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subcutaneous adipose tissue (SAT) are widely 
discussed.3-5 As several lines of evidence relat‑
ed to central obesity (a high percentage of VAT) 
support the association of central obesity with 
a higher risk for diseases and mortality,6 the role 
of VAT’s counterpart, SAT, has raised great inter‑
est. Previous studies suggested that SAT actually 
protects from cardiometabolic disorders such as 
diabetes,7 hypertriglyceridemia,8 and atheroscle‑
rosis.9 Basic science on mice offered more robust 
evidence of adverse results (reduced glucose toler‑
ance and muscle insulin sensitivity) after remov‑
al of SAT10 but improved results after transplan‑
tation of SAT.11 On the other hand, recent large 
clinical trials unveiled the association between 

INTROduCTION The detrimental impact of obesi‑
ty on the risk for cardiovascular (CV) events and 
insulin resistance has been widely discussed.1,2 
The most common definition of obesity involves 
the body mass index (BMI), which is calculated 
using a simple formula that only requires infor‑
mation on height and weight of a person. How‑
ever, the accuracy of BMI has been questioned, 
as it does not distinguish between muscularity 
and fatness or reflect real body composition, for 
instance, bone density and body fat distribution. 
Various anthropometric indices have been pro‑
posed to enhance the estimation of body compo‑
sition and fat distribution. Among them, mea‑
surements of visceral adipose tissue (VAT) and 
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INTROduCTION Subcutaneous adipose tissue (SAT) has been suggested to be a protective fat depot. 
Measurement of skinfold thickness (ST) is a simple means of superficial SAT (SSAT) assessment, but 
its correlation with mortality risk is controversial.
ObjECTIvEs We aimed to investigate the association between ST measured at 4 commonly assessed 
sites and the risk for all ‑cause, cardiovascular (CV), and cancer mortality.
PATIENTs ANd mEThOds A total of 10 261 eligible individuals aged 20 to 90 years who participated in 
the National Health and Nutrition Examination Survey III were included. Hazard ratios (HRs) for all ‑cause, 
CV, and cancer mortality were examined for 4 sites of ST measurement: the triceps, subscapular and 
suprailiac regions, and the thigh. Receiver operating characteristic analysis was performed to determine 
the predictive ability of ST for mortality risk.
REsuLTs All 4 STs were associated with a lower risk for mortality, with an HR below 1. Among the 4 
sites, suprailiac ST had the greatest protective benefit in terms of all ‑cause mortality (HR, 0.972; 
P <0.001) and CV mortality (HR, 0.562; P <0.001), and was the best predictive factor for all ‑cause 
mortality (area under the curve = 0.576; P <0.001). In subgroup analyses, men and elderly patients 
(≥65 years old) manifested protective effects of SAT at more sites and with respect to more causes 
of mortality.
CONCLusIONs The inverse association between ST and mortality risk implies possible benefits of SSAT 
in terms of mortality risk reduction. This effect was especially notable for ST measured at the suprailiac 
region.
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participants to the National Death Index on mor‑
tality status and cause of death through Decem‑
ber 31, 2015.16 The follow ‑up duration was calcu‑
lated as the time from the date of NHANES exam‑
ination (between 1988 and 1994, when NHANES 
III was conducted), until either the date of death 
or the end of the follow ‑up period (December 31, 
2015). Those with documented records were re‑
garded as deceased participants, while those with‑
out such records were assumed alive. No study 
participant was lost to follow ‑up. The mean (SD) 
follow ‑up duration was 13.83 (3.46) years. The pri‑
mary end point of this study was the life status of 
each participant at the end of 2015, which could 
be either death (presented as all ‑cause mortali‑
ty) or survival. The secondary end points evalu‑
ated 2 cause ‑specific mortalities, namely, CV and 
cancer mortality, and the effect in different age 
(<65 vs ≥65 years old) and sex groups (male vs fe‑
male). The cause of death was identified based on 
the classification codes according to the Interna-
tional Classification of Diseases, 10th Revision.17 CV 
mortality was defined using codes I00–I90, I11, 
I13, I20–I51, and I60–I69, and cancer mortality 
was defined using codes C00−C97. The number of 
end points for all ‑cause, CV, and cancer mortality 
was 2160, 935, and 499, respectively.

Anthropometric measurements and body fat  
The protocol of measuring ST was video ‑recorded 
and is briefly described as follows: the examiners 
first made landmarks on bones or midpoints of 
well ‑defined bones on the right side of the body. 
Before examination, the skinfold was lifted 2 cm 
above the landmark. The jaw of the Holtain skin‑
fold caliper (Holtain Ltd, Cromwell, United King‑
dom) was placed perpendicular to the length of 
the fold, and the results were read in millimeters. 
The attempts that did not produce reliable results 
were not recorded. Four sites of ST measurement 
were examined. The ST of the triceps was mea‑
sured at the mid ‑upper arm; the ST of the sub‑
scapular region was measured at the inferior an‑
gle of the right scapula; the ST of the suprailiac 
region was measured at the horizontal mark just 
above the uppermost lateral border of the ilium 
and the vertical mark on the mid ‑axillary line; and 
the ST of the thigh was measured at the midline 
of the right thigh.

Covariates The details of self ‑reported demo‑
graphic information and laboratory test results 
were as follows: race was classified into 4 catego‑
ries: non ‑Hispanic White, non ‑Hispanic Black, 
Mexican American, and others. The formula for 
BMI calculation was weight (in kilograms) divid‑
ed by the square of the height (in meters). Blood 
pressure was measured on 2 occasions, during 
an in ‑house interview and at the mobile exam‑
ination center (MEC). In both cases, the mea‑
surement was performed with the participant 
placed in a sitting position, after 5 minutes of 
rest, and the mean of 3 repeated measurements 
was recorded. Waist circumference was measured 

the reduction of adipose tissue and improved 
CV risk. Glucagon ‑like peptide 1 (GLP ‑1) recep‑
tor agonists and glucose ‑dependent insulinotro‑
pic polypeptide and GLP ‑1 dual receptor agonist 
have shown benefits in obesity therapies when 
used to treat diabetes12 and further contributed 
to CV risk reduction.13 A large 10 ‑year prospec‑
tive study revealed long ‑term CV risk reduction 
after bariatric surgery.14 This evidence supports 
the hypothesis that the volume of adipose tissue 
is one of the factors contributing to CV health.

While the protective effects of SAT have been 
documented in several studies, little attention has 
been paid to different sites of SAT deposition. In 
the present study, we performed a head ‑to ‑head 
comparison of 4 common sites of skinfold mea‑
surement used to assess SAT: the triceps, sub‑
scapular and suprailiac regions, and the thigh. 
Their association with and predictive ability to‑
ward all ‑cause, CV, and cancer mortality risk were 
examined.

PATIENTs ANd mEThOds study population  
The data used in the present study were derived 
from the National Health and Nutrition Exam‑
ination Survey (NHANES) III, carried out be‑
tween 1988 and 1994.15 NHANES is a national‑
ly representative survey of noninstitutionalized 
residents of the United States (US). It is one of 
the major programs of the National Center for 
Health Statistics (NCHS) at the Centers for Dis‑
ease Control and Prevention (CDC). The survey 
was started in 1971 and became a serial event 
since 1999. NHANES III, which was carried out 
prior to 1999, is not part of the “continuous 
NHANES.” It was conducted in 2 phases: phase 1 
(1988–1991) and phase 2 (1991–1994). Informed 
consent was collected from all participants, and 
detailed information on interview and examina‑
tion procedures is available on the CDC website. 
From among 33 232 participants who were ini‑
tially enrolled, we excluded those with insuffi‑
cient data on the 4 skinfold thicknesses (STs), in‑
complete demographic and clinical information 
(including age, sex, race, C ‑reactive protein [CRP] 
and albumin levels, comorbidities, and smoking 
history), and those who took medications with 
possible side effects of peripheral edema caus‑
ing inaccuracy in ST measurements. A total of 
10 261 participants aged 20 to 90 years were el‑
igible for further analysis.

Mortality files were obtained from the data link‑
age program at the NCHS, which was recently up‑
dated to link the National Health Interview Survey 

whAT’s NEw?

An increase in skinfold thickness (ST) is associated with lower risk for all‑
‑cause, cardiovascular, and cancer mortality. This effect is most notable for 
ST measured at the suprailiac region. As ST represents the layer of superficial 
subcutaneous adipose tissue (SSAT), the inverse association between ST and 
mortality risk implies the protective effect of SSAT.
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REsuLTs Characteristics of the study population  
The demographic information of the study par‑
ticipants is shown in TAbLE 1. The median ST mea‑
sured at the triceps, subscapular and suprailiac re‑
gions, and the thigh was 14.90, 19.10, 19.70, and 
18.00 mm, respectively. Men composed 52.7% of 
the study population. The median value of BMI 
was 25.40, and the mean systolic / diastolic blood 
pressure was 118/72 mm Hg. Medical conditions, 
including congestive heart failure, stroke, diabe‑
tes mellitus, and cancer, occurred in less than 10% 
of the participants.

Association between 4 skinfold thicknesses and all-
-cause, cardiovascular, and cancer mortality risk  
The HRs of the 4 SATs (as reflected by ST) asso‑
ciated with the 3 causes of mortality are present‑
ed in TAbLE 2. HR represents the change in risk per 
1 ‑mm increase in ST. For all ‑cause mortality, all 
4 SATs showed an HR below 1, suggesting that 
an increase in the thickness of each SAT result‑
ed in a lower risk of death. Among the 4, suprail‑
iac SAT revealed the best protective effect with 
the lowest HR (HR, 0.972; 95% CI, 0.965–0.979; 
P <0.001), while SAT of the thigh offered the least 
benefit with the highest HR (HR, 0.988; 95% CI, 
0.982–0.994; P <0.001). For CV and cancer mor‑
tality, similar trends of protective effects were 
shown in all 4 SATs. All unadjusted models 
(Model 1) were significant, and the adjusted mod‑
els (Models 2–6) were significant for ST measured 
at the suprailiac region for CV mortality, and for 
STs measured at the triceps and the thigh for can‑
cer mortality. The ranking of 4 SATs was the same 
in all ‑cause and CV mortality, with the following 
classification of protective effects (from the most 
to the least pronounced): suprailiac region > tri‑
ceps > subscapular region > thigh. In cancer mor‑
tality, the ranking was slightly different, as the HR 
of the SAT of the triceps (HR, 0.979; 95% CI, 
0.963–0.995; P = 0.01) was slightly better than 
that of the suprailiac SAT (HR, 0.982; 95% CI, 
0.969–0.995; P = 0.008). Of note, the HRs that 
were significant in unadjusted models (Model 1) 
remained so in models further adjusted for BMI 
(Model 5) and waist circumference (Model 6). This 
suggests that the protective effects of SATs were 
independent of total obesity and central obesity. 
Sensitivity analysis that excluded all deaths within 
the first 2 years of follow ‑up (Supplementary ma‑
terial, Table S1) showed no difference in the over‑
all effect. A stepwise decrease in all HRs in higher‑
‑quintile groups of the 4 SATs indicated that such 
protective effect could be greater in regions with 
thicker SAT (Supplementary material, Table S2). 
Collectively, the thickness of the SAT was pro‑
tective against mortality risk, and the SAT thick‑
ness in the suprailiac region performed the best 
in such scenario.

Predictive analyses using receiver operating char-
acteristic curves in 4 skinfold thicknesses We 
further conducted a  ROC analysis to com‑
pare the predictive ability of each SAT toward 

at the uppermost lateral border of the ilium us‑
ing a tape measure. Protocols of the abovemen‑
tioned anthropometric measurements are de‑
scribed elsewhere.18 The participants were con‑
sidered to be smokers if they responded positive‑
ly to the question “Have you smoked at least 20 
cigarettes in your entire life?” Medical conditions, 
including congestive heart failure, stroke, diabe‑
tes mellitus, and cancer were considered present 
if a patient had been previously diagnosed with 
these diseases. Serum albumin level was mea‑
sured using a Beckman Coulter UniCel DxC800 
Synchron autoanalyzer (Beckman Coulter Inc., 
Brea, California, United States).19 The serum lev‑
el of low ‑density lipoprotein cholesterol (LDL ‑C) 
was not directly measured but calculated using 
the Friedewald formula,20 which refers to the val‑
ues of total cholesterol, triglycerides, and high‑
‑density lipoprotein cholesterol. Serum total cho‑
lesterol measurements were standardized us‑
ing the Abell–Kendall method on a Hitachi 717 
Analyzer (Boehringer Mannheim Diagnostics, 
Indianapolis, Indiana, United States).19 Serum 
triglycerides were measured enzymatically after 
hydrolyzation to glycerol (Hitachi 704 Analyzer, 
Hitachi, Tokyo, Japan).19 Plasma CRP levels were 
measured using an automated Behring Nephelom‑
eter Analyzer System (Behring Diagnostics, Inc., 
Somerville, New Jersey, United States).19

statistical analysis The software used to ana‑
lyze the data in the current study was SPSS ver‑
sion 22.0 (IBM Corp., IBM SPSS Statistics for 
Windows, Armonk, New York, United States). 
The Cox proportional hazard model was used 
to calculate hazard ratios (HRs) of mortality in 
4 subgroups according to the site of ST measure‑
ment: the triceps, the subscapular region, the su‑
prailiac region, and the thigh. Receiver operating 
characteristic (ROC) curves were plotted to ob‑
tain the area under the curve (AUC) values and 
the optimal cutoff values for the 4 STs. This anal‑
ysis plots sensitivity by 1 ‑specificity at every test 
value, and the optimal cutoff values were deter‑
mined using the Youden index.21

Four expanded models for appropriate adjust‑
ments were created as follows: Model 1 was un‑
adjusted; Model 2 was adjusted for age, sex, and 
race; Model 3 added serum CRP, albumin, and 
LDL ‑C to adjustments included in Model 2; Mod‑
el 4 added systolic blood pressure, smoking, con‑
gestive heart failure, stroke, diabetes mellitus, and 
cancer to adjustments included in Model 3; Mod‑
el 5 added BMI to adjustments included in Mod‑
el 4; and Model 6 added waist circumference to 
adjustments included in Model 4. P values of less 
than 0.05 were considered significant.

Ethics approval and consent to participate NHANES 
is a publicly available dataset, and all participants 
in the survey provided written informed con‑
sent, consistent with approval from the Nation‑
al Center for Health Statistics Research Ethics 
Review Board.
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ST above the cutoff value (thicker skinfolds), and 
the Y variable was the cause of mortality. HR in 
this analysis represents the relative risk of mortal‑
ity (higher when >1, and lower when <1) as com‑
pared with the cutoff value. The HRs of the 4 SATs 
were all lower than 1, showing that the subgroups 
with thicker SATs had a lower risk of mortality. 
The ranking of SAT was the same as that in TAbLE 2 
for all ‑cause and CV mortality, as the suprailiac site 
had the best protective ability among the 4 sites. In 
addition, as we compared the HRs of the suprail‑
iac region with respect to 3 causes of mortality, 
CV mortality showed the lowest HR (HR, 0.589; 
95% CI, 0.483–0.717; P <0.001). The above re‑
sults again demonstrated the best protective abil‑
ity of the suprailiac SAT and further confirmed its 
greatest beneficial effect on the risk for CV events.

subgroup analyses of age and sex for 3 causes of 
mortality in 4 skinfold thicknesses We further 
performed subgroups analyses in young (<65 
years) vs old (≥65 years) (TAbLE 4) and male vs 

all ‑cause mortality (FIGuRE 1). Among the 4 sites 
of ST measurement, the suprailiac region was 
associated with the greatest AUC (AUC = 0.576; 
95% CI, 0.563–0.589; P  <0.001), reflecting 
the best ability to predict survival probability. 
In contrast, the subscapular area had the small‑
est AUC (AUC = 0.531; 95% CI, 0.521–0.548; 
P <0.001). The AUC values of the 4 SATs were 
all above 0.5, indicating that all 4 SAT indices 
were good predictors, as compared with ran‑
dom models.

For subsequent analysis, we acquired optimal 
ST cutoff values according to the ROC analy‑
sis. The cutoff values for the triceps, subscap‑
ular and suprailiac regions, and the thigh were 
16.45, 22.65, 20.85, and 13.45 mm, respectively.

The optimal cutoff values from the ROC analy‑
sis were used to examine the relationship between 
each of the 4 STs and 3 causes of mortality. Cox 
regression analysis was performed again using 
the optimal cutoff values mentioned above (TAbLE 3). 
The X variable of each SAT was the subgroup with 

TAbLE 1 Characteristics of the study participants (n = 10 261)

Continuous variables Mean (SD) Median (IQR)

Triceps skinfold thickness, mm 16.57 (7.95) 14.90 (10.40–22.00)

Subscapular skinfold thickness, mm 19.93 (8.07) 19.10 (13.60–25.20)

Suprailiac skinfold thickness, mm 20.32 (9.49) 19.70 (12.48–27.60)

Thigh skinfold thickness, mm 20.32 (10.99) 18.00 (10.90–29.30)

Age, y 47.35 (19.24) 43 (30–63)

Height, cm 167.15 (9.87) 167.30 (159.8–174.2)

Weight, kg 72.17 (14.85) 70.90 (61.30–81.50)

BMI, kg/m2 25.73 (4.27) 25.40 (22.70–28.30)

Waist circumference, cm 90.59 (12.59) 90.00 (81.20–99.10)

Systolic blood pressure, mm Hg 124.70 (21.69) 118 (110–136)

Diastolic blood pressure, mm Hg 72.16 (13.12) 72 (64–80)

Serum fasting glucose, mg/dl 100.83 (34.92) 92.0 (4.72–5.55)

Serum albumin, g/dl 4.18 (0.37) 4.10 (4.00–4.40)

CRP, mg/dl 0.42 (0.74) 0.21 (0.21–0.33)

LDL ‑C, mg/dl 127.58 (38.81) 124 (101–151)

Categorical variables n (%)

Male sex 5406 (52.7)

Race Non ‑Hispanic White 4388 (42.8)

Non ‑Hispanic Black 2514 (24.5)

Mexican ‑American 2961 (28.9)

Other 398 (3.9)

Smoker 1207 (11.8)

Hypertension 2453 (23.9)

Congestive heart failure 280 (2.7)

Stroke 234 (2.3)

Diabetes mellitus 695 (6.8)

Other cancer 333 (3.2)

SI conversion factors: to convert glucose to mmol/l, multiply by 0.0555; albumin to gl/l, by 10; CRP to mg/l, by 10; 
LDL ‑C to mmol/l, by 0.0259.

Abbreviations: BMI, body mass index; CRP, C‑ reactive protein; IQR, interquartile range; LDL ‑C, low density lipoprotein 
cholesterol
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P = 0.002). As for sex, the protective effects 
showed sex ‑specific differences at particular 
sites with respect to different causes of mortal‑
ity. At the triceps, the protective effect was sig‑
nificant in women for all ‑cause mortality (Mod‑
el 6: HR, 0.954; P <0.001), whereas in men it 
was significant for cancer mortality (Model 6: 
HR, 0.957; P = 0.03). At the subscapular region, 
the protective effect was significant in men for 

female populations (TAbLE 5). HR represent‑
ed the change in risk per 1 ‑mm increase in ST. 
We found that the protective effect was signifi‑
cant in the old population in terms of all ‑cause 
(Model 6: triceps: HR, 0.971; P = 0.001; sub‑
scapular region: HR, 0.987; P = 0.04; suprailiac 
region: HR, 0.971; P <0.001; thigh: HR, 0.982; 
P = 0.001) and cancer mortality (Model 6: tri‑
ceps, HR, 0.955; P = 0.007; thigh: HR, 0.964; 

TAbLE 2 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement

ST measurement 
site

HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

All ‑cause mortality

Triceps HR (95% CI) 0.977 
(0.969–0.985)

0.979 
(0.968–0.991)

0.976 
(0.965–0.988)

0.975 
(0.964–0.987)

0.971 
(0.957–0.986)

0.967 
(0.953–0.981)

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

Subscapular 
region

HR (95% CI) 0.981 
(0.973–0.990)

0.988 
(0.979–0.997)

0.987 
(0.978–0.996)

0.986 
(0.977–0.995)

0.985 
(0.972–0.997)

0.979 
(0.967–0.991)

P value <0.001 0.008 0.004 0.002 0.02 <0.001

Suprailiac region HR (95% CI) 0.972 
(0.965–0.979)

0.985 
(0.977–0.993)

0.984 
(0.976–0.991)

0.984 
(0.976–0.992)

0.979 
(0.968–0.990)

0.970 
(0.959–0.981)

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

Thigh HR (95% CI) 0.988 
(0.982–0.994)

0.985 
(0.976–0.994)

0.984 
(0.975–0.992)

0.983 
(0.975–0.992)

0.984 
(0.974–0.994)

0.982 
(0.972–0.991)

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

Cardiovascular mortality

Triceps HR (95% CI) 0.981 
(0.969–0.994)

0.990 
(0.973–1.007)

0.985 
(0.968–1.003)

0.983 
(0.966–1.001)

0.984 
(0.962–1.006)

0.980 
(0.959–1.002)

P value 0.004 0.25 0.10 0.07 0.15 0.07

Subscapular 
region

HR (95% CI) 0.985 
(0.973–0.998)

0.999 
(0.985–1.013)

0.996 
(0.982–1.010)

0.995 
(0.981–1.009)

1.001 
(0.982–1.021)

0.996 
(0.978–1.014)

P value 0.02 0.88 0.59 0.48 0.89 0.68

Suprailiac region HR (95% CI) 0.968 
(0.958–0.979)

0.987 
(0.975–0.999)

0.984 
(0.972–0.996)

0.984 
(0.972–0.997)

0.980 
(0.964–0.997)

0.974 
(0.956–0.991)

P value <0.001 0.04 0.01 0.01 0.02 0.003

Thigh HR (95% CI) 0.992 
(0.983–1.001)

0.990 
(0.977–1.003)

0.988 
(0.975–1.001)

0.988 
(0.974–1.001)

0.989 
(0.974–1.004)

0.987 
(0.973–1.002)

P value 0.048 0.15 0.08 0.07 0.15 0.09

Cancer mortality

Triceps HR (95% CI) 0.979 
(0.963–0.995)

0.977 
(0.956–0.999)

0.975 
(0.953–0.997)

0.974 
(0.953–0.997)

0.960 
(0.933–0.989)

0.956 
(0.930–0.982)

P value 0.01 0.05 0.03 0.02 0.006 0.001

Subscapular 
region

HR (95% CI) 0.986 
(0.970–1.002)

0.989 
(0.972–1.007)

0.989 
(0.972–1.007)

0.989 
(0.972–1.007)

0.982 
(0.959–1.006)

0.974 
(0.952–0.997)

P value 0.049 0.23 0.23 0.23 0.14 0.02

Suprailiac region HR (95% CI) 0.982 
(0.969–0.995)

0.992 
(0.978–1.007)

0.992 
(0.977–1.007)

0.992 
(0.976–1.007)

0.987 
(0.966–1.008)

0.974 
(0.953–0.996)

P value 0.008 0.3 0.3 0.32 0.22 0.02

Thigh HR (95% CI) 0.986 
(0.975–0.998)

0.979 
(0.962–0.996)

0.978 
(0.961–0.995)

0.977 
(0.960–0.995)

0.972 
(0.953–0.991)

0.970 
(0.952–0.989)

P value 0.02 0.02 0.01 0.01 0.005 0.002

Model 1 = unadjusted; Model 2 = age, sex, race; Model 3 = Model 2 + CRP, albumin, LDL ‑C; Model 4 =Model 3 + systolic blood pressure, 
smoking, congestive heart failure, stroke, DM, other cancera; Model 5 = Model 4 + BMI; Model 6 = Model 4 + waist circumference

a Other cancer includes cancers at the following sites except for skin cancer: bladder, breast, cervix, colon, rectum, large intestine, prostate, uterus, 
bone, brain, nervous system, esophagus, gallbladder, Hodgkin’s disease, kidney, leukemia, liver, lung, lymphoma, mouth, pharynx, ovary, pancreas, 
stomach, testicles, others.

Abbreviations: DM, diabetes mellitus; HR, hazard ratio; ST, skinfold thickness; others, see TAbLE 1
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the fact that there are actually 2 categories of adi‑
pose tissue: VAT and SAT. The former has already 
been proven to have a negative impact on various 
health conditions, especially CV and metabolic 
diseases. Multifactorial underlying mechanisms 
have been proposed, including secretion of inflam‑
matory cytokines (interleukin 1, interleukin 6, tu‑
mor necrosis factor α) by visceral adipocytes,26 in‑
crease in free fatty acid availability,27 and alter‑
ations in plasma glucose homeostasis.28,29 Hav‑
ing gained sufficient knowledge on VAT, scien‑
tists developed interest in its counterpart, SAT. 
Recent studies compared VAT and SAT to explore 
the differences between these 2 types of adipose 
tissue. A study that measured fat by computed to‑
mography (CT) showed that the amount of VAT 
altered the carbohydrate and lipoprotein metab‑
olism, while an increase in femoral fat (a type of 
SAT) may be protective against the adverse ef‑
fects of obesity on plasma lipoprotein levels.30 
Another study, in which 3001 participants from 
the Framingham Heart Study were recruited, re‑
vealed that abdominal SAT was associated with 
lower serum triglyceride levels, suggesting that 
SAT was actually a protective fat depot.8 A recent 
study of 2683 postmenopausal women more di‑
rectly observed that elevated amount of trunk fat 
(similar to VAT) and reduced amount of leg fat 
(similar to SAT) were associated with an increased 
risk of CV disease.31 Taken globally, a new concept 
of “adverse fat distribution,” characterized by in‑
creased VAT and decreased SAT, was proposed to 
be a warning sign of an increased risk for cardio‑
metabolic events.32

Although previous studies have offered robust 
evidence regarding the protective effects of SAT, 
limited information is available on SAT at differ‑
ent sites. In addition, diseases and cause ‑specific 
mortalities have been discussed in separate stud‑
ies, but direct comparisons are lacking. To the best 
of our knowledge, this study is the first to include 
head ‑to ‑head comparisons between 4 common 
SAT deposits and 3 causes of mortality.

The superiority of suprailiac SAT found in 
our study has not been discussed in the past. 
Several previous studies regarded ST of the su‑
prailiac region as the trunk fat index and calcu‑
lated trunk / extremity skinfold ratios (repre‑
senting central / peripheral fat ratios) according‑
ly.33,34 The results showed a positive correlation 
between truncal fat and cardiometabolic indi‑
ces such as blood pressure, plasma glucose, and 
serum lipid profiles. However, the sample siz‑
es were small, and the studies lacked sufficient 
follow ‑up periods. More importantly, the accura‑
cy of ST as an indicator of truncal fat is doubtful. 
In fact, it has been proposed that SAT should be 
further separated into 2 layers: SSAT and deep 
SAT (DSAT).35 Emerging evidence showed that 
the protective role of SAT is actually contribut‑
ed to SSAT rather than to DSAT. A study per‑
formed using abdominal magnetic resonance 
imaging clearly distinguished between SSAT and 
DSAT, and abdominal SSAT was related to lower 

all ‑cause (Model 6: HR, 0.984; P = 0.03) and can‑
cer mortality (Model 6: HR, 0.969; P = 0.04). 
At the suprailiac region, the protective effect was 
significant in men for all ‑cause (Model 6: HR, 
0.976; P = 0.002) and CV mortality (Model 6: 
HR, 0.977; P = 0.048). At the thigh, the protec‑
tive effect was significant in women for all ‑cause 
mortality (Model 6: HR, 0.971; P <0.001). Col‑
lectively, the male population manifested pro‑
tective effects of SAT at more sites than the fe‑
male population.

dIsCussION The main finding of our study was 
the inverse correlation between ST and the risk 
for all ‑cause, CV, and cancer mortality, reflecting 
the possible protective ability of superficial SAT 
(SSAT) against adverse health events. This effect 
was most notable for SSAT measured at the su‑
prailiac region.

Regional fat distribution has received a lot of 
attention from researchers as increasing evidence 
has shown its prognostic ability to be more accu‑
rate than that of the common total body fat in‑
dicator, BMI.22,23 Ruderman et al24 showed that 
metabolically obese, normal ‑weight individuals 
had a higher risk of cardiometabolic complica‑
tions than the metabolically healthy obese pa‑
tients. Their findings suggested that the risk was 
elevated in patients with a normal BMI but with 
central obesity.6,24,25 This may be explained by 

FIGuRE 1  Receiver operating characteristic curves comparing the predictive ability of 
each skinfold thickness (ST) toward all ‑cause mortality. Areas under the curve (AUCs), 
sensitivity, and specificity are presented, and the optimal cutoff value of each ST is 
calculated
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the results of a previous study that first proposed 
the subdivision into SSAT and DSAT.38 The au‑
thors used dissections on cadavers and clearly 
defined the fascia that separated SSAT and DSAT, 
and the results of SSAT thickness measurements 
in our study were in line with theirs. Therefore, 

fasting plasma glucose and glycated hemoglo‑
bin A1c levels.36 Other studies also revealed pro‑
tective effects of SSAT on lipid profiles and glu‑
cose homeostasis.37 We considered the measure‑
ment with a caliper, as performed in NHANES 
III, to reflect SSAT thickness, in accordance with 

TAbLE 3 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement using the cutoff 
valuesa obtained in the receiver operating characteristic analysis

ST measurement 
site

Event, 
n

HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

All ‑cause mortality

Triceps 874 HR (95% CI) 0.670 
(0.571–0.785)

0.826 
(0.690–0.988)

0.787 
(0.656–0.943)

0.791 
(0.661–0.948)

0.823 
(0.676–1.001)

0.785 
(0.648–0.950)

P value <0.001 0.04 0.009 0.01 0.05 0.01

Subscapular 
region

712 HR (95% CI) 0.713 
(0.608–0.837)

0.907 
(0.771–1.067)

0.897 
(0.762–1.057)

0.901 
(0.765–1.062)

0.967 
(0.802–1.168)

0.904 
(0.752–1.087)

P value <0.001 0.24 0.19 0.21 0.73 0.28

Suprailiac region 854 HR (95% CI) 0.641 
(0.564–0.728)

0.834 
(0.730–0.951)

0.717 
(0.705–0.934)

0.724 
(0.707–0.943)

0.741 
(0.705–0.989)

0.777 
(0.659–0.916)

P value <0.001 0.007 0.003 0.005 0.04 0.003

Thigh 1390 HR (95% CI) 0.714 
(0.596–0.856)

0.795 
(0.651–0.971)

0.768 
(0.628–0.939)

0.773 
(0.633–0.946)

0.802 
(0.651–0.988)

0.775 
(0.631–0.952)

P value <0.001 0.03 0.01 0.01 0.04 0.02

Cardiovascular mortality

Triceps 408 HR (95% CI) 0.678 
(0.532–0.864)

0.887 
(0.675–1.167)

0.833 
(0.632–1.099)

0.831 
(0.631–1.094)

0.867 
(0.644–1.167)

0.837 
(0.625–1.122)

P value 0.002 0.39 0.19 0.18 0.35 0.23

Subscapular 
region

313 HR (95% CI) 0.681 
(0.532–0.873)

0.53 
(0.739–1.229)

0.928 
(0.719–1.198)

0.933 
(0.722–1.206)

1.006 
(0.751–1.347)

0.958 
(0.719–1.275)

P value 0.002 0.71 0.57 0.6 0.97 0.77

Suprailiac region 371 HR (95% CI) 0.589 
(0.483–0.717)

0.850 
(0.692–1.044)

0.810 
(0.658–0.997)

0.820 
(0.665–1.010)

0.831 
(0.648–1.066)

0.785 
(0.610–1.012)

P value <0.001 0.12 0.046 0.06 0.14 0.06

Thigh 654 HR (95% CI) 0.618 
(0.461–0.829)

0.683 
(0.496–0.940)

0.654 
(0.475–0.902)

0.661 
(0.480–0.911)

0.676 
(0.485–0.941)

0.662 
(0.477–0.918)

P value 0.001 0.02 0.01 0.01 0.02 0.01

Cancer mortality

Triceps 180 HR (95% CI) 0.698 
(0.513–0.950)

0.802 
(0.566–1.138)

0.759 
(0.534–1.081)

0.768 
(0.540–1.092)

0.741 
(0.505–1.087)

0.703 
(0.484–1.022)

P value 0.02 0.022 0.13 0.14 0.13 0.07

Subscapular 
region

161 HR (95% CI) 0.739 
(0.542–1.009)

0.878 
(0.640–1.204)

0.878 
(0.639–1.206)

0.891 
(0.648–1.226)

0.873 
(0.605–1.259)

0.799 
(0.558–1.145)

P value 0.06 0.42 0.42 0.48 0.47 0.22

Suprailiac region 195 HR (95% CI) 0.672 
(0.601–0.992)

0.936 
(0.724–1.210)

0.938 
(0.723–1.217)

0.950 
(0.731–1.233)

0.944 
(0.687–1.296)

0.842 
(0.609–1.163)

P value 0.04 0.61 0.63 0.69 0.72 0.29

Thigh 289 HR (95% CI) 0.782 
(0.554–1.106)

0.841 
(0.573–1.235)

0.816 
(0.555–1.200)

0.829 
(0.564–1.220)

0.824 
(0.551–1.232)

0.794 
(0.535–1.178)

P value 0.16 0.38 0.3 0.34 0.35 0.25

Model 1 = unadjusted; Model 2 = age, sex, race; Model 3 = Model 2 + CRP, albumin, LDL ‑C; Model 4 =Model 3 + systolic blood pressure, 
smoking, congestive heart failure, stroke, DM, other cancera; Model 5 = Model 4 + BMI; Model 6 = Model 4 + waist circumference

a HR in this analysis represents the relative risk compared to the cutoff value of each subcutaneous adipose tissue thickness group. Optimal cutoff 
values were determined by receiver operating characteristic analysis. The cutoff values of the triceps, subscapular, suprailiac, and thigh were 16.45, 
22.65, 20.85, and 13.45 mm, respectively.

b Other cancer includes cancers at the following sites except for skin cancer: bladder, breast, cervix, colon, rectum, large intestine, prostate, uterus, 
bone, brain, nervous system, esophagus, gallbladder, Hodgkin’s disease, kidney, leukemia, liver, lung, lymphoma, mouth, pharynx, ovary, pancreas, 
stomach, testicles, others

Abbreviations: see TAbLEs 1 and 2
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TAbLE 4 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement categorized by age 
(continued on the next page)

ST 
measurement 
site

Age, 
y

HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

All ‑cause mortality
Triceps <65 HR (95% CI) 0.981 

(0.963–0.999)
0.978 
(0.954–1.002)

0.978 
(0.954–1.002)

0.973 
(0.949–0.997)

0.959 
(0.927–0.992)

0.959 
(0.929–0.990)

P value 0.043 0.008 0.007 0.03 0.02 0.01
≥65 HR (95% CI) 0.965 

(0.955–0.975)
0.982 
(0.969–0.995)

0.979 
(0.966–0.992)

0.977 
(0.964–0.991)

0.976 
(0.960–0.992)

0.971 
(0.955–0.986)

P value <0.001 0.007 0.002 0.001 0.004 <0.001
Subscapular 
region

<65 HR (95% CI) 0.993 
(0.976–1.011)

0.980 
(0.962–1.000)

0.980 
(0.961–1.000)

0.977 
(0.957–0.996)

0.960 
(0.932–0.988)

0.960 
(0.934–0.986)

P value 0.46 0.045 0.046 0.02 0.005 0.003
≥65 HR (95% CI) 0.969 

(0.959–0.978)
0.992 
(0.982–1.003)

0.991 
(0.981–1.002)

0.990 
(0.980–1.001)

0.994 
(0.980–1.008)

0.987 
(0.973–1.000)

P value <0.001 0.046 0.11 0.03 0.38 0.04
Suprailiac 
region

<65 HR (95% CI) 0.999 
(0.985–1.014)

0.990 
(0.975–1.005)

0.990 
(0.974–1.006)

0.988 
(0.973–1.004)

0.983 
(0.960–1.005)

0.976 
(0.953–1.000)

P value 0.93 0.19 0.21 0.14 0.13 0.05
≥65 HR (95% CI) 0.962 

(0.954–0.971)
0.985 
(0.976–0.994)

0.983 
(0.974–0.993)

0.984 
(0.974–0.993)

0.980 
(0.967–0.992)

0.971 
(0.958–0.983)

P value <0.001 0.001 <0.001 0.001 0.002 <0.001
Thigh <65 HR (95% CI) 0.984 

(0.971–0.998)
0.987 
(0.967–1.007)

0.985 
(0.965–1.005)

0.985 
(0.966–1.005)

0.984 
(0.962–1.007)

0.983 
(0.962–1.005)

P value 0.023 0.19 0.14 0.13 0.17 0.13
≥65 HR (95% CI) 0.982 

(0.975–0.988)
0.985 
(0.975–0.995)

0.984 
(0.974–0.994)

0.984 
(0.974–0.994)

0.985 
(0.974–0.996)

0.982 
(0.972–0.993)

P value <0.001 0.003 0.001 0.001 0.006 0.001
Cardiovascular mortality
Triceps <65 HR (95% CI) 0.996 

(0.963–1.030)
1.019 
(0.975–1.065)

1.017 
(0.972–1.064)

1.002 
(0.957–1.048)

0.941 
(0.883–1.003)

0.965 
(0.909–1.024)

P value 0.8 0.4 0.48 0.95 0.06 0.24
≥65 HR (95% CI) 0.968 

(0.954–0.983)
0.985 
(0.966–1.004)

0.982 
(0.963–1.002)

0.979 
(0.960–0.999)

0.990 
(0.967–1.015)

0.982 
(0.960–1.006)

P value <0.001 0.13 0.07 0.04 0.44 0.14
Subscapular 
region

<65 HR (95% CI) 1.026 
(0.994–1.060)

1.002 
(0.986–1.059)

1.019 
(0.983–1.057)

1.008 
(0.972–1.045)

0.958 
(0.908–1.011)

0.978 
(0.930–1.029)

P value 0.12 0.23 0.29 0.68 0.12 0.4
≥65 HR (95% CI) 0.969 

(0.954–0.983)
0.995 
(0.980–1.011)

0.994 
(0.978–1.009)

0.993 
(0.977–1.008)

1.010 
(0.989–1.032)

1.000 
(0.980–1.020)

P value <0.001 0.53 0.41 0.36 0.34 0.99
Suprailiac 
region

<65 HR (95% CI) 1.016 
(0.988–1.044)

1.007 
(0.978–1.038)

1.004 
(0.974–1.035)

0.999 
(0.970–1.029)

0.951 
(0.908–0.995)

0.960 
(0.918–1.005)

P value 0.28 0.62 0.79 0.95 0.03 0.08
≥65 HR (95% CI) 0.957 

(0.945–0.970)
0.982 
(0.969–0.996)

0.980 
(0.966–0.994)

0.980 
(0.966–0.994)

0.985 
(0.966–1.003)

0.976 
(0.957–0.995)

P value <0.001 0.009 0.004 0.005 0.11 0.01
Thigh <65 HR (95% CI) 0.983 

(0.957–1.009)
1.000 
(0.963–1.039)

0.995 
(0.958–1.034)

0.991 
(0.955–1.029)

0.960 
(0.919–1.002)

0.972 
(0.932–1.013)

P value 0.19 0.99 0.81 0.64 0.06 0.18
≥65 HR (95% CI) 0.985 

(0.976–0.995)
0.989 
(0.975–1.003)

0.987 
(0.973–1.002)

0.987 
(0.972–1.001)

0.994 
(0.978–1.010)

0.989 
(0.974–1.005)

P value 0.003 0.12 0.08 0.07 0.44 0.2
Cancer mortality
Triceps <65 HR (95% CI) 0.994 

(0.966–1.023)
0.952 
(0.914–0.991)

0.953 
(0.915–0.993)

0.951 
(0.913–0.991)

0.949 
(0.898–1.004)

0.939 
(0.892–0.989)

P value 0.69 0.02 0.02 0.02 0.07 0.02
≥65 HR (95% CI) 0.962 

(0.941–0.983)
0.980 
(0.953–1.007)

0.976 
(0.949–1.004)

0.975 
(0.948–1.003)

0.955 
(0.922–0.989)

0.955 
(0.924–0.988)

P value <0.001 0.15 0.09 0.08 0.01 0.007
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TAbLE 4 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement categorized by age 
(continued from the previous page)

ST 
measurement 
site

Age, 
y

HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Subscapular 
region

<65 HR (95% CI) 0.978 
(0.949–1.008)

0.954 
(0.923–0.986)

0.955 
(0.924–0.988)

0.955 
(0.923–0.987)

0.944 
(0.899–0.991)

0.933 
(0.891–0.977)

P value 0.15 0.005 0.008 0.007 0.02 0.003
≥65 HR (95% CI) 0.982 

(0.962–1.002)
0.998 
(0.977–1.019)

0.998 
(0.977–1.019)

0.998 
(0.977–1.019)

0.989 
(0.961–1.017)

0.984 
(0.958–1.012)

P value 0.08 0.85 0.83 0.83 0.44 0.27
Suprailiac 
region

<65 HR (95% CI) 0.987 
(0.9641.012)

0.976 
(0.951–1.002)

0.978 
(0.952–1.004)

0.976 
(0.950–1.003)

0.983 
(0.945–1.021)

0.964 
(0.925–1.005)

P value 0.3 0.08 0.1 0.08 0.37 0.09
≥65 HR (95% CI) 0.981 

(0.9640.999)
0.97 
(0.978–1.015)

0.996 
(0.977–1.015)

0.996 
(0.977–1.015)

0.986 
(0.961–1.012)

0.979 
(0.953–1.005)

P value 0.03 0.73 0.66 0.67 0.29 0.11
Thigh <65 HR (95% CI) 1.004 

(0.983–1.025)
0.980 
(0.950–1.011)

0.981 
(0.950–1.012)

0.983 
(0.953–1.015)

0.994 
(0.959–1.030)

0.987 
(0.954–1.020)

P value 0.720 0.21 0.22 0.3 0.74 0.43
≥65 HR (95% CI) 0.973 

(0.959–0.987)
0.975 
(0.955–0.996)

0.974 
(0.954–0.994)

0.973 
(0.953–0.994)

0.963 
(0.941–0.986)

0.964 
(0.943–0.986)

P value <0.001 0.02 0.01 0.01 0.002 0.002

Model 1 = unadjusted; Model 2 = age, sex, race; Model 3 = Model 2 + CRP, albumin, LDL ‑C; Model 4 =Model 3 + systolic blood pressure, 
smoking, congestive heart failure, stroke, DM, other cancera; Model 5 = Model 4 + BMI; Model 6 = Model 4 + waist circumference

a Other cancer includes cancers at the following sites except for skin cancer: bladder, breast, cervix, colon, rectum, large intestine, prostate, uterus, 
bone, brain, nervous system, esophagus, gallbladder, Hodgkin’s disease, kidney, leukemia, liver, lung, lymphoma, mouth, pharynx, ovary, pancreas, 
stomach, testicles, others.

Abbreviations: see TAbLEs 1 and 2

TAbLE 5 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement categorized by 
sex (continued on the next page)

ST 
measurement 
site

Sex HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

All ‑cause mortality

Triceps Male HR (95% CI) 0.998 
(0.983–1.014)

0.981 
(0.964–0.99)

0.980 
(0.963–0.998)

0.978 
(0.961–0.996)

0.985 
(0.963–1.007)

0.982 
(0.961–1.004)

P value 0.82 0.04 0.03 0.02 0.19 0.11

Female HR (95% CI) 0.969 
(0.956–0.983)

0.978 
(0.963–0.993)

0.975 
(0.959–0.990)

0.973 
(0.958–0.989)

0.959 
(0.940–0.979)

0.954 
(0.936–0.972)

P value <0.001 0.005 0.001 0.001 <0.001 <0.001

Subscapular 
region

Male HR (95% CI) 0.994 
(0.983–1.006)

0.985 
(0.973–0.998)

0.984 
(0.972–0.997)

0.983 
(0.970–0.995)

0.986 
(0.969–1.004)

0.984 
(0.968–1.001)

P value 0.33 0.02 0.01 0.007 0.12 0.03

Female HR (95% CI) 0.971 
(0.959–0.983)

0.992 
(0.979–1.005)

0.992 
(0.979–1.005)

0.991 
(0.977–1.004)

0.984 
(0.966–1.003)

0.972 
(0.955–0.990)

P value <0.001 0.23 0.23 0.18 0.1 0.12

Suprailiac 
region

Male HR (95% CI) 0.965 
(0.956–0.974)

0.980 
(0.970–0.991)

0.980 
(0.970–0.990)

0.981 
(0.970–0.991)

0.979 
(0.965–0.994)

0.976 
(0.961–0.991)

P value <0.001 <0.001 <0.001 <0.001 0.005 0.002

Female HR (95% CI) 0.980 
(0.970–0.991)

0.991 
(0.980–1.003)

0.978 
(0.978–1.001)

0.989 
(0.977–1.001)

0.980 
(0.964–0.997)

0.961 
(0.944–0.978)

P value <0.001 0.14 0.08 0.07 0.02 0.08

Thigh Male HR (95% CI) 1.003 
(0.990–1.016)

0.991 
(0.978–1.003)

0.990 
(0.977–1.002)

0.989 
(0.976–1.001)

0.994 
(0.980–1.008)

0.993 
(0.979–1.007)

P value 0.65 0.14 0.12 0.08 0.42 0.31

Female HR (95% CI) 0.990 
(0.979–1.001)

0.979 
(0.968–0.991)

0.978 
(0.966–0.990)

0.978 
(0.966–0.990)

0.973 
(0.959–0.986)

0.971 
(0.959–0.984)

P value 0.07 0.001 <0.001 <0.001 <0.001 <0.001
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TAbLE 5 Hazard ratios for all ‑cause, cardiovascular, and cancer mortality according to the site of skinfold thickness measurement categorized by 
sex (continued from the previous page)

ST 
measurement 
site

Sex HR and 
P value

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Cardiovascular mortality 

Triceps Male HR (95% CI) 1.006 
(0.982–1.029)

0.991 
(0.965–1.018)

0.988 
(0.962–1.015)

0.984 
(0.958–1.012)

0.992  
(0.959–1.026)

0.991  
(0.959–1.024)

P value 0.64 0.5 0.37 0.26 0.65 0.59

Female HR (95% CI) 0.972 
(0.952–0.993)

0.992 
(0.968–1.016)

0.987 
(0.963–1.012)

0.984  
(0.960–1.009)

0.980  
(0.950–1.011)

0.973  
(0.945–1.002)

P value 0.009 0.49 0.29 0.21 0.2 0.07

Subscapular 
region

Male HR (95% CI) 1.002 
(0.984–1.019)

0.997 
(0.978–1.017)

0.995 
(0.975–1.014)

0.992  
(0.973–1.012)

1.002  
(0.975–1.029)

1.000  
(0.974–1.026)

P value 0.86 0.78 0.6 0.43 0.9 0.99

Female HR (95% CI) 0.971 
(0.953–0.990)

1.004 
(0.984–1.025)

1.003 
(0.982–1.024)

1.001  
(0.979–1.023)

1.006  
(0.977–1.026)

0.994  
(0.967–1.022)

P value 0.002 0.67 0.77 0.94 0.68 0.68

Suprailiac 
region

Male HR (95% CI) 0.963 
(0.949–0.976)

0.982 
(0.966–0.998)

0.980 
(0.964–0.996)

0.981  
(0.964–0.997)

0.978  
(0.956–1.001)

0.977  
(0.954–1.000)

P value <0.001 0.03 0.02 0.02 0.06 0.048

Female HR (95% CI) 0.975 
(0.958–0.991)

0.995 
(0.976–1.013)

0.981 
(0.972–1.010)

0.989 
(0.970–1.008)

0.984 
(0.959–1.010)

0.967 
(0.940–0.995)

P value 0.003 0.56 0.36 0.27 0.24 0.02

Thigh Male HR (95% CI) 1.005 
(0.986–1.024)

0.991 
(0.972–1.010)

0.989 
(0.970–1.008)

0.988  
(0.969–1.007)

0.992 
(0.970–1.014)

0.991 
(0.970–1.013)

P value 0.62 0.36 0.27 0.22 0.46 0.42

Female HR (95% CI) 0.997 
(0.980–1.014)

0.989 
(0.970–1.008)

0.987 
(0.968–1.006)

0.988 
(0.969–1.007)

0.986 
(0.965–1.009)

0.983 
(0.963–1.004)

P value 0.74 0.26 0.18 0.22 0.23 0.11

Cancer mortality

Triceps Male HR (95% CI) 0.984 
(0.953–1.016)

0.963 
(0.928–0.999)

0.963 
(0.928–0.999)

0.960 
(0.925–0.996)

0.960 
(0.916–1.006)

0.957 
(0.914–1.002)

P value 0.33 0.04 0.046 0.03 0.09 0.03

Female HR (95% CI) 0.981 
(0.955–1.008)

0.981 
(0.953–1.009)

0.979 
(0.950–1.008)

0.979 
(0.950–1.008)

0.944 
(0.909–0.982)

0.940 
(0.907–0.975)

P value 0.18 0.18 0.15 0.15 0.17 0.18

Subscapular 
region

Male HR (95% CI) 0.984 
(0.962–1.007)

0.974 
(0.949–0.999)

0.975 
(0.951–1.000)

0.973 
(0.948–0.998)

0.970 
(0.937–1.005)

0.969 
(0.937–1.002)

P value 0.18 0.04 0.05 0.03 0.1 0.04

Female HR (95% CI) 0.991 
(0.968–1.014)

0.999 
(0.975–1.024)

1.001 
(0.976–1.026)

1.002 
(0.977–1.027)

0.982 
(0.948–1.017)

0.964 
(0.932–0.998)

P value 0.45 0.96 0.96 0.87 0.31 0.4

Suprailiac 
region

Male HR (95% CI) 0.964 
(0.946–0.981)

0.979 
(0.959–0.999)

0.980 
(0.960–1.000)

0.979 
(0.959–1.000)

0.980 
(0.951–1.009)

0.976 
(0.946–1.006)

P value <0.001 0.04 0.06 0.05 0.17 0.11

Female HR (95% CI) 1.006 
(0.985–1.027)

1.010 
(0.988–1.032)

1.008 
(0.986–1.031)

1.008 
(0.986–1.031)

0.996 
(0.965–1.028)

0.972 
(0.940–1.004)

P value 0.58 0.4 0.47 0.49 0.81 0.08

Thigh Male HR (95% CI) 0.989 
(0.964–1.016)

0.975 
(0.950–1.002)

0.977 
(0.951–1.003)

0.975 
(0.950–1.001)

0.979 
(0.951–1.008)

0.978 
(0.949–1.007)

P value 0.43 0.07 0.08 0.06 0.16 0.13

Female HR (95% CI) 0.990 
(0.969–1.012)

0.980 
(0.958–1.002)

0.980 
(0.957–1.002)

0.979 
(0.957–1.002)

0.964 
(0.940–0.990)

0.965 
(0.942–0.989)

P value 0.38 0.08 0.08 0.07 0.06 0.07

Model 1 = unadjusted; Model 2 = age, sex, race; Model 3 = Model 2 + CRP, albumin, LDL ‑C; Model 4 =Model 3 + systolic blood pressure, 
smoking, congestive heart failure, stroke, DM, other cancera; Model 5 = Model 4 + BMI; Model 6 = Model 4 + waist circumference

a Other cancer includes cancers at the following sites except for skin cancer: bladder, breast, cervix, colon, rectum, large intestine, prostate, uterus, 
bone, brain, nervous system, esophagus, gallbladder, Hodgkin’s disease, kidney, leukemia, liver, lung, lymphoma, mouth, pharynx, ovary, pancreas, 
stomach, testicles, others.

Abbreviations: see TAbLEs 1 and 2
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concerning biomarkers for obesity and inflam‑
mation warrants further research.

There are several limitations that should be 
identified in our study. Firstly, the available data 
regarding SAT in the NHANES III were obtained 
by ST measurement. This is a common and inex‑
pensive method to estimate body fat, but the va‑
lidity and reliability depend much on the skills 
of technicians and the health status of partic‑
ipants.48 The NHANES coordinators employed 
well ‑trained staff at the MECs, which should 
have made the test more standardized. Howev‑
er, CT, magnetic resonance imaging, and dual‑
‑energy X ‑ray absorptiometry still serve as more 
accurate measurement tools.49 Secondly, previ‑
ous literature suggests that studies on fat distri‑
bution should adjust for the concomitant varia‑
tion in corresponding adiposity.50 A better ana‑
lytic design proposed in this study is using par‑
ticipants with similar VAT percentages as con‑
trols and making comparisons with respect to 
SAT. However, relevant VAT data were not pro‑
vided in NHANES III. Further studies are war‑
ranted to confirm our results, using more ad‑
vanced means of measurement and more com‑
prehensive adjustment qualifications. Lastly, 
since NHANES III was performed in 1988–1994, 
it has to be noted that the lifestyle, health hab‑
its, and commonly used medications may have 
changed since that time. In addition, only 31% of 
the original NHANES III sample were eligible for 
this analysis, which may affect its representative‑
ness of the whole US population. The generaliz‑
ability of our results is also limited as NHANES 
only collects data from US residents. The inter‑
pretation of the results should take these fac‑
tors into consideration.

Conclusions An increase in ST is associated with 
a lower risk of all ‑cause, CV, and cancer mortal‑
ity. This effect is most notable for SSAT mea‑
sured at the suprailiac region. Skinfold thick‑
ness reflects SSAT better than DSAT, suggest‑
ing possible benefits of SSAT in terms of mor‑
tality risk reduction.
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the findings of our study explain the protective 
role of SSAT. In addition, the anatomical posi‑
tion of the suprailiac site as defined in our study 
is the closest one to abdominal SAT, the largest 
SAT deposition site and fat buffer storage in hu‑
mans. Consequently, the best protective ability 
of suprailiac SAT is reasonable and corroborates 
the results of previous reports.8,39,40

The reason why SSAT is associated with ben‑
efits rather than harm may be attributed to its 
role of a metabolic “sink” to store excessive fat.41 
Functioning as a lipid ‑buffering tissue, SSAT 
helps maintain the homeostasis of daily nutri‑
ent influx. These safe fat depots prevent ectopic 
fat accumulation in nonadipose tissues such as 
the liver, heart, or pancreas, which leads to so‑
‑called “lipotoxicity.”42 Studies supporting this 
idea showed that gluteofemoral fat (a type of 
SSAT) is associated with lower triglyceride lev‑
els, higher high ‑density lipoprotein cholesterol 
levels, and a favorable lipoprotein lipase activ‑
ity.43-45 On the other hand, SSAT secretes more 
anti ‑inflammatory adipokines, such as adipo‑
nectin, and less harmful molecules, such as free 
fatty acids.42 Ensuring good balance of this com‑
plex endocrine organ, adipose tissue, is one of 
the important roles of SSAT. Failure to expand 
the SSAT stores can result in deleterious effects 
that were observed in rodents. Two scenarios 
were tested, revealing that transplantation of 
SSAT was beneficial to recipients, with improved 
insulin sensitivity and decreased weight,11 while 
removal of SSAT resulted in fat dysregulation, 
with an increase in serum triglyceride levels.10

The findings of our study seem to be para‑
doxical in the context of the conventional con‑
cept pertaining to the detrimental role of sub‑
cutaneous fat in terms of the risk for mortality 
and cardiometabolic events. This may be part‑
ly explained by the term “reverse epidemiolo‑
gy,” which was first proposed to address the re‑
lationship between several metabolic risk factors 
and poor outcome in dialysis patients, as com‑
pared with the general population.46 In these pa‑
tients, factors such as obesity, hypercholesterol‑
emia, elevated creatinine levels, and hyperten‑
sion appeared to be related to decreased morbid‑
ity and mortality. Similarly, SSAT in our study 
was associated with a lower risk of mortality. 
These paradoxical observations do not necessari‑
ly suggest an contradictory physiological mecha‑
nism, but rather indicate that there may be other, 
more compelling factors that dominate and alter 
the relationship between traditional risk factors 
and outcomes. In our study, it may be the role of 
a “fat sink” ascribed to SSAT, which has an im‑
pact on vascular dysfunction and, consequent‑
ly, leads to an opposite ‑than ‑expected predic‑
tive pattern. Similarly, a recent study investigat‑
ing salivary inflammatory markers in obese in‑
dividuals found that they had significantly low‑
er levels of soluble CD40 ligand than nonobese 
individuals, which also seemed to have the best 
discriminatory value.47 The reverse epidemiology 

https://dx.doi.org/10.20452/pamw.16237
http://creativecommons.org/licenses/by-nc-sa/4.0


POLISH ARCHIVES OF INTERNAL MEDICINE 2022; 132 (7-8)12

26 Trayhurn P, Wood I. Signalling role of adipose tissue: adipokines and in‑
flammation in obesity. Biochem Soc Trans. 2005; 33: 1078‑1081. 

27 Hannukainen JC, Kalliokoski KK, Borra RJ, et al. Higher free fatty acid 
uptake in visceral than in abdominal subcutaneous fat tissue in men. Obesi‑
ty. 2010; 18: 261‑265. 

28 Adiels M, Taskinen M ‑R, Borén J. Fatty liver, insulin resistance, and 
dyslipidemia. Curr Diab Rep. 2008; 8: 60. 

29 Korenblat KM, Fabbrini E, Mohammed BS, et al. Liver, muscle, and ad‑
ipose tissue insulin action is directly related to intrahepatic triglyceride con‑
tent in obese subjects. Gastroenterology. 2008; 134: 1369‑1375. 

30 Pouliot M ‑C, Després J ‑P, Nadeau A, et al. Visceral obesity in men: as‑
sociations with glucose tolerance, plasma insulin, and lipoprotein levels. Di‑
abetes. 1992; 41: 826‑834. 

31 Chen G ‑C, Arthur R, Iyengar NM, et al. Association between region‑
al body fat and cardiovascular disease risk among postmenopausal wom‑
en with normal body mass index. Eur Heart J. 2019; 40: 2849‑2855. 

32 Blüher M, Laufs UJEHJ. New concepts for body shape ‑related cardio‑
vascular risk: role of fat distribution and adipose tissue function. Eur Heart J. 
2019; 40: 2856‑2858. 

33 Legido A, Sarria A, Bueno M, et al. Relationship of body fat distribution 
to metabolic complications in obese prepubertal boys: gender related differ‑
ences. Acta Paediatrica. 1989; 78: 440‑446. 

34 Contaldo F, Di Biase G, Panico S, et al. Body fat distribution and cardio‑
vascular risk in middle ‑aged people in southern Italy. Atherosclerosis. 1986; 
61: 169‑172. 

35 Smith SR, Lovejoy JC, Greenway F, et al. Contributions of total body 
fat, abdominal subcutaneous adipose tissue compartments, and visceral ad‑
ipose tissue to the metabolic complications of obesity. Metabolism. 2001; 
50: 425‑435. 

36 Golan R, Shelef I, Rudich A, et al. Abdominal superficial subcutaneous 
fat: a putative distinct protective fat subdepot in type 2 diabetes. Diabetes 
Care. 2012; 35: 640‑647. 

37 Kelley DE, Thaete FL, Troost F, et al. Subdivisions of subcutaneous 
abdominal adipose tissue and insulin resistance. Am J Physiol Endocrinol 
Metab. 2000; 278: E941 ‑E948. 

38 Markman B, Barton FE, Jr. Anatomy of the subcutaneous tissue of 
the trunk and lower extremity. Plast Reconstr Surg. 1987; 80: 248‑254. 

39 Taksali SE, Caprio S, Dziura J, et al. High visceral and low abdominal 
subcutaneous fat stores in the obese adolescent: a determinant of an ad‑
verse metabolic phenotype. Diabetes. 2008; 57: 367‑371. 

40 Hayashi T, Boyko EJ, McNeely MJ, et al. Visceral adiposity, not ab‑
dominal subcutaneous fat area, is associated with an increase in future in‑
sulin resistance in Japanese Americans. Diabetes. 2008; 57: 1269‑1275. 

41 Thomou T, Tchkonia T, Kirkland JL. Cellular and molecular basis of func‑
tional differences among fat depots. In: Adipose Tissue in Health and Dis‑
ease. Wiley ‑VCH; 2010: 21‑47. 

42 Manolopoulos K, Karpe F, Frayn K. Gluteofemoral body fat as a determi‑
nant of metabolic health. Int J Obes. 2010; 34: 949‑959. 

43 Snijder M, Visser M, Dekker J, et al. Low subcutaneous thigh fat is 
a risk factor for unfavourable glucose and lipid levels, independently of high 
abdominal fat. The Health ABC Study. Diabetologia. 2005; 48: 301‑308. 

44 Bos G, Snijder MB, Nijpels G, et al. Opposite contributions of trunk and 
leg fat mass with plasma lipase activities: the Hoorn study. Obes Res. 2005; 
13: 1817‑1823. 

45 Seidell JC, Pérusse L, Després J ‑P, et al. Waist and hip circumferenc‑
es have independent and opposite effects on cardiovascular disease risk 
factors: the Quebec Family Study. Am J Clin Nutr. 2001; 74: 315‑321. 

46 Kalantar ‑Zadeh K, Block G, Humphreys MH, et al. Reverse epidemiol‑
ogy of cardiovascular risk factors in maintenance dialysis patients. Kidney 
Int. 2003; 63: 793‑808. 

47 Lehmann AP, Nijakowski K, Swora ‑Cwynar E, et al. Characteris‑
tics of salivary inflammation in obesity. Pol Arch Intern Med. 2020; 130: 
297‑303. 

48 Orphanidou C, McCargar L, Birmingham CL, et al. Accuracy of subcu‑
taneous fat measurement: comparison of skinfold calipers, ultrasound, and 
computed tomography. J Am Diet Assoc. 1994; 94: 855‑858. 

49 Kaul S, Rothney MP, Peters DM, et al. Dual‑energy X‑ray absorptiome‑
try for quantification of visceral fat. Obesity. 2012; 20: 1313‑1318. 

50 Tchernof A, Després J ‑PJPr. Pathophysiology of human visceral obesi‑
ty: an update. Physiol Rev. 2013; 93: 359‑404.   

hOw TO CITE Wu S ‑E, Chen W ‑L. Not the enemy: potential protective 
benefits of superficial subcutaneous adipose tissue. Pol Arch Intern Med. 
2022; 132: 16237. doi:10.20452/pamw.16237

REFERENCEs

1 Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with 
cardiovascular disease. Nature. 2006; 444: 875‑880. 

2 Balsan GA, Vieira JL, Oliveira AM, et al. Relationship between adipo‑
nectin, obesity and insulin resistance. Rev Assoc Med Bras (1992). 2015; 
61: 72‑80. 

3 Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and 
functional differences. Obes Rev. 2010; 11: 11‑18. 

4 Wajchenberg BL. Subcutaneous and visceral adipose tissue: their rela‑
tion to the metabolic syndrome. Endocr Rev. 2000; 21: 697‑738. 

5 Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and sub‑
cutaneous adipose tissue compartments: association with metabolic risk 
factors in the Framingham Heart Study. Circulation. 2007; 116: 39‑48. 

6 Sahakyan KR, Somers VK, Rodriguez ‑Escudero JP, et al. Normal ‑weight 
central obesity: implications for total and cardiovascular mortality. Ann In‑
tern Med. 2015; 163: 827‑835. 

7 Eastwood SV, Tillin T, Wright A, et al. Thigh fat and muscle each contrib‑
ute to excess cardiometabolic risk in South Asians, independent of visceral 
adipose tissue. Obesity. 2014; 22: 2071‑2079. 

8 Porter SA, Massaro JM, Hoffmann U, et al. Abdominal subcutaneous ad‑
ipose tissue: a protective fat depot? Diabetes Care. 2009; 32: 1068‑1075. 

9 Narumi H, Yoshida K, Hashimoto N, et al. Increased subcutaneous fat 
accumulation has a protective role against subclinical atherosclerosis in as‑
ymptomatic subjects undergoing general health screening. Int J Cardiol. 
2009; 135: 150‑155. 

10 Cox ‑York K, Wei Y, Wang D, et al. Lower body adipose tissue removal 
decreases glucose tolerance and insulin sensitivity in mice with exposure to 
high fat diet. Adipocyte. 2015; 4: 32‑43. 

11 Hocking SL, Stewart RL, Brandon AE, et al. Subcutaneous fat trans‑
plantation alleviates diet ‑induced glucose intolerance and inflammation in 
mice. Diabetologia. 2015; 58: 1587‑1600. 

12 Burcelin R, Gourdy P. Harnessing glucagon ‑like peptide ‑1 receptor ag‑
onists for the pharmacological treatment of overweight and obesity. Obes 
Rev. 2017; 18: 86‑98. 

13 Kristensen SL, Rørth R, Jhund PS, et al. Cardiovascular, mortality, and 
kidney outcomes with GLP ‑1 receptor agonists in patients with type 2 dia‑
betes: a systematic review and meta ‑analysis of cardiovascular outcome tri‑
als. Lancet Diabetes Endocrinol. 2019; 7: 776‑785. 

14 Sjöström L, Lindroos AK, Peltonen M, et al. Lifestyle, diabetes, and car‑
diovascular risk factors 10 years after bariatric surgery. New Engl J Med. 
2004; 351: 2683‑2693. 

15 Plan and operation of the Third National Health and Nutrition Examina‑
tion Survey, 1988‑94. Series 1: programs and collection procedures. Vital 
Health Stat. 1994: 1‑407.

16 Centers for Disease Control and Prevention, National Center for Health 
Statistics. NCHS data linkage: 2015 public ‑use linked mortality files. https://
ftp.cdc.gov/pub/Health_Statistics/NCHS/datalinkage/linked_mortality/. Ac‑
cessed September 17, 2020.

17 Anderson RN, Miniño AM, Hoyert DL, et al. Comparability of cause 
of death between ICD ‑9 and ICD ‑10: preliminary estimates. Natl Vital Stat 
Rep. 2001; 49: 1‑32.

18 National Center for Health Statistics. The third National Health and Nu‑
trition Examination Survey (NHANES III 1988‑94) reference manuals and re‑
ports. 1996. https://wwwn.cdc.gov/nchs/nhanes/nhanes3/manualsandre‑
ports.aspx. Accessed September 17, 2020.

19 Gunter EW, Lewis BG, Koncikowski SM. Laboratory procedures used 
for the third National Health and Nutrition Examination Survey (NHANES III), 
1988‑1994. 1996. https://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/
nchs/manuals/labman.pdf. Accessed September 17, 2020.

20 Friedewald WT, Levy RI, Fredrickson DSJCc. Estimation of the con‑
centration of low ‑density lipoprotein cholesterol in plasma, without use of 
the preparative ultracentrifuge. Clin Chem. 1972; 18: 499‑502. 

21 Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its as‑
sociated cutoff point. Biom J. 2005; 47: 458‑472. 

22 Williams MJ, Hunter GR, Kekes ‑Szabo T, et al. Regional fat distribu‑
tion in women and risk of cardiovascular disease. Am J Clin Nutr. 1997; 
65: 855‑860. 

23 Goodpaster BH, Krishnaswami S, Harris TB, et al. Obesity, regional 
body fat distribution, and the metabolic syndrome in older men and women. 
Arch Inter Med. 2005; 165: 777‑783. 

24 Ruderman N, Berchtold P, Schneider S. Obesity ‑associated disorders 
in normal ‑weight individuals: some speculations. Int J Obes. 1982; 6: 151.

25 St ‑Onge M ‑P, Janssen I, Heymsfield SB. Metabolic syndrome in 
normal ‑weight Americans: new definition of the metabolically obese, 
normal ‑weight individual. Diabetes Care. 2004; 27: 2222‑2228. 

https://doi.org/10.1042/BST0331078
https://doi.org/10.1042/BST0331078
https://doi.org/10.1038/oby.2009.267
https://doi.org/10.1038/oby.2009.267
https://doi.org/10.1038/oby.2009.267
https://doi.org/10.1007/s11892-008-0011-4
https://doi.org/10.1007/s11892-008-0011-4
https://doi.org/10.1053/j.gastro.2008.01.075
https://doi.org/10.1053/j.gastro.2008.01.075
https://doi.org/10.1053/j.gastro.2008.01.075
https://doi.org/10.2337/diab.41.7.826
https://doi.org/10.2337/diab.41.7.826
https://doi.org/10.2337/diab.41.7.826
https://doi.org/10.1093/eurheartj/ehz391
https://doi.org/10.1093/eurheartj/ehz391
https://doi.org/10.1093/eurheartj/ehz391
https://doi.org/10.1093/eurheartj/ehz411
https://doi.org/10.1093/eurheartj/ehz411
https://doi.org/10.1093/eurheartj/ehz411
https://doi.org/10.1111/j.1651-2227.1989.tb11105.x
https://doi.org/10.1111/j.1651-2227.1989.tb11105.x
https://doi.org/10.1111/j.1651-2227.1989.tb11105.x
https://doi.org/10.1016/0021-9150(86)90077-8
https://doi.org/10.1016/0021-9150(86)90077-8
https://doi.org/10.1016/0021-9150(86)90077-8
https://doi.org/10.1053/meta.2001.21693
https://doi.org/10.1053/meta.2001.21693
https://doi.org/10.1053/meta.2001.21693
https://doi.org/10.1053/meta.2001.21693
https://doi.org/10.2337/dc11-1583
https://doi.org/10.2337/dc11-1583
https://doi.org/10.2337/dc11-1583
https://doi.org/10.1152/ajpendo.2000.278.5.E941
https://doi.org/10.1152/ajpendo.2000.278.5.E941
https://doi.org/10.1152/ajpendo.2000.278.5.E941
https://doi.org/10.1097/00006534-198708000-00015
https://doi.org/10.1097/00006534-198708000-00015
https://doi.org/10.2337/db07-0932
https://doi.org/10.2337/db07-0932
https://doi.org/10.2337/db07-0932
https://doi.org/10.2337/db07-1378
https://doi.org/10.2337/db07-1378
https://doi.org/10.2337/db07-1378
https://doi.org/10.1002/9783527629527.ch2
https://doi.org/10.1002/9783527629527.ch2
https://doi.org/10.1002/9783527629527.ch2
https://doi.org/10.1038/ijo.2009.286
https://doi.org/10.1038/ijo.2009.286
https://doi.org/10.1007/s00125-004-1637-7
https://doi.org/10.1007/s00125-004-1637-7
https://doi.org/10.1007/s00125-004-1637-7
https://doi.org/10.1038/oby.2005.221
https://doi.org/10.1038/oby.2005.221
https://doi.org/10.1038/oby.2005.221
https://doi.org/10.1093/ajcn/74.3.315
https://doi.org/10.1093/ajcn/74.3.315
https://doi.org/10.1093/ajcn/74.3.315
https://doi.org/10.1046/j.1523-1755.2003.00803.x
https://doi.org/10.1046/j.1523-1755.2003.00803.x
https://doi.org/10.1046/j.1523-1755.2003.00803.x
https://doi.org/10.20452/pamw.15186
https://doi.org/10.20452/pamw.15186
https://doi.org/10.20452/pamw.15186
https://doi.org/10.1016/0002-8223(94)92363-9
https://doi.org/10.1016/0002-8223(94)92363-9
https://doi.org/10.1016/0002-8223(94)92363-9
https://doi.org/10.1038/oby.2011.393
https://doi.org/10.1038/oby.2011.393
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1038/nature05487
https://doi.org/10.1038/nature05487
https://doi.org/10.1590/1806-9282.61.01.072
https://doi.org/10.1590/1806-9282.61.01.072
https://doi.org/10.1590/1806-9282.61.01.072
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1210/edrv.21.6.0415
https://doi.org/10.1210/edrv.21.6.0415
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.7326/M14-2525
https://doi.org/10.7326/M14-2525
https://doi.org/10.7326/M14-2525
https://doi.org/10.1002/oby.20796
https://doi.org/10.1002/oby.20796
https://doi.org/10.1002/oby.20796
https://doi.org/10.2337/dc08-2280
https://doi.org/10.2337/dc08-2280
https://doi.org/10.1016/j.ijcard.2008.03.044
https://doi.org/10.1016/j.ijcard.2008.03.044
https://doi.org/10.1016/j.ijcard.2008.03.044
https://doi.org/10.1016/j.ijcard.2008.03.044
https://doi.org/10.4161/21623945.2014.957988
https://doi.org/10.4161/21623945.2014.957988
https://doi.org/10.4161/21623945.2014.957988
https://doi.org/10.1007/s00125-015-3583-y
https://doi.org/10.1007/s00125-015-3583-y
https://doi.org/10.1007/s00125-015-3583-y
https://doi.org/10.1111/obr.12465
https://doi.org/10.1111/obr.12465
https://doi.org/10.1111/obr.12465
https://doi.org/10.1016/S2213-8587(19)30249-9
https://doi.org/10.1016/S2213-8587(19)30249-9
https://doi.org/10.1016/S2213-8587(19)30249-9
https://doi.org/10.1016/S2213-8587(19)30249-9
https://doi.org/10.1056/NEJMoa035622
https://doi.org/10.1056/NEJMoa035622
https://doi.org/10.1056/NEJMoa035622
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1093/ajcn/65.3.855
https://doi.org/10.1093/ajcn/65.3.855
https://doi.org/10.1093/ajcn/65.3.855
https://doi.org/10.1001/archinte.165.7.777
https://doi.org/10.1001/archinte.165.7.777
https://doi.org/10.1001/archinte.165.7.777
https://doi.org/10.2337/diacare.27.9.2222
https://doi.org/10.2337/diacare.27.9.2222
https://doi.org/10.2337/diacare.27.9.2222

