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I n related research, Symonds and colleagues1 consider the 
effects of a change in the laboratory reference range for 
serum thyroid-stimulating hormone (TSH), a common ana-

lyte, on clinical practice in Alberta, Canada. Without any change in 
TSH assay, and thus no systematic change in actual TSH results, 
the upper limit of the reference range of TSH was changed from 6 
mIU/L to 4 mIU/L to improve accuracy and to harmonize the TSH 
reference ranges across the province. Because there was a single 
payer for laboratory tests (the governmental health system) and a 
single laboratory providing the tests in the Calgary region, 
Symonds and colleagues were able to consider both TSH assay 
volume and levothyroxine prescription rates over time in the Cal-
gary region and compare these in the period before and after the 
change in a time series analysis. They found a clear increase in 
TSH assay volume and a correlated increase in levothyroxine pre-
scriptions consequent to the change in TSH reference range. 
These findings imply that the change in reference range led more 
clinicians to consider either that patients had developed bio-
chemical subclinical hypothyroidism (raised TSH with normal 
range free thyroxine), which led to commencement of levothyrox-
ine treatment, or that patients were failing to respond to an exist-
ing levothyroxine dose, which led to increased dosing. This unan-
ticipated clinical effect of a simple change in reference range 
illustrates the importance of clear communication across the clin-
ical–laboratory interface.

Although clinicians understand the importance of reference 
ranges for the interpretation of laboratory results and use them in 
daily practice, few concern themselves with how such ranges are 
constructed. They may believe that these ranges have been rigor-
ously established and are therefore always robust. Clinical bio-
chemists indeed take great care in providing ranges that are as 
robust as possible, but there are substantial difficulties in estab-
lishing reliable reference ranges.2 Construction of reference ranges 
requires sufficient numbers of healthy individuals distributed over 
the range of ages and genders for which the reference range is to 
be provided; a decision as to the range, usually the central 95% of 
results (i.e., 2.5% to 97.5%); and an appropriate statistical tech-
nique, either parametric or nonparametric, to determine the 
range. When constructing reference ranges, it’s also important to 

define who is “healthy” and to consider the importance of subclin-
ical disease states. When doing this for thyroid function tests, 
excluding results from anti thyroid antibody–positive individuals is 
usual, but any workable range must result in some analytically 
abnormal results not associated with any disease state.

Whether a reference range can be harmonized across several 
different assay platforms for the same analyte must also be 
decided. For TSH, assay harmonization may be compromised by 
variation in the epitopes in the TSH molecule to which antibodies 
have been raised in different TSH assays,3 resulting in different 
analyte signal generation in different assays for the same serum. 
Furthermore, a TSH reference range has its own specific chal-
lenges: TSH exhibits a circadian variation; the level of the hor-
mone varies with age;4 and the level is influenced by iodine 
intake, medication, smoking and occult thyroid autoimmune dis-
ease.5 Finally, TSH immunoreactivity can be discordant to bio-
reactivity because of variation in glycosylation of the TSH mole-
cule, which in turn affects TSH receptor binding and action.
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KEY POINTS
• Although clinicians understand the importance of reference 

ranges for the interpretation of laboratory results, they may not 
consider that a borderline result outside the analytically valid 
reference range sometimes requires verification or surveillance 
rather than immediate prescribing action.

• Thyroid-stimulating hormone (TSH) levels exhibit a circadian 
variation, may vary with age and are affected by iodine intake, 
medication and smoking.

• Patients with biochemical subclinical hypothyroidism — i.e., a level 
above the upper bound of the normal reference range (4 mIU/L) — 
may have no symptoms, or nonspecific symptoms that are 
common in the general population without thyroid dysfunction.

• It may be appropriate to observe TSH levels up to 10 mIU/L 
without beginning treatment, in some clinical contexts. 

• If a decision is made to change a test’s reference range, context 
and education should be provided by clinical chemists for all 
clinicians, and advice on interpretation of the changed test 
could be “boilerplated” to the laboratory report with a hot link 
to more detailed information available online. 
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Clinical biochemists may not realize that busy clinicians — 
especially those in primary care who order a wide variety of tests 
— may lack knowledge of the limitations of reference ranges and 
might not appreciate the significance of a reference range 
change, if they notice it at all. The clinical biochemist may con-
sider their job is done when an analytically valid reference range 
has been provided. The clinician may consider that they can take 
any result outside the range as clinically important. They may 
not consider that a borderline result outside the analytically 
valid reference range sometimes requires verification or surveil-
lance rather than immediate prescribing action.

Patients with biochemical subclinical hypothyroidism may 
have no symptoms; if symptoms are present, they may be nonspe-
cific symptoms that are common in the general population with-
out thyroid dysfunction. Screening or case-finding of asymptom-
atic thyroid dysfunction is not recommended in primary care.6 
Treatment of subclinical thyroid dysfunction may have no clinical 
benefit in the short term.7 Indeed, treatment may have adverse 
effects and be associated with cardiac and skeletal risks.8 More-
over, in older adults, application of a single reference range that is 
not age specific may lead to inappropriate overtreatment. 

A 2017 study9 showed that beginning reflex testing of free T4 
using a TSH cut-off of 1–2 mIU/L greater than the reference range 
had only a minimal effect on case-finding of clinically important 
hypothyroidism, suggesting that TSH values of up to 6.0  mIU/L 
may not require clinical action. Some authors concluded that, 
with careful consideration of clinical context, it may be appropri-
ate to observe TSH levels up to 10 mIU/L without begin ning 
treatment.10 Although epidemiological data from 2010 suggested 
long-term adverse cardiovascular consequences of subclinical 
hypothyroidism,11 many experts consider that older people may 
tolerate apparent subclinical hypothyroidism well.12 Individual 
patient context, age and the degree of elevation of TSH should 
be considered in the decision to start levothyroxine therapy in 
subclinical hypothyroidism.10

Continuing and proactive dialogue between clinical biochem-
ists and expert clinicians is needed to mitigate potential clinical 
consequences of any intended assay or reference range change. 
If a decision is made to change these, context and education 
should be provided for all clinicians. This dialogue might be con-
ducted efficiently by the clinical biochemist contacting, when 
necessary, a limited number of nominated key clinicians in the 
relevant areas of expertise, who should reflect on any clinical 
implications, seek the opinion of colleagues as needed and then 
provide prompt feedback. Agreed advice on interpretation of the 

changed test could be “boilerplated” to the laboratory report 
and linked to more detailed information available online. 
Symonds and colleagues, by showing clearly the unanticipated 
overtreatment effect of a change in the laboratory reference 
range for TSH, have shown the continuing importance of com-
munication between biochemists and front-line clinicians.
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