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ABSTRACT 

Purpose: To identify the frequency of anemia in pregnant women at different 

geographical altitudes in the Arequipa region of Peru.  

Methods: A quantitative, descriptive, and retrospective study was carried out. The 

study population consisted of 35,725 pregnant women living in the Arequipa Region at 

different altitudes. Data on age, gestational age, weight, height, province of residence, 

altitude, hemoglobin were collected. 

Results: Using World Health Organization altitude adjusted hemoglobin values, anemia 

prevalence in pregnant women between 2018-2019 was 13.7 % in the Arequipa Region, 

while using unadjusted hemoglobin, the overall prevalence was 4.1 %. When analyzed 

by altitudes, the frequency of anemia was 9.77 % below 1 000 m 13.1 % between 1 

000-1 999 m, 13.1 % between 2.000-2.999 m, 31.5 % between 3.000-3.999 and 47.1 % 

between 4.000-4.999. Nevertheless, when using unadjusted hemoglobin values rates 

were 6.67 % for the 1.000-1.999 range, 2.39 % for ranges between 2.000-2.999 m and 

3.000-3.999 m, and 5.19 % for altitudes above 4.000 m. 

Conclusions: There is a directly proportional correlation in the prevalence of anemia in 

pregnant women and higher altitude (p<0.01) as well as levels of anemia during the last 

trimester of pregnancy. Adjusting the hemoglobin values by altitude results in triple the 

prevalence of anemia. A throughout revision of the suitability of current guidelines to 

diagnose and prevent anemia at high altitude is recommended.  

Keywords: pregnant women; anemia; high altitude; hemoglobin. 

 

RESUMEN 

Objetivo: Identificar la frecuencia de anemia en gestantes de diferentes altitudes 

geográficas en la región Arequipa, Perú.  

Métodos: Se realizó un estudio cuantitativo, descriptivo y retrospectivo. La población 

de estudio estuvo constituida por 35 725 gestantes residentes en la Región Arequipa a 

diferentes altitudes. Se recogieron datos de edad, edad gestacional, peso, talla, provincia 

de residencia, altitud, hemoglobina. 

Resultados: Utilizando los valores de hemoglobina ajustados por altitud de la 

Organización Mundial de la Salud, la prevalencia de anemia en gestantes entre 2018-
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2019 fue de 13,7 % en la Región Arequipa, mientras que utilizando la hemoglobina no 

ajustada, la prevalencia global fue de 4,1 %. Al analizar por altitudes, la frecuencia de 

anemia fue de 9,77 % por debajo de 1 000 m 13,1 % entre 1 000-1 999 m, 13,1 % entre 

2 000-2 999 m, 31,5 % entre 3 000-3 999 y 47,1 % entre 4 000-4 999. Sin embargo, 

cuando se utilizaron valores de hemoglobina no ajustados, las tasas fueron del 6,67 % 

para el intervalo de 1 000-1 999, del 2,39 % para los intervalos entre 2 000-2 999 m y 3 

000-3 999 m, y del 5,19 % para altitudes superiores a 4 000 m. 

Conclusiones: Existe una correlación directamente proporcional en la prevalencia de 

anemia en embarazadas y mayor altitud (p<0,01), así como niveles de anemia durante el 

último trimestre del embarazo. Ajustando los valores de hemoglobina por la altitud se 

triplica la prevalencia de anemia. Se recomienda una revisión en profundidad de la 

idoneidad de las directrices actuales para diagnosticar y prevenir la anemia a gran 

altitud.  

Palabras clave: embarazadas; anemia; altitud; hemoglobina. 
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Introduction 

The World Health Organization (WHO) defines anemia as a "disorder in which the 

number of red blood cells is insufficient to meet the body's needs". Anemia in pregnant 

women is defined when the hemoglobin (Hb) value in the first trimester is less than 11 

g/dL and 10.5 g/L in the second trimester.
(1)

 Anemia is particularly worrying in 

pregnant women due to its deleterious effect on perinatal outcomes
(2)

 including 

perinatal mortality.
(3)

  

Due to the low atmospheric pressure found at high altitude (HA) which results in a 

decrease of oxygen in the air causing chronic hypobaric hypoxia, several physiological 

adaptations take place such as increased erythropoiesis.
(4)

  However, some studies 

reveal that native populations at HA have undergone adaptations that would help the 
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fetus to reduce the physiological effects of the reduced oxygen supply to the uterus .
(5)

 

On the other hand, several studies have demonstrated the existence of physiological 

differences between women who live at sea level and those who live at HA, such as late 

menarche, advanced menopausal age, shorter reproductive period, among others.
(6)

 

There is also evidence regarding the effects of HA on pregnant women and neonates, 

such as low birth weight,
(7)

 cardiac dysfunction problems;
(8)

 preeclampsia and perinatal 

death.
(9)

 

The WHO recommends an adjustment of the cut-off point for the determination of 

anemia in HA populations. This adjustment increases the cut-off value by up to 4 g/dL 

for women living above 4000 meters above sea level (MASL). Peruvian regulations 

consider and apply these recommendations;
(10)

 however, there is an ongoing debate 

regarding the suitability of the adjustment. While there is research in favor ,
(11)

 others 

are against, due to the discordance between the prevalence of anemia when using this 

adjustment factor and the data found in field and retrospective studies .
(12)

 Also, studies 

that measured iron status biomarkers show that iron is not affected by altitude, and the 

adjustment needs to be revised as it overestimates iron deficiency anemia.
(13)

 The main 

objective of the present work was to study hemoglobin levels and characterize anemia 

in pregnant women at different altitudes in Arequipa region.  

 

 

Methods 

- Design and study population 

A quantitative, descriptive and retrospective study was conducted with a study 

population of 35,725 pregnant women aged between 12 and 53 years, who were 

evaluated in the period from January 2018 to December 2019 in Arequipa region, Peru. 

Due to the closeness of the Andean Range to the Pacific Ocean, this region located in 

the Southern Peruvian Highlands has both locations in the above 3500 MASL as well 

populations living at sea level. The data was provided by the Regional Anemia 

Registries regional anemia registries. 
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- Variables 

The variables studied were: age (years), gestational age (weeks), weight (Kg), pre-

gestational weight (Kg), place of residence (province), population altitude MASL 

observed hemoglobin level (g/dL), and adjusted Hb levels (g/dL), which according to 

the Peruvian Technical Standard "is performed when the child, adolescent, pregnant 

woman or pregnant woman resides in localities located at altitudes above 1000 meters 

above sea level". To determine the severity of anemia, the WHO criteria and the 

Peruvian Technical Guide were both used for observed and adjusted hemoglobin levels 

according to the geographic altitude of origin. Only data from singleton pregnancies 

was included in the study. 

Adjustment of hemoglobin by altitude (Meters above sea level) as recommended by the 

WHO: Altitude Under 1000 MASL (0 Adjustment factor (mg/dl), 1000-1500 MASL (-

0.2 mg/dl), 1500-2000 MASL (-0.5 mg/dL), 2000-2500 MASL (-0.8 mg/dl), 2500-3000 

MASL (-1.3 mg/dl), 3000-3500 MASL (-1.9 mg/dl), 3500-4000 MASL (-2.7 mg/dl) and 

4000-4500 MASL (-3.5 mg/dl) 

 

- Statistical analysis 

Frequency distribution, as well as ranges and averages, were used to evaluate the 

quantitative variables. To assess the differences between the study variables was 

performed using the Chi-square test, with a 95 % confidence interval and Student's t-

test. Stata version 14 (StataCorp, CollegeStation, TX, US) was used for data analysis.   

 

 

Results 

A total of 35,725 pregnant women between 12 to 53 years old from 8 provinces of the 

region were evaluated. 4,900 pregnant women had anemia (13.71 %). Mothers had an 

average age of 26.6 ± 6.32 years old, weighted 65.5 ± 9.6 kilograms with an average 

height of 1.52 ± 5.4 meters. The prevalence of altitude-adjusted anemia was 13.7 %; 9.9 

% for mild anemia, 3.6 % for moderate anemia and 0.1 % for severe anemia. Mean 

gestational age was 27.7 ± 9 weeks. In table 2, we present the distribution of the sample 
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according to altitude and general characteristics of the studied population grouped by 

anemia status. When the adjustment is not performed, the prevalence of anemia triples. 

For mild anemia is 3 %, 1 % for moderate anemia and 0.01 % for severe anemia (table 

and fig. 1).  

 

 Table 1- Characteristics of the studied population 

Characteristics 

Population Anemia 

 (n=35.725) (n=4.900) 

n % n % 

Altitude (MASL) 

0 – 999 5.453 15.3 533 9.77 

1000 – 1999 4.273 11.9 587 13.7 

2000 – 2999 24.269 67.9 3.181 13.1 

3000 – 3999 1.383 3.9 436 31.5 

4000 + 346 0.9 163 47.1 

Age (years) 

12 – 18 2.893 8.1 433 14.97 

19 – 34 28.068 78.57 3.790 13.5 

35 – 53 4.763 13.33 677 14.21 

BMI 

<19 142 0.4 8 5.63 

19 – 24.9 7.680 21.5 1.070 13.93 

25 – 29.9 16.048 44.92 2.360 14.71 

30 + 10.292 28.8 1.287 12.5 

Missing data 

  1.563 4.38 175 11.2 

Gestational age (months) 

2 – 13 4.494 12.58 409 9.1 

14 – 27 8.601 24.08 1.098 12.77 

28 – 42 22.630 63.34 3.393 14.99 

MASL: meters above sea level. BMI: Body mass index. Anemia was defined using altitude adjustment Hb values. 
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Fig. 1- Anemia severity using adjusted and unadjusted hemoglobin. 

 

In Figure 2, the behavior of Hb with and without adjustment at different altitudes is shown. 

As it can be seen, from 2000 MASL onwards, a significant difference between the adjusted 

and unadjusted values is observed. Adjusted Hb levels decrease below the cut-off point (11 

g/dL), constituting mild anemia.  

 

 

Fig. 2- Difference between altitude adjusted (aHb) and unadjusted hemoglobin (Hb).  

T-Student Test: *p<0.001 when compared Hb by altitude. Solid, red line denotes de cut-off value of anemia diagnosis. 
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Fig. 3- Anemia prevalence with altitude adjusted and unadjusted hemoglobin by altitude.  

*χ2Test, p<0.01 

 

Figure 3 shows the frequency of pregnant women with anemia (Hb <11 g/dL) 

calculated with and without altitude adjustment. When we use altitude adjusted Hb 

values, a significant difference is observed in the percentage of pregnant women with 

anemia, being up to 5 times higher than the frequency observed without adjusting, 

suggesting an overestimation of the prevalence of anemia at HA. In figure 4, the 

distribution of the severity of anemia is presented. A visible increase in the percentage 

of moderate and severe anemia from 3000 MASL onwards is shown.  
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Fig. 4- Anemia severity by geographical altitude. 

 

Finally, the frequency of anemia was analyzed by gestational period at each 

geographic altitude. In the first trimester, the prevalence of anemia was found to be 

higher than 20 % at 3000 MASL. This value increased by 10 % from the second 

trimester onwards. The increase in the frequency of anemia in the third trimester does 

not vary significantly at 3000 MASL. However, an increase of 10 % is observed at 

over 4000 MASL (fig. 5). 
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Fig. 5- Frequency of anemia according to pregnancy trimester and altitude. 

 

 

Discussion 

The purpose of the present study was to characterize anemia in Arequipa, a region with 

different altitudes. Anemia prevalence increased with altitude. Overall, the prevalence was 

13.7 % with values ranging from 9.77 % to 47.1 % when analyzing cities at sea level and 

above 4000 MASL. These results differ from the results obtained in the Pakistani 

Highlands, in which a higher prevalence of anemia was found in pregnant women at low 

altitudes. However, the difference in sample sizes might be the reason behind this 

difference. Nevertheless, some results concur with our findings. In preschool children, 
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altitude was one of the main determinants for anemia alongside younger age using data 

from a nationwide survey.
(14)

 

Not much research has been done regarding the relationship between age and anemia in 

pregnant women at HA. In our study, we show that the highest percentage of anemia was 

found in the group of women between 12-18 years of age. These findings are in contrast to 

a study performed in Korean women in which the highest prevalence of anemia was found 

in the 25-29 years’ age group.
(15)

 However, another nationwide study in Malaysia failed to 

determine any statistical difference associated with Hb level and age.
(16)

 

Another factor to consider is BMI and gestational weight gain; which may be important 

indicators of possible pregnancy complications such as gestational diabetes. In our study, 

the mean BMI was 29.79, which is in agreement with reference values for pregnant 

women.
(17)

 In a study conducted in pregnant women at sea level and at high altitude, no 

significant statistical difference was found between the two groups, although the study 

concludes that fasting maternal plasma glucose is lower at high altitude than at sea level, 

which would be associated with greater sensitivity to insulin.
(18)

 On the other hand, studies 

suggest a relationship between BMI and the presence or absence of anemia. A Peruvian 

study suggest an association between excessive weight gain during gestation especially in 

underweight and normal weight women, with decreased hemoglobin values in gestation; 

Nevertheless, in our study, we did not find a significant difference in the prevalence of 

anemia in normal weight versus overweight pregnant women (p=0.721). 

The WHO recommends a correction of the cut-off point for the diagnosis of anemia in HA 

populations; which increases the cut-off value by up to 4 g/dL for women living above 

4000 MASL. Regarding the severity of anemia, it was observed that, after using the 

correction factor established by the WHO, it increases significantly. These results are in 

agreement with those obtained in a study carried out in Tibet. The authors conclude that the 

adjustment factor may have overestimated the prevalence of anemia in pregnant women 

since most of them did not show clinical signs compatible with anemia.
(19)

 

In order to evaluate the WHO Hb adjustment factors, we have graphed the expected 

hemoglobin for each altitude based on our formula: Hb = (.0000002*altitude
2
) - (.00001 * 

altitude) + 13.9, where the altitude is in meters.
(20)

 It becomes evident that the WHO Hb 
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adjustment factors are adequate, as they fall precisely on the exact curve of the expected Hb 

values obtained from different high-altitude residences in different populations. 

Another study conducted in HA Bolivian pregnant women shows an increase in the 

prevalence of anemia when using the WHO correction factor, compared to two other 

approaches made in previous works and an additional one proposed by the authors.
(21)

 

Another factor related to the WHO recommend adjustment criteria is ethnicity. In a review 

that studied the relationship between anemia, ethnicity and the accuracy of the adjustment 

factor for the diagnosis of anemia and severe anemia it was shown that the presence of 

anemia could be underestimated for people of African ethnicity compared to Caucasians 

when a single adjustment factor was used.
(22)

  

Ethnicity is a major variable when it comes to HA adaptation. It has been shown that 

Tibetan people are highly adapted to environmental hypoxia thus exhibiting decreased Hb 

levels than the Hans despite living at the same altitude.
(23)

 Generational exposure is the 

factor explaining these difference. Although not as pronounced, Hb differences amongst 

people from the Southern and Central Andes have been reported. The Andean Southern 

population are predominantly of Aymaran descent and have lower rates of chronic 

mountain sickness, a disease triggered by HA maladaptation. However, we are in 

disagreement with the use of the term maladaptation.
(24)

 The Arequipa region is located at 

the Southern Andes but it also is one of the main destinations for internal migration. As our 

study relies on registries provided by the Regional Health System that do not generally 

collect ethnicity information, we could not assess the impact of ethnicity in Hb levels 

constituting a limitation of our study. As Gassmann et al (2019) argue, individual reference 

values should be defined for each ethnic group.
(25)

  

Regarding the relationship between gestational age and anemia, a trend of decreasing 

hemoglobin levels, and thus increasing anemia, was observed for each trimester for all 

pregnant women and at all altitudes. A study in pregnant women from Tanzania at altitudes 

between 1300 and 2300 MASL where anemia is highly prevalent in pregnant women, 

reported a decrease in Hb levels in the last semester of gestation.
(26)

 Similarly, Xing's study 

in pregnant women in Tibet shows a decrease in hemoglobin concentration as gestation 

time increases. This phenomenon could be due to physiological changes of life at HA or 

changes as a result of the gestation period. Hb levels decrease physiologically during 
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pregnancy, due to an increase in blood volume during gestation, this physiological 

hemodilution occurs in the second and third trimester of pregnancy, so it is essential to 

determine whether a pregnant woman with Hb levels less than 11g/dL is really anemic or it 

is a non-pathological hemodilution.
(27)

 

Anemia is considered a major risk factor in pregnancy since several studies have associated 

it with low birth weight, preterm birth and other related problems. A meta-analysis of 

reported anemia in the first trimester was associated with low birthweight.
(28)

  As high 

altitude is, likewise, associated with increased risk of adverse perinatal outcomes, the 

coupling of environmental hypoxia and anemia might be an important public health 

problem that is not being properly addressed. There is little information on these 

phenomena in populations at high altitudes, and the studies conducted on the subject are 

scarce or have sample size limitations. For instance, a study conducted by Nahum and 

Stanislaw in 235 pregnant women shows a negative correlation between birthweight and 

maternal hemoglobin level, which would be related to the effects caused by exposure to 

high altitudes during pregnancy.
(29)

    

The strength of our study lies in the sample size and the fact that the analyzed data came 

from an anemia surveillance program used by the regional government for decision-

making. Therefore, it is representative of the Arequipa province, especially as it is 

reflecting that the geographical complexity impacts severely anemia frequencies. 

Nevertheless, a major limitation of our study is the lack of measurement of iron-related 

biomarkers. Surveillance data rely on point of care devices for the measurement of 

hemoglobin. As we show, altitude greatly impacts anemia rates and there is an ongoing 

debate regarding the suitability of current diagnostic thresholds, a throughout iron status 

measurement study should be performed in this population. Also, the database did not 

assess ethnicity in the population. For a multicultural country such as Peru, the inclusion of 

this variable should be prioritized in future surveillance programs, especially since it is 

known to be a major player of high-altitude adaptation. 

Anemia continues to be a serious public health problem both in children and in pregnant 

women in Peru and in the world. It is also associated with multiple environmental, social, 

economic and cultural factors.
(30)

 Anemia is also more prevalent in rural and Andean areas, 

which are coincidentally located at medium and high altitudes. Several research needs arise 
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such as the effect of ethnicity in HA adaptation, the suitability of the current guidelines to 

diagnose anemia, the extent to which anemia during pregnancy is pathological or an effect 

of normal hemodilution.  

Despite official statistics showing an improvement in anemia rates in our country, we found 

an increase in the prevalence of anemia in pregnant women directly proportional to the rise 

in altitude. Likewise, it was found that Hb levels decrease with the progress of the 

pregnancy. This could suggest that as the fetus requires more Hb particularly in the last 

trimester of in-utero development, it is highly probable that the mothers are receiving 

insufficient iron and B12 vitamin. This has transcendental importance for the optimal 

development of the fetus.  Even though our study did not assess iron status biomarkers to 

examine the suitability of the current altitude adjusted Hb recommendation, the increase in 

the prevalence of anemia and its severity using this approach is significant. As several 

studies suggest there might be an overestimation of anemia using this criterion. Given that 

the major interventions are provided as a result of these diagnoses, we call for a revision of 

the current guidelines and an assessment of Hb and iron status reference values and 

respective adequate therapies for pregnant women in HA populations according to 

ethnicity. 

We conclude that anemia in pregnant women in the Arequipa Region is highly affected by 

altitude. Prevalence of the condition differs significantly when altitude adjusted, or 

unadjusted hemoglobin values are used. Adjusting by hemoglobin values results in triple 

the prevalence of anemia. A throughout revision of the suitability of current guidelines to 

diagnose and prevent anemia at high altitude is needed. 

 

 

References 
1. World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia 

and assessment of severity. World Health Organization. 2011; [access 03/25/2021] (No. 

WHO/NMH/NHD/MNM/11.1) Available in: https://apps.who.int/iris/handle/10665/85839  

2. Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, Bilano V, et al. Maternal 

anemia and risk of adverse birth and health outcomes in low-and middle-income countries: 

https://apps.who.int/iris/handle/10665/85839


Revista Cubana de Investigaciones Biomédicas 2023;42:e2084 

 Esta obra está bajo una licencia: https://creativecomons.org/licenses/by-nc/4.0/deed.es_ES 

 

 

systematic review and meta-analysis. The Am J of Clin Nut. 2016;103(2):495-504. DOI: 

https://doi.org/10.3945/ajcn.115.107896  

3. Mantadakis E, Chatzimichael E, Zikidou P. Iron deficiency anemia in children residing 

in high and low-income countries: risk factors, prevention, diagnosis and therapy. Mediterr 

J Hematol Infect Dis. 2020;12(1):e2020041. DOI: https://doi.org/10.4084/mjhid.2020.041  

4. Gonzales GF. Hemoglobin and testosterone: importance on high altitude acclimatization 

and adaptation. Rev Peru Med Exp Salud Publica. 2011;28(1):92-100. DOI: 

https://doi.org/10.1590/s1726-46342011000100015  

5. Huicho L, Passano-Del-Carpio A, Rivera-Ch M, van-Elteren HA, Martin DS, et al. 

Pregnancy at high altitude in the Andes leads to increased total vessel density in healthy 

newborns. J Appl Physiol. 2016;121(3):709-15. DOI: 

https://doi.org/10.1152/japplphysiol.00561.2016  

6. Shaw S, Ghosh D, Kumar U, Panjwani U, Kumar B. Impact of high altitude on key 

determinants of female reproductive health: a review. Int J Biometeorol. 2018;62(11):2045-

55. DOI: https://doi.org/10.1007/s00484-018-1609-0  

7. Bailey BA, Donnelly M, Bol K, Moore LG, Julian CG. High altitude continues to reduce 

birth weights in Colorado. Matern Child Health J. 2019;23(11):1573-80. DOI: 

https://doi.org/10.1007/s10995-019-02788-3  

8. Zhang P, Ke J, Li Y, Huang L, Chen Z, Huang X, et al. Long-term exposure to high 

altitude hypoxia during pregnancy increases fetal heart susceptibility to 

ischemia/reperfusion injury and cardiac dysfunction. Int J Cardiol. 2019;274:7-15. DOI: 

https://doi.org/10.1016/j.ijcard.2018.07.046  

9. Tong W, Giussani DA. Preeclampsia link to gestational hypoxia. J Dev Orig Health Dis. 

2019;10(3):322-33. DOI: https://doi.org/10.1017/s204017441900014x  

10. Ministerio de Salud. Norma técnica - Manejo terapéutico y preventivo de la anemia en 

niños, adolescentes y mujeres gestantes y puérperas. 2017 [access 03/25/2021]. Available 

in: https://www.gob.pe/institucion/minsa/informes-publicaciones/280854-norma-tecnica-

manejo-terapeutico-y-preventivo-de-la-anemia-en-ninos-adolescentes-mujeres-gestantes-y-

puerperas  

11. Silubonde TM, Baumgartner J, Ware LJ, Malan L, Smuts CM, Norris S. Adjusting 

haemoglobin values for altitude maximizes combined sensitivity and specificity to detect 

https://doi.org/10.3945/ajcn.115.107896
https://doi.org/10.4084/mjhid.2020.041
https://doi.org/10.1590/s1726-46342011000100015
https://doi.org/10.1152/japplphysiol.00561.2016
https://doi.org/10.1007/s00484-018-1609-0
https://doi.org/10.1007/s10995-019-02788-3
https://doi.org/10.1016/j.ijcard.2018.07.046
https://doi.org/10.1017/s204017441900014x
https://www.gob.pe/institucion/minsa/informes-publicaciones/280854-norma-tecnica-manejo-terapeutico-y-preventivo-de-la-anemia-en-ninos-adolescentes-mujeres-gestantes-y-puerperas
https://www.gob.pe/institucion/minsa/informes-publicaciones/280854-norma-tecnica-manejo-terapeutico-y-preventivo-de-la-anemia-en-ninos-adolescentes-mujeres-gestantes-y-puerperas
https://www.gob.pe/institucion/minsa/informes-publicaciones/280854-norma-tecnica-manejo-terapeutico-y-preventivo-de-la-anemia-en-ninos-adolescentes-mujeres-gestantes-y-puerperas


Revista Cubana de Investigaciones Biomédicas 2023;42:e2084 

 Esta obra está bajo una licencia: https://creativecomons.org/licenses/by-nc/4.0/deed.es_ES 

 

 

iron deficiency among women of reproductive age in Johannesburg, South Africa. 

Nutrients. 2020;12(3):633. DOI: https://doi.org/10.3390/nu12030633  

12. Villamonte W, Lam N, Jerí M, De-La-Torre C, Villamonte AA. Maternal altitude-

corrected hemoglobin and at term neonatal anthropometry at 3400 m of altitude. High Alt 

Med Biol. 2020;21(3):287-91. DOI: https://doi.org/10.1089/ham.2019.0127  

13. Choque BM, Alarcón DE, Paredes W, Zaira A, Ochoa A, Gonzales GF. Is the 

prevalence of anemia in children living at high altitudes real? An observational study in 

Peru. Ann N Y Acad Sci. 2020;1473(1):35-47. DOI: https://doi.org/10.1111/nyas.14356  

14. Accinelli RA, Leon-Abarca JA. Age and altitude of residence determine anemia 

prevalence in Peruvian 6 to 35 months old children. PLoS One. 2020;15(1):e0226846. DOI: 

https://doi.org/10.1371/journal.pone.0226846  

15. Yi S-W, Han Y-J, Ohrr H. Anemia before pregnancy and risk of preterm birth, low 

birth weight and small-for-gestational-age birth in Korean women. Eur J Clin Nutr. 

2013;67(4):337-42. DOI: https://doi.org/10.1038/ejcn.2013.12  

16. Haniff J, Das A, Onn LT, Sun CW, Nordin NM, Rampal S, et al. Anemia in pregnancy 

in Malaysia: a cross-sectional survey. Asia Pac J Clin Nutr. 2007 [access 

03/25/2021];16(3):527-36. Available in: https://pubmed.ncbi.nlm.nih.gov/17704035/  

17. Ochsenbein-Kölble N, Roos M, Gasser T, Zimmermann R. Cross-sectional study of 

weight gain and increase in BMI throughout pregnancy. Eur J Obstet Gynecol Reprod Biol. 

2007;130(2):180-6. DOI: https://doi.org/10.1016/j.ejogrb.2006.03.024   

18. Krampl E, Kametas NA, Nowotny P, Roden M, Nicolaides KH. Glucose metabolism in 

pregnancy at high altitude. Diabetes Care. 2001;24(5):817-22. DOI: 

https://doi.org/10.2337/diacare.24.5.817   

19. Xing Y, Yan H, Dang S, Zhuoma B, Zhou X, Wang D. Hemoglobin levels and anemia 

evaluation during pregnancy in the highlands of Tibet: a hospital-based study. BMC Public 

Health. 2009;9:e336. DOI: https://doi.org/10.1186/1471-2458-9-336  

20. Zubieta-Calleja G Jr, Zubieta-Castillo G Sr. Tolerance to hypoxia: A high altitude 

paradox. Wilderness Environ Med. 2015;26(1):e1. DOI: 

https://doi.org/10.1016/j.wem.2014.11.008  

https://doi.org/10.3390/nu12030633
https://doi.org/10.1089/ham.2019.0127
https://doi.org/10.1111/nyas.14356
https://doi.org/10.1371/journal.pone.0226846
https://doi.org/10.1038/ejcn.2013.12
https://pubmed.ncbi.nlm.nih.gov/17704035/
https://doi.org/10.1016/j.ejogrb.2006.03.024
https://doi.org/10.2337/diacare.24.5.817
https://doi.org/10.1186/1471-2458-9-336
https://doi.org/10.1016/j.wem.2014.11.008


Revista Cubana de Investigaciones Biomédicas 2023;42:e2084 

 Esta obra está bajo una licencia: https://creativecomons.org/licenses/by-nc/4.0/deed.es_ES 

 

 

21. Cohen JH, Haas JD. Hemoglobin correction factors for estimating the prevalence of 

iron deficiency anemia in pregnant women residing at high altitudes in Bolivia. Rev Panam 

Salud Publica. 1999;6(6):392-9. DOI: https://doi.org/10.1590/s1020-49891999001100004  

22. Sperandio N, Sant’Ana LF da R, Franceschini S do CC, Priore SE. Differences in the 

hemoglobin cut-off point for the diagnosis of anemia as a function of race/color. Rev 

Médica Minas Gerais. 2015;25(1). DOI: http://doi.org/10.5935/2238-3182.20150017 

23. Wu T-Y, Liu F-Y, Ouzhou-Loubu, Cui C-Y, Qi X-B, Su B. A genetic adaptive pattern-

low hemoglobin concentration in the Himalayan highlanders. Zhongguo Ying Yong Sheng 

Li Xue Za Zhi. 2013 [access 03/25/2021];29(6):481-93. Available in: 

https://pubmed.ncbi.nlm.nih.gov/24654529/  

24. Gonzales GF, Alarcón DE, Zevallos A. Human adaptation to life at high altitude. In: 

Advances in Biochemistry in Health and Disease, vol 16. Springer, Cham. Biochemistry of 

Oxidative Stress. Cham: Springer International Publishing; 2016. p. 109-26. DOI: 

https://doi.org/10.1007/978-3-319-45865-6_8  

25. Gassmann M, Mairbäurl H, Livshits L, Seide S, Hackbusch M, Malczyk M, et al. The 

increase in hemoglobin concentration with altitude varies among human populations: 

Hemoglobin levels at high altitude. Ann N Y Acad Sci. 2019;1450(1):204-20. DOI: 

https://doi.org/10.1111/nyas.14136  

26. Hinderaker SG, Olsen BE, Bergsjø P, Lie RT, Gasheka P, Kvåle G. Anemia in 

pregnancy in the highlands of Tanzania. Acta Obstet Gynecol Scand. 2001;80(1):18-26. 

DOI: https://doi.org/10.1034/j.1600-0412.2001.800104.x  

27. Gonzales GF, Olavegoya P. Fisiopatología de la anemia durante el embarazo: ¿anemia 

o hemodilución? Rev peru ginecol obstet. 2019;65(4):489-502. DOI: 

http://dx.doi.org/10.31403/rpgo.v65i2210    

28. Rahmati S, Delpishe A, Azami M, Hafezi Ahmadi MR, Sayehmiri K. Maternal anemia 

during pregnancy and infant low birth weight: a systematic review and meta-analysis. Int J 

Reprod Biomed (Yazd). 2017 [access 03/25/2021];15(3):125-34. Available in: 

https://pubmed.ncbi.nlm.nih.gov/28580444/  

29. Nahum GG, Stanislaw H. Hemoglobin, altitude and birth weight: does maternal anemia 

during pregnancy influence fetal growth? J Reprod Med. 2004 [access 

03/25/2021];49(4):297-305. Available in: https://pubmed.ncbi.nlm.nih.gov/15134157/  

https://doi.org/10.1590/s1020-49891999001100004
http://doi.org/10.5935/2238-3182.20150017
https://pubmed.ncbi.nlm.nih.gov/24654529/
https://doi.org/10.1007/978-3-319-45865-6_8
https://doi.org/10.1111/nyas.14136
https://doi.org/10.1034/j.1600-0412.2001.800104.x
http://dx.doi.org/10.31403/rpgo.v65i2210
https://pubmed.ncbi.nlm.nih.gov/28580444/
https://pubmed.ncbi.nlm.nih.gov/15134157/


Revista Cubana de Investigaciones Biomédicas 2023;42:e2084 

 Esta obra está bajo una licencia: https://creativecomons.org/licenses/by-nc/4.0/deed.es_ES 

 

 

30. Muñoz Á, Cornejo I, Rojas S, Alvarez G, Bernabé JC, Gallegos A, et al. Childhood 

anemia in populations residing at different geographical altitudes of Arequipa, Peru: A 

descriptive and retrospective study. Medwave. 2020;20(7):e8004. DOI: 

https://doi.org/10.5867/medwave.2020.07.8004  

 

 

Conflict of interest 

The authors have no conflicts of interest. 

 

Author contributions 

Conceptualization, data preservation, formal analysis, research, methodology, supervision, 

visualization, writing-original draft, writing-review and editing: Agueda-Muñoz del 

Carpio- Toia.  

Conceptualization, data preservation, formal analysis, research, methodology, supervision, 

visualization, writing-original draft, writing-review and editing: Dulce Esperanza Alarcón-

Yaquetto. 

Conceptualization, data preservation, formal analysis, research, methodology, supervision, 

visualization, writing-original draft, writing-review and editing: Giancarlo Álvarez 

Cervantes. 

Conceptualization, data preservation, research, methodology, supervision, visualization, 

writing-original draft, writing-review and editing: Ismael Cornejo Roselló.  

Conceptualization, data preservation, research, methodology, supervision, visualization, 

writing-original draft, writing-review and editing: Sandrino Rojas Pauca. 

Research, visualization, writing-original draft, writing-review and editing: Johany Cecilia 

Sánchez Guillén.  

Visualization writing-original draft, writing-review and editing: Melva Iparraguirre Meza. 

Visualization, writing-original draft, writing-review and editing: Mildred Hilda Cóndor 

Privat. 

Visualization, writing-original draft, writing-review and editing: Francesca Diaz del Olmo 

Calvo. 

https://doi.org/10.5867/medwave.2020.07.8004


Revista Cubana de Investigaciones Biomédicas 2023;42:e2084 

 Esta obra está bajo una licencia: https://creativecomons.org/licenses/by-nc/4.0/deed.es_ES 

 

 

Visualization, writing-original draft, writing-review and editing: Julio Cesar Bernabé 

Ortiz.  

Writing-review and editing: Gustavo Zubieta Calleja. 

 

Funding 

The study was funded by the Vicerrectorado de investigación, Universidad Católica de 

Santa María Arequipa, Perú. 

 
 


