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Abstract

Body mass index (BMI) does not necessarily predict cardiovascular disease in old populations which has been
called obesity paradox. The aims of the present study were to investigate 1) the associations between BMI and body
fat in old adults, and 2) whether more sophisticated measures of body fat are stronger associated with
cardiovascular risk than BMI.

In the current cross-sectional analysis, the participants‘(N=232, 65-92 years) body fatness was estimated using
BMI, waist-circumference, DXA (fat mass, visceral fat mass) and cardiovascular risk factors (blood lipids, glucose
metabolism, blood pressure) were assessed.

BMI correlated highly with fat mass measured by DXA independently from age tertiles and in both genders. In
general, body fatness was positively related to several cardiovascular risk factors and this was persistently observed
for all the different measures of body fatness. However, fat measures were not associated with total cholesterol or
LDL. Sensitivity analysis indicated that BMI ≥ 25 identifies 70-100% of participants with the above mentioned
cardiovascular risk factors outside normal range.

We conclude in BMI is highly correlated with body fatness in old Icelandic adults. DXA measurement of body
fatness is not better in estimating cardiovascular risk in old adults compared to simple BMI.

Keywords: Cross-sectional study; Cardiovascular risk; Body
composition; Aging; Body mass index

Abbreviations: hdl: HDL cholesterol; tg: triglycerides; glucose:
fasting glucose; insulin: fasting insulin; hba1c: glycosilated
hemoglobin; dia: diastolic blood pressure; sys: systolic blood pressure

Introduction
Obesity is a major non-communicable condition which is one of the

main causes of poor health, disability and death worldwide and
accounts for considerable health-care expenditures [1]. More
specifically, obesity has been linked to diseases like, e.g., cardiovascular
disease [2], some cancers [3], type 2 diabetes [4], non-alcoholic fatty
liver disease [5] and gastrointestinal disorders [6]. The World Health
Organization (WHO) reports that the prevalence of obesity has
approximately doubled within the last four decades. Currently, close to
two billion adults are overweight [7].

The body mass index (BMI) has been frequently used in
epidemiological studies as an estimate for body fatness and
individually for the assessment of overweight or obesity [8,9].
According to longitudinal studies BMI predicts cardiovascular risk in
younger and middle aged populations [8], however this relationships

gets blurry in old adults [10] or patient groups [11] and in these groups
higher BMI was even associated to lower morbidity and mortality
known as obesity paradox. Several explanations have been proposed
for this discrepancy [12]. BMI cannot distinguish between lean body
mass and fat mass, tissues that can affect disease risk differently [8].
Due to changes in body composition during ageing BMI might be
rather an estimate for lean body mass than for fat mass in old adults
[13,14]. Further on, BMI does not distinguish between metabolically
healthy and metabolically unhealthy [15]. Of upmost importance for
health consequences of obesity is body fat distribution, which BMI
does not account for [16].

Considering the above information, it is reasonable to speculate that
more exact but also more expensive measurements of body fat, e.g.,
dual-energy X-ray absorptiometry (DXA), which can even quantify
visceral fat separately, relate better to cardiovascular risk than simple
BMI measurements. Thus, the aim of the current investigation was to
find out the associations between different estimates of body fat (BMI,
DXA) and cardiovascular risk factors in community dwelling old
adults. We hypothesized that 1) correlations between BMI and DXA
decreases between age quartiles, and 2) that DXA measurements, in
particular measurements of visceral fat associate more to risk factors
than BMI. This was a secondary data analysis in which we use baseline
data from a previously published intervention study [17] in a cross
sectional manner.
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Methods and Materials

Subjects
The subjects (N=232) were at least 65 years of age (range 65-92

years) and we used advertisements posted in the Reykjavik area to
recruit them. The following exclusion criteria were used to identify
potential subjects: low cognitive function (Mini-Mental State
Examination (MMSE) <19 points) [18], major orthopedic disease,
pharmacological interventions with exogenous testosterone, other
drugs or disorder known to affect lean body mass. Recruited
participants were apparently healthy, although several had
hypertension, hyperlipidemia or type 2 diabetes. The Icelandic
National Ethical Committee (VSNb2008060007/03-15) approved the
current study and all participants gave their informed written consent
for study participation.

Study design
The data for the current analysis were baseline measurements from

the subjects who participated in a 12-week resistance exercise
intervention program described and published earlier [15]. No formal
sample size calculations were conducted for the present analysis.

Body composition
Body composition was measured using dual energy x-ray

absorptiometer (DXA) from Hologic QDR-2000 plus®, Hologic Inc.,
Waltham, MA, USA (APEX 2.3 software) conducted at the Icelandic
Heart Association, Kopavogur, Iceland. Body weight (BW) was
measured in light underwear on a calibrated scale (model no. 708,
Seca, Hamburg, Germany) and height was measured with a calibrated
stadiometer (model no. 206; Seca, Hamburg, Germany). From these
measurements BMI was calculated (kg/m2). Waist circumference was
taken between the top of the lateral iliac crest and the lowest rib.

Blood pressure measurements
Blood pressure (BP) was measured according to the user's guide of

the blood pressure device (Medisan). After a few minutes rest, the right
arm was used and two readings were taken with two minutes in-
between, and the average of those readings was used for statistical
analysis.

Blood analyses
Participants were asked neither to exercise nor to drink alcohol the

day before blood sampling. The blood samples stored at -80°C for
further analyses which were conducted at the Landspitali-University
Hospital in Reykjavik, Iceland which provided also the appropriate
reference values.

Total cholesterol (TC), plasma triglycerides (TG) and glucose were
analyzed using an enzymatic colori-metric assay and an automated
analyzer (Hitachi 911; Roche Diagnostics, Indianapolis, USA). High
density lipoprotein (HDL) was determined using polyethylene glycol-
modified enzymes and dextran sulfate. Low density lipoprotein (LDL)
was estimated using the Friedewald formula. Insulin was measured
with electro chemiluminescence immunoassay (ECLIA) on a Modular
Analytics E170 system from Roche Diagnostics (Manheim, Germany).
HbA1c was measured using a chromatographic-spectrophotometric
assay.

Statistical analyses
SPSS statistical package, version 22.0 (SPSS, Chicago, IL, USA) was

used for statistical calculations. The data were checked for normality
using the Kolmogorov-Smirnov test and are presented as means ±
standard deviations (SD). Correlations between variables were assessed
using the Pearson correlation coefficient r. In order to investigate the
associations between body fatness and risk factors, linear models with
adjustment for age were constructed.

ROC curves were used to calculate the sensitivity of BMI ≥ 25 to
identify participants with cardiovascular risk factor outside the normal
range. The significance level was set at P ≤ 0.05.

Results
In Table 1 the participants' characteristics can be seen. Of male

participants, only 14.6% were normal weight, but 38.6% were
overweight and 46.8% were obese according to BMI. Of female
participants, only 27.2% were normal weight, but 43.4% were
overweight and 29.4% were obese.

 

All (N = 232) male (n = 96) female (n =136)

Mean ± SD mean ± SD mean ± SD

Age (years) 73.6 ± 5.7 74.6 ± 5.9 72.9 ± 5.5

Medication (count) 2.1 ± 1.5 2.3 ± 1.4 1.9 ± 1.6

Waist circumference
(cm) 99.8 ± 14.4 108.5 ± 12 93.6 ± 12.7

BMI (kg/m2) 28.8 ± 4.8 29.7 ± 4.6 28.1 ± 4.9

Lean mass (kg) 47.8 ± 10 57.2 ± 7.6 41 ± 4.7

Fat mass (kg) 31.6 ± 10.1 32.2 ± 10.4 31.1 ± 9.9

Fat mass (%) 38.2 ± 7.3 33.8 ± 5.9 41.3 ± 6.5

Visceral fat (kg) 3.3 ± 1.4 3.8 ± 1.5 2.9 ± 1.3

Total cholesterol
(mg/dl) 215 ± 46 197 ± 43 229 ± 44

LDL (mg/dl) 134 ± 42 123 ± 39 142 ± 43

HDL (mg/dl) 60 ± 17 50 ± 12 66 ± 17

Triglycerides (mg/dl) 110 ± 60 117 ± 73 105 ± 48

Glucose (mg/dl) 89.7 ± 18.4 94.1 ± 20.5 86.5 ± 16.1

Insulin (mU/ml) 12 ± 10.8 14.5 ± 13.6 10.3 ± 8

HbA1c (%) 5.7 ± 0.6 5.8 ± 0.7 5.6 ± 0.5

DBP (mm Hg) 75.8 ± 9.4 77.1 ± 9.2 74.8 ± 9.5

SBP (mm Hg) 144.8 ± 19.2 151.8 ± 18.5 139.8 ± 18.3

Table 1: Characteristics of the participants.

Table 2 shows correlations between BMI and other estimates of
body fat grouped by gender and age-tertiles. BMI was significantly
correlated to all other fat measurements with mostly very similar and
high correlation coefficients in both genders and all three age groups.
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male female

tertile 1 tertile 2 tertile 3 tertile 1 tertile 2 tertile 3

(n=27) (n=36) (n=33) (n=65) (n=37) (n=34)

Waist circumference (cm)
r 0.844 0.906 0.882 0.862 0.883 0.835

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Body fat (%)
r 0.737 0.782 0.863 0.796 0.823 0.373

P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.03

Fat mass (kg)
r 0.845 0.897 0.923 0.922 0.926 0.774

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Visceral fat (kg)
r 0.863 0.871 0.92 0.874 0.915 0.685

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*Pearson correlation coefficient

Table 2: Correlation* between BMI and other estimates of body fat in age tertiles.

Figures 1 and 2 are based on the linear models and show the
associations between body fat measurements and cardiovascular risk
factors. These calculations were done separately for both genders and
corrected for age. Additional correction for drug use did not change
the results.

Figure 1: Associations between body fat estimates and
cardiovascular risk factors in male, the columns represent 1-p-value
according to a linear regression model corrected for age-the dotted
line in the figure indicates the 5% significance.

Figure 2: Associations between body fat estimates and
cardiovascular risk factors in female, the columns represent 1- p-
value according to a linear regression model corrected for age-the
dotted line in the figure indicates the 5% significance.

The columns represent 1-p-value from the corresponding linear
regression model. A higher column means a higher statistical
association. The dotted line in the figure indicates the 5% significance
level. A very similar pattern is seen for all the body fat estimates.
However there were some gender differences. Body fatness was not
related to TC or LDL (not shown).

ROC curves showed that a BMI ≥ 25 is reasonably sensitive to
identify participants with risk factors outside the normal range.
Sensitivity is shown for men and women in brackets, respectively: HDL
cholesterol (91%; 81%), triglycerides (89%; 70%), fasting glucose (88%;
84%), fasting insulin (100%; 80%) and hypertension (83%; 84%). ROC
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curves were not used for HbA1C, because only very few participants
were above the threshold of 7%.

Discussion
The current study investigated the associations between estimates of

body fatness and cardiovascular risk factors in community dwelling
old adults. Contrary to our expectations, we found that correlations
between BMI and other body fat estimates were constant in both
genders throughout age tertiles, and further on, we found that fat
estimates derived from DXA did not show stronger associations with
cardiovascular risk than simple BMI.

Body composition usually changes during ageing mainly due to an
increase in fat mass and a decrease in lean body mass in old age groups
[18]. In our participants, age was related to lower BMI but not to lower
body fat percentage (BF%). It has to be considered that most of our
participants were between 70 and 80 years old. This narrow age
distribution makes is difficult to observe the expected increase in BF%
because it has been reported that these changes start earlier in life [19].
Additionally, our participants were volunteers in an exercise
intervention program [17], thus they were physically active and fit. It is
reasonable to assume that in physically active people adverse changes
in body composition proceed slower compared to physically inactive
peers [20].

In general, our study confirmed the positive relationship between
BMI and BF%. This has been shown in previous studies [20,22,23].
However, it was unexpected that the associations between BMI and BF
% were similar in all age tertiles. It is known that BF% is not just a
function of BMI, but also of age [21,22]. Thus, we expected that due to
age related changes in body composition, BMI would show a lesser
association with BF% in the oldest age tertile. However, this was not
the case. It has been shown that the BMI/BF% relation is stronger at
higher BMI and weaker in the BMI range 20-25 kg/m2 [19]. Our
participants were mostly in the overweight and obesity category thus
explaining this finding.

We measured clinical risk factors in blood of the participants and
additionally blood pressure. All of them have been shown to predict
future cardiovascular morbidity and/or mortality [23-26]. In our study
we found that the different estimates of body fatness were associated
with cardiovascular risk factors in a very similar way. It has been
shown previously that overweight and obesity are related to poorer
lipid- and glucose metabolism as well as to hypertension [27-29].

However, it was somehow unexpected that measures derived from
DXA, in particularly visceral fat, did not show a stronger association
with cardiovascular risk than BMI. Many epidemiologic studies have
indicated that visceral fat is a major risk factor for insulin resistance,
type 2 diabetes mellitus, cardiovascular disease, stroke, metabolic
syndrome and death [30]. It has even been associated with
cardiovascular risk in young and lean individuals [31].

Visceral fat has been discussed to be linked causally to metabolic
disease. The mechanism is thought to involve its anatomical location,
leading to a ‘portal’ effect of greater free fatty acids (FFA) and glycerol
release. Evidence has shown that adipose tissue is an active endocrine
organ, capable of secreting many cytokines, often referred to as
adipokines, which can promote inflammation and interfere with
insulin action [28,32,33]. However, our study indicates that BMI is
(statistically seen) equally related to cardiovascular risk factors,
probably due to its own associations with visceral fat.

Interestingly, we could not find associations between body fatness
and total cholesterol and LDL although this has been reported
previously [34]. For some risk factor, we found that their correlations
with body fat were different between genders. In our study, TG,
glucose, insulin and DBP showed similar associations in both genders,
but HDL and SBP were associated with body fatness in women only
whereas HbA1c was associated with body fatness in men only. The
metabolic response to obesity differs between sexes potentially
explaining why obesity-related cardiovascular mortality is lower in
women than in men at every BMI level [35,36].

Although it has been shown that overweight and obese individuals
can be metabolically healthy, the observed associations between body
fatness and risk factors in our study indicate that risk increases with
increasing body fatness in old adults. Although there are obvious
gender differences how lipid metabolism, glucose metabolism and
blood pressure are associated to body fatness, it might be of clinical
relevance that, according to our data, no potentially protective effect of
high body fatness was observed in our participants and that this was
independent from what body fat estimate was used. Considering the
simplicity of BMI and its sensitivity to detect people at cardiovascular
risk, routine use of BMI during clinical assessment is encouraged.

Limitations
The current data analysis was based on a cross-sectional data set and

it is in the nature of this kind of study that observed associations
neither proof causality nor determine the direction of an association.
Further, our participants were volunteers in an exercise intervention
program [37], thus they were physically active and fit and not
necessarily representative for this age group. Thus, it is not known
whether the results are valid for other population groups.

Conclusion
Our results indicate that BMI is highly related to body fatness

measured by DXA in old adults and that DXA assessment of body
composition is not necessarily superior in estimating cardiovascular
risk compared to simple BMI. The results also indicate that risk factors
are associated differently with body fatness in men and women.
Further, BMI seems to be a suitable and simple tool to identify subjects
at cardiovascular risk even at old age.
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Take away Points
• BMI is related to body fatness in old men and women.
• Simple BMI is equally related to cardiovascular risk as is expensive

DXA measurements.
• BMI is a suitable tool to identify subjects at cardiovascular risk

even at old age.
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