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ABSTRACT  

Peripheral blood cytopenias may precede development of hematological malignancies and 
frequently pose clinical challenges in the elderly. The natural course of (mild) cytopenias 
during ageing and association with hematological disorders in community -dwelling 
individuals are not well studied.  Within the population -based Lifelines cohort (n=167729), we 
studied changes in peripheral blood counts, occurrence of cytopenias and associated 
hematological outcomes in the context of ageing. Development of hematological 
malignancies and (cause-specific) mortality were evaluated by linkage to nationwide 
registries. Anemia and thrombocytopenia em erged with higher age, in line with a general 
age-related decline in these blood counts. For neutropenia, no increase in prevalence upon 
higher age was observed. Using standard reference limits to define cytopenias, anemia (HR 
1.84, 95%CI 1.59-2.12) and thrombocytopenia (HR 1.58, 95%CI 1.32-1.89) and especially the 
concomitant presence of anemia and thrombocytopenia (HR 4.75, 95%CI 2.98 -7.55) 
associated with inferior overall survival. Only a minor proportion of deaths was explained by 
diagnosed hematologica l malignancies, with the majority attributable to other causes. 
Neutropenia, either isolated (HR 0.88, 95%CI 0.73-1.06) or combined with another cytopenia, 
did not affect overall survival. For individuals ! 60 years, 5-year cumulative incidence of 
hematolog ical malignancies was 0.60% (95%CI 0.50%-0.70%), with higher incidences among 
those with anemia (P<0.001) or thrombocytopenia (P<0.001) but not neutropenia (P=0.201). 
Highest cumulative incidences of diagnosis and mortality from hematological malignancies 
were observed for individuals with >1 cytopenia. We conclude that anemia and 
thrombocytopenia but not neutropenia associate with inferior overall survival of community -
dwelling individuals. Hematological malignancies develop in a small fraction of these ca ses. 
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INTRODUCTION  

Older individuals presenting with idiopathic cytopenia may pose diagnostic and therapeutic 
challenges, as the etiology and natural course remain unknown in the majority of cases.1,2 
With the number of people aged ! 60 years increasing to 22% of the total population in 
20503, an increasing number of (asymptomatic) elderly individuals will be found to have 
abnormal peripheral blood counts, including cytopenias.  
 
Subtle alterations in peripheral blood counts may be present several years prior to diagnosis 
of myelodysplastic syndromes (MDS).4 MDS are malignant myeloid disorders characterized 
by a disturbed differentiation of blood cell lineages, formation of dysplastic cells and 
peripheral blood cytopenias. The prevalence of MDS steadily increases with ageing. 5,6 It has 
been suggested that (lower-risk) MDS may account for a substantial proportion of 
(unexplained) cytopenias in the elderly. 7 The term idiopathic cytope nia of undetermined 
significance (ICUS) has recently been introduced to describe a condition with unexplained 
cytopenia(s) that does not (yet) fit the diagnostic criteria of MDS or another hematopoietic 
disorder.  2,8-10 Although a peripheral cytopenia may be the first sign of a malignant 
hematological disorder, knowledge about the long -term hematological outcomes for 
individuals with (mild) cytopenia is limited, and the natural disease course of ICUS is not well 
established. For example, the thresholds for defining a cytopenia relevant for diagnosis of 
MDS or ICUS are still a matter of controversy.10-14 Further, it remains unknown whether these 
individuals develop overt disease or have blood levels lower than normal without apparent 
clinical significance.  

 
We studied changes in peripheral blood counts, occurrence of cytopenias and associated 
hematological outcomes in the context of ageing, making use of the prospective and 
population -based Lifelines cohort comprised of 167 729 community -dwelling individuals.  By 
linkage to nationwide pathology and mortality registers, we were able to estimate the 
probabilities for development and death from hematological malignancies.  
 
 

METHODS  

Cohort selection  
For this study, we included 152 180 individuals aged !  18 years from the prospective Lifelines 
Cohort Study. Lifelines is a multi-disciplinary prospective population -based cohort study of 
167 729 persons living in the North of the Netherlands. It employs a broad range of 
investigative procedures in assessing the biomedical, socio-demographic, behavioral, 
physical and psychological factors which contribute to the health and disease of the general 
population, with a special focus on multi -morbidity and complex genetics. 15,16 Lifelines 
participants are broadly representative of the  general background population in the north of 
the Netherlands with respect to chronic diseases and overall health. 16 A follow -up visit was 
scheduled after approximately 5 years. The Lifelines study is conducted according to the 
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principles of the Declaration of Helsinki. Informed consent was signed by every participant 
at study inclusion. The local medical ethical committee approved the study protocol. 
Detailed descriptions of Lifelines recruitment procedures and representativenes s are given in 
the Supplementary Appendix.  
 
Definition of cytopenias  
At baseline study visit, peripheral blood samples were drawn after an overnight fast and 
directly processed for routine clinical chemistry assays at the University Medical Center 
Groningen. Complete and differential blood counts were determined using a Sys mex 
XE2100 analyzer (Sysmex, Japan). First, we used standard reference values to define 
cytopenias. Anemia, in accordance with World Health Organization (WHO) criteria 17, was 
defined as hemoglobin concentration <13.0 g/dL in men and <12.0 g/dL in women. 
Thrombocytopenia was defined as platelet counts <150 x 10 9/L and neutropenia by absolute 
neutrophil counts <1.8 x 10 9/L. When possible, we evaluated alternative proposed cut -offs 
for increasing severity of the cytopenia, based on the cut -off criteria that have been proposed 
to define ICUS and cytopenias in MDS (Table 1 and Table S1). Moderate and severe anemia 
were defined by hemoglobin levels <11.0 g/dL and <10.0 g/dL respectively. Platelet counts 
<100 x 109/L were used to define moderate thrombocytopenia. Absolute neutrophil counts 
<1.5 x 109/L and <0.8 x 109/L were used to define moderate and severe neutropenia 
respectively. Additionally, prevalence of severe cytopenias was evaluated according to cutoff 
criteria corresponding to the toxicity criteria of the National Cancer Institute (NCI). 18 
 
Outcomes 
Overall survival (OS) was defined as time from study inclusion until death. Survival status of 
participants was ascertained by consulting the Municipal Persons Records Database (last 
consultation 06-2020). The Lifelines cohort was linked to the Dutch Nationwide Network and 
Registry of Histo- and Cytopathology (PALGA) to retrieve positive histology reports for 
diagnosis of hematological malignancies. 19 The PALGA registry is a fully automated archive 
of pathology reports and covers all pathology laboratories and pathology reports in the 
Netherlands. All retrieved histopathology reports were manually screened to identify 
diagnoses of malignant hematological disease. For deceased participants, the primary cause 
of death, as reported on the death certificate by t he physician, was obtained by linkage to 
the national registry (Statistics Netherlands). ICD-10 codes C81x-C96x and D45x-D47x were 
used to classify death from hematological neoplasms or other causes. Extensive information 
about the linkage and coding proce dures is outlined in the Supplementary Methods.  
 
Statistical analyses 
T-tests or Mann-Whitney U tests were used to evaluate between-group differences for 
parametric and non-parametric data respectively. We used the Kaplan-Meier estimator for 
visualization of OS. Cox proportional hazard regression models were used to evaluate  risks 
for all-cause mortality. For development of hematological malignancies and cause -specific 
survival, cumulative incidence curves were constructed and Fine-Gray competing risk-
regression was performed, with respectively death and death from other caus es considered 
a competing risk. Cumulative incidences were compared between groups using GrayÕs test. 
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When the number of events allowed for reliable regression estimation 20,21, we stratified 
analyses by age (<60 or ! 60 years) or evaluated different cytopenia severities. Age- and sex 
corrected hazard ratios (HR) are presented with the 95% confidence interval (CI). For OS, 
additional multivariable models were constructed includin g the number of medications as a 
covariable, as a proxy for comorbidity. Statistical analyses were performed using R statistical 
computing software.  
 
 

RESULTS  

Prevalence of cytopenias in conjunction with age -related changes in peripheral blood 
counts  
Characteristics of the evaluable Lifelines cohort are presented in Table 1. Hemoglobin levels 
and platelet counts were available for 147 170 and 147 074 individuals respectively. The 
complete differential blood cell count, including neutrophil levels, was available for 144 676 
individuals. We first assessed the natural course of blood counts upon ageing. For the 
hemoglobin concentration, a decrease upon ageing was observed for males, whereas 
concentrations in women only declined ! 80 years. For older individuals, a gradual decline in 
platelet counts was observed, whereas neutrophil counts increased at higher age (Figure 1A -
C).  
 
To investigate the prevalence of cytopenias in our cohort, we first adopted the general 
reference values for cytopenias (Table 1 and Figure 1D-F). Anemia, defined in accordance 
with WHO reference limits, was observed in 6159 out of 147 170 evaluable indivi duals (4.2%). 
A total of 2408 out of 147 074 individuals (1.6%) had thrombocytopenia. The prevalence of 
neutropenia was 4.8% (6925 out of 144 676). The prevalence of anemia and 
thrombocytopenia increased in older individuals, whereas the prevalence of neut ropenia 
decreased. Among individuals ! 80 years, 9.4% and 5.2% of individuals were found to be 
anemic and thrombocytopenic, respectively. Next, alternative cut -offs were evaluated. We 
identified a smaller subset of individuals having moderate to severe anem ia: 1272 individuals 
(0.9%) with hemoglobin levels <11.0 g/dL and 442 (0.3%) with hemoglobin levels <10.0 g/dL. 
Moderate thrombocytopenia (platelet counts <100 x 10 9/L) was only detected in 153 (0.1%) 
individuals. Moderate neutropenia (neutrophil count <1. 5 x 109/L) was detected in 2050 
individuals (1.4%). Only 30 individuals (0.02%) had severe neutropenia (neutrophil count <0.8 
x 109/L).  
 
The prevalence of severe cytopenias in accordance with NCI toxicity criteria is shown in Table 
S2. Hemoglobin levels <8.0 g/L were detected in 0.03% of individuals and platelet counts 
<75 x 109/L in 0.04%. The prevalence of neutropenia with neutrophil counts < 1.0 x 10 9/L 
was 0.07%.  
 
Multilineage cytopenia was detected in a total of 861 individuals (Figure S1). Most individuals 
had anemia and neutropenia (n=525, n=70 ! 60 years), with a prevalence decreasing with 
ageing. Concurrent thrombocytopenia and neutropenia was detected in n=277 (n=69 ! 60 
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years). A small proportion of individuals had both anemia and thrombocytopenia (n=111, 
n=31 ! 60 years). The prevalence of concurrent anemia and thrombocytopenia as well as 
concurrent thrombocytopenia and neutropenia increased with age. Pancytopenia was rar ely 
detected in this population -based cohort (n=26).  

 
Figure 1. Age related changes in blood counts and emergence of cytopenias  
The upper row shows mean levels for hemoglobin concentration (A), and platelet (B) and neutrophil (C) 
counts according to age, shown separately for male (blue) and female (red) Lifelines participants. Error 
bars represent standard deviations. Panels D-F show the prevalence of anemia, thrombocytopenia and 
neutropenia according to age. Darker shades represent the prevalence of cytopenias of increasing 
severity. Panels G-I display the contribution of male (blue) and female (red) participants to the total 
prevalence of anemia, thrombocytopenia and neutropenia across different age categories.  

 
Sex differences in peripheral blood counts translate into differences in prevalence of 
cytopenias 
Sex differences that were observed in peripheral blood counts also translated into differences 
in the prevalence of cytopenias. Consistent with higher platelet levels in females (mean count 
263±57 versus 231±50 in men, P<0.001), thrombocytopenia was predominantly detected in 
males. Anemia <60 years was mostly detected in females (4910/5403, 91% of anemic cases). 
In contrast, there was a rising prevalence of anemia in males ! 60 years, which was in line with 
the decreasing hemoglobin concentration for male pa rticipants in these age categories. The 
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relative female predominance for neutropenia ! 60 years (934/1282, 73% of cases) was also 
consistent with relatively lower neutrophil levels for women in these age categories (mean 
3.0±1.0 versus 3.3±1.1 in males, P<0.001) (Figure 1G-I).  
 
Unilineage but not multilineage cytopenias resolve in the majority of cases  
A total of 110 675 Lifelines participants participated in the follow -up visit, that was scheduled 
after a median period of 46 months (range 13 -133). Among evaluable individuals with any 
peripheral cytopenia at baseline visit (n=10 480 out of 14 605), 59% o f cases had no 
detectable cytopenia at follow -up. The evolution of peripheral blood counts for individuals 
with a cytopenia is displayed in Figure 2. The respective cytopenia was persistent for 1437 
out of 4356 (33%) individuals with anemia, 769 out of 171 5 (45%) with thrombocytopenia and 
1897 out of 5069 (37%) with neutropenia. Individuals with multilineage cytopenia were more 
likely to have at least one detectable cytopenia at follow -up as compared to individuals with 
unilineage cytopenia (58% versus 40%, P<0.001).  
 

 
Figure 2. Evolution of peripheral blood counts over time and persistence of detected cytopenias  
Evolution of peripheral blood counts over a median period of 36 months is shown for evaluable 
individuals with anemia (A, n=4356), thrombocytopenia (B, n=1715) and neutropenia (C, n=5069). In 
addition, the proportion of individuals with persistence versus correction of the respective cytopenia is 
shown for individuals with anemia (D), thrombocytopenia (E) and neutropenia (F), stratified for individuals 
<60 and ! 60 years. For individuals with >1 cytopenia (G), the proportion of individuals with at least one 
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