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The Correlation between Waist-Hip Ratio and
Achieving Therapeutic Lipid Goals in Taiwan
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Background: Body mass index (BMI), waist circumference (WC) and waist-hip ratio (WHR) are all simple
anthropometric tools used to categorize obesity status. This study aimed to determine associations between different
anthropometric indices and the attainment of therapeutic lipid goals in patients with atherosclerotic cardiovascular
disease (CVD) undergoing secondary prevention.

Methods: Between 2010 and 2014, this multi-center study enrolled 5718 patients undergoing secondary prevention
for CVD. At study enrollment, total cholesterol, high-density lipoprotein protein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and triglyceride (TG) were recorded. This cross-sectional study analyzed these three
anthropometric obesity indices and correlations with achieving therapeutic lipid goals.

Results: Among the 5718 patients, multivariate analysis revealed that those with higher BMI or WC tended not to
meet their HDL-C and TG therapeutic goals. However, neither BMI nor WC showed a relationship with achieving the
LDL-C target. The patients with an elevated WHR (= 0.98 for males and > 0.97 for females) were less likely to
achieve all three lipid target values, including LDL-C (p = 0.05), HDL-C (p < 0.001) and TG (p < 0.001).

Conclusions: Among Taiwanese patients undergoing secondary prevention for CVD, the higher the WHR the lower
the likelihood of achieving the lipid therapeutic goals.
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INTRODUCTION

Dyslipidemia is a common consequence of obesity
and a strong risk factor for atherosclerosis-related
cardiovascular disease (CVD). Excess body weight in-
creases the risk of cardiovascular diseases, fatal coro-
nary artery disease, insulin resistance, type 2 diabetes
mellitus and sleep apnea.”™ When assessing the de-
gree of obesity, body mass index (BMI) is used to de-
fine the level of obesity, the waist-hip ratio (WHR) is
used as an indicator of body fat distribution, and waist
circumference (WC) serves as a marker of abdominal
obesity.

Based on regional epidemiological studies, health
authorities in Eastern and Western countries have
proposed different obesity classifications.®” Men with
low cardiorespiratory fitness have been associated
with central obesity and high triglyceride (TG) to high
density lipoprotein ratio.® Furthermore, changes in
body weight can lead to changes in lipid profile. For
instance, life style changes can both reduce body
weight in obese individuals and also lead to improve-
ments in vascular inflammation, insulin resistance and
help normalize plasma lipids and lipoprotein.”*® Con-
versely, insufficient body weight reduction is associ-
ated with not achieving the TG treatment target.”** A
lipid-lowering diet has been shown to lower the mor-
tality rate in healthy middle-aged men with hyperli-
pidemia.”?

Although most patients with CVD receive standard
secondary prevention therapy, many subjects fail to
reach their recommended lipid levels.'***> An increasing
BMI level has been reported to be an independent risk
factor for the poor control of blood sugar, blood pres-
sure, and low-density lipoprotein cholesterol (LDL-C) in
diabetic patients.'®!” Additional evidence has high-
lighted the importance of intra-abdominal obesity or
visceral obesity. A high WC has been shown to predict
diabetes in high-risk patients with central obesity.'® Fur-
thermore, the WHR has been shown to have a better as-
sociation with metabolic risk factors and stronger corre-
lation with CVD than BMI.***2 This study aimed to deter-
mine the correlations between different anthropometric
indices and the attainment of therapeutic lipid goals
among patients undergoing secondary prevention for
atherosclerotic CVD.
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METHODS

Study population

T-SPARCLE, the Taiwanese Secondary Prevention for
patients with AtheRosCLErotic disease (T-SPARCLE) Reg-
istry, was a large multi-center study approved by the
Joint Institutional Review Board (ClinicalTrials.gov Iden-
tifier: NCT02223143). The design and methods of the
T-SPARCLE Registry have been described in detail previ-
ously.??

This prospective observational study enrolled pa-
tients aged 18 years and older with stable symptomatic
atherosclerotic CVD, including coronary artery disease
(CAD), cerebrovascular disease and peripheral artery
disease (PAD) receiving medical control, from 16 teach-
ing hospitals in Taiwan. Participants with CAD were de-
fined as those who had coronary artery stenosis greater
than 50% by angiography, positive stress tests or a his-
tory of myocardial infarction. Participants with cere-
brovascular disease were defined as those who had ce-
rebral infarction, intra-cerebral hemorrhage, or a tran-
sient ischemic attack history. Participants with PAD were
defined as those with an ankle-brachial index less than
0.90 or stenosis greater than 50% by angiography. Sub-
jects with > class Ill heart failure, malignancy, or on
dialysis were excluded from this study. The lipid thera-
peutic targets were defined as LDL-C < 100 mg/dL, TG <
200 mg/dL, and high-density lipoprotein protein choles-
terol (HDL-C) > 40 mg/dL in males and HDL-C > 50 mg/
dL in females. We collected detailed baseline character-
istics of the participants and evaluated the relationships
between different obesity indices and attainment of
therapeutic lipid levels in cross-sectional assessment. In-
formed consent was obtained from all of the participants.

Measurements

At the first clinical visit, vital signs, current medica-
tions, laboratory data and detailed history were recorded.
At the time of enrollment, the complete lipid profiles in-
cluding total cholesterol (TC), HDL-C, LDL-C and TG were
evaluated, along with other blood biochemistry (includ-
ing fasting blood sugar, liver function and renal func-
tion). Lovastatin, pravastatin, simvastatin, fluvastatin,
atorvastatin, and rosuvastatin were prescribed accord-
ing to the physician’s judgment, and comparisons of
statin potency were based on a previous study.?! This
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cross-sectional observational study analyzed three anth-
ropometric indices: BMI, WHR and WC. We used the fol-
lowing BMI cut-off points as proposed in the Asia-Pacific
guidelines on obesity and its treatment published in
2000: underweight (< 18.5 kg/mz), normal weight
(18.5-22.9 kg/m?), overweight (23-24.9 kg/m?), obesity
class | (25-29.9 kg/m?), and obesity class Il (=30 kg/m?).°
WHR and WC were analyzed as categorical variables by
dividing them into four groups using quartiles.

Statistical analysis

The participants were divided into five groups ac-
cording to BMI (as defined above) and into four groups
using quartiles in the analysis of WHR and WC. Male and
female data were combined for the analyses. Continu-
ous variables were presented as mean + standard devia-
tion, and categorical variables were presented as per-
centages. Analysis of variance (ANOVA) was used to com-
pare the means of continuous variables in different obe-
sity groups, while the chi-square test was used to com-
pare dichotomous variables. Univariate analysis was
conducted to test possible determinant factors for ther-
apeutic lipid target achievement. Multiple logistic re-
gression analysis was used to estimate the odds ratios
(ORs) and 95% confidence intervals (Cls) of various de-
terminants for the recommended lipid targets.

Less than 10% of the study cohort had missing data
on BMI, estimated glomerular filtration rate (eGFR),
LDL-C, HDL-C, non-HDL-C, TG, TC, history of diabetes,
and hypertension, and 24% had missing data on WC and
hip circumference. Multiple imputation (PROC Ml proce-
dure in SAS) was used to handle missing values, and the
predictor variables in the imputation model included
BMI, eGFR, LDL-C, HDL-C, non-HDL-C, TG, TC, history of
diabetes, hypertension, WC, and hip circumference, as
well as important non-missing variables such as age and
gender. The imputation step resulted in 20 complete
data sets, each of which contained different estimates of
the missing values for all of the patients. After imputa-
tion, we used PROC LOGISTIC in SAS to fit a binary logis-
tic regression model for each dataset, and then PROC
MIANALYZE to combine the results from the 20 binary
logistic regression models.

Three multivariate analyses models were conducted
according to the different obesity indices. We used mul-
tiple imputations to overcome the missing data in this

cross-sectional study. The logistic models included all
possible variables and were adjusted for each other.
Data analyses were performed using the Statistical Anal-
ysis System (SAS) version 9.4 (SAS Institute, Cary, NC),
and the significance level was set at p < 0.05.

RESULTS

From January 2010 to August 2014, 5718 patients
were enrolled in this study. Table 1 shows the demo-
graphics and clinical characteristics of the participants
divided into the five BMI groups. Of the 5718 enrolled
patients, 4273 (75%) were male. The patients with a
larger BMI were younger, had higher body weight, WHR,
WC and hip girth. With increasing BMI, the prevalence
of hypertension and type 2 diabetes increased. However
in the obese group, a history of ischemic stroke was less
common. As part of the secondary prevention therapy
for atherosclerotic CVD, more obese patients took sta-
tins or fibrate to achieve the lipid target based on the
recommendations of the National Health Insurance pro-
gram, and they still tended to have lower HDL-C and
higher TG levels.

Table 2 shows the demographics and clinical charac-
teristics of the participants divided into quartiles accord-
ing to the WHR. The participants with a higher WHR had
a larger WC, BMI, and body weight. With increasing
WHR, the prevalence of hypertension and type 2 diabe-
tes also increased. More obese participants grouped by
WHR took statins and tended to have lower HDL-C,
higher TG but similar LDL-C level.

Table 3 shows the participants divided into quartiles
of WC. The patients with a higher WC had a larger hip
circumference, weight, WHR and BMI. With increasing
WC, the prevalence of hypertension and type 2 diabetes
also increased. The participants tended to have lower
HDL-C and higher TG values as the WC increased.

In univariate analysis, all three obesity indices were
negatively correlated with achieving HDL-C and TG ther-
apeutic targets, however there was no correlation with
LDL-C target attainment (Table 4). A history of diabetes
mellitus and beta-blocker use were positively correlated
with LCL-C and negatively correlated with HDL-C and TG
therapeutic goal attainment. A history of myocardial in-
farction, statin and antiplatelet therapy were correlated

Acta Cardiol Sin 2019;35:605-614



Hsing-Shan Tsai et al.

Table 1. Demographic data grouped by BMI (n = 5718)

Underweight Normal Overweight Obese | Obese Il
Variable BMI < 18.50 BMI18.5-22.9  BMI 23-24.9 BMI 25-29.9 BMI > 30 p-value
n=62 n=944 n=1201 n=2678 n=2833
Age (year), mean = SD 73.8+11.1 70.0+11.3 67.3+10.9 65.2+11.2 61.4+119 <0.01
Male (%) 53.2 69.2 77.8 77.0 70.8 <0.01
Waist (cm), mean + SD 73.9+7.7 83.4+7.2 88.5+6.6 946+7.3 104.5+8.8 <0.01
Hip (cm), mean = SD 85.9+6.1 92.4+5.8 95.9+5.7 100.7 £ 6.4 108.7+ 8.6 <0.01
WHR, mean £ SD 0.80 £0.09 0.90 £ 0.08 0.92 £ 0.07 0.94 £0.07 0.97+£0.09 <0.01
Weight (kg), mean + SD 443+5.6 56.6 £ 6.4 64.1+6.3 72.3+8.0 86.2+11.5 <0.01
Height (cm), mean + SD 160.5t7.4 161.9+8.1 163.2+7.8 163.2£8.1 162.3+8.8 <0.01
History of HTN (%) 62.9 68.2 68.3 74.1 82.0 <0.01
History of DM (%) 25.9 334 36.8 38.9 45.0 <0.01
History of ischemic stroke (%) 35.5 14.7 13.0 10.5 10.3 <0.01
History of Ml (%) 58.1 77.4 75.9 76.2 76.6 <0.05
Current smoker (%) 9.7 13.9 16.0 16.5 17.5 0.14
Statin use (%) 54.8 65.6 67.5 68.7 69.5 0.05
Fibrate use (%) 0 2.7 35 6.6 8.6 <0.01
Anti-platelets therapy use (%) 82.3 86.4 87.1 86.8 84.9 0.49
ARB or ACEI use (%) 38.7 52.1 53.0 60.8 66.6 <0.01
Beta-blockers use (%) 30.7 45.9 51.0 56.6 58.6 <0.01
CKD (eGFR < 30) (%) 3.7 3.9 2.5 2.3 2.9 0.12
TC (mg/dL), mean = SD 172.6 £39.3 171.9+41.1 169.8 + 38.3 169.0+£37.3 172.3+394 0.14
HDL-C (mg/dL), mean = SD 58.2+17.4 49.4+£14.8 45.8+13.0 43.5+12.0 42.2+12.0 <0.01
LDL-C (mg/dL), mean £ SD 92.2+329 97.8+35.5 97.8+35.1 97.0+33.0 99.1+33.0 0.44
TG (mg/dL), mean = SD 107.7 £77.8 1159+77.8 132.9+97.1 144.1 + 83.5 169.0+118.4 <0.01

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, body mass index; CKD, chronic kidney
disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HBA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; SD, standard

deviation; TC, total cholesterol; TG, triglyceride; WHR, waist-hip ratio.

Table 2. Demographic data grouped by waist-hip ratio (n = 4547)

WHR 0.91-0.93 for =~ WHR 0.94-0.97 for

WHR < 0.91 for male, WHR > 0.98 for male,

male, male,
Variable WHR<OBSTor  \yugogs-0.88for WHRO89:096f0r  WHR=O07Tor o g,
Rty female female female
n = 1085 n =956 n=1373 n=1133
Age (year), mean = SD 65.55+11.65 65.19+11.67 66.07 £11.28 66.83 £11.21 <0.01
Male (%) 74.93 70.92 67.73 81.29 <0.01
Waist (cm), mean + SD 84.88 +8.02 90.44+7.70 94.21+7.54 100.68 £9.4 <0.01
Hip (cm), mean + SD 99.16 £+ 8.02 100.00 £ 8.09 99.88 +7.75 98.67 £9.23 <0.01
Weight (kg), mean £+ SD 65.81+10.47 68.57 £10.98 70.12 +£11.55 74.53 £13.83 <0.01
Height (cm), mean £ SD 163.56 +7.84 162.72 £ 8.28 162.07 £8.41 163.33 £8.01 <0.01
BMI (kg/m®), mean + SD 24.60£3.38 25.84 +3.30 26.64 £3.49 27.86+4.28 <0.01
History of HTN (%) 69.93 71.34 73.76 77.85 <0.01
History of DM (%) 25.61 31.80 38.29 44.84 <0.01
History of ischemic stroke (%) 12.90 10.98 11.58 11.65 0.56
History of Ml (%) 75.85 77.72 79.61 79.96 0.07
Current smoker (%) 13.27 14.54 16.24 19.42 <0.01
Statin use (%) 62.03 66.95 67.30 69.9 <0.01
Fibrate use (%) 3.0 6.2 6.0 6.5 <0.01
Anti-platelets therapy use (%) 81.66 84.83 84.78 87.91 <0.01
ARB or ACEI use (%) 55.58 58.26 61.84 63.20 <0.01
Beta-blockers use (%) 45.99 51.05 49.38 48.37 0.04
CKD (eGFR < 30) (%) 2.09 2.00 1.90 3.63 0.03
TC (mg/dL), mean + SD 171.97 £ 39.69 171.74 £38.78 171.92 +£38.23 171.52 +£39.69 0.99
HDL-C (mg/dL), mean + SD 48.84 +15.43 45,59 +12.92 44,89 +13.11 43.38+12.19 <0.01
LDL-C (mg/dL), mean + SD 98.81 +35.43 98.41 +34.81 98.36 + 33.66 97.77 £ 33.27 0.92
TG (mg/dL), mean + SD 124.25 +81.25 136.23 £78.41 144.77 £97.53 153.92 +£95.08 <0.01

Abbreviation as Table 1.
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Table 3. Demographic data group by waist circumference (n = 4589)

Waist 88-93.14

Waist 93.15-99.99

Waist < 88 for male, for male, for male, Waist > 100 for male,
Variable Waist < 83 for female Waist 83-88.99 Waist 89-95.99 Waist > 96 for female p-value
n=1138 for female for female n=1191
n=1126 n=1128
Age (year), mean = SD 66.27 £11.20 65.78 £ 11.16 66.46 +11.23 65.51+12.15 0.04
Male (%) 73.46 75.49 71.10 74.31 0.11
Waist (cm), mean £+ SD 81.06 + 5.07 89.35+2.64 95.00+2.74 105.27 +6.38 <0.01
Hip (cm), mean = SD 92.21+5.58 97.00+5.19 100.79 £ 5.61 107.35+7.75 <0.01
WHR, mean = SD 0.88 + 0.060 0.92 +0.057 0.95+0.061 0.98 £ 0.081 <0.01
Weight (kg), mean £+ SD 60.44 +£8.11 66.51 +8.25 70.95 +9.25 81.05+12.06 <0.01
Height (cm), mean + SD 161.77 £ 7.64 162.44 +7.99 163.02 + 8.26 164.28 + 8.55 <0.01
BMI (kg/mz), mean £ SD 23.08 £2.45 25.17 £2.30 26.70 £ 2.65 30.03+3.71 <0.01
History of HTN (%) 69.04 71.29 73.32 79.60 <0.01
History of DM (%) 29.61 35.00 37.76 39.53 <0.01
History of ischemic stroke (%) 12.92 14.65 10.37 9.57 <0.01
History of Ml (%) 77.59 76.38 79.88 79.43 0.15
Current smoker (%) 15.64 15.99 15.60 16.88 0.82
Statin use (%) 67.22 66.52 67.64 64.99 0.54
Fibrate use (%) 2.9 5.5 49 8.2 <0.01
Anti-platelets therapy use (%) 85.50 85.17 85.46 83.38 0.42
ARB or ACEI use (%) 54.31 56.57 63.21 65.49 <0.01
Beta-blockers use (%) 45.78 47.87 52.13 52.64 <0.01
CKD (eGFR < 30) 2.34 2.46 2.17 2.64 0.92
TC (mg/dL), mean = SD 174.16 £41.76 172.24 +38.53 170.03 £ 37.57 170.80 +37.82 0.07
HDL-C (mg/dL), mean = SD 49.10+15.31 45.96 +13.80 44.78 +£12.19 42.86 +12.15 <0.01
LDL-C (mg/dL), mean + SD 99.88 +37.37 98.66 + 33.71 96.90 +32.61 97.99 £32.77 0.25
TG (mg/dL), mean = SD 124.35 +95.98 138.29 +81.91 143.351+84.47 154.68 £ 94.28 <0.01
Abbreviation as Table 1.
Table 4. Univariate analysis for different lipid target attainment (A) LDL-C, (B) HDL-C, (C) TG
(A)
Variable LDL < 100 LDL > 100 OR, 95% ClI p-value
Age (y), mean = SD 66.8+11.4 65.0+11.7 1.01 (1.01-1.02) <0.001
Male (%) 76.1 72.9 1.18 (1.05-1.34) <0.01
Waist (cm), mean £+ SD 93.0+9.95 92.9+9.89 1.00 (1.00-1.01) 0.75
Hip (cm), mean = SD 99.7+£8.1 99.5+8.2 1.00 (1.00-1.01) 0.57
WHR, mean = SD 0.933 +£0.079 0.935 + 0.085 0.80 (0.38-1.70) 0.56
Weight (kg), mean % SD 69.8+12.3 69.9+12.2 1.00 (1.00-1.00) 0.75
Height (cm), mean £ SD 163.0+8.1 162.7+8.2 1.01 (1.00-1.01) 0.14
BMI (kg/m?), mean + SD 26.2+3.7 26.4+3.8 0.99 (0.98-1.00) 0.17
History of HTN % 73.6 71.8 1.09 (0.97-1.23) 0.15
History of DM % 42.2 33.5 1.45 (1.29-1.63) <0.001
History of ischemic stroke % 9.3 13.1 0.68 (0.57-0.80) <0.001
History of MI % 78.5 72.6 1.38 (1.22-1.56) <0.001
Current smoker % 16.0 16.8 0.94 (0.82-1.09) 0.44
Alcohol consumption % 15.1 14.7 1.03 (0.89-1.20) 0.73
Statin use 74.1 63.6 1.64 (1.46-1.84) <0.001
Fibrate use 5.3 6.1 0.85 (0.68-1.07) 0.19
Anti-platelets therapy use % 88.7 84.1 1.47 (1.26-1.72) <0.001
ARB or ACEl use % 59.7 57.0 1.12 (1.00-1.25) 0.05
Beta-blockers use % 57.3 52.5 1.22 (1.09-1.36) <0.001
Physical activity < 3 times per week % 73.1 733 0.99 (0.88-1.12) 0.88
TC, mg/dL, mean = SD 148.5t24.4 199.8 £34.2 0.92 (0.92-0.93) <0.001
HDL-C (mg/dL), mean + SD 445 +13.2 455+12.7 0.99 (0.99-1.00) <0.005
TG (mg/dL), mean = SD 137.5+97.6 142.7 £84.1 1.00 (1.00-1.00) 0.04
CKD (eGFR < 30) 2.6 2.2 1.22 (0.84-1.77) 0.34
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Table 4. Continued
(B)

HDL > 40 for male and

HDL < 40 for male and

Variable HDL > 50 for female HDL <50 for female OR, 95% Cl p-value
Age (y), mean % SD 67.0+11.4 65.3+11.7 1.01 (1.01-1.02) <0.001
Male (%) 77.9 715 1.41 (1.25-1.60) <0.001
Waist (cm), mean = SD 92.0+9.8 94.2+9.9 0.98 (0.97-0.98) <0.001
Hip (cm), mean = SD 99.1+8.0 100.4 £ 8.3 0.98 (0.97-0.99) <0.001
WHR, mean = SD 0.929 +0.079 0.940+0.084 0.18 (0.08-0.39) <0.001
Weight (kg), mean % SD 68.7 £11.7 71.2+12.7 0.98 (0.98-0.99) <0.001
Height (cm), mean £ SD 163.1+7.8 162.7 + 8.4 1.01 (1.00-1.01) 0.08
BMI (kg/m?), mean + SD 25.8+3.7 26.9+3.8 0.93 (0.91-0.94) <0.001
History of HTN, % 72.2 73.7 0.93 (0.82-1.04) 0.22
History of DM, % 32.1 45.4 0.57 (0.51-0.64) <0.001
History of ischemic stroke, % 10.7 11.1 0.97 (0.82-1.15) 0.73
History of MI, % 74.6 77.1 0.87 (0.77-0.99) 0.04
Current smoker, % 14.8 17.7 0.80 (0.70-0.93) <0.05
Alcohol consumption, % 16.6 13.2 1.31(1.13-1.53) <0.01
Statin use 70.0 68.1 1.09 (0.98-1.23) 0.13
Fibrate use 3.7 7.9 0.45 (0.35-0.57) <0.001
Anti-platelets therapy use, % 86.4 87.0 0.96 (0.82-1.12) 0.59
ARB or ACEl use, % 56.9 59.7 0.89 (0.80-0.99) 0.03
Beta-blockers use, % 50.7 60.6 0.67 (0.60-0.74) <.001
Physical activity < 3 times per week % 71.3 75.8 0.79 (0.70-0.90) < 0.005
TC, mg/dL, mean = SD 176.3 £38.4 162.1 +36.8 1.01 (1.01-1.01) <0.001
LDL-C (mg/dL), mean = SD 99.8 + 33.5 94.7 +34.0 1.00 (1.00-1.00) <0.001
TG (mg/dL), mean = SD 115.3 £67.2 165.1 £105.2 0.99 (0.99-0.99) <0.001
CKD (eGFR < 30) 1.7 3.2 0.54 (0.37-0.78) < 0.005
Q)

Variable TG <200 TG > 200 OR, 95% ClI p-value
Age (y), mean = SD 67.0+11.3 62.1+12.0 1.14 (0.98-1.34) <0.001
Male (%) 74.8 72.2 1.04 (1.03-1.04) 0.10
Waist (cm), mean = SD 92.5+9.9 95.0+10.3 0.98 (0.97-0.98) <0.001
Hip (cm), mean £ SD 99.3+8.2 100.5+ 8.7 0.98 (0.97-0.99) <0.001
WHR, mean = SD 0.931 +£0.083 0.947 £0.075 0.12 (0.05-0.31) <0.001
Weight (kg), mean + SD 69.2+11.9 72.9+134 0.98 (0.97-0.98) <0.001
Height (cm), mean +SD 162.8 £8.1 162.9+8.4 1.00 (0.99-1.01) 0.76
BMI (kg/m?), mean + SD 26.1+3.7 27.3+3.8 0.92 (0.90-0.94) <0.001
History of HTN, % 72.5 74.7 0.89 (0.76-1.05) 0.17
History of DM, % 37.1 46.7 0.67 (0.59-0.78) <0.001
History of ischemic stroke, % 11.4 10.4 1.12 (0.89-1.40) 0.37
History of MI, % 76.2 76.4 0.99 (0.84-1.17) 0.96
Current smoker, % 14.4 24.1 0.53 (0.45-0.63) <0.001
Alcohol consumption, % 14.0 19.4 0.68 (0.57-0.81) <0.001
Statin use 69.1 65.5 1.18 (1.02-1.37) 0.03
Fibrate use 3.6 17.7 0.17 (0.14-0.22) <0.001
Anti-platelets therapy use, % 86.5 87.2 0.94 (0.76-1.16) 0.61
ARB or ACEl use, % 57.4 62.0 0.82 (0.71-0.95) <0.01
Beta-blockers use, % 53.8 59.5 0.79 (0.69-0.92) < 0.005
Physical activity < 3 times per week, % 71.2 79.0 0.66 (0.55-0.78) <0.001
TC, mg/dL, mean + SD 166.3 +36.7 189.4 +40.4 0.99 (0.98-0.99) <0.001
HDL-C (mg/dL), mean + SD 46.3+13.0 37.7+10.7 1.07 (1.06-1.08) <0.001
LDL-C (mg/dL), mean £ SD 97.1+96.2 98.9+96.1 1.00 (1.00-1.00) 0.16
CKD (eGFR < 30) 2.3 43 0.53 (0.36-0.78) <0.005
Abbreviation as Table 1.
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with LDL-C therapeutic goal attainment, and a history of
ischemic stroke was negatively correlated with LDL-C
therapeutic goal attainment. Current smokers, fibrate
use, ACEI/ARB use, low physical activity, and CKD (eGFR
< 30 ml/min) were negatively correlated with HDL-C and
TG therapeutic goal attainment.

Three multiple logistic regression models were used
to investigate the associations among the three anthro-
pometric indices (BMI, WHR and WC) and the likelihood
of attaining therapeutic lipid profile goals. Although the
p-value of LDL-C attainment in different obesity groups
lacked significance in the univariate analysis, we in-
cluded the three different obesity indices into multi-
variate analysis, the results of which are shown in Figure
1. These multivariate analyses with different anthro-
pometric indices showed some consistent results. For
example, the participants who were older or male were
more likely to reach the therapeutic lipid goals. Al-
though diabetic patients tended to achieve the LDL-C
target, they were less likely to achieve their HDL-C and
TG target values. In contrast, the patients with a history
of ischemic stroke were less likely to reach their LDL-C
target. The subjects who smoked and those who took
fibrates were less likely to achieve the HDL-C and TG tar-
gets. In addition, the patients with CKD (eGFR < 30
ml/min) were less likely to achieve the HDL-C and TG
goals.

The subjects with a BMI > 23 kg/m’ were less likely
to achieve the HDL-C and TG goals, although no effect
was noted on LDL-C target achievement. Similarly, the
patients with a larger WC were less likely to achieve the
HDL-C and TG goals, but this finding had no impact on
achieving the LDL-C target. In contrast, the patients with
a higher WHR (> 0.98 for males and > 0.97 for females)
were significantly less likely to achieve all three lipid tar-
get values, including LDL-C (OR 0.84, Cl 0.70-1.00, p =
0.0535), HDL-C (OR 0.67, CI 0.56-0.80, p < 0.0001) and
TG (OR 0.57, Cl 0.44-0.73, p < 0.0001). These three mo-
dels showed that WHR had a better correlation with all
three lipid therapeutic targets than BMI or WC.

DISCUSSION

Overweight and obesity are increasingly prevalent
in many countries and are related to multiple cardiovas-

cular risk factors. For example, obesity has a strong as-
sociation with dyslipidemia,zs'28 and dyslipidemia is an
important risk factor of atherosclerotic disease. How-
ever, few studies have focused on the association be-
tween anthropometric indices and dyslipidemic control
in patients with atherosclerotic CVD, especially in Asian
populations."*****' To the best of our knowledge, this
is the first study to show a significant correlation be-
tween obese Taiwanese grouped by WHR and the achi-
evement of lipid control, including HDL-C, LDL-C and TG,
during secondary prevention for atherosclerotic CVD.

In a study of 750 Iranian adults without any signifi-
cant past medical history, WC and WHR showed stron-
ger correlations with TC, TG, LDL-C, TC/HDL-C levels
than BMI.”” Of the specific lipid parameters, TG showed
the closest correlation with WHR (r = 0.309, p < 0.001)
and WC (r = 0.308, p < 0.001), whereas HDL-C level was
weakly correlated with WC (r = -0.088, p < 0.05) but not
with WHR. Our study showed that all three anthropo-
metric indices (i.e., BMI, WHR and WC) were signifi-
cantly negatively associated with the likelihood of achi-
eving HDL-C and TG target levels in patients under sec-
ondary prevention for atherosclerotic CVD in cross-sec-
tional assessments. However, neither BMI nor WC was
significantly correlated with achieving target LDL-C le-
vels. This finding may be partially explained by the fact
that lipid lowering guidelines emphasize LDL-C control
over HDL-C or TG control; therefore, it is possible that
more obese patients took statins to reach the guide-
line-recommended target LDL-C level.?® This important
finding may encourage clinicians to be even more ag-
gressive in their efforts to control TG and HDL-C levels
when treating obese patients with dyslipidemia.

In addition, according to the multivariate analyses,
the patients with a higher WHR were significantly less
likely to achieve their LDL-C goal. Because BMI does not
take into account fat distribution of the body, obesity
defined by WC has a higher sensitivity and specificity for
identifying the presence of CVD.***! Waist circumfer-
ence is the preferred measure of abdominal obesity,
however people with the same WC may have a different
body shape or BMI due to racial differences. In contrast,
the WHR, calculated as WC divided by hip circumfer-
ence, can lower the misinterpretation of single mea-
surements. Waist and hip girths show opposing relation-
ships to body fat, lipid composition and insulin concen-
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Figure 1. Multivariate analysis for lipid therapeutic target achievement in different anthropometric model (A) Body mass index model. (B) Waist

circumference model. (C) Waist-hip ratio model. ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, body mass
index; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HDL-c, high-density lipoprotein; HTN, hypertension; LDL-C, low-density lipo-
protein; MI, myocardial infarction; WHR, wiast hip ratio.

tration, with a larger waist girth indicating an increased  effect on CVD risk.>? This has been shown in many previ-

health risk, but a larger hip girth indicating a protective  ous studies. For example, BMI has repeatedly failed to
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accurately predict mortality risk or prognosis in patients
with acute myocardial infarction.®** It is possible that
these previous studies used an inappropriate anthropo-
metric index for their analyses. In a case-control study
involving 27098 patients from 52 countries, Yusuf et al.
found that WHR had the strongest association with the
incidence of myocardial infarction worldwide.*® Rexrode
et al. reported that WHR was a risk factor for coronary
heart disease in an 8-year follow-up observation study
in a cohort of women.* Taken together, WHR may be a
more suitable anthropometric index to predict the risk
of mortality or disease prognosis, and it may also be
strongly associated with the achievement of therapeutic
target lipid levels during interventions. Therefore, in
clinical practice, physicians should pay more attention
to treating dyslipidemia in patients with a high WHR.

Limitations

In this cross-sectional observational study, we used
the lipid profile at enrollment for analysis. We assumed
that all of the patients would receive lipid-lowering
treatment according to clinical guidelines, and this is a
quality limitation of this study. We also used multiple
imputation to replace missing data and to overcome the
lack in the multivariate analyses. Inaddition, the impact
of switching statins before this study would be a limita-
tion since this is a cross-sectional study.

CONCLUSIONS

In conclusion, obese Taiwanese patients undergoing
secondary prevention for atherosclerotic CVD showed a
significant negative correlation with achieving lipid con-
trol, including LDL-C, HDL-C, and TG. WHR had better
correlation than BMI or WC with achieving therapeutic
lipid targets in these Taiwan atherosclerotic CVD pa-
tients undergoing secondary prevention for atherosc-
lerotic CVD.
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