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Medical College, Beijing, China

Background: Body mass index (BMI) is a common indicator in clinical practice,
but it is not sufficient to predict insulin resistance (IR). Other anthropometric
methods supplement BMI in the assessment of body composition, which can be
predicted more accurately. This cross-sectional study aimed to evaluate the
association between mid-upper arm circumference (MUAC), triceps skinfold
(TSF) thickness, mid-arm muscle circumference (MAMC) and IR in Chinese adults.

Methods: This cross-sectional study analyzed data from the 2009 China Health
and Nutrition Survey database. The study population was divided into four
groups according to the MUAC quartiles, and the homeostasis mode
assessment was used to evaluate the degree of IR. Logistic regression
analysis was performed to calculate odds ratios (ORs) with 95% confidence
intervals (Cls), with adjustments for multiple covariates. Subgroup analyses
stratified by age, sex, BMI, waist circumference (WC), smoking status, and
alcohol consumption were performed.

Results: In total, 8,070 participants were included in the analysis. As MUAC
increased, BMI, TSF thickness, MAMC, and the proportion of IR tended to
increase. However, we found that there was a significant negative association
between MUAC and MAMC and IR in the logistic regression analysis, independent
of BMI and WC, the ORs for the highest quartiles compared with the lowest
quartiles were 0.662 (95%Cl: 0.540-0.811) and 0.723 (95%Cl: 0.609-0.860),
respectively. There was no significant association was observed between the
TSF thickness and IR (OR=1.035 [95%Cl: 0.870-1.231]). The inverse associations
were more pronounced among participants with lower BMI and WC. No
significant age-specific differences were observed (P-heterogeneity > 0.05).
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Conclusions: After adjusting for BMI and WC, MUAC was negatively associated
with IR in Chinese adults, and the association between MUAC and IR was
derived from arm muscle instead of subcutaneous fat. MUAC could be an
additional predictor of IR besides BMI and WC in clinical practice.

KEYWORDS

mid-upper arm circumference, insulin resistance, mid-arm muscle circumference,
triceps skinfold thickness, body composition

1 Introduction

Insulin resistance (IR) plays an important role in the
development of metabolic syndrome and type 2 diabetes
mellitus (T2DM) (1, 2). The incidence of metabolic syndrome
and T2DM is increasing, and T2DM has become a major burden
on the healthcare system worldwide, especially in China (3, 4). In
addition, IR and metabolic disorders are positively associated
with all-cause mortality (5, 6). Therefore, early detection of IR
and intensive intervention are effective ways to reduce metabolic
diseases and mortality.

Many studies have suggested that anthropometric
measurements, such as body mass index (BMI) and waist
circumference (WC), can be used as indicators of IR (5, 7-11).
However, BMI can only be used as an indicator of overall
obesity, and WC is associated with visceral fat (12, 13). Muscle
and subcutaneous fat also play a role in the development of IR.
Therefore, identifying indicators that can represent muscle and
subcutaneous fat and predict IR is important.

Mid-upper arm circumference (MUAC) is a readily available,
simple, and inexpensive indicator (14), and some studies have
proposed that it could replace other anthropometric
measurements as a new indicator for predicting IR. However,
different results have been reported regarding the relationship
between MUAC and IR. Most studies indicated a positive
association between MUAC and the degree of IR (12, 15-17),
whereas some studies did not observe this correlation (5). The
participants in most studies were mostly middle-aged and elderly
adults (5, 16, 17). Several studies were limited to specific
populations, such as those with T2DM and obesity (12, 15). In
addition, MUAC consists of mid-upper arm fat, which is indicated
by triceps skinfold (TSF) thickness, and mid-upper arm muscle,

Abbreviations: T2DM, type 2 diabetes mellitus; IR, insulin resistance;
MUAC, mid-upper arm circumference; MAMC, mid-arm muscle
circumference; TSF, triceps skinfold thickness; BMI, body mass index; WC,
waist circumference; CNHS, China Health and Nutrition Survey; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR,
homeostatic model assessment for insulin resistance; TC, total cholesterol;

TG, triglyceride; OR, odds ratio; CI, confidence interval.
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which is indicated by mid-arm muscle circumference (MAMC)
(18, 19). Different components may have diverse mechanisms in
the metabolic process. To the best of our knowledge, few studies
have evaluated the relationship between mid-arm measurements
and IR in Chinese adults and examined the effects of muscle and
subcutaneous fat. This study aimed to explore the association
between MUAC and IR in the Chinese adult population using the
China Health and Nutrition Survey (CHNS) database and the
roles of TSF thickness and MAMC in the relationship.

2 Materials and methods
2.1 Study population

The CHNS is an ongoing open large-scale cohort study in
China. The CHNS comprised ten rounds of surveys between
1989 and 2015 for investigating the impact of social and
economic transformation on the health and nutritional status
of the Chinese population. A multistage randomized cluster
sampling method was used to select samples from both rural and
urban areas of nine representative provinces in mainland China,
covering most of the northern and southern regions (20, 21).
Detailed information on the survey design and methodology has
been reported previously (22). The study was conducted in
collaboration with the University of North Carolina at Chapel
Hill and the National Institute of Nutrition and Food Safety of
the Chinese Center for Disease Control and Prevention, with
CHNS data provided by the website (https://www.cpc.unc.edu/
projects/china).

In this study, we used CHNS data from 2009, when blood
samples were first collected. A total of 9,549 CHNS participants
were enrolled (23). Participants were excluded if they met any of
the following criteria: missing age and sex data, age <18 years,
missing laboratory or anthropometric data, participants who
were pregnancy or breast-feeding, fasting glucose levels <3.5
mmol/L, and participants with extreme MUAC values greater
than or less than the mean + three standard deviations. In
addition, participants receiving glucose-lowering therapy were
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also excluded from analysis because their decreased beta-cell
function could potentially result in an inaccurate homeostatic
model assessment for insulin resistance (HOMA-IR) value.

All research procedures were conducted in accordance with
the tenets of the Declaration of Helsinki (as revised in 2013) and
were approved by the institutional review boards of the
University of North Carolina at Chapel Hill, the National
Institute for Nutrition and Health, and the Chinese Center for
Disease Control and Prevention. Consent was obtained from
each participant.

2.2 Mid-arm measurements

Mid-arm measurements were performed by trained
investigators following the anthropometric standards
recommended by the World Health Organization (20). Three
measurements were taken for each participant and the mean of
these measurements was used in the analysis. With the
participant’s elbow fully extended, the MUAC was measured
at the midpoint between the ulnar eminence and the acromion
of the scapula with an accuracy of 0.1 cm (24). TSF thickness was
measured at the midpoint of the posterior line between the
olecranon and tip of the acromion using a skinfold caliper and
recorded to the nearest 0.5 mm (24). The muscle circumference
of the mid-upper arm was calculated using a standard
formula (19).

2.3 Data collection of covariates

Participants wore light clothing, and their weight was
measured using a calibrated beam scale with a weight
measurement accurate to 0.1 kg. The height of the participants
without shoes was measured using a portable stadiometer
accurate to 0.1 cm. BMI was calculated as weight (kg) divided
by height (meters) squared. WC was measured at the midpoint
between the lowest rib and iliac crest using a non-elastic tape
(20). According to the modified NCEP criteria, the cut-off points
for WC should be ethnic-specific. Central obesity defined as WC
> 90 cm in men or > 85 cm in women in Chinese population
(25). Blood pressure was measured three times with the
participant in a seated position at 10 min intervals, and the
average values of the systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were calculated.

A standardized questionnaire was used by the staff to collect
background information, medical history, and lifestyle
information, including age, sex, educational attainments(low:
lower middle school or below; medium: higher middle school or
vocational/technical school; high: college/university or higher),
smoking status (current/ever smoking or not), alcohol
consumption (current/ever drinking or not), and physical
activity (low, medium, high) (26). Blood samples were
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collected from all participants after 12-14 hours of fasting and
were stored in test tubes. All blood samples were analyzed at the
central laboratory of the China-Japan Friendship Hospital.
Fasting blood glucose was measured with a glucose oxidase-
peroxidase kit (Landau, UK) (27). The total energy intake was
obtained from three consecutive day recalls at the individual
level in combination with a weighed food record at the
household level (22). Further details on the data are available
at https://www.cpc.unc.edu/projects/china. IR was measured
using the HOMA-IR as described by Matthews et al. (28). The
formula for calculating HOMA-IR was HOMA-IR (mmol/L?) =
fasting insulin (mmol/L) x fasting glucose (mmol/L)/22.5. IR
was defined as the upper quartile of the HOMA-IR values.

2.4 Statistical analysis

Statistical analysis was performed using the SAS 9.4
statistical software (version 9.4; SAS Institute, Cary, North,
USA). Continuous variables were expressed as mean *
standard deviation (M + SD), and categorical data were
expressed as percentages or frequencies. The participants were
divided into four groups according to the MUAC quartiles.
ANOVA test was performed to compare between-group
differences for continuous data, and the Chi-squared test was
used to compare between-group differences for categorical data.
To investigate whether the effect of MUAC on IR was mainly
due to TSF thickness or MAMC, logistic regression was used to
evaluate the relationship between MUAC, MAMC, and TSF
thickness and IR, respectively. Possible confounding factors
were adjusted in the regression models. Model 1 was not
adjusted for confounding factors. Model 2 was adjusted for
age, sex, smoking, alcohol consumption, physical activity, energy
intake, and education level. Model 3 was adjusted for the
variables in Model 2 plus total cholesterol (TC), triglycerides
(TG), SBP, and DBP. Model 4 was adjusted for the variables in
Model 3 and BMI. Model 5 was further adjusted for WC based
on Model 4 to eliminate the effect of visceral fat. Subgroup
analysis stratified by age, sex, BMI, WC, smoking status, and
alcohol consumption was performed to explore the potential
effect modification. A two-sided test with P < 0.05 indicates a
significant difference.

3 Results

3.1 Baseline characteristics of
the participants

After applying the exclusion criteria, 8,070 participants with
a mean age of 50.2 years, including 4,301 women (53.3%) and
3,769 men (46.7%), were finally included in the study (Figure 1).
The numbers of participants younger than 40, 40-60, and older
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9.549 CHNS participants with available blood samples
and anthropometric measures
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were included in the analyses of
the present study

850 participants under 18 years old and 62
participants who are pregnant

220 participants missing anthropometric data
and 44 partici with missing lab y data

44 participants with fasting blood glucose
levels <3.5 mmol/L

47 participants’ MUAC values < M+3SD or
>M+3SD

212 participants taking oral hypoglycemic
drugs or insulin

8,070 particip

FIGURE 1

Flowchart of study participants. CHNS, the China Health and
Nutrition Survey; MUAC, mid-upper arm circumference; M,
mean; SD, Standard deviation.

than 60 were 2019 (25%), 3853 (48%), and 2198 (27%),
respectively. The average MUAC, MAMC, and TSF thickness
in the whole population were 27.1 (3.6) ¢cm, 21.9 (3.4) cm, and
16.4 (7.7) mm, respectively. The study population was divided
into four groups according to the MUAC quartiles. As the
MUAC levels increased, the proportion of men, smoking,
drinking, IR, and central obesity tended to increase.
Participants in the highest MUAC quartile demonstrated high
values in height, weight, BMI, TSF thickness, MAMC, hip
circumference, WC, SBP, DBP, fasting blood glucose, fasting
insulin, HbAlc, TG, TC, HOMA-IR, low-density lipoprotein
cholesterol, and C-reactive protein levels; however, the
participants in the highest MUAC quartile exhibited low high-
density lipoprotein cholesterol levels. There were no statistical
differences in educational attainment levels among the
groups (Table 1).

3.2 Association of MUAC, MAMC, and
TSF thickness with IR

MUAC, TSF thickness, and MAMC were divided into
quartiles, with the lowest quartile considered as the reference
group. Logistic regression analysis was performed to evaluate the
association between MUAC, MAMC, and TSF thickness and IR
after adjusting for covariates. In Models 1-3, MUAC, MAMC,
and TSF thickness were significantly positively associated with
IR (P < 0.001) (Table 2). However, after further adjustment for
BMLI, the relationship between MUAC and IR reversed. MUAC
was negatively associated with IR, and the odds ratio (OR) was
0.763 (95% confidence interval [CI]: 0.627-0.929) for the highest
versus the lowest quartiles. Similar to MUAC, MAMC became a
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protective factor in Model 4, and the OR was 0.756 (95%CIL:
0.637-0.897) for the highest quartile compared to the lowest
quartile. Unlike MUAC and MAMC, after further adjustment
for BMI in Model 4, the relationship between TSF thickness and
IR was insignificant, and the OR for the highest quartile was
1.117 (95%CI: 0.942-1.326) compared to the lowest quartile.
With further adjustment for WC, MUAC and MAMC
consistently remained inversely associated with IR, with the
effect being more pronounced (Table 2), and the ORs of the
highest quartiles over the lowest quartiles were 0.662 (95%CI:
0.540-0.811) and 0.723 (95%ClI: 0.609-0.860), respectively. TSF
thickness still did not indicate an association with IR with
further adjustment for WC, and the OR for the highest
quartile was 1.035 (95%ClI: 0.870-1.231) over the lowest quartile.

3.3 Subgroup analyses stratified by age,
sex, BMI, WC, smoking status, and
alcohol consumption

Subgroup analyses were conducted to explore whether the
relationships between MUAC, MAMC, and TSF thickness and
IR were influenced by other potential factors (Table 3). The
models were adjusted for age, sex, smoking status, alcohol
consumption, physical activity, educational attainment levels,
energy intake, TC, TG, SBP, DBP, BMI, and WC. The modified
effects of BMI and WC on the relationship between MUAC and
IR were significant (P-heterogeneity < 0.05). The protective
effect of MUAC on IR attenuated as BMI and WC increased.
We observer a declining trend in the association between
MAMC and IR with increasing BMI or WC, which was
mainly consistent with MUAC. No significant modified effects
of age, sex, smoking status or alcohol consumption were
observed (P-heterogeneity > 0.05).

4 Discussion

In this study, we observed a negative association between
MUAC and MAMC and IR, which is independent of BMI and
WC. No significant association was observed between TSF
thickness and IR. The results of MUAC and MAMC were
consistent, which may indicate that the protective effect on IR
mainly comes from muscle but not subcutaneous fat. In
addition, the finding did not differ significantly among
different age groups. The results implied that MUAC could be
used to predict IR and the effects of MUAC on IR should receive
more attention.

In clinical practice and research, BMI representing overall
obesity is considered to be associated with metabolic risk and can
predict IR. But substantial evidence has demonstrated that visceral
fat has a detrimental effect on IR. Therefore, WC is often used as an
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TABLE 1 Baseline characteristics of the study population according to mid-upper arm circumference quartiles.

MUAC (cm)
Characteristics
Q1 (13.0-25.0) Q2 (25.1-27.0) Q3 (27.1-29.3) Q4 (29.4-41.5)

n 2016 2018 2017 2019 NA
Age (years) 5223 +£17.92 49.74 + 14.94 50.15 + 13.55 49.78 + 12.76 <0.001
Male (n, %) 744 (39.90) 914 (45.29) 966 (47.89) 1145 (56.71) <0.001
Educational attainment level (n, %) 0.1091

Low 1577 (78.22) 1544 (76.51) 1546 (76.65) 1505 (74.54)

Medium 341 (16.91) 386 (19.13) 381 (18.89) 404 (20.01)

High 98 (4.86) 88 (4.36) 90 (4.46) 110 (5.45)
Smoking (n, %) 554 (26.98) 602 (29.83) 645 (31.98) 718 (35.56) <0.001
Alcohol (n, %) 499 (24.21) 643 (31.86) 681 (33.76) 848 (42.00) <0.001
Height (cm) 157.86 + 8.61 160.38 + 8.22 161.57 + 7.98 164.30 + 8.28 <0.001
Weight (kg) 51.31 + 8.43 57.17 + 7.45 62.44 + 7.46 71.66 + 9.87 <0.001
BMI (kg/m?) 20.59 + 2.56 2222 +237 23.92 £ 2.37 26.55 + 3.11 <0.001
MUAC (cm) 22.60 + 1.93 26.00 £ 0.70 28.14 + 0.68 31.61 +£1.97 <0.001
TSF thickness (mm) 12.72 + 6.32 14.95 + 6.76 17.27 £7.16 20.72 £7.98 <0.001
MAMC (cm) 18.60 + 2.66 21.30 £ 2.15 22.72 £ 2.28 25.11 + 2.90 <0.001
Hip circumference (cm) 88.50 + 6.47 92.17 + 5.80 95.78 £ 5.99 100.98 + 6.83 <0.001
WC (cm) 74.96 + 8.25 79.49 + 8.12 84.29 + 7.74 91.27 + 8.67 <0.001
SBP (mmHg) 121.58 + 19.19 122,92 + 18.55 125.20 + 18.57 128.71 + 18.39 <0.001
DBP (mmHg) 79.54 + 13.68 81.62 + 13.27 83.15 + 13.44 86.77 + 14.06 <0.001
FBG (mmol/L) 523 +1.17 526 + 1.26 534+ 1.17 549 + 141 <0.001
FINS (ulU/mL) 12,59 + 22.75 13.53 + 26.88 14.14 + 19.07 16.22 + 18.33 <0.001
HbAlc (mmol/L) 5.48 £ 0.90 5.51 £ 0.74 5.63 £ 0.81 5.71 £ 0.80 <0.001
TG (mmol/L) 1.37 + 1.19 1.50 + 1.21 1.67 + 1.35 2.08 £ 1.87 <0.001
HDL_C (mmol/L) 1.54 + 0.49 1.47 + 0.46 1.39 + 0.42 1.32 + 0.43 <0.001
LDL_C (mmol/L) 2.84 £ 0.97 2.95 +0.93 3.01 £ 0.96 3.11 + 1.02 <0.001
TC (mmol/L) 4.73 + 0.96 4.81 + 1.01 4.86 + 0.99 5.03 +1.02 <0.001
HOMA-IR 3.18 £7.03 3.35 + 698 3.59 +5.83 4.35 +7.62 <0.001
CRP (mg/L) 2.92 + 14.01 1.98 + 4.07 2.35 £ 6.51 2.79 £ 5.65 0.002
Central obesity 191 (9.47) 379 (18.78) 701 (34.75) 1333 (66.02) <0.001
Insulin resistance (n, %) 390 (19.35) 414 (20.52) 494 (24.49) 720 (35.66) <0.001
Data are presented as mean + SD, or n (%). P values are for any difference across the quartiles of MUAC using ANOVA or y2test as appropriate.
BMI, body mass index; WC, waist circumference; MUAC, mid-upper arm circumference; TSF thickness, triceps skinfold thickness; MAMC, mid-arm muscle circumference; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; FINS, fasting insulin; TG, triglyceride; TC, total cholesterol; HDL_C, high-density lipoprotein cholesterol;
LDL_C, low-density lipoprotein cholesterol. NA, not applicable.

indicator of visceral fat mass to help further screen for individuals inexpensive, and non-invasive anthropometric measurement,
with high metabolic risk (12, 13). Furthermore, whether other MUAC is often used as an indicator to assess nutritional status
anthropometric methods independent of BMI and WC can help (29, 30). However, many recent studies have explored the
better predict metabolic risk. As a readily available, simple, association between MUAC and metabolic risk factors (15, 16).
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TABLE 2 Association between mid-upper measurements and insulin resistance in participants.

MUAC

Q1 (lowest)
Q2

Q

Q4 (highest)
P value
MAMC

Q1 (lowest)
Q2

lo¥]

Model 1

Reference
1.076 (0.922-1.256)
1.352 (1.164-1.571)
2.311 (2.003-2.667)

<0.001

Reference
0.982 (0.848-1.137)

1.011 (0.873-1.169)

Model 2

Reference
1.127 (0.964-1.317)
1.408 (1.210-1.639)
2.445 (2.109-2.834)

<0.001

Reference
0.992 (0.856-1.150)

1.059 (0.912-1.231)

Model 3

Reference
1.041 (0.887-1.222)
1.225 (1.047-1.433)
1.861 (1.593-2.175)

<0.001

Reference
0.954 (0.820-1.111)

0.965 (0.827-1.127)

10.3389/fendo.2022.1054671

Model 4

Reference
0.806 (0.683-0.952)
0.741 (0.624-0.880)
0.763 (0.627-0.929)

0.006

Reference
0.836 (0.715-0.976)

0.737 (0.628-0.866)

Model 5

Reference
0.775 (0.656-0.916)
0.682 (0.572-0.812)
0.662 (0.540-0.811)

<0.001

Reference
0.828 (0.708-0.969)

0.718 (0.611-0.844)

Q4 (highest)

1.467 (1.275-1.687)

1.597 (1.375-1.854)

1.300 (1.112-1.519)

0.756 (0.637-0.897)

0.723 (0.609-0.860)

P value
TSF Thickness
Q1 (lowest)

Q2

<0.001

Reference

1.229 (1.056-1.432)

<0.001

Reference

1.239 (1.060-1.449)

<0.001

Reference

1.113 (0.947-1.307)

0.0013

Reference

0.937 (0.795-1.105)

<0.001

Reference

0.898 (0.760-1.060)

Q3

1.486 (1.281-1.725)

1.521 (1.302-1.777)

1.318 (1.122-1.548)

1.005 (0.851-1.188)

0.949 (0.801-1.124)

Q4 (highest)

P value

2.034 (1.760-2.351)

<0.001

2.109 (1.811-2.455)

<0.001

1.774 (1.515-2.077)

<0.001

1.117 (0.942-1.326)

0.1613

1.035 (0.870-1.231)

0.2817

Data are presented as coefficients (95% CI). Insulin resistance was defined by the upper quartile of HOMA-IR. All models were constructed using the logistic regression analysis. Model

1 was not adjusted for any confounders; Model 2 was adjusted for age, sex, smoking, alcohol consumption, physical activity, energy intake, and education level; Model 3 was adjusted for
the variables in Model 2 plus total cholesterol, triglyceride, systolic blood pressure, and diastolic blood pressure; Model 4 was adjusted for the variables in Model 3 plus BMI. Model 5 was

adjusted for the variables in Model 4 plus waist circumference.

BMI, body mass index; MUAC, mid-upper arm circumference; MAMC, mid-arm muscle circumference; TSF thickness, triceps skinfold thickness.

Several studies have revealed the association between MUAC and
IR, some of which have identified a positive association between
MUAC and IR (5, 12). But these studies did not adjust for the effect
of BMI on the relationship between MUAC and IR, which may not
reflect the true relationship. Only one study has reported that the
association between MUAC and IR disappeared after adjusting for
BMI in logistic regression model (5). The study population was
from the United States, whereas the study population in the current
study was from China, ethnic differences may have contributed to
the different results. Their study focused on middle-aged and elderly
adults, while the current study population comprised adults aged
>18 years.

Furthermore, the relationship between MAMC and IR was
consistent with that between MUAC and IR, which may indicate
that the protective effect of MUAC on IR is derived from
MAMC. Similar results have been reported in previous studies,
with consistent effects of MUAC and MAMC on clinical
outcomes (31-33). In our study, MUAC and MAMC levels
were negatively associated with IR. However, different results
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have also been reported. A previous study discovered that
greater muscle mass may promote the development of IR (8,
34); but it did not adjust for BMI as a confounding factor, which
may account for the different results. By contrast, the findings of
a cross-sectional study were consistent with the present study
that IR was significantly associated with lower muscle mass after
adjusting for BMI (35). Nevertheless, the population in their
study comprised elderly adults, which may not be generalizable.
The current study expanded the population and observed that
this relationship also existed in the young population. Skeletal
muscle is the largest organ in the body and also the regulator of
glucose homeostasis. Insulin could increase glucose uptake by
skeletal muscle cells through activation of glucose transporter
protein 4 (GLUT4). 80% of postprandial glucose is taken up by
muscle from circulation and stored as glycogen (36, 37).
Therefore, muscle plays a key role in the association between
MUAC and IR.

After adjusting for BMI in the logistic regression analysis,
the relationship between TSF thickness and IR disappeared.
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TABLE 3 Association between mid-upper measurements and insulin resistance stratified by age, sex, BMI, WC, smoking status, and alcohol consumption.

MUAC MAMC TSF thickness
OR (95% CI) P - interaction OR (95% CI) P - interaction OR (95% CI) P - interaction

Age 0.7728 0.8815 0.5908

Age <40 0.705 (0.461, 1.078) 0.698 (0.486, 1.003) 1.017 (0.701, 1.475)

40< Age <60 0.585 (0.429, 0.797) 0.683 (0.530, 0.879) 1.007 (0.788, 1.313)

Age 260 0.917 (0.636, 1.321) 0.855 (0.619, 1.182) 1.076 (0.782, 1.481)
Sex 0.6711 0.9153 0.9884

Male 0.543 (0.400, 0.737) 0.681 (0.528, 0.878) 0.989 (0.774, 1.265)

Female 0.802 (0.609,1.057) 0.799 (0.621, 1.027) 0.994 (0.770, 1.283)
BMI <0.001 0.0051 0.0023

BMI < 20 0.613 (0.168, 2.236) 0.342 (0.132, 0.885) 0.840 (0.433, 1.627)

20 < BMI < 24 0.702 (0.496, 0.994) 0.677 (0.492, 0.932) 0.972 (0.740, 1.278)

BMI > 24 0.788 (0.559, 1.111) 0.726 (0.544, 0.969) 1.271 (0.968, 1.669)
wC 0.0033 0.0022 0.0210

Non central obesity 0.617 (0.468-0.812) 0.609 (0.480-0.773) 1.094 (0.871-1.374)

Central obesity 0.835 (0.570-1.223) 0.911 (0.690-1.201) 0.998 (0.743-1.340)
Smoking status 0.0628 0.0542 0.6571

Ever/current smoker 0.504 (0.344, 0.737) 0.559 (0.413, 0.757) 1.150 (0.846, 1.564)

Never smoker 0.748 (0.588, 0.951) 0.803 (0.649, 0.992) 0.962 (0.778, 1.191)
Alcohol consumption 0.3189 0.2585 0.6024

Drinker 0.474 (0.328, 0.685) 0.589 (0.436, 0.797) 1.205 (0.893, 1.627)

Non-drinker 0.779 (0.609, 0.995) 0.811 (0.654, 1.004) 0.940 (0.759, 1.164)
All models were adjusted for age, sex (male or female), smoking status (ever/current or never smoker), alcohol consumption (yes or no), physical activity (low, medium, or high),
educational attainment levels (low, medium, or high), energy intake, total cholesterol, triglyceride, systolic blood pressure, diastolic blood pressure, BMI, and waist circumference. The
results were the OR (95% CI) of insulin resistance calculated for the highest quartile of MUAC, MAMC, and TSF thickness compared to the lowest quartile.
OR, odds ratio; CI, confidence index; BMI, body mass index; WC, waist circumference, MUAC, mid-upper arm circumference; MAMC, mid-arm muscle circumference; TSF thickness,
triceps skinfold thickness.

Further adjustment for WC, which represents visceral fat,
indicated that the association between TSF thickness and IR
remained uncorrelated. BMI is often used as an indicator of
overall obesity. A previous study has revealed that in the Asian
population, BMI was weakly correlated with overall fat mass but
more strongly correlated with visceral fat mass. As visceral
adipose tissue mass increased, IR became more severe (38).
This indicated that visceral fat plays a more important role in the
development of IR (39). There was a mechanism that may
explain the non-significant association between TSF thickness
and IR. The amount of ectopic fat accumulation, rather than
subcutaneous fat accumulation, has been suggested to be
associated with metabolic complications (40, 41).
Subcutaneous adipose tissue preferentially stores energy
surplus (13, 41). When a cutoff point of subcutaneous
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adipocyte expansion is reached, it leads to adipocyte
hypertrophy, decreased fat synthesis, decreased angiogenesis,
and subcutaneous adipose fibrosis, prompting the efflux of free
fatty acids and ectopic accumulation, which eventually leads to
IR (38, 42). Therefore, the expansion of subcutaneous adipose
tissue is an important factor in the development of IR (40, 41).

Additionally, this study explored potential effects on the
relationship between mid-arm measurements and IR. Our study
found that BMI and WC modification was associated with the
negative relationship between MUAC and IR. Although the
protective effect of MUAC on IR diminished with the increase
of BMI or WC, the relationship between MUAC and IR
remained the same among different groups. Previous studies
included middle-aged and/or elderly participants, we also
included all participant aged above 18 and subjects those who
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was younger than 40 years old accounted for a quarter of the
study population. Age-specific effect was not observed in this
relationship, which may suggest that the current findings can
also be applied to younger age groups.

This large-scale cross-sectional study has some limitations.
First, this study was a cross-sectional study, thus, observing long-
term changes in causal relationships was not possible. Second,
our study was observational, and residual and unmeasured
confounding factors may have existed. Third, only Chinese
adults were included in this study, future research exploring
whether the results are applicable to other populations is needed.

In conclusion, after adjusting for BMI and WC, MUAC was
negatively associated with IR in the Chinese adult population. This
relationship was mainly derived from MAMC, while TSF thickness
was not significantly associated with IR. Mid-arm measurements
can be used as a supplement to BMI to better assess IR. At the same
BMI level, a larger MUAC would be protective against IR. The
protective effects of MUAC existed not only in elderly, but also in
young adults. Our findings may help clinicians to determine IR
more accurately and to understand the pathophysiology of IR
more clearly in clinical practice.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the University of North Carolina at Chapel Hill, the
National Institute for Nutrition and Health, and the Chinese
Center for Disease Control and Prevention. The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

The conception and design of the study: HZ, LH, and JW.
Acquisition of the data: JW, LH, NY, and HZ. Analysis and
interpretation of the data: JW, LH, and HZ. Draft of the article:
JW, LH, HZ, and YL. Critical revision for important intellectual

Frontiers in Endocrinology

08

10.3389/fendo.2022.1054671

content: JW, LH, NY, LX, FP, WL, HZ and YL. Final approval of
the version to be published: All authors. Funding acquisition: HZ
and YL. Supervision: HZ and YL. Agreement to be accountable
for all aspects of the work: All authors. All authors contributed to
the article and approved the submitted version.

Funding

This work was supported by grants from National High
Level Hospital Clinical Research Funding (2022-PUMCH-B-
015), the Beijing Municipal Natural Science Foundation (No.
M22014), the CAMS Innovation Fund for Medical Sciences (No.
2021-1-12M-002), and the National Natural Science Foundation
of China (No. 91846106).

Acknowledgments

This research uses data from China Health and Nutrition
Survey (CHNS). We thank the National Institute of Nutrition
and Food Safety, China Center for Disease Control and
Prevention, Carolina Population Center, the University of
North Carolina at Chapel Hill, the NIH (R01-HD30880,
DK056350, and R01-HD38700) and the Fogarty International
Center, NIH for financial support for the CHNS data collection
and analysis. We also thank s the China-Japan Friendship
Hospital and Ministry of Health for support for their support
with the CHNS 2009 survey.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fendo.2022.1054671
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

References

1. Ke C, Narayan KMV, Chan JCN, Jha P, Shah BR. Pathophysiology,
phenotypes and management of type 2 diabetes mellitus in Indian and Chinese
populations. Nat Rev Endocrinol (2022) 18:413-32. doi: 10.1038/s41574-022-
00669-4

2. Rachdaoui N. Insulin: The friend and the foe in the development of type 2
diabetes mellitus. Int J Mol Sci (2020) 21:1770. doi: 10.3390/ijms21051770

3. Ma RCW. Epidemiology of diabetes and diabetic complications in China.
Diabetologia (2018) 61:1249-60. doi: 10.1007/s00125-018-4557-7

4. Chen XW, Ding G, Xu L, Li P. A glimpse at the metabolic research in China.
Cell Metab (2021) 33:2122-5. doi: 10.1016/j.cmet.2021.09.014

5. Chao YP, Kao TW, Chang YW, Peng TC, Chen WL, Wu LW. Utilization of
anthropometric parameters as a novel tool for detection of insulin resistance. Clin
Nutr (2020) 39:2571-9. doi: 10.1016/j.clnu.2019.11.023

6. Hong SH, Choi KM. Sarcopenic obesity, insulin resistance, and their
implications in cardiovascular and metabolic consequences. Int J Mol Sci (2020)
21:494. doi: 10.3390/ijms21020494

7. Laohabut I, Udol K, Phisalprapa P, Srivanichakorn W, Chaisathaphol T,
Washirasaksiri C, et al. Neck circumference as a predictor of metabolic syndrome:
A cross-sectional study. Prim Care Diabetes (2020) 14:265-73. doi: 10.1016/
j.pcd.2019.08.007

8. Chao Y-P, Lai Y-F, Kao T-W, Peng T-C, Lin Y-Y, Shih M-T, et al. Mid-arm
muscle circumference as a surrogate in predicting insulin resistance in non-
obese elderly individuals. Oncotarget (2017) 8:79775-84. doi: 10.18632/
oncotarget.19340

9. Sasaki R, Yano Y, Yasuma T, Onishi Y, Suzuki T, Maruyama-Furuta N, et al.
Association of waist circumference and body fat weight with insulin resistance in
Male subjects with normal body mass index and normal glucose tolerance. Intern
Med (2016) 55:1425-32. doi: 10.2169/internalmedicine.55.4100

10. Kim KY, Moon HR, Yun JM. Neck circumference as a predictor of
metabolic syndrome in koreans: A cross-sectional study. Nutrients (2021)
13:3029. doi: 10.3390/nu13093029

11. Yan Q, Sun D, Li X, Zheng Q, Long H, Feng B. Neck circumference and
incidence of type 2 diabetes in Chinese elderly individuals: A community-based
cohort study. Obes Facts (2021) 14:450-5. doi: 10.1159/000514219

12. Zhu Y, Lin Q, Zhang Y, Deng H, Hu X, Yang X, et al. Mid-upper arm
circumference as a simple tool for identifying central obesity and insulin resistance
in type 2 diabetes. PloS Omne (2020) 15:€0231308. doi: 10.1371/
journal.pone.0231308

13. Goossens GH. The metabolic phenotype in obesity: Fat mass, body fat
distribution, and adipose tissue function. Obes Facts (2017) 10:207-15.
doi: 10.1159/000471488

14. Benitez Brito N, Suarez Llanos JP, Fuentes Ferrer M, Oliva Garcia ]G,
Delgado Brito I, Pereyra-Garcia Castro F, et al. Relationship between mid-upper
arm circumference and body mass index in inpatients. PloS One (2016) 11:
€0160480. doi: 10.1371/journal.pone.0160480

15. Sagun G, Oguz A, Karagoz E, Filizer AT, Tamer G, Mesci B. Application of
alternative anthropometric measurements to predict metabolic syndrome. Clinics
(2014) 69:347-53. doi: 10.6061/clinics/2014(05)09

16. Hou Y, Jia X, Xuan L, Zhu W, Deng C, Wang L, et al. Association between
mid-upper arm circumference and cardiometabolic risk in Chinese population: a
cross-sectional study. BMJ Open (2019) 9:¢028904. doi: 10.1136/bmjopen-2019-
028904

17. ShiJ, Yang Z, Niu Y, Zhang W, Li X, Zhang H, et al. Large Mid-upper arm
circumference is associated with metabolic syndrome in middle-aged and elderly
individuals: a community-based study. BMC Endocrine Disord (2020) 20:78.
doi: 10.1186/512902-020-00559-8

18. Schaap LA, Quirke T, Wijnhoven HAH, Visser M. Changes in body mass
index and mid-upper arm circumference in relation to all-cause mortality in older
adults. Clin Nutr (2017) 37:2252-9. doi: 10.1016/j.clnu.2017.11.004

19. Huang CX, Tighiouart H, Beddhu S, Cheung AK, Dwyer JT, Eknoyan G,
et al. Both low muscle mass and low fat are associated with higher all-cause
mortality in hemodialysis patients. Kidney Int (2010) 77:624-9. doi: 10.1038/
ki.2009.524

20. Song P, Li X, Bu Y, Ding S, Zhai D, Wang E, et al. Temporal trends in
normal weight central obesity and its associations with cardiometabolic risk among
Chinese adults. Sci Rep (2019) 9:5411. doi: 10.1038/s41598-019-41986-5

21. Huang L, Wang H, Wang Z, Zhang J, Zhang B, Ding G. Regional disparities
in the association between cereal consumption and metabolic syndrome: Results

from the China health and nutrition survey. Nutrients (2019) 11:764. doi: 10.3390/
null040764

Frontiers in Endocrinology

09

10.3389/fendo.2022.1054671

22. Zhang B, Zhai FY, Du SF, Popkin BM. The China health and nutrition
survey, 1989-2011. Obes Rev (2014) 15(Suppl 1):2-7. doi: 10.1111/0br.12119

23. Zhao W, Zhang J, Zhao A, Wang M, Wu W, Tan S, et al. Using an
introduced index to assess the association between food diversity and metabolic
syndrome and its components in Chinese adults. BMC Cardiovasc Disord (2018)
18:189. doi: 10.1186/s12872-018-0926-x

24. He L, Yang N, Wang J, Huang J, Li W, Xu L, et al. Mid-arm muscle and
subcutaneous fat associated with all-cause mortality independent of BMI: A
prospective cohort study. Obes (Silver Spring) (2021) 29:1203-14. doi: 10.1002/
oby.23179

25. Association DBoCM Guideline for the prevention and treatment of type 2
diabetes mellitus in China (2020 edition). Chin J Pract Internal Med (2021) 41:757-
84. doi: 10.19538/j.nk2021090106

26. Xu X, Hall ], Byles J, Shi Z. Dietary pattern, serum magnesium, ferritin, c-
reactive protein and anaemia among older people. Clin Nutr (2017) 36:444-51.
doi: 10.1016/j.clnu.2015.12.015

27. Wang H, Yu Y, Tian X. Does eating- Away-from-Home increase the risk of a
metabolic syndrome diagnosis? Int | Environ Res Public Health (2019) 16:575.
doi: 10.3390/ijerph16040575

28. Matthews DR, Hosker JR, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia (1985)
28:412-9. doi: 10.1007/BF00280883

29. Sisay BG, Haile D, Hassen HY, Gebreyesus SH. Performance of mid-upper
arm circumference as a screening tool for identifying adolescents with overweight
and obesity. PloS One (2020) 15:€0235063. doi: 10.1371/journal.pone.0235063

30. Reilly JJ. Mid-upper arm circumference (MUAC): new applications for an old
measure. Arch Dis Child (2017) 102:1-2. doi: 10.1136/archdischild-2016-311682

31. de Almeida Roediger M, de Fatima Nunes Marucci M, Quintiliano Scarpelli
Dourado DA, de Oliveira C, Licio Ferreira Santos ], de Oliveira Duarte YA. Body
composition changes and 10-year mortality risk in older Brazilian adults: Analysis
of prospective data from the SABE study. ] Nutr Health Aging (2019) 23:51-9.
doi: 10.1007/s12603-018-1118-1

32. Kim G, Lee SE, Jun JE, Lee YB, Ahn ], Bae JC, et al. Increase in relative
skeletal muscle mass over time and its inverse association with metabolic syndrome
development: a 7-year retrospective cohort study. Cardiovasc Diabetol (2018)
17:23. doi: 10.1186/s12933-018-0659-2

33. Aleman-Mateo H, Lopez Teros MT, Ramirez FA, Astiazaran-Garcia H.
Association between insulin resistance and low relative appendicular skeletal
muscle mass: evidence from a cohort study in community-dwelling older men
and women participants. ] Gerontol A Biol Sci Med Sci (2014) 69:871-7.
doi: 10.1093/gerona/glt193

34. Ghachem A, Lagace JC, Brochu M, Dionne IJ. Fat-free mass and glucose
homeostasis: is greater fat-free mass an independent predictor of insulin resistance?
Aging Clin Exp Res (2018) 31:447-54. doi: 10.1007/s40520-018-0993-y

35. Seko T, Akasaka H, Koyama M, Himuro N, Saitoh S, Miura T, et al. Lower
limb muscle mass is associated with insulin resistance more than lower limb muscle
strength in non-diabetic older adults. Geriatr Gerontol Int (2019) 19:1254-9.
doi: 10.1111/ggi.13805

36. Merz KE, Thurmond DC. Role of skeletal muscle in insulin resistance and
glucose uptake. Compr Physiol (2020) 10:785-809. doi: 10.1002/cphy.c190029

37. James DE, Stockli J, Birnbaum M]J. The aetiology and molecular landscape of
insulin resistance. Nat Rev Mol Cell Biol (2021) 22:751-71. doi: 10.1038/s41580-
021-00390-6

38. Alba DL, Farooq JA, Lin MYC, Schafer AL, Shepherd ], Koliwad SK.
Subcutaneous fat fibrosis links obesity to insulin resistance in Chinese
americans. | Clin Endocrinol Metab (2018) 103:3194-204. doi: 10.1210/jc.2017-
02301

39. Miao Z, Alvarez M, Ko A, Bhagat Y, Rahmani E, Jew B, et al. The causal
effect of obesity on prediabetes and insulin resistance reveals the important role of
adipose tissue in insulin resistance. PloS Genet (2020) 16:e1009018. doi: 10.1371/
journal.pgen.1009018

40. Stefan N. Causes, consequences, and treatment of metabolically unhealthy
fat distribution. Lancet Diabetes Endocrinol (2020) 8:616-27. doi: 10.1016/s2213-
8587(20)30110-8

41. Gustafson B, Hedjazifar S, Gogg S, Hammarstedt A, Smith U. Insulin
resistance and impaired adipogenesis. Trends Endocrinol Metab (2015) 26:193—
200. doi: 10.1016/j.tem.2015.01.006

42. Patel P, Abate N. Body fat distribution and insulin resistance. Nutrients
(2013) 5:2019-27. doi: 10.3390/nu5062019

frontiersin.org


https://doi.org/10.1038/s41574-022-00669-4
https://doi.org/10.1038/s41574-022-00669-4
https://doi.org/10.3390/ijms21051770
https://doi.org/10.1007/s00125-018-4557-7
https://doi.org/10.1016/j.cmet.2021.09.014
https://doi.org/10.1016/j.clnu.2019.11.023
https://doi.org/10.3390/ijms21020494
https://doi.org/10.1016/j.pcd.2019.08.007
https://doi.org/10.1016/j.pcd.2019.08.007
https://doi.org/10.18632/oncotarget.19340
https://doi.org/10.18632/oncotarget.19340
https://doi.org/10.2169/internalmedicine.55.4100
https://doi.org/10.3390/nu13093029
https://doi.org/10.1159/000514219
https://doi.org/10.1371/journal.pone.0231308
https://doi.org/10.1371/journal.pone.0231308
https://doi.org/10.1159/000471488
https://doi.org/10.1371/journal.pone.0160480
https://doi.org/10.6061/clinics/2014(05)09
https://doi.org/10.1136/bmjopen-2019-028904
https://doi.org/10.1136/bmjopen-2019-028904
https://doi.org/10.1186/s12902-020-00559-8
https://doi.org/10.1016/j.clnu.2017.11.004
https://doi.org/10.1038/ki.2009.524
https://doi.org/10.1038/ki.2009.524
https://doi.org/10.1038/s41598-019-41986-5
https://doi.org/10.3390/nu11040764
https://doi.org/10.3390/nu11040764
https://doi.org/10.1111/obr.12119
https://doi.org/10.1186/s12872-018-0926-x
https://doi.org/10.1002/oby.23179
https://doi.org/10.1002/oby.23179
https://doi.org/10.19538/j.nk2021090106
https://doi.org/10.1016/j.clnu.2015.12.015
https://doi.org/10.3390/ijerph16040575
https://doi.org/10.1007/BF00280883
https://doi.org/10.1371/journal.pone.0235063
https://doi.org/10.1136/archdischild-2016-311682
https://doi.org/10.1007/s12603-018-1118-1
https://doi.org/10.1186/s12933-018-0659-2
https://doi.org/10.1093/gerona/glt193
https://doi.org/10.1007/s40520-018-0993-y
https://doi.org/10.1111/ggi.13805
https://doi.org/10.1002/cphy.c190029
https://doi.org/10.1038/s41580-021-00390-6
https://doi.org/10.1038/s41580-021-00390-6
https://doi.org/10.1210/jc.2017-02301
https://doi.org/10.1210/jc.2017-02301
https://doi.org/10.1371/journal.pgen.1009018
https://doi.org/10.1371/journal.pgen.1009018
https://doi.org/10.1016/s2213-8587(20)30110-8
https://doi.org/10.1016/s2213-8587(20)30110-8
https://doi.org/10.1016/j.tem.2015.01.006
https://doi.org/10.3390/nu5062019
https://doi.org/10.3389/fendo.2022.1054671
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Large mid-upper arm circumference is associated with reduced insulin resistance independent of BMI and waist circumference: A cross-sectional study in the Chinese population
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Mid-arm measurements
	2.3 Data collection of covariates
	2.4 Statistical analysis

	3 Results
	3.1 Baseline characteristics of the participants
	3.2 Association of MUAC, MAMC, and TSF thickness with IR
	3.3 Subgroup analyses stratified by age, sex, BMI, WC, smoking status, and alcohol consumption

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


