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To Construct A Forecasting Model of the Anthropometric
Chronic Disease Risk Factor Score

Yi-Chou Chuang, MPH; Ming-Hsu Wang*, MID; Ding-Hau Huang*, MID;
Chien-Hsin Yang?, MBA; Jen-Der Lin®, MD

Background: Many health indices have a relationship with anthropometric indices. This
research attempts to provide a new measurement: a chronic disease risk fac-
tor score built into the regression model. This new model will help people
visualize their health status and get multiple information during the process
of the healthy examination.

Methods: Data from 8,034 subjects were collected from the data bank of the Health
Examination Center in Chang Gung Memorial Hospital. Related anthropo-
metric indices and biochemical factors were selected and used to construct a
regression model. The anthropometric indices used were body mass index,
waist hip ratio, waist hip arearatio, health index, waist leg ratio and trunk leg
ratio. Biochemical data included blood pressure, glucose, triglyceride, cho-
lesterol and uric acid, combined to form an anthropometric chronic disease
risk factor score.

Results: Subjects under 45 years of age had the highest chronic disease risk factor
score, and were selected to construct a regression model. The R-sgquare of
this modd is 0.355; its predictive error is near 12%. After verification with a
testing group, the regression model could be used to predict health status.

Conclusion: The purpose of this study was to develop a new anthropometric chronic dis-
ease risk factor score by combining anthropometric indices and biochemical
data. A multiple regression model was used to illustrate health status via
anthropometric chronic disease risk factor scores for the subjects participat-
ing in the health examination. The results show that the chronic disease risk
factor scoreis useful for prescribing relevant medical treatment as well as for
other research.

(Chang Gung Med J 2006; 29:135-42)

Key words: chronic diseaserisk factor score, anthropometric chronic diseaserisk factor score
(ACDRFS), waigt hip ratio (WHR), body massindex (BM1), whole body scanner.

A n important public health issue is the increasing nomenon has been getting serious attention in devel-
number of people who are overweight and oped countries. Many diseases are related to obesity
obese due to changes of lifestyle and diet. This phe- including cardiovascular and cerebrovascular dis-
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eases. “Metabolic syndrome” is atypical characteris-
tic in the primary stage of these diseases. Metabolic
syndrome or syndrome X is defined as a clustering
of cardiovascular disease risk factors comprising
hyperinsulinemia, hypertension, hyperlipidemia,
obesity and glucose intolerance.®®

Free fatty acids, cortisol and testosterone have
powerful combined effects, resulting in insulin resis-
tance and increased hepatic gluconeogenesis. All
these factors promoting insulin resistance are active
in abdominal visceral obesity, which is closely asso-
ciated with insulin resistance, non-insulin-dependent
diabetes mellitus (Type 2 DM) and metabolic syn-
drome.®

Type 2 DM is the disease that is most consis-
tently associated with obesity as defined by indica-
tors such as body mass index (BMI).5® Some
researchers have shown that a high proportion of
abdominal fat, particularly visceral fat, is a major
risk factor for Type 2 DM and coronary heart dis-
ease.™®

Obesity, with high waist circumference to hip
circumference ratio (WHR), is deemed to be one of
the important causes of syndrome X.© Waist circum-
ference (WC) and WHR are frequently used to esti-
mate the amount of abdominal adipose tissue. WHR
provides an index relative to the accumulation of
abdominal fat. Although advanced imaging tech-
niques, such as computer tomography and magnetic
resonance, can distinguish visceral fat from subcuta-
neous fat, they are too costly to apply in the clinical
setting as a screening tool for patients.“*® Although
indicators, such as BMI, WC and WHR, are fre-
quently used by doctors to make a judgment on a
patient’s health, many studies have shown that the
cutoff points of these anthropometrical measures
vary across ethnic groups and further revisions are
necessary.2%

Measurements of visceral fat, such as WC,
WHR and WTR, were shown to be closely associat-
ed with Type 2 DM when compared with BM|.44+17

A study was conducted to investigate whether
WHR and BMI influence glucose tolerance, blood
pressure and serum lipids in middle-aged Japanese
men. It concluded that both BMI and WHR were
independently and positively associated with
impaired glucose tolerance to almost the same
degree. An adjusted mean blood pressure, total cho-
lesterol and triglycerides were almost linearly
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increased with increased levels of both BMI and
WHR, and was progressively decreased with high-
density lipoprotein cholesterol.®

Many prediction equations are revised from
anthropometry for use in health promotion and dis-
ease prevention. BMI has been used to estimate body
fat by regression formulas either separately or in
combination with other factors. BMI was chosen
because of its independence from body fat distribu-
tion and its high correlation with body fat.®®

Dezenberg et al. developed a prediction equa-
tion for total body fat in African-American and white
children. However, this equation has not been tested
in Latino children and no prediction equation is cur-
rently available for Latino children. Hence, it is the
intention to evaluate the precision and accuracy of
the previously developed equation by Dezenberg et
a. in Latino children with a wide range of body fat,
and to develop new equations using demographic
and anthropometric measurements to predict total
body fat specifically in Latino children.®® However,
there are age-related and racial differences in the
application of these equations.®

Most of the previous research focused on the
relationship between BMI and biochemical indices.
However, there are few predictive models for chronic
disease risk factors by anthropometric indices.

The purpose of this study is to find the correla-
tion between chronic disease risk factor scores and
anthropometric indices for Taiwanese adults. A
chronic disease risk factor prediction equation was
provided for metabolic disease by a 3-D anthropo-
metric database.*¥ Some anthropometric data was
also used to test the performance (accuracy) of the
prediction equation. This approach is helpful for
making relevant diagnoses and consequential med-
ical treatment.

METHODS

A cross-sectional population-based sample of
8,034 Taiwanese adults was collected from Chang
Gung Memoria Hospital. Of these, a total of 1,037
subjects were under 45 years of age, 4,737 were
between 45 and 64 years of age, and 2,233 subjects
were 65 years of age or older. Most of the subjects
were from the Health Examination Center; the rest
were selected from patients who had some risk fac-
tors, such as being overweight. In order to assess the
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accuracy of our investigation, we divided the 1,042
subjects who were under 45 years of age into two
groups. After our systematic sampling, the two
groups had 912 and 130 cases, respectively. Using
data from the 912 cases, this research attempted to
construct a forecast model by regression equation, to
test the model by comparing it with the 130 cases for
errors, and to assess accuracy and factors that affect
accuracy.

Whole body 3D laser scans were used to obtain
anthropometric measurements. This is a new scan-
ning technology using high resolution 3D data points
that measure the human body surface in 12 seconds.
There are many advantages in using this technology
over previous approaches to measurement, such as
tape measures: (1) it reduces guess work, which
makes data much easier to use in computer-aided
design and rapid prototyping; (2) it alleviates depen-
dency of measurements on the subject’s position
when measured, alowing the extraction of an almost
infinite number and variety of measurements long
after the subject has moved on; (3) it provides the
first viable method for capturing human models in
their clothing, equipment and workspace, and in real-
istic postures; (4) being a non-contact system, it
reduces measuring differences between measures,
making data sets collected by different groups more
comparable.®

The subject’s body was segmented into head,
chest, waist, hips, trunk, upper-arm, forearm, leg,
calf, upper-limb and lower-limb volume. Each seg-
ment’s volume and surface area were calculated. Hl
was defined by the equation HI = (body weight * 2
* waist profile area) / (body height? * (chest profile
area + hip profile area)). BMI was calculated as
weight divided by height squared (kg/m?). Chest pro-
file area was measured at the maximal circumference
around the chest. Waist profile area was measured at
alevel midway between the lower rib margin and the
iliac crest. Hip profile area was measured at the max-
imal circumference over the buttocks. WHR was
defined as waist circumference divided by hip cir-
cumference. WHAR was defined as waist profile
area divided by hip profile area. WLR was the ratio
of waist circumference to leg circumference. TLR
was the ratio of the volume of the trunk to the vol-
ume of theleg.

The five biochemical risk factors selected were
hypertension, blood sugar, heart disease factors,
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triglyceride and uric acid. We divided these factors
into three levels: normal (score = 1.0), borderline
(score = 0.5) and abnormal (score = 0). Related crite-
riawere as follows: blood pressure (SDP/DBP), nor-
mal (1.0): SDP < 120 & DBP < 80, borderline (0.5):
other, and abnormal (0): SDP > 140 or DBP > 90.
Blood sugar (F/A glucose), norma (1.0): Glucose-
AC < 110 and Glucose-PC < 140, borderline (0.5):
other, and elevated/abnormal (0): Glucose-AC > 125
or Glucose-PC > 200. Triglyceride (TG), normal
(1.0): TG < 150, borderline (0.5): other, elevated/
abnormal (0): TG > 200. Heart disease risk factors
(TC/HDL), normal (1.0): TC/HDL < 5, borderline
(0.5): other, elevated/abnormal (0): TC/HDL > 7.
Uric acid, normal (1.0): uric acid < 6, borderline
(0.5): other, elevated/abnormal (0): uric acid > 8.
Next, we defined the mean score, which is a combi-
nation of the five original scores; we called this the
chronic disease risk factor score. Subjects with nor-
mal chronic disease risk factors had mean scores
approaching 5. Subjects with abnormal chronic dis-
ease risk factors had mean scores approaching O.
Finally, al five scores were combined and divided by
five; the chronic disease risk factor score represented
the degree of health.

RESULTS

The correlations between chronic disease risk
factor scores and anthropometric indices are shown
in Table 1. All are significant (p < 0.001). However,
there was lowest correlation between TLR and the
chronic disease risk factor score. Based on these, five
anthropometric indices (HI, BMI, WHR, WHAR and
WLR) were selected for analysis. The correlation
between anthropometric indices and chronic disease
risk factor scores had higher correlation than the bio-
chemical indices.

Table 2 presents a summary of the dependent
and independent variables from three groups (under
45, 45 to 64 and over 64 years of age). All the inde-
pendent variables (HI, BMI, WHR, WHAR, WLR
and TLR) showed that the values of older subjects
were greater than younger ones. Except for HI, it
seems that there is little difference between the inde-
pendent variables. As for the eight dependent vari-
ables, the results were the same as for the indepen-
dent variables. More subjects over 64 years of age
have elevated Glucose-AC or Glucose-PC than sub-
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Table 1. Pearson’s Correlation of Laboratory Data with Anthropometric M easurements

HI BMI WHR WHAR WLR TLR
Glucose-AC (mg/dl) 0.23* 0.17* 0.23* 0.26* 0.27* 0.10*
Glucose-PC (mg/dl) 0.24* 0.16* 0.25* 0.27* 0.29* 0.07*
Uric acid (mgy/dl) 0.32* 0.29* 0.29* 0.32* 0.33* 0.16*
Triglyceride (mg/dl) 0.30* 0.28* 0.27* 0.29* 0.27* 0.10*
Chol/HDL 0.38* 0.36* 0.34* 0.37* 0.36* 0.23*
SBP (mmHg) 0.34* 0.30* 0.30* 0.32* 0.31* 0.11*
DBP (mmHg) 0.28* 0.29* 0.23* 0.24* 0.20* 0.15*
Chronic Disease Risk
Factor Score -0.46* -0.41* -0.41* -0.46* -0.44* -0.23*
95% CI (-0.48~-0.44) (-0.43~-0.39) (-0.43~-0.39) (-0.48~-0.44) (-0.46~-0.42) (-0.25~-0.21)

Abbreviations: HI: Health index; BMI: Body mass index; WHR: Ratio of waist circumference to hip circumference; WHAR: Ratio of
waist areato hip area; WLR: Ratio of waist circumference to leg circumference; TLR: Ratio of the volume of the trunk to the volume of the
leg; Glucose AC: Fasting blood glucose; Glucose PC: Two hours post-prandial blood glucose; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; TG: Triglyceride; Chol/HDL: Ratio of total cholesterol to high density lipoprotein.

*p < 0,001

Table 2. Summary of Dependent and Independent Variables from Three Age Groups

Under 45 45-64 Over 64 Al
HI 18.54 +5.04* 20.84 + 4.85 22.85 +506 2110 + 5.11
BMI 23.76 +3.76 25.05 =+ 3.24 2531 +3.25 24.95 + 0.08
WHR 0.86 +£0.07 0.89 +0.08 0.93 +£0.08 0.90 =+ 0.08
WHAR 0.75 +0.11 0.81 +0.12 0.89 +0.14 0.83 + 0.13
WLR 154 +0.16 1.65 £ 0.19 1.81 +0.19 1.68 + 0.20
TLR 1.36 +0.24 146 £0.24 153 +0.24 147 + 024
Glucose-AC (mg/dl) 9022 +12.31 97.14 + 20.80 102.08 +22.32 97.59 + 20.64
Glucose-PC (mg/dl) 91.92 +21.62 104.85 + 36.60 117.49 +41.81 106.62 + 37.38
Uric acid (mg/dL) 6.13 +1.73 6.16 =+ 1.67 6.37 +1.73 621 + 1.70
Triglyceride (mg/dL) 112.20 +83.29 131.98 + 87.01 137.44 +77.34 130.95 + 84.29
Chol/HDL 358 +1.14 391 +1.11 411 +1.08 393 + 112
SBP (mmHg) 113.00 =+ 15.851 119.06 + 18.01 127,55 +18.68 120,68 + 1855
DBP (mmHg) 73.10 +10.84 76.04 +11.12 76.79 +10.55 75.88 + 10.98
ACDRFS 0.84 +0.17 0.78 +0.19 0.72 +£0.19 0.77 + 0.19

Abbreviations: HI: Health index; BMI: Body mass index; WHR: Ratio of waist circumference to hip circumference; WHAR: Ratio of
waist areato hip area; WLR: Ratio of waist circumference to leg circumference; TLR: Ratio of the volume of the trunk to the volume of the
leg; Glucose AC: Fasting blood glucose; Glucose PC: Two hours post-prandial blood glucose; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; TG: Triglyceride; Chol/HDL: Ratio of total cholesterol to high density lipoprotein; ACDRFS: Anthropometric

chronic disease risk factor score.
*mean £ SD

jects who are under 45 years. The triglyceride levels
of those over 64 are higher than the other groups.
Rates of cholesterol and high blood pressure are sim-
ilar. As expected, subjects under 45 years of age had
the highest chronic disease risk factor scores (0.84).
Next, we divided the subjects into three groups
based on their chronic disease risk factor scores.
Table 3 shows the results and percentages between
the chronic disease risk factor scores and age. As

expected, the chronic disease risk factor scores of
younger subjects are higher and the scores of the
older subjects are lower.

Consequently, all subjects in different ages were
divided to modeling and testing groups. Table 4
shows the summary of regression results in each
group. The regression model of the group who are
under 45 years of age had the best performance,
including higher R-square and lower predictive error.

Chang Gung Med JVol. 29 No. 2
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Table 3. Distribution of ACDRFS in Different Age Groups

ACDRFS
Highrisk (@) Median (b) Low risk (c) Total
Under45 13 (1.25%) 241(23.24%) 783(75.51%) 1037 (100%)
45~64  128(2.70%) 1611 (34.01%) 2998 (63.29%) 4737 (100%)
Over64  87(3.90%) 1005 (45.01%) 1141 (51.10%) 2233 (100%)
Total 228 (2.85%) 2857 (35.68%) 4922 (61.47%) 8007 (100%)

Age

Table 4. Summary of Regression Resultsin Each Group

. . Chronic
Age M(g?cil; ? R-Square -E?OILT[? _Di sease - Predictive
(n1) n2) Risk Factor Error
Score

Under45 912 35.50% 130 0.84 12%
45~64 4156 28.70% 595 0.77 18%
Over64 1960 13.20% 281 0.72 19%
Total 7028 27.20% 1006 0.77 17%

The last model, aged over 64, did not have a good
performance. As a result, the first model for subjects
who are under 45 was selected to build the regres-
sion model.

According to the above statement, the indepen-
dent variables, including BMI, WHR, WHAR, HI,
WLR, TLR, and the dependent variable, i.e. the
chronic disease risk factor score, were used to build a
regression model as follows. It's R-square is 35.5%
and predictive error is 12%. ACDRFS stands for
Anthropomorphic Chronic Disease Risk Factor
Score.

ACDREFS = 1.8444-0.02827* BM1+0.5598* WHR-
0.8*WHAR+0.0186* HI-0.3209* WLR-
0.0483*TLR

Furthermore, Table 5 shows that there is no dif-
ference between the three different testing groups.
Finally, we used the 130 subjects in the testing group
to verify the regression model. The mean and stan-
dard deviation of each dependent variable is shown
in Table 5. The predictive error values are given.
Multiple range tests showed that the predictive errors
of subjects with normal chronic disease risk factors
are lower than median groups and disease groups.
Dependent variables, glucose and chronic disease
risk factor scores have no datain disease groups.

DISCUSSION

In this study, we presented a concept concerning
the ACDRFS constructed by anthropometric mea-
surements, including HI, BMI, WHR, WHAR, WLR
and TLR. Those measurements were determined by
the correlation between them and related biochemi-
cal variables, including blood pressure, uric acid,
triglycerides, cholesterol and blood sugar. We divid-
ed all the subjects into three groups, high risk, medi-
an and low risk, using the chronic disease risk factor
scores 1.0, 0.5 and O, respectively. As expected, the
group who were less than 45 years of age had the
best ACDRFS (0.84), compared to the other groups
(0.77 and 0.72). In the regression models, the R-
square or predictive error of the group less than 45
years of age was also better than the two other
groups. The model for those less than 45 years was
significantly better. So, the regression of ACDRFS
could be used to predict chronic disease factors with
anthropometric measurements. ACDRFS is especial-
ly good for the younger group in helping to prevent
chronic disease.

Many researchers have shown that BMI is a

Table 5. Mean and Standard Deviation of the Error of Dependent Variables in Different Groups (mean = SD (n))

Subjects with normal chronic

Variables Disease (a) Median (b) disease risk factors (¢) Post hoc
BP 0.21 + 0.18 (60) 0.11 £ 0.09 (34) 0.12 £ 0.09 (12) a>b=c*
Glucose 0.30 + 0.00 (1) 0.11 + 0.10(124)
Triglyceride 0.30 + 0.16 (12) 0.10 £ 0.07 (17) 0.09 + 0.07 (96) a>b=c
Chol/HDL 0.34 £ 0.00 (1) 0.18 =0.16 (12) 0.11 = 0.09 (113) b>c
Uric acid 0.25 + 0.15 (16) 0.11 =+ 0.09 (50) 0.09 £ 0.07 (60) a>b=c
ACDRFS 0.22 +0.15(27) 0.09 £ 0.06 (99) b>c
* p<0.01
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good index for predicting body fat.*® They also pre-
sented correlation between diseases and BMI in dif-
ferent groups. This study also verifies this point.
However, some researchers felt that BMI was not a
good index.*%2® |n their experience, BMI does not
represent the body size of some persons because they
are tall but not heavy or vice versa. As their clinica
experiment showed, other measurements, including
waist or hip, are better. They indicated that the hip
and waist have the highest percentage of fat within
the body. People developed more visceral fat as they
aged. Also, people with more fat are more likely to
easily develop certain diseases, including cardiovas-
cular and cerebrovascular diseases. Therefore, waist,
hip and thigh are important points to measure and
compare. These indices combined as WHA, WHAR,
WLR, TLR were considered in this study. We also
found correlations, with the exception of TLR, that
were significant in this population. It sesemsthat TLR
is not a good index for predicting chronic disease
risk factors. The ACDRFS not only uses BMI but
also combines other anthropometric measurements to
predict chronic diseases.

Furthermore, many subjects influenced the
value of our model to predict ACDRFS. All models
with an accuracy of more than 80% can provide a
good way of predicting ACDRFS. Thus, when we
get a new subject, we can calculate the ACDRFS
based on our predictive model and consequential
treatment. In other words, when a new subject goes
to the Health Examination Center, he can get a sim-
ple report of his health status with a score from 0 to
1, and his doctor can prescribe his related medical
treatment based on this score. The ACDRFS will
provide doctors with suggestions for patients regard-
ing chronic disease prevention, and the patients will
receive a greater consultation via the anthropometric
measurements showing their health situation. The
ACDREFS will provide a new predictive model for
chronic disease by anthropometric measurements.
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