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Abstract
There are not much information about the impact of obesity on all-cause, cardiovascular and cancer mortality in older
adults. We have investigated the impact of obesity and adiposity on all-cause, cardiovascular and cancer mortality, in
older adults after a 10-year follow-up. Prospective cohort study has been carried out with individuals ≥ 60 years.
Sociodemographic characteristics, lifestyle, clinical history, laboratory tests and anthropometric data were collected.
Adiposity was de�ned as tertiles of the percentage of body fat assessed by multifrequency bioimpedance. For obesity,
three classi�cations were considered using the body mass index (BMI) as follows: ≥ 25.0 kg/m² in men and ≥ 26.6
kg/m² in women, ≥ 27.0 kg/m² and ≥ 30.0 kg/m². The BMI ≥ 30.0 kg/m² was associated a reduction in the all-cause
mortality risk in non-ajusted Cox regression (HR: 0.65; 95% CI: 0.43 - 0.97) and in the Kaplan-Meier curves (p = 0.032).
However, in multivariate Cox regression none of the diagnostic criteria for obesity and adiposity were signi�cantly
associated with all-cause, cardiovascular or cancer mortality. This 10-year survival analysis has showed that obesity
and adiposity were not associated with an increased risk of all-cause, cardiovascular or cancer mortality in the older
adults.

1. Introduction
The increase in the proportion of older adults in the population occurs worldwide. Currently, approximately 727 million
people (9.3%) of the global population are 65 years of age or older, with an expectation of growth to 1.5 billion (16%) by
2050 [1]. In the European Union, people over 65 represent 20.3% [2], in the United States of America 16% [3] and, in Brazil,
29 million (14.3%) of the population are aged 60 years or over [4]. In addition, there is also an increase in the prevalence
of obesity and chronic diseases in this age group [5]. Complex interactions, such as endocrine and metabolic changes,
result in body composition changes in older adults, such as increased adiposity, that is, the percentage of body fat [6, 7].
Obesity is a risk factor for the development of non-communicable diseases (NCDs) such as cardiovascular diseases
(CVD) and several types of cancer. However, in older adults, this association is controversial and limited [8–10].

It is well established that in older adults non-communicable diseases such as cardiovascular disease and cancer are
among the main causes of death [11]. However, studies that explored the association between obesity and mortality
showed con�icting �ndings, demonstrating that the impact of obesity in this group is still not well understood [12, 13]. A
study carried out with older Brazilian and English adults, identi�ed a greater survival of those who were overweight and
obese [14]. However, a study carried out in the United Kingdom found an increased mortality risk in individuals aged
between 60 and 69 years with a diagnosis of grade I obesity [15]. While another study carried out in Pennsylvania with
people over 60 years of age, only grade III obesity was associated with an increased risk of all-cause mortality [16]. The
results of these studies reveal how controversial is the impact of obesity on mortality risk of older adults.

The diagnosis of obesity in population studies is usually carried out using the body mass index (BMI) as it is a measure
of easy applicability and low cost [17]. However, in older adults, the diagnosis of obesity using BMI does not yet have
well-established cut-off points [18, 19]. In this sense, it is necessary to use more speci�c and sensitive cut-off points for
obesity in older adults [18]. In the context of mortality studies, evaluating obesity using more precise and accurate
methods is very relevant and can help to clarify the controversies of this association between obesity and mortality in
older adults [20]. There is a signi�cant prevalence of obesity in older adults, which represents a serious public health
problem worldwide. Thus, the development of research that can clarify the impacts of obesity on mortality risk of older
adults is relevant since there are controversies around its potential causal association with mortality. Therefore, the
present study aims to assess the impact of obesity using different diagnostic criteria and adiposity on all-cause,
cardiovascular and cancer mortality risk in community-dwelling older Brazilian adults over a 10-year follow-up period.

2. Results
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The analytical sample comprised of 418 older adults. In 2018/19, the follow-up average age was 70.69 ± 7.13 years.
The follow-up time was 10.8 years. The sociodemographic data evaluated showed that 54.8% lived with a partner, 41.2%
had up to 4 schooling years, 46.9% belonged to the socioeconomic class “C”, 84.7% did not consume alcoholic
beverages, 47.4% were non-smokers and 64.3% were sedentary. In relation to chronic diseases, 60.3% had hypertension
and 23.4% were diabetic.

The prevalence of obesity in our sample ranged from 27.0% to 57.4%, according to the different classi�cation criteria
used. The highest prevalence of obesity was observed by applying the classi�cation criteria de�ned for the study
population itself [18] (57.4%). The mortality rate from all-cause was 35.2%, while from CVD and cancer were 11.2% and
5.3%, respectively (Table 1).

Table 1. Distribution of participants according to sociodemographic characteristics, lifestyle, obesity status (BMI
criteria), adiposity and mortality.
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Variables n (%)

Sex  

Man 142 (34,0)

Woman 276 (66,0)

Age group  

60 - 69 203 (48,6)

70 - 79 168 (40,2)

80 + 47 (11,2)

BMI  26,97 ± 5,11*

Obesity BMI ≥ 27,0 kg/m²  

No 213 (51,0)

Yes 205 (49,0)

Obesity BMI ≥ 25,0 kg/m² man and BMI ≥ 26,6 kg/m² Woman

No 178 (42,6)

Yes 240 (57,4)

Obesity BMI ≥ 30,0 kg/m²  

No 305 (73,0)

Yes 113 (27,0)

% Body Fat 42,71 ± 9,31*

Adiposity   

1st and 2nd tertiles  260 (66,7)

3rd tertile  130 (33,3)

Mortality - all-cause 147 (35,2)

Mortality - CVD 49 (11,2)

Mortality - cancer 22 (5,3)

* Mean and standard deviation

Adiposity was not associated with all-cause mortality. For the different diagnostic criteria for obesity using the BMI, we
observed a signi�cant reduction in the risk of mortality from all causes with obesity classi�ed by BMI ≥30.0 kg /m² (HR:
0.65; 95% CI: 0.43 - 0.97). There was no signi�cant association between the three different cut-off points for BMI with
mortality from cardiovascular disease or cancer (Table 2).

Table 2. Unadjusted association between obesity, adiposity and causes of mortality - Cox regression.
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Variables Causes of mortality

All-cause CVD Cancer

HR (95%CI) P-
value

HR (95%CI) P-
value

HR (95%)CI  P-
value

BMI ≥27,0 kg/m² 0,80 (0,58-
1,11)

0,180 1,33 (0,75-
2,35)

0,325 0,48 (0,19-
1,17)

0,107

BMI ≥25,0 kg/m² in men e ≥26,6 kg/m²
in women

0,78 (0,57-
1,08)

0,143 1,34 (0,74-
2,41)

0,333 0,60 (0,26-
1,39)

0,236

BMI ≥30,0 kg/m² 0,65 (0,43-
0,97)

0,034 0,91 (0,48-
1,72)

0,773 0,75 (0,27-
2,04)

0,574

Adiposity (3rd tertile) 0,99 (0,69-
1,42)

0,980 0,98 (0,52-
1,86)

0,954 0,61 (0,22-
1,63)

0,319

 

The Kaplan-Meier curves for all-cause mortality according to the different parameters for obesity showed that only
obesity determined by a BMI ≥ 30.0 kg/m² was signi�cantly associated with a lower mortality risk, when compared with
non-obese older adults (p = 0.032). In the other survival analyses, there were no signi�cant associations between obesity
and mortality risk using the other two obesity classi�cation criteria: BMI ≥ 25.0 kg/ m² in men and ≥ 26.6 kg/m² in
women (p = 0.140) and BMI ≥ 27.0 kg/m²; (p = 0.177) (Figure 1). The Kaplan-Meier curves were also used to assess the
effect of adiposity on mortality and there was no signi�cant association even for the tertile of greater adiposity (p =
0.979) (Figure 2).

In the mortality risk from CVD and obesity and adiposity analysis, the Kaplan-Meier curves showed no signi�cant
associations using the three different parameters of obesity as follows: BMI ≥25.0 kg/m² in men and ≥26.6 kg/m² in
women (p = 0.3307), BMI ≥ 27.0 kg/m² (p = 0.3226), BMI ≥30.0 kg/m² (p = 0.7728). The association was not
signi�cant for the highest adiposity tertile (p = 0.9536). For cancer mortality risk, we did not �nd signi�cant associations
with BMI ≥25.0 kg/m² in men and ≥26.6 kg/m² in women (p = 0.2311), BMI ≥ 27.0 kg/m² (p = 0.0997), BMI ≥30.0
kg/m² (p = 0.5724) and adiposity (p = 0.3138) (supplementary material).

In the multivariate Cox regression analysis, the association between BMI ≥ 30 kg/m² and mortality risk did not remain
signi�cant in the fully adjusted models. There were also no signi�cant associations between the other two obesity BMI
classi�cation, adiposity and all-cause, CVD and cancer mortality risk (Table 3).

Table 3. Multivariate Cox regression for the association between different obesity criteria, adiposity and of all-cause,
CVD and cancer mortality risk
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Causes of
mortality

BMI ≥27,0 kg/m²
a

BMI ≥25,0 kg/m² (men) and
 ≥26,6 kg/m² (women)b

BMI ≥30,0 kg/m²
c

Adiposity d

HR
(95%CI)

P
value

HR (95% CI) P value HR (95%
CI)

P
value

HR (95%
CI)

P
value

All-cause                

Model 1 0,95
(0,68-
1,33)

0,780 0,87 (0,64-1,20) 0,414 0,81
(0,54-
1,22)

0,318 0,95
(0,64-
1,42)

0,816

Model 2 0,94
(0,67-
1,32)

0,732 0,86 (0,63-1,18) 0,356 0,73
(0,48-
1,09)

0,126 0,99
(0,51-
1,93)

0,998

 

CVD

               

Model 1 1,73
(0,95-
3,14)

0,073 1,61 (0,90-2,88) 0,109 1,18
(0,61-
2,31)

0,618 0,92
(0,46-
1,83)

0,814

Model 2 1,78
(0,95-
3,32)

0,071 1,48 (0,82-2,69) 0,197 1,09
(0,54-)

0,807 1,23
(0,44-
3,86)

0,640

 

Cancer

               

Model 1 0,50
(0,21-
1,22)

0,128 0,61 (0,26-1,42) 0,250 0,86
(0,31-
2,35)

0,765 0,58
(0,19-
1,,74)

0,336

Model 2 0,71
(0,23-
2,19)

0,548 0,89 (0,26-3,01) 0,849 1,98
(0,66-
5,95)

0,223 1,23
(0,25-
6,69)

0,755

Note: CVD: Cardiovascular diseases; HR: Hazard Ratio; CI: Con�dence interval; BMI: Body Mass Index.

a BMI ≥27.0 kg/m². Model 1: sex and age; Model 2: model 1 + smoking, diabetes mellitus, self-reported stroke, self-
reported infarction, adiposity, TG and HDL.

b BMI ≥25.0 kg/m² in man and ≥26.6 kg/m² in women. Model 1: sex and age; Model 2: model 1 + smoking, physical
activity, diabetes mellitus, self-reported stroke, self-reported infarction, adiposity, TG, HDL and LDL.

c BMI ≥30.0 kg/m². Model 1: sex and age; Model 2: model 1 + smoking, physical activity, diabetes mellitus, adiposity
and TG.

d Adiposity. Model 1: sex and age; Model 2: model 1 + consumption of alcoholic beverages, smoking, physical activity,
self-reported infarction, HDL and LDL.

3. Discussion
The present survival analysis did not �nd a signi�cant association between obesity, adiposity and all-cause,
cardiovascular and cancer mortality risk in older adults after a 10-year follow-up period. To the best of our knowledge,
no other study was found assessing the impact of obesity on overall mortality risk due to CVD and cancer in
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community-dwelling older adults in Latin America. The present study differs from previous studies carried out on this
theme because it adopts different diagnostic criteria for obesity, in addition to its long follow-up period. The �ndings of
the present research contribute to elucidate the controversial results of previous research on the impact of obesity on
mortality risk in older adults [12–16].

In our study, the highest prevalence of general obesity (57.4%) was identi�ed through the application of BMI values ≥
25.0 kg/m² in men and ≥ 26.6 kg/m² in women. This cut-off point was established previously for the sample used in
this study [18] and that is why we consider the most accurate data on the prevalence of obesity for this population.
Compared with a European study that evaluated the prevalence of obesity in older adults, the present is closer to the
result found when adopting a BMI ≥ 25.0 kg/m², which found a prevalence of 60.3% [21]. The high prevalence of
obesity in older adults can be attributed to the increase in body weight throughout life up to the age group of 70-80 years
of age [22]. In addition, the decrease in the resting metabolic rate and energy expenditure plays an important role in the
aetiology of obesity later in life [5].

Our �ndings showed a signi�cant impact of obesity on all-cause mortality risk. Those participants with a BMI ≥ 30
kg/m² had a greater survival rate compared to the non-obese counterparts. However, in the multivariate analyses, this
association did not remain signi�cant after adjustments for potential covariates. Our results from the Kaplan-Meier
analysis are similar to another study with Caucasian older adults who found lower mortality rate in people aged 80
years and older with grade I and II obesity (p <0.001) [13]. Our result from the multivariate analysis was similar to a
study carried out in the USA, in which people ≥ 75 years old with grade I and II obesity did not present a higher risk of all-
cause mortality [16]. A review of 18 studies showed a trend towards lower mortality in older adults with a BMI ≥ 30
kg/m², but without a statistically signi�cant association [23]. Similarly, two systematic reviews, including cohort studies,
found that grade I obesity was not associated with a higher mortality risk in people aged ≥ 65 years [24,25]. On the other
hand, a research carried out in the United Kingdom with people aged between 60 and 69 years, showed a signi�cant
association between grade I obesity and all-cause mortality [15] which contradicts ours and previous studies [23-25].
The possible explanation for this divergence may be due to the fact this UK study was conducted in a white population,
which makes it di�cult a comparison with our sample comprised of a highly admixed population. Our �nding showing a
longer survival in obese older adults can be explained by the protective effect of obesity exclusively in the older adults,
which happens through greater metabolic reserve, increased bone density and cushioning promoted by fat tissue in falls
[23,26].

With regards to the non-signi�cant associations found between obesity and mortality risk from cardiovascular diseases,
our results corroborate the ones from another Brazilian study that did not �nd a signi�cant association between BMI ≥
27 kg/m² and mortality due to CVD in individuals aged ≥ 80 years [27]. Our result was also similar to a Chinese study
that found no signi�cant association between BMI ≥ 30 kg/m² and mortality in those aged ≥ 65 years [28]. Although
the prevalence of CVD increases with aging [29], there is evidence to suggest a protective effect of obesity against
mortality from cardiovascular diseases [26,30]. This reduction in the risk of mortality from cardiovascular diseases can
be understood by the “obesity paradox”, which is observed more consistently in grade I obesity. The obesity paradox
consists of physiological adaptations that guarantee a better prognosis, such as a reduction in vascular resistance,
favouring greater survival in older adults with CVD [31].

In our study, no association was found between obesity and cancer mortality. This result is similar to a study that
investigated an association between grade I obesity and breast cancer mortality in participants aged between 50 and 71
years old and did not �nd a signi�cant association [32]. However, it differs from a cohort study with 30 years of follow-
up conducted with participants between 50 and 80 years of age, in Minnesota, USA, in which high BMI values increased
the risk of mortality from colorectal cancer [33]. A systematic review and meta-analysis study observed a slight
association between obesity, diagnosed by BMI, and the development of different types of cancer in the older adults
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(HR: 1.11; 95% CI: 1.02 - 1.21) [34]. There are few studies [35, 36] similar to ours that have assessed obesity as a risk of
mortality from any type of cancer, that is, without evaluating speci�c types of cancer as a potential risk. However, these
studies did not investigate the association exclusively in older adults, making it di�cult to compare them with our study.
The absence of risk of cancer mortality in obese older adults also points to the paradox of obesity, that is, the
accumulation of adipose tissue in the older adults can act as a protective energy reserve, an important factor in view of
the level of tumour aggressiveness and may offer a greater advantage during the acute phase of the disease and
resulting in greater survival in obese patients diagnosed with cancer [37–39].

In our study, we did not observe a higher mortality risk from all causes, CVD or cancer in older adults with excess
adiposity, that is, a high percentage of body fat. This �nding is in agreement with a United Kingdom cohort study in
middle-aged and older adults’ participants that found no association between the second, third and fourth quartiles of
distribution and all-cause mortality [40]. However, our result was inconsistent with a cohort with men aged 40 - 75 years
that found an association between the �fth quintile of body fat percentage and risk of mortality from cardiovascular
disease and mortality from cancer [41]. The lack of an association between mortality in older adults and greater body
adiposity in our study could be explained by the distribution of body fat, as there are differences in the effect of the
distribution of visceral and subcutaneous fat, the latter being a potential energy reserve with less cardiometabolic risk
[42].

As a potential limitation of this study, we can mention the reduced number of deaths from cancer, which may partially
compromise the �ndings related to this condition. We emphasize that this study sought to take all the methodological
precautions to avoid and reduce bias, as already demonstrated in detail in previous publications using data from the
same study population. Another positive aspect was the use of different diagnostic criteria for obesity and the inclusion
of adiposity, which allows to deepen the inferences, strengthens the results found and differentiates them from other
studies carried out to date. 

Therefore, in this 10-year survival analysis we showed that obesity and adiposity were not associated with an increased
risk of all-cause, cardiovascular or cancer mortality in the older adults. We suggest further research to deepen and
strengthen the evidence on this topic, such as: analysis strati�ed by sex, evaluation of weight loss history, analysis of
metabolically healthy obese older adults and application of other body composition parameters. The results of the
present research help to understand that obesity in the older adults does not seem to play a risky role in mortality, a
�nding that helps us to direct health interventions towards older people with a focus on other aspects that will act as a
greater risk.

4. Methods

2.1 Study Design
Prospective cohort study, inserted in the Goiânia Older Adults Project, which evaluated health conditions and nutritional
aspects of a representative sample of community-dwelling older adults. The �rst phase of the project took place in 2008,
and these individuals were followed for 10 years. Methodological details, and sampling details have been described in
previous studies [43–47].

2.2 Study population
People aged 60 years or older, of both sexes, non-institutionalized, living in Goiânia, capital of the State of Goiás, mid-
west of Brazil, were included. Older adults who had health conditions that made it impossible to measure
anthropometric measures or with impaired cognitive and/or auditory ability to answer the questionnaires were excluded.

4.3 Study variables
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Sociodemographic data, lifestyle, clinical history, anthropometric data, body composition and biochemical analyses
were collected at participants’ homes. For the data collection, researchers were trained regarding the application of a
structured questionnaire, as well as anthropometric measurements, in order to obtain inter- and intra-examiner precision,
with the calculation of a technical measurement error. Data were collected during home visits. Biochemical and
multifrequency electrical bioimpedance tests were performed later, in a nutritional assessment laboratory at the Faculty
of Nutrition of the Federal University of Goiás.

The sociodemographic data collected were sex, age, colour/race, marital status, living with a partner, education
(quanti�ed in schooling years), and socioeconomic class (A, B, C, D and E) [48]. The lifestyle data were physical activity,
alcohol consumption and smoking status [49]. Among self-reported diseases, infarction, stroke and cancer were
considered.

Investigation was carried out for the presence of diabetes and hypertension, as pre-existing chronic diseases. For the
diagnosis of diabetes, fasting glycemia ≥ 126 mg/dl and/or HbA1c ≥ 6.5% and/or use of oral drugs to reduce blood
glucose were considered [50]. Hypertension was de�ned as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg
and/or use of blood pressure lowering drugs [51]. Triglyceride (TG), HDL-cholesterol (HDL-c) and LDL-cholesterol (LDL-c)
tests were evaluated, with altered values considered when TG ≥ 150 mg / dl; low HDL-c when < 40 for men and < 50 for
women; elevated LDL-c when ≥ 130 mg/dl [52].

To measure weight (kilograms), a portable digital electronic scale, calibrated, with a capacity of up to 150 kg and
precision of 100 kg was used. Height was measured using a measuring tape measuring 2 meters in length and accurate
to 0.1 cm, �xed to a smooth wall, without a baseboard, with the support of a plumb line and square. The measurements
of weight and height were performed in duplicate, with the arithmetic mean of the measurements being considered as
the �nal value. The Body Mass Index (BMI) was calculated from the division of weight (kg) by the square of height
(kg/m²). The measurement of body fat was performed using a multifrequency electric bioimpedance device (BIA).

For the diagnosis of obesity, BMI and body fat percentage (% BF) were considered. In the case of BMI, three cut-off
points were adopted: ≥ 27.0 kg/m² [53]; BMI ≥ 25.0 kg/m² in men and ≥ 26.6 kg/m² [18] in women [18], this cut-off
being established for the study population itself, and BMI ≥ 30.0 kg/m² [19]. For the body fat percentage, the cut-off
point for de�ning excess adiposity was calculated from the largest tertile, according to sex, being considered for men ≥ 
48.1% and for women ≥ 47.7%.

2.4 Mortality ascertainment
The cohort study began in 2008. In 2018, new home visits were carried out to follow up participants. During this home
visit, the occurrences of deaths were identi�ed. Since we already had all personal information about those older adults
from our cohort we just extract the cause and date of death from on mortality Brazilian database (SIM- Datasus),
avaliable online.

2.5 Statistical analysis
The database was structured using the SPSS version 25.0 program. The typing was performed in double entry in the
same software, and afterwards, all inconsistencies were checked. The data were analysed using the STATA program,
version 12.0. First, all variables were analysed in a descriptive way by means of absolute, relative frequency, means and
standard deviations (SD).

To analyse the impact of obesity on mortality, Cox's bivariate analysis was performed between the dependent variable
(mortality) and the independent variable obesity. Subsequently, a Cox regression model was adjusted to verify the
potential association between the study hypothesis variable (presence of obesity) and mortality. Variables with p-value 
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< 0.20 veri�ed in the analysis of factors associated with obesity were adjusted in the model. The results of the Cox's
regression analysis were presented as Hazard Ratios (HR) and their respective 95% con�dence intervals (95% CI).
Finally, survival curves were estimated for participants with and without obesity using the Kaplan-Meier method and
compared statistically using the log rank test. Variables with a p-value < 0.05 were considered statistically signi�cant.

2.6 Ethical aspects
The present study was carried out with methodological rigor, with all methods being carried out using appropriate
guidelines and regulations. The study report was drafted in accordance with the guidelines of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE). All study participants signed the Informed Consent Form,
as per Resolution nº 466/2012 of the National Health Council of Brazil. The Goiânia Older Adults Project [43–47] which
this study is part had received completely approved of was approved by the Research Ethics Committee of the University
Federal de Goiás, protocol nº 031/2007 and 2.500.441/2018.
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Figures

Figure 1

Survival curves according to three different diagnostic criteria for classifying obesity. Note: Obesity 1: BMI ≥25.0 kg/m²
in men and ≥26.6 kg/m² in women; Obesity 2: BMI ≥27.0 kg/m²; Obesity 3: BMI ≥30.0 kg/m².
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Figure 2

Survival curve according to body fat percentage (adiposity). Note: The largest tertile, according to sex, for men ≥ 48.1%
and for women ≥ 47.7%
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