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feasible depending on the setting and the
patient’s condition. A large number of patients
and rapid turnover limit the usage of BMI in
countries with poor resources. In critically ill or
bed bound patients, ambulation is almost
impossible for weight and height measurements
(8). There can be conditions such as oedema with
certain diseases, where the BMI may not
correctly identify the nutritional status of the
patient. Unavailability of correctly calibrated
scales and difficulty of ambulation for
measurement has led to the need for appropriate
alternatives for BMI measurements in
hospitalized
patients.
Similarly,
WC
measurement that needs upper body undressing
and ambulation, limit the liberal usage in
hospitalized patients.
Numerous indices have emerged as alternatives
to BMI and WC. Sagittal Abdominal Diameter (9),
Waist to hip ratio (10) and Body adiposity index
(11) are among the examples. Mid Upper Arm
Circumference (MUAC) and Skin Fold Thickness
(SFT) are simple bed-side anthropometric
measurements indicating body composition and
nutritional status of patients (12). The need for
patient mobilization and the amount of
equipment are minimal to obtain both these
parameters. Therefore, these are simple and
effective tools in critically ill patients (13). MAUC
has also shown a prognostic value with the ability
to predict mortality and major complications (8,
13) and a close correlation with the BMI (8). Skin
fold thickness, on the other hand, is an indicator
of adiposity (14) and is useful screening tool in
the assessment of nutritional status of the
children and adolescents (15).
Adiposity is considered to be an independent risk
factor for cardiovascular disease (16) and on the
other hand, the malnutrition is also associated
with poor disease outcomes (17). Hence there is
a need for feasible and accurate indicators of
nutritional status in hospitalized patients. The
aim of this study is to assess the validity of MUAC
and TSFT as alternatives for BMI and WC to
detect underweight and obesity in cardiac
patients, to arrive at appropriate cut-offs and to
assess the validity of these parameters in
predicting central obesity in cardiac patients.

METHODOLOGY
Study design and subjects:
The study was conducted in cardiology unit of a
tertiary care hospital in Sri Lanka. Patients
consecutively admitted to the unit from March
2012 to July 2012 were recruited. Sociodemographic data, details on the medical history
of current disease and co-morbidities were
collected. Anthropometric measurements were
taken
on
admission
using
standard
measurements. Data were collected by a trained
medical officer. Details of the study have been
reported elsewhere (18). Only the patients,
giving informed written consent, were included.
Ethical approval for the study was obtained from
the Ethical Review Committee of National
Hospital of Sri Lanka.
Anthropometric measurements:
The body weight was measured using an
electronic scale (Seca 815, Seca GmbH. Co. kg,
Germany) to the nearest 100g. The height was
measured with a standard stadiometer (Seca 217,
Seca GmbH. Co. kg, Germany) to the nearest 1mm.
Body Mass Index (BMI) was calculated by
dividing weight in kilograms by height squared in
meters. According to Sri Lankan guideline cut-off
values, the patients were classified into four BMI
categories; underweight <18.5kgm-2, normal
weight 18.5- 22.9 kgm-2, overweight 23-25 kgm-2,
obese >25 kgm-2 (19). Waist circumference (WC)
was measured midway between iliac crest and
lower rib margin at the end of normal expiration
using a standard measuring tape to the nearest
0.1cm. Central Obesity was defined as WC
exceeding 90cm in males and 80cm in females
(19).
International Society for the Advancement of
Kinanthropometry (ISAK) guidelines was
followed in obtaining MUAC and TSFT
measurements (20). Both these measurements
were taken with the patient standing upright,
with arms hanging down loosely. MUAC was
measured using a standard non-stretchable tape
(Seca 203, seca GmbH. Co. kg, Germany) at the
marked
level
of
Mid-acromiale-radiale,
positioning the tape perpendicular to the long
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axis of the arm. TSFT was measured using a
Harpenden Skinfold Caliper (Baty International,
West Sussex, UK) over the triceps muscle. The
measurement was taken parallel to the long axis
of the arm at the triceps skinfold site, to the
nearest 0.5mm. This point was on the posterior
surface of the arm, in the midline, at the level of
the marked mid-acromiale-radiale level. Three
separate measurements were taken for each of
these and the mean values were calculated.

95% confidence intervals were used to compare
the overall diagnostic performance of the two
tests. P value of less than 0.05 was considered as
significant.

RESULTS
Characteristics of the study population are
summarized in Table 1. A total of 526 patients
were enrolled, among whom 61.2% were males
(n=322). Mean (SD) age in the study population
was 58.5 (±12.0) years. The commonest
underlying medical problem for the cardiac
admission was the acute coronary syndrome
(n=275, 52.3%), whereas arrhythmias (n=67,
12.7%), heart failure and cardiomyopathies
(n=59, 11.2%) constituted the next common
diagnostic
categories.
Socio-demographic
characteristics of the study population are
summarized in Table 01. The mean Body Mass
Index of the study group was 23.6 (±4.2) kgm -2.
About one-third (n=176, 33.3%) were in the
obese category according to measured BMI, and
underweight constituted 9.9% (n=52) of the
study population. More than half of the study
sample (58.17%, n=306) had central obesity.

Statistical Analysis:
Data entry and analysis was done using SPSS
Version 20.0 statistical package. Receiver
operating characteristic (ROC) curve analysis
was done to assess the validity of MUAC and TSFT
in detecting underweight, obese and centrally
obese patients. Area under the ROC Curve
(AUROC) and Youden’s index were generated to
aid the selection of most suitable cut-off values.
Coordinate points for each MUAC and TSFT
values were generated. Cut-off points were
decided by maximizing the sum of sensitivity and
specificity. The value corresponding to the
maximum of Youden’s Index was used as the
optimum cut-off point. AUC values with their

Table 1: Socio-demographic characteristics, body weight categories and presence of central obesity
in study population
Male
Patient Characteristic

n=322
number

Female
%

n=204
number

Total
%

n=526
number

%

Ethnicity
Sinhala

266

82.6

172

84.3

438

83.3

Muslim

24

7.5

19

9.3

43

8.2

4

1.2

0

0

4

0.8

22

6.8

12

5.9

34

6.5

25

7.8

30

14.7

55

10.5

Indian Tamil
Sri Lankan Tamil
Education Level
No formal education
Primary
Secondary
Tertiary

96

29.8

79

38.7

175

33.3

186

57.8

87

42.6

273

51.9

15

4.7

8

3.9

23

4.4

87

42.6

275

52.3

188

58.4

Diagnosis
IHD
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Arrhythmia
Cardiomyopathy/HF
Valvular heart disease

31

15.2

67

12.7

36

11.2

9

4.4

16

3

7

2.2

26

12.7

59

11.2

33

10.2

Infections

8

3.9

22

4.2

14

4.3

Pericardial diseases

4

2

7

1.3

3

0.9

Iry/IIry lung disease
Miscellaneous

11
28

5.4
13.8

15
65

2.9
12.3

4
37

1.2
11.5

25
129

7.8
40

27
54

13
26

52
183

9.9
34.8

Overweight (23-24.9 kg/m2)

72

22.3

43

20.7

115

21.9

Obese (>25 kg/m2)

96

29.8

79

38

175

33.3

Central Obesity
Present
139
Absent
183
*Central obesity= WC>90cm in males, >80cm in female

43.2
56.8

167
37

80.3
17.8

306
220

58.2
41.8

Weight Category
Underweight (<18.5 kg/m2)
Normal weight (18.5-22.9 kg/m2)

Table 2: Validity of MUAC and TSFT as alternatives for BMI- Area Under ROC (AUROC) analysis
Test

AUC (95% CI)

95% Confidence Interval

BMI-underweight

0.94

0.90 -0.97

BMI-obese

0.93

0.90 -0.95

Central Obesity Present- Male

0.89

0.86 -0.93

Central Obesity Present- Female

0.95

0.92-0.98

BMI-underweight

0.81

0.75-0.87

BMI-obese

0.81

0.78-0.85

Central Obesity Present- Male

0.85

0.80 -0.89

Central Obesity Present- Female

0.86

0.80-0.92

MUAC

TSFT

The validity of MUAC and TSFT as alternatives for
BMI- Area under ROC (AUROC) analysis is shown
in table 2. The mean MUAC of the study
population was 29.1 (±5.5) cm. The mean TSFT
was 15 (±6.4) mm. ROC curve analysis for MUAC
and TSFT in detecting underweight patients
revealed an area under the curve (AUC) of 0.94

(95% CI 0.90-0.97) and 0.81 (95% CI 0.75-0.87)
respectively. In detecting obese, AUC were found
to be 0.93 (95% CI 0.90-0.95) and 0.81 (95% CI
0.78-0.85) for MUAC and TSFT respectively
(figure 1).
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Based on the highest corresponding Youden’s
Indices, MUAC value of 26.1cm (Youden’s Index
0.78) and TSFT value of 10.1mm (Youden’s Index
0.52) were found to be suitable cut-off points for
detection of underweight patients. MUAC of
<26.1cm showed a sensitivity of 96.2% and a
specificity of 81.9% in detecting underweight.
The corresponding sensitivity and specificity
values for other tests are summarized in table 3.
Similarly, 30cm for MUAC (Youden’s Index 0.71)
and 13.8mm for TSFT (Youden’s Index 0.48)
were shown to be appropriate cutoff points for
identifying obese patient
FIGURE 1: ROC ANALYSIS FOR MUAC AND
TSFT IN DETECTING UNDERWEIGHT AND
OBESE

Fig 1c - ROC curve of TSFT in predicting
underweight

Fig 1d - ROC curve of TSFT in predicting
underweight
Fig 1a - ROC curve of MUAC in predicting
underweight

Fig 1b - ROC curve of MUAC in predicting
obese

Figure 2 shows the analysis for the validity of
MUAC and TSFT in predicting central obesity
separately for males and females. MUAC revealed
an area under the curve (AUC) of 0.89 (95% CI
0.86-0.93) and 0.95 (95% CI 0.92-0.98) for males
and females respectively. Similarly, TSFT had an
AUC of 0.85 (95% CI 0.80-0.89) and 0.86 (95% CI
0.80-0.92) for males and females respectively.
Depending on the highest sensitivity and
specificity, a MUAC of 28.8cm (Youden’s Index
0.63) for males and 26.7cm (Youden’s Index
0.80) for females were suitable cutoffs for
predicting central obesity. The similar analysis
identified TSFT of 12.8mm (Youden’s Index 0.54)
for males and 17.4mm (Youden’s Index 0.58) for
females as appropriate cut-off points for
detecting obesity.
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Table 3: Sensitivity and Specificity of MUAC and TSFT in detecting underweight and obese
Test

Youden’s Index

Cut-off

Sensitivity

Specificity

BMI-underweight

0.78

<26.1cm

0.96

0.82

BMI-obese

0.71

>30 cm

0.89

0.82

Central Obesity Present- Males

0.63

>28.8 cm

0.86

0.77

Central Obesity Present- Females

0.80

>26.7 cm

0.86

0.95

BMI-underweight

0.52

<10.1mm

0.71

0.81

BMI-obese

0.48

>13.8mm

0.83

0.65

Central Obesity Present- Males

0.54

>12.8mm

0.74

0.80

Central Obesity Present- Females

0.58

>17.4mm

0.66

0.92

MUAC

TSFT

Figure 2: ROC analysis for MUAC and TSFT in
detecting central obesity in males and
females

2c - ROC curve of TSFT in predicting central
obesity in males
2a - ROC curve of MUAC in predicting central
obesity in males

2b - ROC curve of MUAC in predicting central
obesity in females

2d - ROC curve of TSFT in predicting central
obesity in female
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DISCUSSION
To the best of our knowledge, this is the first
study done to assess the applicability of
alternative measurements such as MUAC and
TSFT for BMI and WC in cardiac patients.
However, this concept has already been studied
in hospitalized patients (8, 13). With a large
subject population of different socioeconomic
groups and with varying diagnoses, the sample
can be considered as representative of the overall
cardiac patients in Sri Lanka. Given the practical
difficulties encountered in clinical practice for
obtaining conventional measurements, this study
provides useful alternatives.
Our findings suggest that the MUAC and the TSFT
are possible alternatives to BMI, which may be
used for the detection of underweight and obese
cardiac patients. Considering the AUC analysis for
these parameters, the overall diagnostic
performance of MUAC seems to be better than the
TSFT. Numerous studies have revealed the use of
MUAC as a simple screening tool for nutritional
status (12). It requires neither expensive
equipment nor complex mathematical equations.
It is increasingly being recognized as an effective
and reliable assessment tool due to the simplicity
in measurement and applicability to all patients
including the acutely ill (8). However, it is widely
described as an indicator of under-nutrition and
the studies in overweight are limited to children
and adolescent subgroups (21). Our study
findings open room for new research to assess
the potential of MUAC to be used as a screening
tool for screening obesity.
TSFT is also a bedside measurement, which can
be measured even in debilitated patients and
according to AUROC analysis findings, it is
possible for this also to be used as a valid tool to
detect the underweight problem and obesity.
However, its predictive ability, sensitivity and
specificity seem to be lesser than that of the
MUAC. TSFT measurement may have issues
pertaining to the age group of patients or people
being considered. A study done in Portuguese
adolescents has demonstrated TSFT as a valid
tool in obesity screening in younger adolescents,
but with less discriminative ability in older
subgroups (15). If used appropriately, it can be

used as a useful tool for assessing the nutritional
status of selected groups of patients.
The body fat distribution gets altered with aging
and therefore, the measurements of adiposity
should be adjusted according to the age. Although
our study population had a significant number of
older patients, (with a mean age of 58.5 (±12.0)
years), the age-related variations of MUAC and
TSFT were not taken into consideration and
therefore it is a limitation of our study.
The cut-off values of MUAC and TSFT obtained for
our cardiac patients are close to the values
described for the general population. An Indian
study done in a rural adult community
recommend the MUAC cut-off of 24cm (22).
MUAC cut-offs derived for screening chronic
energy deficiency in third world adults
recommend 23cm for men and 22cm for women
(12). Another study done in acutely hospitalized
patients recommend the cut off of 25cm for the
detection of malnutrition (8). Our study finding
findings are also comparable with those study
results. However, separate studies may be
needed to derive at different cut-offs for different
groups of people.
Both MUAC and TSFT are indirect methods of
assessing fat reserve. MUAC has been shown to
be a useful screening tool for body fat
distribution in children (23). Also, both WC and
MUAC have shown a good correlation with BMI
(23, 24). Cut-offs have been derived for WC and
abdominal sagittal diameter to detect visceral
adiposity (25). However, there are no direct
studies to compare MUAC, TSFT with central
obesity cut-offs in adults. Therefore, the current
study aimed at arriving at possible cutoff values
for our population. Our study demonstrated the
satisfactory ability of these parameters to predict
central obesity. It also revealed that MUAC to be
a better predictor than TSFT. International cutoffs for central obesity in Asians vary according
to the gender (26). We also managed to suggest
separate gender-based MUAC and TSFT cut-offs
to predict central obesity for males and females
separately.
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LIMITATIONS:

CONCLUSIONS

Fluid retention due to cardiac pathologies (e.g.
heart failure) may lead to overestimation of
weight measurement and the presence of ascites
may lead to erroneous interpretation of waist
circumference. However, we did not exclude the
patients with oedema and it was a limitation of
our study. To overcome this problem, a
subanalysis was done after exclusion of patients
with clinical evidence of fluid retention and the
results obtained were not significantly different
from the results of the total study population
(supplementary file 1). This may be due to the
fact that oedema due to cardiac pathologies is
usually minimal (except for the severe congestive
heart failure) in comparison to other organ
impairments. Therefore, the cut-offs obtained for
the total population may be considered as
applicable to the overall cardiac patients,
including patients with oedema.

Both MUAC and TSFT were possible alternatives
for detection of underweight and obese cardiac
patients. Among them, MUAC was found to be a
better predictor. For simplicity in use, MUAC
<26cm and >30cm can be used as cut-off points
to detect underweight and obese patients
respectively. These were also valid to predict
centrally obese cardiac patients, for which a
MUAC >28.8cm for males, >26.7cm for females
and a TSFT >12.8mm for males, >17.4mm for
females may be used as suitable cut-offs in local
the setting.

Lack of a control group may lead to probable
over-estimation of results and the applicability of
our results to the general population becomes
limited. The absence of gender and age
stratification is also a limitation of our study.
The proper measuring technique has to be used
to obtain accurate measurements of both MUAC
and TSFT and recognition of the correct
landmark requires knowledge and skills. We
managed to minimize the measurements errors
by using one trained medical officer taking 3
consecutive measurements in all the patients.
However, this is a difficult task in day to day
clinical practice in busy hospital clinical setups.
Skin fold calipers are expensive and require
expertise in use. However, the convenience in
obtaining the measurement without mobilizing
the patient justifies its use. In order to apply the
recommended cut-offs in routine clinical
practice, it is important to have adequately
trained staff and standard calipers.
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