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Aim

This observational study aimed to examine the association between the A Body Shape Index (ABSI) and/or sarcopenia and total, cardiovascular, and cancer mortality.



Methods

The associations of sarcopenia and ABSI with all-cause, cardiovascular, and cancer mortality were assessed in 4,488 participants from the 1999–2004 National Health and Nutrition Examination Survey (NHANES) who were followed up until December 31, 2015. Models were analyzed separately for men and women and adjusted for age, race, and other confounding factors. ABSI was assessed as a continuous measurement by quartile for men and women. Population attributable fractions (PAFs) were calculated to assess mortality caused by sarcopenia and/or ABSI in the study population.



Results

When ABSI was assessed as a continuous variable, the ABSI quartile showed a linear trend for total (p = 0.0001), cardiovascular (p = 0.04), and cancer (p = 0.02) mortality in men and for total (p = 0.06) and cardiovascular (p = 0.06) mortality in women. The hazard ratios (HRs) of the fourth ABSI quartile were 1.51 [95% confidence interval (CI): 1.20–1.89] in men and 1.23 (95% CI: 0.93–1.64) in women, compared with those in the first quartile. When ABSI was assessed by quartile, the appendicular skeletal mass index (ASMI) was lower in the groups with high ABSI. When high ABSI was combined with sarcopenia, the HRs of all-cause mortality were 2.05 (95% CI: 1.60–2.62) in men and 1.51 (95% CI: 1.19–1.92) in women. In the subpopulation (sarcopenia group or higher ABSI), the PAFs of mortality due to sarcopenia were 26.16% (95% CI: 12.68–37.56) in men and 21.89% (95% CI: 5.64–35.35) in women, and the PAF of mortality due to higher ABSI was 23.70% (95% CI: 12.11–33.77) in men.



Conclusion

The ABSI value was significantly associated with all-cause and cardiovascular mortality, and the co-existence of higher ABSI values and sarcopenia can contribute to a more significant death risk in comparison with high ABSI values or sarcopenia. Moreover, the ABSI values in combination with the ASMI can be used to preliminarily evaluate the content and distribution of fat and muscle and to predict the risk of death in obese and sarcopenic populations.
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Introduction

Obesity is characterized by an abnormal or extensive accumulation of adipose tissue. According to the World Health Organization (WHO) categories, obesity is defined as a body mass index (BMI) [weight/height3 (kg/m2)] of ≥30 kg/m2 (1). The global incidence rate of overweight and obesity has doubled since 1980, and almost one-third of the world’s population is now classified as overweight or obese (2). Obesity has been a heated topic in research as a risk factor for mortality (3), which can cause a series of adverse events, such as cardiovascular disease (CVD), type 2 diabetes, and cancers (4–9), affecting the lifetime and increasing mortality among older people. In recent years, attention has been paid to sarcopenia and the accompanying decline in muscle mass, strength, and performance. Due to regional and age-related variations, the prevalence of sarcopenia ranges from 1% to 29% in the community living population and from 14% to 33% in the long-term care population (10). In the 1999–2004 National Health and Nutrition Examination Survey (NHANES), the prevalence of sarcopenia was approximately 23%–30% in adults ≥60 years old (11). Appendicular skeletal mass (ASM) is commonly applied to reflect skeletal muscle mass, and in the criteria for commonly used definitions of sarcopenia, the appendicular skeletal mass index (ASMI), which is based on ASM after adjusting height, is most widely used (12). Muscle loss is associated with the incidence of death (13, 14), cardiovascular disease (15), and cancer mortality (16).

Based on the aforementioned characteristics of obesity and sarcopenia, sarcopenic obesity (17) has risen as a new consideration. According to previous studies, the average prevalence of sarcopenic obesity ranges from 5% to 10% in older adults (18). Regarding the correlation between sarcopenia and obesity, we can boldly speculate that patients with obesity tend to have limited mobility, and because the body may be too heavy to exercise effectively, muscle mass declines. In turn, the decline of muscle mass weakens metabolic capacity, and the subsequent intake of calories is easily converted into fat accumulation in the body, forming a vicious cycle. Therefore, sarcopenia and obesity can co-occur and are synergistically associated with greater functional decline and higher mortality than either condition alone (19, 20).

With aging, loss of height and muscle mass and increment of fat mass separate the associations between BMI and obesity and weaken the relationship with mortality (21). Therefore, it is important to choose an appropriate anthropometric measure that reflects body composition to better predict mortality. Body composition refers to the amount and distribution of fat and fat-free tissues in the body (1). However, multiple anthropometric measures do not reflect body composition effectively or are easily affected by other body factors, such as BMI, waist circumference (WC), waist-to-height ratio (WtHR), and waist-to-hip ratio (WHR) (22–26). Recently, the A Body Shape Index (ABSI) has been introduced as a new anthropometric measure (27). ABSI is based on WC adjusted for height and weight, which can better explain the degree of central abdominal adiposity (28, 29). Previous studies have shown that ABSI is more strongly associated with mortality than BMI or WC (6, 29–31). However, the joint effect of higher ABSI values and sarcopenia on mortality is unclear. This study was the first to evaluate whether the joint effect of higher ABSI values and sarcopenia led to a higher risk of total, cardiovascular, and cancer mortality compared with participants with higher ABSI values or sarcopenia. The findings from this study can be helpful in assessing the capacity of considering both fat and muscle mass to screen high-risk populations and provide strategies regarding health management and population-level interventions.



Materials and Methods


Study Design and Population

This cross-sectional data were acquired from the 1999–2004 NHANES. We then conducted a reanalysis of the data. The NHANES, which represents a noninstitutionalized adult population in the United States, adopted a complex, stratified, multistage probability sampling design that was used to select an appropriate sample of 31,126 participants. Data on mortality were collected from the baseline assessment until December 31, 2015, and the follow-up duration ranged from 11 to 16 years. The mortality data and details were matched between the NHANES and the records of death certificates from the National Death Index. Specific information on the NHANES and mortality data are available online. This study was not subject to review by the local institutional review board because of the deidentified nature of the analyzed data.

The inclusion criteria were as follows (1): the ages of the participants from the 1999–2004 NHANES was ≥60 years (2); there were data on the appendicular skeletal muscle, height, and waist circumference of the included participants; and (3) the participants were followed-up until 2015. Exclusion criteria were as follows: (1) individuals whose weight was >136 kg or whose height was >192 cm since the dual-energy X-ray absorptiometry (DXA) scan had limits on height (maximum, 192.5 cm) and weight (maximum, 136.4 kg); (2) pregnant women and individuals allergic to contrast agents; and (3) individuals who had been exposed to contrast agents or radioactive therapy in the previous 7 days.



Body Composition Variables

Data on the height (cm), weight (kg), and WC (cm) of the included individuals were directly obtained from the 1999–2004 NHANES. Height (cm) and weight (kg) were measured exactly to one decimal place, and WC was measured midway between the lower rib margin and the iliac crest in a standing condition. These indices were measured by trained researchers to evaluate ABSI. ABSI was developed to reflect abdominal obesity, considering BMI, WC, and height. Based on the height (cm), weight (kg), and WC (cm), ABSI was calculated as follows: ABSI = WC/(BMI2/3 × height1/2) (27). The ABSI values were assessed as continuous variables and sex-specific quartiles.

ASM was defined as the total muscle mass of both legs and arms, measured using a DXA QDR-4500 Hologic scanner. ASM is estimated, and in most cases, adjustment for height is used to define cutoff values for the ASMI. Based on ASM (kg) and height (m), the ASMI was calculated as ASMI = ASM/height2. Referring to the criteria of the European Working Group on Sarcopenia in Older People (EWGSOP), sarcopenia is assessed by the ASMI values (ASM/height2 of ≤7.26 kg/m2 in men and ≤5.5 kg/m2 in women). In addition to false teeth and hearing aids, metal objects were removed. ASM was measured in each participant. Each NHANES cycle consisted of a similar procedure(12).



Covariates

Demographic characteristics (age, sex, and ethnicity), socioeconomic background (annual household income and educational background), and complications were assessed using self-reported questionnaires. All races were included, such as non-Hispanic White, non-Hispanic Black, Hispanic, and other ethnicities, and we counted the proportion of Black participants separately. In addition, the economic level was reported as annual household income and was ultimately grouped as having achieved an income US$≥65,000. The education level was based on the highest degree and was classified as having an undergraduate degree or above. All comorbidities were based on self-reported questionnaires. Participants with diabetes mellitus were defined as those who had a physician diagnosis while not pregnant, were using insulin or oral hypoglycemic medications, or had a glycohemoglobin level of ≥6.5%. Hypertension was defined as systolic blood pressure of >140 mmHg, diastolic blood pressure of >90 mmHg, or the use of antihypertensive medications. Cardiovascular disease was defined by the self-report of a physician’s diagnosis of hypertension, congestive heart failure, coronary artery disease (CAD), angina, or myocardial infarction.



Statistical Analysis

All statistical analyses were performed using STATA version 15.0 (Stata Corporation, College Station, TX, USA). Given the known sex differences in death rates, all analyses were performed for men and women.

The risk of death due to high ABSI was assessed using Cox proportional hazards regression models. The size of the risk was reflected by the hazard ratios (HRs). Potential confounders considered in this study were age, race, annual household income, educational background, diabetes, hypertension, CAD, stroke, and the ASMI. We initially adjusted Model 1 for age and race between men and women. Model 2 was adjusted for social background and traditional risk factors, including age, race, annual household income, educational background, diabetes, hypertension, CAD, and stroke. Based on Model 2, Model 3 was obtained by adjusting for the ASMI. Cox regression analyses were performed to examine the independent association between ABSI and all-cause and cause-specific mortality in each model.

As the linear association between ABSI and mortality is not clear, tests for linearity in trends across quartiles were performed for ABSI by fitting Cox models. These studies used the median ABSI per quartile for linear trends. To further verify the predictive power of ABSI for all-cause, cardiovascular, and cancer mortality, the HRs for all-cause, cardiovascular, and cancer mortality were calculated per 1-SD increase in ABSI for each model.

In addition, we calculated the population attributable fractions (PAFs) (%) to indicate the proportion of mortality that could have been prevented in the population in the absence of high ABSI and/or sarcopenia. We used the formula PAF = Ppop(RR−1) ÷ [(Ppop × (RR−1) + 1], where the notation Ppop is the proportion of persons in the population exposed to high ABSI and/or sarcopenia, and RR is the relative risk in the exposed group compared with the unexposed group, assessed with the HRs. We calculated the two-sided 95% CIs for the PAFs of ABSI and sarcopenia with mortality. Statistical significance was defined as p < 0.05.




Results


Baseline Characteristics of Each Study Group

Of the 31,126 participants screened, we limited the sample to individuals aged ≥60 years (n = 5,607), excluding 815 participants without records of appendicular skeletal muscle mass, 104 participants without records of height, and 200 participants without records of WC. Ultimately, 4,488 participants were enrolled (Figure 1). The ABSI values were assessed as continuous variables and quartiles. The HRs for all-cause, cardiovascular, and cancer mortality were calculated using the first quartile as a reference. Table 1 shows the characteristics of each group. Among men and women, age was positively associated with the ABSI values. In contrast, ASMI and the proportion of Black individuals were negatively associated with the ABSI values, regardless of sex. In women, the prevalence of diabetes, hypertension, and CAD was related to increased ABSI; however, these relationships were not observed in men. Compared with women, men had a significantly higher annual household income, educational background, ASMI values, and prevalence of diabetes and CAD, whereas women were slightly older and had a higher frequency of hypertension.




Figure 1 | Study chart for analysis (n = 4,688).




Table 1 | Associations between ABSI and risk of all-cause mortality and cause-specific mortality among individuals aged ≥60 years (n = 4,488).





Association Between ABSI and Mortality

Table 2 shows the HRs and 95% CIs for quartiles of ABSI and trend tests for linearity after adjustment for age and race (Model 1), after additional adjustment for confounders (Model 2), and after adjustment for Model 2 and the ASMI (Model 3).


Table 2 | Association of ABSI with all-cause and cause-specific mortality.



In models assessing ABSI, there were significant linear associations for men, regardless of the model (Models 1, 2, and 3). In each model, the fourth quartile showed the highest HR. The associations between ABSI and all-cause, cardiovascular, and cancer mortality risk were significant in men after full adjustment (Model 3), and the HRs with 95% CI for Models 1, 2, and 3 were 1.51 (1.20–1.89), 1.37 (0.91–2.07), and 1.63 (0.99–2.68), respectively. However, the linear associations in women were not as significant as those in men; linear associations, which were significant or close to statistical significance, were only shown in Models 1, 2, and 3 of the all-cause and cardiovascular mortality groups. There was no association between ABSI and cancer mortality among the women.



Joint Association of ABSI and Sarcopenia With Mortality

Table 3 shows that, compared with the control group (nonsarcopenia and low ABSI), both sarcopenia and high ABSI independently increased the risk of all-cause, cardiovascular, and cancer mortality in men, based on Model 2. When participants with high ABSI suffered from sarcopenia, the HRs of each mortality event rose more sharply. These associations were also exhibited in the female study group involving all-cause mortality (HR = 1.51, 95% CI: 1.19–1.92) rather than cardiovascular (HR = 1.85, 95% CI: 1.07–3.19) and cancer (HR = 1.37, 95% CI: 0.70–2.66) mortality. In addition, Supplementary Table S1 shows the addictive interaction between ABSI and sarcopenia on mortality, and the relative excess risk of interaction (RERI) was calculated but lacked statistical significance, regardless of sex.


Table 3 | Joint association of ABSI and sarcopenia (SA) with all-cause and cause-specific mortality.





Sex-Specific PAFs of Sarcopenia to Mortality

Table 4 shows that 8.225% (95% CI: 4.247–12.04) of male deaths can be attributed to sarcopenia in the included total male population, and the proportion reached 26.16% (95% CI: 12.68–37.56) among the male sarcopenia group. This ratio was respectively 6.88% (2.21–11.41) and 21.89% (5.64–35.35) in the included total female participants and female participants with sarcopenia. In addition, the impact of sarcopenia on cardiovascular and cancer mortality may be sex specific. Table 4 indicates that the presence of sarcopenia in men is the leading cause of cardiovascular and cancer mortality, regardless of the total or subpopulation, but this association was not statistically significant in women.


Table 4 | Sex-specific PAFs of sarcopenia to all-cause and cause-specific mortality in the US population.





Sex-Specific PAFs of ABSI to Mortality

Table 5 shows that when high ABSI was eliminated as the risk factor, all-cause and cancer mortality respectively decreased by 13.23% (6.99–19.05) and 18.27% (3.31–30.92) among the total male population. However, in the male subpopulation (lower ABSI group), this degree of risk reduction for all-cause and cancer mortality reached 23.70% (12.11–33.77) and 31.74% (3.17–51.88), respectively. In women, high ABSI was not an attributable factor for all-cause (PAF = 10.91%, 95% CI: −3.72–23.48, p = 0.13), cardiovascular (PAF = 29.62%, 95% CI: −5.69–53.14, p = 0.09), and cancer (PAF = 33.49%, 95% CI: −1.04–56.22, p = 0.06) mortality.


Table 5 | Sex-specific PAFs of ABSI to all-cause and cause-specific mortality in the US population.






Discussion

Our main finding is that after adjusting for multiple factors, with increasing ABSI, total and cause-specific mortality of male participants as well as total and cardiovascular mortality of female participants significantly increased. More importantly, when higher ABSI was integrated with sarcopenia, the mortality rates in men were significantly higher than those caused by a single factor (higher ABSI or sarcopenia). However, only all-cause mortality was consistent with this association among women.

Previous studies (4, 32–35) indicated racial differences in the predictive mortality power of ABSI, which was originally formulated based on data from White, Black, and Hispanic individuals (27). Our data suggested that as ABSI increased, the proportion of Black participants gradually decreased from the first to the fourth quartile, which indicated that the body composition of Black participants had a generally lower ABSI. Previous studies have shown that older Black men and women generally possess higher appendicular lean mass and BMI than older White men and women (36–38). Our data also covered the educational background and annual household income of participants; therefore, social and economic factors can also influence the proportion of Black individuals among groups (38), which is worthy of further study.

The impact of ABSI on mortality may be sex-specific in this study, similar to previous reports (35, 39, 40). Specifically, we found that the relationship between ABSI and all-cause and cause-specific mortality was not significant in women. Some speculation and facts could explain why ABSI may not be an appropriate predictor of the risk of death in women. First, the men in our study had higher baseline ABSI levels and a higher prevalence of diabetes mellitus. Second, there was a lower frequency of cardiovascular events in women (Q1, 5.5%; Q2, 7.5%; Q3, 8.1%; Q4, 9.0%) than in men (Q1, 14.3%; Q2, 16.4%; Q3, 17.2%; Q4, 12.8%), and the subsequent statistical power might be lower, which could explain the lack of the associations among women. Third, the span of the ABSI values in female participants was larger than that in male participants, and ABSI was highly clustered around the mean with relatively small variance (41). Therefore, when the span is large and the number of groups is small, some potential connections may be obscured. Finally, the ABSI was originally designed to assess the impact of central obesity (6), since the location of fat accumulation is more important than the actual amount of body fat (14). Due to differences in fat distribution between men and women, more central fat is deposited among men with age (42). This could be one reason why the association between ABSI and mortality was not observed among women.

There are some possible explanations for ABSI’s predictive power for total and cause-specific mortality. First, the distribution of body fat is more predictable than overall obesity in predicting death (43), and ABSI can better reflect central obesity than WC, BMI, or WHR (6). Second, age is a crucial factor in the assessment of the death rate, and aging is frequently accompanied by an increase in visceral fat and a decrease in muscle mass (44). ABSI tends to increase significantly with aging (27). In summary, ABSI better reflects adenoidal obesity and age, and therefore, it better predicts mortality.

In this study, AMSI gradually decreased from the first to the fourth quartile of ABSI, regardless of sex, which indicated that muscle loss tended to accompany the accumulation of adipose tissue. When both coexist, they can synergistically increase the risk of death (19). This is consistent with the results in Table 4. There are several common mechanisms underlying sarcopenia and obesity. First, the increased generation of diverse substances from fat tissue, such as tumor necrosis factor-α (TNF-α) and leptin, can affect insulin resistance and energy metabolism, leading to the loss of muscle mass and the deposition of body fat (45). Second, age was a significant factor. All participants were aged ≥60 years, as significant age-related differences exist in the body compositions of men and women aged ≥60 years, such as loss of muscle mass and an increase in fat mass (46–48). Third, C-reactive protein (CRP) and interleukin-6 (IL-6), which have been demonstrated to be important predictors of muscle loss in people aged ≥55 years old, have been shown to be positively associated with fat mass and negatively associated with muscle mass (49, 50). Muscle loss and fat increase, including but not limited to the above mechanisms, produce a vicious cycle, which further leads to an increased risk of all-cause, cardiovascular, and cancer mortality (6, 51, 52).

The strength of the present study was that the joint association of ABSI and sarcopenia with all-cause and cause-specific mortality was evaluated for the first time, and this joint association may be sex-specific. The outcome of our study is that individuals who suffer from sarcopenia and high ABSI have a significantly higher risk of death than those without sarcopenia or with low ABSI, which stresses the urgency for a scientifically rational assessment of obesity and sarcopenia. ABSI can better assess abdominal obesity, and ASMI can evaluate lean mass. The combination of both can significantly increase the predictive power of mortality, thereby facilitating more targeted interventions to improve quality of life and extend life expectancy among older people. Current evidence suggests that progressive resistance exercise (RE) and aerobic exercise (AE) effectively reduce the risk of obesity and sarcopenia (53–55). Consequently, comprehensive assessment, diagnosis, and treatment of obesity and sarcopenia should be more greatly considered for hospitalized patients to reduce the incidence of adverse events and improve their prognosis.

Our study had some limitations. First, certain essential information regarding preexisting disease interventions, such as antihypertensive drugs, antidiabetic drugs, and CAD treatment, is unavailable and is often associated with study outcomes. Second, the sample size of women was not large enough to ensure that the study results lacked statistical significance. Third, smoking, alcohol consumption, physical activity, and dietary quality were not considered important confounding factors. Fourth, there were no other anthropometric measures of the participants for comparison, such as BMI and WC.

In conclusion, the joint effect of high ABSI and sarcopenia is strongly associated with all-cause and cause-specific mortality, compared with the impact of high ABSI or sarcopenia alone. ABSI and ASMI may be appropriate indices for assessing the proportionate relationship between adiposity with sarcopenia and mortality and should be considered for use in routine clinical care and as intervention indices as a result. However, the use of these indicators to assess female mortality requires further investigation and discussion.
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Supplementary Table 1 | Attributing effects of the additive interaction between sarcopenia and ABSI on the risks of all-cause and specific cause mortality. *RERI, Relative excess risk due to interaction. *Multivariable adjusted hazard ratios estimated from Cox models. ‡Adjusted for age, ethnicity, annual household income, education, diabetes, hypertension, stroke, and coronary artery disease.
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