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Abstract

Background

Obesity is becoming a global problem, rather than one found only in developed countries.

Although recent studies have suggested a detrimental effect of obesity on cognition, studies

of the relationship between obesity and cognition among older adults have been limited to

developed countries. We aimed to examine the associations between central obesity, as

measured by waist circumference, and cognition level in adults aged 50 years and older in

England and Indonesia.

Methods

We used linear regression models to analyse these associations and multiple imputation to

manage missing data. The 2006 English Longitudinal Study of Ageing Wave 3 is the source

of data from England, while data from Indonesia is sourced from the 2007 Indonesian Fam-

ily Life SurveyWave 4.

Findings

Centrally obese respondents had lower cognition levels than non-centrally obese respon-

dents in England. In contrast, central adiposity had a statistically significant positive associ-

ation with cognition in Indonesia. Higher levels of education and higher economic status

were associated with higher cognitive ability, while age was associated with lower cognition

in both countries. Elevated C-reactive protein (CRP) concentrations and smoking behav-

iour, both linked to higher risk of obesity, were negatively associated with cognitive ability

among older adults in England, but they had no statistically significant association with cog-

nition among Indonesians.

Interpretation

The contradictory findings on obesity and cognition in England and Indonesia not only cre-

ate a puzzle, but they may also have different policy implications in these countries.
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Reducing the prevalence of obesity may be the main focus in England and other developed

countries to maintain older adults’ cognition. However, Indonesia and other developing

countries should place more emphasis on education, in addition to continued efforts to

tackle the double burden of malnutrition, in order to prevent cognitive impairment among

older adults.

Introduction
Over the past three decades obesity has become a global public health problem as the number
of overweight and obese people increased more than twofold from 857 million in 1998 to 2.1
billion in 2013 [1]. Ominously, two in three obese people live in developing countries. This
high burden of obesity coupled with the still significant prevalence of under-nutrition has cre-
ated a double burden of malnutrition in these countries. The double burden of malnutrition is
the persistence of diseases resulting from both under-nutrition along with over-nutrition
within a population [2,3]. Obesity is well recognised as having associations with increased risk
of cardiovascular disease, type 2 diabetes mellitus and cancer [4,5]. Recently, scholars have
given more attention to the associations between obesity and cognitive function, independent
of the effect of medical comorbidities [6,7]. Elias and colleagues reported that obesity had a sig-
nificant and negative association with cognitive function among male participants, indepen-
dent of the effect of diabetes mellitus in the U.S [8]. Cournot and colleagues later found that
higher body mass index (BMI), a measure of obesity, was associated with lower cognitive func-
tion after adjustment for demographic and characteristics comorbidities in France [9]. Sup-
porting those studies, Fergenbaum and colleagues found that obese participants in Canada had
a four times the risk of lower cognitive function than their non-obese peers [10].

However, these studies all took place in developed countries, leaving evidence of the associa-
tions between obesity and cognition in developing countries undiscovered; this is a serious
omission given the number of obese people in these countries. This study thus aimed to com-
pare the consequences of obesity on cognition among older adults in the contexts of developed
and developing countries using data from England and Indonesia. England has the highest
prevalence of overweight and obesity in Europe with more than half of its population aged 20
and older (66% of men and 57% of women) being overweight or obese in 2013 [1,11]. Indone-
sia is an interesting case of a developing country with a considerable obesity problem as the
nutritional profile of its large population is undergoing major shifts [12]. Despite the persistent
high burden of under-nutrition in Indonesia, the data from national basic health research
show that the prevalence of overweight and obesity among adults (aged 18 and over) increased
markedly from 19% in 2007 to almost 29% in 2013, which is equivalent to about 72 million
people: more than the total population of England [13].

Our study focused on older adults (50 years and older) as they are at a higher risk of cogni-
tive decline than any other age group [14]. Declining cognition is one of the main causes of loss
of independence in this age group [15]. However, measuring the relationship between obesity
and cognition among older adults is more complex than it is with other age groups. Some stud-
ies have reported that general obesity (measured as BMI) in later life is associated with lower
cognitive function [8,9,10], while others have reported the opposite [16,17]. Smith and col-
leagues suggested that BMI is not a good measure of body composition for older adults [6].
Testosterone retained in the body fat of male respondents and higher levels of leptin in respon-
dents may protect their cognitive function. Our research extends previous studies by using
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central adiposity, measured by waist circumference, as a predictor of cognitive function. Waist
circumference is known to be more accurate than BMI for the purposes of identifying risk for
dementia and obesity comorbidities such as cardiovascular diseases [18,19]. Jagus and col-
leagues found central adiposity to be associated with decreased hippocampal volumes and
increased white matter hyperintensities, which may affect the structure of the brain and bring
about cognitive decline [20].

This study further included C-reactive protein (CRP) in the analysis. Studies using samples
of older people in developed and developing countries repeatedly show the negative association
between CRP and cognitive function [21–24]. For example, Gunstad et al. found that CRP was
associated with lower global cognitive performance, memory and visuospatial abilities among
126 older cardiovascular patients [22]. More recent study by Bettcher et al. supported those
findings and found higher CRP was related to lower performance on delayed recall task [23].
However, none of those studies implicate CRP in the relationship of obesity and cognitive
function.

Our study compared the relationships between central adiposity and cognitive function in
England and Indonesia, taking into account demographic factors, health behaviour and the
presence of comorbidities through the use of comparable surveys from these countries. For
comparison, this study provides an analysis using BMI.

Materials and Methods

Data sources
We used two nationally representative surveys to compare the consequences of central adipos-
ity on cognitive abilities in England and Indonesia: the 2006 English Longitudinal Study of
Ageing (ELSA) Wave 3 and the 2007 Indonesian Family Life Survey (IFLS) Wave 4 [25–26].
We chose those waves of the surveys as they had similar time frames and included the same
measure of cognitive function. ELSAWave 3 collected information on the personal, socio-eco-
nomic and health circumstances of non-institutionalised adults aged 50 years and older in
England, while IFLS Wave 4 provided information on similar topics among non-institutional-
ised adults aged 15 years and older in Indonesia. We included respondents aged 50 years and
older who had never experienced a stroke event prior to the cognitive testing. Our final sample
comprised 8,189 individuals in England and 2,594 individuals in Indonesia.

We used the available measure of cognitive ability operationalised comparably across both
surveys, namely, episodic memory. In both surveys, episodic memory was measured by imme-
diate and delayed word recall. Immediate recall of ten words was used as a measure of short-
term memory, while delayed recall of the same words (i.e., 20 minutes after initial word presen-
tation) was used as a measure of long-term memory. Episodic memory is one of the more sen-
sitive cognitive domains for older adults as it is among the first cognitive abilities to decline
with age [27]. We use the raw data on the number of correct responses of immediate (10
words) and delayed word recall (10 words) from a total possible points of 20 to measure epi-
sodic memory of the respondents in our analyses [28,29]. We treated the data as continuous.

We defined central adiposity in terms of large waist circumference—larger than 90 cm in
men and larger than 80 cm in women [30]. We divided body weight into four categories
defined as ‘obese’ (BMI� 25 kg/m2), ‘overweight’ (BMI 23–25 kg/m2), ‘normal’ (BMI 18.5–23
kg/m2) and ‘underweight’ (BMI< 18.5 kg/m2) [30]. We included demographic and socio-eco-
nomic information as well as health behaviour and the presence of associated medical condi-
tions as the covariates of cognition. We categorised the levels of education completed by
respondents into primary school, secondary school and college and higher, while marital status
was classified as single, married, divorced or widowed. We used different measures of
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economic status: the aggregate of private pension wealth and state pension wealth in England
and expenditure per capita in Indonesia. We used tertiles of economic status, using the poorest
tertile as the reference. We included smoking behaviour as an indicator of health risk and cate-
gorised respondents as either current smokers or non-current smokers. We classified a respon-
dent as hypertensive if he/she had persistent elevation of blood pressure (� 140/90 mm Hg) or
was taking antihypertensive medications [31]. The indicator of dyslipidaemia in this study was
the ratio of total cholesterol and high-density lipoprotein cholesterol. The cut-off point was
defined as a total cholesterol/HDL cholesterol ratio of� 5 [32]. C-reactive protein (CRP) was
used to measure general levels of inflammation, whose negative association with cognition has
been reported in previous studies [33,34]. We entered the CRP variable as a log-transformed
continuous variable to make the distribution more symmetric and to reduce the effect of
outliers.

Statistical analysis
We used simple linear regression analysis to test the bivariate associations. We then performed
multiple linear regression analysis to quantify the associations between the level of cognition
(as measured by episodic memory) and central adiposity in the first model, independent of sev-
eral potentially confounding factors (age, gender, education, marital status, economic status,
the presence of hypertension, dyslipidaemia, CRP level and smoking status) [8,34–36]. We
employed linear regression with each test score as dependent variable and those potential con-
founding factors as the predictor variables to adjust the effect of the covariates. We also exam-
ined the association between the level of cognition and total obesity and included the
confounding factors mentioned above in the second model. All analyses of the data on England
and Indonesia were conducted separately.

Data were missing from both studies; this can reduce the precision of estimates. To avoid
the potential bias that could have arisen through mishandling of incomplete data, we applied
multiple imputation [37]. We used all predictors together to replace each missing value with a
set of plausible values that represent the uncertainty regarding the right value to impute. We
performed sensitivity analysis by analysing the multiple imputed data and the original data and
comparing the results (see S1 and S2 Tables). All statistical analyses were conducted using
Stata 12.0.

Results
A total of 8,189 participants in England and 2,594 participants in Indonesia aged 50 years and
over were initially included in this study. The descriptive statistics (see Table 1) show that older
adults from Indonesia performed less well than those from England on the test of cognitive
ability as they were able to recall four words fewer than their British peers. The proportion of
participants with central adiposity in England (84%) was more than twice the proportion in
Indonesia (36%). Results were similar when obesity was measured using BMI. The proportion
of obese British respondents (31%) was five times that of Indonesian respondents (6%). Under-
weight was still a significant problem in Indonesia as more than 17% of participants in this
country had a BMI of less than 18.5 kg/m2. The British participants were on average five years
older than the Indonesian participants, reflecting the higher life expectancy in developed coun-
tries. The proportion of male respondents in England and Indonesia were similar, accounting
respectively for 45% and 47% of respondents.

The differences in educational attainment between people in developed and developing
countries are well reflected in our results. The present-day older adults from England were six-
fold more likely than those from Indonesia to have earned a college degree or attained a higher
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level of education (master and doctoral degrees). Most participants in both countries were mar-
ried (67% in England and 75% in Indonesia). The percentage of British older adults with hyper-
tension was slightly higher than that of Indonesian older adults (51% versus 44%). Despite the
low proportion of obese Indonesians in this study, their likelihood of having dyslipidaemia
(46%) was four times higher than that of the obese British respondents (12%). The mean CRP
among British participants was higher than that of Indonesian participants at 2.41 mg/dL and
1.67 mg/dL, respectively. Smoking was more common among Indonesian respondents (39%)
than British respondents (14%).

Figs 1 and 2 plotted the local regressions of cognitive level as a function of obesity among
males and females, with separate curves for England and Indonesia using Model 1. Fig 1A and
1B shows that among non-centrally obese respondents, higher waist circumference was associ-
ated with better cognitive ability in both countries. However, its associations with centrally
obese respondents were different in the two countries. Larger waist circumference was nega-
tively associated with the cognitive ability of centrally obese males in England. In Indonesia,
larger waist circumference was related to higher cognition among centrally obese males up to
110 cm, but lower cognition beyond that point. The wide confidence intervals on this associa-
tion may be due to the small number of males in the sample with very large waist

Table 1. Sample characteristics and exploratory bivariate analysis.

England (N = 8,189) Indonesia (N = 2,594)

Mean ± SD
(%)

Association with cognitive
function*

Missing data
(%)

Mean ± SD
(%)

Association with cognitive
function*

Missing data
(%)

Cognitive function 10.53 ± 3.56 0.15 6.84 ± 3.15 17.73

Centrally obese 84.35 -0.69 (0.11) ‡ 2.52 36.45 0.59 (0.14) ‡ 0.27

BMI 4.14 1.35

Underweight 0.84 -0.46 (0.44) ‡ 17.66 -1.17 (0.19) ‡

Normal 26.04 0.00 57.56 0.00

Overweight 41.91 -0.38 (0.10) ‡ 19.30 0.78 (0.17) ‡

Obese 31.21 -0.51 (0.10) ‡ 5.47 1.03 (0.28) ‡

Age 65.81 ± 9.7 -0.15 (0.00) ‡ 0 60.59 ± 8.70 -0.10 (0.01) ‡ 0

Male 45.10 -0.61 (0.08) ‡ 0 47.88 0.53 (0.14) ‡ 0

Education: 0.24 21.36

Primary school or
less

40.89 0.00 66.42 0.00

Secondary school 27.15 1.84 (0.09) ‡ 27.16 1.88 (0.15) ‡

College or higher 31.96 2.36 (0.09) ‡ 6.42 3.04 (0.09) ‡

Marital status: 0 0

Single 5.79 -0.51 (0.17) ‡ 0.93 0.60 (0.67)

Married 67.46 0.00 75.71 0.00

Divorce 11.71 0.07 (0.12) 3.08 -0.85 (0.40) †

Widowed 15.04 -1.84 (0.11) ‡ 20.28 -0.98 (0.18) ‡

Having
hypertension

51.19 -0.97 (0.08) ‡ 2.43 44.80 -0.04 (0.14) 0.73

Having
dyslipidaemia

12.48 -0.15 (0.13) 24.67 46.27 0.44 (0.14) ‡ 1.85

CRP (mg/dL) 2.41 ± 2.13 -0.37 (0.05) ‡ 29.77 1.67 ± 1.72 0.11 (0.10) 34.50

Current smoker 14.71 -0.05 (0.13) ‡ 28.47 39.94 0.18 (0.14) 0

Note: * Reported are coefficients (standard errors). Sig.: †: significant at 5% or less; ‡: significant at 1% or less.

doi:10.1371/journal.pone.0148406.t001
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circumferences. Similarly, waist circumference had a negative association with the cognitive
ability of centrally obese females in England with waist circumferences up to 93 cm but had a
positive association in Indonesia. Fig 2A and 2B show that the associations between BMI and
the cognitive function of obese respondents were different in the two countries. Higher BMI
was associated with lower cognitive function in both overweight and obese respondents of both
genders in England, but the same association was found only among males in Indonesia.

The multiple linear regression results of imputed data for the association of central obesity
and cognitive function (adjusted for comorbidities, health behaviour and socio-demographic
characteristics) in England and Indonesia using unimputed data are shown in Table 2. It dis-
plays the unstandardised regression coefficient (B), the standard error of the regression coeffi-
cients (SE B) and the standardised regression coefficients (β). Central adiposity had different
relationships with cognition among respondents in the two countries. Model 1 shows that cen-
trally obese participants in England performed less well on cognition tests than their non-cen-
trally obese peers (β = -0.07, p<0.01), while the cognitive function of centrally obese
participants in Indonesia was higher than that of their non-centrally obese peers (β = 0.09,
p<0.01). When the models were adjusted for comorbidities and smoking behaviour, central
obesity still significantly correlated with lower cognition in England (β = -0.05, p<0.01) and
higher cognition in Indonesia (β = 0.10, p<0.01). The negative association between central
obesity and cognition in England (β = -0.03, p<0.05) remained in the final model (Model 3),
where the potential confounders and socio-demographic characteristics were included. The
positive association between central obesity and cognition in Indonesia vanished in the third
model in the analysis using unimputed data. However, the analysis using imputed data shows

Fig 1. Episodic memory level and waist circumference between England and Indonesia.

doi:10.1371/journal.pone.0148406.g001
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that the positive association between central obesity and cognition is still significant with
p<0.05 (S1 Table).

Table 3 presents the results for the association of general obesity (as measured by BMI) and
cognitive function among older adults in England and Indonesia. As with earlier models, obe-
sity showed different associations with cognition in those countries. In England, the overweight
(β = -0.05, p<0.01) and obese respondents (β = -0.06, p<0.01) had lower cognitive function
than respondents with normal BMIs. However, in Indonesia, the overweight (β = 0.09, p<0.01)
and obese respondents (β = 0.07, p<0.01) performed better on cognition tests than those with
normal BMIs. The association between overweight and cognitive function in Indonesia, how-
ever, vanished after the model took into account the potential confounders and socio-demo-
graphic characteristics (Model 3). In England, overweight (β = -0.04, p<0.05) and obesity (β =
-0.05, p<0.01) were still significantly associated with lower cognitive ability in the same model.

The results of this study clearly illustrate the negative association between underweight and
cognitive function, especially in developing countries. Our study shows that the underweight
respondents in Indonesia had lower cognitive ability than those of normal weight (β = -0.13,
p<0.01). The association remained significant when the model was adjusted to account for
comorbidities, smoking behaviour, and socio-demographic factors (β = -0.10, p<0.01). Despite
their lack of significance, the results in England also show trend toward a negative association
between underweight and cognition level. Table 4 shows the small effect sizes for obesity and
cognition in all models.

Several potential confounders and socio-demographic characteristics showed significant
associations with cognitive function among older adults in England and Indonesia. Higher

Fig 2. Episodic memory level and BMI between England and Indonesia.

doi:10.1371/journal.pone.0148406.g002
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educational attainment and better economic status were correlated with higher cognition in all
models in both countries. Age had a negative and significant correlation with cognition in all
models in both countries. Males had lower cognitive function than females in England, but
higher cognition in Indonesia. Single participants had lower cognitive function than married
participants in England. Log CRP and current smoker status both had negative effects on cog-
nitive function in England. To ascertain robustness we repeated the analysis using only com-
plete data (S1 and S2 Tables). Compared to the analysis using multiple imputed data, the
analysis using incomplete data gave less precise standard errors. The absence of substantial dif-
ferences between them indicated that the results were robust.

Discussion
Although the prevalence of obesity has increased sharply in developing countries [1], there is a
paucity of investigation revealing its association with cognition in these countries. This study,

Table 2. Multiple linear regression results for the association between waist circumference and cognitive function using non-imputed data. Note:
B (SE B): Reported are coefficients (standard errors). β: Reported are standardised beta coefficients. Sig.: †: significant at 5% or less; ‡: significant at 1% or
less.

England Indonesia

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

B (SE B) β B (SE B) β B (SE B) β B (SE B) β B (SE B) β B (SE B) β

Centrally obese -0.69
(0.10)‡

-0.07 -0.54
(0.15)‡

-0.05 -0.31
(0.14)†

-0.03 0.59
(0.14)‡

0.09 0.69
(0.19)‡

0.10 0.28(0.21) 0.04

Having hypertension -0.74
(0.11)‡

-0.10 -0.06(0.10) -0.00 0.03(0.17) 0.00 0.27(0.18) 0.04

Having dyslipidaemia 0.13(0.17) 0.01 0.01(0.15) 0.00 0.30(0.17) 0.04 -0.19(0.17) -0.03

Log CRP -0.28
(0.06)‡

-0.07 -0.13
(0.05)†

-0.03 0.06(0.10) 0.01 0.12(0.10) 0.03

Current smoker -0.09(0.16) -0.00 -0.40
(0.15)†

-0.03 0.41
(0.19)†

0.06 -0.14(0.26) -0.02

Age -0.14
(0.00)‡

-0.37 -0.09
(0.01)‡

-0.22

Male -1.21
(0.11)‡

-0.17 0.56(0.27)† 0.08

Education, ref: Primary school or
less

Secondary school 1.06(0.12)‡ 0.13 1.47(0.20)‡ 0.21

College or higher 1.54(0.12)‡ 0.20 2.36(0.35)‡ 0.19

Marital status, ref: Married

Single -0.88
(0.23)‡

-0.05 0.73(0.93) 0.02

Divorce -0.15(0.16) -0.01 -0.46(0.56) -0.02

Widowed -0.13(0.15) -0.01 0.10(0.26) 0.01

Economic status, ref: 1st tertile

2nd tertile 0.14(0.12) 0.01 0.05(0.23) 0.00

3rd tertile 0.85(0.14)‡ 0.11 0.40(0.24) 0.06

Constant 11.16
(0.09)‡

11.66
(0.14)‡

20.51
(0.48)‡

6.63
(0.09)‡

6.37
(0.19)‡

11.66
(0.74)‡

N 7971 3931 3623 2130 1361 1144

doi:10.1371/journal.pone.0148406.t002
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therefore, investigates this association using a recent national sample from Indonesia. Further, it
provides a comparative analysis using a comparable national sample from England. The results
are puzzling as central obesity showed different associations with cognition in England and
Indonesia. Following previous research in developed countries, the present study, using waist
circumference as the measure, provides an additional source of empirical support for the gener-
ally established view that obesity has a significant association with lower cognition [8–10].

The centrally obese older adults in England had lower levels of cognition than their non-
centrally obese peers, although the effect size was small. In contrast, our results in Indonesia
show that the centrally obese older adults had higher cognition levels than their non-centrally

Table 3. Multiple linear regression results for the association between BMI and cognitive function using non-imputed data.

England Indonesia

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

B (SE B) β B (SE B) β B (SE B) β B (SE B) β B (SE B) β B (SE B) β

BMI, ref: Normal

Underweight -0.46(0.44) -0.01 -0.17(0.64) -0.00 0.66(0.62) 0.01 -1.17
(0.19)‡

-0.13 -1.50
(0.26)‡

-0.15 -1.00
(0.28)‡

-0.10

Overweight -0.38
(0.09)‡

-0.05 -0.23(0.13) -0.03 -0.29
(0.12)†

-0.04 0.77
(0.17)‡

0.09 0.85
(0.20)‡

0.11 0.27(0.21) 0.03

Obese -0.51
(0.10)‡

-0.06 0.07(0.16) -0.00 -0.43
(0.14)‡

-0.05 1.02
(0.28)‡

0.07 1.26
(0.33)‡

0.10 0.49(0.33) 0.04

Having hypertension -0.76
(0.11)‡

-0.10 -0.04(0.10) -0.00 -0.08(0.17) -0.01 0.20(0.18) 0.03

Having dyslipidaemia 0.06(0.17) 0.00 0.04(0.15) 0.00 0.15(0.17) 0.02 -0.26(0.17) -0.04

Log CRP -0.31
(0.06)‡

-0.08 -0.09(0.05) -0.02 0.06(0.09) 0.01 0.10(0.10) 0.02

Current smoker -0.11(0.16) -0.01 -0.46
(0.15)‡

-0.04 0.55
(0.18)‡

0.08 0.00(0.26) 0.00

Age -0.14
(0.00)‡

-0.37 -0.08
(0.01)‡

-0.20

Male -1.19
(0.11)‡

-0.16 0.50(0.27) 0.08

Education, ref: Primary school or
less

Secondary school 1.03(0.12)‡ 0.13 1.45(0.20)‡ 0.21

College or higher 1.54(0.12)‡ 0.20 2.27(0.35)‡ 0.19

Marital status, ref: Married

Single -0.92
(0.24)‡

-0.05 0.88(0.92) 0.02

Divorce -0.16(0.16) -0.01 -0.27(0.55) -0.01

Widowed -0.14(0.15) -0.01 0.18(0.26) 0.02

Economic status, ref: 1st tertile

2nd tertile 0.12(0.13) 0.01 -0.02(0.23) -0.00

3rd tertile 0.83(0.14)‡ 0.11 0.27(0.24) 0.04

Constant 10.94
(0.07)‡

11.40
(0.12)‡

20.53
(0.49)‡

6.80
(0.08)‡

6.62
(0.18)‡

11.33
(0.73)‡

N 7971 3931 3623 2130 1361 1144

Note: B (SE B): Reported are coefficients (standard errors). β: Reported are standardised beta coefficients. Sig.: †: significant at 5% or less; ‡: significant

at 1% or less.

doi:10.1371/journal.pone.0148406.t003
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obese peers with similar effect size. Since this study is among the first to examine the conse-
quences of obesity on cognition in the context of a developing country, the association between
obesity and higher cognition level should be interpreted with caution. Education and economic
status are among the important confounders of cognition that could mask the true relationship
between obesity and cognitive function. We explored the potential of that explanation by
including education and economic status as covariates in our analysis. However, the positive
association between obesity and cognition remains significant, even after including education
and economic status.

One explanation for this puzzle could involve reverse causality (cognitive function as a pre-
dictor of obesity). Longitudinal studies in developed countries have found that lower cognitive
function leads to higher BMI by means of several mechanisms [38–40]. The first of these is that
cognitive function encompasses a number of neuropsychological concepts, including inhibi-
tory control, attention control and problem solving, which influence the ability to control eat-
ing urges [38]. The second mechanism is that individuals with higher executive cognitive
function have a greater ability to formulate long-term health plans that include eating healthy
foods. They may be more likely to implement such plans [40].

Yet the results in Indonesia suggest that the mechanisms showing a positive correlation
between cognition dysfunction and obesity do not apply in developing countries. The reverse
causality in those countries may be explained by the fact that people with higher cognitive level
tend to engage in sedentary work which require less energy expenditure of physical energy
[41]. Not only do sedentary workers engage in less physical activity, but they also tend to eat
commercially prepared foods that often lead to increased body weight [42]. The positive associ-
ation between cognitive ability and obesity in developing countries indicates that those life-
styles are hardly changed in later life, although people may have more time to exercise.
Unfortunately, the cross-sectional design of our research does not allow us to test these expla-
nations. To better comprehend the mechanism underlying these puzzling results, prospective

Table 4. The effect sizes for cognitive function using non-imputed data.

Regression model England Indonesia

Partial R2 Descriptor Partial R2 Descriptor

Centrally obese

Model 1 0.005 Small 0.008 Small

Model 2 0.003 Small 0.009 Small

Model 3 0.001 Small 0.001 Small

BMI: ref: Normal

Underweight

Model 1 0.000 Small 0.017 Small

Model 2 0.000 Small 0.022 Small

Model 3 0.000 Small 0.011 Small

Overweight

Model 1 0.001 Small 0.009 Small

Model 2 0.000 Small 0.012 Small

Model 3 0.001 Small 0.001 Small

Obese

Model 1 0.003 Small 0.006 Small

Model 2 0.000 Small 0.010 Small

Model 3 0.002 Small 0.001 Small

doi:10.1371/journal.pone.0148406.t004
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studies starting in youth or middle age and involving a long period of follow-up will be
required.

Other than its cross-sectional design, our study is limited by the availability of comparable
data on cognition in Indonesia and England. Previous studies on obesity and cognition used
various tests of cognition [8–10]. For example, Cournot et al. used the Wechsler Adult Intelli-
gence Survey (WAIS) Digit–Symbol Substitution Subtest, which is highly sensitive to the effects
of ageing [9]. The data used in this study was not originally designed to compare cognition
between countries; hence the comparable information is only the episodic memory. Research
using additional cognitive tests will provide a better understanding of the relationship between
obesity and cognitive function in both developed and developing countries.

The differing associations between obesity and cognitive function in England and Indonesia
strengthen the view that results acquired in the developed world may not be straightforwardly
applied to the developing world. These facts should perhaps lead to—different policy priorities
in England and Indonesia. Given the significant negative association between obesity and cog-
nitive function in England, this and other developed countries may wish to put considerable
effort into reducing the prevalence of obesity in order to maintain the cognitive function of
their older populations. Such efforts are also recommended to prevent cognitive impairment in
Indonesia and other developing countries. However, these countries should put more effort
into education: our findings suggest that interventions to enhance educational opportunities
throughout life could potentially prevent cognitive function decline, thereby substantially
improving quality of life among older adults in Indonesia.

Supporting Information
S1 Table. Multiple linear regression results for the association between waist circumference
and cognitive function using imputed data.
(DOCX)

S2 Table. Multiple linear regression results for the association between BMI and cognitive
function using imputed data.
(DOCX)

S1 Fig. Distribution of episodic memory level in England and Indonesia.
(TIF)

Author Contributions
Conceived and designed the experiments: AM GT. Performed the experiments: AM. Analyzed
the data: AM. Contributed reagents/materials/analysis tools: AM. Wrote the paper: AM GT.

References
1. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national

prevalence of overweight and obesity in children and adult during 1980–2013: a systematic analysis for
the Global Burden of Disease Study 2013. Lancet 2014; 384: 766–781. doi: 10.1016/S0140-6736(14)
60460-8 PMID: 24880830

2. Corsi DJ, Finlay JE, Subramanian SV. Global burden of double malnutrition: Has anyone seen it?
PLOS One 2011; 6: e25120. doi: 10.1371/journal.pone.0025120 PMID: 21980384

3. Kimani-Murage EWK, Muthuri SK, Oti SO, Mutua MK, van de Vijver S, Kyobutungi C. Evidence of a
double burden of malnutrition in urban poor settings in Nairobi, Kenya. PLOS One 2015; 10: e0129943.
doi: 10.1371/journal.pone.0129943 PMID: 26098561

4. Hu FB. Obesity Epidemiology. Oxford: Oxford University Press; 2008.

Central Adiposity and Cognition

PLOS ONE | DOI:10.1371/journal.pone.0148406 February 10, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0148406.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0148406.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0148406.s003
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/pubmed/24880830
http://dx.doi.org/10.1371/journal.pone.0025120
http://www.ncbi.nlm.nih.gov/pubmed/21980384
http://dx.doi.org/10.1371/journal.pone.0129943
http://www.ncbi.nlm.nih.gov/pubmed/26098561


5. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al. Prevalence of obesity, diabe-
tes, and obesity-related health risk factors, 2001. The Journal of the American Medical Association
2003; 289: 76–79. PMID: 12503980

6. Smith E, Hay P, Campbell L, Trollor JN. A review of the association between obesity and cognitive func-
tion across the lifespan: implications for novel approaches to prevention and treatment.Obesity
Reviews 2011; 12: 740–755. doi: 10.1111/j.1467-789X.2011.00920.x PMID: 21991597

7. Kiliaan AJ, Arnoldussen IAC, Gustafson DR. Adipokines: a link between obesity and dementia? Lancet
Neurology 2014; 13: 913–923. doi: 10.1016/S1474-4422(14)70085-7 PMID: 25142458

8. Elias MF, Elias PK, Sullivan LM, Wolf PA, Agostino RB. Obesity, diabetes and cognitive deficit: The
Framingham Heart Study. Neurobiology of Aging 2005; 26S: S11–S16.

9. Cournot M, Marquie JC, Ansiau D, Martinaud C, Fonds H, Ferrieres J, Ruidavets JB. Relation between
body mass index and cognitive function in healthy middle-aged men and women. Neurology 2006; 67:
1208–1214. PMID: 17030754

10. Fergenbaum JH, Bruce S, LouW, Hanley AJG, Greenwood C, Young TK. Obesity and lowered cogni-
tive performance in a Canadian first nations population.Obesity 2009; 17 (10): 1957–1963. doi: 10.
1038/oby.2009.161 PMID: 19478788

11. Yaffe K. Chronic Medical Disease & Cognitive Aging. New York: Oxford University Press; 2013.

12. World Bank. The double burden of malnutrition in Indonesia. Washington DC: TheWorld Bank; 2013.

13. National Institute of Health Research Development. Indonesia Basic Health Research, Indonesia Min-
istry of Health; 2013. http://www.litbang.depkes.go.id/sites/download/rkd2013/Laporan_
Riskesdas2013.PDF

14. Skirbekk V, Loichinger E, Weber D. Variation in cognitive functioning as a refined approach to compar-
ing aging across countries. Proceedings of the National Academy of Sciences 2012; 109 (3): 770–774.

15. Fiocco AJ, Yaffe K. Defining successful aging: the importance of including cognitive function over time.
Archives of Neurology 2010; 67 (7): 876–880. doi: 10.1001/archneurol.2010.130 PMID: 20625097

16. Kuo HK, Jones RN, Milberg WP, Tennstedt S, Talbot L, Morris JN, Lipsitz LA. Cognitive function in nor-
mal-weight, overweight, and obese older adults: An analysis of the advanced cognitive training for inde-
pendent and vital elderly cohort. Journal of the American Geriatrics Society 2006; 54: 97–103. PMID:
16420204

17. Nilsson LG, Nilsson E. Overweight and cognition, Scandinavian Journal of Psychology 2009; 50: 660–
667. doi: 10.1111/j.1467-9450.2009.00777.x PMID: 19930267

18. West NA, Haan MN. Body adiposity in late life and risk of dementia or cognitive impairment in a longitu-
dinal community-based study. Journal of Gerontology 2009; 64A: 103–109.

19. Dobbelsteyn CJ, Joffres MR, MacLean DR, FlowerdewG. A comparative evaluation of waist circumfer-
ence, waist-to-hip ratio and body mass index as indicators of cardiovascular risk factors. The Canadian
Heart Health Surveys. International Journal of Obesity 2001; 25: 652–661. PMID: 11360147

20. Jagust W, Harvey D, Mungas D, Haan M. Central obesity and the aging brain. Archives of Neurology
2005; 62: 1545–1548. PMID: 16216937

21. Kuo H, Yen C, Chang C, Kuo C, Chen J, Sorond F. Relation of C-reactive protein to stroke, cognitive
disorders, and depression in the general population: systematic review and meta-analysis. The Lancet
2005; 4: 371–380. PMID: 15907742

22. Gunstad J, Bausserman L, Paul RH, Tate DF, Hoth K, Poppas A, et al. C-reactive protein, but not
homocysteine, is related to cognitive dysfunction in older adults with cardiovascular disease. Journal of
Clinical Neuroscience 2006; 13 (5): 540–546. PMID: 16723232

23. Bettcher BM, Wilheim R, Rigby T, Green R, Miller JW, Racine CA, et al. C-Reactive Protein is Related
to Memory and Medial Temporal Brain Volume in Older Adults. Brain, Behavior, and Immunity 2012;
26 (1): 103–108.

24. Tampubolon G. Repeated systemic inflammation was associated with cognitive deficits in older Britons.
Alzheimer’s and Dementia 2015: 1–6.

25. Marmot M, Oldfield Z, Clemens S, Blake M, Phelps A, J. Nazroo J, et al. English Longitudinal Study of
Ageing: Waves 0–6, 1998–2013. [data collection]. 23rd edition, UK Data Service. SN: 5050; 2015.
URL http://dx.doi.org/10.5255/UKDA-SN-5050-10.

26. Strauss J, Witoelar F, Sikoki B, Wattie AM, The Fourth Wave of the Indonesian Family Life Survey
(IFLS4): Overview and Field Report, April 2009. WR-675/1-NIA/NICHD; 2009.

27. Skirbekk V, Stonawski M, Bonsang E, Staudinger UM. The Flynn effect and population aging. Intelli-
gence 2013; 41: 169–177.

Central Adiposity and Cognition

PLOS ONE | DOI:10.1371/journal.pone.0148406 February 10, 2016 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/12503980
http://dx.doi.org/10.1111/j.1467-789X.2011.00920.x
http://www.ncbi.nlm.nih.gov/pubmed/21991597
http://dx.doi.org/10.1016/S1474-4422(14)70085-7
http://www.ncbi.nlm.nih.gov/pubmed/25142458
http://www.ncbi.nlm.nih.gov/pubmed/17030754
http://dx.doi.org/10.1038/oby.2009.161
http://dx.doi.org/10.1038/oby.2009.161
http://www.ncbi.nlm.nih.gov/pubmed/19478788
http://www.litbang.depkes.go.id/sites/download/rkd2013/Laporan_Riskesdas2013.PDF
http://www.litbang.depkes.go.id/sites/download/rkd2013/Laporan_Riskesdas2013.PDF
http://dx.doi.org/10.1001/archneurol.2010.130
http://www.ncbi.nlm.nih.gov/pubmed/20625097
http://www.ncbi.nlm.nih.gov/pubmed/16420204
http://dx.doi.org/10.1111/j.1467-9450.2009.00777.x
http://www.ncbi.nlm.nih.gov/pubmed/19930267
http://www.ncbi.nlm.nih.gov/pubmed/11360147
http://www.ncbi.nlm.nih.gov/pubmed/16216937
http://www.ncbi.nlm.nih.gov/pubmed/15907742
http://www.ncbi.nlm.nih.gov/pubmed/16723232
http://dx.doi.org/10.5255/UKDA-SN-5050-10


28. Nyberg L, Bäckman L, Erngrund K, Olofsson U, Nilsson LG. Age differences in episodic memory,
semantic memory, and priming: Relationships to demographic, intellectual, and biological factors. Jour-
nal of Gerontology 1996; 51B: 234–240.

29. Nyberg L, Nilsson LG, Olofsson U, Bäckman L. Effects of division of attention during encoding and
retrieval on age differences in episodic memory. Experimental Aging Research 1997; 23: 137–143.
PMID: 9151074

30. World Health Organization. Waist circumference and waist-hip ratio: Report of a WHO Expert Consulta-
tion. Geneva: World Health Organization; 2008.

31. Chobanian AV, Bakris GL, Black HR, CushmanWC, Green LA, Izzo JL, et al. The seventh report of the
Joint National Committe on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure:
The JNC 7 report. JAMA 2003; 289 (19): 2560–2572. PMID: 12748199

32. Paccaud F, Schlüter-Fasmeyer V, Wietlisbach V, Bovet P. Dyslipidemia and abdominal obesity: an
assessment in three general populations. Journal of Clinical Epidemiology 2000; 53: 393–400. PMID:
10785570

33. Teunissen CE, van Boxtel MPJ, Bosma H, Bosmans E, Delanghe J, De Bruijn C, et al. Inflammation
markers in relation to cognition in a healthy aging population. Journal of Neuroimmunology 2003; 134:
142–150. PMID: 12507782

34. Sweat V, Starr V, Bruehl H, Arentoft A, Tirsi A, Javier E, et al. C-Reactive Protein is linked to lower cog-
nitive performance in overweight and obese women. Inflammation 2008; 31 (3): 198–207. doi: 10.
1007/s10753-008-9065-3 PMID: 18347963

35. Schneeweis N, Skirbekk V, Winter-Ebmer R. Does education improve cognitive performance four
decades after school completion? Demography 2014; 51 (2): 619–643. doi: 10.1007/s13524-014-
0281-1 PMID: 24578168

36. van den Berg E, Biessels GJ, de Craen AJM, Gussekloo J, Westendorp RGJ. The metabolic syndrome
is associated with decelerated cognitive decline in the oldest old.Neurology 2007; 69: 979–985. PMID:
17785666

37. Asparouhov T, Muthén B. Multiple imputation with Mplus. Statmodels 2010: 1–25.

38. Guxens M, Mendez MA, Julvez J, Plana E, Forns J, Basagana X., et al. Cognitive function and over-
weight in preschool children. American Journal of Epidemiology 2008; 1: 1–9.

39. Osika W, Montgomery SM. Physical control and coordination in childhood and adult obesity: longitudi-
nal birth cohort study. BMJ 2008; 337: a699. doi: 10.1136/bmj.a699 PMID: 18698093

40. Riggs N, Chou CP, Spruijt-Metz D, Pentz MA. Executive cognitive function as a correlate and predictor
of child food intake and physical activity. Child Neuropsychology 2010; 16 (3): 279–292. doi: 10.1080/
09297041003601488 PMID: 20234954

41. Dinsa GD, Goryakin Y, Fumagalli E, Suhrcke M. Obesity and socioeconomic status in developing coun-
tries: a systematic review.Obesity Reviews 2012; 13: 1067–1079. doi: 10.1111/j.1467-789X.2012.
01017.x PMID: 22764734

42. Sobal J. Social and Cultural Influences on Obesity. International Textbook of Obesity 2001. JohnWiley
& Sons.

Central Adiposity and Cognition

PLOS ONE | DOI:10.1371/journal.pone.0148406 February 10, 2016 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/9151074
http://www.ncbi.nlm.nih.gov/pubmed/12748199
http://www.ncbi.nlm.nih.gov/pubmed/10785570
http://www.ncbi.nlm.nih.gov/pubmed/12507782
http://dx.doi.org/10.1007/s10753-008-9065-3
http://dx.doi.org/10.1007/s10753-008-9065-3
http://www.ncbi.nlm.nih.gov/pubmed/18347963
http://dx.doi.org/10.1007/s13524-014-0281-1
http://dx.doi.org/10.1007/s13524-014-0281-1
http://www.ncbi.nlm.nih.gov/pubmed/24578168
http://www.ncbi.nlm.nih.gov/pubmed/17785666
http://dx.doi.org/10.1136/bmj.a699
http://www.ncbi.nlm.nih.gov/pubmed/18698093
http://dx.doi.org/10.1080/09297041003601488
http://dx.doi.org/10.1080/09297041003601488
http://www.ncbi.nlm.nih.gov/pubmed/20234954
http://dx.doi.org/10.1111/j.1467-789X.2012.01017.x
http://dx.doi.org/10.1111/j.1467-789X.2012.01017.x
http://www.ncbi.nlm.nih.gov/pubmed/22764734

