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BACKGROUND: Relative fat mass (RFM) is an emerging marker of obesity that estimates body fat percentage using a sex-specific
formula containing height and waist circumference (WC). We studied the association of RFM with incident atrial fibrillation (AF),
heart failure (HF), and coronary artery disease (CAD) and explored RFM cutoffs for cardiovascular disease (CVD) prediction.
METHODS: We studied 95,003 participants (age 45 + 13 years, 59% women) without prevalent AF, HF or CAD from the population-
based Lifelines study. Outcomes were ascertained using electrocardiography and self-reported questionnaire data. We used logistic
regression to study the association of RFM with individual outcomes and a composite outcome (incident AF, HF, and/or CAD).
Multivariable models were adjusted for components of the SCORE risk model (age, sex, systolic blood pressure, cholesterol, and
smoking). Optimal cutoffs were determined using the Youden index.

RESULTS: During a median follow-up of 3.8 (3.0-4.6) years, 224 (0.2%) participants developed AF, 1003 (1.1%) HF and 657 (0.7%)
CAD. After multivariable adjustment, RFM was significantly associated with all outcomes (standardised OR 1.26, 95% Cl 1.18-1.34 for
the composite outcome). Optimal RFM cutoffs (=26 for men, =38 for women) were lower than previously proposed RFM cutoffs
(=30 for men, =40 for women). In general, overall discriminative ability of RFM and its cutoffs was at least similar (in women) or
better (in men) compared to BMI and WC. Since RFM was substantially correlated with age, we additionally determined age-specific
cutoffs, which ranged from 23 to 27 in men and 33 to 43 in women.

CONCLUSIONS: RFM is associated with incident AF, HF, and CAD and may be used as a simple and intuitive marker of obesity and
cardiovascular risk in the general population. This study provides potential RFM cutoffs for CVD prediction that may be used by

future studies or preventive strategies targeting obesity and cardiovascular risk.
International Journal of Obesity (2023) 47:1256-1262; https://doi.org/10.1038/s41366-023-01380-8

INTRODUCTION

Obesity, defined as an excess of body fat, is a major risk factor for
various types of cardiovascular disease (CVD), including atrial
fibrillation (AF), heart failure (HF), and coronary artery disease
(CAD) [1]. In the last few decades, the prevalence of overweight
and obesity has substantially increased in both men and women
across the world, a development sometimes referred to as the
obesity epidemic [2]. Consequently, there is an increasing need for
accurate classification of obesity for the purpose of cardiovascular
risk prediction and preventive strategies.

Body mass index (BMI) has traditionally been used to classify
obesity. However, BMI has its shortcomings as a measure of body
fat, since it does not differentiate between fat and lean mass and
may thus lead to misclassification of individuals with or without

obesity [3-5]. Recently, relative fat mass (RFM) was proposed as a
novel marker of obesity. RFM, which estimates total body fat
percentage, is calculated using a sex-specific formula that includes
the ratio of height and waist circumference (WC). The RFM formula
was developed as part of a study that specifically aimed to find a
more accurate marker of body fat compared to BMI In a
systematic analysis of 365 potential anthropometric measures,
RFM was found to be the most suitable measure in terms of
accuracy and ease of use [5]. Subsequent studies have demon-
strated that RFM is associated with incident hypertension, type 2
diabetes, and heart failure, as well as all-cause mortality [6-10].
Nevertheless, the association between RFM and the general risk of
CVD remains underexplored. Furthermore, while RFM cutoffs for
the diagnosis of obesity have previously been defined based on
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associations with mortality [8], these cutoffs have not been tested
for the prediction of CVD and require additional validation.

Therefore, we aimed to study the association of RFM with
incident AF, HF, and CAD and to explore potential RFM cutoffs for
CVD prediction in the general population.

METHODS

Study population

The study was performed with data from the Lifelines Cohort Study
(www.lifelines.nl), which has been extensively described elsewhere [11]. In
short, Lifelines is a multidisciplinary, prospective population-based cohort
study examining the health and health-related behaviours of 167,729
participants living in the North of The Netherlands in a unique three
generation design. It employs a broad range of investigative procedures
for the assessment of the biomedical, socio-demographic, behavioural,
physical, and psychological factors which contribute to health and disease
in the general population, with a special focus on multimorbidity and
complex genetics [11]. Participants were recruited from 2006 to 2013,
initially by participating general practitioners, who invited all patients aged
25 to 50 years from their own practices. Participants were then encouraged
to invite family members to participate in Lifelines as well. People who
were not invited could also participate by registering themselves through
the Lifelines website. The Lifelines study was approved by Medical Ethical
Committee of the University Medical Center Groningen and performed in
agreement with the Declaration of Helsinki, and all participants provided
written informed consent [11, 12].

Participants were asked to complete extensive questionnaires about a
wide range of health-related topics at home. Next, they were invited for an
on-site visit, which included anthropometry and blood pressure measure-
ments, electrocardiography (ECG), pulmonary function testing, and
collection of blood, urine, and genetics samples. Additionally, current
medication use was recorded. With a planned follow-up of at least 30
years, the Lifelines study is currently still ongoing. Participants are sent
follow-up questionnaires approximately every 1.5 years and are invited for
on-site follow-up visits approximately every 5 years [11, 12].

For the present study, we used data from the baseline visit and second
on-site visit (visits 1A and 2A), as well as the baseline questionnaire and
first, second, and third follow-up questionnaire (questionnaires 1A, 1B, 1C,
and 2A). We included all participants with available ECG data at baseline
and the second visit (n =99,003). We excluded participants with prevalent
AF, HF, and/or CAD (n=2625), missing anthropometric measurements
(n = 27), missing baseline questionnaire data (n = 173), or missing follow-
up questionnaire data (n = 1175), leaving 95,003 participants available for
analysis.

Obesity measures and cutoff definitions

RFM was calculated using a sex-specific formula: 64-20 * height (in cm) /
waist circumference (in ¢m) for men, and 76-20 * height (in cm) / waist
circumference (in ¢cm) for women [5]. BMI was defined as weight (in kg)
divided by the square of height (in m).

For analyses with categorical obesity measures, we used previously
defined cutoffs as well as optimal cutoffs based on our data. For RFM,
previously defined cutoffs for obesity were =30 for men and >40 for
women [8]. For BMI, previously defined cutoffs for overweight and obesity
were 225 kg/m? and 230 kg/m? for men and women [13]. For WC, cutoffs
for overweight and obesity were >94cm and >102cm for men, and
>82cm and >88cm for women, respectively [13]. Optimal cutoffs, as
described in more detail below, were determined using the Youden index
[14].

Outcomes and risk factors

Three outcomes of interest were defined: incident atrial fibrillation (AF),
incident heart failure (HF), and incident coronary artery disease (CAD).
These outcomes were ascertained using electrocardiography (for AF and
CAD) and self-reported questionnaire data (for HF and CAD).

AF was diagnosed using 12-lead ECG data from the baseline visit and
second visit. AF was detected by an automated interpretation algorithm
(Welch Allyn DT100) and confirmed by a cardiologist [15, 16]. Incident AF
was considered present if participants did not have AF on their baseline
ECG, but did have AF on their ECG at the second visit.

Since echocardiography and natriuretic peptide measurements were not
performed in Lifelines, the diagnosis of HF was based on self-reported data
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from the baseline questionnaire and follow-up questionnaires. Incident HF
was considered present if participants did not self-report HF at baseline,
but did report newly diagnosed HF in any of the follow-up questionnaires.

For the diagnosis of CAD, a combination of ECG data and self-report was
used. Prior CAD was considered present if participants self-reported
myocardial infarction (MI), percutaneous coronary intervention (PCl), or
coronary artery bypass grafting (CABG) in the baseline questionnaire, or if
they had evidence of Ml on their baseline ECG. Incident CAD was
considered present if participants without prior CAD self-reported MI, PCl,
or CABG in any of the follow-up questionnaires, or if they had evidence of
MI on their ECG at the second visit. The identification of Ml on Lifelines
ECGs has previously been reported in detail [17].

Additionally, we studied a composite outcome, which was considered
present if participants developed at least one of the three outcomes of
interest (incident AF, HF, and/or CAD).

Cardiovascular risk factors were defined using previously described
definitions for Lifelines [18]. Like AF, left ventricular hypertrophy (LVH) was
assessed using the automated ECG interpretation algorithm and confirmed
by a cardiologist, using previously described criteria [16].

Statistical analysis

We used logistic regression to study the association of RFM with incident
AF, incident HF, incident CAD, and a composite outcome (incident AF, HF,
and/or CAD). For each outcome, we built three models: (1) an unadjusted
model, (2) a model adjusted for age and sex, and (3) a multivariable model
adjusted for components of the SCORE risk model (age, sex, systolic blood
pressure, total cholesterol/HDL-cholesterol ratio, and smoking), which is a
widely used instrument for the prediction of cardiovascular risk in the
general population [19]. As a sensitivity analysis, the multivariable model
was additionally adjusted for diabetes and LVH. The logistic regression
analyses were similarly performed for BMI and WC. All odds ratios for
continuous obesity measures were standardised and thus represent the
increase in risk per standard deviation increase of the obesity measure.
Standardisation of obesity measures was performed separately for men
and women, in order to prevent multicollinearity with sex. In order to
check for non-linear associations between RFM and incident CVD, we
additionally performed analyses in which RFM was divided into quintiles.
Furthermore, we performed sex-stratified and BMlI-stratified analyses for
the composite endpoint to identify potential differences between men and
women or between BMI categories. Interactions of RFM with sex and BMI
were formally assessed in the multivariable model for the composite
endpoint.

Next, we explored potential cutoffs for CVD prediction in men and
women. We calculated the Youden index to assess overall discriminative
ability of various cutoffs [14]. The Youden index is calculated as sensitivity +
specificity — 1 and ranges from 0 (no discriminative ability) to 1 (perfect
discriminative ability) [14]. For each obesity measure and for men and
women separately, the cutoff with the highest Youden index (i.e. the cutoff
with the highest combined sensitivity and specificity) was selected as the
optimal cutoff. Optimal RFM cutoffs were compared to previously defined
RFM cutoffs in terms of overall predictive performance (as indicated by the
Youden index) and in terms of sensitivity and specificity. Similarly, we
compared the different RFM cutoffs to previously defined and optimal
cutoffs for BMI and WC. Since RFM was found to be substantially correlated
with age, we also determined age-specific optimal cutoffs for RFM.
Statistical analyses were performed with SPSS (version 28).

RESULTS

Clinical characteristics of the study population

Mean age of the included participants was 45.3 + 12.5 years, and
59% were women. Clinical characteristics of men and women are
presented in Table 1. Men had a slightly higher prevalence of
hypertension (31% vs. 21%), hypercholesterolaemia (16% vs. 13%),
and smoking (21% vs. 18%) compared to women. By definition of
the RFM formula, men had a lower mean RFM than women
(25.1 £4.4 vs. 36.2+5.5). Mean BMI was higher in men than in
women (26.3+3.5 vs. 25.7+4.6). Men also had a larger WC
(95.0 £ 10.5 vs. 86.6 + 12.0) than women.

Overall, 62% of men (49% overweight, 13% obesity) and 49% of
women (34% overweight, 16% obesity) had a BMI =25 kg/mz.
Using previously defined RFM cutoffs (=30 for men, =40 for
women), 12% of men and 25% of women fell into the high RFM
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Table 1. Participant characteristics.
Characteristics Men Women

(n = 38,604) (n =56,399)
Age (years) 457 +12.5 450+ 125
Systolic blood pressure 130.7+13.8 1223+ 15.1
(mmHg)
Diastolic blood pressure 76.8+9.2 719+87

(mmHg)

Hypertension 11,943 (31%) 11,920 (21%)

Total cholesterol (mmol/I) 52+1.0 51+1.0
HDL cholesterol (mmol/l) 1.3+0.3 1.6+04
LDL cholesterol (mmol/I) 34+09 3.1+09
Hypercholesterolaemia 6033 (16%) 7337 (13%)
Smoking 8111 (21%) 9991 (18%)
Diabetes 1190 (3%) 1389 (2%)
Signs of LVH on ECG 310 (0.8%) 224 (0.4%)
Anthropometric indices
Body mass index (kg/m?) 263+35 25.7+4.6
Underweight 115 (0.3%) 527 (0.9%)

(BMI <18.5 kg/m?)

Normal weight (BMI
18.5-25 kg/m?)

Overweight (BMI
25-30 kg/m?)

Obesity (BMI>30 kg/m?)
Waist circumference (cm)

14,363 (37%) 28,040 (50%)

18,960 (49%) 19,084 (34%)

5166 (13%)
95.0+10.5
18,092 (47%)

8748 (16%)
86.6+12.0

Normal WC (<94 in men, 17,215 (31%)

<80 in women)

High WC (94-102 in men,
80-88 in women)

11,229 (29%) 15,450 (27%)

Very high WC (2102 in 9283 (24%) 23,734 (42%)
men, =88 in women)

Relative fat mass 25.1+44 36.2+5.5
High RFM (230 in men, 4718 (12%) 21,302 (25%)

>40 in women)
Data presented as mean + standard deviation or count (%). Categories of
BMI, WC and RFM are based on previously defined cutoffs.
BMI body mass index, ECG electrocardiography, LVH left ventricular
hypertrophy, RFM relative fat mass, WC waist circumference.

category. Using established WC cutoffs, more women than men
fell into the very high WC category (24% of men vs. 42% of
women).

Clinical characteristics per quintile of RFM are presented in
Supplementary Table S1. Participants in the higher quintiles were
older and more often had hypertension, hypercholesterolaemia
and diabetes than those in the lower quintiles.

Incident cardiovascular disease

During a median follow-up duration of 3.8 (3.0 to 4.6) years, 966
men (2.5%) and 717 women (1.3%) developed incident AF, HF,
and/or CAD. Of these, HF occurred most often (1.4% of men, 0.8%
of women), followed by CAD (1.1% of men, 0.4% of women), and
AF (0.4% of men, 0.1% of women).

Association of relative fat mass with incident cardiovascular
disease

Unadjusted, RFM was significantly associated with incident AF
(standardised OR 2.21, 95% ClI 1.92-2.54), HF (OR 1.73, 95% ClI
1.62-1.85), and CAD (OR 1.75, 95% Cl 1.62-1.90), as well as the
composite outcome (OR 1.77, 95% Cl 1.68 to 1.86) (Table 2). After
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adjustment for age and sex, the association of RFM with all
outcomes was substantially attenuated, but remained significant
(Table 2). After further adjustment for components of the SCORE
risk model, RFM remained significantly associated with incident AF
(OR 1.58, 95% Cl 1.33-1.87), HF (OR 1.29, 95% CI 1.20-1.40), and
CAD (OR 1.19, 95% Cl 1.08-1.31), as well as the composite
outcome (OR 1.26, 95% Cl 1.19-1.34) (Table 2).

The association of subsequent RFM quintiles with incident CVD
increased in a mostly linear fashion in both men and women
(Supplementary Table S2). Men in the highest quintile of RFM had
a 105% higher odds of the composite outcome compared to men
in the lowest quintile. Women in the highest quintile of RFM had
an 89% higher odds of the composite outcome compared to men
in the lowest quintile.

Sex-stratified analyses for the composite outcome demon-
strated very similar results for men and women (Fig. 1 and
Supplementary Fig. S1). When stratified by BMI category,
multivariable-adjusted results showed that RFM was significantly
associated with incident CVD in participants with BMI <25 kg/m?
and BMI 25-30 kg/m?, but not in participants with BMI =30 kg/m?
(Supplementary Table S3). Formal interaction tests revealed no
significant interactions of RFM with sex (p=0.340) or BMI
(p =0.410).

Comparison with established obesity measures

In general, RFM showed stronger unadjusted associations with
incident CVD than BMI and WC (Table 2). Furthermore, the
attenuation seen after age-adjustment was more pronounced for
RFM than for BMI and WC (Fig. 1 and Supplementary Fig. S1). This
may be explained by the fact that RFM was more strongly
correlated with age (r=0.354, 95% Cl 0.349-0.360) than BMI
(r=0.175, 95% Cl 0.169-0.181) and WC (r=0.265, 95% ClI
0.259-0.271). After multivariable adjustment, the associations of
all RFM, BMI, and WC with incident CVD were largely similar (Table 2).
Additional adjustment for diabetes and LVH delivered similar
results (results not shown).

Cutoffs

The predictive performance of different RFM cutoffs is displayed in
Supplementary Table S4. Based on the Youden index, the optimal
cutoff for RFM was >26 in men (sensitivity 68% and specificity
58%) and =38 in women (sensitivity 60% and specificity 63%).
More participants fell into the high RFM category with the optimal
cutoffs (43% in men, 38% in women) compared to the previously
defined cutoffs (12% in men, 25% in women). In men, optimal RFM
cutoffs had better overall discriminative ability compared to
previously defined cutoffs (Youden index 0.26, 95% Cl 0.23-0.29
vs. 0.12, 95% Cl 0.09-0.14). In women, the difference between
optimal and previously defined cutoffs was less pronounced
(Youden index 0.23, 95% Cl 0.19-0.26 vs. 0.20, 95% Cl| 0.17-0.24).
Optimal RFM cutoffs had higher sensitivity, but lower specificity
than previously defined RFM cutoffs (Table 3 and Supplementary
Table S4).

Overall, the optimal RFM cutoffs had slightly better predictive
performance compared to both previously defined and optimal
cutoffs for BMI and WC, particularly in men (Table 3).

Since the association between RFM and incident CVD was
particularly attenuated by age, we additionally explored age-
specific cutoffs for RFM (Table 4). The optimal cutoff increased
with age in both men (from 23 for age <40 years to 27 for age
>70 years) and women (from 33 for age <40 years to 43 for
age =70 years).

DISCUSSION

In this study, we demonstrated that RFM is associated with
incident AF, HF, and CAD in participants from the large
population-based Lifelines cohort study. Based on our data, we
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Table 2.
population.
Outcome Odds ratio (95% confidence interval)
Unadjusted
Atrial fibrillation (224 events, crude incidence 0.2%)
RFM 2.21 (1.92-2.54)
BMI 1.54 (1.40-1.70)
wC 1.82 (1.64-2.01)
Heart failure (1003 events, crude incidence 1.1%)
RFM 1.73 (1.62-1.85)
BMI 1.36 (1.29-1.43)
wcC 1.52 (1.44-1.61)
Coronary artery disease (657 events, crude incidence 0.7%)
RFM 1.75 (1.62-1.90)
BMI 1.30 (1.22-1.39)
wC 1.44 (1.35-1.54)
Composite outcome (1683 events, crude incidence 1.8%)
RFM 1.77 (1.68-1.86)
BMI 1.36 (1.31-1.42)
wcC 1.52 (1.46-1.58)

Association of relative fat mass, body mass index, and waist circumference with incident cardiovascular disease in the total study

Age- and sex-adjusted Multivariable-adjusted
1.56 (1.33-1.83)
1.52 (1.36-1.70)
1.62 (1.43-1.84)

1.58 (1.33-1.87)
1.53 (1.36-1.73)
1.65 (1.45-1.87)

1.34 (1.25-1.44)
1.28 (1.20-1.35)
1.34 (1.26-1.42)

1.29 (1.20-1.40)
1.24 (1.16-1.32)
1.30 (1.21-1.38)

1.37 (1.26-1.50)
1.22 (1.13-1.31)
1.25 (1.16-1.35)

1.19 (1.08-1.31)
1.09 (1.01-1.18)
1.10 (1.02-1.20)

1.26 (1.19-1.34)
1.20 (1.15-1.26)
1.24 (1.18-1.31)

1.37 (1.29-1.44)
1.28 (1.22-1.34)
1.33 (1.26-1.39)

Odds ratios represent the association of each obesity measure with incident atrial fibrillation, heart failure, coronary artery disease, and the composite
outcome in the total study population. Odds ratios are standardised and represent the increase in risk per standard deviation increase of relative fat mass. The
multivariable model was adjusted for the components of the SCORE risk model (age, systolic blood pressure, total cholesterol/HDL-cholesterol ratio and

smoking).
BMI body mass index RFM relative fat mass, WC waist circumference.

Men
Unadjusted ——
Age-adjusted — —
Multivariable ——
Women
Unadjusted —h—
Age-adjusted —
Multivariable —
0.5 1.0 1.5 2.0
Odds Ratio

Fig. 1 Association of relative fat mass with incident cardiovascular disease in men and women. Odds ratios represent the association of
relative fat mass with the composite outcome (incident atrial fibrillation, heart failure, and/or coronary artery disease). Odds ratios are
standardised and represent the increase in risk per standard deviation increase of relative fat mass. The multivariable model was adjusted for
the components of the SCORE risk model (age, systolic blood pressure, total cholesterol/HDL-cholesterol ratio and smoking).

determined potential cutoffs for RFM, which may be used to
classify obesity and predict CVD in the general population.
Currently, BMI is the most frequently used marker for the
classification of overweight and obesity. While BMI is easy to
measure and broadly understood, it has some important
limitations when it comes to classifying overweight and obesity.

International Journal of Obesity (2023) 47:1256 - 1262

BMI does not differentiate between fat and lean mass and may
therefore be elevated in individuals with normal body fat
percentage, or vice versa [3, 5]. WC, as well as other measures
of abdominal adiposity, have been advocated as potentially
superior measures of obesity, but have failed to consistently show
superiority over BMI for the prediction of CVD [4, 20, 21].
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Table 3.
Measure Cutoff Cutoff type
Men (n = 38,604, crude incidence 2.5%)
RFM >26 Optimal
>30 PD
BMI (kg/m?) >25 Optimal, PD
>30 PD
WC (cm) >94 Optimal, PD
2102 PD
Women (n = 56,399, crude incidence 1.3%)
RFM >38 Optimal
>40 PD
BMI (kg/m?) >25 Optimal, PD
>30 PD
WC (cm) >80 PD
>82 Optimal
>88 PD

Prevalence

43%
12%
62%
13%
53%
24%

38%
25%
49%
16%
69%
63%
42%

Youden index (95% ClI)

0.26 (0.23-0.29)
0.12 (0.09-0.14)
0.16 (0.14-0.19)
0.09 (0.07-0.12)
0.20 (0.18-0.23)
0.16 (0.13-0.19)

0.23 (0.19-0.26)
0.20 (0.17-0.24)
0.18 (0.15-0.21)
0.10 (0.07-0.13)
0.17 (0.15-0.20)
0.20 (0.17-0.23)
0.19 (0.16-0.23)

Sensitivity

68%
24%
78%
22%
73%
40%

60%
45%
67%
26%
86%
82%
61%

Specificity

58%
88%
38%
87%
47%
76%

63%
75%
51%
85%
31%
38%
58%

Predictive performance of previously defined and optimal cutoffs of relative fat mass, body mass index and waist circumference.

AUC (95% ClI)

0.664
(0.648-0.680)

0.610
(0.593-0.627)

0.642
(0.626-0.659)

0.655
(0.636-0.675)

0.618
(0.598-0.638)

0.640
(0.621-0.660)

Predictive performance for the composite outcome (incident AF, HF, and/or CAD) is displayed for each cutoff separately, except for area under the curve, which
represents the overall discriminative ability of the continuous obesity measures.
AUC area under the curve, AF atrial fibrillation, BMI body mass index, CAD coronary artery disease, HF heart failure, PD previously defined, RFM relative fat mass,

WC waist circumference.

Table 4. Predictive performance of age-specific optimal cutoffs of relative fat mass.

Age group n Crude incidence Optimal cutoff Youden index Sensitivity Specificity

Men
<40 years 11,859 0.5% 23 0.20 70% 50%
40-50 years 13,537 1.8% 25 0.18 72% 46%
50-60 years 7174 3.1% 25 0.13 77% 36%
60-70 years 4802 6.6% 26 0.15 78% 36%
270 years 1232 11.0% 27 0.09 68% 41%
All ages 38,604 2.5% 26 0.26 68% 58%

Women
<40 years 17,821 0.3% 33 0.24 82% 43%
40-50 years 20,057 0.8% 37 0.15 58% 57%
50-60 years 10,638 1.4% 38 0.11 57% 54%
60-70 years 6311 3.6% 41 0.15 47% 68%
270 years 1572 8.2% 43 0.12 36% 75%
All ages 56,399 1.3% 38 0.23 60% 63%

Predictive performance of the age-specific cutoffs concerns the composite outcome (incident atrial fibrillation, heart failure and/or coronary artery disease).

Given the limitations of existing measures, the RFM formula was
specifically developed in an effort to find a more suitable marker
of body fat. After systematic analysis of 365 potential anthropo-
metric measures, RFM was deemed to be the most suitable marker
given its accuracy and consistency, but also its simplicity and
intuitiveness compared to other measures [5]. RFM was shown to
correspond well to body fat percentage as measured by dual-
energy X-ray absorptiometry (DXA), performing consistently well
in men and women and among people with various ethnicities
[5, 22]. Requiring only height and waist circumference, RFM is easy
to measure and can also be used under circumstances where a
scale is not available. Finally, the RFM formula provides a more
intuitive estimate of body fat percentage compared to other
measures, such as waist-to-height ratio.

Other studies have demonstrated that RFM is associated with
several outcomes, including hypertension, type 2 diabetes, heart

SPRINGER NATURE

failure, and all-cause mortality [6-10]. However, the association
between RFM and other types of CVD has not yet been explored.
Our study demonstrates that RFM is associated with incident AF,
HF, and CAD in both men and women from the general population.
For participants in the highest compared to the lowest quintile of
RFM, the multivariable-adjusted odds ratio for development of the
composite outcome was 2.05 in men and 1.89 in women.

Previous studies have noted the importance of using an
integrative approach for CVD, where risk prediction, screening,
or preventive measures may be performed for multiple types of at
the same time rather than for each disease separately [12, 23]. The
results of the present study are in line with this view, and indicate
that RFM may be used for the simultaneous prediction of AF, HF,
and CAD.

Interestingly, RFM was associated with incident CVD in
participants with normal weight (BMI <25 kg/m?) and overweight
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(BMI 25-30 kg/m?), but not obesity (BMI =30 kg/m?). This seems
consistent with the fact that individuals with normal or mildly
elevated BMI can still have a high body fat percentage and thus be
at increased risk of developing CVD [3, 5]. Conversely, this finding
implies that RFM may not contribute to CV risk prediction in
individuals with a known BMI =30 kg/m?>.

Previous studies have thus far delivered conflicting results
regarding the question whether RFM is a better predictor of
morbidity or mortality compared to established obesity measures
[6-9]. Although the primary aim of our study was not to answer
this question, we did include BMI and WC in the analyses to
provide a reference for the performance of RFM. In the unadjusted
analyses, RFM showed stronger associations with incident CVD
than BMI and WC. However, these differences largely disappeared
after adjustment for age, sex, and components of the SCORE risk
model, which indicates that the different obesity measures may be
equally suited for CV risk prediction when used in adjunction with
other risk factors as part of a risk prediction model.

Importantly, we found that the association of RFM with CVD was
substantially attenuated after adjustment for age. The strong
correlation of RFM with age is in line with the fact that fat mass
generally increases with age [24, 25]. Similarly, the weaker
correlation of BMI with age may be explained by the simultaneous
decrease in muscle mass that occurs in the elderly, which may
cancel out the effect of increasing fat mass on BMI [24, 25]. Thus,
our findings confirm that RFM may be a more suitable marker for
age-related changes in body composition than BMI.

One of the aims of this study was to identify potential RFM
cutoffs for the prediction of CVD in the general population. We
found that previously defined RFM cutoffs (30 for men, 40 for
women) [8] had suboptimal predictive ability, especially in men. In
our study, optimal RFM cutoffs based on the Youden index were
26 for men and 38 for women. However, other cutoffs may be
selected depending on whether a higher sensitivity or a higher
specificity is preferred and depending on the age of the
population. Overall, optimal RFM cutoffs performed slightly better
compared to previously defined and optimal cutoffs for BMI and
WG, particularly in men. Of note, the optimal RFM cutoffs found in
our study are fairly close to commonly used cutoffs for obesity
based on body fat percentage (25% for men, 35% for women) [8].
Differences between optimal and previously defined RFM cutoffs
may be explained by the fact that the previously defined cutoffs
were based on their association with mortality rather than
incident CVD. Furthermore, they were developed in a North
American population, which had a substantially higher average
BMI and RFM compared to our study population despite having a
similar mean age [8]. This highlights the need for studying and
validating RFM cutoffs for various outcomes and in various
populations.

Finally, we additionally explored age-specific cutoffs for RFM.
Optimal cutoffs for RFM increased with age, ranging from 23 to 27
in men and from 33 to 43 in women. The use of different cutoffs
for different age groups may seem less practical than using a
single cutoff for all ages, as is generally done with BMI-based
classification of obesity. However, as described above, using
higher RFM cutoffs with increasing age is probably more reflective
of the increase in fat mass that occurs with age [24, 25].
Furthermore, it has to be noted that, even when age-specific
cutoffs were not used, the optimal RFM cutoffs for men and
women performed quite well in terms of CVD prediction
compared to previously defined and optimal cutoffs for BMI
and WC.

Strengths and limitations

Our study was performed in a large, contemporary, population-
based cohort, that is representative of the general population in
The Netherlands [26]. We focused on multiple types of CVD, which
makes our results widely applicable within the entire field of CVD
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prevention. In addition, our study provides potential RFM cutoffs
for the prediction of CVD in the general population. Although
these cutoffs need further external validation, they may be directly
applied in future studies and may eventually provide a starting
point for preventive strategies targeting overweight and/or
obesity.

Limitations include the comparatively short median follow-up
duration of 3.8 years. Meta-analyses have previously shown that
association between obesity measures and CV outcomes may be
stronger during long-term follow-up [27, 28]. The incidence of AF
was fairly low compared to HF and CAD, which may be due to the
fact that AF diagnosis was based solely on a single follow-up ECG.
Therefore, paroxysmal cases of AF are likely to have been missed.
Another limitation is the use of self-reported data for incident HF
and CAD. We used self-reported data, because natriuretic peptide
measurements, echocardiography, and coronary imaging were
not performed in the overall Lifelines population. Previous studies
have demonstrated that self-report has good sensitivity for CAD,
but only moderate sensitivity for HF when compared to
physicians’ diagnoses [29, 30]. Therefore, the incidence of CVD,
especially HF, may be an underestimation and may theoretically
have diluted our results. Self-reported cases of incident HF and
CAD were not additionally validated using medical records or
medication use, since such data were not available for the present
study. Nevertheless, the specificity of self-report for CVD is
excellent, which makes false-positive cases unlikely [29, 30].
Finally, Lifelines participants are almost exclusively Dutch and
predominantly white, which limits the generalisability of our
results to other populations. The predictive performance of RFM,
as well as optimal RFM cutoffs for CVD prediction, may thus be
different in other populations.

CONCLUSIONS

RFM is associated with incident AF, HF, and CAD and may serve as
a simple and intuitive marker of obesity and cardiovascular risk in
the general population. In the present study, optimal RFM cutoffs
for the prediction of CVD were 26 for men and 38 for women,
which was lower than previously proposed cutoffs for the
diagnosis of obesity. Since RFM is substantially correlated with
age, the use of age-specific cutoffs for RFM may be considered.

DATA AVAILABILITY

Data may be obtained from a third party and are not publicly available. Researchers
can apply to use the Lifelines data used in this study. More information about how to
request Lifelines data and the conditions of use can be found on the Lifelines website
(https://www.lifelines.nl/researcher/how-to-apply).

REFERENCES

1. Kim MS, Kim WJ, Khera AV, Kim JY, Yon DK, Lee SW, et al. Association between
adiposity and cardiovascular outcomes: an umbrella review and meta-analysis of
observational and Mendelian randomization studies. Eur Heart J.
2021;42:3388-403.

2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional, and national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet. 2014;384:766-81.

3. Rothman KJ. BMI-related errors in the measurement of obesity. Int J Obes.
2008;32:556-9.

4. Gelber RP, Gaziano JM, Orav EJ, Manson JAE, Buring JE, Kurth T. Measures of
obesity and cardiovascular risk among men and women. J Am Coll Cardiol.
2008;52:605-15.

5. Woolcott OO, Bergman RN. Relative fat mass (RFM) as a new estimator of whole-
body fat percentage — a cross-sectional study in American adult individuals. Sci
Rep. 2018;8:1-11.

6. Yu P, Huang T, Hu S, Yu X. Predictive value of relative fat mass algorithm for
incident hypertension: a 6-year prospective study in Chinese population. BMJ
Open. 2020;10:e038420.

SPRINGER NATURE


https://www.lifelines.nl/researcher/how-to-apply

V.W. Zwartkruis et al.

1262

14.
15.

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Suthahar N, Meems LMG, Withaar C, Gorter TM, Kieneker LM, Gansevoort RT, et al.

Relative fat mass, a new index of adiposity, is strongly associated with incident
heart failure: data from PREVEND. Sci Rep. 2022;12:1-9.

. Woolcott OO, Bergman RN. Defining cutoffs to diagnose obesity using the rela-

tive fat mass (RFM): Association with mortality in NHANES 1999-2014. Int J Obes.
2020;44:1301-10.

. Andreasson A, Carlsson AC, Onnerhag K, Hagstrém H. Predictive capacity for

mortality and severe liver disease of the relative fat mass algorithm. Clin Gas-
troenterol Hepatol. 2019;17:2619-20.

. Suthahar N, Wang K, Zwartkruis VW, Bakker SJL, Inzucchi SE, Meems LMG, et al.

Associations of relative fat mass, a new index of adiposity, with type-2 diabetes in
the general population. Eur J Intern Med. 2023;109:73-8.

. Scholtens S, Smidt N, Swertz MA, Bakker SJL, Dotinga A, Vonk JM, et al. Cohort

profile: LifeLines, a three-generation cohort study and biobank. Int J Epidemiol.
2015;44:1172-80.

. Zwartkruis VW, Groenewegen A, Rutten FH, Hollander M, Hoes AW, van der Ende

MY, et al. Proactive screening for symptoms: a simple method to improve early
detection of unrecognized cardiovascular disease in primary care. Results from
the Lifelines cohort study. Prev Med. 2020;138:106143.

. World Health Organisation (WHO). Waist circumference and waist-hip ratio.

Report of a WHO Expert Consultation. Geneva, 8-11 December 2008

Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3:32-35.

Welch Allyn. MEANS ECG Physicians’ Manual for Welch Allyn CP Series Electro-
cardiographs MEANS Physicians Manual Caution. 2016. www.welchallyn.com.

. van der Ende MY, Siland JE, Snieder H, van der Harst P, Rienstra M. Population-

based values and abnormalities of the electrocardiogram in the general Dutch
population: the LifeLines cohort study. Clin Cardiol. 2017;40:865-72.

. van der Ende MY, Hartman MHT, Schurer RAJ, van der Werf HW, Lipsic E, Snieder

H, et al. Prevalence of electrocardiographic unrecognized myocardial infarction
and its association with mortality. Int J Cardiol. 2017;243:34-9.

. van der Ende MY, Hartman MHT, Hagemeijer Y, Meems LMG, de Vries HS, Stolk

RP, et al. The LifeLines cohort study: prevalence and treatment of cardiovascular
disease and risk factors. Int J Cardiol. 2017,228:495-500.

. Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De Backer G, et al. Esti-

mation of ten-year risk of fatal cardiovascular disease in Europe: the SCORE
project. Eur Heart J. 2003;24:987-1003.

Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J. Body mass index, waist
circumference and waist: hip ratio as predictors of cardiovascular riska review of
the literature. Eur J Clin Nutr. 2010;64:16-22.

Dunkley AJ, Stone MA, Patel N, Davies MJ, Khunti K. Waist circumference mea-
surement: knowledge, attitudes and barriers in patients and practitioners in a
multi-ethnic population. Fam Pract. 2009;26:365-71.

Senkus KE, Crowe-White KM, Locher JL, Ard JD. Relative fat mass assessment
estimates changes in adiposity among female older adults with obesity after a
12-month exercise and diet intervention. Ann Med. 2022;54:1160-6.
Groenewegen A, Zwartkruis VW, Rienstra M, Hollander M, Koffijberg H, Cramer
MJM, et al. Improving early diagnosis of cardiovascular disease in patients with
type 2 diabetes and COPD: protocol of the RED-CVD cluster randomised diag-
nostic trial. BMJ Open. 2021;11:e046330.

Han TS, Tajar A, Lean MEJ. Obesity and weight management in the elderly. Br
Med Bull. 2011;97:169-96.

Wagenaar CA, Dekker LH, Navis GJ. Prevalence of sarcopenic obesity and sar-
copenic overweight in the general population: the lifelines cohort study. Clin
Nutr. 2021;40:4422-9.

Klijs B, Scholtens S, Mandemakers JJ, Snieder H, Stolk RP, Smidt N. Representa-
tiveness of the LifeLines cohort study. PLoS ONE. 2015;10:1-12.

Aune D, Sen A, Norat T, Janszky I, Romundstad P, Tonstad S, et al. Body mass
index, abdominal fatness, and heart failure incidence and mortality: a systematic
review and dose-response meta-analysis of prospective studies. Circulation.
2016;133:639-49.

Aune D, Snekvik |, Schlesinger S, Norat T, Riboli E, Vatten LJ. Body mass index,
abdominal fatness, weight gain and the risk of psoriasis: a systematic review and
dose-response meta-analysis of prospective studies. Eur J Epidemiol.
2018;33:1163-78.

SPRINGER NATURE

29. Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ. Agreement
between self-report questionnaires and medical record data was substantial for
diabetes, hypertension, myocardial infarction and stroke but not for heart failure.
J Clin Epidemiol. 2004;57:1096-103.

30. Englert H, Miller-Nordhorn J, Seewald S, Sonntag F, Véller H, Meyer-Sabellek W,
et al. Is patient self-report an adequate tool for monitoring cardiovascular con-
ditions in patients with hypercholesterolemia? J Public Health. 2010;32:387-94.

ACKNOWLEDGEMENTS

Part of this work was presented during the ESC Heart Failure 2022 Congress and
published as a conference abstract (European Journal of Heart Failure 2022; 24
(Suppl. S2): 243, https://doi.org/10.1002/ejhf.2569).

AUTHOR CONTRIBUTIONS

VWZ, NS, DI, MR, and RAdB contributed to the conception, design and acquisition of
the work, data analysis and interpretation. VWZ drafted the manuscript. All authors
contributed to the critical revision of the manuscript, gave final approval of the
version to be published and agreed to be accountable for all aspects of the work.

FUNDING
This work was supported by the Dutch Heart Foundation (CVON RED-CVD, grant
2017-11).

COMPETING INTERESTS

For the current manuscript, the authors declare no potential conflicts of interest.
Outside of the submitted work, the authors disclosed the following financial support:
RAdB reports grants from the Dutch Heart Foundation (CVON SHE-PREDICTS-HF,
grant 2017-21; CVON RED-CVD, grant 2017-11; CVON PREDICT2, grant 2018-30; and
CVON DOUBLE DOSE, grant 2020B005), leDucq Foundation (Cure PhosphoLambaN
induced Cardiomyopathy) and the European Research Council (SECRETE-HF, ERC CoG
818715). RAdB has received research grants and/or fees from AstraZeneca, Abbott,
Boehringer Ingelheim, Cardior Pharmaceuticals Gmbh, lonis Pharmaceuticals, Inc.,
Novo Nordisk and Roche. RAdB has received speaker fees from Abbott, AstraZeneca,
Bayer, Novartis, and Roche. MR reports grants from the Dutch Heart Foundation
(CVON RACE V, grant 2014-09; CVON RED-CVD, grant 2017-11; CVON-AI, grant
2018B017; DECISION, grant 2018B024). The UMCG, which employs MR, received
grants from SJM/Abbott (VIP-HF study) and Medtronic (Cryoballoon AF registry/
biobank study).

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41366-023-01380-8.

Correspondence and requests for materials should be addressed to Rudolf A. de
Boer.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.

International Journal of Obesity (2023) 47:1256 - 1262


http://www.welchallyn.com
https://doi.org/10.1002/ejhf.2569
https://doi.org/10.1038/s41366-023-01380-8
http://www.nature.com/reprints
http://www.nature.com/reprints

	Relative fat mass and prediction of incident atrial fibrillation, heart failure and coronary artery disease in the general population
	Introduction
	Methods
	Study population
	Obesity measures and cutoff definitions
	Outcomes and risk factors
	Statistical analysis

	Results
	Clinical characteristics of the study population
	Incident cardiovascular disease
	Association of relative fat mass with incident cardiovascular disease
	Comparison with established obesity measures
	Cutoffs

	Discussion
	Strengths and limitations

	Conclusions
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




