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Background: The reference intervals (RIs) of adult blood lipid parameters currently used in China are not 
derived from the results of research in local populations and have not been adjusted for age and sex. In this 
study, we aimed to determine accurate RIs for blood lipid parameters and blood glucose (GluG) for Chinese 
adults using a national multicenter study. 
Methods: A total of 11,333 adults between 18 and 90 years of age were recruited in seven representative 
regions in China between June 2020 and December 2020. Hospitals participating in the study were regrouped 
into two geographical regions, southern China (Changsha, Chengdu, Hangzhou, and Nanning) and northern 
China (Beijing, Shenyang, and Ningxia), according to their geographical and administrative location. All 
samples were freshly collected and measured collectively in one laboratory on the Mindray full Automatic 
biochemical analyzer chemistry BS2000 analytical systems. Outliers were removed using the Tukey test. Three-
level nested analysis of variance and scatter plot were used to explore the variations in sex, age, and region. 
Percentile curves of each indicator were plotted using the least mean square (LMS) method. The lower limit 
(2.5th percentile) and the upper limit (97.5th percentile) of the RI were determined by using nonparametric 
statistical methods. We also calculated the 90% confidence interval (CI) for the lower and upper limits.
Results: A total of 8,283 participants were enrolled in the final analysis, with 3,593 (43.4%) men and 4,690 
(56.6%) women. Regionality was observed in three analytes [small dense low density lipoprotein cholesterol 
(sd-LDLC), GluG, and apolipoprotein A1 (ApoA1)]. In northern China, the sd-LDLC and GluG levels 
in Shenyang were significantly higher than those in Ningxia and Beijing (P<0.05). In southern China, the  
sd-LDLC and GluG levels in Nanning were significantly higher than those in the three other cities (P<0.05), 
whereas the sd-LDLC and GluG levels in Chengdu were significantly lower than those in the three other 
cities (P<0.05). The level of ApoA1 in Chengdu was significantly higher than that in the three other cities. 
The homocysteine (HCY) level in male participants was clearly higher than that in female participants [ratio 
of standard deviation (SDR)sex =0.56], whereas the levels of high density lipoprotein cholesterol (HDLC) 
(SDRsex =0.40) and ApoA1 (SDRsex =0.27) in males were lower. The GluG and HCY level increased gradually 
with age. In females aged 45–55 years, there was an interesting change in scatter charts, where triglyceride 
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Introduction

The examination of homocysteine (HCY), blood lipids, and 
blood glucose (GluG) levels is crucial for the screening, 
diagnosis, treatment, prevention, and monitoring of 
cardiovascular disease (CVD), as this causes significant 
morbidity and mortality in adults (1-3). Accurate reference 
intervals (RIs) are required to facilitate the interpretation of 
individual blood lipid laboratory values and the population 
distributions of risk markers, including triglycerides (TGs), 
total cholesterol (TC), low density lipoprotein cholesterol 
(LDLC), high density lipoprotein cholesterol (HDLC), 
small dense low density lipoprotein cholesterol (sd-LDLC), 
apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), 
lipoprotein A (LpA), apolipoprotein A2 (ApoA2), HCY, and 
blood GluG (4,5). 

Currently, the RIs used in Chinese laboratories are 
mainly derived from the National Guide to Clinical 
Laboratory Procedures (fourth edition), and part of the RIs 

are derived from the manufacturers’ reagent instructions, 
which are based on the data from populations in Western 
countries, and in most cases these values are not universally 
representative due to population difference (6,7). Although 
each laboratory is encouraged to establish its own RIs (8),  
only RIs for serum lipids in Chinese children and 
adolescents have been established in multicenter studies 
(9,10), while a large-scale study of blood lipid levels in 
Chinese healthy adults remains lacking. Five recent studies 
attempted to establish reference values for blood lipid 
indicators in Chinese adults (11-15). However, these studies 
were limited by a small sample size, a narrow scope of 
field, and the age ranges or sex involved. Moreover, none 
of these five studies evaluated the levels of apolipoproteins, 
lipoproteins, sd-LDLC, or HCY, which have been 
reported to be important predictors for CVD (16-19). 
Furthermore, the blood lipid levels in healthy individuals 
can be affected by many factors, among which age and sex 
are important covariates (20). In one study, variations in 
the normal range of lipid levels according to age and sexual 
maturation were reported (21). Differences in lipid levels 
are linked to sex in Chinese adults (15). However, current 
reference values for lipid levels used in Chinese adults 
were not derived from research that considered age and sex 
differences. Additionally, blood lipids levels vary regionally 
due to dietary, life style, racial, and geographic conditions. 
Therefore, it is of great significance to establish age- and 
sex-specific RIs for the blood lipid levels in adults based on 
the data from a large multicenter RI study.

In this study, we followed the procedure for establishing 
RIs recommended by the Clinical and Laboratory 
Standards Institute (CLSI) document C28-A3 (8). A total 
of 11,333 adults between 18 and 90 years were recruited 
in seven representative regions, including Shenyang 
(northeastern China), Beijing (northern China), Changsha 
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(central China), Ningxia (northwestern China), Chengdu 
(southwestern China), Hangzhou (southern China), and 
Nanning (southeastern China), in China. The test results 
were consistent, as all samples were freshly collected and 
collectively measured in the same laboratory. Multicenter, 
age-specific, and sex-specific RIs of blood lipids were 
established. We present this article in accordance with 
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-23-369/rc). 

Methods

Study population

This cross-sectional study was conducted in seven cities 
(northern China: Beijing, Ningxia, and Shenyang; southern 
China: Changsha, Chengdu, Hangzhou, and Nanning), 
representing the four corners and central China. From June 
2020 to December 2020, a cohort of 11,333 Chinese Han 
adults aged 18 to 90 years who met the inclusion criteria were 
recruited from the following seven hospitals: Beijing Anzhen 
Hospital, Capital Medical University; the Second Xiangya 
Hospital of Central South University; the People’s Hospital 
of Liaoning Province; the General Hospital of Ningxia 
Medical University; the Hospital of Chengdu University 
of Traditional Chinese Medicine (TCM); Hangzhou First 
People’s Hospital; and the First Affiliated Hospital of 
Guangxi University of Chinese Medicine. The participants 
who visited the health examination center for a routine health 
check and resided in the respective city for at least 1 year 
were enrolled into this study. According to 2016 Chinese 
guidelines for the management of dyslipidaemia in adults (22), 
dyslipidemia was defined as one or more following abnormal 
blood lipid concentrations: TC ≥5.20 mmol/L (200 mg/dL), 
LDLC ≥3.40 mmol/L (130 mg/dL), HDLC <1.00 mmol/L 
(40 mg/dL), TG ≥1.70 mmol/L (150 mg/dL). Subjects met 
the following criteria: GluG <7.0 mmol/L, TC <5.2 mmol/L,  
TG <1.7 mmol/L, HDLC ≥1.0 mmol/L, and LDLC  
<3.4 mmol/L were included. Patients who meet at least one 
of the following criteria were excluded: (I) history of severe 
internal diseases (i.e., coronary heart disease, renal disease, 
liver disease, diabetes mellitus, hypertension, or inherited 
metabolic diseases); (II) any surgery within 6 months; (III) 
having acute clinical symptoms (e.g., fever and sore throat); 
(IV) taking medications within the last 2 weeks; (V) being 
hospitalized within 1 month; (VI) being pregnant/lactating/
postpartum within 1 year; (VII) having sample collection 
after a night shift or violent motion; (VIII) body mass index 

(BMI) ≥28 or <18.5 kg/m2; or (IX) a history or continued 
use of alcohol, tobacco, or oral contraceptives. According 
to the age classification standards of the United Nations 
World Health Organization, people under 44 years old are 
young aged, 45–59 years old are middle-aged, 60–74 years 
are younger elderly, 75–90 years are elderly. In order to 
maintain a consistent 15-year age group distance, age group 
30–44 was identified. Because minors are in the physical 
development stage, many substances in the body are different 
from the adult level, so the starting point of the first group is 
not 15 years old, but 18 years old. Therefore, the data were 
divided into five age groups (18–29, 30–44, 45–59, 60–74, 
and 75–90 years). Data were analyzed by subgroup according 
to sex and age. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Beijing Anzhen 
Hospital (No. KS2020005) and informed consent was 
taken from all the patients. All participating hospitals were 
informed and agreed with this study.

Sample collection

Blood was collected at cubital venous from participants at 
each of the included hospitals after they had fasted for at 
least 8 hours. The participants were required to sit quietly 
for at least 15 minutes before sampling. Samples were drawn 
using vacuum tubes, and 30 minutes after sampling, the 
samples were centrifuged at 2,980 × g for 10 minutes at 20 ℃  
and stored at −80 ℃. Following this, serum samples were 
transported at −20 ℃ to the central laboratory of Beijing 
Anzhen Hospital, Capital Medical University, for analysis. 
Serum samples of TG, TC, HDLC, LDLC, ApoA1, ApoB, 
sd-LDLC, LpA, ApoA2, HCY, and GluG were analyzed 
on the Mindray fully automatic biochemical analyzer 
chemistry BS2000 system (Mindray Co., Ltd., Shenzhen, 
China). In all samples, analyses were performed according 
to manufacturer’s directions and standard laboratory 
procedures. The internal controls, a measure used for 
precision calculating, were performed daily [measured by 
coefficient of variation (CV)]. The range of CV values 
for all analytes was 1.53–2.51%. Accuracy was calculated 
from external quality assessment schemes organized by the 
Chinese National Center for Clinical Laboratories and 
are expressed as bias (%). The optimal limits for between- 
and within-day CVs were set as half of the intraindividual 
biological CV, which was reported in the Westgard website 
(https://www.westgard.com/). The tests, methodology and 
within and between run CV statistics had been listed in 

https://cdt.amegroups.com/article/view/10.21037/cdt-23-369/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-23-369/rc
https://www.westgard.com/
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Table 1.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 (IBM 
Corp., Armonk, NY, USA) software for Microsoft Windows. 
Scatter and distribution plots were used to visually inspect 
the data; outliers were then removed using the Tukey test as 
follows: (year 1977) [<P25 − 1.5 × (P75 − P25), >P75 + 1.5 
× (P75 − P25), where P meant percentage] (23). Data from 
individuals with abnormal results outside the respective 
RIs were removed. The Box-Cox transformation was used 
for the transformation of the reference population data to 
an approximate Gaussian distribution. Subsequently, the 
partition decisions were statistically evaluated using the test 
developed by Ichihara and Kawai (24), which uses the nested 
analysis of variance (ANOVA) to separate the variation and 
determine if each group is sufficiently different statistically 
to warrant its own grouping. By use of 3-level nested 
ANOVOA (3N-ANOVA), the magnitudes of the between-
city (btw-city), between-sex (btw-sex), and between-age 
(btw-age) group components of variation were computed. 
Each component of variation was derived as a variance 
and then expressed as the standard deviation (SD) using 
the square root. The relative magnitude of each SD was 
expressed as the ratio of SD (SDR) over SDRsex, SDRage, and 
SDRreg for SD based on sex, age, and region, respectively. 
An SDR >0.3 was regarded as indicating apparent between-

subgroup differences following the International Federation 
of Clinical Chemistry (IFCC)/Committee on Reference 
Intervals and Decision Limits (C-RIDL) protocol (25). 
The method using this cutoff has been verified with other 
methods (26). 

The nonparametric rank-based method was used to 
calculate the RI for partitions. This method is reasonable 
for sample sizes of ≥120 participants, especially if the 
analyst wishes to make no assumptions regarding the 
underlying distribution of the data. RI were computed 
using the nonparametric method in both sexes and for 
each 15-year interval of age. Furthermore, by plotting age 
on the X-axis and test values on the Y-axis, sex and age 
profiles of reference values for all test items were drawn as 
2-dimensional scattergrams. The limits of the lower and 
upper RI were set as the 2.5th and 97.5th percentiles of the 
distribution of values, respectively. For each RI, the 90% 
confidence intervals (CIs) of the lower limit (LL) and upper 
limit (UL) were calculated using the bootstrap method. 
A two-sided P value of <0.05 was considered statistically 
significant.

Results

After data collection, 11,333 individuals were recruited. 
After removing the outliers and abnormal values, a total of 
8,283 participants were enrolled in the final analysis, with 
3,593 (43.4%) men and 4,690 (56.6%) women. As shown in 

Table 1 The tests, methodology and within and between run coefficient of variation statistics

Analysis Methodology Within run precision (1/4 TEa)† Within-laboratory precision (1/3 TEa)

TG Glycerokinase peroxidase-peroxidase method 3.50% 4.67%

TC CHOD-POD method 2.25% 3.00%

LDLC Direct method 7.50% 10.0%

HDLC Direct method 7.50% 10.0%

sd-LDLC Peroxidase method 7.50% 10.0%

ApoA1 Turbidimetry method 7.50% 10.0%

ApoB Turbidimetry method 7.50% 10.0%

LpA Latex immunoturbidimetry method 7.50% 10.0%

HCY Enzymatic assay method 5.00% 6.67%

GluG GOD-POD method 1.75% 2.33%
†, between run precision is the same as within run precision. TEa, allowable total erroer; TG, triglyceride; TC, total cholesterol; CHOD-POD, 
cholesterol oxidase-peroxidase; LDLC, low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; sd-LDLC, small 
dense low density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine; 
GluG, glucose; GOD-POD, glucose oxidase-peroxidase. 
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Figure 1, 0 outliers were detected in TG; 66 outliers were 
detected in TC; 161 outliers were detected in LDLC; 156 
outliers were detected in HDLC; 574 outliers were detected 
in sd-LDLC; 600 outliers were detected in GluG; 59 
outliers were detected in ApoA1; 200 outliers were detected 
in ApoB; 691 outliers were detected in LpA; 948 outliers 

were detected in LpA II; 505 outliers were detected in 
HCYII. These outliers were excluded from further analysis. 
Every 15-year span was classified as a group, and each 
subcenter collected at least 816 samples. The oldest group 
was from 75 to 90 years old. The participant inclusion 
flowchart is shown in Figure 1, and the demographic 
characteristics of the volunteers from the seven regions of 
China are shown in Table 2.

By use of 3N-ANOVA, a primary analysis of sources 
of possible variation from sex, age, and region was 
implemented. As judged by SDRsex, apparent sex-related 
differences (SDRsex >0.3) were observed in two analytes 
(HDLC and HCY). As judged from the SDRage and SDRreg, 
we noted apparent age-related differences in two analytes 
(GluG and HCY) and region-related differences in three 
analytes (sd-LDLC, GluG, and ApoA1) (Table 3). Figure 2 
shows the distributions of the actual test results for three 
analytes (sd-LDLC, GluG, and ApoA1) grouped by city. 

As shown in Figure 3, 2D scattergrams with a trend 
line of age-related changes of analytes are shown for the 
visualization of actual differences among the indicators. TG, 
TC, LDLC, sd-LDLC, ApoB, and GluG have a cross-point 
between the trend line of females and males. The sharp 
increase of TG in males appears at the age of 18–44 years,  
while it occurs in females at the age of 45–65 years. Among 
adults, TG levels are lower in females than in males (P<0.05), 
increase with age through age 55 years (to a greater degree 
in women than in men), and decline in females at 70 years of 
age (more so in women than in men). TC shows a positive 
age trend up to the age of 45 years, but no sex-related 
changes. However, in participants >45 years, the trend line 
of TC in females is clearly higher than that in males and 
shows a negative age trend as age increases from this point. 
The trend lines of LDLC, sd-LDLC, and ApoB in females 
are clearly lower than those in males up to the age of  
45 years, with almost no sex-related changes being apparent 
as age increases from this point. The trend lines of HDLC 
and ApoA1 in females are significantly higher than those 
in males in all age subgroups, whereas HCY significantly 
higher in males than in females. The trend line of HDLC 
is relatively stable up to 45 years and increases with age 
after this point. The concentrations of ApoB gradually 
increase before 50 years and then decrease. GluG, increases 
gradually with aging, and small sex-related changes can be 
observed. For HDLC, ApoA1, LpA, and ApoA2, linear but 
small age-related changes are discernible. The percentile 
curves are presented in Figure 4.

Hospitals participating in the study were regrouped into 

11,333 self-perceived 
healthy volunteers

11,331 volunteers

11,279 volunteers

8,679 volunteers

8,283 volunteers

Exclusion of 2 volunteers over 
the age of 90

Exclusion of 52 volunteers aged 
18 or younger

Exclusion of 2,600 volunteers 
with dyslipidemia

Exclusion of 396 volunteers with 
diabetes or pathoglycemia

Volunteers classified depending 
on serum lipid parameters after 
eliminating outliers and missing data 
using Tukey’s method:
• TG (n=8,283, outliers =0)
• TC (n=8,217, outliers =66)
• LDLC (n=8,122, outliers =161)
• HDLC (n=8,127, outliers =156)
• sd-LDLC (n=7,709, outliers =574)
• GluG (n=7,683, outliers =600)
• ApoA1 (n=8,224, outliers =59)
• ApoB (n=8,083, outliers =200)
• LpA (n=7,592, outliers =691)
• LpAII (n=7,284, outliers =999)
• HCYII (n=7,778, outliers =505)

Figure 1 The screening, enrollment, elimination, and final analysis 
of participants. TG, triglyceride; TC, total cholesterol; LDLC, low 
density lipoprotein cholesterol; HDLC, high density lipoprotein 
cholesterol; sd-LDLC, small dense low density lipoprotein 
cholesterol; GluG, glucose; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine. 
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Table 2 Characteristics of the study population from the seven regions of China

Sex Region
Age group (years)

Total
18–29 30–44 45–59 60–74 75–90

Male Beijing 70 84 72 67 87 380

Changsha 117 121 116 123 129 606

Shenyang 125 125 116 116 118 600

Ningxia 115 165 107 147 126 660

Chengdu 122 147 95 73 79 516

Hangzhou 81 112 93 72 116 474

Nanning 145 81 65 46 20 357

Total 775 835 664 644 675 3,593

Female Beijing 124 129 95 85 78 511

Changsha 163 158 127 116 79 643

Shenyang 132 318 199 117 123 889

Ningxia 105 272 141 163 141 822

Chengdu 232 323 112 78 53 798

Hangzhou 98 171 91 84 124 568

Nanning 181 134 61 64 19 459

Total 1,035 1,505 826 707 617 4,690

Table 3 Nested ANOVA for comparison of the results partitioned by sex, age, and region

Analysis
Male Female Nested ANOVA

n Mean SD n Mean SD SDRsex SDRage SDRreg

TG (mmol/L) 3,593 1.0028 0.30418 4,690 0.9575 0.30571 0.28 0.30 0.16

TC (mmol/L) 3,555 4.1097 0.57184 4,662 4.2563 0.51814 0.17 0.19 0.28

LDLC (mmol/L) 3,504 2.3491 0.45746 4,618 2.2822 0.43080 0.21 0.19 0.27

HDLC (mmol/L) 3,515 1.3361 0.20512 4,612 1.4606 0.24628 0.40† 0.09 0.17

sd-LDLC (mmol/L) 3,362 0.6126 0.1923 4,347 0.5648 0.18516 0.30 0.23 0.57†

GluG (mmol/L) 3,325 4.6103 0.62123 4,358 4.5390 0.60464 0.13 0.39† 0.72†

ApoA1 (nmol/L) 3,613 1.4686 0.21090 4,610 1.5518 0.22530 0.27 0.21 0.54†

ApoB (nmol/L) 3,491 0.8067 0.15375 4,592 0.7846 0.14639 0.18 0.21 0.18

LpA (nmol/L) 3,271 148.9488 87.18230 4,312 156.6862 93.73499 0.07 0.11 0.16

LpAII (nmol/L) 3,137 18.2128 18.16229 4,147 20.5679 20.80129 0.08 0.11 0.08

HCYII (μmol/L) 3,283 14.320 4.445 4,495 10.649 3.181 0.56† 0.33† 0.21

The relative magnitude of each SD was expressed as the SDR over SDRsex, SDRage, and SDRreg for SD based on sex, age, and region, 
respectively. An SDR >0.3 was regarded as a guide to consider partitioning reference values by the factor. †, indicates those analytes 
which were judged as requiring separation. ANOVA, analysis of variance; SD, standard deviation; SDR, ratio of SD; TG, triglyceride; TC, 
total cholesterol; LDLC, low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; sd-LDLC, small dense low density 
lipoprotein cholesterol; GluG, glucose; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine. 
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Figure 2 Boxplot showing variation in concentrations of sd-LDLC, GluG, and ApoA1 by city. The line in the middle of the box denotes 
the median value. The ends of the boxes represent the interquartile range (i.e., the 25th and 75th percentile) values. The whiskers extend 
1.5 times the interquartile range values, and the circles denote extreme outlying values. sd-LDLC, small dense low density lipoprotein 
cholesterol; GluG, glucose; ApoA1, apolipoprotein A1. 

two geographical regions: southern China and northern 
China according to their geographical and administrative 
location. RIs of each analyte derived by nonparametric 
method with partitioning according to southern China 
or northern China region, sex (male and female), and age  
(18–29, 30–44, 45–59, 60–74, and 75–90 years) are summarized 
in Tables 4,5, respectively. Table 6 details the final results of 
our study. RIs of lipids, apolipoproteins, lipoproteins, HCY, 
and GluG were divided by age, sex, and regions.

Discussion

This study was the first multicenter study to summarize 
the nationwide research on RIs of fasting lipids and 
apolipoproteins for healthy Chinese adults aged 18–90 years 
in different regions with the same equipment and stringent 
and consistent criteria. Since the improvement of Chinese 
living standards, a high-fat energy dense diet and sedentary 

lifestyle have led to the rapid increase in population with 
CVD. Blood lipids, apolipoproteins, lipoproteins, HCY, 
and GluG are the main screening tests for evaluating 
cardiovascular risk and thus enable early intervention, yet the 
baseline research for these assays in the general population is 
limited. Therefore, the establishment of age-specific and sex-
specific RIs with high precision in healthy Chinese adults is 
indeed warranted from the point of view of CVD prevention. 
The lack of a China-specific RI established by large sample 
size multicenter study was addressed by our study.

All the data from 8,283 healthy Chinese adults from 
seven representative cities were analyzed. After partitioning 
by region, sex, and age, the least number of reference 
individuals was in the subgroup of male sex and 45–59 years 
old for HCY in northern China, with 198 individuals. These 
data probably provide the most accurate and precise RIs 
with narrow CIs on each of the derived reference limits that 
are available for the general Chinese population.
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Figure 3 Representative scatter plots with smoothed curves of blood lipids, apolipoproteins, lipoproteins, homocysteine, and glucose 
based on age. The horizontal axis shows the change in the age, and the vertical axis shows the assay results. The blue spots represent 
individual data of males, and the blue solid line is the trend line of age-related changes in males. The green spots represent individual data 
of females, and the green solid line is the trend line of females. The red solid line is the smoothed curves of the mean values of blood lipids, 
apolipoproteins, lipoproteins, homocysteine, and glucose based on age in all participants. TG, triglyceride; TC, total cholesterol; LDLC, 
low density lipoprotein cholesterol; sd-LDLC, small dense low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; GluG, glucose; LpA, lipoprotein a; HCY, homocysteine.

3N-ANOVA was used to identify the source of variances 
and to partition the data for results presentation. The 
differences in sex and the age were found in HDLC, GluG, 
and HCYII. Scatter charts further confirm that the level of 
HCY in male participants was clearly higher than that in 
female participants, whereas the levels of HDLC and ApoA1 
in males were lower than those in females. ApoA1 is a major 
protein component of high-density lipoprotein (HDL). 
Numerous studies have identified HDLC and ApoA1 as 

having a direct protective role against the development of 
CVD (27,28), suggesting that an elevated level of HDLC 
and ApoA1 may be inversely related to the incidence of 
CVD. On the contrary, an elevated level of HCY and 
GluG has been significantly positively associated with the 
incidence of CVD (29). Therefore, male sex, elevated HCY 
levels, and decreased levels of HDLC and ApoA1 maybe 
may explain why the incidence of CVD is higher in males 
than in females of reproductive age. Furthermore, the 
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Figure 4 Smoothed centile curves for blood lipids, apolipoproteins, lipoproteins, homocysteine, and glucose based on age in males and 
females. TG, triglyceride; TC, total cholesterol; LDLC, low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; 
sd-LDLC, small dense low density lipoprotein cholesterol; GluG, glucose; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LpA, 
lipoprotein a; HCY, homocysteine. 
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Table 4 Age-specific and sex-specific reference intervals for lipids, apolipoproteins, lipoproteins, homocysteine, and blood glucose in Southern China

Analyte
Age  

(years)

Southern China (Changsha, Chengdu, Hangzhou, and Nanning)

Male + female Male Female

n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI)

TG (mmol/L) 18-29 1,139 0.45 (0.42–0.46) 0.90 (0.88–0.91) 1.57 (1.52–1.61) 465 0.49 (0.46–0.61) 0.97 (0.95–1.00) 1.61 (1.57–1.64) 674 0.42 (0.41–0.45) 0.85 (0.83–0.86) 1.50 (1.47–1.54)

30–44 1,247 0.48 (0.47–0.50) 0.94 (0.93–0.96) 1.59 (1.56–1.61) 461 0.51 (0.51–0.58) 1.05 (1.03–1.08) 1.62 (1.59–1.65) 786 0.47 (0.45–0.49) 0.88 (0.86–0.90) 1.55 (1.50–1.58)

45–59 760 0.52 (0.49–0.54) 1.03 (1.01–1.04) 1.62 (1.60–1.64) 369 0.51 (0.47–0.56) 1.06 (1.03–1.08) 1.63 (0.61–1.66) 391 0.52 (0.49–0.55) 1.00 (0.97–1.03) 1.60 (1.58–1.63)

60–74 656 0.55 (0.53–0.59) 1.06 (1.04–1.08) 1.63 (1.61–1.65) 314 0.54 (0.48–0.57) 1.03 (1.00–1.05) 1.59 (1.55–1.63) 342 0.61 (00.53–0.649 1.09 (1.07–1.12) 1.65 (1.62–1.66)

75–90 619 0.53 (0.49–0.54) 1.03 (1.01–1.05) 1.61 (0.59–1.64) 344 0.52 (0.49–0.54) 0.98 (0.96–1.01) 1.62 (1.55–1.66) 275 0.54 (0.49–0.61) 1.10 (1.07–1.13) 1.61 (1.60–1.64)

TC (mmol/L) 18–29 1,137 3.11 (3.07–3.17) 4.22 (4.20–4.25) 5.11 (5.09–5.13) 465 3.04 (2.98–3.18) 4.20 (4.16–4.25) 5.10 (5.06–5.13) 672 3.15 (3.08–3.23) 4.23 (4.20–4.25) 5.12 (5.09–5.14)

30–44 1,246 3.21 (3.12–3.28) 4.31 (4.28–4.33) 5.10 (5.08–5.13) 461 3.27 (3.14–3.42) 4.35 (4.31–4.39) 5.08 (5.05–5.13) 785 3.18 (3.06–3.28) 4.28 (4.25–4.31) 5.10 (5.09–5.13)

45–59 760 3.29 (3.18–3.39) 4.39 (4.37–4.43) 5.13 (5.12–5.14) 369 3.19 (3.03–3.30) 4.32 (4.27–4.36) 5.12 (5.10–5.13) 391 3.45 (3.37–3.57) 4.47 (4.43–4.51) 5.14 (5.13–5.16)

60–74 656 3.17 (3.07–3.24) 4.35 (4.32–4.38) 5.12 (5.11–5.13) 314 3.01 (2.91–3.20) 4.29 (4.23–4.34) 5.12 (5.08–5.15) 342 3.25 (3.19–3.36) 4.41 (4.36–4.45) 5.12 (5.10–5.14)

75–90 618 3.05 (2.95–3.14) 4.24 (4.10–4.27) 5.11 (5.06–5.13) 344 2.95 (2.80–3.08) 4.16 (4.11–4.21) 5.05 (5.00–5.13) 274 3.25 (3.13–3.34) 4.34 (4.29–4.40) 5.11 (5.08–5.16)

LDLC (mmol/L) 18–29 1,139 1.35 (1.27–1.42) 2.24 (2.21–2.26) 3.13 (3.07–3.16) 465 1.43 (1.27–1.500 2.35 (2.31–2.38) 3.19 (3.14–3.25) 674 1.32 (1.20–1.38) 2.16 (2.13–2.19) 3.03 (2.94–3.09)

30–44 1,247 1.41 (1.37–1.45) 2.29 (2.27–2.31) 3.11 (3.05–3.13) 461 1.54 (1.46–1.61) 2.44 (2.40–2.47) 3.20 (3.10–3.26) 1505 1.39 (1.37–1.44) 2.25 (2.23–2.27) 3.03 (3.01–3.08)

45–59 786 1.38 (1.33–1.43) 2.21 (2.18–2.23) 3.04 (2.95–3.09) 369 1.38 (1.23–1.55) 2.39 (2.35–2.43) 3.19 (3.14–3.24) 391 1.51 (1.39–1.58) 2.36 (2.33–2.40) 3.16 (3.12–3.19)

60–74 653 1.39 (1.36–1.49) 2.35 (2.32–2.38) 3.19 (3.14–3.24) 312 1.38 (1.34–1.46) 2.35 (2.31–2.40) 3.19 (3.13–3.25) 341 1.46 (1.35–1.58) 2.35 (2.31–2.39) 3.18 (3.07–3.25)

75–90 617 1.25 (1.15–1.35) 2.26 (2.22–2.29) 3.09 (3.05–3.16) 342 1.21 (1.13–1.33) 2.24 (2.20–2.28) 3.07 (3.03.3.24) 275 1.35 (1.14–1.41) 2.28 (2.23–2.32) 3.10 (3.06–3.150

HDLC (mmol/L) 18–29 1,115 1.08 (1.07–1.09) 1.44 (1.43–1.45) 1.97 (1.94–2.02) 454 1.07 (1.06–1.08) 1.34 (1.33–1.35) 1.82 (1.77–1.88) 661 1.10 (1.07–1.12) 1.51 (1.50–1.53) 2.03 (1.98–2.08)

30–44 1,224 1.07 (1.06–1.07) 1.44 (1.43–1.45) 2.06 (2.00–2.09) 448 1.06 (1.05–1.07) 1.33 (1.32–1.35) 1.78 (1.73–1.86) 776 1.07 (1.06–1.09) 1.50 (1.49–1.52) 2.10 (2.08–2.13)

45–59 774 1.07 (1.06–1.08) 1.41 (1.40–1.43) 1.95 (1.91–2.01) 357 1.06 (1.05–1.07) 1.34 (1.33–1.36) 1.82 (1.79–1.88) 384 1.08 (1.07–1.11) 1.48 (1.46–1.50) 2.04 (1.99–2.12)

60–74 646 1.06 (1.05–1.08) 1.42 (1.40–1.43) 1.92 (1.88–1.99) 307 1.05 (1.05–1.07) 1.37 (1.35–1.39) 1.87 (1.84–1.90) 339 1.08 (1.06–1.100 1.45 (1.43–1.47) 2.01 (1.90–2.04)

75–90 606 1.06 (1.06–1.08) 1.44 (1.43–1.460 2.00 (1.97–2.050 334 1.05 (1.05–1.07) 1.39 (1.37–1.41) 1.83 (1.78–1.85) 272 1.08 (1.06–1.10) 1.51 (1.48–1.53) 2.07 (2.02–2.15)

sd-LDLC  
(mmol/L)

18–29 1,129 0.23 (0.21–0.24) 0.55 (0.53–0.56) 1.07 (1.05–1.11) 462 0.26 (0.23–0.29) 0.61 (0.59–0.63) 1.18 (1.07–1.24) 667 0.22 (0.20–0.23) 0.50 (0.49–0.51) 1.01 (0.96–1.06)

30–44 1,227 0.22 (0.21–0.24) 0.54 (0.53–0.55) 1.06 (1.04–1.09) 457 0.26 (0.25–0.29) 0.61 (0.60–0.63) 1.13 (1.06–1.23) 770 0.21 (0.19–0.22) 0.50 (0.49–0.52) 1.03 (0.97–1.07)

45–59 750 0.26 (0.23–0.28) 0.59 (0.57–0.60) 1.12 (1.07–1.19) 366 0.26 (0.23–0.30) 0.63 (0.61–0.65) 1.19 (1.11–1.28) 384 0.25 (0.21–0.27) 0.54 (0.53–0.56) 1.04 (1.01–1.09)

60–74 650 0.23 (0.22–0.25) 0.59 (0.57–0.60) 1.09 (1.04–1.14) 311 0.23 (0.20–0.28) 0.60 (0.58–0.62) 1.11 (1.01–1.23) 339 0.23 (0.22–0.25) 0.58 (0.56–0.60) 1.09 (1.03–1.13)

75–90 616 0.24 (0.21–0.26) 0.56 (0.55–0.57) 1.02 (0.96–1.05) 343 0.23 (0.18–0.25) 0.56 (0.54–0.58) 1.02 (0.96–1.09) 373 0.25 (0.22–0.30) 0.56 (0.55–0.58) 1.00 (0.92–1.03)

GluG (mmol/L) 18–29 1,137 2.91 (2.89–2.94) 4.18 (4.15–4.21) 5.42 (5.35–5.51) 464 2.92 (2.87–2.98) 4.23 (4.18–4.28) 5.46 (5.32–5.53) 673 2.91 (2.88–2.94) 4.14 (4.09–4.18) 5.41 (5.27–5.52)

30–44 1,246 2.95 (2.90–3.00) 4.14 (4.11–4.17) 5.61 (5.44–5.72) 461 2.89 (2.97–2.96) 4.19 (4.13–4.25) 5.77 (5.56–5.89) 785 2.99 (2.94–3.02) 4.11 (4.07–4.15) 5.43 (5.30–5.65)

45–59 756 2.96 (2.91–3.01) 4.37 (4.33–4.41) 5.84 (5.73–5.96) 368 2.95 (2.88–3.01) 4.39 (4.33–4.46) 5.87 (5.73–6.05) 388 2.96 (2.89–3.06) 4.35 (4.29–4.40) 5.80 (5.67–6.07)

60–74 649 3.01 (2.95–3.05) 4.57 (4.52–4.62) 6.04 (5.89–6.16) 310 3.03 (2.97–3.18) 4.59 (4.52–4.66) 5.95 (5.81–6.24) 339 2.96 (2.88–3.05) 4.56 (4.48–4.63) 6.10 (5.9–6.18)

75–90 617 3.02 (2.97–3.10) 4.66 (4.61–4.71) 6.03 (5.91–6.16) 342 2.99 (2.92–3.11) 4.64 (4.58–4.71) 6.02 (5.88–6.16) 275 3.05 (2.96–3.18) 4.68 (1.60–4.75) 6.08 (2.89–6.26)

ApoA1 (g/L) 18–29 1,135 1.15 (1.14–1.18) 1.56 (1.54–1.57) 2.09 (2.05–2.14) 463 1.15 (1.14–1.72) 1.46 (1.44–1.47) 1.91 (1.83–1.95) 672 1.16 (1.13–1.19) 1.62 (1.61–1.64) 2.16 (2.09–2.21)

30–44 1,238 1.20 (1.18–1.21) 1.60 (1.59–1.61) 2.11 (2.07–2.16) 460 1.18 (1.17–1.20) 1.53 (1.51–1.55) 1.96 (1.91–1.99) 778 1.21 (1.18–1.24) 1.65 (1.63–1.66) 2.18 (2.13–2.21)

45–59 737 1.19 (1.17–1.21) 1.62 (1.61–1.64) 2.14 (2.10–2.18) 357 1.17 (1.16–1.20) 1.56 (1.54–1.58) 2.03 (1.98–2.05) 380 1.23 (1.17–1.28) 1.68 (1.66–1.70) 2.19 (2.16–2.21)

60–74 639 1.22 (1.19–1.25) 1.65 (1.63–1.66) 2.14 (2.11–2.17) 306 1.19 (1.17–1.24) 1.60 (1.58–1.62) 2.02 (2.00–2.04) 333 1.24 (1.21–1.28) 1.69 (1.67–1.71) 2.18 (2.16–2.25)

75–90 613 1.19 (1.18–1.22) 1.59 (1.57–1.60) 2.07 (2.06–2.12) 339 1.18 (1.14–1.20) 1.52 (1.50–1.54) 2.04 (1.98–2.05) 374 1.23 (1.22–1.29) 1.67 (1.65–1.69) 2.17 (2.09–2.21)

Table 4 (continued)
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Table 4 (continued)

Analyte
Age  

(years)

Southern China (Changsha, Chengdu, Hangzhou, and Nanning)

Male + female Male Female

n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI)

ApoB (g/L) 18–29 1,136 0.46 (0.43–0.48) 0.75 (0.75–0.76) 1.03 (1.01–1.05) 463 0.48 (0.45–0.49) 0.78 (0.77–0.79) 1.05 (1.04–1.07) 673 0.45 (0.41–0.47) 0.74 (1.73–0.75) 1.00 (0.98–1.01)

30–44 1,245 0.49 (0.48–0.51) 0.79 (0.78–0.80) 1.06 (1.04–1.08) 461 0.53 (0.48–0.56) 0.83 (0.82–0.85) 1.10 (1.07–1.11) 784 0.48 (0.48–0.50) 0.77 (0.76–0.78) 1.02 (1.02–1.06)

45–59 758 0.52 (0.47–0.55) 0.83 (0.82–0.84) 1.10 (1.08–1.12) 368 0.50 (0.42–0.56) 0.84 (0.82–0.85) 1.11 (1.10–1.12) 390 0.53 (0.47–0.56) 0.83 (0.81–0.84) 1.09 (1.16–1.12)

60–74 654 0.50 (0.47–0.53) 0.83 (0.82–0.84) 1.09 (1.07–1.10) 313 0.49 (0.40–0.52) 0.84 (0.82–0.85) 1.10 (1.07–1.17) 341 0.52 (0.45–0.56) 0.83 (0.82–0.84) 1.07 (1.06–1.09)

75–90 617 0.44 (0.43–0.48) 0.80 (0.79–0.81) 1.09 (1.07–1.10) 342 0.44 (0.42–0.47) 0.79 (0.77–0.81) 1.09 (1.06–1.14) 275 0.46 (0.41–0.52) 0.81 (0.79–0.82) 1.09 (1.07–1.11)

LpA (mg/L) 18–29 1,061 33.48 (30.58–38.35) 145.44 (140.52–150.02) 408.45 397.36–418.02) 433 32.68 (27.93–38.04) 141.28 (133.71–148.53) 402.81 (375.99–414.06) 673 36.24 (28.91–42.43) 148.32 (141.94–155.15) 417.37 (398.62–423.82)

30–44 1,169 38.57 (34.15–42.41) 149.56 (145.26–154.13) 392.64 (376.78–402.35) 435 31.62 (28.09–37.10) 138.48 (130.91–145.70) 370.59 (332.08–388.58) 734 42.82 (40.71–46.43) 156.13 (149.86–162.44) 401.88 (385.96–413.73)

45–59 711 39.20 (36.43–43.19) 148.72 (143.55–153.93) 377.93 (359.35–399.64) 336 37.95 (30.71–42.48) 143.78 (136.13–151.29) 382.00 (345.78–388.54) 375 41.77 (35.25–44.54) 153.15 (145.74–160.95) 372.20 (352.20–433.65)

60–74 583 38.67 (32.89–43.91) 157.43 (151.76–163.25) 373.62 (357.16–396.36) 284 33.78 (30.75–44.11) 149.42 (140.86–157.58) 346.95 (324.32–373.58) 299 40.59 (36.03–52.57) 165.03 (156.72–173.81) 391.92 (367.62–414.02)

75–90 550 48.35 (44.01–52.49) 172.90 (165.52–179.84) 422.41 (414.49–431.07) 309 48.20 (42.74–53.17) 164.61 (156.00–173.14) 414.65 (380.98–418.73) 241 47.58 (41.38–60.66) 183.52 (172.00–195.21) 442.14 (420.50–453.59)

LpAII (nmol/L) 18–29 1,020 1.48 (1.36–1.72) 16.20 (15.23–17.12) 72.83 (68.90–77.30) 414 1.44 (1.21–1.68) 14.64 (13.27–15.88) 68.86 (60.47–70.95) 606 1.50 (1.32–1.92) 17.26 (16.08–18.61) 78.84 (72.72–82.94)

30–44 1,133 1.80 (1.67–2.08) 18.30 (17.38–19.28) 74.69 (70.36–77.38) 424 1.37 (1.07–1.87) 16.24 (14.82–17.70) 70.03 (61.67–75.67) 709 2.11 (1.77–2.36) 19.53 (18.27–20.81) 77.01 (71.84–84.12)

45–59 701 1.91 (1.65–2.13) 18.14 (17.19–19.19) 70.29 (68.36–75.91) 333 1.65 (1.02–2.08) 17.03 (15.54–18.55) 69.20 (62.99–72.15) 368 2.09 (1.77–2.43) 19.15 (17.56–20.67) 76.05 (69.27–85.26)

60–74 585 2.32 (2.08–2.60) 19.74 (18.43–21.14) 75.97 (71.01–80.82) 284 2.09 (1.73–2.53) 18.56 (16.83–20.33) 72.81 (66.37–75.79) 301 2.57 (2.28–3.04) 20.84 (19.00–22.75) 81.84 (70.47–86.92)

75–90 521 2.60 (2.21–2.86) 22.42 (20.83–23.89) 79.47 (75.94–82.43) 293 2.63 (1.74–2.93) 20.85 (19.11–22.82) 73.53 (66.93–77.62) 228 2.54 (2.21–3.11) 24.43 (22.05–26.91) 86.20 (79.81–88.21)

HCYII (μmol/L) 18–29 1,081 6.35 (6.09–6.57) 11.61 (11.40–11.83) 22.48 (21.22–23.42) 434 7.28 (6.90–7.72) 13.94 (13.55–14.27) 27.49 (24.39–28.23) 647 6.08 (5.71–6.42) 10.05 (9.86–10.24) 17.05 (16.65–18.22)

30–44 1,217 6.16 (5.91–6.30) 10.82 (10.63–11.01) 20.71 (19.93–21.89) 442 6.70 (6.02–7.91) 13.20 (12.87–13.56) 25.08 (22.78–26.55) 775 5.95 (5.79–6.25) 9.47 (9.31–9.62) 17.32 (15.90–17.53)

45–59 752 6.75 (6.34–7.02) 11.68 (11.47–11.93) 21.66 (20.13–23.41) 359 7.63 (6.98–8.01) 13.43 (13.06–13.79) 24.50 (23.18–26.02) 383 6.31 (5.90–6.77) 10.04 (9.84–10.25) 16.20 (15.41–16.88)

60–74 639 7.28 (7.17–7.49) 12.64 (12.36–12.90) 22.67 (21.42–23.05) 308 8.10 (7.80–9.05) 14.31 (13.90–14.70) 24.15 (22.92–26.30) 331 7.06 (6.40–7.23) 11.08 (10.80–11.37) 18.57 (17.16–19.06)

75–90 568 8.33 (7.99–8.84) 15.81 (15.47–16.16) 27.24 (25.87–28.52) 335 8.66 (7.50–9.40) 17.64 (17.15–18.23) 28.99 (27.25–29.72) 233 8.05 (7.71–8.81) 13.18 (12.84–13.51) 19.41 (18.68–20.20)

LL, lower limit, CI, confidence interval; ME, median; UL, upper limit; TG, triglyceride; TC, total cholesterol; LDLC, low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; sd-LDLC, small dense low density lipoprotein cholesterol; GluG, glucose; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine.
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Table 5 Age-specific and sex-specific reference intervals for lipids, apolipoproteins, lipoproteins, homocysteine, and blood glucose in Northern China

Analyte 
Age 

(years)

Northern China (Beijing, Shenyang, and Ningxia)

Male + female Male Female

n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI)

TG (mmol/L) 18–29 671 0.43 (0.41–0.45) 0.92 (0.90–0.94) 1.59 (1.54–1.62) 310 0.42 (0.39–0.45) 0.93 (0.90–0.96) 1.59 (1.49–1.62) 361 0.43 (0.39–0.46) 0.92 (0.89–0.94) 1.61 (1.54–1.66)

30–44 1,093 0.44 (0.42–0.45) 0.93 (0.91–0.94) 1.58 (0.54–1.61) 374 0.46 (0.44–0.48) 1.01 (0.98–1.03) 1.61(1.56–1.65) 719 0.42 (0.39–0.44) 0.88 (0.87–0.90) 1.54 (1.49–1.60)

45–59 730 0.47 (0.45–0.51) 1.00 (0.98–1.02) 1.62 (1.59–1.65) 295 0.47 (0.43–0.51) 1.02 (1.00–1.05) 1.61 (1.57–1.65) 435 0.48 (0.45–0.51) 0.99 (0.96–1.01) 1.63 (1.57–1.65)

60–74 695 0.53 (0.50–0.54) 1.06 (1.05–1.08) 1.63 (1.60–1.65) 330 0.49 (0.46–0.52) 1.01 (0.98–1.04) 1.62(1.58–1.64) 365 0.55 (0.53–0.60) 1.12 (1.09–1.15) 1.64 (1.59–1.68)

75–90 673 0.51 (0.48–0.54) 1.00 (0.98–1.02) 1.60 (1.58–1.64) 331 0.50 (0.46–0.53) 0.95 (0.92–0.97) 1.59 (1.51–1.65) 342 0.55 (0.45–0.59) 1.05 (1.02–1.07) 1.62 (1.58–1.67)

TC (mmol/L) 18–29 670 3.06 (2.97–3.12) 4.10 (4.07–4.13) 5.03 (4.98–5.05) 310 3.01 (2.84–3.15) 4.09 (4.04–4.14) 5.04 (4.99–5.07) 360 3.07 (2.95–3.18) 4.11 (4.07–4.15) 5.00 (4.94–5.09)

30–44 1,093 3.11 (3.06–3.15) 4.17 (4.14–4.19) 5.05 (5.00–5.08) 374 3.10 (2.89–3.17) 4.18 (4.13–4.22) 5.05 (4.99–5.07) 719 3.13 (3.07–3.17) 4.16 (4.13–4.19) 5.07 (4.98–5.12)

45–59 730 3.00 (2.93–3.07) 4.21 (4.18–4.25) 5.06 (5.03–5.09) 295 2.92 (2.72–3.03) 4.11 (4.05–4.17) 5.07 (5.01–5.10) 435 3.11 (2.95–3.30) 4.28 (4.24–4.32) 5.06 (5.03–5.10)

60–74 693 2.90 (2.83–2.97) 4.09 (4.06–4.13) 5.03 (4.99–5.07) 329 2.83 (2.62–2.94) 4.00 (3.94–4.06) 5.04 (4.93–5.11) 364 2.97 (2.87–3.13) 4.17 (4.13–4.22) 5.05 (4.99–5.07)

75–90 662 2.76 (2.70–2.86) 4.04 (4.00–4.07) 5.00 (4.97–5.05) 326 2.67 (2.56–2.85) 3.95 (3.90–4.01) 4.96 (4.90–5.01) 336 2.84 (2.72–2.94) 4.12 (4.06–4.17) 5.04 (4.99–5.07)

LDLC (mmol/L) 18–29 671 1.43 (1.39–1.48) 2.30 (2.27–2.33) 3.19 (3.11–3.24) 310 1.49 (1.43–1.57) 2.38 (2.34–2.43) 3.27 (3.18–3.32) 361 1.40 (1.19–1.44) 2.23 (2.19–2.27) 3.04 (2.96–3.12)

30–44 1,093 1.46 (1.39–1.50) 2.34 (2.32–2.36) 3.11 (3.08–3.18) 374 1.47 (1.35–1.62) 2.43 (2.39–2.47) 3.25 (3.18–3.27) 719 1.45 (1.38–1.50) 2.29 (2.27–2.32) 3.03 (3.01–3.09)

45–59 729 1.47 (1.41–1.54) 2.39 (2.37–2.42) 3.19 (3.14–3.21) 294 1.36 (1.22–1.53) 2.38 (2.33–2.43) 3.21 (3.19–3.29) 435 1.52 (1.45–1.59) 2.41 (2.37–2.44) 3.14 (3.09–3.17)

60–74 692 1.26 (1.16–1.34) 2.29 (2.26–2.32) 3.16 (3.10–3.17) 328 1.23 (1.12–1.35) 2.26 (2.21–2.30) 3.17 (3.12–3.20) 364 1.28 (1.15–1.40) 2.32 (2.28–2.36) 3.10 (3.04–3.17)

75–90 667 1.19 (1.14–1.24) 2.24 (2.21–2.27) 3.17 (3.11–3.20) 326 1.24 (1.17–1.31) 2.23 (2.18–2.27) 3.12 (3.08–3.23) 341 1.15 (1.06–1.22) 2.25 (2.20–2.30) 3.19 (3.13–3.20)

HDLC (mmol/L) 18–29 667 1.06 (1.05–1.07) 1.39 (1.37–1.40) 1.97 (1.92–1.99) 309 1.05 (1.05–1.06) 1.31 (1.30–1.33) 1.80 (1.71–1.87) 358 1.09 (1.07–1.110 1.45 (1.43–1.48) 2.06 (1.98–2.12)

30–44 1,083 1.06 (1.06–1.07) 1.39 (1.38–1.41) 1.90 (1.86–1.97) 368 1.06 (1.05–1.060 1.31 (1.30–1.33) 1.83 (1.78–1.880 715 1.07 (1.06–1.08) 1.44 (1.42–1.45) 1.99 (1.89–2.03)

45–59 722 1.06 (1.05–1.07) 1.39 (1.38–1.41) 1.98 (1.92–2.02) 288 1.05 (1.05–1.07) 1.32 (1.30–1.34) 1.83 (1.79–1.86) 434 1.07 (1.05–1.08) 1.44 (1.42–1.46) 2.03 (1.99–2.07)

60–74 688 1.06 (1.06–1.07) 1.36 (1.34–1.37) 1.87 (1.85–1.94) 326 1.06 (1.06–1.07) 1.32 (1.31–1.34) 1.87 (1.84–1.90) 362 1.06 (1.06–1.08) 1.39 (1.37–1.41) 1.94 (1.82–1.97)

75–90 664 1.06 (1.05–1.07) 1.37 (1.36–1.39) 1.95 (1.87–2.02) 324 1.05 (1.05–1.06) 1.31 (1.30–1.33) 1.81 (1.77–1.86) 340 1.07 (1.06–1.09) 1.43 (1.41–1.45) 2.05 (1.98–2.11)

sd-LDLC  
(mmol/L)

18–29 669 0.26 (0.24–0.28) 0.57 (0.56–0.59) 0.98 (0.96–1.06) 308 0.30 (0.28–0.34) 0.63 (0.61–0.65) 1.12 (1.01–1.17) 361 0.23 (0.20–0.25) 0.52 (0.51–0.54) 0.91 (0.87–0.96)

30–44 1,090 0.25 (0.23–0.26) 0.59 (0.58–0.60) 1.06 (1.01–1.07) 373 0.25 (0.24–0.29) 0.65 (0.63–0.66) 1.09 (1.06–1.130 717 0.24 (0.23–0.26) 0.56 (0.55–0.58) 1.00 (0.95–1.06)

45–59 728 0.29 (0.26–0.30) 0.65 (0.64–0.66) 1.15 (1.09–1.19) 295 0.26 (0.22–0.33) 0.68 (0.66–0.71) 1.25 (1.15–1.28) 433 0.29 (0.27–0.32) 0.63 (0.61–0.640 1.08 (1.02–1.10)

60–74 689 0.26 (0.24–0.28) 0.62 (0.61–0.64) 1.10 (1.06–1.15) 328 0.26 (0.24–0.29) 0.62 (0.60–0.64) 1.11 (1.06–1.16) 361 0.26 (0.19–0.28) 0.62 (0.60–0.64) 1.09 (1.03–1.18)

75–90 673 0.25 (0.23–0.26) 0.58 (0.57–0.59) 1.07 (1.02–1.12) 331 0.24 (0.23–0.26) 0.58 (0.56–0.59) 1.12 (1.04–1.150 342 0.25 (0.23–0.28) 0.58 (0.56–0.60) 1.03 (0.99–1.08)

GluG (mmol/L) 18–29 671 3.65 (3.47–3.75) 4.62 (4.58–4.65) 5.62 (5.46–5.78) 310 3..50 (3.37–3.69) 4.64 (4.59–4.69) 5.62 (5.40–5.78) 361 3.71 (3.56–3.87) 4.59 (4.55–4.63) 5.61 (5.43–6.01)

30–44 1,089 3.55 (3.42–3.65) 4.63 (4.60–4.66) 5.79 (5.66–5.86) 373 3.58 (3.36–3.69) 4.69 (4.64–4.74) 5.93 (2.67–6.00) 716 (3.52 (3.36–3.66)) 4.59 (4.56–4.63) 5.71 (5.54–5.82)

45–59 727 3.69 (3.61–3.83) 4.84 (4.80–4.87) 6.05 (5.96–6.13) 294 3.73 (3.54–3.90) 4.88 (4.83–4.94) 6.06 (5.94–6.14) 433 3.65 (3.57–3.83) 4.80 (4.75–4.85) 6.05 (5.93–6.19)

60–74 690 3.23 (3.07–3.40) 4.85 (4.81–4.90) 6.18 (6.09–6.28) 327 3.22 (3.02–3.45) 4.86 (4.79–4.93) 6.30 (6.13–6.43) 363 3.23 (3.03–3.40) 4.84 (4.78–4.91) 6.10 (6.01–6.14)

75–90 659 3.32 (3.06–3.47) 4.91 (4.86–4.96) 6.26 (6.14–6.35) 328 3.33 (3.04–3.48) 4.93 (4.86–5.00) 6.30 (6.14–6.42) 341 3.29 (2.98–3.50) 4.89 (4.82–4.95) 6.18 (6.10–6.34)

Table 5 (continued)
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Table 5 (continued)

Analyte 
Age 

(years)

Northern China (Beijing, Shenyang, and Ningxia)

Male + female Male Female

n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI) n LL (90% CI) ME (90% CI) UL (90% CI)

ApoA1 (nmol/L) 18–29 702 1.11 (1.09–1.13) 1.40 (1.38–1.41) 1.88 (1.84–1.92) 329 1.09 (1.08–1.13) 1.35 (1.32–1.36) 1.76 (1.74–1.85) 373 1.11 (1.08–1.15) 1.46 (1.44–1.48) 1.95 (1.88–1.98)

30–44 1,144 1.12 (1.10–1.13) 1.42 (1.41–1.44) 1.91 (1.88–1.94) 387 1.12 (1.09–1.13) 1.40 (1.38–1.42) 1.90 (1.86–1.98) 757 1.13 (1.10–1.14) 1.44 (1.42–1.47) 1.91 (1.88–1.94)

45–59 743 1.11 (1.10–1.14) 1.45 (1.43–1.46) 1.92 (1.89–1.94) 303 1.10 (1.07–1.14) 1.40 (1.38–1.43) 1.87 (1.80–1.89) 440 1.11 (1.10–1.15) 1.47 (1.45–1.49) 1.93 (1.91–1.95)

60–74 713 1.08 (1.09–1.13) 1.45 (1.43–1.46) 1.90 (1.87–1.92) 336 1.10 (1.09–1.12) 1.41 (1.38–1.42) 1.83 (1.78–1.87) 377 1.11 (1.09–1.16) 1.48 (1.46–1.51) 1.93 (1.91–1.96)

75–90 723 1.10 (1.08–1.11) 1.41 (1.40–1.42) 1.86 (1.82–1.90) 345 1.10 (1.08 –1.11) 1.36 (1.33–1.38) 1.79 (1.74–1.85) 378 1.11 (1.08–1.13) 1.46 (1.43–1.48) 1.90 (1.85–1.93)

ApoB (nmol/L) 18–29 667 0.48 (0.45–0.49) 0.76 (0.75–0.77) 1.05 (1.03–1.07) 309 0.49 (0.45–0.52) 0.78 (0.77–0.80) 1.07 (1.05–1.08) 358 0.47 (0.43–0.48) 0.74 (0.73–0.75) 1.02 (1.00–1.05)

30–44 1,092 0.49 (0.47–0.50) 0.79 (0.78–0.80) 1.07 (1.05–1.08) 374 0.49 (0.48–0.53) 0.82 (0.81–0.84) 1.09 (1.07–1.12) 718 0.48 (0.45–0.50) 0.77 (0.76–0.78) 1.05 (1.03–1.07)

45–59 729 0.50 (0.47–0.52) 0.81 (0.80–0.82) 1.10 (1.08–1.11) 294 0.50 (0.45–0.52) 0.81 (0.80–0.83) 1.12 (1.10–1.13) 435 0.50 (0.47–0.53) 0.81 (0.80–0.82) 1.08 (1.06–1.09)

60–74 692 0.41 (0.40–0.46) 0.79 (0.78–0.80) 1.09 (1.07–1.10) 328 0.40 (0.39–0.46) 0.78 (0.76–0.80) 1.09 (1.07–1.10) 364 0.42 (0.38–0.48) 0.80 (0.78–0.81) 1.09 (1.05–1.11)

75–90 667 0.41 (0.39–0.42) 0.77 (0.76–0.78) 1.09 (1.07–1.11) 327 0.42 (0.38–0.45) 0.77 (0.75–0.78) 1.10 (1.05–1.11) 340 0.40 (0.37–0.41) 0.77 (0.76–0.79) 1.09 (1.06–1.12)

LpA (nmol/L) 18–29 624 42.36 (41.52–46.21) 141.14 (135.34–147.07) 384.08 (352.15–418.50) 288 41.55 (40.15–45.80) 139.72 (131.36–148.69) 381.50 (341.93–402.78) 339 45.27 (42.14–48.06) 142.35 (134.86–150.80) 409.38 (342.50–442.63)

30–44 1,039 43.25 (42.44–47.10) 146.91 (142.13–151.21) 392.44 (371.25–408.23) 352 42.42 (40.24–45.45) 142.30 (134.45–150.23) 355.06 (333.93–390.37) 687 45.88 (42.84–49.37) 149.26 (143.34–155.54) 403.57 (375.09–423.32)

45–59 689 44.76 (43.06–47.39) 157.50 (151.70–163.76) 405.72 (384.55–430.97) 282 45.66 (44.37–52.03) 149.30 (141.60–157.51) 385.19 (354.19–406.61) 407 44.40 (40.42–46.94) 163.18 (154.36–170.93) 434.45 (395.02–442.36)

60–74 636 49.91 (45.35–54.67) 155.79 (150.41–161.58) 394.23 (372.01–411.78) 301 51.08 (44.00–55.43) 148.74 (140.98–155.63) 377.98 (342.48–394.53) 335 48.15 (43.04–55.65) 162.13 (154.04–170.63) 414.11 (379.25–428.35)

75–90 614 49.82 (44.35–52.14) 160.37 (154.77–166.06) 381.52 (367.54–413.09) 300 48.34 (43.32–53.67) 161.04 (153.28–168.46) 381.12 (348.52–417.29) 314 50.15 (44.55–53.33) 159.73 (151.38–168.87) 388.98 (366.27–425.35)

LpAII (nmol/L) 18–29 601 1.52 (1.18–1.85) 17.77 (16.46–19.09) 70.47 (66.93–76.06) 275 1.18 (0.79–1.55) 15.93 (14.25–17.70) 68.90 (60.96–77.32) 326 1.88 (1.31–2.23) 19.32 (17.47–21.04) 71.48 (67.58–77.47)

30–44 991 1.35 (1.21–1.66) 18.68 (17.65–19.750 76.02 (71.79–79.80) 338 1.19 (0.91–1.50) 17.12 (15.54–18.54) 69.15 (61.52–71.82) 653 1.54 (1.27–1.83) 19.48 (18.18–20.88) 80.85 (75.92–84.80)

45–59 647 1.71 (1.51–2.30) 21.52 (20.06–22.77) 79.73 (75.35–83.40) 265 1.78 (1.30–2.32) 19.84 (18.00–21.94) 74.48 (68.40–76.01) 382 1.62 (1.25–2.63) 22.68 (20.63–2.63) 84.86 (79.81–89.95)

60–74 600 2012 (1.79–2.68) 21.06 (19.67–22.42) 75.24 (72.15–78.09) 287 2.29 (1.64–2.60) 18.82 (17.19–20.49) 72.34 (64.80–77.46) 313 2.03 (1.76–3.06) 23.11 (21.21–25.02) 78.43 (73.91–82.65)

75–90 580 2.01 (1.56–2.45) 23.37 (21.80–24.78) 77.90 (75.48–82.44) 278 1.48 (0.94–2.69) 22.84 (20.90–24.74) 75.88 (69.12–77.02) 302 2.07 (1.85–2.56) 23.86 (21.67–25.89) 83.95 (76.34–87.49)

HCYII (μmol/L) 18–29 624 6.53 (6.31–6.80) 11.04 (10.84–11.37) 23.31 (22.40–24.59) 275 7.88 (777–8.42) 13.08 (12.74–13.71) 24.61 (23.49–24.82) 349 6.27 (6.19–6.48) 9.66 (9.28–9.96) 19.37 (18.01–19.66)

30–44 1,077 6.72 (6.51–6.86) 10.12 (9.95–10.32) 20.68 (20.27–21.41) 341 7.39 (7.16–7.91) 12.40 (12.02–12.87) 22.89 (21.81–24.70) 736 6.51 (6.35–6.74) 9.37 (9.17–9.56) 18.72 (18.35–19.43)

45–59 690 6.81 (6.72–6.94) 10.46 (10.19–10.75) 22.81 (21.25–23.95) 265 8.01 (7.54–8.42) 12.93 (12.45–13.36) 24.75 (23.21–25.93) 425 6.73 (6.55–6.82) 9.36 (9.18–9.62) 17.97 (17.16–19.45)

60–74 641 7.35 (7.02–7.50) 12.46 (12.10–12.77) 24.18 (22.90–24.55) 301 8.26 (7.68–8.83) 14.33 (13.73–14.92) 25.05 (24.28–25.91) 340 6.98 (6.76–7.19) 11.27 (10.89–11.59) 20.06 (19.13–20.23)

75–90 586 7.89 (7.44–8.15) 14.03 (13.71–14.44) 24.82 (24.15–24.99) 275 8.33 (7.88–9.27) 16.49 (15.28–16.78) 25.29 (24.84–25.51) 311 7.46 (6.94–7.94) 12.65 (12.10–13.27) 20.77 (19.88–23.91)

LL, lower limit, CI, confidence interval; ME, median; UL, upper limit; TG, triglyceride; TC, total cholesterol; LDLC, low density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; sd-LDLC, small dense low density lipoprotein cholesterol; GluG, glucose; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine.
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Table 6 Reference intervals of blood lipids, apolipoproteins, lipoproteins, homocysteine, and glucose

Analyte Area Sex Age (years) N LL UL ME RI in reagent package

TG (mmol/L) – M + F – 8,283 0.48 1.60 0.98 0.55–1.7

TC (mmol/L) – M + F – 8,265 3.04 5.09 4.22 3.38–5.2

LDLC (mmol/L) – M + F – 8,268 1.36 3.15 2.30 0.00–3.37

HDLC (mmol/L) – M – 3,515 1.06 1.83 1.33 >1.15

– F – 4,641 1.07 2.04 1.46

sd-LDLC (mmol/L) Northern China

-Shenyang M + F – 1,481 0.34 1.14 0.68

-Two other cities – 2,368 0.24 1.00 0.55

Southern China 

-Nanning M + F – 768 0.39 1.26 0.81

-Three other cities – 3,604 0.23 0.93 0.51

GluG (mmol/L) Northern China

-Shenyang M + F 18–29 257 3.94 5.57 4.76 3.33–5.55

30–44 439 4.05 5.90 4.85

45–59 313 4.13 6.25 5.05

60–74 228 3.96 6.47 5.15

75–90 237 4.13 6.39 5.17

-Two other cities M + F 18–29 414 3.46 5.77 4.52

30–44 650 3.42 5.58 4.47

45–59 414 3.56 5.93 4.67

60–74 462 3.10 6.05 4.71

75–90 432 3.05 6.11 4.77

Southern China

-Nanning M + F 18–29 324 3.09 5.84 4.60 –

30–44 241 3.61 6.01 4.75 –

45–59 123 3.70 6.08 4.85 –

60–74 106 3.82 6.53 5.09 –

75–90 38 3.03 – 4.99 –

-Three other cities M + F 18–29 813 2.89 5.13 4.00 –

30–44 1,032 2.93 5.30 4.01 –

45–59 633 2.94 5.77 4.27 –

60–74 543 2.97 5.85 4.47 –

75–90 579 3.01 6.03 4.63 –

ApoA1 (nmol/L) Southern China 

-Chengdu M – 503 1.25 2.03 1.60 –

F – 758 1.32 2.20 1.74 –

-Three other cities M – 1,422 1.16 1.97 1.50 –

F – 1,652 1.18 2.15 1.61 –

Table 6 (continued)
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Table 6 (continued)

Analyte Area Sex Age (years) N LL UL ME RI in reagent package

ApoB (nmol/L) – M + F – 8,257 0.47 1.07 0.79 –

LpA (nmol/L) – M + F – 7,679 42.43 397.15 152.23 –

LpAII (nmol/L) – M + F – 7,379 1.76 75.64 19.31 –

HCYII (μmol/L) – M 18–29 694 7.65 23.50 12.92 –

– 30–44 771 7.38 22.62 12.35 –

– 45–59 620 7.78 24.46 12.68 –

– 60–74 606 8.16 24.47 13.74 –

– 75–90 592 8.35 25.32 16.55 –

– F 18–29 984 6.43 18.18 9.57 –

– 30–44 1,494 6.40 18.19 9.10 –

– 45–59 803 6.73 17.10 9.51 –

– 60–74 670 7.02 19.43 10.96 –

– 75–90 539 7.83 20.20 12.64 –

LL, lower limit, UL, upper limit; ME, median; RI, reference interval; TG, triglyceride; M, male; F, female; TC, total cholesterol; LDLC, low 
density lipoprotein cholesterol; HDLC, high density lipoprotein cholesterol; sd-LDLC, small dense low density lipoprotein cholesterol; 
GluG, glucose; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LpA, lipoprotein a; HCY, homocysteine.

scatter charts also showed that the GluG and HCY level 
increased gradually with age, which corresponds with the 
incidence of CVD also increasing gradually with age.

Apparent regional differences were observed in three 
analytes: sd-LDLC, GluG, and ApoA1. For northern 
China, the sd-LDLC and GluG levels in Shenyang were 
significantly higher than those in Ningxia and Beijing. For 
southern China, sd-LDLC and GluG levels in Nanning 
were significantly higher than those in the 3 other cities, 
whereas sd-LDLC and GluG levels in Chengdu were 
significantly lower than those in the three other cities. The 
level of ApoA1 in Chengdu was significantly higher than 
that in the three other cities. To verify this, these assays 
were classified in the final results of our study by city group 
(northern China: Shenyang vs. two other cities; southern 
China: Nanning vs. two other cities and Chengdu vs. three 
other cities). However, we were not able to identify the 
reason for the prominent between-city difference in the 
level of sd-LDLC, GluG, and ApoA1 with the 3N-ANOVA 
used in this study. Considering that China has a diversity 
of ethnic groups and cultures, as well as heterogeneity of 
socioeconomics in different regions, the observed between-
city differences may be explained by the difference of 
genetic background and environmental determinants such 
as diet, lifestyle, geographic characteristics, local climate, 
and economic development (30).

A study has shown that a long-standing association exists 
between elevated TG and TC levels and CVD (31). In 
females aged 45–55 years old, there is an interesting change 
in scatter charts, where TG and TC increases rapidly. We 
also found that for the age group of >55 years, the levels 
of TG and TC in females were gradually surpassed those 
in males. This may be related to the decrease in estrogen 
levels affecting women near this age, which is one of the 
explanations for the incidence of CVD being very low in 
women of reproductive age but rising to a significant level 
in postmenopausal women (32).

Age- and sex-specific RIs of serum lipids among children 
and adolescents have been reported by several non-Chinese 
studies (33-38). Studies in Ireland (33), north India (36), and 
The Netherlands (38) showed higher TC, TG, and LDLC 
levels but lower HDLC levels compared to our Chinese 
study. These differences may result from the variability in 
physical activity, the prevalence of obesity, and distinct diet 
in these countries (39,40).

There are some limitations in our study. First, a cross-
sectional design with an age range confined to 18–90 years 
old was employed, so we did not perform a longitudinal 
analysis of individuals. Future studies are necessary to 
validate the results using longitudinal data and expand the 
age range to include children and adolescents. Second, 
we did not recruit participants in rural areas; thus, the 
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proportion of participants living in rural areas may be lower 
than that of urban residents. Third, only sex and age were 
considered as influencing factors, and we did not collect 
information on other possible confounding factors such as 
BMI, smoking, drinking, dietary habits, and socioeconomic 
status, which may influence the levels of biochemical 
markers of blood lipids. 

Conclusions

In conclusion, this study is the first multicenter study, to 
use data from seven representative cities of China with the 
Mindray fully automatic biochemical analyzer chemistry 
BS2000 system (Mindray Co., Ltd.), performed to present 
the RIs of blood lipids for the general population of adults 
in China. The data collected in this study included RIs for 
the concentrations of all biochemical markers of blood lipids 
in adults aged 18–90 years. Sex and age were considered as 
the main influencing factors. After appropriate validation, 
these established RIs can be employed by other clinical 
laboratories in addition to the clinical decision limits (CDLs) 
recommended by guidelines. Furthermore, these data can 
be used to enhance clinical diagnosis strategies and health 
promotion.
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