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Abstract
Purpose Laboratory reference intervals (RIs) play a key role in clinical pharmacology trials, both in the screening process and in
evaluating drug safety. However, RIs tend to be confined to the general population, and data about RIs for the trial population are
limited. The purpose of this study was to determine appropriate RIs for use when screening a defined special subgroup of a
healthy Chinese population in clinical pharmacology trials.
Methods A total of 773 healthy Chinese volunteers (552 men and 221 women) who sought to participate in clinical pharma-
cology trials were included in this study. Sixteen different biochemical analytes were measured by a Beckman Coulter Unicel
DxC 800 automatic analyzer. RIs were partitioned by gender using Harris and Boyd’s method and calculated using a non-
parametric method.
Results The RIs of 16 biochemical analytes for healthy Chinese volunteers during the screening process in clinical pharmacology
trials are reported in this study. Noticeable differences between the RIs in this study and RIs provided by our laboratory or
existing literature were also observed. Compared to our institutional RIs, the newly established RIs were more applicable to the
current trial population.
Conclusions The RIs in this study can serve as a powerful clinical tool during the screening process in clinical pharmacology
trials. However, these RIs should be re-verified if any condition changes. The results also emphasize the importance re-
establishing RIs which are more applicable to local trial populations.
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Introduction

Reference intervals (RIs) are frequently used as a decision-
making tool for clinicians to distinguish between healthy
and diseased populations. In drug clinical trials, the accurate
interpretation of laboratory data plays a critical role, for both
trial inclusion decisions and post-intervention safety evalua-
tion [1]. On the one hand, RIs are used during the screening
process to exclude individuals with asymptomatic diseases.
On the other hand, evaluating drug safety and maximum tol-
erated dose determination is conducted by a case-by-case
analysis, sometimes using laboratory adverse events defined
byRIs [2]. Therefore, inappropriate RIs for laboratory data not
only may increase the workload and costs associated with the
screening process, but could also lead to a misjudgment in
clinical pharmacology trials. Given this fact, establishing ac-
curate laboratory RIs should be an important consideration in
clinical pharmacology trials.
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Generally speaking, RIs are reported as population-based
values comprising 95% of the healthy population in direct
studies for RI estimation [3, 4]. RIs are typically derived from
historical research values, instrument manufacturers, or suit-
able statistical analysis of patient data, all of which may result
in sampling bias [5, 6]. They are usually affected by individual
and laboratory factors, such as differences in age, gender,
ethnicity, region, environment, genetic factors, laboratory
methods, and instruments [7–10]. Therefore, each laboratory
should periodically reevaluate its own RIs [11, 12]. However,
RI formulation is a major challenge for laboratories. In partic-
ular, the recruitment of a reference population of healthy vol-
unteers often poses considerable challenges [5, 13]. As with
most clinical laboratories in China, our laboratory uses the RIs
provided by manufacturers, which are usually derived from
the data on European and American populations [9], and thus
may be unsuitable for our local population. Furthermore, the
demographic characteristics of healthy volunteers in clinical
pharmacology trials, who tend to be young men, low-income,
and unemployed, are thought to be a special subgroup of the
general population [14, 15]. In addition, age dependence
seems evident for several biochemical analytes including al-
bumin, cholesterol, and urea, and special attention should be
given to age stratification for RIs [8]. Accordingly, new labo-
ratory RIs should be established which are more applicable to
the trial population. So far, however, there has been little dis-
cussion about laboratory RIs for healthy volunteers in clinical
trials [1, 15]. Therefore, there is an urgent need to determine
the laboratory RIs which are more applicable to the local trial
population. To the best of our knowledge, there are no reports
on laboratory RIs for healthy Chinese volunteers in clinical
pharmacology trials. Thus, this study aimed to determine ap-
propriate RIs of biochemical analytes for use when screening
a defined special subgroup of a healthy Chinese population in
clinical pharmacology trials.

Materials and methods

Study population

From September 20, 2018, to June 25, 2019, asymptomatic
adult subjects who sought to participate in clinical pharmacol-
ogy trials were recruited for this study. They were all from the
BE and Phase I Clinical Trial Center at the First Affiliated
Hospital of Xiamen University. The reference population
started with 1042 asymptomatic adult individuals from both
cities and villages in southern China. Age ranged from 18 to
55 years. The health status of each participant was strictly
evaluated by physicians during the screening assessments,
and the recommended information on participants was collect-
ed [16]. The health status of participants was checked by a
physical examination, vital signs, and clinical laboratory tests

including hematology, biochemistry, coagulation, and urinal-
ysis. HIV, treponema pallidum (TP), hepatitis B or C serol-
ogies, and human chorionic gonadotropin (for women) were
also included. Alcohol testing, drug abuse assessed by a urine
test, and electrocardiogram (ECG) were applied as well. The
exclusion criteria for selecting subjects were as follows:

1. Abnormality found on physical examination or presence
of acute or chronic disease requiring medical
intervention

2. Abnormal vital signs, including systolic blood pres-
sure ≥ 140 mmHg or < 90 mmHg, diastolic blood pres-
sure ≥ 90 mmHg; heart rate > 100 beats per minute or <
50 beats per minute; body temperature > 37.2 °C

3. Obese (body mass index ≥28 kg/m2) or low weight
[<50 kg (for men) or < 45 kg (for women)]

4. History of severe allergy to drugs or allergic constitution
5. Having taken any drugs within 2 weeks, and blood trans-

fusion or blood donation within 3 months before
screening

6. Heavy smokers (more than five cigarettes per day) or
excessive drinking (more than 36 g per day or positive
alcohol testing)

7. Womenwho were pregnant or postpartum for less than 1
year before

8. Drug abuse assessed by a positive urine test
9. Withdrawal of consent before specimen collection

10. Positive HIV, treponema pallidum (TP), or hepatitis B or
C serology

11. Abnormal laboratory tests [17] including fasting blood
glucose >7.0 mmol/L, AST or ALT >2 × upper limit of
institutional RIs, hemoglobin <110 g/L (for women) or
< 120 g/L (for men), cholesterol >8.04 mmol/L, and oth-
er irregular laboratory tests allowing diagnosis of current
disease by physicians

12. Significant ECG abnormality

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Xiamen University. Written in-
formed consent was obtained from each participant.

Specimen collection and handling

For blood sampling, volunteers were required to fast overnight
for at least 10 h before the day of sampling, tomaintain normal
life habits, and to refrain from strenuous exercise 3 days be-
fore specimen collection. The venous blood samples for he-
matology were collected in 5 mL K2-EDTA tubes (BD
Company, USA). Serum samples for clinical chemistry were
collected in 5 mL gel separator tubes (Golden Company,
China), and were left at room temperature for 30 min to clot,
then centrifuged for 10min at 1200×g (USTCChuangxin Co.,
Ltd. ZonKia Branch, China). The plasma specimens for
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coagulation analysis were collected in the tubes containing a
1:9 volume of 109 mmol/L trisodium citrate (BD Company,
USA), and were centrifuged at 3000 rpm for 10 min (USTC
Chuangxin Co., Ltd.) at room temperature. All samples were
analyzed by the same laboratory auto-analyzers within 4 h
(within 2 h for coagulation). Clean midstream urine was col-
lected as well.

Instrumentation and assays

A calibrated Beckman Coulter Unicel DxC 800 automatic
analyzer (CA, USA) was applied to measure the biochemical
analytes in serum. Samples were calibrated (Beckman
Coulter, Inc., USA) prior to analysis. All reagents, including
calibrators and controls, were provided by Beckman Coulter,
Inc. (CA, USA). The following 16 analytes were detected:
albumin (ALB), globulin (GLO), total protein (TP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TBIL), direct bilirubin (DBIL), indirect biliru-
bin (NBIL), urea (UR), creatinine (Cr), uric acid (UA), potas-
sium (K), sodium (Na), chlorine (Cl), calcium (Ca). HIV,
Treponema pallidum (TP), and hepatitis C serologies were
detected by the chemiluminescence method, and hepatitis B
serology was tested by the manual ELISAmethod. An Aution
Max AX-4030 urine analyzer (Kyoto, Japan) was applied to
measure the urine samples. Hematology and coagulation tests
were measured by Sysmex XN-10 and Sysmex Cs-2000i au-
tomated analyzers (Kobe, Japan). All assays were carried out
according to the manufacturers' instructions. To minimize er-
rors, the pre-analysis, analysis, and post-analysis processes
were performed according to standard operating procedures
recommended by the National Committee for Clinical
Laboratory Standards (NCCLS). For quality control, two sam-
ples of known analyte concentrations, PreciNorm U (normal)
and PreciPath U (abnormal), were tested with each batch of
analyses. Analytical performance for precision and accuracy
was demonstrated according to the EP 15A standard recom-
mended by the NCCLS. PreciNorm U and PreciPath U were
used to estimate precision. The within-run coefficient of var-
iation (CV) and total CV were calculated. The estimated total
coefficient of variation and the percent bias were all less than
one-half of CLIA ’88.

Statistical analyses

All statistical data were analyzed with SPSS version 23.0 soft-
ware (IBM, USA). The determination of RIs in this study was
performed according to the CLSI C28-A3 guideline [16].
Dixon-Reed’s outlier method was used to exclude outliers.
After excluding outliers, a non-parametric method was used
to calculate the RIs, and the lower and upper reference limits
were assumed to indicate the estimated 2.5th and 97.5th per-
centiles. The 90% confidence intervals (CI) for the lower limit

and upper limit were predicted by the bootstrap method con-
ducted with SPSS. The subjects were divided into two sub-
groups according to gender. Age-partitioning was also applied
in men. Whether separate intervals would be desired for a
defined subclass of subjects was tested by Harris and Boyd’s
method (Z-test). Stem-and-leaf plots and normal Q-Q plots
were used for the data distribution. If the original data were
highly skewed, then a simple transformation, such as the log
transform, was used to produce a distribution of values much
closer to the Gaussian form.

The out-of-range (OOR) values were calculated by RIs
provided by our laboratory (institutional RIs) to examine the
degree of difference between RIs for identifying healthy indi-
viduals enrolled in this study. The institutional RIs were from
the reagent inserts (Beckman Coulter, Inc., USA). A Pearson
chi-square or Fisher’s exact test was used to comparing the
differences in OOR value between the male and female
groups. Correlations between age and biochemical analytes
were tested by Pearson correlation analyses.

Results

Screening assessment of healthy volunteers in clinical
pharmacology trials

A total of 269 subjects were excluded and 773 healthy indi-
viduals (552male and 221 female) were ultimately included in
the study. The detailed screening assessment of healthy vol-
unteers in clinical pharmacology trials is shown in
Supplementary File 1, available online at the European
Journal of Clinical Pharmacology.

Demographic characteristics of the study population

The main characteristics of the participants in the study are
described in Table 1. Among the 773 screened participants,
552 participant (71.41%) were male, and 221 (28.59%) were
female. These participants were predominantly young adults,
and more than half were under 25 years old. The average age
of this population was 26.57 (±7.38) years.

RIs of 16 biochemical analytes for healthy Chinese
volunteers during the screening process in clinical
pharmacology trials

Table 2 shows an overview of the RIs of 16 biochemical
analytes for healthy Chinese volunteers during the screening
process in clinical pharmacology trials. The results for albu-
min, ALT, urea, creatinine, uric acid, total bilirubin, direct
bilirubin, indirect bilirubin, potassium, and calcium appeared
generally higher in men than in women (P < 0.001, and Z >
Z*). Conversely, women had markedly higher levels of
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globulin and chlorine (P < 0.001, and Z > Z*) than men. In the
other analytes, no significant differences were found between
the two groups. The RIs of albumin were partitioned by age in
men, while other biochemistry analytes were not available for
partitioning by age. Compared with the institutional RIs, our
RIs had higher upper limits of ALT, uric acid, total bilirubin,
direct bilirubin, and indirect bilirubin, but smaller lower
limits of albumin (for women), urea, creatinine, and potassi-
um. Comparisons between RIs established in the present study
and RIs reported in the existing literature [12, 17–21] are
shown in Supplementary File 2, available online at the
European Journal of Clinical Pharmacology. The RIs for
biochemical analytes established in this study were quite dif-
ferent from those reported in the existing literature, especially
for albumin, ALT, urea, creatinine, uric acid, total bilirubin,
direct bilirubin, indirect bilirubin, and potassium.

Out-of-range values calculated by institutional RIs

Out-of-range values calculated by institutional RIs are also
shown in Table 2. Using the institutional RIs, the proportion
of results with abnormal amylase levels exceeded 5% for sev-
en analytes, including urea (30.79%), creatinine (5.44% for
men and 29.86% for women), uric acid (6.52% for men), total
bilirubin (12.29%), indirect bilirubin (12.81%), and potassium
(6.60%). The proportion of results higher than institutional
RIs for total bilirubin and indirect bilirubin was generally
greater in men than in women (P < 0.05), and the proportion

of results lower than institutional RIs for AST was also gen-
erally greater in men than in women (P < 0.05). Women had a
significantly greater proportion of results lower than institu-
tional RIs for albumin, urea, creatinine, and calcium
(P < 0.05) compared with men.

Correlations between age and biochemical analytes

Correlations between age and biochemical analytes are shown
in Table 3. Significant correlations were observed between
age and albumin, total protein, ALT, AST, uric acid, total
bilirubin, indirect bilirubin, calcium, and glucose in men.
Meanwhile, significant correlations were also observed be-
tween age and albumin, total protein, uric acid, and glucose
in women.

Discussion

Healthy volunteers in clinical pharmacology trials tend to be a
special subgroup of the general population because of their
unique demographic characteristics. Several reports [14,
22–24] have shown that these volunteers are predominantly
young men, with low income, poor education, and high rates
of unemployment, and who are easily influenced by the offer
of financial compensation. However, RIs tend to be confined
to the general population, and RIs for this special subgroup are
limited. The main advantage of this study is that the establish-
ment of RIs used direct sampling techniques, which ensured
their high accuracy. Moreover, adequate reference individuals
who completely meet the definition of “healthy” are optimal
for the establishment of RIs. Fortunately, the physical condi-
tion of healthy volunteers is strictly assessed in clinical phar-
macology trials. Fewer individuals with latent disease and
more healthy individuals could be ideally included in this
study. Therefore, the sampling bias was greatly reduced, and
it is also one of the advantages of our study. The large sample
size of volunteers recruited is another strength of our study.

Partitioning certain RIs by gender has generally been used
in most clinical laboratories. It is interesting to note that
gender-specific differences in albumin, globulin, bilirubin,
urea, potassium, calcium, and chlorine were found in this
study. Gender-specific differences in out-of-range values for
most of these analytes were also observed. Similar to our
results, Yang et al. [21] reported that gender differences in
bilirubin and urea existed in a Chinese Han population.
Moreover, the majority of the current trial population was
young individuals, 53.17% of whom were under 25 years
old. Given this result, the gender differences may be partly
explained by this demographic characteristic. For instance,
gender differences in bilirubin and albumin have been report-
ed in several studies which included young adults only
[25–27]. In addition, gender-specific differences were

Table 1 Demographic characteristics of the study population

Characteristics Male Female Total

No. (%) 552 (71.41) 221 (28.59) 773 (100)

18–24 years 287 (37.13) 124(16.04) 411 (53.17)

25–35 years 207 (26.78) 54 (6.99) 261 (33.77)

36–45 years
46–55 years

50 (6.47)
8 (1.03)

30 (3.88)
13 (1.68)

80 (10.35)
21 (2.71)

Age (years) 26.35 ± 6.76 26.94 ± 8.61 26.57 ± 7.38

Ethnicity (n, %)
Han
Tujia
She
Others

512 (66.24)
9 (1.16)
4 (0.52)
27 (3.49)

200 (25.87)
4 (0.52)
4 (0.52)
13 (1.68)

712 (92.11)
13 (1.68)
8 (1.04)
40 (5.17)

Height (cm) 168.4 ± 6.2 157.2 ± 6.1 165.2 ± 7.9

Weight (kg) 62.7 ± 7.1 54.7 ± 6.1 60.5 ± 7.7

BMI (kg/m2) 22.1 ± 2.2 22.1 ± 2.3 22.2 ± 2.3

SBP (mmHg) 121 ± 11 113 ± 12 118 ± 12

DBP (mmHg) 70 ± 9 66 ± 8 69 ± 9

Heart rate (beats per minute) 76 ± 11 79 ± 10 77 ± 11

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure

Values are presented as the mean ± SD unless otherwise indicated
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Table 2 RIs and out-of-range values of 16 biochemical analytes for healthy Chinese volunteers in clinical pharmacology trials

Analytes Gender No. Z Institutional RIs 2.5th (90% CI) 97.5th (90% CI) Number of results outside institutional RIs

Low (%) High (%) Total (%)

ALB
(g/L)

Combined 773 7.76* 40–55 39 (38–39) 51 (51–52) 30 (3.88) 0 (0.00) 30 (3.88)

Male
18–24 years
>24 years

552
287
265

NA 40 (39–40)
41 (40–42)
39 (37–39)

52. (51.–52.)
52 (52–53)
51 (i51–52)

13 (2.36)** 0 (0.00) 13 (2.36)**

Female 221 NA 38 (37–38) 50 (49–51) 17 (7.69) 0 (0.00) 17 (7.69)

GLO
(g/L)

Combined 773 6.44* 20–40 24 (24–25) 40 (39–42) 1 (0.13) 17 (2.20) 18 (2.33)

Male 552 NA 24 (24–25) 38 (37–40) 1 (0.18) 8 (1.345)** 9 (1.63)**

Female 221 NA 25 (24–26) 42 (41–42) 0 (0.00) 9 (4.07) 9 (4.07)

TP
(g/L)

Combined 773 0.13 65–85 67 (66–68) 86 (85–87) 7 (0.91) 23 (2.98) 30 (3.89)

Male 552 NA 66 (65–68) 86 (85–87) 6 (1.09) 18 (3.26) 24 (4.35)

Female 221 NA 67 (66–68) 86 (85–88) 1 (0.45) 5 (2.26) 6 (2.71)

ALT
(U/L)

Combined 773 9.84* NA 12 (12–12) 57 (49–64) 0 (0.00) 27 (3.49) 27 (3.49)

Male 552 9–50 13 (12–13) 62 (53–71) 0 (0.00) 22 (3.99) 22 (3.99)

Female 221 7–40 11 (10–12) 44 (30–56) 0 (0.00) 5 (2.26) 5 (2.26)

AST
(U/L)

Combined 773 4.21 NA 14 (14–15) 37 (34–40) 14 (1.81) 13 (1.68) 27 (3.49)

Male 552 15–40 14 (13–15) 38 (34–41) 14 (2.54)** 8 (1.45) 22 (3.99)

Female 221 13–35 14 (14–15) 34 (30–43) 0 (0.00) 5 (2.26) 5 (2.26)

UR
(mmol/L)

Combined 773 6.87* 2.90–8.20 1.88 (1.77–2.01) 5.76 (5.62–5.92) 238 (30.79) 0 (0.00) 238 (30.79)

Male 552 NA 2.08 (1.81–2.20) 5.90 (5.68–6.18) 138 (25.00)** 0 (0.00) 138 (25.00)**

Female 221 NA 1.58 (1.34–1.94) 5.14 (4.79–5.42) 100 (45.25) 0 (0.00) 100 (45.25)

Cr
(μmol/L)

Combined 773 25.34* NA 44 (44–46) 105 (103–108) 88 (11.38) 8 (1.03) 96 (12.41)

Male 552 62–115 60 (59–61) 108 (105–113) 23 (4.17)** 7 (1.27) 30 (5.44)**

Female 221 53–97 41 (39–43) 82 (78–84) 65 (29.41) 1 (0.45) 66 (29.86)

UA
(μmol/L)

Combined 773 6.06* NA 216 (208–222) 538 (516–578) 3 (0.39) 41 (5.30) 44 (5.69)

Male 552 208–506 250 (235–263) 578 (529–619) 2 (0.36) 34 (6.16) 36 (6.52)

Female 221 149–446 197 (173–207) 463 (438–508) 1 (0.45) 7 (3.17) 8 (3.62)

TBIL
(umol/L)

Combined 773 7.09* 2.0–24.7 8.9 (8.3–9.8) 32.9 (31.2–34.0) 0 (0.00) 95 (12.29) 95 (12.29)

Male 552 NA 9.0 (8.3–10.1) 33.2 (32.0–34.3) 0 (0.00) 85 (15.40)** 85 (15.40)**

Female 221 NA 8.4 (7.0–9.8) 30.1 (25.2–36.4) 0 (0.00) 10 (4.52) 10 (4.52)

NBIL
(μmol/L)

Combined 773 6.39* 0.1–20.0 6.0 (5.3–6.9) 27.7 (25.9–29.0) 0 (0.00) 99 (12.81) 99 (12.81)

Male 552 NA 6.2 (5.4–7.0) 28.1 (27.0–29.4) 0 (0.00) 89 (16.12)** 89 (16.12)**

Female 221 NA 5.4 (3.9–7.3) 24.7 (20.9–29.1) 0 (0.00) 10 (4.52) 10 (4.52)

DBIL
(μmol/L)

Combined 773 6.25* 0.1–9.0 1.4 (1.2–1.6) 6.2 (6.0–6.5) 0 (0.00) 1 (0.13) 1 (0.13)

Male 552 NA 1.7 (1.6–1.9) 6.3 (6.0–6.5) 0 (0.00) 1 (0.18) 1 (0.18)

Female 221 NA 0.9 (0.8–1.3) 5.8 (5.0–6.8) 0 (0.00) 0 (0.00) 0 (0.00)

Na
(mmol/L)

Combined 773 5.24 137–147 137 (137–138) 145 (145–146) 7 (0.91) 0 (0.00) 4 (0.72)

Male 552 NA 138 (137–138) 146 (145–146) 4 (0.72) 0 (0.00) 4 (0.72)

Female 221 NA 137 (136–137) 145 (144–146) 3 (1.36) 0 (0.00) 3 (1.36)

K
(mmol/L)

Combined 773 6.63* 3.5–5.3 3.3 (3.3–3.4) 4.5 (4.5–4.6) 51 (6.60) 0 (0.00) 51 (6.60)

Male 552 NA 3.4 (3.3–3.4) 4.6 (4.5–4.6) 32 (5.80) 0 (0.00) 32 (5.80)

Female 221 NA 3.3 (3.2–3.4) 4.4 (4.2–4.5) 19 (8.60) 0 (0.00) 19 (8.60)

Cl
(mmol/L)

Combined 773 6.11* 99–110 99 (99–99) 108 (107–108) 12 (1.55) 0 (0.00) 12 (1.55)

Male 552 NA 99 (98–99) 107 (107–108) 9 (1.63) 0 (0.00) 9 (1.63)

Female 221 NA 99 (98–100) 108 (108–108) 3 (1.36) 0 (0.00) 3 (1.36)

Ca
(mmol/L)

Combined 773 9.57* 2.10–2.80 2.16 (2.14–2.17) 2.55 (2.53–2.57) 3 (0.39) 0 (0.00) 3 (0.39)

Male 552 NA 2.20 (2.17–2.20) 2.56 (2.55–2.58) 0 (0.00)** 0 (0.00) 0 (0.00)**

Female 221 NA 2.12 (2.08–2.15) 2.48 (2.45–2.51) 3 (1.36) 0 (0.00) 3 (1.36)

Glu Combined 773 1.31 3.90–6.10 4.09 (4.08–4.16) 5.62 (5.58–5.67) 3 (0.39) 1 (0.13) 4 (0.52)
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observed for the 12- to 29-year-old age group for chloride and
the 20- to 39-year-old age group for calcium in a nationwide
survey [28]. Therefore, these gender-specific differences may
be due to the specific RIs from a relatively young, healthy
Chinese population. Partitioning by age also plays a vital role
in the establishment of RIs. In agreement with Adeli et al.’s
study [28], our results showed that the RIs of albumin should
be partitioned by age in men, and individuals aged <25 years

had higher levels of albumin. This is further proof that
reevaluating the RIs in this population is important. Of note,
other analytes were not available for partitioning by age in
men. Typically, 45 or 50 years of age is used as the boundary
for age-partitioning in establishing RIs for adults [12, 18, 20,
28]; therefore, this result may be attributed to the narrow age
range in this target population, almost 97.5% of whom were
aged ≤45 years.

In addition to gender-specific differences, noticeable dif-
ferences between the newly established RIs and RIs provided
by our laboratory or existing literature were also observed,
especially for albumin, ALT, urea, creatinine, uric acid, bili-
rubin, and potassium. In accordance with previous studies in
Chinese populations [9, 21], the upper limits of RIs for biliru-
bin and ALT were much higher than those of institutional RIs.
Similarly, the RIs of AST, creatinine, bilirubin, and potassium
showed a great difference compared with those from the same
reagent inserts in a multicenter study in China [20]. Hence, the
fact that the reference population differed from those of re-
agent inserts may be an important contributor to our findings.
There are, however, other possible explanations. First, given
that over 60% of individuals in the present study who had
abnormal levels of serum bilirubin were men aged <25 years
(data not shown), the prevalence of Gilbert’s syndrome might
be relatively high in these individuals, as Gilbert’s syndrome
usually induces elevated indirect bilirubin in young asymp-
tomatic individuals [29, 30]. Second, our results also showed
that the levels of bilirubin and ALT were negative with age in
men. This means that young male individuals have higher
levels of bilirubin and ALT, and this result could be another
contributor. Conversely, the lower limit of RIs for urea and
creatinine (especially in women) was much lower than those
of institutional RIs. The RIs of urea in women were thought to
have an age-related change and should be partitioned by age
[12, 20], and a similar low RI with 1.9-5.1 mmol/L for urea in
women aged <45 years was reported in another study using

Table 3 Pearson correlations between age and biochemistry analytes

Analytes Male correlation Female correlation

r P r P

ALB −0.285 0.000** −0.365 0.000**

GLO 0.025 0.56 0.037 0.586

TP −0.174 0.000** −0.200 0.003*

ALT −0.097 0.022* 0.039 0.560

AST 0.151 0.000** −0.019 0.778

UR 0.065 0.128 0.082 0.224

Cr 0.001 0.988 −0.019 0.778

UA −0.122 0.004* −0.262 0.000**

TBIL −0.098 0.021* −0.043 0.521

NBIL −0.098 0.022* −0.131 0.053

DBIL −0.033 0.444 −0.131 0.053

K 0.018 0.677 0.066 0.327

Na −0.010 0.823 0.099 0.143

CL 0.050 0.240 0.049 0.470

Ca −0.261 0.000** −0.114 0.090

Glu 0.108 0.011* 0.180 0.007*

ALB, albumin; GLO, globulin; TP, total protein; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; UR, urea; Cr, creatinine;
UA, uric acid; TBIL, total bilirubin; NBIL, indirect bilirubin; DBIL,
direct bilirubin; K, potassium; Na, sodium; CL, chlorine; Ca, calcium;
Glu, glucose; ** P < 0.001, * P < 0.05

Table 2 (continued)

Analytes Gender No. Z Institutional RIs 2.5th (90% CI) 97.5th (90% CI) Number of results outside institutional RIs

Low (%) High (%) Total (%)

(mmol/L) Male 552 NA 4.11 (4.08–4.18) 5.62 (2.58–2.68) 2 (0.36) 1 (0.18) 3 (0.54)

Female 221 NA 4.07 (3.97–4.16) 5.59 (5.47–5.66) 1 (0.45) 0 (0.00) 1 (0.45)

ALB, albumin (Bromocresol green method); GLO, globulin (calculated with TP and ALB); TP, total protein (biuret reaction); ALT, alanine amino-
transferase (IFCC standard method [without pyridoxal phosphate activation]); AST, aspartate aminotransferase (IFCC standard method [without
pyridoxal phosphate activation[); UR, urea (Beckman-Conductivity); Cr, creatinine (alkaline picrate method); UA, uric acid (uricase peroxidase
method); TBIL, total bilirubin (vanadate oxidation method); NBIL, indirect bilirubin (vanadate oxidation method); DBIL, direct bilirubin (vanadate
oxidation method); K, potassium (ion-selective electrode method); Na, sodium (ion-selective electrode method); Cl, chlorine (ion-selective electrode
method); Ca, calcium (O-cresolphthalein complex method); Glu, glucose (glucose oxidase method); NA, not available; RIs, reference intervals; CI,
confidence intervals

* P < 0.001 between the male and female groups, and Z > Z* (Z* =5.38)

**P < 0.05 between the male and female groups
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the same analyzer [18]. Furthermore, as we have shown,
women had lower RIs (38-50 g/L) of albumin and a greater
proportion (7.69%) of results lower than institutional RIs due
to low socioeconomic status, and an inadequate protein intake
may also lead to lower urea or creatinine [31]. More interest-
ingly, the lower RIs of potassium and a high proportion
(6.60%) of results lower than institutional RIs were found in
our study, especially in women. These findings seem to be
consistent with other research [32]. Another prior study dem-
onstrated that socioeconomic disadvantage is associated with
unfavorable aspects of dietary potassium intake in young
women [33], indicating that the depressed lower limits of po-
tassium may be related to the lower potassium intake due to a
low socioeconomic status in this trial population.

According to the present results, we can conclude that our
RIs are more applicable to the current trial population than our
institutional RIs, which is a meaningful finding for the screen-
ing process in clinical pharmacology trials. It was suggested
that a high number of false positives existed in healthy volun-
teers in clinical trials due to an a priori chance of disease in the
trial population [2, 15]. When the institutional RIs were used
as the inclusion and exclusion criteria during the screening
process, over 40% of healthy volunteers in the present study
were excluded owing to laboratory abnormalities, the majority
of which were thought to be false-positive results (data not
shown). Similarly, data from several studies suggest that over
half of the volunteers would be screened out of a trial if RIs
not derived from the local population were used [26, 27]. The
problem of false-positive results in laboratory tests may be
attributed in part to the use of RIs which are not applicable
to the trial population. Thus, the use of improper laboratory
RIs may falsely exclude eligible healthy volunteers from par-
ticipating in drug clinical trials, increasing the workload and
cost associated with the screening process [34]. Given this
view, RIs with three standard deviations or slight elevation
(10-20% of the upper limit) are recommended for the purpose
of screening healthy volunteers for clinical trials [2, 15]. If the
RIs in this study are used, few volunteers will be falsely ex-
cluded. Therefore, the newly established RIs can serve as a
powerful clinical tool during the screening process in clinical
pharmacology trials. Even so, the problem of false negatives
should also be considered, especially when these RIs are ap-
plied in evaluating drug safety and maximum tolerated dose.
A combination of clinical decision limits and these RIs should
be considered as a much more reliable way to avoid this
problem.

Despite the intriguing findings of our study, several impor-
tant limitations should be taken into account. First, the imbal-
ance in sample size between genders may have a potential
impact on the establishment of the RIs. Second, the small size
of the female sample did not allow RIs to be partitioned by age
in that group. Third, a secondary exclusion after recruitment
was applied in this study according to the suggestions

provided by the IFCC [35], which led to a narrower reference
range. Last but not least, the newly established RIs were based
on a relatively young, healthy population, which was also
considered to be free of disease after medical examination.
These RIs should only be applied to a trial population (aged
≤45 years optimally) under the study conditions and using the
same instruments. If any condition changes (e.g. population,
instrument), these RIs should be reverified.

Conclusions

In summary, for the first time in China, this study reports
RIs of 16 biochemical analytes for use when screening a
defined special subgroup of a healthy Chinese population
in clinical pharmacology trials. Since this was a special
subgroup of the general population, noticeable differences
between the newly established RIs and RIs provided by our
laboratory or existing literature were also observed.
Compared with our institutional RIs, the newly established
RIs are more applicable to the current trial population.
Hence, the RIs in this study can serve as a powerful clinical
tool during the screening process in clinical pharmacology
trials. Nevertheless, these RIs should be reverified if any
condition changes. The results also emphasize the impor-
tance of reestablishing RIs which are more applicable to
local trial populations.
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