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INTRODUCTION
Dementia is a syndrome characterized by disturbance of multiple brain 
functions, including memory, thinking, orientation, comprehension, 
calculation, learning capacity, language, and judgment. Dementia of 
Alzheimer type (DAT) is the most common form of dementia and 
possibly contributes to 60-70% of cases. Other types of dementias 
include vascular dementia, dementia with Lewy bodies, and a group of 
diseases that contribute to frontotemporal dementia. The boundaries 
between subtypes are indistinct and mixed forms often co-exist.

Endocrine abnormalities like the role of hypo and hyperthyroidism 
among others are established in cases of reversible dementia. Thyroid 
hormone (TH) has an important role to play in neural activity and 
cellular metabolism in the central nervous system (CNS). TH along 
with Acetylcholine (Ach) and neural growth factors are important for 
hippocampal functioning (Liu et al, 2000). Animal studies have shown 
T4 treatment, administered both sub-chronically and chronically, 
signicantly enhanced the ability of rats to learn a spatial memory task, 
compared with controls (Smith et al, 2002). Moreover, both short-term 
and long-term T4 treatment reduced the cognitive-impairing effects of 
scopolamine, indicating the augmenting effects of TH on Ach 
functions. Some cross-sectionalepidemiological studies have shown 
association both hypothyroidism and hyperthyroidism in cases of 
irreversible dementia, others have failed to show any association 
between them.

A prospective study of the data collected from Framingham study over 
a 12 year period showed that both low and high levels of Thyroid-
stimulating hormone (TSH) were a risk factor for Dementia of 
Alzheimer type (DAT) only in elderly women but not men (Tan et al., 2008).

The results remained ambivalent with no replication of any of the 
aforementioned results. In this study, a cross-sectional examination of 
thyroid prole was done in the patients attending the neuropsychiatric 
and compared with normal elderly controls. 

METHODS:
We started with a Null Hypothesis thatthyroid abnormalities will not 
be associated with dementia for the participants aged 45 years and 
above.The study was conducted in patients with dementia attending 
the Outpatient Department (OPD) at any tertiary care neuropsychiatric 
hospitaland normal elderly controls were recruited from the local 
community. It was a case-control study design with a sample size of at 
least 40 cases of Dementia of Alzheimer type and at least 40 cases of 
vascular/ mixed dementia and 60 normal controls were recruited.

Patients aged 45 and above meeting the diagnostic criteria of dementia 
according to the DSM-IV TR, National Institute of Neurological 
Disorders and Stroke-Alzheimer Disease and Related Disorders 
Criteria (NINCDS-ADRDA) (McKhann et al., 1984) for Probable 
Alzheimer's disease and National Institute of Neurological Disorders 
and Stroke and the Association Internationale pour la Recherché et 
l'Enseignementen Neurosciences (NINDS-AIREN) (Roman, 1993) 
diagnostic criteria for vascular/ mixed dementia were enrolled in this 
study.

Patientswith Parkinson's disease dementia and other subcortical 
dementias were excluded from the study.

Tools:
1. NINCDS-ADRDA criteria for Probable Alzheimer's disease 
(McKhann et al)&NINDS /AIREN criteria for the diagnosis of 
probable vascular dementia (VaD)/ mixed dementia.
2. Clinical Dementia Rating Scale (Morris et al 1997):The Clinical 
Dementia Rating or CDR is used for staging the severity of dementia 
using six domains: Memory, Orientation, Judgment and Problem 
solving, Community Affairs, Home and Hobbies, and Personal Care 
(Morris, 1997). CDR-1 = mild, CDR-2 = moderate, CDR-3 = severe

Blood Sample Collection And Analysis
After screening the patientsand controls, blood sample by vein 
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puncture was collected taking all the aseptic precautions. Five 
millilitres of the blood sample was taken in a plain vial for serum TSH, 
T3 and T4 levels. Samples were transported in cold conditions. After 
sample collection, the serum was separated within 2 hours and rapidly 
stored at -200 C for biochemical analysis. All these tests were 
performed on Electrochemiluminescence immunoassay Analyzer, 
Elecsys 2010 (M/s Roche Diagnostics Asia Pacic Pte. Ltd, 
Singapore).

Ethics Statement
Permission was sought from the ethical committee for conducting 
thesis and the current result was obtained from addition result analysis 
of the same data set.  The rights of the participants were explained and 
queries were answered. The written informed consent was sought from 
all participants.

Analysis Of Data
A master-chart was prepared using the Statistical Package for Social 
Sciences, version 22 (SPSS 22) and data recorded in the SSP was 
coded as appropriate variables on the master-chart. For the analysis of 
two categorical variables,the Chi-square test and Fisher's exact test 
were used. Where distribution was found to be normal (Kolmogorov-
Smirnov test), Independent t-test and ANOVA were used for the 
analysis of two and three continuous variables respectively. Where 
distribution was not found to be normal (Kolmogorov-Smirnov test), 
Kruskal Wallis were used for the analysis of two and three continuous 
variables respectively.

RESULTS:
Around 83 cases of dementia were recruited for the study and 60 
controls were taken from the community. Among the cases, 43 were of 
Alzheimer dementia and the rest 40 were a combination of vascular 
and mixed dementia.  The mean TSH levels were signicantly higher 
in dementia as compared to the controls. The difference was also 
signicant when the cases of DAT were compared to the controls but 
the results did not attain statistical signicant when cases of vascular 
and mixed dementias were compared with the healthy individuals 
(Table 1 & Figure 1). Among the dementia groups, the cases with DAT 
had a signicantly higher TSH level as compared to the vascular/ mixe 
dementia groups (Table 1&2).

In a univariate model, the TSH levels were compared with the severity 
of dementia across all the groups. TSH levels increased with increasing 
severity of dementia. The highest mean TSH was found in the cases of 
severe dementia (CDR=3) (Table=3).

Table 1

               Independent t-test                                       *p≤0.05

TSH: thyrotropin stimulating hormone

Table 1 shows the comparison of TSH levels between different groups. 
The mean TSH levels in cases (3.23 uIU/ ml) were signicantly higher 
than the control group (2.82 uIU/ ml) using the independent t-test. In 
case DAT the mean TSH levels were 3.51uIU/ ml, which was 
signicantly higher than the control group (p= 0.005).

Similarly, TSH was also signicantly higher in cases of DAT as 
compared to VaD and mixed dementia (mean TSH=2.94 uIU/ ml) 
(p=0.023).

No signicant difference was found between the serum TSH levels of 
VaD and mixed dementia and controls (p=0.613). 

Table 2

ANOVA   *p≤0.05

Table 2 shows the comparison of mean TSH levels among all 3 groups 
using ANOVA. The mean TSH was 3.51uIU/ml, 2.94uIU/ml and 
2.82uIU/ml among DAT, VaD and mixed dementia and control group 
respectively. The difference between the 3 groups was found to be 
signicant using ANOVA (p=0.011).

Table 3

ANOVA *p≤0.05

Table 3 shows the TSH levels in cases of dementia divided into 3 
groups of mild, moderate and severe according to the CDR scores. The 
mean TSH level in mild dementia was 2.88uIU/ml, 3.45uIU/ml in 
moderate dementia and 4.57uIU/ml in severe dementia, with a 
signicant difference, was found among all 3 groups using ANOVA 
(p=0.000).

Figure 1: Thyroid prole among the 3 dementia subtypes and controls. 
The highest abnormalities were in the DAT group and all the cases of 
dementia had a higher mean TSH level as compared to the controls.

DISCUSSION
Normal thyroid function is responsible for the development and 
sustenance of cognitions throughout the lives. Deciency from early 
childhood leads to cretinism and later life has been shown to be linked 
to impaired cognition. Thyroid hormones stimulate almost all aspects 
of carbohydrate metabolism, including enhancement of insulin-
dependent entry of glucose into cells and increased gluconeogenesis 
and glycogenolysis to generate free glucose. It has been postulated that 
impairment in the functioning of thyroid leads to inefcient glucose 
uptake in the brain leading to a plethora of dysfunction which cognitive 
symptoms are a part of (Gussekloo et al., 2004). Functional imaging 
studies have shown impaired glucose uptake in the brain in cases of 
dementia, however, no causality has yet been reached. Studies have 
been conducted in cases of clinical hypothyroidism and various effects 
on cognitions. Capet et al, Mennemeier et al, Haggerty et al found 
impairment in general intelligence, memory, attention, visuospatial 
functions, language and executive functions, most of which improved 
some after levothyroxinereplacement(Capet et al., 2000; Mennemeier 
et al., 1993; Haggerty et al., 1990).Attention and visual memory 
impairment persisted even after participants attaining euthyroid status 
after 3 and 6 months. These results indicatethat signicant memory 
decit in middle-aged adults withhypothyroidism can persist even 
after “adequate” thyroidreplacement. In the elderly age group, Capet et 
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Variables Cases (N=83)
Mean(±SD)

Controls (N=60)
Mean(±SD)

p value

Serum TSH levels 
(uIU/ml)

 3.23 (1.16) 2.82 (1.24) 0.04*

Serum TSH levels 
(uIU/ml)

DAT (N=43)
Mean(±SD)

CONTROLS (N=60)
Mean(±SD)

0.005*

3.51 (1.21) 2.82 (1.24)
Serum TSH levels 
(uIU/ml)

VaD &mixed 
dementia (N=40)
Mean(±SD)

Controls (N=60)
Mean(±SD)

0.613

2.94 (1.03) 2.82 (1.24)
Serum TSH levels 
(uIU/ml)

DAT (N=43)
Mean(±SD)

VaD &mixed 
dementia (N=40)
Mean(±SD)

0.023*

3.51 (1.21) 2.94 (1.03)

Variables DAT (N=43)
Mean(±SD)

VaD & mixed 
dementia (N=40)
Mean(±SD)

Controls 
(N=60)
Mean(±SD)

p value

Serum 
TSH 
levels 
(uIU/ml)

3.51 (1.21) 2.94 (1.03) 2.82 (1.24) 0.011*

Severity of 
Dementia
(CDR SCORE)

Mild Moderate Severe p-
value

Mean (±SD) Mean (±SD) Mean (±SD)
Serum TSH levels 
(uIU/ml)

2.88 (1.10) 3.45 (0.79) 4.57 (1.06) 0.000*

 INDIAN JOURNAL OF APPLIED RESEARCH 21



al and Osterweil et al showed worse performance on cognitive tests as 
compared to the younger group, which lead to the conclusion of age 
increasing vulnerability in cognitive functions in hypothyroidism 
(Capet et al., 2000).

Several studies have been done examining the relationship between 
TSH and dementia predominantly DAT. Ganguli et al. in 1996 studied 
194 patients of dementia in a community-based cross-sectional 
studyfound the odds ratio of elevated TSH and denite dementia was 
3.8 (Ganguli et al., 1996). It was the rst community study to show an 
association between elevated TSH and dementia.In contrast,van Osch 
al in 2004 showed in a cross-sectional study of 178 DAT patients that 
lowered TSH was associated with a more than twofold increased risk 
of AD (odds ratio = 2.36) independent of other risk factors (Hogervorst 
et al., 2008). Kalmijnet al in 2000 did a population-based prospective 
study of 1843 participants and found 3 fold risk of dementia and DAT 
in patients of subclinical hypothyroidism (RR 3.5) (Kalmijn et al., 
2000). Finally,ZS Tan et al 2008 studied data from Framingham study 
in 1864 euthyroid participants found 209 developed DAT in 12 year 
follow up. The result of this study was aU shaped relationship between 
TSH levels and risk of DAT only in women. Both high and low TSH 
levels were associated with an increased risk of dementia in elderly 
women (Tan, 2008).

In the current study, the TSH levels were compared between dementia 
and controls. The mean TSH levels were signicantly higher in 
dementia cases as compared to controls however the levels were in the 
clinically normal range. When the subtypes of the dementia were 
studied separately then it was found that the serum levels of TSH in 
cases of DAT were raised as compared to normal elderly group and 
cases of vascular and mixed dementia. But no signicant difference 
was observed between TSH levels of vascular and mixed dementia and 
normal elderly controls. In all cases, the levels were within the normal 
clinical range. These ndings are consistent with the above ndings of 
an association between raised TSH and DAT. No difference in the 
levels of fT3 and fT4 were observed in any of the groups in the current 
study.

Serum TSH levels were studied among the cases of DAT divided 
according to the severity using CDR rating. Results show a 
progressively increasing TSH level from mild to severe, with the 
highest TSH levels in cases of severe DAT ( CDR=3), again the results 
were within the normal clinical range. The currently accepted range of 
serum TSH is 0.5 to 5.0 mIU/L. The National Association of Clinical 
Biochemistry argues that the upper limit of the serum thyrotropin 
euthyroid range should be reduced to 2.5 mIU/L to better detect mild 
thyroid disease, citing data that more than 95% of rigorously screened 
healthy euthyroid volunteers have TSHlevels of 0.4 to 2.5 mIU/L 
(Garber et al., 2012). Tan in 2008 argues that TSHlevels of 0.1 to 0.4 
mIU/L represents thyroid hormone excesses that are associated with 
increased risk of atrial brillation and cardiovascular mortality in 
elderly individuals according to some studies (Tan, 2008). The present 
ndings of association of DAT in individuals with TSH levels greater 
than 2.1 mIU/L but less than 5.0mIU/L corroborates with similar 
ndings in other studies, support these recommendations to narrow the 
target TSH range.

The effect of elevated TSH levels in DAT pathology could be 
summarized in the following proposed mechanisms. Interaction of 
thyroid hormone and nerve growth factor and choline acetyltransferase 
activity was studied in embryonic rat brain and recently it was 
corroborated by the ndings of levothyroxine protecting hippocampal 
cholinergic neurons in aged mice (Hayashi and Patel, 1987). Findings 
of these above studies indicate towards development and maintenance 
of cholinergic neurons in hippocampus and forebrain by thyroid 
hormones.The second proposed mechanism is thyroid hormone affects 
gene expression of amyloid precursor protein (APP). Studies by C 
Contreras-Jurado et al 2012 shows thyroid hormones repressing APP 
in neuroblastoma cells which lead to a nding of APP messenger RNA 
and protein levels were found to be signicantly higher in the brain of 
hypothyroid rats and mice, and also in Alzheimer-related brain regions 
dissected from KO mice (Contreras-Jurado and Pascual, 2012).These 
ndings suggest that subclinical hypothyroidism and resulting low 
central nervous system thyroid hormone levels may contribute to the 
development of DAT by directly increasing APP expression and 
circulating β-amyloid peptide levels. The third proposed mechanism is 
the cardiovascular changes caused by thyroid hormone. The 
cardiovascular system responds to minimal but persistent changes in 

circulating thyroid hormone levels producing changes in vascular 
reactivity and endothelial function. And changes in the endothelium 
have been increasingly linked with neurodegenerative diseases 
including Alzheimer's disease (Klein and Ojamaa, 2001). Finally, the 
neuroprotective action of thyroid hormone protects against brain 

+injury. Thyroid hormonereduces intracellular H  accumulation by 
+ +stimulation of the Na /H  exchanger and can support desirably low 

2+ 2+intracellular Ca by activation of plasma membrane Ca –ATPase. 
Thyroid hormone also stimulates astrocyte glutamate uptake, an action 
that protects both glial cells and neurons (Davis et al., 2011). The exact 
mechanism is still unclear and the above mechanisms may be acting in 
a multifactorial manner to prevent the pathogenesis of DAT. The above 
mechanism doesn't also provide clear answers to whether the higher or 
lower level of thyroid hormones provides protection against 
Alzheimer's disease, which could indicate a state of thyroid 
dysfunction either elevated or lower levels may be important for the 
pathogenesis of Alzheimer's disease.

The study had several limitations. This was a cross-sectional study 
design with no data about the pre-existing thyroid condition. There was 
also no follow-up done to study the progress of the thyroid 
abnormalities with dementia. No post hoc/ regression analysis was 
performed to identify any confounders in the data.

CONCLUSION
The study concludes that subclinical hypothyroidism is associated 
with dementia of Alzheimer type. When compared with varied 
ndings of prior studies it can be implied that subclinical thyroid 
dysfunction not especially hypo or hyperthyroidism is a risk for DAT.
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