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ABSTRACT

Background: This systematic review and meta-analysis was conducted to determine the value of pre-
operative thyroid-stimulating hormone (TSH) levels in assessing the risk of differentiated thyroid cancer
(DTC) in patients with thyroid nodules.

Methods: This meta-analysis included 23,799 subjects (15,406 non-Chinese and 8,393 Chinese) with
thyroid nodules. Multivariate and individual adjusted odds ratios (OR) were calculated for a 1 mU/L
increase in preoperative TSH levels to determine the risk of malignant DTC.

Results: The OR for DTC in relation to preoperative TSH levels was significant in Chinese (1.25 [1.11, 1.40],
Z = 3.67, p = 0.0002) and non-Chinese subjects (1.12 [1.03, 1.22], Z = 2.72, p = 0.006). The overall
random-effects model indicated that there was a significantly increased risk for DTC in patients with
thyroid nodules (OR 1.16 [1.06, 1.27], Z = 3.29, p = 0.007).

Conclusions: A significant association between higher TSH levels and risk of DTC was observed in both

population groups investigated, with higher ORs for Chinese subjects.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Thyroid cancer is one of the most prevalent cancers of the
endocrine system; in China, it accounts for approximately 1% of all
neoplasms, with an annual incidence of up to 20 per 100,000
people.! Marked geographic variation exists in the distribution of
thyroid cancer, and the incidence is considerably greater in higher-
income than middle- or lower-income regions.* ® Globally, the
incidence of thyroid cancer is increasing in both sexes, and these
increases are primarily due to an increased incidence of small,
indolent papillary thyroid carcinomas (PTC); however, these in-
creases may also be due to advances in screening technology.”® In
China, there is an upward trend in the incidence rates of thyroid
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cancer in females, which is in part attributed to changes in the
Chinese lifestyle that is becoming more Westernized.’ In line with
the increased number of thyroid cancer cases being diagnosed, the
overall disease burden is expected to increase substantially in the
coming years."”

Thyroid cancer typically presents as a nodular goiter, with
approximately 3.0% of multinodular goiters and 4.5% of solitary
nodules being diagnosed as malignant."" > Given the higher
prevalence of solitary nodules, early identification of nodules that
represent thyroid cancer is important for improved prognosis.
Thyrotropin (thyroid-stimulating hormone; TSH) is an acknowl-
edged thyrocyte growth factor; however, the relationship between
TSH levels and differentiated thyroid cancer (DTC) is controver-
sial.' Several studies have documented a link between high pre-
operative TSH levels and an increased risk of thyroid cancer in
patients with nodular thyroid disease.'>'® Furthermore, a recent
meta-analysis suggested that a higher serum TSH level was asso-
ciated with an increased risk of PTC."” Therefore, a confirmatory
meta-analysis of the association of preoperative TSH level and the
risk of DTC in patients with thyroid nodules is necessary for several
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reasons: first, data about thyroid cancer risk factors and strategies
for early diagnosis are still insufficient'®2°; second, serum TSH is
the first laboratory test and is still frequently investigated in pa-
tients presenting with thyroid nodules®"??; third, several impor-
tant studies have shown that TSH is associated with thyroid
cancer?>?4; and finally, the increased cancer risk in patients with
TSH levels within the normal and above-normal reference range
remains unexplained.

It is hoped that preoperative TSH screening might help identify a
class of patients at an increased risk for thyroid cancer, which could
have significant medical and socioeconomic implications. There-
fore, the purpose of the current systematic review and meta-
analysis was to assess the value of preoperative TSH levels in
assessing the risk of DTC in patients with thyroid nodules under-
going fine needle aspiration (FNA) biopsy. The results of this sys-
tematic review and meta-analysis can then be incorporated into the
rationale and algorithms for diagnosis of DTC and the differential
diagnosis of thyroid nodules. Subsequently, our data may assist in
improving patient prognosis and may have implications for the
cost-effectiveness of DTC diagnosis.

Materials and methods

This was a systematic review and meta-analysis; all aspects of
the systematic review process were conducted according to
methods described in the Cochrane Handbook for Systematic Re-
views of Interventions.””> The systematic review was registered in
PROSPERO, an international prospective register for systematic
reviews. The methodology and results were reported according to
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines for systematic reviews (see Supplemen-
tary Material).

Search strategy

A comprehensive literature search of the electronic PubMed
(MEDLINE), Embase, Web of Science databases, the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), and selected Chinese
databases (Wangfang and CKNI) was conducted to find relevant
studies that reported estimates about TSH levels (and effect sizes;
i.e., odds ratio [OR] and relative risk [RR]). No language restriction
was used. To expand the search, references of retrieved studies, and
references from reviews and meta-analyses, were also screened for
additional studies. Medical subject headings (MeSH) and other
clinically relevant phrases included: thyroid gland (thyroid neo-
plasms — thyroid cancer, papillary; follicular thyroid cancer [non-
MeSH term]); thyrotropin (preoperative TSH [non-MeSH term]);
and thyroid nodules.

Two separate investigators independently selected studies
based on the predefined inclusion criteria. First, titles and abstracts
of studies retrieved through searches were screened to exclude
obviously irrelevant references. Next, full-text publications of
potentially relevant studies were obtained and checked against the
inclusion criteria. Any disagreement between the investigators was
resolved through consensus or by discussion with a third investi-
gator. There was no specific date range or limit. PubMed was
searched as the primary database and all available studies from
1975 to March 2019 were included.

Study selection

Studies included in this meta-analysis had to have enrolled adult
patients aged >18 years and had to have the following patient
criteria to determine which studies would be extracted before in-
clusion in the analysis: patients’ preoperative TSH levels were

measured; patients had thyroid nodules; patients were undergoing
FNA biopsy/cytology and operation/surgery, if needed; and patients
had DTC (papillary and follicular subtypes were both included;
these were analyzed both separately and together). Studies
involving patients with any of the following conditions were
excluded: diffuse toxic goiter; pure cystic nodules; autonomously
hyper-functioning thyroid nodules; any previous thyroid surgery;
anaplastic thyroid cancer; or pregnancy.

The following criteria were used to determine which studies
would be extracted for inclusion in the meta-analysis: clinical studies
(controlled and uncontrolled); cohort, observational and epidemio-
logic studies (retrospective and prospective); studies where serum
TSH level was studied as the prognostic variable (defined as studies
with a minimum follow-up from preoperative TSH in order to
consider DTC as a binary classification [ present/absent] rather than as
a time-to-event with censoring); studies reporting OR estimates for
DTC for every 1 mU/Lincrease in serum TSH (studies not meeting this
criterion were still included in the systematic review as part of the
evidence, but were not suitable for meta-analysis; results of these
studies were presented narratively); and studies reporting the stan-
dard error (SE) of log odds or confidence intervals (Cls), from which
the risk estimate for DTC could be calculated.

The following study types were excluded: reviews; case reports;
case series; case—control studies; and meta-analyses. If multiple
studies included the same (or overlapping) subjects, the most
informative study was chosen for further primary analysis. All
ambiguities and discrepancies were resolved by consensus.

Data extraction

Studies meeting the criteria for inclusion in the meta-analysis
were analyzed and relevant information from these included
studies was presented in the form of tables. Data extraction was
performed by two investigators, working independently, and
stored in an Excel database accessible to the principal researchers.
Again, any disagreement between the investigators was resolved
through consensus or by discussion with a third investigator.

The following data were extracted from each of the included
studies: basic study information (title, authors, journal, year, digital
object identifier); and requested information (study type/design,
randomization [yes/no], method of randomization, blinding [sin-
gle/double/triple/none], method of blinding, duration of study/
follow up, total number of subjects, information about subgroups
[data stratified by sex, Chinese/non-Chinese, and age], measured
variables, endpoints, and main results/effect sizes [OR, RR, SE, and
factors/covariates adjusted for in the analysis]).

Risk of bias in individual studies and across studies (and meta-bias)

The potential risk of bias was assessed for each study based on
data presented in the published text. The studies were scored and
bias graded according to ‘leavelout’ for cohort/observational
studies (R software; R Development Core Team, 2015) and Review
Manager (RevMan [Computer program] Version 5.3; Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).
Publication bias was assessed across studies using Egger’s test, a
funnel plot analysis, and ‘leavelout’ cross-validation, as described
below.

Statistical methods

Initially, 12 studies were selected for the pooled meta-analysis,
which analyzed the risk of DTC in patients with thyroid nodules,
and an additional four studies were included in the non-pooled
analysis. During the meta-analysis process, three of the initial 12



Table 1

Characteristics of the ten studies included in the meta-analysis.

Lead author Study type/ Duration of Total Measured Primary outcomes Secondary and  Odds ratio (OR) Factors/covariates adjusted for in the analysis Conclusion Clinical significance
design study/follow number  variables and endpoints other outcomes
up of subjects and endpoints
Baser et al.  Retrospective ND 1,433 Preoperative ND ND 1.301 (1.101, 1.537), Nodule size  Presence of HT ND Gender differences between Besides cytology,
2016°% cohort cytology, nodule p = 0.002 — (multivariate) (multivariate) malignant and non-malignant higher TSH levels can
size, anti-TgAb, multivariate logistic were not significant. Patients be used as a
anti-TPOADb, FT3, regression with malignant final supplementary
FT4, Bethesda 1.372 (1.212, 1.554), histopathology had marker in prediction
categories p < 0.001 — significantly higher TSH levels of malignancy in
univariate logistic compared with patients with certain Bethesda
regression benign final histopathology  categories.
(p < 0.001). Moreover, TSH
levels increased from
Bethesda categories II to VI.
Choi et al.  Retrospective ND 1,200 FNA, serum TSH, TSH and Nodule size, age Univariate TSH level Variables Age Sex Serum TSH did not show a TSH alone is not as
2015%° ultrasound malignancy crude OR 1.256 (1.16, adjusted for positive association with useful as ultrasound
features 1.415). 1.116 (0.947, nodule size malignancy for all nodules features in deciding
1.316) —adjusted and the micronodule whether or not to
subgroup in multivariate perform FNA in
analysis, although they patients with
showed significant micronodules.
association with thyroid
malignancy for the
macronodule subgroup.
Fiore et al.  Cross-sectional ND 13,738 TSH, FT3, FT4, Frequency of PTC, Frequency of PTC 1.111 (1.048, 1.177) Serum levels ND ND The frequency of PTC is Treatment with 1~
201140 study TgAb, TPOAb, TSH and thyroid  to TSH in L-T4  per mU/L of TgAb and significantly higher in nodular thyroxine, L-T4,
ultrasound, antibodies treated patients TPOAb HT than in NG and is reduces TSH and
FNAB. associated with increased decreases the
levels of TSH. occurrence of
clinically detectable
PTC.
Hwang et al. Retrospective ND 1,254 Clinical and Family history and TSH and 1.415 (1.029, 1.947); Age <20 or Family history Solitary lesion Although multicollinearity Rate of malignancy
2016 ultrasound malignancy on malignancy p = 0.033, TSH grade >60 years existed between US was higher in males
characteristics.  thyroid nodules 2.5—-4.99. Serum TSH assessment and patient age, than females
FNAB aOR 1.171 (1.033, first-degree family history of
1.327) p = 0.013 thyroid cancer, and serum
TSH values, high-normal
serum TSH levels (2.5—4.99
micro IU/mL) did not
independently significantly
increase the risk of thyroid
cancer
Kim et al. Prospective ND 1,329 TSH, FT4, Presence or Male and female 1.10(0.99, 1.22) PTC HT ND ND No difference in TSH levels Clinicians who deal
20114 cohort histology post-  absence of ratios, age, or 0.71 (0.51, 0.99) was seen in patients with with TNs should pay
resection malignancy, TSH  tumor size FTC benign disease or PTC. Men  attention to HT
levels and the presence of HT because it is a
increased the risk of PTC stronger predictor for
PTC than other risk
factors.
Lee et al. Retrospective ND 164 Tg, TgAb,FT4 and Clinical parameters ND 0.804 (0.410, 1.575) ND ND ND TSH levels did not differ Tg levels may be a
20124 cohort TSH, ultrasound, and malignancy not significant between benign or malignant useful marker for
FNAB groups differentiating
thyroid cancer from
benign thyroid
nodules in the
cytological diagnosis
of indeterminate
nodules.
Yazici et al. Prospective ND 202 Tg, TSH, FNAB,  Tg, TSH ratios in Histological 1.096 (0.770, 1.561) Gender Age ND Preoperative TSH and Tg
2016* cohort FT3, FT4, TgAb, cancer diagnosis  diagnoses levels do not appear to be
TPOAb helpful in identifying patients
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with thyroid cancer. After
multivariate analysis with
adjustment for sex and age,
this was no longer statistically
significant. However, a higher
TSH:Tg ratio may hint at an
increased thyroid cancer risk.

Luo et al. Retrospective NA 646 TSH, TgAB, NA NA Elevated TSH level is Multivariate logistic regression analysis Young age (30—49 years), Clinicians should
2018%°  analysis TPOAb an independent risk revealed that the development of malignant  obesity, high dietary iodine ~ combine multiple
factor of thyroid thyroid nodules was associated with young intake, irregular nodule indicators to assess
cancer: (OR = 2.942, age, obesity, high dietary iodine intake, and = morphology as revealed by ~ whether thyroid
p =0.031) irregular nodule morphology as revealed by  ultrasound, abundant blood nodules are benign or

ultrasound, abundant blood flow in nodules, flow in nodules, longitudinal malignant.
longitudinal and transverse diameter ratio of and transverse diameter ratio

1 and greater edge angle, calcification and of 1 and greater edge angle,
elevated TSH and TPOAD titer levels calcification, and elevated TSH
(p < 0.05). and TPOAD titer levels are risk

factors of malignant thyroid
nodules. Notably, abundant
blood flow in nodules and
calcification are more likely to
occur in thyroid cancer with
neck lymph node metastasis.

Qin et al. Retrospective ND 1,638 TSH, TgAb, Presence of ATAs  Age, gender, 1.24 (1.12,1.37) Age Gender Nodule size, Elevated TgAb was associated High serum TgAb
2015°¢ cohort TPOAD, nodule  and DTC nodule type, TSH p < 0.001 TPOAD, TgAb  with DTC. Patients with DTC levels may serve as a
size and number, as independent were relatively younger and predictive marker for
tumor stage risk predictors had higher preoperative TSH DTC independent of
for PTC levels than those with benign TSH levels.
nodules.
Zhang et al. Retrospective 3—6m 6,109 Age, gender, Clinicopathological Coexistence of  Risk of PTC, TSH Gender Age Nodule size ~ PTC and HT have a close More research should
2012°7 cohort nodule size, TSH, factors in patients HT with PTC or  constant 1.303 (1.254 relationship in this region of be done on raised
with or without HT benign nodules —1.355) p = 0.001, highly prevalent HT. Long TSH causing PTC in
adjusted 1.361 (1.304 term HT may lead to elevated HT, which could
—1.421). Risk of TSH which is the real risk of provide more
metastatic PTC; TSH PTC. evidence for the
constant 1.303 (1.254 correlation of HT and
—1.355) p = 0.001. PTC

Adjusted 1.008
(0.962—1.057)
p=0727

aO0R, adjusted odds ratio; ATA, antithyroid antibody; DTC, differentiated thyroid carcinoma; FNA, fine needle aspiration; FNAB, fine needle aspiration biopsy; FT3, free tri-iodothyronine; FT4, free thyroxine; FTC, follicular thyroid
carcinoma; HT, Hashimoto’s thyroiditis; L-T4, levothyroxine; ND, no data; NG, nodular goiter; PTC, papillary thyroid carcinoma; Tg, thyroglobulin; TgAb, thyroglobulin antibody; TN, thyroid nodule; TPOAD, thyroid peroxidase
antibody; TSH, thyroid-stimulating hormone.
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studies were shown to be biased and were excluded; therefore, one
additional study was included to meet the Cochrane criteria of 10
studies per meta-analysis.?> Individual adjusted ORs and their 95%
CIs were retrieved for the studies and were used to calculate the log
[OR] and SE necessary for the meta-analysis.

The meta-analysis was conducted by the Generic Invariance
method (DerSimonian and Laird, 1986)%° in relation to a 1 mU
adjusted TSH increase, with two subgroups: Chinese and non-
Chinese. Meta-analysis parameters were calculated for: number
of patients included in the study, study weight, random effects ORs
(95% CI) — DerSimonian and Laird,”® DTC type and covariates,
between-study heterogeneity, degrees of freedom, tau?, chi?, z-
value, and p values. The risk of bias was assessed by three methods:
funnel plot, Egger’s test, and ‘leavelout’ analysis. The funnel plot
was used to assess publication bias with numerical representation
in Egger’s test,”” while ‘leavelout cross-validation’ analysis*®*° was
used to exclude the possibility of a type 1 error in the meta-analysis
and to cross-validate the results by excluding one study at a time
and testing for significance of the model.

In addition, four studies for non-pooled addition to the meta-
analysis and with reference range ORs (15 in total) were tabu-
lated with each TSH range OR included. TSH ranges used were those
described in the corresponding four studies. Values were calculated
relative to the group with the lowest TSH: level 1 < 0.35 mU/L3>* and
<0.40 mu/L3133

IBM Statistical Package for the Social Sciences (IBM SPSS; IBM
Corp., released 2012. IBM SPSS Statistics for Windows, version 21.0;
Armonk, NY, USA) and Medcalc 17.0 (MedCalc Software, Ostend,
Belgium) were used to assess summary results. RGUI 3.6,>* metafor
package,*® and RStudio IDE (RStudio: Integrated Development for
R; RStudio, Inc., Boston, MA, USA) were used to make algebra cal-
culations of log[OR], SE conversion from ClIs, and to conduct Egger’s
test. The meta-analysis plot and the funnel plot were created using

RevMan 5.3, and meta-analysis was conducted according to the
Cochrane handbook and PRISMA (see Supporting information).

Results

The overall study characteristics of the ten studies included in
the meta-analysis are listed in Table 1. Most studies (n = 7) were
retrospective meta-analyses, two were prospective analyses, and
one was a cross-sectional study. Three studies were conducted in
Chinese patients.>> >’ Meta-analysis of 23,799 subjects (15,406
non-Chinese and 8,393 Chinese) with thyroid nodules showed that
there was a significant pooled OR in both the non-Chinese and
Chinese population regarding the risk of DTC in relation to a 1 mU/L
increase in preoperative TSH level (Fig. 1). All included studies
contained multivariate and adjusted ORs for a 1 mU/L increase in
relation to malignant DTC over the benign type. The OR for DTC in
relation to TSH was significant in both population groups and was
higher in Chinese (1.25 [1.11, 1.40], Z = 3.67, p = 0.0002) than non-
Chinese (1.12 [1.03, 1.22], Z = 2.72, p = 0.006). The overall random
effects model showed that there was a significant risk increase for
DTC in patients with thyroid nodules (OR 1.16 [1.06, 1.27], Z = 3.29,
p = 0.007). Heterogeneity was 41% in non-Chinese studies, 80% in
Chinese studies, and 81% overall. Notably, studies adjusted for
Hashimoto's thyroiditis®”>® showed a very strong weight (15.8%
and 10.5%), and a higher PTC OR (1.30 [1.10, 1.54] and 1.36 [1.30,
1.42]) with smaller ClIs, which indicates high accuracy. This in-
dicates potential implications for including Hashimoto’s thyroiditis
in assessment of these results.

Risk of bias assessment

The funnel plot (Fig. 2) showed that there was no significant
publication bias, although there was some degree of asymmetry in

Odds Ratio Odds Ratio
Study or Subgroup Number of patients  Weight IV, Random, 95% CI DTC type IV, Random, 95% CI
1.1.1 Non-Chinese
Baser etal. 2016 1433 10.5% 1.30[1.10,1.54] PTCse —_——
Choi etal. 2015 1200 10.6% 1.12[0.95,1.32] PTCa T
Fiore etal. 2011 9824 15.3% 1.11[1.05,1.18] PTC -
Hwang et al. 2016 1254 12.4% 1.17[1.03,1.33] PTCs ——
Kim etal. 2011 1329 4.0% 0.70[0.47,1.04] FTCabe —_—
Lee etal.2012 164 1.6% 0.80[0.41,1.58] FTCabe
Yazici etal. 2016 202 4.6% 1.10[0.77,1.56] PTCs T
Subtotal (95% Cl) 15406 58.9% 1.12[1.03, 1.22] L3
Heterogeneity: Tau®*= 0.00; Chi*=10.10,df=6 (P=0.12); F= 41%
Test for overall effect. Z= 2.72 (P = 0.006)
1.1.2 Chinese
Luo etal. 2018 646 11.7% 1.10([0.95,1.26) PTCs ™
Qin etal. 2015 1638 13.6% 1.24[1.12,1.37] PTCa -
Zhang etal. 2012 6109 15.8% 1.36[1.30,1.42] PTCabe *
Subtotal (95% Cl) 8393 41.1% 1.25[1.11, 1.40] L8
Heterogeneity: Tau*= 0.01; Chi*=10.00, df= 2 (P = 0.007); F=80%
Test for overall effect: Z= 3.67 (P = 0.0002)
Total (95% CI) 23799 100.0% 1.16 [1.06, 1.27] &
Heterogeneity: Tau®= 0.01; Chi*= 47.61, df=9 (P < 0.00001); F=81% 0:5 D:? 1:5 é

Test for overall effect. Z= 3.29 (P = 0.001)

Test for subaroup differences: Chi*=1.93, df=1 (P=0.16), F= 48.3%

Favours [Benign ] Favours [ Malignant ]

Fig. 1. Risk meta-analysis of differentiated thyroid carcinoma (DT_C) in patients with thyroid nodules in relation to preoperative thyroid-stimulating hormone (TSH) level. Values
produced from a random effects model (DerSimonian and Laird”®) in relation to a 1 mu/L increase in TSH.

a Adjusted for age and sex.
b Adjusted for nodule size.
¢ Adjusted for Hashimoto’s thyroiditis.

Cl, confidence interval; df, degrees of freedom; p, statistical significance; I? between-study heterogeneity; IV, random, inverse variance random effects model; Z, Z statistic.
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Fig. 2. Funnel plot with bias risk descriptives.

Egger’s test p = 0.01 overall; Egger’s test p = 0.11 with study 10 (Zhang et al.*”) excluded; SE, standard error; OR, odds ratio.

the plot. Asymmetry arises generally from the SE range and is ex-
pected from varying subject numbers in studies. Both non-Chinese
and Chinese studies had ORs on the left and right side of the overall
OR, which indicates low publication bias.

The Egger’s test result was significant (p = 0.01) for overall effect
(which might initially suggest publication bias), but not significant
when the Zhang et al, 2012 study was excluded®’; thus, the
construct of the meta-analysis was unbiased. The Egger’s test result
corresponded to the funnel plot and sample size difference and
therefore was not a result of publication bias. All other studies fitted
well within the Egger’s test and showed no or low publication bias
(p = 0.11). Thus, although the Zhang et al., 2012 study was not
biased,?” it was excluded from the funnel plot because of a high OR
that affected results in a clinically significant manner: i.e., it showed
a strong increase in OR in Chinese patients in a well-designed study
with a large number of patients (n = 6,109). Meta-analysis hetero-
geneity (%) and the Egger’s test confirmed heterogeneity between
population categories regarding the risk of DTC in patients with
thyroid nodules relative to TSH level rather than publication bias.

The overall pooled model remained significant (p < 0.05) after
exclusion of each study individually (Table 2). This validates the
overall result and eliminates the possibility of any significant study-

specific bias. Heterogeneity in the meta-analysis was not due to
bias, but due to a higher subgroup OR regarding TSH level and the
risk of DTC in the Chinese population. Heterogeneity analysis
showed that most of the heterogeneity came from the Zhang et al.,
2012 study,®” but this did not influence significance of the model.
Moreover, the other nine studies had only 18.7% heterogeneity, thus
confirming no publication bias and allocation bias regarding the
heterogeneity detected.

Addition to the meta-analysis

A non-pooled analysis of four studies relative to the lowest TSH
level showed an increase in the level 2 TSH group (L2) in all four
studies (Table 3) (OR 1.72 [1.33, 2.22]; OR 2.11 [1.63, 4.18]; OR 1.169
[0.759,1.798]; and OR 1.31[0.45, 3.81]).*° > The risks of DTC in the
L3 TSH group were also markedly increased: OR 2.76 (2.12, 3.60);
OR 3.14 (1.60, 6.15); OR 1.74 (1.09, 2.79); and OR 2.72 (1.02,
7.27).>° 23 There was a moderate increase in DTC risk in the L4
range of TSH levels: OR 3.32 (2.54, 4.35); OR 2.34 (1.53, 3.75); and
OR 3.88 (1.48, 10.19).3%3*3 In the L5 TSH group, TSH level was
outside the reference range in all four studies and showed the
greatest risk of DTC in patients with thyroid nodules: OR 4.12 (2.83,

Table 2

‘Leavelout’ cross-validation of the model.
‘Leavelout’ OR (DTC) Lower 95% CI Upper 95% CI p value 12 (%)
Baser et al. 2016°* 1.14 1.06 1.23 0.0008 76.70
Choi et al. 2015>° 1.16 1.08 1.25 0.0002 76.50
Fiore et al. 20110 1.17 1.08 1.25 0.0002 67.20
Hwang et al. 2016 1.15 1.07 1.24 0.0007 77.80
Kim et al. 2011% 1.18 1.11 1.25 <0.0001 69.29
Lee et al. 2012*° 1.16 1.09 1.24 <0.0001 74.60
Yazici et al. 2016* 1.16 1.08 1.24 <0.0001 75.90
Luo et al. 2018*° 1.17 1.08 1.25 <0.0001 75.20
Qin et al. 2015°° 1.14 1.05 1.23 0.015 76.70
Zhang et al. 2012%7 1.14 1.08 1.19 <0.0001 18.70

Cl, confidence interval; DTC, differentiated thyroid carcinoma; I? heterogeneity; OR, odds ratio (values relative to a 1 mUJ/L increase in TSH).
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Table 3
Non-pooled analysis of differentiated thyroid carcinoma risk in patients with thyroid nodules according to different ranges of thyroid-stimulating hormone (TSH).
Study Reference range OR (95% CI) relative to low TSH L1 <0.35 < 0.40 mU/L
n L2 (TSH) L3 (TSH) L4 (TSH) L5 (TSH)

Retrospective cohort (0.40—1.35 mU/L)

1. Sohn et al. 20143! 3,791 OR 1.72 (1.33, 2.22)
Retrospective cohort (0.40—1.34 mU/L)

2. Yang et al. 201132 1,685 OR 2.11 (1.63, 4.18)
Prospective cohort (0.36—1.35 mU/L)

3. Wu et al. 20143° 2,132 OR 1.169 (0.759, 1.798)
Retrospective cohort (0.40—0.90 muU/L)

4. Boelaert et al. 20063 1,183 OR 1.31 (0.45, 3,81)

(1.36—2.12 mU/L)
OR 2.76 (2.12, 3.60)
(1.34—4.00 mU/L)
OR 3.14 (1.60, 6.15)
(1.36—1.90 mU/L)
OR 1.74 (1.09, 2.79)
(1.00—1.70 mU/L)
OR 2.72 (1.02, 7.27)

(2.13-4.20 mU/L)
OR 3.32 (2.54, 4.35)
NA

NA

(1.91-4.95 mU/L)
OR 2.34 (1.53, 3.75)
(1.80-5.50 mU/L)
OR 3.88 (1.48, 10.19)

(>4.20 mU/L)

OR 4.12 (2.83, 5.99)
(>4.00 mU/L)

OR 2.99 (1.26, 7.08)
(>4.95 mU/L)

OR 4.11 (1.83,9.23)
(>5.50 mU/L)

OR 11.18 (3.23, 38.63)

Values presented as odds ratios (95% CI) relative to the group with lowest TSH, L1 <0.35 mU/L (Wu et al. 2014°°) and <0.40 mU/L (Sohn et al. 2014>'; Yang et al. 2011°?;

Boelaert et al. 2006>°).

CI, confidence interval; L(2—5), different ranges of TSH levels; NA, not applicable; OR, odds ratio.

5.99); OR 2.99 (1.26, 7.08); OR 4.1 (1.83, 9.23); and OR 11.18 (3.23,
38.63).2172 Finally, there was a large increase in the risk of DTC in
patients with thyroid nodules evident in the L2, L3, and L4 TSH
ranges, which were all within reference values, relative to L1 (<35
mU/L and <40 mU/L) and below the reference level.

Discussion

This meta-analysis of 23,799 subjects (15,406 non-Chinese and
8,393 Chinese) with thyroid nodules showed a significant pooled
OR in both non-Chinese and Chinese populations regarding the risk
of DTC in relation to preoperative TSH increase (1 mU/L). In the
meta-analysis, the overall OR of 1.16 indicates that each 1 mU/L
increase in TSH increases the risk of DTC by 16%. This increased risk
is even higher in Chinese patients: OR 1.25, or a 25% increase for
each 1 mU/L increment in TSH. Heterogeneity was high (81%), but
its effects were minimized by use of the random effects model: all
results were statistically significant (p < 0.05 for all models).

Interestingly, in two studies of patients with follicular thyroid
carcinoma, the OR was <1, which means that increased TSH was
associated with a reduced risk of DTC; however, these findings
were from two studies only, and definitive conclusions cannot be
drawn. Nonetheless, it is pertinent that all studies of papillary
thyroid carcinoma demonstrated an association between increased
TSH and increased DTC.

In general, studies with larger sample sizes have more weight,
which is why the Zhang et al., 2012 study was not considered to be
biased, as this study has one of the highest weights and the lowest
CI range.”’ In the risk of bias assessment, studies were present on
both sides of the reference line in the funnel plot; however, most
studies fitted the funnel plot, thus suggesting only limited bias in
the meta-analysis. An initially significant (p < 0.05) Egger’s test
result conveyed the impression of bias, but exclusion of the Zhang
et al.,, 2012 study provided more accurate data, a nonsignificant
Egger’s test result, and highlighted a lack of bias in the model.>’ The
robustness of the model was confirmed by the ‘leavelout’ analysis,
which excluded studies one-by-one and endorsed that the overall
significance of the pooled data was not due to results from a single
over-weighted study.

The meta-analysis used a standardized 1 mU/L increase in TSH
as a reference to avoid bias. However, it is also interesting to
consider a reference TSH range to examine how the risk of DTC
varies across TSH ranges outside of the meta-analysis. For example,
in the level 5 (L5) TSH range, various studies demonstrated an
approximately 4-fold***! or 11-fold*® increase in DTC risk. An
exponential link may therefore exist between TSH level and DTC
risk; however, it should be remembered that the latter risk in-
creases were relative to a level 1 TSH group (<0.35 or <0.40 mU/L)
and not to a standardized TSH increment of 1 mU/L.

Conclusions

In summary, the OR for DTC in relation to TSH was significant in
both population groups and was higher in Chinese 1.25 (1.11, 1,40),
Z = 3.67 (p = 0.0002) compared to non-Chinese: 1.12 (1.03, 1.22),
Z = 2.72 (p = 0.006). An overall random effects model showed a
significant risk increase for DTC in patients with thyroid nodules:
OR = 116 (1.06, 1.27), Z = 3.29 (p = 0.007).
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