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BACKGROUND: Symptomatic androgen deficiency has an estimate
prevalence of 2%–12% in males over 40 years of age and is associated
with several comorbidities such as hypertension, obesity, dyslipidemia,
metabolic syndrome, diabetes, and COPD. Diagnosis relies heavily on
the measurement of testosterone concentrations. While total testoster-
one (tT) is often sufficient to diagnose deficiency, free testosterone
(fT) or bioavailable testosterone (baT; non-sex hormone binding globu-
lin (SHBG)-bound) may be helpful in assessing patients with suspected
hormone binding abnormalities. Consensus guidelines recommend rely-
ing on tT measurement and only using fT or baT testing when indi-
cated. Despite these recommendations, requests for measured fT and
baT account for a large percentage of testosterone orders in our institu-
tion. Here we examined the utilization of testosterone orders, assessed
the clinical utility of measured fT and baT relative to tT alone, and de-
vised a reflex algorithm to optimize fT and baT utilization.
METHODS: Testosterone data was collected over a 12 month period,
September 2020–August 2021. Only data from adult males with es-
tablished reference intervals was included in the final cohort; ≥20
and 20–69 years of age for fT and baT, respectively. Logistic regression
was used to determine the probability of low fT and baT based on tT
concentration. An algorithm based on initial tT concentration was estab-
lished to reflex to fT/baT when most likely to provide additional benefit.
RESULTS: Of 9754 testosterone tests performed on male patients dur-
ing the study period, 4514 (46%) included a measured fT and/or baT.
After excluding data without established reference intervals, the final
cohort consisted of 1851 fT and 2514 baT measurements. Overall
concordance with tT was 70.0% and 74.8% for fT and baT, respect-
ively. However, only 0.2% (3/1479) were found to have low fT and
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8.4% (166/1988) low baT when tT was greater than the reference inter-
val lower limit (i.e., normal or high). The probability of a patient having
low fT or baT with normal tT peaked at 0.01 and 0.21, respectively, and
was greatest at the tT reference interval lower limit (240 ng/dL). An al-
gorithm was devised in which only samples with tT concentrations of
240–500 ng/dL would reflex to baT testing. In this cohort, 90% of dis-
cordant (low baT with normal tT) samples would have triggered the baT
reflex while reducing the overall utilization of baT by 55%. Applying the
same reflex algorithm would have also reflexed 100% of discordant fT
samples.
CONCLUSIONS: Despite being performed with nearly half of all testos-
terone orders, baT, and especially fT, provided little additional clinical
utility to tT alone. By determining the probability of a low baT or fT
when Tt is above the reference interval lower limit, a reflex algorithm
can be devised to help optimize baT and fT utilization. While this al-
gorithmic approach has been proposed by others, the reflex values in
our cohort differ significantly from previously published values suggest-
ing that laboratories should determine limits based on their individual
testosterone assays. The logistic regression method utilized here pro-
vides one such example laboratories can follow for undertaking such
an analysis.
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BACKGROUND:

2 and vitamin D3.
METHODS:

2 supplementation (50 000 IU/week) and fifty additional speci-
mens spanning our measurable range were identified by the
Dartmouth Hitchcock Analytics Institute. Aliquots were tested by
the Roche cobas Vitamin D Total II and Vitamin D Total III assays,
deidentified, split, and shipped to other study sites for measurement by
LCMS, the Diasorin Liaison 25 OH Vitamin D Total assay, and the
Beckman Coulter Access 25(OH) Vitamin D Total assay. Estimated
vitamin D2 was calculated by subtracting the LCMS-measured vita-
min D3 result from the immunoassay total vitamin D result. Bias cal-
culations assume LCMS measurements as the true concentration.
Statistical analyses were performed in R. This study was approved by
the Dartmouth Hitchcock Medical Center Institutional Review
Board.
RESULTS:

2.
Clinical classification was unanimous in 62/75 specimens. For thirteen
specimens in which at least one disagreement was observed, immuno-
assay results for discrepant classification were no more than 10.2 ng/
mL from the classification cutoff (median 2 ng/mL). Two specimens
with 68 and 70 ng/mL vitamin D were classified as toxic (>100 ng/
mL) by one immunoassay each.
CONCLUSION:

2 recovery no longer represents a clinically-concerning obs-
tacle. These immunoassays display positive bias for total vitamin D
relative to LCMS but generally result in correct clinical classification.
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