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Abstract

Background: The mid-upper arm circumference (MUAQ) is a proxy for subcutaneous fat in the upper body and is a
reliable screening measure for identifying individuals with abnormal regional fat distribution. The purpose of this
study was to evaluate the association between MUAC and metabolic syndrome (MetS) in middle-aged and elderly
individuals.

Methods: We measured the MUAC in a cross-sectional sample with a total of 9787 subjects aged 40 years and
older. The measurement of MUAC is performed on the right arm using a non-elastic tape held midway between
the acromion and the olecranon processes in duplicate, with the arm hanging loosely at the side of the body. The
MetS was defined according to the Joint Statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention.

Results: MUAC was positively correlated with waist circumference (r=0437, P<0.001), BMI (r=0.334, P < 0.001),
fasting insulin (r=0.348, P < 0.001), HOMA-IR (r=0.134, P < 0.001), triglycerides (r=0.138, P <0.001), SBP (r=0.124,

P <0.001), and DBP (r=0.123, P <0.001), and inversely correlated with adiponectin (r=-10.147, P <0.001) and HDL-
cholesterol (r=—-0.176, P <0.001) after adjusting for age and gender. Compared with the lowest quartile group, the
odds ratios were substantially higher for MetS (OR 1.77; 95% Cl 1.51-2.09, P for trend< 0.001) in the highest MUAC
quartile group after adjustment for potential cofounder.

Conclusion: Large mid-upper arm circumference is significantly associated with metabolic syndrome in middle-
aged and elderly individuals.
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Background

Metabolic syndrome (MetS), which contains a cluster of
metabolic abnormalities including central obesity, hyper-
tension, dysglycemia, and dyslipidemia that together cul-
minate in the increased risk of cardiovascular disease
(CVD) and diabetes, is a major global public health
problem [1]. Of note, the prevalence of MetS is up to
30% in middle-aged and elderly people in China [2, 3].
Given the continuous increase of the aging population
in China, the high prevalence of MetS is a concerning
observation that should be put on the agenda.

It is well established that different body fat distribution
exist significant differences not only in free fatty acid
(FFA) storage but also in FFA release [4]. Moreover,
compared with the lower-body subcutaneous fat, the
upper-body subcutaneous adipose tissue exhibited more
active lipolysis [5, 6]. Numerous convincing evidence
demonstrated that upper-body subcutaneous fat is sig-
nificantly associated with increased visceral fat and in-
volved in metabolic disorders independent of body mass
indexes [7, 8]. Previous studies have revealed that sys-
temic FFA is primarily derived from upper-body sub-
cutaneous fat [5, 9], indicating that excessive upper arm
fat depot may be a contributor to metabolic abnormality.
On the one hand, the transfer of excess FFA from sys-
temic adipose tissue lipolysis to liver tissue will result in
excessive fat accumulation in the liver. On the other
hand, elevated FFA levels also provoke VLDL-
triglyceride production, insulin resistance, and inflam-
mation, further increases the risk of metabolic disorders
[10]. Furthermore, it has been demonstrated that dysreg-
ulation of fatty acid disposition, with ectopic lipid accu-
mulation in non-adipose cells, is a major factor
contributing to the development of MetS [11].

More recently, several studies have reported that mid-
upper arm circumference (MUAC), a feasible and valid
screening tool for identifying subjects with abnormal dis-
tribution of upper-body subcutaneous fat, was positively
associated with higher risks of cardiometabolic disorders
and subclinical atherosclerosis independent of waist cir-
cumference and BMI [12]. To date, however, much less
is known about the relationship between MUAC and
MetS among Chinese individuals. Thus, the purpose of
this study was to evaluate the relationship between
MUAC and MetS among Chinese middle-aged and eld-
erly individuals.

Methods

Study population

The study is a part of the Risk Evaluation of cAncers in
Chinese diabeTic Individuals: A 1ONgitudinal (REAC-
TION) study, a community-based study conducted among
259,657 Chinese individuals aged 40 years and older [13].
REACTION study performed in 25 communities across

Page 2 of 8

mainland China, from 2011 to 2012. The study design and
methods have been described previously in detail [13-15].
The data presented in this article are based on the baseline
survey of subsamples from the Chongming District,
Shanghai, China. A total of 9930 eligible subjects partici-
pated in the study. After excluding individuals with miss-
ing data about MUAC (n = 143), 9787 subjects (3156 men
and 6631 women) were eventually included in the present
analysis. The study protocol was approved by the Ethics
Committee of Xinhua Hospital Affiliated to Shanghai Jiao-
tong University School of Medicine. Written informed
consent was obtained from all participants.

Data collection

A standardized questionnaire was applied by trained
physicians to collect essential information, including sex,
age, lifestyle factors, educational attainment, physical ac-
tivity, and previous medical history. Anthropometric
measurements were collected by certified physicians
using standard protocols in duplicate base on the Na-
tional Health and Nutrition Examination Survey
(NHANES) Anthropometry Procedures Manual [16].
The measurement of MUAC is performed on the right
arm using a non-elastic tape held midway between the
acromion and the olecranon processes, with the arm
hanging loosely at the side of the body. Waist circumfer-
ence was measured with a non-elastic tape held midway
between the lower rib margin and the iliac crest at the
end of a gentle expiration. Blood pressure (BP) was mea-
sured with an automated electronic device (OMRON
Modell Plus; Omron Company, Kyoto, Japan). Over-
weight was defined as body mass index (BMI) > 24 kg/
m?, central obesity was defined as waist circumference >
85 cm for men and > 80 cm for women.

Biochemical measurements

Peripheral venous blood samples were collected after an
overnight fast for at least 10 h. The plasma glucose level
was measured by the glucose oxidase method (ADVIA-
1650 Chemistry System, Bayer, Leverkusen, Germany).
We used an automatic analyzer (Hitachi 7080; Tokyo,
Japan) to measured low-density lipoprotein (LDL) chol-
esterol, high-density lipoprotein (HDL) cholesterol, total
cholesterol, and triglycerides. Hemoglobin Alc was de-
termined by the HPLC method (BIO-RAD, D10, CA).
Fasting insulin was measured by RIA (Linco Research,
St. Charles, MQO) and insulin resistance was evaluated
using the homeostasis model of assessment for insulin
resistance (HOMA-IR).

Definition of MetS

The MetS and metabolic risk factors were defined based
on the Joint Statement of the World Heart Federation;
National Heart, Lung, and Blood Institute; American
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Heart Association; International Diabetes Federation
Task Force on Epidemiology and Prevention; Inter-
national Atherosclerosis Society; and International Asso-
ciation for the Study of Obesity [1]. MetS was defined as
having >3 of the following metabolic risk factors: (1)
central obesity (waist circumference > 85 cm in men or >
80cm in women), (2) triglycerides >1.7 mmol/L, (3)
HDL cholesterol < 1.0 mmol/L in men or < 1.3 mmol/L
in women, (4) systolic blood pressure (SBP) > 130 and/or
diastolic blood pressure (DBP)=85mmHg or current
use of antihypertensive agents, (5) fasting plasma glucose
>5.6 mmol/L, previous diagnosis of type 2 diabetes or
use of antidiabetic agents.

Statistical analysis

Continuous variables with normal distribution were
expressed as means + SD, variables with skewed distri-
bution were shown as median (interquartile range) and
log-transformed to approximate normality before ana-
lysis. Categorical variables were expressed by frequency
and percentage. The subjects were divided into four
groups according to the MUAC quartiles. For compari-
sons between groups, we performed one-way ANOVA
for continuous variables with normal distributions and
nonparametric tests for continuous variables with highly
skewed distributions. The Chi-squared test was applied
to compare categorical variables. Correlation coefficients
between MUAC and metabolic features were calculated
by partial correlation analysis after adjusted age and gen-
der. Multivariate logistic regression analyses were used
to test odds ratios (ORs) and 95% confidence intervals
(ClIs) of Mets for each MUAC quartile compared with
the lowest quartile (Q1) group. Model 1 was adjusted for
age and gender; model 2 was adjusted for the variables
in model 1 plus smoking, alcohol drinking, educational
attainment, physical activity, and self-reported CVD;
model 3 was adjusted for the variables in model 2 plus
CRP, adiponectin, and HOMA-IR; model 4 was adjusted
for the variables in model 3 plus BMI. Data management
and statistical analysis were performed with SPSS (ver-

sion 23.0). P<0.05 was considered statistically
significant.

Results

Characteristics of participants according to MUAC
quartiles

The mean of MUAC was 29.24 cm for males and 28.41
cm for females (P < 0.001), respectively. The individuals
were divided into four groups based on the quartiles of
MUAC. When analyzed by quartiles of MUAC levels, as
summarized in Table 1, the subjects with larger MUAC
were more likely to be smokers, alcohol drinkers, and
comorbidities including hypertension, hyperlipidemia,
diabetes (all P<0.05). With regard to metabolic
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parameters, the individuals in the higher MUAC quar-
tiles showed higher levels of SBP, DBP, BMI, waist cir-
cumference or waist-to-hip ratio, fasting glucose, insulin,
HOMA-IR, CRP, triglycerides (all P<0.001), and LDL
cholesterol (P = 0.003). Conversely, the subjects with lar-
ger MUAC displayed lower adiponectin and HDL chol-
esterol levels (both P <0.001). However, elevated MUAC
exhibited no association with the levels of total choles-
terol in this study.

Association between MUAC and MetS

Partial correlation analysis showed that MUAC has the
strongest correlation with waist circumference after
adjusting for age and gender (Table 2). Additionally,
MUAC was also strongly correlated with BMI and
insulin.

The prevalence of MetS, overweight, and central obes-
ity raised sharply from the small MUAC group to the
large MUAC group both in men and women (All P for
trend <0.001). In addition, women seem to have a
higher prevalence of MetS and central obesity compared
with men. Furthermore, with the accumulation of MetS
components, MUAC was gradually increased both in
males and females (Fig. 1). It is worth noting that as the
components of MetS increased from none to five, the re-
lationship between MUAC and MetS was statistically
significant, both in subjects with Mets (number of MetS
components >3) and the subjects without MetS (number
of MetS components < 3). On this ground, MUAC may
be directly or indirectly related to each MetS
component.

As is shown in Table 3, the ORs for MetS and its com-
ponents were significantly higher with increasing MUAC
quartiles. In the largest MUAC quartile, the ORs (95%
ClIs) were 5.71 (4.97-6.56) for MetS, 14.70 (12.49-17.31)
for central obesity, 2.23 (1.90-2.62) for elevated triglyc-
erides, 2.11 (1.86—2.40) for elevated blood pressure, 2.06
(1.79-2.37) for reduced HDL cholesterol, 1.54 (1.35-
1.76) for elevated fasting glucose after adjusting for age,
gender, smoking, alcohol consumption, educational at-
tainment, physical activity, CRP, adiponectin, and self-
reported CVD (referencing to 1.00) (Model 2, all P for
trend < 0.001). Further adjustment for HOMA-IR, CRP,
and adiponectin, the OR was 3.24 (Model 3, 95% CI
2.79-3.76, P for trend <0.001) for MetS in the highest
MUAC quartile. Moreover, the correlation between
MUAC and MetS was still statistically significant by add-
itional adjustment for BMI (Model 4, OR 1.77; 95% CI
1.51-2.09; P for trend < 0.001).

Discussion

We observed a significant positive association between
MUAC and MetS in a large-scale population study. Fur-
thermore, we found that MUAC is strongly correlated
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Table 1 Characteristics of study participants according to MUAC quartiles
Characteristics Q1 (n=2524) Q2 (n=2409) Q3 (n=2427) Q4 (n=2427) P value
<2670 26.71-2860 2861-3050 >3051 for
trend

MUAC (cm) 2493 +1.53 27.78 £0.56 29.61 £0.53 3253+1.72 <0.001
Age (years) b 5559+821 56.06+7.81 56.53+7.62 5647 +7.59 <0.001
Male (%) ° 240 29.1 37.1 391 <0001
Smoking (yes, %) 14.3 17.2 18.1 199 <0.001
Alcohol (yes, %) 18.1 24.5 26.0 28.1 <0.001
Educational attainment (%)

0-6 years 20.7 21.7 21.8 254 0.003

7-9 years 50.0 49.1 486 482

2 10years 293 29.2 296 264
Physical activity (%)

Low 70.8 725 716 72.2 0.281

Moderate 214 196 212 19.7

High 7.8 79 7.2 8.1
SBP (mm Hg) 126.96 + 19.00 129.72 + 1842 13223+17.76 134.55+ 1894 <0.001
DBP (mm Hg) 79.02+9.51 80.29+9.71 81.13+9.50 82.50 + 940 <0.001
BMI (kg/mz) 22.79£2.90 2447 £248 2546+ 261 2694 +3.08 <0.001
Waist circumference (cm) 7838+ 1141 8294+ 849 86.54 £8.75 9111877 <0.001
Waist to hip ratio 0.86 + 0.08 0.87 +£0.09 0.89+0.17 0.90 +0.07 <0.001
Fasting glucose (mmol/L) 6.20+1.82 623+1.73 6.33+165 6.38+1.52 <0.001
2-h glucose (mmol/L) 830+4.01 861 +3.94 891+3.79 9.18+3.73 <0.001
Insulin (mU/L) © 6.25 (3.90-7.20) 7.18 (4.50-8.50) 7.75 (5.20-9.20) 940 (6.10-11.50) <0.001
HOMA-IR © 1.70 (0.98-1.99) 2.00 (1.22-245) 2.22(1.38-2.68) 2.70 (1.65-3.38) <0.001
CRP (ug/ml) 4.79+574 494 +5.85 513£6.12 524+6.27 <0.001
Adiponectin (ug/ml) 12.34 (7.92-15.67) 10.93 (6.72-13.15) 8.17 (5.24-11.33) 6.29 (4.78-9.75) <0.001
Triglycerides (mmol/L) © 1.44 (0.83-1.66) 1.67 (0.94-1.94) 1.83 (1.03-2.13) 1.96 (1.12-2.34) <0.001
Total cholesterol (mmol/L) 464+ 1.05 462+103 465+1.04 467 +1.03 0.291
LDL cholesterol (mmol/L) 258+0.78 259+0.76 263+0.77 265+0.76 0.003
HDL cholesterol (mmol/L) 132+034 1.23£0.32 1.19+0.30 1.16+£0.28 <0.001
Comorbidities (%)
Hypertension 208 250 314 369 <0.001
Hyperlipidemia 28 34 58 6.2 <0.001
Diabetes 88 9.3 10.8 10.8 0.036
el 26 39 32 4. 0014

@ Data are means * SD, median (interquartile range), or percentage; P value was calculated after adjustment for age and gender. 5 Not adjusted for itself. < These
variables were log transformed before analysis. ¢ Self-reported CVD including stroke and coronary heart disease

with waist circumference, lipid parameters, blood pres-
sure, and insulin, which indicated that abnormal local fat
depot is a potential screening index for identifying meta-
bolic disorders.

BMI and waist circumference are common screening
measures for identifying individuals with abnormal distribu-
tion of body fat. Nevertheless, BMI cannot provide accurate
information about the local distribution of body fat and it is
difficult to obtain height and weight for patients who cannot

stand. As for waist circumference, the deficiency of daily ap-
plication lies in the big difference between preprandial and
postprandial measurements. In view of the above reasons,
MUAC began to show diagnostic value for assessing nutri-
tional status. Compared to other anthropometric measure-
ments, MUAC is not only easier to obtain, but also has
other advantages such as being more accurate, convenient,
and low-cost. Small MUAC has shown excellent perform-
ance in assessing malnutrition and predicting mortality both
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Table 2 Partial correlation coefficients among MUAC and other
clinical parameters

Variable MUAC
r P

BMI 0334 <0.001
Waist circumference 0437 <0.001
SBP 0.124 <0.001
DBP 0.123 <0.001
Fasting plasma glucose 0.045 0.043
2-h post-loading glucose 0.074 <0.001
Insulin 0.348 < 0.001
HOMA-IR 0.134 <0.001
CRP 0.110 0.008
Adiponectin —-0.147 <0.001
HDL cholesterol —-0.176 < 0.001
LDL cholesterol 0.024 0016
Triglycerides 0.138 <0.001

All correlation coefficients were calculated after adjustment for age
and gender

in children [17] and older individuals [18, 19]. More re-
cently, large MUAC has been recognized as a valid tool for
detecting overweight and obesity in children and adolescents
[20, 21]. However, the study about whether MUAC is asso-
ciated with obesity-related metabolic abnormality, such as
MetS, is scarce. Currently, we found that MUAGC, as a proxy
of upper-body subcutaneous adipose, was positively associ-
ated with MetS. Moreover, consistent with previous studies
[12], we found large MUAC also tightly correlated with cen-
tral obesity, elevated blood pressure, and low HDL
cholesterol.

The abnormal accumulation of fat affects adipose tis-
sue metabolic capacities, endocrine, and immune func-
tion and leads to altered production of lipid mediators,
adipokines, pro- or anti-inflammatory cytokines, and
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impaired signaling pathways that contribute to obesity-
related metabolic abnormality [22]. Obesity increases the
flux of fatty acids from adipose tissue to peripheral tis-
sues [23]. The increase in FFAs derived from adipose tis-
sue is mainly mediated by the resistance of adipose
tissue to the anti-lipolytic action of insulin [24]. There is
compelling evidence that abnormally increased visceral
fat is a maker of excessive systemic FFAs release [25],
but it is worth noting that it is upper-body subcutaneous
fat released the majority of FFAs [26]. Large MUAC
means excessive subcutaneous fat accumulation, which
contributes a greater portion of the fatty acids released
into the circulation. Circulating FFAs is a crucial medi-
ator in the development of metabolic disorders [27]. Ele-
vated plasma FFAs induce insulin resistance,
inflammation, and increase the synthesis and ectopic de-
position of triglycerides [28—31]. Concomitantly, exces-
sive FFAs also affect glucose metabolism by inhibiting
glucose uptake, oxidation, glycogen synthesis, and in-
creasing output hepatic glucose [32]. Additionally, in-
creased FFAs can trigger oxidative stress which is an
early instigator of MetS [33], and endoplasmic reticulum
stress which intersects with many different inflammatory
and stress signaling pathways by unfolded protein re-
sponse [34—36]. The excess FFAs release derived from
excess accumulation of arm subcutaneous adipose might
be a potential mechanism to partly explain the correl-
ation between MUAC and MetS.

Moreover, the adipose tissue is not only a depot of
excess energy but also a highly active metabolic endo-
crine organ that secretes numerous biologically active
molecules, which are collectively termed adipokines
[37]. When adipose tissue expands, the capacity of
adipocytes to function as endocrine cells and secrete
various adipokines is altered in individuals with obes-
ity and MetS [33, 38]. These abnormal levels of adi-
pokine are linked to insulin resistance, impaired
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Table 3 Adjusted ORs (95% Cl) of MetS and its components according to the quartiles of MUAC
ORs (95% Cl) P
Qi Q 3 Q4 yalue
or
trend

MetS

Model 1° 1.00 1.79 (1.60-2.02) 328 (291-3.70) 5.77 (5.08-6.54) <0.001

Model 2P 1.00 1.77 (1.56-2.01) 3.25 (2.85-3.70) 1 (4.97-6.56) <0.001

Model 3¢ 1.00 1.55 (1.35-1.78) 249 (2.17-2.86) 3.24 (2.79-3.76) <0.001

Model 49 1.00 1.23 (1.07-142) 8 (14 95) 1.77 (1.51-2.09) <0.001
Central obesity

Model 1° 1.00 2.50 (2.22-2.81) 5.67 (5.00-6.43) 1531 (13.17-17.81) <0.001

Model 2P 1.00 247 (2.18-2.81) 5.52 (4.82-6.31) 14.70 (12.49-17.31) <0.001

Model 3¢ 1.00 2.29 (2.00-2.61) 4.69 (4.08-5.40) 10.57 (8.93-12.52) <0.001

Model 4¢ 1.00 141 (1.20-1.65) 203 (1.71-2.40) 346 (2.81-4.25) <0.001
Elevated blood pressure

Model 1° 1.00 1.27 (1.13-143) 1.66 (1.48-1.87) 15 (1.91-242) <0.001

Model 2P 1.00 1.26 (1.11-143) 1.64 (1.45-1.86) 1 (1.86-2.40) <0.001

Model 3¢ 1.00 1.18 (1.03-1.34) 145 (1.27-1.65) 1.65 (1.44-1.88) <0.001

Model 4¢ 1.00 1.04 (0.91-1.18) 1.16 (1.02-1.33) 7 (1.01-1.35) <0.001
Elevated triglycerides

Model 1° 1.00 44 (1.23-1.69) 1.81 (1.55-2.11) 234 (202-2.72) <0.001

Model 2° 1.00 1.39 (1.17-1.65) 1.81 (1.54-2.14) 2.23 (1.90-2.62) <0.001

Model 3¢ 1.00 1.26 (1.06-1.50) 149 (1.26-1.77) 1.52 (1.28-1.80) <0.001

Model 4¢ 1.00 1.21 (1.02-1.45) 1.36 (1.1 64) 140 (1.17-1.67) <0.001
Reduced HDL cholesterol

Model 1° 1.00 145 (1.27-1.66) 1.70 (14 ) 8 (1.91-248) <0.001

Model 2P 1.00 1.36 (1.18-1.58) 168 (14 ) 2.06 (1.79-2.37) <0.001

Model 3¢ 1.00 1.29 (1.11-1.50) 1.50 (1.3 ) 1.68 (1.45-1.95) <0.001

Model 4¢ 1.00 1.23 (1.06-143) 1.38 (1.1 ) 146 (1.24-1.71) <0.001
Elevated fasting glucose

Model 1° 1.00 1.28 (1.13-1.45) 8(1.3 72) 1(1.33-1.73) <0.001

Model 2P 1.00 1.28 (1.12-1.47) 1(1.04-1.34) 1.54 (1.35-1.76) <0.001

Model 3¢ 1.00 1.23 (1.08-141) 41 (1.2 61) 1.38 (1.20-1.57) <0.001

Model 4¢ 1.00 1.14 (0.99-1.32) 5 (1.0 32) 1.25 (1.09-1.44) <0.001

2 Model 1 was adjusted for age and gender. ® Model 2 was further adjusted for smoking, alcohol drinking, educational attainment, physical activity, and self-
reported CVD. € Model 3 was further adjusted for CRP, adiponectin, and HOMA-IR. ¢ Model 4 was further adjusted for BMI. Q, quartile. Q1 is the reference group.
Multivariate logistic regression models were used to estimate the odds ratios (ORs) with corresponding 95% confidence intervals (Cls) for MetS and its

components. The final model is statistically significant (x> = 34.927, P < 0.001)

triglyceride storage and increased fatty acids in circu-
lation [39]. Furthermore, as fat accumulation, substan-
tial infiltration of immune cells occurs, and there is a
specific crown-like disposition of macrophages around
single necrotic adipocytes in obese people [40] and
subjects with MetS [38]. Subsequently, proinflamma-
tory pathways were activated, and certain proinflam-
matory cytokines and chemokines were overflowed
that result in low-grade inflammation and insulin re-
sistance [22, 38]. In line with the previous study [12],

our findings also observed that MUAC is positively
correlated with CRP. Overall, adipose dysfunctions,
inflammation, and stress linking mid-upper arm obes-
ity to insulin resistance and MetS.

To our knowledge, this is the first study to evaluate the
association between MUAC and Mets among large-scale
middle-aged and older people. The major strength of this
study is the analysis based on a large sample. Potential co-
variates were strictly controlled in the analysis, so as to
eliminated the possibility of residual confounding effects.
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This study has several limitations. For one thing, we
did not measure the tissue composition of the mid-
upper arm. The use of MUAC to evaluate the mid-
upper arm subcutaneous fat was a convenient and
practical way but was unable to quantify the fat accumu-
lation. Therefore, the amount and size of subcutaneous
adipocyte and muscle fat are not clear. For another, due
to the present study is a cross-sectional analysis, we can-
not draw the causality from our findings. Additionally, it
is still unclear whether our findings in middle-aged/older
Chinese subjects can be generalized to younger popula-
tions or individuals of other ethnicities.

In brief, our study observed that MUAC is positively as-
sociated with MetS even after adjustment for potential co-
variates. These findings provide a novel insight into the
association between upper-body obesity and MetS, and a
potential screening tool for identifying individuals with
MetS. Further researches are necessary to explore the
underlying pathophysiological mechanism of the relation-
ship between mid-upper arm subcutaneous fat and MetS.

Conclusion

In summary, in this population-based study, there is a
significantly positive association between MUAC and
MetS in Chinese middle-aged and elderly individuals.
Our results indicated that MUAC in the routine clinical
measurement is necessary to screen for metabolic disor-
ders, including dyslipidemia, dysglycemia, and elevated
blood pressure.
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