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Dietary intakes (24~hour recall), total cholesterol (TC), triglyceride (TG), low density lipoprotein choles-
terol (LDL~C), high density lipoprotein cholesterol (HDL-C), apolipoprotein (apo) A—1 and apo B were
assessed in healthy middle-aged subjects in Taipei, and in sex-age-menopause matched subjects in the
Framingham Heart Study. Taipei subjects consumed a diet consisting of 16%, 48%, 35% and 1% of calories
from protein, carbohydrate, fat, and alcohol, vs 17%, 40%, 39%, and 4% in Framingham subjects, respec-
tively. The saturated, monounsaturated, and polyunsaturated fatty acid content of the diet was estimated to be
9%, 13%, and 13% of total calories in Taipei subjects and 16%, 15%, and 8% in Framingham subjects,
respectively. The differences between Taipei and Framingham subjects were quite substantial for lipid para-
meters but less so for apolipoprotein levels. Gender differences for TG, HDL-C, apo A~1, and apo B were
more profound than differences due to nationality. Taipei male and female subjects had significantly lower
TC, LDL-C, and significantly higher HDL~C concentrations than Framingham male and female subjects.
After adjusting for body mass index (BMI), TC and LDL~C levels remained significantly different for both
sexes between populations, probably attributable to differences in saturated fat intake. This study documents
that urban workers in Taipei consumed a diet with a relatively high polyunsaturated and low saturated con-

tent and had more favorable lipid profiles than Framingham Americans.

Introduction

Taiwan is a newly industrialized society and the nutritional
status of the people in Taiwan has been greatly improved and
altered since the end of the Second World War. Food avail-
ability studies show that total available energy has increased
about 2.5 times since the post-war (1277 kcal) to 1988 (2955
kcal)l; the available fat for consumption has increased
tremendously both in quantity and as a percent of total calo-
ries. An increase in coronary heart disease (CHD) mortality
rate has been documented following economic development.
The crude annual death rate for heart disease in Taiwan was
42 per 100 000 people in 1977, and 57 per 100 000 in 1990,
an increase of 35%?2. The crude death rate for heart disease
has increased since the 1970s, probably due to the increase in
total calorie consumption and fat intake. However, Taiwan
still has a relatively low CHD mortality compared to the
USA. The age-standardized mortality for heart disease in

1990 was 70 per 100 000 in Taiwan’ and 156 per 100 000 in
the USA®. This cross—cultural study was designed to compare
dietary intakes, - plasma lipoprotein cholesterol and
apolipoprotein levels in the two populations at low and high
risk of CHD by standardized protocols and laboratory assays-

Methods

Population samples

We collected data from 440 government employees who par-
ticipated in an annual health examination in the Government
Employees’ Clinic Center in Taipei, Taiwan from 1990-
1991. Participation was restricted to those individuals aged
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40-59 years, who were healthy and not taking medications
known to affect lipid levels. The height and weight were
measured with light cloths and without shoes using a cali-
brated balance scales (Detecto, Webb City, M, USA). Body
mass index (kg/m ) was calculated as a measure of weight
relative to he1ght The procedures used in this study were
approved by Taipei Medical College, and the Central Trust of
China Government Employee Insurance Department.

American subjects were selected from participants in cycle
3 (1984-88) of the Framingham Offspring Study. They were
matched with the Chinese subjects for sex, age within a
five~year age range, and menopausal status in women after
eliminating those with previously diagnosed cardiovascular
disease (myocardial infarction, angina pectoris, or stroke)
and those currently taking medication known to affect
plasma lipid levels. A portion of these data derived from the
two sample populations, addressing an alternative hypo-
thesis, has been previously published by Lyu et al.s.

Twenty—four hour recalls

A total of 212 Taipei males and 211 Taipei females had com-
plete dietary information and were compared to 211 males
and 209 females from the Framingham: study. Nutrient
intakes were obtained from single 24—hour recalls for ail sub-
jects. Similar protocols were used in dietary interviews which
asked for detailed consumption of all food and drink, except
water, during the prior day midnight to midnight in the two
study populations. In Taiwan, 24-hour recall data was
obtained from a questionnaire using visuals to estimate por-
tion size. A standardized protocol was then used to determine
the weight of the food consumed from the portion size'.

A food-grouping system was developed to categorize the
food consumption pattern from this middle—aged Chinese
population. All food items coded from 24-hour recalls of the
Chinese subjects were grouped into 36 food groups to gener-
ate the distribution of macronutrients from each food group.
The coding procedures were standardized for mixed dishes
and the substitutes developed for those food items which
were not available in the food composition table. A Taiwan
food composition data bank®*® was used in calculating nutri-
ent intakes for Chinese subjects. Three mixed food samples
from high, medium, and low fat diets were prepared in Taipei
and analyzed by Hazleton Laboratories America, Inc.
(Madison, WI, USA) for macronutrient composition com-
pared with the calculated values.

The dietary intakes of the Framingham subjects were
obtained from 24-hour recalls and documented in detail by
Posner and co-workers''. Predetermined standards for por-
tion sizes and coding protocols were employed12 Nutrient
compositions of their diets were calculated using the
Michigan State Nutrient database. A detailed description of
the dietary assessment methodology in the Framingham
Offspring Study has been reported!®. A portion of these data
regarding daily nutrient intakes Wthh addressmg an alterna-
tive hypothesis has been documented"*

Laboratory measurements

Blood was drawn into tubes containing 0.1g ethylenedi-
aminetera-acetic acid (EDTA) as an anticoagulant after a 12
to 14 hour overnight fast concomitantly with the collection of
routine urine and blood samples in the Taipei Government
Employees' Clinic Center. Blood tubes were immediately
placed on ice and plasma was separated by centrifugation at

2500 rpm for 20 minutes at 4 °C within 4 hours. Supernate
containing high density lipoprotein (HDL) was prepared
after precipitation of apo B containing lipoprotein from
plasma with dextransulfate and magnesium chloride as previ-
ously described® - Samples of plasma and the supernate con-
taining HDL were aliquoted and stored at 70 °C. Samples
from Taipei were delivered on dry ice to Boston and all deter-
minations of lipid and apolipoprotein concentrations were
performed in the Lipid Metabolism Laboratory of USDA
Human Nutrition Research Center on Aging at Tufts
University. Lipid assays were standardized through the Lipid
Standardization Program of the Centers for Disease Control
(CDC, Atlanta, GA, USA). Total cholesterol (TC), tri-
glyceride (TG), and high density lipoprotein cholesterol
(HDL-C) levels were measured by enzymatic methods. Low
density lipoprotein cholesterol (LDL-C) was estimated by
the Friedewald formula from subjects whose triglyceride was
less than 4.5 mmol/l (400 mg/dl)!6,

LDL-C(mmol/l) = TC(mmol/l) — HDL-C(mmol/l) ~ TG
(mmol/1)/2.18

Apo B concentrations were determined with a non-compet-
itive enzyme-linked immunosorbent assay (ELISA) using
affinity purified polyclonal antibodies'’. The apo A-1 assay
was performed with the same assay, except for the use of apo
A-1 polyclonal antibodies and different plasma dilutions.

Statistical analysis

The distributions for plasma variables were illustrated by
cumulative frequency in Taipei males (TM), Framingham
males (FM), Taipei females (TF), and Framingham females
(FF). Dietary variables selected for this study were energy,
carbohydrate, protein, total fat, saturated fat, polyunsaturated
fat, monounsaturated fat, alcohol, cholesterol, and crude fiber
intakes; plasma variables selected for this study were TC,
TG, LDL-C, HDL-C, apo A-1 and apo B concentrations.
Student's t—test was used to compare mean values of the two
populations by sex. Since plasma TG, alcohol intake, and
polyunsaturated fat/saturated fat (P/S) ratio had skewed dis-
tributions, natural log transformation for TG, square root
transformation for alcohol and for P/S ratio were applied in
the actual analyses. However, untransformed values are pre-
sented in tables and text. All data analyses were performed by
using SAS, version 6.07 (SAS Institute, Cary, NC, USA)!S,
Results are considered statistically significant if the nominal
two-tailed significant level (P—value) was < 0.05.

Results

For both the Taipei and Framingham sample populations, the
mean age for men was 49+6 years old, and for women 48:+6
years old. Taipei subjects had significantly lower mean
height (167 cm vs 176 ¢m for men; 156 cm vs 162 cm for
women), body weight (68 kg vs 81 kg for men; 55 kg vs 65 kg
for women), and BMI (24 vs 26 for men; 23 vs 25 for women)
than Framingham subjects (P<0.01).

The distribution of biochemical parameters are shown in
Figures 1-6. Taipei females and males tended to have lower
TC and LDL-C distribution than Framingham females and
males (Figure 1 and 2). However, females in both populations
had lower TG concentration distributions than males (Figure
3). Additionally, Figures 46 illustrate the gender difference
in HDL~C, apo A-1, and apo B levels. These differences are
more profound than the differences attributed to nationality.
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Figure 1. Total cholesterol distributions (Taipei/Framingham).
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Figure 3.Triglyceride distributions (Taipei/Framingham).
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Figure 5. APO A-1 distributions (Taipei/Framingham).

Table 1 shows the mean dietary intakes including total
energy, fat, carbohydrate, protein, alcohol, crude fiber, and
cholesterol for males and females in the two populations.
Framingham males consumed significantly more total energy
per day than Taipei males; however, females in the two popu-
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Figure 2. LDL-cholesterol distributions (Taipei/Framingham).
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Figure4. HDL-cholesterol distributions (Taipei/Framingham).
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Figure 6. APO B distributions (Taipei/Framingham).

lations consumed a similar level of total energy per day. The
distribution of total energy from fat, carbohydrate, protein,
and alcohol for Taipei males were 34.0%, 49.4%, 15.5%, and
2.1% for Framingham males were 40.5%, 39.7%, 16.3%, and
4.8%; for Taipei females were 37.2%, 47.9%, 15.9%, and
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Table 1. Dietary intakes (meansz+standard deviation) in the two popu-
lations by sex.

Males (Mean+SD) Females (Mean+SD)
Taipei  Framingham Taipei  Framingham
Energy (joules) 92002500 10260+4630° 67501720 66102930"
Total fat (g) 83129 114166" 67225 67136
Sat(g) 20.7:85  41.1x27.1°  168£74 23.0+15.5°
Mono(g) 29.9£12.2 36.4:24.6°  23.9+104 19.9+13.3"
Poly(g) 26.0+8.6  15.7£11.8° 212181 10.219.6"
Carbohydrate(g) 26886 236+112° 192+58  165£76"
Protein(g) 84x30 9954 6320 67436
Alcohol (g)* 7.4£259 15.5£23.2° 03+2.6  5.8+11.4"
Crude fiber(g) 5.5+4.5 4.613.1° 48442  3.5£25"
Cholesterol (mg) 338212 4152336° 258£195 2602218
%Total fat 34.0£7.4  40.5x10.1°  37.248.5 = 38.0+10.5
%Sat 8.5+2.5  14.3+5.5° 92430 12.6+5.2°
%Mono 122£34  12.7#4.7 13.1x38  11.0:4.4°
%Poly 10.8+2.6 5.7+3.3" 11.8£34  5.6+3.8"
%Carbohydrate 494193  39.7+12.2°  47.9+98 43.1x1.1°
%Protein 155438  16.3£5.0 159+43  17.4x6.0°
%Alcohol* 2.1+7.5 4.848.1° 0.1:09  2.5+5.2°
P/S* 1.39:0.55 0.47£0.37° 1.4:0.56 0.50+0.40°

Sat = saturated fat: Mono = monounsaturated fat; Poly = polyunsaturated fat;
P/S = polyunsaturated fat/saturated fat ratio.

*P-values were obtained through square root transformation.

a) P<0.01. b)P<0.05

0.1%; for Framingham females were 38.0%, 43.1%, 17.4%,
and 2.5%, respectively. Mean intake of saturated fat was sig-
nificantly higher in Framingham males and females than
Taipei males and females; however, polunsaturated fat intake
was significantly lower than their Taipei counterparts. The
P/S ratio was 1.4 in Taipei subjects and 0.5 in Framingham
subjects and the difference was statistically significant.

Taipei males and females had significantly higher intakes of
crude fiber than Framingham males and females. Dietary
cholesterol intake of Framingham males was significantly
higher than Taipei males, but Framingham and Taipei
females had similar dietary cholesterol intakes. Both Taipei
males and females had significantly lower alcohol intakes
than their Framingham counterparts.

Table 2 displays selected nutrient distributions from 36 food
groups for Taipei subjects. In general, rice and rice products
had the highest contribution in total energy, protein and
carbohydrate. Pork products contributed the most in terms of
saturated fat and monounsaturated fat, and were the second-
highest contributor in protein, polyunsaturated fat, and
dietary cholesterol. More than 60% of polyunsaturated fat
consumed was from soybean oil used in cooking. Egg prod-
ucts were the major sources for dietary cholesterol, and fruits
and vegetables were the major sources for crude fiber. Using
our grouping system, 67% of total energy came from plant
and 33% from animal sources in this population. For protein
food sources, 46% was derived from plants and 54% from
animals; for fat, 51% was derived from plant sources and
49% from animal sources.

Table 3 represents means and standard deviations of TC,
TG, LDL~C, HDL-C, apo A-1, and apo B concentrations for
males and females in the two populations. Framingham
males and females had significantly higher TC (by 0.40
mmol/l and 0.44 mmol/l, respectively), and significantly
lower HDL-C (by 0.13 mmoV/l and 0.1 mmol/l, respectively)
concentrations than Taipei males and females. Taipei males
had significantly lower mean apo B concentrations than

Table 2. Energy and nutrient contributions from 36 food groups from Taipei Chinese.

Carbo- Total Sat Mono Poly Cholest- Crude
Energy Protein hydrate fat fat fat fat erol fiber
(%) (%) (%) (%) (%) (%) (%) (%) (%)

1 rice products without oil 28.36 14.39 47.17 1.79 2.00 1.65 1.48 0.02 8.00
2 rice products with oil or sugar 0.14 0.09 0.22 0.03 0.03 0.03 0.02 0.00 0.00
3 wheat products without oil 9.78 8.95 15.78 1.1 0.83 1.02 1.44 0.08 344
4 wheat products with oil or sugar 241 2.10 2.98 2.11 1.88 2.16 253 0.22 0.66
5 starch roots and tubers 0.93 0.65 1.61 0.11 0.00 0.00 0.00 0.00 6.87
6 other grains 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 legume products 0.78 0.77 1.26 0.04 0.04 0.04 0.04 0.00 2.14
8 soybean products 1.86 535 0.40 3.08 1.62 2.46 5.81 0.00 0.68
9 soybean oil for cooking 11.04 0.02 0.00 32.98 17.07 26.41 62.58 0.07 0.00
10 peanut oil for cooking 0.03 0.00 0.00 0.09 0.08 0.10 0.11 0.00 0.00
11 other vegetable oil for cooking 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 lard for cooking 0.39 0.00 0.00 1.15 1.19 1.27 1.05 0.19 0.00
13 butter 0.14 0.00 0.00 042 0.92 0.33 0.04 0.37 0.00
14 other saturated fat for cooking 0.28 0.00 0.00 0.82 1.00 0.62 1.05 0.09 0.00
15 nuts and seeds products 1.26 1.87 0.44 2.54 2.19 245 3.29 0.00 3.20
16 pork products 10.96 13.44 0.10 26.03 3433 33.44 10.36 17.46 0.02
17 beef products 1.05 3.92 0.00 1.33 2.18 1.75 0.70 5.02 0.00
18 chicken products 0.76 3.64 0.00 0.63 1.02 0.74 0.28 3.66 0.00
19 other poultry 0.08 0.27 0.00 0.11 0.15 0.13 0.07 0.30 0.00
20 organ meats 0.21 0.55 0.00 0.38 0.50 0.47 0.21 2.19 0.00
21 seafish 1.99 9.62 0.16 1.34 1.40 0.76 0.17 7.10 0.00
22 fresh water fish 0.62 2.84 0.07 0.46 0.46 0.25 0.08 2.66 0.00
23 shellfish 0.79 4.06 0.21 0.27 0.34 0.14 0.02 5.17 0.00
24 milk products 4.40 6.27 3.12 5.64 11.76 491 0.01 6.11 0.00
25 egg products 2.16 451 0.08 4.18 5.56 5.24 1.11 43.34 0.00
26 sugar(sugar and drinks) 1.72 0.01 3.36 0.05 0.05 0.05 0.05 0.00 0.00
27 fruits 3.73 2.23 7.10 0.74 0.00 0.00 0.00 0.00 32.24
28 pale vegetables 1.66 3.78 2.76 0.54 0.00 0.00 0.00 0.00 24.69
29 dark vegetables 0.58 2.11 0.68 0.23 0.00 0.00 0.00 0.00 11.88
30 tea 0.09 0.24 0.12 0.03 0.00 0.00 0.00 0.00 1.36
31 coffee 0.03 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
32 alcohol 0.38 0.09 0.20 0.00 0.00 0.00 0.00 0.00 0.00
33 other mixed dishes 5.52 4.58 4.67 7.24 8.00 7.95 5.14 3.83 3.33
34 cake, cookies, deserts 5.66 3.36 7.24 4.21 5.46 5.41 1.80 2.13 1.47
35 seaweed 0.08 0.19 0.14 0.01 0.00 0.00 0.00 0.00 0.00
36 others including seasoning 0.15 0.11 0.07 0.30 0.16 024 0.55 0.00 0.03
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Table 3. Lipids and apolipoproteins levels (meanszstandard deviation)
in the two populations by sex.

Males (Mean+SD) Females (Mean+SD)

Taipei Framingham Taipei  Framingham
TC 5.00:0.82  5.40+0.96° 4.79+0.82 5.23+0.95
(mmol/1)
TG 1.29+0.66  1.43x0.91 0.89+045 0.99+0.62
(mmol/1)
LSL-C 3.10£0.77  3.58+091° 2.73+0.74 3.23+0.93*
(mmol/T) ’
HDL-C 1.3020.41 1.17+0.28*  1.65+0.38 1.55:0.36"
(mmol/1)
Apo A-1 1.40+0.31 1.36+0.31 1.6420.33  '1.59+0.32
(&M
ApoB 1.05:030  1.123032°  0.89+029 0.89+0.26
(&M

*P-values were obtained after log transformation. a: P=0.01; b: P=0.05.

Table 4. BMI adjusted means and standard errors of lipid and
apolipoprotein in the two populations by sex.

Males (Mean+SD) Females (Mean+SD)
Taipei  Framingham Taipei  Framingham
TC 5.10+0.05  5.38£0.05° 4.99+005 5.25+0.05°
{mmol/l)
TG* 1.39+0.03 1.28+0.05 0.96+0.03  0.09+0.05
(mmol/l)
LSL-C 1.24:0.03 1.19+0.03 1.55+0.03  1.55+0.03
(mmol/1)
HDL-C 3184005  3.57x0.05°  2.9520.05 3.26:0.05°
(mmol/l)
Apo A-1 1.3740.02  1.37+0.02 1.59+£0.02 1.60+0.02
(-4
ApoB 1.09£0.02  1.1120.02 0.97+0.02  0.910.02°
€0))

*P_values were obtained after log transformation. a: P=0.01; b: P=0.05.

Framingham males (P=0.02), but similar apo A-1 concen-
trations. Taipei females and Framingham females had similar
apo A-1 and apo B mean concentrations.

Table 4 shows the BMI adjusted means and standard errors
of TC, TG, LDL~C, HDL~C apo A-1, and apo B levels in the
two populations by sex. After adjusting for BMI, in both
males and femaies, only least square means of TC and
LDL~C were significantly different (P<0.01) in Taipei and
Framingham subjects.

Discussion

We report the distributions and the mean values of blood
lipoproteins and dietary intakes from healthy middle-aged
Chinese and American populations. Our data showed that
Taipei subjects with lower TC, lower LDL-C, and higher
HDL~C levels had a more favorable lipid profile than
Framingham subjects. The differences in apo A-1 and apo B
levels were not as striking compared to the differences in
lipoprotein cholesterol levels between the two populations.
These observations were confirmed when assessing the data
using cumulative frequency plots. Differences between
Taipei subjects and Framingham subjects were more substan-
tial for TC and LDL—C than apo A-1 and apo B levels. Since
differences on the basis of gender were observed for TG,
HDL-~C, apo A-1 and apo B concentrations, it appears that
gender differences attributable to sex hormones have a more
profound effect than differences due to genetic predisposition
or dietary practices.

Rice, wheat, soybean, and pork products are major food
sources for total energy intake in Taipei subjects. The dietary
pattern of Chinese in the Taiwan area was also described by
Pan and co-workers' using 152 food groups. They docu-
mented that rice, pork, and soybean oil contributed 59.8% of
total energyw. The major sources of fat in the diet of Chinese
in Taiwan were soybean oil and pork products20 In contrast,
the major sources of fat in the American dlet were reported to
be meat, poultry, fish and dairy products . Our results from
24-hour recalls agree with the results of the Dietary Survey
in Taiwan Area in 1986-88, which reported 14.7% of total
energy from protem, 35.6% of total energy from fat with a
P/S ratio of 1.35% The relatively high fat diet consumed in
Taiwan had a high P/S ratio, in contrast with the high fat diet
consumed in USA that had a low P/S ratio diet.

The type of fatty acids consumed has considerable effects
on lipoprotein and apolipoprotein concentrations. From
human and animal kinetic studies, many researchers sug-
gested that one mechanism causing elevated LDL~C concen-
trations is that saturated fatty acid suppresses receptor-
mediated clearance of LDL thereby impairing LDL removal
from circulation™ . A high saturated fat diet has been
reported to mcrease HDL-C and apo A-1 concentrations by
Shepherd et al.”®. In non-human primates, consumption of a
high saturated fat diet resulted in increased hepatic messen-
ger ribonucleic acid (mRNA) for apo A—1 compared with a
diet high in polyunsaturated fat*’ . In addition, a diet with low
P/S ratio increased hepatic apo A-1 levels in African green
monkeyszs, suggesting that a diet with a low P/S ratio may
increase apo A-1 production from the liver. Animal work has
shown that the lecithin:cholesterol acyltransferase (LCAT)
act1v1ty and cholesteryl ester transfer protein (CETP) con-
centrat10n30 and its mRNA levels were increased after the
consumption of a diet high in saturated fat and cholesterol’!
These findings may account for increased HDL~C concentra-
tions observed in the Framingham subjects consuming the
higher levels of saturated fat.

Lower LDL-C and apo B levels tended to be associated
with higher polyunsaturated fat intake in Taipei subjects than
in Framingham subjects. Besides the effects of replacing sat-
urated fat in the diet, the mechanism proposed to explain how
polunsaturated fat affects on lipids relates to increased fecal
excretion of bile acids, neutral ster01ds and endogenous chol-
esterol by polyunsaturated fat®> Sprltz & Mishkel pro-
posed that substituting unsaturated fat for saturated fat
resulted in lipid-lowering due to the larger space occupied
within lipoprotein particle which results in fewer cholesterol
esters in the core of lipoprotein particles35.

The controversial issue of decreased HDL-C levels associ-
ated with the consumption of diets high in polyunsaturated
fat intake has been raised. It has suggested that polyun-
saturated fat is not to be preferred for replacing saturated fat
in dietary modification. However, the factors affecting
HDL~C levels includes total fat intake, energy balance, phys-
ical fitness and alcohol intake. Results from metabolic unit
studies with very high P/S diet showed HDL-C level does
decrease®®”’ in some studies concomitantly with a decrease
in LDL~C levels. However, diets with P/S under 1.5 showed
no change in HDL-C levels® ™ in other studies. Our data
provides an example of an Eastern population with a high
total fat and polyunsaturated fat intake that does not have
lower HDL~C levels in comparison with a Western popula-
tion sample.
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In summary, results from comparing dietary intakes, and
TC, TG, LDL~C, HDL~C, apo A-1 and apo B concentrations
in Taipei and Framingham middle—aged subjects showed that
Taipei subjects had lower total fat intakes (35%) with a P/S
ratio of 1.4 and appeared to have a less atherogenic lipid pro-
file than Framingham subjects who have higher fat intakes
(40%) with a P/S ratio of 0.5. After adjusting for BMI, TC
and LDL-C levels remained significantly different, for both
sexes between populations, probably due to differences in
saturated fat and polyunsaturated intake. The nutrient-
lipoprotein associations between the two populations suggest
the biochemical responses from individual nutrients are prob-
ably also influenced by the overall dietary pattern and dietary
composition in addition to the quantity of the nutrient.
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