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Abstract. – OBJECTIVE: The predictive value 
of body simplified indices needs to be evaluated 
properly for cardiovascular risk. This study aimed 
to assess and compare the relative relationship of 
arm circumference (AC), arm muscle circumfer-
ence (AMC), body mass index (BMI), and waist-hip 
ratio (WHR) with Ultra-Sensitive C-Reactive Pro-
tein (US-CRP) in healthy male subjects and with 
type 2 diabetes mellitus (T2DM).

PATIENTS AND METHODS: We performed 
the study at the department of Physiology, Col-
lege of Medicine & King Khalid University Hospi-
tal, King Saud University, Riyadh, Saudi Arabia. 
It was a cross-sectional study with 93 healthy 
male subjects and 112 type 2 diabetic male pa-
tients who underwent body composition anal-
ysis by BIA and fasting venous blood samples 
were collected. US-CRP and body composition 
were determined for all subjects.

RESULTS: US-CRP is correlated positively with 
AC (0.378) and BMI (0.394) more than AMC (0.282) 
and WHR (0.253) which have lower correlation 
both in control and DM group. BCM has the low-
est correlation with US-CRP (0.105). The associ-
ation between US-CRP and AC, AMC, Body Fat 
Percent (BFP), and body fat mass (BFM) are sta-
tistically significant except for BFP in DM group. 
In control group, AC is noticed to be a better pre-
dictor for US-CRP, with area under curve (AUC) 
64.2% (p=0.019), WHR with AUC 72.6% (p<0.001), 
and BMI with AUC 65.4% (p=0.011) but AMC is 
not a good predictor in control group with AUC 
57.5% (p=0.213). In DM group, AC is noticed to 
be a better predictor for US-CRP, with AUC 71.5% 
(p<0.001), WHR with AUC 67.4% (p=0.004), BMI 
with AUC 70.9% (p=0.001), and AMC with AUC 
65.2% (p=0.011). 

CONCLUSIONS: Simplified muscle mass 
body indices like AC and AMC have signifi-
cant predictive value for assessing cardiovascu-
lar risk in both healthy population and patients 
with T2DM. Therefore, AC could be used as a 

future predictor for cardiovascular disease in 
healthy and DM patients. Further investigations 
are needed to confirm its applicability. 
Key Words:

US-CRP, Arm circumference, Arm muscle circumfer-
ence, Body fat mass, Body mass index, Waist-hip ratio.

Introduction

Anthropometric measurements are noninvasive 
quantitative measurements of the human body that 
can provide valuable insights into nutritional as well 
as health status in children and adults1,2. In addition, 
they can be used to predict risk of future illnesses in 
adults and can also be used to assess body compo-
sition1-3. Several anthropometric measurements such 
as body mass index (BMI) and waist circumference 
(WC) have been found to be predictors of cardiovas-
cular risk2-4. Arm circumference (AC) and arm mus-
cle circumference (AMC) have been mentioned in 
the literature as anthropometric measurements1,5,6, 
and studies5,6 have observed correlation of AC and 
AMC with mortality of various diseases. 

Chronic low-grade inflammation can progress 
to the development of chronic diseases without 
being noticed by the patients and subsequently an 
overall increase in mortality7. This necessitates 
the need of markers that can predict cardiovas-
cular risk to prevent such diseases. Ultra-sen-
sitivity C-reactive protein (US-CRP), which is 
commonly known as hs-CRP, is an acute phase 
protein synthesized by the liver and increases 
in response to systemic inflammation8. Elevated 
levels of Ultra sensitivity c-reactive protein (US-
CRP) have been established to be associated with 
an increased risk of cardiovascular disease9.
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Even with the advanced treatment and control 
of diabetes mellitus (DM), cardiovascular diseas-
es are still the leading causes of morbidity and 
mortality in DM patients10-12. Approximately 40% 
of death in DM patients is due to ischemic heart 
disease, 15% is due to congestive heart failure, 
and around 10% from stroke,13-16 while ischemic 
heart disease is counted for 16% of total deaths 
among all diseases17.

As mentioned earlier, some indices are known 
to predict cardiovascular disease in humans such as 
US-CRP, while other indices need to be evaluated 
in order to depend on them as predictor indices. In 
addition, their sensitivity and specificity as nonin-
vasive indices needs to be assessed properly. This 
study aimed to assess and compare the relationship 
of arm circumference (AC), arm muscle circumfer-
ence (AMC), body mass index (BMI), and waist-
hip ratio (WHR) with US-CRP in healthy subjects 
and patients with type 2 diabetes mellitus. 

Patients and Methods

We performed the study at the department of 
Physiology, College of Medicine and King Khalid 
University Hospital, King Saud University, Riyadh, 
Saudi Arabia. It was cross sectional study with 93 
healthy male subjects and 112 type 2 diabetic male 
patients. All subjects were not in inflammatory 
conditions. Sociodemographic characteristics of 
sample size were obtained from patient’s records. 
We collected blood samples after overnight fast-
ing, then serum was separated and stored at –80 
°C until assayed as a single batch. To measure 
US-CRP, we used a turbidimetric assay (Quantex 
CRP ultra-sensitive kits, BIOKIT, S.A., Barcelona, 
Spain) on auto-analyzer Hitachi 911, (ROCHE di-
agnostics, Indianapolis, IN, USA). The US-CRP 
kits measured ranges from 0.10 to 20.0 mg/L). 
We measured anthropometric and body composi-
tion for all subjects in the morning after overnight 
fasting and wearing light clothes. Regarding Body 
composition, it was assessed by using bioelectrical 
impedance analysis (BIA), a commercially avail-
able body analyzer (TANITA, USA). We calculat-
ed body surface area using the Mosteller formula: 
(SQR [body weight (kg)×Height (cm)/3600]).

Subjects’ Enrolment
Selection criteria

Adult healthy male for control group and male 
patients with type 2 diabetes mellitus for diabetic 
group were selected. 

We excluded subjects with acute or chronic 
renal, thyroid disorders, acute infections, recent 
stroke, diabetic ketoacidosis. 

Statistical Analysis
Data analysis was performed using SPSS 

[SPSS, Statistics for Windows, Version 25.0 (IBM 
Corp., Armonk, NY, USA)]. Descriptive data 
are expressed as mean ± SD. Normally distrib-
uted continuous data groups were compared by 
the t-test. Correlation was determined by Spear-
man’s correlation analysis for serum US-CRP and 
WHR, BMI, AMC, AC, and BCM. We also per-
formed a linear regression analysis with US-CRP 
as dependent variable and AC, AMC, BCM, BFP 
and BFM as predictors to compare the predictive 
value of each variable after controlling age, SBP 
and DBP. Statistical significance was defined as 
a p-value of <0.05 and <0.01. ROC curve anal-
ysis was performed to evaluate the comparative 
predictive value of AC, AMC, WHO, and BMI 
scores with US-CRP.

Results

Table I shows the mean and standard devia-
tion of demographic characteristics of the sample 
size. The mean age of control group is 40.5±12.7 
while DM group is 52.8±10.4. It shows statistical-
ly significant difference between control group 
and DM group in BMI (27.8±5.0 vs. 29.6±5.0 with 
p=0.014), WHR (0.9±0.1 vs. 1.0±0.0 with p<0.001), 
AC (32.6±4.0 vs. 34.2±4.4 with p=0.008), AMC 
(24.7±2.5 vs. 25.6±2.3 with p= 0.009), fat mass 
(23.7±9.0 vs. 26.8±10.4 with p=0.022) with no sig-
nificant difference in BCM (39.5±6.7 vs. 40.0±5.6 
with p=0.594). 

Table II shows the biochemistry parameters of 
study population. It also shows statistical signif-
icant difference between control group and DM 
group in TC (4.9±1.1 vs. 4.3±1.2 with p<0.001), 
LDL (3.3±0.9 vs. 2.7±0.9 with p<0.001), HDL 
(1.2±0.2 vs. 1.0±0.3 with p<0.001), TG (1.0±0.4 
vs. 2.0±1.4 with p< 0.001), US-CRP (3.7±2.5 vs. 
4.7±3.0 with p=0.009), Fasting blood glucose ( 
5.0±0.5 vs. 8.6±3.0 with p<0.001), and HbA1C 
(5.0±0.5 vs. 7.7±1.4 with p<0.001).

Table III shows the correlation of US-CRP with 
WHR, BMI, AMC, AC, And BCM. US-CRP is 
more correlated positively with AC (0.378) and BMI 
(0.394) than AMC (0.282) and WHR (0.253) which 
have less correlation in control and DM group. BCM 
has the lowest correlation with US-CRP (0.105). 
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Linear regression analysis is performed to evaluate 
the association of US-CRP as the dependent vari-
able with AC, AMC, BFP, and BFM in total sample, 
control group, and DM in Table IV. The association 
is statistically significant for AC, AMC, BFP, and 
BFM except BFP in DM group.

Table V represents ROC curve analysis which 
reveals a sensitivity of approximately 80% and 
specificity of approximately 39-50% of AC at a 
cutoff point of 31.500 when compared to US-CRP, 
a sensitivity of approximately 80% and specificity 
of approximately 47-51% of BMI at a cutoff point 

of 26.100-27.300 when compared to US-CRP, a 
sensitivity of approximately 80% and specifici-
ty of approximately 21-28% of AMC at a cutoff 
point of 23.00 when compared to US-CRP, and 
a sensitivity of approximately 79%, and specific-
ity of approximately 44-51% of WHR at a cutoff 
point of 0.935 when compared to US-CRP. 

Figure 1 and Table VI show ROC curve 
analysis to evaluate the predictive value of AC, 
AMC, WHO, and BMI with US-CRP. AC is no-
ticed to be a better predictor for US-CRP, with 
area under the curve (AUC) 68.5% (p<0.001), 
WHR with AUC 71.7% (p<0.001), BMI with 
AUC 69.0% (p<0.001), and AMC with AMC 
with AUC 62.8% (p=0.002). Figure 2 and Table 
VI show ROC curve analysis to evaluate the pre-
dictive value of AC, AMC, WHO, and BMI with 
US-CRP in control group. AC is noticed to be a 
better predictor for US-CRP, with AUC 64.2% 
(p=0.019), WHR with AUC 72.6% (p<0.001), 
and BMI with AUC 65.4% (p=0.011) but AMC 
is not a good predictor in control group with 
AUC 57.5% (p=0.213). Figure 3 and Table VI 
show ROC curve analysis to evaluate the predic-
tive value of AC, AMC, WHO, and BMI with 
US-CRP in DM group. AC is noticed to be a 
better predictor for US-CRP, with AUC 71.5% 

Table I. Demographic characteristics of total sample and comparison between healthy and T2DM.

Variables Total, N=205 Control, n=93 DM, n=112 p-value

Age (years) 47.2±13.0 40.5±12.7 52.8±10.4 <0.001*
BMI(Kg/M2) 28.8±5.1 27.8±5.0 29.6±5.0 0.014*
WHR 0.9±0.1 0.9±0.1 1.0±0.0 <0.001*
AC 33.4±4.3 32.6±4.0 34.2±4.4 0.008*
AMC 25.2±2.4 24.7±2.5 25.6±2.3 0.009*
BCM 39.9±6.1 39.5±6.7 40.0±5.6 0.594
BFM (KG) 25.4±9.9 23.7±9.0 26.8±10.4 0.022*

Data are represented as mean and standard deviation. * is significant. BMI: body mass index; WHR: waist/hip ratio.

Table II. Biochemical profile of total sample and comparison between healthy and T2DM.

Variables Total, N=205 Control, n=93 DM, n=112 p-value

TC (mmol/L) 4.6±1.2 4.9±1.1 4.3±1.2  0.001*
LDL(mmol/L) 3.0±0.9 3.3±0.9 2.7±0.9 <0.001*
HDL(mmol/L) 1.1±0.2 1.2±0.2 1.0±0.3 <0.001*
TG(mmol/L) 1.5±1.2 1.0±0.4 2.0±1.4 <0.001*
US-CRP mg/L 4.3±2.8 3.7±2.5 4.7±3.0 0.009*
FBG mmol/L 7.0±2.9 5.0±0.5 8.6±3.0 <0.001*
HbA1C 6.5±1.7 5.0±0.5 7.7±1.4 <0.001*

Data are represented as Mean and standard deviation. *is significant. FBS: fasting blood sugar; TC: total cholesterol; TG: 
triglycerides; LDL low-density lipoprotein; HDL: high-density lipoprotein.

Table III. Correlation coefficients of US-CRP relationship 
with various indices.

 Total,  Control, DM, 
Index N=205 n=93 n=112

WHR 0.253** 0.167 0.300**
BMI 0.394** 0.361** 0.388**
AMC 0.282** 0.234* 0.277**
AC 0.378** 0.326** 0.374**
BCM 0.105 0.093 0.109
BFP 0.371** 0.362** 0.365**
BFM 0.390** 0.341** 0.397**

*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed).
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Table IV. Regression Models with US-CRP as dependent variable and body indices as predictors of cardiovascular risk.

               95.0% Confidence Interval
 Unstandardized β  Standardized β  Sig.
Predictors Coefficients Coefficients T  Lower Bound Upper Bound

Total sample

AC 0.244 0.372 5.624 <0.001 0.158 0.329
AMC 0.322 0.280 4.111 <0.001 0.168 0.477
BFP 0.066 0.222 3.175 0.002 0.025 0.107
BFM 0.110 0.381 5.799 <0.001 0.073 0.147
WHR 5.596 0.244 3.532 0.001 2.472 8.720
BMI 0.216 0.386 5.888 <0.001 0.144 0.288

Control
AC 0.193 0.314 3.108 0.003 0.070 0.316
AMC 0.231 0.236 2.310 0.023 0.032 0.430
BFP 0.106 0.330 2.997 0.004 0.036 0.176
BDM 0.096 0.345 3.338 0.001 0.039 0.153
WHR 2.522 0.151 1.465 0.146 -0.899 5.942
BMI 0.168 0.339 3.330 0.001 0.068 0.269

DM
AC 0.261 0.382 4.073 <0.001 0.134 0.388
AMC 0.357 0.276 2.854 0.005 0.109 0.605
BFP 0.043 0.150 1.580 0.117 -0.011 0.096
BFM 0.112 0.382 4.163 <0.001 0.059 0.165
WHR 10.970 0.304 3.294 0.001 4.368 17.572
BMI 0.237 0.391 4.246 <0.001 0.126 0.348

Data are represented as mean and standard deviation. * is significant. BMI: body mass index; WHR: waist/hip ratio.

Table V. Sensitivity and specificity for best cutoff points of AC, BMI, ACM, and WHR (ROC analysis between AC, BMI, 
ACM, and WHR and US-CRP.

 Parameter Cutoff Point Sensitivity (%) Specificity (%)

Total sample 
 AC 31.500 80.6 45.6
 BMI 26.900 80.6 50.6
 AMC 23.050 81.5 25.3
 WHR 0.935 80.6 44.3

Control
 AC 31.500 80.4 50.0
 BMI 26.100 80.4 47.8
 AMC 23.050 80.4 28.3
 WHR 0.925 78.3 50.0

DM
 AC 31.400 80.8 39.4
 BMI 27.300 80.8 48.5
 AMC 23.550 80.8 21.2
 WHR 0.955 79.5 51.5
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(p<0.001), WHR with AUC 67.4% (p=0.004), 
BMI with AUC 70.9% (p=0.001), and AMC with 
AUC 65.2% (p=0.011).

Discussion

Cardiovascular diseases were behind around 
32% of the deaths globally according to the dec-

laration of World Health Organization (WHO) in 
201912, and it will exceed the death rates of vari-
ous causes including infection, maternal, perina-
tal, and nutrition in 203018,19. 

Furthermore, diabetes mellitus (DM) is con-
sidered to be a major health issue among health 
care providers as well as decision makers espe-
cially if we know that an approximate estimation 
of 650 million might have DM by 203015,16,20-23. 

Table VI. ROC curve analysis for Us-CRP as dependent variable and AC, AMC and BMI as predictors in total sample size, 
control, and DM.

                                 95% Confidence Interval
Test result   
Variable (s) Area p-value Lower Bound Upper Bound

Total sample
AMC 0.628 0.002 0.551 0.705
AC 0.685 <0.001 0.612 0.759
WHR 0.717 0.000 0.642 0.791
BMI kg/m2 0.690 0.000 0.616 0.764

Control
AMC 0.575 0.213 0.458 0.693
AC 0.642 0.019 0.529 0.756
WHR 0.726 <0.001 0.621 0.830
BMI kg/m2 0.654 0.011 0.541 0.766

DM
AMC 0.652 0.011 0.547 0.758
AC 0.715 <0.001 0.616 0.814
WHR 0.674 0.004 0.559 0.789
BMI kg/m2 0.709 0.001 0.609 0.809

Figure 1. ROC curve for Us-CRP as 
dependent variable and AC, AMC and 
BMI as predictors in total sample size.
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Elevation in serum US-CRP is a well-known 
predictor of cardiovascular disorders24-26. In ad-
dition, a high level of US-CRP was observed in 
type 2 diabetes mellitus (T2DM) patients27. Our 
results addressed the correlation between US-
CRP (as a well-known cardiovascular predictor) 
and AC, AMC, BMI, AND WHR in healthy and 
DM patients. US-CRP was correlated positively 
with AC, AMC, BMI, and WHR with more cor-
relation with AC and BMI. BCM has the lowest 

correlation with USCRP. Furthermore, AC had 
more specificity than AMC and had approximate 
specificity to BMI and WHR while AMC had 
lower specificity. One can notice from our results 
that AC and AMC had produced similar results in 
healthy subjects as well as diabetic patients which 
can simply explain their decrease in specificity. 
Our results were not fully consistent with the find-
ings of Noori et al28, who found a positive correla-
tion between AMC and better quality of life while 

Figure 3. ROC curve for Us-CRP as 
dependent variable and AC, AMC and 
BMI as predictors in DM group.

Figure 2. ROC curve for Us-CRP as 
dependent variable and AC, AMC and 
BMI as predictors in control group.



Body indices and cardiovascular risk

2483

Wu et al5 found a negative correlation between 
AMC and risk of mortality in males but not in 
females. This was also different than our results 
which found a positive correlation of AMC and 
US-CRP in male subjects. Chang et al29 also sug-
gested different results from what we have found: 
negative correlation with mortality rate. Even 
though our results suggested less correlation be-
tween AMC and US-CRP, still there was positive 
correlation which needs further investigation and 
clarification. However, our results were consistent 
with findings of Chao et al30 who found positive 
correlation between AMC and HOMA-IR, known 
to be correlated with cardiovascular diseases, in 
non-obese subjects with no correlation in obese 
subjects.

Conclusions

Simplified muscle mass body indices like 
AMC and AC have differential predictive value 
for assessing cardiovascular risk in both heathy 
population and patients with T2DM. Therefore, 
AC could be used as a future predictor for cardio-
vascular disease in DM patients. Further investi-
gation is needed to confirm its applicability.  
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