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Introduction: Isolated neutropenia is a common problem in hematology practice. Benign 
ethnic neutropenia (BEN) is the common form of neutropenia worldwide and it affects 
mainly African and Middle Eastern ethnicities. Most cases of isolated mild and moderate 
neutropenia are benign and associated with no clinical significance. The aim of this study 
was to estimate the prevalence of isolated neutropenia at high-altitude southern Saudi Arabia.
Methods: A large dataset of complete blood counts (CBCs) was analyzed for walk-in 
patients of both genders, of age ranges from 12 to 60 years doing blood tests at 
a commercial lab for high altitude − 2,270 meters above sea level – (HA) group, and from 
sea level SL group. Abnormal biochemical or CBC results were excluded before analysis.
Results: For HA group, 3123 CBCs were analyzed and for SL group 18,427 CBCs were 
analyzed. The prevalence of mild neutropenia, defined as absolute neutrophil count (ANC) in 
the range of 1.0−.5× 109/L, was 12.4% (n=399) versus 5.6% (n=1025), while moderate 
neutropenia, defined as ANC of 0.5–1 × 109/L, was present 6% (n=191) versus 1.45% 
(n=269) in the high altitude and sea level groups, respectively. Severe neutropenia, defined 
as neutrophil count less than 0.5–1 × 109/L, was rare in both groups.
Conclusion: Isolated neutropenia is common in Saudis living at high altitude. While benign 
ethnic neutropenia (BEN) is thought to be the major contributing factor to this high 
prevalence, other factors including environmental factors and altitude are possible contribut
ing factors along with underlying ethnic neutropenia.
Keywords: ethnic neutropenia, high altitude, hematological, leukocyte count

Introduction
Isolated neutropenia, in the absence of other hematological abnormalities, is 
a common problem in the primary care and consultation settings of the hematology 
practice.1,2 There are many causes of neutropenia, whether congenital or acquired.3 

Work-up of neutropenia is usually dictated by the associated clinical scenario but 
when chronic, stable, and mild or moderate in nature, isolated neutropenia is 
usually a benign condition with no increased risk of infection or progression to 
hematological malignancies.

Benign Ethnic neutropenia (BEN) – also known as chronic benign neutropenia 
or constitutional neutropenia – is the most common form of isolated neutropenia 
worldwide. First described in 1941, in African Americans, this genetically deter
mined condition affects many non-Caucasian ethnicities including African and 
Middle Eastern ethnicities.4 BEN is usually associated with a mild to moderate 
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decrease in the absolute neutrophil count (ANC) that is 
associated with no clinical significance, and no increased 
risk of infection. The genetic basis of benign ethnic neu
tropenia has been recently defined and the long-term 
excellent prognosis is well described.5,6

In susceptible ethnicities, a variable benign ethnic neu
tropenia prevalence of 25–50% has generally been 
reported.1 Arab ethnicity is among those who constitution
ally harbor this ethnic neutropenia.7 In Saudi Arabia, the 
prevalence of benign ethnic neutropenia is not definitely 
known. One study estimated the prevalence of BEN in 
Saudi Arabia at 20%.8 In clinical practice, assigning the 
diagnosis of benign ethnic neutropenia would usually 
mean thorough evaluation to exclude many other etiolo
gies including congenital and acquired neutropenia. This 
usually entails an extensive work-up including sometimes 
invasive testing like bone marrow aspiration and biopsy, 
causing unnecessary worries for the patients. When such 
a health problem is categorized as relatively common and 
associated with no increased risk, one might think that this 
should be accepted as a normal variation in susceptible 
ethnicity which in turn leads to offering no more work- 
ups.

The effect of high altitude on hemoglobin concentra
tion, red blood cell counts, and their indices are well 
established.9,10 However, little is known about the effect 
of high altitude on white blood counts (leucocytes). In our 
practice, mild and moderate neutropenia is relatively com
mon, and the work-up is usually unrevealing. To our 
knowledge, there have been no large epidemiological stu
dies to estimate the normal range of blood counts in our 
high-altitude area (Abha city located at 2270 meters above 
sea level in Aseer Region, southern Saudi Arabia). Hence, 
we conducted this study to determine a more precise 
estimation of the prevalence of benign ethnic neutropenia 
in high altitude in southern Saudi Arabia.

Methods
This study was designed and conducted in accordance with 
the Declaration of Helsinki principles. The study protocol and 
study subject consent waiver were approved by the ethical 
and research committee of King Khalid University, Abha, 
Saudi Arabia. (ECM#2020-0905)—(HAPO-06-B-001).

In this retrospective study, CBC results were screened 
over a year (2018–2019) for self-referred walk-in people to 
do a health checkup or routine blood tests at Alborg labora
tory, Abha, Aseer region (moderately high altitude ranging 
from 2270 m to 3000 m above sea level). Lab tests were 

screened from Platinum package commonly requested for 
comprehensive blood check (includes CBC, renal profile; 
serum blood urea nitrogen, creatinine, liver profile; ALT, 
AST, total bilirubin, direct bilirubin, lipid profile; choles
terol, HDL, LDL, triglyceride, thyroid function tests; TSH, 
T4, and a fasting blood sugar). Customers usually answered 
a pre-test questionnaire and have their blood pressure 
checked. A control sea level sample of CBC results was 
also collected from another Alborg laboratory at Jeddah, 
a large coastal city in western Saudi Arabia.

Inclusion and Exclusion Criteria
People of both genders of age from 12 to 60 years were 
included. Most of the participants in high altitude cohort 
(>95%) are Saudis. To estimate the WBCs reference range, 
the following exclusion criteria were applied. Any signifi
cant abnormalities in the biochemical, kidney, liver, or 
lipid profile were excluded. Hb less than 11g/dl or more 
than 19 g/dl was excluded. Thrombocytopenia (<150× 109/ 
L) or platelets count more than 450× 109/L was excluded. 
WBCs more than 11 × 109/L were excluded. For the low 
WBCs, the exclusion was applied only if other cell lines 
were affected, ie concurrent anemia or thrombocytopenia.

For the sea level group, CBCs only were reviewed, and 
exclusion criteria per abnormality in CBCs per the above 
criteria were applied. (Figure S1-S2)

Blood Collection and Laboratory 
Analysis
For CBCs, venous blood samples were collected into 
liquid K3EDTA tubes and were processed within 2 hours 
of collection. Sysmex automated analyzers (Sysmex cor
poration, Kobe, Japan) was used for WBCs enumeration 
and differential count.

Data Analysis
The participants’ data were de-identified for any personal 
information before importing to excel datasheet. After data 
were extracted, they were revised, coded, and fed into statis
tical software IBM SPSS version 22 (SPSS, Inc. Chicago, 
IL). All statistical analysis was done using two-tailed tests. 
Normal distribution assessment was applied for all scale 
parameters. All CBC parameters descriptive analysis using 
trimmed mean with its 95% confidence interval, median, 
range, Standard deviation (SD) and percentiles (2.5th and 
97.5th) were used to assess the normal population range. Any 
extreme value was minorized using a larger value 
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winsorization method. Differences between variables were 
considered significant if 95% confidence interval did not 
show overlap. Any significant difference in the WBCs subset 
between the two groups and/or with gender or age group was 
tested using two-tail Student’s t-test. Significance level was 
set at (<0.05)

Results
In total, 4180 and 27,000 samples were screened for pri
mary and control groups, respectively (Figure S3). After 
applying exclusion criteria, 3123 samples were selected 
for high-altitude group, and 18,427 samples from sea level 
group. The descriptive analysis for the leucocyte count is 
demonstrated in Table 1, while prevalence and severity of 
neutropenia is depicted in (Table 2)

The mean neutrophil count for the high-altitude group was 
2.7 × 109/L (95% CI 2.68–2.77), and the median was 2.51 (SD 
1.356). That is significantly different (p value <0.01) com
pared to the sea level group with a mean ANC of 3.49 (95% CI 
3.47–3.51) and median of 3.31 (SD1.51) (as shown in Table 
2). The difference remained significant when comparing the 
HA and SL per age group. No gender or age difference was 
demonstrated within the high altitude and sea level. The rest of 
CBC parameters for both sea level and high altitude were 
depicted in Supplement 1 (Table 3)

The overall prevalence of isolated neutropenia at high 
altitude is 18.5% (n=594), mainly mild 12.4% (n=399) while 
the prevalence of moderate neutropenia is 6% (n=191). At 
the sea level, the overall prevalence of isolated neutropenia 
is 7.1% (n=1308), with individuals having mild neutropenia 
5.5% (n=1025) and moderate neutropenia at 2% (n=276). 
Severe neutropenia defined as ANC less than 0.5× 109/L Ta
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Table 2 Statistical Characteristics of Absolute Neutrophil 
Counts and Prevalence of Neutropenia at High Altitude and at 
Sea Level

High Altitude Sea Level

N 3213 18,427

Mean (SD) 2.73±1.34 * 3.49±1.51*

95th percentile range 0.81–5.94 1.10–6.89

ANC <2× 109/L 1077 (33.5%) 3077 (16.7%)

ANC < 1.5× 109/L 594 (18.5%) 1308 (7.1%)

ANC < 1.0 × 109/L 193 (6%) 276 (2%)

ANC < 0.5× 109/L 2 7

Note: *p value <0.001.
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was rare in both groups (2 persons in the high altitude and 
7 persons in the sea level group).

Discussion
In this retrospective study, using a large dataset of CBC 
results of walk-in patients at high altitude, we found that 
the mean neutrophils fraction and the 95th percentile range 
are lower in Saudis residing at high altitude compared to 
the currently used reference range. The overall prevalence 
of isolated neutropenia at high altitude is 18.5% (n=594), 
mainly mild 12.4% (n=399) while the prevalence of mod
erate neutropenia is 6% (n=191). We postulate that this 
isolated neutropenia is most likely BEN. In a study in 
Saudi Arabia, the prevalence of isolated neutropenia was 
found to be 20%.8 BEN has been previously reported in 
Arabs and Middle Eastern populations.11–13

The prevalence of isolated neutropenia between indi
viduals at high altitude and sea level showed a significant 
difference. In fact, other fractions of the white blood 
counts, apart from the lymphocytes fraction are statisti
cally different (lower) in the high-altitude group compared 
to sea level group. While most participants from high 
altitude are Saudi, the ethnicity was not directly assessed 
in the sea level group. Jeddah is a large multinational 
city – with non-Saudi residents constituting about 50% 
of its population. The difference in the sample size might 
also affect the results. Nonetheless, the effect of high 
altitude on the WBCs count, mainly neutrophils, should 
be further explored. Basically, the effect of high altitude on 
leukocytes count is thought to be less pronounced com
pared to hemoglobin, red blood counts, and their indices. 
Many studies indicated that newborn infants born at higher 
altitudes have higher neutrophils count compared to those 
born at sea level,14–16 but such an effect was not reported 
in adults. A study reported a mild but statistically signifi
cant drop in the neutrophil counts after 8 months of con
tinuous exposure to 3500 m of altitude.17 Old literature 
indicates that neutrophil counts decreased with altitude.18 

However, we found no recent literature to agree with these 
findings in the era of automated analyzers. Most of the 
reviewed literature focused on the change in the RBC 
indices, but very few on the white blood count. On the 
other hand, at moderately high altitude (1700m above sea 
level) in China, the mean ANC count in highlanders was 
3.6 ± 1.3 (comparable to our sea level group).19 Our study 
also showed a statistically significant decrease, though 
might not be clinically significant, in the monocytic, all 
granulocytic but not lymphocytic fractions which suggest 

a true high-altitude effect. One may postulate that the 
expanded erythroid activity in response to altitude asso
ciated hypoxia is accompanied by relative decrease activ
ity of the myeloid/monocytic lineage. Another theory is 
that plasma volume change associated with high-altitude 
might explain this change if coupled with relative lympho
cytosis. Further investigation is needed to confirm or 
refute this hypothesis.

It is established that BEN is linked to the genetic 
deletion of the Duffy antigen receptor for chemokines 
(DARC-null genotype), which arises from a single nucleo
tide polymorphism, is thought to offer a selective advan
tage against the invasion of red blood cells by plasmodium 
vivax malaria.6,11,20,21 Some researchers suggest that the 
absence of Duffy antigen in blood bank serology grouping 
can be used to screen the ethnic neutropenia.22 If con
firmed, this will offer a simple way to secure a diagnosis 
of BEN in the appropriate clinical setting without the need 
for extensive testing.

In the primary care setting, non-specialist practitioners 
view neutropenia as life-threatening conditions; however, 
when isolated, benign causes of neutropenia are more 
common.23,24 Direct bone marrow examinations in indivi
duals with BEN show normal cellularity of the bone mar
row and leukocyte maturation.25 The long-term prognosis 
is excellent and increased infection does not seem to be 
a risk.5,26 It is extremely unlikely for chronic isolated 
neutropenia to progress to sinister diagnoses like hemato
logical malignancies.27

The finding of this study should provide an insight into 
the practicing haematologists about the prevalence and 
magnitude of the benign ethnic neutropenia in our popula
tion. Ideally, a long-term follow-up is needed to confirm 
the good prognosis of the condition in our population. 
Further studies of prospective nature are needed to explore 
the need for adjusting the reference range for the studied 
population. A lower reference range might result in mis
classification, especially among the non-specialists’ practi
tioners, of other neutropenia, with a potential underlying 
serious diagnosis with the more common benign neutro
penia. Currently, the diagnosis remains that of exclusion 
and the work-up should be wisely individualized espe
cially in those in the mild to moderate spectrum. Clinical 
assessment, chronicity of the problem, and other asso
ciated manifestations are important factors in the evalua
tion of neutropenia.28,29

Nonetheless, the current study still has some limita
tions. For instance, detailed demographic characterization 
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including tribal origin was not available. Whether partici
pants from high-altitude group are long-term dwellers or 
recent arrival was not assessed. The sea level group mem
bers may not always match the ethnicity criteria. 
Moreover, analytic factors that affect the white blood 
counts, eg smoking, exercise, stress, and timing of sam
pling were not assessed.

Conclusion
Isolated neutropenia is common in Saudis residing at high 
altitude. The most likely underlying etiology is BEN. 
Hematologists should wisely consider the needed work-up 
for patients presenting with otherwise isolated neutropenia. 
In the appropriate clinical settings, simple evaluation might 
identify BEN and obviate the need for extensive work-ups.

The current study also shows a possible effect of high 
altitude on the myeloid leucocytes and monocytes, which 
needs further investigation.
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