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Abstract 
 

Background 
Adult leg length is influenced by nutrition in the first few years of life. Adult head 

circumference is an indicator of brain growth. Cross-sectional studies indicate inverse 

associations with dementia risk, but there have been few prospective studies.  

 

Methods 
Population-based cohort studies in urban sites in Cuba, Dominican Republic Puerto Rico 

and Venezuela, and rural and urban sites in Peru, Mexico and China. Sociodemographic 

and risk factor questionnaires were administered to all participants, and anthropometric 

measures taken, with ascertainment of incident 10/66 dementia, and mortality, three to 

five years later.    

 

Results 
Of the original at risk cohort of 13,587 persons aged 65 years and over, 2,443 (18.0%) 

were lost to follow-up; 10,540 persons with skull circumference assessments were 

followed up for 40,466 person years, and 10,400 with leg length assessments were 

followed up for 39,954 person years. There were 1,009 cases of incident dementia, and 

1,605 dementia free deaths. The fixed effect pooled meta-analysed adjusted subhazard 

ratio (ASHR) for leg length (highest vs. lowest quarter) was 0.80 (95% CI, 0.66-0.97) and 

for skull circumference was 1.02 (95% CI, 0.84-1.25), with no heterogeneity of effect 

between sites (I2=0%). Leg length measurements tended to be shorter at follow-up, 

particularly for those with baseline cognitive impairment and dementia. However, leg 

length change was not associated with dementia incidence (ASHR, per cm 1.006, 95% 

CI 0.992-1.020), and the effect of leg length was little altered after adjusting for baseline 

frailty (ASHT 0.82, 95% CI 0.67-0.99).  A priori hypotheses regarding effect modification 

by gender or educational level were not supported.   

 

Conclusions 
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Consistent findings across settings provide quite strong support for an association 

between adult leg length and dementia incidence in late-life. Leg length is a relatively 

stable marker of early life nutritional programming, which may confer brain reserve and 

protect against neurodegeneration in later life through mitigation of cardiometabolic risk. 

Further clarification of these associations could inform predictive models for future 

dementia incidence in the context of secular trends in adult height, and invigorate 

global efforts to improve childhood nutrition, growth and development. 
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Introduction 
 

The foetal and developmental origins of adult disease may also be relevant to the 

aetiology of dementia [1,2]. Late-life leg length and skull circumference provide useful 

information about the nutritional environment in early life, and brain development, 

respectively. Adult leg length is sensitive to diet in infancy, specifically breast feeding 

and energy intake [3].  Increasing population height is mainly accounted for by 

increasing leg length, linked to improvements in childhood nutrition [4]. Skull dimensions 

are a long-term and stable marker of early-life brain size [5,6].  

 

Inverse associations between skull circumference and prevalent Alzheimer’s disease 

(AD) were reported in five cross-sectional studies: three of which were community 

based, from the USA [7], Brazil [8], and Korea [9], and two of communities of Catholic 

nuns from the US [10] and Germany [11]. There are two negative reports [12,13], both 

small case-control studies with cases recruited from clinical services. In the only cohort 

study an inverse association was noted with incident AD among Japanese-Americans 

[14]. Leg length was inversely cross-sectionally related to dementia prevalence in Brazil 

[8], and among women in a population-based study in Korea [15], and with cognitive 

impairment among Caribbean migrants to the UK [16]. In the only cohort study, from the 

USA, knee height was inversely associated with incident dementia, but among women 

only [17]. This was a post hoc finding, and the interaction with gender was not 

statistically significant.  

 

In the baseline phase of the 10/66 Dementia Research Group studies in Latin America, 

China and India, longer legs and larger skulls were independently associated with a 

lower prevalence of dementia [18]. There was little heterogeneity of estimates among 

sites. Earlier reports of effect modification were not replicated [9,10,17]. The incidence 

phase of the 10/66 Dementia Research Group surveys allows us to 

1. test hypotheses that longer leg lengths and larger skull circumferences are 

associated with a lower incidence of dementia in large, representative population-

based dementia-free cohorts, checking for consistency across diverse urban and 

rural settings in Latin America, and China 
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2. test for effect modification, with a priori hypotheses based upon previously 

observed associations 

a. any protective effect of longer leg length on dementia incidence is 

modified by gender [9,15,17] (stronger in women) 

b. any protective effect of greater skull circumference on dementia incidence 

is modified by education [10] (stronger among the least educated), or 

gender [9] (stronger in women) 

3. assess the possibility that reverse causality may have accounted for previously 

observed cross-sectional associations by testing whether 

a. cognition at baseline is associated with changes in leg and skull 

measurements from baseline to follow-up 

b. reduction in leg lengths and skull circumferences are associated with the 

incidence of dementia. 

 

Materials and Methods 
The 10/66 population-based baseline and incidence wave study protocols are published 

in an open access journal [19], and the profile of the resultant cohort has also been 

described [20]. Relevant details are provided here. One-phase population-based surveys 

were carried out of all residents aged 65 years and over in geographically defined 

catchment areas (urban sites in Cuba, Dominican Republic, Puerto Rico and Venezuela, 

and urban and rural sites in Mexico, Peru,  and China)[19]. Baseline surveys were 

completed between 2003 and 2007, other than in Puerto Rico (2007-2009). The target 

sample was 2000 for each country, and 3000 for Cuba. The baseline survey included 

clinical and informant interviews, and physical examination. Incidence waves were 

subsequently completed, with a mortality screen, between 2007 and 2011 (2011-2013 in 

Puerto Rico) aiming for 3-4 years follow-up in each site [21]. Assessments were identical 

to baseline protocols for dementia ascertainment, and similar in other respects. We 

revisited participants’ residences on up to five occasions. If no longer resident, we 

sought information on their vital status and current residence from contacts recorded at 

baseline. If moved away, we sought to re-interview them, even outside the catchment 

area. If deceased, we recorded the date, and completed an informant verbal autopsy, 

including evidence of cognitive and functional decline suggestive of dementia onset 

between baseline assessment and death [22].   
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Measures 
The 10/66 survey interview generates information regarding dementia diagnosis, mental 

disorders, physical health, anthropometry, demographics, an extensive dementia and 

chronic diseases risk factor questionnaire, disability, and health service utilisation [19]. 

Only assessments relevant to the analyses of associations between leg length, skull 

circumference and dementia incidence are described in detail here.  

Anthropometric measures 

Skull circumference was measured using a cloth tape measure encircling the nuchal 

tuberosity and the brow. Leg length was measured, standing, from the highest point of 

the iliac crest to the lateral malleolus. Both dimensions were measured, to the nearest 

centimeter, at both time points. 

Sociodemographic variables 

Age was determined at baseline interview from stated age, documentation and informant 

report, and, if discrepant, according to an event calendar. We also recorded sex, and 

education level (none/ did not complete primary/ completed primary/ secondary/ tertiary).  

Frailty 

At baseline, we assessed four of the five indicators of the Fried physical frailty phenotype 

[23]; exhaustion, weight loss, slow walking speed and low energy expenditure. Since 

hand grip strength was not measured we considered participants as frail if they fulfilled 

two or more of the four frailty indicators [24].  

Dementia 

10/66 dementia diagnosis is allocated to those scoring above a cutpoint of predicted 

probability for dementia, calculated using coefficients from a logistic regression equation 

developed, calibrated and validated cross-culturally in the 25 centre 10/66 pilot 

study[25], applied to outputs from a) a structured clinical interview, the Geriatric Mental 

State[26], b) two cognitive tests; the Community Screening Instrument for Dementia 

(CSI-D) COGSCORE[27] and the modified CERAD 10 word list learning task delayed 

recall[28], and c) informant reports of cognitive and functional decline from the CSI-D 

RELSCORE[27]. For those who died between baseline and follow-up we diagnosed 

‘probable incident dementia’ by applying three criteria: 
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1. A score of more than two points on the RELSCORE, from the post-mortem informant 

interview, with endorsement of either ‘deterioration in memory’ or ‘a general deterioration 

in mental functioning’ or both, and 

2. an increase in RELSCORE of more than two points from baseline, and  

3. the onset of these signs noted more than six months prior to death.  

In the baseline survey, the first criterion would have detected those with either DSM-IV 

or 10/66 dementia with 73% sensitivity and 92% specificity[22]. 

Prevalence[29] and incidence[22] of 10/66 dementia in the current cohorts has been 

reported.  

 

Analyses 
We used STATA version 11 for all analyses. 

For each site 

1. we describe participants’ characteristics; age, sex, educational level, mean leg length, 

and skull circumference  

2. we model the effect of covariates on 10/66 dementia incidence using a competing-

risks regression derived from Fine and Gray’s proportional subhazards model [30]. This 

is based on a cumulative incidence function, indicating the probability of failure 

(dementia onset) before a given time, acknowledging the possibility of a competing 

event (case dementia-free death). In our analysis of baseline data, men had larger skulls 

and longer legs than women in all sites, while in most sites older people had smaller 

skulls and shorter legs, consistent with birth cohort effects [18]. Better education was 

generally associated with larger skulls and longer legs. We therefore controlled for age, 

gender, and education when modelling the effects of leg length (quarters) and skull 

circumference (quarters) on 10/66 dementia incidence, comparing the longest or largest 

quarters with the shortest or smallest. We report fully adjusted sub-hazard ratios (ASHR) 

with robust 95% confidence intervals adjusted for household clustering. As a sensitivity 

analysis, we also estimate the linear effect of leg length and skull circumference (per 

centimetre) on dementia incidence, controlling for the same covariates. We fit the 

models separately for each site and then use a fixed effects meta-analysis to combine 

them. Higgins I2 quantifies the proportion of between-site variability accounted for by 

heterogeneity, as opposed to sampling error; up to 40% heterogeneity is conventionally 

considered negligible, while up to 60% may reflect moderate heterogeneity [31]. 
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4. we test for effect modification of linear effects of leg length on 10/66 dementia by 

gender, and of skull circumference upon 10/66 dementia by gender and education, by 

extending the adjusted models by appropriate interaction terms.  

5. we estimate correlations between baseline and follow-up measures of skull 

circumference and leg length, and explore the possibility of reverse causation by a) 

comparing change in leg length and skull circumference by baseline cognitive status 

(cognitively normal, versus ‘cognitive impairment no dementia (CIND), versus dementia), 

and b) testing whether change in leg length or skull circumference is associated with 

incident dementia. 

 

Participation in the study was by signed informed consent, or by signed independently 

witnessed verbal consent for participants who could not read or write. The study protocol 

and the consent procedures were approved by the King's College London research 

ethics committee and in all countries where the research was carried out: 1- Medical 

Ethics Committee of Peking University the Sixth Hospital (Institute of Mental Health, 

China); 2- the Memory Institute and Related Disorders (IMEDER) Ethics Committee 

(Peru); 3- Finlay Albarran Medical Faculty of Havana Medical University Ethical 

Committee (Cuba); 4- Hospital Universitario de Caracas Ethics Committee (Venezuela); 

5- Consejo Nacional de Bioética y Salud (CONABIOS, Dominican Republic); 6- Instituto 

Nacional de Neurología y Neurocirugía Ethics Committee (Mexico); 7- University of 

Puerto Rico, Medical Sciences Campus Institutional Review Board (IRB) 

 

 

Results 

Sample characteristics 
Across the 10 sites, 15,027 interviews were completed at baseline. Response 

proportions varied between 72% and 98% [29]. The ‘at risk’ cohort comprised 13,587 

dementia-free persons aged 65 years and over (Table 1). Mean age at baseline varied 

from 72.0 to 75.4 years, lower in rural than urban sites and in China than in Latin 

America. Women predominated over men in all sites, accounting for between 53% and 

67% of participants, by site. Educational levels were lowest in rural Mexico (83% not 

completing primary education), Dominican Republic (70%), rural China (69%), and urban 

Mexico (54%) and highest in urban Peru (9%), Puerto Rico (20%), and Cuba (23%). In 
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other sites, between a third and a half of participants had not completed primary 

education. There was significant between site variation (Table 1) in leg length (shorter 

legs in rural compared with urban sites; F=64.7, p<0.04), and skull circumference (no 

obvious pattern of variation; F=82.3, p<0.001). Site accounted for 5.5% of the variance 

in skull circumference, and 4.4% of the variance in leg length. From the ‘at risk’ cohort, 

2,443 participants (18.0%) were lost to follow-up; 10,540 with baseline skull 

circumference data were followed up for 40,466 person years, and 10,400 with baseline 

leg length data were followed up for 39,954 person years (Table 1). In the skull 

circumference cohort, there were 1,766 deaths, of which 1,605 were judged to be 

dementia-free, and 1,009 cases of incident dementia were observed (of which, 161 were 

‘probable’ cases diagnosed retrospectively from post-mortem informant interviews).  

 

Leg length and incident dementia 
In all sites other than Cuba, there was a non-significant trend towards inverse 

associations between leg length and incident dementia (Table 2). The pooled meta-

analysed adjusted sub-hazard ratio (ASHR) for leg length (longest vs. shortest quarter) 

was 0.80 (95% CI, 0.66-0.97) with no heterogeneity between sites (I2=0%). The linear 

effect, per centimetre of leg length, was also statistically significant when pooled across 

sites (SHR 0.986, 95% CI 0.977-0.995, I2=0%). The interaction between leg length (per 

quarter) and gender (male versus female) was not statistically significant (pooled ASHR 

1.03, 95% CI 0.90-1.18, I2=38.3%).  

 

Skull circumference and incident dementia 
There was no evidence for an association between skull circumference and incident 

dementia in any site, or after meta-analysis, whether comparing quarters with the largest 

and smallest skulls (ASHR 1.02, 95% CI, 0.84-1.25, I2=0%), or the linear effect per 

centimetre of skull circumference (ASHR 0.987, 95% CI 0.960-1.015, I2=0%) (Table 2). 

The interaction between skull circumference (per quarter) and gender (male versus 

female) was statistically significant (pooled ASHR 0.86, 95% CI 0.75-0.98, I2=0.0%), but 

in the reverse direction to that hypothesized with a greater protective effect of larger 

skulls in men than in women. There was a non-significant trend towards an interaction 

between skull circumference and education (per level) (pooled ASHR 0.986, 95% CI 
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0.971-1.001, I2=32.1), also in the opposite direction to that hypothesized, with a greater 

protective effect at higher educational levels.    

 

Changes in leg length and skull circumference 

measures 
Correlations between baseline and follow-up skull circumferences (0.53) and leg lengths 

(0.43) were generally modest. Correlations were low in the rural China site (0.20 and 

0.21 respectively), and high in the urban Peru site (0.83 and 0.70 respectively). 

Inspection of the distribution of change scores revealed some biologically implausible 

differences at the extremes of the distributions. Even after exclusion of the outliers (top 

and bottom 5% of the change score distributions), there was a tendency for both skull 

circumferences (mean difference -0.20, 95% CI -0.23 to -0.17 cms) and leg lengths 

(mean difference -0.99, 95% CI -1.12 to -0.85 cms) to be smaller on the second 

measurement occasion. Apparent shortening of leg length was more marked among 

those with dementia at baseline, than in those with CIND, and those who were 

cognitively normal (Table 3). Changes in skull circumference did not differ between those 

with dementia at baseline and those who were cognitively normal (Table 3).  

 

Post hoc sensitivity analyses 
Given modest correlations between baseline and follow-up measures of skull 

circumference and leg length, we repeated the regressions reported in Table 2, limited to 

those individuals with baseline and follow-up anthropometric assessments, and 

excluding the 10% with the most discrepant baseline and follow-up measures. This 

restriction did not affect the main findings (skull circumference pooled AHR 1.05, 95% 

confidence intervals 0.80-1.36, I2=37.9%; leg length AHR 0.76, 95% CI 0.60-0.97, 

I2=0.0%). Given the association between baseline dementia status and subsequent 

change in measured leg length, we assessed the association of change in leg length 

(per centimetre) with incident dementia, controlling for age, gender and education. The 

pooled effect size (AHR 1.006, 95% CI 0.992-1.020, I2=19.3%) did not suggest any 

association. Neither was change in skull circumference associated with incidence of 

dementia (pooled AHR 1.016, 95% CI 0.961-1.074, I2=7.7%). Since anthropometric 

measures were not available at follow-up on those who were deceased, these analyses 
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could not take account of the competing risk of dementia free death, and were simple 

Cox’s Proportional Hazard regressions.  

 

Finally, other than baseline cognitive status, physical frailty seemed to be the most 

prominent independent determinant of change in leg length, (adjusted mean difference, 

controlling for age, gender, education and CIND, -1.19, 95% CI -1.89 to -0.70 cms). We 

therefore repeated the regression for the effect of baseline leg length on incident 

dementia (reported in Table 2) controlling for frailty in addition to age, education and 

gender, and there was only a very small attenuation of the effect (ASHR 0.82, 95% CI 

0.67-0.99, I2 = 0%).     

 

Discussion 

Main Findings 
This study provides additional support for the salience of early life development to late-

life dementia risk. However, while the hypothesis that longer legs are associated with a 

reduced risk of incident dementia was supported, the hypothesis that larger skulls would 

also be associated with a reduced risk was not. The association between longer legs 

and reduced dementia risk was independent of age, gender, education and physical 

frailty, and there was no heterogeneity of effect across sites. There was no evidence that 

the effect of leg length on incident dementia was modified by gender. The effect of skull 

circumference on incident dementia was modified by gender and educational level, but 

in the contrary direction to previous findings, and our hypotheses.  

 

Strengths and weaknesses of the study 
The associations were assessed longitudinally, in large population-based dementia-free 

cohorts, comprising rural and urban catchment area sites in the Caribbean, Latin 

America, and China. Fixed effect meta-analysis was appropriately applied to increase 

the precision of our estimates, given the negligible heterogeneity for all of the 

associations studied. There have been only two previous longitudinal studies of these 

associations [14,17], neither of which approached the power and precision conferred by 

our 10,000 participants and 40,000 person years of follow-up.  
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A unique aspect of our approach was the repeated anthropometric measures at baseline 

and follow-up. The moderate agreement for the repeated measures, particularly for skull 

circumference suggested random measurement error, with potential for underestimation 

of the true effect of these exposures upon dementia risk. In a post-hoc analysis, the 

inverse association between leg length and incident dementia was more pronounced 

when excluding those with more discrepant baseline and follow-up leg length 

measurements, suggesting regression dilution bias. Random measurement error might 

have been reduced by more appropriate measurement methods (for example knee 

height [17] or sitting minus total height [32]), and more training and quality control. We 

also found a consistent tendency for both leg and skull dimensions to be smaller on the 

second measurement occasion. For legs, but not skulls, this was more pronounced for 

those with dementia at baseline than those who were cognitively normal. Although 

mortality was high among those with dementia [22], and those who died did not have a 

second anthropometric assessment, selective mortality seems an unlikely explanation. 

Leg lengths, per se, are unlikely to shorten other than after hip fracture. However, our 

measurement approach, measuring standing leg length, may have led to apparent 

shortening (and, in some cases, lengthening) due to difficulty in keeping the knee joint 

fully extended, particularly for those with arthritis, sarcopaenia, general fatigue, and, 

possibly, cognitive impairment. Physical frailty (capturing several of these elements) was 

associated with leg length shortening. Given these findings, the possibility of reverse 

causation, or residual confounding cannot be positively excluded. However, the 

association between baseline leg length and incident dementia persisted after controlling 

for physical frailty, and there was no association between change in leg length (or skull 

circumference) and incident dementia.  

 

Contextualisation with other research 
The relationships between birthweight, subsequent growth, and cognitive development 

are well established, with possible ‘sensitive periods’ in infancy, childhood and 

adolescence [33,34]. In a recent analysis of historical cohort data from the UK MRC 

National Survey of Health and Development, trunk and leg length were inversely 

associated with cognitive function at age 53 years. These associations attenuated after 

controlling for adverse early life circumstances, and were entirely accounted for 

controlling for cognition at age 15 years [32]. Hence early-life skeletal growth may be a 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/


13 
 

marker for cognitive development, and associations of adult leg length with late-life 

cognition and dementia risk may be accounted for by tracking of cognitive ability across 

the life course, and the cognitive reserve hypothesis, respectively. This would not, 

however, adequately account for the discrepancy, in our analyses, between leg length 

and skull circumference as predictors of incident dementia. Although adult leg length and 

height is mainly influenced by early growth and its determinants [35], legs continue to 

grow for up to a decade after skull growth is complete. Skull circumference and leg 

length may therefore be markers of different phases, and, possibly, different aspects of 

the developmental process. Shorter limb length is associated with cardiovascular risk 

factors in later life, particularly those linked to insulin resistance [36].  This may be 

another mediating pathway, best explored in birth cohorts with mid-life assessment of 

cardiovascular risk profiles. 

 

Leg length, in contrast to trunk height, and skull circumference are thought to be stable 

across the adult life course. We found few previous studies of changes in measured leg 

length and skull dimensions in older populations. In a report from our 10/66 DRG site in 

Chennai, India where follow-up was limited to those with dementia or cognitive 

impairment, reassessment of skull circumferences and leg lengths three years after 

baseline indicated that leg lengths did appear to shorten, but at a similar rate in those 

with and without dementia, while skull circumferences remained stable [37]. In the 

context of dementia, in our baseline 10/66 DRG surveys, we found no cross-sectional 

associations between dementia severity and either leg length or skull circumference [18], 

and longitudinal computed tomography studies of people with dementia have not 

suggested that their cranial dimensions decrease with progression of the disease [12].   

 

Conclusions 
Our cohort study clarifies the association between markers of early life development; 

leg length (an inverse association) and skull circumference (no association) and the 

incidence of dementia in late life. It addresses previous unresolved concerns 

regarding direction of causality through repeated measures of leg and skull 

dimensions. Main effects and interactions are estimated with much more power and 

precision than had been previously possible. Findings from previous studies in high 
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income countries, can now be generalised to diverse urban and rural settings in Latin 

America and China.   

Consistent findings across settings and previous studies provide quite strong support 

for an association between adult leg length and dementia incidence in late-life, with 

early life nutrition most plausibly implicated as the antecedent cause. While attention 

has focused upon education as a modifiable risk factor for dementia, much less has 

been accorded to other developmental factors. Mean male adult height, after a long 

period of relative stability, has increased by 5-10cms since 1920 in high income 

countries [38]. This secular trend may, in part, explain recent trends towards a declining 

incidence of dementia in high income countries, which are not adequately accounted for 

by improvements in education and cardiovascular risk profile [39–41]. Our findings would 

predict a 7% reduction in the incidence of dementia with each five centimetre increment 

in height. Further clarification of these associations could inform predictive models of 

future incidence, prevalence and numbers affected, and invigorate global efforts to 

improve childhood nutrition, growth and development.  
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Table 1 

Cohort characteristics, by site 

Site At risk 
(n) 

Status at follow up Skull circumference Leg length Outcome (skull circumference 
analysis) 

Status Number (%) Mean 
(SD) 

Numbers 
in cohort 
analysis 
(pyears) 

Mean 
(SD) 

Numbers 
in cohort 
analysis 
(pyears) 

Outcome Number (%) 

Cuba 2621 Interviewed 1851 (70.6%) 55.9 
(1.9) 
MV=41 

2259  
(9134) 

85.3 
(7.4) 
MV=95 

2205  
(8900) 

Censored 1649 (73.0%) 
Deceased 449 (17.1%) Incident dementia 181 (8.0%) 
Lost 321 (12.2%) Competing risk 429 (19.0%) 

Dominican 
Republic 

1769 Interviewed 1071 (60.6%) 56.3 
(2.3) 
MV=31 

1410  
(6068) 

87.3 
(6.8) 
MV=53 

1388  
(5968) 

Censored 936 (66.4%) 
Deceased 370 (20.9%) Incident dementia 162 (11.5%) 
Lost 328 (18.5%) Competing risk 312 (22.1%) 

Puerto 
Rico 

 Interviewed 1174 (66.5%) 54.9 
(2.1) 
MV=188 

1186  
(4849) 

89.4 
(7.1) 
MV=203 

1171  
(4781) 

Censored 926 (78.1%) 
Deceased 200 (11.3%) Incident dementia 131 (11.0%) 
Lost 391 (22.2%) Competing risk 129 (10.9%) 

Peru 
Urban 

1251 Interviewed 819 (65.5%) 55.3 
(2.1) 
MV=17 

863  
(2431) 

87.6 
(7.8) 
MV=47 

833  
(2361) 

Censored 762 (88.3%) 
Deceased 61 (4.9%) Incident dementia 43 (5.0%) 
Lost 371 (29.7%) Competing risk 58 (6.7%) 

Peru Rural 516 Interviewed 395 (76.5%) 55.8 
(2.1) 
MV=9 

434  
(1489) 

84.2 
(7.2) 
MV=14 

429  
(1471) 

Censored 362 (83.4%) 
Deceased 48 (9.3%) Incident dementia 32 (7.4%) 
Lost 73 (14.1%) Competing risk 40 (9.2%) 

Venezuela 1820 Interviewed 1192 (65.5%) 55.2 
(2.4) 
MV=270 

1083  
(4318) 

86.9 
(9.2) 
MV=281 

1072  
(4294) 

Censored 847 (78.2%) 
Deceased 161 (8.8%) Incident dementia 127 (11.7%) 
Lost 467 (25.7%) Competing risk 109 (10.1%) 

Mexico 
Urban 

910 Interviewed 700 (76.9%) 55.0 
(2.1) 
MV=15 

763  
(2182) 

85.8 
(6.7) 
MV=11 

767  
(2197) 

Censored 644 (84.4%) 
Deceased 78 (8.6%) Incident dementia 45 (5.9%) 
Lost 132 (14.5%) Competing risk 74 (9.7%) 

Mexico 
Rural 

913 Interviewed 655 (71.8%) 54.4 
(1.9) 
MV=6 

737  
(2182) 

82.7 
(6.2) 
MV=13 

730  
(1997) 

Censored 573 (77.7%) 
Deceased 88 (9.6%) Incident dementia 83 (11.3%) 
Lost 170 (18.6%) Competing risk 81 (11.0%) 

China 
Urban 

1076 Interviewed 711 (66.1%) 55.2 
(2.0) 

877  
(3914) 

88.1 
(7.2) 

864  
(3859) 

Censored 622 (70.9%) 
Deceased 175 (16.3%) Incident dementia 109 (12.4%) 
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Lost 190 (17.7%) MV=9 MV=22 Competing risk 146 (16.6%) 
China 
Rural 

946 Interviewed 695 (73.4%) 55.0 
(2.0) 
MV=18 

928  
(4066) 

86.9 
(11.4) 
MV=5 

941  
(4126) 

Censored 605 (65.2%) 
Deceased 251 (26.5%) Incident dementia 96 (10.3%) 
Lost 0 (0.0%) Competing risk 227 (24.5%) 

Total 13587 Interviewed 9263 (68.2%) 55.4 
(2.4) 
MV=604 

10540 
(40466) 

86.6 
(8.0) 
MV=744 

10400  
(39954) 

Censored 7926 (75.2%) 
Deceased 1881 (13.8%) Incident dementia 1009 (9.6%) 
Lost 2443 (18.0%) Competing risk 1605 (15.2%) 
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Table 2 
 
Associations of skull circumference and leg length with incident 10/66 dementia (competing risk1 proportional hazards regression) 
 
Site Skull circumference Leg length 

Adjusted2 SHR3 

Largest quarter 
vs smallest 
quarter 

Adjusted2 SHR 
Linear effect (per 
cm) 

Adjusted2 SHR 
Longest quarter 
vs shortest 
quarter 

Adjusted2 SHR 
Linear effect (per 
cm) 

Cuba 1.69 (0.93-3.07) 1.033 (0.956-1.115) 1.17 (0.74-1.87) 1.005 (0.986-1.026) 
Dominican 
Republic 

0.87 (0.53-1.43) 0.992 (0.929-1.058) 0.65 (0.40-1.08) 0.969 (0.947-0.993) 

Puerto Rico 0.99 (0.57-1.72) 0.988 (0.907-1.077) 0.90 (0.51-1.58) 0.992 (0.953-1.031) 
Peru Urban 1.34 (0.50-3.58) 1.091 (0.910-1.309) 0.89 (0.38-2.10) 0.993 (0.952-1.036) 
Peru Rural 1.12 (0.40-3.11) 0.916 (0.734-1.145) 0.45 (0.10-2.01) 0.962 (0.922-1.003) 
Venezuela 0.93 (0.55-1.55) 0.992 (0.922-1.067) 0.75 (0.43-1.30) 0.980 (0.956-1.005) 
Mexico Urban 1.48 (0.58-3.73) 0.890 (0.766-1.034) 0.72 (0.32-1.63) 0.975 (0.934-1.019) 
Mexico Rural 0.96 (0.54-1.71) 1.002 (0.898-1.118) 0.86 (0.46-1.62) 0.978 (0.938-1.021) 
China Urban 1.43 (0.74-2.79) 1.040 (0.923-1.172) 0.66 (0.38-1.16) 0.981 (0.947-1.015) 
China Rural 0.66 (0.39-1.11) 0.954 (0.903-1.007) 0.65 (0.35-1.18) 0.989 (0.971-1.007) 
Pooled fixed 
effect 

1.02 (0.84-1.25) 0.987 (0.960-1.015) 0.80 (0.66-0.97) 0.986 (0.977-0.995) 

Heterogeneity 0.0% 0.0% 0.0% 0.0% 
 
1. Accounting for the competing risk of dementia-free death 
2. Adjusted for age, gender and education level 
3. Sub-hazard ratio
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Table 3 
Changes in measurements of leg length and skull circumference, from baseline to follow-
up, by baseline cognitive status (data pooled across sites) 
 

 Change in leg length from 

baseline to follow-up 

Change in skull circumference 

from baseline to follow-up 

 N Change score (95% CI) n Change score (95% CI) 

1. Cognitively normal 6555 -0.85 (-0.99 to -0.71) 6760 -0.20 (-0.23 to -0.16) 

2. CIND1 366 -1.31 (-1.87 to -0.75) 375 -0.08 (-0.23 to +0.07) 

3. Dementia 442 -2.67 (-3.18 to -2.17) 480 -0.33 (-0.45 to -0.20) 

All 7383 -0.99 (-1.12 to -0.85)  7615 -0.20 (-0.23 to -0.17) 

Overall effect of baseline 

cognitive status 

F=21.1, 2 df, p<0.001 F=6.6, 2 df, p=0.03 

Scheffe test p-value for group comparison p-value for group comparison 

3 versus 1 p<0.001 p=0.13 

3 versus 2 p=0.004 p=0.04 

2 versus 1 p=0.34 p=0.30 

 

1. Cognitive Impairment, No Dementia

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 
 

 
 
 

 
Reference List 

 
 1.  Whalley LJ, Dick FD, McNeill G (2006) A life-course approach to the aetiology 

of late-onset dementias. Lancet Neurol 5: 87-96. 

 2.  Miller DB, O'Callaghan JP (2008) Do early-life insults contribute to the late-life 
development of Parkinson and Alzheimer diseases? Metabolism 57 Suppl 
2: S44-S49. 

 3.  Wadsworth ME, Hardy RJ, Paul AA, Marshall SF, Cole TJ (2002) Leg and trunk 
length at 43 years in relation to childhood health, diet and family 
circumstances; evidence from the 1946 national birth cohort. Int J 
Epidemiol 31: 383-390. 

 4.  Tanner JM, Hayashi T, Preece MA, Cameron N (1982) Increase in length of leg 
relative to trunk in Japanese children and adults from 1957 to 1977: 
comparison with British and with Japanese Americans. Ann Hum Biol 9: 
411-423. 

 5.  Bartholomeusz HH, Courchesne E, Karns CM (2002) Relationship between head 
circumference and brain volume in healthy normal toddlers, children, and 
adults. Neuropediatrics 33: 239-241. 

 6.  Lenroot RK, Giedd JN (2006) Brain development in children and adolescents: 
insights from anatomical magnetic resonance imaging. Neurosci Biobehav 
Rev 30: 718-729. 

 7.  Schofield PW, Logroscino G, Andrews HF, Albert S, Stern, Y. (1997) An 
association between head circumference and Alzheimer's disease in a 
population-based study of aging and dementia. Neurology 49: 30-37. 

 8.  Scazufca M, Menezes PR, Araya R, Di R, V, Almeida OP, Gunnell D et al. 
(2008) Risk factors across the life course and dementia in a Brazilian 
population: results from the Sao Paulo Ageing & Health Study (SPAH). 
Int J Epidemiol 37: 879-890. 

 9.  Kim JM, Stewart R, Shin IS, Kim SW, Yang SJ, Yoon JS (2008) Associations 
between head circumference, leg length and dementia in a Korean 
population. Int J Geriatr Psychiatry 23: 41-48. 

 10.  Mortimer JA, Snowdon DA, Markesbery WR (2003) Head circumference, 
education and risk of dementia: findings from the Nun Study. J Clin Exp 
Neuropsychol 25: 671-679. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 
 

 11.  Bickel H, Riemenschneider M, Kurz A (2006) [Associations between dementia 
and head circumference as a measure of brain reserve--results from the 
Bavarian School sisters study]. Psychiatr Prax 33: 138-144. 

 12.  Jenkins R, Fox NC, Rossor AM, Harvey RJ, Rossor MN (2000) Intracranial 
volume and Alzheimer disease: evidence against the cerebral reserve 
hypothesis. Arch Neurol 57: 220-224. 

 13.  Edland SD, Xu Y, Plevak M, O'Brien P, Tangalos EG, Petersen RC et al. (2002) 
Total intracranial volume: normative values and lack of association with 
Alzheimer's disease. Neurology 59: 272-274. 

 14.  Borenstein GA, Mortimer JA, Bowen JD, McCormick WC, McCurry SM, 
Schellenberg GD et al. (2001) Head circumference and incident 
Alzheimer's disease: modification by apolipoprotein E. Neurology 57: 
1453-1460. 

 15.  Kim JM, Stewart R, Shin IS, Yoon JS (2003) Limb length and dementia in an 
older Korean population. J Neurol Neurosurg Psychiatry 74: 427-432. 

 16.  Mak Z, Kim JM, Stewart R (2006) Leg length, cognitive impairment and 
cognitive decline in an African-Caribbean population. Int J Geriatr 
Psychiatry 21: 266-272. 

 17.  Huang TL, Carlson MC, Fitzpatrick AL, Kuller LH, Fried LP, Zandi PP (2008) 
Knee height and arm span: a reflection of early life environment and risk 
of dementia. Neurology 70: 1818-1826. 

 18.  Prince M, Acosta D, Dangour AD, Uauy R, Guerra M, Huang Y et al. (2010) Leg 
length, skull circumference, and the prevalence of dementia in low and 
middle income countries: a 10/66 population-based cross sectional survey. 
Int Psychogeriatr 1-12. 

 19.  Prince M, Ferri CP, Acosta D, Albanese E, Arizaga R, Dewey M et al. (2007) The 
protocols for the 10/66 Dementia Research Group population-based 
research programme. BMC Public Health 7: 165. 

 20.  Prina AM, Acosta D, Acostas I, Guerra M, Huang Y, Jotheeswaran AT et al. 
(2016) Cohort Profile: The 10/66 study. Int J Epidemiol dyw056. 

 21.  Ferri CP, Acosta D, Guerra M, Huang Y, Llibre-Rodriguez JJ, Salas A et al. 
(2012) Socioeconomic factors and all cause and cause-specific mortality 
among older people in Latin America, India, and China: a population-
based cohort study. PLoS Med 9: e1001179. 

 22.  Prince M, Acosta D, Ferri CP, Guerra M, Huang Y, Rodriguez JJ et al. (2012) 
Dementia incidence and mortality in middle-income countries, and 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 
 

associations with indicators of cognitive reserve: a 10/66 Dementia 
Research Group population-based cohort study. Lancet 380: 50-58. 

 23.  Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J et al. 
(2001) Frailty in older adults: Evidence for a phenotype. Journals of 
Gerontology - Series A Biological Sciences and Medical Sciences 56 (3) 
()(pp M146-M156), 2001 Date of Publication: 2001 M146-M156. 

 24.  Jotheeswaran AT, Bryce R, Prina M, Acosta D, Ferri CP, Guerra M et al. (2015) 
Frailty and the prediction of dependence and mortality in low- and middle-
income countries: a 10/66 population-based cohort study. BMC Med 
13:138. doi: 10.1186/s12916-015-0378-4.: 138-0378. 

 25.  Prince M, Acosta D, Chiu H, Scazufca M, Varghese M (2003) Dementia 
diagnosis in developing countries: a cross-cultural validation study. The 
Lancet 361: 909-917. 

 26.  Copeland JRM, Dewey ME, Griffith-Jones HM (1986) A computerised 
psychiatric diagnostic system and case nomenclature for elderly subjects: 
GMS and AGECAT. Psychological Medicine 16: 89-99. 

 27.  Hall KS, Hendrie HH, Brittain HM, Norton JA, Rodgers DD, Prince CS et al. 
(1993) The development of a dementia screeing interview in two distinct 
languages. International Journal of Methods in Psychiatric Research 3: 1-
28. 

 28.  Ganguli M., Chandra V., Gilbey J. (1996) Cognitive test performance in a 
community-based non demented elderly sample in rural India: the Indo-
US cross national dementia epidemiology study. International 
Psychogeriatrics 8: 507-524. 

 29.  Llibre Rodriguez JJ, Ferri CP, Acosta D, Guerra M, Huang Y, Jacob KS et al. 
(2008) Prevalence of dementia in Latin America, India, and China: a 
population-based cross-sectional survey. Lancet 372: 464-474. 

 30.  Fine JP, Gray RJ (1999) A proportional hazards model for the subdistribution of a 
competing risk. Journal of the American Statistical Association 94: 496-
509. 

 31.  Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. 
Stat Med 21: 1539-1558. 

 32.  Stewart R, Hardy R, Richards M (2015) Associations between skeletal growth in 
childhood and cognitive function in mid-life in a 53-year prospective birth 
cohort study. PLoS ONE 10: e0124163. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/


23 
 

 33.  Richards M, Hardy R, Kuh D, Wadsworth ME (2002) Birthweight, postnatal 
growth and cognitive function in a national UK birth cohort. International 
Journal of Epidemiology 31: 342-348. 

 34.  Raikkonen K, Forsen T, Henriksson M, Kajantie E, Heinonen K, Pesonen AK et 
al. (2009) Growth trajectories and intellectual abilities in young adulthood: 
The Helsinki Birth Cohort study. Am J Epidemiol 170: 447-455. 

 35.  Gigante DP, Nazmi A, Lima RC, Barros FC, Victora CG (2009) Epidemiology of 
early and late growth in height, leg and trunk length: findings from a birth 
cohort of Brazilian males. Eur J Clin Nutr 63: 375-381. 

 36.  Smith GD, Greenwood R, Gunnell D, Sweetnam P, Yarnell J, Elwood P (2001) 
Leg length, insulin resistance, and coronary heart disease risk: the 
Caerphilly Study. J Epidemiol Community Health 55: 867-872. 

 37.  Jotheeswaran AT, Williams JD, Stewart R, Prince MJ (2011) Could reverse 
causality or selective mortality explain associations between leg length, 
skull circumference and dementia? A South Indian cohort study. Int 
Psychogeriatr 23: 328-330. 

 38.  Baten J, Blum M (2012) Growing Tall but Unequal: New Findings and New 
Background Evidence on Anthropometric Welfare in 156 Countries, 
1810–1989. Economic History of Developing Regions 27: S66-S85. 

 39.  Grasset L, Brayne C, Joly P, Jacqmin-Gadda H, Peres K, Foubert-Samier A et al. 
(2015) Trends in dementia incidence: Evolution over a 10-year period in 
France. Alzheimers Dement 10. 

 40.  Satizabal CL, Beiser AS, Chouraki V, Chene G, Dufouil C, Seshadri S (2016) 
Incidence of Dementia over Three Decades in the Framingham Heart 
Study. N Engl J Med 374: 523-532. 

 41.  Prince M, Ali GC, Guerchet M, Prina AM, Albanese E, Wu YT (2016) Recent 
global trends in the prevalence and incidence of dementia, and survival 
with dementia. Alzheimers Res Ther 8: 23-0188. 

 
 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 8, 2017. ; https://doi.org/10.1101/140129doi: bioRxiv preprint 

https://doi.org/10.1101/140129
http://creativecommons.org/licenses/by-nc-nd/4.0/

