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Objectives: Evidence of the relationship between android fat mass and gynoid fat
mass with the mortality prediction is still limited. Current study analyzed the
NHANES database to investigate the relationship between android fat mass,
gynoid fat mass and CVD, with all-cause mortality.
Method: The study subjects were NHANES participants over 20 years old, two
indicators of regional body composition, android fat and gynoid fat were
measured by Dual Energy x-ray Absorptiometry (DEXA). The other various
covariates data obtained from the NHANES questionnaire and laboratory
measurements, including age, gender, education, race/ethnicity, uric acid, total
serum cholesterol, albumin, Vitamin C, folate, alcohol drinking, smoking status,
history of diabetes, and hypertension. Mortality status was ascertained from a
linked mortality file prepared by the National Center for Health Statistics. The
study population was divided quartiles based on the distribution of android fat
mass and gynoid fat mass. The relationship between these two indicators with
cardiovascular and all-cause mortality was investigated by using Cox regression.
The covariates age, gender, smoking status, drinking status, history of diabetes,
and history of hypertension were stratified.
Results: In the fully adjusted model, Q3 had the lowest HR in android fat mass and
gynoid fat mass. When examining the relationship between android fat mass and
CVD mortality, current smokers and drinkers had the lowest CVD risk in Q2
[smoking: 0.21 (0.08, 0.52), drinking: 0.14 (0.04, 0.50)]. In diabetic patients,
compared with Q1, other groups with increased android fat mass can significantly
reduce the risk of CVD [Q4: 0.17 (0.04, 0.75), Q3: 0.18 (0.03, 1.09), Q2: 0.27
(0.09, 0.83)]. In ≥60 years old and female, the greater the gynoid fat mass, the
smaller the HR of all-cause mortality [Q4 for ≥60 years old: 0.57 (0.33, 0.96), Q4
for female: 0.37 (0.23, 0.58)]. People <60 years old had a lower risk of all-cause
mortality with gynoid fat mass in Q3 than those ≥60 years old [<60 years: 0.50
(0.27, 0.91), ≥60 years: 0.65 (0.45, 0.95)]. Among subjects without hypertension,
the group with the largest android fat mass had the lowest risk of CVD mortality,
and the group with the largest gynoid fat mass had the lowest risk of all-cause
mortality [Android fat mass: 0.36 (0.16, 0.81), gynoid fat mass: 0.57 (0.39, 0.85)].
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Conclusion: Moderate android fat mass and gynoid fat mass (Q3) had the most protective
effect. Smokers and drinkers need to control their body fat. Being too thin is harmful to
people with diabetes. Increased gynoid fat mass is a protective factor for all-cause
mortality in older adults and females. Young people’s gynoid fat mass is more protective in
the moderate range than older people’s. If no high blood pressure exists, people with
more android and gynoid fat mass have a lower risk of CVD or all-cause mortality.
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Introduction

Obesity is associated with dyslipidemia, impaired glucose

tolerance, and arterial hypertension, making it a significant risk

factor for cardiovascular and metabolic diseases (1). Central

obesity is associated with a higher risk of CVD (2). Even when

there are no signs or symptoms of widespread obesity, excessive

central adiposity is linked to metabolic abnormalities that raise

the risk of CVD and diabetes (3). The association between

abdominal fat accumulation and CVD appears to be more

significant regarding the location of fat accumulation. Among the

various metrics used to measure abdominal fat, using more

accurate site-specific body fat measurements may provide a better

understanding of the role of abdominal fat accumulation in CVD

(4), and may also be used to predict CVD mortality.

The predictive power of various local obesity indicators for

mortality has been validated (5, 6). Among them, men tend to

accumulate adipose tissue in the abdominal region (Android fat

mass distribution pattern) (7, 8). Android fat stores are mainly

around the trunk/abdominal area (called “central” fat stores) or

the upper body. Due to this distribution, those who exhibit

excessive android fat patterns will portray an “apple” shaped

appearance with a waist much larger than the hips. Android fat

mass measures abdominal fat, including subcutaneous and

visceral fat, and it has been confirmed to be a significant

predictor of adverse cardiovascular events (9). Android fat mass

was also associated with rheumatic diseases, metabolic syndrome,

and diabetes (10, 11), suggesting that android fat mass is

associated with a higher level of all-cause mortality.

On the other hand, some people tend to accumulate adipose

tissue in the femoral-hip region (Gynoid fat mass distribution

pattern) (7, 8) and are characterized by the accumulation of

excess fat around the buttocks, hips, and thigh area. Due to this

distribution, people may have a “pear” shaped appearance where

the hips and buttocks fat is much larger than the waist. This type

of distribution is typical in women (the term “gynoid” is

associated with the female form). Gynecologic fat is stored

“subcutaneously” under the skin and above the muscles.

However, the results are controversial. Some studies have shown

that gynoid fat mass, like android fat mass, was associated with

increased cardiovascular risk (12–14) and various disease risks

(15, 16). It may also raise the burden on heart failure patients

(17). However, a study reported that, android fat mass

distribution is a risk factor for CVD, but gynoid fat mass

distribution pattern is not, according to Kyoung-Bok Min et al.
02
(18). Some studies showed there was a potential protective effect

of gynoid fat mass on CVD and mortality (15, 19–21).

There is few study using android fat mass and gynoid fat mass

simultaneously to assess CVD and all-cause mortality, most

previous studies focused on the risk of android fat mass and

gynoid fat mass on cardiovascular events (12, 13). Our study will

enrich the theory between android fat mass, gynoid fat mass and

CVD mortality risk, and explore the association between android

fat mass, gynoid fat mass and all-cause mortality. In addition,

because of the standardized collection process and huge data

volume of the NHANES database, it will be of great help to

evaluate the relationship between android fat mass, gynoid

fat mass and CVD and all-cause mortality. This study

investigates the relationship between regional body fat [defined as

android fat mass and gynoid fat mass in dual-energy x-ray

absorptiometry (DXA)] and cardiovascular and all-cause

mortality. We hypothesize that accurate measurement of

site-specific body fat are the major predictors of cardiovascular

and all-cause mortality.
Methods

Study subjects

The National Health and Nutrition Examination Survey

(NHANES) is a population-based cohort study that collected

data on adults and children’s health and nutrition in the United

States. The NHANES program began in the early 1960s as a

series of surveys on different populations with various health and

nutrition measures. The survey examines a nationally

representative sample of approximately 5,000 people each year,

randomly selected through a statistical process using U.S. Census

information. NHANES defines baseline as the initial assessment

of a participant’s health status and risk factors at the beginning

of the survey cycle. Follow-up refers to subsequent assessments

conducted to track changes in health status and risk factors over

time. NHANES is an ongoing, independent, nationally

representative cross-sectional survey of non-institutionalized USA

civilian populations conducted every 2 years. Interviews and

physical tests are combined in this study, which is unique. The

database includes demographic data, dietary, examination,

laboratory, questionnaire, and limited access data (22).

We analyzed 20,470 participants data in the NHANES database

2003-2007, excluding those under 20 years old, missing
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FIGURE 1

Study participant flowchart.
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information on android fat mass, gynoid fat mass, mortality, and

the final included 6,631 subjects (Figure 1).
Exposure measurement

The International Society for Clinical Densitometry

recommends Dual Energy x-ray Absorptiometry (DEXA) for

measuring abdominal adiposity. DEXA’s ability to accurately and

precisely measure body fat mass in various body compartments

has been well validated (23).

In NHANES, the android area is roughly the area around

the waist between the mid-point of the lumbar spine and the

top of the pelvis, and the gynoid area lies roughly between the

head of the femur and mid-thigh. Whole-body DXA scans

were obtained according to the manufacturer’s recommended

procedure on a QDR 4500A fan-beam densitometer. Certified

radiology technologists administered the DXA examinations

in the mobile examination center. All subjects were changed

into paper gowns and were asked to remove all jewelry and
Frontiers in Cardiovascular Medicine 03
other personal items that might interfere with the DXA

examination. DXA exams were reviewed and analyzed by

the UCSF Radiology Bone Densitometry Team using industry-

standard techniques (24). All examinations were analyzed using

Hologic Discovery software version 12.1 with default

configuration, and the DXA instrument was calibrated as

proposed by Schoeller et al. (25). The Hologic APEX software

was used to define the android and gynoid regions in the scan

analysis. Longitudinal monitoring was conducted through the

daily spine phantom scans as required by the manufacturer,

3 times weekly whole-body slim-line phantom scans, and

weekly air scans correct any scanner-related changes in

participant data.
Covariate assessment

Current study’s covariates included age, gender, education,

race/ethnicity, uric acid, total serum cholesterol, albumin,

Vitamin C, folate, alcohol drinking, smoking status, history of
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diabetes, and hypertension. These data were collected from

personal interviews, physical examinations, laboratory tests,

nutritional assessments, and DNA repositories in the National

Health and Nutrition Examination Survey (NHANES).

Information on age, gender, race/ethnicity, education, drinking

status and smoking status was self-reported by participants of

NHANES via standardized questionnaires. Age was divided into

three stages: <40, 40–60 and ≥60 years old. Race/ethnicity was

defined as non-Hispanic white, non-Hispanic black, Mexican

American and others. Education was classified as lower than high

school, high school and higher than high school. Drinking status

was categorized as none, moderate drinking (0.1–27.9 g/day

for men and 0.1–13.9 g/day for women) and heavy drinking

(more than 27.9 g/day for men and more than 13.9 g/day for

women) (26). Average daily alcohol consumption derived from

the alcohol use questionnaire was: [(quantity × frequency)/365.25].

Smoking status was classified as none smoker, a former smoker

and a current smoker based on two inquiries: “Have you

smoked at least 100 cigarettes in life and do you smoke

cigarettes now?” (27). Laboratory data included uric acid, serum

total cholesterol, albumin, vitamin C, and folate. Participants

were invited to a Mobile Examination Center (MEC), where

trained medical professionals collected blood samples. The

blood sampling procedure involved drawing blood from a vein

in the participant’s arm using a needle and syringe. The blood

sample was then sent to a laboratory for analysis. The results of

the blood marker test were then added to the NHANES

database along with other data collected during the exam.

Beckman Synchron LX20 was used to measure serum uric acid

levels by colorimetry; an enzymatic method was used to

measure serum total cholesterol levels; albumin was measured

by solid-phase fluorescent immunoassay; vitamin C was

measured electrochemically by isocratic high-performance liquid

chromatography at 650 mV, and serum folate was measured by

Quantaphase II radiometry.
Mortality data

Mortality status was ascertained from a linked mortality file

prepared by the National Center for Health Statistics that

contains a probabilistic match between NHANES and National

Death Index (NDI) records; the follow-up time of this study was

calculated from the examination date of NHANES 2003–2006

until the last known alive or censored date up to December 31,

2019. The mortality rate can accurately match each participant

and be calculated as the number of deaths per unit of time

(e.g., per year) among a specific population (e.g., by age group,

race/ethnicity, or other demographic characteristics). Deaths from

CVD were defined as deaths caused by cardiac diseases (codes

I00–I09, I11, I13, I20–I51) or cerebrovascular diseases (codes

I60–I69) (28). Meanwhile, we used sample weights to calculate

estimates representing the U.S. civilian noninstitutionalized

population or subpopulation. “PROC SURVEYREG” were used

in computing descriptive and regression analyses.
Frontiers in Cardiovascular Medicine 04
Statistical analysis

We quadrifid the participants according to android fat mass

(Q1: <1,487.40 g, Q2: 1,487.40–2,208.79 g, Q3: 2,208.80–

3,036.09 g, and Q4: ≥3,036.10 g) and gynoid fat mass

(Q1: <3,116.20 g, Q2: 3,116.20–4,053.39 g, Q3: 4,053.40–

5,235.79 g, and Q4: ≥5,235.80 g). The characteristics of the study

population were expressed as frequencies and percentages, as well

as averages and standard deviations. ANOVA for continuous

variables and chi-square test for categorical variables were used

to test hypotheses about the baseline features of the population

with 4 levels of android fat mass and gynoid fat mass.

The hazard ratios and 95 percent confidence intervals between

android fat mass, gynoid fat mass with CVD, and all-cause

mortality were evaluated using a weighted Cox proportional risk

regression model adjusted for various covariates. In model 1, we

adjusted for age. In model 2, further adjusted gender,

race/ethnicity, education level, alcohol status, and smoking status.

In model 3, further added uric acid, total serum cholesterol,

albumin, Vitamin C, and folate. Model 4 was a fully adjusted

multivariate model using all the covariates from model 3 and a

history of hypertension and diabetes.

In at least one model, age, gender, smoking status, drinking

status, history of diabetes, and hypertension showed significant

deviation from proportional risks (P < 0.05). Consequently, Cox

regression analyses were stratified according to these factors,

facilitating the computation of distinct hazard ratios within each

stratum. SAS software version 9.4 (SAS Institute, Cary, North

Carolina) was used to analyze the data, and a Two-sided P value

<0.05 was considered statistically significant.
Results

Characteristics of the subjects

Android fat mass quantiles: Q1: <1,487.40 g; Q2: 1,487.40–

2,208.79 g; Q3: 2,208.80–3,036.09 g; Q4: ≥3,036.10 g, and gynoid

fat mass quartiles: Q1: <3,116.20 g; Q2: 3,116.20–4,053.39 g;

Q3: 4,053.40–5,235.79 g; Q4: ≥5,235.80 g.
Throughout the 10.41 person-years of follow-up in this study

(median follow-up 10.83 years; maximum follow-up 13.08 years),

882 deaths occurred, including 205 deaths from CVD. As shown

in Table 1, the distribution of age, gender, race/ethnicity,

education, smoking status, drinking status, total serum

cholesterol, albumin, Vitamin C, folate, history of diabetes and

hypertension for android fat mass and gynoid fat mass were

statistically significant (P < 0.05) in the analysis of baseline

characteristics. Participants with the highest android fat mass and

gynoid fat mass were more likely to be 40–60 years old, female,

non-Hispanic black, had a higher education level, never smoked,

never drank alcohol, and had no history of diabetes and

hypertension. The smallest android fat mass group had the

lowest Uric acid, Serum total cholesterol, Folate and the highest

Albumin and Vitamin C, while the smallest gynoid fat mass
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TABLE 2 Associations of android fat mass and gynoid fat mass with cardiovascular and all-cause mortality in U.S. adults aged at least 20 years.

Android fat mass P
trend

Gynoid fat mass P
trendQ1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

<1,487.40 1,487.40–
2,208.79

2,208.80–
3,036.09

≥3,036.10 <3,116.20 3,116.20–
4,053.39

4,053.40–
5,235.79

≥5,235.80

Total (N ) 1,656 1,658 1,658 1,659 1,657 1,658 1,658 1,658

CVD
Deaths, No. (%) 45 (1.3) 52 (1.4) 47 (1.5) 61 (2.4) <.0001 75 (2.3) 59 (1.8) 31 (1.1) 40 (1.5) <.0001

Deaths/
person-years

232/17,167 274/17,115 297/17,400 389/17,320 366/16,529 358/17,238 194/17,458 274/17,778

Unadjusted 1 [Reference] 1.11 (0.79, 1.55) 1.13 (0.69, 1.86) 1.80 (1.14, 2.84) 0.0149 1 [Reference] 0.73 (0.55, 0.98) 0.45 (0.26, 0.77) 0.61 (0.37, 0.99) 0.0504

Model 1 1 [Reference] 0.68 (0.49, 0.95) 0.58 (0.35, 0.95) 0.93 (0.60, 1.45) 0.8018 1 [Reference] 0.62 (0.47, 0.83) 0.32 (0.18, 0.57) 0.48 (0.29, 0.78) 0.0086

Model 2 1 [Reference] 0.71 (0.49, 1.01) 0.57 (0.34, 0.94) 0.96 (0.58, 1.57) 0.7796 1 [Reference] 0.73 (0.54, 0.99) 0.44 (0.23, 0.85) 0.76 (0.41, 1.40) 0.3414

Model3 1 [Reference] 0.69 (0.47, 1.03) 0.49 (0.28, 0.87) 0.77 (0.45, 1.33) 0.6518 1 [Reference] 0.67 (0.48, 0.93) 0.39 (0.20, 0.76) 0.59 (0.31, 1.13) 0.1248

Model 4 1 [Reference] 0.64 (0.44, 0.93) 0.39 (0.22, 0.71) 0.58 (0.35, 0.98) 0.1577 1 [Reference] 0.60 (0.43, 0.82) 0.36 (0.18, 0.69) 0.53 (0.28, 0.99) 0.0719

All-cause mortality
Deaths No. (%) 180 (6.1) 234 (7.8) 223 (8.2) 245 (9.7) <.0001 267 (9.3) 241 (8.2) 197 (7.2) 177 (7.2) <.0001

Deaths/person-
years

1,060/17,167 1,422/17,115 1,442/17,400 1,536/17,320 1,513/16,529 1,518/17,238 1,222/17,458 1,207/17,778

Unadjusted 1 [Reference] 1.28 (1.01, 1.63) 1.32 (1.04, 1.69) 1.57 (1.29, 1.92) 0.0002 1 [Reference] 0.84 (0.69, 1.02) 0.73 (0.59, 0.90) 0.72 (0.57, 0.92) 0.0246

Model 1 1 [Reference] 0.84 (0.67, 1.06) 0.74 (0.60, 0.91) 0.89 (0.74, 1.07) 0.4270 1 [Reference] 0.73 (0.60, 0.89) 0.54 (0.44, 0.68) 0.59 (0.45, 0.76) 0.0008

Model 2 1 [Reference] 0.86 (0.67, 1.11) 0.73 (0.58, 0.93) 0.91 (0.74, 1.11) 0.5306 1 [Reference] 0.83 (0.67, 1.03) 0.68 (0.53, 0.87) 0.78 (0.59, 1.04) 0.1126

Model3 1 [Reference] 0.84 (0.64, 1.10) 0.69 (0.52, 0.92) 0.75 (0.57, 0.97) 0.0290 1 [Reference] 0.82 (0.65, 1.03) 0.64 (0.49, 0.83) 0.65 (0.46, 0.92) 0.0193

Model 4 1 [Reference] 0.80 (0.61, 1.04) 0.62 (0.46, 0.82) 0.64 (0.49, 0.83) 0.0019 1 [Reference] 0.77 (0.61, 0.97) 0.60 (0.46, 0.79) 0.61 (0.42, 0.88) 0.0134

Values are n or weighted hazard ratio (95% confidence interval). Model 1: adjusted for age-. Model 2: model 1 + sex, race/ethnicity, education level, alcohol, and smoking.

Model 3: model 2 + uric acid, serum total cholesterol, albumin, vitamin C, folate (RBC). Model 4: model 3 + history of hypertension, history of diabetes.
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group had the lowest Uric acid, Serum total cholesterol, Folate,

Vitamin C and the highest Albumin.
Android fat mass, gynoid fat mass, and CVD,
all-cause mortality

Table 2 shows the associations between android fat mass,

gynoid fat mass, CVD, and all-cause mortality. In the fully

adjusted model, the multivariable HRs (95% CIs) of all-cause

mortality were 0.80 (0.61–1.04) in Q2, 0.62 (0.46–0.82) in Q3

and 0.64 (0.49–0.83) in Q4 for android fat mass (P trend =

0.0019), and 0.77 (0.61–0.97) in Q2, 0.60 (0.46–0.79) in Q3 and

0.61 (0.42–0.88) in Q4 for gynoid fat mass (P trend = 0.0134),

respectively. The association between android fat mass and

gynoid fat mass and CVD mortality was non-significant. We

found that Q3 in android fat mass and gynoid fat mass had the

smallest risk of all-cause mortality.

After that, we did a stratified analysis based on age, gender,

smoking, alcohol, diabetes history, and hypertension history in

Figure 2. When examining the relationship between android fat

mass and CVD mortality, current smokers and current drinkers

had the lowest CVD risk in Q2 [smoking: 0.21 (0.08, 0.52),

drinking: 0.14 (0.04, 0.50)]. In diabetic patients, compared with

Q1, other groups with increased android fat mass can

significantly reduce the risk of CVD [Q4: 0.17 (0.04, 0.75), Q3:

0.18 (0.03, 1.09), Q2: 0.27 (0.09, 0.83)]. In ≥60 years old and

female, the greater the gynoid fat mass, the smaller the HR of
Frontiers in Cardiovascular Medicine 06
all-cause mortality [Q4 for ≥60 years old: 0.57 (0.33, 0.96), Q4

for female: 0.37 (0.23, 0.58)]. People <60 years old had a lower

risk of all-cause mortality with gynoid fat mass in Q3 than those

≥60 years old [<60 years: 0.50 (0.27, 0.91), ≥60 years: 0.65 (0.45,

0.95)]. Among those without hypertension, the group with the

largest android fat mass had the lowest risk of CVD mortality,

and the group with the largest gynoid fat mass had the lowest

risk of all-cause mortality [android fat mass: 0.36 (0.16, 0.81),

gynoid fat mass: 0.57 (0.39, 0.85)].
Discussion

In this large cohort study of the nationally-representative US

population, android fat mass and gynoid fat mass were

associated with risks of CVD and all-cause mortality. For older

women, gynoid fat mass is a protective factor for all-cause

mortality, when gynoid fat mass falls within the Q2–Q3 range, it

exerts a more substantial protective effect on non-elderly

individuals. Smokers and drinkers need to control their android

fat mass to reduce CVD mortality, and being too thin can

increase the risk of CVD mortality in diabetics. The non-

hypertensive population with greater android fat mass and

gynoid fat mass has a lower risk of CVD and all-cause mortality.

Obesity is a public health issue in high-income countries (29).

Previous studies have shown that the amount of fat in the

population has increased over the previous two decades, with the

increase in younger age groups and women requiring special
frontiersin.org
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FIGURE 2

(A,B) Associations of android fat mass and gynoid fat mass with CVD and all-cause mortality Among different groups. Hazard ratios were adjusted for age,
sex, race/ethnicity, education, alcohol, smoking, uric acid, serum total cholesterol, albumin, vitamin C, folate (RBC). History of Hypertension and history of
diabetes. CVD, cardiovascular disease.
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attention (30, 31). Obesity is measured by an increase in the

number of adipocytes and excess fat stored in adipocytes. Body

fat is mainly distributed in two main areas of the body.

Therefore, it is often divided into subcutaneous adipose tissue

(SAT) and visceral adipose tissue (VAT) (32). The latest research

on android and gynoid fat mass represents a novel and

intriguing direction, as android fat distribution describes the

distribution of body fat tissue, primarily around the trunk and

upper body, in regions such as the abdomen, chest, shoulders,

and back of the neck. This pattern may result in an “apple” body

shape or central obesity, with visceral adipose tissue being

predominant (33). Excess visceral tissue increases susceptibility to

a variety of metabolic diseases, including impaired glucose and

lipid metabolism, insulin resistance (34, 35), colon cancer (36),

breast cancer (37), and prostate cancer (38), as well as more

extended hospital, stays more infectious and non-infectious

complications, and higher in-hospital mortality (39). Gynoid fat

mass is body fat that grows around the buttocks, chest, and

thighs (40) and is primarily used to give nutrients to the

offspring. It is also known as “reproductive fat” because it

contains long-chain polyunsaturated fatty acids (PUFA), which

are necessary for fetal development (33). Android and gynoid fat

mass tissues have different cellular properties, with the android

type having larger adipose (hypertrophic) cells and the gynoid

type having more adipocytes (hyperplasia) (41). These

discrepancies could explain their differing roles in lowering or

raising mortality.

Compared to those in the lowest group, individuals with the

highest android fat mass had increased albumin and vitamin C,

and reduced serum total cholesterol and folate. Previous research

on albumin and adiposity is limited. However, one study found a

negative relationship between blood glycated albumin and body

fat (42), similar to our findings, but the mechanism is unknown.

Plasma vitamin C concentrations have been shown to correlate
Frontiers in Cardiovascular Medicine 07
inversely with body mass index (BMI), percent body fat, and

waist circumference (43). A positive relationship between serum

total cholesterol and body fat has been reported (44). Folic acid

is involved in the body’s fatty acid metabolism (45), and several

previous studies have found lower serum folate concentrations in

individuals with higher body fat (45–47), contrary to our

findings. However, one study found a positive association

between obesity and erythrocyte folate (48).

It is well known that too little and too much body fat are risk

factor (49). Its protective U-shaped effect is similar to BMI. In our

study with Q1 as a control, the risk of mortality was reduced in all

other groups with increased fat mass, which shows the protective

effect of body fat (50), the ability to store and supply energy,

improve the efficiency of sugar utilization, conserve protein,

protect and insulating impact, and promoting the absorption of

fat-soluble vitamins have been widely demonstrated (51–53). Q3

had the lowest HR of the three groups. When fat mass increased,

the risk of both CVD and all-cause mortality decreased, then

increased, which is consistent with earlier research. Excess fat

mass is linked to an increased risk of mortality, according to

Anja M Sedlmeier (54), who found a J-shaped association

between the two; notably, there are also some studies pointing to

a monotonic positive association between adiposity and

mortality, and a wealth of studies have now demonstrated

associations of various shapes, with one review indicating that

adiposity was linked to mortality in either a positive monotonic

or J-shaped relationship (55). In addition, a similar study focused

on the impact of muscle and body fat on mortality. The same

database found that specific subgroups with low fat had the

lowest risk of death (50). Regarding the physiological function of

android and gynoid fat mass, android-obese individuals have

higher hematocrit, red blood cell count, and blood viscosity than

gynoid-obese individuals. They are, therefore, more prone to

CVD (56). However, compared to android fat, the ratio of
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gynoid fat to total fat amount is negatively associated with risk

factors for CVD (14). Furthermore, both android and gynoid fat

are important risk factors for CVD in children, particularly boys

(12). Although it appears that android fat is a risk factor for

CVD, different groups have reached different findings about

whether the effects of gynoid fat are favorable or negative. In

light of our findings, one possible explanation for why increased

android and gynoid fat confers a lower risk of cardiovascular

mortality was that the value of Q1 in our subgroup was too low

and represents a relatively undernourished group, implying that

any increase in fat mass would result in some reduction in

cardiovascular risk and all-cause mortality. However the risk was

lowest in Q3.

Among a stratified analysis of android fat mass and CVD

mortality, it was discovered that current smokers and current

drinkers have the lowest CVD risk in Q2, indicating that

smokers and drinkers need to control their android fat mass at a

small level because smoking, excessive alcohol consumption, and

obesity are all risk factors for CVD death (57–59), combining

smoking or alcohol abuse with obesity significantly increases

CVD mortality (60, 61). Android fat mass represents central

obesity, and individuals with central obesity have a higher risk of

CVD death than those with general obesity (62); the risk of CVD

death in current smokers or drinkers increases as android fat

mass increases. We also found that compared to Q1, other

diabetic patients with greater android fat mass can significantly

reduce the risk of CVD. On the one hand, previous research has

demonstrated that android fat mass functions as a mediator in

metabolic syndrome (63), which could explain why diabetic

individuals with higher fat mass have a lower risk of CVD death.

On the other hand, too little fat mass can harm people with

diabetes. Body fat regulates insulin sensitivity and glucose

metabolism (64). Insulin resistance, a critical factor in developing

of type 2 diabetes, is often associated with excess fat

accumulation in the body (65). However, having too little body

fat can also lead to insulin resistance and impaired glucose

metabolism, especially in people with type 1 diabetes (66, 67). In

addition, low body fat levels can lead to other health problems,

such as nutrient deficiencies, compromised immune function,

and decreased bone density (68).

In stratified analysis, increased gynoid fat mass reduced the risk

of all-cause mortality in women and the elderly. This may be due to

the close relationship between gynoid fat mass and estrogen (69);

estrogen has a significant effect on cardiovascular protection (70)

and body metabolism (71), and the characteristic part of gynoid

fat mass: buttocks fat deposition was thought to be associated

with better lipid and blood glucose levels (72). In a systematic

review, increases in hip and thigh circumference were associated

with a reduced risk of death, with the effect being more

pronounced in women (73). Gynoid fat mass-type fat

accumulation was inversely associated with CVD and type 2

diabetes (74); our findings confirm that discrete fat depots exert

health effects uniquely, and that modest increases in gynoid fat

mass may be more beneficial to female health. Also, research has

demonstrated that gynoid fat mass protects older adults (75, 76);

the reason may be that gynoid fat mass reduces the
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cardiovascular risk (14), improves glucose metabolism (77), and

is associated with reduced injury from falls (76, 78).

Furthermore, we found that the protective effect of gynoid fat

mass decreased in the Q3 group from non-elderly to elderly.

This may be due to hormonal changes that redistribute body

fat from the hips and thighs to the abdomen (79), increased

total body fat and decreased muscle mass due to decreased

muscle mass and physical activity in older adults (80), and

these factors reduce the protective effect of appropriate gynoid

fat mass.

Last but not least, among those without hypertension, those

with large android fat mass and gynoid fat mass had a

smaller risk of CVD and all-cause mortality. A previous study

confirmed that systolic blood pressure was positively correlated

with visceral robotic fat (81). Studies prove that abdominal

(android) fat mass was associated with high blood pressure. This

was thought to be because the fat cells in this area release

hormones and other substances that can affect blood pressure

regulation (82). Excess weight can also contribute to high

blood pressure, and clinical trials have shown a reduction in

CVD mortality after lowering blood pressure (83). Excess

regional fat appeared to be a risk factor for CVD and all-cause

mortality in hypertensive populations. Because the health damage

caused by larger android fat mass and gynoid fat mass overrides

the health protection, especially the accumulation of visceral fat,

leading to insulin resistance, elevated blood sugar levels, high

blood pressure and dyslipidemia, atherosclerosis, all of which are

risk factors for CVD (84, 85). But our study may show that

the overall protective effect of large android fat mass and

gynoid fat mass outweighs the risk in the non-hypertensive

population, however, it was essential to note that the relationship

between body fat distribution and health outcomes is complex

and may be influenced by other factors such as age, sex, and

lifestyle habits.
Strengths and limitations

Based on the US NHANES database with a large population

sample and established assessment methodologies, this study

combined the effects of android and gynoid fat mass on CVD

and all-cause mortality. However, there are a few flaws things

to be aware of: (1) The time frame needs to be longer, and the

follow-up years need to be longer. The NHANES database only

investigated android fat mass and gynoid fat mass

simultaneously and continuously during 2003–2007, which

needs more context for the current study; (2) The index is too

simple, and a new idea has been proposed in recent years: the

obesity paradox, which states that people who are overweight

or obese live longer, but our study does not define obesity

criteria. Only fat mass was measured rather than a ratio, and

the collected data are only absolute values, making it

impossible to analyze an individual’s fatness appropriately.

Other studies have examined indicators, including the fat mass

index (kg/m2), relative fat mass (RFM), and fat/lean ratio.

Others have begun to look at the influence of the android/
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gynoid ratio on mortality; (3) The results of stratified analysis for

diabetes differ from those of previous research. If our study could

be divided into type 1 and type 2 diabetes, the results might have

been better.
Conclusion

The effects of android and gynoid fat mass on CVD and all-

cause mortality in an adult population were investigated in this

study. It was found that moderate android fat mass and gynoid

fat mass (Q3) had the most potent protective effect. Smokers and

drinkers need to control their body fat. Being too thin is harmful

to the health of people with diabetes. Increased gynoid fat mass

is a protective factor for all-cause mortality in older adults and

females. Young people’s gynoid fat mass is more protective in

the moderate range than older people’s. If no high blood

pressure exists, people with more android and gynoid fat mass

have a lower risk of CVD or all-cause mortality.
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