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Background: Interferon-alpha (IFNa)–induced thyroid dysfunction occurs in up to 20% of patients undergoing
therapy for hepatitis C. The diversity of thyroid disease presentations suggests that several different pathological
mechanisms are involved, such as autoimmunity and direct toxicity. Elucidating the relationships between risk
factors and disease phenotype provides insight into the mechanisms of disease pathophysiology.
Methods: We studied 869 euthyroid patients from the ACHIEVE 2/3 trial, a randomized international clinical
trial comparing pegylated-IFNa2a weekly or albumin-IFNa2b every 2 weeks for up to 24 weeks in patients with
hepatitis C, genotype 2 or 3, from 136 centers. The study population was 60% male and 55% white. Serum
thyrotropin (TSH) and free thyroxine were measured before therapy, monthly during treatment from week 8,
and at 4- and 12-week follow-up visits.
Results: Overall, 181 (20.8%) participants had at least one abnormal TSH during the study. Low TSH occurred in
71 (8.2%), of whom 30 (3.5%) had a suppressed TSH below 0.1 mU/L. Hypothyroidism occurred in 53 patients
(6.1%), with peak TSH above 10 mU/L in 12 patients (1.4%). Fifty-seven patients had a biphasic thyroiditis
(6.6%), with extreme values for the nadir and/or peak TSH in all but one. Medical therapy was given to one
thyrotoxic patient, four hypothyroid patients, and 26 biphasic thyroiditis patients. Multivariate logistic regres-
sion analysis demonstrated that biphasic thyroiditis is associated with being female and higher pretreatment
serum TSH, whereas being Asian or a current smoker decreased the risk of thyroiditis. Hypo- and hyperthy-
roidism are most strongly predicted by the pretreatment TSH.
Conclusions: Biphasic thyroiditis accounted for the majority (58%) of clinically relevant IFNa-induced thyroid
dysfunction. We confirmed our recent findings in a related cohort that female sex is a risk factor for thyroiditis
but not hypothyroidism. Further, in this large multiethnic study, the risk of thyroiditis is dramatically increased,
specifically for white women. Smoking was found to be protective of thyroiditis. These results support closer
monitoring of women and those with a serum TSH at the extremes of the normal range during therapy so that
prompt intervention can mitigate the consequences of thyroid dysfunction associated with IFNa treatment.

Introduction

Interferon-alpha (IFNa) is a highly effective therapy for
chronic hepatitis C infection, especially for infections with

hepatitis C genotypes 2 or 3, but its use can be complicated by
side effects with significant morbidity. Among these, thyroid
dysfunction is a frequent and potentially severe and/or per-
manent complication. The rate of IFNa-induced thyroid dys-
function (IITD) depends on the definition, with 3% of treated
patients diagnosed with symptom-triggered screening (1,2),
while recent studies with systematic hormonal assessments
report up to a 20% incidence of any abnormal serum thyro-

tropin (TSH) (3). IITD can present with diverse phenotypic
patterns, including thyrotoxicosis, hypothyroidism, and bi-
phasic thyroiditis, in which thyrotoxicosis is followed by
hypothyroidism. Defining key prognostic factors for these
patterns of thyroid dysfunction would help clinicians to
identify prospectively high-risk patients who would benefit
from increased monitoring during IFNa exposure, and pro-
vide mechanistic insight that could be useful in developing
preventive strategies.

Female sex, thyroid peroxidase (TPO) antibody positivity,
and higher pretreatment TSH are the IITD risk factors most
consistently reported (1,4–23). Since these three variables are
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correlated in the general population (24,25), multivariate
analysis of large studies is necessary to determine whether
these are in fact independent predictors. Two groups have
reached opposite conclusions using multivariate analyses that
included sex and antibody status, finding in one study that
only sex was a predictor of any IITD (21), while in the other,
TPO antibodies predicted hypothyroidism (23). This contra-
diction may arise from a common limitation of most studies
on IITD, the lack of stratification by phenotypic presentation.
This results from both intentionally grouping distinct presen-
tations, because of the need to have an adequate cell size in
smaller studies, and unintentionally grouping outcomes by
using 12-week intervals for assessment, which can misclassify a
substantial proportion of biphasic thyroiditis by missing one of
the transient abnormalities. This matters because, as several
groups have proposed (3,26), the distinct phenotypes (thyro-
toxicosis, hypothyroidism, and biphasic thyroiditis) could have
distinct pathophysiologies, and therefore different risk factors.

We recently conducted a large multivariate analysis of
over 1200 euthyroid patients treated with IFNa for hepatitis
C genotype 1 (8). Although antibody status was not avail-
able, both sex and baseline TSH were important risk factors,
and they conferred differential risks between the pheno-
typic subtypes of IITD. Both thyrotoxicosis and hypothy-
roidism were most strongly associated with pretreatment
serum TSH levels such that risk increased as TSH increased
or decreased, respectively. In contrast, female sex was
associated with an almost ninefold increase in risk for
biphasic thyroiditis only. This supports the hypothesis that
different pathophysiological processes underlie the differ-
ent phenotypes.

We undertook the current investigation to analyze addi-
tional risk factors using a more ethnically diverse cohort
from the ACHIEVE 2/3 study. Half of the participants in
ACHIEVE 2/3 were white, and over 40% were Asian, which
allows us to address the finding in one prior study of an
increased risk among Asians (21). In addition, the ACHIEVE
2/3 study was geographically diverse, with almost half of
the subjects living in areas defined as having mild iodine
deficiency and half in iodine-excess environments according
to the World Health Organization (27,28). This study pop-
ulation is quite complex, with multiple subgroups; however,
the large size allows for an investigation of statistical inter-
action effects to identify distinct subgroups with different
risk profiles.

Materials and Methods

ACHIEVE study design and patient characteristics

Details of the original clinical trial design have been pre-
viously described (29). In brief, otherwise healthy adults with
liver biopsy–proven chronic hepatitis C genotype 2 or 3 in-
fection without prior IFNa therapy were recruited between
2007 and 2008 at 136 sites in India, Asia/Pacific, North and
South America, and Europe. Informed consent was provided
by all subjects and was monitored by the institutional review
boards of the participating study sites. Exclusion criteria in-
cluded pre-existing, overt untreated thyroid disease, psychi-
atric illnesses, or co-infection with HIV or hepatitis B. Patients
were centrally randomized to one of three treatment arms
with either pegylated-IFNa2a or albumin-IFNa2b at two do-
ses, stratified by genotype and baseline viral load. All patients

also received weight-based ribavirin dosing. Serum TSH and
free thyroxine (FT4) were measured at an initial screening,
generally a month before therapy, at the time of the first dose,
and then every 4 weeks from weeks 8 through 24. Patients also
had follow-up thyroid function assessments 4 and 12 weeks
after the last delivered dose. A total of 932 patients were
treated during the trial with at least one dose of interferon.
The original report found a small but statistically significantly
increased rate of sustained virological response using Peg-
IFNa2a only in Asians, attributed to 100% compliance within
this group. In addition to the variables collected during the
original trial, we categorized each country into one of three
categories of general iodine environment—deficient, suffi-
cient, or excess—using the World Health Organization data
(27,28).

Our analysis was restricted to the 869 patients who were
not on thyroid hormone replacement or antithyroid medica-
tions, and who had normal serum TSH at both the one-month
pretreatment screening and at the baseline drawn for the first
injection. This subgroup was not different from the cohort as a
whole (Table 1). The 63 excluded patients were slightly older
(mean 47 vs. 44 years old) and more likely to be female (52%
vs. 41%), but these differences were not statistically signifi-
cant; the excluded patients were not statistically different
from the euthyroid cohort by ethnic background, smoking
status, iodine environment, genotype, severity or duration of
hepatitis C infection, length of therapy, or achievement of
remission. Mean pretreatment serum TSH was significantly
increased among those excluded, at 2.88 mU/L versus
1.75 mU/L in the study population ( p < 0.001), as expected
based on the exclusion criteria.

Missing data for demographic or clinical attributes were
less than 1%. Only 9 (1.1%) patients had one interval

Table 1. Demographics of Included

and Excluded Subpopulations

Included
(869)

Excluded
(63) p

Pretreatment
TSH (mU/L)

1.75 – 0.94 2.88 – 4.2 < 0.0001

Sex (male) 59.3% 47.7% 0.07
Ethnicity

(white/other)
54.9%/45.1% 55.6%/44.4% 0.92

Smoking (current) 37.2% 38.1% 0.88
Iodine excess 58.9% 61.9% 0.64
Age (years) 44.3 – 11.3 46.9 – 10.3 0.08
Body mass index 25.9 – 4.9 26.9 – 5.5 0.17
Genotype 2 45.7% 47.6% 0.77
Sustained viral

response
81.2% 85.7% 0.38

Fibrosis
(none/severe)

80.3%/6.5% 87.1%/3.2% 0.19

Duration of
infection (years)

4.5 – 5.5 5.0 – 5.3 0.52

Duration of
therapy (weeks)

23.1 – 3.6 23.2 – 3.2 0.90

Excluded subjects were not different from the included euthyroid
subjects except in having a higher rate of abnormal TSH (a specific
exclusion criteria). Values are proportions, or means and standard
deviation. All p-values represent the results of a proportion test or
two-sided T-test as appropriate.

TSH, thyrotropin.
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measurement of TSH that was missing while on therapy, and
half of those had an FT4 value available for that visit. In-
complete follow-up was observed for 104 subjects (11.9%),
although only 15 (1.7%) had no follow-up beyond the last
interferon injection.

Thyroid outcomes

Definitions of three main IITD subtypes were developed
based on serum TSH levels relative to the normal range of
0.35–5.5 mU/L in the assay used. Thyrotoxicosis was exam-
ined using two cutoffs for dysfunction: any depression of TSH
below the lower limit of normal, 0.35 mU/L, and full sup-
pression with a TSH less than 0.1 mU/L. Hypothyroidism
was defined as a TSH greater than 5.5 mU/L. Patients were
classified as having biphasic thyroiditis if both biochemical
hypothyroidism and thyrotoxicosis were observed. Overt
disease for any category was defined as an FT4 that also went
outside of the normal range.

Multivariate logistic regression

All statistics were performed using STATA 11 (StataCorp,
College Station, TX). Independent variables included age, sex,
ethnicity, body mass index, smoking history, pretreatment
TSH, iodine environment (deficient, sufficient, or excess),
genotype of hepatitis C infection, duration of hepatitis C in-
fection, severity of liver disease, length of IFN-a therapy, and
the primary treatment outcome of sustained virological re-
sponse. None of these variables exhibited pervasive co-
linearity and thus all were included in the final models.
Because of the small numbers of non-Asian nonwhite sub-
jects, our multivariate models considered ethnicity as a bi-
nary variable white versus other. We completed a sensitivity
analysis excluding nonwhite non-Asian subjects and results
were not statistically different. Rates of each IITD subtype
were not different by treatment arm (v2 = 7.1, p = 0.3). This was
expected because randomization was effective and the origi-
nally published safety analysis found that the treatment arm
did not impact rates of thyroid disease by several different
definitions (29). Thus, all further investigations were col-
lapsed across treatment arm.

Preliminary investigations with ANOVA and chi-squared
techniques confirmed that multiple variables had different
patterns of association between the distinct IITD phenotypes.
Univariate regression analysis was performed to quantify
these associations. We then proceeded to develop multivari-
ate regression models stratified by disease phenotype. We
used a stepwise approach to the multivariate regression, with
variables added sequentially based on our experience with the
ACHIEVE 1 study, which found that baseline TSH was a
factor in all disease phenotypes and sex played a large role in
biphasic thyroiditis (8). Interaction terms for sex, ethnicity,
genotype, and iodine environment were tested in the full
model, and significant interaction effects were examined
further with additional stratified models.

Results

Incidence of IITD

Overall, 181 (20.8%) participants had an abnormal serum
TSH concentration at some time during the treatment or follow-
up periods, with the abnormal value occurring after the last

dose of IFNa in 78 subjects. To categorize IITD subtypes, we
initially defined phenotypes based on TSH pattern: thyrotoxi-
cosis (TSH < 0.35 mU/L), hypothyroidism (TSH > 5.5 mU/L),
and biphasic thyroiditis (sequential thyrotoxicosis and hypo-
thyroidism). We defined overt disease for each subtype where
the FT4 was also out of range at least once. Because non-
thyroidal illness can cause mild TSH depression, we also
stratified the analysis of thyrotoxicosis into two categories: mild
TSH depression (TSH 0.35–0.1) and TSH suppression (< 0.1).

Low TSH occurred in 71 patients, with a TSH suppressed to
less than 0.1 mU/L in 30 patients (Fig. 1A–B). Overt disease
with elevated FT4 was found in eight patients, of whom four
demonstrated persistent thyrotoxicosis (Fig. 1A). Among the
41 patients with mild TSH depression, approximately two-
thirds (28 patients) had a pattern in which the concurrent FT4
was either stable or rising (Fig. 1C), while one-third (13 pa-
tients) appeared to have FT4 decreasing in parallel to the TSH
(Fig. 1D). Cases accumulated linearly throughout the study
period (data not shown). The first low TSH occurred after the
end of therapy in 31 of the 71 thyrotoxic subjects, with TSH
suppression below 0.1 mU/L in half of these post-treatment
cases (15 patients). Twenty-one of the late thyrotoxicosis cases
were known to be transient, while 10 had a suppressed TSH at
the end of follow-up, 12 weeks after the end of therapy, and it
is not known which of these were in fact thyroiditis patients.

Hypothyroidism, varying in degree and duration (Fig. 1E–
G), occurred in 53 subjects (6.1%). Similar to the situation with
thyrotoxicosis, hypothyroidism also occurred in some pa-
tients exclusively after the last interferon injection (32/53;
60%). TSH rose above 10 mU/L in 12 patients (1.4%), 4 while
on therapy and in 8 during follow-up. A total of four patients
were treated with hormone replacement for monophasic hy-
pothyroidism, two of whom had overt disease.

Fifty-seven subjects had biphasic thyroiditis (Fig. 1H),
again accumulating a stable rate over time, with 15 cases oc-
curring exclusively after the final dose of IFNa. The majority
of overt disease was associated with this subtype of IITD. All
but 7 cases had a nadir TSH <0.1 mU/L, while a peak TSH
greater than 10 mU/L occurred in 53 out of 57 subjects. In fact,
only one patient with biphasic thyroiditis had neither of these
more severe TSH derangements. Medical therapy was insti-
tuted in 26 biphasic patients, mostly hormone replacement
therapy. Out of six treated with antithyroid medication, four
resolved to normal after discontinuing treatment, while two
remained hypothyroid on methimazole at the end of the
study. One subject with overt thyrotoxicosis was treated with
8 mCi 131I, but the FT4 had normalized by the time of the
treatment, and therefore this case was included as biphasic
thyroiditis. Therapy was ongoing at the end of the study in all
19 of the patients who initiated thyroid hormone replacement
therapy during their hypothyroid phase.

Risk factors for IITD

An unadjusted analysis was performed to examine the re-
lationships between variables and the three main phenotypes
of IITD. Because overt disease was rare for subtypes other
than biphasic thyroiditis, where it was essentially universal,
we were unable to substratify the analysis by this feature.
Pretreatment TSH, sex, age, ethnicity, smoking history, iodine
environment, and hepatitis C genotype were significantly
associated with specific thyroid outcomes in univariate
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regression analysis (Table 2). Median pretreatment TSH in the
euthyroid patients was 1.48 mU/L (mean 1.69 mU/L). In those
with any degree of TSH suppression, the median baseline TSH
was 1.08 mU/L (mean 1.19 mU/L, p < 0.001); in those becom-
ing hypothyroid, median baseline TSH was 2.65 mU/L (mean
2.80 mU/L, p < 0.001); and in subjects with biphasic thyroiditis,
the median baseline TSH was 1.94 mU/L (mean 2.13 mU/L,
p < 0.001). The pretreatment TSH was thus significantly asso-
ciated differentially with each thyroid outcome with odds ra-
tios (ORs) of 0.32 ([95% confidence interval (CI) 0.20–0.51],
p < 0.001) for thyrotoxicosis, 2.60 ([CI 2.02–3.35], p < 0.001) for
hypothyroidism, and 1.59 ([CI 1.23–2.05], p < 0.001) for biphasic
thyroiditis. Both biphasic thyroiditis and thyrotoxicosis were
enriched for females, 66.7% and 50.7%, respectively, compared
with 36.9% in the euthyroid group, representing increased ORs
of 3.42 ([CI 1.93–6.06], p < 0.001) and 1.76 ([CI 1.08–2.87],
p < 0.05), respectively. Those with monophasic thyrotoxicosis
were somewhat younger, 41.1 years old on average, compared
with the euthyroid group, with an average age of 44.7 years
( p < 0.05). Biphasic thyroiditis was significantly less common in
nonwhites than in whites: while 45.1% of the study cohort is
nonwhite, only 28.1% of those with biphasic thyroiditis were
nonwhite. Smokers were also protected from biphasic thyroid-
itis, representing only 19.3% of those affected compared with
38.5% of the euthyroid group. Iodine excess was associated with
increased risk of hypothyroidism, with 84.9% of hypothyroid
subjects living in areas designated as having iodine excess,
compared with 59.3% of the euthyroid subjects, and 58.9% of the
cohort overall. Finally, hepatitis C genotype was also weakly
associated with outcome, with 54.3% of the cohort overall car-
rying a genotype 3 infection, compared with 68.4% of those with
biphasic thyroiditis and 33.9% of those developing hypothy-
roidism ( p < 0.05). Length of interferon therapy, sustained vi-
rological response, hepatitis disease severity, duration of
infection, and BMI were not associated with thyroid outcomes.

We then analyzed the significant variables in pairs and
explored interaction terms. This demonstrated a significant
interaction between ethnicity and sex, such that the OR for

biphasic thyroiditis among white women compared with the
reference group of white men was estimated at 5.30 ([CI 2.57–
10.93], p < 0.001). In contrast, for nonwhite women, the OR was
not significant, OR = 1.35 [CI 0.53–3.44] versus the reference
group. This is illustrated by the cross-tabulated rates (Table 3),
which shows that the rate of biphasic thyroiditis is over 16% in
white women, compared with 4.7% in nonwhite (primarily
Asian) women and 3.6–3.7% for men of any ethnicity.

Multivariate regression models

Fully adjusted multivariate regression models were de-
veloped in a stepwise manner to yield estimates of the ORs
associated with each risk factor for each form of IITD (Table 2).
Compared with the unadjusted analysis, genotype, age, and
iodine intake were no longer significant risk factors in the
adjusted models.

Pretreatment serum TSH level represents an important risk
factor in all forms of IITD. However, baseline thyroid function
is associated in different ways with each phenotype of IITD.
Increasing baseline TSH increased the risk of hypothyroidism
with an OR = 2.54 per 1 mU/L increase in the baseline TSH
([CI 1.94–3.33], p < 0.001). In contrast, thyrotoxicosis has an
OR = 0.31 as TSH increases 1 mU/L ([CI 0.19–0.51], p < 0.001),
meaning that lower pretreatment TSH is a risk factor for this
phenotype. This risk estimate was essentially unchanged for
those with TSH suppression but was more pronounced
among those with mild TSH depression (OR = 0.18 [CI 0.09–
0.39], p < 0.001). Finally, biphasic thyroiditis is associated with
an OR = 1.67 per 1 mU/L increase in pretreatment TSH ([CI
1.25–2.24], p < 0.01).

Female sex was associated with the development of bi-
phasic thyroiditis, with an OR = 3.04 ([CI 1.64–5.63], p < 0.001)
and less strongly with thyrotoxicosis (OR = 1.98 [CI = 1.17–
3.37], p < 0.05). To try and separate subjects with euthyroid
sick syndrome from other possible phenotypes, we stratified
the thyrotoxicosis into two fairly equal-sized subgroups based
on the degree of TSH depression. Those with TSH suppressed
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below 0.1 mU/L were more likely to be women, with an
OR = 4.1 ([CI 1.8–9.3], p < 0.01), while there was not a signifi-
cant risk difference by sex among those with milder TSH
depression (OR = 1.1 [CI 0.54–2.24], NS). Women were not
more likely than men to have monophasic hypothyroidism
(OR = 1.51 [CI 0.78–2.89]).

Ethnicity was a significant risk factor for biphasic thyroiditis,
with nonwhites at lower risk compared with whites (OR = 0.36
[CI 0.17–0.74], p < 0.01). As discussed above, we had observed
that the rates of IITD varied by ethnicity among women but not
men. Therefore, an interaction term for sex and ethnicity was
derived and found to be potentially significant for biphasic
thyroiditis ( p = 0.05). In a multivariate model stratified by eth-
nicity for biphasic thyroiditis, sex remained a statistically sig-
nificant risk factor in white women, with an OR = 4.47 ([CI 2.03–
9.86], p < 0.001). In contrast, the estimated OR = 1.35 for non-
white women compared with men, was not significant [CI 0.48–
3.84]. Again, the final cell counts are quite small, with only 8
men and 8 women with biphasic thyroiditis among 392 non-
white subjects, which decreases the precision of the estimate of
the risk attributable to sex in the nonwhite subpopulation.

Current smokers were significantly less likely to be affected
by biphasic thyroiditis, with an OR = 0.35 compared with

never and former smokers ([CI 0.17–0.73], p < 0.01). This re-
lationship has not been previously reported among interfer-
on-exposed subjects.

Iodine intake was not significantly related to each IITD phe-
notype in the multivariate models, although a trend was ob-
served with hypothyroidism more common among those living
in countries with dietary iodine excess compared with border-
line sufficiency (OR = 3.24 [CI = 0.99–10.58], p = 0.05) while thy-
rotoxicosis was less common (OR = 0.81 [CI 0.41–1.59]).

Discussion

Interferon-induced thyroid disease can present as any of the
common thyroid dysfunction phenotypes—thyrotoxicosis,
hypothyroidism, and biphasic thyroiditis—with a range of
severity and duration. The relationships of disease mechanisms
to phenotype are unknown, although several proposals have
been advanced that hypothyroidism is autoimmune while bi-
phasic thyroiditis is a direct toxic effect (26,30,31). To better
understand the factors that distinguish the IITD phenotypes,
we have performed an analysis stratified by IITD subtype in a
large, closely monitored, multiethnic cohort of euthyroid pa-
tients treated with long-acting preparations of IFNa for 24

Table 2. Odds Ratios for Risk Factors in Each IFNa-Induced Thyroid Dysfunction Phenotype

Biphasic thyroiditis Hypothyroidism Thyrotoxicosis

Unadjusted Multivariate Unadjusted Multivariate Unadjusted Multivariate

Pretreatment TSH 1.59 – 0.21*** 1.67 – 0.25** 2.60 – 0.34*** 2.54 – 0.35*** 0.32 – 0.08*** 0.31 – 0.08***
Sex (male vs. female) 3.42 – 1.00*** 3.04 – 0.96*** 1.65 – 0.47 1.5 – 0.50 1.76 – 0.44* 1.99 – 0.54*
Ethnicity (white vs. other) 0.44 – 0.13** 0.36 – 0.13** 1.17 – 0.33 0.61 – 0.22 0.65 – 0.17 0.93 – 0.28
Smoking (current) 0.38* – 0.13* 0.35 – 0.13** 0.89 – 0.26 1.30 – 0.48 1.04 – 0.27 0.78 – 0.23
Iodine sufficient 0.57 – 0.24 0.60 – 0.28 1.57 – 1.12 1.43 – 1.07 0.78 – 0.28 0.87 – 0.33
Iodine excess 0.51 – 0.15* 0.77 – 0.31 4.72 – 2.50* 3.24 – 1.96 0.51 – 0.14* 0.81 – 0.28
Age 0.98 – 0.01 0.99 – 0.02 1.01 – 0.1 0.98 – 0.02 0.97 – 0.01* 0.97 – 0.01
Body mass index 0.98 – 0.03 1.00 – 0.03 1.00 – 0.03 1.00 – 0.03 0.98 – 0.03 1.00 – 0.03
Genotype 1.87 – 0.55* 1.73 – 0.70 0.44 – 0.13* 0.64 – 0.26 1.59 – 0.41 1.14 – 0.38
Sustained response 1.51 – 0.59 0.87 – 0.40 1.62 – 0.67 1.12 – 0.56 1.21 – 0.40 1.01 – 0.40
Severity 0.73 – 0.12 0.77 – 0.13 1.08 – 0.11 1.12 – 0.14 0.88 – 0.10 0.98 – 0.12
Duration 0.97 – 0.03 0.97 – 0.03 1.00 – 0.03 1.00 – 0.03 0.99 – 0.02 1.00 – 0.03
Weeks of IFNa 1.08 – 0.07 1.08 – 0.08 1.10 – 0.07 1.10 – 0.08 1.00 – 0.03 0.98 – 0.04

Odds ratios (– the standard error) for the univariate and multivariate analyses were similar for most variables, except iodine, age, and
genotype, which lost significance in the fully adjusted models. Pretreatment TSH is associated with risk of all forms, while sex is a strong
predictor only for biphasic thyroiditis and a weak predictor for thyrotoxicosis. Nonwhites and current smokers were at a decreased risk of
biphasic thyroiditis.

Statistically significant findings are indicated: ***p < 0.001, **p < 0.01, *p < 0.05.
IFNa, interferon-alpha; IITD, IFNa-induced thyroid dysfunction.

Table 3. Unadjusted Rates of IFNa-Induced Thyroid Dysfunction by Sex and Ethnicity

Women (n = 354) Men (n = 515)

White Nonwhite White Nonwhite

Euthyroid 67.8% (124) 76% (130) 82% (241) 87.3% (193)
Thyrotoxicosis 11.4% (21) 8.8% (15) 8.2% (24) 5.0% (11)
Hypothyroidism 4.4% (8) 10.5% (18) 6.1% (18) 4.1% (9)
Biphasic thyroiditis 16.4% (30) 4.7% (8) 3.7% (11) 3.6% (8)

Percent of each subpopulation diagnosed with biphasic thyroiditis (n cases) demonstrates that biphasic thyroiditis was much more
common in white women, while hypothyroidism was more common in nonwhite women. Rates for men are similar to the low-risk groups
throughout. For women the Pearson chi-square = 17.34, p = 0.001 across outcomes, while for men the racial differences are not significant
( p = 0.34).
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weeks for hepatitis C, genotypes 2 or 3. Two dominant patterns
observed here confirm our recent observations in a cohort of
mostly white patients treated for 48 weeks for hepatitis C ge-
notype 1 (8). First, the ACHIEVE 2/3 cohort demonstrates
again that the pretreatment thyroid function is strongly asso-
ciated with IITD, such that a higher or lower pretreatment TSH
even within the normal range increases the odds of developing
thyroid dysfunction in that same direction. Second, female sex
was a strong risk factor for biphasic thyroiditis but was not
associated with hypothyroidism. The relationship of female sex
to thyrotoxicosis over all was found in this cohort to be con-
centrated among those with full TSH suppression.

A unique feature of this cohort is the relatively large Asian
subgroup, which allowed us to investigate whether ethnicity
plays a role as a risk factor for distinct forms of IITD. Two
other studies have examined the rates of IITD between Asians
and whites; in one, Asians appeared to be at an increased risk
(21) and there was no effect in the other (13). In the current
investigation, the unadjusted rates of hypothyroidism and
biphasic thyroiditis in women were significantly different in
nonwhite women, 72.4% of whom are Asian, compared with
white women. In the multivariate regression models, we
found an interaction between sex and ethnicity for biphasic
thyroiditis, and an ethnicity-stratified multivariate regression
analysis demonstrated that female sex was a strong risk factor
for biphasic thyroiditis only among whites.

A second novel finding is that smoking is protective against
biphasic thyroiditis. There are mixed reports in the literature
about the interaction of smoking with sporadic forms of
thyroid disease. Several reports demonstrate an increased risk
for Graves’ disease, and especially for eye involvement in
those with Graves’ disease (32). Several other studies have
suggested a protective effect of smoking against autoimmune
hypothyroidism (33–35), and a recent report found that
smoking was associated with a lower risk of papillary thyroid
cancer (36). One group has recently reported that anatabine, a
minor nicotinic alkaloid in the tobacco leaf, can decrease
disease prevalence and severity in a mouse model of auto-
immune thyroiditis (37).

We examined the hypothesis that iodine exposure influ-
ences the patterns of thyroid disease in this international co-
hort. In particular, iodine excess has been reported to increase
the risk of hypothyroidism (38–40). Dietary iodine intake in
this study was measured on a country-wide basis and pro-
vides only an ecological estimate rather than individual ex-
posures, which considerably limits both its power as a
variable and also the conclusions that can be drawn from an
association. We observed a nonsignificant trend toward more
hypothyroidism and less thyrotoxicosis among patients from
areas of iodine excess. This finding, which is consistent with
the literature, provides a rationale for including measures of
iodine exposure in future studies to further understand the
importance of this factor.

The major limitation of this study is the fact that TPO and
Tg antibody measurements were not available. Since these
thyroid antibodies are more prevalent in women in the gen-
eral population, antibodies are likely to also be associated
most strongly with thyroiditis. However, without data on
anti-thyroid antibody status, we cannot distinguish whether
TPO antibodies are (1) an independent predictor of the IITD
phenotype; (2) able to fully explain the sex bias; and/or (3)
account for the racial differences in IITD risk among women.

Additional studies that are able to analyze these interactions
will help to clarify the role of autoimmunity in interferon-
induced thyroiditis.

We have used TSH excursions to define the IITD subtypes,
as this is the standard in the literature and so our categories
are comparable to prior studies. However, inspection of the
trends in TSH and FT4 together over time suggests that we are
still at risk of misclassifying some subjects. As can be seen
from Figure 1A, the most common transient pattern of thyro-
toxicosis itself is similar to the biphasic thyroiditis tracings
with a smaller amplitude in the second phase that does not
cross the threshold for hypothyroidism. This could explain the
relationship to baseline TSH, and misclassifying thyroiditis
may also explain the finding of an increased risk of thyro-
toxicosis among women, and particularly that this association
is stronger when euthyroid sick syndrome is definitely ex-
cluded by using a more stringent cut off for TSH suppression.
Similarly, some transient hypothyroidism may also be
thyroiditis with a blunted thyrotoxic phase (e.g., Fig. 1G).
However, observer categorization of graphical data is not
sufficiently rigorous to provide a basis for stratification. Fu-
ture assessments that use life-cycle analysis may be able to
sort IITD with improved accurately into biphasic thyroiditis,
thyrotoxicosis, and nonthyroidal illness patterns.

In sum, our results continue to support the hypothesis that
there are distinct mechanisms for different subtypes of IITD.
Future studies should aim at including a detailed character-
ization of patients in order to shed light on the pathophysio-
logy of these thyroid disorders, and in particular to help
determine which subtypes are due to enhanced autoimmu-
nity. For current clinical practice, this study suggests that bi-
phasic thyroiditis is the most likely of the IITD subtypes to be
biochemically overt and symptomatic for patients. Supportive
therapy may therefore be the appropriate first step for most
symptomatic thyrotoxicosis. Similarly, symptomatic hypo-
thyroidism may be transient in most cases and the need for
hormone replacement therapy should be reassessed in eu-
thyroid patients after completing IFN.

The identification in this study of specific demographic and
biochemical risk factors for specific patterns of thyroid dys-
function has clinical importance in targeting of thyroid moni-
toring to high-risk subgroups. We believe that women and
those with a serum TSH at the extremes of the normal range
should be assessed more often and with a lower threshold of
suspicion for thyroid dysfunction during interferon therapy in
order to provide prompt intervention to mitigate the conse-
quences of thyroid dysfunction associated with IFNa treatment.
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