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Abstract: Introduction: Middle Upper Arm Circumference (MUAC) is used to assess nutritional
status particularly under nutrition. Recently, the use of MUAC has been suggested as a novel
anthropometric marker to assess the condition of obesity among the children, adolescents, and
young adults. We, therefore, setup / study to evaluate the correlation of MUAC for the assessment
of various CVD risk factors. Methodology: The study was carried out from April 2021 to March
2022. Total 366 participants were randomly selected, out of which 190 were male participants and
176 were female participants. The data was collected using interview based questionnaire; middle
upper arm circumference was measures using a non stretchable measuring tape. Statistical
analysis was done using SPSS ver 23. Results: The mean age of participants was 24.04+4.04, the
mean values of WC, WHR, SBP, DBP, and LDL were significantly higher (P< 0.05) in males, the
mean values of HDL were significantly higher in females(p< 0.05). Non-significant difference in
the mean values of BMI, FBG, Cholesterol and Triglycerides (P> 0.05) were observed between
male and female participants. MUAC showed strong positive correlation with BMI, WC and
WHR (P<.001). Except HDL all other CVD risk factors showed significant positive correlation
with MUAC (P<.001), however, MUAC showed a significantly negative correlation with HDL (r
= -.370, P<.001) in males, no correlation of MUAC with HDL ( r = -.028, P<.001) was observed
in females. Conclusion: Except HDL significant correlation was observed between MUAC and
various CVD risk factors.
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Introduction

Cardiovascular diseases (CVDs) are the major cause of public health concern due to its increase
in morbidity and mortality around the world.[1-3].1t is estimated that majorityof all deaths each
year are due CVDs, and this number is likely to increase in coming years[4]. CVDs are the major
burden on healthcare expenditure across the globe, particularly affecting the economy of
underdeveloped countries particularly Pakistan [1, 5, 6]. CVDs develop as a consequence of
change in lifestyle leading to obesity and other cardiovascular risk factors. Cardiovascular risk
factors are characterized as modifiable risk factors and non-modifiable[7]. Modifiable
cardiovascular risk factors can be prevented, controlled and treated[8]. Modifiable CVD risk
factors includeobesity, high blood pressure, hyperglycemia and hyperlipidemia[7, 8]. Non-
modifiable risk non-modifiable CVD risk factors include, age gender, ethnic affiliation and family
history.[8].
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Cardiovascular diseases risk factors including obesity and other modifiable risk factors are
assessed using various anthropometric parameters. Commonly used anthropometric parameters
are BMI[9], Waist Circumference (WC)[10] and waist to hip ratio (WHR)[10]. BMI has been
reported as the most common indicator for the assessments of obesity and other CVD factors[9].
Several studies indicate BMI as the clinically important anthropometric indicator, since it has a
strong correlation with total body fat and predictability to assess the cardiovascular related
morbidity and mortality[9, 11]. However, studies revealed that BMI is not a reliable indicator for
the measurement of body composition in older and young adults[12]. Moreover, the measurement
of weight and height for the assessments of BMI is time taking and is not that much practical in
resource poor settings. Both WC and WHR are a good anthropometric indicator for the
assessment of visceral fat, however, both WC and WHR are time consuming and problematic in a
society where removing the cloths for accurate measurements of WC and hip circumference are
not culturally accepted, moreover, WC and WHR are difficult to screen central obesity in
pregnant women.

Recently MUAC has been used as screening indicator for the assessment of obesity and other
CVD factors in children, adolescents and young adults[13]. MUAC is widely used for assessment
of nutrition status in children and pregnant women [14, 15]. Several studies report use of MUAC
for the assessment of under nutrition particularly in children less than five year of age[14].
Growing evidence indicate the use of MUAC for assessing obesity and CVD risk factors[16, 17].
These studies collectively suggest MUAC as an alternative anthropometric indicator for the
assessment of CVD risk factors.

MUAC is comparatively simple, easy and inexpensive screening parameter for the assessment of
CVD risk factors. The use of MUAC demands the measuring tape and does need calculations
compared to BMI and WHR. The purpose of present study was to determine the correlation of
MUAC with anthropometric indicators and other modifiable CVD risk factors in young adults
residing in the urban areas of Hyderabad, Pakistan

Methodology

Study design and data collection

This cross-sectional study was carried out from March 2021 to April 2022 on randomly selected
apparently healthy participants from different areas of Hyderabad city. The data was collected
through interview based structured questionnaire. Questionnaire was comprised of different
sections such as basic characteristics, anthropometric measurements, and biochemical analysis,
each section was further divided into elements, which include age, gender, weight, height, waist
circumference, Middle upper arm circumference and lipid profile. Total 390 participants were
randomly selected from various areas of Hyderabad. Informed verbal consent was obtained before
collection of data. Participants were briefed about the objectives of the study. Those participants
who showed agreement were included in data collection. Out of 390 only 366 agreed to
participate in the study, giving response rate of 93.84%. These participants were selected from
the different localities of urban areas of Hyderabad, Pakistan. Sample size was calculated using
online sample size calculator. Out of 366, 190 were males and 176 were females. The age range
of participants was 18 to 30 years, any one below the age of 18 years or above the age of 30 year
was not included in the study. Participants having diabetes, infection or any co-morbidity were
excluded from study. Pregnant women, physically handicapped person or using drugs were
excluded from this study. The participants who were hesitant to provide information were also not
included in the study.

Anthropometric measurements

Weight in kilograms was obtained while participants were wearing light cloths, and height in
centimetres was measured while participants were standing without shoes. BMI was calculated as
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weight in kilograms divided by height in square meters. WC was measured and for this purpose
we used a measuring tape, which was non-stretchable, all this was done at the level of the
uppermost edge of the hip bone. The WC was divided with HC for obtaining the WHR. MUAC
was measured by first obtaining the middle of upper arm, and then with the help of non-
stretchable tape the circumference was measured in centimetres.

Biochemical analysis and Blood pressure measurement

Venous blood sample was collected from 8 am to 9 amin the early hours of the morning. All the
participants were fasting and have not eaten anything for the last 8 to 10 hours. Serum was
collected by centrifuging the blood sample at 5000 rpm; the serum was stored at 4C° for the
assessment of lipid profile using technique already defined by Farzana et al [18]Blood pressure of
the participants was recorded using sphygmomanometer, before measurements of blood pressure,
the participants were asked to be seated on comfortable chair.

Statistical analysis

SPSS ver 23 was used for statistical analysis. The data was edited for the extreme values and
errors before statistical analysis. The t-test was used for the comparison of quantitative data.
Pearson correlation method was used for obtaining the relationship between variables. P values
was set as P<0.05 and P<0.01 as statistically significant, P value <0.001 was set as highly
significant.

Ethical Approval

Ethical approval was obtained by Institutional Review Board of, University of Sindh, Jamshoro.
Results

Total 366 healthy volunteers participated in the study out of 366, 190 were males and 176 were
females. Table 1 shows the overall and gender wise mean values of the participants. Male had
significantly higher mean values of height, WC, WHR and MUAC (P< 0.001). No significant
difference was observed in the mean values of BMI and age (P>0.05) tablel. No significant
difference was observed in the mean values of Fasting blood glucose (P> 0.05) between male and
female participants. Males had significantly higher systolic and diastolic blood pressure (P
<0.001). The LDL-C values were significantly higher in males (P< 0.05) and HDL-C values were
significantly higher in females (P <0.001). No significant difference was observed in the mean
values of cholesterol and Triglyceride between male and female participants (P> 0.05) tablel.
Table 2 shows the correlation of MUAC with height, weight, BMI, WC and WHR. Both BMI and
WC were strongly correlated with MUAC both in males (r= 0.842, P <0.001) and female gender
(r=0.871, P <0.001). Comparatively weaker correlation was observed between MUAC and WHR
in males (r= 0.272, P <0.001) and stronger correlation of MUAC with WHR was observed in
males (r= 0.583, P <0.001). Except HDL-C, all other cardiovascular risk factors FBG (r = 0.421),
SBP (r = 0.555), DBP (r = 0.637), Cholesterol (r = 0.549), TG (r = 0.572), LDL-C(r = 0.481)
showed significant correlation with MUAC ( P <0.001) in males, HDL-C showed a significantly
negative correlation with MUAC (r =-.360, P <0.001) in males. In female participants MUAC
was significantly correlated (P <0.001) with all cardiovascular risk factors FBG (r = 0.497), SBP
(r = 0.514), DBP (r = 0.615), Cholesterol (r = 0.527), TG (r = 0.484) and LDL-C (r = 0.267)
however, no correlation was observed between MUAC and HDL-C in females (r = -.028, P
>0.05) table2.

Discussion

The data presented here indicate that males have elevated values of various cardiovascular
diseases risk factors; these results are consistent with previous studies. Our study and previously
published studies suggest males have higher risk of suffering from cardiovascular diseases.
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However, studies contradict each other and there is an increased inconsistency in findings related
with comparison of mean values of CVD risk factors in males and females [16, 17]. Inconsistency
in the findings is mainly due to the fact that these studies and our study have used a different age
group, we have used healthy volunteers and other study has included diabetic population [17]
MUAC has been used for the assessment of under nutrition in children [14], adolescents [19] and
pregnant women [20] particularly in resource-poor settings. However, recent studies put a new
insight into the use of MUAC for the assessment of obesity, CVD risk factors and metabolic
syndrome [21-23]. The use of MUAC foe the assessment of CVD risk factors in young adults is
scarce. We have shown here that MUAC has strong positive correlation with BMI, WC and
WHR; our findings are consistent with several others recently published studies[16, 23]. All these
studies establish the fact that MUAC can be used an alternative anthropometric indicator for the
assessment of CVD risk factors.

The data, we present here suggest that cardiovascular risk factors such as FBG, SBP, DBP,
Cholesterol, TG, and LDL-C, HDL-C are significantly correlated with MUAC. In female all other
CVD risk factors showed significant correlation except HDL-C which showed no correlation with
MUAC. These findings are consistent with previously published studies [16]. Our results are not
consistent with the study which show no significant correlation of SBP, DBP with MUAC [24].
The inconsistency might be since other study has used only small sample size. Our findings
provide strong evidence that MUAC can be used as screening index for assessments of
cardiovascular disease risk factors. This study will put a new insight into understanding the use of
MUAC for the assessment of CVD risk factors in the areas with resource-poor settings

Conclusion

MUAC is strongly correlated with BMI, WC and WHGR, which make it an alternative indicator
for the assessment of CVD risk factors. MUAC which has been ignored for the long time can be
used a anthropometric indicator for the assessments of CVD risk factors, MUAC is an easy and
simple anthropometric indicator in comparison with BMI, WC and WHR.

“Table 1. General characteristics of study subjects

Parameters All (N= 366) Men (N=190) Women t-value | P - Value
Age (years) 24.04+4.04 24.14+3.87 23.94+4.22 0.470 Ns
Height (cm) 160.66+8.0 163.77+7.19 157.31+7.46 8.843 <0.001
Weight (kg) 63.47+14.39 65.17+14.26 61.63+14.35 2.367 <0.05
BMI (kg/m°) 24.47+5.11 24.18+4.77 24.79+5.44 -1.149 Ns
WC (cm) 81.50+13.86 85.17x12.55 77.53+£14.15 5.475 <0.001
WHR 0.87+0.07 0.91+0.05 0.82+0.08 11.687 | <0.001
MUAC (cm) 26.59+3.95 27.78+3.37 25.30+4.12 6.319 <0.001
FBG (mg/dl) 93.194£19.43 94.74+20.89 91.51£17.62 1.596 Ns
SBP (mmHg) 115.39+16.33 118.27+12.88 112.27+18.92 | 3.568 <0.001
DBP (mmHg) 78.69+9.03 80.72+7.15 76.49+10.27 4.589 <0.001
Cholesterol (mg/dl) | 165.93+50.79 168.09+50.17 163.60+50.14 | 0.854 Ns

TG (mg/dl) 135.01+£77.33 143.53+87.58 125.81+63.43 | 2.202 Ns
HDL-C (mg/dl) 38.20+9.32 36.42+7.40 40.13+£10.72 -3.880 <0.001
LDL-C (mg/dl) 136.38+46.11 141.38+47.94 130.98+43.53 | 2.168 <0.05

Table 2. Relationship between MUAC and other anthropometric indices and CVD risk factors by

gender

Variables

MUAC (cm)

Males

\ Females
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r p-value r p-value

Height (cm) 0.088 Ns -.008 Ns
Weight (kg) 0.825 <0.001 0.757 <0.001
BMI (kg/m°) 0.864 <0.001 0.824 <0.001
WC (cm) 0.842 <0.001 0.871 <0.001
WHR 0.541 <0.001 0.625 <0.001
FBG (mg/dl) 0.421 <0.001 0.479 <0.001
SBP (mmHg) 0.555 <0.001 0.514 <0.001
DBP (mmHg) 0.637 <0.001 0.615 <0.001
Cholesterol (mfg/dl) 0.549 <0.001 0.527 <0.001
TG (mg/dl) 0.572 <0.001 0.484 <0.001
HDL-C (mg/d]) 0-.370 <0.001 -.028 Ns
LDL-C (mg/dl) 0.481 <0.001 0.267 <0.001

Abbreviations

BMI Body Mass Index

WC Waist Circumference

WHR Waist Hip Ratio

MUAC Middle Upper Arm Circumference

FBG Fasting Blood Glucose

SBP Systolic Blood Pressure

DSB Diastolic Blood Pressure

TG Triglyceride

HDL-C High Density Lipoprotein Cholesterol

LDL-C Low Density Lipoprotein Cholesterol

Consent for Publication

Not applicable.

Funding

Declare None.

Conflict of Interest
The author confirm that this article content has no conflict of interest.

Acknowledgements
Declare None.

References

1. Mensah, G.A., G.A. Roth, and V. Fuster, The global burden of cardiovascular diseases
and risk factors: 2020 and beyond. 2019, American College of Cardiology Foundation
Washington, DC. p. 2529-2532.

2. Roth, G.A., G.A. Mensah, and V. Fuster, The global burden of cardiovascular diseases
and risks: a compass for global action. 2020, American College of Cardiology Foundation
Washington DC. p. 2980-2981.

3. Saglietto, A., et al., Cardiovascular disease burden: Italian and global perspectives.
Minerva Cardiology and Angiology, 2021.
4, Nishtar, S., Prevention of coronary heart disease in south Asia. The Lancet, 2002.

360(9338): p. 1015-1018.

78



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nimra Masood Baig et al.,
Biosight 2023; 04(01): 74-80

Roth, G.A., et al., Global burden of cardiovascular diseases and risk factors, 1990-2019:
update from the GBD 2019 study. Journal of the American College of Cardiology, 2020.
76(25): p. 2982-3021.

Liaquat, A. and Q. Javed, Current trends of cardiovascular risk determinants in Pakistan.
Cureus, 2018. 10(10).

Memon, M.A., Z. Laghari, and J. Warsi, Association of Cigarette Smoking with
Dyslipidemia and Abdominal Obesity as Cardiovascular Risk Factors among Young
Adults. Journal of Liaquat University of Medical & Health Sciences, 2021. 20(5): p. 341-
344.

Mohammadnezhad, M., et al., Common modifiable and non-modifiable risk factors of
cardiovascular disease (CVD) among pacific countries. World Journal of Cardiovascular
Surgery, 2016. 6(11): p. 153.

Flegal, K.M., et al., Comparisons of percentage body fat, body mass index, waist
circumference, and waist-stature ratio in adults. The American journal of clinical
nutrition, 2009. 89(2): p. 500-508.

De Koning, L., et al., Waist circumference and waist-to-hip ratio as predictors of
cardiovascular events: meta-regression analysis of prospective studies. European heart
journal, 2007. 28(7): p. 850-856.

Myint, P.K., et al., Body fat percentage, body mass index and waist-to-hip ratio as
predictors of mortality and cardiovascular disease. Heart, 2014. 100(20): p. 1613-1619.
Kok, P., J. Seidell, and A. Meinders, The value and limitations of the body mass index
(BMI) in the assessment of the health risks of overweight and obesity. Nederlands
tijdschrift voor geneeskunde, 2004. 148(48): p. 2379-2382.

Jaiswal, M., R. Bansal, and A. Agarwal, Role of mid-upper arm circumference for
determining overweight and obesity in children and adolescents. Journal of clinical and
diagnostic research: JCDR, 2017. 11(8): p. SCOS.

Laghari, Z.A., et al., Malnutrition among children under five years in district Sanghar,
Sindh, Pakistan. Gomal Journal of Medical Sciences, 2015. 13(1).

Fakier, A., G. Petro, and S. Fawcus, Mid-upper arm circumference: A surrogate for body
mass index in pregnant women. South African Medical Journal, 2017. 107(7): p. 606-610.
Zhu, Y., et al., Mid-upper arm circumference as a simple tool for identifying central
obesity and insulin resistance in type 2 diabetes. PloS one, 2020. 15(5): p. e0231308.
Hou, Y., et al., Association between mid-upper arm circumference and cardiometabolic
risk in Chinese population: a cross-sectional study. BMJ open, 2019. 9(9): p. €028904.
Balouch, F.G., et al., Prevalence of cardiovascular disease risk factors in urban and rural
areas of Hyderabad, Sindh, Pakistan. 2022. 3(1): p. 21-27.

Lillie, M., et al., Nutritional status among young adolescents attending primary school in
Tanzania: contributions of mid-upper arm circumference (MUAC) for adolescent
assessment. BMC public health, 2019. 19(1): p. 1-12.

Kumar, P., et al., Screening maternal acute malnutrition using adult mid-upper arm
circumference in resource-poor settings. Indian Journal of Community Medicine, 2018.
43(2): p. 132-134.

Shi, J., et al., Large mid-upper arm circumference is associated with metabolic syndrome
in middle-aged and elderly individuals: a community-based study. BMC Endocrine
Disorders, 2020. 20(1): p. 1-8.

Dereje, R., et al., Mid upper arm circumference as screening tool of overweight or obesity
among adult employees of Mizan Tepi University, Southwest Ethiopia. Heliyon, 2022.
8(10): p. e10793.

79



23.

24.

Nimra Masood Baig et al.,
Biosight 2023; 04(01): 74-80

Asif, M., M. Aslam, and S. Altaf, Mid-upper-arm circumference as a screening measure
for identifying children with elevated body mass index: a study for Pakistan. Korean
journal of pediatrics, 2018. 61(1): p. 6.

Fatchurohmah, W., et al., Mid-Upper Arm Circumference vs Body Mass Index in
Association with Blood Pressure in Young Men: A Cross-Sectional Study. Jurnal Profesi

Medika: Jurnal Kedokteran dan Kesehatan, 2021. 15(2).

80



