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Objectives: There has been little research into risk factors for dementia outside Western settings, in
particular the importance of early life nutrition as estimated by adult body size. This study investigated
the associations of arm and leg length with cognitive impairment and dementia in a community sample
of older Korean people.
Methods: 746 community residents aged 65 or over were clinically assessed for dementia and cogni-
tive impairment. The following were also measured: arm length (demispan), leg length (iliac crest
height), and sitting height (standing height minus iliac crest height). Reproductive history was also
ascertained in women.
Results: Shorter demispan and leg length were associated with increased age and lower education.
They were also associated with dementia and Alzheimer’s disease after adjustment for these factors.
These associations were only significant in women but were not explained substantially by timing of the
menarche or menopause. The association between lower education and dementia was also stronger in
women, but was not explained substantially by limb length.
Conclusions: Shorter limb length was associated with lower childhood socioeconomic status, as esti-
mated by the presence/duration of formal education. It was also independently associated with
dementia and Alzheimer’s disease. Sex differences in this association might be explained by gender
disadvantage in early life for this cohort or by different associations with health states (for example,
cardiovascular disease) later in life.

There has been increasing interest in aspects of the early

life environment as aetiological factors for late life cogni-

tive impairment and dementia. Lower education has been

found to be associated with increased risk of dementia in

numerous studies of developed nation populations,1 2 as well

as in some non-Western settings.3 Other early life factors

found to be associated with dementia have included area of

residence,4 5 parental occupation,6 and household size.6 Matu-

ration of the brain, which occurs to its greatest extent during

the first three years of life and continues for the first two

decades,7 progresses in parallel with skeletal growth. An

adverse early life environment, in particular poor nutrition,

affects growth and development,8 and may be associated with

an increased risk of cognitive impairment and dementia in

later life. Decreased head circumference9 and adult height10

have been found to be associated with cognitive impairment

or dementia, or both, but overall there has been little research

in this area. Standing height is affected by degenerative proc-

esses in older people, particularly osteoporotic kyphosis,11 and

limb length measurements provide a more accurate represen-

tation of earlier stature. Furthermore, there is some evidence

to suggest that limb length is more strongly associated than

trunk height with socioeconomic factors in childhood, as well

as with later mortality and cardiovascular disease.12

Most dementia research has focused on developed Western

populations. Rapid demographic aging is occurring in many

other nations and dementia is becoming increasingly an

important public health issue. The impact of poor nutrition in

childhood is an important concern, but has received little

research. In collaboration with the 10/66 Dementia in

Developing Countries Research Program,13 a community

survey of psychiatric morbidity was carried out in Kwangju,

South Korea in 2001. We hypothesised that dementia would

be associated with decreased limb length, that this would be

independent of education, and that limb length would, at least

in part, account for the association between dementia and

lower education.

METHODS
Study population
The sampling frame for this study was all inhabitants aged 65

or over recorded in national residents registration lists within

two defined geographical areas (one urban, one rural) of

Kwangju, South Korea in 2001. There are no long term care

facilities in these catchments. An accurate entry on national

registration lists is a legal requirement in Korea and is neces-

sary for many aspects of daily life, including pension

provision. A letter explaining the purpose of study was sent to

all eligible older people. All participants gave informed

consent, and the study was approved by the appropriate

research ethics committee.

Assessments and measurements
The survey was carried out with two recruitment phases: (1)

Sixteen graduate level research assistants, trained and super-

vised by the project psychiatrist, carried out home based

interviews. Information was gathered from participants and

their family members using a structured questionnaire. This

included the Geriatric Mental State Interview (GMS) with

diagnoses of organic brain syndrome and depression assigned

using the AGECAT computerised algorithm.14 (2) At a second

interview (attempted in all participants), anthropometric

measurements were taken and a clinical diagnosis of demen-

tia was established by two teams of Korean professionals,

consisting of a psychiatrist, a senior nurse, and a psychologist.

At both stages, home visits were repeated on at least two occa-

sions if no contact was made. The mean (SD) interval between

the two interviews was 9 (5.4) days. People who completed

both interviews comprise the sample for the analysis

presented here.

Anthropometric measures
There are various measurements that have been used to quan-

tify limb length. Arm length has been measured by total arm

span15 or demispan.16 Leg length has been measured by knee

height,17 iliac crest height,18 or estimated by subtracting sitting
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from standing height.19 For the purposes of this study, arm

length (demispan) was measured from the web between the

third and fourth finger along the outstretched arm to the ster-

nal notch. Leg length (iliac crest height) was measured from

the uppermost part of the iliac crest to the ipsilateral lowest

part of the lateral malleus. Both were measured using a plas-

tic tape measure and on the left arm or leg unless they had

been affected by disease or disability. Standing height was

measured from heel to vertex and “sitting height” was derived

by subtracting the leg length from this.

Data on early life environment
The following information was gathered from participants

using a structured questionnaire (corroborated by family

members where possible): birth order, number of siblings,

parental occupation (manual or non-manual), area of

residence before age 20 (urban or rural), and duration of for-

mal education.

Reproductive history
In female participants, the following information was

obtained: age of menarche, number of children, age at first

childbirth, and age of menopause.

Other independent variables
Age, sex, self reported hypertension, and diabetes. In those

who agreed, blood was also taken and analysed for

apolipoprotein E (APOE) genotype.

Cognitive assessment and dementia diagnosis
Cognitive function was assessed using the Korean version of

Mini-Mental State Examination (MMSE-K),20 and the

memory subscale of the Korean Dementia Rating Scale

(KDRS).21 Cognitive impairment was defined as MMSE-K

scores of 20 or below.22 The KDRS is derived from the Mattis

Dementia Rating Scale,23 translated and modified for use in

Korea. The Instrumental Activities of Daily Living Scale

(IADL)24 and Clinical Dementia Rating (CDR)25 were adminis-

tered. Of the participants, 64% had previously participated in

a survey two years earlier with similar measurements admin-

istered including MMSE-K and KDRS.26 Changes in the scale

scores were taken into account when making diagnoses.

Information on past history and present illness, and family

history of dementia was gathered from participants and their

family members. A physical examination including blood

pressure measurement (by the senior nurse) and neurological

examination (by the psychiatrist) were performed. On the

basis of the above information, consensus diagnoses of

dementia and dementia subtypes were made by three

psychiatrists and a psychologist. Dementia, Alzheimer’s

disease, and vascular dementia diagnoses were made accord-

ing to DSM-IV,27 NINCDS-ADRDA,28 and NINDS-AIREN

criteria,29 respectively. The organic brain syndrome category

from the GMS interview was not a dependent variable in the

final analysis but was used to assess the effect of differential

attrition between interviews, as data were complete for this

measure in all first interview participants.

Data analysis
Single explanatory variable analyses were carried out to

investigate (a) factors associated with dementia, (b) factors

associated with anthropometric measurements, and (c) the

association of interest between anthropometric measure-

ments and dementia. These associations were further ana-

lysed using stepwise logistic regression models to investigate

confounding/mediation. Because of wide sex differences in

measurement distributions, in the nature of the measure-

ments (for example, iliac crest height) and, potentially, in their

associations with other factors, interaction with sex was

investigated in multivariable analyses. Ages at menarche and

menopause were considered as potential mediating factors in

women. Analyses were repeated for dementia subtypes as

dependent variables. Further exploratory analyses investi-

gated associations between anthropometric measurements

and potential mediating factors, including cognitive function

within the “normal” range (defined as MMSE-K>23),22

hypertension, and diabetes. Finally, anthropometric measures

were considered as potential confounding factors for the

association between education and dementia.

RESULTS
Of 1566 residents aged 65 or over identified from registration

lists, 1204 (77%) completed the first interview with research

assistants. Of the remainder, contact could not be established

with 195 (12%), 71 (5%) did not wish to participate, 55 (4%)

had no fixed abode, 28 (2%) had changed address, and 9 (1%)

had died before the visit. Participants and non-participants at

this stage did not differ significantly with respect to age (mean

ages 72.2 and 72.4 respectively), or sex (58% and 62% female

respectively). For participants who had participated in the

previous survey, we found no evidence of practice effects for

the MMSE as scores for this group were lower than those for

new participants (mean difference 1.5 points).

Of first interview participants, 746 (62%) participated in the

second interview. Of the remainder, contact could not be

established with 321 (27%), 92 (8%) refused, four had died in

the interval (<1%), and data were missing for 41 (3%).

Between interview attrition was associated with increased age

(odds ratio (OR) per year increase 1.02, 95% CI 1.00 to 1.04),

decreased education (OR per year of education 0.97, 0.95 to

1.00), and GMS organicity caseness (OR 1.49, 1.16 to 1.93) but

not significantly with sex (OR for women 1.07) or GMS

depression caseness (OR 1.13). The strength of association

between GMS organicity and education in all participants at

the first interview (OR per year of education 0.80) was similar

to that in participants at the second interview (0.81). The

principal reason for attrition was that the person was away

from home at the time of research visits despite repeated

attempts to make contact.

Of the 746 participants in both interviews, 110 (15%) were

diagnosed as having dementia. Of these, 87 (79%) were diag-

nosed as having Alzheimer’s disease, 15 (14%) had vascular

dementia, and eight (7%) had dementia of other aetiology.

One hundred and eighty six (25%) of the participants were

classified as having cognitive impairment without dementia.

Data on APOE genotype were available in 699 participants

(94%).

Dementia was significantly associated with increased age,

female sex, lower education, and APOE e4 (table 1). No

evidence was found for non-linearity in the association

between age and dementia. In women, dementia was

associated with older age at menarche and younger age at

menopause.

For the total sample, the mean (SD) value for demispan was

79.3 (5.1) cm, for leg length 86.4 (5.4) cm, and for sitting

height 69.4 (6.0) cm. The Pearson’s correlation coefficient

between demispan and leg length was 0.73, between

demispan and sitting height 0.53, and between leg length and

sitting height 0.23. All measurements were significantly

reduced in older participants, in women, and in those report-

ing lower levels of education (table 2). Decreased leg length

was associated with later menarche and menopause. De-

creased sitting height was associated with earlier menopause.

No associations were found between any of the anthropomet-

ric measures and APOE genotype, birth order, number of sib-

lings, parental occupation, or area of residence in early life (p

values >0.1). In women there were no associations between

any of the measurements and number of children or age at

first childbirth (p>0.1).
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The odds ratio (OR) for dementia was 2.16 (95% CI 1.71 to
2.71) for each 5 cm decrease in demispan, 1.93 (1.56 to 2.39)
for each 5 cm decrease in leg length and 1.30 (1.09 to 1.56) for
each 5 cm decrease in sitting height. These associations were
present across the distributions for each measure, but particu-
larly noticeable in the lower ranges. For example, the
proportion of people with dementia for each quintile of dem-
ispan (lowest to highest) were 35.9%, 10.9%, 11.2%, 9.1%, and
6.0%. Patterns of association were similar for leg length and
sitting height (data not shown).

For sitting height, no association with dementia was
evident after adjustment for age and education (OR per 5 cm
decrease 1.06, 0.87 to 1.29). Multivariable analyses are
summarised in table 3 for demispan and leg length as
independent variables. Associations between these factors and
dementia were diminished in strength but remained statisti-
cally significant after adjustment for age and education. How-
ever, they seemed to be principally present in women,
especially the association between leg length and dementia.
Likelihood ratio tests of interaction terms with sex (adjusted
for age and education) yielded p values of 0.039 for leg length
and 0.14 for demispan. Further adjustment for age of
menarche and menopause had little effect on associations in
women. On further stratification, there seemed to be sex dif-
ferences in effect modification by e4. For example, odds ratios
for dementia for each 5 cm decrease in demispan (adjusted for

age and education) were 1.26 (0.65 to 2.46) in men without e4
compared with 4.40 (1.02 to 19.0) in men with e4. In women,
odds ratios were 1.70 (1.06 to 2.74) in those without e4 com-
pared with 1.40 (0.66 to 2.94) in those with e4. Interaction
terms however did not approach significance.

Associations between leg length and dementia subtypes are
summarised in table 4. Associations with Alzheimer’s disease
and vascular dementia were broadly comparable in strength
and showed similar gender interaction, being strongest in
women for both limb length measures. Numbers in the
“other” dementia group were too small to be analysed. Results
for demispan were similar (data not shown). For participants
with dementia, leg length and demispan were not signifi-
cantly associated with IADL or CDR scores (p values >0.1).

Further secondary analyses were carried out to investigate
potential mediating factors. No significant associations were
found between limb length measurements and MMSE-K
scores in a subsample with “unimpaired” function (MMSE-K
>23) or with reported hypertension or diabetes in the total
sample. Finally the effect of adjustment for limb length on the
association between lower education and dementia was inves-
tigated in logistic regression analyses (table 5). Lower educa-
tion (no formal schooling), like the limb length measures, was
more strongly associated with dementia in women. However,
odds ratios were not substantially altered after adjustment for
either limb length measure.

Table 1 Characteristics of participants by dementia status

No dementia
(n=636)

Dementia
(n=110) p Value

Mean (SD) age (y) 72.0 (5.3) 77.6 (6.7) <0.001
Sex (% women) 56.0 74.5 <0.001
APOE e4 genotype (%) 14.5 31.0 <0.001
Early life environment

Mean (SD) birth order 2.5 (1.7) 2.5 (1.6) 0.8
Mean (SD) number of siblings 5.0 (2.1) 4.6 (1.8) 0.07
Parental manual occupation (%) 92.7 95.4 0.3
Rural residence before age 20 (%) 83.5 89.1 0.1
Any formal education (%) 56.6 17.8 <0.001

Reproductive history in women (n=438)
Mean (SD) age at menarche 16.5 (1.7) 17.8 (1.3) <0.001
Mean (SD) number of children 5.1 (2.1) 5.0 (2.2) 0.6
Mean (SD) age at first child birth 21.7 (3.4) 21.0 (2.4) 0.1
Mean (SD) age at menopause 49.6 (4.5) 48.2 (5.1) 0.022

Table 2 Factors associated with anthropometric measures

Number
Mean (SD)
demispan (cm) p Value

Mean (SD) leg
length (cm) p Value

Mean (SD) sitting
height (cm) pValue

Age (y)
65-69 249 80.1 (4.8) <0.001 87.3 (5.0) <0.001 69.8 (5.9) 0.001
70-74 232 79.7 (4.9) 86.6 (5.3) 69.9 (5.8)
75-79 171 79.4 (5.1) 86.3 (5.4) 68.9 (6.3)
80+ 94 75.7 (5.0) 83.6 (5.9) 67.2 (5.9)

Sex
Male 308 83.4 (3.7) <0.001 89.9 (4.1) <0.001 74.0 (4.9) <0.001
Female 438 76.4 (3.8) 84.0 (4.8) 66.1 (4.4)

Education (y)
0 365 77.5 (5.0) <0.001 84.6 (5.4) <0.001 67.5 (5.7) <0.001
1-6 263 80.2 (4.5) 87.5 (4.8) 70.2 (5.8)
7+ 118 82.8 (4.1) 89.9 (4.2) 73.4 (5.3)

Age at menarche in women
−15 100 77.0 (3.3) 0.4 85.4 (4.5) 0.002 65.8 (3.9) 0.3
16–17 211 76.6 (3.7) 84.2 (4.4) 65.9 (4.4)
18+ 127 76.3 (3.6) 83.1 (5.2) 66.6 (4.4)

Age at menopause in women
−45 183 77.0 (3.4) 0.3 85.3 (5.3) 0.015 65.3 (3.9) 0.012
46–50 182 76.6 (3.8) 84.5 (4.8) 65.6 (4.8)
51+ 73 76.2 (3.5) 83.5 (4.3) 66.7 (4.1)
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DISCUSSION
In a community sample of older people in Korea, dementia

was associated with shorter arm and leg length, independent

of age and education. The use of anthropometric measure-

ments in adulthood as proxy measures for prenatal and child-

hood exposures has attracted increasing attention, particu-

larly leg length.30 Longitudinal studies have found that leg

length measured in childhood is more strongly associated

with socioeconomic status than trunk length.12 Recent

findings from a British cohort study, suggest that adult leg

length is particularly sensitive to diet in infancy (under 5

years), specifically breast feeding and energy intake at age 4

(independent of birth weight) with trunk length more associ-

ated with factors (such as childhood serious illness and

parental separation) operating over longer periods between

infancy and puberty.19 Increasing population height (assumed

to be secondary to improved nutrition in childhood) is also

principally accounted for by increasing leg length rather than

symmetrical increases in leg and trunk length.31 Older Korean

people had shorter arm/leg measurements, consistent with

this.
Shorter limb length was also associated with lower

education. For these generations in Korea, access to education

was strongly determined by a family’s wealth. People with

lower education would also have had increased exposure to

other factors associated with poverty such as poor nutrition,

infection, reduced access to medical care, and neglect. Limb

length measurements were not associated with other putative

measures of early life socioeconomic environment but these

had not been formally validated and for some measures there

was insufficient variation, as most people had grown up in a

rural area with subsistence farming as the principal parental
occupation.32

Both measurements of limb length were associated with
dementia after adjustment for age and education. A strength
of the study was that cases and controls were drawn from a
screened community population, using a structured diagnos-
tic interview administered by trained local professionals, and
consensus review. Government registration lists represent a
highly inclusive sampling frame for epidemiological research
in South Korea and a large proportion of the identified popu-
lation participated in a preliminary interview. An important
degree of differential attrition occurred before the dementia
diagnostic interview. However, the strength of association
between decreased education and cognitive impairment was
not associated with attrition reducing the likelihood that the
association between limb length and dementia arose through
selection bias. Inaccuracies in dementia diagnosis or in limb
length measurements would have obscured rather than exag-
gerated findings. While it is possible that measurements might
have been systematically influenced by the presence of
dementia, we feel that this is unlikely for the following
reasons: (a) limb length measurements were easily applied,
(b) no association was found between dementia and sitting
height, (c) no associations were found between limb length
and severity of dementia, (d) we can think of no reason why
measurement error should occur to a different extent between
male and female participants. We also know of no reason to
suppose that these associations might have arisen through
differential survival.

Prevalence rates of dementia were relatively high in this
sample (15%). Considering participation bias, even if there
were no cases of dementia in non-participants, the prevalence

Table 3 Associations between limb length measurements and dementia. Results are
displayed as odds ratios (OR) with 95% confidence intervals

Dementia and demispan (OR
per 5 cm decrease)

Dementia and leg length (OR
per 5 cm decrease)

Unadjusted 2.15 (1.71 to2.71) 1.93 (1.56 to 2.39)
Model 1* 1.54 (1.20 to 1.96) 1.48 (1.18 to 1.87)
Model 2† 1.45 (1.13 to 1.86) 1.42 (1.12 to 1.81)
Model 1–men 1.32 (0.78 to 2.29) 1.03 (0.64 to 1.65)
Model 1–women 1.95 (1.32 to 2.87) 1.80 (1.29 to 2.51)
Model 3‡–women 1.85 (1.19 to 2.88) 1.81 (1.23 to 2.65)

*Including age and education. †Including age, education, and APOE e4. ‡Including age, education, age at
menarche, age at menopause.

Table 4 Associations between leg length (5 cm decrease) and dementia subtypes*.
Results are displayed as odds ratios with 95% confidence intervals

Men Women

No cognitive impairment/dementia (n=436) 1.00 (reference) 1.00 (reference)
Cognitive impairment, no dementia (n=200) 1.20 (0.83 to 1.72) 1.19 (0.94 to 1.52)
All dementia (n=110) 1.02 (0.63 to 1.67) 2.61 (1.68 to 4.05)
Alzheimer’s disease (n=87) 1.02 (0.56 to 1.87) 2.49 (1.57 to 3.96)
Vascular dementia (n=15) 1.20 (0.44 to 3.28) 4.58 (1.11 to 18.9)

*Adjusted for age and education.

Table 5 Multivariable analysis of the association between dementia and absence of formal education. Odds ratios with
95% confidence intervals are displayed

Total sample (n=746) Men (n=308) Women (n=438)

Unadjusted 6.05 (3.59 to 10.17) 3.64 (1.63 to 8.13) 8.36 (3.54 to 19.73)
Adj for age 4.73 (2.76 to 8.13) 2.85 (1.25 to 6.52) 6.63 (2.70 to 16.25)
Adj for age + demispan 3.89 (2.20 to 6.87) 3.13 (1.34 to 7.29) 6.13 (2.46 to 15.28)
Adj for age + leg length 4.08 (2.28 to 7.31) 3.33 (1.41 to 7.38) 5.66 (2.26 to 14.21)
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rate in the source population would be 7%, and still higher

than that reported in a similarly aged Chinese population.33

Reasons for these differences have yet to be established. A

higher ratio of Alzheimer’s disease to vascular dementia was

also found than that commonly reported from east Asian

samples. Previous Korean studies have found prevalence rates

for dementia of around 10%, with 50%–60% of cases classified

as Alzheimer’s disease.34 35

If dementia is associated with shorter limb length, this will

either be explained by shared genetic predisposition or a

shared effect of the childhood environment.8 We know of no

reason to suppose a genetic link but did not formally investi-

gate this. Factors compromising full brain maturation in

childhood may increase the risk of dementia by preventing full

expression of structural and/or functional brain reserve.36 37

The same factors may compromise other aspects of develop-

ment such as skeletal growth. To our knowledge, no previous

study has investigated the association between late life cogni-

tion and demispan or leg length. Findings however are

consistent with reported associations between cognitive

impairment/dementia and other skeletal measures, such as

midlife height10 and head size.9 36 A limitation of this study is

that no measurements were taken of head size. Associations

between limb length and dementia might conceivably be

entirely explained by intracranial volume, although we feel

that this is unlikely.

The associations between limb length measurements (par-

ticularly leg length) and dementia were stronger in women than

men. Although an a priori decision was made to stratify by sex,

the finding should be treated as exploratory and requires repli-

cation. Height (and particularly growth between ages 15 and

26) was positively associated with cognitive function up to age

46 in a British longitudinal study.39 The gender interaction may

be explained by different early life environments for male and

female children of this generation. Male sex preference was

highly prevalent at the time when participants were growing

up, and it was common practice for parents to provide education

and/or nutrition preferentially to male children, particularly in

families with lower socioeconomic status. Lower education was

also more strongly associated with dementia in women

compared with men, supporting this.

Gender interaction might be explained by mediating health

states later in life. Shorter limb length in Western populations

is associated with cardiovascular risk factors, particularly

those linked to the insulin resistance syndrome.40 41 Associa-

tions between decreased leg length and cardiovascular

mortality were stronger for women than men in a British

cohort.12 We found no associations between limb length and

either hypertension or diabetes in this sample but vascular

disease cannot be ruled out as a mediating pathway. A third

explanation for sex differences might lie in lifetime oestrogen

exposure. Associations between decreased leg length and later

menarche are consistent with findings from prospective

studies,42 although associations with later menopause are not

consistent with lower early life cognitive function and earlier

menopause found in a British cohort.43 Overall, however, we

found little evidence to suggest that timing of menarche or

menopause was a substantial mediating factor between limb

length and dementia in women.
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HISTORICAL NOTE...........................................................................................

A note on Hoover’s sign

Hoover’s sign1 is a manoeuvre aimed

to separate organic from non-

organic paresis of the leg. The sign

relies on the principle of synergistic con-

traction. Involuntary extension of the

“paralysed” leg occurs when flexing the

contralateral leg against resistance. It

has been neglected, although it is a use-

ful clinical test.

The patient lies supine, the examiner’s

hand is placed under the non-paralysed

heel, and the patient is asked to elevate

the paralysed leg. In organic paresis the

examiner feels a downward pressure

under the non-paralysed heel; in malin-

gering no pressure is felt. However,

some have used it in a less precise

context as a sign of pain or weakness in

the back or lower extremities.2 The

reliability has been questioned in one

study because of poor pelvic stabilisation

and varying levels of pain, effort, and

spasticity.3

Charles Franklin Hoover (1865–1927)

was an American physician born in

Cleveland, Ohio, who read medicine at

Harvard. He worked in Vienna under

Neusser, and in Strasburg with F Kraus

before returning to Cleveland. He was

appointed Professor of Medicine in 1907.

His main interests were in diseases of the

diaphragm, lungs, and liver.

Another Hoover’s sign is inward move-

ment of the lower rib cage during inspi-

ration, implying a flat, but functioning,

diaphragm.

J M S Pearce
304 Beverley Road, Anlaby, Hull HU10 7BG, UK;

email: jmspearce@freenet.co.uk
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