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Abstract

Background: Prospective studies mostly with European and North-American populations have shown inconsistent results
regarding the association of overweight/obesity and mortality in older adults. Our aim was to investigate the relationship
between overweight/ obesity and mortality in an elderly Brazilian population.

Methods and Findings: Participants were 1,450 (90.2% from total) individuals aged 60 years and over from the community-
based Bambui (Brazil) Cohort Study of Ageing. From 1997 to 2007, 521 participants died and 89 were lost, leading to 12,905
person-years of observation. Body mass index (BMI) and waist circumference (WC) were assessed at baseline and at the 3rd
and 5th years of follow-up. Multiple imputation was performed to deal with missing values. Hazard ratios (HR) of mortality
for BMI or WC alone (continuous and categorical), and BMI and WC together (continuous) were estimated by extended Cox
regression models, which were fitted for clinical, socioeconomic and behavioral confounders. Adjusted absolute rates of
death at 10-year follow-up were estimated for the participants with complete data at baseline. Continuous BMI (HR 0.85;
95% Cl 0.80-0.90) was inversely related to mortality, even after exclusion of smokers (HR 0.85; 0.80-0.90), and participants
who had weight variation and died within the first 5 years of follow-up (HR 0.83; Cl 95% 0.73-0.94). Overweight (BMI 25—
30 kg/m?) was inversely (HR 0.76; 95%C 0.61-0.93) and obesity (BMI =30 kg/m?; HR 0.85; 95% Cl 0.64-1.14) not significantly
associated with mortality. Subjects with BMI between 25-35 kg/m? (23.8-25.9%) had the lowest absolute rates of death at
10-years follow-up. The association between WC and death was not significant, except after adjusting WC for BMI levels,
when the relationship turned into marginally positive (HR 1.01; Cl 95% 1.00-1.02).

Conclusions: The usual BMI and WC cut-off points should not be used to guide public health and clinical weight control
interventions in elderly in Brazil.
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Introduction throughout the lifespan, overweight (body mass index [BMI]
=25 Kg/m?) and obesity (BMI =30 Keg/m?) increase the risk of

he public burden attibuted to obesity relates to findings ol death in older adults [13,14]. The controversial results on whether

increased morbidity and mortality associated with excessive weight
in the general adult population [1]. Whether overweight and
obesity lead to an increased risk of death in the elderly is sull
debatable. Several studies have shown decreased rates of death in
older adults with excessive body weight in comparison to the ones
with normal weight [18.50= BMI<225 1{11.-"'1112 2.3,4.5,6,7]. This
elderly “obesity paradox™ is part ol a broad range ol originally
unexpected lindings of a protective ellect of obesity on survival
described in patients in dialysis [8], and with cardiovascular
diseases [9].[10.11].[12]. However. large epidemiological studies
with predominantly Western European and North-American
populations, found that despite a slight attenuaton in the risk
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BMI levels associated with high risk of death in the general adult
population apply to the elderly may be explained by particularities
ol cach elderly population, such as ethnicity and lilestyle habits,
differences in the methods used to assess body fat, and length of
follow-up. Use ol single point or longimdinal anthropometric
measurements, and diverse approach to adjusting for confounders
can also explain the dilTerent findings [ 15].

Studying this issue in other Western populations ol older adulis
in the context ol demographic, nutritional and technological
transitions, such as the Brazilian one [16], is critical 10 planning
public health policies. These strategies may be ol great impact due
the combination ol the ageing of the population and the increase
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in the prevalence of obesitv. In Brazil, the number ol individuals
with 63 vears or over increased 54% in the last 20 years, and the
prevalence ol overweight and obesity among them raised fom
[17.18].

30% 1o 55%. and [rom 6% o 17%. respectively

Additionally, this investigation may aid 1o carily the role of

individual clinical interventions towards overweight and obesity.
The objective ol this study was to investigate the relationships

between overweight and obesity assessed by BMI and waist
cirenmference  (WC) at various time-points, and the overall
mortality in 10 vears of lollow-up in the community-dwelling
elderly ol the Bambui (Brazil) Cohort Study of Aging (BHAS).
Additionallv, we aimed at verifving whether these relationships
were modilied by age, gender, smoking and physical activity, and
in subgroups of non-smokers, and participants who had stable

weight and survived the first five vears of lollow-up.

Methods

Ethics Statement

Participants signed an informed consent form and anthorized
death certificate verilication. The BHAS was approved by the
ethics hoard of the Fundacao Oswaldo Cruz, Belo Horizonte,
Brazil.

Study design and population

The study was conducted in the Bambw City (approximately
15,000 inhabitants), located in the state ol Minas Gerais in the
southeast region ol Brazil. Procedures used in the BHAS have
been described in detail elsewhere [19]. Briefly, the baseline cohont

population comprised 1,606 (92.2%) ol all the 1,742 residents aged

y P - . e
60 years or more on January 1%, 1997, who were identified by
means of a complete census carried out in the city. Baseline data
collection was performed [rom February to May 1997, comprising

LCGs

mpanossoma ez inlection) and the infection

and elecuocardiograms Bambui city was an endemic area

ol Chagas disease |
remained highly prevalent in old persons due to a cohort ellect,
despite the successlul interruption of the transmission by 1970,

Outcome Ascertainment

Dieaths assigned to any cause ocourring [rom study enrolment to
December 317, 2007 were included in this analysis. Deaths
reported by next ol kin during the annual follow-up interview were

ascertained through the Brazilian mortality information svstem

[Sistema de Informagdes sobre Mortalidade) with the permission of

the Ministry of Health. Death certificates were obtained for 98.9%
ol all deceased participants.

Anthropometric measurements

[range 0—150 kg x0.1 kg) were
surement of weight (kg) and ACMS Portable
[CMS Weighing Equipment Lud., London) was
used for measurements ol height (em). WO was measured at

Two high-precision digital scales

used for the me
Stadiometer kit

umbilicus height using inelastic tapes. The reliability of these
measurements was determined by repeating them in a 5% cohort
ol all of the study participants. All measures were performed with
individuals wearing light clothing and no shoes in the baseline and
repeated in the participants who survived in 2000 and 2002 [20].
BMI was calculated using the conventional formula of weight in
kilograms divided by the sguare of the height in meters, and
categorized according to the World Health Association (WHO)
convention: underweight |
24.9 Ko/m?): overweight (25-29.9 Kg/m?):
m?). WO was cl:

R o . . -
Ol gm0 normal welht | Lo
18.5 Kg/m™): ] he (18.5

obesity

ied according to WHO eriteria into normal
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10 cm in women and <2102 cm in men) or increased

in women and =102 cm in men) [21].

Other measures
Systolic blood pressure was delined as the mean of the wo
lowest measurements out ol three using standard protocols. The

use of anti-hypertensive medication and digoxin was assessed by

standardized interview. Fasting blood glucose and creatinine levels
were measured by traditional enzymatic methods. Diagnosis of
chronic Chagas disease was defined in the baseline by seropos-
iivity ol three diflerent assays performed concurrently as detailed
elsewhere [19]. Plasmatic B-type natiuretic peptide (BNP) was
measured as deseribed elsewhere and is a sensitive marker ol hearnt
BHAS [22].

Diabetes was defined as a 12-h-fast glucose =126 mg/dL and/or

dyslunction and a strong predictor of mortality in

the use ol insulin or oral hypoglveaemic agems. 12-lead ECGs
were digitally recorded at rest using standardized procedures,
analvzed by experienced cardiologists at the ECG Reading Center
[EPICARE Center, Wake Forest University School of Medicine,
Winston-Salem, NC), codified according 1o the Minnesota Code
[MC) [23], and dassilied as abnormal in the presence ol major
abnormalities [24] or of [requent supra-ventricular and ventricular
MC 8101, 8.1.2 or 8.1 Monthly household

income, education, current smoking and leisure physical activity

premature heat

[walking and/or practicing any other physical exercise lor at least
2030 min  within the last 90 days) were wverified through
standardized interview [ 19].

Statistical analysis

We used histograms and Shapiro-Wilk tests to verily normality.
Skewed variables were log-translormed. The Chi-square test lor
linear trends, the ANOVA and the Kruskal-Wallis tests were used,
respectively, to verily dilferences in [requencies, mean and median
for the categorical and continuous baseline variables across BMI
categories. We use the ANOWA test [or repeated measures with
Greenhouse-Geisser correction and the Friedman test to compare
the mean and median values, respectively, of BMI and WO in
19

calculate the correlation hetween BMI and WO at each time-

2000 and 2002, Spearman  coellicients were used 1o

point.

To deal with missing values, we performed missing value
analvsis. Alter assuming that these values were missing at random
and performing log-ranslormations for variables with skewed
distribution. we performed multiple imputation [25.26]. This
procedure consisted in generating live complete datasets by a set of

values vielded by logistic and linear regression models, lor

categorical and continuous  variables, respectively. Both the
predictors and the outcome were used to fit these models, as well
as other variables of the Bambui dataset which were thought to he

related 1o the missing values, but were not directly implicated in

the present analysis. The combination ol these datasets was

calculate hazard ratos (HR) and 95% confidence intervals (CIL) of

mortality for BMI alone (continuous plus quadratic term, and
categorical), WC alone (continuous and categorical), and BMI
[continuous plus quadratic term) plus WO [continuous). Extended
Cox regression models were chosen 1o test these associations
because the measurements of BMI and WC at baseline, 37 and 5
vears of Tollow-up were used as time-dependent covariates, which
by definition do not satisly the proportional hazard assumption
[27]. Each model was adjusted for both an extensive and a
restricted set ol co-variables. The extensive model included age
[continuous), gender, Chagas disease no, ves)., current smoking

mo, ves), log-transformed serum  B-type natriuretic  peptide

[continuous), the presence ol major ECG abnormalities no, ves),
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systolic blood pressure [continuons), total cholesterol (continuous),

diabetes mellitus (no, ves), log-transformed serum creatinine levels

[continuous), physical activity (<2 or Z3-5 times/week), education
mever, <4, =4 school vears), monthly household income (1 4

L0, =10 minimum wage). anti-hypertensive medication (no. ves)
as co-variables. In the resiricted model. we excluded total
cholesterol. diabetes, systolic blood pressure and anti-hvpertensive
treatment, in order to wverilv whether the presence ol these

intermediates  on the causal pathway  between  obesity  and

mortality led to an inappropriate attenuation ol the
mortality associated with an excess ol body at Results vielded by
multiple imputation datasets were compared 1o the ones with
complete data.

Additionally, we added muliplicative interaction terms between
BMI/ WO and age. gender, smoking and physical activity, and

performed sensitivity analyses by investigating the relationships of

interest in the subgroups of non-smokers, and of pardcipants who

did not lose (=10% decrease) or gain (Z10% increase) weight

significantly and survived the first five vears of ollow-up. The
absolute rate ol events in the [0-yvears [ollow-up was caleulated
according to cach BMI unit and also o BMI WHO categories for
the whole population and for the subgroups of interest by

seline survival

muliplving the exp (absolute risk) by the b
function. which was estimated by Kaplan—-Meier curves. All
analyses were performed considering p<20.05 as a signilicant level.
We used SPSS 17.0 for Windows (Chicago, IL) and SAS 9.2 for
Windows (Institute Inc. Cary, NC. USA).

Results

Ofthe 1606 cohort subjects enrolled. 1450 had BMI measures

at baseline and 89 (5.5°

o) were lost to [ollow-up. Those who were
followed were older (689 vears (SD 7.2 versus 67.3 vears (SD
5.9, respectively) and had higher BMI values at baseline (24.8 kg/
m®, QR 21.7-27.9. [OR 21.7-28.0:

p=0.047) than these who were lost 1o follow-up. There were

c o B
versus 234 ke/m™,

12,905 person-vears ol observation and 521 (35.9%) deaths in a

mean follow-up time of .9 [(SD 5.1} yvears. Overall, 12.9% of

values of all variables and cases had missing values, were imputed

and  used for estimation of HR. Regarding the repeated
anthropometric measures. participants who survived had  the
following number ol missing values in 2000 and 2002, respectively:
[53(12.0%) and 167 (14.2%) missing weight: 160 [12.4%) and 172
[14.6%) missing height: 160 [12.4%) and 172 (14.6%) missing WC
values. Median BMI was 24.8 ke/m? (IQR 21.6-28.0), 24.7 kg/
m? TQR 21.8-27.8). 246 ke/m” (IQR 21.6-27 93 p=20.001. and
mean WO was 91 em (SD 1L, 90 em (SD 11O 93 cm (SD
12.9); p=0.001, at baseline, 2000 and 2002, respectively. BMI and
WO were moderately o strongly correlated (r=0.82, r =081 and
r=0.66, at haseline, 3™ and 5" vears of follow-up. respectively).
The number ol subjects with waist increase was signilicantly
different across BMI categories at baseline: one in the underweigl
(0.0%), 130 [20.2%) in the normal weight, 328 (65.8%) and 178

.2%) in the obese category (p=<0.001). The baseline character-

s ol all the eligihle subjects and according o BMI categories
are depicted in Table 1.

For BMI as a continuous variable, we found a signilicant inverse
refationship with morality. The magnitude of HR did not diller
when the models were performed with all the participants and
with the subgroups of interest. Neither did the results change
appreciably between the extensive and resticted set ol co-variables
[Tables 2. 3. and 4. Thus. we considered the extensive models for
the whole population for estimating the 10-vear cumulative
incidence of death. Across the observed BMI values in the whole
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30 Kg/m™ (23.8%

population, BMI = ) and the range between 25-
35 Ke/m® (23.8-25.9%) at baseline were associated with the
lowest absolute rates of death at 1O0-year lollow-up [Figure |1.Age.
gender (p lor interaction =056 and 0.83. respectively: Figures 2
and 3) and smoking status (p lor iteraction = 0.85) did not modify
the association between BMI and mortality. Physical  activity
modilied the association between BMI and  death [p for
interaction = 0.04), and the 10-vear absolute rate was lowest at
BMI 32 ke/m®

30 ke/ m” (24.6%) for the non-physically active (Figure 4).

for the physically active (19.1%) and ar BMI

Inn the analysis hased on current BMI eriteria defined by WHO),
we lound that compared to normal weight, underweight subjects
had a higher (HR 1.54; 95% CI L.0O2-1.89). and overweight (HR
0.76: 95% CI0.61-0893) had a lower relative risk ol dying at 10-
vear follow-up. Obesity was not signilicantly associated with death
(HR 0.85: 95% CI 0.64-1.14). Absolute rates of death at 10-year
follow-up were lower in the overweight (24-27%: 95% CI 20 10
25%: 95% CI 20 10 30%) categories, and
higher in the underweight group (39-42%: 95% CI 34 1o 48%)
(27-36%:; 95% CI 24 1o 40%).
Neither was the relationship between WO alone (continuous)

30%) and obese |

than in the normal weight category

and mortality significant in the whole population nor in the

subgroups ol interest (Tables 2 to 4). This relatonship was not

maodilied by age. gender, smoking status or phy 1 activity (p for

interaction=0.63, .69, 087 and 009, respectivelv). Alier
comrolling for WC. BMI retained its protective effect on death.
whereas alter controlling for BML WO increased the risk of death
in the whole population, but not in the subgroups ol interest
Tables 2 10 4. When fully adjusted. waist increase [categorical
was not signilicantly associated with mortality (HR 0.89; 95% CI
0.73-1.08 in the whole population, HR 0.82; 953% CL0.67-1.01 in
the subgroup ol non-smokers. and HR (L81: 95% CI 0.54-1.20 in
the subgroup of survivors without weight variation within the first
live vears of follow-up).

Discussion

The present analysis based on anthropometry at various time-

points found that BMI alone or adjusted for WO is inversely

related 1o mortality in a population of Brazilian elderly. These
results did not change appreciably when we tried 10 minimize

potential bias by excluding smokers, and participants who had

weight variation and died earlyv. Additonally, we demonsirated

that when BMI was assessed by WHO categories. overweight was
inversely and obesity not significantly associated with death. When
the adjusted absolute rates of death were taken o account, BMI
levels within the range of overweight and class T obesity were
associated with the lowest rates of death in the follow-up of
L0 vears of the elderdy ol the BHAS.

Although the findings of large epidemiological studies in North-
America and Europe have shown an increase in the risk of death
associated with BMI =25 ke/m? in older adults [13,14.28], our
results are in line with several others in the fields of geriarics/

gerontology and public health [2 7] which did not enroll
elderly by the presence ol chronie diseases. The interrelations
bhetween adiposity, fitness and mortality are among the possible
methodological and  biological factors explanations 1o these
dillerent findings regarding the “obesity paradox™. Studies which
investigated the issue in patdents with coronary heart disease
[CHD. have demonstrated that fimess influences the ocowrrence
ol the “obesity paradox™ [9.29.50]. Patients with CHD with high
levels of fitmess survived longer than the ones with low levels of
litness, independently of BMI category [9.30]. whereas overweiglu
and obesity were protective factors in those with high fitness, b
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Table 1. Characteristics of participants with Body Mass Index (BMI) measured at baseline, and comparison according to BMI category.
BMI category *
Characteristics Total Underweight Normal weight Overweight Obesity p value
(n=1450) (n=104;7.2%]) (n=643;44.3%) (n=514;35.4%) (n=189;13.0%)
Deaths, n (%) 521 58 262 145 56 0.01
(35.9) (58.6) (41.5) (28.8) (30.3)
Age, mean (SD) 68.9 72 69 68 67 <<0.001
(7.0) (7.0 (7.0 (70) (6.0)
Female sex, n (%) 879 58 337 330 154 <0.001
(60.9) (55.8) (52.4) (64.2) (81.5)
Smoking, n (36) 251 33 150 55 13 <20.001
(17.7) (33.3) (23.8) (10.9) (7.0
BNP in pg/ml, median a0 102 87 74 65 0.010
(IQR)
(43-148) (56-163) (49-160) (40-136) (35-131)
Chagas disease, n (%) 536 57 263 155 61 <0.001
(37.8) (57.6) (41.7) (30.8) (33.0)
Systolic blood pressure 137 130 137 139 140 0.002
in mm Hg, mean (5D)
(22.4) (24.0) (24.0) (21.00 (21.0)
Diabetes mellitus, n (%) 207 6 63 a3 55 <0.001
(14.6) (6.1) (10.0) (16.5) (29.7)
Serum creatinine in 0.85 0.90 0.86 085 0.83 0.070
mag/dL, median (IQR)
(0.77-0.99) (0.77-1.01) (0.76-099) (0.75-0.98) (0.71-0.98)
Total cholesterol, mean 234 231 239 235 236 0.008
(50)
(49.2) (49.0) (50.0) (49.0) (48.0)
ECG with major abnormalitiest 574 49 279 179 67 0.001
(40.5) (49.5) (44.2) (35.5) (36.2)
Physically active {, n (%%) 312 10 123 139 40 0.002
(21.5) (9.6) (19.1) (27.1) (21.2)
Educationl, n (%)
Lower 454 47 236 125 46
(31.3) (45.2) (36.7) (24.3) (24.3)
Intermediate 837 54 354 321 108
(57.7) (51.9) (55.1) (62.5) (57.1)
Higher 159 3 53 68 35 <20.001
(11.0) (2.9) (8.2) (13.2) (18.5)
Monthly household income ||, n (%)
Lower 962 79 459 310 114
(66.9) (76.7) (71.8) (61.0) (60.3)
Intermediate 358 23 136 148 51
(24.9) (22.3) (21.3) (29.1) (27.0) <<0.001
Higher 119 1 44 50 24
(8.3) (1.0) (6.9) (9.8) (12.7)
*P value: Students t test, Pearson's chi-square test for trends and the Kruskal Wallis test for differences between means, frequencies and medians, respectively tMajor
ECG abnormalities were defined by the following alterations and Minnesota codes (MC): ventricular conduction defect (MC 7.1, 7.2, 7.4, or 7.8); possible old myocardial
infarction (MC1.1.x, 1.2x and 1.3.x and (4.1 x, 4-2, 5-1, or 5-2)), major isclated 5T segment and T wave abnormalities (MC 4.1.x, 4.2, 5.1, or 5.2), left ventricular hypertrophy
(MC 3.1 and (4.1.x, 4.2, 5.1, or 5.2)), atrial fibrillation (MC 8.3.1, 8.3.3), major atrio-ventricular conduction abnormalities (MC 6.1.1, 6.2.1, 6.2.2, 6.2.3, 64.1, 8.6.1, 8.6.2),
pacemaker use (MC 6.8.1), other major arrhythmias (MC 8.2.1, 8.2.2, 8.2.3, 8.2.4, 83.2, 83.4, 84.-2), frequent supraventricular and ventricular premature beats (MC 8.1.1,
B.1.2 or 8.13) { Leisure physical activity (walking or any other physical exercise) for at least 20-30 min, =3-5 times/week 1 Education: lower category-never studied,
intermediate category —<:4 school years, higher category —=4 school years) || Monthly household income in minimum wages (lower category 1-4, intermediate
category 4-10, higher category =10).
doi10.1371/journal.pone.0052111.1001
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50%
40%
30%
0%
10% -~ Limits of the 95% Confidence Interval
n=1450; deaths=521 (35.9%)
0%
15 20 15 30 35

BMI (kg/m')

Figure 1. 10-year cumulative incidence of death per BMI unit at
baseline.
doi:10.1371/journal.pone.0052111.g001

not in those with low limess [29] in another stady with middle-
aged and older adults. The lack of data on fimess in the BHAS
prevented us [or adjusting for this potential confounder. However,
we  found that physical activity  signilicamtly - modified  the
association between BMI and mortality. Although BMI values
associated with the lowest rates ol death were within the obesity
range in both groups, the values were higher in the active than in
the non-active group (32 versus 30 ke/m?). We do think that this
statistical interaction implies biological svnergy. not only because
phvsical activity acts on intermediate mechanisms of death, such as
oxidation. endothelial dyslhmetion. and insulin resistance [4.31].

Overweight, Obesity and Death in Brazilian Elderly

but also because it may be a proxy ol limess [32] and other
unmeasured confounding factors, such as healthy lifestyle behavior
and better Munctional status.

Death of the individuals more susceptible to the adverse eflects
ol obesity leading to selective survival bias, and weight loss
associated with underlving disease leading to reverse causality bias
may account for an underestimation of the effect of obe
mortality and explain our results. Reverse causality was addressed

011

in our study by excluding both subjects who had a significan
weight change between the lirst and last measurement and died
prematurely. Since both weight loss and  gain have  been
demonstrated to be related to chronic disease and inereased
mortality [33]. we excluded subjects with weight variation in either
direction. However, we are aware that this approach might not
have fully addressed the issue [34]. The methodological approach
to smoking is another factor that is thought to influence on the
estimations of the eflect of obesity on mortality. Given that
smoking is related 1o bhoth low weight and morality, the “obesity
paradox”™ could be explained by the protective eflect of high BMI

levels in smokers rather than in non-smokers [ )]. However,

this does not seem to be the case in our population as there was not
a signilicant interaction between smoking and BMI or WO, and
the protective effect of high BMI levels was consistent both afier
adjusting for current smoking, and after excluding smokers lrom
the analvsis.

Regarding the biological mechanisms 1o explain the “obesiny
paradox™ in the elderlv, a greater metabolic reserve and a
potentially better nutritional status in overweight and obese
subjects than in those with underweight or normal weight are
possible mechanisms. Inflammatory and neuro-hormonal mecha-
nisms, such as nentralization ol the adverse elfects ol tumor
necrosis lactor (TNF-alla by soluble receptors in the adipose tissue

SN

60% S,

/

30% —
\ e — "
20% "‘“\
T ———
10%
0%
15 20 25 30 38

BMI (Kg/m)

I 0-69 years (n=907; deaths=228 (25.1%))
I 70-79 years (n=413; deaths=213 (51.6%))
I =380 years (n=99; deaths=80 (80.8%))

Figure 2. 10-year cumulative incidence of death per BMI unit at baseline according to age groups.

doi:10.1371/journal.pone.0052111.g002

PLOS ONE | www.plosone.org

December 2012 | Volume 7 | Issue 12 | e52111



Overweight, Obesity and Death in Brazilian Elderly

50%
40%
30%
—
—
Wh " ——===—do_______ ————
10% B Men (n=5356; deaths= 241 (43.3%))
mmm Women (n= §63; deaths=280 (32.4%))
- = === Limits of the 95% Confidence Interval

0%
15 20 25

BMI (kg/m’)

30 35

Figure 3. 10-year cumulative incidence of death per BMI unit at baseline according to gender.

doi:10.1371/journal.pone.0052111.g003

[37]. newtralization of lipopolvsaccharides  (simulanms ol the
release of inflammatory eviokines) by higher cholesterol levels in
the plasma ol obese. and protective alterations in the activation of

a0

neuro-hormonal  pathways in the obese  subjects  [38].  are

commonly mvestigated 1o explain the “obesity paradox”™ in

patents with cardiovascular disease (CVD) maost ol these
patients are elderly. it is possible that these factors may explain a
some extent the existence of the “obesity paradox™ in eldery not

specilically enrolled by GV as well.

An additonal explanaton to the lindings of the “obesin

paradox” mainly in the eldedy and in different  clinical/
epidemiological settings involves the accuracy of the anthropo-
metric measures as surrogates ol adiposity. As a measure ol total
body mass, BMI reflects both lean and Fat mass. The aging process
involves decline in stature and changes in body composition, such
as loss of lean and increase ol fat depots, which may lead 1o either
underestimation or overestimation of overall aciposity byv BMI
[39]. Normal BMI levels, thus, may reflect a combination of low

50%
40%
30%
]
20% N
o mm Non-physically active subjects (n=1111; deaths= 437 (39.3%))
10% I I'hysically active subjects (n=307; deaths= 83 (27.0%))
== Limits of the 95% Confidence Interval
0%
15 20 25 30 35
BMI (kg/m2)

Figure 4. 10-year cumulative incidence of death per BMI unit at baseline according to physical activity status.

doi:10.1371/journal.pone.0052111.g004
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Table 4. Hazard ratios (HR) and 95% confidence intervals (95% Cl) of mortality related to body mass index (BMI) and waist
circumference (WC) for participants who survived the first 5 years of follow-up and maintained stable weight.

HR (95% Cl} Multiple Imputation dataset

HR (95% Cl}) Complete dataset

Models
BMI wc BMI wc
Unadjusted 075t 0.99 1 085t 1.00
(0.67-0.84) {0.98-1.00) (0.79-0.91) 099-1.01)
Restricted model 0821 1.00 085t 0.99
(0.73-0.93) (0.99-1.01) (0.79-0.91) 098-1.01)
Extensive model 0831 1.00 0821 1.00
(0.73-0.94) (0.99-1.01) (0.74-0.90) 099-1.01)
BMI and WC together 0. 807 1.01 081 % 1.01
{0.71-0.90) {1.00-1.03) (0.72-0.91) -1.03)

(<24, 4-10, =10 minimum wage), and education (never, 1-4, =4 years).

p<20.001; ||p<-0.05; all other values p=-0.05.
doi:10.1371/journal.pone.0052111.1004

WO values. A modest increase in the risk of death related 10 WC
levels was observed when WO was adjusted for BMI in the whole
population, but not in the subgroups of interest. These results are
in line with studies with diflerent populations of community-
dwelling elderly [3.45.50], as well as in elder]lyv patients enrolled by
CHD [51]. Ir is argued that the adjustment of WC for BMI vields
a less confounded estimate ol the association between WO and

mortality because under these circumstances BMI rellects better
lean than lat mass [52]. This is thought 1o be particularly true in
elderly with low BMI but our study lacked power 1o detect
differences in the influence of WG on mortality according 1o BMI
categories because ol both the small number ol subjects in the
underweight category with high WC, and ol subjects in the obese
category with low WL

Our lindings suggest that current BMI cut-oll points established
as of high risk for the adult population did not grade appropriately
the risk of death in the elderly subjects of the BHAS. We believe
that these results can be generalized to the Brazilian urban elderly
population, due to similarities in terms of the predominance ol the
female gender, educational level, prevalence ol overweight and
obesity, tobacco use, and diabetes, but not physical activity [18].
Hence, public policies and individual recommendations of weight
loss for elderly individuals with BMI =25 ke/m? in Brazil based
on the argument that lean people have longer survival do not seem
adequate particularly il a proportonate reduction in WG does not
accompany the reduction in BML However, intentional weight
loss may lead to other benefits which were not evaluated in this
investigation, such as the prevention ol diabetes, disability and
physical frailty, chronic knee and back pain [28.40]. Thus, the

premises ol individualization of treatments and focus on quality of

life rather than on the search for the ‘ideal BMI" seem 1o be even
more important in older aduls. For the elderly who possibly

First, the increased risk ol death associated with WG when
adjusted for BML suggests that interventions should be focused on
reducing WO rather than BMIL Secondly, the enhanced protection
ol overweight/obese elderly by physical activity suggests that
physical activity is a key element in the weight management in the
elderly, corroborating the lindings of some interventional studies
[55.54].

PLOS ONE | www.plosone.org

*Restricted model: Time-dependent BMI (continuous and quadratic term) or WC (continuous) plus age, sex, smoking (no, yes), Chagas disease (no, yes), log-transformed
creatinine (continuous), log-transformed BNP levels (continuous), major ECG abnormalities (no, yes), physical activity within the last 90 days (no, yes), household income

Extensive model: Restricted model plus diabetes (no, yes), total cholesterol (continuous), systolic blood pressure (continuous), anti-hypertensive treatment (no, yes).
‘BMI and WC together: BMI (continuous and quadratic term), WC (continuous) plus extensive model.

Strengths and limitations

As far as we know, our study is unique in prospectively
investigating the association of anthropometric measures and long-
term mortality in a Brazilian elderly population, and provides
further contribution to the field by the use of direct and multiple
measurements of BMI and WC 1o investigate this relationship, and
not only baseline sell-reported data. The minimal number of losses
the high rate ol objective outcome events

o lollow-up (6%,
[35.9%), and the sensitivity analyses make our results quite
conlident. Moreover, the large set of co-variables allowed us 1o
account not only for biological/clinical lactors, but also lor
potential  socioeconomic and lifestyle-related  determinants  of
death.

Several limitations warrant mention. The risk ol death in
severely obese elderly was not properly addressed in this study due
to the low number of subjects (14; 0.9%) with BMI =40 kg/m? at
baseline. The generalizability of the results to the elderly male
population is also limited because of the small number of cases of

obesity | j and abdominal obesity

[1.4%) among men

in our population. Residual confounding is possible because of lack
ol data on liness and on dietary patterns, and the quite simple
sment of physical activity. The results on the influence ol

smoking are weakened at some extent, due to lack of data on past

habits and quantity of smoking. Moreover, lurther insights into the
mechanisms ol the “obesity paradox™ are limited by the potential
limitations of BMI as a surrogate of adiposity in the elderly, and by
the absence of more accurate measurements of muscle mass/
lunction, as well as ol body composition and body fat distribution.
[t is noticeable, however, that techniques such as abdominal
computed tomography  or magnetic resonance imaging are
expensive, dillicult o use in large-scale epidemiological research
and most importantly, are rarely available and not always
adequate lTor clinical settings.

In conclusion, the inverse relationship between mortality and
BMI measured at various time-points and the lack of significant
association with WO alone in the 10-year follow-up of a Brazilian
cohort ol elderly suggest that the usual cut-oll points used to grade
the effect ol overall and abdominal obesity on the risk of mortality
in adults do not apply to the elderly. Hence, the strict use ol these
values to guide obesity treatment and deline public policies in

December 2012 | Volume 7 | Issue 12 | e52111



obesity in Brazil should be avoided. In additon, the increase in the
risk of death when WO was adjusted for BML and the joun
protective elfects of BMI and physical activity, suggest that

abdominal obesity and physical activity should probably be the

locuses of interventions in the elderly who are thought to benelit of

weight loss.
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