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Abstract

Laboratory tests of adolescents are often interpreted by using reference intervals derived

from adults, even though these populations differ in their physical and physiologic character-

istics and disease susceptibility. Therefore, to examine the distribution of laboratory values

specific for adolescents, we analyzed hematologic and biochemical measurements

obtained from 12,023 healthy Japanese adolescents (ages 15 through 18 years; male,

9165; female, 2858) during 2009 through 2018. Distributions were shown as medians with

95% (2.5th and 97.5th percentiles) of values and were compared with those from previous

studies that examined similar Asian populations. There were some differences between

hematologic parameters, serum creatinine and uric acid concentration, and lipid levels of

Japanese adults and adolescents. In comparison with other Asian populations, the distribu-

tions of serum uric acid and high-density–lipoprotein cholesterol in the present study were

slightly higher than those in the other studies. Although further research is need, the distribu-

tions of hematologic and biochemical tests in adolescents may have the potential to facilitate

the early identification and management of disease in this population.

Introduction

Reference intervals play critical roles in the interpretation of laboratory parameters and enable

disease risk assessment in asymptomatic people. Because adolescents are in the transitional

phases of growth and development, they differ from children and adults in physical and physi-

ologic characteristics and disease susceptibility. Despite previous studies that showed differ-

ences in laboratory reference intervals between adolescents and adults [1, 2], laboratory tests

of adolescents typically are interpreted by using reference intervals derived from adult

populations.

In general, the sooner reversible risk factors are corrected, the lower the likelihood of poten-

tial future disease [3]. Therefore, early identification of abnormal laboratory values will enable

early intervention and benefit adolescents at high risk for various diseases. However,
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adequately assessing the risk of disease in adolescents requires laboratory reference intervals

specific for this age group.

Establishing accurate and useful laboratory reference intervals for adolescents has been

hampered by difficulty in recruiting a sufficiently large number of ‘healthy’ study subjects. Pre-

vious adolescent reference intervals from Japan are limited in utility because they were devel-

oped by using data from small numbers of hospitalized patients [4]. In addition, because

students in Japan are not obligated to undergo routine hematology and clinical chemistry

screening, laboratory data from healthy high-school adolescents are sparse.

In the current study, we analyzed the hematologic and biochemical parameters of more than

12,000 healthy Japanese high-school students to examine the distributions of laboratory values.

Materials and methods

Study design and participants

This study was approved by the Keio University School of Medicine Ethics Committee

(Approved No. 2018–0253) and was conducted in accordance with the Declaration of Hel-

sinki. According to the local ethical committee guidelines, written informed consent was

waived, and opt-out methods was adopted to allow individuals who refuse to participant in the

study to directly contact and indicate their intention to us.

This cross-sectional study included Japanese male and female high-school adolescents who

ranged in age from 15 to 18 years and received annual medical checkups at the Keio University

Health Center during 2009 through 2018. All participants were enrolled in 4 high schools in

Tokyo and suburban Tokyo, Japan. Exclusion criteria for this study were: (1) body mass index

(BMI) <17.0 kg/m2 or�25.0 kg/m2; (2) systolic blood pressure (BP)�140 mm Hg or diastolic

BP�90 mm Hg; (3) maintenance medications for chronic diseases; (4) current pregnancy or

within 1 year after childbirth; (5) hospitalization during the preceding 1 month; and (6) past or

present medical history of heart disease, renal disease, diabetes mellitus, autoimmune disease,

chronic infectious disease, or cancer.

Anthropometric and biochemical measurements

Standing height and body weight were measured without shoes and outer clothing. BMI was

calculated as body weight divided by the square of the height (kg/m2). BP was measured by a

trained nurse using an electronic sphygmomanometer (BP-103i II, Omron Colin Co, Ltd.,

Tokyo, Japan) on the right arm of a seated participant. When the measured BP was�140/90

mm Hg (2009 through 2010) or�140/85 mm Hg (2011 through 2018), the BP was re-mea-

sured during that clinical visit, and the last measurement was used for the analysis.

Blood samples were collected under non-fasting conditions. For hematologic tests, periph-

eral blood cells were counted by using flow cytometry. For biochemical assays, serum creati-

nine was measured by using the enzymatic method, uric acid by the uricase/peroxidase

method, and high-density–lipoprotein cholesterol (HDLC) and low-density–lipoprotein cho-

lesterol (LDLC) by the direct method.

Statistical analyses

Baseline characteristics were summarized as means (standard deviation [SD]) for continuous

variables and as frequencies (percentages) for categorical variables. To capture the natural

spread of values for each parameter in healthy adolescents, no outliers were deleted. The distri-

butions were shown as medians with 95% (between the 2.5th and 97.5th percentiles) of value.

In addition, means ± SD were determined for comparison with median values. All statistical
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analyses were performed by using SPSS software (version 25.0, IBM Corporation, Armonk,

New York, USA).

Results

A total of 14,149 adolescents received school-required health checkups during 2009 through

2018 (Fig 1). Of the 13,742 students that underwent hematology and clinical chemistry tests,

1719 persons (12.5%) were excluded because of BMI <17.0 kg/m2 (n = 500) or�25.0 kg/m2

(n = 742); high BP defined as systolic BP�140 mm Hg or diastolic BP�90 mm Hg (n = 30);

maintenance medications for chronic diseases (n = 343); hospitalization during the previous 1

month (n = 4); past or present medical history of heart disease (n = 123), renal disease

(n = 40), diabetes mellitus (n = 7), autoimmune disease (n = 19), chronic infectious disease

(n = 2), or cancer (n = 29); and missing anthropometric data (n = 7). Of the 1719 persons

excluded, 127 fulfilled more than one exclusion criterion.

The total 14,149 students received health checkups during 2009 through 2018. Because of

incomplete data collection, 407 students were excluded. Of the 13,742 participants, 1,719 par-

ticipants were excluded because of health conditions that can affect the results of hematologic

and biochemical parameters.

Fig 1. Flow chart for the participant selection.

https://doi.org/10.1371/journal.pone.0242272.g001
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The final analytical sample comprised 12,023 adolescents (male, 9165; female, 2858), and the

characteristics of the study population are shown in Table 1. Almost all participants belonged to

a single, cohesive ethnic group native to Japan; none of the participants used tobacco products

or drank alcohol. Most (80.0%) of the male participants were 16 years old, whereas 91.2% of the

female participants were 15 years old. Mean BMI was 20.6 (SD, 1.8) kg/m2 in male students and

19.9 (SD, 1.7) kg/m2 in female adolescents, respectively. Mean BPs were 113.0/62.1 (SD, 11.9/

8.5) mm Hg in male subjects and 107.4/60.6 (SD, 11.9/8.1) mm Hg in female students.

Hematologic and biochemical parameters from our study population were stratified

according to sex and are reported in Table 2 as median values with 95% (i.e., 2.5th through

97.5th percentile) of values or as mean ± SD, as appropriate. We also showed the median val-

ues and mean after the outlier removal based on 3SD methods in S1 Table. Because there is no

consensus about whether to include or not outliers, we compared the values derived from data

that include outliers (Table 2) and those from data that exclude ± 3SD outliers (S1 Table).

However, there was little effect of excluding outliers. We then compared the data from our

adolescent participants with the reference intervals from previous studies [4–8] that examined

similar populations (Table 3).

Discussion

In the present study, we focused on examining the distribution of hematologic and biochemi-

cal parameters in Japanese high-school adolescents. In Japan, high-school students range in

age from 15 through 18 years, which is a crucial period for the prevention of non-communica-

ble diseases [3]. Hematologic and biochemical examination in adolescents is an essential tool

for early identification of preventable risk factors for and diagnosis of various diseases. For

example, a deranged complete blood count often is the first clue of hematologic malignancies

and anemia [9]; serum creatinine is commonly used to assess renal function and detect chronic

kidney disease [10]; serum uric acid is sometimes useful to reveal hidden asymptomatic condi-

tions including malignant disorders, hereditary diseases, and drug side effects [11]; and ele-

vated levels of HDLC and LDLC in adolescents are frequently the first indicators of genetic

dyslipidemias, such as familial hypercholesterolemia [12].

Consistent with adolescence as a transitional phase of growth and development between

childhood and adulthood, hematologic and biochemical parameters differ somewhat between

adolescents and adults [1, 2]. Compared with our current results for Japanese high-schoolers,

Japanese adults have lower WBC, RBC, and platelet counts; lower creatinine and uric acid con-

centrations, and higher LDLC values [13]. Therefore, to detect hematologic and biochemistry

abnormalities in adolescents, reference intervals specific to this age group should be established.

Table 1. Characteristics of the study population.

Male (n = 9165) Female (n = 2858)

Age

15 years, n (%) 934 (10.2) 2606 (91.2)

16 years, n (%) 7332 (80.0) 252 (8.8)

17 years, n (%) 883 (9.6) 0 (0.0)

18 years, n (%) 16 (0.2) 0 (0.0)

Height, cm, mean (SD) 170.8 (5.6) 158.6 (5.2)

Weight, kg, mean (SD) 60.1 (6.7) 50.1 (5.1)

Body mass index, kg/m2, mean (SD) 20.6 (1.8) 19.9 (1.7)

Systolic blood pressure, mm Hg, mean (SD) 113.0 (11.9) 107.4 (11.9)

Diastolic blood pressure, mm Hg, mean (SD) 62.1 (8.5) 60.6 (8.1)

https://doi.org/10.1371/journal.pone.0242272.t001
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During the last decade, several studies have reported adolescent reference intervals for vari-

ous routine biochemical parameters, in countries other than Japan. These efforts include the

MoYo (Motivating Young people to maintain a healthy life-style) project in Austria [14]; the

combined COPENHAGEN Puberty study and the Falun project in Denmark and Sweden

[15]; the CSCC (Canadian Society of Clinical Chemistry) [1], CALIPER (Canadian Laboratory

Initiative on Pediatric Reference Intervals) [16], and CHMS (Canadian Health Measures Sur-

vey) [17] projects in Canada; CASPIAN (Childhood and Adolescent Surveillance and Preven-

tion of Adult Non-communicable diseases)–III in Iran [7]; KICoS (Kisumu Incidence Cohort

Study) in western Kenya [18]; and other studies conducted in India [5], China [6], Korea [8],

and Canada [19]. However, the reference intervals defined for creatinine, uric acid, HDLC,

and LDLC, in particular, vary widely among studies, perhaps due at least in part to racial or

ethnic differences [6]. Among Asian populations, the reference ranges for creatinine and uric

acid in Chinese adolescents are closer to those for Korean high-school students [6]. Moreover,

the height and weight of Japanese [20] and other Asian [6] adolescents are generally much

lower than those of their counterparts who live in the United States [21] and Europe [22].

Therefore, in consideration of the possible confounding effect of ethnicity, we compared our

current results with those of previous studies that examined Asian populations [4–8] (Table 3).

In the present study, the distribution of serum creatinine in male high-schoolers (0.62–1.02

mg/dL) was similar to those in other Japanese [4], Chinese [6], and Korean [8] studies; higher

than that in an Indian study [5]; and lower than that in an Iranian study [7]. The distribution

that we report here for female Japanese adolescents (0.45–0.80 mg/dL) was almost equal to

that in a Chinese study [6]; slightly higher than those in other Japanese [4], Indian [5], and

Korean [8] studies; and considerably lower than that in an Iranian study [7]. The main reason

for these differences may be age. The previous Japanese study showed a progressive increase in

serum creatinine until age 20 years in male adolescents and until age 15 years in female stu-

dents [4], and the age range and creatinine values of the participants in the Iranian study [7]

were greater than those for all other studies [4–6, 8], including our own. In addition, although

the Jaffe method (used in the Korean study) is prone to overestimating serum creatinine con-

centration when compared with the enzymatic method [23], the measurement procedure did

not seem overall to influence creatinine reference intervals among the various studies.

The distributions of serum uric acid that we obtained here (male, 3.7–8.1 mg/dL; female,

3.0–6.6 mg/dL) were slightly higher than those in the other studies. Although little information

regarding factors that influence serum uric acid concentrations in adolescents is available,

Table 2. The distributions of hematologic and biochemical values in Japanese high-school adolescents, stratified according to sex.

Male participants (n = 9165) Female participants (n = 2858)

Parameter Median (95% interval) Mean ± SD Median (95% interval) Mean ± SD

WBC, /μL 6300 (4000–10600) 6519 ± 1690 6100 (3900–9700) 6255 ± 1481

RBC, ×106/μL 5.17 (4.57–5.82) 5.17 ± 0.32 4.59 (4.15–5.19) 4.60 ± 0.28

Hemoglobin, g/dL 15.2 (13.4–17.1) 15.2 ± 1.0 13.3 (10.9–15.0) 13.3 ± 1.0

Hematocrit, % 45.6 (40.4–50.5) 45.6 ± 2.6 40.9 (35.3–45.4) 40.8 ± 2.5

Platelets, ×103/μL 24.9 (16.9–35.7) 25.3 ± 4.7 26.1 (18.0–37.7) 26.5 ± 5.0

Creatinine, mg/dL 0.80 (0.62–1.02) 0.81 ± 0.10 0.60 (0.45–0.80) 0.61 ± 0.09

Uric acid, mg/dL 5.90 (3.70–8.10) 5.91 ± 1.07 4.60 (3.00–6.60) 4.64 ± 0.88

HDLC, mg/dL 62.0 (42.0–89.0) 63.1 ± 11.9 68.0 (47.0–96.0) 68.6 ± 12.2

LDLC, mg/dL 89.0 (53.0–141.0) 90.4 ± 22.4 99.0 (59.0–155.6) 101.0 ± 24.9

HDLC, high-density–lipoprotein cholesterol; LDLC, low-density–lipoprotein cholesterol; RBC, red blood cells; WBC, white blood cells

https://doi.org/10.1371/journal.pone.0242272.t002
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increased childhood BMI and low birth weight seem to be associated with increased serum

uric acid level [24, 25]. However, because neither the present study nor those we compared

included any data regarding childhood BMI or birth weight, the influence of these factors on

the differing uric acid levels is unclear. In contrast, increased current BMI is clearly associated

with increased serum uric acid [5]. In this regard, the mean BMIs of the participants in the

present study (male, 20.6 kg/m2; female, 19.9 kg/m2) were slightly higher than those in the Chi-

nese study (male, 20.2 kg/m2; female, 19.2 kg/m2) [6]. Therefore, although there is no direct

evidence, it is plausible that differences in BMI contribute to the differences in uric acid levels

among studies.

The HDLC levels in our Japanese adolescents were higher than those in two comparable

studies [5, 7], whereas LDLC levels were equivalent among all three studies. Age does not

appear to contribute to inter-study differences in HLDC levels, because serum HDLC

remained consistent regardless of age among 6- to 17-year-old Indian children and adolescents

[26]. According to a study in Brazilian children and adolescents, a low HDLC level is associ-

ated with paternal tobacco use, high levels of C-reactive protein, and a high triceps-to-subscap-

ular index [27]. We did not assess these parameters, and this may be one of the limitations of

the present study.

Table 3. Comparison of reference intervals in the current and previous studies.

This study Tanaka T. et al.

(4)

Bandesh K. et al. (5) Li Y. et al. (6) Kelishadi R. et al. (7) Cho S.M. et al. (8)

Japanese Japanese Indian Chinese Iranian Korean

Parameter Sex 95%

interval

age n 95%

interval

age n 95%

interval

age n 95%

interval

age n 95%

interval

age n 95%

interval

age n

WBC, /μL male 4000–

10600

16 9165 3800–

9600

16

female 3900–

9700

15 2858 3800–

9400

15

RBC, ×106/

μL

male 4.57–5.82 16 9165 4.28–5.65 16

female 4.15–5.19 15 2858 4.00–5.10 15

Hemoglobin,

g/dL

male 13.4–17.1 16 9165 12.8–16.7 16

female 10.9–15.0 15 2858 11.8–14.9 15

Hematocrit,

%

male 40.4–50.5 16 9165 36.6–48.5 16

female 35.3–45.4 15 2858 35.0–43.6 15

Platelets,

×103/μL

male 16.9–35.7 16 9165 17.0–40.0 16

female 18.0–37.7 15 2858 17.0–41.0 15

Creatinine,

mg/dL

male 0.62–1.02 16 9165 0.45–0.98 16 0.29–0.89 11–17 2296 0.49–1.03 16 151 1.1–1.6 15–19 147 0.45–0.98 13–16 188

female 0.45–0.80 15 2858 0.35–0.75 15 0.25–0.79 11–17 2534 0.47–1.02 15 143 1.1–1.6 15–19 147 0.37–0.72 9–14 752

Uric acid,

mg/dL

male 3.70–8.10 16 9165 3.70–7.65 16 2.52–7.91 11–17 2419 2.99–6.59 16 153 3.0–7.6 11–16 591

female 3.00–6.60 15 2858 2.90–6.35 15 2.03–6.13 11–17 2645 3.58–6.49 15 140 2.5–5.9 2–14 1168

HDLC, mg/

dL

male 42.0–89.0 16 9165 30.2–70.0 11–17 3099 31–72 16–19 1153

female 47.0–96.0 15 2858 30.2–72.7 11–17 3903 31–72 16–19 1153

LDLC, mg/

dL

male 53.0–

141.0

16 9165 44.5–140.4 11–17 3100 9.27–

172.20

9–17 3545

female 59.0–

155.6

15 2858 45.2–143.9 11–17 3900 9.27–

172.20

9–17 3545

HDLC, high-density–lipoprotein cholesterol; LDLC, low-density–lipoprotein cholesterol; RBC, red blood cells; WBC, white blood cells

Empty cells indicate that the data were unavailable. To convert from SI units to conventional units, SI units were divided by the following conversion factors: creatinine,

88.4; uric acid, 59.48; HDLC and LDLC, 0.02586.

https://doi.org/10.1371/journal.pone.0242272.t003
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Although there are some strengths such as a large sample size and recruiting ‘healthy’ study

subjects in the present study, our study has several limitations. First, because eligibility was

restricted to Japanese high-school adolescents living in an urban area, our findings may not be

generalizable to other racial and ethnic groups and different socioeconomic groups. However,

because the anthropometric data of our study are comparable to those obtained from a Japa-

nese national survey [20], our current results may be generalizable to other Japanese adoles-

cents. Second, we did not obtain any family history, birth information, or childhood health

information—all of which might have influenced the laboratory data we collected. Third, we

were unable to obtain other biochemical parameters—including triglycerides, glucose, and

liver enzymes—that are risk and diagnostic factors of dyslipidemia, diabetes mellitus, and

non-alcoholic fatty liver disease.

In conclusion, the distribution of hematologic and biochemical values of Japanese adoles-

cents were different from those of Japanese adults and those of other Asian adolescents. Exam-

ining the distributions of hematologic and biochemical parameters in adolescents will

potential to contribute to the early identification and prevention of lifestyle-related diseases

and merits future research.

Supporting information

S1 Table. The distributions of hematologic and biochemical values after the outlier

removal.

(DOCX)

Acknowledgments

The authors would like to express our sincere appreciation to all the staff of Keio University

Health Center.

Author Contributions

Conceptualization: Tatsuhiko Azegami, Tomoyasu Nishimura.

Data curation: Tatsuhiko Azegami, Tomoyasu Nishimura, Ayano Murai-Takeda, Nobuko

Yamada-Goto.

Formal analysis: Tatsuhiko Azegami, Yasunori Sato.

Investigation: Tatsuhiko Azegami.

Methodology: Tatsuhiko Azegami.

Project administration: Tatsuhiko Azegami.

Supervision: Yasunori Sato, Masaaki Mori.

Writing – original draft: Tatsuhiko Azegami.

Writing – review & editing: Tatsuhiko Azegami, Tomoyasu Nishimura, Ayano Murai-

Takeda, Nobuko Yamada-Goto, Yasunori Sato.

References
1. Adeli K, Higgins V, Seccombe D, Collier CP, Balion CM, Cembrowski G, et al. National Survey of Adult

and Pediatric Reference Intervals in Clinical Laboratories across Canada: A Report of the CSCC Work-

ing Group on Reference Interval Harmonization. Clin Biochem. 2017; 50(16–17): 925–935. https://doi.

org/10.1016/j.clinbiochem.2017.06.006 PMID: 28647526

PLOS ONE The distributions of laboratory values in healthy Japanese adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0242272 November 17, 2020 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242272.s001
https://doi.org/10.1016/j.clinbiochem.2017.06.006
https://doi.org/10.1016/j.clinbiochem.2017.06.006
http://www.ncbi.nlm.nih.gov/pubmed/28647526
https://doi.org/10.1371/journal.pone.0242272


2. Zeh C, Amornkul PN, Inzaule S, Ondoa P, Oyaro B, Mwaengo DM, et al. Population-based biochemis-

try, immunologic and hematological reference values for adolescents and young adults in a rural popu-

lation in Western Kenya. PLoS One. 2011; 6(6): e21040. https://doi.org/10.1371/journal.pone.0021040

PMID: 21713038

3. Bulletin of the World Health Oraganization 94, 484, https://doi.org/10.2471/BLT.16.179381 (2016).

4. Tanaka T, Yamashita A, Ichihara K. Reference intervals of Clinical Tests in Children Determined by a

Latent Reference Value Extraction Method. J Jpn Pediatr Soc. 2008; 112(7): 1117–1132.

5. Bandesh K, Jha P, Giri AK, Marwaha RK, Indico, Scaria V, et al. Normative range of blood biochemical

parameters in urban Indian school-going adolescents. PLoS One. 2019; 14(3): e0213255. https://doi.

org/10.1371/journal.pone.0213255 PMID: 30845211

6. Li Y, Mussa AE, Tang A, Xiang Z, Mo X. Establishing reference intervals for ALT, AST, UR, Cr, and UA

in apparently healthy Chinese adolescents. Clin Biochem. 2018; 53: 72–76. https://doi.org/10.1016/j.

clinbiochem.2018.01.019 PMID: 29382471

7. Kelishadi R, Marateb HR, Mansourian M, Ardalan G, Heshmat R, Adeli K. Pediatric-specific reference

intervals in a nationally representative sample of Iranian children and adolescents: the CASPIAN-III

study. World J Pediatr. 2016; 12(3): 335–342. https://doi.org/10.1007/s12519-015-0065-8 PMID:

26684311

8. Cho SM, Lee SG, Kim HS, Kim JH. Establishing pediatric reference intervals for 13 biochemical ana-

lytes derived from normal subjects in a pediatric endocrinology clinic in Korea. Clin Biochem. 2014; 47

(18): 268–271. https://doi.org/10.1016/j.clinbiochem.2014.09.010 PMID: 25241678

9. Jaime-Perez JC, Garcia-Arellano G, Herrera-Garza JL, Marfil-Rivera LJ, Gomez-Almaguer D. Revisit-

ing the complete blood count and clinical findings at diagnosis of childhood acute lymphoblastic leuke-

mia: 10-year experience at a single center. Hematol Transfus Cell Ther. 2019; 41(1): 57–61. https://doi.

org/10.1016/j.htct.2018.05.010 PMID: 30793106

10. Fadrowski JJ, Neu AM, Schwartz GJ, Furth SL. Pediatric GFR estimating equations applied to adoles-

cents in the general population. Clin J Am Soc Nephrol. 2011; 6(6): 1427–1435. https://doi.org/10.

2215/CJN.06460710 PMID: 21566103

11. Kubota M. Hyperuricemia in Children and Adolescents: Present Knowledge and Future Directions. J

Nutr Metab. 2019; 2019: 3480718. https://doi.org/10.1155/2019/3480718 PMID: 31192008

12. Yoon JM. Dyslipidemia in children and adolescents: when and how to diagnose and treat? Pediatr Gastro-

enterol Hepatol Nutr. 2014; 17(2): 85–92. https://doi.org/10.5223/pghn.2014.17.2.85 PMID: 25061583

13. Ichihara K, Yomamoto Y, Hotta T, Hosogaya S, Miyachi H, Itoh Y, et al. Collaborative derivation of refer-

ence intervals for major clinical laboratory tests in Japan. Ann Clin Biochem. 2016; 53(Pt 3): 347–356.

https://doi.org/10.1177/0004563215608875 PMID: 26362325

14. Bogner B, Schwenoha K, Vogl M, Weghuber D, Roth C, Kipman U, et al. Evaluation of reference inter-

vals of haematological and biochemical markers in an Austrian adolescent study cohort. Clin Chem Lab

Med. 2019; 57(6): 891–900. https://doi.org/10.1515/cclm-2018-0715 PMID: 30375342

15. Ridefelt P, Hilsted L, Juul A, Hellberg D, Rustad P. Pediatric reference intervals for general clinical

chemistry components—merging of studies from Denmark and Sweden. Scand J Clin Lab Invest. 2018;

78(5): 365–372. https://doi.org/10.1080/00365513.2018.1474493 PMID: 29806781

16. Adeli K, Higgins V, Trajcevski K, White-Al Habeeb N. The Canadian laboratory initiative on pediatric ref-

erence intervals: A CALIPER white paper. Crit Rev Clin Lab Sci. 2017; 54(6): 358–413. https://doi.org/

10.1080/10408363.2017.1379945 PMID: 29017389

17. Adeli K, Higgins V, Nieuwesteeg M, Raizman JE, Chen Y, Wong SL, et al. Biochemical marker refer-

ence values across pediatric, adult, and geriatric ages: establishment of robust pediatric and adult refer-

ence intervals on the basis of the Canadian Health Measures Survey. Clin Chem. 2015; 61(8): 1049–

1062. https://doi.org/10.1373/clinchem.2015.240515 PMID: 26044506

18. Odhiambo C, Oyaro B, Odipo R, Otieno F, Alemnji G, Williamson J, et al. Evaluation of locally estab-

lished reference intervals for hematology and biochemistry parameters in Western Kenya. PLoS One.

2015; 10(4): e0123140. https://doi.org/10.1371/journal.pone.0123140 PMID: 25874714

19. Shaw JL, Cohen A, Konforte D, Binesh-Marvasti T, Colantonio DA, Adeli K. Validity of establishing pedi-

atric reference intervals based on hospital patient data: a comparison of the modified Hoffmann

approach to CALIPER reference intervals obtained in healthy children. Clin Biochem. 2014; 47(3):

166–172. https://doi.org/10.1016/j.clinbiochem.2013.11.008 PMID: 24316101

20. Isojima T, Kato N, Ito Y, Kanzaki S, Murata M. Growth standard charts for Japanese children with mean

and standard deviation (SD) values based on the year 2000 national survey. Clin Pediatr Endocrinol.

2016; 25(2): 71–76. https://doi.org/10.1297/cpe.25.71 PMID: 27212799

21. Centers for Disease Control and Prevention. Clinical Growth Charts. 2017 June 16 [Cited 2020 August

4]. Available from: https://www.cdc.gov/growthcharts/clinical_charts.htm.

PLOS ONE The distributions of laboratory values in healthy Japanese adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0242272 November 17, 2020 8 / 9

https://doi.org/10.1371/journal.pone.0021040
http://www.ncbi.nlm.nih.gov/pubmed/21713038
https://doi.org/10.2471/BLT.16.179381
https://doi.org/10.1371/journal.pone.0213255
https://doi.org/10.1371/journal.pone.0213255
http://www.ncbi.nlm.nih.gov/pubmed/30845211
https://doi.org/10.1016/j.clinbiochem.2018.01.019
https://doi.org/10.1016/j.clinbiochem.2018.01.019
http://www.ncbi.nlm.nih.gov/pubmed/29382471
https://doi.org/10.1007/s12519-015-0065-8
http://www.ncbi.nlm.nih.gov/pubmed/26684311
https://doi.org/10.1016/j.clinbiochem.2014.09.010
http://www.ncbi.nlm.nih.gov/pubmed/25241678
https://doi.org/10.1016/j.htct.2018.05.010
https://doi.org/10.1016/j.htct.2018.05.010
http://www.ncbi.nlm.nih.gov/pubmed/30793106
https://doi.org/10.2215/CJN.06460710
https://doi.org/10.2215/CJN.06460710
http://www.ncbi.nlm.nih.gov/pubmed/21566103
https://doi.org/10.1155/2019/3480718
http://www.ncbi.nlm.nih.gov/pubmed/31192008
https://doi.org/10.5223/pghn.2014.17.2.85
http://www.ncbi.nlm.nih.gov/pubmed/25061583
https://doi.org/10.1177/0004563215608875
http://www.ncbi.nlm.nih.gov/pubmed/26362325
https://doi.org/10.1515/cclm-2018-0715
http://www.ncbi.nlm.nih.gov/pubmed/30375342
https://doi.org/10.1080/00365513.2018.1474493
http://www.ncbi.nlm.nih.gov/pubmed/29806781
https://doi.org/10.1080/10408363.2017.1379945
https://doi.org/10.1080/10408363.2017.1379945
http://www.ncbi.nlm.nih.gov/pubmed/29017389
https://doi.org/10.1373/clinchem.2015.240515
http://www.ncbi.nlm.nih.gov/pubmed/26044506
https://doi.org/10.1371/journal.pone.0123140
http://www.ncbi.nlm.nih.gov/pubmed/25874714
https://doi.org/10.1016/j.clinbiochem.2013.11.008
http://www.ncbi.nlm.nih.gov/pubmed/24316101
https://doi.org/10.1297/cpe.25.71
http://www.ncbi.nlm.nih.gov/pubmed/27212799
https://www.cdc.gov/growthcharts/clinical_charts.htm
https://doi.org/10.1371/journal.pone.0242272


22. Tinggaard J, Aksglaede L, Sorensen K, Mouritsen A, Wohlfahrt-Veje C, Hagen CP, et al. The 2014 Dan-

ish references from birth to 20 years for height, weight and body mass index. Acta Paediatr. 2014; 103

(2): 214–224. https://doi.org/10.1111/apa.12468 PMID: 24127859

23. Drion I, Cobbaert C, Groenier KH, Weykamp C, Bilo HJ, Wetzels JF, et al. Clinical evaluation of analyti-

cal variations in serum creatinine measurements: why laboratories should abandon Jaffe techniques.

BMC Nephrol. 2012; 13: 133. https://doi.org/10.1186/1471-2369-13-133 PMID: 23043743

24. Kuwahara E, Murakami Y, Okamura T, Komatsu H, Nakazawa A, Ushiku H, et al. Increased childhood

BMI is associated with young adult serum uric acid levels: a linkage study from Japan. Pediatr Res.

2017; 81(2): 293–298. https://doi.org/10.1038/pr.2016.213 PMID: 28195588

25. Rhone ET, Carmody JB. Birthweight and serum uric acid in American adolescents. Pediatr Int. 2017;

59(8): 948–950. https://doi.org/10.1111/ped.13328 PMID: 28804978

26. Marwaha RK, Khadgawat R, Tandon N, Kanwar R, Narang A, Sastry A, et al. Reference intervals of

serum lipid profile in healthy Indian school children and adolescents. Clin Biochem. 2011; 44(10–11):

760–766. https://doi.org/10.1016/j.clinbiochem.2011.05.011 PMID: 21620812

27. Giuliano I, Freitas S, Coutinho M, Zunino J, Caramelli B, Berenson G. Distribution of HDL-cholesterol

and non-HDL-cholesterol in Brazilian children and adolescents—the Floripa study. Nutr Metab Cardio-

vasc Dis. 2011; 21(1): 33–38. https://doi.org/10.1016/j.numecd.2009.08.002 PMID: 19857944

PLOS ONE The distributions of laboratory values in healthy Japanese adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0242272 November 17, 2020 9 / 9

https://doi.org/10.1111/apa.12468
http://www.ncbi.nlm.nih.gov/pubmed/24127859
https://doi.org/10.1186/1471-2369-13-133
http://www.ncbi.nlm.nih.gov/pubmed/23043743
https://doi.org/10.1038/pr.2016.213
http://www.ncbi.nlm.nih.gov/pubmed/28195588
https://doi.org/10.1111/ped.13328
http://www.ncbi.nlm.nih.gov/pubmed/28804978
https://doi.org/10.1016/j.clinbiochem.2011.05.011
http://www.ncbi.nlm.nih.gov/pubmed/21620812
https://doi.org/10.1016/j.numecd.2009.08.002
http://www.ncbi.nlm.nih.gov/pubmed/19857944
https://doi.org/10.1371/journal.pone.0242272

