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We report on 194 individuals (96 men and 98 women), aged 65 and over, who had dementia 
assessments and basal TSH measurements as part of an ongoing epidemiological study of 
dementing disorders in a larger population. Dementia was diagnosed according to DSM-III-R 
and measured by the Clinical Dementia Rating scale; CDR scores of O, 0.5, and >-1, represent 
individuals with no dementia (n = 122), possible dementia (n = 29), and definite dementia 
(n = 43), respectively. The odds ratio for the association of elevated TSH with definite 
dementia (CDR >- 1) was 3.8 (95% confidence interval = 1.6, 9.1) and with possible and~or 
definite dementia (CDR >- 0.5) was 3.8 (95% confidence interval = 1.6, 9.2), after adjusting 
for the effects of age, gender, and level of education. This is the first community-based study 
to report an association between TSH elevation and dementia. Our findings are consistent with 
recent evidence that subclinical hypothyroidism is associated with cognitive impairment, and 
that thyroidal state may influence cerebral metabolism. 
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Introduction 
Hypothyroidism is generally considered a reversible cause 
of secondary dementia in the elderly (Horvath et al 1989; 
Cummings 1992); hence the standard evaluation in cases 
of dementing illness includes one or more tests of thyroid 
function (Read 1991; Cummings and Benson 1992). This 
practice is based largely on clinical evidence that hypo- 
thyroidism is associated with mental status changes, in- 
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cluding but not limited to dementia, and is potentially 
treatable by replacement of thyroid hormone. It has, in 
fact, been suggested (Larson et al 1986) that thyroid 
function tests are among the few clinically worthwhile 
laboratory investigations of dementia. Further, meta-anal- 
yses of case-control studies of Alzheimer's disease (AD), 
a primary dementia, have demonstrated a significant 
positive association between reported hypothyroidism and 
AD (Breteler et al 1991). 

Early studies of the mental disorders associated with 
hypothyroidism were limited by the technology of their 
times to the diagnosis of overt hypothyroidism, character- 
ized by clinical manifestations and low levels of circulat- 
ing thyroid hormones. In the early 1970s it was recognized 
that various grades of subclinical hypothyroidism could be 
defined in individuals who appeared clinically euthyroid, 
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with normal thyroid hormone concentrations but elevated 
levels of thyroid stimulating hormone (TSH, thyrotropin) 
(Evered et al 1973; Wenzel et al 1974). Since then, TSH 
measurement, particularly with improved technology, has 
found widespread use as a screen for hypothyroidism in 
the ambulatory setting (Wartofsky 1994; Larsen 1992). 

Previous studies have been based on clinical samples 
which inevitably suffer from some lack of generalizability 
due to selection and recruitment biases. Community stud- 
ies are less subject to such biases, but earlier epidemio- 
logical studies of hypothyroidism (Tunbridge et al 1977; 
Sawin et al 1979; Bagchi et al 1990) have not examined 
mental status. Using a nested case-control design, we 
examined data on TSH levels in a rural U.S. community- 
based cohort of elderly individuals who were participating 
in a survey for dementing disorders; we have avoided 
assuming that elevated TSH necessarily represents hypo- 
thyroidism. The hypothesis to be tested was whether there 
was, in the community, an increased risk of dementia in 
those with elevated TSH. 

Methods 

Participants were 194 individuals (96 men and 98 women), 
aged 65 and older, who were taking part in the Mononga- 
hela Valley Independent Elders Survey (MOVIES project), 
an ongoing community study of the dementing disorders 
in the mid-Monongahela Valley, a rural, non-farm, blue- 
collar area of Southwestern Pennsylvania. Briefly, a sam- 
ple of 1366 individuals aged 65 and older was obtained by 
age-stratified, 1:13 random sampling from the voter reg- 
istration lists of the two counties where the survey was to 
be conducted. In addition, we also recruited 317 volun- 
teers in the same age group from the same community, for 
a total cohort of 1683, only a subgroup of which is 
described in this report. Further details of sampling and 
recruitment have been reported in detail elsewhere, as 
have the cognitive screening methods and procedures for 
the diagnosis of dementia (Ganguli et al 199l; Ganguli et 
al 1993a; Ganguli et al 1993b). After giving informed 
consent according to procedures approved by the Univer- 
sity of Pittsburgh Institutional Review Board, subjects 
underwent an in-home interview which included the ad- 
ministration of a cognitive screening battery. Using oper- 
ational criteria defined by percentile-based cutpoints, sub- 
jects were classified as cognitively impaired or cognitively 
unimpaired. All cognitively impaired subjects were asked 
to undergo a clinical evaluation, on the basis of which they 
were diagnosed as to the presence or absence of the 
dementia syndrome according to DSM-III-R (American 
Psychiatric Association 1987). It should be noted that the 
clinical diagnosis of the dementia syndrome did not imply 
an etiological diagnosis such as Alzheimer' s disease (AD). 

For this report, we have deliberately included all demen- 
tias, rather than a subgroup with clinically diagnosed AD, 
so as to avoid a circular argument about etiology; i.e., if 
we required demented individuals to be free of evidence of 
hypothyroidism in order to be diagnosed as AD, the 
exclusion of subjects with both disorders would have 
precluded our looking for an association between them. 

In all clinically evaluated subjects, a score was also 
assigned on the Clinical Dementia Rating (CDR) (Hughes 
et al 1982) scale. The clinical assessment and CDR rating 
were conducted according to the standardized protocols 
developed by the multi-center Consortium to Establish a 
Registry for Alzheimer's Disease (CERAD) (Morris et al 
1989; Ganguli et al 1993a). Field staff were trained in the 
reliable application of the CDR according to CERAD 
protocol. On the CDR, a score of 0 indicates no dementia, 
and scores of 0.5, 1, 2, 3, 4, and 5 represent possible, mild, 
moderate, severe, profound, and terminal dementia respec- 
tively. Possibly or questionably demented individuals with 
CDR scores of 0.5 were those who had some impairments 
but did not quite meet DSM-III-R criteria for dementia, 
i.e., their diagnoses were uncertain at the point of assess- 
ment, and they were neither clearly demented nor clearly 
healthy (Hughes et al 1982). They are likely to be a mixed 
group including some with incipient dementia who would 
later progress to fully meet diagnostic criteria for demen- 
tia, others who may have mild, reversible, or nonprogres- 
sive cognitive impairments, and still others who have low 
cognitive and functional ability for reasons that are not 
clear; however, they do not include individuals with 
mental retardation in whom the observed intellectual 
impairment has been apparently lifelong. For this report, 
we have classified subjects as having no dementia (CDR 
= 0), possible dementia (CDR = 0.5), and definite 
dementia (CDR --> 1); the last group included those who 
met DSM-III-R criteria for dementia. A sample of cogni- 
tively unimpaired subjects, age-, gender-, and education- 
matched to subjects diagnosed as demented, was also 
selected as controls for clinical evaluation and given a 
CDR score. The clinically evaluated, non-demented group 
(CDR = 0) reported here included these unimpaired 
controls as well as cognitively impaired individuals who 
were diagnosed as not demented. 

Subjects diagnosed as possibly or definitely demented 
were offered blood tests for hematologic, serologic, and 
metabolic "dementia workups," including basal TSH as- 
say, in an effort to determine the cause(s) of their memory 
loss. Subjects diagnosed as not demented were asked to 
undergo the same blood tests to help us compare elderly 
individuals with memory problems to elderly individuals 
without memory problems. The subjects described in this 
report were the first 194 subjects to have had a CDR rating 
assigned and a TSH assay performed. Blood samples were 
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drawn in the home by the project nurse and delivered to a 
local clinical pathology laboratory for assay. As our 
resources were limited and TSH by itself is considered an 
adequate screen for hypothyroidism in ambulatory indi- 
viduals (Wartofsky 1994; Larsen 1992), no other thyroid 
functions were measured. Results of all blood tests were 
sent to the project's offices and, with subjects' consent, 
forwarded to their primary care physicians. As ours is a 
field study and the subjects' health care is not under our 
jurisdiction, we do not have uniform data on physicians' 
diagnoses of thyroid or other disorders. 

Over the course of the study, logistics (the cost of assays 
and of courier services for prompt delivery of samples) 
compelled us to use five different laboratories, one of 
which changed its TSH assay method and range of values 
during the study period. Since our original intent was only 
to provide each demented individual with a metabolic 
workup for dementia, rather than to conduct a case-control 
study with the results, selection of a particular laboratory 
during any given period during the study was based solely 
on cost and convenience. In retrospect, we recognize the 
limitations of this approach. Four different TSH assays 
were employed during the course of the study: Abbott 
RIA-Bead, BioRad radioimmunoassay, Hybritech Immu- 
noEnzyMetric assay, and CIBA-Corning chemilumines- 
cent assay. In all cases the interassay coefficient of 
variation ranged between 6.1%-14.4% in the normal range 
for TSH, and from 5.2%-6.9% in the TSH range of 
6.97-23.65 mU/L. The normal ranges reported by the five 
methodologies were similar as well: 0.3-5.5 mU/L (Ab- 
bott and BioRad) (n = 66); 0.5-10.0 mU/L (BioRad) (n = 
1); 0.3-6.3 mU/L (Hybritech) (n = 56); 0 .0-8.0 mU/L 
(Hybritech) (n = 13); and 0.27-5.39 mU/L (CIBA- 
Coming) (n = 58). In this paper, the treatment of TSH 
level as a continuous variable would have falsely implied 
that actual TSH values were comparable across assays. 
Therefore, we have instead categorized TSH levels as 
"high" (or "not high") if they were above (or below) the 
upper limit of the "normal" range for that laboratory at that 
time. As will be shown, however, among the 194 individ- 
uals described in this report, a TSH level of 5.6 mU/L 
discriminated between the groups so categorized. 

Data were collected on subjects' reported use of thyroid 
medications; as indicated, we were not able to obtain 
uniform documentation of the diagnoses for which the 
thyroid medications were prescribed by the subjects' 
personal physicians. It is recognized that thyroid hormone 
is sometimes inappropriately prescribed for the elderly 
(Sawin et al 1989) and we did not assume that subjects on 
thyroid medications had necessarily been previously diag- 
nosed as hypothyroid. For the present analyses, we clas- 
sified our subjects according to TSH levels alone, regard- 
less of reported medication use or presumed thyroid 

diagnosis, arguing that if the TSH was elevated, thyroid 
supplementation, if present, was inadequate. We also 
performed the same analyses after excluding the subjects 
on thyroid medications. 

Since dementia, particularly of the Alzheimer type 
(Jorm 1990; Graves and Kukull 1994), and elevated TSH 
(Tunbridge et al 1977; Sawin et al 1979) are both reported 
to be associated with greater age and female gender, we 
adjusted for these potential confounders when analyzing 
the relationship between the two conditions. We also 
included level of education as an index of socioeconomic 
status, and because it has been postulated that lack of 
education may be a risk factor for dementia (Katzman 
1993a; Mortimer and Graves 1993). Thus, variables ex- 
amined in these analyses were age, gender, level of 
education, CDR score, and TSH level categorized as high 
or not high (including normal as well as low; low TSH was 
found in ten subjects). 

Statistical Procedures 

The proportions of individuals with high TSH were 
examined both in the total sample and within the sub- 
groups of not demented (CDR = 0), possibly demented 
(CDR = 0.5), and definitely demented (CDR ~ 1). A 
chi-square test and a test of trend were used to assess 
statistical significance where appropriate. To investigate 
the univariate association between high TSH and demen- 
tia, CDR scores were categorized in two ways: (a) com- 
bining the possibly demented group with the not demented 
group (CDR --> 1 versus CDR --< 0.5), and (b) combining 
the possibly demented group with the definitely demented 
group (CDR --> 0.5 versus CDR = 0). The univariate 
(crude, unadjusted) odds ratio for dementia associated 
with high TSH was calculated separately for each of these 
groupings. Univariate odds ratios were also calculated 
separately for men and women. 

To determine whether or not high TSH was indepen- 
dently associated with dementia after adjusting for the 
effects of age, gender, and education, multiple logistic 
regression models were fit using age, gender, level of 
education, and TSH (high vs. not high) as the independent 
variables, and dementia (defined in the two ways de- 
scribed for the univariate analyses) as the dependent 
variable. 

In addition to the dichotomous outcome regressions 
described above, polychotomous (ordinal) logistic regres- 
sion (with the dependent variable categorized as CDR 
scores of 0, 0.5, and ->1) was used to test for an 
association between high TSH and dementia, both with 
and without adjusting for age, gender, and education. This 
method assumes that the staging of dementia captured by 
the CDR is ordinal in nature; the odds ratios reflect the 
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Table 1. TSH Levels by Age and Gender 

TSH --< 5.5 TSH 5.6-10 TSH --> 10.1 
Age/Gender n (%) n (%) n (%) Total 

Men 
65-74 
75-84 
85+ 

Total Men 
Women 

65-74 
75-84 
85+ 

Total Women 
Total 

23 (88.5) 2 (7.7) 1 (3.8) 26 
51 (92.7) 4 (7.3) 0 (0.0) 55 
13 (86.7) 0 (0.0) 2 (13.3) 15 
87 (90.6) 6 (6.3) 3 (3.1) 96 

20 (83.3) 2 (8.3) 2 (8.3) 24 
50 (83.3) 8 (13.3) 2 (3.3) 60 

9 (64.3) 5 (35.7) 0 (0.0) 14 
79 (80.6) 15 (15.3) 4 (4.1) 98 

166 (85.6) 21 (10.8) 7 (3.6) 194 

relative odds that a subject with a high TSH has a higher 
CDR score than a subject without a high TSH. 

Results 

Table 1 shows the distribution of three ranges of TSH 
levels (-<5.5, 5.6-10, and --10.1 mU/L) among men and 
women in three age groups (65-74, 75-84, 85+ years) 
within the sample. As noted, subjects classified as high 
TSH (as defined for this report by individual laboratory 
ranges) were found in all cases to have levels above 5.6 
mU/L, and those classified as not-high TSH had levels 
below this value in all cases. High TSH was found in 28 
(14.4%) individuals (19 women and 9 men); of these, 21 
had TSH levels below 10 mU/L, and 7 had levels above 10 
mU/L (11.0, 12.7, 13.0, 16.7, 33.0, 50.0, and 51.2 mU/L 
respectively). 

Thirteen individuals reported taking thyroid replace- 
ment drugs; four with high TSH, three with low TSH, and 
five with normal TSH were on levothyroxine, while one 
person with normal TSH was on thyroglobulin. 

The demographic characteristics of the sample are 
shown in Table 2. We did not find the expected association 
between age and elevated TSH, possibly because of the 
relatively restricted age range of our elderly sample. 

Table 3. Dement ia  and Elevated TSH by Gender  

Table 2. Demographic  Characteristics 

Thyroid stimulating hormone (TSH) 

High" Not High ~ Total 
Demographic (n = 28) (n = 166) (n = 194) 

Characteristics n (%) n (%) n (%) pb 

Age 
65-74 7 (25.0) 43 (25.9) 50 (25.8) 
75-84 14 (50.0) 101 (60.8) 115 (59.3) 
85+ 7 (25.0) 22 (13.3) 29 (14.9) p=0.34 
Mean(SD) 79.2(6.1) 78.6(5.7) 78,6(5.7) 
Median 79.5 78 78.5 

Gender 
Men 9 (32.1) 87 (52.4) 96 (49.5) 
Women 19 (67.9) 79 (47.6) 98 (50.5) p=0.047 

Education 
<10th grade 9 (32.1) 60 (36.1) 69 (35.6) 
10-12th grade 6 (21.4) 27 (16.3) 33 (17.0) 
H.S. graduate 6 (21.4) 43 (25.9) 49 (25.3) 
>H.S. graduate 7 (25.0) 36 (21.7) 43 (22.2) p=0.86 

"High vs. not high was defined by upper limit of lab ranges; however, a cutoff 
of 5.6 was found to distinguish between high and not high subjects. 

bSignificance was assessed using the chi-square statistic for gender and the test 
of trend for age and education. 

Women accounted for 50.5% of the overall sample, 67.9% 
of the high TSH group, and 47.6% of the not high (low 
plus normal) TSH group; the proportion of individuals 
with high TSH was significantly higher among women 
(p < 0.05). Educational differences between the high and 
not high TSH groups were not statistically significant. 

Definite dementia (CDR --> 1) was diagnosed in 43 
individuals, possible dementia (CDR = 0.5) in 29 sub- 
jects, and no dementia (CDR = 0) in 122. Frequencies and 
percentages of high TSH by dementia diagnosis within 
gender groups and in the total sample are shown in Table 
3. A greater prevalence of high TSH was found with 
higher levels of CDR score, (test of trend: p = 0.0004). 
None of the ten subjects with TSH below the laboratories' 
normal ranges was diagnosed as demented. 

All 18 individuals with elevated TSH and either possi- 
ble or definite dementia had estimated dates of dementia 

Women 
(n = 98) 

Not 
High High 
TSH TSH All High TSH 

CDR n(%) n(%) n(%) n(%) 

Men Both genders 
(n = 96) (n = 194) 

Not 
High High Not High 
TSH All TSH TSH All 
n (%) n (%) n (%) n (%) n (%) 

0 6 (31.6) 51 (64.6) 57 (58.2) 4 (44.4) 
0.5 5 (26.3) 11 (13.9) 16 (16.3) 0 (0.0) 
-->1 8 (42.1) 17 (21.5) 25 (25.5) 5 (55.6) 
All 19 (100) 79 (100) 98 (100) 9 (100) 

61 (70.1) 65 (67.7) 10 (35.7) 112 (67.5) 122 (62.9) 
13 (14.9) 13 (13.5) 5 (17.9) 24 (14.5) 29 (14.9) 
13 (14.9) 18 (18.8) 13 (46.4) 30 (18.1) 43 (22.2) 
87 (99.9)" 96 (100) 28 (100) 166 (100.1) a 194 (100) 

~Percentages do not total 100 because of rounding. 



718 BIOL PSYCHIATRY M. Ganguli et al 
1996;40:714 -725 

Table 4. Associations Between Dementia and High TSH (Univariate and Multiple Logistic 
Regressions) 

Odds Ratio 
Regression Model Dependent Independent for High 

Type Variable Variable(s) a TSH 95% CI 

Univariate CDR -> 1 vs. --<0.5 TSH 
Total sample 3.9 b 

Women 2.7 b 
Men 7.1 b 

Univariate CDR ~ 0.5 vs. 0 TSH 
Total sample 3.7 b 

Women 3.9 b 
Men 2.9 b 

Univariate (ordinal CDR 0, 0.5, 2 1 TSH 3.8 b 
polychotomous) 

Multiple (dichotomous) CDR --> 1 vs. -<0.5 TSH, age, gender, 3.8 c'a 

education 
Multiple (dichotomous) CDR > 0.5 vs. 0 TSH, age, gender, 3.8 c'a 

education 
Multiple (ordinal CDR 0, 0.5, -> 1 TSH, age, gender, 3.6 ~'a 

polychotomous) education 

1.7, 9.1 
0.9, 7.6 
1.7, 30.1 

1.6, 8.6 
1.4, 11.5 
0.7, 11.8 
1.8, 8.3 

1.6, 9.1 

1.6, 9.2 

1.6, 8.1 

aIndependent variables categorized as in Table 1 (TSH level: High vs Not high). 
bUnadjusted odds ratio. 
CAdjusted odds ratio. 
gage, gender, and education were not significant (p > 0.17). 

onset before TSH measurement; two had an interval less 
than one year, four had a 1-2 year interval, four had a 2-3 
year interval, and eight had intervals greater than four 
years between TSH measurement and estimated dementia 
onset. We are unable to estimate the onset of TSH 
elevation. 

Table 4 summarizes the results of univariate and mul- 
tiple logistic regressions examining the associations be- 
tween TSH and dementia. In the univariate analysis 
combining the possibly demented with the not demented 
(CDR -- 1 vs. -<0.5) an odds ratio of 3.9 (95% CI = 1.7, 
9.1) was found for those with high TSH. In the univariate 
analysis combining the possibly demented with the defi- 
nitely demented (CDR - 0.5 vs. 0), the odds ratio was 3.7 
(95% CI = 1.6, 8.6). In the polychotomous (ordinal) 
logistic regression, treating the CDR as an ordinal scale, 
the univariate odds ratio between CDR and TSH was 3.8 
(95% CI: 1.8, 8.3). 

When these associations were examined separately for 
men and women, a similar relationship persisted between 
dementia and elevated TSH; however, the confidence 
intervals were wider due to the reduced sample sizes 
within the gender groups. For CDR --> 1 versus CDR --< 
0.5, the univariate odds ratio among women was 2.7 (95% 
CI: 0.9, 7.6) and among men 7.1 (95% CI: 1.7, 30.1); for 
CDR -> 0.5 vs. CDR 0, the odds among women were 3.9 
(95% CI: 1.4, 11.5) and among men 2.9 (95% CI: 0.7, 
11.8). 

In the multiple logistic regression model with the 

dependent variable classified as CDR -> 1 versus CDR -< 
0.5, and including high TSH, age, gender, and level of 
education as independent variables, the adjusted odds ratio 
for high TSH was 3.8 (95% CI = 1.6, 9.1). With CDR -> 
0.5 versus CDR = 0 as the dependent variable, the 
adjusted odds ratio for high TSH was 3.8 (95% CI = 1.6, 
9.2). In the polychotomous ordinal multiple regression, the 
adjusted odds ratio for the relationship between TSH and 
CDR was 3.6 (95% CI: 1.6, 8.1). 

When the thirteen subjects on thyroid replacement 
medication were excluded and the regression analyses 
performed on the remaining 181 subjects, the results were 
similar. The adjusted odds ratios for high TSH were 4.8 
(95% CI: 1.8, 12.7) for CDR -> 1 vs. CDR --< 0.5; 4.4 
(95% CI: 1.9, 12.4) for CDR >-- 0.5 vs. CDR = 0; and 4.7 
(95% CI: 2.0, 11.2) in the polychotomous model (CDR 0, 
0.5, _1). 

In the multiple regressions, neither age, nor gender, nor 
education were significantly associated with dementia 
(p > 0.17), most likely because matching on these 
variables was, as noted, the basis on which we selected the 
nondemented controls from the unimpaired subgroup of 
the population. 

Discussion 

We have found a consistent, three- to four-fold higher 
probability of dementia among individuals with elevated 
TSH levels within this community-based sample, using a 
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nested case-control design. These increased odds remained 
present whether or not "possible" cases of dementia were 
included, whether or not subjects on thyroid supplemen- 
tation were included, and even after controlling for age, 
gender, and level of education. To our knowledge, ours is 
the first such report from a community-based sample. This 
association may have escaped earlier detection because of 
certain methodological issues in the diagnosis and epide- 
miology of hypothyroidism, as well as in the design of the 
previous studies investigating a thyroid-dementia relation- 
ship. 

Diagnosis and Epidemiology of Hypothyroidism 

In the early literature, the thyroid disease was diagnosed 
only when overt and fairly severe, examining clinical 
manifestations and measuring basal metabolic rate, pro- 
tein-bound iodine (Gull 1874; Ord 1878; Clinical Society 
of London 1888; Asher 1949; Nickel and Frame 1958; 
Jellinek 1962; Whybrow et al 1969; Olivarius and Roder 
1970), and, later, levels of circulating thyroid hormones. 
More recent technological advances, with TSH measure- 
ment and TRH testing, have made it possible to diagnose 
milder degrees of overt as well as subclinical hypothyroid- 
ism (Evered et al 1973; Wenzel et al 1974; Surks 1977; 
Bantle 1987), to the point that TSH alone can be used in 
the initial screening for thyroid disease (Wartofsky 1994; 
Larsen 1992; Spencer and Nicoloff 1990). By not measur- 
ing TSH in all subjects, previous studies may have 
under-detected thyroid disturbance, particularly in subclin- 
ical cases. In the present study, we classified subjects on 
the basis of a single basal TSH assay without the benefit of 
additional thyroid function tests or knowledge of clinical 
course. Further, the magnitude of the TSH elevations was, 
in three quarters of the high TSH subjects, relatively small. 
Therefore, we have neither interpreted an elevated TSH as 
equivalent to a diagnosis of hypothyroidism, nor attempted 
to distinguish between subclinical and overt disease. 
However, a potential diagnosis of hypothyroidism is 
favored by our finding of a higher prevalence of high TSH 
among women than among men, consistent with the 
gender differences in both subclinical and overt hypothy- 
roidism found in previous community studies (Tunbridge 
et al 1977; Sawin et al 1979; Bagchi et al 1990). Further, 
previous reports suggest that the majority of individuals 
with subclinical hypothyroidism, characterized by ele- 
vated TSH alone, progress to overt hypothyroidism 
(Gordin and Lamberg 1981; Brown and Hennessy 1989). 

Several community-based studies have provided overall 
and age- and gender-specific prevalence and incidence 
rates for overt and subclinical hypothyroidism in the 
elderly (Tunbridge et al 1977; Sawin et al 1979, 1985; 
Bagchi et al 1990; Sundbeck et al 1991; Falkenberg et al 

1983; Brochmann et al 1988). Variation among these 
estimates can be explained by evolving TSH measurement 
technology, the age and gender structure of the population, 
the geographic area and pathogenesis of the hypothyroid- 
ism (Gordin and Lamberg 1981; Brown and Hennessy 
1989; Rosenthal et al 1987; Tunbridge et al 1981), and the 
setting of the study (community vs. inpatient, outpatient, 
or nursing home) (Burrows et al 1975; Bahemuka and 
Hodkinson 1975; Berlowitz et al 1990; O'Kane et al 1991; 
Drinka and Nolten 1990; Livingston et al 1987). Overall 
non-goiter community prevalence rates of TSH > 10 
mU/L in the elderly have varied from 1-6%; 14.4% of 
elderly individuals sampled in Boston had TSH levels 
between 5 and 10 mU/L (Sawin et al 1979). In the present 
study, the 8.2% prevalence of elevated TSH in our 
non-demented group is within the range reported from the 
above larger population-based studies of the elderly. 

Previous Studies of Thyroid Disease and Dementia 

Previous studies have consisted primarily of 1) case 
reports of coexisting dementia and hypothyroidism; 2) 
case-series of dementia in which thyroid disease was 
found in a subgroup of cases; and 3) case-control studies 
of AD or dementia of the Alzheimer type (DAT) in which 
thyroid disease was examined as one of several potential 
risk factors. In addition, there have been recent reports of 
cognitive impairment among nondemented individuals 
with subclinical hypothyroidism. Case-reports of dementia 
with hypothyroidism (Asher 1949; Nickel and Frame 
1958; Jellinek 1962; Whybrow et al 1969; Olivarius and 
Roder 1970; Peabody et al 1986; Rosenthal and Sanchez 
1985; Smith and Granger 1992; Haupt and Kurtz 1993), 
drawing clinical attention to a possible association be- 
tween the two conditions, have been in existence since 
Asher (1949) described "myxoedematous madness." 
Methods and criteria for the diagnosis of both hypothy- 
roidism and dementia have varied across studies. The rate 
of co-occurrence of dementia and thyroid disease could 
not be determined from, or compared among, the case 
reports since they did not include a denominator, i.e., a 
defined sample within which the cases were found. Case- 
series of dementia (Larson et al 1984, 1986; Marsh and 
Burns 1986; Smith and Kiloh 1981; Cunha 1990; Tappy et 
al 1987) defined as their denominators the number of 
consecutive referrals or admissions of patients diagnosed 
as demented in specialty geriatric clinics or units; an 
exception was a recent community-based case-series 
(Skoog et al 1993). In most of these series, between 2 and 
4% of patients with dementia have been diagnosed as 
hypothyroid, and were often noted to lack the classical 
clinical manifestations (Smith and Kiloh 1981; Cunha 
1990); in more recent studies, diagnosis was based on 
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clinical history and examination as well as measurement 
of thyroid hormones and TSH. 

Neither the case-reports nor the case-series included 
comparison groups of non-demented individuals which 
could help determine whether or not dementia and 
hypothyroidism occurred together more often than 
would be expected by chance. Case-control studies, 
designed for this type of comparison, have usually 
focused on dementia of the Alzheimer type (DAT) 
(Heyman et al 1984; French et al 1985; Barclay et al 
1986; Amaducci et al 1986; Chandra et al 1987; Shalat 
et al 1987; Broe et al 1990; Graves et al 1990; Lopez et 
al 1989; Kokmen et al 1991; Yoshimasu et al 1991) and 
have generally been based on subjects referred and 
admitted to research programs. Thus, some degree of 
selection bias was inevitable among participants, except 
perhaps when cases and controls have been identified 
through a medical record linkage system (Kokmen et al 
1991; Yoshimasu et al 1991). Further, to be included in 
the Alzheimer's disease research programs, demented 
subjects had to be considered free of other dementias or 
other causes of dementia; in many studies, this criterion 
seems to have excluded individuals with known thyroid 
disease from being selected as either cases or controls. 
Thus, those with thyroid disease may have been sys- 
tematically underrepresented in these studies. The re- 
suiting diagnostic tautology was that these studies ruled 
out "thyroid dementia" by excluding those with thyroid 
disease (or thyroid disease judged to be causally related 
to dementia) before attempting to determine whether or 
not there was a preponderance of thyroid disease among 
AD patients. It was precisely to avoid this circularity in 
argument that we restricted our analyses to the dementia 
syndrome without specifying an etiology such as 
Alzheimer-type or thyroid dementia. 

In the DAT case-control studies, during subsequent 
exposure and risk factor assessments, very few of the 
selected cases and controls reported histories of thyroid 
disease; in all but a few studies (Lopez et al 1989; Thomas 
et al 1987), no further assessment of thyroid status was 
conducted. Remarkably, despite the reduced likelihood of 
detecting thyroid disturbance in their subjects, many of 
these studies found positive, although statistically non- 
significant, associations between DAT and a history of 
hypothyroidism or "thyroid disease." When the data from 
several of these studies were pooled for meta-analysis, 
however, they revealed a statistically significant twofold 
risk of DAT in individuals with reported hypothyroidism 
(Breteler et al 1991; Katzman 1993b). 

The present study is unique in that we used TSH 
measurement rather than history of known thyroid disease, 
included all dementias rather than only DAT, drew from a 
community- rather than referral-based sample, and had 

sufficient statistical power to detect a significant associa- 
tion. As noted, the prevalence of elevated TSH among our 
nondemented subjects was within the range reported from 
previous community studies of hypothyroidism, but higher 
than frequency of reported thyroid disease in most clinical 
case-series of demented elderly (Larson et al 1986; Marsh 
and Burns 1986; Smith and Kiloh 1981; Cunha 1990; 
Larson et al 1984; Tappy et al 1987) and in most 
referral-based case-control studies (French et al 1985; 
Barclay et al 1986; Amaducci et al 1986; Chandra et al 
1987; Shalat et al 1987; Broe et al 1990; Graves et al 
1990), suggesting that our sample was more representative 
of the general elderly population than were those of 
previous studies. 

Reversibility 
A final conceptual difficulty in previous reports was the 
issue of reversibility. The potential reversibility of "thy- 
roid dementia" by replacement of thyroid hormone has 
been at the heart of the practice of ascertaining thyroid 
functions as part of the dementia evaluation (Larson et al 
1986; Marsh and Burns, 1986). The literature is equivocal 
however, on the reversibility of dementia by treatment of 
concomitant thyroid disease, and the studies were, for the 
most part, inadequately controlled (Larson et al 1986; 
Nickel and Frame 1958; Jellinek 1962; Bahemuka and 
Hodkinson 1975; Smith and Granger 1992; Haupt and 
Kurtz 1993; Smith and Kiloh 1981; Cunha 1990; Larson et 
al 1984; Tappy et al 1987; Skoog et al 1993). Partial or 
complete reversibility, sometimes attributed to the dura- 
tion of the thyroid disease, has not been universal. Thus, 
speculation has arisen that the occasional coexistence of 
thyroid disease and dementia, both common in the elderly, 
might be coincidental rather than causal (Rosenthal and 
Sanchez 1985). Although previous case-control studies, 
like ours, have demonstrated that the two conditions occur 
together more frequently than would be expected by 
chance, lack of consistent reversibility may have discour- 
aged previous investigators from further pursuit of the 
association between them. 

Implications 
In our cross-sectional data we have demonstrated an 
association but can only speculate about direction and 
causality. Dementia, or other conditions underlying de- 
mentia, may result in thyroid function abnormalities; 
another, confounding factor may be responsible for both 
the dementia and the thyroid disturbance; thyroid abnor- 
malities or pituitary-thyroid axis disturbance may be risk 
factors for dementia. 

First, it is theoretically possible that the dementia, or 
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medical conditions underlying the dementia, resulted in 
the abnormal thyroid functions. In the DAT case-control 
studies, hypothyroidism was assumed to have preceded 
dementia; the minimum interval between onset of hypo- 
thyroidism and the onset of dementia was reported as six 
years, with an average of 20 years (Breteler et al 1991). 
Although atypical, increased TSH may be found occasion- 
ally in nonthyroidal illness; the phenomenon of euthyroid 
sick syndrome is more commonly found in hospitalized 
patients (Atkinson et al 1978; Wong et al 1981; Brent et al 
1986; Hamblin et al 1986; Spencer et al 1987; Finucane et 
al 1989; Bhakri et al 1990) than in the ambulatory elderly, 
such as our community-dwelling sample. Previously un- 
diagnosed concomitant medical illnesses may be common 
in demented populations (Larson et al 1984, 1986). In one 
such study (Larson et al 1986), abnormal TSH was found 
in 18.6% of the sample; the finding was of uncertain 
clinical significance in 15.5% of patients, in whom TSH 
ranged between 6 mU/L and 12 mU/L; and of these, 
during followup, the TSH normalized without treatment in 
40%. The bulk of the literature suggests however, that 
even a slightly increased TSH may be a harbinger of 
subclinical or future overt hypothyroidism (Gordin and 
Lamberg 1981; Brown and Hennessy 1989; Rosenthal et 
al 1987; Tunbridge et al 1981). 

A second interpretation of our finding is that another, 
confounding factor caused both the dementia and the 
hypothyroidism. For example, autoimmunity has been 
suggested as a possible common cause of both hypothy- 
roidism and AD by some studies (Peabody et al 1986; 
Heyman et al 1984; Percy et al 1990) although not by 
others (Lopez et al 1989; Yoshimasu et al 1991). It has 
been hypothesized that autoimmune thyroid disease may 
be genetically linked to a gene for AD (Heyman et al 
1984; Percy et al 1990; Ewins et al 1991); a similar 
proposal (Rabinowe et al 1989) has linked organ-specific 
autoimmunity and premature aging with Down's syn- 
drome, a known risk factor for AD. 

A final possibility is that thyroid abnormality itself is a 
risk factor for dementia, perhaps even at subclinical levels 
of both conditions. Haggerty et al (1990) have noted that 
the organ system with the greatest vulnerability to mild 
thyroid hormone deprivation may be the central nervous 
system. In addition to reports of reversible and irreversible 
dementia associated with overt hypothyroidism, non- 
demented hypothyroid elderly have been found to have 
multiple cognitive impairments (Osterweil et al 1992) 
which can at least partly be reversed with thyroid hormone 
replacement; measurable improvement in cognitive func- 
tioning has been reported with replacement of thyroid 
hormone for subclinical hypothyroidism (Nystrom et al 
1988; Monzani et al 1993). These reports are striking 
because the adult brain has traditionally been considered 

relatively resistant to thyroid hormone, in that the known 
peripheral effects of thyroid hormone in oxygen consump- 
tion (Barker and Klitgaard 1952; Sensenbach et al 1954) 
and lipogenesis (Lee and Lardy 1965; Schapiro 1966; 
Schapiro and Percin 1966; Hemon 1968; Forciea et al 
1981) cannot be demonstrated in the brain; however, 
newer technology is leading to research suggesting direct 
or indirect effects of thyroid hormone on the adult brain. 
Reduced transport of thyroid hormone to the brain may be 
a factor as suggested by diminished transythyretin in the 
CSF of patients with AD (Riisoen 1988). Thyroid hor- 
mone levels may have effects on cerebral oxygen metab- 
olism (Ain and Smith 1994), and acetate metabolism 
(Chapa et al 1995), as well as on the abundance of 
neurotrophins and of mRNA for RC3, a calmodulin- 
binding substrate for protein-kinase-C (Walker et al 1979; 
Giordano et al 1992; Iniguez et al 1992). There may be 
unique roles and mechanisms of action for T3, T4, or other 
thyroid hormone metabolites in the adult brain (Chapa et 
al 1995; Dratman et al 1976; Silva and Leonard 1985; 
Siegrist-Kaiser et al 1990); it has even been proposed that 
T3 itself may be a neurotransmitter (Mason et al 1993). 

Indirect effects of thyroid hormone on the brain may 
also be considered in the pathogenesis of dementia; for 
example, links may exist through cerebral anoxia, isch- 
emia, and atrophy (Jellinek 1962) or cerebral blood flow 
(Scheinberg 1950), or via lipid metabolism which is 
affected both by hypothyroidism (Kinlaw 1991) and by the 
~4 allele of the apolipoprotein E gene, a known risk factor 
for Alzheimer's disease (Benvenga et al 1993; Strittmatter 
1993; Saunders 1993). 

Limitations 

Although our epidemiological data strongly support fur- 
ther biological investigations of thyroid-brain interactions, 
we recommend some caution in the interpretation of our 
findings due to certain methodological limitations. Our 
data are cross-sectional in nature and thus do not allow the 
determination of causality or of the direction of the 
association; we are currently following the cohort prospec- 
tively to determine whether previously non-demented 
individuals with elevated TSH are at increased risk of 
developing cognitive impairment and/or dementia. Our 
findings are based not on our entire cohort but on 194 
individuals who had dementia assessments as well as TSH 
assays; thus, this sample cannot be used to estimate 
prevalence of dementia. It is appropriate however, for a 
nested case-control study examining associations of de- 
mentia with a potential risk factor; the sample was large 
enough to provide sufficient statistical power to test the 
hypothesis in question. It is admittedly unfortunate that the 
assays were performed in several different laboratories 
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with their varying normal ranges; we did not base our 
selection of  these laboratories on diagnosis, and we have 
used TSH categories, rather than actual TSH values, in our 
analyses. We  were not able to perform additional mea- 
surements of  thyroid function; however, TSH is consid- 
ered an adequate screen in ambulatory populations. We 
elected to ignore thyroid medication use in the analyses, 
arguing that if  thyroid supplementation was adequate, 
TSH would not be elevated; however, the results were 
similar even after we excluded subjects on thyroid medi- 
cations. Despite these considerations, we believe the 
following conclusions are warranted. 

cognition. Among those with overt and even subclinical 
hypothyroidism, accumulating evidence (Nystrom et al 
1988; Monzani  et al 1993; Haggerty et al 1990) suggests 
that monitoring of  cognitive functions may detect early 
impairments which may be amenable to treatment with 
thyroid hormone replacement. Our findings validate and 
extend those of  previous case-control studies which have 
found associations between Alzheimer- type dementia and 
hypothyroidism, and lend support to recent evidence that 
thyroidal state influences cerebral metabol ism and neuro- 
transmitter levels. 

Conclusions 

In these community-based,  cross-sectional data, using a 
nested case-control design, we have found a strong and 
consistent association between the presence of  dementia 
and the elevation of  thyroid stimulating hormone. Prospec- 
tive studies are needed to determine whether subclinical 
hypothyroidism is a true risk factor for significant cogni- 
tive deficits and/or dementia; controlled trials are needed 
to determine the effect of  thyroid hormone replacement on 
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