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ABSTRACT
Introduction and aim. Hypothyroidism is associated with cognitive impairments. Clinically, subclinical hypothyroidism (SCH) 
is very common and patients often experience symptoms such as forgetfulness or memory deficits. Despite achieving normal 
thyroid stimulating hormone (TSH) levels through levothyroxine (LT-4) treatment, patients still report persistent complaints of 
lack of memory. Previous imaging studies have shown abnormalities in some cognitive domains, particularly in spatial working 
memory (SWM), that are characteristic of SCH. Therefore, the current study aimed to investigate SWM function across different 
ranges of TSH in patients with SCH. 
Material and methods. This cross-sectional study included a total of 136 participants. Group 1: 36 controls, group 2: 33 newly 
diagnosed patients with SCH (TSH levels ≥2.5 mIU/L), group 3: 32 patients with SCH (elevated TSH levels ≥4.0 mIU/L) having 
L-T4 treatment, group 4: 35 euthyroid (TSH levels <4.0 mIU/L) but ongoing LT-4 treatment. The SWM task was performed for an 
assessment of SWM function, using a computerized battery (Cambridge Neuropsychological Test Automated Battery-CANTAB). 
Results. Our results report a statistically significant difference in the key parameters of SWM task among all groups. 
Conclusion. Our findings indicate that patients with SCH show better performance in SWM when their TSH levels decrease with 
LT-4 treatment, in comparison to patients who were newly diagnosed. The present study suggests a TSH level of 2.5 mIU/L may 
be the optimal threshold for initiating LT-4 treatment in patients with SCH.
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Introduction
Thyroid hormones play an important role and intervene 
in the development of the adult brain, exerting multiple 
effects on various processes such as neurogenesis, den-
dritic cell proliferation, glial development, synaptogene-
sis and myelination.1 As the brain is a major target organ 
for thyroid hormones, it is known that cognitive impair-
ment occurs along with thyroid dysfunction.2 

Hypothyroidism cases have shown changes in brain 
metabolism. These alterations encompass emotional labil-

ity, characterized by slowed thought processes, diminished 
attention, apathy, occasional psychosis, and agitation. Ad-
ditionally, cognitive functions may experience a decline, 
including general intelligence, memory, concentration, 
psychomotor skills, and executive functions.3 

Subclinical hypothyroidism (SCH), i.e., an elevated 
TSH level with normal free thyroxine (fT4), is of partic-
ular importance due to its high prevalence and its asso-
ciation with cognitive impairment. Several studies have 
reported subtle impairments in certain cognitive do-
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mains; among the domains frequently affected is mem-
ory, particularly working memory (WM).4–7 Working 
memory, the “sketchbook of rational thought”, acts as a 
platform on which we manipulate and record thoughts.8 
It is capacity limited and denotes a multi-processing that 
makes task relevant information approachable to some 
sophisticated cognitive processes such as reasoning, de-
cision making, reading comprehension and learning. 
Spatial working memory (SWM), i.e. the ability to re-
call the location of the object or occurrence of an event, 
is likely to be affected and is generally recognized to re-
quire greater attentional resources compared to textu-
al or non-spatial memory.9-11 Spatial working memory 
is generally regarded as a fundamental component that 
supports various higher cognitive functions, including. 
but not limited to, language learning, language com-
prehension, reasoning, and decision making. In addi-
tion, it shows strong connections with other cognitive 
behaviors, demonstrating its crucial role in cognitive 
processing.12 In addition, imaging studies13 have shown 
abnormalities in some cognitive areas, particularly in 
WM, that are characteristic of SCH. Functional neuro-
imaging provides a neuroanatomical basis for these re-
ported deficits. Patients with SCH showed poor SWM 
and abnormal fMRI findings in frontal brain regions.10

Clinically, patients with SCH often express complaints, 
particularly in the cognitive and psychiatric areas; the most 
common complaints include memory impairment and 
neuropsychological symptoms (such as insomnia, depres-
sive mood, fatigue, mental fogginess, and apathy).13

In addition, patients, in spite of being euthyroid 
(normal thyroid profile) after treatment, present neu-
ropsychological symptoms. Also, despite achieving nor-
mal TSH levels (4 mIU/L), a considerable number of 
SCH patients undergoing levothyroxine (LT-4) treat-
ment frequently report persistent forgetfulness and 
mental slowness. Talaie et al. reported that a patient 
with a TSH ≤4.0mIU/L and no symptoms should be 
considered to be in the euthyroid state.14 However, if a 
patient reports neuropsychological symptoms (such as 
fatigue, insomnia, depression, and mental fogginess, ap-
athy) a cut off value of TSH 2.5mIU/L should be consid-
ered as a guide for initiating LT-4 treatment.

Given the relevance of memory deficits in the SCH 
population, to the best of our knowledge, no prior study 
has been conducted at different ranges of TSH for the 
examination of SWM function. 

Aim
The current study was designed to investigate the im-
pairment of SWM function in patients with SCH and 
euthyroid patients (on LT-4 treatment) compared to 
newly diagnosed cases (with neuropsychological symp-
toms) and controls, and also sought to address the gap 
in the existing literature by investigating the potential 

direct relationship between TSH levels and depressive 
symptoms. The findings of this study have important 
implications for clinical practice, particularly regarding 
the trajectory of hypothyroidism and the potential long-
term cognitive challenges that patients may face.

Material and methods
Study design, participants and clinical evaluation
This cross-sectional study was conducted between May 
2022 and July 2023, and included 136 participants, of 
which 100 were patients with SCH. The patients were 
recruited from the endocrine outpatient department of 
multiple health centers in the city as well as through lo-
cal general medical practices. Written permission was 
obtained from each consultant physician for the recruit-
ment process. The protocol of this study was approved 
by the Institutional Ethics committee of Guru Nanak 
Dev University, Amritsar (302/HG). It is the part of a 
larger research program which is registered under Clini-
cal Trial Registry of India, CTRI/2022/04/042319. It was 
performed in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki and its later 
amendments. Written informed consent was obtained 
from all patients before study procedure.

Additionally, 36 healthy controls were selected from 
a cohort of volunteers residing within the local commu-
nity. These healthy subjects exhibited normal thyroid 
function results, accompanied by a favorable medical 
history, indicating good overall health. They also had no 
reported neurological or significant cardiovascular dis-
orders, or any other unmanaged chronic ailments.

Thirty-three patients were recruited who had com-
plaints of neuropsychological symptoms such as fatigue, 
forgetfulness, insomnia, and depressive symptoms, and 
they were directed to undergo thyroid profiling. Upon 
review of the laboratory findings indicating TSH lev-
els ≥2.5 mIU/L, the consultants established a diagno-
sis of SCH for these newly identified cases. Thirty-two 
patients with elevated TSH levels and continued LT-4 
who visited due to hypothyroidism symptoms were also 
enrolled, as were thirty-five euthyroid individuals who 
were seen for follow-up.

Inclusion criteria: Patients diagnosed with SCH 
were identified through thyroid function tests and 
self-reported symptoms. Those who reported neuropsy-
chological symptoms (such as fatigue, forgetfulness, in-
somnia, and depressive symptoms) and had a TSH 2.5 
mIU/L or higher were considered newly diagnosed cas-
es of SCH by the consultants. Patients with symptoms 
of hypothyroidism (such as fatigue, dry skin, cold in-
tolerance and weight gain) or uncontrolled TSH levels 
(≥4.0 mIU/L) were included in the study as having el-
evated TSH levels. Patients with TSH levels below 4.0 
mIU/L who were seen for follow-up were classified as 
euthyroid.
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Subjective health and laboratory measures
The patients were interviewed about their subjective 
complaints, with a focus on any complaints that had 
developed or worsened since their thyroid pathology. 
A self-developed assessment form, encompassing all 
hypothyroidism and neuropsychological symptoms, 
was administered to the patients. Each subject under-
went a clinical and biochemical evaluation of their thy-
roid function. The serum levels of TSH in mIU/L, free 
triiodothyronine (fT3) in ng/mL, and free thyroxine 
(fT4) in µg/dL were measured using the mini VIDAS 
automated immunoassay system. These assays were 
performed by a certified medical technologist. Blood 
samples were collected from patients in a fasted state 
between 8:00 AM and 10:00 AM.

Any medical comorbidities, personal history of 
psychiatric disorders, family history of psychiatric dis-
orders, and use of other medications (psychiatric and 
non-psychiatric drugs) were noted. The patient’s med-
ical history included information about their current 
L-T4 treatment, including specific doses and duration, 
as well as any previous thyroid replacement therapy and 
neuropsychological symptoms. 

Exclusion criteria: Patients any other neurologi-
cal disorders or psychiatric disorders; history of anti-
psychiatry drugs; family history of dementia; any other 
systemic diseases such as myocardial infarction, hyper-
tension or diabetes mellitus; vitamin B12 deficiency; any 
drug addiction.

Participants were enlisted on the basis of the bio-
chemical evidence of hypothyroidism and medication 
history and grouped as follows:

	– group 1: Controls with no history of thyroid dys-
function

	– group 2: Newly diagnosed cases with TSH levels 
≥2.5mU/L and presenting with neuropsychological 
symptoms but no past history of thyroid dysfunc-
tion

	– group 3: Patients with the current history of hy-
pothyroidism symptoms (TSH levels ≥4.0 mIU/L) 
who were currently undergoing L-T4 treatment

	– group 4: Euthyroid patients (TSH levels ≤4.0 mIU-
/L) and currently undergoing LT-4 treatment

Objective depression and cognitive function assessment 
Global cognitive status was evaluated using the Mini 
Mental State Examination (MMSE). The maximum 
score on the MMSE is 30. There are three categories 
for cognitive impairment severity: 0–17 represents se-
vere cognitive impairment, 18–23 represents mild cog-
nitive impairment, and 24–30 represents no cognitive 
impairment.15 Participants were eligible for recruit-
ment if they achieved a score of 24. Depression was as-
sessed by Hamilton depression rating scale (HDRS) that 
is a specific scale for assessment of depressive symp-

toms, consisting of 17 items. Eight items are scored on 
a 5-point scale, ranging from 0=not present to 4=severe. 
Nine are scored from 0–2.16 Total score of 0–7=normal, 
8–13=mild depression, 14–18=moderate depression, 
19–22=severe depression, >23=very severe depression 
were considered.

Socioeconomic status was assessed using the Kup-
puswamy scale.17 The total score  ranges from 3 to 29 
and it classifies families into 5 groups, “upper class (I), 
upper middle class (II), lower middle class (III), upper 
lower (IV) and lower socio-economic class (V) on the 
basis of a) occupation of the head of the family, b) edu-
cation of the head of the family, c) total monthly income 
of the family.” 

SWM function task
All the recruited subjects were administered the com-
puterized neuropsychological test for SWM from the 
Cambridge Neuropsychological Test Automated Battery 
(CANTAB). It is a fair neuropsychological authenticated 
and reliable computerized test battery, used to assess ex-
ecutive functions.18,19 The extensive subsets of CANTAB 
allow measuring various cognitive subdomains of exec-
utive functions such as SWM, new learning, short-term 
memory, attention through a single battery, in compar-
ison to traditional neuropsychological tests. In current 
study, it is believed that the use of CANTAB battery for 
the assessment of SWM function would accurately doc-
ument changes.

The evaluation of the battery performance was con-
ducted in a controlled and noise free environment, spe-
cifically a quiet room. 

Participants were instructed to search through 
a number of boxes on the screen to find which hid a yel-
low token. There was a guideline to govern this search, 
which said that if a token was found inside a specific 
box, it would not be found there again during that trial. 
As a result, as they moved through each trial, the partic-
ipant needed to remember which boxes the tokens had 
already been located in. Trials increased in difficulty ac-
cording to the number of boxes (4, 6 and 8). Following 
performance indices were recorded: 
1.	 Spatial working memory between error (SWMBE): 

The number of times the subject incorrectly revisits 
a box in which a token has previously been found. 
Calculated across all assessed four, six and eight to-
ken trials.

2.	 Spatial working memory between errors SWMBE4 
boxes: The number of times a subject revisit a box 
in which a token has previously been found. Calcu-
lated across all trials with 4 tokens only.

3.	 Spatial working memory between errors SWMBE 
6 boxes: The number of times the subject revisits 
a box in which a token has previously been found. 
Calculated across all trials with 6 tokens only.



158 European Journal of Clinical and Experimental Medicine 2025; 23 (1): 155–162

4.	 Spatial working memory between errors SWMBE8 
boxes: The number of times the subject revisits a 
box in which a token has previously been found. 
Calculated across all trials with 8 tokens only.

5.	 Spatial working memory double error (SWMDE): 
The number of times a subject commits an error 
that is both a within error and a between error. Cal-
culated across all assessed four, six and eight token 
trials.

6.	 SWM Strategy (6-8 boxes): The number of times a 
subject begins a new search pattern from the same 
box they started with previously. If they always be-
gin a search from the same starting point, we infer 
that the subject is employing a planned strategy for 
finding the tokens. Therefore, a low score indicates 
high strategy use (1=they always begin the search 
from the same box), a high score indicates that they 
are beginning their searches from many different 
boxes. Calculated across assessed trials with 6 to-
kens or more.

7.	 Spatial working memory total error, SWMTE: The 
total number of times a box is selected that is cer-
tain not to contain a token and therefore should not 
have been visited by the subject, i.e., between errors 
+ within errors - double errors. Calculated across 
all assessed four, six and eight token trials.

8.	 Spatial working memory total errors SWMTE4 
boxes: The number of times a box is selected that is 
certain not to contain a token and therefore should 
not have been visited by the subject, i.e., between 
errors + within errors - double errors. Calculated 
across all trials with 4 tokens only.

9.	 Spatial working memory total errors SWMTE6 
boxes: The number of times a box is selected that is 
certain not to contain a token and therefore should 
not have been visited by the subject, i.e., between 
errors + within errors - double errors. Calculated 
across all trials with 6 tokens only.

10.	 Spatial working memory total errors SWMTE8  
boxes: The number of times a box is selected that is 
certain not to contain a token and therefore should 
not have been visited by the subject, i.e., between 
errors + within errors - double errors. Calculated 
across all trials with 8 tokens only.

11.	 Spatial working memory within errors (SWMWE): 
The number of times a subject revisit a box already 
shown to be empty during the same search. Calcu-
lated across all assessed four, six and eight token 
trials.

The level of education was recorded for each participant 
in CANTAB, (level 1, left formal education before age 
16; level 2, left formal education at age 16; level 3, left 
formal education at age 17–18; level 4, undergraduate 
degree or equivalent; level 5, Master’s degree or equiva-
lent; level 6, PhD or equivalent).

Statistical analysis 
The sample size estimation was conducted using G* 
Power (3.1.9.2). The average proportion of exposed cas-
es (i.e. TSH mean value influencing cognition process 
in hypothyroidism ) was ρ=0.27, with a desired absolute 
error of d=0.05 and a power of β=0.90.20 Further anal-
ysis were done by using SPSS version 27.0 (IBM SPSS 
Statistics for Windows, Armonk, NY, USA). Descriptive 
statistics were used to describe the basic characteristics 
of the study population. The normality of the cogni-
tive data was assessed using the Kolmogorov-Smirnov 
test. Due to the violation of the assumptions of normal-
ity of variance, non-parametric tests (the Kruskal-Wal-
lis test and Spearman correlation test) were employed. 
Between-group comparisons were conducted using 
the Kruskal-Wallis test. General linear models (GLM) 
and repeated measures factorial ANOVAs were used 
to investigate the effect of working memory load for 
conditions to demonstrate overall group effects. Green-
house-Geisser corrected statistics were used to report 
the repeated measures ANOVAs. Confounding factors 
such as age, gender difference, level of education, and 
socioeconomic were controlled for in the overall group 
effects using a linear regression model, we inspected 
whether these factors influenced the dependent mea-
sures. Additionally, to explore the potential impact of 
the duration of LT-4 treatment on SWM with the reduc-
tion in TSH levels, group 4 (euthyroid patients, n=35) 
was divided into two subgroups: 4a (ongoing LT-4 for 
1 or more than one year, n= 29) and 4b (ongoing LT-4 
treatment for 10 or more than ten years, n=6). These 
subgroups were then analyzed for analysis of one of the 
key parameters of the SWM task: SWMTE. 

Results
The present study analyzed data from 136 subjects, in-
cluding 100 patients and 36 controls. Descriptive values 
of the clinical characteristics and demographics of the 
study population (as shown in Table 1). Between group 
differences were found in total error, between errors, and 
double error, which are the key parameters of the SWM 
task (Table 2). Further analysis was conducted to deter-
mine if there was a significant effect of load on between 
search errors. A repeated measures ANOVA with a 3 load 
(4, 6, 8 boxes) by 3 group designs showed a significant ef-
fect of load (F (2, 1.32)=141.21, p≤0.001). However, the 
interaction between group × load result was not signifi-
cant (F (6,3.9)=1.26, p=0.27). This effect was observed in 
all groups was due to the increase in load from 4 to 6 box-
es rather than from 6 to 8 boxes (Fig. 1). Socioeconomic 
status was found as a predictor variable and influenced 
the measures of dependent variables: SWM Total er-
rors (F=5.49, p=0.02) and SWM strategy scores (F=7.23, 
p=0.008), as assessed by a linear regression model. This 
was suggesting that socioeconomic status has an impact 
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on working memory. Another aspect we investigated 
was the effect of the duration of LT-4 treatment on SWM 
in the euthyroid group. A notable trend was observed 
(Fig. 2), the group 4b making fewer errors compared to 
group 1, indicating better performance in SWM function 
after 10 or more years of LT-4 treatment.

Table 1. Clinical characteristics and demographics of the 
study population*

    Variable
Group 1

n=36
Group 2

n=33
Group 3

n=32
Group 4

n=35

Age (years) 36±9.2 36.9±0.65 38.6±11.1 38.9±9.79

Gender M=6; F=30 M=4; F=29 M=1; F=31 M=2; F=33

Level of education 3.8±0.77 3.6±0.65 3.6±1.03 3.51±0.81

Socioeconomic status 20.5±3.24 19.75±3.77 20.8±4.29 18.9±4.84

MMSE 29.4±0.73 29.18±2.06 28.09±2.05 27.57±2.44

HDRS 1.97±1.62 5.09±3.71 4.28±3.21 2.68±2.24

TSH (mIU/L) 1.6±0.72 4.04±1.40 13.30±20.99 2.94± 0.94

T3 (pmol/L) 1.57±1.43 1.16±0.58 1.04±0.56 1.07±0.50

Free T4 index (μg/dL) 7.71±2.42 8.47±1.69 8.95±1.65 9.09±1.41

Years of medication – – 4.62±3.69 3.85±3.25

Neuropsychological and other symptoms

Fatigue 52.78% 72.72% 87.5% 57.14%

Weight Gain 16.6% 33.3% 68.7% 11.4%

Insomnia 22.4% 42.4% 59.3% 48.5%

Memory loss 08.3% 78.78% 81.2% 42.8%

Cold intolerance 05.5% 27.2% 31.2% 25.7%

Dry skin 11.1% 21.2% 34.3% 31.4%

Hearing loss 5.5% 18.1% 43.7% 11.4%

* M – male, F – female, MMSE – Mini Mental State 
Examination, HDRS – Hamilton Depression Rating Scale, 
TSH – Thyroid Stimulating Hormone, group 1 – controls, 
group 2 – newly diagnosed cases, group 3 – patients with 
elevated TSH levels (on going-LT-4), group 4 – euthyroid 
(but on LT-4)

Table 2. Comparison of Spatial working memory (SWM) 
task parameters among all groups*

Variables
Group 1 

(n=36), mean 
rank

Group 2 
(n=33), mean 

rank

Group 3 
(n=32), mean 

rank

Group 4 
(n=35) mean 

rank
p

SWMTE 56.35 74.26 80.73 64.39 0.05
SWMBE 55.78 74.64 81.02 64.36 0.04
SWMWE 70.25 69.18 75.25 59.89 0.22
SWMDE 67.96 70.80 77.56 58.60 0.04
SWMTE4 boxes 57.61 67.33 77.03 73.00 0.11
SWMBE4 boxes 57.61 67.33 77.03 73.00 0.11
SWMTE6 boxes 61.14 76.00 80.53 58.00 0.04
SWMBE6 boxes 60.29 76.20 80.47 58.74 0.04
SWMTE8 boxes 57.79 71.61 77.11 68.71 0.21
SWMBE8 boxes 56.11 72.53 75.06 71.44 0.16
SWMS 67.19 67.83 78.31 61.50 0.36

* SWM – spatial working memory,  TE – total error, BE – 
between error, WE – within error, DE –double error,  group 
1 – controls, group 2 – newly diagnosed cases, group 3 
– patients with elevated TSH levels (on going-LT-4), group 
4– Euthyroid (but on LT-4)

Fig. 1. Shows mean of between search error with load (4 
to 6; 6 to 8 boxes) within groups, group 1 – controls, group 
2 – newly diagnosed cases, group 3 – patients with elevated 
TSH levels (on going-LT-4), group 4 – euthyroid (but on LT-4)

 
Fig. 1. Shows mean of between search error with load (4 to 6; 6 to 8 boxes) within groups, group 1 ‒ 

controls, group 2 ‒ newly diagnosed cases, group 3 ‒ patients with elevated TSH levels (on going-LT-

4), group 4 ‒ euthyroid (but on LT-4) 

Fig. 2. Shows the mean values and standard deviation of total error in spatial working memory task 

among all groups, † ‒ mean value of TSH, group 1 ‒ controls, group 2 ‒ newly diagnosed cases, group 

3 ‒ patients with elevated TSH levels (ongoing LT-4), group 4a ‒ euthyroid (on LT-4 for 1 or more 

than one year but less than 5 years), group 4b ‒ euthyroid (on LT-4 for 10 or more years) 
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Fig. 2. Shows the mean values and standard deviation 
of total error in spatial working memory task among all 
groups, † – mean value of TSH, group 1 – controls, group 2 
– newly diagnosed cases, group 3 – patients with elevated 
TSH levels (ongoing LT-4), group 4a – euthyroid (on LT-4 for 
1 or more than one year but less than 5 years), group 4b – 
euthyroid (on LT-4 for 10 or more years)

Discussion
The specific impairment in WM in individuals with 
SCH is not well understood. Previous research has con-
sistently shown that patients with SCH exhibit signifi-
cant impairments in SWM performance.21,22 However, 
the exact range of TSH levels at which memory impair-
ment occurs is still unclear.  

Our clinical observations indicate that patients on 
LT-4 can be broadly categorized into three groups:

1. Newly diagnosed patients reporting symptoms.
2. Diagnosed patients who are either noncompli-

ant or poorly compliant with their dosage, resulting in 
poorly controlled TSH levels.

3. Compliant patients who regularly follow up with 
their clinician to regulate medication dosage and main-
tain TSH levels within normal limits.

Based on this clinical picture, patients with subclin-
ical hypothyroidism (SCH) were classified into these 
three categories. Therefore, the present study aimed to 
investigate deficits in SWM function in patients with 
SCH who are currently on LT-4 treatment, as well as 
newly diagnosed cases, and compare them to a control 
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group. To objectively assess SWM function, we utilized 
a computerized battery with touchscreen technology. 
Our results, confirmed by psychological testing, showed 
that the patient groups had statistically significant dif-
ferences (p≤0.05) in key parameters of the SWM task 
when compared to the control group. 

We discovered that group 4 (with a mean TSH lev-
el of 2.94 mIU/L) performed better with fewer errors in 
the SWM task compared to group 3 patients (with mean 
elevated TSH levels of 13.3 mIU/L). This enhancement 
in memory skills can be attributed to the decrease in 
TSH levels resulting from appropriate treatment. These 
findings suggest a connection between TSH and WM. 
However, we also found that SWM deficits were more 
prevalent in group 4 compared to group 1, indicating 
that this memory domain does not fully recover to a eu-
thyroid state.

Interestingly, we found that out of 35 euthyroid cas-
es of group 4, 6 patients had been administered LT-4 for 
a duration of 10 or more years. These patients of group 
4b showed a notable reduction in total errors compared 
to group 4a (who had been on LT-4 for one or more 
than one year but less than 5 years). Contrary to this, a 
clinical trial conducted by a study in patients with SCH 
found that there was an improvement in SWM function 
in the Wechsler memory scale after 6 months of LT-4 
treatment with a reduction in TSH value with a mean 
and standard deviation of 3.96±1.23 mIU/L.21 Also, 
Correia et al. reported that there was improvement in 
SWM function in the n-back task after 6 months of 
LT-4 treatment in patients with SCH.23 One study con-
ducted on animal models found that the administrating 
LT4 daily for three months significantly improved spa-
tial memory in older mice.24 The varying results among 
studies on the impact of LT-4 treatment on SWM in the 
SCH population may be attributed to differences in as-
sessment methods or study design.

On the other hand, group 2 made more between 
search errors (SWMBE) and double errors (SWMDE) 
but fewer errors than group 3. This might be because 
mild SCH impairs memory and causes neuropsycho-
logical symptoms in these patients. It is important to 
determine whether the observed enhancement in WM 
among patients is a direct result of restoring of nor-
mal endocrine function or an indirect consequence 
of alleviating neuropsychological symptoms. Though 
beyond the scope of this study, this area may be the 
target of future neuroimaging studies. In contrast to 
the impairment for between search errors and dou-
ble errors, the patient groups taken entirely did not 
make more within search errors (SWMWE) than con-
trols (p≥0.05). This may be because the patients ex-
perience a lack of short-term memory but can retain 
information from a previous search to avoid between 
search errors. However, they may struggle to main-

tain information during the same search, resulting in 
within search errors.25 Furthermore, the error rates 
increased with load, with the greatest impairments 
occurring with the initial increase from 4 to 6 box-
es within all groups. Working memory had ‘capacity 
constraints’, meaning performance deteriorated with 
increased task load, indicating it was close to or sur-
passed its capacity.26 Leung et al. found similar results 
on the correlation between spatial memory networks 
and memory load.27

We found that group 3 was less likely to use an effi-
cient strategy (scores of SWMS), compared to the oth-
er three groups. However, patients in group 4 patients 
were more likely to use an efficient strategy compared 
to group 1 and group 2. The CANTAB SWM task mea-
sures executive WM, and it is believed to reflect plan-
ning ability and the ability to choose effective response 
sequences by integrating information.25 Our findings, 
suggests that the participants’ specified socioeconomic 
status had an impact on the dependent variable’s mea-
surements of SWM task. A total of 61% of our study 
participants had an undergraduate or equivalent lev-
el of education, and 78.5% of participants belonged to 
the upper middle class (II) socioeconomic status. Af-
ter reviewing the literature, we found a relevant expla-
nation for these results. According to Leonard et al., 
socioeconomic status may have a selective impact on 
WM, which relies on the hippocampus and prefrontal 
cortex, while having only a minor effect reliant on pro-
cedural memory which is dependent on striatum.28 It 
is important to note that the subjects in our study were 
limited to individuals who had completed graduate ed-
ucation exclusively. In previous literature, it has been 
reported that individuals who have achieved higher 
levels of education often exhibit a tendency to dedi-
cate more time and effort to intellectually demand-
ing activities.29 This prolonged exposure to cognitively 
stimulating environments is believed to have a positive 
impact on brain structure and function, leading to en-
hanced neurological development, such as an increase 
in synaptic density, or a more efficient utilization of ex-
isting brain networks.30 In addition, these neuropro-
tective effects, the continued practice of cognitive skills 
may facilitate the development of compensatory strat-
egies that help maintain cognitive abilities.31 However, 
we did observe a trend of enhanced strategy imple-
mentation across all study groups. Notably, among the 
euthyroid patients receiving LT-4 treatment for a dura-
tion of 10 or more years, lower scores for strategy used 
were recorded compared to the control group, indicat-
ing a heightened utilization of strategic approaches in 
these patients. This suggests that prolonged adminis-
tration of LT-4 in these patients positively influenced 
their performance on the SWM task, implying im-
proved WM in conjunction with TSH levels. 
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Our findings suggest that early and regular screen-
ing for SWM function, along with TSH evaluation, is 
necessary for individuals who experience symptoms 
such as insomnia, depressive mood, fatigue, mental fog-
giness and apathy, it may be appropriate to initiate LT-4 
treatment for patients with SCH at a TSH level of ≥2.5 
mIU/L. In such cases, an initial dose of LT-4 may be 
beneficial.

Some limitations of the study: First, the subjects 
were not evaluated for their dosage of LT-4 medica-
tion, which could potentially affect their cognition. This 
is an important factor to consider in the study. Second, 
the mean value of the HDRS scale was 5.09 in newly 
diagnosed patients with SCH (group 2), indicating that 
depression was not diagnosed in these patients. How-
ever, it is worth noting that a high percentage (81.8%) 
of these patients pronounced depressive symptoms, as 
shown in Table 1. This could potentially have an impact 
on their performance in SWM task. Unfortunately, due 
to limitations, we were unable to analyze the effect of de-
pressive symptoms on the SWM task performance.

To summarize, this is the first study to demonstrate 
that euthyroid patients who have been taking medica-
tion (LT-4) for a decade experience more significant en-
hancement in their SWM function compared to those 
who have been on the medication for one or more years. 
Additionally, recent research has established a more ap-
propriate threshold for initiating medication for hypo-
thyroidism. Our study clearly indicates that the patients 
with TSH levels ≥2.5 mIU/L exhibit impairments in 
SWM function. Therefore, instead of adopting a “wait 
and watch” for neuropsychological symptoms, treat-
ment could be initiated earlier at a threshold value of 
2.5 mIU/L.

Conclusion
The results of current study demonstrates that in pa-
tients with SCH, the performance of SWM exhibits 
enhancement as a result of the decrease in TSH levels 
subsequent to LT-4 treatment. However, there was a sig-
nificant reduction in SWM function among newly di-
agnosed patients with SCH having TSH levels of 2.5 
mIU/L or higher. Our research indicates that a TSH lev-
el of 2.5mIU/L may be the optimal point to begin LT-4 
treatment for patients with SCH. Further well-designed 
randomized controlled trials with longer follow-up pe-
riods are needed to gain a deeper understanding more 
insights of the pathogenesis and natural history of SWM 
in SCH across these ranges of TSH included in the cur-
rent study. These trials should also investigate the effec-
tiveness as well as the efficacy of LT-4 treatment.
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