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After Giulio Bizzozero identified platelets at the end
of the 19th century,1 many authors sought to define
the normal concentration of these elements in

human blood. However, methods to enumerate platelets
remained inaccurate until the middle of the last century,
and the proposed reference intervals for platelet count
ranged from 130-350 to 500-900x109/L of whole blood.2

The development of the Coulter Principle in 19533 revo-
lutionized blood counting and resulted in the development
of the electronic instruments currently used in our labora-
tories. About thirty years ago, these instruments were used
to study several thousands of blood samples of unselected
donors thus defining the reference interval of platelet count
as 150-450 or 150-400x109/L.4,5 These values are still used
today in most Western countries, although in the mean-
time several studies have indicated that platelet count
varies according to age, sex and ethnicity. It is, therefore,
appropriate to discuss whether a single reference interval
for all people is still valid or whether new normal ranges
taking into account these variables have to be used in clin-
ical practice.

Aging and platelet count
The matter of age-related changes in platelet count was

first examined in 1977 by Stevens and Alexander, who
measured platelet count in 868 blood donors aged between
18 and 65 years and did not find any age-related differ-
ences.6 In contrast, a progressive decline in platelet count
with aging was shown a few years later in 477 ambulatory
patients, with a difference of over 100x109/L between chil-

dren aged 1-5 years old and seniors over the age of 71
years.7 A correlation between platelet count and age was
also found by a larger study that evaluated 12,142 adult
inhabitants of the United States and found statistically sig-
nificant differences between young and old individuals.8

However, these differences were small: less than 30x109/L
between people of 17-19 years and those over 70. Thus,
until a few years ago, both the existence and the possible
extent of age-related changes in platelet count were uncer-
tain, but a series of cross-sectional studies performed
recently in different Italian populations has definitively
clarified this matter. Analysis of 12,517 inhabitants of
Sardinian geographic isolates found that a 10-year increase
in age corresponded to a 9x109/L decrease in platelet
count.9 Very similar results were obtained in 7266 inhabi-
tants of five additional geographic isolates located in differ-
ent Italian areas10 and in the cohort of the Moli-Sani Project
including 24,318 subjects from 30 Molise cities and vil-
lages.11 Finally, a recent study put together all data of sub-
jects enrolled in the three population-based studies refer-
enced above and concluded that age-related changes were
actually very large: platelet count  in old age was reduced
by 35% in men and by 25% in women with respect to
early infancy.12 As shown in Figure 1, most of this reduc-
tion occurred in childhood and in old age, with only minor
changes in adulthood. Thus, there is no longer any doubt
that age is a major determinant of platelet count in healthy
people.
There is no proven explanation for these age-related

changes, although it may be that the sharp decrease in
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platelet count during infancy reflects the decline of throm-
bopoietin levels occurring from birth to adulthood.13

Concerning the mechanism of platelet reduction in old age,
it has been suggested that it derives from a survival advan-
tage of subjects with lower platelet counts or a reduction in
hematopoietic stem cell reserve during aging.12 However,
both these explanations are purely hypothetical, and fur-
ther investigation is required to clarify this matter.

Other physiological variables affecting platelet count

Gender
Sex-related differences in platelet count were described

for the first time in 1977 in a study that analyzed 868 blood
donors. The mean platelet count was higher in women
than men in all age classes, although the differences were
small (approx. 20-40x109/L) and tended to diminish after
menopause. Subsequent studies confirmed that females
have a slightly higher platelet count.7,8,14 The already men-
tioned studies of different Italian populations further sup-
ported this conclusion and precisely defined sex-related
differences in relation to aging.9-12 In particular, no differ-
ence in the platelet count of men and women was found
before the age of 15 years, whereas women had more
platelets than men in the age range 15-64 years and over 64
years.12 In any case, sex-related differences in adults were
only approximately 10% and much lower than those relat-
ed to aging.
As for age-related variability, also the mechanisms of

sex-related differences in platelet count are unknown.
However, the finding that women have a higher platelet
count than men only after the age of 14 years suggests that
puberty makes the difference. We can speculate that the
reduction in body iron in females, which occurs in men-
struating women and persists in the elderly,15 stimulates
platelet production.16,17 However, the hormonal differences
between men and women after puberty could also play a
role. In particular, the observation that estrogens favor
platelet formation in mouse supports this hypothesis,18

although no data in humans are available.

Genetic background
Several studies showed that platelet count is highly her-

itable,14 and a few genetic factors responsible for platelet
count variability in healthy individuals have been identi-
fied.19 The importance of genetic background in regulating
the concentration of platelets is well illustrated by a recent
study of five geographic isolates in Italy,10 where mean
platelet count in healthy inhabitants of different areas
ranged from 220 to 265x109/L. Similar ethnicity-related dif-
ferences have been observed in the US population,8 and
even more relevant differences have been described in dif-
ferent African countries.20

Should we up-date reference intervals for platelet
counts?
A number of observations in different populations

unequivocally demonstrated that age, sex and genetic
background modulate platelet count in healthy people. The
effect of aging is much bigger than those of sex and ethnic-
ity, but also the latter variables may be clinically relevant
when combined with age-related variation. This is well

exemplified by Sardinian geographic isolates where differ-
ent genetic backgrounds are responsible for large differ-
ences in mean platelet counts in different areas.9 The per-
centage of healthy people under the age of 18 years with
platelet counts over 400x109/L was 11% in the isolates
with higher mean platelet counts, while it was less than
4% in the isolates with lower mean platelet counts.
Conversely, more than 10% of inhabitants older than 60
years had platelet counts of less than 150x109/L in isolates
with lower mean platelet counts, while this proportion
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Figure 1. Platelet count by age and sex in 40,987 inhabitants of seven
Italian areas. Platelet count decreases with age, and women have
more platelets than man after puberty. Modified with permission
(http://creativecommons.org/licenses/by/3.0/) from Büno et al.12
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Figure 2. Age and sex-related variations in platelet count in 40,987
inhabitants of seven Italian areas. Numbers inside bars represent ref-
erence intervals (2.5th and 97.5th percentiles) estimated on the
global population. Numbers outside bars define ‘extended reference
intervals’ whose upper and lower limits are those defining the upper
and the lower limits of normal ranges in the geographical areas with
the highest and lowest mean platelet counts, respectively. Subjects
with platelet counts within the reference intervals have to be consid-
ered normal, while those with platelet counts outside this range but
within the extended one are in a ‘gray’ area that is still compatible
with a normal phenotype, but also with mild forms of thrombocytosis
or thrombocytopenia. Reproduced with permission (http://cre-
ativecommons.org/licenses/by/3.0/) from Büno et al.12
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was reduced to 4.5% in isolates with higher mean platelet
counts. Thus, using 150-400x109/L as the normal range for
platelet count, a number of old people of some areas could
be at risk of receiving a wrong diagnosis of thrombocy-
topenia, while young inhabitants of other areas could be at
risk of an undue diagnosis of thrombocytosis. 
The inappropriateness of the single limit of 150x109/L to

define thrombocytopenia is also supported by the results
of a study that monitored for five years 191 apparently
healthy adults with incidentally discovered platelet counts
between 100 and 150x109/L.21 In the vast majority of cases,
the degree of thrombocytopenia remained stable without
the appearance of any disease, and the authors concluded
that the risk of developing severe thrombocytopenia in this
category of patients was low. Based on the evidence dis-
cussed above, we hypothesize that these subjects (or a por-
tion of them) were completely healthy and had platelet
count lower than 150x109/L because of the combined
action of sex, age and genetic background.
In conclusion, there is little doubt that a new reference

range taking into account these variables would be desir-
able to identify more accurately subjects with platelet dis-
orders. Indeed, such a tool has been recently developed for
the Italian population.12 It indicates the normal ranges of
platelet count for three age classes: under 15 years,
between 15 and 64 years, and over 64 years. Moreover,
because of the occurrence of sex-related differences after
puberty, it indicates separate values for men and women in
the last two age classes. Finally, it defines a sort of ‘extend-
ed reference interval’ whose upper and lower limits are
those calculated in the Italian areas with the highest and
the lowest mean platelet count, respectively. These refer-
ence intervals are shown in Figure 2. 
Although the new reference intervals have not yet been

used in clinical practice, they are expected to reduce the
number of older subjects, especially men, who receive an
undue diagnosis of mild thrombocytopenia, as well as the
number of children with undue diagnosis of mild thrombo-
cytosis. Conversely, the incidence of thrombocytopenia in
children and that of thrombocytosis in adult males could
increase. Further studies are required to confirm that these
reference intervals better distinguish subjects with diseases
affecting platelet count from healthy people. We do not
know whether the new definition of normal platelet count
in Italy could be generalized to other countries, but the
observation that mean values of platelet count in Italy are
similar to those observed in other Caucasian populations
suggests that their use could be appropriate for other peo-
ple with this ethnic origin.
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