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Purpose: The relationship between thigh circumference and all-cause and cause-specific
mortality has not been consistent. We aimed to examine how thigh circumference
associates with all-cause, cardiovascular, and cerebrovascular mortality among US adults.
Patients and Methods: This cohort study included 19,885 US adults who participated in
the 1999-2006 National Health and Nutrition Examination Survey (NHANES) with thigh
circumference being measured at baseline, and survival status was ascertained until
31 December 2015. We used Cox proportional hazards models to estimate adjusted hazard
ratios (HRs) and 95% confidence intervals (CI) for mortality according to thigh circumfer-
ence in quartiles. Kaplan—-Meier survival curve and restricted cubic spline regression were
performed to evaluate the prospective association. Finally, subgroup analyses by age, gender,
body mass index (BMI), and medical history at baseline were conducted.

Results: During a median follow-up of 11.9 years, 3513 cases of death, 432 death cases due
to cardiovascular disease, and 143 death cases due to cerebrovascular disease have occurred.
Multivariate Cox regression indicated that every lem increase in thigh circumference was
related to 4% and 6% decreased risk of all-cause mortality and cardiovascular mortality,
respectively. Compared to the reference group, the highest quartile of thigh circumference
significantly decreased all-cause mortality by 21% (HR 0.79, 95% CI 0.62—1.00, P<0.05).
However, the association of thigh circumference with cerebrovascular mortality was not
significant. BMI was a significant effect modifier among individuals with a BMI of less than
25 kg/m? (P<0.0001).

Conclusion: A low thigh circumference appears to be associated with increased risk of all-
cause and cardiovascular mortality, but not cerebrovascular mortality.

thigh
cerebrovascular mortality

Keywords: circumference, all-cause mortality, cardiovascular mortality,

Introduction

Obesity is a growing health burden, which is associated with higher rates of mortality.'
Body mass index (BMI) is a commonly used indicator for adiposity in epidemiological
research and clinical practice. Recent evidence from meta-analyses suggested some
novel surrogates for abdominal obesity, such as waist circumference and waist-to-
height ratio, have better screening power for cardiometabolic risk than BMIL*?
Although central obesity plays an important role in obesity-related mortality, periph-
eral adiposity in lower body was found to have contrasting (i.e. beneficial vs. detri-

mental) associations with long-term blood pressure, subclinical atherosclerosis, and
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with the risk of incident diabetes comparing with upper
body.*® Thigh circumference often reflects body muscle
mass and peripheral subcutaneous fat.” However, fewer
studies have reported the relationship between thigh circum-
ference and the risk of mortality.

Cardiovascular disease is one of the most common
causes of death worldwide.® As an easily measured anthro-
pometric index, small thigh circumference was found to
associate with increased morbidity from heart disease and
higher risk of mortality in general population.” Moreover,
previous studies have demonstrated inverse association
between thigh circumference and cardiometabolic diseases,
including dyslipidemia, peripheral arterial disease, and type
2 diabetes.'®'? Small thigh circumference is also associated
with the onset of dementia, a disease of growing prevalence
and higher rates of mortality.'>'* However, to the best of our
knowledge, most studies were conducted cross-sectionally
or with small sample size. Few studies have examined the
association of thigh circumference with all-cause and cause-
specific mortality. Evidence from a large cohort among
general population is needed to address the knowledge gap.

Methods

Study Population
The NHANES is a national representative survey of the
civilian, non-institutionalized US population sponsored by

Subjects were from the 1999-2006 National Health
and Nutrition Examination Survey (n=41474)

the Centers for Disease Control and Prevention (CDC) and
has been conducted for more than 50 years in the United
States. In the 1999-2006 NHANES study, there were a total
of 4,1474 participants. In our analysis, we included people
aged >18 years old. However, subjects that did not have data
on mortality status and thigh circumference were excluded.
After applying the eligibility criteria, we included 19,885
participants for final analysis (Figure 1). The survival status
of participants was followed through December 31, 2015. The
survey protocol was approved by the Institutional Review
Board of the Centers for Disease Control and Prevention.
Written informed consent was obtained from all participants.

Data Collection

Questionnaires were provided to participants at baseline to
acquire demographics information (age, gender, and race),
smoking status, alcohol consumption, levels of moderate
physical activity, personal medical history (cardiovascular
diseases, hypertension, diabetes and any cancer), and med-
ication history (antihypertensive drugs and anti-diabetic
drugs). Physical assessments and laboratory tests were
performed to examine thigh circumference, waist circum-
ference, systolic blood pressure (SBP), diastolic blood
pressure (DBP), fasting blood glucose (FBG), total cho-
lesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol

Excluded:

i

Enrolled analysis (n=22624)

| Age < 18 years (n=18850)

Excluded:

i

Enrolled analysis (n=22601)

Missing mortality data (n=23)

o Excluded:

i

Enrolled analysis (n=19885)

Figure | Flowchart of the patients who participated in the present study.

Missing thigh circumference (n=2716)
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(HDL-C), and estimated glomerular filtration rate (¢GFR).
BMI was calculated using mass (kg) divided by the square
of height (m?). Diabetes was defined by FBG>126 mg/dl,
self-reported status, taking hypoglycemic agents or HbAlc
>6.5%. Hypertension was defined by blood pressure >130/
80mmHg, self-reported status or taking antihypertensive
drugs, which was the definition according to the 2017
American College of Cardiology/American Heart
Association (ACC/AHA) Guideline for the Prevention,
Detection, Evaluation and Management of High Blood
Pressure in Adults.'>'® Estimated GFR (eGFR) was com-
puted using Modification of Diet in Renal Disease
(MDRD) formula.'”

The measurement of thigh circumference was per-
formed by trained research staff using a standardized posi-
tion, i.e. standing with most of the weight on the left leg
with the right leg forward, knee slightly flexed, and soles
of both feet flat on the floor. The measurements of thigh
circumference were made on the right side of the mid-
thigh. If participants have been amputated, had a medical
condition or a medical appliance that prevented measure-
ments from being taken on the right side of the thigh,
measurements were taken on the left side. Detailed proce-
dures can be referred to the website (https://wwwn.cdc.

gov/nchs/nhanes/Default.aspx).

Clinical Outcome

Death cases from all-cause, cardiovascular disease or cer-
ebrovascular disease until December 31, 2015, were the
primary outcomes of interest. Mortality data were
extracted from the 1999-2006 NHANES public-use linked
mortality files. We examined the time from enrollment to
mortality or censoring. International Classification of
Diseases, Tenth Revision codes (I100-109, I11, 113, 120-
I51) were used to define cardiovascular deaths and (160-
169) for cerebrovascular deaths. Participants who were not
matched with any death records were considered to be
alive throughout the follow-up period.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation (SD) for normally distributed variables or med-
ian (interquartile range) if the data were not normally
distributed. Categorical variables were presented as num-
ber (n) and percentage (%). The One-Way ANOVA,
Kruskal-Wallis H-test or chi-square tests were used to
assess subgroup differences according to baseline thigh
circumference in quartiles. Cox proportional hazards

models were used to estimate adjusted hazard ratio (HR)
and 95% confidence intervals (CI) for mortality according
to baseline thigh circumference in quartiles (Q1, Q2, Q3,
Q4). Age, gender, race, smoking status, alcohol consump-
tion, BMI, moderate activity, waist circumference, TC,
anti-diabetic drugs, eGFR, diabetes, hypertension, any
cardiovascular diseases or cancer at baseline were
included in the fully adjusted regression model. Kaplan—
Meier survival curves for cumulative incidence of all-
cause, cardiovascular and cerebrovascular mortality
between different categories was plotted and was com-
pared by Log rank tests. In addition, we used restricted
cubic spline regression to explore the linearity in relation-
ship after adjusting for age, gender, race, smoking status,
alcohol consumption, BMI, moderate activity, waist cir-
SBP, TC,

diabetic drugs, eGFR, diabetes, hypertension, and any

cumference, antihypertensive drugs, anti-
cardiovascular diseases or cancer at baseline. Three knots
at quartiles 25th, 50th, and 75th were chosen. The inter-
action between thigh circumference and subgroup vari-
ables were inspected by the likelihood ratio test. In the
interaction test, when analyzing the effect variable, except
for the effect variable itself, all other confounding vari-
ables mentioned above were adjusted. To test the robust-
ness of our results, sensitivity analyses were conducted by
excluding participants with cancer at baseline. A two-sided
P <0.05 was considered as statistically significant. All
statistical analyses were performed using R version 3.3.2
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the analytical
cohort as stratified by thigh circumference in quartiles. In
total, 19,885 patients (52.07% females) were included in
this analysis with mean age of 45.62 + 20.13 years. Of
these, 19,460 (47.57%) participants were white, 9177
(51.75%) never smoked and 5241 (26.4%) had the habit
of alcohol drinking. In addition, the proportion of partici-
pants with cardiovascular diseases, hypertension, diabetes,
or any cancer at baseline accounted was 4.18%, 32.56%,
11.58%, and 7.5%, respectively. During a median follow-
up of 11.9 years, 3513 cases of death, 432 death cases due
to cardiovascular disease, and 143 death cases due to
cerebrovascular disease have occurred. All baseline vari-
ables differed significantly among the thigh circumference
in quartiles (all P<0.05).
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Table | Baseline Characteristics of the Study Participants by Quartiles of Thigh Circumference
Thigh Circumference (cm) Total Ql: <48.00 Q2: 48.00-52.10 | Q3: 52.10-56.90 | Q4: >56.90 P-value
Number 19,885 4877 5010 5026 4972
Age (years) 45.62 + 20.13 52.56 £22.90 | 46.02 + 20.21 43.92 + 18.39 40.13 = 16.48 <0.001
Gender (n, %) <0.001
Male 9531 (47.93%) 2017 (41.36%) | 2538 (50.66%) 2767 (55.05%) 2209 (44.43%)
Female 10,354 (52.07%) | 2860 (58.64%) | 2472 (49.34%) 2259 (44.95%) 2763 (55.57%)
Race (n, %) <0.001
White 9460 (47.57%) 2423 (49.68%) | 2454 (48.98%) 2471 (49.16%) 2112 (42.48%)
Black 4188 (21.06%) 593 (12.16%) 783 (15.63%) 1033 (20.55%) 1779 (35.78%)
Mexican American 4663 (23.45%) 1373 (28.15%) | 1358 (27.11%) 161 (23.10%) 771 (15.51%)
Other Hispanic 817 (4.11%) 224 (4.59%) 201 (4.01%) 235 (4.68%) 157 (3.16%)
Other race 757 (3.81%) 264 (5.41%) 214 (4.27%) 126 (2.51%) 153 (3.08%)
Smoking status (n, %) <0.001
Non-smoker 9177 (51.75%) 2119 (48.71%) | 2251 (50.63%) 2308 (51.05%) 2499 (56.60%)
Ex-smoker 4661 (26.29%) 1168 (26.85%) | 1202 (27.04%) 1255 (27.76%) 1036 (23.47%)
Current smoker 3894 (21.96%) 1063 (24.44%) | 993 (22.33%) 958 (21.19%) 880 (19.93%)
Alcohol consumption, (n, %) 5241 (26.4%) 1225 (25.1%) 1433 (28.6%) 1440 (28.7%) 1143 (23.0%) <0.001
BMI (kg/m?) 28.02 £ 6.21 22.65 + 3.25 25.66 * 3.28 28.55 * 3.58 35.11 £ 597 <0.001
Thigh circumference (cm) 5295 %732 44.66 + 2.68 50.01 £ 1.19 5429 £ 1.39 62.69 £ 557 <0.001
Waist circumference (cm) 96.1 £ 155 849+ 114 9IS £ 117 978 11.9 110 + 144 <0.001
SBP (mmHg) 118.00 + 14.83 11696 + 17.15 | 116.86 £ 14.50 118.15 = 13.71 11991 = 13.77 | <0.001
DBP (mmHg) 68.78 £ 13.02 66.87 £ 13.47 | 67.94 + 13.09 69.41 £ 12.50 70.67 £ 12.76 <0.001
FBG (mg/dl) 103.17 + 34.48 104.30 + 38.60 | 101.98 + 34.23 102.07 + 30.76 104.39 + 3407 | 0014
TC (mg/dl) 199.11 + 43.84 197.55 + 4429 | 199.45 + 44.62 200.47 + 43.88 198.90 + 42.50 | 0.013
HDL-C (mg/dl) 52.61 £ 15.68 56.68 £ 16.70 | 53.43 + 15.60 51.26 £ 15.39 49.17 £ 13.96 <0.001
TG (mg/dl) 144.84 + 126.94 | 13441 £99.48 | 142.70 + 129.26 I51.18 + 129.29 150.53 + 144.13 | <0.001
LDL-C (mg/dl) 117.25 + 36.45 114.98 + 3872 | 117.76 + 35.68 117.78 + 37.06 11839 + 34.18 | 0.011
eGFR (mL/min/1.73m?) 94.11 £ 34.19 92.70 £ 3840 | 9442 + 34.18 92.55 + 31.37 96.78 + 32.38 <0.001
Follow up time (m) 142.34 + 41.08 131.30 + 48.92 | 143.30 + 40.43 146.51 + 37.08 148.00 + 34.58 | <0.001
Moderate activity (n, %) <0.001
No 10,324 (51.9%) 2706 (55.5%) 2590 (51.7%) 2516 (50.1%) 2512 (50.5%)
Yes 9560 (48.1%) 2170 (44.5%) 2420 (48.3%) 2510 (49.9%) 2460 (49.5%)
Any cancer at baseline (n, %) <0.001
No 16,235 (81.6%) 3811 (78.1%) 4069 (81.2%) 4201 (83.6%) 4154 (83.5%)
Yes 1493 (7.5%) 537 (11.0%) 379 (7.6%) 320 (6.4%) 257 (5.2%)
Missing 2157 (10.8%) 529 (10.8%) 562 (11.2%) 505 (10.0%) 561 (11.3%)
Cardiovascular diseases (n, %) <0.001
No 16,918 (95.82%) | 4046 (93.74%) | 4253 (95.98%) 4333 (96.16%) 4286 (97.34%)
Yes 738 (4.18%) 270 (6.26%) 178 (4.02%) 173 (3.84%) 117 (2.66%)
Diabetes (n, %) <0.001
No 17,486 (88.42%) | 4205 (86.59%) | 4479 (89.90%) 4456 (89.16%) 4346 (87.98%)
Yes 2290 (11.58%) 651 (13.41%) 503 (10.10%) 542 (10.84%) 594 (12.02%)
Hypertension (n, %) <0.001
No 13,352 (67.44%) | 3174 (65.47%) | 3515 (70.55%) 3468 (69.17%) 3195 (64.48%)
Yes 6447 (32.56%) 1674 (34.53%) | 1467 (29.45%) 1546 (30.83%) 1760 (35.52%)
(Continued)
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Table | (Continued).
Thigh Circumference (cm) Total Ql: <48.00 Q2: 48.00-52.10 | Q3: 52.10-56.90 | Q4: >56.90 P-value
Antihypertensive drugs (n, %) <0.001
No 16,070 (80.81%) | 3752 (76.93%) | 4154 (82.91%) 4122 (82.01%) 4042 (81.30%)
Yes 3815 (19.19%) 1125 (23.07%) | 856 (17.09%) 904 (17.99%) 930 (18.70%)
Anti-diabetic drugs (n, %) <0.001
No 18,755 (94.32%) | 4542 (93.13%) | 4761 (95.03%) 4771 (94.93%) 4681 (94.15%)
Yes 1130 (5.68%) 335 (6.87%) 249 (4.97%) 255 (5.07%) 291 (5.85%)
All-cause mortality (n, %) <0.001
No 16,372 (82.33%) | 3381 (69.33%) | 4130 (82.44%) 4372 (86.99%) 4489 (90.29%)
Yes 3513 (17.67%) 1496 (30.67%) | 880 (17.56%) 654 (13.01%) 483 (9.71%)
Cardiovascular mortality (n, %) <0.001
No 19,453 (97.83%) | 4658 (95.51%) | 4922 (98.24%) 4960 (98.69%) 4913 (98.81%)
Yes 432 (2.17%) 219 (4.49%) 88 (1.76%) 66 (1.31%) 59 (1.19%)
Cerebrovascular mortality (n, %) <0.001
No 19,742 (99.28%) | 4804 (98.50%) | 4980 (99.40%) 4999 (99.46%) 4959 (99.74%)
Yes 143 (0.72%) 73 (1.50%) 30 (0.60%) 27 (0.54%) 13 (0.26%)

Notes: Values are means (SD) except for qualitative variables, expressed as n (%). Groups were compared using the One-Way ANOVA, Kruskal-Wallis H-test and chi-

square tests, as appropriate.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Q, quartiles.

Hazard Ratios of Thigh Circumference
for Mortality Risk

Table 2 summarizes the estimated HR and Cls according
to quartiles of thigh circumference in relation to total,
cardiovascular and cerebrovascular mortality. In the fully
adjusted model, every lcm increase in thigh circumference
was associated with a 3% reduction in the risk of all-cause
mortality (HR 0.97, 95% CI 0.96-0.98, P <0.0001) and
5% reduction in the risk of cardiovascular mortality (HR
0.95, 95% CI 0.92-0.98, P =0.001), but was not associated
with any change in the risk of cerebrovascular mortality
(P>0.05). Comparing with the lowest quartile of thigh
circumference (Q1), the HRs for all-cause mortality from
Q2 to Q4 in the fully adjusted model were 0.80 (0.72—
0.88, P <0.001), 0.70 (0.62-0.80, P <0.0001), and 0.81
(0.68-0.97, P <0.001), respectively (P for trena <0.001).
After adjusting for age, gender, race, smoking status, alco-
hol consumption, BMI, waist circumference, moderate
activity, TC, anti-diabetic drugs, eGFR, diabetes, hyper-
tension, baseline status of cancer and cardiovascular dis-
eases, the HRs for cardiovascular mortality from Q2 to Q4
were 0.62 (0.46-0.84, P =0.001), 0.56 (0.38-0.82,
P =0.0002), and 0.86 (0.51-1.44, P =0.550), respectively
(P for trend =0.050). In addition, thigh circumference in

continuous or categorical variable did not associate with
the risk of cerebrovascular mortality (all P >0.05).

As showed in Kaplan-Meier survival curves (Figure 2),
there were significant differences in the occurrence of all-
cause, cardiovascular, and cerebrovascular mortality (Log
rank P <0.001) among the quartiles of thigh circumference.
The results of multivariable adjusted restricted cubic spline
regression are shown in Figure 3. Linear relationships between
thigh circumference and all-cause mortality (Linear P <0.001)
and cardiovascular mortality (Linear P =0.001) were found.

Subgroup Analyses

Table 3 has provided results of further analyses exploring the
relationship between thigh circumference and all-cause and
cardiovascular mortality as stratified by gender, age, BMI,
and baseline medical history. The association was consistent
across most subgrouping variables (P for interaction > 0.05).
However, there was a significant interaction between thigh
circumference and BMI (BMI <25 kg/m? vs >25 kg/m?) for
all-cause mortality (P for interaction <0.0001) and cardio-
vascular mortality (P for interaction <0.0001). People with
higher thigh circumference and BMI > 25kg/m” were asso-
ciated with lower risk of all-cause mortality. Similarly, larger
thigh circumference was associated with lower risk of car-
diovascular mortality in individuals with diabetes.
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Table 2 Multivariate Cox Regression Analysis for All-Cause, Cardiovascular and Cerebrovascular Mortality

Model | HR (95% CI),
P-value

Exposure

Model Il HR (95% CI),
P-value

Model Il HR (95% CI),
P-value

All-cause mortality
Thigh circumference (per lcm 0.92 (0.92, 0.93) <0.0001
increased)

Thigh circumference groups

Ql 1.0

Q2 0.52 (0.48, 0.56) <0.0001

Q3 0.38 (0.34, 0.41) <0.0001

Q4 0.28 (0.25, 0.31) <0.0001
P for trend <0.001

0.95 (0.94, 0.96) <0.0001 0.97 (0.96,0.98) <0.0001

1.0 1.0

0.75 (0.69, 0.82) <0.0001 0.80 (0.72,0.88) <0.001
0.66 (0.58, 0.74) <0.0001 0.70 (0.62,0.80) <0.001
0.67 (0.57, 0.79) <0.0001 0.81 (0.68,0.97) <0.001
<0.001 <0.001

Cardiovascular mortality
Thigh circumference (per lcm 0.91 (0.89, 0.92) <0.0001
increased)

Thigh circumference groups

Ql 1.0

Q2 0.36 (0.28, 0.47) <0.0001

Q3 0.27 (0.20, 0.35) <0.0001

Q4 0.24 (0.18, 0.32) <0.0001
P for trend <0.001

0.93 (0.91, 0.96) <0.0001 0.95 (0.92,0.98) 0.001

1.0 1.0

0.56 (0.42, 0.73) <0.0001 0.62 (0.46,0.84) 0.001
0.52 (0.37, 0.73) 0.0002 0.56 (0.38,0.82) 0.002
0.68 (0.42, 1.08) 0.1033 0.86 (0.51,1.44) 0.550
0.005 0.050

Cerebrovascular mortality
Thigh circumference (per lcm 0.89 (0.87, 0.92) <0.0001
increased)

Thigh circumference groups

Ql 1.0

Q2 0.37 (0.24, 0.57) <0.0001

Q3 0.33 (0.21, 0.51) <0.0001

Q4 0.16 (0.09, 0.29) <0.0001
P for trend <0.001

0.95 (0.90, 1.00) 0.0582 0.97 (0.91,1.03) 0.261

1.0 1.0

0.67 (0.41, 1.09) 0.1029 0.70 (0.42,1.19) 0.190
0.90 (0.50, 1.60) 0.7154 0.93 (0.5,1.75) 0.832
0.74 (0.31, 1.82) 0.5172 0.83 (0.32,2.15) 0.6973
0.629 0.728

Notes: Model | adjust for: none. Model Il adjust for: age, gender, and body mass index. Model lll adjust for: age, gender, body mass index, total cholesterol, anti-diabetic
drugs, estimated glomerular filtration rate, smoking status, alcohol consumption, race, diabetes, hypertension, and cardiovascular diseases, waist circumference, any cancer

at baseline, and moderate activity.
Abbreviations: Q, quartiles; HR, hazard ratio; Cl, confidence interval.

Sensitivity Analyses

Table 4 presents the HRs with 95% CI for the association
between thigh circumference and mortality risk by exclud-
ing participants with any cancer at baseline. The results
were consistent with previous analyses. Larger thigh cir-
cumference was associated with a lower risk of all-cause
mortality (HR for per 1 cm increase was 0.97; 95% CI,
0.96-0.98, P <0.001) and lower risk of cardiovascular
mortality (HR for per 1 cm increase was 0.95; 95% CI,
0.92-0.99, P =0.0086), but not associated with the risk of
cerebrovascular mortality (P >0.05).

Discussion

Using data from NHANES study 1999-2006, we found an
independent and inverse association between thigh circum-
ference, all-cause mortality and cardiovascular death in

adults. The increased risk associated with smaller thigh
circumference was seen independently of BMI and other
cardiovascular factors for end points, suggesting that lower
thigh circumference is a disadvantage to survival for both
genders. Further analyses suggested that the linear rela-
tionship between thigh circumference and all-cause mor-
tality was more profound among participants with BMI
greater than 25 kg/m2 and the inverse association with
cardiovascular mortality remained significant in over-
weight and obese rather than lean participants.

Thigh circumference has been widely used as an indicator
for body muscle mass and peripheral subcutaneous fat and
has been proved to be closely associated with insulin resis-
tance, atherosclerosis and risk of type 2 diabetes.”'""'® The
Danish MONICA (monitoring trends in and determinants of
disease) project has inverse

cardiovascular reported
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Figure 2 Kaplan-Meier estimated cumulative survival curves based on thigh circumference groups.

Abbreviation: Q, quartiles.

associations between thigh circumference and all-cause mor-
tality, as well as morbidity from cardiovascular disease in
men and women.’ In our analysis, the increased risk between
small thigh circumference and death was independent of
other anthropometric indices, suggesting that smaller thigh
was a disadvantage to health and survival for both sexes
whatever they were lean or had excessive body weight. Our
study agreed with some previous findings and added the
evidence on the inverse association of thigh circumference
and cardiovascular mortality.

Emerging clinical and epidemiological evidence indi-
cates that the distribution of adiposity plays an important
role in CVD risk, and is independent of the extent of
general adiposity.'” For example, studies have shown that
smaller leg muscle, but not arm muscle, could provoke
insulin resistance and might have great relevance for

developing diabetes.?*!

Results from a study among
patients with chronic obstructive pulmonary disease
argued that the cross-sectional area in mid-thigh muscle

was a better predictor of mortality than BML?* These
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Figure 3 The relationship between thigh circumference and mortality of interest. The association of thigh circumference with all-cause mortality (A), cardiovascular
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anti-diabetic drugs, estimated glomerular filtration rate, smoking status, race, baseline cancer, diabetes, hypertension, and cardiovascular diseases. The solid lines represented

the hazard ratios of thigh circumference and the shadowed area represented the corresponding 95% confidence intervals.

previous findings and our study both emphasized the
importance of thigh area in predicting the risk of disease
and death. These previous findings and our study both
emphasized the importance of thigh area in predicting
the risk of disease and death. Thigh muscle mass can be
selectively increased by physical activity in lower body,

which in turns and then decreased the risk of heart disease.

A clear public health recommendation can be easily deliv-
ered to the society.

Similar to the MONICA study, our analysis showed
that age did not modify the effect of thigh circumference
on total mortality and cardiovascular mortality. However,
there was a significant interaction between BMI and thigh

circumference in our study. Participants with a BMI of

Table 3 Subgroup Analysis for Thigh Circumference with All-Cause and Cardiovascular Mortality

Exposure Number All-Cause Mortality Cardiovascular Mortality
HR (95% CI), P-value P for Interaction HR (95% CI), P-value P for Interaction
Gender 0.9154 0.5927
Male 9531 0.97 (0.95,0.98) <0.001 0.93 (0.88,0.97) 0.0017
Female 10,354 0.97 (0.95,0.98) <0.001 0.96 (0.92,1.01) 0.1234
Cardiovascular diseases 0.3566 0.3060
No 16,918 0.97 (0.96,0.98) <0.001 0.95 (0.92,0.99) 0.0057
Yes 738 0.97 (0.93,1.00) 0.0664 0.93 (0.86,1.01) 0.0956
Diabetes <0.001 0.2781
No 17,486 0.97 (0.95,0.98) <0.001 0.96 (0.92,1.00) 0.0734
Yes 2290 0.98 (0.96,0.99) 0.0126 0.94 (0.89,0.99) 0.0123
Hypertension 0.0767 0.0001
No 13,352 0.97 (0.95,0.99) 0.0048 0.92 (0.86,0.99) 0.0297
Yes 6447 0.97 (0.95,0.98) <0.001 0.96 (0.92,0.99) 0.0146
Age, years 0.3528 0.2877
<50 11,725 0.90 (0.88,0.93) <0.001 0.88 (0.77,0.99) 0.0367
=50 8160 0.98 (0.97,0.99) 0.0005 0.95 (0.92,0.99) 0.0056
BMI, kg/m? <0.0001 <0.0001
<25 6835 0.97 (0.95,1.00) 0.0543 0.91 (0.85,0.98) 0.0075
225 12,940 0.97 (0.96,0.98) <0.001 0.97 (0.93,1.00) 0.088

Notes: When analysis a subgroup variable, age, gender, body mass index, total cholesterol, anti-diabetic drugs, estimated glomerular filtration rate, smoking status, alcohol
consumption, race, diabetes, hypertension, waist circumference, any cancer at baseline, moderate activity. Cardiovascular diseases were all adjusted except the variable itself.

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index.
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Table 4 Multivariate Cox Regression Analysis for All-Cause,
Cardiovascular and Cerebrovascular Mortality by Excluding
Participants with Any Cancer at Baseline

Exposure Fully Adjusted Model* HR (95%

ClI), P-value

All-cause mortality
Thigh circumference (per 0.97(0.96,0.98) <0.001
lecm increased)

Thigh circumference groups

Ql 1.0

Q2 0.84 (0.75,0.94) 0.0027

Q3 0.71 (0.62,0.82) <0.001

Q4 0.79 (0.65,0.97) 0.020
P for trend 0.0002

Cardiovascular mortality
Thigh circumference (per 0.95 (0.92,0.99) 0.0086
lecm increased)

Thigh circumference groups

Ql 1.0

Q2 0.57 (0.41,0.8) 0.0012

Q3 0.53 (0.35,0.82) 0.0041

Q4 0.94 (0.54,1.64) 0.8211
P for trend 0.1292

Cerebrovascular
mortality

Thigh circumference (per 0.97 (0.91,1.03) 0.3386
lem increased)

Thigh circumference groups

Ql 1.0

Q2 0.88 (0.5,1.55) 0.6523

Q3 1.08 (0.54,2.17) 0.8347

Q4 1.07 (0.38,2.97) 0.9042
P for trend 0.3386

Notes: *Model adjust for: age, gender, body mass index, total cholesterol, anti-
diabetic drugs, estimated glomerular filtration rate, smoking status, alcohol con-
sumption, race, diabetes, hypertension, and cardiovascular diseases, waist circum-
ference, any cancer at baseline, and moderate activity.

Abbreviations: Q, quartiles; HR, hazard ratio; Cl, confidence interval.

25 kg/m? or higher and a small thigh circumference might
not have a higher risk of cardiovascular death. Still,
a strong negative association remained for lean partici-
pants (BMI <25 kg/m?). This finding was in line with
a previous discovery that small thigh circumference was
associated with diabetes, especially among participants
with a BMI of less than 25 kg/m*'" It is possible that
larger thigh circumference was more protective amongst
people with elevated BMI, which is a common cardiome-
tabolic risk factor. Although the test for interaction was not
significant, this hypothesis can explain the significant and

inverse association between thigh circumference and

cardiovascular mortality among people with diabetes but
not for those without. Additionally, studies have shown
that lean people have increased risk of surgical complica-
tions as well as cardiovascular diseases, and psychological
disorders like suicide and then higher rate of total mortal-
ity and death from heart disease.”> >

The mechanisms linking thigh circumference and mor-
tality have not been fully understood. A study showed that
reduced leg fat was associated with increased risk of CVD
among postmenopausal women with normal BMI.*® Lower
body fat, however, might offer cardioprotection through
endocrine secretion of various adipokines, such as adiponec-
tin, a peptide with apparent anti-inflammatory properties.?’
Adiponectin is secreted mainly from adipocytes and is posi-
tively correlated with thigh circumference.?® In addition, low
thigh subcutaneous fat might also influence glucose and lipid
metabolism in an inverse way.'? Low fat-free mass is also
associated with the risk of cancer and all-cause mortality.**->
The distribution of adipose tissue in the thigh differs accord-
ing to BMI and thigh circumference and might not be repre-
sentative of muscle mass when BMI decreases. From our
perspective, thigh circumference represents both the fat mass
and fat-free mass, although two tissues confer differently in
mortality risk according to BMI categories. In addition, the
underlying mechanisms regarding the non-significant rela-
tionship between thigh circumference and cerebrovascular
mortality were unclear. One possible explanation was that the
follow-up period of our study was relatively short, and the
number of cerebrovascular deaths was relatively small. Well-
designed studies with longer follow-up time are needed in the
future to better understand the potential linkage of thigh
circumference and cerebrovascular mortality.

Our study has several limitations. First, reverse causality
cannot be excluded. However, the prospective design with
linkage to national mortality data of the present study helps
to elucidate causal relationship. Second, there were residual
confounding effects that we were not able to account for,
such as tumor history, mental condition, exercise and sleep.
Despite this limitation, numerous confounding factors asso-
ciated with mortality, including socio-demographic factors,
lipids parameters, BMI, FBG, previous history of diseases,
taking drugs, alcohol and smoking status were adjusted.
Third, most of the covariates were self-reported, which
might introduce inaccuracy and misclassification and were
subject to recall bias. Fourth, we were not able to exclude
pregnant and lactating women due to the lack of relevant
information. Fifth, the study population was solely recruited
in the United States, so the conclusions of this research may
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not be extrapolated to other populations. Moreover, we were
not able to determine the sex-specific normal range of thigh
circumference. Finally, NHANENS study did not measure
fat mass and fat-free mass of the thighs.

Conclusion

In conclusion, the present cohort study revealed an inverse
association between thigh circumference and all-cause and
cardiovascular mortality. The increased risk of having smaller
thighs was independent of BMI, waist circumference, life-
style and cardiovascular risk factors such as blood pressure
and lipids. The measure of thigh circumference might be
a relevant anthropometric measure to help general practi-
tioners to identify individuals with increased risk of mortality.
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