
503

Journals of Gerontology: MEDICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci. 2015 April;70(4):503–510
doi:10.1093/gerona/glu165 Advance Access publication September 9, 2014

© The Author 2014. Published by Oxford University Press on behalf of The Gerontological Society of America. 
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Effects of Body Mass Index, Abdominal Obesity, and 
Type 2 Diabetes on Mortality in Community-Dwelling 

Elderly in Sao Paulo, Brazil: Analysis of Prospective Data 
From the SABE Study

Claudia K. Suemoto,1,2 Maria Lucia Lebrao,3 Yeda A. Duarte,4 and Goodarz Danaei5,6 

1Department of Social and Behavioral Sciences, Harvard School of Public Health, Boston, Massachusetts.
2Discipline of Geriatrics, University of Sao Paulo Medical School, Brazil.

3Department of Epidemiology, School of Public Health and 
4Medical Surgical Nursing Department, School of Nursing, University of Sao Paulo, Brazil.

5Department of Global Health and Population and 
6Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts.

Address correspondence to Claudia K. Suemoto, MD, PhD, MS, Department of Social and Behavioral Sciences, Harvard School of Public Health, 677 
Huntington Avenue, Kresge Building, Boston, MA 02115. Email: csuemoto@hsph.harvard.edu

Background. The majority of studies on the effects of adiposity on mortality in the elderly have been conducted in 
developed countries with mixed results. We investigated the association between adiposity and mortality in a cohort of 
community-dwelling elderly in Sao Paulo, Brazil.

Methods. Body mass index (BMI), waist circumference, waist-to-hip ratio, and type 2 diabetes were evaluated in 
1,882 participants (mean age 71.0 ± 8.3 years old, 61% female). Mortality was confirmed by national vital statistics 
records during a maximum of 10 years of follow-up. Proportional hazards models were used to estimate hazard ratios 
(HRs) for mortality after adjusting for sociodemographics and comorbidities. In a subsample of 897 participants, the 
effects of changes in measures of adiposity on mortality were investigated during a median follow-up of 4.6 years.

Results. Having type-2 diabetes at baseline was associated with increased mortality (HR = 1.44, 95% CI: 1.17–1.77), 
with a higher HR among men. When compared with normal weight participants (BMI = 20–<25 kg/m2), overweight and 
obesity were not associated with mortality (overweight: HR = 0.84 [0.70, 1.02]; obesity: HR = 0.82 [0.64, 1.06]), whereas 
participants with low-normal weight (BMI = 18.5<20 kg/m2) had increased risk of death (HR = 1.51 [1.08–2.10]). Higher 
waist circumference and waist-to-hip ratio were not associated with increased mortality. Weight gain was protective 
against mortality in all BMI categories, except in obese participants, and weight loss increased the risk of death in all 
BMI categories by 42–63%.

Conclusions. In community-dwelling elderly in Sao Paulo, overweight and obesity were not associated with a higher 
risk of death, and weight gain seemed to reduce mortality, except in the obese.
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AN alarming rise in the prevalence of obesity has been 
observed worldwide. Between 1980 and 2008, the 

prevalence of obesity almost doubled, with an estimated 
1.46 billion adults being overweight or obese (1). Similar 
rates are found among the elderly in most developed coun-
tries, where, for example, 72% of Americans aged ≥60 
years are overweight or obese (2). In Brazil, the prevalence 
of overweight or obesity among the elderly was 44% in a 
recent national survey (3).

Harmful effects of overweight and obesity on overall 
and specific-cause mortality have been observed in large 
meta-analyses of observational studies (4–7). However, 
their effects on mortality among the elderly are less clear. 

A 2007 meta-analysis found a higher risk of mortality, par-
ticularly in the obese (8), whereas others found no asso-
ciation (9,10). Controversies also remain regarding the 
best measure of adiposity in the elderly (body mass index 
[BMI] vs waist circumference [WC] and waist-to-hip ratio 
[WHR]), because changes in body composition occur dur-
ing the aging process (ie, adipose, muscle, and water redis-
tribution) (11,12). In addition, few studies of adiposity in 
the elderly have been conducted in developing countries, 
where obesity is a more recent phenomenon (13–15). To fill 
this gap, we investigated the association between adipos-
ity and mortality in a community-dwelling elderly cohort 
from Sao Paulo, Brazil. We also examined the association 
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between type 2 diabetes and mortality because diabetes is a 
common consequence of obesity and may mediate the pos-
sible harmful effects of weight gain on mortality.

Methods

Study Population
The Health, Well-Being and Ageing (SABE) study in Sao 

Paulo (Brazil) enrolled 2,441 community-dwelling individ-
uals aged ≥60 years in 2000 (n = 2,143) and 2006 (n = 298) 
using a stratified sampling design to represent the elderly 
population of the city. Men aged ≥75  years were over-
sampled to compensate for increased mortality. A detailed 
description of the methodology of SABE can be found else-
where (16,17).

We excluded 320 participants for whom there were no 
data on the date of death and diabetes or who had a history 
of cancer or BMI < 18.5 kg/m2 at baseline. Participants with 
history of cancer and BMI < 18.5 kg/m2 at baseline were 
excluded to avoid unmeasured confounding associated with 
baseline severe disease that could affect mortality. An addi-
tional 239 participants were excluded because of missing 
values for BMI, WC, and WHR (Figure 1). If fewer than 10 
observations had a missing value for a particular variable, 
we excluded those observations from the analysis. We used 
a missing indicator method for variables that had more than 
10 observations with missing values to preserve statistical 
power (childhood socioeconomic status [SES], occupa-
tion, income, depressive symptoms, frailty, and nutritional 
status). The study was approved by the Office of Human 
Research Administration at the Harvard School of Public 

Health and by the Ethics Committee in Research at the 
University of Sao Paulo.

Exposure Measurements
Participants were interviewed in their households using a 

standardized questionnaire, and anthropometric and physi-
cal performance tests were performed. Weight was measured 
using a portable scale (Seca, Germany), and height was meas-
ured with an anthropometer (Harpenden, England). Eighty-
nine participants who were unable to stand up were not 
weighted and were excluded from this analysis. Body mass 
index was analyzed as a categorical variable with four catego-
ries following the WHO definition of overweight and obesity: 
18.5<20, 20<25, 25<30, and ≥30 kg/m2 (18). Waist circumfer-
ence was measured with an inelastic measurement tape placed 
on the midpoint between the lower margin of last palpable rib 
and the top of the iliac crest. Hip circumference was meas-
ured around the widest portion of the buttocks. High WC was 
defined by WC > 102 cm in men or WC > 88 cm in women; 
and a high WHR was defined as WHR > 0.90 for men and 
>0.85 for women (19). Type 2 diabetes was self-reported by 
responding to the question “has a doctor or nurse ever told you 
that you have diabetes or high blood sugar levels?”

Follow-up and Study Outcome
In 2006 and 2010, participants were interviewed and 

examined using the same protocol used at the baseline. If a 
participant could not be located or his/her relatives informed 
researchers that he/she had died, study personnel confirmed 
the reported deaths, including the date of death, using data 
from the national vital statistics records.

Figure 1. Flow chart of participant selection: Left: Body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and diabetes at baseline (2000). 
Right: BMI change between first and second visits (2000 and 2006), SABE cohort.
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Covariates
Possible confounders in the relationship between BMI, 

WC, WHR, and diabetes with mortality include age, sex, 
race, education, childhood SES, occupation, income, mari-
tal status, depressive symptoms, lung disease, osteoarthri-
tis, alcohol use, smoking, physical activity, activities of 
daily living (ADL), frailty, nutritional status, and cognitive 
function. Diabetes was considered a confounder in the rela-
tionship between BMI and WC with mortality. Body mass 
index was a confounder in the association between diabe-
tes and mortality. All covariates were measured at baseline. 
Chronic diseases and lifestyle behaviors were self-reported.

Participants were asked to classify their SES in the first 
15 years of life as good, regular, or poor. They were also 
asked about their current income, and it was classified as 
<1, 1–2, or ≥3× the minimum wage. Main occupation was 
classified into two categories according to the complex-
ity of the work: skilled and semiskilled versus nonskilled. 
Nonskilled occupation included agricultural and house-
hold work. Depressive symptoms were evaluated using 
the shorter version of the Geriatric Depression Scale, and 
a score of ≥5 was considered an indicator of the presence 
of depressive symptoms (20). Consumption of alcohol per 
week in the last 3 months prior to the interview was self-
reported. Physical activity was defined by engagement in 
moderate activities (fast walking, dancing, sports, or heavy 
labor work) at least three times per week. Activities of daily 
living  included bathing, dressing, toileting, transferring, 
continence, and feeding (21). Participants were independ-
ent if they were able to perform all ADLs or dependent if 
they were unable to perform at least one of them. Hand grip 
measures were obtained in the sitting position by press-
ing a dynamometer with the dominant hand. The average 
of two measures was used. Lower extremity strength was 
evaluated by the time the participant took to sit and stand 
five times in a chair. Both hand grip and lower extremity 
strength were stratified in quartiles, and participants with 
any measures in the lower quartiles were classified as frail. 
Nutrition status and cognitive function were evaluated using 
the Mini-Nutritional Assessment and the Mini-Mental State 
Examination, and the cutoff values were 11 and 17, respec-
tively (22,23).

Statistical Analysis
We describe the distribution of exposures and covariates 

separately for participants who survived until the end of 
follow-up, those who died and those who were lost to fol-
low-up and compared them using the chi-square test for cat-
egorical variables and the unpaired t test or Kruskal–Wallis 
test for continuous variables. We used Cox proportional 
hazards (PH) models to investigate the association between 
BMI, WC, WHR, and diabetes with mortality using follow-
up time in years as the time scale. In a separate analysis, we 
investigated the association between changes in BMI, WC, 

and WHR from 2000 till 2006 and mortality from 2006 till 
2010. The association between changes in the measures of 
adiposity and mortality was estimated separately for each 
baseline level of adiposity using product terms. Moreover, 
we included an interaction term between exposures and sex 
to reflect prior evidence on the differential effects on mor-
tality by gender (4,24).

Proportional hazards assumption was tested using the 
method described by Lin and coworkers (25) and was not 
rejected for BMI, WC, WHR and diabetes, but the test was 
rejected for age groups. Therefore, we used stratified Cox’s 
PH models by age groups: 60<65, 65<70, 70<75, 75<80, 
and ≥80 years.

In sensitivity analyses, we used BMI, WC, and WHR 
as continuous variables with and without the inclusion of 
quadratic terms. In a sensitivity analysis for missing data, 
we conducted a complete case approach and excluded 439 
participants with missing values for any covariate (n = 
1,443). In addition, a multivariate logistic regression model 
that included additional 90 deaths without information on 
time of death was performed (n = 1,617). We also applied 
inverse probability (IP) weighting to adjust for differential 
loss to follow-up (26). In sensitivity analyses for exposure 
changes, we estimated a different set of IP weights to adjust 
for determinants of having measures of adiposity in 2006. 
Finally, we restricted the analysis of exposure changes to 
510 healthy participants who did not have diabetes, smok-
ing, frailty, stroke, or heart and lung diseases at baseline.

All analyses were performed using SAS 9.3 (Cary, North 
Carolina). All p values were two-sided, and statistical sig-
nificance was evaluated at a .05 level.

Results
A total of 1,882 participants were eligible for the analysis 

of the association between baseline BMI, WC, WHR, and 
diabetes with mortality (Figure 1). The mean age at baseline 
was 71 years, 39% were male, 68% were white, the mean 
BMI was 27 kg/m2, the mean WC was 95 cm, and 17% 
had diabetes. The distribution of exposures and covariates 
regarding the vital status at the end of follow-up or censor-
ing can be found in Table 1. During 12,684 person-years of 
follow-up (median of 6.5 years), 355 participants were lost 
to follow-up and 621 died. Participants who remained in the 
study were older, included more men and diabetic patients, 
had a larger WC, and had worse cognition and functional-
ity than those who were lost to follow-up (Supplementary 
Table 1).

Compared with elderly with normal BMI (BMI = 
20<25 kg/m2), those with low-normal BMI (18.5 ≤ BMI < 
20 kg/m2) had a 51% higher hazard of death (HR = 1.51, 
95% CI: 1.08–2.10), whereas those who were overweight 
or obese did not have a significantly different hazard 
of death: the HR for overweight was 0.80 (0.66–0.95) 
before adjustment for potential confounders and 0.84 
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Table 1. Baseline Characteristics of the Eligible Study Population according to Vital Status (SABE cohort, n = 1,882)

Variable
Alive 

(n = 906)
Dead 

(n = 621)
Lost to Follow-up 

(n = 355) p

Body mass index (kg/m2), n (%)* <.0001
 18.5–<20 22 (2) 49 (8) 19 (5)
 20–<25 273 (30) 233 (38) 119 (34)
 25–<30 368 (41) 233 (38) 137 (39)
 ≥30 243 (27) 106 (17) 80 (22)
High waist circumference, n (%)*,† 462 (51) 304 (49) 167 (47) .42
High waist-to-hip ratio, n (%)*,‡ 696 (77) 517 (83) 259 (73) .0003
Diabetes, n (%)* 139 (15) 134 (22) 39 (11) <.0001
Age (years), mean (SD)§ 67.6 (6.6) 76.8 (7.8) 69.5 (7.3) <.0001
Male, n (%)* 312 (34) 306 (49) 120 (34) <.0001
Race, n (%)*,|| <.0001
 White 570 (63) 453 (73) 251 (71)
 Black 116 (13) 81 (13) 52 (15)
 Other 220 (24) 87 (14) 52 (15)
Marital status, n (%)* .0004
 Married 547 (60) 311 (50) 198 (56)
 Nonmarried 359 (40) 310 (50) 157 (44)
Education (years), mean (SD)¶ 4.2 (3.9) 3.1 (3.5) 3.9 (3.6) <.0001
Childhood socioeconomic status, n (%)* .09
 Good 278 (31) 185 (30) 89 (25)
 Poor 358 (40) 254 (41) 159 (45)
 Regular 267 (29) 174 (28) 106 (30)
 Missing 3 (0) 8 (1) 1 (0)
Occupation, n (%)*,# .44
 Skilled or semiskilled 507 (56) 372 (60) 196 (55)
 Nonskilled 355 (39) 216 (35) 139 (39)
 Missing 44 (5) 33 (5) 20 (6)
Current income, n (%)* .002
 < 1 Minimum wage 115 (13) 57 (9) 41 (12)
 1–2 Minimum wages 367 (41) 311 (50) 150 (42)

 > 2 Minimum wages 338 (37) 188 (30) 116 (33)

 Missing 86 (9) 65 (10) 48 (14)

(0.70–1.02) after adjustment; the HR for obese was 0.63 
(0.50–0.79) before adjustment and 0.82 (0.64–1.06) after 
adjustment (Table 2). No association was found between 
WC or WHR and mortality: the fully adjusted HR for 
high WC was 1.07 (0.89–1.30) and for high WHR, 1.02 
(0.82–1.27) (Table  3). We found no significant interac-
tion between measures of adiposity and sex (Tables 2 and 
3). The diabetic elderly had 1.44 (1.17–1.77) times the 
hazard of death compared to nondiabetic participants, 
and the association was slightly stronger among men than 
women (Table 4).

The effect of weight change on mortality was inves-
tigated in 897 participants. During 5,159 person-years of 
follow-up (median of 4.6 years), 121 participants were lost 
to follow-up and 166 died. The BMI gain was associated 
with decreased mortality in all BMI categories at baseline, 
except for those who were obese at baseline, where the 
association was not significant. Hazard ratios ranged from 
0.76 to 0.91 for one unit larger BMI gain. Similarly, BMI 
loss was associated with increased mortality in all BMI cat-
egories at baseline (HRs ranging from 1.32 to 1.57 for one 
unit lower BMI) (Figure 2). The WC gain was protective 

in the low-WC group (HR = 0.90 [0.86–0.95]), but had 
no effect on the high-WC group (HR = 0.98 [0.94–1.03]). 
Loss in WC increased the risk of mortality in both groups 
(low-WC: HR = 1.11 [1.06–1.16] and high-WC: HR = 1.20 
[1.09–1.33]). We did not find an association between WHR 
changes and mortality (p > .20 for all comparisons, results 
not shown).

Sensitivity Analyses
When we analyzed BMI as a continuous variable, 

a higher BMI was associated with a significantly lower 
mortality (using a model with linear and quadratic terms): 
the HR for comparing a BMI of 25 with 20 was 0.77 
(0.64–0.92), and the HR for comparing a BMI of 30 with 
20 was 0.70 (0.54; 0.90). On the other hand, we found 
no association between WC or WHR and mortality when 
we analyzed these measures as continuous variables 
with and without quadratic terms (results not shown). 
Other sensitivity analyses for baseline BMI and WC did 
not materially change the results (Supplementary Tables 
2–4). The use of IP weights for potential selection bias 
in exposure change analyses increased the uncertainty of 
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the results, but the qualitative results remained unchanged 
(Supplementary Table  5). Restricting the study popula-
tion to healthy elderly did not change the results either 
(Supplementary Table 6).

Discussion
In this cohort of community-dwelling elderly from Brazil, 

type 2 diabetes and low normal BMI (18.5<20 kg/m2) at 
baseline were associated with a higher mortality. Weight 

Table 2. Hazard Ratio of Death According to Baseline Body Mass Index (BMI) Categories (SABE cohort, 2000–2010, n = 1,882)

BMI (kg/m2) 18.5–<20 20–<25 25–<30 ≥30 p for Trend

Person-years 461 4,126 5,145 2,953
Deaths 49 233 233 106
Hazard ratio (95% CI)
 Crude 1.98 (1.46–2.70) 1.0 0.80 (0.66–0.95) 0.63 (0.50–0.79) <.0001
 Adjusted* 1.51 (1.08–2.10) 1.0 0.84 (0.70–1.02) 0.82 (0.64–1.06) .14
Hazard ratio (95% CI) by sex†

 Female 1.41 (0.96–2.07) 1.0 0.79 (0.60–1.05) 0.80 (0.57–1.13) .13
 Male 1.55 (1.07–2.26) 1.10 (0.93–1.30) 0.87 (0.71–1.08) 0.88 (0.67–1.16) .18

Notes: *Adjusted for age, sex, race, marital status, years of education, childhood socioeconomic status, occupation, income, diabetes, heart disease, lung disease, 
stroke, arthritis, depressive symptoms, alcohol use, smoking, physical activity, cognitive function, activities of daily living, frailty, and nutritional status, year of entry 
in the study.

†Adjusted for all of the variables in footnote * and adding an interaction term between BMI and sex.

Variable
Alive 

(n = 906)
Dead 

(n = 621)
Lost to Follow-up 

(n = 355) p

Lung disease, n (%)* 67 (7) 81 (13) 31 (9) .0009
Heart disease, n (%)* 127 (14) 170 (27) 49 (14) <.0001
Stroke, n (%)* 36 (4) 50 (8) 22 (6) .003
Arthritis, n (%)* 69 (8) 60 (10) 14 (4) .008
 Missing 16 (2) 6 (1) 9 (3)
Depressive symptoms, n (%)*,** 140 (15) 93 (15) 64 (18) <.0001
 Missing 19 (2) 113 (18) 15 (4)
Alcohol use/week, n (%)* .01
 None 602 (66) 457 (74) 248 (70)
 ≥1 drink 304 (34) 164 (26) 107 (30)
Smoking status, n (%)* .02
 Never smoker 529 (58) 309 (50) 199 (56)
 Current smoker 103 (11) 93 (15) 48 (14)
 Former smoker 274 (30) 219 (35) 108 (30)
Physical activity, n (%)* 349 (39) 107 (17) 124 (35) <.0001
Mini-Mental State Examination, n (%)* <.0001
 <17 443 (49) 442 (71) 186 (52)
 ≥17 463 (51) 179 (29) 169 (48)
ADL, mean (SD)§,†† 5.6 (0.8) 5.2 (1.2) 5.6 (0.8) <.0001
Frailty, n (%)*,‡‡ 173 (19) 212 (34) 84 (24) <.0001
 Missing 14 (2) 6 (1) 6 (2)
Mininutritional assessment, n (%)*,§§ <.0001
 Normal 634 (70) 315 (51) 220 (62)
 At risk or malnourished 217 (24) 259 (42) 101 (28)
 Missing 55 (6) 47 (7) 34 (10)

Notes: ADL = activities of daily living; SD = standard deviation.
*Chi-square test.
†High risk: waist circumference > 102 cm for male and > 88 cm for females.
‡High risk: waist circumference-hip ratio > 0.90 for males and 0.85 for females.
§Unpaired t test.
¶Kruskal–Wallis test comparing each variables among those who were alive, dead, or lost to follow-up.
||Other races include Brazilian Indian, Asian, and unknown race.
#Nonskilled occupation includes agricultural, household, and nonskilled works.
**Score ≥5 in the Geriatric Depression Scale.
††ADL, number of activities of daily living that participants were unable to perform without help (bathing, dressing, toileting, transferring, continence, and 

feeding).
‡‡Composite measure of hand grip and lower extremity strength. Both measures were stratified in quartiles and participants with any measures in the lower quar-

tiles were classified as frail.
§§Normal ≥12; at risk of malnourished ≤11.

Table 1. Continued
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gain was protective against mortality, except in the obese 
elderly, and weight loss was associated with increased mor-
tality irrespective of baseline weight. Analyses using meas-
ures of abdominal adiposity (ie, WC and WHR) showed 
similar results. Our results are consistent with either no 
harmful effect of overweight or obesity on mortality in the 
elderly or harmful effects that are being masked by bias due 
to confounding or measurement error. We found no harm-
ful effects on mortality of higher WC and WHR, which 
reflect abdominal adiposity better than BMI. These findings 
reduce the possibility of bias due to measurement error, but 
confounding remains a concern. Specifically, an underlying 
disease that is causing both weight loss and increased mor-
tality could create a situation where overweight and obesity 
would seem to be harmless, despite the presence of true 
harmful effects. We also observed a lower risk of mortality 
in elderly who gained weight and higher mortality in those 
who lost weight during follow-up, which further strength-
ens the case for lack of a true harmful effect for weight gain 
on mortality in the healthy elderly population.

Our result of the lack of association between higher 
adiposity and mortality in the elderly is consistent with 

the findings of several previous cohort studies, including 
one from a different Brazilian cohort (9,10,12,15,27–30). 
Pooled analysis of two European elderly cohorts found 
that BMI levels in the overweight range were associated 
with the lowest mortality risk (13). The effect of obesity 
on mortality in the elderly, if present, may be modest (8). 
Although some previous analyses found that a high WC 
was associated with higher mortality in the elderly (4,8), 
we could not replicate these findings. A potential explana-
tion is that nonoptimal body weight may play a causal role 
in atherosclerosis early in life but loses its importance in the 
elderly, in whom the atherosclerotic process may be already 
established. Several pooled analyses of prospective studies 
have reported larger relative risks for BMI in younger ages 
(31,32). Unfortunately, we did not have measures of adipos-
ity in younger ages for this cohort.

When we considered the effects of adiposity change on 
mortality, we observed a harmful effect of weight loss in 
all baseline BMI groups and a protective effect of weight 
gain in all groups, except obese elderly. Similar results 
were found for WC. An earlier study, using data from the 
Cardiovascular Health Study, found similar results regard-
ing the effects of weight loss on mortality; however, no pro-
tective effect of weight gain was observed (33). A possible 
explanation for our findings is that weight gain may indicate 
the absence of underlying wasting conditions or additional 
energy reserves that can be helpful in acute catabolic ill-
ness. The increased mortality associated with diabetes has 
been consistently reported in other elderly cohort studies 
(24,34–37).

The results of our analysis should be interpreted with 
some limitations in mind. Our main measure of adiposity, 
BMI, is a rather poor measure of body fat and metabolic 
abnormalities in the elderly. Some individuals with a normal 
BMI have a high-risk metabolic profile (38), while some 
obese participants have a healthy profile (39). However, 
even the use of measures of abdominal adiposity showed 
similar results. Another limitation is that almost one in six 
participants were lost to follow-up, and those who were lost 

Table 4. Mortality Hazard Ratio for Self-Reported Diabetes  
(SABE cohort, 2000–2010, n = 1,882)

No Diabetes Diabetes p

Person-years 10,627 2,057
Deaths 487 134
Hazard ratio (95% CI)
 Crude 1.0 1.45 (1.20–1.76) .0001
 Adjusted* 1.0 1.47 (1.17–1.83) .0006
Hazard ratio (95% CI) by sex†

 Male 1.0 1.66 (1.23–2.23) .0009
 Female 1.0 1.42 (1.07–1.87) .01

Notes: *Adjusted for age, sex, race, marital status, years of education, 
childhood socioeconomic status, occupation, income, heart disease, lung dis-
ease, stroke, arthritis, depressive symptoms, alcohol use, smoking, body mass 
index, physical activity, frailty, nutritional status, and year of entry in the study.

†Adjusted for all of the variables in footnote * and adding an interaction 
term between diabetes and sex.

Table 3. Hazard Ratio of Death According to Waist Circumference and Waist-Hip-Ratio (SABE cohort, 2000–2010, n = 1,882)

Waist Circumference* Waist-Hip Ratio†

Low High p Low High p

Person-years 6,213 6,471 2,679 10,005
Deaths 317 304 104 517
Hazard ratio (95% CI)
 Crude 1.0 0.91 (0.78–1.07) 0.25 1.0 1.34 (1.09–1.65) .007
 Adjusted‡ 1.0 1.07 (0.89–1.30) 0.47 1.0 1.02 (0.82–1.27) .87
Hazard ratio (95% CI) by sex§

 Female 1.0 0.96 (0.72–1.26) 0.77 1.0 0.99 (0.72–1.36) .95
 Male 1.0 1.28 (0.96–1.69) 0.09 1.0 1.05 (0.75–1.46) .08

Notes: *High: Waist circumference > 102 cm for male and > 88 cm for females.
†High: Waist-hip ratio > 0.90 for males and 0.85 for females.
‡Adjusted for age, sex, race, marital status, years of education, childhood socioeconomic status, occupation, income, diabetes, heart disease, lung disease, stroke, 

arthritis, depressive symptoms, alcohol use, smoking, physical activity, frailty, nutritional status, year of entry in the study.
§Adjusted for all of the variables in footnote * and adding an interaction term between waist circumference or waist-to-hip ratio and sex.
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were on average younger and had better overall health than 
those who remained in the study. We used IP weights to 
adjust for potential bias due to differential loss to follow-up, 
and the results remained the same. We did not have enough 
events to conduct the analysis for specific causes of death; 
information on nonfatal events was not available either. We 
could not exclude deaths that occurred early in the follow-
up to limit confounding by underlying disease, as that would 
reduce the number of events substantially. Finally, although 
we found no deleterious effect of weight gain on mortality, 
we did not consider other health outcomes, including physi-
cal disability (40).

On the other hand, our study has several advantages. The 
BMI, WC, and WHR were measured using standard methods 
during a detailed physical examination. To avoid confound-
ing factors, we excluded participants who were underweight 
at baseline or had a history of cancer. We also adjusted for a 
large number of potential confounders in the analysis using 
high-quality data. We explored the relationship between adi-
posity and mortality with different measures of adiposity 
and conducted a set of comprehensive sensitivity analyses 
that showed that the results were fairly robust.

In summary, we found a protective effect for weight 
gain and increased mortality after weight loss in a cohort 
of community-dwelling elderly in Brazil. Further studies 
should explore these associations in similar settings when 
various measures of adiposity are measured more frequently 
and starting earlier in life to evaluate the long-term impact 
of weight gain or weight loss on mortality in the elderly. 
Moreover, novel measures of adiposity may be required for 
the elderly population to capture the potential harmful effects 
of adiposity on metabolic and cardiovascular diseases.
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