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Abstract

Background

Our research aimed to explore the correlation between mid-upper arm circumference
(MUAC) and central obesity and insulin resistance (IR) in Chinese subjects with type 2
diabetes.

Materials

A total of 103 participants (60 men) were recruited in our study. MUAC was measured
around the mid-arm between the shoulder and elbow. Waist circumference (WC) was
obtained as central obesity parameter, and the IR parameter of Homeostasis Model Assess-
ment-Insulin Resistance (HOMA-IR) was calculated. The subjects were divided into three
groups according to the tertiles cut-points of MUAC level.

Results

Body mass index (BMI), WC, the percentages of central obesity and HOMA-IR were signifi-
cantly higher in the groups with higher MUAC than those in the group with lower MUAC (all
P < 0.05). Pearson analysis showed that MUAC was correlated with BMI, WC, waist-to-hip
ratio (WHR), logHOMA-IR, low density lipoprotein cholesterol (LDL-C), uric acid (UA) and
high density lipoprotein cholesterol (HDL-C) in all subjects. Multivariate linear regression
analysis revealed that MUAC was independently associated with logHOMA-IR (8 = 0.036,
P<0.001) after adjusting for age, gender, WHR, UA, TG, LDL-C and HDL-C. Binary logistic
regression analysis revealed that MUAC was an independent predictor of central obesity
(OR: 2.129, 95%Cl: 1.311-3.457, P=0.002). Furthermore, MUAC>30.9cm for male and
>30.0cm for female were the optimal cutoff values for identifying central obesity.
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Conclusions

Our study indicated that among Chinese subjects with type 2 diabetes, MUAC is a simple
and effective tool for the determination of central obesity and IR. Additionally, the larger
MUAC is proved to be more associated with metabolic risk factors of higher UA and LDL-C
and lowever HDL-C.

Introduction

Obesity is an international issue related to many serious diseases like diabetes and cardiovascu-
lar diseases that impose a huge burden on both individual and public health [1-3]. Based on
international reference standards, the body mass index (BMI) is the most common measure-
ment for the determination of obesity both in clinical practice and research [4,5]. However,
more and more studies confirmed that central obesity, also known as visceral obesity, offers
more predictive power for type 2 diabetes, cardiovascular risk and metabolic dysfunctions
than whole-body adiposity [6-8]. Thus, for the failure to evaluate body fat distribution, BMI is
replaced by some other anthropometric parameters to predict central obesity and insulin resis-
tance, such as waist circumference (WC) and waist to hip ratio (WHR) [9-12].

Among various methods, WC is used as the most common anthropometric index of
abdominal visceral fat accumulation and insulin resistance (IR), which were the indicators of
cardiovascular risks in both men and women [3,13]. However, there remain a number of limi-
tations of WG, such as the absence of a standard approach of measurement; the volatility of
measuring results from the influence of dining and diverse health conditions [10]. In addition,
while it is well documented that adipose tissue, especially volume of visceral adipose tissue was
strongly correlated with cardiovascular diseases, insulin resistance and diabetes mellitus [14],
WC alone to predict central obesity seems to be not enough since its failure to distinguish
whether it is caused by volume of visceral or abdominal subcutaneous adipose tissue. There-
fore, some researches were conducted to explore novel indexes to be more accurate and practi-
cal [10,15-17]. Recently, arm-fat percentage or mid-upper arm circumference (MUAC) were
suggested as novel predictors of central obesity and IR in population with normal weight, over-
weight or obesity [18-20]. However, there is little data to evaluate the role of MUAC in detect-
ing IR and central obesity in diabetic patients. A large amount of studies had proved that the
IR and central obesity in patients with diabetes were quite different from other populations
[21,22]. Type 2 diabetes is mainly characterized by insulin resistance. Most recently, in Groop
L’s and Ji L’s suggestions of novel diabetes classification, diabetes was stratified into five types
(in Groop L’s study) or four types (in Ji L’s study) [23,24]. In their studies, diabetes complica-
tions substantially increased in patients with severe insulin-resistant diabetes, which reinforced
the importance of IR and central obesity in diabetic patients. As a result, the association of
MUAC and IR and central obesity in diabetes might be quite different from other populations
as well. Therefore, precisely identifying the central obesity and IR in closely related to type 2
diabetes is of great importance. As the evaluation of MUAC can be easily obtained in clinical
practice, our study aimed to evaluate whether the MUAC can be served as an indicator of cen-
tral obesity and IR in type 2 diabetes. Besides, we further investigate whether MUAC is supe-
rior to other anthropometric parameters in measuring central obesity and IR in subjects with
type 2 diabetes.
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Materials and methods
Study population

From April 2015 to May 2017, 103 subjects were recruited in our study. The patients were
selected from inpatient clinics who met the following criteria: aged above 18 years, diagnosed
with type 2 diabetes (according to the WHO diabetes criteria) [25], without insulin treatment,
Sulphonylurea, sodium-dependent glucose transporters-2 inhibitors (SGLT-2i) or glucagon-
like peptide-1 (GLP-1) analog for at least 2 weeks (hypoglycemic agents in S1 Table), not hav-
ing severe disease and be free of any acute infection during 2 weeks before the inclusion. The
medications of hypertension, hyperlipidemia and hyperuricemia were displayed in the S2-54
Tables, respectively. The protocol was approved by the ethics committee of the Third Affiliated
Hospital of Sun Yat-sen University. All subjects provided written informed consent before
screening.

Anthropometric measures

Body height and weight were measured by the researchers and BMI was calculated as body
weight(kg) divided by the square of the height(m). Hip circumference (HC) was the horizontal
length between the most prominent parts of the buttocks, waist circumference (WC) was mea-
sured at the mid-position between the iliac crest and the last rib [26], and the waist-to-hip
ratio (WHR) was calculated. Mid-upper arm circumference (MUAC) was measured at the
mid-arm between the shoulder and elbow [18].

Blood biochemical assays

Venous blood samples were collected from participants to determine metabolic markers,
including fasting blood-glucose, total cholesterol (TC), low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol (HDL-C), triglyceride (TG), and uric acid (UA),
using an automated enzymatic method (Hitachi, Japan, 7600-020 autonomic analyzer). High-
pressure liquid chromatography (BIO-RAD, USA, D-10 analyzer) was used to measure the
HbAIc level. Plasma insulin was evaluated by competitive radioimmunoassay (Centaur XP
immunoassay system, Siemens Healthcare Diagnostics, New York, NY). The Homeostasis
Model Assessment-Insulin Resistance (HOMA-IR) index, calculated by the formula: fasting
plasma insulin (mU/L) x fasting plasma glucose (mmol/L)/22.5 [27], was used to assess Insulin
Resistance (IR).

For man, waist circumference > 85cm was used to define central obesity and for women as
waist circumference > 80cm [28].

Statistical analysis

The SPSS program for Windows (version 22.0) was utilized to process the analysis. Continu-
ous variables of clinical characteristics were presented as mean+S.D. Differences between
groups were evaluated by t-test, chi-square test or Wilcoxon rank-sum test. Data of non-nor-
mal distributions were logarithmically transformed before statistical analysis. Pearson or
Spearman correlations were conducted to analyze the associations between two variables. Var-
iables that were significantly related to the objective variable were tested for independence
using multivariate linear regression analysis. The risk factors of central obesity were evaluated
by logistic regression. The accuracy of anthropometric parameters to predict central obesity
was evaluated by using receiver operator characteristic (ROC) curve analysis. The specificity
and sensitivity of MUAC were calculated for each cut-off point in the sample. P value below
0.05 was examined statistically significant.
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Table 1. General characteristics of study subjects.

Parameters All(N =103) Men(N = 60) Women(N = 43) P(men vs women)
Age (years) 51.4+13.6 48.9+14.2 54.9+12.2 0.03
Diabetes duration (years) 8.79+£3.13 9.82+3.21 8.13+2.11 0.78
BP (mmHg) 135/83 145/92 134/80 0.23
FBG (mmol/L) 8.70£3.34 8.62%2.79 8.83+4.02 0.75
BMI (kg/mz) 25.32+4.05 26.27+4.58 24.00+2.73 0.005
WC (cm) 91.51+9.62 93.78+10.67 88.35+6.88 0.004
WHR 0.94£0.06 0.95£0.05 0.93£0.06 0.13
MUAC (cm) 31.68+3.35 32.82+3.38 30.11+2.62 <0.001
TG (mmol/L) 2.15%£2.55 2.23%+2.13 2.04£3.06 0.71
TC (mmol/L) 5.07+1.61 4.77+1.28 5.47+1.91 0.03
HDL-C (mmol/L) 1.06+0.30 0.96+0.23 1.21+0.33 <0.001
LDL-C (mmol/L) 3.17£1.06 3.18+0.99 3.17%1.15 0.95
UA (pmol/L) 354.17+£99.49 368.20+£100.16 334.60+£96.29 0.09
HbA1C (%) 9.04+2.51 9.16£2.30 8.86+2.79 0.56
LogHOMA-IR 0.61+£0.23 0.64+0.23 0.57+0.22 0.13

BMI, Body Mass Index; MUAC, Mid-upper Arm Circumference; WC, Waist Circumstance; WHR, Waist-to-hip Ratio; UA, Uric Acid; TG, Triglyceride; TC, Total
Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HbA1C, Hemoglobin Alc; HOMA-IR, Homeostatic Model

Assessment of Insulin Resistance.

https://doi.org/10.1371/journal.pone.0231308.t001

Results
Baseline characteristics

The study sample consisted of 103 individuals (mean age: 51.4+13.6 years) with 60 male
(58%). The clinical characteristics of the subjects are shown in Table 1. The values of BMI
(male, 26.27+4.58kg/m2, female, 24.00+2.73kg/m2), WC (male, 93.78+10.67cm, female, 88.35
+6.88cm) and MUAC (male, 32.82+3.38cm, female, 30.11+2.62cm) were significantly higher
while TC (male, 4.77+1.28mmol/L, female, 5.47+1.91mmol/L) and HDL-C (male, 0.96
+0.23mmol/L, female, 1.21+0.33mmol/L) were significantly lower in male than those in
female.

In addition, the subjects were categorized based on tertiles cut-points of arm circumference
level (tertile 1, MUAC < 29.50cm; tertile 2, 29.50cm<MUAC<32.60cm; tertile 3,
MUAC > 32.60cm). As shown in Table 2, the value of BMI, WC and LogHOMA-IR of
patients were significantly higher in the groups with higher MUAC. Moreover, the percentages
of central obesity, identified by the measurement of waist circumference, were 55.8%, 85.7%
and 97.1% respectively in the three groups (P<0.01).

Correlation of mid-upper arm circumference with central obesity
parameters, metabolic variables and insulin resistance

Correlation between the MUAC, central obesity markers and metabolic markers among all
subjects were analyzed in our study. The MUAC positively correlated with BMI (r = 0.88,

P < 0.001) and the central obesity markers, WC (r = 0.74, P < 0.001) and WHR (r = 0.30,

P =0.002). Among the traditional metabolic risk factors, MUAC showed a positive correlation
with UA(r = 0.32, P<0.001) and LDL-C (r = 0.40, P<0.001) and negatively correlated with
HDL-C (r = -0.32, P = 0.001) in all patients (Fig 1). Furthermore, the relationships shown in
Table 3 were observed differently by gender. In both genders, MUAC correlated positively
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Table 2. Characteristics of subjects according to mid-upper arm circumference tertiles.

Tertile 1 (n = 34)

Age(years) 55.2+11.7
BMI(kg/m®) 21.97+1.07
MUAC (cm) 28.36+0.90
WC (cm) 84.59+7.07
WHR 0.92+0.07
HbA1C (%) 9.29£3.01
FBG (mmol/L) 9.40+4.38

BP (mmHg) 135/94

TC (mmol/l) 4.96+1.32
TG (mmol/l) 1.36+0.71
HDL-C (mmol/l) 1.24+0.34
LDL-C (mmol/l) 2.85+0.85
UA(umol/L) 312.06+74.04
LogHOMA-R  |odes021 |

For list of abbreviations, see Table 1.
P value <0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0231308.t002

Tertile 2 (n = 35) Tertile 3 (n = 34) P value

w2 w3 2w
52.1+12.5 46.9£12.5 0.33 0.01 0.11
24.51+1.27 29.52+4.21 <0.01 <0.01 <0.01
31.26+0.87 35.47+2.62 - -
89.94+5.32 100.04£8.93 <0.01 <0.01 <0.01
0.95+0.04 0.97£0.06 0.09 <0.01 0.13
8.98+2.26 8.84%2.15 0.62 0.60 0.83
8.26+270 8.45%2.64 0.16 0.24 0.83
142/98 138/92 0.24 0.35 0.48
5.02+1.65 5.22+1.85 0.90 0.61 0.53
2.17£2.01 2.93+3.76 0.18 0.01 0.21
1.01+0.21 0.95%0.26 <0.01 <0.01 0.34
2.93+1.21 3.74+0.85 0.36 <0.01 0.02
358.51+106.79 391.82+100.27 0.05 <0.01 0.15
0632017 . fozase2r [ o<eor [ <00t | 002

with BMI, WC and LDL-C, while the positive correlation with WHR, TG, UA and negative
correlation with HDL-C were only shown in men. The association between MUAC and glyce-
mic parameters was not found in our research.

Our results showed that MUAC (male, r = 0.52, P<0.01, female, r = 0.55, P<0.01), WC
(male, r = 0.44, P<0.01, female, r = 0.35, P = 0.02) and BMI (male, r = 0.46, P<0.01, female,

r =0.51, P<0.01) were positively related to LogHOMA-IR in both genders. However, we
found that WHR (male, r = 0.33, P = 0.01, female, r = 0.74, P = 0.64) significantly positively
correlated with LogHOMA-IR only in male. Additionally, MUAC was more strongly corre-
lated with LogHOMA-IR than WC, BMI and WHR in both genders (Table 4).

Linear regression analysis was conducted to identify the predictive effect of MUAC on the
insulin resistance. After adjusting for confounding clinical parameters, including age, gender,
WHR, UA, TG, LDL-C and HDL-C, the value of MUAC remained independently associated
with LogHOMA-IR (B = 0.036, P<0.001) (Table 5).

The results of logistic regression analysis presented in Table 6 showed that only MUAC
(OR, 2.129; 95% CI, 1.311-3.457; P = 0.002) and LDL-C (OR, 3.023; 95% CI, 1.090-8.383;

P =0.033) were associated with increased odds of central obesity after adjusting for age, gen-
der, TG, AC,UA and use of statin.

Optimal cut-off points of mid-upper arm circumference for central obesity

The proportion of central obesity was 81.7% in men and 83.7% in women. The ROC curves
are presented in Fig 2, and the area under the curve (AUC) for MUAC as a predictor of central
obesity was 0.922 for male and 0.788 for female. The best MUAC cutoff point for defining cen-
tral obesity was 30.9cm for male (Youden index = 0.746, Sensitivity: 83.7%; Specificity: 90.9%)
and 30.0cm for female (Youden index = 0.528, Sensitivity: 52.8%; Specificity: 99.9%).
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Fig 1. Relationship between MUAC (cm) and other anthropometric measurements in all subjects. Correlation
assessed by Pearson analysis. MUAC, Mid-upper Arm Circumference; WC, Waist Circumstance; WHR, Waist-to-hip
Ratio; BMI, Body Mass Index; UA, Uric Acid; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density
Lipoprotein Cholesterol.

https://doi.org/10.1371/journal.pone.0231308.g001

Discussion

Previous studies [6,7,29-31] in different subjects demonstrated that abdominal distribution of
body fat was correlated with IR, type 2 diabetes, cardiovascular diseases and total mortality
risk. And the hyperglycemia was more difficult to manage in individuals with both diabetes
and central obesity compared with those with only diabetes [32]. As a result, to found out an
appropriate and more easily conducted method to identity central obesity and subsequently
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Table 3. Relationship between MUAC and other measurements by gender.

Variables MUAC (cm)
Men ‘Women
r P r P

BMI (kg/m?) 0.95 <0.01 0.92 < 0.01
WC (cm) 0.82 <0.01 0.48 <0.01
WHR 0.48 <0.01 0.10 0.50
TG (mmol/L) 0.30 0.02 0.20 0.20
TC (mmol/L) 0.19 0.13 0.07 0.65
HDL-C (mmol/L) -0.33 0.01 -0.23 0.14
LDL-C (mmol/L) 0.57 <0.01 0.31 0.04
UA (umol/L) 0.39 <0.01 0.21 0.17
HbA1C (%) -0.18 0.17 0.07 0.65
FBG (mmol/L) -0.06 0.67 0.03 0.83
LogHOMA-IR 0.52 < 0.01 0.55 < 0.01

For list of abbreviations, see Table 1.

P values<0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0231308.t003

choose appropriate hypoglycemic agents could lead to better control of hyperglycemia and
eventually reduce the mortality in diabetes. In Rerksuppaphol S’ study, MUAC was suggested
to be a simple and accurate parameter to identify overweight and obesity in Thai school-age
children [33]. In an observational, multinational cross-sectional study with 7337 children aged
9-11 years, MUAC was shown to be a suitable method to detect obesity in children [34]. More-
over, Mazicioglu and his group has demonstrated that MUAC could be a useful measurement
in screening body fat distribution in children [35]. However, the subjects of those studies were
all not patients with diabetes. In our study, we focused on the MUAC especially in type 2 dia-
betic patients and found that MUAC could serve as a simple and practical tool to better screen
and identify central obesity among type 2 diabetic patients. As shown in the results, both the
value of WC and the percentage of patients with central obesity were larger in the group with
higher MUAC than those in the group with lower MUAC, which indicated the association
between MUAC and central obesity in diabetes. In addition, MUAC correlated well with other
anthropometric measurements in central obesity patients with diabetes. In both genders,
MUAC was significantly associated with WC and BMI, which indicates that MUAC could be
used as an effective indicator for both central obesity and overall obesity. Furthermore, in our
study, gender-specific cut-off points of the MUAC for central obesity were also established.

Table 4. Relationship between HOMA-IR and other anthropometric measurements by gender.

Variable LogHOMA-IR
Men Women
r P r P
MUAC (cm) 0.52 <0.01 0.55 <0.01
WC (cm) 0.44 <0.01 0.35 0.02
WHR 0.33 0.01 0.74 0.64
BMI (kg/m?) 0.46 < 0.01 0.51 < 0.01

For list of abbreviations, see Table 1.

P values<0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0231308.t1004
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Table 5. Linear regression analysis of logHOMA-IR with different clinical characteristics.

MUAC (cm) Unadjusted model

Model 1
Model 2
Model 3

Model 1: adjusted for age and gender.

] P 95% CI R?
0.039 <0.001 0.028,0.051 0.319
0.041 <0.001 0.029,0.054 0.327
0.041 <0.001 0.027,0.054 0.328
0.036 <0.001 0.021,0.050 0.392

Model 2: adjusted for age, gender and Waist-to-hip Ratio(WHR).
Model 3: adjusted for model 2 plus Uric Acid(UA), Triglyceride(TG), Low-Density Lipoprotein Cholesterol(LDL-C) and High-Density Lipoprotein Cholesterol

(HDL-C).
P values<0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0231308.t005

Based on our analyses, MUAC>30.9cm was determined as the best cutoff value for men to
define population with central obesity, and>30cm for women, with 92.2% accuracy for men
and 78.8% accuracy for women. To our best knowledge, this was the first study to evaluate the
association between MUAC and central obesity and to determine the cut-off value of the
MUAC for the prediction of central obesity especially in patients with type 2 diabetes.

Another feature of our research was the positive correlation between the MUAC and IR
among Chinese type 2 diabetic patients. In our research, we found that MUAC has a positive
correlation with HOMA-IR levels, which has been demonstrated to be the indicator of insulin
resistance. The relationship between MUAC and IR was also confirmed in recent studies
[18,20]. The study in Pakistan [18] focused on children with majority of normal BMI found
that arm-fat percentage is positively correlated with insulin levels. In a study conducted among
147 adults with overweight or obesity, Gomez-Garcia et al [20] made a conclusion that mid
arm circumference was a better predictor of IR. The subjects in these studies, however, were all
not patients with diabetes. Unlike previous studies, we further explored the relationship
between MUAC and IR among type 2 diabetes. As diabetes, a metabolic disorder causing dis-
ease, has been proved to be a more important factor than obesity in causing IR [36], results in
our study further demonstrated that the increase of MUAC could serve as another important
indicator of causing IR among diabetic patients. Furthermore, we found MUAC might be
superior to WC (Men: ryjyac = 0.52, ryc = 0.44; Women: ryyac = 0.55, rwc = 0.35) in mea-
suring IR in type 2 diabetes which indicated that MUAC could be used as a better screening
method of IR in type 2 diabetes.

We also evaluated the association between MUAC and metabolic risk factors including
plasma UA and lipid. We found that MUAC was correlated positively with UA, LDL-C and
negatively with HDL-C, indicating a higher risk of developing metabolic disorders in a popula-
tion with a larger MUAC, which reminded us of taking more concern on the metabolic risk

Table 6. Logistic regression analysis of risk factors for central obesity.

Confirmed Central Obesity

Odds ratio (95% CI) P value
MUAC (cm) 2.129 1.311, 3.457 0.002
LDL-C (mmol/l) 3.023 1.090, 8.383 0.033

Risk factors including Mid-upper Arm Circumference(MUAC), age, gender, Low-Density Lipoprotein Cholesterol
(LDL-C), Triglyceride(TG), Uric Acid(UA) and Use of Statin.

P values<0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0231308.t006
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Fig 2. The receiver operating characteristic (ROC) curves for men and women to identify central obesity. (a) ROC curve for MUAC in men.
AUC=0.922 (P < 0.001), 95% CI 0.852-0.992. Identified MUAC cutoff value = 30.9cm, Youden index = 0.746, Sensitivity: 83.7%; Specificity: 90.9%.

(b) ROC curve for MUAC in women. AUC = 0.788 (P = 0.017), 95% CI 0.642-0.933. Identified MUAC cutoff value = 30.0cm, Youden index = 0.528,
Sensitivity: 52.8%; Specificity: 99.9%. MUAC, Mid-upper Arm Circumference. AUC: areas under the curve.

https://doi.org/10.1371/journal.pone.0231308.g002

factors in this population. It is interesting that while MUAC correlated with BMI, waist cir-
cumference and LDL-C in both genders, but the correlation between MUAC and WHR, Tg,
Uric acid, and HDL cholesterol in women was not observed. The plausible reason for sex dif-
terence of WHR may be due to the different fat distribution during aging. Men have consistent
fat distribution during aging, which is always characterized with more visceral fat in the abdo-
men (apple shape), but women have more subcutaneous fat in the hip and thighs (pear shape)
before menopause and have more visceral fat in abdomen (apple shape) after menopause due
to the dramatical decline of estrogen [37]. The female patients in our study, however, were
mainly during the menopause period. As a result, no correlation was shown between MUAC
and WHR in these estrogen-changing women. The differences of Tg, Uric acid, and HDL cho-
lesterol also attributed to the decline of estrogen after menopause for the protective role of
estrogen for metabolic diseases [38]. Therefore, using the MUAC as a clinical tool to detect
some metabolic risk factors, such as WHR, Tg, Uric acid, and HDL cholesterol in women
should be cautious.

In our study, we found the MUAC was a simple and effective measurement for the determi-
nation of central obesity, insulin resistance and multiple metabolic risk factors among type 2
diabetic patients in China. Moreover, we also confirmed the cut-off values of MUAC for cen-
tral obesity evaluation. Recently, Hou Y, et al also conducted a similar study about MUAC in
the Chinese population [39]. However, the study was different from ours. Firstly, the popula-
tion in their study included both participates with diabetes or normal glucose tolerance
(NGT). The analysis of association between MUAC and central obesity and IR was conducted
in all the participants but not just especially in patients with diabetes. The only analysis espe-
cially involved with diabetes was the multivariable logistic regression analysis base on the
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subgroups of diabetes or not. As we mentioned above, the central obesity, IR and MUAC in
diabetes were quite different from those in participates with NGT, then the conclusion and sig-
nificance of Hou’s could not be drawn to the population with diabetes. Secondly, the aim of
the study was to investigate the associations between MUAC and cardiometabolic risk profiles
but not mainly the MUAC and central obesity and IR.

Comparing MUAC with WC and WHR, MUAC has some advantages: without influence of
the moment of measurement (no influence of dining); simpler for both physicians and sub-
jects, especially in the public and crowded places; more convenient and more socially accept-
able, particularly for obese population; additionally, more accurate of the result for the unified
method of detection. As a result, MUAC may be a better index in large epidemiological survey
about central obesity and insulin resistance in type 2 diabetes.

Our research has some limitations. Firstly, the sample size in our research was relatively
small. However, this is just a pilot study evaluating the association between MUAC and central
obesity and IR, especially in patients with type 2 diabetes. Therefore, with the suggestive find-
ings from this study, prospectively designed studies with more participants would be con-
ducted in the near future. Secondly, the index of HOMA-IR, which represents insulin
resistance levels, remains relatively simple and no international reference values. However, as
we know, HOMA-IR has already been proved to be closely correlated with the hyperinsuline-
mic euglycemic clamp [40], the gold standard to evaluate IR. Therefore, we think the evalua-
tion of IR in our study might be relatively simple but practical. Thirdly, the anti-diabetic
agents and anti-hypertensive agents could influence insulin resistance, which might conse-
quently cause effects on our results. It would be most appropriate to include completely drug-
naive subjects into our study. However, this was a cross-sectional study but not a case-control
clinical trial, we could not intervene in any way to stop the anti-diabetic agents or any other
medications as clinical trials do. We can also see pharmacotherapy of patients with T2DM,
hyperlipidemia or hypertention were not stopped in many similar studies involving the inves-
tigation of insulin resistance [41-44]. Moreover, the subjects included in our study were
mostly in their middle age. Sixty-eight percent of middle-age and elderly population in our
society had at least one chronic disease [45]. In addition, the prevalence of hypertension and
hyperlipidemia in patients with type 2 diabetes is 51.9% and 30.5% respectively [46-47]. As a
society with dramatically increased aging population, we can hardly include the subjects at the
middle age without any other diseases or any other drugs. Drug-naive subjects will be included
into our future study to minimize the effects of agents on insulin resistance. Despite the limita-
tions, our results offered evidence that MUAC might be a screening tool that could predict
central obesity and IR, which might be superior to WC and WHR in Chinese patients with
type 2 diabetes.

In conclusion, higher MUAC is correlated with central obesity, insulin resistance and mul-
tiple metabolic risk indicators in Chinese subjects with type 2 diabetes. It could be expectable
that MUAC will be widely applied in both research and clinical practice in future for its sim-
plicity and stability.
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