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Abstract. The reliability and stability of plasma lipid biomarkers and their association with dietary fat intake were evaluated
among 48 subjects who were randomly chosen from the participants of a validation study of the population-based cohort, the
Shanghai Men’s Health Study (SMHS). Four spot blood samples, one taken each season, were measured for total cholesterol,
triglyceride, HDL-cholesterol, and LDL-cholesterol levels. The reliability and stability of these measurements were assessed
by intraclass correlation coefficients (ICC) and by the correlations between a randomly chosen measurement with the mean
of measurements across seasons using a bootstrap approach. The median levels for total cholesterol, triglycerides, HDL-
cholesterol, and LDL-cholesterol were 177.5, 164.5, 41.0, and 102.5 (mg/dl), respectively. The ICCs of the biomarkers ranged
from 0.58 (LDL-cholesterol) to 0.83 (HDL-cholesterol). The correlation between randomly chosen spot measurements and the
mean measurement were 0.91, 0.86, 0.93, and 0.83 for total cholesterol, triglycerides, HDL-cholesterol, and LDL-cholesterol,
respectively. The correlations of lipid biomarkers with dietary fat intake and other lifestyle factors were comparable to other
previous reports. In conclusion, this study suggests that measurements of lipid biomarkers from a single spot blood sample are
a good representation of the average blood levels of these biomarkers in the study population and could be a useful tool for
epidemiological studies.

1. Introduction There is now convincing evidence that elevated blood
levels of total cholesterol and low-density lipoprotein
Morbidity and mortality from cardiovascular disease (| pL) cholesterol are associated with increased CVD
(CVD), type 2 diabetes mellitus, and hypertension, im- ik whereas elevated high-density lipoprotein (HDL)
portant components of the metabolic syndrome, are €x- o qjesterol concentrations appear to provide protec-
ﬁ]eétﬁi?];O;nrgrg;:gaélg\'lggeﬁfe durlr:g the fexésl%years tion against premature CVD [6-8]. Although lipid
ping countries [1]. 4% biomarkers are often of primary interest in epidemio-

counted for nearly 40% of all deaths in 1994 in Chi- logical studies as they relate to many chronic diseases
na [2,3], and the prevalence of hypertension increased 9 h as metaboli ?\ldr me and z ¢ for eCOnomi
from 11.3% in 1991 to 27.2% in 2000 [4,5]. such as metabolic Syndrome and cancer, for economic
and logistical reasons it is difficult for such studies to
collect either fasting blood samples or multiple blood
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of measurement error associated with a single mea-

surement and, as a consequence, observed associations

(e.g., relative risk) could be attenuated. Therefore,
knowledge of how well a single biomarker measure-
ment reflects longer term levels is important for con-
ducting and interpreting epidemiological studies inves-
tigating the associations between those biomarkers and
the incidence/prevalence of chronic diseases [10].

We evaluated the reliability and stability of lipid
biomarkers and the utility of a single spot blood sample
for measuring lipid levels for future large epidemiolog-
ical studies in a subset of men who patrticipated in the
dietary validation of the Shanghai Men’s Health Study
(SMHS).

2. Methods

2.1. Subjects

The SMHS is a population-based prospective cohort
study with a primary aim to investigate the effect of
dietary, occupational, and lifestyle factors and genetic
susceptibility on the risk of cancers and other major
chronic diseases. Recruitment for the SMHS started
in April 2002 and was completed in June 2006. A to-
tal of 61,582 men aged 40 to 74 years were recruit-
ed into the study, with a participation rate of 74.1%.
The SMHS food frequency questionnaire (FFQ) was
evaluated in a validation study that included 196 men
who were randomly selected from SMHS patrticipants
between April 2003 and May 2004 [11]. The valida-
tion study included the administration of two FFQs one
year apart, 12 monthly 24-hour dietary recalls, and the
collection of a blood and urine sample in each quarter
of the one-year study period. The overall response rate
for the validation study was 69.3%. For the current
study, 48 men were randomly chosen from validation
study participants who had provided four blood sam-
ples throughout the year. Participants of the validation
study and parent study were comparable in age, body
mass index, waist-to-hip ratio, education, individual
income, alcohol consumption, cigarette smoking rates,
and total energy intake (data not shown). The study
was approved by the Institutional Review Boards of all
participating institutions, and all participants provided
written informed consent.
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2.2. Estimation of dietary intake and other selected
lifestyle factors

Baseline information including age, physical activ-
ity, occupation history, disease history, and dietary
habits was collected by an in-person interview. The
consumption of each food item or food group was mea-
sured with the validated FFQ based on frequency (dai-
ly, weekly, monthly, yearly, or never) and amount con-
sumed in liang (one liang= 50 g) per unit of time.
FFQ items used for estimation of fat intake included
fat from animal foods (red meat, poultry, fish, eggs,
and milk) and fat from plant foods (vegetables, soy,
fruits, and other plant sources). Fatty acids were di-
vided into saturated, monounsaturated, and polyunsat-
urated fatty acids. Consumption eflinolenic acid
(18:3), eicosapentaenoic acid (20:5), and docosahex-
aenoic acid (22:6) were summed to derive crutega-

3 fatty acid intake, and consumption of linoleic acid
(18:2), v-linolenic acid (20:3), and arachidonic acid
(20:4) were summed to derive crude omega-6 fatty acid
intake.

Using a standard protocol, trained interviewers mea-
sured weight, circumferences of the waist and hips,
sitting and standing height, and blood pressure for all
participants. The anthropometric measurements were
taken twice, and a third measurement was administered
if the difference between the first two exceeded the tol-
erance limits (1 cm for height and 1 kg for weight).
We calculated body mass index (BMI) as weight in
kilograms divided by the square of height in meters.

2.3. Analysis of serumlipids

Blood samples were collected using EDTA-cont-
aining BD Vacutaine® tubes from study participants at
the time of their in-person interview without a specific
requirement that participants fast beforehand. Blood
samples were immediately placed in a cooler with blue
ice and processed within 6 hours. Plasma samples
were stored at-70°C. Among the 48 participants of
this reliability study, 30 men provided four non-fasting
blood samples; 18 men provided two to three fasting
blood samples; and one subject provided four fast-
ing blood samples. Fasting status was defined as an
interval between the last meal and blood draw of 8
hours or longer. The levels of selected lipid biomark-
ers were measured by the Vanderbilt Lipid Laborato-
ry, which is standardized by the Centers for Disease
Control and Prevention for lipid analysis, using the
ACE® Clinical Chemistry System (Alfa Wassermann,
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Inc, West Caldwell, NJ). Levels of triglycerides, to-
tal cholesterol, and HDL-cholesterol were assayed us-
ing the ACE® Triglyceride Reagent (#SA1023), AGE
Cholesterol Reagent (#SA1010), and A®RBHDL-

C Reagent (#SA1038) (Alfa Wassermann, Inc, West
Caldwell, NJ), respectively, following the manufactur-
er’s protocols. LDL-cholesterol levels were calculated
with the Friedwald equation [12] ([LDL-cholesterol]
= [Total cholesterol] — [HDL-cholesterol] — ([triglyc-
erides]/5)). In subjects with triglyceride levels above
400 mg/dL, LDL-cholesterol levels were measured di-
rectly using ACE® LDL-C Reagent (#SA1040). Coef-
ficient variations (CVs) for intra-batch variation were
2.36, 1.24, 1.31, and 3.22 for total cholesterol, triglyc-
erides, HDL-cholesterol, and LDL-cholesterol, respec-
tively. The CVs for inter-batch variation were 3.36,
2.84, 2.13, and 4.65 for total cholesterol, triglycerides,
HDL-cholesterol, and LDL-cholesterol, respectively.
All four samples for each study participant were mea-
sured in the same analytic batch to avoid the influence
of batch-to-batch variation.

2.4. Satistics

Demographic characteristics and selected lifestyle
factors of participants in the validation study were com-
pared with the parent cohort using the Z-test (data not
shown). The Student's t-test was employed to compare
lipid biomarker levels between fasting and non-fasting
blood, and the ANOVA test was used to compare lev-
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the ICC and exponentiated the result [14]. The corre-
lation of lipid biomarkers with dietary fat intake and
other lifestyle factors were evaluated using Spearman
correlation coefficients adjusting for the time interval
between the last meal and blood collection, medicine
use, number of cigarettes smoked within the last 24
hours, and total energy intake. All statistical analyses
were carried out using SAS, version 9.1 (SAS Institute,
Inc, Cary, NC).

3. Results

The levels of lipid-related biomarkers from non-
fasting blood samples were similar to those from fast-
ing samples with the exception of triglyceride levels
(Table 1). The median levels were 177.5, 164.5, 41.0,
and 102.5 (mg/dl) for total cholesterol, triglycerides,
HDL-cholesterol, and LDL-cholesterol, respectively,
and levels did not appear to vary greatly by season (0.10
< p < 0.95). The correlations between the average
intake of these biomarkers across four seasons and dur-
ing a single season based on bootstrap analysis were
also high, ranging from 0.83 (LCL-cholesterol) to 0.93
(HDL-cholesterol) (Table 2).

The ICCs of the measurements across four seasons
for total cholesterol, triglycerides, HDL-cholesterol,
and LDL-cholesterol were 0.75, 0.65, 0.83, and 0.58,
respectively (Table 3). Given the observed ICC and
assuming that the true relative risks of the disease-lipid

els across four seasons. To evaluate the stability and association were 1.5, 2.0, 2.5, the observed relative risk
usefulness of a single spot blood measurement as anwould be attenuated from 68.0% to 93.3% (Table 3).

objective biomarker, we evaluated the Spearman corre-
lation between randomly chosen spot blood measure-
ments (4*48= 192 measurements) and the average of
the four measurements provided by each subject. The
correlation estimates and their 95% confidence inter-
vals, (95% CI) were derived using the bootstrap method
with 2,000 repeats in each case. Finally, intraclass cor-
relation coefficients (ICC) were estimated to evaluate
the seasonal variability of blood lipid biomarkers using
the following one-way random effect model:

ICC (p) = 0%(02 + 02)

= [between group variance / (between group vari-
ance + within group variance)]

To evaluate the influence of the observed measure-
ment error in plasma lipid biomarkers on relative risk
estimates for future etiological studies, we estimated
the relative risk that would be observed given true rel-
ative risks of 1.5, 2.0, and 2.5 by multiplying the nat-
ural logarithm of the specified true relative risks with

Total cholesterol levels were positively correlated
with age ¢ = 0.30). Triglyceride levels were associ-
ated with BMI (- = 0.564) and systolic blood pressure
(» = 0.33). On the other hand, HDL-cholesterol lev-
els were inversely associated with BMi £ —0.43).

No obesity-related markers were associated with LDL-
cholesterol levels (Table 4).

The patterns of correlation between fat and blood
lipid biomarkers differed by fat sources. Total choles-
terol was positively associated with fat from red meat
(» = 0.15) and poultry ¢ = 0.18), but inversely as-
sociated with fat from fishi(= —0.20) and soy { =
—0.27). Triglycerides were related to fat from eggs
(r = —0.18), milk (r = 0.19), and other plant sources
(r = —0.21). High HDL-cholesterol levels were as-
sociated with high fat intake from fiskr & 0.17) and
eggs ¢ = 0.16), but was inversely associated with veg-
etable oil intake{ = —0.18). LDL-cholesterol levels
were positively associated with poultry fat € 0.24),
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Table 1
Comparison of distribution of blood lipid biomarkers between fasting and non-fasting blood samples

Fasting blood sampte(n = 32)

Non-fasting sampler{ = 160) Wilcoxon rank

Mean+ SD Median (Q1, Q3 Mean=+ SD Median (Q1, Q3) sum test
Cholesterol (mg/dl) 176.3-22.4 175.0 (161.5,185.5) 1804331.2 178.0 (162.5,196.5) 0.39
Triglycerides (mg/dl) 138.4-71.1 113.5 (94.5,177.0) 218.542198.2 169.5 (120.0, 238.0) 0.01
HDL-cholesterol (mg/dl) 44.5%10.2 43.0 (36.5, 49.5) 41F% 9.5 40.0 (35.0, 47.0) 0.15
LDL-cholesterol (mg/dl) 104.2224.2.3 1055 (89.5, 116.0) 994826.8 102.0 (82.5, 115.0) 0.29
a“Fasting” refers to blood samples collected 8 hours or more after the most recent meal.
bQ1is 25 percentile and Q3 is 75 percentile.
Table 2
Median levels of blood lipid biomarkers by season and correlation
Median (mg/dl) Correlation (95% Ci) r(95%CIp
Winter Spring Summer Fall AveragePp_test Winter Spring Summer Fall
Cholesterol 179.5 1812 1751 1773 1775 0.39 0.89 0.91 0.90 0.92 0.91
(0.81-0.94) (0.84-0.95) (0.83-0.94) (0.86-0.95) (0.83-0.95)
Triglycerides 1375 165.0 1765 1645 1555 0.95 0.91 0.86 0.82 0.84 0.86
(0.84-0.95) (0.76-0.92) (0.70-0.90) (0.73-0.91) (0.72-0.93)
HDL-cholesterol 42.0 41.0 38,5 425 41.0 0.34 0.94 0.96 0.93 0.95 0.93
(0.89-0.97) (0.93-0.98) (0.98-0.96) (0.91-0.97) (0.89-0.96)
LDL-cholesterol 106.0 101.0 96.0 89.0 1025 0.10 0.80 0.82 0.83 0.85 0.83

(0.67-0.88) (0.70-0.90) (0.71-0.90) (0.74-0.91) (0.71-0.92)

aSpearman correlation coefficient between log transformed individual plasma lipid-related biomarkers and log transformed mean of plasma
lipid-related biomarkers after adjustment for interval between last meal and blood collection, medicine use, number of cigarettes smoked within

the previous 24 hours, and total energy intake.

bCorrelations between a randomly chosen individual measurement and averaged measurements, estimated using the bootstrap method.

¢ Average of four seasonal samples.

but inversely associated with fat from fish£ —0.23)
and soy { = —0.28). Although total polyunsaturated
fatty acids were not associated with lipid biomarkers,
omega-3fatty acid was inversely related to total choles-
terol - = —0.25) and LDL-cholesteroli{ = —0.26).
Omega-6 fatty acid was positively associated with
HDL-cholesterol { = 0.18), but inversely associated
with LDL-cholesterol ¢ = —0.16). Total cholesterol
intake was positively correlated with HDL-cholesterol
level (- = 0.17), total triglycerides £ = 0.37), and
LDL-cholesterol ¢ = 0.72). Triglycerides were neg-
atively correlated with HDL-cholesterot (= —0.47)
(Table 4).

4. Discussion

This study found no statistically significant differ-
ences in the blood levels of lipid biomarkers between
fasting blood and non-fasting blood with the exception
of triglycerides. In addition, a single spot blood lipid

cholesterol, and calculated LDL-cholesterol levels is
recommended for clinical diagnosis and monitoring of
CVD, diabetes, and hypertension. However, for use in
large population-based studies, economic and logisti-
cal reasons make the collection of fasting blood sam-
ples difficult and impractical. In the present study, we
found that the levels of lipid biomarkers obtained from
non-fasting blood samples were similar to those ob-
tained from fasting blood. Our finding is consistent
with a previous report from a cross-sectional study that
showed non-fasting HDL-cholesterol levels were sim-
ilar to fasting HDL levels, and the agreement in classi-
fication of patients into desirable- and high-cholesterol
groups using either fasting or non-fasting blood sam-
ples was high [15]. LDL-cholesterol and triglyceride
levels are more prone to the influence of dietary choles-
terol intake. We observed higher within-person varia-
tion (lower ICCs) for these two lipid biomarkers than
for HDL-cholesterol when test samples were mixed
with fasting and non-fasting samples. This suggests
that a fasting blood sample may more desirable if LDL-

biomarker measurement correlated well with average cholesterol and triglyceride levels are to be used in epi-
levels and could be used to evaluate lipid status in large demiological studies.

epidemiological studies.
The use of fasting lipoprotein analysis for the
measurement of total cholesterol, triglyceride, HDL-

In the present study, total cholesterol level was pos-
itively correlated with age, and triglyceride levels in-
creased with high BMI and systolic blood pressure,
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Table 3
ICCs for repeated measurements of plasma lipid biomarkers and the resulting observed relative

risk for specified true relative risk of 1.5-2.5

Plasma lipid-related biomarker

I€GC Observed relative risk given specified true relative risk

1.5° (%) 2.0 2.5
Cholesterol 0.75 1%4(93.3f 1.7(85.0) 2.0(80.0)
Triglycerides 0.65 1.3(86.7) 1.6 (80.0) 1.8(72.0)
HDL-cholesterol 0.83 1.4 (93.3) 1.8 (90.0) 2.1(84.0)
LDL-cholesterol 0.58 1.3(86.7) 1.5 (75.0) 1.7 (68.0)

aFrom log-transformed data, based on data from 48 men who participated in the SMHS dietary
validation study. Levels of selected lipid-related biomarkers are represented as mg/dl of plasma.

bTrye relative risk.
¢Observed relative risk.
dpercent of attribution.

Table 4
Correlation$ and confidence intervals between blood lipid biomarkers and possible lipid biomarker-related factors

Cholesterol

Triglycerides

HDL-cholesterol LDL-cholesterol

Age

Body mass index
Waist-to-hip ratio
Systolic blood pressure
Diastolic blood pressure
Physical activity

Total energy intake

0.30 (0.02, 0.54)
0.240.05, 0.49)
0.0240.37, 0.30)
0.23-0.06, 0.48)
0.11-0.18, 0.38)
0.0540.24, 0.33)
~0.11 (-0.38, 0.18)

Total Fat 0.02¢0.27,0.30)
Fat from animal foods
Red meat 0.15(—0.14, 0.42)
Poultry 0.18 (—0.11, 0.44)
Fish —0.20 (—0.46, 0.09)
Eggs 0.04 £0.25, 0.32)
Milk 0.11(—0.18,0.38)
Fat from plant foods
Vegetables —0.04 (-0.32, 0.45)
Soy —0.27(—0.51, 0.02)
Fruits —0.01 (-0.29,0.27)
Other —0.06 (-0.34,0.23)

Saturated FA
Monounsaturated FA
Polyunsaturated FA
w — 3 fatty acids
w — 6 fatty acids
Dietary cholesterol
Blood lipid biomarkers
Total cholesterol
Triglycerides
HDL-cholesterol
LDL-cholesterol

0.1440.15, 0.41)

0.11{0.18, 0.38)
—0.08 (-0.36, 0.21)
—0.25 (—0.50, 0.04)
—0.15 (-0.42, 0.14)

0.0140.27, 0.29)

1.00
0.37(0.10, 0.59)

0.21 (—0.08, 0.47)
0.72 (0.55-0.83)

0.19 (-0.10, 0.45)
0.56 (0.33, 0.73)
0.2240.07, 0.47)
0.33 (0.06, 0.56)
0.2840.01, 0.53)
—0.01 (-0.29, 0.27)
—0.24 (-0.49, 0.05)
0.0740.22, 0.35)

—0.03 (-0.31, 0.26)
—0.02 (-0.30, 0.26)
—0.06 (-0.34, 0.23)
—0.18 (—0.44, 0.11)
0.19 (—0.10, 0.45)

0.0540.24, 0.33)
0.12(0.17, 0.39)
—0.06 (-0.34, 0.23)
—0.21 (—0.47, 0.08)
0.0240.27, 0.30)
—0.02 (~0.30, 0.27)
—0.01 (-0.29, 0.27)
0.02 (-0.27, 0.30)
—0.07 (-0.35,0.22)
~0.12 (-0.39, 0.17)

—0.47 (—0.67, —0.21)
—0.18 (—0.44, 0.11)

0.0940.20, 0.36)
—0.43 (—0.64, —0.17)

—0.26 (-0.51, 0.03)
—0.15 (-0.42, 0.14)
—0.23 (-0.48-0.06)
—0.01 (-0.29, 0.27)

0.0840.21, 0.36)
—0.12 (-0.39, 0.17)

0.1740.12, 0.43)
0.01 (-0.27, 0.29)
—0.03 (-0.31, 0.26)
0.0540.24, 0.33)
—0.05 (-0.34, 0.23)
0.0440.25, 0.32)
0.1040.90, 0.37)
0.0640.23, 0.34)

—0.08 (-0.36, 0.21)
—0.06 (-0.34, 0.23)
0.17 (—0.12, 0.43)
0.16 (—0.13, 0.42)

0.09 (~0.20, 0.36)

0.1340.16, 0.40)
0.24 (—0.05, 0.49)
—0.23 (—0.48, 0.06)
0.07 (-0.22, 0.35)

—0.04 (-0.32, 0.25)

—0.18 (—0.44, 0.11)
—0.07 (-0.34, 0.22)
—0.01 (-0.29, 0.27)
0.12 (-0.17, 0.39)
0.0140.27, 0.29)
0.01€0.27, 0.29)
0.0540.24, 0.33)
0.0440.25, 0.32)

0.18 (—0.11, 0.44)
0.17 (—0.12, 0.43)

0.09 (-0.20, 0.36)
—0.28 (—0.53, 0.00)
0.0140.27, 0.29)
0.06+0.23, 0.34)
0.0940.20, 0.37)
0.110.18, 0.38)
—0.06 (-0.34, 0.23)
—0.26 (—0.51, 0.03)
—0.16 (—0.42,0.13)
0.01 (-0.27, 0.29)

1.00
1.00

0.24 (—0.05, 0.49) 1.00

*Spearman correlation coefficient after adjustment for interval between last meal and blood collection, medicine use, number of
cigarettes smoked within the previous 24 hours, and total energy intake. Dietary information, blood pressure and anthropometrics

were based on baseline survey data.

Bold indicates statistical significancg & 0.05) for Spearman correlation coefficient analyses.

while HDL-cholesterol was inversely associated with
BMI similar to other previous reports [16]. The correla-
tion between dietary fat intake and blood lipid biomark-
ers varied according to the fat source in this study.
Blood lipids and lipoproteins have been shown to be

duce both LDL-cholesterol and HDL-cholesterol [17—
20], and may also raise triglycerides [17,19], an inde-
pendent risk factor for the development of CHD [21].
In our study, levels of total and LDL-cholesterol were
inversely correlated with intake of omega-3 and omega-

associated with dietary fat intake. Several studies have 6 fatty acids, although total saturated or unsaturated

indicated that low-fat and high-carbohydrate diets re-

fatty acids were not associated with any lipid biomark-
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ers. The absolute concentration of LDL-cholesterol References

achieved in humans [22] or hamsters [23] has previous-

ly been shown to be positively associated with a diet
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sociated with a diet predominated by unsaturated fatty
acids. It should be noted that the number of subjects
included in the current study is small, and estimates of ]
the associations between dietary fatty acids and plasma
lipid biomarker levels were not stable. Further studies

on this topic are needed.

It is a common practice in epidemiological studies  [3]
to classify individuals into different groups according n
to their exposure levels. If the within-person variabil-
ity of biomarker levels is random, then the correlation
of a single measurement with the average of multiple [5]
measurements in a population can be used to ‘correct’
the attenuation of relative risk estimates by using a sin-
gle measurement [9]. In our study, all lipid-related 6]
biomarkers were shown to have reasonably high ICC
values, suggesting small within-person variability and
large between-person variability. An ICC of 0.65 or
larger results in relatively modest decreases in the es- [7]
timated relative risk, although the degree of attenua-
tion that can be tolerated depends on the size of the
study and the magnitude of the risk [14]. Correction for (8l
measurement error is particularly important in the case
of exposure measurements, such as LDL-cholesterol
(ICC = 0.58), where the level of error can result in ~ °]
appreciable attenuation of relative risk estimates.

In conclusion, this study suggests that levels of lipid
biomarkers from a single spot blood sample are rela-
tively stable in this cohort of Chinese men. Thus, a [1g
single spot blood sample can serve as a useful resource
for future studies of associations between lipid levels
and health. [11]
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