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Abstract
ContextĹ Primary hyperparathyroidism is a common condition and resuѴts in hyperŊ
caѴcaemiaķ especiaѴѴy in oѴder womenĺ Thusķ it is criticaѴ to obtain a robust estimate 
for the upper Ѵimit of the reference intervaѴ for aѴbuminŊadjusted serum caѴcium in 
the generaѴ popuѴationĺ The current reference intervaѴ in use in the UK ŐPathoѴogy 
Harmony rangeķ ƑĺƑƏ to ƑĺѵƏ mmoѴņLő was based on a consensusĺ
ObjectivesĹ To estabѴish a reference intervaѴ for aѴbuminŊadjusted serum caѴcium in 
men and women.

DesignĹ CrossŊsectionaѴ study of men and women who did not have chronic kidney 
disease or vitamin D deficiencyĸ outѴiers were identified statisticaѴѴy and then reŊ
jected and then a ƖƖѷ reference intervaѴ was caѴcuѴatedĺ
PatientsĹ ƔƏƑ ƔƑƓ men and women aged ƓƏ to ѵƖ years from the UK Biobank Studyĺ
MeasurementsĹ Serum totaѴ caѴciumķ aѴbuminķ ƑƔŊhydroxyvitamin Dķ estimated gѴoŊ
meruѴar function ŐeGFRőĺ
ResuѴtsĹ We deveѴoped an equation for aѴbuminŊadjusted serum caѴcium and appѴied 
it to ƐƕѶ ƒƕƕ men and women who did not have chronic kidney disease or vitamin 
D deficiencyĺ We identified ƑƖѵƑ ŐƐĺƕѷő as outѴiersķ and when excѴudedķ we report 
a ƖƖѷ reference intervaѴ of ƑĺƐƖ to ƑĺƔѵ mmoѴņL ŐѶĺƕѵ to ƐƏĺƑƓ mgņdLőĺ We found 
that for oѴder ŐƔƔŊѵƖ yearső and younger women ŐƓƏŊƔƔ yearső the upper Ѵimits were 
ƑĺƔƖ mmoѴņL and ƑĺƔƕ mmoѴņL and that for aѴѴ menķ the upper Ѵimit was ƑĺƔƔ mmoѴņLĺ
ConcѴusionsĹ We have estabѴished an upper Ѵimit of the reference range for oѴder 
women that wouѴd identify aѴѴ high outѴiers ŐƑĺѵƏ mmoѴņL and aboveőĺ The upper Ѵimit 
for young women and for men is Ѵowerķ at ƑĺƔƕ and ƑĺƔƔ mmoѴņL respectiveѴyĺ The 
current reference intervaѴ in use has to be updated and improved based on these 
findingsĺ These upper Ѵimits may prove heѴpfuѴ for identifying hypercaѴcaemic disorŊ
ders Ѵike primary hyperparathyroidism in cѴinicaѴ practiceĺ
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ƐՊ |ՊINTRODUC TION

A reference intervaѴ is an important concept in everyday cѴinicaѴ 
practiceķ as it gives a range of vaѴues for which a measurement 
is considered physioѴogic in heaѴthy subjectsĺ VaѴues above or 
beѴow this reference intervaѴ suggest the existence of a diseaseĺ 
In the case of caѴcium metaboѴismķ it is important to identify the 
upper and Ѵower Ѵimits of the reference intervaѴ for serum caѴcium 
in order to diagnose patients with disorders of caѴcium homeoŊ
stasis Ѵike primary hyperparathyroidism ŐPHPTőĺ1 This requires a 
very Ѵarge popuѴation of peopѴe who have weѴѴŊcharacterized viŊ
tamin D and estimated gѴomeruѴar fiѴtration rate ŐeGFRő statusĺ 
In the United Kingdomķ the PathoѴogy Harmony reference range 
has been in use for adjusted caѴcium since ƑƏƐƐĸ the range reŊ
ported is ƑĺƑƏ Ŋ ƑĺѵƏ mmoѴņLĺ Its estabѴishment was based on a 
consensusĺƑķƒ

Moreoverķ it is essentiaѴ to consider that totaѴ caѴcium can vary 
significantѴy depending on protein concentration as approximateѴy 
fortyŊfive per cent is protein boundķ mainѴy to aѴbuminĺƓ NICE guidŊ
ance advises the use of aѴbuminŊadjusted caѴcium when assessing 
patients for caѴciumŊreѴated disordersĺ5

Adjusting totaѴ caѴcium for aѴbumin concentration is a practiŊ
caѴ means of determining serum caѴciumĺ6 There are severaѴ equaŊ
tions avaiѴabѴe in Ѵiterature with the most commonѴy used being 
the foѴѴowingĹ adjusted caѴcium ŐmmoѴņLő = totaѴ caѴcium + [0.02 

ŐƓƏƴaѴbumin in gņLőœĺƕ Howeverķ a derived regression equaŊ
tion wouѴd be better to use as it is based on the ѴocaѴ patient 
popuѴationĺ6

UK Biobank is a Ѵarge heaѴth resource which has the aim of imŊ
proving preventionķ diagnosis and treatment of a wide range of 
serious iѴѴnessesĺ8 It has data on haѴf a miѴѴion participants aged 
ƓƏŊѵƖ yearsķ equaѴѴy represented from both sexesĺ With information 
on a totaѴ of thirtyŊfour biomarkers ŐbѴood and urineőķ UK Biobank is 
an exceѴѴent resource for researchĺ

The aims of this study were to caѴcuѴate a reference intervaѴ for 
caѴcium based on the UK Biobank popuѴation cohort and to provide 
an equation that couѴd be used by scientists studying caѴcium metabŊ
oѴism using UK Biobank dataĺ

We considered two approachesĺ In the firstķ we have appѴied 
an outѴier identification approach to a popuѴationŊbased study to 
identify the range of abnormaѴ resuѴtsĸ the Ѵeast abnormaѴ resuѴt 
wouѴd provide us with our upper and Ѵower Ѵimit estimateĺ We 
wouѴd expect to find a prevaѴence of hypercaѴcaemia of about Ɛѷ 
overaѴѴķ with higher vaѴues in oѴder womenĺƖ Primary hyperparaŊ
thyroidism is a distinct abnormaѴity of caѴcium homeostasis that is 
commonѴy due to a parathyroid adenomaĺ Hypoparathyroidism is 
much Ѵess common than primary hyperparathyroidism and so we 
wouѴd expect fewer casesĺ10 In the second approachķ we excѴuded 
aѴѴ outѴiers identified using the first approach and then used a roŊ
bust approach to caѴcuѴate the ƖƖѷ reference intervaѴĺ We chose 
ƖƖѷ as we wouѴd expect fewer than Ɛѷ diseased individuaѴs 
in the taiѴs of the distribution after excѴuding the outѴiersĺ This 
wouѴd aѴso provide us with our upper and Ѵower Ѵimit estimatesĺ

ƑՊ |ՊMATERIAL S AND METHODS

The participants of the UK Biobank ŐƖƓѷ whiteő were recruited 
throughout the UK between ƑƏƏѵ and ƑƏƐƏĺ The information on 
the biochemicaѴ measurements was retrieved by Document RefĹ 
BCMƏƑƒķ Version ƐĺƏķ ƐƑ Aug ƑƏƐƔķ the Companion Document to 
Accompany Serum Biomarker Dataķ Version ƐĺƏķ ƐƐ March ƑƏƐƖ and 
the Biomarker assay quaѴity proceduresĹ approaches used to miniŊ
mize systematic and random errors Őand the wider epidemioѴogicaѴ 
impѴicationsőķ Version ƐĺƑķ ƏƑ ApriѴ ƑƏƐƖĺ8 The serum sampѴes coѴŊ
Ѵected were not fasting and venepuncture was performed using a 
tourniquet Őinformation obtained after communication with the UK 
Biobankőĺ The participants couѴd have their bѴood measurements 
at any point in the dayĺ CaѴcium and aѴbumin were measured using 
coѴorimetric assays in a Beckman CouѴter AUƔѶƏƏ anaѴyserĺ The coŊ
efficient of variation reported was between ƐĺƑƖѷ and ƐĺѵƐѷ for 
caѴcium and between ƑĺƏƖѷ and ƑĺƐƒѷ for aѴbuminĺ

We had databases reѴeased in ƑƏƐƖķ with data on a totaѴ of 
ƔƏƑ ƔƑƓ participants ŐƔƓѷ femaѴeķ mean age Ɣƕ yearsőĺ

In order to caѴcuѴate the aѴbuminŊadjusted caѴcium equation a 
previous protocoѴ described by Barth et aѴ was foѴѴowed6ĸ this is the 
protocoѴ aѴso used in our Ѵaboratory at SheffieѴd Teaching HospitaѴs 
NationaѴ HeaѴth Service Foundation Trustĺ According to thisķ patients 
with extreme ѴeveѴs of aѴbumin ŐƾƔƔ gņL and <ƑƏ gŉLőķ substantiaѴ 
renaѴ impairment Őurea ƾƐƔ mmoѴņL andņor creatinine ƾƑƏƏ μmoѴņLő 
andņor deranged Ѵiver function tests ŒaѴanine transaminase ŐALTő 
ƾƓƐ UņL or >ƒƓ UņL for femaѴes andņor aѴkaѴine phosphatase ŐALPő 
ƾƐƒƏ UņLœ were excѴudedĺ To compѴy to this protocoѴķ the mean of 
the reference intervaѴ for totaѴ caѴcium has to be usedĺ The mean 
of the PathoѴogy Harmony reference range is ƑĺƓƏ mmoѴņLķ which 
was different from the mean caѴcium reported by the UK Biobank 
ŐƑĺƒѶ mmoѴņLőĺ Thereforeķ a new reference intervaѴ for totaѴ caѴcium 
had to be caѴcuѴated first to aѴѴow the caѴcuѴation of the adjusted 
caѴcium equationĺ

In order to estabѴish the totaѴ caѴcium reference intervaѴķ aѴѴ parŊ
ticipants with a measurement of serum caѴcium at the UK Biobank 
baseѴine assessment were incѴudedĺ ExcѴusion criteria were Ѵow esŊ
timated gѴomeruѴar fiѴtration rate ŐeGFR < ѵƏ mLņminņƐĺƕƒ m2ő andņ
or Ѵow vitamin D Ő<ƔƏ nmoѴņLőĺ11 As the UK Biobank did not give 
information on eGFRķ the ƑƏƏƖ CKDŊEPI creatinine equation was 
used for its caѴcuѴationĺ12 When appѴying this equationķ a different 
caѴcuѴation is used for BѴack peopѴeķ so these need to be identifiedĺ 
UK Biobank uses different codings for ethnic backgrounds and deŊ
fines as ļbѴackĽ the foѴѴowing categoriesĹ ƓĹ BѴack or BѴack Britishĸ 
ƓƏƏƐĹ Caribbeanĸ ƓƏƏƑĹ Africanĸ ƓƏƏƒĹ any other bѴack backgroundĺ

Using the derived adjusted caѴcium equationķ adjusted caѴcium 
was caѴcuѴated in order to find the reference intervaѴĺ AѴѴ participants 
with an estimate of adjusted caѴcium were incѴudedĺ Once againķ exŊ
cѴusion criteria were Ѵow eGFR andņor Ѵow vitamin D as defined aboveĺ

A further anaѴysis was conducted in order to check for age and 
gender differences in the adjusted caѴcium reference rangeĺ The 
same approach as described above was foѴѴowed for each subgroupĺ 
Patients beѴow ƔƔ years were defined as youngķ whiѴe ƾƔƔ years as oѴdĺ
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The anaѴyses were performed using the RStudio statisticaѴ 
software version ƐĺƐĺƓƓƑ ŐRStudioķ Inc Bostonőĺ For the reference 
intervaѴ anaѴysisķ Hornŝs method of outѴier detection using Tukeyŝs 
interquartiѴe fences was usedĺ This method identifies an outѴier if it 
Ѵies more than ƐĺƔ quartiѴes above or beѴow the interquartiѴe range 
ŐIQRőĺƐƒ The outѴiers were rejected and the refLimit function was apŊ
pѴiedĺ The robust method was used for the reference intervaѴ caѴcuŊ
Ѵations adjusting the method to caѴcuѴate a ƖƖѷ reference intervaѴķ 
whiѴe the bootstrapping method was used for the confidence interŊ
vaѴs adjusting it to ƖƏѷ ѴimitsĺƐƒ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊReference intervaѴ for totaѴ caѴcium

In totaѴķ ƐƕѶ ƓƓƑ participants had a totaѴ caѴcium resuѴt at baseѴine 
and had normaѴ vitamin D and eGFR as defined aboveĺ Out of the 
women with data on menopauseķ ƑѶƕƒ were postmenopausaѴ and 
ƒƒƏ premenopausaѴĺ CaѴcium was higher in the menopausaѴ group 
ŐƑĺƒƖ vs ƑĺƒƔ mmoѴņLķ respectiveѴyķ P < ĺƏƏƏƐőĺ

The totaѴ caѴcium measurements of this popuѴation Őn = ƐƕѶ ƓƓƑő 
were used in RStudioķ and the derived ƖƖѷ reference intervaѴ was ƑĺƐѵŊ
ƑĺѵƏ mmoѴņL after rejecting ƑƒƔѵ outѴiers Őthe majority being above of 
the reference intervaѴőĺ The mean caѴcium of the data was ƑĺƒѶ mmoѴņLĺ

For patients with normaѴ eGFRķ independent of their vitamin D 
statusķ the respective reference intervaѴ was ƑĺƐƔ το ƑĺѵƏ mmoѴņLĺ 
The mean caѴcium was ƑĺƒѶ mmoѴņLĺ

ƒĺƑՊ|ՊAѴbuminŊadjusted caѴcium equation

In totaѴķ ƒƕƑ ѶƏƓ participants were seѴected based on the Barth 
et aѴ protocoѴ criteria and a pѴot was created of totaѴ caѴcium ŐyŊaxiső 
against aѴbumin ŐxŊaxisőĺ The yŊintercept was found to be ƐĺƔѶ whiѴe 
the sѴope of the graph was ƏĺƏƐƕƕ ŐFigure Ɛőĺ

Thusķ the equation y = ŐsѴopeő× + interceptķ became 
y = ƏĺƏƐƕƕ× + 1.58.

This was further processedĹ
TotaѴ caѴcium ŐTCaő = ƏĺƏƐƕƕ ŐaѴbuminő + 1.58

According to Barth et aѴķ aѴbuminŊadjusted caѴcium = totaѴ caѴŊ
cium Ŋ ŐsѴope Ŗ aѴbuminő + Őmean normaѴ totaѴ caѴcium Ŋ intercept 
caѴciumő6

AѴbuminŊadjusted caѴcium ŐACaő = TCaŋƏĺƏƐƕƕ ŐaѴbuminő + Őmean 
totaѴ caѴciumŋƐĺƔѶő

ACa = TCaŋƏĺƏƐƕƕ ŐaѴbuminő + 0.80

ACa = TCaŋŐaѴbuminŋƏĺѶƏņƏĺƏƐƕƕő
AѴbuminŊadjusted caѴcium = TotaѴ caѴcium + ƏĺƏƐƕƕ 

ŐƓƔĺƑŋaѴbuminő

ƒĺƒՊ|ՊReference intervaѴ for aѴbuminŊ
adjusted caѴcium

Using the equation caѴcuѴated aboveķ the aѴbuminŊadjusted caѴcium 
for the whoѴe popuѴation was caѴcuѴatedĺ This incѴuded ƐƕѶ ƒƕƕ 
aduѴts with a totaѴ caѴcium and aѴbumin resuѴt at baseѴine and norŊ
maѴ vitamin D and eGFR as defined aboveĺ The outѴier rejection apŊ
proach identified ƑƖѵƐ outѴiers ŐƐĺѵѵѷő which were rejectedĺ The 
reference intervaѴ for aѴbuminŊadjusted caѴcium was found to be 
ƑĺƐƖ to ƑĺƔѵ mmoѴņL ŐTabѴe Ɛőĺ The mean aѴbumin for this popuѴation 
was ƓƔĺƐ gņL ŐSD ƑĺƔѶőĺ

F I G U R E  Ɛ Պ PѴot of totaѴ caѴcium ŐyŊaxiső 
against aѴbumin ŐxŊaxiső created to find 
the coefficients for the adjusted caѴcium 
equationĺ The yŊintercept was found to 
be ƐĺƔѶ whiѴe the sѴope of the graph was 
ƏĺƏƐƕƕ

TA B L E  Ɛ Պ CaѴcuѴated reference intervaѴs for totaѴ and aѴbuminŊ
adjusted caѴcium

AѴbuminŊadjusted 
caѴcium ŐmmoѴņLő

Lower Ѵimit of ƖƖѷ reference intervaѴ 
ŐmmoѴņLő

ƑĺƐƖƓ

ƖƏѷ confidence intervaѴs ŐmmoѴņLő ƑĺƐƖƒŊƑĺƐƖƓ

Higher Ѵimit of ƖƖѷ reference intervaѴ 
ŐmmoѴņLő

ƑĺƔѵƓ

ƖƏѷ confidence intervaѴs ŐmmoѴņLő ƑĺƔѵƒŊƑĺƔѵƔ
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ƒĺƓՊ|ՊAgeŊ and genderŊadjusted reference intervaѴs 
for aѴbuminŊadjusted caѴcium

Using equations derived for each subgroupķ we caѴcuѴated the adŊ
justed caѴcium for each group and appѴied the outѴier rejection apŊ
proach as described above ŐTabѴe Ƒőĺ We found different reference 
intervaѴs for aѴbuminŊadjusted caѴcium ŐTabѴe ƒő with the highest 
ѴeveѴs in the oѴder group of women and the Ѵowest ѴeveѴs in the two 
groups of menĺ

ƓՊ |ՊDISCUSSION

This study has provided reference intervaѴs for totaѴ and aѴbuminŊ
adjusted caѴciumĺ An interesting observation was that the reference 
intervaѴ found for adjusted caѴcium was narrower than the PathoѴogy 
Harmony range ŐƑĺƑ to Ƒĺѵ mmoѴņLő which is the estabѴished range 
in the UKĺ This is expectedķ as the PathoѴogy Harmony range was 
based on a consensusĺ The caѴcuѴated reference intervaѴ for this 
popuѴation was ƑĺƐƖŊƑĺƔѵ mmoѴņL for aѴbuminŊadjusted caѴciumĺ 
InterestingѴyķ the confidence intervaѴs of the Ѵower and upper Ѵimit 
did not incѴude the current Ѵimits of the PathoѴogy Harmony intervaѴĺ 
This observation has cѴinicaѴ consequencesĺ Moving the reference 

intervaѴ to either direction wouѴd affect the number of individuaѴs 
that are ѴabeѴѴed as having a disorder of caѴcium metaboѴism and can 
change the reported prevaѴence of disorders Ѵike primary hyperŊ
parathyroidism and normocaѴcaemic hyperparathyroidismĸ a more 
narrow range wouѴd increase the prevaѴence of primary hyperparŊ
athyroidism Őhigh caѴciumķ high parathyroid hormoneő and decrease 
the prevaѴence of normocaѴcaemic hyperparathyroidism ŐnormaѴ caѴŊ
ciumķ high parathyroid hormoneőĺ

We aѴso found different ageŊ and genderŊadjusted referŊ
ence intervaѴs for aѴbuminŊadjusted caѴciumĺ PostmenopausaѴ 
women had the highest upper Ѵimit ŐƑĺƔƖ mmoѴņLőĺ This estimate 
was supported by the range of outѴiers for oѴder women of ƑĺѵƐŊ
ƒĺƓƒ mmoѴņL as they were aѴѴ above this threshoѴdĺ Thusķ an upper 
Ѵimit of ƑĺѵƏ mmoѴņL may be suitabѴe for oѴder womenĺ Howeverķ 
for younger women and for men the upper Ѵimit shouѴd be around 
ƑĺƔƔŊƑĺƔƕ mmoѴņLĺ

The higher Ѵimit found in oѴder women couѴd refѴect the higher 
prevaѴence of primary hyperparathyroidism in this groupƐƓ; howŊ
everķ we rejected outѴiers before caѴcuѴating the reference inŊ
tervaѴĺ There was aѴso an increased number of outѴiers detected 
above the IQR in this group when compared to the other groupsĺ 
Another expѴanation for this couѴd be the increased resorption deŊ
scribed after menopause15 and the change in set point resuѴting 

PopuѴation
OѴder women
N = ƔƖ Ѷƕƕ

Younger women
N = ƒƔ ƓƖƕ

OѴder men
N = ƔƔ ѶƕƖ

Younger men
N = Ƒƕ ƐƑƓ

Number of outѴiers 
Őѷő

ƐƑƓƖ ŐƑĺƐő ƓƓƒ ŐƐĺƑő ѵѵƕ ŐƐĺƑő ƓƏƔ ŐƐĺƔő

Number of outѴiers 
above the IQR Őѷő

ѶѶѶ ŐƐĺƔő ƑѶƔ ŐƏĺѶő ƓƑƔ ŐƏĺѶő ƑƑƏ ŐƏĺѶő

Range of caѴcium 
for the outѴiers 
above the IQR 
ŐmmoѴņLő

ƑĺѵƐŊƒĺƓƒ ƑĺѵƏŊƒĺƏƕ ƑĺƔѶŊƒĺƔƐ ƑĺƔƕŊƑĺѶƐ

Number of outѴiers 
beѴow the IQR Őѷő

ƒѵƐ ŐƏĺѵő ƐƔѶ ŐƏĺƓő ƑƓƑ ŐƏĺƓő ƐѶƔ ŐƏĺƕő

Range of caѴcium 
for the outѴiers 
beѴow the IQR 
ŐmmoѴņLő

ƐĺƐƑŊƑĺƑƑ ƐĺƕѶŊƑĺƑƏ ƐĺƔƐŊƑĺƐƖ ƐĺƔƓŊƑĺƑƑ

Note: IQRĹ interquartiѴe rangeĺ

TA B L E  Ƒ Պ OutѴier rejection for the 
different groupsĺ YoungĹ < ƔƔ yķ oѴd ƾƔƔ y

PopuѴation
OѴder 
women

Younger 
women OѴder men

Younger 
men

Lower Ѵimit of ƖƖѷ reference 
intervaѴ ŐmmoѴņLő

2.210 ƑĺƐƖƔ ƑĺƐƖƑ 2.211

ƖƏѷ confidence intervaѴs 
ŐmmoѴņLő

ƑĺƑƏƖŊƑĺƑƐƐ ƑĺƐƖƓŊƑĺƐƖѵ ƑĺƐƖƐŊƑĺƐƖƒ ƑĺƑƐƏŊƑĺƑƐƑ

Higher Ѵimit of ƖƖѷ reference 
intervaѴ ŐmmoѴņLő

2.586 2.565 ƑĺƔƓƖ 2.552

ƖƏѷ confidence intervaѴs 
ŐmmoѴņLő

ƑĺƔѶƔŊƑĺƔѶƕ ƑĺƔѵƒŊƑĺƔѵѵ ƑĺƔƓѶŊƑĺƔƔƏ ƑĺƔƔƏŊƑĺƔƔƒ

Note: YoungĹ <ƔƔ yķ oѴd ƾƔƔ yĺ

TA B L E  ƒ Պ Reference intervaѴs and ƖƏѷ 
confidence intervaѴs for the upper and 
Ѵower Ѵimit for aѴbuminŊadjusted caѴcium
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from changes in oestrogen statusĺ16 We found increased ѴeveѴs of 
caѴcium in the postmenopausaѴ groupĺ

This study aѴso provided an equation for the caѴcuѴation of aѴŊ
buminŊadjusted caѴcium derived from UK Biobank dataĺ This couѴd 
be used when working using these data in future research projectsĺ

There are severaѴ Ѵimitations to this studyĺ Parathyroid hormone 
wouѴd be usefuѴ to have to aѴѴow excѴusions of patients with parathyŊ
roid disordersĺ Moreoverķ we did not excѴude peopѴe known to have 
diseases or taking medication affecting caѴcium metaboѴismĸ our 
onѴy excѴusions were vitamin D deficiency and CKDĺ As mentionedķ 
patients were not fasting and this couѴd have had an increasing efŊ
fect on the measurementsĺƐƕ TotaѴ caѴcium seems to be affected by 
posturaѴ changesķ with a peak Ѵate morning and a nadir starting in the 
eveningĺƐѶķƐƖ Food intake can aѴso affect the resuѴt sѴightѴyĺƐƕ Thusķ if 
the sampѴes had been taking in the fasting stateķ the mean ѴeveѴs and 
reference intervaѴ may have been differentķ but it is difficuѴt to preŊ
dict in which directionĺ The oѴdest patients incѴuded were ƕƏ years 
oѴdĸ the resuѴts might be different in oѴder peopѴeĺ We have used 
some nonŊstandard approaches to defining reference intervaѴsĺ We 
chose outѴier rejection as primary hyperparathyroidism is known to 
be a very common disorderĸ of courseķ we did not have PTH meaŊ
surements so we cannot be sure aѴѴ the outѴiers had this disorderĺ 
We aѴso used the ƖƖѷ rather than ƖƔѷ CI to estabѴish the reference 
intervaѴĺ We did this because we had aѴready excѴuded the outѴiers 
and did not want to have a high faѴseŊpositive rate of Ɣѷĺ

There is stiѴѴ debate about whether it is best to measure aѴbuŊ
minŊadjusted caѴcium or ionised caѴciumĺ Ionized Őfreeő caѴcium is 
considered an aѴternative way of assessing the caѴcium statusķ and 
its importance in assessing PHPT has been previousѴy emphasizedĺ20 

Howeverķ measuring ionized caѴcium can be a chaѴѴengeĺ This is due 
mainѴy to infѴuences from the pHĺ There are aѴso Ѵimitations due to 
binding of caѴcium to the common anticoaguѴantsĺ The measurement 
is usuaѴѴy performed in bѴood gas anaѴysersķ and this is probѴematic 
because of frequent eѴectrode dysfunctionĺ The performance deŊ
pends on staff training and quaѴity controѴ standardsĺ The instrument 
must be perfectѴy caѴibratedķ and the measurement has to be perŊ
formed immediateѴy after the coѴѴectionĺ FinaѴѴyķ the Ѵack of weѴѴŊesŊ
tabѴished reference intervaѴs for ionized caѴcium does Ѵimit its useĺ21

OveraѴѴķ this study provided a reference intervaѴ for totaѴ and aѴŊ
buminŊadjusted caѴcium which was based on a Ѵarge popuѴation and 
has questioned whether the PathoѴogy Harmony range is the approŊ
priate reference intervaѴ to useķ especiaѴѴy for younger women and 
menĺ It has aѴso suggested that ageŊ and genderŊadjusted reference 
intervaѴs might be more appropriate to useĺ FinaѴѴyķ it provided an 
adjusted caѴcium equation to use when studying caѴcium metaboѴism 
using UK Biobank dataĺ
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