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Abstract

Subclinical hypothyroidism (SCHT) is defined as a consistently elevated thyroid stimulating hormone (TSH) with a free
T4 (fT4) within the reference range. This diagnosis may lead to additional monitoring, levothyroxine therapy and increased
patient concerns, despite lack of evidence of treatment benefit in older adults. In order to avoid this diagnosis, we evaluated
the efficiency of fT4-based screening for thyroid dysfunction, in older adults in primary care and compared it with TSH-
based screening. Individuals aged >65years in primary care were selected for this retrospective study when both TSH and
fT4 were individually requested irrespective of the TSH value. Exclusion criteria were C-reactive protein > 10 mg/l or a
history of thyroid hormone monitoring in the previous year. Screening based on fT4 instead of TSH decreased reflex testing
from 23.8% to 11.2%. The positive predictive value (PPV) for clinical hypothyroidism increased from 17.3% to 52.2%. The
negative predictive value was 96.1% with TSH-based screening versus 97.8% with fT4-based screening. Elevation of the TSH
cutoff value from 4.2 to 6.5 mU/l resulted in a reflex test percentage of 12.5% and a PPV of 31.0%. Our results suggest that
screening for thyroid dysfunction in older individuals in primary care can be improved by screening based on fT4 instead of
TSH or by adjusting the TSH cutoff value. Adjustment of the screening strategy may be of interest to health policy makers
because of potential cost reduction. From a patient perspective, medical concerns and unnecessary biochemical follow-up
might be reduced by circumventing the diagnosis SCHT.
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Key Points

• Screening for thyroid dysfunction with free T4 instead of thyroid stimulating hormone (TSH) improves efficiency in older
adults in primary care.

• Adjustment of the screening strategy will reduce costs, unnecessary follow-up and patient concerns.
• An alternative strategy is to elevate the TSH cutoff value; this also led to improved positive predictive value (PPV) for

clinical hypothyroidism
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Introduction

Screening for thyroid dysfunction is frequently performed in
older individuals presenting with fatigue and general malaise
to exclude thyroid disease. The diagnosis of thyroid disease
is largely biochemical. Hence, thyroid stimulating hormone
(TSH) and free thyroxine (fT4) cutoff values, which vary sig-
nificantly between laboratories, are important determinants
of diagnosis, monitoring and treatment. Current screening
guidelines for thyroid dysfunction in primary care suggest
a TSH assay followed by analysis of fT4, if TSH results
are outside the reference interval (reflex testing). TSH is a
sensitive marker. Linear changes in fT4 lead to exponential
changes in TSH [1]. Hence, TSH has traditionally been the
first choice screening test.

A consistently elevated TSH with an fT4 within the
reference range results in the diagnosis subclinical hypothy-
roidism (SCHT). Although associations between SCHT and
some areas of medicine such as cardio-renal metabolic disease
are still under investigation [2–4], in older persons (65 years
and over) SCHT is generally believed not to be associated
with quality of life, symptom burden, physical or cognitive
functioning, other diseases or mortality [5–7]. Additionally,
multiple studies have shown that older adults with SCHT
do not benefit from levothyroxine supplementation [6, 8,
9]. Still, in daily practice, the diagnosis SCHT leads to
additional monitoring, unnecessary treatment and increased
patient concerns.

Therefore, fT4-based screening to identify clinical thyroid
disease would potentially be a more efficient screening strat-
egy for older adults with possible symptoms of thyroid dis-
ease. This strategy could reduce costs and patient concerns.
Several reports dating from the ‘80’s and ‘90’s have already
suggested such a testing algorithm [10–12]. Alternatively,
TSH decision limits could be adjusted to reduce unnecessary
reflex testing and thus reduce unwarranted monitoring [13].

In this retrospective study we evaluated the efficiency of
fT4-based screening for thyroid dysfunction in older adults
in primary care compared with TSH-based screening. Fur-
thermore, the alternative approach of elevating TSH decision
limits was investigated in parallel.

Methods

Patient data (fT4, TSH, C-reactive protein [CRP], date of
birth) from the laboratory information system of the St.
Antonius Hospital (Nieuwegein, the Netherlands) were anal-
ysed retrospectively. Individuals aged >65years in primary
care were selected when both TSH and fT4 were individually
requested irrespective of the TSH value. Reflex testing for
thyroid function (i.e. fT4 testing is performed only when the
TSH is outside the reference range) was not implemented in
the period that the data collection took place: 2018–19. In
order to exclude patients with active inflammatory disease
and patients treated and/or monitored for thyroid dysfunc-
tion, individuals with inflammation (CRP > 10 mg/l) or a
history of thyroid hormone monitoring in the previous year

were excluded. Solely the first TSH and fT4 measurements
for each patient were included in the analysis. The insti-
tutional medical ethics committee (MEC-U) approved the
study.

TSH and fT4 were analysed in lithium–heparin plasma
on a Roche Cobas platform (Roche Diagnostics, Mannheim,
Germany) using the Elecsys FT4 III and the Elecsys TSH
assay, respectively.

Three models were evaluated in the dataset: the current
screening protocol (fT4 reflex test when TSH > 4.2 mU/l)
(model 1), elevation of the TSH decision limit (model 2) and
fT4-based screening (TSH reflex test when fT4 < 12 pmol/l)
(model 3).

SCHT was defined as a TSH value above the reference
interval (>4.2 mU/l) combined with a fT4 value inside the
reference interval (12–22 pmol/l). Overt hypothyroidism
was defined as either an increased TSH value combined with
a decreased fT4 value or a TSH value >10 mU/l.

Reference intervals were based on the instructions for use
of the Roche assays. The positive predictive value (PPV), neg-
ative predictive value (NPV), sensitivity, specificity and cut-
off value (receiving operating curve [ROC] curve) analyses
were performed in Microsoft Excel version 2011 (Microsoft,
Redmond, WA, USA) and SPSS version 26 (IBM, Armonk,
NY, USA).

Results

The dataset existed of 1,016 older adults, of which n = 35
(3.4%) were diagnosed with clinical hypothyroidism
(TSH > 4.2 mU/l and fT4 < 12 pmol/l). When data were
analysed based on the current guidelines (model 1, fT4 reflex
test following TSH < 0.27 or >4.2 mU/l), fT4 reflex testing
followed TSH analysis in 242 individuals (23.8%), of which
202 (19.9%) had TSH values above the reference interval
and 40 (3.9%) had TSH values below the reference interval.
Of the individuals with elevated TSH values, 35 (17.3%)
also showed decreased fT4 values. Hence, the PPV for TSH
as a screening test for clinical hypothyroidism was 17.3%.
The NPV was 96.1% (Figure 1 and Table 1).

Using an optimized TSH cutoff value of 6.5 mU/l (model
2) (ROC curves in Supplementary Figure 1), the number of
reflex tests decreased to 127 (12.5%). This resulted in an
improved PPV of 31.0% and an NPV of 95.7%. Raising
the TSH cutoff also reduced the number of individuals diag-
nosed with clinical hypothyroidism (27 individuals versus 35
in model 1) (Figure 1 and Table 1).

Using fT4 as the screening test (model 3) the number of
TSH reflex tests was 112 (11.2%), the PPV 52.2% and the
NPV for overt clinical hypothyroidism was 97.8% (Figure 1
and Table 1). In this scenario, the number of individuals
diagnosed with clinical hypothyroidism was identical to
model 1.

With regard to hyperthyroidism, despite low numbers in
the study population, the proposed strategy with screening
based on fT4 (model 3) did not lead to missed cases of
clinical hyperthyroidism (Supplementary Table 1), since
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Figure 1. Graphic display of the PPV (A), NPV (B) and (C) the proportions of subjects with deviating values of TSH and fT4, and
hence the proportion of subjects diagnosed with (subclinical) hypothyroidism, in the different models. N = normal (value within
the reference range).

cutoff values for elevated fT4 and reduced TSH were not
changed.

Discussion

Given the findings, that treating SCHT with L-Thyroxine in
older people provides no benefit [6, 8, 9], efficacy of current

screening strategy based on TSH needs reassessment. In this
retrospective study in older adults in primary care, the fT4-
based screening approach reduced reflex testing by >50%
compared with current TSH-based screening strategy. The
PPV for clinical hypothyroidism of the initial screening
result increased from 17.3% to 52.2%. The NPV was not
hampered with an NPV of 96.1% for TSH-based screening
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Table 1. Comparison of the performances of the four proposed strategies

Current screening protocol:
TSH > 4.2 mU/l model 1

Elevation of the TSH cutoff value
to > 6.5 mU/l model 2

Screening based on fT4:
fT4 < 12.0 pmol/l model 3

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Total number of reflex tests 242 (23.8%) 127 (12.5%) 114 (11.2%)
Reflex tests for hypothyroidism 202 (19.9%) 87 (8.6%) 67 (6.6%)
Clinical hypothyroidism 35 (3.4%) 27 (2.7%) 35 (3.4%)
SCHT 167 (16.4%) 60 (5.9%) –
PPV clin. hypothyroidism 17.3% 31.0% 52.2%
NPV clin. hypothyroidism 96.1% 95.7% 97.8%a

Overall diagnostic efficiency 80.4% 90.2% 94.8%
Sensitivity clin. hypothyroidism 52.5% 40.3% 62.5%a

Specificity clin. hypothyroidism 82.4% 93.7% 96.7%
abased on overt hypothyroidism (TSH > 10 mU/l).

and 97.8% for fT4-based screening. Earlier studies that
suggested a testing algorithm based on fT4 date from the
80’s and 90’s, when screening for thyroid disease was not
as frequent and a variety of biochemical- or immuno-assays
was used [10–12]. Preliminary retrospective results of an
ongoing population cohort study seem to confirm our results
(Manuscript in preparation, M.E. Jongeneelen and Prof. Dr.
J. Gussekloo).

A reduction in reflex testing could result in significant
reductions in costs and patient concerns. Since treatment of
SCHT is not indicated [6, 8, 9], this approach may reduce
initiation of levothyroxine treatment and it would result in
less frequent follow-up.

Additional benefit of an fT4-based approach is that
hypothalamic/pituitary hypothyroidism, probably missed by
TSH-based screening, is detected. However, using an fT4-
based approach, individuals with a TSH value >10 mU/l
(with a presumed higher risk of progression to clinical
hypothyroidism) and individuals with triiodothyronine
toxicosis could potentially be missed. Yet, the latter group
is usually clinically identifiable and will probably not be
included in initial screening in primary care. With regard to
individuals with a TSH value >10 mU/l, individuals should
be advised to see their GP again when complaints persist and
should then be offered a combined fT4–TSH test. Likewise,
when there is a high suspicion of thyroid disease, a direct
combination of fT4 plus TSH should be offered.

It should also be noted that chronic disease, frequent
in older adults, could be associated with non-thyroidal ill-
ness (NTI) and in severe cases may result in decreased
fT4, thus generating false positives. Yet, TSH elevations are
often found in the recovery phase after NTI mimicking
SCHT [14].

Alternatively, the PPV of current screening for thyroid
dysfunction could be improved by elevation of the TSH cut-
off value. Several other authors have proposed this approach
[13, 15, 16]. However, with this strategy (model 2), indi-
viduals with hypothyroidism and a limited elevation of
TSH would be missed. Furthermore, in our population
the increase in PPV was only limited compared with the
fT4-based strategy.

Some limitations have to be acknowledged. Firstly, due to
the retrospective nature of the study, we cannot exclude that

individuals included in the study may have had a history of
thyroid disease, which we could not filter from the available
laboratory data, for example in cases where patients have
visited other laboratories for checkups. Second, the study
group was relatively small. Further prospective studies with
sufficient power are needed to validate our findings. Third,
the determination of optimal cutoff values for TSH and fT4
(which currently vary significantly within geographical areas
and within method groups) should also be investigated in
follow-up studies. Yet, this is hampered by the fact that a gold
standard test for hypothyroidism is lacking, the combination
of test results from two tests, fT4 and TSH, determines the
diagnosis.

In conclusion, our results suggest that screening for thy-
roid dysfunction in older individuals in primary care can be
improved by screening based on fT4 instead of TSH or by
adjusting the TSH cutoff value. Adjustment of the screening
strategy may be of interest to health policy makers because
of potential cost reduction. From a patient’s perspective,
medical concerns and unnecessary biochemical follow up
might be reduced by circumventing the diagnosis SCHT.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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