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Abstract

Background: Whether metformin may affect thyroid cancer risk has not been studied. This study investigated the
association between metformin use and thyroid cancer risk in Taiwanese patients with type 2 diabetes mellitus.

Methods: The reimbursement databases of all diabetic patients from 1996 to 2009 were retrieved from the National Health
Insurance. An entry date was set at 1 January 2006 and 1,414,723 patients with type 2 diabetes were followed for thyroid
cancer incidence until the end of 2009. Incidences for ever-users, never-users and subgroups of metformin exposure using
tertile cutoffs for cumulative duration of therapy and cumulative dose were calculated and adjusted hazard ratios were
estimated by Cox regression. Additional sensitivity analyses were conducted.

Results: There were 795,321 ever-users and 619,402 never-users, with respective numbers of incident thyroid cancer of 683
(0.09%) and 1,614 (0.26%), and respective incidence of 24.09 and 87.33 per 100,000 person-years. The overall fully adjusted
hazard ratio (95% confidence interval) was 0.683 (0.598–0.780), and all categories of the dose-response parameters showed
significantly lower risk with P-trends ,0.0001. The protective effect of metformin on thyroid cancer incidence was also
supported by sensitivity analyses, disregarding age (,50 or $50 years) and sex; and was not affected by excluding users of
insulin, sulfonylurea, and insulin and/or sulfonylurea respectively, by previous diagnosis of other cancers or by potential
detection examinations that might lead to differential diagnosis of thyroid cancer.

Conclusions: This study provides evidence for the first time that metformin use in patients with type 2 diabetes may reduce
the risk of thyroid cancer.
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Introduction

Patients with type 2 diabetes have a higher risk of cancer

involving the breast, endometrium, stomach, colorectum, liver,

pancreas, urinary bladder, and non-Hodgkin’s lymphoma [1–8].

The mechanisms may be related to insulin resistance, hyperinsu-

linemia, proinflammatory status and increased oxidative stress

[1,2,9]. With regards to thyroid cancer, there has been an

increasing trend of its incidence over the past decades worldwide;

and this has been ascribed to the increasing prevalence of insulin

resistance [10].

Although insulin resistance may lead to an increased risk of

thyroid cancer in patients with type 2 diabetes, our recent

population-based study did not support a higher risk of thyroid

cancer in these patients [11]. Recent studies suggested that

antidiabetic drugs may play some role in the development of

cancers. For example, metformin may reduce [12–16], while

insulin and sulfonylureas may increase [1,17–19] the risk of

various types of cancer. On the other hand, the use of pioglitazone

[20–22], but not rosiglitazone [21–23], may increase the risk of

bladder cancer. Therefore, a lack of association between diabetes

and thyroid cancer as observed in our previous study [11] can be a

composite outcome of the interaction between the mechanisms

that lead to a higher risk (e.g., insulin resistance) and the effects of

the use of metformin that lead to a lower risk.

Whether metformin use can reduce the risk of thyroid cancer in

patients with type 2 diabetes remains to be confirmed. Some

recent in vitro studies suggested that metformin may inhibit the

growth of thyroid cancer cells through inhibition of the

mammalian target of rapamycin (mTOR) pathway by activating

the AMP-activated protein kinase (AMPK) [24] or by diminishing

the growth stimulation by insulin [25]. In humans, an earlier

observational report of 4 cases showed that metformin might

suppress thyroid stimulating hormone (TSH) without causing

clinical hyperthyroidism [26], but this can not be confirmed in a

later large sample-sized retrospective study comparing 250
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patients on metformin therapy to 578 diabetic patients without

metformin treatment [27]. A recent small clinical study conducted

in 66 women with insulin resistance and thyroid nodular

hyperplasia for 6 months suggested that metformin alone or

better in combination with levothyroxine may reduce the size of

the nodule [28].

All of the above in vitro and preliminary human studies

suggested a potential usefulness of metformin on the prevention of

thyroid cancer. However, large human observational studies are

still lacking [16,29]. Therefore, the purpose of the present study

was to evaluate whether metformin use in Taiwanese patients with

type 2 diabetes could affect the risk of thyroid cancer by using the

National Health Insurance (NHI) database obtained from the

whole nation.

Materials and Methods

A retrospective cohort analysis using the NHI databases

including all patients with a diagnosis of diabetes during the

period from 1996 (the earliest database available) to 2009 in

Taiwan was conducted. The study using the NHI database was

approved by an ethic review board of the National Health

Research Institutes with registered approval number 99274.

Written informed consent from the participants was not required

according to local regulations because the identification informa-

tion of the individuals was scrambled and de-identified prior to

analysis for the protection of privacy.

Since March 1995 a compulsory and universal system of health

insurance (the so-called NHI) was implemented in Taiwan. All

contracted medical institutes must submit computerized and

standard claim documents for reimbursement. More than 99%

of citizens are enrolled in the NHI, and .98% of the hospitals

nationwide are under contract with the NHI. The average number

of annual physician visits in Taiwan is one of the highest around

the world, at approximately 15 visits per year per capita in 2009.

The databases contain detailed records on every visit for each

patient, including outpatient visits, emergency department visits

and hospital admission; and include principal and secondary

diagnostic codes, prescription orders, and claimed expenses.

Diabetes was coded 250.00–250.93 and thyroid cancer 193, based

on the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM).

We first retrieved the databases of all patients who had been

diagnosed as having diabetes and/or under treatment with either

oral anti-diabetic agents or insulin during the period of 1996–2009

from the whole nation (n = 3,756,511). The selected entry date was

1 January 2006. After excluding patients who had a diagnosis of

diabetes after the year 2006 (n = 773,801), patients who held a

Severe Morbidity Card as having type 1 diabetes (n = 7182, in

Taiwan, patients with type 1 diabetes were issued a so-called

‘‘Severe Morbidity Card’’ after certified diagnosis and they were

waived for much of the co-payments), patients having a diagnosis

of thyroid cancer before 2006 (n = 8,252), those who died

(n = 169,509) or withdrew from the NHI (n = 23,784) before entry

date, duplicated identification number (n = 216), unclear informa-

tion on date of birth or sex (n = 14,284), and diabetic patients

without any reimbursement record after the entry date

(n = 1,556,791), a total of 1,414,723 patients with a diagnosis of

type 2 diabetes and/or under therapy with oral anti-diabetic

agents or insulin were recruited.

Those who had ever been prescribed metformin before entry

date were defined as ever-users; and never-users were defined as

those who had never been prescribed metformin before entry date.

To evaluate whether a dose-response relationship could be seen

between metformin and thyroid cancer, the tertile cutoffs for the

following parameters were applied: 1) cumulative duration of

therapy in months; and 2) cumulative dose in mg.

Baseline characteristics of ever- and never-users of metformin at

entry were compared by Chi square test. Age and all comorbidities

and covariates were determined as a status/diagnosis before the

entry date. The ICD-9-CM codes for the comorbidities were [11–

14,30]: nephropathy 580–589, hypertension 401–405, chronic

obstructive pulmonary disease (a surrogate for smoking) 490–496,

stroke 430–438, ischemic heart disease 410–414, peripheral

arterial disease 250.7, 785.4, 443.81 and 440–448, eye disease

250.5, 362.0, 369, 366.41 and 365.44, obesity 278, dyslipidemia

272.0–272.4, benign thyroid disease 240–246, and cancer other

than thyroid cancer 140–208 (excluding 193). Medications

included sulfonylurea, insulin, acarbose, pioglitazone, rosiglita-

zone, statin, fibrate, angiotensin-converting enzyme inhibitor and/

or angiotensin receptor blocker, calcium channel blocker, aspirin,

ticlopidine, clopidogrel, dipyridamole and non-steroidal anti-

inflammatory drugs (excluding aspirin).

The incidence density of thyroid cancer was calculated for ever-

users and never-users and for different subgroups of exposure. The

numerator for the incidence was the number of patients with

incident thyroid cancer during the 4-year follow-up from January

1, 2006 to December 31, 2009, and the denominator was the

person-years of follow-up. For ever-users, the follow-up duration

was either censored at the date of thyroid cancer diagnosis or at

the date of the last record of the available reimbursement

databases in individuals without incident thyroid cancer. In the

lack of information on the vital status or migration of the patients,

the last reimbursement record may serve as a surrogate because

patients who die or migrate out of the country should be

withdrawn from the NHI in Taiwan. For never-users, the follow-

up was censored at the date of metformin initiation or thyroid

cancer diagnosis or the last reimbursement record, depending on

whichever occurring first. This ensured no exposure to metformin

throughout the whole follow-up period until censor in the referent

group of never-users.

Cox proportional hazards regression was performed to estimate

the hazard ratios for thyroid cancer for ever-users versus never-

users, and for the various subgroups of dose-response parameters.

The following fully adjusted models were created with consider-

ation of all covariates mentioned above: 1) Models I conducted in

the whole original cohort; 2) Models II conducted after excluding

users of both metformin and sulfonylurea, in order to avoid the

potential bias resulted from multi-collinearity because a very high

proportion of metformin users were also users of sulfonylurea; and

3) Models III conducted after excluding users of antidiabetic drugs

other than metformin, in order to create a ‘‘cleaner’’ comparison

for metformin only versus diabetic patients without use of

antidiabetic drugs (i.e., on diet control only).

Additional sensitivity analyses were conducted by creating the

following Cox regression models to estimate the fully adjusted

hazard ratios for metformin users versus non-users: 1) In

subgroups of men, women, age ,50 years and age $50 years,

respectively; 2) Excluding patients with a diagnosis of cancer other

than thyroid cancer; 3) Excluding users of insulin, sulfonylurea,

and insulin and/or sulfonylurea, respectively; 4) Additional

adjustment for potential detection examinations including thyroid

sonography, thyroid aspiration and thyroid function test (described

previously [30]) that might have led to differential detection of

thyroid cancer between ever-users and never-users of metformin.

Analyses were conducted using SAS statistical software, version

9.3 (SAS Institute, Cary, NC). P,0.05 was considered statistically

significant.
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Results

Among the patients 317,508 (22.4%) were on diet control

without any pharmacological intervention, 907,599 (64.2%) were

using oral antidiabetic drugs only, 179,847 (12.7%) were using oral

antidiabetic drugs plus insulin, and 9,769 (0.7%) were using insulin

only.

Table 1 compares the baseline characteristics between ever-

and never-users of metformin. All variables differed significantly

between the two groups. Ever-users are characterized by older age

distribution, higher proportion with a diabetes duration .5 years,

higher proportions of all comorbidities except with a lower

proportion of a diagnosis with other cancer, and higher

proportions of using other medications.

Table 2 shows the incidences of thyroid cancer between ever-

users and never-users of metformin, and among the different

categories of the dose-response parameters for metformin expo-

sure. During follow-up, a total of 2,297 (0.16%) patients developed

Table 1. Baseline characteristics between never-users and ever-users of metformin.

Variables Metformin P value

Never users Ever users

n % n %

n = 1414723 619402 795321

Age (years)

,0 43229 6.98 30708 3.86 ,0.0001

40–49 90027 14.53 100815 12.68

50–59 155055 25.03 210883 26.52

60–69 143566 23.18 214320 26.95

$70 187525 30.28 238595 30.00

Sex (men) 291424 47.05 397316 49.96 ,0.0001

Diabetes duration (years)

,1 76021 12.27 39395 4.95 ,0.0001

1–3 122049 19.70 97004 12.20

3–5 109316 17.65 108390 13.63

.5 312016 50.37 550532 69.22

Hypertension 193690 31.27 536498 67.46 ,0.0001

Chronic obstructive pulmonary disease 43116 6.96 149644 18.82 ,0.0001

Stroke 37674 6.08 151546 19.05 ,0.0001

Nephropathy 45351 7.32 124597 15.67 ,0.0001

Ischemic heart disease 57508 9.28 238766 30.02 ,0.0001

Peripheral arterial disease 21408 3.46 135384 17.02 ,0.0001

Eye disease 10859 1.75 106035 13.33 ,0.0001

Obesity 4015 0.65 15647 1.97 ,0.0001

Dyslipidemia 196607 31.74 466909 58.71 ,0.0001

Benign thyroid disease 21855 3.53 43401 5.46 ,0.0001

Other cancer 106265 17.16 93978 11.82 ,0.0001

Statin 63535 10.26 309483 38.91 ,0.0001

Fibrate 40065 6.47 221696 27.88 ,0.0001

Angiotensin converting enzyme inhibitor/angiotensin receptor blocker 101931 16.46 451197 56.73 ,0.0001

Calcium channel blocker 83733 13.52 329741 41.46 ,0.0001

Sulfonylurea 149415 24.12 722015 90.78 ,0.0001

Insulin 17198 2.78 172418 21.68 ,0.0001

Acarbose 14592 2.36 170206 21.40 ,0.0001

Pioglitazone 2716 0.44 55662 7.00 ,0.0001

Rosiglitazone 8381 1.35 165822 20.85 ,0.0001

Aspirin 67805 10.95 320342 40.28 ,0.0001

Ticlopidine 4643 0.75 29727 3.74 ,0.0001

Clopidogrel 5491 0.89 32008 4.02 ,0.0001

Dipyridamole 40354 6.51 210556 26.47 ,0.0001

Non-steroidal anti-inflammatory drugs (excluding aspirin) 229967 37.13 596320 74.98 ,0.0001

doi:10.1371/journal.pone.0109852.t001
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thyroid cancer. Among them, 1,614 were never-users and 683

were ever-users of metformin at entry. The incidence rate in

never- and ever-users of metformin was 87.33 and 24.09 per

100,000 person-years, respectively.

Table 3 shows the fully adjusted hazard ratios with regards to

different categories of metformin exposure in Models I, II and III.

In the models evaluating the overall hazard ratios for ever-users

versus never-users, all of the hazard ratios showed a significantly

lower risk associated with metformin use. In the models evaluating

the dose-response exposure to metfomrin, a lower risk could be

seen in all tertiles of the dose-response parameters, with significant

P-values for the trend. The dose-response effect in Models I was

not as remarkable as in Models II, suggesting potentially biased

estimates resulting from the high correlation between use of

metformin and sulfonylurea in Models I.

Table 4 shows the fully adjusted hazard ratios for thyroid

cancer in the additional sensitivity analyses. The results suggested

that the protective effect of metformin on thyroid cancer was not

restricted to a certain group of age or sex; and was not affected by

excluding users of insulin, sulfonylurea, and insulin/and or

sulfonylurea, respectively, by previous diagnosis of other cancers

or by potential detection examinations.

Discussion

Observational studies suggested that metformin may be

associated with a reduced risk of some cancer involving the

bladder, breast, liver, and colorectum [14–16]. However, whether

metformin use can be associated with a reduced risk of thyroid

cancer has not been investigated previously [16,29]. This is the

first observational study that clearly demonstrated a protective

effect of metformin on thyroid cancer risk in patients with type 2

diabetes (Tables 2, 3 and 4).

Several randomized clinical trials are being conducted to

evaluate the potential usefulness of metformin as an adjuvant to

other chemotherapeutic agents on some solid cancers like the

breast, endometrial, prostate, and lung cancer [31]. However,

clinical trials focusing specifically on the effect of metformin on

thyroid cancer are still lacking. This study provided an important

rationale for future in-depth investigation on metformin for the

prevention and treatment of thyroid cancer.

A large number (n = 1,556,791) of the patients with a diagnosis

of diabetes did not have reimbursement data after study entry and

had been excluded from the analyses. This could be a main source

of bias in the study. It is assumable that this population of excluded

diabetic patients might have mainly composed of patients being on

diet control without any pharmacological intervention. The

consistent finding in the comparison of metformin-treated patients

to patients on diet control alone conducted in Models III of

Table 3 would obviate the concern of this potential bias.

The present study suggested that a significantly lower risk of

thyroid cancer could be observed with a cumulative duration of 9

months or a cumulative dose of 263,000 mg (Table 3). This time

window for a protective effect of metformin may be supported by a

small clinical trial showing that metformin use for 6 months may

significantly reduce the size of thyroid nodules [28], and by

another study showing that the adjusted hazard ratio for prostate

cancer-specific mortality was 0.76 (95% confidence interval: 0.64–

0.89) for each additional 6 months of metformin use [32].

If insulin resistance is the underlying cause of thyroid cancer as

advocated by Gursoy [10] and metformin treatment in patients

with type 2 diabetes would reduce the incidence of thyroid cancer

(Tables 2, 3 and 4), it is expected that the incidence of thyroid

cancer should be increased gradually from obesity, impaired

glucose tolerance through the early stage of type 2 diabetes when

they were put on diet control without pharmacological interven-

tion, but the risk would decrease when metformin was initiated.

However, such a temporal change in thyroid cancer incidence

becomes more complicated when the disease progresses to the

development of diabetes complications, when other clinical

comorbidities set in, or when multiple drugs are used. Because

most patients with type 2 diabetes require multiple antidiabetic

drugs for controlling their blood glucose [33], the joint effects and

interactions among the various antidiabetic drugs are interesting

Table 2. Incidence of thyroid cancer by metformin exposure at entry.

Metformin use
Case
number Incident thyroid cancer % Person-years Incidence rate

(per 100,000 person-years)

Never users 619402 1614 0.26 1848266.92 87.33

Ever users 795321 683 0.09 2835264.08 24.09

P value 0.0222

Cumulative duration of therapy (months)

Never users 619402 1614 0.26 1848266.92 87.33

,9.13 262339 257 0.10 905836.25 28.37

9.13–37.00 262486 211 0.08 945139.58 22.32

.37.00 270496 215 0.08 984288.25 21.84

P value 0.0067

Cumulative dose (mg)

Never users 619402 1614 0.26 1848266.92 87.33

,264,000 262425 258 0.10 908265.75 28.41

264,000–1,263,000 262430 217 0.08 943853.92 22.99

.1,263,000 270466 208 0.08 983144.42 21.16

P value 0.0043

doi:10.1371/journal.pone.0109852.t002
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and important. However, these are out of the scope of the present

study and await future investigations.

The anti-cancer effects of metformin may probably involve the

activation of the AMPK, inhibition of the mTOR pathway, and

inhibition of insulin-like growth factors [34]. All of these have been

demonstrated in in vitro studies conducted in thyroid cancer cell

lines [24,25], in women with insulin resistance and benign thyroid

nodules [28] and in patients with type 2 diabetes [35]. The

suppression on TSH by metformin observed in humans [26,36]

may also contribute to the lower risk of thyroid cancer in

metformin users, although this beneficial effect can not be

confirmed by another recent study [27].

Leptin, a hormone produced by adipocytes and regulates energy

balance in the brain, signals the expression of thryotropin-

releasing hormone, leading to increased secretion of TSH [37].

Therefore, one of the possible mechanisms explaining the

inhibitory effect of metformin on TSH secretion may be through

its leptin inhibition [37]. Recent basic researches also suggested

that metformin may sensitize thyroid cancer cells to oxidative

stress [38], inhibit thyroid cancer stem cells [25,39], cause cell

cycle arrest at G0/G1 phase [25], induce apoptosis [25], inhibit

colony formation [25], inhibit stimulation of mitogen-activated

protein kinase by insulin [25], and inhibit growth of doxorubicin-

resistant thyroid carcinoma cells [25]. The growth inhibitory effect

of metformin is not only demonstrated in thyroid carcinoma cells,

a recent study also demonstrates such a growth inhibitory effect on

medullary thyroid cancer cells [24]. Metformin may have an

advantage of inducing growth arrest specifically in cancer stem

cells through the inhibition of Akt, which is not affected in

differentiated cells [40,41].

There are several strengths in the present study. First, we made

a special request to include all patients diagnosed as having

diabetes from the NHI database covering the whole period since

its availability in 1996. Such an approach avoided the possibility of

selection bias and insufficient cases of thyroid cancer for subgroup

analyses. In the absence of a special request, the usually provided

NHI database is a 1 million random sample of the general

population, and the number of diabetic patients derived from such

a 1 million sample is surely too small for the analyses of the

association between the use of anti-diabetic drugs and some

cancers. Second, the consistency of a lower risk of thyroid cancer

in metformin users in the sensitivity analyses strengthened the

preventive role of metformin on thyroid cancer. Third, the

database included outpatients and inpatients, and we included

diagnoses from both sources. The use of medical records also

reduced the bias related to self-reporting.

The limitations of the study may include a lack of the

histological types of thyroid cancer for analysis. However, because

thyroid papillary cancer represents 80.5% and 87.1% of thyroid

cancer in men and women, respectively, in Taiwan [42], the

findings should better be applied to thyroid papillary cancer.

Second, although some cases of thyroid cancer may have been

misclassified, such an occurrence was probably low because

labeled diagnoses should be printed on all prescriptions handed

out to patients in Taiwan. Mislabeling of a cancer diagnosis would

not be acceptable to the patients when they saw the diagnosis.

Third, ionizing radiation has been implicated as a risk factor for

thyroid cancer [43]. A confounding effect due to the lack of such

data collection could not be excluded. Fourth, we did not have

biochemical data for evaluating their impacts.

In summary, this study supports a protective effect of metformin

on the development of thyroid cancer in Taiwanese patients with

type 2 diabetes. The uses of metformin for reversing the increasing

trend of thyroid cancer incidence in the general population and for

the treatment of thyroid cancer are worthy of further investigation.
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