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Background and Objective: Adjusted serum calcium in the UK has, since the 1970s, almost exclusively 
been calculated in relation to the serum albumin level measured on the same specimen. Since 1973 various 
adjustment equations have been derived and reported in the literature. More recently, laboratory information 
systems have allowed laboratories easily to derive their own adjustment equations. Both Pathology Harmony 
UK and The Association for Clinical Biochemistry and Laboratory Medicine (ACB) have proposed similar 
protocols for laboratories to follow to achieve this aim. The objective of this review is to investigate the 
various strategies for adjustment of calcium and compare their performance for assessment of physiological 
calcium status against actual (unadjusted) and ionised calcium. 
Methods: Papers to be included in the review were identified from a Google Scholar search using the terms 
adjusted calcium, ionised calcium and albumin from 1973, when the use of calcium adjustment for albumin 
level was first documented, until May 2022. The search was limited to English language papers, but not to 
the UK. Information from questionnaires from the Keele Benchmarking project (2008) and from the Wales 
External Quality Assessment Scheme (WEQAS) was accessed as was WEQAS quality assurance data for 
adjusted calcium for the period 2008–2022
Key Content and Findings: There is evidence from the UK that locally based adjustment equations 
provide better consensus values for adjusted calcium in external quality assurance (EQA) schemes. Locally 
derived adjustment equations also provide better classification of patient status than the use of generic 
equations from the literature. There is still dispute about how well adjustment equations perform in patients 
with significant physiological disturbances, e.g., acute acidosis, end-stage renal failure. The importance of 
deriving a suitable valid reference range for adjusted calcium is still not appreciated in several recent papers 
in the literature. 
Conclusions: This review has revealed an increase in the use of locally derived calcium equations in the 
UK; this has resulted in better assessment of calcium status than the use of generic equations. Various novel 
options for further improvement in performance of the adjustment equations may prove advantageous 
in certain specialist areas such as renal dialysis. More studies are required on the use of ionised calcium 
to validate adjustment equations: this should inform the future strategy either to further refine calcium 
adjustment or to promote increased use of ionised calcium measurement.
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Introduction

The estimation of calcium in serum has proved to be 
one of the most informative tests in clinical biochemistry. 
The effect of binding of calcium to albumin (and to other 
proteins and serum constituents to some extent) has made 
interpretation difficult in some circumstances. Some  
50 years ago the concept of adjusting serum calcium levels 
to compensate for low or high albumin values was proposed. 
The aim was to provide an estimate of the patient’s calcium 
level were their albumin to be normal, and thus to improve 
laboratory reporting of individual patients’ physiological 
calcium status. More recently, in the UK, there have 
been several standard protocols proposed to encourage 
generation of local adjustment equations. The performance 
of these adjustment equations has been questioned, 
particularly in the context of other pathology. Increasing 
use of ionised calcium estimations, often within a point-of-
care testing (POCT) panel, has raised the question of the 
future utility of calcium adjustment.

This article reviews (I) the development of calcium 
adjustment equations in the UK over the last 50 years and 
initiatives to improve and standardise methodology; (II) the 
assessment of response to the standardisation initiatives. 
This is followed by discussion of the possible shortcomings 
of the mechanics and validation of a standard approach for 
generation of local adjustment equations. Various solutions 
for sub-optimal performance of the adjustment equations 
in patients with pathologies which are likely to affect the 
binding of calcium to albumin are explored. The use of 
ionised calcium measurements as an alternative option in 
certain pathologies is considered. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://jlpm.amegroups.com/article/
view/10.21037/jlpm-22-35/rc).

Methods

Papers included in this review were identified using the 
Google Scholar search engine using the search terms: 
adjusted calcium; ionised calcium; albumin estimation in 
serum. The search timeframe was from the first documented 
use of albumin for calcium adjustment in 1973 until 2022. 
All published case reports, studies and literature reviews 
worldwide, in English, were considered in producing this 
article. Table 1 shows the detailed search strategy.

Evolution of calcium adjustment

The evolution of adjusted serum calcium in the UK has 
followed a somewhat erratic path. In 1973, Payne et al. (1) 
proposed that adjustment of serum calcium should be based 
on correlation with albumin rather than total protein or 
specific gravity. Interestingly, the mechanism for derivation 
of the adjustment equation involved correction to the mean 
of the quoted “normal range” of the total calcium assay 
in the laboratory at the time, thus representing the first 
attempt to normalise the adjustment. Over the following 
decade the utility of calcium adjustment was confirmed (2) 
and the use of a simple adjustment equation derived from 
the original data and further validated by the authors, was 
promoted: adjusted calcium (mmol/L) = measured calcium 
(mmol/L) + [40 – albumin (g/L)] × 0.025. 

This simple equation [published at a time before the 
extensive implementation of Laboratory Information 
Management Systems (LIMS)] allowed an ad hoc adjustment 
of actual calcium values in order to confirm or refute 
abnormal calcium homeostasis. Thus, the equation 
(with 0.025 subsequently rounded down to 0.02) became 
extensively used in laboratories, and entrenched in the UK 
as a reliable universal equation for all methods despite the 
authors’ original caveats to the contrary.

By the late 1980s, LIMS generated data were becoming 
more commonly available as well as computerised statistical 
packages. This prompted reappraisal of the validity of any 
universal equation (3) and encouraged the use of regression 
equations based on local data (4,5) otherwise the risk of 
misclassification of borderline hypo- or hypercalcaemic 
patients would be considerable. The availability of databases 
of thousands of patient results enabled more detailed 
investigation of the adjustment concept. Various limitations 
were exposed and the universal application of adjustment 
to all patient results and to certain disease groups was 
questioned (6). At the same time, the accuracy of routine 
laboratory methods for the estimation of both albumin and 
calcium were under scrutiny (7).

By the turn of the millennium, it was evident that 
there was a lack of strategic intent in relation to the use of 
calcium adjustment: many laboratories were not adjusting 
calcium routinely, and those that were had many different 
approaches. The situation was not systematically audited 
until 2008 when both Wales External Quality Assessment 
Scheme (WEQAS) and the Keele Benchmarking Project 

https://jlpm.amegroups.com/article/view/10.21037/jlpm-22-35/rc
https://jlpm.amegroups.com/article/view/10.21037/jlpm-22-35/rc
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collected information on the current adjustment equations 
in use. Figure 1 shows a summary of that data. The number 
of different equations in use is scientifically consistent 
with the number of different methods in use, but what is 
surprising is that of 101 laboratories who provided data 58 

were using the original adjustment proposed by Payne et al. (2) 
in 1979, despite ample evidence that it was unsuitable for 
universal application.

In 2007, the Pathology Harmony initiative was established 
in Birmingham. The aim was to examine the variation in 
reference ranges and units quoted by UK laboratories for 
commonly measured analytes and where the underlying 
science did not convincingly explain identified variation, 
to recommend harmonised ranges for use throughout the  
UK (8). In November 2007, a national meeting was held 
which ratified proposals for over 30 test reference ranges 
and units to be adopted for universal use. Phase 2 of 
Pathology Harmony, which commenced in 2008 considered 
a further group of analytes including serum calcium. 
When looking at reference ranges for calcium quoted by 
laboratories contributing to the project in combination with 
evidence from external quality assurance (EQA) data of bias 
and variation in the analytical methods in use it was deemed 
inappropriate to propose a harmonised range for serum 
calcium at that time. However, an alternative proposal 
to harmonise adjusted calcium was tabled. This would 
require laboratories to derive local adjustment equations 
and normalise these to a mean calcium of 2.4 mmol/L with 
a harmonised reference range of 2.20–2.60 mmol/L. At 
the Phase 2 Review Meeting held in November 2009 this 
proposal was accepted and became part of the subsequent 
recommendations (9).

In 2015, the Association for Clinical Biochemistry and 
Laboratory Medicine (ACB) published a position paper 
on albumin-adjusted calcium (10). The recommendations 
supported the need for a harmonised approach and 
emphasised that laboratories should derive local adjustment 
equations. Further detailed advice on generating a locally 
derived equation was included to result in an equation in 

Table 1 The search strategy summary

Item Specification

Database searched Google Scholar

Timeframe of search 1973–2022 (May)

Search terms used  
(including Boolean operators)

(I) Calcium AND adjusted

(II) Calcium AND ionised OR ionized

(III) Albumin AND serum AND estimated OR estimation OR measured OR measurement

Limitations of search Limited to the title of the articles

Any additional considerations Some papers were identified by reviewing reference lists of relevant publications

Albumin g/L (rounded)

Slope 35 36 37 38 39 40 41 42 43 44 45 46 47 48

0.010 1

0.011 2

0.012 2 1

0.013 1 1

0.014

0.015 1 1 1

0.016 1 1

0.017 1 2 6 1

0.018 1 1 1 1 1 1

0.019

0.020 1 58

0.021

0.022 1 3

0.024

0.025 1 1 7

Totals 6 1 0 2 2 70 2 6 8 1 0 2 1 0

Figure 1 Summary of surveys of equations in use for adjustment 
of serum calcium in 2008. The total number of responses was 
101. The slope is that of the regression line. The albumin value is 
the fixed point calculated from the equation: calcium results from 
patients with albumin levels below this value would be adjusted 
upwards and those above adjusted down (data collected from 
surveys from WEQAS and the Keele Benchmarking Project). 
WEQAS, Wales External Quality Assessment Scheme.
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the form: 

	 [1]
[ ] [ ] [ ]( )

[ ] [ ]( )
Adjusted Ca total Ca slope. albumin

                      mean total Ca intercept Ca

= −

+ −

The substitution of 2.4 mmol/L for the mean total 
calcium (as the mid-point of the healthy population calcium 
reference range) was suggested; this would result in the 
equation proposed by Pathology Harmony: 

[ ] [ ] [ ]( )
[ ]( )

Adjusted Ca total Ca slope. albumin

                      2.4 intercept Ca

= −

+ −
	 [2]

The substitution of 2.4 mmol/L was not mandated, 
presumably in order to allow laboratories with mid-point 
of reference range value significantly different from 2.4 
to substitute that value instead together with their own 
appropriate reference range—a point that was perhaps not 
sufficiently clarified.

Since 2015, work has been done to further investigate the 
validity of this approach especially in various sub-groups of 
patients based on disease, age, etc. and these have revealed 
various shortcomings which may result in inaccurate 
adjustment in certain circumstances. The possibility of 
variants of the equation for certain patient cohorts may be 
considered in future (11).

In the meantime, the essential requirement is to undertake 
further surveys of UK labs to demonstrate whether the 
standardisation initiatives described have resulted in better 
outcomes and a more unified approach for clinicians.

Proposed method for serum calcium adjustment

The Pathology Harmony Group proposed the use of locally 
derived adjustment equations by collecting data from the 
laboratories’ information systems using a procedure based 
on that described by Barth et al. (4). A very similar approach 
is also recommended by the ACB position paper (10).

(I)	 Collect recent data from the LIMS to generate at 
least 1,000 adult patient values for total calcium 
and albumin using the following sifting criteria 
(setting the data gather to include only one result 
per patient):
(i)	 Urea <15 mmol/L;
(ii)	 Creatinine <200 mmol/L;
(iii)	 Potassium >3.5 and <5.5 mmol/L;
(iv)	 Calcium >2.0 and <2.7 mmol/L;
(v)	 Alkaline phosphatase (ALP) and alanine 

aminotransferase (ALT) [or  aspartate 
aminotransferase (AST)] within laboratory 

reference range;
(vi)	 Parathyroid hormone (PTH), if measured, 

within reference range.
(II)	 Exclude patients attending the departments of 

haematology, endocrinology, oncology, nephrology; 
also patients from intensive care, critical care, and 
renal dialysis units.

(III)	 Examine the collected data for adequate spread; 
they should include values for albumin from the 
manufacturer’s lower detection limit for albumin up 
to about 55 g/L. Ideally there should be at least 30 
data points for each integral albumin value from 20 
to 50 g/L although this may not always be possible 
at the limits.

(IV)	 Calculate the least squares regression of calcium on 
albumin using a standard statistical package. 

(V)	 Subtract the intercept on the y-axis of the line of 
best fit from 2.4, and substitute this value into the 
adjustment equation in the general form: 

	 [ ] [ ] [ ]( )adj tot
Ca Ca Albx y= − ∗ + 	 [3]

	 where x is the slope of the regression line and y the 
intercept subtracted from 2.4.

In order to validate the equation two procedures were 
recommended:

First, the newly derived adjustment equation should be 
applied to the collected data.

Calculate the mean and standard deviation of the 
adjusted calcium values. Using appropriate statistical 
method (depending on data distribution), calculate the 95% 
limits, either as mean ± 2 standard deviation (SD) or as the 
2.5th and 97.5th percentiles using a non-parametric method.

The mean should be 2.4 mmol/L and the 95% range 
should fall within the proposed limits of 2.2–2.6 mmol/L.

Secondly, as a further validation check, apply the equation 
prospectively to subsequent data sets (at least 250 calcium 
and albumin results collected using the same criteria).

The mean calculated adjusted calcium should be within 
2× the standard error of the mean from the previous data; 
the 95% range should remain within the limits of 2.2–2.6.

Finally, the regression equation should be checked 
periodically (annually, or when any change of reagent or 
equipment occurs) using the same method. The slope and 
intercept of the new regression should remain within the 
95% error limits output from the calculation of the original 
line. Any more significant change indicates a requirement 
to update the equation.
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Assessment of response to the standardisation 
initiative

Following the initiatives described above, the expectation was 
that laboratories would move towards a more unified approach 
to calcium adjustment. At the very least, the use of locally 
derived adjustment equations should have been adopted, 
with few remaining laboratories using generic adjustment 
equations. In 2022, WEQAS conducted another survey 
of adjusted calcium equations currently in use (Figure 2).  
Comparison with Figure 1 shows a significant decrease in the 
proportion of labs using the equation of Payne et al.: 9/55 in 
comparison with 58/101 in the original surveys from 2008. In 
addition, 42 of the 55 respondents stated that their equation 
was locally derived.

Given the apparent significant increase in the use of 
locally derived equations the alignment of the equations 
to a mean adjusted calcium of 2.4 mmol/L as proposed by 
Pathology Harmony (or at least to the mean calcium of 
the local laboratory) should result in improved agreement 
around a consensus value for EQA samples compared 
with pre-2010 data. Even if many labs have not adopted 

the Pathology Harmony proposal improved accuracy and 
traceability of both calcium and albumin assays might be 
expected to improve inter-laboratory agreement

The WEQAS External Quality Assessment (EQA) 
Scheme has fortunately collected data over a long term 
which may be used to examine the response to the initiatives. 
Figure 3 shows the precision profile of all laboratory reports 
for adjusted calcium between 2008 and 2022. Samples 
with various calcium and albumin concentrations were 
distributed on multiple occasions annually and the adjusted 
calcium levels reported were compared with the consensus 
all-method mean. Examination of the curve shows a definite 
improvement in variation for the later data compared to 
2008, but there is no evidence of further improvement since 
2015. 

Discussion

The essential purpose of calcium adjustment is to support 
clinicians when presented with an abnormal total calcium 
result by indicating whether the abnormality is primarily 
due to the patient's albumin concentration, or whether 
there is likely to be a disturbance of calcium metabolism 
which may require further investigation. The risk of the 
approach is that misclassification of patients as hyper- or 
hypocalcaemic due to a faulty adjustment equation may 
result in over-investigation or misdiagnosis. For this reason, 
there is value in the detailed examination of adjustment 

Albumin g/L (rounded)

Slope 35 36 37 38 39 40 41 42 43 44 45 46 47 48

0.010 1

0.011 1

0.012 2 2

0.013 2 1 1 1 1

0.014 1 3 2 2 2

0.015 2 1 2 3 1 1

0.016 2 1 1

0.017 1

0.018

0.019 1 1 3 1 1

0.020 1 9 1

0.021

0.022

0.024

0.025

Totals 0 1 0 0 2 13 5 4 2 11 5 2 6 4

Figure 2 Summary of survey of equations in use for adjustment of 
serum calcium in 2022. The total number of responses was 55. The 
slope and albumin value are as for Figure 1 (data collected from 
WEQAS survey, Spring 2022). WEQAS, Wales External Quality 
Assessment Scheme.
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equations and exposure of various shortcomings and 
inaccuracies related to the proposed adjustment methods. 

In a recent editorial (12), Weaving has summed up the 
current position with regard to calcium adjustment. He 
makes the pertinent point that forcing the data to fit a 
reference interval, either as originally proposed by Payne, 
to the mid-point of his laboratory reference interval, or as 
proposed by Pathology Harmony to a value of 2.4 mmol/L  
may not be scientifically sound, in particular if there is a 
proportionate bias in either calcium or albumin assays. 
Data from recent EQA reports, such as WEQAS, indicate 
that there are still examples of unacceptable systematic and 
proportional errors in both calcium and albumin assays (13).  
Any adjustment or standardisation is predicated on the 
assays supplying the data for the equation being fit for 
purpose. If assay EQA is persistently unacceptable then 
adjustment and standardisation will not perform well. In 
addition, there has been no UK audit of how adjustment 
equations are validated by individual laboratories, or how 
often. Failure to revalidate the equations following a change 
in reagent formulation or calibration material, for example, 
may result in sub-optimal performance.

Another issue which must be addressed is the derivation 
of the reference interval for adjusted calcium since this 
informs the classification of individuals as hyper, hypo- 
or normocalcaemic: essentially the aim of the adjustment 
exercise. Ideally, the reference interval for any adjustment 
equation should be derived by applying the total calcium 
and albumin results of a statistically significant cohort 
of individuals with no evidence of disordered calcium 
metabolism to the adjustment equation. Using the 
standardisation procedures described above the mean of the 
adjusted calcium range is set as 2.4 mmol/L; the reference 
interval is set pragmatically as 2.2–2.6 mmol/L, although 
examination of actual laboratory data may show a somewhat 
narrower range (14). It is important to emphasize that if 
a laboratory adjustment equation is set to a mean calcium 
significantly different from 2.4 mmol/L (or from the mean 
of the laboratory’s own reference range), then the use of 
2.2–2.6 mmol/L (or the laboratory’s own reference range 
for total calcium) to classify patients’ calcium status will not 
be valid. A range specific to the adjustment equation should 
be derived in such cases.

An examination of recent literature shows that many 
authors persist in using published ‘correction’ equations 
from the literature—frequently that of Payne et al. (2) —
as the basis for classification of patients’ calcium status 
(6,15-17). Unsurprisingly such classification performs 

poorly when compared with ionised calcium measurement, 
since without the use of locally generated adjustment 
equations the adjusted calcium data may be spurious (18). 
As a consequence, such comparative studies are unlikely to 
advance our understanding of the issue.

In terms of progress in the UK, the recent data from the 
WEQAS survey summarised in Figure 2 shows that a far 
higher proportion of laboratories are now using a locally 
derived equation compared to the data from 2008 (Figure 1).  
It should be noted that the data cannot be compared 
directly because there are fewer respondents in 2022 and 
the identity of the laboratories is not known. Despite this, 
there is a clear trend towards locally derived equations. This 
change may explain the improvement in inter-laboratory 
consensus for adjusted calcium EQA results as shown in 
Figure 3. However, other factors, such as improvements in 
performance and traceability of calcium and albumin assays 
may also be of relevance. Interestingly, the EQA data shows 
no further improvement since 2015. This may suggest that 
better consensus may not be possible given the state of the 
art of calcium and albumin assays. Proportionate biases in 
certain calcium methodologies (13) and inaccuracies at the 
lower limit of some albumin assays may introduce errors 
to the adjustment equations especially when using a single 
regression line (4). Further work is required on the data to 
determine whether bias or imprecision relating to certain 
assays is still a significant factor. 

The approach to standardisation so far described makes 
assumptions regarding the physiology of calcium binding in 
vivo which are not reflected in sick patients. An adjustment 
which holds up reasonably for well patients may not be valid 
in such circumstances. Well documented examples include:
	 Renal failure and other acute illnesses where acidosis 

alters the binding characteristics of calcium (19);
	 Hypoalbuminaemia where both the accuracy 

of current albumin methods and the binding of 
calcium to other plasma proteins may distort the 
regression curve (4,20);

	 Neonates where the binding characteristics may 
differ from those of adults (21).

Other rarer disorders which also affect binding have also 
been described (22).

As a means of countering the more common causes of 
inaccuracy the use of equations specific for certain disease 
groups (e.g., renal failure) have been proposed (23), but 
there is an issue of identifying patients for inclusion in a 
subgroup reliably. Also, if there are multiple equations, 
there is an increased administrative burden of validation 
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and quality assurance. Another approach has been to 
include further parameters within the adjustment equation. 
Inclusion of phosphate (24) and blood pH (16,25) have been 
proposed. Even if such inclusions produce improvements in 
performance this benefit will need to be weighed against the 
cost of the additional testing required.

The alternative means to minimise misinterpretation is 
by education of clinicians of likely scenarios which distort 
adjustment, spotting outliers and including appropriate 
comments during result validation by senior scientific staff. 

The effectiveness of whichever approach is adopted 
should be monitored through clinical audit.

The final problem in judging the success of a standard 
approach is the need to compare the outcome against a 
gold standard. The obvious candidate is ionised calcium 
especially since the assay is now available in most hospitals 
on POCT analysers. Comparative studies measuring 
total calcium, ionised calcium and PTH have shown that 
ionised calcium consistently outperforms total calcium for 
assessment of true physiological calcium status especially for 
investigation of primary hyperparathyroidism (26,27). The 
authors could find no studies in the literature comparing 
standardised adjusted calcium as described with ionised 
calcium and PTH levels. Such studies might provide a 
better understanding of those situations where laboratory 
calcium adjustment most often fails and the best ways to 
adopt some remedial action. If the shortcomings of the 
adjustment equations are better understood then there will 
be increased confidence in their use.

We are examining means of presenting calcium data to 
clinicians to achieve the best outcome for patients. Calcium 
adjustment equations appear to provide better information, 
but various shortcomings have questioned their utility in 
certain circumstances. Standardisation of adjustment is an 
attractive proposal with the aim of simplifying interpretation 
but the chemistries used for both calcium and albumin assays 
must be fit for purpose in order to achieve the standard 
approach—this may be through the Pathology Harmony 
route, or simply by the convergence of various assays and 
platforms to closer consensus and improved accuracy. 

The physiological problems associated with calcium 
binding will need to be better appreciated, but there needs 
to be a balance between complexity of approach on the one 
hand and valid clinical output on the other. The increased 
use of ionised calcium is likely to become the preferred 
means of validating calcium status in situations where there 
is strong evidence that calcium adjustment formulae may 

produce unreliable results (28).
The strengths of this review are its ability for the first time 

to capture the development of calcium adjustment in the UK 
over a period of 50 years. It has described the major pitfalls 
of the process and also highlighted the importance of using 
valid cut-offs when making claims regarding the relative 
merits of actual calcium, adjusted calcium and ionised calcium 
for the assessment of physiological calcium status. Its main 
limitations have been the lack of sufficient EQA and audit data 
to back up claims of improvement in patient outcomes and 
better consensus in adjusted calcium reporting. Also, there is 
no published audit of ongoing validation of local adjustment 
equations. In addition, despite the extensive literature claiming 
the merits of various strategies of calcium reporting, the 
frequent inappropriate application of calcium adjustment has 
confounded many studies. This has limited the authors’ ability 
to make any definitive comments regarding best laboratory 
practice at present or in the near future.  
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