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Background: Diagnosis of hyperparathyroidism requires measurement of parathyroid
hormone (PTH) in the context of the plasma calcium and other factors, such as vitamin D
status and renal function. Accurate classification depends upon an appropriate population
reference interval. We examined local population plasma PTH reference intervals at four
different UK sites using a common platform.

Methods: Plasma PTH results were extracted from laboratory information systems at four
different UK sites, all using the Abbott Architect i2000 method. We included only people
with normal adjusted serum calcium, magnesium, vitamin D, and renal function. Following
outlier rejection lower and upper reference limits were derived.

Results: An overall reference interval for plasma PTH of 3.0–13.7 pmol/L was observed
using a non-parametric approach compared to 2.9–14.1 pmol/L using a parametric
approach, notably higher than the manufacturer’s representative range of
1.6–7.2 pmol/L. We also noted statistically significant differences (p < 0.00001)
between some sites with upper limits ranging from 11.5 to 15.8 pmol/L which may be
due to different population characteristics of each group.

Conclusion: Locally derived reference intervals may be beneficial for UK populations and
revised upper thresholds are necessary when using the Abbott PTH method to avoid
inappropriate classification of patients as having hyperparathyroidism.
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BACKGROUND

Parathyroid hormone (PTH) is secreted by the parathyroid glands. It controls plasma calcium
concentrations by: increasing activation of vitamin D, leading to increased absorption of calcium
from the gut; increasing reabsorption of filtered calcium in the renal tubular system; increasing release
of calcium from bone by activation of the bone re-modelling system (1). Ionised calcium binds with the
calcium sensing receptor (CASR) on the surface of parathyroid cells and inhibits secretion of PTH, so
there is a reciprocal relationship between ionised calcium and PTH concentration in the blood (2).
Disorders of excess PTH secretion (hyperparathyroidism) can be primary, for instance because of
autonomous secretion by a tumour in one of the four glands, or secondary to a low calcium and/or low
vitamin D. In primary hyperparathyroidism, the calcium is high and the PTH is not suppressed. In
secondary hyperparathyroidism, the PTH is raised appropriately, to try to raise the calcium
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concentration into the reference interval. In hypoparathyroidism,
damage to the parathyroid glands or a disorder of the CASR, leads
to reduced plasma calcium (2).

Assessment of calcium disorders with a high or low calcium
depends upon accurate measurement of PTH, and this, in turn,
depends upon accurate knowledge of the “normal” PTH and thus of
the reference interval (RI), the concentrations expected in healthy
individuals without disorders of calciummetabolism. The RI can also
be used to guide treatment in patients with chronic kidney disease.

The laboratories in our four hospital groups use the Abbott
PTH assay, a method which is widely used across the
United Kingdom (UK). The manufacturer recommends
laboratories derive their own, local, RI but note a representative
expected range in the instructions for use (IFU) of 1.6–7.2 pmol/L
(3), values that are widely adopted in clinical practice. However, all
our services have noted a high proportion of PTH results above the
upper reference limit. This observation is consistent with a recent
report from Italy in which a revised Abbott PTH RI based on
100 healthy blood donors of 2.7–11.6 pmol/L is presented (4). The
same study also noted a RI derived from laboratory data of
2.0–11.9 pmol/L (4). We therefore examined data from four
laboratory services within the UK to assess the consistency of
PTH RI and how this compares to the manufacturers data.

METHODS

Participating Sites
Four sites contributed data: Oxford University Hospitals NHS
Foundation Trust (OUH), University Hospitals Birmingham
NHS Foundation Trust (BIRM), Buckinghamshire Healthcare
NHS Trust (BUCKS) and Epsom and St Helier University
Hospitals NHS Trust (SHH).

PTH Immunoassay
All sites used the i2000 Abbott Architect (Abbott Laboratories,
Maidenhead, UK) intact PTH assay as recommended by the
manufacturer. The method utilizes two goat polyclonal
antibodies and has two running modes, one noted as “routine”
and one “stat,” with the later mode allowing more rapid sampling
and improved turnaround time. One site used the routine mode;
two sites used the stat mode; and one switched between the two over
the study period. Data from one site (SHH) showed no notable
differences in results between the “routine” and “stat” operation.
Imprecision was similar at each site, typical CV% being <8% below
10 pmol/L, <6% between 10 and 25 pmol/L and <5% at
concentrations >25 pmol/L to 120 pmol/L consistent with the
manufacturer’s reported performance characteristics in the IFU.
All laboratories participated in the UK National External Quality
Assurance Scheme (UKNEQAS) and had acceptable performance
over the period that patient data was extracted. All sites used EDTA
plasma specimens as recommended by the IFCC Scientific Division
Working Group on PTH (5).

Data Extraction
We used the laboratory information systems in the four
laboratories to identify people who had had a PTH

measurement. We included data from a 6-year period
(2015–2021).

We included results from individuals aged 18 years and older,
with estimated glomerular filtration rate (eGFR) more than
45 mL per minute per 1.73 m2 body surface area, adjusted
calcium between 2.20 and 2.60 mmol/L, magnesium (6) more
than 0.7 mmol/L (if recorded), and vitamin D concentration
between 50 nmol/L and 200 nmol/L. Where people had
multiple values, we used the first measurement.

The eGFR was calculated using the CKD-EPI (2009) (7)
equation at all sites other than BHT who used the MDRD
equation, taking into consideration plasma or serum creatinine
concentration, age and sex, but not ethnicity, because this is not
recorded in any of the laboratory information systems used by the
four laboratories.

Statistical Calculations
We used R (8) for all statistical analyses. We removed outliers
using the Tukey method (9) on log-transformed values.

We derived the reference intervals from the
mean ±1.96 standard deviations on the log-transformed values
and back transformed the values (parametric approach) or by
using the 2.5th and 97.5th centile values.

We examined values by month to see if there were annual
trends.

RESULTS

After applying exclusion criteria to the downloaded data based
on eGFR, adjusted calcium, magnesium and vitamin D,
together with outlier identification, we used data from
1,727 people to calculate plasma PTH reference intervals.
Probability plots (Figure 1) showed that these data had an
approximately log-normal distribution. All the sites had
different upper limits, some significantly different from each
other (BIRM versus OUH and BUCKS, p < 0.0001; OUH
versus SHH, p = 0.016, other differences not significant).
The site-specific upper limits were all higher than those
quoted by the manufacturer (Table 1) with an overall
interval of 3.0–13.7 pmol/L (non-parametric derivation) and
2.9–14.1 pmol/L (parametric derivation).

Figure 2 presents data from all sites partitioned by age and
gender. No specific patterns could be identified, and differences
were not significant. Figure 3 presents data partitioned by quarter
periods through the year. Again, no significant patterns were
identified by time of year.

DISCUSSION

In this evaluation of service laboratory data, we have noted a
difference between the representative values for plasma PTH, of
1.6–7.2 pmol/L, noted in themanufacturer’s IFU and those derived
in local UK populations: all four sites had higher upper limits, using
both parametric or non-parametric methods. Abbott state clearly
in their IFU (3) for PTH that results at individual laboratories may
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vary and recommends determining a local range. Our observations
that there are differences between sites and that these differ from
those established in a group of healthy adults when undertaken by
Abbott supports this suggestion. As a result of the data analysis and
following consultation with service users, including endocrinology,
each of our sites has adopted locally derived RIs to avoid
misclassification of patients as having hyperparathyroidism and
inappropriate follow up and investigation in adults.

Statistically different upper limits were noted between sites
with a trend to higher upper RI in urban areas (Birmingham
and South London/Surrey) compared to areas with more rural
populations (Oxfordshire and Buckinghamshire). However,
the differences between the upper limits for each site are
small compared to the very large difference between the

manufacturers upper limit and all sites assessed. The strict
data exclusion criteria ensured only those with adequate
vitamin D status, normocalcaemia, and adequate eGFR were
included. The between site differences are likely to be due to
the different population mix with respect to age and gender but
may also be due to additional unidentified population related
factors. It is possible that the ethnic mix of the different
populations may be a factor in our observations. For
example, it has previously been noted that one of the areas
(BIRM) has a higher non-white population and higher indices
of multiple deprivation (10).

A limitation of this study was the unavailability of patient
ethnicity to allow this to be explored. The geographical difference
noted requires further investigation but highlights the

FIGURE 1 | Probability plots of PTH concentrations (logarithmic scale) against theoretical z-scores by laboratory site.

TABLE 1 | PTH Reference intervals by site.

Site Number of tests Gender Median age Non-parametric RI Parametric RI

%m/%f Years (range) pmol/L pmol/L

Birmingham 432 23.8/76.2 63 (19–99) 3.2–15.8 3.0–16.1
Bucks 693 18.9/81.1 69 (20–98) 2.7–12.8 2.8–13.6
Oxford 356 34.3/65.7 50 (18–96) 3.0–11.5 2.9–12.3
St.Helier Hospital 238 21.8/78.2 69 (29–96) 3.5–13.0 3.2–13.3
Overall (all sites) 1727 23.4/76.6 63 (18–99) 3.0–13.7 2.9–14.1
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importance of locally determined ranges. UK government data
from the Office for National Statistics (ONS) provides a
breakdown of local population demographics and shows both
variability between regions but that within any individual region
this is relatively stable (11). This should mean the RIs derived
should be applicable over the lifetime of the method and
equipment in use.

The higher upper RIs found in this study are similar to those
derived in an Italian study (4) where adult upper limits of
11.6 and 11.8 pmol/L were proposed.

Inaccurate reference intervals for any test have the potential for
unnecessary follow up and intervention (12). PTH methods have
developed considerably over the last 20 years with respect to
specificity and the molecular form of the PTH molecule detected
(13). It is therefore not surprising that laboratories are required to
investigate and adopt adjusted RIs to reflect method performance.
Adoption of the updated ranges presented in the present study
should improve appropriate investigation of abnormal PTH values.

We excluded data from those less than 18 years of age to enable an
adult range to be derived. The data available on children was limited
and therefore we were unable to explore the reference range in
paediatrics as the data sets were considered too small for valid
partitioning across childhood. The CALIPER study (14) has
established PTH intervals for children on instruments from several

major manufacturers, including the Abbott i2000 instrument used in
our laboratories. The reference intervals quoted are lower than those
we have determined in the present study for adults: ages 6 days
to <1 year being 0.68–9.39 pmol/L; from 1 to <9 years:
1.72–6.68 pmol/L; 9 to <17 years: 2.32–9.28 pmol/L;
17 to <19 years: 1.70–6.40 pmol/L.

A potential limitation in the selection of results for data
analysis was that not all patients had a serum magnesium
result available to allow exclusion of those with abnormal
levels. This could have therefore biased the data set through
inclusion of PTH results from patients who had low or high
magnesium results. However, we do not consider this would have
had a major impact on the data analysis. A further consideration
is reagent and calibrator usage including lot number changes and
how these might contribute to result bias. The laboratories
involved have reagent acceptance procedures in place to fulfil
accreditation requirements, and acceptable IQC and EQA over
the study period. These quality management procedures mitigate
the potential impact of lot number changes on the derived RIs, as
does the use of data collected across more than a full calendar year
within which there would be several lot number changes.

In conclusion, there appears to be good evidence that a locally
derived plasma PTH RI is required for an adult UK population to
prevent inappropriate patient anxiety and follow up.

FIGURE 2 | PTH distribution by age, gender, and laboratory site.
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SUMMARY TABLE

What is Known About This Subject
• Parathyroid hormone (PTH) is analysed in clinical
laboratories to identify hyperparathyroidism, a common
endocrine abnormality.

• Identification of patients with hyperparathyroidism is only
possible if accurate PTH reference intervals are applied.

• PTH reference intervals can vary between the different
methods used in practice.

What This Paper Adds
• Whenmeasured with the Abbott method PTH values in UK
populations have upper limits higher than those commonly
used in practice.

• PTH distributions in four UK sites using the Abbott method
all had higher upper limits than the commonly used range.

• Application of revised reference intervals for PTHmeasured
with the Abbott method will avoid unnecessary follow up of
patients.

CONCLUDING STATEMENT

This work represents an advance in biomedical science because as
it provides a revised UK reference interval for PTH

when measured using the Abbott method and therefore
improves its diagnostic accuracy for hyperparathyroidism.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available
from the corresponding author, but restrictions apply to
the availability and an agreed process for access would be
required.

AUTHOR CONTRIBUTIONS

MM and BS conceived the original idea. MM, CW, GW, TM, TJ,
and BS collated data and comparative method details. BS
undertook the final statistical evaluation and is guarantor. All
authors reviewed and edited the manuscript and approved the
final version of the manuscript.

FUNDING

The data presented was derived from laboratory service data and
evaluated as an integral part of the departmental quality
management processes.

FIGURE 3 | PTH distribution by quarter of the year.

British Journal of Biomedical Science | Published by Frontiers April 2023 | Volume 80 | Article 112245

Mirzazadeh et al. Reference Intervals for Parathyroid Hormone



CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We would like to thank Gordon Avery, Abbott Laboratories,
for useful discussions on Abbott PTH method reference
intervals.

REFERENCES

1. Kumar R, Thompson JR. The Regulation of Parathyroid Hormone Secretion
and Synthesis. J Am Soc Nephrol (2011) 22:216–24. doi:10.1681/ASN.
2010020186

2. Hannan FM, Kallay E, Chang W, Brandi ML, Thakker RV. The Calcium-
Sensing Receptor in Physiology and in Calcitropic and Noncalcitropic
Diseases. Nat Rev Endocrinol (2018) 15:33–51. doi:10.1038/s41574-018-
0115-0

3. Intact PTH. ARCHITECT Intact PTH Instructions for Use (List No 8K25-28/
21 G94306R01 2017) (2017).

4. Minieri M, Leoni BD, Bellincampi L, Bajo D, Agnoli A, De Angelis AM, et al.
Serum iPTH Range in a Reference Population: From an Integrated Approach
to Vitamin D Prevalence Impact Evaluation. Clin Chim Acta (2021) 521:1–8.
doi:10.1016/j.cca.2021.06.004

5. Hanon EA, Sturgeon CM, Lamb EJ. Sampling and Storage Conditions
Influencing the Measurement of Parathyroid Hormone in Blood Samples: a
Systematic Review. Clin Chem Lab Med (2013) 51:1925–41. doi:10.1515/cclm-
2013-0315

6. Ayuk J, Gittoes NJL. Contemporary View of the Clinical Relevance of
Magnesium Homeostasis. Ann Clin Biochem (2014) 51:179–88. doi:10.
1177/0004563213517628

7. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI,
et al. A New Equation to Estimate Glomerular Filtration Rate. Ann Intern Med
(2009) 150:604–12. doi:10.7326/0003-4819-150-9-200905050-00006

8. R Core Team. R: A Language and Environment for Statistical Computing.
Vienna Austria: R Foundation for Statistical Computing (2021).

9. Horn PS, Pesce AJ. Reference Intervals: An Update. Clin Chim Acta (2003)
334:5–23. doi:10.1016/s0009-8981(03)00133-5

10. Webster C. Relationship of Total 25-OH Vitamin D Concentrations to Indices
of Multiple Deprivation: Geoanalysis of Laboratory Results. Ann Clin Biochem
(2013) 50:31–8. doi:10.1258/acb.2012.011249

11. Census. Average Statistics by County (2021).Available at: https://www.ons.gov.
uk/aboutus/transparencyandgovernance/freedomofinformationfoi/
averagestatisticsbycounty (Accessed March 28, 2023).

12. Gallaher MP, Mobley LR, Klee GG, Schryver P. The Impact of Calibration
Error in Medical Decision Making. National Institute of Standards and
Technology (2004). Available at: https://www.nist.gov/system/files/
documents/director/planning/report04-1.pdf (Accessed October 28, 2021).

13. Andersen SL, Karmisholt J, Vestergaard P, Husted L, Venø SK, Christensen
PA. Parathyroid Hormone Reference Intervals in Adults Using Second- and
Third-Generation Assays. Scand J Clin Lab Invest (2023) 83:38–44. doi:10.
1080/00365513.2022.2164517

14. Adeli K, Higgins V, Trajcevski K, White-Al Habeeb N. The Canadian
Laboratory Initiative on Pediatric Reference Intervals: A CALIPER white
Paper. Crit Rev Clin Lab Sci (2017) 54:358–413. doi:10.1080/10408363.
2017.1379945

Copyright © 2023 Mirzazadeh, Webster, Weerasinghe, Morris, James and Shine.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

British Journal of Biomedical Science | Published by Frontiers April 2023 | Volume 80 | Article 112246

Mirzazadeh et al. Reference Intervals for Parathyroid Hormone

https://doi.org/10.1681/ASN.2010020186
https://doi.org/10.1681/ASN.2010020186
https://doi.org/10.1038/s41574-018-0115-0
https://doi.org/10.1038/s41574-018-0115-0
https://doi.org/10.1016/j.cca.2021.06.004
https://doi.org/10.1515/cclm-2013-0315
https://doi.org/10.1515/cclm-2013-0315
https://doi.org/10.1177/0004563213517628
https://doi.org/10.1177/0004563213517628
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/s0009-8981(03)00133-5
https://doi.org/10.1258/acb.2012.011249
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/averagestatisticsbycounty
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/averagestatisticsbycounty
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/averagestatisticsbycounty
https://www.nist.gov/system/files/documents/director/planning/report04-1.pdf
https://www.nist.gov/system/files/documents/director/planning/report04-1.pdf
https://doi.org/10.1080/00365513.2022.2164517
https://doi.org/10.1080/00365513.2022.2164517
https://doi.org/10.1080/10408363.2017.1379945
https://doi.org/10.1080/10408363.2017.1379945
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	UK Reference Intervals for Parathyroid Hormone Using Abbott Methods
	Background
	Methods
	Participating Sites
	PTH Immunoassay
	Data Extraction
	Statistical Calculations

	Results
	Discussion
	Summary Table
	What is Known About This Subject
	What This Paper Adds

	Concluding Statement
	Data Availability Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	References


