Neuropsychiatric Disease and Treatment

Dove

ORIGINAL RESEARCH

Cognitive Impairment and Associated Factors
Among Adult Hypothyroid Patients in Referral
Hospitals, Amhara Region, Ethiopia: Multicenter
Cross-Sectional Study

Bezawit Mulat'
Adugnaw Ambelu'
Sewbesew Yitayih?
Yibeltal Yismaw Gela'
Ayechew Adera'
Yigizie Yeshaw
Yonas Akalu®'

'Department of Human Physiology,
School of Medicine, College of Medicine
and Health Sciences, University of
Gondar, Gondar, Ethiopia; 2Department
of Psychiatry, School of Medicine, College
of Medicine and Health Sciences,
University of Gondar, Gondar, Ethiopia

Correspondence: Bezawit Mulat
Email mulatbezawit@gmail.com

This article was published in the following Dove Press journal:
Neuropsychiatric Disease and Treatment

Background: Cognitive impairment is a common complication of hypothyroidism that
affects the patient’s quality of life in different aspects. In Ethiopia, though the prevalence
of hypothyroidism is high the magnitude of cognitive impairment among these patients is not
known. Therefore, the current study is aimed at determining the prevalence of cognitive
impairment and associated factors among adult hypothyroid patients.

Methods: An institution-based cross-sectional study was employed from February 24 to
May 22, 2020, to assess the prevalence of cognitive impairment and associated factors
among adult hypothyroid patients. Data was collected by a pretested interviewer-
administered structured questionnaire and standardized Mini-mental state examination
(SMMSE) tool. A cluster sampling technique was used. Data was entered into Epidata
version 4.6 and exported into a statistical package for social science (SPSS) version 25 for
further analysis. Both bivariable and multivariable logistic regression analyses were done.
A 95% confidence interval and P-value <0.05 were used to declare statistical significance.
Results: A total of 216 adult hypothyroid patients were included with a response rate of
98.6%. The mean age was 42.5 (+ 11) years. The prevalence of cognitive impairment was
27.3% (95% CI (21.7, 33.8)) and it was significantly associated with increased age (AOR =
1.23, 95% CI (1.11, 1.34)), increased duration of illness (AOR = 1.48, 95% CI (1.14, 1.90))
and high thyroid-stimulating hormone (TSH) level (AOR = 1.3, 95% CI (1.1, 1.6)).
Conclusion: The prevalence of cognitive impairment among hypothyroid patients was high.
Increased age, increased duration of illness and high TSH levels were significantly associated
with cognitive impairment. Hence, early screening of cognitive impairment among hypothyr-
oid patients with increased age, increased duration of illness and high TSH level should be
given due emphasis to increase patients quality of life.
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Introduction
Hypothyroidism or underactive thyroid is a failure of the thyroid gland to produce
enough thyroid hormone to meet the metabolic demands of the body. It may occur
as a result of primary gland failure or insufficient thyroid gland stimulation by the
hypothalamus and anterior pituitary gland.'

Cognitive impairment is one of the common complications that occur among
patients with hypothyroidism.? It is a condition in which a person has suffered in
recalling, learning new things, concentrating, and making decisions that affect his/
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her everyday life.> When cognitive impairment occurs it
can affect a range of cognitive domains including atten-
tion, concentration, language, memory, psychomotor and
executive functions.”

There are different causes for cognitive impairment
such as genetic factors, exposure to toxic substances,
head injury, chronic illnesses, malnutrition, and other life-
style factors like smoking, chat chewing, and alcoholism.
From those wide ranges of causes, hypothyroidism is one
of the diseases of the thyroid gland that can cause cogni-
tive impairment.” Hypothyroidism prevents the brain from
adequately sustaining the energy (glucose) needed for
neurotransmission, memory, and other higher brain func-
tions and it also causes biochemical and biophysical
changes in the hippocampus which is important for
cognition.®

Even though there is no global data on to what extent
cognitive impairment affects patients with hypothyroid-
ism, there are pieces of evidence across different parts of
the world that claimed cognitive impairment is a common
problem among these patients. For instance, cognitive
impairment affected about 17%, 28%, and 32% of
hypothyroid patients in Minnesota, Los Angeles, and
India respectively.””

Cognitive impairment affects an individual’s functional
ability especially instrumental activities of daily life
(IADL), such as the use of the telephone, transportation,
management of their medications, and money.'® People
with cognitive impairment use their senses (sight, hearing,
and touch) as a compensatory mechanism for declining
cognition. It is reported that they use these strategies to
gain a sense of control over their lives rather than to be as
effective as before.'! Sensory processing refers to the
ability to register and modulate sensory information and
to organize this sensory input to respond to situational
demand.'>"® Patients with major depressive disorder
(MDD) also experienced cognitive deficits, such as visual
and verbal memory, working memory, attention, executive
function, and processing speed,'* but the most significant
impairment is appreciated in executive function.'>'®
A defect in cognitive control, which refers to the ability
to regulate one’s thoughts and actions to achieve internal
goals, has been associated with depression-related compli-
cations including suicidality.'”'®

Above all low thyroid hormone levels have increased
risk of occurrence of dementia commonly among aged

females unless the hormone level is corrected early."”

Even though there are no population-based studies to
assess the prevalence of hypothyroidism some institution-
based studies revealed that hypothyroid disorder is high in
Ethiopia.”*?' Despite, hypothyroidism is prevalent and
one of the endocrine disorders that can lead to cognitive
impairment, there is a paucity of data regarding the pre-
valence of cognitive impairment and factors associated
with it among adult patients with Hypothyroidism.
Therefore, this study aimed to assess the prevalence of
cognitive impairment and associated factors among adult
hypothyroid patients.

Methods and Materials
Study Area and Period

An institution-based cross-sectional study was employed
at Amhara Regional State selected Referral Hospitals from
February 24 to May 22, 2020, to assess the prevalence of
cognitive impairment and associated factors among adult
hypothyroid patients. The selected referral hospitals were
the University of Gondar Specialized and Comprehensive,
Felege Hiwot, and Debre Markos referral hospitals.

Criteria for Inclusion and Exclusion

All already diagnosed adult hypothyroid patients who are
on appropriate levothyroxine replacement therapy were
included in the study.

Patients who had a history of seizure, epilepsy, stroke,
critically ill, had a hearing problem and had known severe
psychiatric illness (schizophrenia, major depressive disor-
der (MDD), bipolar disorders, obsessive-compulsive dis-
order (OCD), and dementia were excluded.

Sample Size Determination and Sampling

Technique
The actual sample size was determined by using the single
population proportion formula. Since there was no similar
study conducted in Ethiopia, the following assumptions
have been made: 95% confidence interval (Zo/2 = 1.96),
50% proportion, and 5% margin of error.

n=2200  where 7 statistics (at 95% CI=1.96),
p (population proportion), and d (margin of error)

1.96)%x0.5x0.5
p— (L96)205:0.5 _ 50,
0.05

However, based on the six hospitals’ monthly report of
hypothyroid cases, the total number of patients who could
present during the data collection period was 460 which
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was< 10,000. Hence we had used a population correction
formula to determine our final sample size.
Population correction formula, nf = -5

T+2
Where:

¢ nf = final sample size
e n = sample size before population correction
e N = total number of patients who could be presented

384
1+3%

nf = =209
Finally, we had added a 5% non-response rate which made
our final sample size 219.

A single-stage cluster sampling technique was employed
to recruit the study participants. In the first step, six referral
hospitals found in Amhara Regional State (University of
Gondar Comprehensive and Specialized Referral Hospital
(UOGCSH), Felege Hiwot Referral Hospital (FHRH),
Debre Markos Referral Hospital (DMRH), Tibebe Gion
Referral Hospital (TGRH), Dessie Referral Hospital (DRH),
and Debre Berhan Referral Hospital (DBRH) were consid-
ered as a cluster and three of them (University of Gondar
Comprehensive Specialized Referral Hospital (UOGCSH),
Felege Hiwot Referral Hospital (FHRH) and Debre Markos
Referral Hospital (DMRH)) were selected on a random basis.
Following that, we included all patients who had to follow up
at the outpatient department (OPD) and those who were
receiving inpatient services on the selected referral hospitals.

Study Variables
Dependent Variable
Cognitive impairment

Independent Variables

Socio-demographic variables (including age, sex, marital
status, educational status, and job status), comorbid med-
ical conditions (including hypertension, cardiovascular
diseases, diabetes mellitus, and chronic kidney disease),
behavioral factors like khat chewing, alcohol drinking, and
cigarette smoking, thyroid function tests (TSH, T4 & T3
levels) and duration of illness.

Operational Definition

Hypothyroidism

Serum TSH level > 4.5 mIU/L, FT4 < 10.3 pmol/I or FT3
< 2.3 pmol/diagnosed as hypothyroid and were included in
the study.”®*

Data Collection Tools and Procedures
Data was collected by a pretested interviewer-administered
structured questionnaire and SMMSE tool. The question-
naire was prepared by the investigator after reviewing
different pieces of literature.” >**** The recent TSH and
thyroid hormone levels were taken from the patient’s
medical chart. Cognitive impairment was assessed through
a face to face interviews by using the SMMSE tool used
by other studies conducted in Ethiopia among type 2
diabetic patients.”> The SMMSE has five components
including orientation, registration, attention, and calcula-
tion, recall and language each having 10, 3, 5, 3, and 9
items respectively.?® For participants who cannot read and
write, the last three items measuring the language compo-
nent of SMMSE were excluded since they require writing
or reading skills.?” Participants who had SMMSE score
below 22 with no or primary level education, less than 24
for those with secondary level education, and less than 25
for those with diploma and above educational status were
diagnosed to have cognitive impairment.*>

The data collectors used hand sanitizers, gloves, and
face masks throughout the data collection process follow-
ing the introduction of the coronavirus pandemic. In addi-
tion to this, the face-to-face interview was done by
keeping the recommended distance (2 meters) to prevent
coronavirus transmission. Moreover, each participant was
asked for the symptoms of the coronavirus infection by the
data collectors before starting any data collection in addi-
tion to the screening service given by the hospitals.

Data Quality Assurance

Initially, the questionnaire was developed in English by
the investigator then forward and backward translation
was done by Amharic and English versed personals to
keep its consistency. Necessary amendments were made
to the questionnaire based on the translation. A one-day
training was given to both the data collectors and super-
visors by the principal investigator about the purpose of
the study, data collection procedures, and ethical issues
during data collection.

A pretest was done at Tibebe Gion Referral hospital
among 12 hypothyroid patients (5% of the total sample
size) for the assessment of the questionnaire clarity and
sociocultural compatibility. Moreover, cognitive impair-
ment was assessed by using a commonly used screening
tool (SMMSE) with sensitivity and specificity of 84.1%
and 73% respectively.28 In addition to this, the reliability
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of the instrument was established based on the internal
consistency reliability assessment using Cronbach alpha
(o= 0.84).%°

Data Processing and Analysis

The collected data were checked for completeness, accu-
racy, and clarity before analysis. The data were entered
into Epidata 4.6 and transferred to SPSS version 25 for
analysis. Descriptive statistics, frequencies, and propor-
tions were computed. The total score of the SMMSE was
used to screen cognitive impairment. Bivariable binary
logistic regression analysis was employed to identify fac-
tors that are candidates for multivariable analysis at
a p-value of less than 0.2. Multivariable binary logistic
regression analysis was done to declare the presence of
statistical significance. Model fitness was checked with the
Hosmer and Lemeshow goodness of fit test and it was 0.1.
Furthermore, multicollinearity between the explanatory
factors was assessed with the variance inflation factor
(VIF) to identify and avoid redundant variables that may
affect our estimate. The VIF was in the acceptable range
(1-4). Indeed, a p-value < 0.05 and a 95% confidence
interval was used to determine statistical significance.

Results

A total of 216 hypothyroid patients were included in the
study with a response rate of 98.6%. The mean age of the
participants was 42.5 (+ 11) years with an age range of
18-72 years. The majority (73.1%) of the participants
were females. (Table 1).

Clinical Characteristics and Substance

Use History of the Participants

Of the total respondents, 13 (6%) of them had known
comorbid illness. Specifically, 5 (2.3%) of them were
hypertensive, 4 (1.9%) had heart disease and 4 (1.9%) of
them had other comorbidities (gastritis, asthma). The mean
duration of the illness (hypothyroidism) was 4.5 (£ 2.6)
years and ranges from 1-13 years. The mean TSH level
among them was 6.98 + 6.8 (mIU/L).

Regarding substance usage, more than half (53.7%) of
the study participants had a lifetime history of alcohol
intake. Of those who had a lifetime alcohol history, 65
(56%) of them had a history of alcohol intake history in
the last one month. All most of them (98%) were used to
drink local beverages, tella, or areki. Indeed, only 9 (4.2%)

Table | Sociodemographic Characteristics of Adult Hypothyroid
Patients Who Attend Amhara Regional State Referral Hospitals,
Ambhara Ethiopia 2020 (n=216)

Variable Category Frequency | Percent
Age (in years) 18-31 37 17.1
3245 93 43.0
46-59 66 30.6
260 20 9.3
Sex Male 58 26.9
Female 158 73.1
Marital status Single 51 23.6
Married 140 64.8
Widowed 19 8.8
Other* 6 28
Residence Rural 145 67.1
Urban 71 329
Educational status Grade 8 and lower | 180 83.3
Grade 9-12 18 83
Diploma and above | I8 8.4
Monthly income <585 143 66.2
(ETB) 5861650 28 13.0
1651-3145 27 12.5
23146 18 83
Job-status Employed 133 61.6
Unemployed 83 384

Note: *Divorced.
Abbreviation: ETB, Ethiopian birr.

and 1 (0.5%) of the study participants had ever Khat
chewing and ever smoking history, respectively (Table 2).

We have recorded the frequency and amount of alcohol
that the patients took but are difficult to state because most
of the participants took local beverages and they are
unable to recall the amount and the frequency of alcohol
since they drink occasionally.

Alcohol abuse was assessed by masking symptoms of
alcohol abuse such as drinking to relax, problems with family
and friends because of drinking, neglecting their responsibil-
ities because of drinking, and whether they were experien-
cing legal problems because of alcohol drinking) but there
was no participant with such experiences.

Prevalence of Cognitive Impairment

Based on the adjusted SMMSE score the prevalence of
cognitive impairment was 27.3% (95% CI (21.7, 33.8)).
The prevalence of cognitive impairment was higher among
females 50 (31.6%) and among participants from rural
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Table 2 Clinical Characteristics and Substance Use History of
Adult Hypothyroid Patients Who Attended Amhara Regional
State Referral Hospitals, Amhara, Ethiopia, 2020 (n=216)

Variables Category Frequency | Percent
Comorbid illness Yes 13 6

No 203 94
Lifetime alcohol use Yes 116 53.7

No 100 46.3
Other substance use | Yes 10 4.6

No 206 95.4
Thyroid function TSH (mIU/L)® | 6.98 6.86
tests T4 (pmoli)© | 9.6* (8.2-12.2)%*

T3 (pmol/L)© | 2.7 7.6
Duration of illness 45 2.6
(years)c

Notes: Other substances (khat and cigarettes), *median, **interquartile range,
Ccontinuous.

areas 44 (30.3%) as compared to their counterparts.
Moreover, the prevalence of cognitive impairment was
found to be higher among participants having an educa-
tional level of grade 8th and lower, 54 (30%) than partici-
pants having secondary and above educational status. The
mean TSH level of participants with cognitive impairment
was 9.5 (+ 12.4) mIU/L and it was higher than participants
with normal cognitive function.

Factors Associated with Cognitive

Impairment

In the bivariable logistic regression analysis, independent
variables with p- the value of less than 0.2 were passed to
be included in the multivariable logistic regression analy-
sis. Those variables were age, sex, marital status, resi-
dence, educational status, monthly income, duration of
the illness, and TSH level. The output of the multivariable
logistic regression analysis showed that age (AOR = 1.23,
95% CI (1.11, 1.34)), duration of illness (AOR = 1.48,
95% CI (1.14, 1.9)), and TSH level (AOR = 1.3, 95% CI
(1.1, 1.6)) of the participants were significantly associated
with hypothyroid associated cognitive impairment. A unit
increase in age of the participant increases the odds of
having cognitive impairment by 23% and as the duration
of illness (hypothyroidism) increases the odds of having
cognitive impairment among the participants was
increased by 48%. Finally, a unit increase in the TSH
level of the participants increases the odds of having

cognitive impairment by 30% (Table 3).

Discussion

This study assessed the prevalence of cognitive impairment
and associated factors among adult hypothyroid patients in
Amhara regional state selected referral hospitals.

In the present study, the prevalence of cognitive
impairment among adult hypothyroid patients was 27.3%
(95% CI (21.7, 33.8), and it was significantly associated
with increased age, increased duration of illness, and high
thyroid-stimulating hormone (TSH) level.

This result is in harmony with the study done in India
(32.2%)’ and Los Angeles (28%).® On the other hand, the
result of the present study is higher than that of the study
conducted in Minnesota (17%).” The discrepancy may be
elucidated by differences in sociodemographic characteris-
tics of the participants which are educational level. Higher
educational levels among Minnesota participants might be
associated with health literacy that increases the degree to
which individuals can obtain, process, and understand basic
health information and services needed to make appropriate
health decisions.*® In addition to the above, the discrepancy
may be due to the use of different assessment techniques.
The study conducted in Minnesota use extensive psycho-
metric tests involved 9 cognitive tests (Logical Memory—II
(delayed recall) and Visual Reproduction—II (delayed recall)
from the Wechsler Memory Scale-Revised and the Auditory
Verbal Learning Test for memory domains, Trail Making
Test B, and Digit Symbol Substitution from Wechsler Adult
Intelligence Scale-Revised for executive function; Boston
Naming Test and Category Fluency Test for language; and
Picture Completion and Block Design from the Wechsler
Adult Intelligence Scale-Revised for visuospatial skills) and
age-adjusted scaled scores in each domain were summed to
obtain the domains score, and impairment in a domain was
determined by comparing the scores with the mean (SD) of
the population norm since the study assesses each domain
in-depth it may decrease overestimation of cognitive
impairment.” Indeed it may decrease the prevalence of
cognitive impairment among hypothyroid patients in
Minnesota.

In the current study, cognitive impairment among adult
hypothyroid patients was significantly associated with
increased age, which is supported by a study conducted in
Los Angeles.® This increased prevalence of cognitive
impairment with an increase in age could be due to aging-
induced changes in T4 transport into the brain areas that are
important for cognitive function, altered brain conversion of
T4 into T3, decreased brain thyroid receptor number or
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Table 3 Factors Associated with Cognitive Impairment Among Adult Hypothyroid Patients in Bivariable and Multivariable Binary

Logistic Regression, Amhara Regional State Referral Hospitals, Amhara, Ethiopia, 2020 (n=216)

Variable Cognitive Impairment COR AOR
Yes (n=59) No (n=157)
Frequency (%) Frequency (%)

Age (in years)© 53.7 (#8.5) 38.3 (+8.7) 1.29 (1.19, 1.38) 1.23 (111, 1.34)*
Sex

Male 9 (15.5) 49 (84.5) |

Female 50 (31.6) 108 (68.4) 2.5 (1.15, 5.53) 0.82 (0.22, 3.1)
Marital status

Single 3(5.9) 48 (94.1) 0.04 (0.01, 0.17) 0.37 (0.04, 3.27)

Married 41 (29.3) 99 (70.7) 0.28 (0.12, 0.67) 1.5 (0.40, 5.5)

Others 15 (60)) 10 (40) |
Residence

Rural 44 (30.3) 101 (69.6) 1.6 (0.83, 3.18) 0.54 (0.12, 2.3)

Urban 15 (21.1) 56 (78.9) |
Educational level

Grade 8 and lower 54 (30) 126 (70) 2.66 (0.98, 7.2)

2grade 9 5(13.9) 31 (86.1) |
Job-status

Employed 35 (26.3) 98 (73.6) |

Unemployed 24 (28.9) 59 (71.1) I.14 (0.62, 2.1)
Monthly income (ETB)“ 635 (£1203) 926 (+132) I (1.0, 1.01) I (0.99, 1.00)
Duration of illness (in years)® 7.3 (¥2.5) 3.5 (x1.75) 2.12 (1.7, 2.6) 1.48 (1.14, 1.9)*
TSH level (mIU/L)® 9.5 (x12.4) 6 (¥2) 1.4 (1.17, 1.67) 1.3 (1.1, 1.6)*
T4 level (pmol/L)® 9.0 (7.3-10.7)* 10.1](8.2-12.2)" 0.9 (0.99, 1.01)
T3 level (pmol/L)® 2.2 (£0.83) 2.95 (+8.9) 0.96 (0.77, 1.21)

Notes: *Statistically significant, *median (interquartile range), Ccontinuous.

Abbreviations: ETB, Ethiopian birr; Cl, confidence interval; COR, crude odds ratio; AOR, adjusted odds ratio.

affinity. Decreased T4 and T3 levels might be associated
with a decreased metabolic activity that consequently
decreases the brain glucose-consuming process needed for
neurotransmission, memory, and other higher brain func-
tions involved in cognitive function.”® Naturally, the distri-
bution of nuclear T3 receptors varies with the region and the
cell types, and the highest concentration is found in the
amygdala, hippocampus, and cortex. Hence the higher func-
tions of the brain including cognition are dependent on the
amount of these receptors in the neurons of the aforemen-
tioned areas of the Central Nervous System (CNS).*! Indeed
the decrement of thyroid receptors among aged hypothyroid
patients can increase the prevalence of cognitive impair-
ment. Additionally, it may be due to age-related changes in
the structure and function of synapses and changes in

neuronal networks involved in higher brain functions includ-
ing cognition.>* In fact, in advanced age, the cognitive
capabilities of individuals also drop in a very impressive
manner and make neuronal functions defective in processing
and integrations of information.*?

Longer duration of illness was another independent fac-
tor that was significantly associated with cognitive impair-
ment among hypothyroid patients in the present study. This
finding is supported by a study conducted in Canada.”® As
the duration of thyroid hormone deficiency becomes longer
it can cause severe damage in brain areas that had
a significant role in cognitive functions, as a result, it
might be accompanied by increased cognitive
impairment.>* Furthermore, in the present study cognitive
impairment among hypothyroid patients was significantly
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associated with increased TSH level. Which is supported by
studies conducted in India,” and in the united kingdom.*?

Limitation of the Study

It may not possible to establish causal relationships
because of the cross-sectional nature of the study. In addi-
tion to this, undiagnosed mental illnesses might have
affected the performance of the study subjects on the
SMMSE items, and then on the overall score. Moreover,
the tool (SMMSE) used to assess cognitive impairment
was not validated for the study population. Hence, the
measurement results may over or underestimated the out-
come of interest despite this the reliability of the instru-
ment was in the acceptable range.

Strength of the Study

In the presence of the aforesaid limitations, the present
study addresses the overlooked issue in hypothyroid
patients and it could be consumed by successive research-
ers as preliminary information on the area of interest.

Conclusion

The prevalence of cognitive impairment among adult
hypothyroid patients was high. Increased age, increased
duration of illness and high TSH level were factors that
were associated with cognitive impairment. Hence, early
screening of cognitive impairment among hypothyroid
patients with increased age, increased duration of illness
and high TSH level should be given due emphasis to
increase patients quality of life and to decrease economic
burden on individuals, family, and country level.
Moreover, early screening can decrease the progression
of mild cognitive impairment to dementia by giving appro-

priate replacement therapy.

Recommendation
Periodic screening of cognitive functions among hypothyr-
oid patients with increased age increased duration of ill-
ness, and high TSH levels to prevent further complications
should be given due emphasis.

Longitudinal studies are good to assess causality and
decrease errors made in the documentation of TSH and
thyroid hormone levels.

Abbreviations
CI, Confidence Interval;, FT4, Free Thyroxin; FT3, Free
Triiodothyronine; IQR, Inter Quartile Range; SMMSE,

Standardized Mini-Mental State Examination; SPSS,

Statistical Package for Social Science; TSH, Thyroid
Stimulating Hormone.
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