsgranserna kan
kurser som denna ligga en bra grund redan under
specialistutbildningen.
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Telomere length - a marker of aging in humans,
with focus on cardiovascular aging and disease

Trine Baur Opstad
Oslo Center for Clinical Heart Research,

Oslo University Hospital Ulleval and the University of Oslo, Norway

t.b.opstad@medisin.uio.no

Introduction

The shortening of telomeres, cel-
| lular senescence, epigenetic mod-
ifications, and mitochondrial dys-
function are key molecular mech-
anisms of ageing (1). The integrity
of genetic stability is fundamental
for cellular functions in which
telomeres play a crucial role. The present article will
focus on mechanisms influencing telomere mainte-
nance and attrition, telomere length in cardiovascular
diseases (CVD), and potential interventions that may
preserve telomeres and delay the onset of age-related
diseases.

Telomeres are repetitive nucleotide sequences
(TTAGGG),, located at the ends of chromosomes,
stabilized by DNA-binding proteins. The telomeric
structure prevents genomic instability acting as pro-
tective caps - like the plastic tips on shoelaces - pre-
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venting chromosome ends from fraying, fusing, or
being degraded. The discovery of telomeres and their
maintenance stemmed from the pioneering work of
Elizabeth Blackburn, Carol Greider, and Jack Szos-
tak in the late 1970s. Their studies in Tetrahymena
led to the identification of telomerase, an enzyme
that extends telomeres. Telomerase was revealed to
be a ribonucleoprotein containing both RNA and
protein components, which today is known as the
catalytic subunit telomerase reverse transcriptase
(TERT), the telomerase RNA component (TERC),
and the shelterin complex, which includes several
accessory proteins (2). Their work was honored with
the Nobel Prize in Medicine in 2009 for elucidating
how telomeres and telomerase protect chromosomes.

Telomere Shortening and Cellular Senescence
Telomere shortening is a central element of cellular
senescence (3). Each time a cell divides, a small por-
tion of its telomeric DNA is lost - a process known
as telomere attrition - due to the “end replication
problem”. Over time, this shortening leads to criti-
cally short telomeres, triggering cellular senescence
or apoptosis. Telomere attrition is deeply intertwined
with genomic instability, and the progressive short-
ening of telomeres with increasing age, acting as a
biological clock, contributes to aging and age-related
conditions such as CVD, cancer and neurological
disorders (4). Telomere length is regulated by the
chromatin structure, telomere-binding proteins, and
the enzyme telomerase (5).

In most human somatic cells, telomerase is inactive
after birth, except for stem cells and some activated
lymphocytes. In contrast, telomerase remains active
in germ cells adding telomeric sequences to chro-
mosome ends after cell division (6). Reactivation
of telomerase in cancer cells enables them to avoid
senescence and proliferate indefinitely.
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Telomere § attrition

Anti-inflammatory lifestyle

Regular exercise, antioxidant-rich diet, siress management,
sufficient sleep

Telomerase activators
T-65, Resveratrol

Measuring Telomere Length

Telomere length is usually measured in isolated DNA
retrieved from circulating leukocytes, due to easily
accessible blood samples rather than DNA retrieved
from solid tissue biopsies. Leukocyte telomere length
(LTL) is a widely studied biomarker of biological
ageing. LTL can be assessed using quantitative PCR,
flow-fluorescence in situ hybridization (flow-FISH),
and terminal restriction fragment analysis (southern
blot) (7). While LTL has been proposed as a surro-
gate marker for telomere length in other tissues, its
correlation varies significantly across organs (8).
Testes, colon and skeletal muscle typically exhibit the
longest telomeres, while leukocytes have some of the
shortest, with differences of up to 2.5 fold (8). Further
research is needed to determine the reliability of LTL
as a proxy for tissue-specific telomere length and its
role in organ-specific diseases.

Factors that Accelerate Telomere Attrition

Aging and Lifestyle factors

In humans, telomeres covers 10 to 15 kb of DNA, and,
approximately 25-200 base pairs are lost with each
cell division (5). While aging is the primary driver

Unhealthy lifestyle

Obesily, ciagrette smoking, alcohol

phsycological stress
Infections
ﬁ — HIV, HCV, CMV, EBV
Antioxidant supplementation Genetic disposition
Selen/Q10, NAD+ TERT/TERC SNPs

of this process, several lifestyle and environmental

factors contribute to accelerated telomere shortening:

o Obesity: Chronic inflammation and oxidative
stress associated with obesity, accelerate telomere
attrition. Upregulation of telomeric repeat binding
factor 1 (TRF1), one of the shelterin complex com-
ponents, may mediated these effects (9). Recently,
a review reported that weigh loss can positively
influence telomere length, suggesting it as a poten-
tial biomarker in obesity treatment (10).

« Smoking: Cigarette smoking mediates an increase
in pro-inflammatory factors and pro-oxidants,
two factors tightly linked to telomere attrition. A
recent meta-analysis confirmed shorter telomeres
in smokers and showed an inverse relationship
with degree and length of smoking (11). An in-vitro
study also revealed TERT upregulation and down-
regulation of telomere-stabilizing proteins TRF2
and POT1 in smoke-exposed cells (12).

o Alcohol: The effect of alcohol on telomere length is
unclear. Some data suggest that alcohol consump-
tion may shorten telomere length, particularly in
binge drinkers (13, 14). Alcohol-induced oxidative
stress and inflammation are likely mechanisms.
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Prenatal exposure to alcohol has also been linked
to shorter telomeres in newborns (15).

« Physical Activity: Moderate physical activity, and
physical fitness, appears to protect against telomere
attrition possibly by upregulating TERT. However,
some studies have shown that high-intensity activ-
ity in elderly women may shorten telomeres, indi-
cating intensity-dependent effects (16).

 Psychological Stress: Chronic stress, including
caregiving, socio-economic adversity, childhood
trauma, depression, and post-traumatic stress
disorder, is associated with accelerated biological
ageing. Cortisol responses to mental stress may
drive telomere attrition through neuroendocrine
mechanisms (17).

Genetics and Viral Influences

LTL is highly heritable (18), with both maternal and
paternal modes of LTL inheritance. There seem to
be a strong correlation between mothers and their
newborns, however, the most intriguing observa-
tions in telomere biology is the effect of paternal age
at conception, with longer LTL in offspring of older
fathers, and longer telomere in sperm of older fathers
(19). Furthermore, for unknown reasons, offspring
of older fathers seem to be relatively resistant to ath-
erosclerosis.

Genetic mutations, especially single nucleotide pol-
ymorphisms (SNPs) in TERT, TERC and OBFCI can
affect telomere maintenance. Notably TERT variants
have been linked to clonal hematopoiesis of indetermi-
nate potential (CHIP), which increases cardiovascular
risk in the elderly (20). We observed that a frequent
SNP in TERT increased the risk for major clinical
events in patients with coronary artery diseases (CAD)
(21). Individuals with very short (or long) LTL at birth
are likely to display short and long LTL, respectively,
throughout their life (18). We previously showed that
LTL were significantly shorter in younger healthy rel-
atives of patients with CHD (22).

Certain viruses (e.g., HIV. HCV, CMV, EBV) can
also accelerate telomere loss, likely through inhibition
of telomerase and TFR2 and increased oxidative stress,
besides a change in cellular composition of the periph-
eral blood, holding a variety of cellular lengths (16).

Telomeres and Cardiovascular Disease

Short LTL in mid-life has been linked to decreased
longevity (23) and is associated with increased risk of
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age-related diseases, particularly cardiovascular con-
ditions, such as atherosclerosis and CAD. Whether
telomeres directly participate in the progression of
CVD, or are merely a marker of disease, remains
unclear. However, Mendelian randomization studies
have supported a causal relationship (24-26). Large-
scale UK Biobank analyses (>400.000 subjects) found
that shorter LTL can decrease lifespan up to 2.5 years
(23), and contribute to higher incidence of sudden
cardiac death, coronary events and hospitalization
due to heart failure (HF) (27).

Hematopoietic and Endothelial Implications

LTL reflects telomere length in hematopoietic stem
cells (HSCs), which have low telomerase activity (18).
Atherosclerosis is characterized by chronic inflam-
mation and increased oxidative stress, which may
harm the endothelium. Shorter LTL in atherosclerosis
may be due to an accelerated rate in HSC replication
to replace leukocytes consumed in the inflammatory
process, and an increase in the loss of telomere repeats
per replication due to the sensitivity of GGG triplets
in telomeres to reactive oxygen species (ROS) (28).
Shorter LTL in atherosclerosis may also be explained
by the repair system of endothelial progenitor cells
(EPCs) that are present at the site of vascular injury
(29, 30). The telomere length of EPSs, descending
from HSCs, influences their replicative potential
essential for their repair functions.

Cardiomyocytes and Non-dividing Cells

Though cardiomyocytes are post-mitotic, telomere
shortening still occurs in diseased hearts. Studies
in patients with cardiomyopathy and heart HF have
shown telomere attrition independent of cell division
(31). In cultured cardiomyocytes, defect expression
of the telomere repeat-binding factor TRF2 led to
telomere loss (32). Experiments in mice showed that
iPSC-derived cardiomyocytes shortened their tel-
omeres independent of cell division, supporting the
idea that stress-related mechanisms, not replication,
drive this attrition (31). With aging, the chromosomal
structure may change, which epigenetically influ-
ences gene-regulatory mechanisms and alter gene
expression. Shorter telomeres in cardiomyocytes was
shown in patients with HF, probably due to remode-
ling of the chromatin structure with upregulation of
the transcription factor FOXCI, which in turn pro-
motes cellular senescence and contractile dysfunction



(31). Despite cardiomyocytes’ non-dividing” nature,
it seems that telomere shortening occur in diseased

post-mitotic myocardial tissue. This feature may also
be the case for non-diving cells in other tissues, such
as neurons in the brain. As such, shortening of tel-
omeres should be considered also in post-mitotic tis-
sues, contributing to age-related tissue degeneration.

Interventions to Preserve Telomere Length
Telomere attrition is just one of the mechanisms that
causes biological ageing (1). Non-pharmacological
and pharmacological interventions may counteract
cardiovascular ageing, such as caloric restriction,
physical activity, antioxidants, sirtuins, anti-inflam-
matory drugs, epigenetic rejuvenation, and in this
context, the prevention of genomic instability and
telomere attrition (33).

Pharmacological activation of the telomerase
enzyme is possible, however, a re-activation in
somatic cells may increase the risk of cancers. A
natural derivate antioxidant, resveratrol, and the
compound TA-65, which interact with TERT and
TERC, respectively, are promising agents, however,
the potential risk of malignancy is a limitation.

Recently, we could show that four years of Selenium
og Quo intervention preserved the lengths of telomeres
in an elderly Swedish population, with association
to reduced cardiovascular mortality, mediated via
anti-inflammatory and antioxidant mechanisms (34).
This treatment also increased circulating Sirtuinl
levels (35), a NAD+-dependent epigenetic regulator
involved in DNA repair, inflammation and telomere
maintenance (33). NAD+ supplementation, physi-
cal exercise, and caloric restriction may increase its
activity (33, 36).

Conclusion

Telomere length is a dynamic biomarker of biological
aging, particularly relevant in cardiovascular health.
Shortened telomeres are associated with increased
cardiovascular risk, impaired tissue regeneration,
and reduced lifespan. While telomere attrition is a
natural part of aging, it is influenced by lifestyle,
genetics, and environmental exposures. Promoting
an anti-inflammatory lifestyle - balanced nutrition,
physical activity, stress reduction, and sleep - may
help preserve telomere length and delay the onset of
age-related diseases.
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Introduction
MicroRNAs (miRNAs) are short

| noncoding RNA  molecules,
approximately 22 nucleotides in
length, that play a central role in
post-transcriptional gene regula-
tion. They function by binding to
complementary sequences on target messenger RNAs
(mRNAgs), leading to translational repression or mRNA
degradation. Through this mechanism, miRNAs fine-
tune gene expression in virtually every biological
process, such as cell differentiation, proliferation,
apoptosis, inflammation, and fibrosis. Furthermore,
dysregulation of miRNAs is associated with various
disease processes (1, 2). The importance of miRNAs
as gene regulators was recently highlighted when
Victor Ambros and Gary Ruvkun were awarded the
Nobel Prize in Medicine in 2024 for their discovery
of miRNAs.

In the cardiovascular system, miRNAs are cru-
cial regulators of myocardial development, vascular
integrity, and stress responses. Dysregulated expres-
sion of specific miRNAs has been associated with
pathological remodelling, ischemia-reperfusion injury,
arrhythmogenesis, and heart failure (3). Importantly,
many miRNAs are released into the circulation encap-
sulated in extracellular vesicles, protein complexes

(e.g., Argonaute 2), or lipoproteins, rendering them
stable and detectable in plasma and serum (3). This
stability in biofluids makes miRNAs attractive candi-
dates for biomarkers in cardiovascular diseases (CVD).

MicroRNAs as potential biomarkers and thera-
peutic targets in cardiovascular diseases
Traditionally, troponins have been used to diagnose
acute myocardial ischemia, and natriuretic peptides
to diagnose acute heart failure. However, in the era
of precision medicine, utilizing novel biomarkers can
result in improved diagnosis and prognosis, and better
evaluation of treatment efficacy of CVDs and their
complications.

Over the past decade, circulating cell-free miRNAs
have emerged as promising biomarkers that reflect
key pathophysiological mechanisms in CVDs (4). Dys-
regulated miRNA expression correlates with disease
onset, progression, and outcomes, yet translation of
miRNA biomarkers into clinical diagnostics remains
challenging.

Alterations in circulating miRNA profiles are asso-
ciated with major cardiovascular conditions, includ-
ing atherosclerosis, myocardial infarction, and heart
failure (5, 6). A recent systematic review on circulating
miRNAs as biomarkers for ischemic heart disease
identified a panel of five miRNAs (miR-126, miR-21,
miR-145, miR-92a, and miR-155) to be most frequently
dysregulated across various ischemic heart disease
subtypes (5). However, the expression patterns of these
five miRNAs varied, for example, in different disease
stages (unstable angina, acute myocardial infarction,
chronic disease). miRNAs can indeed reflect molecu-
lar and cellular stress responses in real-time, includ-
ing endothelial dysfunction, cardiomyocyte injury,
inflammation, and fibrosis. However, when interpret-
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ing miRNA results, it is important to note that most
miRNAs are not tissue-specific or disease-specific, and
they are influenced by disease subtype, stage, patient
background, and sample timing, among other factors.

A recent meta-analysis assessed the prognostic per-
formance and risk stratification potential of circulating
panels of miRNAs in heart failure with reduced ejec-
tion fraction (HFrEF) and preserved ejection fraction
(HFpEF) (6). The study identified unique panels of
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miRNAs that predicted the incidence and severity of
heart failure, supporting the clinical utility of miRNA
profiling for personalized healthcare and risk strati-
fication in heart failure patients. Combining miRNA
signatures with conventional prognostic biomarkers
like troponins and natriuretic peptides could improve
outcome prediction and medical decision-making
towards more personalized treatment of patients.
miRNAs have also demonstrated prognostic poten-



tial in patients with severe cardiovascular disease
complications, such as cardiogenic shock (CS). CS is
the most severe manifestation of acute heart failure,
with the most common etiologies being acute coro-
nary syndrome and worsening of chronic heart failure
(7). In CS, a decrease in myocardial pump function
can result in circulatory failure and multiple-organ
damage. Despite advances in treatments, in-hospital
mortality has remained high (approximately 40%) (8).
Various scoring systems are used for risk stratification
of patients, considering clinical and hemodynamic
variables and routine laboratory test values (8, 9).
However, there is a need for new biomarkers to classify
patients more individually.

We have previously investigated the association
between plasma miRNA levels and the clinical pic-
ture and prognosis of patients in CS. We used plasma
samples collected as part of CardShock study (8) - a
multicenter, observational, and prospective study
of CS, conducted in nine tertiary hospitals from
eight European countries between October 2010 and
December 2012. We found that circulating levels of
microRNAs miR-21-5p, miR-320a-3p, miR-423-5p,
and miR-20b-5p at the time of diagnosis of CS could
aid in assessing 90-day mortality (10-12). Cardiogenic
shock is a heterogeneous syndrome with significant
variation not only in its etiological background but also
in the severity of the shock, hemodynamic profile, and
degree of organ dysfunction. miRNAs could be used in
conjunction with clinical and hemodynamic variables
and other biomarkers to help phenotype or classify CS
patients into more refined subgroups (13). As miRNAs
can mirror the biological processes activated in the
disease, their use in the phenotyping of patients could
also help in selecting the optimal treatment for the
patient (14). A better understanding of activated sig-
naling pathways and biological processes in different
phenotypes could, in turn, promote the development
of new treatments for CS.

RNA therapeutics are emerging as a new class of
drugs with significant potential for the treatment of
CVD (15). The best-known examples of RNA thera-
peutics for CVD are probably small interfering RNA
(siRNA) drugs developed for the treatment of different
types of dyslipidemias, which are currently in clinical
trials. miRNAs are also being developed as therapeu-
tic agents or therapeutic targets. The most advanced
clinical example of miRNA therapeutics is CDR132L,
which is an antisense oligonucleotide targeting miR-

132. In a phase 1b clinical study, CDR132L was shown
to be safe and well-tolerated in patients with stable
heart failure of ischemic origin, with preliminary
improvements in cardiac function and decreased lev-
els of fibrosis- and tissue injury-related biomarkers.
CDRI132L is currently being investigated in several
phase 2 trials, including the large HF-REVERT trial
evaluating its effects on post-myocardial infarction and
heart failure patients. Other ongoing phase 2 studies
are evaluating multiple doses and impact of CDR132L
on heart structure and function in patients with heart
failure and left ventricular hypertrophy. CDR132L
represents the first miRNA-targeting drug to enter
late-phase trials for a cardiovascular indication.

Analytical challenges in miRNA biomarker
research

There is widespread interest in miRNA biomarkers.
At the time of writing this article, October 2025, a
PubMed search for “microRNA biomarkers” yielded
over 44,000 publications, and a search for “microRNA
biomarkers cardiovascular disease” yielded nearly
5,000 publications. Despite promising results, miRNA
biomarkers have not yet found their way into clinical
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use. The most widely used technique to quantify circu-
lating miRNA levels is RT-qPCR. Although RT-qPCR
is a sensitive and relatively inexpensive method avail-
able in almost all laboratories, the lack of standard-
ization and reproducibility of miRNA quantification is
currently the major obstacle preventing the translation
of miRNA biomarkers into clinical use.

Preanalytical variables comprise the majority (60-
70%) of laboratory errors in routine diagnostic testing,
and they have major influence on miRNA quantifi-
cation as well (16). Factors such as the type of antico-
agulant used in blood sample collection, hemolysis,
sample processing, and storage conditions before and
after centrifugation can affect miRNA yield and mea-
sured miRNA levels. Choosing blood collection tubes
that are compatible with RT-qPCR is important for
obtaining reliable results. Heparin tubes should not
be used because heparin is known to inhibit enzymes
used in RT-qPCR. However, heparin can also origi-
nate from patient circulation, as hospitalized patients
may have been treated with heparin to prevent blood
clotting. In these cases, heparinase treatment of sam-
ples should be included in the quantification protocol.
Hemolysis, for instance, leads to the release of miRNAs
from red blood cells (e.g., miR-451, miR-16), which
can confound results. In addition, centrifugation time,
speed, and the number of centrifugation steps have a
significant effect on the removal of platelets and other
cellular components from the sample, thereby influ-
encing miRNA levels. Standard operating procedures
and documentation of sample handling are essential
in miRNA biomarker research.

RNA concentrations are very low in serum and
plasma, bringing further challenges in miRNA quan-
tification. Different RNA isolation methods yield
variable recovery rates, and no universal endogenous
extraction control miRNA has been established for
plasma or serum. Synthetic spike-in controls, such
as C. elegans miRNA cel-miR-39, are therefore com-
monly used to monitor RNA isolation step. Moreover,
differences in reverse transcription (RT) and qPCR
amplification (different kits, different gPCR platforms,
etc.) may hinder the comparison of results between
different laboratories.

Normalization of RT-qPCR data remains one of the
most crucial steps in miRNA quantification to obtain
reliable results (16). Currently, there are no universal
endogenous reference miRNAs that could be used in
normalization and calculation of circulating miRNA
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expression levels. Thus, stable endogenous miRNAs
must be determined separately for each biological
condition and experimental setup. Commonly used
reference miRNAs (e.g., miR-16) are not always stable
in different pathological conditions. Other strategies
such as global mean normalization or use of multi-
ple reference miRNAs have been proposed but not
standardized. Yet another normalization strategy is
synthetic spike-in miRNAs, such as cel-miR-39, which
are added in samples during RNA extraction. Main
purpose of spike-ins is to monitor technical variation
in RNA isolation and RT; however, they are also widely
used as exogenous reference genes in normalization of
RT-qPCR data. The drawbacks of exogenous reference
genes are that manual pipetting can cause technical
variation in results and spike-ins do not correct for the
variability in sampling and quality of samples. Endoge-
nous miRNAs have therefore been proposed as pref-
erential reference genes in miRNA quantification. In
addition to these preanalytical and analytical variables,
the analysis of the qPCR data, a final step in miRNA
quantification, may also cause significant variation in
the results, especially when dealing with possible low
expressing miRNAs and missing values (16, 17).

How to move forward to overcome challenges
related in miRNA quantification? Substantial efforts
are needed to standardize protocols for miRNA bio-
marker research in order to incorporate the most
promising miRNA biomarkers into clinical practice
in the future. Inter-laboratory comparison trials, or
ring trials, could play a pivotal role in identifying the
most critical sources of variation in different phases of
miRNA quantification (preanalytical, analytical, and
postanalytical) (18). A ring trial could help establish
guidelines on the best practices to improve the quality
and reproducibility of miRNA quantification. Further-
more, the development of specific miRNA biomarker
guidelines analogous to MIQE (Minimum Information
for gPCR Experiments) and dMIQE (the Minimum
Information for Publication of Digital PCR Experi-
ments) could improve transparency and comparability
across studies, facilitating the integration of miRNA
biomarkers into clinical practice (19, 20).

Conclusion

miRNAs are promising novel biomarkers in cardiovas-
cular diseases and their complications. The potential
of miRNAs to represent pathophysiological mech-
anisms beyond traditional biomarkers, along with



advancements in RNA therapeutics, renders miRNAs
attractive as novel tools for personalized diagnostics
and prognostics of CVD. The application of miRNAs
in personalized diagnostics could be further enhanced
by artificial intelligence (AI) and machine learning
tools. The main reason hampering the clinical use
of miRNA biomarkers is the lack of standardization
and reproducibility. Addressing these issues require
determined collaborative efforts from the miRNA

research community.
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Riktig bruk av laboratoriet:
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Unedvendig bruk av laboratorieanalyser utgjor
en pkende utfordring i helsetjenesten. Vi har tatt
initiativ til et nytt kapittel i norsk nasjonal bruker-
handbok for medisinsk biokjemi med overskriften
«Riktig bruk av laboratoriet». Her har vi samlet
forslag til minste retestingsintervaller og aktuelle
problemstillinger knyttet til bruk av enkelte ana-
lyser. 1 folgende artikkel vil ogsa erfaringer med
innforing av minste retestingsintervaller ved syke-
huset i Vestfold bli omtalt.

Unedvendige blodpraver
Unedvendig laboratorietesting forer til uhensiktsmes-
sige kontroller, utredninger og behandlinger og er en
utfordring for helsevesenet (1). Det medferer ogsa
okte kostnader, merarbeid for laboratoriene og rekvi-
rentene, forsinkede svar pa viktige prever og ubehag
for pasientene. Blodtapet fra en enkelt provetaking er
som regel ikke stort, men serlig for intensivpasienter
og barn kan volumet under en innleggelse bli bety-
delig og oke faren for transfusjonskrevende anemi.
Blodtransfusjoner gker sykelighet og er derfor uheldig
(2,3). Laboratoriene er storforbrukere av kjemikalier og
engangsplast og star for en betydelig andel av spesia-
listhelsetjenestens utslipp av COz, og overforbruk eker
laboratorienes klimaavtrykk ytterligere (4,5).

Over flere ar har man sett en vesentlig gkning i
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antall blodprever som rekvireres, uten at antall pasi-
enter har okt i samme grad (6). Den internasjonale
kampanjen «Choosing wisely» har satt sekelys pa
overdiagnostikk og overbehandling som ikke medferer
bedre helse og i verste fall kan skade pasientene (7).
Inspirert av dette har vi tatt initiativ til et nytt kapittel
om riktig bruk av laboratoriet i var nasjonale bruker-
handbok i medisinsk biokjemi (8). Brukerhandboken
er tilgjengelig pd nett, https:/metodebok.no/index.
php?action=book&book=biokjemi og som en app i
appstore/google play under «Metodebok».

Det nye kapittelet inneholder bl.a. veiledende retes-
tingsintervaller for noen analyser (Tabell 1) og aktuelle
problemstillinger som kan inspirere til kvalitetsarbeid
(Tabell 2). Informasjonen er ogsa samlet i egne avsnitt
under de aktuelle analysetekstene.

Retestingsintervall

Minste retestingsintervall er et forslag til den korteste
tiden som ber ga dersom man har behov for & gjenta
en test hos samme pasient. Intervallet er avhengig
av testens biologiske egenskaper og kan variere med
ulike problemstillinger. For eksempel vil TSH vise
full effekt av doseendring av levotyroksin forst etter
6-8 uker. Dersom man velger 4 endre dosering basert
pé en test tatt tidligere, kan det fore til feilbehand-
ling. Ved hypertyreose kan det derimot vare behov
for hyppigere kontroller. Nasjonale anbefalinger for
minste retestingsintervall ble publisert i Storbritannia
allerede i 2011 (9).

For laboratoriene kan innfering av sperrer i elek-
tronisk rekvireringsmodul nér en test rekvireres for
ofte, vere et godt virkemiddel for & redusere andelen
ungdvendige prover (10,11). I tabell 1 har vi lagt inn
forslag til tidsintervall for sperrer i rekvireringssyste-
mer for noen analyser. Vi anbefaler imidlertid at det
gjores lokale tilpasninger, saerlig da journalsystemene
ofte er lite utviklet pa dette feltet.


https://metodebok.no/index.php?action=book&book=biokjemi
https://metodebok.no/index.php?action=book&book=biokjemi

Erfaringer med sperrer for rekvirering og
minste retestingsintervall fra Sykehuset i
Vestfold
Sentrallaboratoriet ved Sykehuset i Vestfold har i
lgpet av de siste ni arene innfert sperrer i elektronisk
rekvireringsmodul for noen utvalgte analyser for
sykehusets interne rekvirenter. Dersom en analyse
rekvireres med for kort intervall hos samme pasient
vil det komme opp et varsel om at analysen bestilles
for tidlig; enten i form av ett «hardt stopp» - rekvi-
renten ma kontakte laboratoriet for a f4 gjennom-
fort analysen - eller «mykt stopp» - rekvirenten kan
velge & ignorere varselet og likevel bestille analysen.
Eksempler pa analyser med «hardt stopp» i Vestfold er
HbAlc, vitamin D, kolesterol og proteinelektroforese,
mens TSH og fritt T4 har «mykt stopp». Alle sperrer
er lagt inn etter horing hos rekvirenter fra aktuelle
fagspesialiteter.

Totalt 9 % av alle HbAlc-analysene utfort pa inn-

Tid mellom gjentatte HbAlc-malinger
Andel <30 dager (hel red linje) = 9 %
Andel <90 dager (stiplet rod linje) = 24 %

lagte og sykehusets polikliniske pasienter ved Syke-
huset i Vestfold ble tatt med mindre enn 30 dagers
intervall for innferingen (Figur 1). Dette til tross
for at gjeldende retningslinjer anbefaler minst 90
dager mellom mélingene for de fleste pasienter (12).
Etter innfering av minste retestingsintervall med 30
dagers sperre og «hardt stopp», gikk andelen prgver
med kortere intervall ned til ca. 3 %. Dette samsvarer
med internasjonale erfaringer, blant annet fra Stor-
britannia og Canada, som viser betydelig kostnads-
besparelse ved innfering av minste retestingsintervall
(10,11). Det er fa studier som har sett pé kliniske utfall
etter innforing av sperrer i rekvireringssystemer, men
enkelte har vist at dette ikke forer til okt morbiditet
eller mortalitet (10). For analyser der Sykehuset i
Vestfold har lagt inn «mykt stopp» var det ingen eller
liten nedgang i antall prever tatt med kortere inter-
vall. Varsler som rekvirentene kan velge a ignorere
og trykke seg forbi, har altsa vist seg 4 ha liten effekt.
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Figur 1. Fordelingen av tiden mellom repeterte HbAlc-analyser hos samme pasient i lopet av et dr. Tallene er hentet fra inne-
liggende og sykehusets polikliniske pasienter ved Sykehuset i Vestfold noen dr for innforing av minste retestingsintervall pd 30

dager for HbAlIc.
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Tabell 1. Veiledende retestingsintervaller (8).

Analytt Veiledende retestingsintervall * Spesielle kliniske problemstillinger | For lab**
HbAIc -Ikke stabilt/onsket niva: 3 mnd -Hyppigere kontroll for barn/unge 30-90 dager
-Velbehandlet diabetes: 6 mnd med type 1 diabetes, diabetikere
-Pasienter uten diabetes (HbAlc < 42 som planlegger a bli gravide, gravide
mmol/mol) ber ikke screenes oftere enn | og pasienter med rask endring i
hvert 1. til 3. ar avhengig av risikoprofil | blodglukose
-Repetert méling innen 2 uker kan veere | -HbA1Ic er ikke palitelig ved endret
aktuelt for 4 stille diagnose hos asymp- levetid for RBC (f.eks. graviditet,
tomatiske pasienter nyresvikt og anemi)
SR -Arteritis temporalis og polymyalgia 7 dager
rheumatica: 3 mnd (oftere initialt)
-Rheumatoid artritt: 1 mnd (inntil syk-
domskontroll)
TSH -Hypotyreose: 6-8 uker etter endring i -Alvorlig hypertyreose, gravide,
medisinering barn/ungdom: 2-4 uker
-Velbehandlet hypotyreose: 1 ar -Immunterapi: Okt risiko for tyreoi-
-Subklinisk hypotyreose (Hoy TSH, nor- | ditt (2-6 uker)
mal fT4): Forste kontroll etter 3-6 mnd,
videre oppfelging avhenger av anti-TPO
-Hypertyreose behandlet med tyreosta-
tika: 4-6 uker, oftere initialt
-Hypertyreose pa vedlikeholdsdose: 3 mnd
TPO- -Ikke nedvendig a gjenta ved kjent for- Voksne: >100
antistoff heyet TPO-antistoff hos voksne (>20 ar) kIU/L (metode-
avhengig verdi):
TRAS -Graves hypertyreose: Ved diagnose og -Gravide med aktiv Graves eller tid- | 3 mnd
for seponering av behandling ligere forhgyet TRAS krever tettere
oppfolging
25-OH Vita- | -Igangsatt behandling ved pavist mangel |-Unnga & bestille analyse av vitamin |3 mnd (<50
min D og samtidig underliggende sykdom D hos personer uten gkt risiko for | nmol/L)
og/eller medisiner som kan gi nedsatt vitamin D-mangel 6 mnd (50
absorpsjon/endret metabolisme: kontroll nmol/L)
etter 3 mnd
Vitamin B12 |-Bl2-mangel: Ikke nedvendig a gjenta -Uttalt megaloblastcer anemi eller 3 mnd
(kontrolleres med andre parametre) alvorlig nevrologi: Hb, MCV/MCH,
etter igangsatt behandling (unntak: retikulocytter, og ev. MMA etter 14
Dersom manglende retikulocytose eller | dager og 8-12 uker (ev ogsa folat og
vedvarende anemi eller nevrologiske ferritin)
symptomer) -Uten alvorlige symptomer: Hb,
-Livslang terapi: Ev. arlig kontroll MCV/MCH, folat og ferritin, og ev.
MMA etter 8-12 uker
Genanalyser |-Sjelden nodvendig a gjenta oo
(kimbane)
Protein- -MGUS: 12 mnd (6 mnd initialt) 4 uker
elektroforese |-Aktiv myelomatose: 4-6 uker under
behandling, 2-3 mnd i stabil fase

*Retestingsintervallet indikerer den korteste tiden som ber ga dersom man har behov for & gjenta en analyse og vil vere
avhengig av problemstilling. Anbefalingene er veiledende og skal ikke erstatte klinisk skjenn. **Forslag til tidsintervall for
varsler og sperrer i rekvireringssystemer. Lokale forhold ber hensyntas.
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Dessverre kan vi ikke i vart rekvireringssystem (DIPS
Arena) lage ulike lengder pa intervallene avhengig
av forrige analyseresultat eller hvilken avdeling som
bestiller analysen. Ordlyden i varslene er dessuten
standardiserte uten opplysning om nar forrige prove
ble tatt eller resultatet av denne. Det er derfor et stort
behov for bedre funksjonalitet i bestillingssystemene
for 4 kunne utnytte dette verktoyet best mulig.

I Norge har det pagatt et nasjonalt prosjekt der en
gruppe med representanter fra alle helseregionene
har utarbeidet forslag til tiltak for & redusere over-
forbruk av laboratorietjenester. I sin rapport til Hel-
sedepartementet har de blant annet anbefalt a legge
bedre til rette for bruk av minste retestingsintervall i
elektroniske rekvireringsmoduler (13). Dette gir hap
om at systemutviklerne i storre grad ma forbedre
brukervennligheten i fremtiden.

Utfordringer ved bruken av enkelte analyser -
inspirasjon til kvalitetsarbeid

I litteraturen finnes det mange eksempler pa studier
som har sett pa problematisk bruk av vanlig rekvi-
rerte analyser. Vi har samlet noen av referansene
under overskriften «Overforbruk av blodprever» og
héper at disse kan inspirere til malrettet kvalitets-
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Tabell 2. Aktuelle problemstillinger. Her er listet referanser som kan danne utgangspunkt for diskusjoner om
riktig bruk av laboratoriet.

Troponin, APTT

Analytt Referanser

HbAlc En europeisk studie fant at > 1/3 av multimorbide eldre ble behandlet med for strenge behand-
lingsmél for HbAlc (18). I en annen artikkel tar forfatterne til orde for kritisk gjennomgang av
diabetestesting pa sykehjem etter at de fant at < 1% av HbAlc-resultatene var over aksjonsgren-
sen hos sykehjemspasienter som ble screenet for diabetes (14).

NT-proBNP En studie som sa pa hvordan tilgjengelighet pavirker etterspersel, fant 374% ekning i rekvire-
ring av NT-proBNP etter at analysen ble gjort lettere tilgjengelig for rekvirering (19).

Laktat, ANA, De fem testene med mest problematisk bruk (basert pa kostnad, lav andel unormale svar og

Magnesium, stor variasjon mellom rekvirenter) i en europeisk studie pa pasienter innlagt ved indremedisin-

ske avdelinger (20).

INR og APTT

Choosing wisely Canada har gjennomfort kvalitetsprosjekter for a redusere ungdvendige blod-
provetakninger péd intensivpasienter, med fokus pé bl.a. repeterte koagulasjonsanalyser (21).
Kun en liten andel av koagulasjonsanalyser pa intensivpasienter var unormale i en australsk
studie, og de fleste forble normale under oppholdet (15).

SR

Et kvalitetsprosjekt reduserte samrekvirering av SR og CRP med 33% (22). Choosing Wisely
Canada har laget en anbefaling om bruk av SR (23).

TSH

Ettersom TSH er mye mer fininnstilt enn fT4, er det ofte tilstrekkelig & male TSH (24). Ved
Diakonhjemmet Sykehus har man automatisk etterrekvirering av frie tyroideahormoner nar
TSH er utenfor referanseomradet mens ved Sentrallaboratoriet i Vestfold har man en algoritme
tilpasset utredning av tyroideasykdom (25).

25-OH vitamin D

Rapportert stort overforbruk, en enkel intervensjon reduserte rekvirering med nesten 30% (26).
Anbefaling om rekvirering fra «Kloke valg»-kampanjen (27).

Vitamin B12

«Best practice»-pop-up reduserte rekvirering med ca 50% i en amerikansk studie (28).

PSA

Rutiner for PSA-testing pa eldre menn varierte betydelig blant klinikere i en amerikansk studie
(16). Hos menn >75 ar er testing for tidlig diagnose omdiskutert. Rundt 40% av mannlige nor-
ske 75-aringer testes érlig (17).

Forkortelser: ANA; Antinukleeere antistoff. INR; Internasjonal normalisert ratio. APTT; Aktivert tromboplastintid.
SR; Senkningsreaksjon. TSH; Tyreoideastimulerende hormon. PSA; prostataspesifikt antigen.

arbeid pa laboratorier i samarbeid med rekvirenter
(Tabell 2). Eksempler er uhensiktsmessig bruk av
analysen HbAlc hos pasienter pa sykehjem (14),
at kun en liten andel av koagulasjonsanalyser pa
intensivpasienter er unormale (15) og at rutiner for
PSA-testing pa eldre menn varierer betydelig blant
klinikere (16). Hos menn >75 &r er testing for tidlig
diagnose av prostatakreft omdiskutert, og det er et
paradoks at rundt 40% av mannlige norske 75-aringer
testes arlig (17).

Konklusjon
Vi héper kapittelet Riktig bruk av laboratoriet i var
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nasjonale brukerhandbok kan bidra med nyttig
informasjon om rekvireringsintervaller og inspirere
til kvalitetsarbeid. Innfering av minste retestingsin-
tervall i form av «harde stopp» ved blodprevebestil-
ling reduserer effektivt overrekvirering, men krever
god dialog mellom laboratoriet og rekvirentene. For
a utnytte verktoyet bedre mé imidlertid rekvirerings-
lgsninger optimaliseres for bruken. Erfaringer ber
deles pa tvers av laboratorier for harmonisering og
best mulig praksis.

Vi tar gjerne imot generelle tilbakemeldinger pa
kapittelet, samt konkrete forslag til analyser som kan
legges til i tabellene.
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On the importance of documenting achievements,

successes, and failures

Documentation and dissemination determine how discoveries

are remembered - or forgotten
Anders Kallner

Department of Clinical Chemistry, Karolinska University hospital

anders.kallner@ki.se

Early professional contacts
Long ago, in the 1940s and 1950s,
when clinical chemistry emerged
as a distinct medical discipline,
central laboratories began appear-
' ing in hospitals - both large and
-, small - like mushrooms in moist
W s0il. During this time, national
societies were established, with the professional
association Nordic Federation of Clinical Chemistry
(NFKK) as an “umbrella organization” to coordinate
and stimulate development. Committees with spe-
cialists from the national societies carried out the
work of NFKK. Some NFKK recommendations were
pioneer projects with international implications, e.g.
the Nordic Enzyme recommendations finally settled
the measuring temperature to 37 °C. Committee work
was regularly published in the Scandinavian Journal
of Clinical and Laboratory Investigation (SJCLI).
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Committees formed one pillar of NFKK’s activities;
the organization of biennial Nordic congresses was
the other. In the beginning, these meetings attracted
25 - 50 participants and were hosted by a local labora-
tory. Many participants will recall them as occasions
for making friends and establishing collaborations as
much as for scientific discussion. Laboratories pre-
pared their own reagents and designed their manual
analytical procedures, so methodology and quality
improvement were recurring topics. Often, but not
always, proceedings of the meetings were published
as “supplements” to SJCLI.

Over the decades, as the field and its institutions
matured, the congresses evolved into the modern
format we recognize today, comprising four tiers:
oral and poster presentations, a commercial exhi-
bition, and social activities. Their size and financial
turnaround now exceed the capacity of routine labo-
ratories. Almost all oral presentations are by invited

€
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established scientists. There may be several reasons
why specific speakers were chosen, for instance, their
ability to skillfully explain their own research in a
broader context, their relevance to the congress theme
and the organizers’ interests, or more rarely, to pres-
ent new findings. Some congresses publish abstracts
of oral presentations, but it’s all volatile; once the
event is over, memory fades, and performances are
soon forgotten. A given lecture rarely appears as a
distinct entry on a person’s CV.

International information exchange

Research and development are competitive, but col-
laboration and information exchange are fundamen-
tal for progress. It is important for the individual or
research group to document new achievements - and
to claim priorities. Early on, letters, personal notes
and books were the only means of documentation and
the remnants are invaluable sources to understand the
development of science. The first regularly published
scientific journals occurred in 1665: “The Philo-
sophical Transactions of the Royal Society” (https://
royalsocietypublishing.org/loi/rstl/) and the French
“Journal des s¢avans (scholars) (https://archive.org/
details/s1id13378460).

Lymf and oxygen

The history of science contains many interesting and
informative controversies. To illustrate how the rec-
ognition of scientific discoveries often depends on
documentation, timing, and communication, let us
recall two Nordic stories that have gained international
recognition.

The famous Danish scientist Thomas Bartholin Jr
described his observations of lymph in dogs in the
autumn of 1652. The discovery of the lymphatic system,
however, has been attributed to the Swedish polymath
Olof Rudbeck Jr., following long and heated discus-
sions. Is that fair? Yes, maybe. The Swedish, curious,
and science-interested Queen Christina of Sweden
visited Uppsala and Rudbeck in the spring of 1652. An
autopsy, probably of a dog, and a demonstration of the
circulation of lymph performed by Rudbeck was on the
program and described in the Royal reports but not
formally published until Rudbeck’s “Nova exercitatio
anatomica, exhibens ductus hepaticos aquosos, & vasa
glandularum serosa” became available in 1653. The
original observation was before the Bartolini publi-
cations; thus, the discovery has been internationally

attributed to Rudbeck. As a side note, Bartolini was
born a Dane in Malmo, but became a Swede after the
Peace of Roskilde in 1658.

Another classic story is the discovery of oxygen. The
Swedish pharmacist Carl Wilhelm Scheele, a largely
self-taught scientist working in K6ping, had previously
worked for Professor Torben Bergman in Uppsala, who
studied the affinity of substances. Bergman’s famous
“De attractionibus electivis” (On Elective Attractions)
is a 400-page description of known and characterized
substances and their reactions, translated to English in
1785. It was a source of inspiration for generations of
chemists, although it embraced the phlogiston theory. A
digitized copy is available that also includes all intricate
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u naden bep S, £, Lrujiue.

1777

The first Swedish pharmacopoeia was published in 1686,

the second in 1775. Among all the recipes, they prescribed a
standard set of instruments for pharmacies; those illustrated
on the cover of Scheele’s “chef-d'oeuvre” are mainly of his
own design.
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symbols for chemical substances used before the Ber-
zelii system became widely adopted. With our present
knowledge of the substances available to Scheele, and
the dominating Phlogiston theory of fire and heat it is
not simple to understand Scheele’s reasoning in setting
up the experiment. Scheele added Vitriol oil, i.e., con-
centrated sulfuric acid, to saltpeter (potassium nitrate).
He found that the stronger sulfuric acid decomposed
saltpeter, producing a gas. This gas was called Vitriol
air. Scheele heated manganese oxide and several other
metal oxides and isolated a gas that enhanced combus-
tion and shared other properties with Vitriol air. He
renamed it “Fire air”. These experiments were described
in “manuscript number 52” from 1770-1772, which was
not formally published until 1777 in Scheele’s major
work, “Chemische Abhandlung von der Luft und dem
Feuer”. Scheele described his experiments in a letter
to the Royal Swedish Academy of Sciences and also
communicated with Lavoisier in France. Meanwhile,
Joseph Priestley, still in England, isolated and described
“dephlogisticated air” in a report to the Royal Chemical
Society (1775). Therefore, the discovery of oxygen is
generally credited to Priestley, but even internationally,
often also acknowledged to Scheele.

Naming of elements
At this point, it might be justified to explore the ety-

mology of the element’s name. We know from various
letters and reports that Scheele preferred “elds-luft,”
whereas Priestley called it “dephlogisticated air”.
The phlogiston theory became increasingly hard to
defend, and Antoine Lavoisier in Paris ultimately
proved it wrong. Based on his experiments, Lavois-
ier named the gas described by Priestley and Scheele
Oxygeéne in 1787. The name comes from the Greek
OXY, meaning sharp or acid, and we recognize
“GEN” from “generate,” meaning create. The story
goes that Lavoisier observed that when non-metals
burn in air, they form acidic products - oxides — usu-
ally soluble in water. He initially thought this was an
effect of “vital air,” but later changed it to “oxygeéne.”
Chemistry responded with irony: when metals are
heated in air (oxygen), the emerging metal oxides will
be basic and rarely soluble in water!

Berzelius accepted Lavoisier’s name in “Essai sur la
nomenclature chimique” 1811, and local translations
soon appeared: Sauerstoff (DE), happi (FI), surefni
(IS), and syre (SE). Norway and the Anglo-Saxon
languages, along with many others, copied Lavoisier
directly, e.g., oksygen (NO). The Danes diverged,
guided by Hans Christian @rsted, who invented “ilt”
derived from ild, meaning fire, in 1814 and brent for
hydrogen from brend. Thus “brent over ilt” represent
an important compound (@rsted, H. C. 1814. Ten-

Oksygen

Elds-luft

0.0

Syre
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tamen nomenclaturae chemicae omnibus linguis
Scandinavico-Germanicis communis). Danish is one
of the few languages that still preserve a direct link
to Scheele’s original observation and terminology.
Hans Christian @rsted - the renowned physicist who
discovered the connection between magnetism and
electricity (1822) - was also a notable philosopher.
Among his many pursuits was the promotion of a
scientific approach to the naming of substances and
natural phenomena. This same principle, I believe,
later inspired René Dybkaer and Henrik Olesen in
their dedicated efforts to bring greater clarity to the
nomenclature of clinical chemistry.

IUPAC now authorizes the naming of new ele-
ments. The latest element synthesized is Oganesson
(2015), named after the Russian nuclear physicist Yuri
Oganessian (still alive), and preferred over Berzelium.
The next heavy element, number 119, is still hypothet-
ical, and the name Ununennium is thus preliminary.
It is an unholy mixture of Greek and Latin numerical
roots that fits the IUPAC rules. If ever synthesized,
a unique name will be selected based on suggestions
from the IUPAC members.

Documentation of conference contributions:
posters

Currently, scientific achievements are mainly docu-
mented in journals or monographs. However, many
important ideas and information are shared during
congresses that often don’t reach a wider audience.
New and revolutionary discoveries are rarely pre-
sented in oral sessions; instead, they are published
in peer-reviewed journals, and there is limited space
for oral presentations during the conferences. To
include more presentations or “food for thought”,
poster sessions are organized. These often highlight
new ideas and findings that authors want to discuss,
and this makes poster sessions particularly interest-
ing and important. Traditionally, posters were only
sheets mounted on-site, but now they are produced
in PowerPoint or PDF formats, which raises the ques-
tion: Why do physical posters at all?

The first time I experienced a digital posters’
exhibition was at the Labquality Days in Helsinki in
2023. Instead of physical posters, those accepted were
displayed on several large screens. The posters were
constantly visible, and the audience could call them
up one by one. The authors stood nearby. It was cer-
tainly not the first-time posters were digitized at con-

ferences, and it will become increasingly established.

Posters have often been short-lived, like dragon-
flies, and have never appeared outside the conference
(unless displayed locally at the original laboratory) or
in people’s CVs.

Posters have usually not been particularly encour-
aged, appreciated or taken seriously by the scientific
community. I am of another opinion. I believe that
posters are valuable channels for presenting new
ideas and discussion of projects that may not yet be
sufficiently developed for formal publication. The
digitized format invites information exchange with
the authors, even after the poster session is closed.

The Diskussionforum project

The Diskussionsforum decided to give congresses the
opportunity to share posters with all followers, not
just the congress participants, and to ensure that the
posters are archived on a suitable homepage. This
allows readers to review and consider the message at
their own pace. The proposed plan involves circulat-
ing a table of contents, the original abstracts sent to
the scientific committee, and a link to a repository of
the actual posters on a stable homepage where they
can be accessed.

We have completed some poster projects, e.g., the
Vilnius EFLM congress in 2024, (https:/llmd.1t/
It/renginys/xvii-baltijos-saliu-laboratorines-medici-
nos-kongresas) the Labquality days in 2025 and 2026
and the SFKK congress in Eskilstuna in 2025 (https://
www.dropbox.com/scl/fo/69zgtetgbsan82avsuq2s/
APKQgoj FISP3QFKPYDuDwY?rlkey=hgx0dc-
9nhoylhbOuztiy699uo&dl=0). We are negotiating
upcoming congresses in Denmark and Norway.

Diskussionsforum has about 700 followers in the
Nordic and Baltic countries; the scheme would thus
provide considerable exposure of the laboratories’
interests, research, and development. It is our hope
that it will also stimulate the submission of more
posters and higher-quality posters.

Diskussionsforum aspires to be the collective
memory and mind of clinical chemistry - a forum
and marketplace for exchanging ideas. We take this
opportunity to encourage all of you to look your
colleagues in their eyes and ask, “Have you joined
Diskussionsforum - yet?”. There are simple applica-
tion forms on the national societies’ homepages and
on the NFKK homepage. You can also write directly
to me, anders.kallner@ki.se.
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Ovintat laga folatvirden med Roche Folate I1I-metod

Anders Larsson

Klinisk Kemi och Farmakologi
Akademiska Sjukhuset, Uppsala
anders.larsson@akademiska.se

Serum/plasma folat analyse-
rat med Roche Folate III-metod
har under en period uppvisat
anmdrkningsvirt laga folatni-
vder. Forhoppningen dr dock att
detta dtgdrdats under oktober
2025.

Folatbrist ar kliniskt betydelsefull och kan leda till
megaloblastanemi och neuropatier. Serumfolatanalys
ar darfor en vanlig laboratorieundersokning i Sverige
och andra europeiska linder som inte har nagon obli-
gatorisk folsyraberikning. I icke-berikade populatio-
ner, sasom den svenska, ar flera grupper - till exempel
aldre, patienter med malabsorption, anemi, graviditet
eller antiepileptisk behandling - sdrskilt utsatta for
folatbrist, med en uppskattad prevalens pa 8-25 %.
Darfor dr riktad folatanalys motiverad [1]. Inget av
de nordiska linderna har dnnu infért obligatorisk
folsyraberikning, till skillnad fran t.ex. USA, Kanada
och Australien, ddr detta sedan linge har minskat
forekomsten av neuralrérsdefekter. I motsats till de
svenska forhallandena har folatbrist i lainder med
folsyraberikning, exempelvis Nordamerika, minskat
till 0,1-1 %, vilket gjort rutinméssig screening med
serumfolatanalyser mindre kostnadseffektiv [1,2].

Roche Diagnostics Elecsys® Folate III-analys
anvinds pa manga kliniskt kemiska laboratorier. Ar
2016 restandardiserades metoden mot WHO:s interna-
tionella standard (NIBSC 03/178), vilket ledde till lagre
patientresultat [3]. Tillverkaren angav en minskning
pa cirka -20 % och upp till -50 % vid lagre koncentra-
tioner. Flera oberoende studier har rapporterat annu
ldgre nivéer och visat pé att Roche:s reviderade nedre
referensgrans (fran 10,4 nmol/L till 8,8 nmol/L) inte
fullt ut kompenserar fér den observerade sainkningen
[4,5]. Senare studier har ocksd visat en negativ bias pa
-8,3 % jamfort med WHO-standarden, trots uppgiven
sparbarhet [6].
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Folate III-analysen anvinds pa Cobas e 801-instru-
ment i bade Region Stockholm och Region Uppsala. I
oktober 2023 introducerade Roche en ny version med
forbattrad biotin-tolerans for att minska interferens
fran biotin-rika patientprover [7]. Verifiering med
patientprover visade ingen signifikant bias i Stockholm,
men en genomsnittlig negativ bias pad -9 % i Uppsala.
Liknande resultat rapporterades dven av andra svenska
laboratorier och inom Equalis externa kvalitetssik-
ring (EQA) for folat. Roche har informerats om dessa
observationer.

Implementeringen av den nya metoden skedde vid
olika tidpunkter: mars—april 2024 i Stockholm och
oktober 2024 i Uppsala. Kort déirefter kom kommen-
tarer om ovéntat laga patientresultat och fler virden
under den nedre referensgransen (NRG). For att utreda
detta analyserades trender i patientmedelvarden. Med-
ianvarden fran laboratoriedatasystemet (LIS) ger ett
robust verktyg for metodoévervakning och komplet-
terar traditionell kvalitetskontroll (QC) [8].

Vid bérjan av 2023 lig medianvirdena for serum-
folat kring 16,6 nmol/L i bada regionerna. Darefter
noterades en successiv nedgang, forst i Stockholm
och senare i Uppsala - i takt med att den nya versio-
nen infordes. I oktober 2024 var medianen cirka 13,5
nmol/L, motsvarande en minskning med 19 % jamfort
med borjan av 2023, vilket 6verstiger den verifierade
-9 % biasen. Detta tyder pd att en ytterligare kalibre-
ringsforskjutning kan ha intréaffat.

Andelen provresultat under nuvarande nedre refe-
rensintervallsgrans (7,0 nmol/L) 6kade fran 4 % till
ndstan 15 %. Om Roche:s féreslagna grins 8,8 nmol/L
anvinds, skulle motsvarande andel stiga till cirka 25
%. Denna utveckling speglar inte en verklig 6kning av
folatbrist, utan hur prevalensuppskattningar paverkas
av val av referensgréns och kalibrering.

Skillnaden mellan analysens kalibrering och Roche
rekommenderade nedre referensintervallsgrins, som
forst uppmirksammades efter restandardiseringen
2016 [4], forefaller nu ha 6kat. Detta leder till att fler
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Figure 1.
Capitainer B sampling card.
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Capitainer B

A sampling card for self-sampling of capillary blood.
Performance evaluated by measurement of haemoglo-
bin Alc (HbAIc).

Background

Capitainer B is a sampling card (figure 1) for the
collection of a volumetrically defined dried blood
sample. The product is intended for use by health care
personnel and lay persons. The capillary blood sam-
ples can be collected both in and outside of clinical
settings with Capitainer B by the intended users and
subsequently transported to a laboratory via regular
mail, where measurement of numerous measurands
is possible. For this evaluation, SKUP and the man-
ufacturer agreed to use HbAlc as the measurand to
assess the analytical performance of the capillary
blood samples collected with Capitainer B.

The Capitainer B sampling card was launched on
the Scandinavian market in February 2020. A SKUP
evaluation was carried out in 2024 at the request of
Capitainer AB in Sweden. After the completion of this
evaluation, the manufacturer made changes to the
pre-analytical procedure and shortened the recom-
mended stability time of the Capitainer B sampling
card from 14 to 5 days after sampling, in response to
poor accuracy. These modifications led to a second
evaluation.
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The aim of the evaluation

The aim of the evaluation was to assess the analytical
performance of Capitainer B for the measurement of
HbAlc, when sample collection was performed by
intended users; health care personnel and lay persons,
and to assess the user-friendliness of both sample
collection and pre-analytical procedures. The meas-
urements of HbAlc were performed by biomedical
laboratory scientists (BLSs) at a hospital laboratory.

Materials and methods
In the first evaluation, 113 participants were recruited
at a hospital laboratory, and 92 participants were
recruited from primary health care centres (PHCCs).
In the second evaluation, only the self-sampling part
by lay persons was performed, and 115 participants
were recruited from PHCCs. Duplicate samples were
collected by healthcare personnel at the hospital
laboratory, while participants at the PHCCs per-
formed duplicate sample collections themselves. The
Capitainer B sampling cards were sent via regular
mail to the hospital laboratory, where the blood was
extracted, eluted and haemolysed followed by meas-
urement of HbAlc on Roche cobas pro ¢ 503 (Roche
Diagnostics), using the Tina-quant hemolysate appli-
cation (application code number (ACN) 851). These
results were compared to HbA Ic results from venous
EDTA-samples collected from the same participants,
measured on the comparison method Tina-quant on
cobas pro ¢ 503 whole blood application (ACN 881).
The analytical results and user-friendliness were
assessed according to pre-set performance specifica-
tions for HbAlc. The analytical performance specifi-
cation (APS) for precision was a repeatability (coef-
ficient of variation, CV) of <3,0 %, and for accuracy,
that at least 95 % of the results should be within +3,0
mmol/mol of the results from the comparison method
at HbAIc concentrations <35,3 mmol/mol and within
18,5 % at HbAlc concentrations >35,3 mmol/mol.
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Figure 2. Accuracy of HbAIc results from Capitainer B samples when the samples were collected by health care personnel in
the first evaluation. The x-axis represents the mean HbAIc result of the comparison method. The y-axis represents the HbAIc
deviation of a single Capitainer B sample measurement from the mean result of the corresponding sample of the comparison
method. The vertical line at 48 mmol/mol HbAIc illustrates the diagnostic threshold value for diabetes. The different lots of
Capitainer B are illustrated with the symbols ® (Lot a), ¢ (Lot b), X (Lot ¢) and ™ (Unknown lot, i.e., a, b or c). Stippled lines
represent the allowable deviation limits according to the APS. Number of results (n) = 111.
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Figure 3. Accuracy of HbAIc results from Capitainer B samples when the samples were collected by lay persons in the second
evaluation. The x-axis represents the HbAIc result of the comparison method. The y-axis represents the HbAIc deviation of
the first Capitainer B sample measurement from the result of the corresponding sample of the comparison method. The ver-
tical line at 48 mmol/mol HbAIc illustrates the diagnostic threshold value for diabetes. The different lots of Capitainer B are
illustrated with the symbols X (Lot A), A (Lot B), ® (Lot C) and ™ (Lot D). Stippled lines represent the allowable deviation
limits according to the APS. Number of results (n) = 70.
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The user-friendliness was assessed using two ques-
tionnaires: one for sample collection (lay persons),
and one for extraction and elution of samples (labora-
tory personnel). Three ratings were used: satisfactory,
intermediate and unsatisfactory. To achieve the over-
all rating “satisfactory”, the tested equipment had to
receive a total rating of “satisfactory” in all subareas.

Results

The repeatability achieved when samples were col-
lected by health care personnel at a hospital labora-
tory was a CV between 1,4 and 2,8 % (table 1). The
repeatability achieved when samples were collected by
lay persons at PHCCs was a CV between 1,5 and 2,0 %
in the first evaluation (not shown) and 0,8 and 1,3 %
in the second evaluation (table 2). When samples were
collected by health care personnel the accuracy was
74 % (figure 2). When samples were collected by lay
persons the accuracy was 27 % in the first evaluation
(not shown) and 89 % in the second evaluation, fol-
lowing the introduction of a new preanalytical proce-
dure and shortened stability time (figure 3). Overall,
the user-friendliness of the Capitainer B for both the
sample collection and the pre-analytical procedures
before measurement was rated satisfactory by the lay

persons and the laboratory personnel, respectively.
However, some intermediate and unsatisfactory rat-
ings were also reported.

Conclusion

The APS for repeatability was fulfilled both when
samples were collected by health care personnel and
by lay persons. The APS for accuracy was not ful-
filled by either party. However, the accuracy clearly
improved after the manufacturer introduced changes
to the pre-analytical procedure and shortened the
recommended stability time. The performance spec-
ification for user-friendliness was fulfilled.

The complete evaluation report as well as summaries
in Danish, Norwegian and Swedish is available at
www.skup.org.
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Table 1. Repeatability (CV) of Capitainer B samples measured for HbAlc. Results achieved when the samples were collected

by health care personnel in the first evaluation.

Excluded results
Level n* . . .
(statistical outliers)
1 24 1
2 66 0
3 16 1*

Mean value HbAlc, CV (90 % CI),
mmol/mol %

35,6 2,8(2,3-3,8)

45,1 2,5(2,2-2,9)

67,6 1,4 (1,0 - 2,0)

* The given number of results (n) were counted before the exclusion of statistical outliers.

Mean and CV were calculated after the exclusion of statistical outliers.

** Two samples were statistical outliers according to Burnett’s model [1] and therefore excluded.

Table 2. Repeatability (CV) of Capitainer B samples measured for HbAIc. Results achieved when the samples were collected

by lay persons in PHCCs in the second evaluation.

Excluded results

LA n (statistical outliers)
1 11 0
2 39 1*
3 8 0

Mean value HbAlc, CV (90% CI),
mmol/mol %

36,2 1,3 (1,0 - 2,1)

46,0 0,8 (0,6 - 0,9)

69,6 1,0 (0,7 - 1,7)

* The given number of results (n) were counted before the exclusion of statistical outliers.

Mean and CV were calculated after the exclusion of statistical outliers.

** One sample was a statistical outlier according to Burnett’s model [1] and therefore excluded.
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the journal abbreviation, add a space, the publication year, a semicolon, the volume number, a colon, and the page numbers.
Remove redundant digits in page numbers, as shown in the example: 1989;49:483-8. Personal communications (including full
name and year) and product information should not appear in the reference list, but should be cited in the manuscript text.
If there are more than 20 references, the author must select the 20 most important ones to be included in the journal. The
remaining references should be numbered chronologically in the text, and readers must contact the author to obtain them.

Examples

Journal article with up to three authors: PhD thesis:

1. Vermeersch P, Marién G, Bossuyt X. A case of pseudopara-
proteinemia on capillary zone electrophoresis caused by
geloplasma. Clin Chem 2006;52:2309-11.

Journal article with more than three authors:

2. Fiechtner M, Ramp J, England B, et al. Affinity binding assay
of glycohemoglobin by two-dimensional centrifugation ref-
erenced to hemoglobin Alc. Clin Chem 1992;38:2372-9.

Abstract:

3. Hortin GL, King C, Kopp J. Quantification of rhesus
monkey albumin with assays for human microalbumin
[Abstract]. Clin Chem 2000;46:A140-1.

Book chapter:

4. Rifai N, Warnick GR. Lipids, lipoproteins, apolipopro-
teins, and other cardiovascular risk factors. In: Burtis CA,
Ashwood ER, Bruns DE, eds. Tietz textbook of clinical
chemistry and molecular diagnostics. 4™ Ed. St. Louis:
Elsevier Saunders 2006:903-81.

5. Haughton MA. Immunonephelometric measurement of
vitamin D binding protein [MAppSci thesis]. Sydney, Aus-
tralia: University of Technology, 1989:87pp.

Online published article ahead of print:

6. Milbury CA, Li J, Makrigiorgos GM. PCR-based meth-
ods for the enrichment of minority alleles and mutations.
[Epub ahead of print] Clin Chem February 6, 2009 as
doi:10.1373/clinchem.2008.113035.

Supplement:
7. Castelli WP. Lipids, risk factors and ischaemic heart dis-
ease. Atherosclerosis 1996;124 Suppl:S1-9.

Online source:
8. American Association for Clinical Chemistry. AACC contin-

uing education. https://www.aacc.org/education-and-career/
continuing-education (Accessed April 2020).

See also NFKK's and KBN’s homepage: www.nfkk.org

The Nordic Federation of Clinical Chemistry (NFKK)

NFKK’s purpose is to promote the advancement of clinical chemistry, with a particular focus on Nordic collaboration in
research, professional development and education. It comprises members from the national societies for clinical chemistry
in Denmark, Finland, Iceland, Norway, and Sweden. The activities of NFKK are carried out through various project groups
and working groups. The federation has scientific responsibility for the Scandinavian Journal of Laboratory and Clinical
Investigation (SJCLI), publishes Klinisk Biokemi i Norden, and organizes the Nordic Congresses in Clinical Chemistry together
with the national societies — a key event for professionals in the region.

The current board members are: Mie Hessellund Samson (Aarhus), Nikki Have Mitchell (Kebenhavn), Tapio Lahtiharju (Helsinki),

Eeva-Riitta Savolainen (Oulu), Olof Sigurdardottir (Akureyri), Leifur Franzson (Reykjavik), Joakim Eikeland (Drammen), Henrik
von Horn (Stockholm), Morten Lindberg (Tonsberg). Chairman of NFKK: Per Bjellerup (Visteras).
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Count on the Enhanced
Liver Fibrosis (ELF™) Test

Assess the risk of metabolic dysfunction-associated steatotic liver
disease (MASLD)/ metabolic dysfunction-associated steatohepatitis
(MASH) progression and liver-related events with a simple blood test.

Scan for more info

A non-invasive blood test that measures three direct markers of fibrosis:
hyaluronic acid (HA), procollagen Ill amino-terminal peptide (PIIINP), and tissue
inhibitor of matrix metalloproteinase 1 (TIMP-1). The ELF Test, in conjunction with
other laboratory and clinical findings, can be used to assess the risk of
progression to cirrhosis and liver related events in patients with chronic liver
disease.
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