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Purpose: Complete blood count (CBC) is a commonly used blood test for health checks. This study was conducted to compare CBC
from two different altitudes and from sea-level populations in order to suggest correction factor for altitude-related increment on the
hemoglobin and red blood cell indices.
Patients and Methods: In this retrospective lab records study, large datasets of CBCs over 5-year period were screened from three
different regions of Saudi Arabia, Jeddah (a coastal city), Taif City located at 1879 m above sea level, and Abha City at located 2270 m
above sea level. Descriptive analysis and significance testing of the CBC variables at different altitude were compared.
Results: A total of 57,059 participants were included for final analysis. Mean hemoglobin (Hb) concentration (g/dL) was 14.81 for
men and 13.77 for women at sea level, whereas Hb concentrations were 15.35 and 14.19 for men and women residing at Taif City,
respectively, and 15.40 and 14.71 for men and women at Abha City, respectively. Hemoglobin and other red cell indices were
significantly different among men and women across different altitude, except for mean corpuscular volume (MCV). The MCV 95th

percentile range was lower at sea level and both altitudes as compared to current reference range (76–91 fL vs 81–98 fL).
Conclusion: Although altitude-associated increment in Hb concentration was evident in both men and women, it was lower than as
suggested by World Health Organization and Centers for Disease and Control. Results of this study can also be used to derive new
CBC reference intervals for Saudi residents living at high altitude. A correction factor (ΔHb) of 0.30 g/dL per 1000 m altitude is
suggested to be used in adult population living at high altitudes in Saudi Arabia which should help better define anemia and
polycythemia at altitude.
Keywords: high altitude, reference interval, CBC

Introduction
Complete blood count (CBC) is one of the most important blood tests used to evaluate health status and diseases.
Determining a reference interval for CBC is an essential prerequisite to correctly interpret the test’s result. Statistically
speaking, two standard deviations (SD) of the mean value of a representative sample population, ie, the central 95% range of
results, can be used to define the ideal reference range.1 In principle, reference range values are typically derived from large
cohorts of a healthy population. Hemoglobin concentration (Hb), red cell count, and red blood cell (RBC)-derived indices are
affected by both physiological and pathological conditions. Well-known physiological determinants of blood elements
include age, gender, ethnicity, and altitude. At high altitude, hypoxia-induced erythropoietic drive results in erythrocytosis
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and an increase in hemoglobin concentration and hematocrit,2 whereas plasma volume decreases at high altitude.3 The World
Health Organization (WHO) and Centers for diseases and Control (CDC) have suggested reference intervals derived mainly
from studies conducted in the Caucasian population.4,5 It has also suggested a correction factor for hemoglobin when
defining anemia at different altitude, which is mainly derived from studies conducted in the highland of South America.
However, it is problematic to use unified correction factor because various studies have shown that the relationship between
Hb and altitude is not linear, and varies among geographical locations and races; this, in turn, leads to overestimating
pathological conditions like anemia.6–8 Moreover, there is no sufficient information about correction factors of RBCs and
other derived indices, ie, mean cell volume (MCV), mean cell hemoglobin (MCH), and mean cell hemoglobin concentration
(MCHC). Hence, defining a reference range should be based on large epidemiological local studies.

Saudi Arabia is a large country that occupies most of the Arabian Peninsula. Its land includes a desert terrain of
central and northern provinces, Coastal Arabian Gulf and Western Red Sea, and Sarawat highlands that stretch across the
western border. A moderately high altitude Sarawat highland is heavily inhabited by both rural and urban communities
like Taif (1890 m), Aseer highlands (2000–3000 m), Albaha (2270 m) and Faifa (1428 m). Due to high altitude
associated-erythrocytosis, dwellers at high altitude are expected to show higher Hb concentration, RBC count, and
different values of red cell-derived indices necessitating a local based reference range. The change in such reference
intervals is expected to be coupled with a change of the cutoff values that define two commonly evaluated pathological
states anemia and polycythemia. To the best of our knowledge, there have been no epidemiological studies conducted to
estimate the reference intervals of blood counts in high-altitude Saudi Arabia. Hence, this study was conducted to
determine precise reference intervals of CBC parameters for high altitude Saudi Arabia.

Materials and Methods
This was a comparative retrospective lab records review study. The study protocol was approved by the ethical and
research committee of King Khalid University, Abha, Saudi Arabia [(ECM#2020-0905)–(HAPO–06–B–001)]. For this
study, being retrospective in nature, informed consent was waived off by the Institutional Review Board. The study was
conducted according to the Declaration of Helsinki.

CBC results over 5-years (2014–2019) for people, aged 18–60 years, of both sexes who came to a commercial lab
(Al-Borg laboratory) for blood testing were selected from three geographical areas; Jeddah, a large coastal city with more
than 4 million population, Taif City (1879 m altitude) and from Abha City (2270 m altitude).

Participants who had available full panel of tests at the time of CBC testing were screened. Tests include CBC, kidney
profile (urea, creatinine), liver profile (alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct
bilirubin), lipid profile (cholesterol, high-density lipoprotein, low density lipoprotein, triglyceride), thyroid function
tests (thyroid stimulating hormone, T4), and a fasting blood glucose level or Hb A1c.

Exclusion Criteria
Participants with abnormalities in their blood glucose level, lipid, kidney or liver profiles per the established cutoff values
were excluded from the analysis. Participants were also excluded if they had abnormal white blood cell (WBC), Hb, and
platelet count according to the used cutoff.

Hemoglobin inclusion was set at Hb more than 12 and 13 g/dL for women and men respectively. To account for
altitude effect, participants from the two altitudes were also analyzed using a higher cutoff values for women (12.5 g/dL)
and men (13.5 g/dL) and the difference between the two inclusion methods was analyzed. MCV below 75 fL were also
excluded in order to minimize the effect of undiagnosed latent iron deficiency or thalassemia trait in the obtained results.
Red cell distribution width (RDW) more than 16 were also excluded to minimize the effect of any undiagnosed occult
micronutrient deficiencies.

Blood Collection and Laboratory Analysis
The lab protocols are unified throughout different branches of the laboratory using Sysmex XS-1000i/ XS-500i
automated analyzers (Sysmex Corporation, Kobe, Japan). The analyzers are calibrated and maintained following the
manufacturer guidelines and accreditation standards. Controls are tested daily before running the patients samples.
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Data Analysis
The participants’ data were de-identified for any personal information before importing to excel datasheet. After data
were extracted, it was revised, coded, and fed to statistical software IBM SPSS version 22 (SPSS, Inc. Chicago, IL).
Descriptive analysis, based on frequency and percent distribution, was performed using participants’ residence area, age,
and gender. Normal distribution assessment was applied for all scale parameters. For all CBC parameters, descriptive
analyses using mean with its 95% confidence interval, median, range, and percentiles (2.5th and 97.5th) were used to
assess the normal population range. Any extreme value was minorized using a larger value winsorization method.
Student’s t-test was used for comparison of the studied continuous variables among different groups. All statistical
analysis was done using two-tailed tests and significance was set at p value <0.05.

Results
More than 120,000 participants were screened. After applying the age and lab exclusion criteria, 46,012 individuals (F:
27,559 and M:18,453) from Jeddah City, 5831 (F: 3656 and M: 2175) from Abha City, and 5216 (F: 3193 and M: 2023)
from Taif City were included in the final analysis. The 5% trimmed mean Hb (g/dL) concentration was 14.81 ± 1.13 and
13.77 ± 1.32 for men and women at Jeddah City (sea level), 15.35 ± 1.28 and 14.19 ± 1.37 for men and women at Taif
City (1879 m), and 15.40±1.25 and 14.71 ± 1.50 for men and women at Abha City (2270 m), respectively (Table 1). The
effect of using the same cutoff values on the mean Hb concentration was modest and restricted to the male population
(Table 2).

While the 2.5th percentile values of Hb concentration were affected by the cutoff value used for inclusion, the 97.5th

percentile values of Hb concentration showed higher values at both altitudes as compared to sea level and to the current
reference range, suggesting the need for updating the current reference range at high altitudes (Table 3). At the highest
altitude (Abha City), the Hb increment (Δ Hb) was more prominent in women (0.94) g /dL than in men (0.59 g/dL). The
2.5th and 95th percentile range (95th percentile range) of Hb concentration using two different cutoff values for inclusion
are shown in Supplementary Table 1.

The difference in the Hb concentration, RBCs, and derived indices, except MCV, were significantly different between
genders at the same altitude and between the same gender at different cities (p value <0.001 for all comparisons).

The mean value of MCV and the 95th percentile range (76–91 fL) were lower as compared to current reference range
(Tables 1–3). The mean values of MCV were not significantly different between men and women subjects or between
cities. However, there was a trend toward significant lower MCV at Abha as compared to Taif and Jeddah (p value =

Table 1 Descriptive Analysis of CBC Parameters at the Studied Three Geographical Areas Using 12.5 g/dL for Women and 13.5 g/dL
for Men as Normal Reference Level#

City Name Jeddah (Sea Level) Taif (1890 m) Abha (2270 m)

Gender Number Men n=18,453 Women n=27,559 Men n=2175 Women n=3510 Men n=2023 Women n=2943

Age Years 41±10 39±10 40±10 38±10 40±10 38±10

Hemoglobin g /dL 14.81±1.13 13.77±1.32 15.20±1.36 14.71±1.51 15.13±1.26 14.19±1.37

Hematocrit % 43.48±3.18 40.80±3.58 43.86±3.73 42.27±3.81 43.30±3.52 40.84±3.48

Red cell count x1012/L 5.15±0.43 4.84±0.47 5.37±0.48 5.20±0.50 5.18±0.46 4.88±0.47

MCV fL 84.34±4.21 84.38±4.35 81.30±3.80 81.12±3.93 83.58±3.90 83.61±4.15

MCH pg 28.83±1.62 28.55±1.67 28.37±1.43 28.30±1.45 29.23±1.54 29.08±1.65

MCHC g/dL 34.17±1.28 33.82±1.33 34.85±1.28 34.84±1.35 34.94±1.20 34.74±1.38

RDW % 13.35±0.84 13.48±0.88 13.60±0.81 13.64±0.84 13.36±0.81 13.48±0.84

Note: #5% trimmed mean and standard deviation reported.
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0.06). Analysis per age groups, young (18–40) and middle aged (41–60), showed no significant age-related difference
(Supplementary Tables 2 and 3).

Discussion
The precise interpretation of CBC of individuals residing at high altitude is a common dilemma for health practitioners,
especially for results at the borders of the reference intervals, and how to define anemia and polycythemia.7 This study
had two main objectives, first to compare altitude-associated effect on CBC between sea-level inhabitants and altitude
population and secondly to compare the CBC results with other regions and population across the world. This study
discusses the disparity in Hb, RBC count, and red cell indices at high altitude as compared to sea level and proposes
a locally derived altitude-associated Hb correction factor and newly determined reference intervals for the local
population.

To overcome the unavailability of the precise reference range,WHOandCDChave suggested applying a correction factor for
different altitudes to correctly define anemia.4,9,10 However, many researchers have shown that altitude-associated increase in Hb

Table 2 CBC Parameters at Sea Level and Both Altitudes Using 12 g/dL for Women and 13 g/dL for Men as Lower Normal Reference
Level#

City Name Jeddah (Sea Level) Taif (1890 m) Abha (2270 m)

Gender Number Males 18,453 Females 27,559 Males 2396 Females 3656 Males 2262 Females 3193

Age (Years) 41±10 39±10 40±10 38±10 40±10 38±10

Hemoglobin g /dL 14.81±1.13 13.77±1.32 15.20±1.36 14.71±1.51 15.13±1.26 14.19±1.37

Hematocrit % 43.48±3.18 40.80±3.58 43.86±3.73 42.27±3.81 43.30±3.52 40.84±3.48

Red cell count x1012/L 5.15±0.43 4.84±0.47 5.37±0.48 5.20±0.50 5.18±0.46 4.88±0.47

MCV fL 84.34±4.21 84.38±4.35 81.30±3.80 81.12±3.93 83.58±3.90 83.61±4.15

MCH pg 28.83±1.62 28.55±1.67 28.37±1.43 28.30±1.45 29.23±1.54 29.08±1.65

MCHC g/dL 34.17±1.28 33.82±1.33 34.85±1.28 34.84±1.35 34.94±1.20 34.74±1.38

RDW % 13.35±0.84 13.48±0.88 13.60±0.81 13.64±0.84 13.36±0.81 13.48±0.84

Note: #5% trimmed mean and standard deviation reported.

Table 3 The Proposed Update to the Currently Utilized Range According to Suggestions from Our Study*

Parameters Men Women

Current Suggested Current Suggested

Hb g /dL 13–17.5 13.5–18.1 12–15.5 12.7–17.90

HCT % 38.8–50 38.5–51.4 34.9–44.5 36.7–50

RBCS x1012/L 4.5–6.2 4.64–6.33 3.8–5.0 4.44–6.30

MCV fL 81.2–95 76–90 81.6–98 76–91

MCH pg 27–32 25.5–31 27–32 26–31

MCHC g /dL 32–35 32.34–37.2 33–37 32–37

RDW % 11.6–14.6 12.2–15.3 11.6–14.6 12.2–15.4

Notes: *The reference range is based on the 95% percentile values. Detailed descriptive analysis of hemoglobin values in both genders
among all three cities is provided in Supplementary Table 1.
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is not linear and varies geographically and between different races –with the highest increase in the Andes compared to others.6–8

This racial and geographical difference was hypothesized due to the recent human inhabitation of South America as compared
with the oldworld, Asia, andAfrica. In general, the SouthAmerican highlanders show higher Hb concentration as comparedwith
Asian and African highlanders.11

The Sarawat highlands of nowadays Saudi Arabia has been inhabited for many thousands years. The inhabited areas
are usually moderately high, 1500–3000 m above sea level. The mean Hb concentration at the studied two altitudes was
found to be 15.35–15.40 g/dL in men and 14.19–14.71 g/dL in women, respectively, compared with 14.81 g/dL and
13.77 g/dL for men and women, respectively, at sea level. This change in Hb concentration (Δ Hb) is translated into
0.30–0.47 g/dL per 1000 m altitude. A variable Δ Hb has been reported worldwide up to 1.05 g/dL/1000 m altitude. At
high altitude, the Saudi population has less mean Hb compared to European and North and South Americans yet more
than the Chinese population.6 At Asmara, capital of Eritrea, which is at an altitude similar to that of Abha City, the mean
Hb for men was found to be 15.4 g/dL, which is similar to what we reported for men at Abha; whereas the Eritrean
women have slightly higher mean hemoglobin than that of women at Abha (14.9 versus 14.71 g/dL). It is worth
mentioning that the study of Asmara population had a smaller sample and used a different hematology analyzer
(Beckman Coulter).12 In conclusion, Saudi population seems well adapted to altitude with results more comparable to
similarly inhabited altitude areas in nearby African Horn and Asia.

The WHO and CDC suggested correction factors for different altitudes were meant to help correctly define
anemia.4,9,10 However, there is no such correction factor for the upper limit, ie, polycythemia, leaving the epidemiolo-
gical estimation of reference intervals the only applicable method. The 95th percentile values of Hb concentration at Abha
City are 18.1 g/dL and 17.9 g/dL for men and women, respectively. Hence, usage of the current reference intervals for Hb
will label many individuals, otherwise normal, as polycythemic. The WHO diagnostic criteria for polycythemia vera
(PV) state that if the level of Hb exceeds more than 16 g/dL and 16.5 g/dl and hematocrit values more than 48% and 49%
for women and men, respectively, a case of polycythemia should be suspected.13 This definition does not account for
altitude-related effects on Hb. Thus, it is expected that a significant number of people at high altitude may be evaluated
for polycythemia vera unnecessarily. Thus, it is important to consider the altitude effect when interpreting the clinical
picture and/ or apply diagnostic criteria that were not validated for high-altitude inhabitants.

MCV is the most useful and commonly used among the three RBC indices (MCV, MCH, and MCHC).14

Classification of anemia is mainly based on the RBC size, ie, MCV, whereas the MCH is closely related with an almost
linear relationship with MCV.15 In this study, the MCV 95th percentile range is skewed toward lower value. This
observation was noted across all studied three cities. The 2.5th percentile of MCV in the present study at both sea level
and altitudes is 76 fL as compared to 81 fL in the currently used reference range at both sea level and high altitudes. The
MCV obtained from central province Saudi Arabia adolescents' is 81fL ± 6.1 in keeping with what we reported here.16

The MCV value of 86 fL (75–94) has been reported in a study on adult Moroccan population.17 Most studies of the
Middle East or Africa reported a similar MCV range and lower 2.5th percentile that is usually lower as compared to the
western reported reference intervals, which suggests some racial impacts.18–22 Alpha thalassemia has been thought to be
a contributing genetic effect to this noticed difference in Hb and MCV between White and African Americans.23 The
MCV values at Abha (southern region) showed a trend toward significant lower MCV, as compared to Taif and Jeddah
(western region). Southern region of Saudi Arabia has higher prevalence of thalassemia as compared to western region of
Saudi Arabia.24 The inclusion criteria of (RDW <16) and (MCV > 75 fL) were meant to minimize the effect of
undiagnosed occult deficiencies like iron deficiency anemia. Latent iron deficiency alone is an unlikely cause of this
effect that is similarly evident in both studied men and women.

This study has some limitations. Chronic health conditions were indirectly excluded using the available lab tests since
no health records of the participants were available. Habits known to affect Hb concentration like smoking were also not
assessed. The status of micronutrients like iron, B12 and folate that might affect the CBC results was not assessed as well.
Finally, although we think that the vast majority of the participants are Saudi citizens, the ethnicity of the participants was
not directly assessed.
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Conclusion
Only modest increase in Hb concentration was noted in this study, which could be explained by the moderately high
altitude that is inhabited. The increment in Hb concentration (Δ Hb) was estimated at 0.3 g/dL/1000 m altitude. This
correction can be used to update the current CBC reference range in order to better define anemia and polycythemia at
high-altitude. The suggested update still needs to be validated at the local laboratories per quality standards. More studies
are needed to further explore the nature and possible causes of the observed difference in the MCV range as compared to
other populations.
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