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Background: Although direct and calculated low density lipoprotein cholesterol (LDL-cholesterol) has been

widely used as an important predictor for cardiovascular risk, many studies have shown that apolipoprotein

B (apo B) may be a more important lipoprotein marker.

Material and Method: We performed a cross-sectional study on 191 volunteers who were Shinawatra employees

during their annual physical check up. The following cardiovascular risk factors were recorded or measured:

direct and calculated LDL, apo B, gender, age, total cholesterol, triglyceride, HDL-cholesterol (HDL), calcu-

lated LDL, fasting plasma glucose (FPG), systolic and diastolic blood pressure, smoking status, body mass

index (BMI), waist circumference, and waist-hip ratio (WHR). Apo B, direct LDL and calculated LDL levels

were tested for their associations with other potential cardiovascular risk factors.

Results: There were a total of 76 men and 115 women with an average age of 28.8 + 5.4 years. Male gender,

cigarette smoking, high cholesterol, high triglyceride, high fasting plasma glucose, hypertension, high WHR

and high BMI were associated with increased apo B level. Only male gender and high cholesterol were

associated with increased calculated and direct LDL level. The association of direct and calculated LDL-

cholesterol level with cardiovascular risk factors appears to be similar.

Conclusion: We demonstrated that apo B level correlates more with other cardiovascular risk factors com-

pared to direct and calculated LDL-cholesterol. The clinical relevance of this finding needs to be explored in

large-scale studies.
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Although low density lipoprotein cholesterol

(LDL-cholesterol) has been widely used as an impor-

tant marker for cardiovascular risk(1,2), many studies

have demonstrated that apolipoprotein B (apo B)

level is a more powerful lipoprotein marker(3,4). Apo B

measurement has many advantages. It does not require

any fasting blood sample. It is a direct measurement.

This means that there is no need for calculation from

multiple parameters, which may introduce errors. It is

internationally standardized and accurate at all trigly-

ceride levels(5). One molecule of apo B is present in

each of the atherogenic lipoprotein particles; there-

fore, the total apo B value indicates the total number of

potentially atherogenic lipoproteins. Apo B is also es-

sential for the binding process of LDL particles to their

receptors. An excess of apo B containing particles is a

main trigger in the atherogenic process(5,6). Apolipo-
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protein-related mortality risk (AMORIS) study enrolled

more than 100,000 subjects for the screening program

and follow up for cardiovascular events. In this study,

an increased apo B level and a decreased apo A1 level

are the best predictors for cardiovascular events(7).

The objectives of our study were to deter-

mine the association between apo B level, and direct

and calculated LDL levels with the conventional car-

diovascular risk factors in the Thai population.

Material and Method

Study population

We studied 191 consecutive subjects from

Shinawatra employees during their annual physical

check up. We collected demographic data, medical

history, weight, height, waist, hip, blood pressure, and

lab analysis including fasting plasma glucose (FPG),

cholesterol, triglyceride (TG), high density lipoprotein

cholesterol (HDL-cholesterol), direct and calculated

LDL-cholesterol and apo B levels.

Standing height was measured with the subject

barefoot, back square against the wall and eyes look-

ing straight ahead. Weight was measured in undergar-

ments using a balanced scale to the nearest 200 grams.

The scale was standardized to 0 before each use. Waist

and hip circumference were performed to the nearest

0.1 cm using a non-stretchable standard tape measure

attached to a spring balance exerting a force of 750

grams (Ohaus tape). The waist circumference was taken

over the unclothed abdomen at the smallest diameter

between the costal margin and the iliac crest. The tape

measure was kept horizontal and just tight enough to

allow the little finger to be inserted between the tape

and the subject’s skin. The hip circumference was taken

at the level of greater trochanters (usually the widest

diameter around the buttocks). Waist-hip ratio (WHR)

was then calculated.

Blood pressure was measured using a stan-

dard mercury sphygmomanometer twice on the right

arm, and the exact values were recorded to the nearest

2 mmHg. A third measurement was performed if there

was at least 10 mmHg difference between the first two

readings and the average of the two closest values

was used for the analysis. The correlation coefficients

between the two measurements of systolic and dias-

tolic blood pressure were 0.94 and 0.89 respectively.

Blood samples were taken after 10-12 hours

fasting and were processed within 4 hours. The serum

was stored at -70°C for further analysis. The laboratory

performance including FPG, serum lipids (cholesterol,

triglycerides, and HDL-cholesterol) was performed by

Hitachi 717 and 917 automation systems. Calculated

LDL-cholesterol level was derived by the Friedewald

equation [total cholesterol - HDL-cholesterol - (trigly-

cerides/5)](2). Direct LDL-cholesterol level was mea-

sured by the enzymatic colorimetric method and apo

B was measured by the immunoturbidimetric method.

The coefficients of variation between run and within

run were performed everyday and were less than 5%.

The external quality control was performed every 4

weeks by joining the quality assurance program from

Roche Diagnostics. The coefficients of variation for

serum cholesterol, triglycerides and HDL-cholesterol

were 2.29%, 3.09% and 3.45% respectively. The com-

pleteness of the data was in the range of 99.0-99.9%.

Statistical analysis

Continuous variables were described as mean

+ standard deviation and categorical variables were

described as frequencies and percentages. A compari-

son of continuous variables was made by the unpaired

t-test and comparison of categorical variables was made

by a chi-square test. In all tests, the criterion for statis-

tical significance was two-sided p < 0.05. Association

between the apo B and LDL-cholesterol level was as-

sessed by the use of an unpaired t-test for comparing

apo B direct and calculated LDL-cholesterol levels with

the following grouping parameters: age (< and > 27

years), gender, smoking status, cholesterol level (< and

> 200 mg/dl), triglyceride level (< and > 200 mg/dl),

fasting plasma glucose (< and > 110 mg/dl), systemic

hypertension (history of hypertension or systolic BP >

140 mmHg or diastolic BP > 90 mmHg), waist-hip ratio

(< and > 0.75 for female, 0.85 for male), and body mass

index (< and > 25 kg/m2).

Results

Seventy six men and 115 women with an aver-

age age of 28.8 + 5.4 years (median 27 years) enrolled

in this study. Measuring parameters of the whole

group are shown in Table 1. Grouping parameters are

displayed in Table 2. Since there was only one subject

with low HDL level, we did not analyze HDL as a

grouping parameter.

Analysis of the association of apo B, with

calculated and direct LDL-cholesterol was performed

by comparing the levels of these profiles between

groups of each cardiovascular risk factor including

gender (Fig. 1A), age (Fig. 1B), smoking status (Fig. 1C),

cholesterol level (Fig. 2A), triglyceride level (Fig. 2B),

fasting plasma glucose level (Fig. 2C), systemic hyper-

tension (Fig. 3A), WHR (Fig. 3B), and BMI (Fig. 3C).
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Table 1. Measuring parameters

Parameters Values (mean + SD)

Apo B (mg/dl)   90.8 + 20.2

Direct LDL (mg/dl) 116.4 + 34.7

Calculated LDL  (mg/dl) 120.5 + 29.7

Weight (kg)   55.5 + 11.4

Height (cm) 160.9 + 8.4

BMI (kg/m2)   21.3 + 3.4

Waist circumference (cm)   70.2 + 9.8

Hip circumference (cm)   90.0 + 7.2

Waist-hip ratio   0.78 + 0.07

Cholesterol (mg/dl) 199.9 + 32.6

Triglyceride (mg/dl)   86.8 + 59.6

HDL-cholesterol (mg/dl)   62.0 + 14.5

Fasting plasma glucose (mg/dl)   88.9 + 10.9

Systolic blood pressure (mmHg) 114.1 + 12.3

Diastolic blood pressure (mmHg)   76.0 + 9.2

Parameters Number of

subjects (%)

Male gender 76 (39.8%)

Age (> 27 years) 92 (48.2%)

Current smoker 31 (16.2%)

High cholesterol level (> 200 mg/dl) 91 (47.6%)

High triglyceride level (> 200 mg/dl)   4 (2.1%)

High fasting plasma glucose   8 (4.2%)

 (> 110 mg/dl)

Systemic hypertension 15 (7.9%)

High waist-hip ratio 73 (38.2%)

 (> 7.5 in female, 0.85 in male)

High body mass index (> 25 kg/m2) 26 (13.6%)

Table 2. Grouping parameters

For gender and cholesterol levels, there were signifi-

cant differences between group for apo B, direct and

calculated LDL-cholesterol levels with apo B as the

most significant p value. For age, significant differ-

ences between groups were demonstrated for apo B

and calculated LDL-cholesterol at a comparable p value.

For other cardiovascular risk factors, i.e., smoking, trig-

lyceride level, fasting plasma glucose, hypertension,

WHR and BMI, a significant difference was demon-

strated only for apo B level but not for direct and calcu-

lated LDL-cholesterol levels.

Discussion

The results of this study showed that, in a

selected group of the Thai population, apo B level was

more related to cardiovascular risk factors than direct

Fig. 1 Comparisons of apo B, direct and calculated LDL

levels among grouping parameters of gender, age

and smoking status (APOB = apolipoprotein B,

DLDL = direct LDL, CLDL = calculated LDL)
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Fig. 3 Comparisons of apo B, direct and calculated LDL

levels among grouping parameters of systemic

hypertension, waist-hip ratio and body mass index

(APOB = apolipoprotein B, DLDL = direct LDL,

CLDL = calculated LDL)

Fig. 2 Comparisons of apo B, direct and calculated LDL

levels among grouping parameters of cholesterol,

triglyceride and fasting plasma glucose (APOB =

apolipoprotein B, DLDL = direct LDL, CLDL =

calculated LDL)
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and calculated LDL-cholesterol level.

Guidelines for the management of patients

with documented coronary artery disease recommended

an LDL-cholesterol goal of less than 100 mg/dl(1). A

greater reduction of LDL-cholesterol level to less than

70 mg/dl may also be beneficial in a very high risk

group(2). Although many guidelines provide recommen-

dations for lipid management based on LDL-choles-

terol level, there has been increasing evidence of the

importance of apo B level(5). Many studies have shown

that apo B level is a stronger predictor for cardiovas-

cular events than the LDL-cholesterol level(3,4,7,8). Apo

B levels of less than 90, 110, and 130 mg/dl have been

recommended for those with documented coronary

artery disease, at least 2 risk factors and one or no

risk factor respectively(9). The INTERHEART study

recently published the outcome of the largest case con-

trol study for cardiovascular risk factors. They enrolled

15,000 patients with acute myocardial infarction in 52

countries and the same number for controls(10). In this

study, Apo B/apo A1 ratio was the strongest risk factor

for cardiovascular disease. Recent studies have shown

that apo B level is a better predictor of cardiovascular

risk compared to other lipid profiles. It can predict car-

diovascular events regardless of the level(11) and size(12)

of LDL-cholesterol. It has been shown that a signifi-

cant number of patients with LDL-cholesterol under

target level still have elevated apo B levels. In contrast,

when apo B level is under control LDL-cholesterol and

non-HDL-cholesterol levels are usually below Adult

Treatment Panel III targets(2). Apo B level can also be

applied irrespective of triglyceride level(13). Results

from our study support the importance of apo B in the

Thai population since it is strongly related to various

cardiovascular risk factors.

The risk of acute myocardial infarction can

also be predicted very well by apo B/apo A1 ratio in

subjects with normal LDL-cholesterol levels(7). Among

patients who were on lipid lowering treatment, only

apo B level and apo B/apo A1 ratio, but not LDL-cho-

lesterol level, were good predictors for major cardiac

events(14). Data on the evaluation of LDL-cholesterol,

non-HDL-cholesterol and apo B level after lipid lower-

ing treatment in 1,889 patients with dyslipidemia

showed that despite a good control of LDL and non-

HDL-cholesterol level, apo B level was considered as a

good control in only 50%(15). Another study showed

that, depending on triglyceride level, 50-80% of patients

who reached an LDL-cholesterol goal after treatment

did not reach an apo B target(16). Apo B had also been

shown to be much more related to flow-mediated

endothelial dysfunction, carotid intima-media thick-

ness(17), coronary and extra-coronary calcium(18), and

insulin resistance(19). Compared to LDL-cholesterol, apo

B and non-HDL-cholesterol are better predictors for

coronary artery disease in men(20). Plasma concentra-

tion of atherogenic lipoprotein particles measured by

apo B is more predictive in the development of coro-

nary artery disease than the cholesterol carried by these

particles measured by non-HDL-cholesterol. Our find-

ings also support this role of apo B since we demon-

strated that apo B is more related to factors that are

involved in various metabolic abnormalities such as

triglyceride, fasting plasma glucose, hypertension,

WHR and BMI than LDL-cholesterol level.

In conclusion, the apo B level is more signifi-

cantly related to conventional cardiovascular risk

factors than the direct and calculated LDL level in a

selected group of the Thai population. Whether apo B

level has any impact on the patient’s management

needs further study.
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§«“¡ —¡æ—π∏å°—∫ªí®®—¬‡ ’Ë¬ßµà“ß Ê ¢Õß‚√§À—«„®·≈–À≈Õ¥‡≈◊Õ¥¡“°°«à“√–¥—∫¢Õß LDL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


