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Abstract

Background and Objectives: Although several studies demonstrated that platelet count is higher in women, decreases with
age, and is influenced by genetic background, most clinical laboratories still use the reference interval 150–4006109

platelets/L for all subjects. The present study was to identify age- and sex-specific reference intervals for platelet count.

Methods: We analysed electronic records of subjects enrolled in three population-based studies that investigated
inhabitants of seven Italian areas including six geographic isolates. After exclusion of patients with malignancies, liver
diseases, or inherited thrombocytopenias, which could affect platelet count, reference intervals were estimated from 40,987
subjects with the non parametric method computing the 2.5u and 97.5u percentiles.

Results: Platelet count was similar in men and women until the age of 14, but subsequently women had steadily more
platelets than men. The number of platelets decreases quickly in childhood, stabilizes in adulthood, and further decreases in
oldness. The final result of this phenomenon is that platelet count in old age was reduced by 35% in men and by 25% in
women compared with early infancy. Based on these findings, we estimated reference intervals for platelet count 6109/L in
children (176–452), adult men (141–362), adult women (156–405), old men (122–350) and, old women (140–379). Moreover,
we calculated an ‘‘extended’’ reference interval that takes into account the differences in platelet count observed in
different geographic areas.

Conclusions: The age-, sex-, and origin-related variability of platelet count is very wide, and the patient-adapted reference
intervals we propose change the thresholds for diagnosing both thrombocytopenia and thrombocytosis in Italy.
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Introduction

Most laboratories in western countries use the range 150 to 400

or 4506109/L as the reference interval of normal platelet count.

These values have been proposed many years ago [{Formatting

Citation}1,2], but evidence from the literature has subsequently

raised doubts about their appropriateness. Analyses of small

groups of healthy subjects initially suggested that platelet count
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varies by age [3] and sex [4], being higher in women than in men

and in youth than in old age, with larger studies later confirming

these findings [5,9]. Additionally, significant differences in platelet

count have been repeatedly observed in different ethnic popula-

tions [6,10] and mainly attributed to genetic factors, which,

however, remain largely unknown [8,11,12]. In particular, both

the lower and the upper limits of the normal range seem to be

inappropriate for the Italian population. Platelet count between

100 and 1506109/L has been incidentally discovered in several

Italian adults who subsequently did not develop any disorder

during a 5-year follow up [13]. Moreover, the study of 12517

inhabitants of Sardinia geographic isolates revealed that in some

villages the prevalence of mild thrombocytopenia was higher than

10% in old people, while in other villages the prevalence of mild

thrombocytosis was 11% in subjects younger than 18 years [8].

Although data from the literature clearly indicate that the

normal range presently in use is not appropriate, proposing

reference intervals of platelet count that take into account gender

and age, as well as ethnicity of people under evaluation, is a very

ambitious goal that requires the investigation of tens of thousands

of inhabitants. One such attempt was made in 2004 in the U.S.

using data collected between 1988 and 1994 by the third National

Health and Nutrition Examination Survey [14]. This study

evaluated 20685 individuals from 64 sampling areas in the U.S.,

but excluded 12688 of them because of lifestyle characteristics or

diseases, such as smoking, birth-control pill use, high body mass

index, diabetes or hypertension, that could interfere with any of

the various parameters under consideration. Mean platelet count

and reference intervals were provided by sex, age (nine categories)

and race (three categories). The trend of mean platelet count

confirmed the variability due to gender, age and ethnicity, but the

small number of subjects in each category resulted in erraticism of

the lower and upper limits of normal ranges. As a matter of fact,

these reference intervals for 54 different groups of people proved

to be unsuitable for clinical practice and are not currently used.

Three population-based studies examining, among several other

parameters, also platelet count have been recently published in

Italy. Two evaluated 19783 residents in six geographic isolates

located in different Italian regions [8,9], and the third investigated

18097 inhabitants of Molise, a region in central Italy [7]. The

availability of such a large amount of data from inhabitants of

different geographical areas of one country prompted us to try not

only to identify the normal ranges of platelet count for men and

women and for different age groups, but also to measure the

variability related to the different origins of the investigated

populations. We present here the results of this study and propose

new reference intervals for platelet count in Italy.

Materials and Methods

Ethics Statement
Study protocols were approved by the ethical committees of the

different institutions who provided the data analyzed in this work

(Ogliastra Genetic Park; Moli-sani Project; Cilento National Park;

INGI-VB; South Tyrol Park; FVG genetic Park and Carlantino).

All participants in the study gave their written informed consent

for medical data collection, laboratory analysis, storage and use of

biological material.

Study sample and design
Our study protocol complied with the recommendations of the

National Committee for Clinical Laboratory Standards (NCCLS)

[15,17] and the International Federation of Clinical Chemistry

and Laboratory Medicine (IFCC) [18].

We analyzed data from seven studies carried out in Italy on

different populations: 30 villages in Molise, in central Italy

(n = 22969) [7], three villages of Cilento National Park, in south

Italy (n = 2128) [19,20], seven small villages of upper Borbera

valley, localized within the Piedmont Apennines in the northwest

of Italy (n = 1785) [21], the Carlantino village, situated in the

south-eastern part of the Appennines in a hilly area of Puglia

region (n = 1478) [22], five villages from the Genetic Park of Friuli

Venezia Giulia (FVG), in north-eastern Italy (n = 1650) [23], three

villages from South Tyrol, the northern-most Italian region

(n = 1280) [24], and ten villages of the Ogliastra Genetic Park in

Sardinia (n = 12517) [8]. Each study group supplied electronic

records of their original data conforming to a standard protocol

provided by the principal investigators. As in the original study,

the Ogliastra villages have been merged into three groups

(Northern, Western and Others) that were homogeneous in terms

of genotype and phenotype characteristics of their inhabitants

[8,25], these are considered as separate entities, thus bringing to

nine the total number of analyzed populations.

All these studies have similar characteristics in that they are

large population-based epidemiologic surveys with a cross-

sectional design carried out on the general population.

Detailed information on data collection, protocols and study

design have been published elsewhere [7,8,19,24]. Briefly, enrolled

subjects (n = 43807, age range 0–105 years) provided socio-

demographic and lifestyle data, as well as a detailed information

on medical history and drug use, all collected through structured

questionnaires. They underwent physical examination and blood

sampling in local consulting rooms. Platelet count was determined

by a Sysmex Hematology analyzer (DASIT, Cornaredo, MI, Italy)

in the Borbera valley, and by Coulter Hematology analyzers

(Beckman-Coulter, Brea, CA) in all other areas. Blood samples

were collected in the morning and analysed within 3 hours after

venipuncture. EDTA served as an anticoagulant.

In order to avoid biases due to the clinical phenotypes possibly

affecting platelet count, subjects with overt liver disorders,

neoplasia, or a family history of thrombocytopenia were excluded.

Statistical analysis
In order to define optimal strata for reference interval

estimation, platelet count was first explored graphically, then T-

test and ANOVA on mean platelet count were used to assess

differences by sex, age class and geographic area. Bonferroni

correction was used to provide adjusted P-values and marginal

means (margins command available in STATA 11) were computed

to compare platelet count between strata taking into account the

confounding effect of age and sex. Stratification aims at reducing

variation thus narrowing intervals, though satisfying a minimum

sample size of 120 statistical units within each strata, as

recommended by Reed and coauthors [26]. Distribution of

platelet count was explored to evaluate skewness, kurtosis, and

to identify outliers. Reference intervals were estimated with the

non parametric method computing the 2.5th and 97.5th percen-

tiles. 95% confidence intervals were obtained with a binomial

method that makes no assumptions about the underlying

distribution of the variable [26]. Data management, quality

control and, statistical analyses were performed by STATA 11

(College Station, TX).

Results

Data from the different population-based studies on 43807

individuals were pooled together and checked for quality. After

excluding subjects with overt liver disorders (3.9%), neoplasia

New Reference Ranges for Platelet Count
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(2.9%), or a family history of thrombocytopenia (0.12%), the

sample size was reduced to 40987. Men were 46.2%, mean age

was 50.7 years (SD 17.5) ranging from 10 months to 105 years. In

South Tyrol and Borbera valley the minimum age was 18 years,

and in Molise 35 years (Table 1).

Platelet count distribution was left-shifted in respect to the

current reference interval and it was also remarkably different

among populations, with the lowest mean value in Carlantino and

the highest in West Ogliastra (Figure 1).

Overall, women had significantly more platelets than men (261

vs. 2376109/L, P,0.001), and platelet count decreased with age,

with a reduction from infancy to old age of 35% in men and about

25% in women (Figure 2). The observed age-related trend was

common to all investigated populations (Figure 3). Under 15 years

of age platelet count was significantly higher compared to the age

range 15–64 years (299 vs 2526109/L, P,0.001), and platelet

count in the age range 15–64 years was significantly higher

relative to subjects over 64 years (252 vs 2336109/L, P,0.001).

Of note, under 15 years of age there was no difference in platelet

count of men and women (298 vs 2996109/L, P = 0.690), whereas

women had more platelets in the age range 15–64 years (264 vs

2386109/L, P,0.001) and over 64 years (245 vs 2206109/L,

P,0.001). We therefore estimated platelet count reference

intervals stratifying by three age classes and by sex for individuals

over 14 years of age, as illustrated in Table 2. Mean platelet count

varied significantly in different populations and, adjusting for age

and sex, it ranged from 214 to 2666109/L. Age- and sex-adjusted

ANOVA, performed on the overall sample, showed significant

differences among the average platelet count in different

geographic areas (P,0.001). To combine this variability with the

age- and gender-related differences in platelet count, distinct

geographical areas have been grouped into three strata according

to genotype and phenotype characteristics of their inhabitants:

low-, medium- and high-platelet count areas, with mean platelet

counts of 222, 251, and 2656109/L, respectively) (Figure 4). The

resulting age-, sex-, and population-specific mean platelet values,

as well as the reference intervals, are reported in Table 3.

Discussion

Although several studies reported that platelet count decreases

during aging, is higher in women than in men and varies in

populations of different origin, this evidence has not been

translated into the clinical practice due to the lack of appropriate

reference intervals, and most laboratories in western countries still

use the single reference interval 150 to 400 or 4506109 platelets/L

for all people.

Table 1. Characteristics of the pooled population-based studies’ sample.

Population n Liver disorders (n) Neoplasia (n) Males (%) Age range Mean age (SD) Mean PLT (SD)

Carlantino 1341 39 54 44 1–91 41.9 (21.6) 222 (56)

North Ogliastra 2151 95 56 43.9 3–98 44.1 (21.9) 232 (60)

Borbera valley 1641 89 63 44.2 18–102 54.3 (18.1) 241 (56)

FVG 1565 40 38 40.9 3–92 48 (20.1) 248 (68)

Molise 21599 692 715 48.3 35–99 55.5 (11.8) 250 (63)

Cilento 2059 22 50 44.7 0–103 48 (22.5) 251 (68)

Others Ogliastra 7081 420 150 44.6 2–105 43.8 (20.7) 254 (67)

South Tyrol 1168 81 34 43.5 18–94 45.5 (16.2) 267 (67)

West Ogliastra 2382 164 51 44.3 3–101 43.8 (22.2) 272 (66)

Total 40987 1642 1211 46.3 0–105 50.7 (17.5) 250 (65)

FVG, Friuli Venezia Giulia; PLT, platelet count.
doi:10.1371/journal.pone.0054289.t001

Figure 1. Platelet count densities by population. Each line
represents the platelet count distribution of a population; Ogliastra
villages have been clustered in three groups following their genotype
and phenotype characteristics. Vertical lines represent the reference
intervals currently in use.
doi:10.1371/journal.pone.0054289.g001

Figure 2. Platelet count by age in the examined populations.
doi:10.1371/journal.pone.0054289.g002
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To remedy this shortcoming for the Italian population, we took

advantage from the availability of the databases of three recently

published population studies including more than 40000 inhab-

itants of different Italian areas and examined closely age- and

gender-related changes in platelet count to identify normal ranges

of this parameter for different categories of subjects.

The large sample size of our study allowed us to investigate

narrow age classes, and this approach revealed that age-related

changes in platelet counts are very large: the number of platelets in

old age is reduced by 35% in men and by 25% in women with

respect to early infancy. Of note, most of this decrease occurs in

childhood and, to a lesser extent, in old age, with only minor

changes in adulthood (Figures 2, 3). The larger than expected age-

related variability in platelet count further supports the need for

age-specific reference intervals, as those reported in Table 2.

Concerning the mechanisms that are responsible for the age-

related changes, the sharp decrease of platelets during infancy may

be related to the thrombopoietin levels that have been reported to

decline from birth to adulthood [27], while the reduction in elderly

people may reflect a reduction in hematopoietic stem cell reserve

during aging or a survival advantage in subjects with lower platelet

counts. However, these are only hypothesesand further investiga-

tion is required to identify the mechanisms underlying age-related

changes.

The observation about platelet count decline in older age has

been already reported in other studies, but for the first time now in

a cohort as large as ours.

Another important finding of our study concerns gender-related

differences in platelet count. Although we confirmed that, on

average, women have significantly more platelets than men, we

also showed that sex-related differences become relevant only after

14 years of age. From a practical point of view, this finding

indicates that a single reference interval may be used for children,

while separate intervals for men and women are required for older

people. We believe that the age- and sex-specific reference

intervals reported in Table 2 are a good compromise between

accuracy and simplicity, and are therefore suited for use in clinical

practice. Similarly to the age-related variability, the mechanisms

responsible for sex-related differences in platelet count are also

unknown. However, the observation that women begin to have

Figure 3. Platelet count by age and population. Lines represent
age trend of platelet count in the investigated populations.
doi:10.1371/journal.pone.0054289.g003

Figure 4. Mean platelet count in the nine sub-populations along with 95% CI. Estimates have been obtained by ANOVA adjusting for age
and sex. Three strata may be obtained grouping sub-populations according to their mean platelet counts, as evidenced by black circles: Low
(Carlantino and North Ogliastra), Medium (Borbera valley, FVG, Others Ogliastra, Cilento and, Molise) and, High (South Tyrol and West Ogliastra).
doi:10.1371/journal.pone.0054289.g004

Table 2. Age- and sex-specific reference intervals with 95% CI
for platelet count.

Age n
mean
(SD)

2.5th–
97.5th

2.5th

(95%CI)
97.5th

(95%CI)

,15 years

All 1702 299 (71.6) 176–452 166–181 441–467

15–64 years

Men 13789 238 (57.9) 141–362 140–144 358–365

Women 16358 264 (65.3) 156–405 153–158 401–410

.64 years

Men 4303 220 (59.5) 122–350 119–126 343–360

Women 4835 245 (61.2) 140–379 137–144 372–390

SD, standard deviation; CI, confidence interval.
doi:10.1371/journal.pone.0054289.t002
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platelet count higher than men only after the age of 14 supports

the hypothesis that puberty makes the difference. Interestingly, a

similar phenomenon, but in opposite direction, occurs for

haemoglobin levels, which become lower in women than in men

only after puberty. The reduction of body iron in menstruating

women plays a role in their lower haemoglobin levels, but is

probably related also to their higher platelet count in that

moderate iron deficiency is known to stimulate platelets produc-

tion [28,29]. The gender-related difference in platelet count, as in

haemoglobin levels, persists in the elderly and, once again, the

level of iron may play a role, because also in old age it is lower in

women [30]. However, the hormonal differences between men

and women, which become larger after puberty, could also be

involved. In particular, in vitro and in vivo findings showed that

oestrogens favour platelets formation in mouse [31], but no data in

humans are available.

Although we trust that the age- and gender-specific reference

intervals reported in Table 2 represent a significant step forward

for a proper interpretation of platelet count, they do not take into

account the genetic and environmental factors that are known to

influence the number of circulating platelets in the Italian

population. A recent study in Sardinian geographic isolates well

exemplifies the importance of these factors. The mean platelet

count ranged from 214 to 2666109/L in different villages, and the

standardized prevalence of platelet count lower that 1506109/L

varied from 1.5% to 6.8% in different geographic areas, whereas

the prevalence of platelet count higher than 4006109/L ranged

from 0.9% to 4.5% [8]. The heritability of platelet count, adjusted

for age and sex, was 54% while environmental factors accounted

for only 5% of phenotypic variance, suggesting that genetic factors

had a major role in these differences. Still larger differences have

been reported in another study that examined geographic isolates

located in other Italian areas [9]. However, regional ranges for

platelet count might only make sense for the few geographic

isolates that still exist, since most modern populations in Western

countries are characterized by high mobility and extensive

admixture.

Genetic factors responsible for variation in platelet count in

healthy individuals are being investigated and a few have been

identified [11,12,32], but they account for only a little proportion

of the phenotypic variance. Thus, definition of normal ranges

taking into account people genotypes is not yet feasible. However,

we can try to indirectly evaluate genotype-related variability by the

differences in platelet count observed in different Italian

geographic isolates. By this approach, we obtained the extended

reference interval reported in Figure 5, whose upper and lower

limits are those calculated in the isolates with the highest and the

lowest mean platelet count, respectively. We propose that platelet

count within the reference interval we estimated on the overall

sample have to be considered normal, while those with platelet

counts outside this reference interval but within the extended one

are in an area of uncertainty that is still compatible with a normal

phenotype, but is also compatible with the presence of illnesses

that affect platelet count. Subjects in this grey area need a close

follow up to decide between these two possibilities, since

abnormalities of platelet count due to underlying, unrecognized

diseases usually worsen over time, while the high or low platelet

count of subjects with peculiar genetic backgrounds is expected to

remain stable apart from the slow decline associated with aging.

This study has some potential limitations. A first weakness is the

relatively limited number of the Italian regions whose inhabitants

have been studied. It is therefore possible that inhabitants of other

areas have higher or lower platelets count and that, as a

consequence, the standard and the extended reference intervals

we calculated are slightly different from the actual ones. In

particular, it is possible that we under evaluated ethnicity-related

platelet variability. Another limitation is that in South Tyrol,

Borbera valley and Molise only subjects older than 17 and

34 years, respectively, have been examined. Thus, the lack of data

of young people in these areas may have altered the evaluation of

the influence of age on platelet count. This shortcoming could be

particularly relevant for Molise, since inhabitants of this region

represent more than half of the analysed population. However, the

time course and mean values of platelet count in Molise

inhabitants after the age of 34 years were similar to those observed

Table 3. Age-, sex- and, population-specific* reference intervals with 95% CI for platelet count.

Low platelets areas Medium platelets areas High platelet areas

Age n
Mean
(SD)

2.5th–
97.5th

2.5th
(95%CI)

97.5th
(95%CI) n

Mean
(SD)

2.5th–
97.5th

2.5th
(95%CI)

97.5th
(95%CI) n

Mean
(SD)

2.5th–
97.5th

2.5th
(95%CI)

97.5th
(95%CI)

,15 years

All 426 277
(65.7)

165–412 144–176 396–441 995 301
(72.8)

179–459 162–185 441–484 281 322
(66.6)

196–473 181–218 452–503

15–64 years

Men 1032 212
(52.6)

120–343 112–128 320–359 11614 239
(58)

143–362 141–146 358–366 1143 253
(54.9)

157–369 151–161 361–388

Women 1347 234
(54.2)

136–358 128–141 345–363 13577 265
(65)

157–405 156–160 401–410 1434 284
(68.6)

176–436 170–184 422–457

.64 years

Men 279 201
(54.4)

112–332 73–123 304–363 3746 220
(59.5)

123–350 119–127 344–360 278 239
(58.8)

133–361 97–144 337–420

Women 408 217
(50.9)

119–325 103–133 307–349 4013 247
(61.4)

143–381 138–147 375–394 414 254
(60.5)

144–396 124–164 366–441

SD, standard deviation.
*Grouping of distinct geographical areas, according to their genotype and phenotype features, is as follows: Low (Carlantino and North Ogliastra), Medium (Borbera
valley, FVG, Others Ogliastra, Cilento and, Molise) and, High platelets areas (South Tyrol and West Ogliastra).
doi:10.1371/journal.pone.0054289.t003
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in the whole population (data not shown), and thus we believe that

this flaw has not had a significant effect on the assessment of age-

related changes. Finally, the differences in platelet counts observed

in different areas might have derived from different hematology

analyzers used. However, only two different instruments were used

for counting platelets in examined populations, both based on the

impedentiometric technology. In particular, it has been previously

reported that the two analyzers (Sysmex Hematology analyzer,

used for Borbera valley inhabitants, and Coulter Hematology

analyzer, used for all the other villages) gave similar results,

especially in populations not including subjects with severe

thrombocytopenia [33]. Moreover, although exactly the same

instrument with identical operational settings was used for

Sardinian inhabitants, much higher platelet counts were obtained

in West Ogliastra with respect to North Ogliastra villages. These

findings support the conclusion that the differences in platelet

counts in different geographic areas were real.

In conclusion, analysis of pooled data of three population

studies in Italy allowed us to identify age- and gender-specific

reference intervals of platelet count, as well as variability of platelet

count related to the different origins of investigated populations.

The new reference intervals significantly differ from that currently

used, especially concerning platelet count of children, who are

presently at risk of receiving a wrong diagnosis of thrombocytosis,

and old men, at risk of undue diagnosis of thrombocytopenia. We

do not know if these ranges can be generalized to other

populations. However, based on the few data available in the

literature, it seems reasonable to hypothesize that they are not

suitable for most areas of Africa [10,34,35], China [36], Iran [37]

and Caribbean [10], where platelet counts seem to be lower than

in Italy. Conversely, mean values of platelet count observed in

Italy are similar to those observed in other Caucasian populations

[6], and it is therefore possible that the reference intervals we

propose for the Italian population are valid also in other Western

countries.

Acknowledgments

The authors would like to thank the members of the Italian ‘‘Platelet Study

Group’’ (GSP) for the useful discussion of the initial idea of this study.

Author Contributions

Principal Investigators of original studies who provided data: GdG CC MP

MC PG DT PP. Prepared and managed data: IS CC GB BF TN NP CS

MG. Searched and revised literature: SU MF MT. Conceived and

designed the experiments: CLB GdG GB ADC. Analyzed the data: GB.

Wrote the paper: CLB GB CM LI RS.

References

1. Giles C (1981) The platelet count and mean platelet volume. Br J Haematol 48:

31–37.

2. Dacie JV, Lewis SM (1991) Practical Haematology, Seventh Edition. London:

Churchill Livingstone. 668 p.

3. Graham SS, Traub B, Mink IB (1987) Automated platelet-sizing parameters on

a normal population. Am J Clin Pathol 87: 365–69.

4. Stevens RF, Alexander MK (1977) A sex difference in the platelet count.

Br J Haematol 37: 295–300.

5. Buckley MF, James JW, Brown DE, Whyte GS, Dean MG, et al. (2000) A novel

approach to the assessment of variations in the human platelet count. Thromb

Haemost 83: 480–84.

6. Segal JB, Moliterno AR (2006) Platelet counts differ by sex, ethnicity, and age in

the United States. Ann Epidemiol 16: 123–30.

7. Santimone I, Di Castelnuovo A, De Curtis A, Spinelli M, Cugino D, et al. (2011)

White blood cell count, sex and age are major determinants of heterogeneity of

platelet indices in an adult general population: results from the MOLI-SANI

project. Haematologica 96: 1180–88.

8. Biino G, Balduini CL, Casula L, Cavallo P, Vaccargiu S, et al. (2011) Analysis of

12,517 inhabitants of a Sardinian geographic isolate reveals that predispositions

to thrombocytopenia and thrombocytosis are inherited traits. Haematologica 96:

96–101.

9. Biino G, Gasparini P, D’Adamo P, Ciullo M, Nutile T, et al. (2012) Influence of

age, sex and ethnicity on platelet count in five Italian geographic isolates: mild

thrombocytopenia may be physiological. Br J Haematol 157: 384–87.

10. Bain BJ (1996) Ethnic and sex differences in the total and differential white cell

count and platelet count. J Clin Pathol 49: 664–66.

11. Gieger C, Radhakrishnan A, Cvejic A, Tang W, Porcu E, et al. (2011) New gene

functions in megakaryopoiesis and platelet formation. Nature 480: 201–18.

12. Qayyum R, Snively BM, Ziv E, Nalls MA, Liu Y, et al. (2012) A meta-analysis

and genome-wide association study of platelet count and mean platelet volume

in african americans. PLoS Genet 8: e1002491.

13. Stasi R, Amadori S, Osborn J, Newland AC, Provan D (2006) Long-term

outcome of otherwise healthy individuals with incidentally discovered borderline

thrombocytopenia. PLoS Med 3: e24.

14. Cheng CK, Chan J, Cembrowski GS, van Assendelft OW (2004) Complete

blood count reference interval diagrams derived from NHANES III:

stratification by age, sex, and race. Lab Hematol 10: 42–53.

15. National Committee for Clinical Laboratory Standards (1990) Procedures for

the handling and processing of blood specimens; approved guideline H18-A.

Wayne, PA: NCCLS.

16. National Committee for Clinical Laboratory Standards (1991) Procedures for

collection of diagnostic blood specimens by venepuncture; approved guideline

H3-A3. Wayne, PA: NCCLS.

17. National Committee for Clinical Laboratory Standards (1995) How to define

and determine reference intervals in the clinical laboratory: proposed guideline.

Villanova: Pa. NCCLS. NCCLS Document C28-A (ISBN 1-56238-269–1).

18. Solberg H (2004) The IFCC recommendation on estimation of reference

intervals. The RefVal program. Clin Chem Lab Med 42: 710–14.

19. Colonna V, Nutile T, Astore M, Guardiola O, Antoniol G, et al. (2007)

Campora: A young genetic isolate in south Italy. Hum Hered 64: 123–35.

20. Colonna V, Nutile T, Ferrucci RR, Fardella G, Aversano M, et al. (2009)

Comparing population structure as inferred from genealogical versus genetic

information. Eur J Hum Genet 17: 1635–41.

21. Traglia M, Sala C, Masciullo C, Cverhova V, Lori F, et al. (2009) Heritability

and demographic analyses in the large isolated population of Val Borbera

suggest advantages in mapping complex traits genes. PLoS One 4: e7554.

22. Tepper BJ, Koelliker Y, Zhao L, Ullrich NV, Lanzara C, et al. (2008) Variation

in the bitter-taste receptor gene TAS2R38, and adiposity in a genetically isolated

population in Southern Italy. Obesity 16: 2289–95.

23. Girotto G, Pirastu N, Sorice R, Biino G, Campbell H, et al. (2011) Hearing

function and thresholds: a genome-wide association study in European isolated

populations identifies new loci and pathways. J Med Genet 48: 369–74.

Figure 5. Platelet counts’ reference intervals for clinical
practice. Numbers inside bars represent reference intervals estimated
on the overall sample; numbers outside bars represent extended
reference intervals estimated stratifying by geographical area.
doi:10.1371/journal.pone.0054289.g005

New Reference Ranges for Platelet Count

PLOS ONE | www.plosone.org 6 January 2013 | Volume 8 | Issue 1 | e54289



24. Pattaro C, Marroni F, Riegler A, Mascalzoni D, Pichler I, et al. (2007) The

genetic study of three population microisolates in South Tyrol (MICROS): study
design and epidemiological perspectives. BMC Med Genet 8: 29.

25. Pistis G, Piras I, Pirastu N, Persico I, Sassu A, et al. (2009) High differentiation

among eight villages in a secluded area of Sardinia revealed by genome-wide
high density SNPs analysis. PLoS One 4: e4654.

26. Reed AH, Henry RJ, Mason WB (1971) Influence of statistical method used on
the resulting estimate of normal range. Clin Chem 17: 275–84.

27. Ishiguro A, Nakahata T, Matsubara K, Hayashi Y, Kato T, et al. (1999) Age-

related changes in thrombopoietin in children: reference interval for serum
thrombopoietin levels. Br J Haematol 106: 884–88.

28. Beguin Y (1999) Erythropoietin and platelet production. Haematologica 84:
541–47.

29. Kadikoylu G, Yavasoglu I, Bolaman Z, Senturk (2006) Platelet parameters in
women with iron deficiency anemia. J Natl Med Assoc 98: 398–402.

30. Pirrie R (1952) The influence of age upon serum iron in normal subjects. J Clin

Pathol 5: 10–15.
31. Nagata Y, Yoshikawa J, Hashimoto A, Yamamoto M, Payne AH, et al. (2003)

Proplatelet formation of megakaryocytes is triggered by autocrine estradiol.
Genes Dev 17: 2864–69.

32. Soranzo N, Spector TD, Mangino M, Kühnel B, Rendon A, et al. (2009) A

genome-wide meta-analysis identifies 22 loci associated with eight hematological

parameters in the HaemGen consortium. Nat Genet 41: 1182–90.

33. Sandhaus LM, Osei ES, Agrawal NN, Dillman CA, Meyerson HJ (2002) Platelet

counting by the Coulter LH 750, Sysmex XE 2100, and Advia 120. A

comparative analysis using the RBC/Platelet ratio reference method. Am J Clin

Pathol 118: 235–241.

34. Menard D, Mandeng MJ, Tothy MB, Kelembho EK, Gresenguet G, et al.

(2003) Immunohematological reference ranges for adults from the Central

African Republic. Clin Diagn Lab Immunol 10: 443–45.

35. Tsegaye A, Messele T, Tilahun T, Hailu E, Sahlu T, et al. (1999)

Immunohematological reference ranges for adult Ethiopians. Clin Diagn Lab

Immunol 6: 410–14.

36. Peng L, Yang J, Lu X, Okada T, Kondo T, et al. (2004) Effects of biological

variations on platelet count in healthy subjects in China. Thromb Haemost 91:

367–72.

37. Adibi P, Faghih Imani E, Talaei M, Ghanei M (2007) Population-based platelet

reference values for an Iranian population. Int J Lab Hematol 29: 195–99.

New Reference Ranges for Platelet Count

PLOS ONE | www.plosone.org 7 January 2013 | Volume 8 | Issue 1 | e54289


