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Abstract

Introduction: The least significant change (LSC) is a term used in individuals in order to evaluate whether one 
measurement has changed significantly from the previous one. It is widely used when assessing bone mineral 
density (BMD) scans. To the best of our knowledge, there no such estimate available in the literature for patients with 
disorders of calcium metabolism. Our aim was to provide an estimate of the least significant change for albumin-
adjusted calcium in patients with normocalcaemic hyperparathyroidism (NPHPT) and primary hyperparathyroidism 
(PHPT).
Methods: We used the within-subject standard deviatio calculated in a population of NPHPT and PHPT patients and 
multiplied it by 2.77.
Results: The LSC for NPHPT and PHPT were found to be 0.25 and 0.24 mmol/L, respectively (1.00 and 0.96 mg/dL). In 
clinical practice, the value of 0.25 mmol/L could be used.
Discussion: The least significant change given, could be used in two ways in these patients. First, it gives a range 
to which values are expected. This can provide some reassurance for the patient and the physician in cases of 
intermittent hypercalcaemia. Moreover, it can be a marker of whether an individual has an actual significant change of 
his calcium after parathyroid surgery.

Manuscript

Normocalcemic hyperparathyroidism (NPHPT) is a 
disorder of calcium metabolism which is characterised 
by persistently normal calcium levels and consistently 
elevated parathyroid hormone (PTH) values. According 
to the latest workshop on asymptomatic primary 
hyperparathyroidism (PHPT), the PTH measurement 
should be confirmed on at least two consecutive 
measurements, while normal calcium on several occasions. 
Moreover, other causes of secondary hyperparathyroidism 
have to be excluded; these include medications known to 
affect PTH levels, low vitamin D, chronic kidney disease, 

renal calcium loss (hypercalciuria) and diseases of the 
gastrointestinal tract known to affect calcium absorption 
(1, 2, 3).

NPHPT is usually encountered during the laboratory 
evaluation of osteoporosis and has been associated with 
consequences known to affect patients with PHPT (4, 5). 
There has been an increasing number of studies published 
recently, which show a potential benefit of parathyroid 
surgery (6, 7, 8, 9, 10).

A recent study published from our group identified 
a number of patients with NPHPT in a tertiary centre 
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and showed that patients with NPHPT usually have 
intermittent hypercalcemia, as do PHPT patients. This 
study supported the hypothesis that NPHPT is a variant 
of PHPT (11). We estimated the adjusted serum calcium 
in these patients using the method of Barth et  al. (12) 
and the variability observed over time complicates their 
monitoring. According to the Fourth International 

Workshop on asymptomatic PHPT, calcium and PTH 
should be tested every year and if there is a progression to 
hypercalcemia, surgery could be an option (13). However, 
most of these patients have intermittent hypercalcemia; 
the subsequent results might be confusing to whether 
surgery should be recommended.

The least significant change is a term used in everyday 
practice in order to evaluate whether one measurement 
has significant change from the previous one. It is widely 
used when assessing bone mineral density (BMD) scans. 
The International Society for Clinical Densitometry (ISCD) 
recommends calculating the LSC for a 95% CI, which is 
done by multiplying the precision error by 2.77 (https://
www.iscd.org). In the case of laboratory evaluations, this 
would be done by using the within-subject standard 
deviation (14). To the best of our knowledge, there no 
such estimate available in the literature for patients with 
calcium metabolism disorders. Our aim was to provide an 
estimate of the least significant change in patients with 
NPHPT and PHPT.

In our previous study, we had a group of 11 NPHPT 
patients which were defined as having normal albumin-
adjusted calcium and high parathyroid hormone (PTH), 
both on at least two consecutive occasions, normal 
estimated glomerular rate (eGFR: ≥60 mL/min/1.73 m2) 
and vitamin D replete (≥ 50 nmol/L) on the index day 
(11). For this population, we used an approach described 
by Bland & Altman (14) to calculate the within-subject 
standard deviation and the 95% CIs for adjusted 
calcium. This was found to be 0.089 (0.080, 1.000) 
mmol/L (11). In order to perform this analysis, the 
assumption that standard deviations across the subjects 
are similar should be made. However, this is not true in 
all clinical situations. Using a single ‘mean’ standard 
deviation might underestimate the variability for some 

Figure 1
The follow up measurements from a 
patient with normocalcaemic 
hyperparathyroidism (NPHPT, left) and 
primary hyperparathyroidism (PHPT, right), 
both having intermittent hypercalcaemia 
yet all results falling with the LSC. The 
dashed lines represent the reference 
interval for calcium. The grey areas 
represent the least significant change (LSC: 
0.25 and 0.24 mmol/L for NPHPT and 
PHPT, respectively); these are given 
around the first available measurement of 
calcium. Adj.Ca, adjusted calcium.

Figure 2
The follow up measurements from a patient with primary 
hyperparathyroidism patient (PHPT) who had parathyroid 
surgery (vertical dotted line). The dashed lines represent the 
reference interval for calcium. The grey area represents the 
least significant change (LSC: 0.24 mmol/L); this is given 
around the first available measurement of calcium. Adj.Ca, 
adjusted calcium. It can be seen that the postoperative 
calcium measurements all change by more than the LSC.
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patients (15). We understand that this is a limitation of 
this approach and that the true within-subject standard 
deviation might be bigger. A suggested approach to 
overcome this problem is to use the 90th centile of the 
within-subject variance. This method is considered to be 
a conservative approach (15). This approach would give 
a within-subject standard deviation of 0.115 mmol/L. 
Therefore, the least significant changes from these 
estimates for patients with NPHPT would be 0.25 and 
0.32 mmol/L, respectively.

There was a group of 17 patients with PHPT in our 
study, defined as high albumin-adjusted calcium and 
high PTH on at least two consecutive occasions, having 
normal eGFR and being vitamin D replete on the index 
day. We excluded patients having familial hypocalciuric 
hypercalcaemia (FHH). Full details can be found in our 
study (11). For these patients, the respective within-
subject SD was found to be 0.088 (0.079, 0.097) (11), 
while when using the more conservative approach, this 
would be 0.112. Hence, the least significant changes 
from these estimates would be 0.24 and 0.31 mmol/L, 
respectively.

The least significant change calculated in this way 
could be used in two ways in these patients. First, it gives 
a range to which values are expected. For example, for a 
patient with NPHPT who has a baseline adjusted calcium 
of 2.55 mmol/L, the LSC is 0.25 mmol/L, so the next 
measurement would lie between 2.30 and 2.80 mmol/L, 
hence it is quite likely that a patient with apparent 
normocalcaemic hyperparathyroidism could have a 
subsequent measurement that is high, thus showing 
intermittent hypercalcaemia (11). Similarly, it is quite 
likely that a patient with apparent PHPT could have a 
subsequent measurement that is normal, again showing 
intermittent hypercalcaemia (Fig. 1). Moreover, it can 
be a marker of whether an individual has a significant 
change in adjusted calcium. Following surgery for PHPT, 
the physician can make sure that there was a statistically 
significant drop in calcium (Fig. 2).

We understand that the ideal way to establish the least 
significant change would require a more strict protocol. 
In our previous study, patients were not fasting and the 
intervals between calcium measurements were variable, 
so the within-subject standard deviation might not be 
as accurate. Moreover, the fact that we used a statistical 
approach to define our different groups might make 
the results specific to this population. As mentioned in 
that study, ideally, to give a more accurate estimate, a 
prospective observational study should be designed, 
having the same number of measurements for each 

patient at regular intervals (11). Another limitation is 
the lack of availability of ionised calcium measurements 
in our population. Despite these limitations, an 
approximate measure of the least significant change is 
provided for the first time in literature and can be used 
in clinical practice. We believe that more studies should 
be designed to provide a more accurate estimate in the 
future.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of this brief report.

Funding
M S received funding for her fellowship from the Medical Research Council 
Centre of Excellence for Musculoskeletal Ageing, from the Osteoporosis 
2000 support group and from Roche Diagnostics. J S W Speaker's 
honoraria from Eli Lilly and Sandoz, grant funding from Alexion and 
Immunodiagnostic Systems, donation of drug from Eli Lilly, Prostrakan 
(Kyowa Kirin) and Consilient for clinical studies, donation of assay kits from 
Biomedica, consulting fees from Shire, Mereo Biopharma, Kyowa Kirin, 
UCB Pharma and PharmaCosmos. R E receives consultancy funding from 
IDS, Roche Diagnostics, GSK Nutrition, FNIH, Mereo, Lilly, Sandoz, Nittobo, 
Abbvie, Samsung, Haoma Medica and grant funding from Nittobo, IDS, 
Roche, Amgen and Alexion.

Acknowledgements
The authors would like to thank Gemma Minett for providing support with 
the laboratory interpretations and Thomas Butterfield for extracting data 
from the hospital’s IT storage.

References
 1 Eastell R, Brandi ML, Costa AG, D’Amour P, Shoback DM 

& Thakker RV. Diagnosis of asymptomatic primary 
hyperparathyroidism: Proceedings of the Fourth International 
Workshop (in Eng). Journal of Clinical Endocrinology and Metabolism 
2014 99 3570–3579. (https://doi.org/10.1210/jc.2014-1414)

 2 Yacobi-Bach M, Serebro M, Greenman Y, Tordjman K & Stern N. 
Letter to the editor: Thiazides are not inducers of PTH secretion: a 
comment on normocalcemic hyperparathyroidism (in Eng). Journal 
of Clinical Endocrinology and Metabolism 2015 100 L27–L28. (https://
doi.org/10.1210/jc.2014-4065)

 3 Eastell R, Arnold A, Brandi ML, Brown EM, D’Amour P, Hanley DA, 
Rao DS, Rubin MR, Goltzman D, Silverberg SJ et al. 2009 Diagnosis of 
asymptomatic primary hyperparathyroidism: Proceedings of the Third 
International Workshop (in Eng). Journal of Clinical Endocrinology and 
Metabolism 94 340–350. (https://doi.org/10.1210/jc.2008-1758)

 4 Silverberg SJ, Clarke BL, Peacock M, Bandeira F, Boutroy S, 
Cusano NE, Dempster D, Lewiecki EM, Liu JM, Minisola S et al. 
Current issues in the presentation of asymptomatic primary 
hyperparathyroidism: Proceedings of the Fourth International 
Workshop (in Eng). Journal of Clinical Endocrinology and Metabolism 
2014 99 3580–3594. (https://doi.org/10.1210/jc.2014-1415)

 5 Pawlowska M & Cusano NE. An overview of normocalcemic 
primary hyperparathyroidism. Current Opinion in Endocrinology, 
Diabetes, and Obesity 2015 22 413–421. (https://doi.org/10.1097/
MED.0000000000000198)

https://eje.bioscientifica.com
https://doi.org/10.1210/jc.2014-1414
https://doi.org/10.1210/jc.2014-4065
https://doi.org/10.1210/jc.2014-4065
https://doi.org/10.1210/jc.2008-1758
https://doi.org/10.1210/jc.2014-1415
https://doi.org/10.1097/MED.0000000000000198
https://doi.org/10.1097/MED.0000000000000198


Eu
ro

pe
an

 Jo
ur

na
l o

f E
nd

oc
ri

no
lo

gy
184:1 K10Brief Report M Schini and others Least significant change for 

calcium in NPHPT and PHPT

https://eje.bioscientifica.com

 6 Koumakis E, Souberbielle JC, Sarfati E, Meunier M, Maury E, 
Gallimard E, Borderie D, Kahan A & Cormier C. Bone mineral 
density evolution after successful parathyroidectomy in patients 
with normocalcemic primary hyperparathyroidism. Journal of Clinical 
Endocrinology and Metabolism 2013 98 3213–3220. (https://doi.
org/10.1210/jc.2013-1518)

 7 Koumakis E, Souberbielle JC, Payet J, Sarfati E, Borderie D, Kahan A 
& Cormier C. Individual site-specific bone mineral density gain 
in normocalcemic primary hyperparathyroidism. Osteoporosis 
International 2014 25 1963–1968. (https://doi.org/10.1007/s00198-
014-2689-2)

 8 Sho S, Kuo EJ, Chen AC, Li N, Yeh MW & Livhits MJ. Biochemical 
and skeletal outcomes of parathyroidectomy for normocalcemic 
(incipient) primary hyperparathyroidism. Annals of Surgical Oncology 
2019 26 539–546. (https://doi.org/10.1245/s10434-018-6998-0)

 9 Traini E, Bellantone R, Tempera SE, Russo S, De Crea C, Lombardi CP 
& Raffaelli M. Is parathyroidectomy safe and effective in patients 
with normocalcemic primary hyperparathyroidism? Langenbeck's 
Archives of Surgery 2018 403 317–323. (https://doi.org/10.1007/
s00423-018-1659-0)

 10 Beysel S, Caliskan M, Kizilgul M, Apaydin M, Kan S, Ozbek M & 
Cakal E. Parathyroidectomy improves cardiovascular risk factors in 

normocalcemic and hypercalcemic primary hyperparathyroidism. 
BMC Cardiovascular Disorders 2019 19 106. (https://doi.org/10.1186/
s12872-019-1093-4)

 11 Schini M, Jacques RM, Oakes E, Peel NFA, Walsh JS & Eastell R. 
Normocalcemic hyperparathyroidism: study of its prevalence and 
natural history. Journal of Clinical Endocrinology and Metabolism 2020 
105 e1171–e1186. (https://doi.org/10.1210/clinem/dgaa084)

 12 Barth JH, Fiddy JB & Payne RB. Adjustment of serum total calcium 
for albumin concentration: effects of non-linearity and of regression 
differences between laboratories. Annals of Clinical Biochemistry 1996 
33 55–58. (https://doi.org/10.1177/000456329603300108)

 13 Bilezikian JP, Brandi ML, Eastell R, Silverberg SJ, Udelsman R, 
Marcocci C & Potts Jr JT. Guidelines for the management of 
asymptomatic primary hyperparathyroidism: summary statement 
from the fourth International WCshop (in Eng). Journal of Clinical 
Endocrinology and Metabolism 2014 99 3561–3569. (https://doi.
org/10.1210/jc.2014-1413)

 14 Bland JM & Altman DG. Statistics notes: Measurement error. BMJ 
1996 313 744–744. (https://doi.org/10.1136/bmj.313.7059.744)

 15 Masse J. Measurement error. A constant within subject standard 
deviation cannot be assumed a priori. BMJ 1997 314 147. (https://
doi.org/10.1136/bmj.314.7074.147)

Received 8 June 2020
Revised version received 12 October 2020
Accepted 27 October 2020

https://eje.bioscientifica.com
https://doi.org/10.1210/jc.2013-1518
https://doi.org/10.1210/jc.2013-1518
https://doi.org/10.1007/s00198-014-2689-2
https://doi.org/10.1007/s00198-014-2689-2
https://doi.org/10.1245/s10434-018-6998-0
https://doi.org/10.1007/s00423-018-1659-0
https://doi.org/10.1007/s00423-018-1659-0
https://doi.org/10.1186/s12872-019-1093-4
https://doi.org/10.1186/s12872-019-1093-4
https://doi.org/10.1210/clinem/dgaa084
https://doi.org/10.1177/000456329603300108
https://doi.org/10.1210/jc.2014-1413
https://doi.org/10.1210/jc.2014-1413
https://doi.org/10.1136/bmj.313.7059.744
https://doi.org/10.1136/bmj.314.7074.147
https://doi.org/10.1136/bmj.314.7074.147

	Abstract
	Manuscript
	Declaration of interest
	Funding
	Acknowledgements
	References

