
1. Introduction

Aging is a natural process associated with progressive decline in

the physiological organs reserve. Hematopoietic system is among

those extensively studied and changes with aging has been defined.

Although genetic in nature, aging is influenced by other factors in-

cluding environmental factors. For example, hypoxia, whether inter-

mittent or sustained has been linked to accelerate aging process due

to vital importance of oxygen at the cellular levels.1 Thus, aging at

high altitude might represent a special phenomenon of a double hit

to the hematopoietic system.

Many structural changes associated with aging have direct con-

sequences on the hematopoietic system. Clonal hematopoiesis, re-

sulting from accumulating somatic mutations, is a direct age related

phenomenon.2 Aging is also associated with inflammation which

through the cytokines storm effects hematopoiesis.3 Changes like

decreased cellularity of the bone marrow and associated reduction

in the peripheral blood elements is largely benign.4 Aging of other

body organs, like endocrine system does affect the hematopoietic

system.5 Hemoglobin concentration is known to decrease with

aging. This effect is more pronounced in men, possibly due to loss

of testosterone drive.5 Anemia of aging is usually mild. Nonetheless,

anemia has been found to be associated with mortality and exacer-

bation of severity of other illnesses like cardiovascular disease.6 Ac-

cording to the World Health Organization (WHO) criteria for anemia

(hemoglobin < 12 g/dL in women and < 13 g/dL in men), individuals

with � 65 years of age have more than 10% prevalence of anemia

while in later life (� 85 years), the prevalence could be high enough

up to 20% or more.7 Traditional etiologies of anemia are also more

common with aging like iron deficiency and anemia associated with

chronic diseases. Vitamin B12 deficiency is reported to be higher in

elderly which could explain the reported higher prevalence of ma-

crocytosis in this age group.8

Thus, studying the effects of aging and altitude, singly and

combined are important as both factors should be taken in con-

sideration when a practitioner interpret the blood tests commonly

requested and used to define illness and base on subsequent man-

agement. It is established fact that Hb and red cell parameters are

significantly affected by geographical location, ethnicity, race and

reference range of one population could not be universally applied.

Furthermore, very scanty and outdated data is available reporting
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S U M M A R Y

Background: Age and high altitude affect hematological parameters. The purpose of this study was to

evaluate the combined effect of age and altitude on hemoglobin (Hb) and red cell parameters.

Methods: In this cross-sectional comparative study, a large data set of complete blood counts, of both

genders were retrospectively reviewed. Data were collected from two geographical areas; a moderately

high-altitude, Abha city, 2270 meters above sea level, and a coastal Jeddah city, Saudi Arabia. Data were

stratified into two age groups for both cities i.e. 12–60 years and 61–100 years. For all CBC parameters,

descriptive analysis and multivariate regression analysis was carried out.

Results: Hemoglobin levels of males and females at Abha was high as compared to their counterparts at

Jeddah. At both cities, females maintained their hemoglobin concentration and showed slightly in-

crease after menopause while males showed gradual decline in their hemoglobin concentration with

aging.

Overall, Hb levels had highly significant negative linear relationship (p < 0.01) with age (r = -0.015) and

gender (r = -0.182) while positive liner relationship with altitude (r = 0.071). While comparing Hb in both

cities, Jeddah population had more negative linear relationship (r = -0.011) with age than the Abha po-

pulation (r = -0.014) suggesting that altitude effect on hemoglobin level remains robust despite aging.

Conclusion: Hemoglobin levels are affected by independent variables i.e. age, gender and altitude. He-

moglobin concentration declines with aging, however the positive effect of altitude on hemoglobin

concentration remains robust in both genders even at older age groups (80–100).
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the Hb concentrations in this area. Hence, this study was conducted

with the purpose of evaluating the combined effect of age and alti-

tude on Hb and red cell parameters.

2. Material and methods

In this cross-sectional comparative study, we retrospectively re-

viewed large data set of complete blood counts (CBCs) for mainly

self-referred subjects done at a commercial clinical laboratory. These

tests were done largely for health checkups or follow up of chronic

diseases. Data were collected from two geographical areas: a moder-

ately high-altitude, Abha city, (2,270 meters above sea level) from

southwestern highland Saudi Arabia and sea level, Jeddah city,

western Saudi Arabia. People of both genders were included as

study population. This study was approved by the Institutional Re-

view Board, King Khalid University, Abha, Saudi Arabia. (ECM#2020-

0905). For the current study, being retrospective in nature, informed

consent was waived off by the Institutional Review Board.

Subjects screened for inclusion were also tested for liver func-

tion tests, kidney functions tests, thyroid functions test, lipid profiles,

and fasting blood sugar or Hb A1c. Subjects with abnormalities in the

biochemical tests including liver, kidney, thyroid function tests or

diabetes mellitus were excluded. For CBC, the following exclusion

criteria were applied.

� Hemoglobin: for male population at Abha < 14.0 g/dl while < 13.0

g/dl of Jeddah population, for females of Abha and Jeddah < 13.0

and < 12.0 g/dl respectively. These cut off values were based on

the WHO recommendations for definitions of anemia at different

altitudes.
9

� Mean cell volume (MCV): < 70 or > 95 fl for both genders.

� Red cell distribution width (RDW): > 16% for both genders.

� Total leukocyte count: < 3.5 or >11.5 � 10
9
/L for both genders.

� Absolute neutrophil count: < 1 or > 7 � 10
9
/L for both genders.

� Platelet count: < 150 or > 400 � 10
9
/L for both genders.

For CBC analysis, venous blood samples were collected into liq-

uid K3EDTA tubes and were processed within two hours of collec-

tion. The lab analysis follows unified standards in all branches using

Sysmex automated analyzers (Sysmex corporation, Kobe, Japan) for

complete blood counts.

CBCs were first filtered for abnormal results after excluding all

abnormal CBC results and outliers, the normal CBCs were analyzed

to study the trend with aging. For comparison of hemoglobin data

were stratified into five age groups for both high altitude and sea

level. Adolescents (12–18 years), younger adults aged 18–40 years,

middle aged 41–60 years, older adults 61–80 years and elderly

81–100 years old. For the evaluation of effect of age and altitude of

both genders data were divided in to two groups i.e. 12–60 years and

more than 60 years.

2.1. Data analysis

The participants’ data were de-identified for any personal infor-

mation before importing to excel datasheet. After extraction, data

were revised, coded, and fed into statistical software IBM SPSS ver-

sion 22 (SPSS, Inc. Chicago, IL). Outliers and abnormal results were

excluded from the final analysis. Statistical analysis was done using

two-tailed tests. Descriptive analysis based on frequency and per-

cent distribution was done for participants’ residence area, age, and

gender. Normal distribution assessment was applied for all scale

parameters. Multivariate regression analysis was done to evaluate

the effect of age, gender, and altitude on red cell parameters. p value

of < 0.05 was considered statistically significant.

3. Results

In this study a total of 69,244 CBC results of males and female of

Abha and Jeddah were included in the final data analysis. Comparing

the mean (�SD) Hb among different age groups at both locations and

genders showed slight increasing trend that declined with aging as

shown in Figure 1. When red cell parameters of Abha male and fe-

male population were compared with Jeddah participants, all para-

meters showed statistically significant difference as shown in Table 1.

Overall, Hb levels had highly significant negative linear rela-

tionship (p < 0.01) with age (r = -0.015) and gender (-0.182) while
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Figure 1. Mean hemoglobin concentrations (g/dL) among male and female participants of Abha city (altitude) and Jeddah city (sea level).



positive liner relationship with altitude (r = 0.071) as shown in Table

2. While comparing Hb in both cities, Jeddah population had more

negative linear relationship (r = -0.011) with age than the Abha

population (r = -0.014). Similarly, Hb levels also showed more nega-

tive linear relationship (r = -0.200) with gender in Jeddah population

as compared to Abha population (r = -0.057). From the correlation of

Hb in both cities it can be stated as the Hb level increases with an

increase in altitude and this increment is maintained despite aging.

Correlation of red cell count also showed overall negative correlation

with age and gender while very strong positive correlation with alti-

tude as shown in Table 2. Mean cell volume showed overall positive

correlation with age while negative correlation with gender and alti-

tude. Strong positive correlation of RDW was associated with age,

gender and altitude.

Table 3 demonstrates the multivariate linear regression analysis

of hematological parameters of the studied population. Hb level of

an individual had statistically highly significant (p < 0.01) relation

with the independent variables i.e. age, gender and altitude as shown

in Table 3. Regression analysis shows that the Hb levels decrease

with aging and increase with altitude. Females had low Hb levels and

showed marked increase in their Hb levels at altitude as compared to

males. Overall, 4.0% (Adjusted R2 = 0.040) variance among Hb levels

were caused by the independent variables age, gender and altitude.

All other parameters also showed similar trends as shown in Table 3.

Table 4 shows the effect of age and gender on red cell parameters in

Abha and Jeddah population separately.

4. Discussion

Several factors affect the hematological parameters in geriatric

population including, but not limited to gender, life style, altitude,

population, race, ethnicity and genetic adaptations.9 This study con-

sidered two major factors, age and high altitude that directly alters

hematological parameters.

Results of this study show that Hb level in geriatrics at high

altitude had strong positive correlation as compared to individuals
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Table 2

Correlation of red cell parameters among all participants.

Abha Jeddah Combined (Abha and Jeddah)
Variables

Age Gender Age Gender Age Gender Altitude

Hb -0.014* -0.057* -0.011*- -0.200* -0.015* -0.182* 0.071*

HCT -0.003* -0.067* 0.004* -0.186* -0.004* -0.174* 0.000*

RBC -0.026* -0.049* 0.000* -0.164* -0.026* -0.049* 0.138*

MCV -0.054* -0.022* 0.007* -0.001* -0.083* -0.012* -0.233*-

MCH -0.025* -0.016* 0.045* -0.044* -0.066* -0.000* -0.059*-

MCHC -0.046* -0.008* -0.035*- -0.066* -0.083* -0.000* 0.199*

RDW -0.008* -0.018* 0.034* -0.054* -0.027* -0.054* 0.080*

* p � 0.05.

Table 1

Comparison of red cell parameters among male and female participants of Abha and Jeddah.

Male Female
Age group (years)

18–60 years > 61 years 18–60 years > 61 years

Location
Abha

(n = 2,329)

Jeddah

(n = 25,550)

Abha

(n = 382)

Jeddah

(n = 5,157)

Abha

(n = 3,345)

Jeddah

(n = 28,127)

Abha

(n = 351)

Jeddah

(n = 4,003)

Hemoglobin (g/dL) 15.56 � 1.18 14.95 � 1.11* 14.74 � 1.47 14.49 � 1.27* 14.73 � 1.39 13.85 � 1.34* 014.5 � 1.44 13.92 � 1.26*

Hematocrit (%) 44.90 � 3.45 43.70 � 3.12* 42.45 � 3.91 042.6 � 3.52* 42.61 � 3.56 40.89 � 4.33* 41.90 � 3.65 41.28 � 3.47*

Red cell count (�10
12

/L) 5.30 � 0.5 05.13 � 0.47* 05.27 � 0.50 05.04 � 0.47* 05.25 � 0.51 04.96 � 0.48* 05.19 � 0.51 04.88 � 0.48*

MCV (f) 80.25 � 4.43 83.86 � 4.56* 80.62 � 4.59 84.70 � 4.67* 80.03 � 4.59 83.89 � 4.61* 80.80 � 4.68 84.67 � 4.77*

MCH (pg) 27.92 � 1.68 28.60 � 1.77* 27.99 � 1.62 28.82 � 1.79* 27.86 � 1.72 28.47 � 1.77* 28.04 � 1.77 28.54 � 1.75*

MCHC (g/dL) 34.79 � 1.24 34.12 � 1.32* 34.71 � 1.35 34.02 � 1.32* 34.81 � 1.31 33.95 � 1.36* 34.67 � 1.41 33.72 � 1.35*

RDW (%) 13.74 � 0.85 13.43 � 0.88* 13.67 � 0.86 13.55 � 0.89* 13.76 � 0.88 13.54 � 0.88* 013.8 � 0.86 13.64 � 0.89*

Hb, hemoglobin; HCT, hematocrit; RBC, red cell count; MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration;

RDW, red cell distribution width.

Data are shown as mean � SD.

* p values < 0.05.

Table 3

Results of multivariate linear regression (with step-wise forward selection) among total population.

Regression coefficients (standard error)
Variable

Constant Age Gender Altitude
Adjusted R2 F(P)

Hemoglobin 14.92 -0.034 -0.189 0.077 0.040 0.000*

Hematocrit 44.31 -0.018 -0.177 0.006 0.031 0.000*

Red cell count 05.12 -0.057 -0.160 0.142 0.045 0.000*

Mean cell volume 86.72 -0.073 -0.200 -0.233- 0.059 0.000*

Mean cell hemoglobin 28.05 -0.006 -0.293 00.0001 0.100 0.000*

Mean cell hemoglobin concentration 34.17 -0.004 -0.273 0.001 0.048 0.000*

Red cell distribution width 13.01 -0.080 -0.055 0.037 0.006 0.000*

Independent variables age, gender and altitude showed 4.0%, 3.1%, 4.50%, 5.40%, 1.0%, 4.8% and 0.6% overall variance with hemoglobin, hematocrit, red

cell count, mean cell volume, mean cell hemoglobin, mean cell hemoglobin concentration and red cell distribution width.

* Statistically significant p < 0.05.



at sea level while strong negative correlation with age. This finding is

accordance with previous published reports.10,11 Hemoglobin levels

in Abha population was found to be increased as compared to

Jeddah population in both genders. Increased Hb and erythrocytosis

at high altitude could be explained on the basis of a complex and

well-organized mechanism. Hypoxia induced erythropoiesis occurs

through a series of well-integrated yet complex mechanism through

interplay of hypoxia-inducible factor (HIF) and erythropoietin.

Hypoxia-inducible factor (HIF) is a heterodimer composed of � and

	. Erythropoietin gene contains hypoxia-responsive elements (HREs).

In hypoxia, the �-	 heterodimer of HIF binds with HREs and stimu-

lates the synthesis of erythropoietin (EPO). Release of erythropoietin

leads to the proliferation, differentiation and maturation of ery-

throid precursors leading to erythrocytosis and increased Hb.12–14

Elevated Hb level at high altitude is not limited to adult popula-

tion. A study conducted in Abha in 1996, reported the increased

concentration of Hb in newborns in Abha as compared to newborn

at low altitude (Riyadh and Jeddah).15 While in another study com-

paring Hb levels in children between low altitude (Mohyel and sur-

rounding villages located at 500 m above sea level) and high alti-

tude (Alsoda and the villages around Sabit Allia, located at 2,800–

3,150 m above sea level) the same differences were noted being

increased in highlanders and decreased in lowlanders.16 Studies

suggest a genetic adaptation towards relatively lower Hb in people

living at high altitude. It has been found that native highlanders

and long-term residents at high altitude has significant differences

in their Hb level. This finding is supported by the difference be-

tween Hb level of Tibetan as compared to Han Chinese who moved

to Tibet. The scientific justification of low Hb in Tibetan people is

the presence of missense mutations in EGLN1 gene that encodes

PHD2. PHD2 synthesized by mutated EGLN1 gene leads to reduced

levels of HIF-2� that causes low levels of erythropoietin and conse-

quently decreased erythropoiesis. Tibetan people do not present

with erythrocytosis even living at high altitude as compared to Han

Chinese or other highlanders.14

Effect of altitude on the red cell parameters also depends on the

extent of height. It has been reported that, although, median values

of red cells, Hb and hematocrit noted at altitude of 1869 m (Erzurum,

Turkey) were slightly high, the difference was statistically insignifi-

cant.17

In the current study, MCV also showed differences in both gen-

ders at high altitude and sea level. Increase in the MCV was ob-

served in all groups. Increase in the MCV was more pronounced in

geriatrics at sea levels as compared to highlanders. Increased MCV

with increasing age has also been reported by others.18 One of the

possible reasons of high MCV may be vitamin B12 deficiency that

occurs in more than 20% elderly individuals.8 However, it is to be

noted that many a times, vitamin B12 deficiency remains unde-

tected with potential to develop clinical consequences. Myelodys-

plastic syndrome, one of the causes of macrocytic anemia, is most

common in geriatrics, which may not present with the classical fea-

tures but with unexplained anemia.19 Interestingly, value of MCV

was high in Jeddah population as compared to Abha, that needs

further exploration. Possible explanations may include a higher pre-

valence of occult iron deficiency at altitude compared to sea level

that may be driven by hypoxia associated erythrocytosis and hyper-

active bone marrow. The serum ferritin was not assessed in this

study. Although overt microcytosis (< 70 fl) were excluded, occult

iron deficiency might still exerts some effect on the MCV which could

explain some of the intergroup difference in this study.

RDW values also showed differences in male and female groups

at high altitude as well as sea levels. Although, there was statistically

significant difference in the RDW values of Abha and Jeddah po-

pulation, the values of both groups did not cross the upper limit of

the established normal limit. This finding is in contrast of one study

that reported increased RDW with aging.20 In addition to MCV, other

factors found in geriatric population have also shown association

with increased RDW e.g. aging, nutritional deficiencies, oxidative

stress due to chronic disorders and inflammation.21

Findings of this study show that mean values of Hb declined in

male group both at high altitude and sea levels with aging. Decline in

the level of Hb and red cell count with aging is also reported in other

studies.9,18,20 In addition to other factors, geriatrics have reduced

hematopoietic activity. Elders have reduced bone marrow cellularity

as compared to children and adults.22 Stem cells can divide finitely

leading to their decreased replicative capability with aging.18,23,24

Defects in the proliferation of progenitor cells is another factor of

lower hematopoietic activity in elders. It is interesting to note that,

although, the number of erythroid and myeloid progenitors declines

in both genders the reduction is more pronounced in males as com-

pared to females.18 This finding is also supported by the observa-

tions of the current study as shown in Table 4. It has also been re-

ported that hormonal stimulation of the bone marrow hemato-

poietic tissues diminishes in old age.5 In addition to other vital roles,

testosterone also promotes erythropoiesis.22 It has been found that

low level of testosterone leads to reduced levels of Hb. Two possible

mechanism have been presumed regarding the stimulation of ery-

thropoiesis by testosterone i.e. the production of hematopoietic

growth factors and/or increased availability of iron. It has been pos-

tulated that testosterone act on polychromatophilic erythroblasts in

the bone marrow resulting in their multiplication and maturation.

Administration of testosterone suppresses hepcidin that leads to in-

creased iron absorption promoting erythropoiesis.19 Additionally, in

older age, the requirement of oxygen decreases due to reduced

Combined Effect of Aging and Altitude on Red Cell Parameters 163

Table 4

Results of multivariate linear regression (with step-wise forward selection) among Abha and Jeddah population.

Abha Jeddah

Regression coefficients (standard error) Regression coefficients (standard error)Variable

Constant Age Gender
Adjusted R

2
F(P)

Constant Age Gender
Adjusted R

2
F(P)

Hb 14.97 -0.001- -0.057 0.003 0.000 15.18 -0.036 -0.204 0.040 0.000

HCT 43.07 0.004 -0.067 0.004 0.000 44.52 -0.019 -0.188 0.035 0.000

RBC 05.41 -0.033- -0.053 0.002 0.000 05.27 -0.002 -0.203 0.031 0.000

MCV 79.48 0.007 -0.008 0.003 0.000 82.80 -0.008 -0.078 0.006 0.000

MCH 27.77 0.025 -0.192 0.000 0.000 28.55 -0.039 -0.040 0.020 0.000

MCHC 34.96 -0.046- -0.079 0.002 0.000 34.48 -0.044 -0.072 0.004 0.000

RDW 13.98 0.001 -0.115 0.002 0.000 13.23 -0.041 -0.059 0.003 0.000

Hemoglobin and red cell parameters in Jeddah’s participants were found to be more effected as compared to Ahba population as shown by the adjusted R
2

and F values.



body mass and less physical activity, this also contributes in decline

of Hb in geriatric population.18 In females, in addition to the above

possible mechanisms, other reasons of low Hb may be decreased

iron stores, reduced muscle mass and low metabolic activity.20,25

In our study, we used the cut off values for inclusion, i.e. ex-

clusion of anemia patients, that was derived from WHO recom-

mendations.9 For an altitude of 2,270 meters a 1 g/dL (10 g/L) were

used as per the WHO recommendations (14 g/dL for males and 13

g/dL for females). However, the mean hemoglobin difference be-

tween the same gender at either altitude was ranging from 0.5 to 0.6

g/dL (Figure 1, Table 1). Since, adaptation to altitude is different

among different regions and populations, the generalizability of

WHO was shown not to be linear and has been questioned.26 Our

study was meant to compare the trend with aging at two different

altitude, hence, we do not think this difference in inclusion will af-

fect the conclusion of the study. Nonetheless, it is important to es-

tablish reference ranges based on local population studies for both

young and old population.

4.1. Limitation of the study

A major limitation of the study was the retrospective laboratory

records review with no demographic and clinical information. How-

ever, the strict exclusion criteria are believed to minimize the bias of

the study.

5. Conclusion

Hemoglobin and red cell parameters are greatly affected by

aging and altitude. While sex difference appears to diminish with

aging, altitude difference persists, which suggest that for defining

anemia, the Hb cut off values in geriatrics shall be better defined

according to the local population.
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