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Abstract

Background: In recent decades, data from certain observational stud-
ies have stirred controversy over artificial sweeteners by linking them
with certain malignancies. As the incidences of artificial sweetener
consumption and thyroid cancer are both increasing, our study aimed
to determine any possible association between them.

Methods: This retrospective observational study enrolled 50 patients
(group 1) with proven diagnosis of well-differentiated thyroid cancer
(WDTC) and 50 control subjects (group 2) diagnosed as having benign
thyroid nodule by fine-needle aspiration. The survey questionnaire in-
cluded the total amount and duration of intake of artificial sweeteners.

Results: Increased consumption of artificial sweeteners was noted in
group 1 as compared to group 2, which was statistically significant
(76% vs. 24%, P < 0.01). This study suggested that the use of an aver-
age of four packets (4 g) per day of artificial sweetener for an average
duration of 5 years is associated with WDTC.

Conclusions: Our study emphasizes the significance of artificial
sweetener consumption as a potential risk factor for WDTC and in-
crease in public awareness regarding this association if other studies

in future report similar findings.

Keywords: Artificial sweeteners; Well-differentiated thyroid cancer;
Benign thyroid nodule

Introduction

Artificial sweeteners, also known as non-nutrient sweeteners,
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are substances used as additives to food and beverages as a
replacement for sugar. Saccharin was the first artificial sweet-
ener discovered accidentally in 1879 by coal scientist, who
forgot to wash his hands before the meal, which caused the
bread to taste unusually sweet [1]. The use of saccharin gained
popularity during World War I and II when sugar production
declined due to the agricultural crisis. The economic expan-
sion following World War II marked an era of rising living
standards in western countries, and the ground to use artifi-
cial sweeteners shifted from expenditure to calorie reduction
[2]. However, a higher concentration of saccharin was associ-
ated with characteristic bitter and metallic aftertaste in some
people [3], which was found to increase as the concentration
of this artificial sweetener rises and was responsible for flat-
tening of sweetness function [4].This hurdle was overcome in
1950s when researchers found that the blending of saccharin
and cyclamate reduced the bitter aftertaste caused by saccha-
rin. With the recognition of the deleterious effect of sugar on
human health in recent years on the background of the rising
pandemic of obesity, the consumption of artificial sweeteners
has increased dramatically in the USA [5]. The artificial sweet-
eners are arbitrarily classified into first-generation and sec-
ond-generation sweeteners. The first-generation compounds
include saccharin, cyclamate, and aspartame. Acesulfame K,
alitame, sucralose, and neotame were referred to as new or sec-
ond-generation artificial sweeteners. However, even second-
generation sweeteners share similar drawbacks, as seen with
the first-generation compounds [6]. The sweet taste is often
coupled with the metallic aftertaste and does not provide the
desirable flavor of regular sugar. The combination of various
available sweeteners has led to an improvement in the taste of
sweetened food items.

Researchers have debated the safety of artificial sweeten-
ers for a long time. The first big blow to the artificial sweetener
industry was observed in 1970 when the Food and Drug Ad-
ministration (FDA) banned cyclamate from all dietary foods
and beverages in the USA [1]. The FDA ban was based on
the experimental data that showed an elevated risk of bladder
carcinoma in rodents fed on high doses of cyclamate and sac-
charin. However, subsequent studies on human beings failed
to replicate the experimental findings [7]. Another study pub-
lished by Sturgeon et al [8] suggested an increased risk of blad-
der carcinoma with heavy consumption (> 1,680 mg per day)
of artificial sweetener. A study conducted by Lim et al [9] in-
cluding 285,079 men and 188,905 women aged 50 to 71 years
over a period of 5 years, did not find any association between
aspartame intake and risk of hematopoietic or neurological
malignancies. One prospective study showed a link between
non-nutrient sweetener aspartame intake and development of
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lymphoma and leukemia only in men [10]. The question of
whether or not artificial sweetener consumption is associated
with an increased risk of cancer is currently a source of both
investigation and controversy.

There is a dearth of literature on the potential role of arti-
ficial sweeteners in thyroid carcinogenesis. The National Can-
cer Institute’s Surveillance, Epidemiology, and End Results
(SEER) program has reported an increase in the prevalence
of WDTC [11]. In the USA, the average yearly rise in thyroid
carcinoma incidence rate was 5% over the last decade [12].
Currently, thyroid cancer is the fifth most commonly detected
carcinoma in women in the USA. The factors responsible for
the rising incidence of thyroid carcinoma have been highly
debated. This increase is partially attributed to increased diag-
nostic scrutiny [13]. However, other unknown environmental
and dietary factors are likely to contribute to a significant pro-
portion of thyroid cancer risk. To the best of our knowledge,
no study has been conducted to determine the association of
artificial sweetener consumption with thyroid carcinoma. As
the incidences of artificial sweetener consumption and thyroid
cancer are increasing, our study aimed at determining a pos-
sible association between the two.

Materials and Methods

After approval by the Ethical Review Boards, this study was
conducted in accordance with the Declaration of Helsinki. The
purpose and methodology of the study was explained to the
study participants and signed informed consent was obtained
from each participant.

A retrospective analysis of the medical records of a se-
ries of patients from January 1, 2004 to August 31, 2014 with
a history of thyroid nodule was conducted in two city hospi-
tals; Icahn School of Medicine at Mount Sinai/Queen Hospital
Center and Elmhurst Hospital Center. All patients were aged
18 years and above. We found 100 patients for the study; these
100 patients were divided into two different groups. Seventy-
six (76%) patients were female, twenty-four (24%) were male
with a male to female ratio of 1:3. The mean age of the patients
was 53.6 years.

The study group (group 1) comprised of 50 patients who
underwent total thyroidectomy for preoperative diagnosis of
well-differentiated thyroid cancer (WDTC); the control group
(group 2) consisted of 50 patients who were diagnosed to
have benign thyroid nodules via fine-needle aspiration biopsy
(FNAB).

A telephonic survey was conducted in both groups. The
survey questionnaire was pertaining to the use of artificial
sweeteners in their diet. The questionnaire included the total
amount and duration of artificial sweetener consumed as tab-
letop sweetener and beverages by the subjects. The duration
for which the artificial sweetener was consumed was based
on the history given by the patients. Consumption of artificial
sweetener in the form of snacks/ice creams was not taken into
account as these are not consumed on routine basis and hence
it was unlikely to affect the outcome. The questionnaire did
not specifically include the details on the individual type of
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artificial sweetener used because it was not possible to study
the effect of individual sweetener on the outcome as mixing of
two or more sweeteners is commonly done.

The amount of ingredients acesulfame potassium, aspar-
tame, saccharin and sucralose in one packet (1g) of tabletop
artificial sweetener was derived from the published data on
the use of high-intensity artificial sweeteners in food by US
FDA [14]. Each 1-g packet of tabletop artificial sweetener
contains either 39 mg of acesulfame potassium (Sunett® and
Sweet One®) or 40 mg of aspartame (Nutrasweet®, Equal®,
and Sugar Twin®) or 20 mg saccharin (Sweet and Low®, Sweet
Twin®, Sweet’N Low®, and Necta Sweet®)or 13 mg of su-
cralose (Splenda®). Depending upon the amount and type of
ingredients (acesulfame potassium, aspartame, saccharin and
sucralose) [15] we calculated the number of packets each dif-
ferent type of beverage contains as shown in Table 1. For ex-
ample, one can of Diet Coke contains 125 mg of aspartame and
one packet of tabletop sweetener contains 40 mg of aspartame.
Hence a can of Diet Coke would contain 3.125 packets (3.125
g) of tabletop artificial sweeteners.

Data regarding demographics, history of head and neck
radiation exposure in childhood and history of first degree rela-
tive with thyroid cancer was also collected. Statistical analy-
sis was performed by Chi-square test, with Yates’ correction
where appropriate, a P value of less than 0.05 indicated sta-
tistical significance. Binary logistic regression analysis was
performed to estimate the odds ratio (OR) and 95% confidence
interval (CI).

Results
Group 1

Out of the 50 patients enrolled in group 1, and 40 (80%) were
women with male to female ratio of 1/4. The mean age at di-
agnosis was 52.4 years (range: 28 - 74 years). The mean body
mass index in group 1 was 26.45 + 3.96 kg/m2. Papillary thy-
roid carcinoma was confirmed at histopathological examina-
tion in 42 (84%) patients, while follicular thyroid carcinoma
was the final diagnosis in eight patients (16%). Three (6%)
patients in this group declared a family history of thyroid ma-
lignancy in first-degree relatives, and one (2%) patient had
a history of head and neck irradiation in childhood. Thyroid
function tests were normal in 44 (88%) patients in this group,
while six (12%) patients had subclinical hypothyroidism at the
time of presentation.

Group 2

Seventy-two percent of patients enrolled in this group were
females (36 patients) with a male to female ratio of 1/2.6; the
mean age was 54.6 years (range: 31 - 78 years). The mean
body mass index in group 2 was 27.34 + 4.52 kg/m?. The di-
agnosis of benign thyroid nodular disease was confirmed by
histological examination in all the patients. One (2%) patient
in this group declared a family history of thyroid disease in the
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Table 1. Artificial Sweetener Amount in Form of Packet Equivalents

494

Grams (packets) in
1 L of a beverage
8.8 g (8.8 packets)
8.8 g (8.8 packets)

Total packets of artificial
sweeteners in one can
3.125 packets

3.125 packets

3.8 packets

Equivalent packets of
various ingredients

3.125 packets
3.125 packets

Beverages, one can

Ingredients in beverages

(12 fl. oz or 355 mL)

Diet Coke

125 mg aspartame

125 mg aspartame

Diet Coke, caffeine

10.7 g (10.7 packets)
6.34 g (6.34 packets)
8.3 g (8.3 packets)
8.3 g (8.3 packets)

0.77 packets + 3.07 packets
1.45 packets + 0.8 packets

2.95 packets
2.95 packets

30 mg acesulfame K + 40 mg of sucralose

Diet Coke with Splenda

Coke Zero

2.25 packets
2.95 packets
2.95 packets
2.16 packets
3.82 packets

58 mg aspartame + 31 mg acesulfame K

118 mg aspartame

Diet Pepsi
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118 mg aspartame

Caffeine-free Diet Pepsi

6.08 g (6.08 packets)

2.075 packets + 0.538 packets
0.75 packets + 3.077 packets

3.075 packets

83 mg aspartame + 21mg acesulfame K

Diet Pepsi Jazz

10.76 g (10.76 packets)
8.66 g (8.66 packets)
9.21 g (9.21 packets)

30 mg aspartame + 40 mg sucralose

Pepsi One

3.075 packets
3.27 packets

123 mg aspartame

Diet Dr. Pepper

1.425 packets + 0.461

57 mg aspartame + 18 mg acesulfame

K + 18 mg sucralose

Diet Mountain Dew

packets + 1.384 packets

5.97 g (5.97 packets)
5.97 g (5.97 packets)

2.12 packets
2.12 packets
3.67 packets

1.25 packets + 0.871 packets
1.25 packets + 0.871 packets
3.2 packets + 0.475 packets

50 mg aspartame + 34 mg acesulfame K

Sprite Zero

50 mg aspartame + 34 mg acesulfame K

Fresca
Tab

10.33 g (10.33 packets)

64 mg saccharin + 19 mg aspartame

first-degree relative, while none of the patients in this group
had a history of head and neck irradiation in childhood. Out
of 50 patients, 40 (80%) were biochemically euthyroid at the
time of presentation while eight (16%) patients had subclinical
hypothyroidism, and two (4%) patients were diagnosed with
overt hypothyroidism.

History of artificial sweetener consumption was noted in
38 out of 50 patients (76%) in group 1, while in group 2, only
12 out of 50 patients (24%) consumed artificial sweetener. The
average amount of artificial sweetener consumption in group
1 was 4 g (four packets) per day for an average duration of 5
years. In group 2, the average amount of artificial sweetener
consumption was 2 g (two packets) for an average duration of
5 years. Age, sex, family history of thyroid cancer in the first-
degree relative, and history of neck irradiation did not differ
significantly between the two groups, as shown in Table 2. A
proportion test showed a statistically significant number of ar-
tificial sweeteners consumers in group 1 than in group 2 (76%
vs. 24%, P < 0.05). An analysis done using binary logistic re-
gression revealed that artificial sweetener consumption was
significantly associated with increased risk of development of
WDTC with an OR of 10.1 (95% CI: 4.01 - 25.10, P < 0.05).

Discussion

The relationship between the consumption of artificial sweet-
eners and the development of malignancy in human beings is
a complex subject for research owing to a broad range of both
artificial sweeteners and tumors. Artificial sweeteners are now
recognized as an ingredient of more than 6,000 food items of
mass consumption, and many food products contain more than
one artificial sweetener [9]. Mixing of two or more artificial
sweeteners is done to inhibit the bitter after taste associated
with some sweeteners, thereby making it difficult to study the
association between single agents and specific types of cancer
individually. These factors pose a significant challenge to re-
searchers while conducting prospective trials determining the
association between the use of artificial sweeteners and cancer.
Most of the data regarding the carcinogenic potential of artifi-
cial sweeteners are derived from animals, and it must be born
in mind that oncogenic mechanisms in experimental animals
are known to differ from human beings [16, 17].

The controversy regarding artificial sweetener consump-
tion and elevated risk of malignancy stems from an animal
study in 1970 that showed an increased incidence of urothelial
tumors in rats fed on cyclamate and saccharin [1, 18, 19]. Cy-
clohexylamine, a toxic metabolite of cyclamate, was implicated
in the etiopathogenesis of bladder cancer [20-22], and further
research revealed an increased risk of bladder tumors in rats fed
on large doses of saccharin. Saccharin was removed from the
list of potential cancer-inducing substances when the report of
the National Institute for Environmental Health Sciences stated
that cancer-causing pathways and mechanisms in rodents do
not apply in human beings. Ascorbic acid (vitamin C) is also
known to cause bladder carcinoma in rats when given at high
doses similar to saccharin [16], and this can be prevented by
administering prophylactic ammonium chloride to the rats.
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Table 2. Distribution of Selected Characteristics Among Thyroid Cancer Cases and Controls

Differentiated thyroid carcinoma (n = 50) Benign thyroid nodule (n = 50) P value

Mean age 52.4+11.09 54.6 +12.45 0.648
Sex 0.348

Male 10 14

Female 40 36
BMI 0.439

Underweight/normal 16 11

Overweight 24 30

Obese 10 9
Artificial sweetener consumption 36 12 <0.00001
Average amount 4 packets 2 packets
Family history of thyroid cancer 3 1 0.307
Alcohol intake > 2 drinks/day 4 6 0.504
Irradiation in the childhood 1 0 0.509

BMI: body mass index.

Rodents are particularly susceptible to developing urothelial
tumors owing to their high urine osmolarity, which favors the
precipitation of calcium phosphate crystals. The precipitated
calcium phosphate crystals and high doses of many sodium
salts are toxic to the superficial layer of the urinary bladder epi-
thelium, thus causing regenerative hyperplasia and ultimately
leading to tumorigenesis [16, 23]. Further research in monkeys
[24, 25] showed that long-term intake of neither sodium sac-
charin nor sodium cyclamate was associated with increased
susceptibility to the development of urothelial tumors. Howev-
er, the data from these experiments have faced intense criticism
owing to the small sample size of the study and the relatively
lower dosages of saccharin used in the experiment.

In a study conducted by Olney et al [26] in 1996, con-
sumption of aspartame was linked to increased incidence of
brain tumors, and nitrosation of aspartame in the stomach was
proposed to be the underlying mechanism [27]. Most of the
epidemiological studies on human beings regarding artificial
sweetener use relate to sweetener consumption in totality rath-
er than to single agents specifically. The majority of data in
humans is available in the form of case-control studies, and
most of these studies published in the years 1965 - 1986 did
not show an increased risk of bladder cancer with an intake of
artificial sweeteners [7]. Sturgeon et al [8] conducted a case-
control study where artificial sweetener use was classified as
“low” (< 1,680 mg per day) or “heavy” (> 1,680 mg per day)
depending upon the amount of artificial sweetener intake.
Heavy sweetener consumption (> 1,680 mg per day) was sig-
nificantly associated with increased risk of bladder carcinoma
(relative risk (RR): 1.3, 95% CI: 0.9 - 2.1). Gurney et al in
1997 found that consumption of aspartame in children was not
associated with the development of brain tumors [28].

There is a paucity of data on the effect of artificial sweet-
eners on the thyroid gland. Animal studies have linked the
use of sucralose with alteration in the thyroidal axis leading
to reduced levels of thyroid hormones along with decreased
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thyroid-stimulating hormone (TSH) [29]. Additionally, a study
conducted on rats suggested that aspartame consumption can
lead to biochemical picture resembling primary hypothyroid-
ism. Formaldehyde (a metabolite of aspartame) was implicat-
ed to play a role in the etiopathogenesis of hypothyroidism by
causing exhaustion of thyroid follicular cells [30]. Moreover,
formaldehyde is also known to cause delayed type IV hyper-
sensitivity reaction. Data from rodent models cannot be di-
rectly extrapolated to humans as thyroid neoplasm in rodents
behave differently in certain aspects [17]. Thyroid neoplasms
in rats are generally follicular in morphology, and the char-
acteristic cytological features that are diagnostic for papillary
thyroid cancer in human beings are usually absent. The current
body of evidence suggests that rats are more sensitive than hu-
man beings to thyroid tumor induction due to hormonal dis-
turbances that result in elevated TSH levels. The role of TSH-
stimulated growth in the etiopathogenesis of thyroid follicular
neoplasms in rodents might be related to the increased likeli-
hood of mutation that accompanies elevated mitotic activity
or to the increased probability of expansion of clones of cells
bearing pre-existing mutations [17].

A previous case report suggested the association between
the autoimmune Hashimoto’s thyroiditis with hypothyroidism
and excessive consumption of beverages containing artificial
sweeteners [31]. The patient recovered completely with nor-
malization thyroid function tests and anti-thyroid peroxidase
(TPO) antibody after discontinuation of artificial sweeteners.
The patient remained clinically and biochemically euthyroid in
the absence of any treatment during the subsequent follow-up
visits. In animal studies, artificial sweeteners have also been
linked to the development of the autoimmune disease. Altera-
tion of gut microbiome induced by artificial sweeteners lead-
ing to dysregulation of the immune system was the proposed
mechanism [32]. Researchers have shown that the use of sugar
substitutes can decrease the total count of beneficial bacteria
in the gastrointestinal tract, thus leading to increased gut pH.
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This results in inhibition of the immune system and the thyroid
function [33].

The past few decades have witnessed a dramatic increase
in the consumption of artificial sweeteners. The incidence of
differentiated thyroid carcinoma has also been increasing over
the last decades and is mainly attributed to the increased de-
tection rate of tumors at an earlier stage. Analysis of cases of
WDTC (1988 - 2005) using the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) dataset
revealed an increase in the incidence of thyroid cancer for all
sizes of tumors [11]. It was suggested that overdiagnosis is not
only a single cause, and other factors, including dietary and
environmental, could play a role. Zeng et al [34] conducted
a retrospective case-control study to evaluate the relationship
between biocide exposure and the development of thyroid can-
cer. Subjects whoever had a history of occupational exposure
to biocides were found to have increased risk of thyroid car-
cinoma (OR = 1.65, 95% CI: 1.16 - 2.35), and the maximum
risk was seen for the higher cumulative odds of exposure (OR
=2.18, 95% CI: 1.28 - 3.73). Among all the thyroid cancers,
microcarcinomas (tumor size < 1 cm) showed the strongest as-
sociation.

Our study is the first to report a significant association be-
tween artificial sweetener consumption and well-differentiated
thyroid carcinoma. The current study showed significantly in-
creased intake of artificial sweeteners in patients with WDTC
as compared to the control group. This study suggested that use
of an average of four packets (4 g) per day of artificial sweet-
ener for an average duration of 5 years is associated with an
increased risk of WDTC. The duration of artificial sweetener
consumption did not differ significantly among the cases and
controls. Patients with a diagnosis of WDTC consumed arti-
ficial sweeteners in higher dosages as compared to the control
group. Our findings are in line with the earlier observation [§]
that higher dosages of artificial sweeteners can have carcino-
genic effects. Both groups did not differ significantly in terms
of age, sex, family history of thyroid malignancy, and exposure
to irradiation in childhood. Based on findings from our study,
it is likely that increased consumption of artificial sweeten-
ers could have contributed to the rise in cases of WDTC. The
reason for the increased prevalence of artificial sweetener con-
sumption in thyroid carcinoma patients is mostly unknown as
we do not have any data in the literature regarding this associa-
tion. Therefore, more extensive studies are needed in the future
to elucidate the molecular pathways in detail, linking artificial
sweetener use with the development of thyroid malignancy.

The possibility of inverse causality leading to bias is less
likely because both the study groups had thyroid disease (one
group with thyroid cancer and other group with benign thyroid
nodule). Moreover, the history regarding duration and aver-
age amount of artificial sweetener consumption prior to the
onset of thyroid disease was noted which virtually eliminated
the modifying effect of disease on consumption of sweeteners.
The present study is limited by its retrospective design, and
subjects who have had the disease may search their memories
more thoroughly than members of the control group for pos-
sible causes of their cancer. Moreover, the study relied on self-
reported intakes of artificial sweetener and data were collected
from only one interview or questionnaire. Hospital patients
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were used as controls, which could possibly skew the data.
Nonetheless, these findings give some cause for concern. To
address these limitations, prospective controlled study with a
greater number of subjects is needed to determine the associa-
tion between artificial sweeteners and thyroid cancer.

Conclusions

Although few studies are suggesting that a high dose, pro-
longed use of sweeteners might increase the risk of develop-
ment of certain malignancies; the evidence for this is incon-
clusive. Our study is the first one to evaluate the relationship
between sugar substitute use and the development of thyroid
cancer. We found an increased risk of thyroid cancer with
artificial sweetener consumption. This study emphasizes the
significance of artificial sweetener consumption as a poten-
tial risk factor for WDTC and need to raise public awareness
for this association. We also conclude that a positive asso-
ciation noted between artificial sweetener use and WDTC by
themselves does not establish a causal relationship. Future
evaluation of this relationship is warranted, and large-scale
epidemiological studies determining the association between
artificial sweetener consumption and thyroid carcinoma are
necessary.
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