
RESEARCH ARTICLE

Impacts of demographic and laboratory

parameters on key hematological indices in

an adult population of southern Taiwan: A

cohort study

Ming-Chung Wang1☯, Cih-En Huang2,3☯, Meng-Hung Lin4, Yao-Hsu Yang4,5,6,7, Chang-

Hsien Lu2,3, Ping-Tsung Chen2,3, Yu-Ying Wu2, Hsing-Yi Tsou2, Chia-Chen Hsu2, Chih-

Cheng Chen2,6*

1 Division of Hematology and Oncology, Department of Medicine, Chang Gung Memorial Hospital,

Kaohsiung, Taiwan, 2 Division of Hematology and Oncology, Department of Medicine, Chang Gung

Memorial Hospital, Chiayi, Taiwan, 3 Graduate Institute of Clinical Medical Sciences, College of Medicine,

Chang Gung University, Taoyuan, Taiwan, 4 Center of Excellence for Chang Gung Research Datalink,

Chang Gung Memorial Hospital, Chiayi, Taiwan, 5 Institute of Occupational Medicine and Industrial Hygiene,

National Taiwan University College of Public Health, Taipei, Taiwan, 6 School of Traditional Chinese

Medicine, College of Medicine, Chang Gung University, Taoyuan, Taiwan, 7 Department of Traditional

Chinese Medicine, Chang Gung Memorial Hospital, Chiayi, Taiwan

☯ These authors contributed equally to this work.

* ccchen1968@gmail.com

Abstract

Studies in Caucasians have shown that values of hematological indices could be affected

by a wide variety of factors. However, parallel work in other ethnical populations, particularly

from the Asia-Pacific region, is lacking. Therefore, we designed this study to explore the

association between clinical/laboratory parameters and hemogram levels. Adult individuals

who came to our hospital for health exams were screened. Information on demographics

and laboratory profiles was obtained. We analyzed the impacts of these parameters on the

variation of hemogram. Overall, 26,497 adults were included in the current analysis after

excluding those with abnormal hemogram. Multivariate regression analysis showed increas-

ing age and male gender negatively affected the number of platelets, whereas a higher

serum apolipoprotein B level was associated with an elevated platelet count. Gender and

serum albumin level were the major determinants of variation in hemoglobin level. A mod-

estly increased white cell count was seen in men as well as individuals with elevated apoli-

poprotein B levels, but it was inversely correlated with changes in age and serum albumin

levels. Conversely, some variables, although statistically significantly associated with the

hematological indices, only provided a trivial explanation for the heterogeneity observed.

We further established predictive models for the approximate estimation of hematological

indices in healthy adults. Our data indicate that age, gender, and serum levels of apolipopro-

tein B and albumin affect hematological indices in various ways. We also demonstrate that

variation in hemogram could be successfully predicted by a number of clinical and laboratory

parameters.
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Introduction

Complete blood counts are one of the most commonly ordered laboratory blood tests. Several

key hematological indices, particularly the white blood cell (WBC) count and platelet count,

have been associated with atherosclerotic diseases and cardiovascular deaths [1, 2]. Variation

in the hemogram could, therefore, significantly contribute to meaningful clinical conse-

quences. Epidemiologic studies suggest that age and gender are the major determinants in

the heterogeneity of hematological indices [3–6], whereas more recent evidence have demon-

strated that lipid profiles also contribute to the change in these parameters [7, 8]. Furthermore,

the disparate genetic backgrounds among ethnic groups may also play a role, as a genome-

wide meta-analysis has identified 12 loci being associated with the variation in several hemato-

logical parameters [9]. However, our understanding of the impacts of clinical and biochemical

parameters on key hematological indices, particularly their reciprocal interaction at a popula-

tion level, is limited.

Through a feedback program sponsored by the largest petrochemical corporation in Tai-

wan, a significant proportion of residents from two rural villages in southern Taiwan under-

went an annual health examination in our hospital during the last 7 years. The results of these

exams were kept in the Chang Gung Research Datalink of Chang Gung Memorial Hospital,

Taiwan. We took advantage of this and retrieved data on age, gender, nutritional level, lipid

profile, and hepatitis B or C serological testing results to study their association with several

key hematological indices We analyzed the individual impact of each parameter on the

changes in hemogram levels.

Methods

Study population

With the establishment of the Sixth Naphtha Cracker Complex in southern Taiwan, the For-

mosa Plastics Group started a feedback program for residents of adjacent townships in 2010.

The program allowed inhabitants from Mailiao and Taishi villages of Yunlin county, Taiwan,

to come to our hospital for free annual health exams. The epidemiological background as well

as the laboratory data of those examined individuals was retained in the Chang Gung Research

Datalink of Chang Gung Memorial Hospital, Taiwan. Upon the approval of the current study

by the IRB of Chang-Gung Memorial Hospital, we retrieved demographic information includ-

ing age and gender, the results of hemogram and serological testing for hepatitis B (HBV) and

C (HCV), and data on the levels of total cholesterol (TC), triglyceride (TG), apolipoprotein B

(Apo-B), albumin, and hepatic transaminases of the participating individuals, for the current

analysis. Only adults who were 18 years or older at the time of examination were included.

All the clinical data, after assigning a coding number for each subject, were encrypted without

identifiable personal information and provided to the investigators of the current study team.

Hematological and biochemical measurements

For blood cell analysis, a Sysmex XE-5000 hematology analyzer (Sysmex; Kope, Japan) was

used [10]. Measurement of all biochemical parameters was performed using a Hitachi Labos-

pect 008 clinical analyzer (Hitachi, Ltd.; Tokyo, Japan). The TC was assayed based on coupled

enzymatic reactions, followed by spectrophotometric detection [11]. The Apo-B level was

quantified by a turbidimetric immunoassay [12]. The bromocresol green dye-binding method

was used to measure the serum albumin level [13]. Serum triglyceride level measurement was

based on an initial lipolysis to yield glycerol and free fatty acids, followed by a sequence of

three coupled enzymatic reactions, catalyzed by glycerol kinase, L-α-glycerophosphate oxidase
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and peroxidase enzymatic reactions, to form a red quinoneimine dye, which was determined

spectrophotometrically [14]. Serum levels of alanine aminotransferase and aspartate amino-

transferase were quantified by the enzymatic rate method [15]. Detection of hepatitis B surface

antigen (HBsAg) [16] and anti-HCV antibody [17] was performed by chemiluminescent

microparticle immunoassay using an Analytics E170 analyzer (Roche Diagnostics; Indiana,

USA).

Selection of study cohort

The aim of the current study was to evaluate the impacts of clinical and biochemical parame-

ters on key hematological indices in healthy adults. Therefore, we only selected clinically

assessed healthy or normal individuals for the current analysis. The purpose was to exclude

subjects with possible hematological diseases and those with cytopenia resulting from non-

hematological conditions (including, but not limited to, medication, toxic chemicals, viral

infections, chronic inflammation, and immune disorders). We reasoned that inclusion of

these individuals might inadvertently lead to biased estimation of potentially confounding fac-

tors on the variation in hemogram. The preset ranges were as follows: 3.5–11.0 × 109/L for the

total WBC, 0–3.0 × 109/L for the absolute lymphocyte count (ALC), an absolute neutrophil

count (ANC) of 1.8 x 109/L or greater, a hemoglobin (Hb) level of 12–16 g/dL for females and

13–16.5 g/dL for males, 80–100 fL for the mean corpuscular volume (MCV) of red blood cells,

and 100–450 × 109/L for the platelet count. The reference range for the WBC count was based

on that measured in normal individuals at our institute. The selection of upper limits of the

Hb and platelet counts was based on the thresholds used to define polycythemia vera and

essential thrombocythemia in the 2016 revised World Health Organization (WHO) classifica-

tion of myeloid neoplasms [18]. The ANC level and lower limit of platelet count (100 × 109/L)

followed the WHO thresholds, which define cytopenia for the diagnosis of myelodysplastic

syndrome (MDS) in the 2016 revised classification of myeloid neoplasms [18, 19]. For both

genders, the lower Hb thresholds selected in this study were based on the recently recom-

mended cytopenia levels for aiding the diagnosis of MDS by a panel of experts [20].

In order to avoid the confounding effects of abnormal cytopenia (particularly, thrombocy-

topenia) secondary to HBV- or HCV-related chronic hepatitis might exert on the variation

of normal hemogram [21, 22], we excluded individuals who were positive for HBsAg or anti-

HCV antibody tests and had elevated serum aminotransferase levels. However, hepatitis B or

C carriers with normal liver function tests were allowed for the current analysis.

Statistical analysis

We used linear regression models, based on the method of generalized estimating equations

(GEE), to assess the association between hematological indices and various factors, accounting

for multiple blood test records in the same subject. Univariate analysis was first performed to

evaluate the potential effects of an individual factor on hemogram, whereas multivariate linear

regression was employed to appraise the impacts of key confounding factors on the variation

of these hematological indices. All statistical analyses were set at a two-sided p-value of 0.05

significance level and were performed with SAS version 9.4 (SAS Institute, Inc., Cary, NC,

USA).

Results

In all, more than 70,000 blood testing records from a total of 26,497 adult individuals were

included in the current analysis. The study cohort was rather evenly distributed in both gen-

ders, as it contained 13,101 (49.4%) adult females (Table 1). More than half of the enrolled
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subjects were 44-years of age or younger (n = 14,194; 53.6%), whereas about one-eighth

(n = 3,213; 12.1%) of the whole population were elderly (� 65 years) individuals. As we

excluded chronic hepatitis B or C patients in our current study, HBV and HCV carriers

accounted for only 5.6 and 3.7% of the entire cohort, respectively. With the small number of

hepatitis carriers enrolled, we did not further analyze the impact of hepatitis carrier status on

hematological indices. Table 2 shows the distribution of the whole data in percentile ranges,

which contained the number of records and the results of various biological, serological, and

hematological parameters.

Effects of an individual factor on hemogram by univariate analysis

Tables 3 to 8 demonstrated the effects of an individual factor on the variation of several key

hematological indices by univariate analysis. Gender was the sole dichotomous variable,

Table 1. Baseline characteristics of the enrolled individuals.

Variables No. %

Total 26497

Gender

Female 13101 49.4

Male 13396 50.6

Age (yrs)

18–44 14194 53.6

45–64 9090 34.3

�65 3213 12.1

HBV

Yes 1482 5.6

No 25015 94.4

HCV

Yes 991 3.7

No 25506 96.3

https://doi.org/10.1371/journal.pone.0201708.t001

Table 2. The distribution of the whole data in percentile ranges.

Variables N� Min.^ 1st1 5th1 50th1 95th1 99th1 Max.^

TC (mg/dL) # 70504 14 117 136 186 248 284 1270

TG (mg/dL) # 69262 18 36 45 98 270 476 9375

Apo-B (mg/dL) # 37836 10 44 56 89 133 157 272

Albumin (g/dL) # 54798 0.3 3.3 4.0 4.5 5.0 5.2 6.8

PLT (1000/μL) # 66144 100 117 149 234 342 397 450

HGB (g/dL) # 55953 12 12.5 12.9 14.6 16.3 16.5 16.5

MCV (fL) # 59620 80 80.9 83.1 89.3 96 98.7 100

WBC (μL) # 69331 3500 3700 4150 6250 9500 10600 11000

ANC (μL) # 59101 1801 1912 2185 3611 6346 7778 10379

ALC (μL) # 56061 14 729 1103 1919 2772 2948 3000

�N: the number of records.

^Min.: minimal values; Max.: maximal values
11st–99th: 1st represents data at the 1st percentile range of distribution, and 99th represents those at the 99th percentile range.
#Abbreviations: TC: total cholesterol; TG: triglyceride; Apo-B: Apolipoprotein B; PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white

blood cell count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t002

Variation of hemogram levels in healthy adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0201708 August 2, 2018 4 / 14

https://doi.org/10.1371/journal.pone.0201708.t001
https://doi.org/10.1371/journal.pone.0201708.t002
https://doi.org/10.1371/journal.pone.0201708


Table 3. Gender effects on hematological indices (female as the reference group).

Indices Estimate 95% CI p-value

PLT (1000/μL) # -23.02 (-24.35 to -21.68) <0.001

HGB (g/dL) # 1.48 (1.46 to 1.50) <0.001

MCV (fL) # 0.61 (0.52 to 0.71) <0.001

WBC (μL) # 466 (432 to 499) <0.001

ANC (μL) # 193 (167 to 220) <0.001

ALC (μL) # 72 (61 to 83) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t003

Table 4. Age effects on hematological indices (per 10-year increment).

Indices Estimate 95% CI p-value

PLT (1000/μL) # -10.17 (-10.55 to -9.80) <0.001

HGB (g/dL) # -0.09 (-0.10 to -0.08) <0.001

MCV (fL) # 0.46 (0.44 to 0.49) <0.001

WBC (μL) # -100 (-110 to -90) <0.001

ANC (μL) # -13.38 (-21.82 to -4.95) 0.002

ALC (μL) # -62.04 (-65.4 to -58.64) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t004

Table 5. Total cholesterol effects on hematological indices (per 10-mg/dL increment).

Indices Estimate 95% CI p-value

PLT (1000/μL) # 1.20 (1.04 to 1.35) <0.001

HGB (g/dL) # 0.03 (0.03 to 0.04) <0.001

MCV (fL) # 0.03 (0.02 to 0.04) <0.001

WBC (μL) # 19.34 (15.32 to 23.35) <0.001

ANC (μL) # -1.24 (-4.69 to 2.21) 0.482

ALC (μL) # 12.72 (11.37 to 14.06) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t005

Table 6. Triglyceride effects on hematological indices (per 10-mg/dL increment).

Indices Estimate 95% CI p-value

PLT (1000/μL) # -0.011 (-0.044 to 0.021) 0.498

HGB (g/dL) # 0.012 (0.007 to 0.017) <0.001

MCV (fL) # 0.001 (-0.002 to 0.004) 0.714

WBC (μL) # 19.68 (15.96 to 23.39) <0.001

ANC (μL) # 11.39 (9.18 to 13.60) <0.001

ALC (μL) # 4.99 (3.76 to 6.22) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t006
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whereas continuous variables contained age, as well as serum levels of TC, TG, Apo-B and

albumin. For statistical purposes, we further divided these continuous variables into categori-

cal classes, with the estimated changes based on a per 10-year increment for age, per 10-mg/dL

increment for TC, TG, and Apo-B, and a per 1-g/dL increment for albumin. When looking at

the impacts of certain parameters on specific hematological indices, three factors were consid-

ered of ultimate importance. First, a single parameter had to be statistically significant, with a

two-sided p-value� 0.05. Second, the degree of impacts of the parameters on hematological

indices mattered. For example, the gender factor affected both platelet count and MCV, with

p< 0.001 in both instances (Table 3). However, unlike the significant gap between platelet

counts in both genders, the MCV difference between men and women was only 0.61 fL, which

was essentially irrelevant in clinical settings. Third and most critically, the fluctuation ranges

of the parameters could magnify differences between hematological indices to discrepant

degree. Taking the Apo-B serum levels for example, the platelet counts were increased by

1.63 × 109/L for every 10 mg/dL increment of Apo-B in univariate analysis (Table 7). With the

respective levels of serum Apo-B between the 5th and 95th percentiles of the total population

being 56 and 133 mg/dL (Table 2), an individual with a serum Apo-B level of 133 mg/dL

would have 13.04 × 109/L (or eight times 1.63 × 109/L) more platelets than an individual with a

serum Apo-B level of 56 mg/dL. On the contrary, the platelet count was more pronouncedly

influenced by serum albumin level, as the platelet count was increased by 9.78 × 109/L for

every 1 g/dL increment of albumin in univariate analysis (Table 8). However, due to the small

variation in serum albumin levels in this cohort (1 g/dL difference between individuals at the

5th and 95th percentiles, see Table 2), we considered that there were probably little differences

between the impacts of serum levels of albumin and Apo-B on the platelet counts in our study

cohort.

Table 8. Albumin effects on hematological indices (per 1-g/dL increment).

Indices Estimate 95% CI p-value

PLT (1000/μL) # 9.78 (8.15 to 11.42) <0.001

HGB (g/dL) # 0.84 (0.81 to 0.87) <0.001

MCV (fL) # -0.36 (-0.46 to -0.26) <0.001

WBC (μL) # -1.90 (-54.64 to 50.85) 0.944

ANC (μL) # -242 (-284 to -201) <0.001

ALC (μL) # 239 (224 to 253) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t008

Table 7. Apolipoprotein-B effects on hematological indices (per 10-mg/dL increment).

Indices Estimate 95% CI p-value

PLT (1000/μL) # 1.63 (1.14 to 1.86) <0.001

HGB (g/dL) # 0.07 (0.07 to 0.08) <0.001

MCV (fL) # -0.08 (-0.09 to -0.06) <0.001

WBC (μL) # 68 (62 to 76) <0.001

ANC (μL) # 29 (23 to 35) <0.001

ALC (μL) # 24 (21 to 26) <0.001

#Abbreviations: PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell

count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t007
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Compared to women, men had a higher WBC count and Hb level but fewer platelets

(Table 3). Increasing age adversely affected almost all key hematological parameters, particu-

larly WBC, ALC, and platelets, yet its impacts on the levels of Hb and ANC were less pro-

nounced (Table 4). For the lipid profiles, it seemed that both TC and TG levels minimally

influenced the hemogram variation (Tables 5 and 6), whereas an increasing Apo-B level had a

modestly positive effect on WBC count (an increment of 0.068 × 109/L per 10 mg/dL rise in

Apo-B; Table 7). Individuals with higher albumin levels had increased Hb levels (Table 8).

However, as above-mentioned, due to the small variation in serum albumin levels in this

cohort, its effects on other hematological indices were considered minimal (Table 8).

In order to test the independent influence of various clinical and biochemical parameters,

we employed a multivariate regression model to examine their association with the hemogram

variation (Table 9). Given the good correlation between the levels of TC and Apo-B in our

study cohort (correlation coefficient r = 0.82211, p< 0.0001, Pearson’s correlation; data not

shown), we did not incorporate TC in our multivariate analysis.

Variation in WBC count and ALC

The average WBC count was 0.392 × 109/L higher in men than women. Regarding the effects

of continuous variables on the WBC count, age was the most influential factor (a decrement

of 15.51/μL in WBC count for every 1-year increment in age), which was followed by serum

Apo-B level (an increment of 6.781/μL in WBC for every 1 mg/dL increment in Apo-B level).

The increase in serum albumin levels seemed to significantly decrease the WBC count, yet

considering that the variation in serum albumin levels in this cohort was small, the impact of

albumin on WBC count was considerably less than age and Apo-B.

With regards to ALC, age as well as serum albumin and Apo-B levels were probably the

three most influential factors, although their effects on ALC were modest at best. As shown

in Table 9, ALC increased by 2.776/μL for every 1 mg/dL increment in Apo-B level and

decreased by 6.437/μL for every 1-year increment in age. For every 1 g/dL increment, serum

albumin level increased ALC by 97.055/μL. The effects of gender and serum levels of TG on

ALC, although statistically significant, were minimal.

Impacts of clinical/biochemical parameters on red cell indices

It is well known that there is an apparent discrepancy in the Hb levels between both genders,

and the difference was 1.396 g/dL in our study cohort. Nutritional status also significantly

Table 9. Multivariate regression model for prediction of hematological indices based on meaningful clinical/biological parameters.

PLT (1000/μL) # HGB (g/dL) # MCV (fL) # WBC (μL) # ALC (μL) #

Variable Estimate P-value Estimate P-value Estimate P-value Estimate P-value Estimate P-value

Intercept 275.993 <0.001 10.118 <0.001 85.905 <0.001 6619.576 <0.001 1522.008 <0.001

Gender (male)� -26.174 <0.001 1.396 <0.001 0.517 <0.001 392.220 <0.001 46.165 <0.001

Age (years)† -1.178 <0.001 -0.002 <0.001 0.064 <0.001 -15.510 <0.001 -6.437 <0.001

TG (mg/dL)† 0.007 0.003 0.001 <0.001 1.500 <0.001 0.353 <0.001

Apo-B (mg/dL)† 0.301 <0.001 0.005 <0.001 -0.015 <0.001 6.781 <0.001 2.776 <0.001

Albumin (g/dL)† 1.968 0.046 0.714 <0.001 0.232 <0.001 -113.924 0.001 97.055 <0.001

� Female as the reference groups.
†The estimate is changes for age per 1 year, TG per 1 mg/dL, Apo-B per 1 mg/dL, and Albumin per 1 g/dL increment, respectively.
#Abbreviations: TG: triglyceride; Apo-B: Apolipoprotein B; PLT: platelet count; HGB: hemoglobin; MCV: mean corpuscular volume; WBC: white blood cell count;

ANC: absolute neutrophil count; ALC: absolute lymphocyte count.

https://doi.org/10.1371/journal.pone.0201708.t009
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impacted the Hb level. The Hb level increased 0.71 g/dL for every 1 g/dL increment in albumin

level. Conversely, the influence of age and serum levels of TG and Apo-B on Hb level was neg-

ligible (Table 9).

It seemed that the red cells increased in size with increasing age in our cohort. The variation

in the MCV of red cells was 0.064 fL for every 1-year difference in age. Conversely, the impacts

of other parameters on MCV were inconsequential (Table 9).

Association between platelet counts and key variables

In our study, men had, on average, 26.174 × 109/L fewer platelets than women. Age also signifi-

cantly affected the number of platelets. The platelet counts decreased by 1.178 × 109/L for

every 1-year increment in age. From a practical perspective, there would be a difference of

around 85 × 109/L in platelet counts between a 20-year-old adult female and a 70-year-old

healthy male. This showed that the combinative effects of age and gender on platelet counts

could be immense. The serum Apo-B level also exerted a modest influence on the platelet

counts because the number of platelets increased by 0.301 × 109/L for every 1 mg/dL increment

in Apo-B levels. Lastly, there was an inessential rise in the platelet counts with the increase in

both serum TG and albumin levels in the whole population.

Models for prediction of hematological indices

To establish a useful model for the prediction of hematological indices, we excluded statisti-

cally insignificant parameters and repeated the multivariate regression analysis. The results

were demonstrated in Table 9, with an intercept added for each key hematological index.

Through this model, expected values or estimated ranges of hemogram can be calculated by

interpolating data on demographic as well as biochemical parameters.

Discussion

With significant variation in hemogram across various ethnic populations being repeatedly

reported in the literature [3, 6, 23, 24], large-scale data from different geographic regions are

urgently needed. Herein, we present the interactive association between clinical/biochemical

parameters and hematological indices from a cohort of more than 26,000 Taiwanese, enrolling

by far the largest population of adult healthy individuals from the Asia-Pacific region for such

a study. Furthermore, the inclusion of all potentially relevant information together in the

study allows dissecting the separate independent impacts on hemogram, immensely adding to

the strength and integrity of our investigation.

Age, gender, and the serum Apo-B level are the three most important factors affecting

WBC counts in our study. Our finding of a gender effect on WBC echoed a previous study in a

Chinese Han population [25], although in contrast to the current study, the authors did not

identify any link between age and WBC count. A second study similarly showed a higher

WBC in men than in women, but the effect in that study was apparent only in those who were

50 years or older [26]. With regards to the serum Apo-B level, there have been reports showing

correlations between WBC count and metabolic syndrome, as higher WBC counts are linked

to adverse lipid profiles associated with this condition [27, 28]. We demonstrated a positive

correlative effect between the serum Apo-B level and WBC count, although the correlation

was only modest (an increment of 6.781/μL in WBC for every 1 mg/dL increment in Apo-B

levels).

Through the mechanisms of chronic menstrual blood loss in females and a higher androgen

level in males, it has been well documented that men have a significantly higher Hb concentra-

tion than women [26]. Therefore, it is not surprising that there is a 1.4 g/dL difference in Hb
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levels between both genders in our study. We also observed that the serum albumin level was

the second most influential factor on the Hb variation, as the level of Hb increased by 0.71 g/

dL for every 1 g/dL increment in albumin levels. A higher level of albumin is probably associ-

ated with better nutritional status and, consequently, a lower chance of deficiencies in iron,

vitamin B12 or folate [29]. From the univariate analysis, age adversely impacted the Hb level

(-0.09 g/dL for every 10-year increase in age). However, when factors, such as levels of TG,

Apo-B, and albumin, were considered together in multivariate analysis, the impact of age on

Hb decreased, whereas the influence of the albumin level stood out (Table 9). There have been

few, albeit contradictory, reports on the link between red cell abundance and serum lipid pro-

files [30, 31]. The prospective National Health and Nutrition Examination Survey (NHANES)

in the United States showed a positive connection between the levels of non–high-density lipo-

protein cholesterol and Hb [8]. However, like our study, the effect of serum lipid levels on the

red cell abundance in that cohort was, although statistically significant, minimal.

The variation in the size of red cells in our study population was small, except for the influ-

ence of age. Age had a modest impact on MCV, as the size of red cells enlarged with increasing

age. This finding is consistent with the work by Hoffmann et al., which also reveals an age-

related increase in MCV in a cohort of more than 8,000 individuals [32].

Not surprisingly, age and gender were the two most influential factors on the platelet count

variations in our cohort, a finding that was consistently reported in previous studies [5, 23, 24,

26, 33]. The exact mechanism behind a gradual decrease in platelet counts with an increasing

age is not immediately clear through an observational study. It could be the result of a survival

advantage in individuals with lower platelet counts, or simply indicative of a reduced hemato-

poietic stem cell reserve that comes with aging [5, 33]. Conversely, it is more comprehensible

that female adults have more platelets than men. The total body iron storage is generally lower

in women because of menstruation, and iron depletion is a well-known factor to stimulate

platelet production [34, 35]. Furthermore, a higher serum estrogen level in women might also

play a role in the increased platelet counts, as studies have revealed that estrogen favorably ben-

efits platelet production [4, 36].

Our study also shows a modestly positive effect of the serum Apo-B level on the number of

platelets, a result in line with the prospective NHANES study which discloses an association

between the levels of non-high density lipoprotein-cholesterol and platelet counts [8]. Throm-

bocytes have been demonstrated to exhibit a high capacity for diffusional exchange of choles-

terol with plasma [37, 38], and in vitro incubation of platelets with cholesterol-enriched lipid

dispersions could lead to cholesterol incorporation into the cellular membrane, which would

thereby regulate the cellular population. The roles of lipid content on potentiating thrombo-

poiesis are further supported by evidence showing a cholesterol-induced increase in stromal

cell-derived factor-1 and thrombopoietin receptor [39, 40]. Moreover, reduced serum choles-

terol levels could represent a status of malnutrition. This might result in thrombocytopenia

through the mechanism of folate or vitamin B12 deficiency.

Genetic variation might also play a role in the heterogeneity of platelet count, an important

factor that we were not able to appraise in such a study of retrospective nature. However, pre-

vious reports have demonstrated that genetic and ethnic factors are responsible for the fluctua-

tion in the number of platelets [3–6, 33]. Also, a meta-analysis has identified 12 genetic loci

associated with platelet count variation [9]. Analysis of the genetic background with available

DNA samples, in conjunction with all the demographic and biochemical parameters, shall

help delineate their collaborative effects on the number of platelets in the future.

So, what does this study offer? Our data can be considered invaluable by serving as a

guide to establish the reference ranges of hematological indices in healthy Taiwanese adult

individuals. Second, while the considerable impacts of clinical and biochemical parameters on
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hemogram identified in our study are of uncertain clinical significance, increasing age, leuko-

cytosis, thrombocytosis, and increased Apo-B levels, are all risk factors for thromboembolic

diseases. These variables may synergize in promoting cardiovascular diseases. For instance,

with the active roles of leukocytes and thrombocytes in pro-inflammatory and pro-coagulant

activities [41–43], and considering the positive effects of the serum Apo-B level on WBC and

platelet counts in our cohort, the impacts of Apo-B on the risk of cardiovascular events, besides

its participation in the atherosclerotic process [44], are probably higher than believed. There-

fore, it is justifiable to simultaneously incorporate hemogram into traditional cardiovascular

risk factors, such as diabetes, hypertension, smoking, serum Apo-B levels and age, to assess an

individual’s probability of developing coronary artery disease or cerebral vascular attack. This

shall lead to better risk-stratified management in the prevention of cardiovascular diseases.

Another potential utility of our findings is for the detection of clonal hematopoiesis of inde-

terminate potential (CHIP) in previously unsuspected individuals, or for the prognostication

of those who harbor clonal hematopoiesis but are otherwise free from cytopenias. Initially

identified in two large groups of people without known hematological diseases [45, 46], CHIP

is seen in more than 10% of those who are 70 years or older. Clonal hematopoiesis has been

defined as a premalignant state based on the elevated risk of clonal progression and subsequent

development of hematological malignancies, with the hazard ratios of the risk of progression

being 11.1–12.9 [45–47]. In our prediction model, we can roughly estimate expected values of

hematological indices in healthy people. If the differences between the detected and expected

values are significant, we can further investigate if such individuals are more likely to harbor

CHIP. Alternatively, in those with clonal hematopoiesis and seemingly normal hemogram

whose hematological indices are considerably lower than expected, we can monitor them

more frequently to ascertain if they are more likely to progress to overt neoplasms. If so, it

probably means those individuals have clonal cytopenia of undetermined significance (CCUS,

a condition with an inherently higher risk of progression than CHIP [47]) instead of CHIP

because their seemingly normal hematological indices are actually abnormal based on their

own standard. Detection of CHIP and differentiation between CHIP and CCUS has implica-

tions both for refined prognostication and for potential interventions that could avert progres-

sion or modify disease risk. Conversely, a similar inference can be used to identify individuals

at risk of being in a pre-myeloproliferative neoplasm state, even if the hemogram appears nor-

mal. Future, longitudinal, cohort studies of these aspects would be mandatory, and the results

of our work lay an important foundation for serving as a reference guide and assist rationally

designed researches aimed at identifying when to detect CHIP and how to monitor CHIP-car-

rying individuals.

Despite the valuable information provided by the current analysis, the study is limited

in several aspects. There was inevitably significant selection bias in this study, since it only

included people from Southern Taiwan who participated in the health screening process spon-

sored by the petrochemical company. This limits the generalizability of the results. Second,

we excluded individuals whose hemogram fell outside the pre-defined ranges. This might lead

to bias due to exclusion of some adults who were otherwise healthy but had hematological

indices in assumed “abnormal” levels. However, we thought this would be more appropriate

than inadvertently including patients with significant diseases into our study cohort and lead-

ing to flawed results or an incorrect conclusion.

In summary, our data illustrate the variability of key hematological indices associated with

the heterogeneity of healthy adult individuals’ characteristics. Not surprisingly, demographic

data including age and gender are the two most influential factors on the hemogram variation.

Among the biochemical parameters, serum Apo-B levels modestly explain the heterogeneity

of platelet count and WBC count, whereas serum albumin levels are positively correlated with
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higher Hb concentrations. We also establish predictive models for approximate estimation of

hematological indices in adult healthy individuals. With our predictive models and the avail-

ability of DNA samples stored in our biological research bank, large-scale screening of hema-

tological neoplasm-associated mutations and serial follow-up of mutant allele burden as well

as hemogram will help better understanding of the natural course and molecular basis of clonal

hematopoiesis in the near future.

Acknowledgments

The authors thank colleagues at the Center of Excellence for Chang Gung Research Datalink

(CORPG6D0163), Chang Gung Memorial Hospital (Chiayi, Taiwan), for their comments and

assistance in data analysis.

Author Contributions

Conceptualization: Ming-Chung Wang, Cih-En Huang, Chih-Cheng Chen.

Data curation: Cih-En Huang, Meng-Hung Lin, Yao-Hsu Yang, Chang-Hsien Lu, Ping-

Tsung Chen, Yu-Ying Wu, Hsing-Yi Tsou, Chia-Chen Hsu, Chih-Cheng Chen.

Formal analysis: Meng-Hung Lin, Chih-Cheng Chen.

Funding acquisition: Chih-Cheng Chen.

Investigation: Chih-Cheng Chen.

Methodology: Meng-Hung Lin, Yao-Hsu Yang, Chih-Cheng Chen.

Project administration: Chang-Hsien Lu, Ping-Tsung Chen, Yu-Ying Wu, Hsing-Yi Tsou,

Chia-Chen Hsu, Chih-Cheng Chen.

Resources: Chang-Hsien Lu, Ping-Tsung Chen, Yu-Ying Wu, Hsing-Yi Tsou, Chia-Chen

Hsu, Chih-Cheng Chen.

Supervision: Chih-Cheng Chen.

Writing – original draft: Chih-Cheng Chen.

Writing – review & editing: Ming-Chung Wang, Cih-En Huang, Chih-Cheng Chen.

References
1. Hou L, Lloyd-Jones DM, Ning H, Huffman MD, Fornage M, He K, et al. White blood cell count in young

adulthood and coronary artery calcification in early middle age: coronary artery risk development in

young adults (CARDIA) study. European journal of epidemiology. 2013; 28(9):735–42. https://doi.org/

10.1007/s10654-013-9842-7 PMID: 24030512.

2. van der Bom JG, Heckbert SR, Lumley T, Holmes CE, Cushman M, Folsom AR, et al. Platelet count

and the risk for thrombosis and death in the elderly. Journal of thrombosis and haemostasis: JTH. 2009;

7(3):399–405. https://doi.org/10.1111/j.1538-7836.2008.03267.x PMID: 19143922.

3. Bain BJ. Ethnic and sex differences in the total and differential white cell count and platelet count. Jour-

nal of clinical pathology. 1996; 49(8):664–6. PMID: 8881919.

4. Biino G, Balduini CL, Casula L, Cavallo P, Vaccargiu S, Parracciani D, et al. Analysis of 12,517 inhabi-

tants of a Sardinian geographic isolate reveals that predispositions to thrombocytopenia and thrombo-

cytosis are inherited traits. Haematologica. 2011; 96(1):96–101. https://doi.org/10.3324/haematol.

2010.029934 PMID: 20823129.

5. Santimone I, Di Castelnuovo A, De Curtis A, Spinelli M, Cugino D, Gianfagna F, et al. White blood cell

count, sex and age are major determinants of heterogeneity of platelet indices in an adult general popu-

lation: results from the MOLI-SANI project. Haematologica. 2011; 96(8):1180–8. https://doi.org/10.

3324/haematol.2011.043042 PMID: 21546503.

Variation of hemogram levels in healthy adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0201708 August 2, 2018 11 / 14

https://doi.org/10.1007/s10654-013-9842-7
https://doi.org/10.1007/s10654-013-9842-7
http://www.ncbi.nlm.nih.gov/pubmed/24030512
https://doi.org/10.1111/j.1538-7836.2008.03267.x
http://www.ncbi.nlm.nih.gov/pubmed/19143922
http://www.ncbi.nlm.nih.gov/pubmed/8881919
https://doi.org/10.3324/haematol.2010.029934
https://doi.org/10.3324/haematol.2010.029934
http://www.ncbi.nlm.nih.gov/pubmed/20823129
https://doi.org/10.3324/haematol.2011.043042
https://doi.org/10.3324/haematol.2011.043042
http://www.ncbi.nlm.nih.gov/pubmed/21546503
https://doi.org/10.1371/journal.pone.0201708


6. Segal JB, Moliterno AR. Platelet counts differ by sex, ethnicity, and age in the United States. Annals

of epidemiology. 2006; 16(2):123–30. https://doi.org/10.1016/j.annepidem.2005.06.052 PMID:

16246584.

7. Desai MY, Dalal D, Santos RD, Carvalho JA, Nasir K, Blumenthal RS. Association of body mass index,

metabolic syndrome, and leukocyte count. The American journal of cardiology. 2006; 97(6):835–8.

https://doi.org/10.1016/j.amjcard.2005.10.021 PMID: 16516585.

8. Fessler MB, Rose K, Zhang Y, Jaramillo R, Zeldin DC. Relationship between serum cholesterol and

indices of erythrocytes and platelets in the US population. Journal of lipid research. 2013; 54(11):3177–

88. https://doi.org/10.1194/jlr.P037614 PMID: 23999863.

9. Soranzo N, Spector TD, Mangino M, Kuhnel B, Rendon A, Teumer A, et al. A genome-wide meta-analy-

sis identifies 22 loci associated with eight hematological parameters in the HaemGen consortium.

Nature genetics. 2009; 41(11):1182–90. https://doi.org/10.1038/ng.467 PMID: 19820697.

10. Furundarena JR, Sainz M, Uranga A, Cuevas L, Lopez I, Zubicaray J, et al. Comparison of abnormal

cell flagging of the hematology analyzers Sysmex XN and Sysmex XE-5000 in oncohematologic

patients. International journal of laboratory hematology. 2017; 39(1):58–67. https://doi.org/10.1111/ijlh.

12575 PMID: 27981789.

11. Hoving EB, Laing C, Rutgers HM, Teggeler M, van Doormaal JJ, Muskiet FA. Optimized determination

of malondialdehyde in plasma lipid extracts using 1,3-diethyl-2-thiobarbituric acid: influence of detection

method and relations with lipids and fatty acids in plasma from healthy adults. Clinica chimica acta;

international journal of clinical chemistry. 1992; 208(1–2):63–76. PMID: 1638754.

12. Siedel J, Schiefer S, Rosseneu M, Bergeaud R, De Keersgieter W, Pautz B, et al. Immunoturbidi-

metric method for routine determinations of apolipoproteins A-I, A-II, and B in normo- and hyperlipe-

mic sera compared with immunonephelometry. Clinical chemistry. 1988; 34(9):1821–5. PMID:

3138044.

13. Doumas BT, Watson WA, Biggs HG. Albumin standards and the measurement of serum albumin with

bromcresol green. Clinica chimica acta; international journal of clinical chemistry. 1971; 31(1):87–96.

PMID: 5544065.

14. Nakamura M, Iso H, Kitamura A, Imano H, Noda H, Kiyama M, et al. Comparison between the triglycer-

ides standardization of routine methods used in Japan and the chromotropic acid reference measure-

ment procedure used by the CDC Lipid Standardization Programme. Annals of clinical biochemistry.

2016; 53(6):632–9. https://doi.org/10.1177/0004563215624461 PMID: 26680645.

15. Siekmann L, Bonora R, Burtis CA, Ceriotti F, Clerc-Renaud P, Ferard G, et al. IFCC primary reference

procedures for the measurement of catalytic activity concentrations of enzymes at 37 degrees C. Inter-

national Federation of Clinical Chemistry and Laboratory Medicine. Part 7. Certification of four reference

materials for the determination of enzymatic activity of gamma-glutamyltransferase, lactate dehydroge-

nase, alanine aminotransferase and creatine kinase accord. Clinical chemistry and laboratory medicine.

2002; 40(7):739–45. https://doi.org/10.1515/CCLM.2002.127 PMID: 12241024.

16. Deguchi M, Yamashita N, Kagita M, Asari S, Iwatani Y, Tsuchida T, et al. Quantitation of hepatitis B sur-

face antigen by an automated chemiluminescent microparticle immunoassay. Journal of virological

methods. 2004; 115(2):217–22. PMID: 14667538.

17. Myrmel H, Navaratnam V, Asjo B. Detection of antibodies to hepatitis C virus: false-negative results in

an automated chemiluminescent microparticle immunoassay (ARCHITECT Anti-HCV) compared to a

microparticle enzyme immunoassay (AxSYM HCV Version 3.0). Journal of clinical virology: the official

publication of the Pan American Society for Clinical Virology. 2005; 34(3):211–5; discussion 6–8.

https://doi.org/10.1016/j.jcv.2005.05.013 PMID: 16112611.

18. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, et al. The 2016 revision to the

World Health Organization classification of myeloid neoplasms and acute leukemia. Blood. 2016; 127

(20):2391–405. https://doi.org/10.1182/blood-2016-03-643544 PMID: 27069254.

19. Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz G, et al. International scoring system for

evaluating prognosis in myelodysplastic syndromes. Blood. 1997; 89(6):2079–88. PMID: 9058730.

20. Greenberg PL, Tuechler H, Schanz J, Sanz G, Garcia-Manero G, Sole F, et al. Cytopenia levels for aid-

ing establishment of the diagnosis of myelodysplastic syndromes. Blood. 2016; 128(16):2096–7.

https://doi.org/10.1182/blood-2016-07-728766 PMID: 27535995.

21. Tejima K, Masuzaki R, Ikeda H, Yoshida H, Tateishi R, Sugioka Y, et al. Thrombocytopenia is more

severe in patients with advanced chronic hepatitis C than B with the same grade of liver stiffness and

splenomegaly. Journal of gastroenterology. 2010; 45(8):876–84. https://doi.org/10.1007/s00535-010-

0233-5 PMID: 20339877.

22. Dou J, Lou Y, Wu J, Lu Y, Jin Y. Thrombocytopenia in patients with hepatitis B virus-related chronic hep-

atitis: evaluation of the immature platelet fraction. Platelets. 2014; 25(6):399–404. https://doi.org/10.

3109/09537104.2013.832742 PMID: 24047408.

Variation of hemogram levels in healthy adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0201708 August 2, 2018 12 / 14

https://doi.org/10.1016/j.annepidem.2005.06.052
http://www.ncbi.nlm.nih.gov/pubmed/16246584
https://doi.org/10.1016/j.amjcard.2005.10.021
http://www.ncbi.nlm.nih.gov/pubmed/16516585
https://doi.org/10.1194/jlr.P037614
http://www.ncbi.nlm.nih.gov/pubmed/23999863
https://doi.org/10.1038/ng.467
http://www.ncbi.nlm.nih.gov/pubmed/19820697
https://doi.org/10.1111/ijlh.12575
https://doi.org/10.1111/ijlh.12575
http://www.ncbi.nlm.nih.gov/pubmed/27981789
http://www.ncbi.nlm.nih.gov/pubmed/1638754
http://www.ncbi.nlm.nih.gov/pubmed/3138044
http://www.ncbi.nlm.nih.gov/pubmed/5544065
https://doi.org/10.1177/0004563215624461
http://www.ncbi.nlm.nih.gov/pubmed/26680645
https://doi.org/10.1515/CCLM.2002.127
http://www.ncbi.nlm.nih.gov/pubmed/12241024
http://www.ncbi.nlm.nih.gov/pubmed/14667538
https://doi.org/10.1016/j.jcv.2005.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16112611
https://doi.org/10.1182/blood-2016-03-643544
http://www.ncbi.nlm.nih.gov/pubmed/27069254
http://www.ncbi.nlm.nih.gov/pubmed/9058730
https://doi.org/10.1182/blood-2016-07-728766
http://www.ncbi.nlm.nih.gov/pubmed/27535995
https://doi.org/10.1007/s00535-010-0233-5
https://doi.org/10.1007/s00535-010-0233-5
http://www.ncbi.nlm.nih.gov/pubmed/20339877
https://doi.org/10.3109/09537104.2013.832742
https://doi.org/10.3109/09537104.2013.832742
http://www.ncbi.nlm.nih.gov/pubmed/24047408
https://doi.org/10.1371/journal.pone.0201708


23. Biino G, Santimone I, Minelli C, Sorice R, Frongia B, Traglia M, et al. Age- and sex-related variations in

platelet count in Italy: a proposal of reference ranges based on 40987 subjects’ data. PloS one. 2013; 8

(1):e54289. https://doi.org/10.1371/journal.pone.0054289 PMID: 23382888.

24. Ambayya A, Su AT, Osman NH, Nik-Samsudin NR, Khalid K, Chang KM, et al. Haematological refer-

ence intervals in a multiethnic population. PloS one. 2014; 9(3):e91968. https://doi.org/10.1371/journal.

pone.0091968 PMID: 24642526.

25. Qiao R, Yang S, Yao B, Wang H, Zhang J, Shang H. Complete blood count reference intervals and age-

and sex-related trends of North China Han population. Clinical chemistry and laboratory medicine.

2014; 52(7):1025–32. https://doi.org/10.1515/cclm-2012-0486 PMID: 24497225.

26. Wu X, Zhao M, Pan B, Zhang J, Peng M, Wang L, et al. Complete blood count reference intervals for

healthy Han Chinese adults. PloS one. 2015; 10(3):e0119669. https://doi.org/10.1371/journal.pone.

0119669 PMID: 25769040.

27. Ble A, Palmieri E, Volpato S, Costantini F, Fellin R, Zuliani G. White blood cell count is associated with

some features of metabolic syndrome in a very old population. Nutrition, metabolism, and cardiovascu-

lar diseases: NMCD. 2001; 11(4):221–6. PMID: 11831107.

28. Chuo SK, Li JC, Tsai WC, Wu DA, Kuo SW, Pei D, et al. Correlations between white blood cell count

and metabolic syndrome in middle-age Taiwanese. Endocrine research. 2005; 31(1):39–50. PMID:

16238190.

29. Mitrache C, Passweg JR, Libura J, Petrikkos L, Seiler WO, Gratwohl A, et al. Anemia: an indicator for

malnutrition in the elderly. Annals of hematology. 2001; 80(5):295–8. PMID: 11446733.

30. Bottiger LE, Carlson LA. Relation between serum cholesterol and triglyceride concentration and haemo-

globin values in non-anaemic healthy persons. British medical journal. 1972; 3(5829):731–3. PMID:

5077911.

31. Choi JW, Pai SH. Influences of hypercholesterolemia on red cell indices and erythrocyte sedimentation

rate in elderly persons. Clinica chimica acta; international journal of clinical chemistry. 2004; 341(1–

2):117–21. https://doi.org/10.1016/j.cccn.2003.11.013 PMID: 14967166.

32. Hoffmann JJ, Nabbe KC, van den Broek NM. Effect of age and gender on reference intervals of red

blood cell distribution width (RDW) and mean red cell volume (MCV). Clinical chemistry and laboratory

medicine. 2015; 53(12):2015–9. https://doi.org/10.1515/cclm-2015-0155 PMID: 26536583.

33. Biino G, Gasparini P, D’Adamo P, Ciullo M, Nutile T, Toniolo D, et al. Influence of age, sex and ethnicity

on platelet count in five Italian geographic isolates: mild thrombocytopenia may be physiological. British

journal of haematology. 2012; 157(3):384–7. https://doi.org/10.1111/j.1365-2141.2011.08981.x PMID:

22171955.

34. Beguin Y. Erythropoietin and platelet production. Haematologica. 1999; 84(6):541–7. PMID: 10366799.

35. Kadikoylu G, Yavasoglu I, Bolaman Z, Senturk T. Platelet parameters in women with iron deficiency

anemia. Journal of the National Medical Association. 2006; 98(3):398–402. PMID: 16573304.

36. Nagata Y, Yoshikawa J, Hashimoto A, Yamamoto M, Payne AH, Todokoro K. Proplatelet formation of

megakaryocytes is triggered by autocrine-synthesized estradiol. Genes & development. 2003; 17

(23):2864–9. https://doi.org/10.1101/gad.1128003 PMID: 14665668.

37. Schick BP, Schick PK. Cholesterol exchange in platelets, erythrocytes and megakaryocytes. Biochi-

mica et biophysica acta. 1985; 833(2):281–90. PMID: 3918573.

38. Cooper RA. Abnormalities of cell-membrane fluidity in the pathogenesis of disease. The New England

journal of medicine. 1977; 297(7):371–7. https://doi.org/10.1056/NEJM197708182970707 PMID:

327326.

39. Murphy AJ, Bijl N, Yvan-Charvet L, Welch CB, Bhagwat N, Reheman A, et al. Cholesterol efflux in

megakaryocyte progenitors suppresses platelet production and thrombocytosis. Nature medicine.

2013; 19(5):586–94. https://doi.org/10.1038/nm.3150 PMID: 23584088.

40. Gomes AL, Carvalho T, Serpa J, Torre C, Dias S. Hypercholesterolemia promotes bone marrow cell

mobilization by perturbing the SDF-1:CXCR4 axis. Blood. 2010; 115(19):3886–94. https://doi.org/10.

1182/blood-2009-08-240580 PMID: 20009035.

41. Swystun LL, Liaw PC. The role of leukocytes in thrombosis. Blood. 2016; 128(6):753–62. https://doi.

org/10.1182/blood-2016-05-718114 PMID: 27354721.

42. Pfeiler S, Stark K, Massberg S, Engelmann B. Propagation of thrombosis by neutrophils and extracellu-

lar nucleosome networks. Haematologica. 2017; 102(2):206–13. https://doi.org/10.3324/haematol.

2016.142471 PMID: 27927771.

43. Franco AT, Corken A, Ware J. Platelets at the interface of thrombosis, inflammation, and cancer. Blood.

2015; 126(5):582–8. https://doi.org/10.1182/blood-2014-08-531582 PMID: 26109205.

44. Hansson GK, Hermansson A. The immune system in atherosclerosis. Nature immunology. 2011; 12

(3):204–12. https://doi.org/10.1038/ni.2001 PMID: 21321594.

Variation of hemogram levels in healthy adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0201708 August 2, 2018 13 / 14

https://doi.org/10.1371/journal.pone.0054289
http://www.ncbi.nlm.nih.gov/pubmed/23382888
https://doi.org/10.1371/journal.pone.0091968
https://doi.org/10.1371/journal.pone.0091968
http://www.ncbi.nlm.nih.gov/pubmed/24642526
https://doi.org/10.1515/cclm-2012-0486
http://www.ncbi.nlm.nih.gov/pubmed/24497225
https://doi.org/10.1371/journal.pone.0119669
https://doi.org/10.1371/journal.pone.0119669
http://www.ncbi.nlm.nih.gov/pubmed/25769040
http://www.ncbi.nlm.nih.gov/pubmed/11831107
http://www.ncbi.nlm.nih.gov/pubmed/16238190
http://www.ncbi.nlm.nih.gov/pubmed/11446733
http://www.ncbi.nlm.nih.gov/pubmed/5077911
https://doi.org/10.1016/j.cccn.2003.11.013
http://www.ncbi.nlm.nih.gov/pubmed/14967166
https://doi.org/10.1515/cclm-2015-0155
http://www.ncbi.nlm.nih.gov/pubmed/26536583
https://doi.org/10.1111/j.1365-2141.2011.08981.x
http://www.ncbi.nlm.nih.gov/pubmed/22171955
http://www.ncbi.nlm.nih.gov/pubmed/10366799
http://www.ncbi.nlm.nih.gov/pubmed/16573304
https://doi.org/10.1101/gad.1128003
http://www.ncbi.nlm.nih.gov/pubmed/14665668
http://www.ncbi.nlm.nih.gov/pubmed/3918573
https://doi.org/10.1056/NEJM197708182970707
http://www.ncbi.nlm.nih.gov/pubmed/327326
https://doi.org/10.1038/nm.3150
http://www.ncbi.nlm.nih.gov/pubmed/23584088
https://doi.org/10.1182/blood-2009-08-240580
https://doi.org/10.1182/blood-2009-08-240580
http://www.ncbi.nlm.nih.gov/pubmed/20009035
https://doi.org/10.1182/blood-2016-05-718114
https://doi.org/10.1182/blood-2016-05-718114
http://www.ncbi.nlm.nih.gov/pubmed/27354721
https://doi.org/10.3324/haematol.2016.142471
https://doi.org/10.3324/haematol.2016.142471
http://www.ncbi.nlm.nih.gov/pubmed/27927771
https://doi.org/10.1182/blood-2014-08-531582
http://www.ncbi.nlm.nih.gov/pubmed/26109205
https://doi.org/10.1038/ni.2001
http://www.ncbi.nlm.nih.gov/pubmed/21321594
https://doi.org/10.1371/journal.pone.0201708


45. Genovese G, Kahler AK, Handsaker RE, Lindberg J, Rose SA, Bakhoum SF, et al. Clonal hematopoie-

sis and blood-cancer risk inferred from blood DNA sequence. The New England journal of medicine.

2014; 371(26):2477–87. https://doi.org/10.1056/NEJMoa1409405 PMID: 25426838.

46. Jaiswal S, Fontanillas P, Flannick J, Manning A, Grauman PV, Mar BG, et al. Age-related clonal hema-

topoiesis associated with adverse outcomes. The New England journal of medicine. 2014; 371

(26):2488–98. https://doi.org/10.1056/NEJMoa1408617 PMID: 25426837.

47. Jan M, Ebert BL, Jaiswal S. Clonal hematopoiesis. Seminars in hematology. 2017; 54(1):43–50. https://

doi.org/10.1053/j.seminhematol.2016.10.002 PMID: 28088988.

Variation of hemogram levels in healthy adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0201708 August 2, 2018 14 / 14

https://doi.org/10.1056/NEJMoa1409405
http://www.ncbi.nlm.nih.gov/pubmed/25426838
https://doi.org/10.1056/NEJMoa1408617
http://www.ncbi.nlm.nih.gov/pubmed/25426837
https://doi.org/10.1053/j.seminhematol.2016.10.002
https://doi.org/10.1053/j.seminhematol.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/28088988
https://doi.org/10.1371/journal.pone.0201708

