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Introduction: Affective symptoms and attention impairments are found in patients with

hyperthyroidism. Our previous data have revealed that the patients with hyperthyroidism

experience impairments of the attention networks, but it remains unclear whether these

disorders persist after the treatment of hyperthyroidism.

Methods: Twenty healthy controls and 25 hyperthyroid patients were recruited and per-

formed the attention network test (ANT) which can simultaneously examine the alertness,

orientation and execution control components of the participants. The effect of treatment on

affective symptom and attention networks impairments were examined in the patient group

after 1-year anti-thyroid medication and reaching euthyroidism for at least 3 months.

Results: Anxiety and depression scores of patients with hyperthyroidism were significantly

higher than those of the healthy control group. The patients with hyperthyroidism had impair-

ments of the alerting and executive control networks. Meanwhile, the score of HAMA

correlated significantly with thyroid hormone and TSH levels, and there was a negative

significant correlation between the score of HAMD and TSH level in all subjects. There was

a positive correlation between the value of the executive control network and thyroid hor-

mones' levels in all subjects and in the hyperthyroidism group. Anxiety and depression

symptoms were improved with methimazole treatment after euthyroidism was reached. The

value of the executive control network no longer differed from that of healthy controls, but

deficits in the alerting network of hyperthyroidism still persisted after treatment.

Conclusion: The patients with hyperthyroidism existed affective symptoms and attention

networks impairments. Affective symptoms and attention executive control network impair-

ment were improved following thyroid function normalization in hyperthyroidism.

Keywords: hyperthyroidism, thyroid hormones, cognition, affective symptoms, attention

network test

Introduction
Hyperthyroidism is one of the common endocrine diseases and can be treated with

medication.1 Oral drug therapy is one of the main therapies in hyperthyroidism, and

antithyroid drugs have been used to treat hyperthyroidism for more than 60 years.

Methimazole is the first-line drug for the treatment of hyperthyroidism.2

Patients with hyperthyroidism often exhibit hypermetabolic symptoms due to excess

thyroid hormone.3 These hypermetabolic symptoms are likely to disappear after anti-

thyroid medication and reaching euthyroidism. Several clinical evidences have demon-

strated that the patients with hyperthyroidism have affective and cognitive impairments

such as irritability, anxiety, inability to concentrate, forgetfulness and so on.4–7 The
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patients with hyperthyroidism have higher scores of anxiety

and depression than healthy control using various self-rating

scales and other-rating scales.8–11 Our previous data have

revealed that the patients with hyperthyroidism experience

impairments of the attention networks.12 Following up on

the newly diagnosed patients with hyperthyroidism, Vogel

has found that their HAMA and HAMD scores at 3 months

and 1 year after treatment were significantly lower than those

without treatment.6 A patient with hyperthyroid dementia has

attention, memory and behavior disorders, and his initial sin-

gle-photon emission computed tomography (SPECT) has

showed diffusion tracer uptake defect in the bilateral tempor-

oparietal regions. After treatment with a beta-blocker (meto-

prolol tartrate) and an anti-thyroid drug (methimazole), his

global cognitive dysfunction and abnormal SPECT findings

have been normalized gradually when the hyperthyroid state

has been corrected.13 However, there are some objective evi-

dences that neuropsychological performances may be still

damage to some degree in patients with hyperthyroidism

even as an euthyroid state has been established after appro-

priate treatment. Previous investigation indicated that some of

the patients with hyperthyroidism have long-term residual

cognitive neuropsychological dysfunction using the

Hyperthyroidism complained Questionnaire (HCQ), the

Symptom checklist – 90 (SCL-90) and the Nottingham

Health scale (NHP) in patients with abnormal thyroid function

of Hyperthyroidism when their thyroid function has been

normalized for less than 12 months or more than 12 months

after treatment.8

In order to exclude the interference of other treatment

methods and drugs, only hyperthyroidism patients treated

with methimazole alone have been recruited in our study to

compare whether their affective scores and attention net-

works appear changes before and after treatment with methi-

mazole. Due to individual differences in the sensitivity of

anti-thyroid drug and treatment compliance, thyroid hor-

mones may fluctuate greatly. Therefore, only patients with

hyperthyroidism who have been treated for more than 1 year

and have reported euthyroidism for at least 3 months were

included in the study during the follow-up.

Methods
Subjects
Twenty-five patients with hyperthyroidism (13 females and

12 males) and 20 healthy controls (10 females and 10 males)

were recruited in the current study with informed consent and

the approval of the ethics committee of Anhui Medical

University. Their ages ranged from 18 to 50 and schooling

ranged from 5 to 16 years. All patients with hyperthyroidism

had never been treated with anti-thyroid medication. The

exclusion criteria included left-handed, Mini-Mental State

Examination (MMSE) score < 26, Hamilton Anxiety Scale

(HAMA) score > 14, Hamilton Depression Scale (HAMD)

score > 17, addiction to psychoactive substances, neurologic

or psychiatric disorders, and other endocrine diseases.

Serum Measurements
Chemiluminescence immunoassay was used to measure

serum hormone (T3, T4 and TSH) level. 0.92–2.79 nmol/L,

58.10–140.60 nmol/L and 0.550–4.780 µIU/mL were within

the normal range of T3, T4 and TSH, respectively. Blood of

the participants were drawn within 24 hrs before the neurop-

sychological tests.

Neuropsychological Background Tests
The MMSE, digit span test (DST), HAMA (version: 14-

item) and HAMD (version: 17-item) were employed to

measure globe cognitive ability, working memory, anxiety

and depressive degree, respectively.

ANT
The ANT is an assessment instrument to assess alertness,

orientation, and executive control functions.14 The partici-

pants were required to watch a line of five black horizontal

arrowheads shown on a gray background of the computer

screen and make the response via two different buttons

according to the target arrows in the center. The experimen-

tal procedure is presented in Figure 1. At first, a cross was

shown on the center of the screen and the time of duration

(400–1600 ms) was varied randomly. After the duration of

the cue condition (100 ms), another fixation period (400 ms)

appeared. Then, the target item was presented until the

participant pressing a response button (maximum time

<2700 ms). The last fixation period depended on the first

fixation period and time of making a response. Three target

types, respectively, were neutral condition, congruent con-

dition, incongruent condition throughout the task. There

were four cue conditions: no-cue (only the cross was pre-

sented at the center of screen for 100 ms), central-cue (a cue

was presented at the central cross), double-cue (two cues

were simultaneously presented above and below the central

cross, only warning the participant of the forthcoming target

item), and spatial-cue (a cue was only presented above or

below the central cross, providing the spatial information of

target item) (see Figure 1).
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The ANT task divided into two parts: a 24-trial prac-

tice set and 3 experimental sets. There are 96 trials (48

conditions: 4 cue types × 2 target locations × 2 target

directions × 3 flanker conditions, with 2 repetitions) in

each experimental set. The sequence of presentation of

trials was completely randomized.

Computation of Attention Network

Efficiencies
The efficiencies of attention networks were calculated by

the differences of reaction times (RT) under 12 conditions

(4 cue types by 3 target types). The efficiency of alerting

was computed by the average RT in no-cue condition minus

the average RT in double-cue condition. The efficiency of

orienting was computated by subtracting the average RT in

spatial-cue condition from the average RT in center-cue

condition. The efficiency of executive control was compu-

tated by the average RT in incongruent condition minus the

average RT in congruent condition.

Follow-Up Assessments
The effect of treatment on affective symptom and attention

networks impairments were examined in the patient group

after 1-year anti-thyroid medication and reaching euthyroid-

ism for at least 3 months. To eliminate the learning effect,

the healthy controls were examined twice, and the interval

between the two assessments was approximately 1 year.

Statistical Analysis
The data analysis was carried out with SPSS statistics

software (version 13.0). The results were described as

mean ± standard deviation. The independent sample t-test

was employed to compare the difference of age, schooling,

serum hormone level, scores of neuropsychological back-

ground tests and performances of the ANT of two groups.

The differences of sex were compared by a Chi-square

test. The changes in the attention networks and affective

scores at baseline and at follow-up examinations were

detected using paired sample t-test. Pearson and spearman

Four cue types Three target types

Figure 1 Experimental procedure of the ANT.
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correlation analyses were utilized to detect the correlation

between thyroid hormone or TSH and the three networks.

P < 0.05 was considered significant.

Results
Demographic, Clinical Characteristics and

Neuropsychological Background Data
The data of the demographic, clinical and neuropsycholo-

gical background of healthy controls and the patients with

hyperthyroidism are shown in Table 1. No evidence found

obvious differences in age, sex, schooling, scores of

MMSE or DST between two groups. There wereremark-

able differences in levels of T4, T3 and TSH and scores of

HAMA and HAMD between two groups (see Table 1).

Efficiencies of Three Networks
ANT performance of healthy controls and patients with

hyperthyroidism before treatment are shown in Table 2.

The alerting network efficiency of healthy controls was

significantly higher than that of hyperthyroidism groups (t

(43) = 2.391, p < 0.05). The value of the executive control

network in patients with hyperthyroidism was statistically

higher than that of healthy controls (t (43) = −2.244,

p < 0.05). No remarkable differences in the orienting net-

work efficiency, mean RT and accuracy between two

groups (t (43) = 0.810, p > 0.05; t (43) = 0.851,

p > 0.05; t (43) = −0.500, p > 0.05).

Correlations Between Affective Symptoms,

Efficiencies of Three Attention Networks

and Thyroid Function
No significant correlations were observed between anxiety and

depression symptoms and efficiencies of alerting (r = −0.169,

p = 0.268; r = −0.238, p = 0.116), orienting (r = −0.205,

p = 0.176; r = −0.029, p = 0.848) and executive control

(r = 0.155, p = 0.311; r = −0.012, p = 0.937) networks in all

subjects. Score of HAMA correlated significantly with T3

(r = 0.345, p = 0.020), T4 (r = 0.398, p = 0.007) and TSH

(r = −0.561, p < 0.001) in all subjects. Score of HAMD

correlated significantly with TSH (r = −0.482, p = 0.001),

not correlate with T3 (r = 0.181, p = 0.234) and T4

(r = 0.249, p = 0.099) in all subjects. Value of alerting networks

correlated significantly with TSH (r = 0.354, p = 0.017), not

correlate with T3 (r = −0.124, p = 0.418) and T4 (r = −0.151,

p = 0.321) in all subjects. There was no significant correlation

between value of orienting networks and levels of T3

Table 1 Background Characteristics of the Patients with Hyperthyroidism Before Treatment and Healthy Controls at Baseline

Hyperthyroidism Before Treatment (n=25) Healthy Controls at Baseline (n=20) t/χ2 p

Sex (M/F) 12/13 10/10 0.018 0.894

Age (years) 29.60±8.29 28.25±6.46 1.294 0.203

Schooling (years) 12.04±3.18 13.20±2.73 −0.597 0.554

T3 (nmol/L) 7.89±4.06 1.96±0.42 −7.259 0.000

T4 (nmol/L) 291.22±90.28 101.35±24.46 −10.064 0.000

TSH (µIU/mL) 0.01±0.02 2.20±0.56 17.534 0.000

MMSE 28.12±0.88 28.35±1.18 0.748 0.459

HAMA 7.44±3.04 4.05±2.21 −4.174 0.000

HAMD 4.72±2.15 2.40±2.23 −3.535 0.000

DST forward 7.12±1.17 7.35±0.99 0.703 0.486

DST backward 5.08±1.22 5.70±1.17 1.721 0.093

Table 2 Attention Network RT and Accuracy (%) of Patients with Hyperthyroidism Before Treatment and Healthy Controls at

Baseline

Hyperthyroidism Before Treatment Healthy Controls at Baseline t p

Alerting (ms) 21.72±20.57 35.75±18.72 2.391 0.021

Orienting (ms) 39.64±27.37 46.40±28.37 0.810 0.422

Executive control (ms) 121.92±31.42 100.45±32.28 −2.244 0.030

Overall mean RT (ms) 641.80±81.98 666.35±111.55 0.851 0.400

Accuracy (%) 98.64±1.25 98.45±1.28 −0.500 0.620
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(r = −0.130, p = 0.394), T4 (r = −0.135, p = 0.377) and TSH (r

= 0.097, p = 0.526). Value of executive control network

correlated with levels of T3 (r = 0.474, p = 0.001) and T4

(r = 0.453, p = 0.002), not correlate with TSH (r = −0.254,

p = 0.092) in all subjects.

No significant correlations were observed between scores

of HAMA and HAMD and efficiencies of alerting (r = 0.239,

p = 0.250; r = 0.168, p = 0.423), orienting (r = −0.279,

p = 0.176; r = −0.011, p = 0.958) and executive control

(r = 0.094, p = 0.655; r = −0.204, p = 0.327) networks in

hyperthyroidism group. No significant correlations were

observed between scores of HAMA and HAMD and levels

of T3 (r = 0.047, p = 0.822; r = 0.306, p = 0.137), T4

(r = −0.062, p = 0.770; r = −0.338, p = 0.098) and TSH

(r = −0.046, p = 0.828; r = 0.022, p = 0.915) in hyperthyroid-

ism group. There was no significant correlation between value

of alerting and orienting networks and levels of T3 (r = 0.212,

p = 0.308; r = 0.107, p = 0.609), T4 (r = 0.237, p = 0.255;

r = −0.076, p = 0.719) and TSH (r = 0.257, p = 0.215;

r = −0.090, p = 0.669) in hyperthyroidism group. Value of

executive control network correlated with levels of T3 (r =

0.490, p = 0.013) and T4 (r = 0.488, p = 0.013), not correlate

with TSH (r = −0.079, p = 0.707) in hyperthyroidism group.

For healthy controls, no significant correlations were

observed between scores of HAMA and HAMD and efficien-

cies of alerting (r = −0.407, p = 0.075; r = −0.189, p = 0.425),

orienting (r = 0.016, p = 0.948; r = 0.085, p = 0.723) and

executive control (r = −0.227, p = 0.337; r = −0.194,

p = 0.413) networks. No significant correlations were

observed between scores of HAMA and HAMD and levels

of T3 (r = −0.378, p = 0.101; r = −0.306, p = 0.190), T4

(r = −0.214, p = 0.366; r = −0.147, p = 0.537) and TSH

(r = 0.320, p = 0.169; r = 0.340, p = 0.143) in healthy controls.

There was no significant correlation between value of alerting,

orienting and executive control networks and levels of T3

(r = 0.220, p = 0.352; r = 0.419, p = 0.066; r = 0.195,

p = 0.410), T4 (r = 0.321, p = 0.168; r = −0.043, p = 0.856;

r = −0.044, p = 0.855) and TSH (r = 0.151, p = 0.524;

r = 0.335, p = 0.148; r = −0.376, p = 0.102) in healthy controls.

Thyroid Function, Affective Symptoms

and Performance of ANT: Follow-Up

Results
Thyroid function and the scores of HAMA and HAMD

from the follow-up examinations are shown in Table 3.

From Table 3, there was no significant difference in thyr-

oid hormone, TSH and affective symptoms between

hyperthyroidism after treatment and healthy controls after

1 year. There were remarkable differences in levels of T4,

T3 and TSH and scores of HAMA and HAMD between

the patients with hyperthyroidism at baseline and 1 year

after treatment initiation (t (24) = 7.472, p < 0.01; t (24) =

10.866, p < 0.01; t (24) = −9.351, p < 0.01; t (24) = 5.564,

p < 0.01; t (24) = 3.960, p < 0.01). There was no sig-

nificant difference in thyroid function and affective symp-

toms of healthy controls from the baseline examination to

the follow-up examination 1 year later (t (19) = 0.983, p =

0.338; t (19) = 0.663, p = 0.516; t (19) = −0.219, p =

0.829; t (19) = 0.596, p = 0.558; t (19) = 1.083, p = 0.292).

ANT performance of healthy controls after 1 year and

patients with hyperthyroidism after treatment are shown in

Table 4. The alerting network efficiency of healthy controls

was significantly higher than that of hyperthyroidism after

treatment groups (t (43) = 2.466, p < 0.05). No remarkable

differences in the efficiencies of orienting and executive

control networks, mean RT and accuracy between two

groups (t (43) = 1.407, p > 0.05; t (43) = −1.680, p > 0.05;

t (43) = 0.932, p > 0.05; t (43) = −0.422, p > 0.05). From

Figure 2A, there was the remarkably differences in execu-

tive control networks between the patients with hyperthyr-

oidism before treatment and 1 year after treatment initiation

(t (24) = 2.466, p = 0.014). No remarkable differences in the

efficiencies of alerting and orienting networks between the

patients with hyperthyroidism before treatment and 1 year

after treatment initiation (t (24) = −0.813, p = 0.424; t (24) =

0.953, p = 0.350; t (24) = 0.632, p = 0.533; t (24) = −1.515,

p = 0.143). No evidence found obvious differences in the

performance (efficiencies of alerting, orienting and

Table 3 Thyroid Function and Affective Scores of Patients with Hyperthyroidism After Treatment and Healthy Controls After 1 Year

Hyperthyroidism After Treatment Healthy Controls After 1 Year t p

T3 (nmol/L) 1.77±0.30 1.91±0.41 1.346 0.185

T4 (nmol/L) 93.79±26.55 95.89±22.58 0.286 0.776

TSH (µIU/mL) 1.99±1.05 2.22±0.93 0.769 0.446

HAMA 4.32±2.56 3.75±2.10 −0.802 0.427

HAMD 2.76±2.35 1.90±1.94 −1.315 0.195
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executive control networks) of healthy controls from the

baseline ANT to the follow-up ANT 1 year later (t (19) =

−0.262, p = 0.796; t (19) = 0.239, p = 0.814; t (19) = 1.162,

p = 0.259; t (19) = 0.772, p = 0.540; t (19) = −1.473, p =

0.157) (see Figure 2B).

Discussion
This current study clearly demonstrated that scores of

HAMA and HAMD in patients with hyperthyroidism were

higher than those in healthy controls, and there was

a significant decline in these scores at the 1-year follow-up

examination after antithyroid drug treatment. The score of

HAMA correlated significantly with thyroid hormone and

TSH levels, and there was a negative significant correlation

between the score of HAMD and TSH level in all subjects.

We observed impairments of alerting and executive control

networks in patients with hyperthyroidism. There was

a positive correlation between the value of the executive

control network and thyroid hormone levels in all subjects

and in the hyperthyroidism group. After 1 year of methima-

zole treatment, the value of the executive control network no

longer differed from that of healthy controls, but deficits in

alerting network of hyperthyroidism persisted.

Even though severe depression and anxiety were

excluded, scores of HAMA and HAMD in hyperthyroidism

group were higher than in healthy controls. The results were

similar to Gulseren et al’s conclusion.9 They found that the

levels of anxiety and depression in the overt hyperthyroidism

group were higher than in the control group. The previous

study demonstrated affective symptoms were very common

in hyperthyroidism.11,15–17 Anxiety and depression symptoms

were improved with methimazole treatment after euthyroid-

ism was reached. Our results were in accordance with Vogel

et al who described a significant decrease in affective symp-

toms when an euthyroid state was established.6

The patients with hyperthyroidism had deficits in alerting

and executive control networks which were reported by our

previous research.12 Neuroimage study showed lower activity

in the limbic system, frontal lobes and temporal lobes of

patients with hyperthyroidism before antithyroid therapy.18–20

It is speculated that abnormal metabolism in the limbic system

and frontal cortex were caused by excessive thyroid hormone.

Fukui et al13 thought that the integrity of the thyroid-locus

ceruleus-frontal lobe system was damaged, and it was difficult

to maintain attention and vigilance. The alerting and executive

control networks related to norepinephrine and dopamine

Table 4 Attention Network RT and Accuracy (%) of Patients with Hyperthyroidism After Treatment and Healthy Controls After

1 Year

Hyperthyroidism After Treatment Healthy Controls After 1 Year t P

Alerting RT (ms) 25.76±17.12 37.25±13.25 2.466 0.018

Orienting RT (ms) 33.88±20.94 44.15±28.03 1.407 0.167

Executive control RT (ms) 102.60±29.91 88.65±24.57 −1.680 0.100

Overall mean RT (ms) 627.04±84.85 649.00±69.78 0.932 0.357

Accuracy (%) 99.12±1.01 99.00±0.86 −0.422 0.675

A B

Alerting Orienting Executive control
0
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100

150
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Healthy controls at baseline

Healthy controls after 1 year

Figure 2 (A) Performance of three attention networks for patients with hyperthyroidism before treatment and 1 year after treatment initiation. (B) Performance of three

attention networks for healthy controls at baseline and after 1 year. *p < 0.05.
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systems, respectively.21 Thyroid hormone played an important

role in neurotransmitters including norepinephrine and

dopamine.22–24 Preclinical research showed the levels of nor-

epinephrine and dopamine were decreased in the cerebral

cortex of hyperthyroidism rats.25 Treatment with methimazole

lasted for 1-year improved attention executive control network

function, although impairment of alerting network persisted.

The result was a bit different from Fukui et al13 who reported

overall cognitive functions and vigilance of a patient with

hyperthyroid dementia were normalized in response to treat-

ment. A study of Brain FDG-PETscans supported our conclu-

sion and they found some cerebral hypometabolism in patients

with hyperthyroidism could be improved after treatment of

hyperthyroidism.26 Different brain regions had different

responses to thyroid hormone levels. Specific brain regions

or neurotransmitters associated with alertness might be less

sensitive to changes in thyroid hormone than executive control

networks. The investigation of Fahrenfort et al showed that

regular treatment could alleviate many of the symptoms in

patients with hyperthyroidism, but some of the patients with

euthyroid function at least 1 year still had neurologic and

psychological complaints.8 Meanwhile, by comparing patients

with euthyroid function for less than 1 year and those with

euthyroid function for more than 1 year, Fahrenfort et al found

that patients with hyperthyroidism could benefit from the

prolonged remission period.8 Therefore, it is unclear whether

the alertness network function would gradually return to nor-

malwith the extension of themaintenance period of hyperthyr-

oidism treatment.

In our study, the significant correlations between affective

score or attention network and hormone levels were found.

The score of HAMA correlated significantly with thyroid

hormone and TSH levels, and there was a negative significant

correlation between the score of HAMD and TSH level in all

subjects. There was a positive correlation between the value

of the executive control network and thyroid hormones'

levels in all subjects and in the hyperthyroidism group.

Therewas a debate about which hormones, thyroid hormones

or TSH had a greater effect on affective symptom and cog-

nitive function. From our results, we thought that the TSH

level was more closely related to depression than thyroid

hormones, and thyroid hormones' levels were more closely

related to executive control network function than TSH.

In conclusion, we observed affective symptoms and

attention networks impairments in patients with hyperthyr-

oidism. Depression was closely linked to the TSH level,

and anxiety was closely linked to TSH and thyroid hor-

mone in all subjects. Meanwhile, the executive control

network was closely linked to thyroid hormones in all

subjects and in the hyperthyroidism group. Follow-up

data demonstrated a significant decrease in affective symp-

toms and value of the executive control network, but

impairment of alerting network still persisted after 1 year

of methimazole treatment. In the future research, the fol-

low-up time was extended to observe whether the alert

network returned to normal, and neuroimaging was

employed to explore the mechanism of excessive thyroid

hormone affecting emotion and attention network

function.
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