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Ab s t r a c t

IInnttrroodduuccttiioonn::  Subclinical hypothyroidism has been reported to be associated
with disturbed cognitive function. In this study, changes of subtests of the Wech-
sler Memory Scale and memory quotient were investigated in subjects with
subclinical hypothyroidism following treatment with levothyroxine. The aim
of the study was a randomized double blind placebo-controlled clinical trial.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Sixty subjects (51 females and 9 males) with subclinical
hypothyroidism were enrolled. Memory quotient was evaluated at the begin-
ning of the study and three months after enrollment, using Wechsler’s memo-
ry test. Subclinical hypothyroidism was defined as serum TSH level between 
4.5 mU/l and 10 mU/l in the presence of normal free-T4 (0.8-2 ng/dl) and pos-
itive anti-TPO-Ab. The intervention and control groups received levothyroxine
and placebo respectively for 3 months. Re-evaluation was done using the Wech-
sler Memory Scale at the end of the study.
RReessuullttss::  The mean age was 34 ±10 years, mean TSH level was 8.25 ±3.64 muIU/l.
Memory quotient was similar in both groups at the beginning of the study:
105.70 ±2.1 in intervention group vs. 105.87 ±2.1 in control group (p = 0.89). At
the end of the study, the memory quotient rose by 9.3 points in the interven-
tion group and by 3.23 in the controls (p = 0.002). Analysis of the scores of Wech-
sler Memory subtests in the intervention group indicated significant improve-
ment of mental control (p = 0.002), logical memory (p < 0.001), associate learning
(p = 0.014), age corrected score (p = 0.002), and memory quotient (p < 0.001).
CCoonncclluussiioonnss::  This study showed the efficacy of levothyroxine for cognitive func-
tion of subjects with subclinical hypothyroidism.

KKeeyy  wwoorrddss::  Memory Quotient, Subclinical Hypothyroidism, Wechsler Memory Test,
levothyroxine.

Introduction

Subclinical hypothyroidism (SCH) is defined biochemically as a normal
serum free thyroxin (T4) concentration in the presence of increased thy-
roid stimulating hormone (TSH). One of the criteria to begin treatment in
these subjects is probable progression of the disease to clinical hypothy-
roidism, which accounts for 3-8% of cases per year [1]. Higher titers of anti-
thyroperoxidase (TPO) antibody and TSH levels are reported to be associ-
ated with disease progression [2]. Subclinical hypothyroid subjects are
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usually asymptomatic. Clinical manifestations dif-
fer based on age, duration, and severity of hormone
shortage and are usually non-specific [2, 3]. 

There are some concerns regarding prolonged
levothyroxine treatment such as increased risk
of osteoporosis, atrial fibrillation, and coronary
artery disease. However, it has been shown that
bone metabolism and body composition are not
altered by levothyroxine treatment [4, 5]. Further-
more, the cardiovascular benefits of levothyroxine
therapy outweigh its possible risks [6]. In addition,
the role of thyroid hormone in cognitive organiza-
tion has been proved [7]. Frank hypothyroidism is
known to induce neurological and mental dys-
function but the effect of subclinical hypothyroidism
on cognition and mental function is controversial.
Cognition refers to mental processes that include
storage, remembering, and using information. 

Cognitive disorders can affect various activities
such as receiving, resembling, memory, persuading,
problem solving, decision making, and language [8].
Subclinical hypothyroidism may be associated with
a defect in verbal memory and executive function
which is due to abnormal function of the hippocam-
pus [7, 9]. Wechsler’s memory test has been used 
as a valid tool to evaluate memory. The Wechsler
Memory Scale (WMS) is a neuropsychological test
designed to measure different memory functions. It
is appropriate for studying logical memory, mental
control, visual reproduction, associate learning, work-
ing memory and immediate memory. This test is sim-
ple and rapid and provides reliable information
regarding organic and functional memory disorders.
Wechsler’s memory test considers the different
memory power at different ages. The final score is
computed according to the WMS manual which
yields the percentile-rank score adjusted for age [10].
In this study, changes of subtests of the Wechsler
Memory Scale and memory quotient were investi-
gated in subjects with subclinical hypothyroidism fol-
lowing treatment with levothyroxine.

Material and methods

This study was a randomized double blind place-
bo-controlled clinical trial. Sixty subjects (51 females
and 9 males) referring to the outpatient thyroid 
clinics with subclinical hypothyroidism between 
18 and 64 years old with non-specific symptoms
of hypothyroidism such as weight gain, dry skin,
fatigue, muscle cramp, hoarseness, constipation,
and irregular menstruation were enrolled in this
study. Subjects who had a history of endocrine or
autoimmune diseases other than hypothyroidism,
myxedema coma, proven psychiatric disorder, preg-
nancy or lactation, intake of thyroid hormones or
corticosteroids in the previous 2 months were
excluded from the study. All eligible subjects agreed
and signed the consent form after full explanation

of the purpose and nature of all procedures used.
They were randomly allocated to two groups using
a simple randomization method. The control group
comprised 25 females and 5 males (mean age:
36.07 years, range: 21-58 years) and the interven-
tion group consisted of 26 females and 4 males
(mean age: 32.37 years, range: 19-53 years). Mem-
ory quotient of the participants was evaluated at
the beginning of the study and three months after
enrollment using Wechsler’s memory test. Subjects
were submitted to the Wechsler Memory Scale;
their ratings on the neurobehavioral tests and their
thyroid hormone profile were compared to the age-
or sex-matched controls. Cognitive functioning 
was evaluated using the Wechsler Memory Scale,
designed to assess learning, memory and working
memory. Seven subtests are included in the test:
information, orientation, mental control, logic mem-
ory, digits forward and backward, visual reproduc-
tion and associate learning. The WMS provides
a total "memory quotient" (MQ) that accounts 
for age-related mnemonic variability. Subclinical
hypothyroidism was defined as serum TSH level
between 4.5 mU/l and 10 mU/l in the presence
of normal free-T4 (0.8-2 ng/dl) and positive anti-
TPO-Ab. Subjects who had diabetes mellitus, heart
failure, chronic liver or pulmonary disorder, history
of head trauma, seizure, known psychological or
mental disorders and pregnancy were excluded. All
eligible subjects filled out the Wechsler Memory
Scale at the beginning of the study. The interven-
tion group received 100 µg of levothyroxine (Iran
Hormone Product) and the control group received
placebo for 3 months. The participants were asked
to bring the remaining tablets to assess compliance.
The subjects were re-evaluated by the Wechsler
Memory Scale at the end of the study.

This project was accepted by the ethical com-
mittee of Tehran University of Medical Sciences;
ethical code: 13/2/1390.

SSttaattiissttiiccaall  aannaallyyssiiss

Data were analyzed using SPSS software ver-
 sion 18. For comparison of mean age, TSH, FT4 and
T4 between two groups Mann-Whitney U test was
used. T-test was applied to compare mean memo-
ry quotient between groups and paired T-test to
compare these values before and after interven-
tion. Independent sample T-test was used for com-
parison of mean memory quotient variable. Simple
Pearson regression test was used to investigate
the relationship between memory quotient variable
and TSH variability.

Results

In this study, 60 subclinical hypothyroid subjects
were divided randomly into two equal groups.
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The mean age of the participants was 34 ±10 years
and 85% of them were female (51). Forty-three sub-
jects were married. There were no statistical dif-
ferences in WMS subtests and memory quotient 
(p = 0.31) between the two groups at the beginning
of the study. Demographic variables and MQ scores

were compared. Baseline characteristics of the 
participants are shown in Table I. Thyroid hormone
parameters were similar in both groups at the
beginning of the study, as shown in Table I. The
changes in biochemical parameters before and after
the treatment are shown in Table II. Table III shows
the clinical symptomatology of subclinical hypothy-
roidism in both groups before and after treatment.
Each individual’s score on memory was computed
according to the WMS manual, which yields the per-
centile-rank score adjusted for age.

At the end of the study, TSH levels were nor-
malized in all subjects in the intervention group
(Table II). Moreover, there was no TSH suppression
indicating subclinical hyperthyroidism in this group.
In addition, the memory quotient rate increased
from 105 ±2.8 to 115 ±2.6 (∆MQ = 9.9 ±1.46) in
the intervention group and from 105.87 ±2.09 to
109 ±2.5 (∆MQ = 3.2 ±1.39) in the control group 
(p = 0.002). In Figure 1, comparison of the memo-
ry quotient mean is illustrated for the intervention
and control groups before and after treatment.

The result for the subtests of WMS in the inter-
vention group showed that the mental control 
(p = 0.002), logical memory (p < 0.001), associate
learning (p = 0.014), age-corrected score (p = 0.002),
and memory quotient (p < 0.001) improved signif -
icantly after treatment. Scores of Wechsler Memo-
ry Scale subtests of the intervention group at base-
line and after levothyroxine treatment are shown in
Table IV.

A significant inverse relationship was detected
between TSH level and memory quotient (R = –0.39).

VVaarriiaabblleess IInntteerrvveennttiioonn  CCoonnttrrooll  VVaalluuee  ooff pp
ggrroouupp** ggrroouupp**

Age [years] 32.37 ±11.35 36.07 ±11.35 0.4

TSH [ml/l] 8.29 ±4.9 8.12 ±3.12 0.9

FT4 [ng/dl] 1.38 ±0.26 1.37 ±0.29 0.83

T4 [mg/dl] 7.38 ±1.37 7.41 ±1.48 0.92

TTaabbllee  II.. Baseline characteristics of participants

VVaarriiaabblleess IInntteerrvveennttiioonn  ggrroouupp CCoonnttrrooll  ggrroouupp

BBaasseelliinnee** FFiinnaall** VVaalluuee  ooff pp BBaasseelliinnee** FFiinnaall** VVaalluuee  ooff pp

TSH [ml/l] 8.3907 ±4.091 2.0070 ±1.34 < 0.001 8.1203 ±3.20 7.8270 ±5.17 0.733

T4 [mg/dl] 7.3880 ±1.375 8.6077 ±2.058 0.004 7.4703 ±1.48 8.1363 ±1.98 0.093

*Data are shown as mean ± SD

*Data are shown as mean ± SD

TTaabbllee  IIII..  Biochemical parameters before and after treatment

SSyymmppttoommss IInntteerrvveennttiioonn  ggrroouupp CCoonnttrrooll  ggrroouupp

BBeeffoorree  AAfftteerr  VVaalluuee  ooff pp BBeeffoorree  AAfftteerr  VVaalluuee  ooff pp
ttrreeaattmmeenntt** ttrreeaattmmeenntt** ttrreeaattmmeenntt** ttrreeaattmmeenntt**

Weight gain 17 (56.7%) 10 (33.3%) 0.118 16 (53%) 9 (30%) 0.065

Dry skin 13 (43.3%) 9 (30%) 0.344 14 (46.7%) 11 (36.7%) 0.45

Fatigue 25 (83.3%) 23 (76.7%) 0.4 25 (83.3%) 24 (80%) 1

Muscle cramp 19 (63.3%) 15 (50%) 0.34 17 (56.7%) 15 (50%) 0.77

Hoarseness 5 (16.7%) 3 (10%) 0.6 4 (13.3%) 4 (13.3%) 1

Constipation 7 (23.3%) 4 (13.3%) 0.5 10 (33.3%) 7 (23.3%) 0.3

Irregular menstruation 11 (36.7%) 9 (30%) 0.7 24 (80%) 24 (80%) 1

*Data are shown as n (%)

TTaabbllee  IIIIII..  Frequency of non-specific symptoms of subclinical hypothyroidism in the intervention and control groups
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FFiigguurree  11.. Comparison of memory quotient mean in
the intervention and control groups
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Memory quotient significantly improved in subjects
after levothyroxine treatment in comparison with
subjects taking placebo (p = 0.002).

Discussion

This study indicated that memory quotient
improved significantly in subclinical hypothyroid
subjects after treatment with levothyroxine. 
Meanwhile, there was also significant improvement
in some Wechsler Memory Scale subtests such 
as mental control (p = 0.002), logical memory 
(p < 0.001), and associate learning (p = 0.014).
The improvement of memory quotient remained
significant after adjustment of the scores for age
(p < 0.001).

Thyroid hormone plays a major role as a regula-
tor of nervous system myelination, growth, puber-
ty, metabolism, and organ functions [8]. Thyroid
function disorder is a graded phenomenon [11]. Sub-
clinical hypothyroidism represents an early stage
of thyroid disease which progresses to overt
hypothyroidism by 3-18% per year, especially in
the elderly [12, 13]. The risk factors of progression
are the presence of antithyroid antibodies, serum
TSH of more than 20 µU/ml, history of radioiodine
therapy or external radiation and lithium therapy
[14]. There is increasing evidence suggesting that
mild (subclinical) thyroid disorders may be poten-
tial contributors to significant clinical conditions
[11]. The overall prevalence of SCH has been report-
ed as 7-26% in the elderly [15] and 3% to 7% in
the middle aged population [16]. There has been
considerable controversy regarding the clinical sig-
nificance of this condition and its management.
Due to considerable morbidity, the general con-
sensus is to treat selected subjects with early thy-
roid failure [17]. The degree to which subclinical
hypothyroidism affects mood and cognitive func-
tions and whether these symptoms respond to
treatment remains controversial. Most studies sup-

port a relationship between thyroid function and
cognition, particularly poor learning, reduced infor-
mation processing speed, and efficiency in execu-
tive functions [18].

Three cross-sectional studies confirmed mild
functional learning disorder and memory problems
in young subjects with subclinical hypothyroidism
[19-21]. In addition, association of Alzheimer dis-
ease and subclinical hypothyroidism has been
reported in a population-based study [22]. Improve-
ments of memory performance, frontal executive
functions, and some aspects of cognitive perform-
ance have been observed after treatment of sub-
clinical hypothyroidism subjects with levothyroxine
[23-25].

Quijano et al. conducted a survey that included
15 subclinical hypothyroid subjects and 15 mild clin-
ically hypothyroid subjects. At enrollment, mild clin-
ically hypothyroid subjects showed worse cognitive
status in comparison with the subclinical hypothy-
roid group but after treatment both groups showed
normal cognitive status [19]. In another study per-
formed by Monzani et al. comparison was carried
out in SCH between pretreatment ratings and those
obtained following 6-month L-thyroxin treatment
which indicated a significant improvement in sub-
jects' memory skills as evaluated by Wechsler 
Memory Scale (memory quotient (MQ) = 99.9 ±4.0;
p = 0.002 (treated vs. untreated)) [26]. Improve-
ment of MQ following levothyroxine treatment has
been reported in small series of subclinical hypothy-
roidism subjects as well [7, 27]. 

On the other hand, some studies have indicat-
ed that levothyroxine treatment has no beneficial
effect on cognitive function in subclinical hypothy-
roidism, either in the total memory scale or in
the subtests of WMS. Parle et al. [28] examined
the effect of LT4 treatment in 94 subjects with 
subclinical hypothyroidism in a randomized place-
bo-controlled blinded clinical trial. They used stan-

WWMMSS  SSuubbtteessttss IInntteerrvveennttiioonn  ggrroouupp CCoonnttrrooll  ggrroouupp

BBaasseelliinnee  ssccoorree** FFiinnaall  ssccoorree** VVaalluuee  ooff pp BBaasseelliinnee  ssccoorree** FFiinnaall  ssccoorree** VVaalluuee  ooff pp

Information 5.88 ±0.34 5.78 ±0.49 0.26 5.7 ±0.54 5.7 ±0.54 1.00

Orientation 4.53 ±0.67 4.66 ±0.6 0.25 4.4 ±0.7 4.3 ±0.73 0.62

Mental control 8.03 ±0.99 7.35 ±1.33 0.002 6.4 ±0.97 7.04 ±1.2 0.024

Logical memory 10.83 ±2.94 12.31 ±2.32 < 0.001 9.5 ±1.9 10.2 ±2.6 0.14

Digits forward and backward 8.9 ±1.44 8.48 ±1.6 0.11 8.18 ±1.7 8.18 ±1.5 1.00

Associate learning 7.1 ±2.47 12.9 ±1.53 0.014 16.8 ±2.1 16.7 ±2.5 0.76

Visual reproduction 12.9 ±1.53 12.37 ±1.62 0.13 13.3 ±1.3 12.03 ±1.6 0.003

Age-corrected score 105 ±2.8 115 ±2.6 0.002 101.27 ±6.9 100.6 ±6.6 0.4

Memory quotient 101.45 ±7.34 107.03 ±7.44 < 0.001 106.4 ±12.1 105.4 ±12.06 0.5

*Data are shown as mean ± SD

TTaabbllee  IIVV..  Baseline and final scores of Wechsler Memory Scale subtests for the intervention and control groups
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dard tests of cognition at baseline and at 6 and 
12 months after treatment and found no difference
in cognitive function between the 2 groups. How-
ever, the major limitations of this study were
the type of cognitive assessment measures which
detect gross impairment of cognition, and the low
number of placebo-treated subjects who complet-
ed the study. In another study conducted by Jorde
et al. [29], detailed cognitive testing was done 
at baseline and 12 months after treatment with 
LT4 or placebo. There was no difference between
the groups at baseline. Furthermore, LT4 treatment
had no effect on the outcome measures. This study
was limited by the relatively mild degree of sub-
clinical hypothyroidism.  

In another double blind clinical trial, on 23 sub-
clinical hypothyroid subjects, immediate and late
memory, and psychomotor activity did not improve
after treatment. However, the Kaflen test was used
for evaluation of cognitive function in the study [30].

It should be mentioned that the discrepancies
among the studies regarding the effect of levothy-
roxine on cognitive function of SCH subjects might
be due to different tools used for the assessment
of cognitive function as well as the small sample
size of the populations being studied [24, 25].

Considering Wechsler Memory Scale subtests,
our study showed significant improvement in men-
tal control, logical memory, and associate learning.
However, information, orientation, digits forward
and backward, and visual reproduction did not
change significantly. Considering the improvement
of memory quotient in this study, it seems that
mental control, logical memory, and associate 
learning might have a more influential effect on 
cognitive function. In another study conducted by 
Jenovsky et al., significant improvement of verbal
(p < 0.01), visual (p < 0.05), and total memory 
(p < 0.01), after levothyroxine treatment compared
to placebo in SCH subjects was observed [16]. 
Nystrom et al. found that four of 17 women with
subclinical hypothyroidism exhibited significant
improvement on at least two of the neuropsycho-
logical measures following treatment with levothy-
roxine (150 µg/day) in a placebo-controlled, cross-
over, 2 × 6 month study [31]. Administration of
levothyroxine (100-150 µg/day for 6 months) has
also been shown to have beneficial effects on ver-
bal and visual recall in 14 subjects with subclinical
hypothyroidism [26].

There are some impressive strengths of this
study. All the recruited subjects completed the tri-
al. Moreover, TSH levels in all subjects in the inter-
vention group were normalized (TSH < 4.5 mU/l) by
the end of the study and no TSH suppression was
observed in the levothyroxine group.

There are, however, some limitations to the
study. The study might not have sufficient ability

to detect the differences between the groups in cer-
tain subscales of cognitive function due to the small
sample size. We were also unable to analyze
the effect of race/ethnicity or social economic sta-
tus due to the limited sample size and limitation
of facilities.

In conclusion, this study showed the efficacy
of levothyroxine on cognitive function of subjects
with subclinical hypothyroidism, including mental
control, logical memory, associate learning and visu-
al reproduction.
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