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AsstracT: Epidemiological and clinical studies suggest that elevated leukocyte count within the normal
range can predict cardiovascular and total mortality in older adults. These findings are remarkable because
this simple and common laboratory test is included in routine medical check-ups. It is well known
that chronic systemic inflammation (inflammaging) is one of the hallmarks of aging and an important
component of obesity-associated insulin resistance that can lead to type 2 diabetes and other health
problems in both overweight individuals and elderly people. To understand the molecular mechanisms
linking increased systemic inflammation with aging-associated diseases and elevated leukocyte counts
in the elderly is to unravel the multiplicity of molecular factors and mechanisms involved in chronic
low-grade systemic inflammation, the gradual accumulation of random molecular damage, age-related
diseases, and the process of leukopoiesis. There are several possible mechanisms through which chronic
low-grade systemic inflammation is associated with both higher leukocyte count and a greater risk
of aging-associated conditions in older adults. For example, the IL-6 centric model predicts that this
biomediator is involved in chronic systemic inflammation and leukopoiesis, thereby suggesting that
elevated leukocyte count is a signal of poor health in older adults. Alternatively, an increase in neutrophil
and monocyte counts can be a direct cause of cardiovascular events in the elderly. Interestingly, some
authors assert that the predictive ability of elevated leukocyte counts with regard to cardiovascular and all-
cause mortality among older adults surpass the predictive value of total cholesterol. This review reports
the recent findings on the links between elevated but normal leukocyte counts and the increased risks
of all-cause, cardiovascular, and cancer mortality. The possible molecular mechanisms linking higher but
normal leukocyte counts with increased risk of aging-associated diseases in the elderly are discussed here.
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Introduction

The discovery that many types of somatic
cells are limited in the number of times
they can divide, as opposed to cancer
cells, was undoubtedly one of the mile-
stones in the field of cytogerontology
(Hayflick and Moorhead 1961; Hayflick

1965; 1993; 1994; Rattan 2016). Later
on, it emerged that these senescent cells,
while not dividing because of this limit
(known as the Hayflick limit), accumu-
late in the body and remain metaboli-
cally active (Kahlem et al. 2004; Sikora
et al. 2014; Childs et al. 2015). Specif-
ically, they secrete inflammatory mole-
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cules, such as cytokines, that contribute
to chronic systemic inflammation (in-
flammaging), which is often described as
one of the hallmarks of the aging process.
The molecular factors that are released by
these cells are collectively known as se-
nescence-associated secretory phenotype
(SASP). These factors have an extremely
wide range of potential activities, includ-
ing detrimental effects to the whole body.
Although chronic low-grade systemic
inflammation plays an important role in
aging and can upset the homeodynamic
mechanisms insidiously, acting as a “si-
lent killer”, our knowledge of systemic
inflammation and its role in aging is far
from being complete. For example, on
the one hand systemic inflammation is
strongly associated with accelerated ag-
ing, increased risk of age-related diseases,
and enhanced mortality risk (Howcroft
et al. 2013; Franceschi and Campisi 2014;
Sikora et al. 2014; Childs et al. 2015), but
on the other hand centenarians and su-
percentenarians boast a higher inflam-
matory profile as opposed to the general
population (Arai et al. 2015). Neverthe-
less, chronic systemic inflammation can
be described as one of the most import-
ant aspects or hallmarks of organismal se-
nescence as well as one of the proximate
causes of aging (De la Fuente and Miquel
2009; Singh and Newman 2011; Jenny
2012; Howcroft et al. 2013; Franceschi
and Campisi 2014; Sawicki et al. 2015).
To date, numerous studies have sought
to find good and reliable biomarkers of
aging whose changes with age would
measure the intensity of homeostenosis
and chronic systemic inflammation in
older adults (Brito et al. 2014; Milman
et al. 2014; Nilsson et al. 2014; Sayer
and Kirkwood 2015; Chmielewski et al.
2016b; Marioni et al. 2016a; 2016b; Ek-
strom et al. 2017). Recently, it has been

demonstrated that leukocytes (white
blood cells, WBCs), which are measured
at very low cost and with high precision
for routine medical check-ups, are not
only important inflammatory markers
and harbingers of disease progression
and poor prognosis in older patients but
also very useful predictors of long-term
survival in older individuals (Brown et al.
2001; Erlinger et al. 2004; Wheeler et al.
2004; Leng et al. 2005a; 2005b; Margolis
et al. 2005; 2007; Tamakoshi et al. 2007;
Leng et al. 2009; Kabat et al. 2017; Wang
etal. 2017). It is important to understand
that it is not leukocytosis that attracts re-
searchers’ attention. Leukocytosis and
leukopenia have long been recognized as
strong indicators of poor health, but the
discovery that leukocyte count can be a
marker of subclinical disease and chronic
systemic inflammation in healthy adults
whose leukocyte counts are within the
normal range, i.e. 4-11 x 10%/uL, is es-
pecially interesting for several reasons
(Ruggiero et al. 2007; Nilsson et al. 2014;
Chmielewski 2016; Chmielewski et al.
2016b; Chmielewski and Strzelec 2017;
Kabat et al. 2017). First, these findings
are quite remarkable because they sug-
gest that we will be able to appraise the
health status or even predict long-term
survival in the elderly using this simple
and commonly performed laboratory test
that is included in routine clinical check-
ups. Second, these results are consistent
with some modern theories of biological
aging, including the oxidation-inflam-
mation theory (De la Fuente and Miquel
2009). Nonetheless, we still do not un-
derstand the direct mechanisms that link
high leukocyte counts to increased mor-
tality. It has been hypothesized that those
factors which stimulate leukopoiesis and
promote inflammation (e.g. IL-6) are di-
rect causes of these associations, whereas
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elevated leukocyte count is merely a risk
indicator of these factors. However, it is
conceivable that high leukocyte count is
simply a risk factor for the development
of cardiovascular disease (CVD). For ex-
ample, a surge of neutrophils is closely
related to increased risk of myocardial
infarction, which suggests that these cells
are involved directly in the pathogenesis
of coronary heart disease (CHD).

This review summarizes the results
of studies on total and differential leu-
kocyte counts as inflammatory biomark-
ers and strong predictors of long-term
survival in the elderly. Recent findings
on the links between elevated leukocyte
count, increased systemic inflammation,
and poor health status in older adults
are discussed. The possible molecular
mechanisms linking higher but normal
leukocyte counts with the probability
of occurrence and emergence of various
aging-associated diseases, such as ath-
erosclerosis, hypertension, cancer, type 2
diabetes, arthritis, osteoporosis, etc. are
also outlined here.

Leukocyte count as a marker of
chronic systemic inflammation

Like other blood cells (erythrocytes) and
cell fragments (platelets), leukocytes
(white blood cells, WBCs) are derived
from hematopoietic stem cells (HSCs)
in the red bone marrow, where they are
constitutively produced throughout adult
life. But these cells are remarkable in
many respects (Chmielewski et al. 2016b;
Chmielewski and Strzelec 2017). First,
although they circulate in the blood-
stream just like other formed elements
of the blood, they are not confined there.
They are able to squeeze between neigh-
boring cells that form the walls of blood
vessels, or alternatively they can induce

the formation of very small pores and slip
through the cells of blood vessel walls, in
order to leave the vasculature and move
to sites of infection, tissue disruption,
or inflammation. This process is known
as leukocyte extravasation (diapedesis).
It constitutes part of the innate immune
response. Second, when they are outside
the bloodstream, they can be attracted to
foreign substances or abnormal cells by
chemotaxis in order to fight infectious
diseases, foreign invaders, and damaged
or abnormal cells of the body.

Unlike erythrocytes, which are of uni-
form structure, identical function, and
relatively constant number, leukocytes
vary significantly in structure, function,
number, and lifespan. There are two main
types of leukocytes which can be further
divided into five subtypes. These two
types include granulocytes and agran-
ulocytes. The former have lobed nuclei,
whereas the latter have nuclei that are
not lobed. Granulocytes, which are also
called polymorphonuclear leukocytes
(PMNSs), include neutrophils, eosino-
phils, and basophils. Of these, neutro-
phils are the most abundant type of gran-
ulocytes. Agranulocytes include only two
types, i.e. lymphocytes and monocytes.
The former include naive cells, B cells, T
cells (which include Th and Tc cells), and
NK cells.

In general, all these cell have an ex-
tremely important function in defending
the body against invading pathogens (e.g.
bacteria, viruses, fungi, parasitic worms,
etc.) and abnormal cells (e.g. damaged
cells or cancer cells). Although they all
fulfill defensive functions, they vary in
their tasks. Most of them are able to ar-
rive at sites of infection and inflammation
to eliminate intruders (all granulocytes,
but mainly neutrophils, and monocytes).
Some of them can consume antibody-an-
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tigen complex by phagocytosis, attack
parasites, and lessen the severity of al-
lergies (eosinophils). Only one type of
granulocytes releases histamine that
promotes inflammation and increase
the blood flow to specific areas (baso-
phils). Monocytes and macrophages en-
gulf and destroy abnormal and damaged
cells through phagocytosis. Lymphocytes
are responsible for specific immunity: B
cells produce antibodies, and T cells de-
stroy cancer and virus-infected cells. NK
cells can eliminate cancer cells and some
viruses though releasing cytotoxic mole-
cules in close proximity to their targets
slated for killing.

Interestingly, total leukocyte count can
double within hours because of rapid re-
cruitment from vascular or bone marrow
reserve pools but leukocyte count can in-
crease significantly even within minutes,
if need be, because of changes in endothe-
lial adhesion or transmigration. Leuko-
cyte count increases rapidly in response
to infection, inflammation, trauma, and
in certain diseases (Carel and Eviatar
1985). Thus, although elevated leukocyte
count is not a specific disease, it can sig-
nal health problems, especially when this
parameter is assessed longitudinally and
long-term trends in age-related changes
in total leukocyte count are investigated.

Aie-related changes in total
leukocyte count and their pos-
sible causes

It has been well established that leuko-
cyte count changes significantly through-
out ontogeny (Zacharski et al. 1971;
Polednak 1978; Carel and Eviatar 1985).
In newborns, it ranges between 15 x 103/
wL and 35 x 10%/uL, and then it dimin-
ishes gradually with age. It is estimated
to average about 8 x 10%/uL in adoles-

cents at the age of 14-15 years (Wolanski
2012). In adults, total leukocyte count
is within the range of 4.8-10.8 x 103/
uL, whereas in nonagenarians it averages
6.6 x 103/uL, which was estimated based
on data from approximately 15,000 lab-
oratory values in 236 individuals aged
60-90 years, 22 individuals aged 90-99
years, and 69 centenarians and supercen-
tenarians (Tietz et al. 1992). Thus, it is
approximately three times higher in new-
borns than in adults (Chmielewski et al.
2016b; Chmielewski and Strzelec 2017).
With aging, leukocyte count is believed to
decrease from the level that is observed
in adults to roughly 5.7 = 1.1 x 103/uL
in men and 5.9 = 1.1 x 103/uL in wom-
en aged 90 years and above, which is a
significant decrease compared to normal
counts in healthy adults (Kovacs et al.
2006).

There are several possible causes why
older people tend to have decreased total
leukocyte counts compared to younger
individuals. First, there are some age-re-
lated changes in the bone marrow and
its functioning, which can mainly be at-
tributed to the process of natural replace-
ment of red bone marrow by yellow bone
marrow (Wolanski 2012). Second, there
are changes with age in the structure
and function of HSCs, and it is possible
that formation of new leukocytes during
leukopoiesis proceeds less efficiently in
aging individuals than in younger ones.
Third, with aging immunesenscence oc-
curs, which is a nonadaptive process of
the gradual deterioration of the immune
system with advancing age that consists
in homeostenosis and the accumulation
of damage at different levels of the orga-
nization of the immune system. It is also
associated with impaired immune re-
sponse that can be observed in the elderly
(Freund et al. 2010; Chang et al. 2012).
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For example, HSCs diminish significantly
in their self-renewal capacity and there-
fore cannot provide the same level of
leukocyte progenitors that they used to
provide when the organism was young
and fit. It is believed that this is due to
the accumulation of random molecular
damage that drives the aging process as
well as some other contributors such as
hyperfunction and stochastic events that
can accelerate senescence. Furthermore,
a decline in the total number of phagocyt-
ic cells along with a significant reduction
of their bactericidal activity can be ob-
served in the elderly (Karan et al. 2005).
Other studies confirm a gradual decrease
in phagocytic activity of leukocytes in
older adults and suggest a possible link
between neutorphil phagocytic activity
and erythrocyte aggregability (Christy
et al. 2010). The cytotoxicity of NK cells
is also known to diminish considerably in
late ontogeny. Consequently, elderly peo-
ple are more likely to suffer from infec-
tions and are at greater risk of age-related
diseases such as many types of cancer at
different anatomic sites.

Systemic inflammation and its
role in aging

At the proximal level, aging results from
the accumulation of random molecular
damage, which means that this mecha-
nism drives the aging process (Kirkwood
2005). The second most important aspect
of senescence is chronic systemic inflam-
mation (inflammaging), which is one
of the hallmarks of aging. In fact, many
age-related diseases are associated with
this aspect of senescence (Krabbe et al.
2004; Howcroft et al. 2013; Franceschi
and Campisi 2014; Sikora et al. 2014;
Childs et al. 2015). There are several un-
derlying causes of systemic inflammation,

including senescent cells that accumulate
with aging and secrete proinflammatory
cytokines (Tchkonia et al. 2013), immu-
nosenescence (Bauer and De la Fuente
2013), proinflammatory processes associ-
ated with the adipose tissue that can am-
plify each other and may have important
systemic consequences (Tchkonia et al.
2010), age-related mitochondrial dys-
function (Wiley et al. 2016), self-debris
(Furman et al. 2017), and unfavorable
changes in the gut microbiota (Kumar
et al. 2016; Vaiserman et al. 2017). To
date, a plethora of theories of biological
aging have been proposed to elucidate
the physiological mechanisms and evo-
lutionary aspects of senescence but none
of them is universally accepted as the
general theory of aging (for a review, see
Rattan 2006; Chmielewski 2016; 2017;
Chmielewski and Borystawski 2016; Ch-
mielewski et al. 2016a). For example, the
oxidation-inflammation theory of aging
posits that oxidative damage and chron-
ic systemic inflammation are extremely
important causes of aging (De la Fuente
and Miquel 2009; Franceschi and Campisi
2014). Therefore, numerous studies have
concentrated on the links between chronic
systemic inflammation, aging, and age-re-
lated diseases (Zvaifler 1973; Alexander
1994; Ross 1999; Coussens and Werb
2002; Shay and Roninson 2004; Wellen
and Hotamisligil 2005; Tiong and Brieger
2005; Libby 2006; Rakoff-Nahoum 2006;
Reiss and Glass 2006; Schaap et al. 2006;
2009; Howcroft et al. 2013; Raman et al.
2013; Aird and Zhang 2014; Franceschi
and Campisi 2014; Sikora et al. 2014;
Childs et al. 2015; Heppner et al. 2015;
Sawicki et al. 2015), even though other
factors, such as the putative pleiotropic
genes, impaired homeodynamic mecha-
nisms, hyperfunction, disrupted commu-
nication between the nervous, endocrine,
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and immune systems, and reduced capac-
ity of the immune system driven by some
more direct causes of homeostenosis of
the immune system, are also essential
causes of aging (Sikora 2014; Chmielews-
ki 2017). Thus, the oxidation-inflamma-
tion theory focuses on the links between
metabolism and immunity. According to
these views, chronic low-grade systemic
inflammation is one of the hallmarks of
aging and one of the causes of increased
risks for many aging-associated diseases,
including CVD, diabetes, and cancer. It is
well known that chronic systemic inflam-
mation is part of highly complex response
to deleterious factors and harmful stim-
uli, such as various pathogens, irritants,
oxidative damage, and injury, that affect
the aging organism. It is believed that
in the cardiovascular system, lipid per-
oxidation, injury, and infections are the
most important pro-inflammatory fac-
tors. Although the main biological func-
tion of this process is to fight infections,
it also contributes to the self-destruction
of the body in the long run (De la Fuen-
te and Miquel 2009; Singh and Newman
2011; Jenny 2012; Franceschi and Camp-
isi 2014).

Although aging was traditionally con-
sidered a natural process rather than
a disease (but cf. Hayflick 2000; 2007;
Rattan 2014; 2016; Bulterijs et al. 2015),
largely because every older individual ex-
perience it, while a disease does not hap-
pen to everyone in a population. But no
one can escape aging after the limit of es-
sential lifespan, so it happens to everyone
who is still alive beyond this limit. Fur-
thermore, aging is a complex, dynamic,
and emergent phenomenon that consists
in the shrinkage of the homeodynamic
space that results from the gradual accu-
mulation of random molecular and cel-
lular damage, hyperfunction, epigenetic

processes, and stochastic events (Kirk-
wood 2005; Kennedy et al. 2014; Sikora
2014; Chmielewski 2017). Thus, there is
no cure for aging. Moreover, this dynam-
ic and emergent phenomenon cannot be
treated by disease-oriented approaches.
Aging is associated with processes that
are linked to age-related diseases like
CVD, atherosclerosis, hypertension, can-
cer, type 2 diabetes, arthritis, osteoporo-
sis, and so forth (Kennedy et al. 2014).
Many of these conditions are closely re-
lated to chronic systemic inflammation
that is accompanied by increased levels of
biochemical mediators of the inflamma-
tory response such as IL-2, IL-6, interfer-
on gamma (INF-y), and tumor necrosis
factor alpha (TNF-a). With aging, se-
nescent cells accumulate in the body and
secrete SASP factors which are involved
in chronic low-grade systemic inflamma-
tion. It should be remembered that chron-
ic systemic inflammation in older people
is not only associated with greater risk of
developing age-related diseases but these
conditions can lead to increased inflam-
matory responses as well, which means
that this mechanism consists in positive
feedback. Interestingly, the IL-6-centric
model (Fig. 1) can explain to some extent
why elevated but normal leukocyte count
is a useful and strong predictor of chron-
ic systemic inflammation and subclinical
disease in the elderly because this im-
portant biomediator of the inflammatory
response is also one of the direct causes
of leukopoiesis. There are, however, also
other models or mechanisms that could
explain why high but normal leukocyte
counts are associated with poor health
outcomes in older adults. For example,
an increase in neutrophil count caused
by both intrinsic and extrinsic factors,
including an unhealthy diet, cigarette
smoking, infections, etc., can lead to car-
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diovascular events and premature death.

To date, many attempts have been
made to determine biomarkers of aging
and strong predictors of longevity that
would assess the overall biological con-
dition in the elderly. In this approach,
reliable markers of oxidative stress and
systemic inflammation are of paramount
importance. With aging, senescent cells
that secrete proinflammatory cytokines
accumulate in the body. These molecules,
such as interleukins IL-1, IL-2, IL-6, C-re-
active protein (CRP), and TNF-a, work
with certain cells of the immune system
such as granulophils, and especially neu-
trophils. The inflammatory response is
triggered by a number of factors released
by different types of cells. During its
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course, various cellular mediators, such
as monocytes and macrophages, are acti-
vated. It has been established that chron-
ic systemic inflammation is an important
factor predisposing to various aging-asso-
ciated conditions (Franceschi and Camp-
isi 2014), and damage resulting from in-
flammation in these chronic diseases as
well as during normal or healthy aging
is mediated by various types of ROS and
specific inflammatory peptides. Thus, in-
flammation is one of the core processes
of aging as it is involved in both baseline
aging (De la Fuente and Miquel 2009)
and many age-related diseases, includ-
ing arthritis (Zvaifler 1973) atheroscle-
rosis and CVD (Libby 2006; Reiss and
Glass 2006), metabolic syndrome, type
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Fig. 1. Selected molecular mechanisms involved in systemic inflammation, disease progression, and adver-
se health outcomes in the elderly. Senescent cells accumulate in the body and secrete the SASP factors
which stimulate chronic low-grade systemic inflammation. The IL-6-centric model links increased levels of
this important biomediator with aging-associated diseases and leukocyte counts. Elevated leukocyte count
within the normal range is merely a signal of poor health. Alternatively, high leukocyte count is a direct
cause of age-related conditions such as cardiovascular events
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2 diabetes (Vozarova et al. 2002), sar-
copenia, physical decline (Schaap et al.
2006; 2009), Alzheimer’s disease (Hep-
pner et al. 2015), and cancer at different
anatomic sites (Rakoff-Nahoum 2006;
Bonomi et al. 2014). Moreover, it is well
known that both intrinsic and extrinsic
factors that stimulate chronic systemic in-
flammation in older adults of both sexes
are linked to an increased risk of develop-
ing certain types of cancer. For example,
recent findings suggest that pro-inflam-
matory diet (e.g. tobacco use, diets that
have large amounts of red and fried meat,
proinflammatory types of animal fat, too
little fresh fruit and vegetables, etc.) is re-
lated to an increased risk of laryngeal and
colorectal cancer (Shivappa et al. 2015;
2016).

Elevated but normal leukocyte
count and health outcomes in
older adults

It is well established that elevated total
leukocyte count is a strong and reliable
risk factor for atherosclerosis and later car-
diovascular events in older people (Grimm
et al. 1985; Lee et al. 2001). The discov-
ery that elevated leukocyte counts within
the normal range (i.e. not leukocytosis or
any other types of pathological effects) in
healthy subjects are positively associated
with cardiovascular and total mortality
and risks of many diseases in older adults
has stimulated further research on the re-
lationship between high yet normal total
leukocyte count and increased mortality
and morbidity in the elderly (Leng et al.
2005a; 2005b; 2009; Ruggiero et al. 2007;
Tatsukawa et al. 2008; Nilsson et al. 2014;
Chmielewski et al. 2016b; Chmielewski
and Strzelec 2017).

The study by Grimm and colleagues
investigated the prognostic importance

of leukocyte counts for coronary, cancer,
and all-cause mortality (Grimm et al.
1985). The study sample comprised 6222
middle-aged men. It turned out that to-
tal leukocyte count was closely related
to risk of CHD, irrespective of smoking
status. Interestingly, age changes in leu-
kocyte count from baseline to the an-
nual examination just prior to the CHD
event were found to be a significant and
independent predictor of CHD risk. The
authors concluded that the leukocyte
count is also significantly associated with
cancer death, independent of reported
smoking and serum thiocyanate levels,
which means that leukocyte counts are
good and reliable predictors of both CVD
and cancer in older adults, irrespective
of some important risk factors of these
age-related diseases.

In one of the largest studies devoted to
associations between elevated leukocyte
counts and increased cardiovascular mo-
rality among older adults (13555 adults
aged 45-64 years recruited from the Ath-
erosclerosis Risk in Community Study),
these links persisted even after addition-
al adjustment for other risk factors (Lee
etal. 2001). Leukocyte counts were under
control and were within the normal range
(5.50 + 1.90 x10°/uL in Black males and
6.40 = 1.80 x10°/uL in White males; 5.60
+ 1.80 x10%/uL in Black females and 6.10
+ 1.80 x10%/uL in White females). The
findings from this study suggest that in
older adults who have no history of CVD
or cancer, there is a strong association of
WBC count with incidence of CHD and
cardiovascular mortality, even after al-
lowing for age, gender, and race.

In 2005, Leng and associates found
that total and differential leukocyte
counts are positively correlated with cir-
culating IL-6 in older women (Leng et al.
2005b). The study sample consisted of
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619 community-dwelling women aged
77.4 = 7.8 years. These results indicate
that high but normal leukocyte counts
are linked to increased levels of IL-6
which is a well-established inflammato-
ry biomediator. Thus, it provides strong
evidence that chronic systemic inflamma-
tion that is accompanied by higher levels
of IL-6 is associated with poor health and
increased leukocyte counts in the elderly.

In 2007, other researchers reported
that higher but normal leukocyte counts
are associated with increased mortality
from both CVD and cancer in older adults
from the Baltimore Longitudinal Study of
Aging (Ruggiero et al. 2007). The study
sample comprised 1720 men and 1083
women from the Baltimore Longitudi-
nal Study of Aging (BLSA), and the pe-
riod 1958-2002 was under investigation.
Thus, this is an extremely important
longitudinal study of aging that focus-
es on the association between leukocyte
counts and health status in older adults.
Interestingly, a positive relationship be-
tween total leukocyte count and BMI as
well as triglyceride levels was observed in
this study, while level of physical activity
was inversely related to leukocyte count.
It is worth mentioning that the findings
from previous studies suggest that high
but normal leukocyte counts in healthy
adults are linked to increased risks of
type 2 diabetes and metabolic syndrome.

The study by Tatsukawa and col-
leagues investigated the links between el-
evated but normal leukocyte counts and
later hypertension in 3356 men and 6027
women with leukocyte counts within the
normal range, i.e. 6.70 = 1.70 x10°/uL in
men and 6.00 = 1.60 x103/uL in wom-
en. These subjects were followed from
1965 to 2004 (Tatsukawa et al. 2008).
Leukocyte count was strongly associated
with hypertension incidence among old-

er women, even after adjusting for con-
ventional risk factors, including smoking
status. In men, elevated leukocyte count
was a significant risk factor for hyperten-
sion only in the time-varying Cox-regres-
sion covariate. Moreover, an association
between increased neutrophil count and
hypertension incidence among older
women was observed. The authors con-
cluded that high but normal leukocyte
count predicts an increased incidence of
hypertension, especially among women.
It appears that neutrophils are the major
WBC component contributing to the in-
creased risk of hypertension.

In 2014, Nilsson and associates re-
ported further evidence of prognostic sig-
nificance of leukocyte count with respect
to all-cause, cardiovascular, and noncar-
diovascular mortality in a population
of individuals aged 75 years after a fol-
low-up of 10 years (Nilsson et al. 2014).
Interestingly, higher leukocyte count was
linked to increased cardiovascular mor-
tality in both sexes and noncardiovascu-
lar mortality in older women. Interest-
ingly, subsequent investigations not only
confirmed these findings but also showed
that the association between total leuko-
cyte count and mortality is independent
of cigarette smoking and is most prob-
ably not influenced by previous disease
history (Kabat et al. 2017). The study by
Nilsson and associates shows that the
leukocyte count has a stronger prognostic
ability with regard to cardiovascular and
all-cause mortality than total cholesterol
or LDL-C (Nilsson et al. 2014).

The Polish Longitudinal Study of
Aging (PLSA) was a retrospective lon-
gitudinal investigation of 142 physically
healthy individuals with a 25-year fol-
low-up, including 68 men and 74 wom-
en. These subjects were patients and
residents of the psychiatric hospital in
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Cibérz (Lubuskie Province, Poland) and
from a residential home which provid-
ed care for older and ill people from the
lower socioeconomic strata. In the PLSA,
rate and pattern of age-related chang-
es in numerous biological parameters
in longitudinally studied subjects were
compared with cross-sectional data from
225 individuals who differed in lifespan
(Chmielewski et al. 2015a; 2015b). The
cross-sectional analysis revealed that the
highest age at death was associated with
lower but normal total leukocyte counts
and granulocyte counts (Chmielewski
et al. 2016b). Thus, survivors (individu-
als aged 76 years and over) had lower, on
average, total leukocyte counts compared
to nonsurvivors who died before the age
of 76 years. Interestingly, short-lived sub-
jects from the PLSA also had relatively
low total leukocyte counts, which might
have resulted from an excess in cardio-
vascular mortality amongst middle-aged
men in the Polish population. It was hy-
pothesized that because of significant-
ly increased cardiovascular morality in
Polish men aged 45-55 years, individuals
with elevated leukocyte counts who were
at higher risk of cardiovascular events
compared to those with lower leukocyte
counts lived significantly shorter. Conse-
quently, the mean leukocyte count in the
group of men aged 53 years was reduced
because of this type of natural selection,
i.e. the differences in lifespan between
men with higher and lower leukocyte
counts. Thus, those who survived had
both endogenously lower total leukocyte
counts and reduced risks of cardiovas-
cular events. Alternatively, it is possible
that short- and long-lived individuals had
similar leukocyte counts because of some
types of artifacts or an altered prognostic
ability of leukocyte count with regard to
long-term survival in the studied popula-

tion. Nevertheless, the findings from the
PLSA suggest that longevity favors indi-
viduals with lower yet normal leukocyte
counts. Interestingly, this association
was more pronounced and perspicuous in
older men, which was probably due to an
excess mortality caused by CVD among
older men in the studied population (Ch-
mielewski et al. 2016b; Chmielewski and
Strzelec 2017).

In 2017, Kabat and associates ex-
plored the associations between leuko-
cyte count and cause-specific and total
mortality in older adults (Kabat et al.
2017). Leukocyte count was measured
at baseline in 160117 postmenopausal
women and again in year 3 in 74375 sub-
jects. These subjects were followed for
a mean of 16 years. The study used Cox
proportional hazards models to estimate
the relative mortality hazards associated
with deciles of baseline leukocyte count
and of the mean of baseline + year 3 leu-
kocyte count. The results showed that
high deciles of both baseline and mean
leukocyte counts were positively related
to CHD and total mortality, whereas the
positive association between leukocyte
count and cancer mortality was weaker.
In general, total leukocyte counts were
positively associated with mortality, in-
dependent of smoking status and this re-
lationship was not influenced by previous
disease history. The authors concluded
that this simple and common laboratory
test predicts mortality risk among older
adults, which warrants further research.

Next to cancer, CVD is the main cause
of death in many populations around the
world. It is estimated that approximately
70-80% of cardiovascular disease is pre-
ventable. It means that specific lifestyle
modifications, such as a healthy diet,
avoiding smoking and drinking, exer-
cising regularly, maintaining a low body
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mass index (BMI), reducing psychologi-
cal stress, and monitoring health status,
can mitigate these modifiable risk factors.

Several important risk factors asso-
ciated with CVD, such as lack of physi-
cal activity, cigarette smoking, alcohol
consumption, low level of high-density
lipoproteins (HDLs) and high level of
low-density lipoproteins (LDLs), insu-
lin resistance, overweight, obesity, and
chronic psychological stress, correlate
concurrently with high leukocyte count
and greater risks of CVD, cancer, and
premature death (Margolis et al. 2005;
2007; Leng et al. 2005a; 2005b; 2009;
Ruggiero et al. 2007; Nilsson et al. 2014;
Chmielewski et al. 2016b; Kabat et al.
2017). While young and middle-aged
men are at greater risk of CVD, wom-
en’s risk increases significantly follow-
ing menopause. Numerous studies have
demonstrated that atherosclerosis is the
major precursor of CVD in both sexes,
mainly because of an accumulation of
oxidized low-density lipoproteins (LDLs)
in the arterial intima, which develops rel-
atively early in ontogeny and causes le-
sions to the arterial wall, but the role of
sex hormones and sex differences in cells
involved in the atherosclerotic process
are not well understood. The oxidized
LDLs exert proatherogenic and proin-
flammatory effects as they activate endo-
thelial cells and macrophages to produce
adhesion molecules and chemokines that
attract monocytes and other leukocytes.
With aging, the production of proathero-
genic and proinflammatory factors, the
formation of lesions to the arterial wall,
and the accumulation of atherosclerotic
plaques increase significantly, though the
atherosclerotic process starts to develop
at young age and occurs even in seeming-
ly healthy individuals who exhibit none
of the traditional risk factors associated

with CVD. The fact that the development
of atherosclerosis or CVD is accompa-
nied by chronic systemic inflammation
manifesting itself in frequently elevated
total leukocyte count is remarkable be-
cause this simple blood parameter is de-
termined routinely by means of credible
and well-standardized automated meth-
ods at low cost and with high precision in
almost any routine clinical check-ups. To
date, several studies have confirmed that
high leukocyte count is associated with
cardiovascular mortality in both sexes
and with noncardiovascular mortality in
older women. Nonetheless, the prognos-
tic value of elevated leukocyte count as
a marker of inflammatory reactions and
subclinical disease does not seem to be
confined to older women as other stud-
ies indicate that the association between
total leukocyte count and long-term sur-
vival is actually more pronounced and
perspicuous in men (Chmielewski et al.
2016b).

High leukocyte count, insulin
resistance, and type 2 diabetes

Numerous studies have reported the as-
sociation between increased systemic in-
flammation and risk of insulin resistance
in the elderly (Chmielewski and Strzelec
2017). Diabetes is often described as a
group of metabolic disorders in which hy-
perglycemia occurs over a prolonged time
and results from defects in insulin secre-
tion, action, or both. This age-related dis-
ease occurs in older adults with increas-
ing frequency with each advancing decade
and is associated with many metabolic
complications, long-term damage, as well
as dysfunction and failure of various or-
gans, including the eyes, kidneys, nerves,
heart, and blood vessels. With time, these
deleterious effects significantly increase
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mortality and morbidity in elderly people.
Moreover, this chronic condition height-
ens the risk of other age-related diseases.
Although untreated hyperglycemia leads
to increases in cardiovascular and total
mortality, antihyperglycemic therapies do
not alleviate this excess burden of disease,
which is often referred to as the “diabetic
conundrum”. Insulin resistance is a con-
dition in which cells fail to respond to in-
sulin properly. It often coexists with over-
weight or obesity, and people with this
condition are at greater risk of type 2 di-
abetes, metabolic disorder, hypertension,
CVD, and other diseases.

It is well established that overweight
and obesity is associated with chronic
low-level inflammation, and systemic in-
flammation is an important component
of obesity-associated insulin resistance
(Gupta et al. 2011). Many authors sug-
gest that chronic low-grade systemic in-
flammation is also involved in the patho-
genesis of type 2 diabetes and metabolic
syndrome (Vozarova et al. 2002; Wellen
and Hotamisligil 2005; Hotamisligil
2006; Kahn et al. 2006). Some studies
have reported that pre-diabetic patients
have increased serum interferon f levels,
while serum levels of other biomediators,
such as IL-6 and TNF-q, tend to be high-
er than normal but these differences are
statistically nonsignificant (Gupta et al.
2011). In general, these results indicate
that pre-diabetic subjects have altered
cytokine levels compared to healthy indi-
viduals. This observation supports a role
for these molecules in the disease pro-
gression to type 2 diabetes.

The findings from studies that have
examined the pathophysiological role of
an activated immune system and chronic
systemic inflammation manifesting itself
in high but normal leukocyte count sug-
gest that increased total leukocyte count is

associated with later development of type
2 diabetes. It appears that high but nor-
mal leukocyte count at baseline predicts
diabetes in populations with marked rate
of insulin resistance and specifically type
2 diabetes, such as modern Pima Indians
(descendants of the Hohokam; an Indian
tribe living along the Gila and Salt Rivers
in the United States) when adjusted for
age and gender (Vozarova et al. 2002).
Interestingly, this predictive effect of el-
evated leukocyte count persisted even af-
ter additional adjustment for established
predictors of diabetes such as BMI, body
fat, insulin action, and insulin secretory
response. After adjustment for follow-up
duration, increased leukocyte count at
baseline turned out to be associated with
a subsequent worsening of insulin action
but not insulin secretory response. This
study concluded that elevated leukocyte
count predicts a worsening of insulin ac-
tion and the development of type 2 dia-
betes in Pima Indians (Vozarova et al.
2002). Thus, these findings comport
with the view that a chronic activation of
the immune system resulting in chronic
low-grade systemic inflammation plays
a role in the development of type 2 dia-
betes in older adults of both sexes (Ch-
mielewski and Strzelec 2017). To date,
numerous studies have shown that high
total leukocyte count is associated with
later development of type 2 diabetes and
poor prognosis in elderly people. Further-
more, many studies have demonstrated
that higher total leukocyte count is linked
to metabolic syndrome, though the as-
sociation between differential leukocyte
count and this chronic condition is still
unclear. Likewise, the pathophysiological
mechanisms that link increase leukocyte
count to insulin resistance are not well
understood. Many authors have come to
the conclusion that both leukocyte count
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and insulin resistance depend on an acti-
vation of the immune system. This sheds
some light on tentative mechanisms un-
derlying the association between the lev-
el of inflammatory biomarkers and insu-
lin resistance. For example, interleukin-6
(IL-6) as a pro-inflammatory cytokine
that is synthesized mainly in the fatty tis-
sue can act as a factor influencing both
leukocyte differentiation and insulin re-
sistance. Interestingly, numerous studies
have shown that IL-6 can stimulate the
inflammatory and auto-immune process-
es in type 2 diabetes as well as other disor-
ders such as atherosclerosis, depression,
Alzheimer’s disease, rheumatic arthritis,
and some types of cancer. Furthermore,
some sophisticated methods of analy-
ses of single nucleotide polymorphism
of the gene encoding IL-6 have revealed
that patients with insulin resistance tend
to have higher leukocyte counts (Leng
et al. 2005b). Additionally, it has been
demonstrated that total leukocyte count
and some other differential counts, such
as neutrophil, monocyte, and eosinophil
counts, depend on serum IL-6 level in
older women (Leng et al. 2009). There-
fore, it has been hypothesized that some
inflammatory responses that are asso-
ciated with later development of type 2
diabetes may influence leukocyte count
through pro-inflammatory factors like IL-
6, and the latter is an important marker
of inflammation and probably the direct
cause of increased leukocyte counts.

Fighting systemic inflamma-
tion: a neglected strategy to
cope with depression?

Apart from links with CVD, cancer, and
type 2 diabetes, there are also very in-
teresting associations between systemic
inflammation and risk of depressive dis-

orders (Dantzer et al. 2008; Dantzer and
Capuron 2017). Recent findings from
several studies suggest that elevated leu-
kocyte counts are linked to a faster in-
crease in depressive symptoms that are
characterized by a profound feeing of sad-
ness that is severe enough or persistent
enough to affect a person’s behavior (e.g.
attitude, eating behavior, sleep, etc.) and
sense of well-being, thereby supporting
the predictive role of increased leukocyte
count as an indicator of systemic inflam-
mation (Beydoun et al. 2016; Bell et al.
2017; Chmielewski and Strzelec 2017).
While this disorder can happen at any
age and strikes all age groups indiscrim-
inately, it often begins in adulthood or
even before the age of 30. Interestingly,
both total leukocyte count and associ-
ated inflammatory markers are related
to depressive symptoms in older adults,
but especially in women (Beydoun et al.
2016). In general, depressive disorders
are more common among women than
men. These findings are consistent with
many other studies indicating that de-
pressive behavior may result from chron-
ic systemic inflammation. Although in-
flammation cannot explain the entire
pathophysiology of depression (Jeon and
Kim 2017) as there are also other import-
ant triggers of depressive disorders, some
authors suggest that increased systemic
inflammation might be a key biological
event that heightens the risk of depres-
sive episodes (Dantzer et al. 2008). Also,
it has been hypothesized that the spe-
cific interactions between inflammatory
factors or pathways and neurocircuits in
the human brain can lead to behavioral
responses such as alarm and avoidance.
Nevertheless, evidence on systemic in-
flammation as a risk factor of future de-
pression is inconsistent, largely because
there is a lack of regard for persistency of
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exposure. Bell and associates have found
that repeated but not transient exposure
to systemic inflammation is associated
with greater risk of future depressive ep-
isodes among women (Bell et al. 2017).
According to evolutionary medicine, be-
havioral changes typical for depressive
disorders might have been advantageous
from an evolutionary point of view since
they were associated with reduced inter-
actions with other individuals, patho-
gens, and predators. At the present time,
the same mechanisms and interactions
may drive the development of depressive
behavior. Moreover, it has been demon-
strated that efficacious anti-inflammato-
ry therapies along with the proper treat-
ment for insomnia in depressive patients
can alleviate the burden of this disorder
(Benca and Peterson 2008; Beydoun et al.
2016; Dantzer and Capuron 2017).

Conclusions

To date, numerous studies have shown
that trends showing elevated leukocyte
counts within the normal range are as-
sociated with later development of CVD,
type 2 diabetes, metabolic syndrome, de-
pressive behavior, and some other chron-
ic conditions in older adults. These find-
ings seem compelling because they were
obtained in both large population-based
studies and clinical investigations. Al-
though the underlying mechanisms that
link high leukocyte count to mortality are
not well understood, many authors have
come to the conclusion that an activation
of the immune system that is accompa-
nied by chronic systemic inflammation
due to increased activity of some pro-in-
flammatory factors, and especially IL-6,
can explain to some extent these obser-
vations. Since leukocyte count is routine-
ly determined at low cost and with high

precision, it can be used as an indicator of
increased systemic inflammation, disease
progression, and poor health outcomes,
especially among older adults and peo-
ple who have a greater risk of develop-
ing CVD, type 2 diabetes, metabolic syn-
drome, and cancer.
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