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Abstract
Background and Objective: Waist circumference is an alternative to determine nutritional status (central obesity) and is an early detector
of chronic diseases. This study was conducted to determine whether changes in waist circumference could detect central obesity from
the pre-elderly stage to the elderly stage in individuals in Indonesia. Materials and Methods: The study followed a longitudinal design
using secondary data from the Indonesian Family Life Survey from 2007 and 2014. The population of this study was comprised pre-elderly
(53-59 years old) individuals who were observed until they reached their elderly years (60-66 years old). The eligible sample comprised
1324 respondents. Results: There was an increase in central obesity prevalence from 42.1% (pre-elderly) to 47.2% (elderly). The prevalence
of obesity was 50.4% (pre-elderly-women) to 68.8% (elderly-women); the prevalence of obesity was 33.2% (pre-elderly-men) to 23.9%
(elderly-men). Over 7 years, there was an increase of 2.42 cm in the mean waist circumference (men = 1.33 cm, women = 3.43 cm).
Changes in body weight, fiber consumption, number of chronic diseases and physical activity were associated with changes in waist
circumference (p<0.05; R2 = 0.64). Conclusion: Changes in waist circumference (central obesity) in the elderly are caused by changes in
weight, fiber consumption, number of chronic diseases and physical activity beginning at the pre-elderly stage. Normal weight, high
fiber consumption, absence of chronic diseases and physical activity for more than 30 min a day should be maintained beginning in the
pre-elderly stage to ensure a normal waist circumference in the elderly stage.
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The nutritional status of the elderly population should be
evaluated at the pre-elderly stage. The nutritional status
during the pre-elderly stage must be considered because it
will contribute to the nutritional status in the elderly stage.
One such indicator of nutritional status is waist circumference.
The purpose of this study was to determine how changes
in the waist circumference from the pre-elderly stage to the
elderly stage could help improve central obesity detection in
Indonesia.

INTRODUCTION
Anthropometric measurements are indicators that help
determine one's nutritional status. The most well-known and
utilized anthropometric assessment is the Body Mass Index
(BMI)1-3. However, the standard classification system for BMI is
less reliable in the elderly population3,4. Another measure used
to detect the incidence of disease is waist circumference,
which is considered more accurate than BMI for detecting
non-communicable diseases5,6.

MATERIALS AND METHODS

Waist circumference has been proposed as an alternative
to estimate abdominal obesity. Waist circumference is strongly
correlated with the amount of abdominal fat and is considered

Study design: The data were collected from secondary data

to represent fat stored in the abdomen7. Waist circumference

collected by the Indonesian Family Life Survey (IFLS), which
was a public domain from IFLS1 (1993) to IFLS5 (2014). IFLS4
(2007) and IFLS5 (2014)data were used in this study. IFLS4 data
were collected from November 2007 to April 200820, while
IFLS5 data were collected from September 2007 to May 201521.
This research was performed in 13 elected provinces of
Indonesia from IFLS or SAKERTI (Indonesian Life Households
Survey), specifically in four provinces in Sumatera (North
Sumatera, West Sumatera, South Sumatera and Lampung),
five provinces in Java (DKI Jakarta, West Java, Central Java,
Yogyakarta and East Java) and four provinces including a
group of large islands (Bali, West Nusa Tenggara Barat,
South Kalimantan and South Sulawesi). Altogether, these
provinces represent approximately 83% of Indonesia 21.
This was a longitudinal study (panel study), which
combined cross-sectional and time series study designs. This
design was deemed the best way to analyze the changes in
waist circumference and other factors that were measured
repeatedly over a certain period of time between individuals
and between times.

8

can be used as a screening tool for metabolic diseases and for
monitoring a patient's diet and amount of exercise9. Waist
circumference measurements are a very simple, effective and
inexpensive method for assessing body fat distribution10. The
waist circumference for Asians, according to the World Health
Organization, is 90 cm for men and 80 cm for women11.
A waist circumference $90 cm for men and 80 cm $80 cm
for women is known as central obesity12. Obesity is a disease
process characterized by excessive accumulation of body
fat6,13. Obesity is a risk factor for a number of chronic diseases,
such as diabetes mellitus, cardiovascular disease and cancer14.
The cause of obesity is an energy imbalance between the
calories consumed and the calories expended14,15. One
indicator to determine obesity is waist circumference. Waist
circumference is actually a slightly better indicator of total
body fat and health risk than BMI and is simpler 6.
The results of research related to the nutritional status of
the elderly population in America found that 43% of elderly
people have a higher nutritional risk16. In Chinese adults, the
prevalence of obesity ascertained from a combination of BMI,

Population and subjects: The population in this study

waist circumference and waist to hip ratio measurements was

comprised pre-elderly (53-59 years old) individuals at the
beginning of the study who were then followed for 7 years
until they were 60-66 years old. The pre-elderly stage is a
period before entering the elderly stage or before reaching
60 years of age. The pre-elderly age range is 45-59 years22,
while the elderly age range is 60 years old and older22,23.
Because the study period of IFLS4 and IFLS5 was 7 years, the
pre-elderly and elderly age difference in this study was also
7 years. Therefore, the pre-elderly age category was
from 53-59 years and the elderly age category was from
60-66 years.
The inclusion of respondent criteria amounted to all data
completed from 2007-2014. The number of 1967 pre-elderly
individuals from IFLS4 and 1655 respondents from IFLS5 were

approximately 68.9%17. Another study of Chinese adults of a
population of 18-96 years old also found that 65.99% of men
and 65.97% of women had central obesity2. In Indonesia,
based on data from the Basic Health Research (Riskesdas) in
2013, the prevalence of central obesity of Indonesian adults
was 26.6%18. Another study of the elderly population in
Indonesia found that 8.4% of elderly people were overweight
and 8.8% were obese19.
Growing older generally increases nutritional risk19.
Therefore, it is very important to make an early diagnosis of
nutritional status, specifically central obesity in pre-elderly
individuals, to reduce health risks in the elderly population
later on.
380
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interviewed. After data cleaning, there were 1324 respondents
(636 men and 688 women) who had similar identifiers as well
as waist circumference data. The number of individuals for
which there was panel data for two measurement points
(pre-elderly and elderly) was 2648 (1272 men, 1376 women).

RESULTS
Overall, the prevalence of central obesity was 42.1% in the
pre-elderly stage, which increased to 47.2% in the elderly
stage. For the women, the prevalence of central obesity was
50.4% in the pre-elderly stage, which increased to 68.8% in the

Measurements: Data were collected from pre-elderly (53-59

elderly stage. However, for men, the prevalence of central

years old) individuals in 2007 and elderly (60-66 years old)
individuals in 2014 (Book IIIA: COV3). Data were then
separated by men and women (Book IIIA: COV5).
Anthropometric data were collected by professional
nurses20,21. The variable measured in this study was waist
circumference (dependent variable), which was performed
using a tape measure with an accuracy of 0.1 cm24 (Book US:
US06a). The two waist circumference categories were “at risk
for central obesity”(men $ 90 cm, women $ 80 cm) and “not at
risk for central obesity”11.The changes in waist circumference
from the pre-elderly stage to the elderly stage were calculated
by observing delta values and were categorized into (1) Still at
risk, (2) Not at risk of being at risk, (3) Still not at risk and (4) At
risk of being not at risk. The independent variables consisted
of weight measured by a Camry scale, model EB1003, with an
accuracy of 0.1 kg21 (Book US: US06). Carbohydrate, protein, fat
and fiber consumption, which were all substances consumed
by the pre-elderly and elderly individuals to fulfill their need
for food, were calculated based on the number of meals
consumed in the last week with the following categories:
never, 1-2, 3-4, 5-6 and 7 times a week (Book IIIB: FM02, FM03).
The number of chronic diseases were the number of diseases
that were diagnosed in respondents. Smoking behavior was
a habit of chewing tobacco or inhaling tobacco by pipe,
cigarettes, or a cigar and was measured by the number of
cigarettes consumed each day (Book IIIB KM01a, KM04).
Physical activity, performed by respondents every day for at
least 30 min, was divided into heavy activity, a moderate level
of activity and walking and was calculated based on the last
7 days (Book IIIB: KK02m, KK02n, KK02o). Income was the
individual salary per year categorized into one of five
percentiles (Book IIIA: TK16a).

obesity was 33.2% in the pre-elderly stage, which decreased
to 23.9% in the elderly stage (Fig. 1).
Figure 2 shows that the largest change in waist
circumference from the pre-elderly stage to the elderly stage
80
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Fig. 1: The prevalence of central obesity in the pre-elderly
stage (2007) and the elderly stage (2014)
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descriptive analysis that was required to obtain the size of the
distribution of the mean and standard deviation as well as the
size of the frequency for categorical data. Panel data analysis
(fixed effect model) was used to determine the association
between changes in risk factors and changes in waist
circumference. The fixed effect model was a model with
different intercepts for each subject (cross-section) but the
slope for each subject did not change over time; p<0.05 was
considered as level of significance.
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Fig. 2: Changes in waist circumference from the pre-elderly
stage (2007) to the elderly stage (2014)
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was the category of “still not at risk” (48.3%). The most

chronic diseases, fiber consumption and physical activity)

common category for men was “still not at risk” (66.8%), while

were significantly associated with waist circumference

the most common category for women was “at risk” (50.4%).

(p<0.05), while five variables (carbohydrate consumption,

This study demonstrated that the average waist

protein consumption, fat consumption, smoking behavior and

circumference in the pre-elderly stage was 81.87±11.56 cm,

income) were not significantly associated with waist

which then increased to 84.29±12.43 cm in the elderly stage.

circumference (p>0.05). There were 2648 observations of

The average waist circumference of men was 80.76±10.30 cm

1324 respondents and the R Square (R2) value was 0.64. This

in the pre-elderly stage, increasing to 82.09±11.21 cm in the

means that 64% of the changes in waist circumference could

elderly stage. The average waist circumference of women

be explained by the factors of weight, fiber consumption,

was 82.91±12.53 cm in the pre-elderly stage, increasing to

number of chronic diseases and level of physical activity. The

86.34±13.14 cm in the elderly stage (Table 1).

other 36% was explained by other factors not included in this
study (Table 2).

The average independent variables, such as weight,
fat

Multivariate results with the fixed effect model indicated

consumption, fiber consumption, physical activity and income,

that changes in weight, fiber consumption, number of chronic

decreased from the pre-elderly stage to the elderly stage.

diseases and physical activity are associated with changes in

However, the average number of chronic diseases and

waist circumference. The model showed that the changes in

smoking behavior increased from the pre-elderly stage to the

weight and the number of chronic diseases were positively

elderly stage (Table 1).

associated with changes in waist circumference. An increase

carbohydrate consumption, protein consumption,

The results of the panel data analysis for the 7-year

in one unit of weight (1 kg) resulted in an increase in waist

observation indicated that four variables (weight, number of

circumference by 0.7 cm, while each unit of increase of chronic

Table 1: Characteristics of the respondents in the pre-elderly stage (2007) and the elderly stage (2014)
Mean±SD
-----------------------------------------------------------------------------------------------------------------------------------------------------------Men (n = 636)

Women (n = 688)

All (n = 1324)

------------------------------------------

-------------------------------------------

---------------------------------------------

Variables

Pre-elderly

Elderly

Pre-elderly

Elderly

Pre-elderly

Elderly

Waist circumference (cm)

80.76±10.10

82.09±11.21

82.91±12.53

86.34±13.14

81.87±11.56

84.29±12.43

Weight (kg)

57.12±10.18

56.62±10.51

52.96±11.54

52.89±11.60

54.96±11.10

54.69±11.24

Number of chronic diseases

0.43±0.71

0.81±1.11

0.64±0.91

0.97±1.10

0.54±0.83

0.89±1.11

Carbohydrate consumption (days/week)

5.00±0.12

4.99±0.11

5.00±0.08

4.97±0.28

5.00±0.10

4.98±0.21

Protein consumption (days/week)

3.84±1.00

3.69±1.20

3.86±1.04

3.56±1.23

3.85±1.02

3.62±1.22

Fat consumption (days/week)

1.98±1.45

1.77±1.35

1.84±1.39

1.77±1.39

1.91±1.42

1.77±1.37

Fiber consumption (days/week)

3.69±0.71

3.21±1.03

3.69±0.82

3.16±1.08

3.69±0.77

3.18±1.06
12.56±9.59

Physical activity (total activities/week)

21.71±11.73

13.61±9.96

17.33±10.00

11.59±9.15

19.43±11.08

Smoking behavior (total cigarettes/day)

8.72±8.67

9.41±9.95

0.25±2.00

0.39±2.23

4.32±7.48

4.72±8.39

Income (percentile)

3.80±1.24

3.37±1.31

2.39±1.47

2.31±1.37

3.07±1.54

2.82±1.44

SD: Standard deviation
Table 2: Fixed effect model of the association of changes in risk factors with changes in waist circumference (n = 2648)
95% CI
----------------------------------------Waist circumference

β

SE

p-value

Lower

Upper

Weight (kg)

0.704

0.041

<0.001

0.625

0.784

Number of chronic diseases

0.566

0.191

0.003

0.191

0.941

Carbohydrate consumption (days/week)

-1.125

0.890

0.207

-2.873

0.622

Protein consumption (days/week)

-0.274

0.161

0.089

-0.591

0.042

Fat consumption (days/week)

-0.167

0.127

0.187

-0.415

0.081

Fiber consumption (days/week)

-0.770

0.175

<0.001

-1.114

-0.426

Physical activity (total activities/week)

-0.058

0.014

<0.001

-0.086

-0.030

Smoking behavior (total cigarettes/day)

-0.013

0.032

0.673

-0.077

0.050

0.040

0.131

0.760

-0.218

0.298

54.525

4.911

<0.001

44.891

64.161

Income (percentile)
Constant

R Square = 0.64, Prob>F = 0.0000, SE: Standard error, CI: Confidence interval
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disease was shown to increase waist circumference by 0.6 cm.

elderly population. The prevalence of being overweight

Changes in fiber consumption and physical activity were

increases with age in developed countries for both men and

negatively associated with changes in waist circumference.

women (greater in women) but weight measurements tend

This means that an increase of one unit of fiber consumption

to show weight loss in those aged 55 years or older4. In

and physical activity would decrease the waist circumference

accordance with the results of this study, weight loss with

by 0.8 and 0.1 cm (Table 2).

increasing age occurred from the pre-elderly stage to the
elderly stage, although the average decrease in weight was
not very large (0.3 kg).

DISCUSSION

Being overweight could cause obesity. Obesity affects the
In this study, the prevalence of central obesity in the

occurrence and incidence of chronic diseases27. Patients with

pre-elderly stage increased to 5.1% in the elderly stage.

a normal weight have a balanced life26. To maintain a normal

Central obesity was determined based on waist circumference.

weight, you need to consume a healthier diet. A component

The determining factors associated with changes in waist

of a healthy diet is high fiber consumption. Fiber intake plays

circumference in the elderly population in Indonesia were

a protective role in the incidence of obesity. High fiber foods

changes in weight, fiber consumption, number of chronic

could reduce weight and obesity28.
Fiber is defined as a part of plant foods that are resistant

diseases and physical activity from the pre-elderly stage to the

to digestion by human digestive enzymes. Fibers are classified

elderly stage.
The prevalence of central obesity increased, especially in

as soluble fibers, such as thickened fiber, which is fermented

elderly women. The high prevalence of central obesity in

in the colon and insoluble fibers, such as wheat fiber, which

women is because, physiologically, women have a higher

can only be fermented to a certain extent in the colon. The

body fat percentage and higher overall weight than men and

intake of dietary fiber provides many health benefits, such

experience a reduction in height, which occurs earlier and is

as reducing the risk of coronary heart disease, stroke,

more drastic than in men . A previous study conducted on

hypertension, diabetes, obesity and digestive disorders.

elderly Chinese populations also found that the prevalence of

Increasing fiber consumption could decrease serum lipid

overweight and obesity was 70%. Aging plays an important

concentrations, reduce blood pressure, help with weight loss

25

and improve immune function29.

17

role in the prevalence of overweight and obesity . Research
in North Africa showed that obesity rates in women were

The results showed that changes in fiber consumption

three times greater than those in men (24.32% compared to

were associated with changes in waist circumference, which

7.69%)26.

led to a decrease in central obesity. This negative correlation

Based on the changes over 7 years, the average waist

means that a decrease in fiber consumption could cause an

circumference from the pre-elderly stage to the elderly stage

increase in waist circumference in elderly populations. This

increased slightly (2.42 cm [1.33 cm for men, 3.43 cm for

finding is supported by studies in five European countries

women]). The average waist circumference was 81.87 cm in

(5.5 years of follow-up), which found that fiber consumption

the pre-elderly stage, increasing to 84.29 cm in the elderly

in women was negatively correlated with an increase in waist

stage. This was the same observation as that of a 7-year

circumference30.

longitudinal study of an elderly population in China in which

The reporting of fiber consumption in this study did not

waist circumference increased by 1.4 cm, from 82.9 cm in 2004

investigate how many nutrients were consumed but did

to 84.3 cm in 201117.

identify how many days per week respondents consumed

From the research data, it was observed that men

predetermined food substances. Despite this, information on

experienced an increase in waist circumference from the

food consumption was very useful in analyzing the changes

pre-elderly stage to the elderly stage but remained in the

that occurred.

normal range (waist circumference <90 cm), whereas women

Changes in the number of chronic diseases also caused an

from the pre-elderly stage to the elderly stage exhibited

increase in the incidence of obesity, while aging caused an

central obesity (waist circumference $80 cm). This was caused

increase in chronic diseases. These diseases could affect

by increases in waist circumference with age 4,5.

appetite, functional ability, or swallowing ability, which lead

One of the changes in waist circumference is caused by

to a decrease in nutritional status31. However, in this study,

changes in weight. Weight decreased longitudinally in the

changes in the number of chronic diseases were associated
383
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with changes in waist circumference. The presence of a

from the pre-elderly stage to the elderly stage. The increase

positive relationship means that there was an increase in waist

was due to factors such as weight, fiber consumption, number

circumference as the number of diseases increased. The

of chronic diseases and physical activity.

results showed that there was an increase in the number of
diseases suffering from the pre-elderly stage to the elderly

CONCLUSION

stage. Increased disease was also accompanied by an increase
in overall waist circumference. When viewing the data on the

Changes in waist circumference from the pre-elderly

number of illnesses, it is demonstrated that the average

stage to the elderly stage are caused by changes in weight,

elderly individual suffered from one chronic disease. In the

fiber consumption, number of chronic diseases and physical

United States in 2016, approximately 80% of elderly people

activity. Changes in these determining factors can help us

aged $65 years had at least one chronic condition, while 60%

detect central obesity in elderly populations. If this

31

had two or more chronic conditions .

determining factor is not considered, there will be an increase

The changes in physical activity was related to changes in

in waist circumference. The increase in waist circumference

waist circumference. Properly regimented physical activity

results in central obesity.

affects the waist circumference32. In this study, changes in

For elderly individuals to maintain a normal waist

physical activity from the pre-elderly stage to the elderly stage

circumference and not suffer from central obesity, it is

were associated with a reduction in waist circumference.

necessary to maintain a normal weight by maintaining high

Physical activity reduced waist circumference by 0.1 cm.

fiber consumption patterns, performing physical activity for

Physical activity, in the form of heavy activity, moderate

at least 30 min every day and maintaining a healthy lifestyle

activity and walking activities should be performed for at least

to avoid chronic diseases beginning with the pre-elderly

30 min a day.

stage.

Likewise, increasing access to local physical activity
facilities could increase physical activity and has the potential
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to reduce overweight and obesity at the population level.
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Populations with access to six or more physical activity

circumference or central obesity from the pre-elderly stage to

facilities had waist circumferences that were 1.22 cm smaller

the elderly stage. Understanding these risk factors can be

than those who did not have access to facilities of physical

beneficial for preventing central obesity in the elderly. This

activity32.

study will help researchers uncover the critical areas of

Physical activity positively affects chronic diseases and

changes in waist circumference that many researchers were

conditions and increases physical fitness and physical

not able to explore. Thus, a new theory on central obesity may

functions that could improve the quality of life of the elderly.

be developed.

Most chronic diseases and conditions negatively affected the
functional abilities of the elderly individuals while also

ACKNOWLEDGMENTS

impacting their quality of life. Physical activity was beneficial
for several chronic diseases and conditions. For example,

This study

is supported

by

Hibah

PITTA

2018

physical activity expended energy (obesity), increased insulin

funded

sensitivity (type 2 diabetes mellitus), improved the lipid profile

5000/UN2.R3/HKP.05.00/2018. We would like to thank RAND

(cardiovascular disease), increased muscle strength (physical

and SurveyMETER for providing IFLS data for public access.

by

DRPM

Universitas

Indonesia

No.

function), benefited psychological well-being (depression)
and ultimately improved quality of life33. Increased weight,

REFERENCES

decreased fiber consumption, increased number of chronic
diseases suffered and lack of physical activity can lead to

1.

Liu, P.J., F. Ma, H.P. Lou and Y.N. Zhu, 2017. Comparison of the

increased waist circumference in elderly populations. If this

ability to identify cardiometabolic risk factors between two

increase in waist circumference was unchecked, it would have

new body indices and waist-to-height ratio among Chinese

an impact on central obesity. Central obesity in the elderly can

adults with normal BMI and waist circumference. Public

be detected by looking at the increase in waist circumference

Health Nutr., 20: 984-991.

384

Pak. J. Nutr., 18 (4): 379-386, 2019
2.

Fu, S., L. Luo, P. Ye, Y. Liu, B. Zhu, Y. Bai and J. Bai, 2014. The

12. IDF., 2005. The IDF consensus worldwide definition of the
metabolic syndrome. Obes. Metab., 2: 47-49.
13. Escoz-Roldan, A., J. Gutierrez-Perez and P. Meira-Cartea, 2017.
Education on climate risks and their implications for health.
Procedia-Social Behav. Sci., 237: 599-605.
14. WHO., 2017. Obesity and overweight. World Health
Organization, Geneva.
15. Ministry of Health, 2013. Food and Nutrition Guidelines for
Healthy Older People: A Background Paper. Ministry of
Health, Wellington, New Zealand, ISBN: 978-0-478-39396-5.
16. Sheats, J.L., S.J. Winte and A.C. King, 2015. Nutrition
Interventions for Aging Populations. In: Handbook of
Clinical Nutrition and Aging, Bendich, A., C.W. Bales,
J.L. Locher and E. Saltzman (Eds.)., Springer, New York,
ISBN: 978-1-4939-1928-4, pp: 3-19.
17. Xu, W., H. Zhang, S. Paillard-Borg, H. Zhu, X. Qi and D. Rizzuto,
2016. Prevalence of overweight and obesity among Chinese
adults: Role of adiposity indicators and age. Obes. Facts,
9: 17-28.
18. Muljati, S., A. Triwinarto and Y. Kristanto, 2014. Disability of
elderly based on nutritional status, anemia and sociodemographic characteristics. Penelit. Gizi Makan, 37: 87-100.
19. Kamp, B.J., N.S. Wellman and C. Russell, 2010. Position of the
American Dietetic Association, American Society for Nutrition
and Society for Nutrition Education: Food and nutrition
programs for community-residing older adults. J. Am. Dietetic
Assoc., 110: 463-472.
20. Strauss, J., F. Witoelar, B. Sikoki and A.M. Wattie, 2009. The
fourth wave of the Indonesia family life survey: Overview and
field report. Volume 1. Working Paper, RAND., California.
21. Strauss, J., F. Witoelar and S. Bondan, 2016. The fifth wave of
the Indonesia family life survey: Overview and field report.
Volume 1. Working Paper, RAND., California.
22. Minister of Health, 2016. PMK No. 25 Tentang Rencana Aksi
Nasional Kesehatan Lanjut Usia Tahun 2016-2019. Minister of
Health, Republic of Indonesia.
23. SEARO., 2018. Elderly population. World Health Organization,
Regional Office for South-East Asia.
24. Cheung, Y.B., 2014. “A body shape index” in middle-age and
older Indonesian population: Scaling exponents and
association with incident hypertension. PloS One, Vol. 9.
10.1371/journal.pone.0085421
25. Tsai, A.C., 2012. Anthropometrical Changes in Older
Taiwanese and Diet and Exercise. In: Handbook of
Anthropometry: Physical Measures of Human Form in
Health and Disease, Preedy, V.R. (Ed.). Springer, New York,
ISBN: 978-1-4419-1787-4, pp: 1435-1448.
26. Abbes, M.A. and K. Bereksi-Reguig, 2018. Obesity increases
blood pressure in North-African elderly subjects. Pak. J. Nutr.,
17: 152-155.
27. Ashwell, M. and S. Gibson, 2016. Waist-to-height ratio as an
indicator of ʻearly health riskʼ: Simpler and more predictive
than using a ʻmatrixʼ based on BMI and waist circumference.
BMJ Open, Vol. 6, No. 3. 10.1136/bmjopen-2015-010159.

abilities of new anthropometric indices in identifying
cardiometabolic abnormalities and influence of residence
area and lifestyle on these anthropometric indices in a
Chinese community-dwelling population. Clin. Interv. Aging,
9: 179-189.
3.

Babiarczyk, B. and A. Turbiarz, 2012. Body mass index in
elderly people-do the reference ranges matter? Progress
Health Sci., 2: 58-67.

4.

Assantachai,

P.,

2012.

Anthropometric Aspects and

Common Health Problems in Older Adults. In: Handbook of
Anthropometry: Physical Measures of Human Form in
Health and Disease, Preedy, V.R. (Ed.). Springer, New York,
ISBN: 978-1-4419-1787-4, pp: 1415-1434.
5.

Xu, X., J. Byles, Z. Shi, P. McElduff and J. Hall, 2016. Dietary
pattern transitions and the associations with BMI, waist
circumference, weight and hypertension in a 7-year follow-up
among the older Chinese population: A longitudinal study.
BMC Public Health, Vol. 16, No. 1. 10.1186/s12889-016-3425-y

6.

Hankey, C. and K. Whelan, 2017. Advanced Nutrition and

7.

Browning, L.M., S.D. Hsieh and M. Ashwell, 2010. A systematic

Dietetics in Obesity. John Wiley & Sons Ltd., New York.
review of waist-to-height ratio as a screening tool for the
prediction of cardiovascular disease

and diabetes: 0.5

could be a suitable global boundary value. Nutr. Res. Rev.,
23: 247-269.
8.

Voruganti, V.S. and A.G. Commuzzi, 2012. Value of Waist
Circumference in Metabolic Diseases. In: Handbook of
Anthropometry: Physical Measures of Human Form in
Health and Disease, Preedy, V.R. (Ed.). Springer, New York,
ISBN: 978-1-4419-1787-4, pp: 1947-1958.

9.

Klein, S., D.B. Allison, S.B. Heymsfield, D.E. Kelley and R.L.
Leibel, 2007. Waist circumference and cardiometabolic risk: A
consensus statement from Shaping America's Health:
Association for Weight Management and Obesity Prevention;
NAASO, The Obesity Society; the American Society for
Nutrition; and the American Diabetes Association. Am. J. Clin.
Nutr., 85: 1197-1202.

10. Yang, H., Z. Xin, J.P. Feng and J.K. Yang, 2017. Waist-to-height
ratio

is

better

than body mass index and waist

circumference as a screening criterion for metabolic
syndrome in Han Chinese adults.

Medicine,

Vol.

96,

No. 39. 10.1097/MD.0000000000008192
11. Matoba, Y., T. Inoguchi, A. Ogo and R. Takayanagi, 2012.
Waist Circumference for the Clinical Diagnosis of Metabolic
Syndrome in the Japanese Populations: Optimal Cut-Point
to Predict Early Arteriosclerosis. In: Handbook of
Anthropometry: Physical Measures of Human Form in
Health and Disease, Preedy, V.R. (Ed.). Springer, New York,
ISBN: 978-1-4419-1787-4, pp: 1959-1971.

385

Pak. J. Nutr., 18 (4): 379-386, 2019
31. Ugalde, M., 2016. Spatial analysis of the nutritional risk of
older adults participating in the older americans act program
in South Carolina, 2013. Ph.D. Thesis, Clemson University,
USA.
32. Mason, K.E., N. Pearce and S. Cummins, 2018. Associations
between fast food and physical activity environments and
adiposity in mid-life: Cross-sectional, observational evidence
from UK Biobank. Lancet Public Health, 3: e24-e33.
33. Brady, A.O., A.C. Berg, M.A. Johnson and E.M. Evans,
2015. Phisical Activity
and
Exercise:
Important
Complements to Nutrition in Older Adults. In: Handbook
of Clinical Nutrition and Aging, Bendich, A., C.W. Bales,
J.L. Locher and E. Saltzman, (Eds.). Springer, New York,
ISBN: 978-1-4939-1928-4, pp: 355-374.

28. Monteiro, J.C.V., G.D. Pimentel and M.V. Sousa, 2012.
Relationship between body mass index with dietary fiber
intake and skinfolds-differences among bodybuilders who
train during morning and nocturne period. Nutr. Hosp.,
27: 929-935.
29. Anderson, J.W., P. Baird, R.H. Davis Jr., S. Ferreri and
M. Knudtson et al., 2009. Health benefits of dietary fiber. Nutr.
Rev., 67: 188-205.
30. Romaguera,

D.,

L.

Angquist,

H. Du, M.U. Jakobsen

and N.G. Forouhi et al., 2010. Dietary determinants
of changes in waist circumference adjusted for body
mass index-a proxy measure of visceral adiposity. PloS
One, Vol. 5, No. 7. 10.1371/journal.pone.0011588.

386

