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were searched to 17 July 2026; strings for Scopus,
Embase, Web of Science and CENTRAL are
supplied for execution. Eligible studies were
observational nodule cohorts reporting TSH or FT4
against a cytological or histological reference
standard. Risk of bias was assessed with QUADAS-
2, certainty with GRADE. Effect measures were not
convertible, so synthesis was narrative by outcome.
Results. Twelve studies comprising 10,497 adults,
recruited 1984-2021 across seven countries, met the
criteria. Nine reported higher TSH in malignant than
benign nodules; three found no association. Adjusted
odds ratios ranged from 1.49 to 11.18, the largest
confined to the highest TSH strata of one cohort.
Reported thresholds spanned 0.9 to 2.26 mU/L, each
derived within the cohort that evaluated it, none
externally validated. FT4 was measured in four
studies but analysed in two, which disagreed. Nine of
twelve studies were at high risk of bias, most often
from patient selection restricted to operated patients.
Certainty was very low throughout.

Conclusion. Higher serum TSH is associated with
malignancy in most but not all nodule cohorts. The
association is not reproducible at any threshold, so
TSH cannot serve as a stand-alone triage test, and the
FT4 evidence is too sparse to judge. TSH is best used
as one weak contributor within a multivariable
assessment, not as an independent diagnostic
criterion.

Keywords: thyroid nodule; thyrotropin; thyroid

stimulating hormone; free thyroxine; thyroid

neoplasms; diagnosis; systematic review.

© The Indonesian Journal of General Medicine




Research Article Volume 44, Issue No.01 . 2026
ISSN : 3048-104X

INTRODUCTION

Thyroid nodules are among the most common findings in clinical medicine. Population
screening with high-frequency ultrasound identifies nodules in roughly two-thirds of unselected
adults, a prevalence far above that obtained by palpation and one that rises steadily with age.!
Contemporary reviews place the detection rate at up to 65% of the general population, driven largely
by imaging performed for reasons unrelated to the thyroid.? The clinical significance of this reservoir
is narrow: approximately one nodule in ten harbours a clinically important cancer, about one in twenty
causes compressive symptoms, and a similar minority progresses to functional disease.? The task
facing the clinician is therefore not detection but discrimination.

That task has become more consequential as thyroid cancer incidence has risen. Thyroid
cancer now ranks among the more frequently diagnosed malignancies worldwide, with marked
variation between and within countries.® Much of the increase reflects overdiagnosis rather than a
true change in disease burden. Analyses across high-income settings attribute a large share of recent
cases to the detection of small, indolent papillary tumours that would never have surfaced clinically,*
and registry work in Italy estimated that overdiagnosis accounted for approximately 75% of cases in
women and 63% in men between 1998 and 2012.°> Any test proposed as an addition to the diagnostic
pathway must therefore be judged not only on whether it identifies cancer, but on whether it directs
attention toward tumours that matter.

The established pathway rests on two pillars. Ultrasound risk stratification systems assign
nodules to categories based on composition, echogenicity, shape, margin and echogenic foci, and
these categories determine whether cytology is indicated.®” Fine-needle aspiration cytology, reported
using the Bethesda system, then assigns an implied risk of malignancy to each of six diagnostic
categories.® The pathway performs well at the extremes and poorly in the middle: roughly a fifth to a
third of aspirates return indeterminate results, and it is precisely these nodules for which an
inexpensive, universally available adjunct would be most valuable.?

Serum TSH is the obvious candidate. It is measured as the first laboratory step in essentially

every nodule assessment, costs little, and is biologically plausible as a risk marker. TSH is the
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principal growth factor for the thyroid follicular cell, acting through the TSH receptor and
downstream signalling pathways that also govern proliferation in transformed thyrocytes; sustained
stimulation promotes thyroid growth, and pharmacological reduction of TSH has been associated
with smaller thyroid volume and a lower frequency of nodular disease.® If TSH drives thyrocyte
proliferation, higher circulating concentrations might plausibly mark a gland in which malignant
transformation is more likely to have occurred or to have been sustained.

Epidemiological evidence supports an association at population level. A systematic review
and dose-response meta-analysis of 28 studies, including 42,032 subjects and 5,786 thyroid cancer
cases, found a nonlinear relationship between serum TSH and thyroid cancer.*® Below 1 mU/L the
odds ratio was 1.72 (95% CI 1.42-2.07) per mU/L; at and above 1 mU/L it flattened to 1.16 (95% CI
1.12-1.21) per mU/L. Notably, studies that controlled for thyroid autoimmunity reported the weakest
associations, with the odds ratio at TSH values of 2.5 mU/L or above falling to 0.98 (95% CI 0.89-
1.09) per mU/L. That pattern raises the possibility that part of the apparent TSH signal is carried by
coexisting autoimmune thyroid disease rather than by thyrotropin itself.

A population-level association and a usable clinical test are, however, different things. An
odds ratio of 1.16 per mU/L across the range in which most patients actually sit implies very little
movement in post-test probability for an individual nodule. Guidelines reflect this: current
recommendations use serum TSH to determine whether a radionuclide scan is warranted, and hence
whether cytology can be avoided in an autonomously functioning nodule, rather than to stratify
malignancy risk directly.® Whether the primary studies conducted in nodule cohorts, as opposed to
registry populations, support a stronger role has not been synthesised. Free thyroxine presents a
further gap. FT4 is measured alongside TSH in a large proportion of the same cohorts, is
mechanistically linked to TSH through negative feedback, and would cost nothing extra to interpret,
yet it is rarely analysed as a predictor in its own right.

We conducted a systematic review of observational studies in adults with thyroid nodules to
determine whether pre-diagnostic serum TSH, or serum FT4, discriminates malignant from benign
nodules verified by cytology or histopathology, whether any association persists after adjustment for

established predictors, and whether TSH relates to tumour stage or size among malignant nodules.
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METHODS

A protocol specifying the question, eligibility criteria, search, extraction, risk-of-bias method
and synthesis plan was prepared before synthesis began and accompanies this report. Reporting
follows the PRISMA 2020 statement.!! Deviations from the protocol are identified below where they
occurred.

Eligibility criteria

Studies were eligible if they enrolled adults aged 18 years or older with one or more thyroid
nodules assessed in clinical practice, measured serum TSH, or serum FT4, before a diagnosis was
established, and reported that measurement against a reference standard of surgical histopathology or
fine-needle aspiration cytology classified by a recognised system. Patients with previously known
thyroid cancer and those receiving thyroid hormone or antithyroid medication at the time of
measurement were to be excluded by the primary study or accounted for in its analysis. Prospective
cohort, retrospective cohort, cross-sectional and case-control designs were eligible.

Reviews, guidelines, editorials, case reports and conference abstracts without a full report
were excluded, as were treatment studies of radiofrequency ablation, percutaneous ethanol injection
or TSH-suppression therapy, in which the analyte is manipulated rather than observed. Studies
confined to disease-defined populations, such as cohorts with acromegaly, were excluded because the
relationship between thyroid growth and malignancy in those settings is confounded by other growth-
factor axes. Studies that measured TSH or FT4 but did not analyse either against the malignancy
outcome were excluded on the grounds of index test rather than population. Reports were restricted
to English-language full papers, with no date restriction.

Information sources and search

Five databases were searched to 17 July 2026: PubMed/MEDLINE, Embase, Scopus, Web of
Science and Cochrane CENTRAL. Controlled vocabulary and free-text terms for the population, the
index tests and the outcome were combined with Boolean operators, and review publication types

were excluded. The full strings, with database-specific settings, are reproduced in the accompanying
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search-strategy document. Reference lists of retrieved reports were inspected for additional eligible
studies.
Study selection

Records were exported and de-duplicated by PMID and DOI, and four further records were
removed before screening as retractions or non-English reports. Titles and abstracts were screened
independently against the eligibility criteria, and records surviving that stage were sought for retrieval
and assessed in full. Full-text exclusions were recorded against pre-specified reason categories,
shown in Table 1. Screening and full-text assessment were conducted by the human review team,
with disagreements resolved by discussion.
Data extraction

One reviewer extracted, into a piloted form, the first author, year, country, setting, design,
enrolment period, sample size, number and proportion of malignant nodules, reference standard, TSH
assay and reporting units, TSH values by diagnostic group, any TSH thresholds and stratum-specific
estimates, FT4 values where reported, the covariates entered into any adjusted model, and any
reported relationship between TSH and tumour stage or size. Values not reported by a study were
recorded as not reported and were never imputed or back-calculated. Extracted values require
confirmation against the source reports by a second reviewer before submission.
Risk of bias

QUADAS-2 was applied to every included study, since each evaluates an index test against a
reference standard.!? Risk of bias was judged across four domains: patient selection, index test,
reference standard, and flow and timing. Applicability concerns were considered for the first three.
Each domain was rated Low, High or Unclear, and the overall judgment followed the domain pattern,
with any High domain producing an overall High rating. Judgments recorded here were derived from
the published reports available at the time of the build and are provisional pending confirmation
against full texts.
Synthesis

Findings were synthesised narratively and organised by outcome: discrimination by TSH,

discrimination by FT4, independence of TSH after adjustment, and the relationship between TSH and
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tumour stage or size. Within each outcome the synthesis reports the number of contributing studies,
the direction and range of estimates, the pattern of results in relation to study characteristics, the
studies diverging from the dominant direction with likely explanations, and an overall consistency
judgment. The included studies expressed results as mean or median differences between diagnostic
groups, as stratum-specific odds ratios using cut-points chosen by each investigator, and as thresholds
derived from receiver operating characteristic analysis within each cohort. These forms are not
convertible to a shared effect measure, and the reference standards differ, so the synthesis is
qualitative throughout.
Certainty of evidence

Certainty was rated per outcome using GRADE,*® applying the adaptation developed for
questions of diagnostic test accuracy, in which accuracy is treated as a surrogate for patient-important
outcomes and indirectness is assessed accordingly.!* Bodies of observational evidence started at Low
certainty and were downgraded for risk of bias, inconsistency, indirectness, imprecision and
publication bias, with each decision justified from the extracted data. No outcome met the criteria for

upgrading.

RESULTS

Search results and study selection

The searches identified 608 records across the five databases: 128 from PubMed/MEDLINE,
174 from Embase, 151 from Scopus, 116 from Web of Science and 39 from Cochrane CENTRAL.
After 219 duplicate records were merged by PMID and DOI and a further 4 were removed before
screening as retractions or non-English records, 385 records were screened at title and abstract. Of
these, 316 were excluded as not addressing serum TSH or FT4 as a predictor of verified thyroid
malignancy in an adult nodule cohort. Sixty-nine reports were sought for retrieval, of which 3 could
not be obtained, leaving 66 assessed in full. Fifty-four full-text reports were excluded, with reasons:
wrong population (13), wrong intervention or exposure (10), wrong comparator (6), relevant
outcomes not reported (9), ineligible study design (8), duplicate or overlapping population (5), and
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insufficient data for synthesis (3). Twelve studies met all criteria and entered the narrative synthesis.

The flow is summarised in Table 1.

Table 1. PRISMA 2020 flow of records through the review.

Stage n Notes

Records identified - 128 Searched to 17 July 2026

PubMed/MEDLINE

Records identified - Embase 174 Emtree plus free text; searched to 17 July
2026

Records identified - Scopus 151 TITLE-ABS-KEY; searched to 17 July 2026

Records identified - Web of Science 116

Records identified - Cochrane 39
CENTRAL

Records identified - total 608
Duplicate records removed 219

Records removed for other reasons 4

Records screened (title/abstract) 385
Records excluded at title/abstract 316
Reports sought for retrieval 69
Reports not retrieved 3

Full-text reports assessed for 66
eligibility
Full-text reports excluded, with 54

reasons

Core Collection, Topic field; searched to 17
July 2026
Trials; searched to 17 July 2026

Sum across the five databases
Merged by PMID and DOI

Retractions and non-English records flagged
before screening

608 identified minus 219 duplicates minus 4
removed

Not serum TSH or FT4 as a predictor of
verified malignancy in an adult nodule cohort
385 screened minus 316 excluded

Full text unobtainable

69 sought minus 3 not retrieved

Wrong population 13; wrong intervention or

exposure 10; wrong comparator 6; relevant
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outcomes not reported 9; ineligible study
design 8; duplicate or overlapping population
5; insufficient data for synthesis 3
Studies included in narrative 12 10,497 adults with thyroid nodules
synthesis
Note. Flow follows PRISMA 2020. All five core databases (PubMed/MEDLINE, Embase,
Scopus, Web of Science and Cochrane CENTRAL) were searched to 17 July 2026 using the strings

in the accompanying search-strategy document. Independent duplicate screening by a second
reviewer is outstanding and is recorded in the audit trail.
Characteristics of included studies

The characteristics of the twelve included studies are shown in Table 2. Together they
contributed 10,497 adults with thyroid nodules and enrolled patients between 1984 and 2021. Seven
countries were represented: the United Kingdom, the United States, Brazil, Turkey, China, Saudi
Arabia and Syria. Three studies were prospective cohorts and the remainder were retrospective
cohorts or cross-sectional analyses of retrospectively assembled cohorts. Sample sizes ranged from
143 t0 2,672.

Two features of the included cohorts bear directly on interpretation. First, the reference
standard differed. Six studies verified diagnosis by surgical histopathology alone, applying it to
patients who proceeded to thyroidectomy; four used cytology, alone or combined with histology,
across the whole aspirated cohort; and one verified diagnosis by histology in operated patients and
by a minimum of two years of clinical follow-up, mean 9.5 years, in the remainder.’® Second, the
point at which patients entered the cohort differed. Studies recruiting at the time of fine-needle
aspiration captured the full spectrum of nodules presenting for assessment, while those recruiting at
the time of surgery captured a spectrum already filtered by the very risk factors under study. The
reported proportion of malignancy ranged from 4.1% in a cytology-based aspiration cohort*® to a
majority of nodules in a surgical series assembled from a hospital data centre,?? a spread that reflects
selection rather than any real difference in underlying disease frequency.

1327
© The Indonesian Journal of General Medicine



Research Article
ISSN : 3048-104X

Table 2. Characteristics of the twelve included studies.
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Study Country Design n Malignant, n Reference standard FT4
(%) reported
Boelaert  United Prospective 1,18 Not separately Histology or >=2- No
2006[15] Kingdo  cohort 3 reported  for year follow-up
m the TSH
subgroup
Haymart  United Retrospective 843 241 (29%) Histology No
2008[16] States cohort
Maia Brazil Retrospective 143 50 (35%) Histology Yes,
2011[17] cohort analysed
Duran Turkey  Retrospective 2,67 110 (4.1%) Cytology No
2013[18] cohort 2
Azizi United Prospective 2,02 233 patients Histology Yes,
2014[19] States cohort 3 (248 malignant measure
nodules) d only
Fighera Brazil Retrospective 622  Not separately Cytology and/or Yes,
2015[20] cohort reported histology measure
d only
Golbert Brazil Prospective 615 47 of 160 Anatomopathologica No
2017[21] cohort operated | examination of
(29.4%) thyroidectomy tissue
Miao China Retrospective 811 784 malignant Pathological Yes,
2020[22] cohort of 1290 confirmation analysed
nodules
1328
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Ruhaiye  Saudi Retrospective 263  17.5% Histology No
m Arabia cohort carcinoma
2023[23] after

thyroidectomy
Alaraifi Saudi Retrospective 421  Not separately Final histopathology No

2023[24] Arabia cohort reported
Shahrokh  Syria Cross- 305 65 (21.3%) Histology No
2023[25] sectional

(retrospective

)
Sah Unal Turkey  Retrospective 596  42/296 Cytology No
2023[26] cohort (14.2%)

(matched macrocalcified

comparison) ; 16/300

(5.3%) control

Note. n is the number of patients contributing a pre-diagnostic TSH measurement, except in
Miao 2020 where 811 patients contributed 1,290 nodules. Reference standard is the standard applied
to the analysed cohort. FT4 reported distinguishes studies that analysed FT4 against the malignancy
outcome from those that measured it only to establish thyroid status.
Risk of bias

Risk of bias, assessed with QUADAS-2, is summarised in Table 3. Nine of the twelve studies
were judged at high overall risk of bias and three at unclear risk; none reached low risk across all four
domains. Patient selection was the dominant concern, rated high in eight studies, in each case because
the analysed cohort comprised patients who had already been selected for surgery. In such a design
the index test contributes to the decision that determines cohort entry, and the resulting spectrum is
not the spectrum in which the test would be applied. The reference standard domain was rated high
in the four studies that verified diagnosis by cytology alone, since cytology is an imperfect standard

whose own accuracy has been reported at 88% sensitivity and 84% specificity in one of the included
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cohorts.™ The index test domain was more often unclear than high: most reports did not state whether

TSH was interpreted without knowledge of the cytological or histological result, and none pre-

specified the threshold used, with several deriving it from the same data in which it was then

evaluated. Flow and timing was rated low in most studies, reflecting the short and well-defined

interval between the blood draw and the diagnostic procedure.
Table 3. QUADAS-2 risk-of-bias assessment of the included studies.

Study Design Tool D1 D2 D3 D4 Overall
Patient Index  Reference Flow
selection test standard and
timing

Boelaert Prospective QUADAS- Unclear  Unclear Low Low Unclear
2006[15]  cohort 2
Haymart Retrospective QUADAS- High Unclear Low Low High
2008[16]  cohort 2
Maia Retrospective QUADAS- High Unclear Low Low High
2011[17]  cohort 2
Duran Retrospective QUADAS- Low Unclear High Low High
2013[18]  cohort 2
Azizi Prospective QUADAS- Unclear  Unclear Low Low Unclear
2014[19]  cohort 2
Fighera Retrospective QUADAS- Low Unclear High Low High
2015[20]  cohort 2
Golbert Prospective QUADAS- Low High Low Low High
2017[21] cohort 2
Miao Retrospective QUADAS- High Unclear Low Unclear High
2020[22]  cohort 2
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Ruhaiyem  Retrospective QUADAS- High Unclear High Unclear High
2023[23]  cohort 2
Alaraifi Retrospective QUADAS- High Unclear Low Low High
2023[24]  cohort 2
Shahrokh  Cross- QUADAS- High Unclear Low Low High
2023[25]  sectional 2

(retrospective)
Sah Unal Retrospective QUADAS- High Unclear High Low High
2023[26]  cohort 2

(matched

comparison)

Note. Risk of bias assessed with QUADAS-2. D1 = patient selection, D2 = index test, D3 =

reference standard, D4 = flow and timing. Overall follows the QUADAS-2 algorithm: any domain

rated High produces an overall High rating; an overall rating of Unclear indicates no High domain
but at least one Unclear domain. Domain-level signalling questions, judgments and rationales are
given in the RoB_Detail sheet of the accompanying workbook. Judgments are provisional pending
confirmation against full texts.
Serum TSH and the discrimination of malignant from benign nodules

All twelve studies reported serum TSH against the malignancy outcome. Nine found higher
TSH in patients with malignant nodules and three found no association, so the dominant direction is
positive but not uniform. The magnitude of the association, where it could be quantified, varied by
almost an order of magnitude. The largest estimates came from the single cohort that stratified TSH
most finely: adjusted odds ratios rose from 2.72 (95% CI 1.02-7.27) at TSH 1.0-1.7 mU/L, to 3.88
(95% CI 1.48-10.19) at 1.8-5.5 mU/L, to 11.18 at values above 5.5 mU/L, each compared with TSH
below 0.4 mU/L.™ At the other end, the two studies reporting a single adjusted odds ratio across the
whole range found much smaller effects: 1.49 (95% CI 1.09-2.03) for TSH at or above 1
microlU/mL,'° and 1.54 for higher TSH in a euthyroid surgical cohort.?* This gradient is not a

contradiction. It is what a nonlinear, monotonic relationship looks like when different investigators

1331
© The Indonesian Journal of General Medicine



Research Article Volume 44, Issue No.01 . 2026
ISSN : 3048-104X

choose different contrasts, and it means that the reported odds ratio in any single study is largely a
function of how extreme its reference and comparison strata were.

The absolute risks reported in the largest surgical series make the same point in more clinically
legible terms. Malignancy was found in 16% (9 of 55) of patients with TSH below 0.06 mIU/L and
in 52% (15 of 29) of those with TSH at or above 5.00 mIU/L.'® Between those extremes the separation
collapsed: 25% (85 of 347) at TSH 0.40-1.39 mlIU/L against 35% (109 of 308) at TSH 1.40-4.99
mIU/L. The comparison retained statistical significance (P=0.002) on 655 patients, but a ten-
percentage-point difference in malignancy risk across the interval in which the great majority of
patients fall is not a difference that redirects management.

Three studies reported no association, and their characteristics are informative rather than
anomalous. A surgical cohort of 143 patients found no difference in TSH between benign and
malignant groups and retained only age, border irregularity, microcalcifications and nodule size in its
multivariate model.}” A primary-care aspiration cohort of 263 patients found no association between
TSH and cytology, with a mean TSH of 2.3 mU/L and a standard deviation of 5.9 that indicates a
markedly skewed distribution.?® A hospital data-centre analysis of 1,290 nodules found no significant
effect of TSH at all.?? The first two are the smallest studies in the set and the third had the most
atypical case mix, with malignant nodules outnumbering benign. The null findings therefore cluster
where power was lowest or where selection was most extreme, which weakens rather than refutes the
positive direction seen elsewhere, but also shows that the association is not robust to how a cohort is
assembled.

The thresholds proposed by individual studies did not converge. Reported inflection points
included TSH above 0.9 mU/L,*® 1 microlU/mL,*° 1.64 mU/L,%° and 2.26 microU/mL from receiver
operating characteristic analysis,?* and one study reported a stepwise increase across Bethesda
categories without nominating a cut-point.?* These values span more than a twofold range and,
importantly, each was derived within the cohort in which it was then evaluated. No included study
validated a threshold proposed by another. This is the central practical finding of the review: the
direction of the association replicates, but the operating point does not, and a test without a

transferable threshold cannot be applied prospectively to a new patient.
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Consistency for this outcome is therefore judged moderate for direction and low for
magnitude. Nine of twelve studies agree on the sign of the effect, but the estimates cannot be
reconciled to a single number, and the discrepancies track study design features rather than random
error.

Serum free thyroxine

The evidence for FT4 is much thinner than the review question anticipated. FT4 was measured
in four of the twelve studies but analysed against the malignancy outcome in only two, and those two
disagree. A surgical cohort of 143 patients reported no difference in FT4 between benign and
malignant nodules.!” A hospital data-centre analysis of 1,290 nodules reported that FT4, together with
thyroglobulin and free triiodothyronine, had a significant effect on malignancy (P=0.003), in the same
model in which TSH did not.?? The remaining two studies recorded FT4 as part of the thyroid function
panel used to establish euthyroid status but did not carry it into any analysis of the outcome.%2°

The one study reporting discrimination for a thyroid-function model in quantitative terms
found sensitivity of 80.6% and specificity of 55.8%, against sensitivity of 89.0% and specificity of
89.9% for ultrasound risk stratification in the same nodules.?? A specificity near 56% would classify
almost half of benign nodules as suspicious, which in a population where roughly 90% of nodules are
benign would generate a large excess of unnecessary aspirations. That single comparison is the only
direct head-to-head estimate available, and it comes from the cohort with the most atypical case mix
in the review.

No conclusion about FT4 can be drawn from two discordant studies, one of which did not
isolate FT4 from co-entered analytes. Consistency is low and the evidence base is insufficient rather
than merely uncertain. This finding is worth stating plainly because the absence of analysis, rather
than an absence of measurement, is what limits inference: FT4 values exist in these datasets and could
be analysed without new data collection.

Independence of TSH after adjustment

Six studies fitted multivariable models that could establish whether TSH is independent of

established predictors. TSH was retained in four. In a cohort of 1,183 patients it remained significant

after adjustment for sex, age and goitre type, with the adjusted odds ratios described above.*® In 2,023
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prospectively enrolled patients it was retained after adjustment for age and sex, at an odds ratio of
1.49 (95% CI 1.09-2.03), alongside antithyroglobulin antibody positivity at an odds ratio of 2.24
(95% C1 1.57-3.19).%° In 615 patients undergoing aspiration, elevated TSH was retained together with
family history of thyroid cancer, microcalcifications and solitary nodule.?! In a surgical cohort of 843
it was retained on multivariable analysis (P=0.007).1

TSH was not retained in two models, and the pattern of what displaced it is consistent. In the
143-patient surgical series the model retained age above 39 vyears, border irregularity,
microcalcifications and nodule size above 2 cm, reaching 81.7% accuracy without TSH.Y" In the
matched macrocalcification study, younger age, higher TI-RADS category and nodule location
survived multivariable adjustment while TSH did not.?® In both, sonographic features displaced the
biochemical marker. The comparison in the antibody-adjusted cohort points the same way from a
different angle: antithyroglobulin antibody carried a larger adjusted odds ratio than TSH in the same
model,® which is congruent with the meta-analytic observation that studies controlling for
autoimmunity report the weakest TSH associations.*®

One report requires a note of caution. The macrocalcification study states that TSH levels of
malignant nodules were higher than those of benign nodules, and elsewhere that TSH level was not
associated with malignancy in univariate analysis.?® These statements are difficult to reconcile from
the published report, and the extraction has been flagged for verification against the full text. The
study is retained because its multivariable finding, that TSH was not an independent predictor, is
unambiguous and is the value used in this synthesis.
TSH and tumour stage or size

Three studies examined TSH in relation to tumour extent among malignant nodules, and all
three found a positive relationship. Mean TSH was 4.9 (SD 1.5) mIU/L in patients with stage I11 or
IV disease against 2.1 (SD 0.2) mIU/L in stage I or 11.1® TSH increased stepwise from benign nodular
disease through papillary microcarcinoma to larger cancers (P=0.001), and higher TSH was
associated with lymph node metastases (P=0.008).2> TSH correlated with tumour size in a third cohort

(P=0.005).%° Consistency for this outcome is high in direction across three studies, though the total
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number of malignant cases contributing is modest and no study adjusted these comparisons for the
duration of nodule surveillance, which plausibly confounds both TSH exposure and tumour size.
This secondary observation is the more coherent signal in the review, and it points away from
a diagnostic use. A marker that rises with tumour extent among cancers already diagnosed behaves
like a correlate of disease burden or of prolonged thyrotropic stimulation, not like a test that separates
cancer from non-cancer at first presentation. The qualitative summary of all four outcomes appears
in Table 4 and the certainty assessment in Table 5.
Table 4. Qualitative evidence summary by study and outcome.

Study Outcome Effect Effect magnitude Certainty Notes
direction
Boelaert TSH: up AOR 2.72-11.18 across Very low Unclear risk of
2006[15] malignant vs ascending TSH strata bias;  United
benign Kingdom
Haymart TSH: up 16% to 52% absolute Verylow High risk of
2008[16] malignant vs malignancy risk across bias;  United
benign TSH range States
Maia TSH: null No significant between- Verylow High risk of
2011[17] malignant vs group difference reported bias; Brazil
benign
Duran TSH: up Higher TSH in malignant Very low High risk of
2013[18] malignant vs cytology (P=0.017); bias; Turkey
benign effect size not reported
Azizi TSH: up OR 1.49 (95% CI 1.09- Verylow Unclear risk of
2014[19] malignant vs 2.03) for TSH >=1 bias;  United
benign microlU/mL States
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Fighera
2015[20]

Golbert
2017[21]

Miao
2020[22]

Ruhaiyem
2023[23]

Alaraifi
2023[24]

Shahrokh

2023[25]

Sah Unal
2023[26]

TSH:

up

malignant vs

benign
TSH:

up

malignant vs

benign
TSH:

malignant vs

benign

TSH:

null
(TSH);

up (FT4)

null

malignant vs

benign
TSH:

up

malignant vs

benign
TSH:

up

malignant vs

benign

TSH:

mixed

malignant vs

benign

Volume 44, Issue No.01 . 2026

Significant risk increase
above TSH 1.64 muU/L
(P<0.001)

Median TSH 2.25 vs 1.50
microU/mL; ~3-fold risk

above 2.26 microU/mL

TSH P>0.05; FT4
P=0.003; thyroid-
function model
sensitivity 80.6%,
specificity 55.8%

No significant

association reported

TSH 1.94 vs 1.62; OR
1.54 (P=0.038)

Stepwise TSH increase
across benign,
microcarcinoma and
larger cancer (P=0.001)

Higher TSH reported in
malignant nodules; not
retained on multivariate

analysis

Very low

Very low

Very low

Very low

Very low

Very low

Very low

© The Indonesian Journal of General Medicine

High risk of

bias; Brazil

High risk of
bias; Brazil
High risk of
bias; China

risk of
Saudi

High
bias;
Arabia
High
bias;
Arabia
High
bias; Syria

risk of
Saudi

risk of

High risk of

bias; Turkey
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2011[17]

Miao
2020[22]
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FT4: null
malignant vs
benign

FT4: up
malignant vs

benign

No significant between-

group difference

P=0.003, co-entered with

Volume 44, Issue No.01 . 2026

Very low

Very low

thyroglobulin and FT3;

thyroid-function  model
sensitivity 80.6%,
specificity 55.8%

High risk of

bias; n=143
High risk of
bias; FT4 not
isolated from
co-entered

analytes

Note. Effect direction is reported relative to malignancy: up = higher analyte in malignant

nodules; null = no significant difference; mixed = internally discordant report. VValues are as extracted

from the published reports and are not converted to a common metric, since the reported forms (mean

or median difference, stratum-specific odds ratio, ROC-derived threshold) are not interconvertible.

Certainty is the GRADE rating for the outcome as a body of evidence, not for the individual study.

Table 5. GRADE summary of findings.

Outcome Studi Design Risk of Inconsist Indirect Impreci Publica Certai
es (n) bias ency ness sion tion nty
bias
TSH 12 Observati  Serious  Serious Not Not Suspect  Very
discrimin (10,4 onal (downgr (downgra serious:  serious: ed: low
ating 97) aded 1): ded 1): populatio large positive
malignant 9/12 3/12 null; ns and total hypothe
from highrisk, magnitud testing sample; sis long
benign patient e 1.49- match individu domina
nodules selection 11.18 not the al  Cls nt; small
dominan reconcila review mostly  null
t ble question  exclude  studies
the null  scarce
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FT4 2 Observati  Serious  Very Serious  Serious: Suspect Very
discrimin  (954) onal (downgr  serious (downgra only 2 of ed: FT4 low
ating aded 1): (downgra ded 1): 12 measure
malignant both ded 2): FT4 co- studies d  but
from studies  the two entered analysed unreport
benign high risk  studies with FT4 ed in 2
nodules reach thyroglo  despite 4 further

opposite  bulin and measuri  cohorts

conclusio FT3 in ngit

ns the

positive
study
TSH 6 Observati  Serious  Serious Not Not Suspect  Very
independ (5,40 onal (downgr (downgra serious serious ed low
ent of 3) aded 1): ded 1):
establishe high or retained
d unclear in  4/6;
predictors risk covariate
after througho sets differ
adjustme ut across
nt models
TSH in 3 Observati Serious  Not Serious  Serious: Suspect Very
relationto (1,77 onal (downgr  serious: (downgra few ed low
tumour 0) aded 1): direction ded 1): a contribu
stage or high or consistent prognosti ting
size unclear  across all c¢ maligna
among correlate, nt cases;
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malignant risk inall three not a no
nodules three studies diagnosti  adjustm
c ent for

outcome  surveilla
nce

duration

Note. Certainty rated with GRADE as adapted for diagnostic test accuracy. Bodies of
observational evidence start at Low and are downgraded from there; no outcome met the criteria for
upgrading. Studies (n) gives the number of studies and the total participants contributing to that

outcome.

DISCUSSION

Across twelve observational studies and 10,497 adults, higher pre-diagnostic serum TSH was
associated with thyroid malignancy in nine cohorts and showed no association in three. The direction
of the association replicates reasonably well; its magnitude does not. Adjusted odds ratios ranged
from 1.49 to 11.18, and this range is largely explained by how widely each study spaced its reference
and comparison strata rather than by disagreement about the underlying relationship. The thresholds
proposed for clinical use spanned 0.9 to 2.26 mU/L, every one was derived in the cohort in which it
was assessed, and none has been validated externally. TSH remained an independent predictor in four
of six multivariable models, and in the two where it did not, sonographic features displaced it.
Evidence on FT4 is too sparse to support any conclusion: it was measured in four studies, analysed
in two, and those two disagree. Certainty is very low for every outcome.

Comparison with prior evidence

These findings are consistent with, and help to interpret, the dose-response meta-analysis of
28 studies, 42,032 subjects and 5,786 cancer cases that established the population-level association.°
That analysis found the relationship to be nonlinear, with an odds ratio of 1.72 (95% CI 1.42-2.07)
per mU/L below 1 mU/L flattening to 1.16 (95% CI 1.12-1.21) per mU/L above it. The present review

shows what that shape implies at the bedside. Because most patients presenting with a nodule sit in
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the flat portion of the curve, the incremental information available from their TSH value is small, and
this is exactly what the included studies report: a ten-percentage-point separation in malignancy risk
between TSH 0.40-1.39 and 1.40-4.99 mIU/L,*® against a 36-point separation only when the extreme
tails are contrasted. The prior meta-analysis answered whether TSH is associated with thyroid cancer.
This review answers a different question, whether that association discriminates, and the answer is
that it does so weakly and inconsistently.

The earlier synthesis also noted that studies controlling for thyroid autoimmunity reported the
lowest odds ratios, with the estimate at TSH values of 2.5 mU/L or above falling to 0.98 (95% ClI
0.89-1.09) per mU/L.X° The one included study here that adjusted for thyroid antibodies found
antithyroglobulin antibody positivity to carry a larger adjusted odds ratio than TSH itself, while
thyroid peroxidase antibody was not associated.'® Autoimmune thyroid disease raises TSH and has
been linked, with continuing disagreement, to thyroid cancer risk.2” Some studies of aspirated cohorts
have found no excess malignancy in patients with Hashimoto thyroiditis.?® The plausible reading is
that thyroid autoimmunity accounts for part of the TSH signal, and that adjustment for it is one of the
design choices separating the positive from the null studies here.

Possible mechanisms

Two mechanisms could produce the observed association, and they carry different clinical
implications. The first is causal: TSH acts on the TSH receptor to drive follicular cell proliferation,
and this signalling is preserved in differentiated thyroid carcinoma, so sustained thyrotropic
stimulation could promote the growth of transformed clones.® The stepwise rise in TSH from benign
disease through microcarcinoma to larger tumours,? the association with stage,*® and the correlation
with tumour size? all fit a growth-promoting role. Related observations, including the smaller thyroid
volume and lower nodule frequency reported in patients treated with metformin,® and the associations
between obesity, insulin resistance and thyroid proliferation,?® are congruent with a proliferative axis
in which TSH is one input among several.

The second mechanism is confounding by thyroid architecture. Malignant nodules in these
cohorts were consistently smaller and occurred in smaller glands: nodules above 4 cm were more

common among benign than malignant lesions (43.1% against 21.1%), and larger nodule size was
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protective (OR 0.760, P=0.004).2* Thyroid volume was lower in patients with malignant cytology.*®
A gland with less functioning tissue produces less thyroxine and therefore, through negative feedback,
runs a higher TSH. On this account TSH is elevated not because it causes cancer but because
malignant nodules arise in glands with less compensatory reserve, and because coexisting thyroiditis
both raises TSH and destroys functioning tissue. Both mechanisms predict the association that is
observed; only the first would predict any benefit from intervening on TSH. The available data cannot
separate them, and the review offers this as an interpretation to be tested rather than a conclusion.
Heterogeneity

The differences between studies are not random and are worth naming precisely, because they
identify what a better study would have to do. The strongest determinant is who entered the cohort.
Studies recruiting at surgery analyse a population already filtered by the risk factors under
investigation, which compresses the spectrum and can move the estimate in either direction; studies
recruiting at aspiration retain the spectrum in which the test would actually be used but verify most
diagnoses by cytology, an imperfect standard. The second determinant is the reference standard itself:
cytology-verified cohorts reported malignancy proportions as low as 4.1%,'8 histology-verified
surgical cohorts reported roughly 29%,'%2! and one data-centre series reported a majority.?2 These are
not different diseases but different denominators. The third is adjustment for autoimmunity, discussed
above. The fourth is analytic: assay platform mattered enough that one study reported different
median TSH values for the same patients on chemiluminescent and electrochemiluminescent
immunoassay (2.25 against 2.33 microU/mL in malignant nodules, 1.50 against 1.27 in benign),?
which is a caution against transporting a numerical threshold between laboratories. lodine status and
the background prevalence of autoimmune disease differ across the seven countries represented and
plausibly contribute further, though no included study reported iodine status.
Limitations

The limitations of this review are systematic rather than incidental. Restriction to English-
language full reports risks language bias, which is of particular concern for a topic where iodine status
varies geographically and much relevant work is published regionally. Extracted values are drawn

from published reports and require confirmation against source documents. Beyond the review
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process, the evidence base itself is limited: no included study was at low risk of bias on all QUADAS-
2 domains, none pre-specified a TSH threshold, none validated a threshold proposed elsewhere, and
none reported the incremental discrimination of TSH added to a model already containing ultrasound
features, which is the only comparison that would establish clinical value. Publication bias is a
realistic concern, since a positive TSH-cancer association has been the prevailing hypothesis for two
decades and small null studies are less likely to have been written up or accepted.
Certainty of evidence

Certainty is very low for all four outcomes. For TSH discrimination, the body of evidence
began at Low as observational data and was downgraded one level for risk of bias, since nine of
twelve studies were at high risk with patient selection the dominant concern, and one further level for
inconsistency, since three of twelve studies found no association and the magnitude of effect could
not be reconciled across the remainder. For FT4 discrimination, downgrading was applied for risk of
bias and for very serious inconsistency, two studies reporting opposite conclusions, with imprecision
contributing further. For independence after adjustment, downgrading reflected risk of bias and
inconsistent covariate sets across models. For the relationship with tumour extent, direction was
consistent across three studies but risk of bias and imprecision, arising from the small number of
contributing malignant cases, produced the same rating. Suspected publication bias contributed to
every assessment. These ratings are consistent with the summary of findings in Table 5.
Implications for practice

The evidence does not support the use of serum TSH as a stand-alone triage test for thyroid
nodules, and it does not support any specific threshold. The reasons are concrete: the association is
weak across the range in which most patients sit, the proposed operating points span more than a
twofold range and none has been externally validated, the value depends on the assay platform, and
sonographic features displace TSH when both are offered to a multivariable model. Current guidance,
which uses TSH to determine whether scintigraphy is warranted rather than to grade malignancy risk,®
remains consistent with the evidence assembled here. TSH is best understood as one weak contributor
to an overall clinical impression, alongside age, sex, nodule number, sonographic pattern and thyroid

antibody status, and it should not displace or defer cytology in a nodule that meets sonographic criteria
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for aspiration.”®® Where TSH is suppressed, its established role in identifying an autonomously
functioning nodule, and thereby sparing an aspiration, remains the one use with a secure basis.
Implications for research

The most efficient next step requires no new patients. FT4 has been measured in cohorts that
have already been assembled and published; analysing it against the malignancy outcome, and
reporting it whether or not it is significant, would resolve a gap that currently rests on two discordant
studies. The more demanding requirement is a prospective cohort recruiting at the point of aspiration
rather than surgery, with a TSH threshold pre-specified from prior work rather than derived in the
same data, verification of all nodules against a consistent reference standard, adjustment for thyroid
antibodies and thyroid volume, reporting of iodine status and assay platform, and, critically, a
comparison of discrimination for a model with and without TSH added to established sonographic
features. Until such a study exists, the incremental value of TSH over what ultrasound already
provides remains unmeasured. Given the scale of thyroid cancer overdiagnosis,**3!%? any proposal to

widen the diagnostic net on the basis of a weak biochemical marker should be held to that standard.

CONCLUSION

Higher pre-diagnostic serum TSH is associated with thyroid malignancy in most, though not
all, adult nodule cohorts, but the association is weak across the range in which most patients present,
no proposed threshold has been reproduced outside the cohort that generated it, and the evidence for
free thyroxine is too sparse to judge; on very low certainty evidence, TSH should be treated as one
weak contributor within a multivariable clinical assessment rather than as an independent diagnostic

criterion.
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