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Gestational anemia and physiological decrease in hemoglobin in women living at high altitudes 

Anemia gestacional y descenso fisiológico de hemoglobina en mujeres que viven a gran altitud 

Ajata Soto Miriam Andrea1*, Orellana Quispe Magaly Rosario2, Gómez Ticona Rossio Barbara2, 

Tola Aduviri Franz3, Maydana Machaca Omar David3 

Abstract 

 

Article date 

 

Gestational anemia is a public health problem, especially in high-altitude contexts, where hemoglobin levels present 

relevant physiological variations. Monitoring their evolution during pregnancy allows us to identify hematological 

changes and guide timely interventions. The objective was to analyze the variation of hemoglobin levels between the first 

and third trimester, its association with clinical factors and obstetric history in pregnant women treated in comprehensive 

health centers of District 1 of the city of El Alto, Bolivia, management 2024. A quantitative, observational, longitudinal 

and analytical study was carried out, based on the retrospective review of medical records. A total of 251 complete records 

with hemoglobin records were included. An average decrease of 0.59 g dL-1 was observed between the first and third 

trimesters (p < 0.05), along with an increase in the prevalence of anemia from 62.2 to 83.3 % (p <0.05). The hematological 

classification showed an increase mainly in the moderate category. No statistically significant association was identified 

between the presence of anemia and maternal age, body mass index, interreproductive period, history of miscarriage, or 

diagnosis of genitourinary infection. The results refer to a decrease in hemoglobin during pregnancy in women living at 

high altitude, compatible with the expected physiological decrease, but accompanied by a high prevalence of anemia 

according to altitude-adjusted cut-off points. It is recommended to reinforce prenatal control and adjust diagnostic cut-off 

points considering altitude, to improve the identification and management of anemia in high-altitude pregnant women. 
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Resumen 

 

La anemia gestacional constituye un problema de salud pública, especialmente en contextos de altitud, donde los niveles 

de hemoglobina presentan variaciones fisiológicas relevantes. El monitoreo de su evolución durante el embarazo permite 

identificar cambios hematológicos y orientar intervenciones oportunas. El objetivo fue analizar la variación de los niveles 

de hemoglobina entre el primer y el tercer trimestre, su asociación con factores clínicos y antecedentes obstétricos en 

gestantes atendidas en centros integrales de salud del Distrito 1 de la ciudad de El Alto, Bolivia, gestión 2024. Se realizó 

un estudio cuantitativo, observacional, longitudinal y analítico, basado en la revisión retrospectiva de historias clínicas. 

Se incluyeron 251 expedientes completos con registros de hemoglobina. Se observó una disminución promedio de 0.59 g 

dL-1 entre el primer y tercer trimestre (p < 0.05), junto con un incremento de la prevalencia de anemia de 62.2 a 83.3 % (p 

<0.05). La clasificación hematológica evidencio un aumento principalmente en la categoría moderada. No se identificó 

asociación estadísticamente significativa entre la presencia de anemia y edad materna, índice de masa corporal, periodo 

intergenésico, antecedente de aborto ni diagnóstico de infección genitourinaria. Los resultados refieren una disminución 

de hemoglobina durante la gestación en mujeres residentes a gran altitud, compatible con el descenso fisiológico esperado, 

pero acompañada de una elevada prevalencia de anemia según puntos de corte ajustados por altitud. Se recomienda 

reforzar el control prenatal y ajustar los puntos de corte diagnósticos considerando la altitud, para mejorar la identificación 

y el manejo de la anemia en gestantes de altura 
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Introduction 

 

Anemia during pregnancy, defined by the World 

Health Organization (WHO) as a hemoglobin (Hb) 

concentration below normal values according to age, 

sex, pregnancy status, and altitude, is a global public 

health problem because of its high prevalence and 

clinical consequences for both mother and child1,2. 

Its etiology is multifactorial; however, iron deficien-

cy is the most common cause during pregnancy beca-

use of the progressive increase in maternal and fetal 

requirements and the depletion of iron stores as 

pregnancy advances. This condition is associated 

with a higher risk of adverse perinatal outcomes and 

maternal mortality3-5. 

During pregnancy, erythroid hyperplasia occurs in 

the bone marrow, increasing red blood cell mass by 

15-25 % in singleton pregnancies. This is accompa-

nied by a 40-50 % expansion in plasma volume and 

a decrease in hematocrit (Hct) to approximately ~34 

% in singleton pregnancies and ~30 % in multiple 

pregnancies6,7. 

Population-based and prospective cohort studies 

have shown that maternal anemia, particularly when 

moderate or severe, is associated with a higher risk 

of adverse maternal and perinatal outcomes, inclu-

ding severe postpartum hemorrhage, preterm birth, 

impaired fetal growth, lower gestational age at birth, 

and unfavorable neonatal outcomes8-10. The WHO 

estimates that more than one-third of pregnant 

women have anemia, with iron-deficiency anemia 

being the most common form because of a negative 

iron balance11-13. 

In low-resource settings, iron and folic acid supple-

mentation remains an important strategy for the 

prevention and management of gestational anemia. 

Recent clinical studies have evaluated different oral 

supplementation regimens in pregnant women with 

iron-deficiency anemia and found no significant 

differences between daily and alternate-day adminis- 

 

 

tration in terms of short-term increases in Hb levels8-

15. Studies have reported increases in anemia preva-

lence between trimesters, including from 47-65 % in 

Egypt and from 29-31 % in Peru16. Evidence from 

Bolivia remains limited; in El Alto, altitude compli-

cates comparisons with international standards17, 

while a study conducted in Chuquisaca reported iron-

deficiency anemia in 60.35 % of pregnant and post-

partum women18. The definition of anemia during 

pregnancy varies. The WHO defines it as Hb <11 g 

dL-1 or Hct <33 % during any trimester19. However, 

recent studies have questioned the universal validity 

of traditional cutoff values, particularly among 

populations living at high altitude, where Hb levels 

may be modified by physiological adaptation to 

chronic hypoxia7,13. For altitudes ranging from 3,800 

to 4,380 m above sea level, cutoff values for the 

general population have been reported to range from 

(12.77 ± 0.18 to 13.16 ± 0.25 g dL-1)20. 

Altitude modifies Hb levels. Pregnant women living 

in La Paz at 3,600 m above sea level have a mean Hb 

concentration of 13.6 ± 2.3 g dL-1 and a mean Hct of 

40.9 ± 6.4 %, values that are higher than those obser-

ved at sea level but lower than those reported among 

nonpregnant women21. Consistently, a primary study 

conducted among pregnant women living in the 

highlands of Nepal reported an elevated mean Hb 

concentration and an anemia prevalence that varied 

according to adjustments for altitude, age, parity, and 

sociodemographic characteristics22. The WHO 

recommends considering geographical elevation 

when interpreting Hb concentrations to define 

anemia. Nevertheless, recent studies involving adult 

high-Andean women have questioned the universal 

validity of altitude adjustments and have warned of 

the risk of diagnostic overestimation in populations 

living at very high altitudes19,20. In El Alto, located at 
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more than 4,000 m above sea level, the Bolivian 

Ministry of Health recommends an adjustment of 

(+3.5 to +4.0 g dL-1)23. 

The objective of this study was to analyze changes in 

Hb levels between the first and third trimesters and 

their association with clinical factors and obstetric 

history among pregnant women receiving care at 

comprehensive health centers in District 1 of El Alto, 

Bolivia, during 2024, thereby providing original 

evidence to strengthen prenatal care in high-altitude 

populations. 

 

Material and methods 

 

A quantitative, longitudinal, and analytical study was 

conducted through a retrospective review of the 

medical records of pregnant women who received 

care during 2024 at three comprehensive health 

centers in District 1 of El Alto. Women with comple-

te hemoglobin records from the first trimester (≤13 

weeks) and the third trimester (≥28 weeks), as well 

as relevant clinical data, were included. 

Non-probability convenience sampling was used. A 

total of 613 medical records were reviewed; records 

of women with previous hematological diagnoses, 

undocumented medical interventions, incomplete 

data, or incomplete prenatal follow-up were exclu-

ded. Ultimately, 251 records met the inclusion 

criteria.  

Data were collected using a validated structured 

form. The variables recorded included maternal age, 

body mass index (BMI), obstetric history previous 

deliveries and miscarriages presence of urinary tract 

infection, and laboratory hemoglobin values from the 

first and third trimesters. Hemoglobin cutoff values 

were adjusted for altitude according to WHO 

recommendations, with a threshold of ≥14.0 g dL-1 

considered normal at 4,125 m above sea level. 

Statistical analysis was performed using SPSS, 

version 26. Descriptive statistics, Chi-square tests of 

association, and McNemar’s test were applied. 

Statistical significance was established at p < 0.05. 

 

Results 

 

The obstetric and reproductive profile showed a 

predominance of women aged 20-34 years. The most 

frequent obstetric histories were one to two previous 

deliveries or no previous deliveries. Regarding the 

interpregnancy interval, most women had intervals 

longer than two years, while a substantial proportion 

were nulliparous. A history of miscarriage was less 

frequent than the absence of such a history, as shown 

in Table 1. 

 
Table 1 Distribution of obstetric characteristics and reproductive history among pregnant women 

 

Obstetric Profile Category n % 

Age 

15-19 years 23 9.2 

20-34 years 193 76.9 

35-42 years 35 13.9 

Previous deliveries 

0 births 92 36.7 

1-2 births 122 48.6 

3-4 births 31 12.4 

5 or more births 6 2.4 

Intergenic period 

Nulípara 86 34.3 

Less than 6 months 5 2.0 

6 months to 1 year 11 4.4 

1-2 years 30 12.0 

Plus 2 years 119 47.4 

History of abortion 
Yes 85 33.9 

No 166 66.1 
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Table 2 Distribution of body mass index and type of infection during pregnancy among the women evaluated 

 

 

Profile clinical Category n % 

BMI 

Normal weight 71 28.3 

Overweight 110 43.8 

Obesity 70 27.9 

Infection 

No infection 119 47.4 

Urinary tract infection 129 51.4 

Vaginal infection 3 1.2 

 

Table 3 Descriptive hemoglobin values (g dL-1) among pregnant women during the first and third trimesters 

 

 

Parameter 1st trimester 3rd trimester 

Mean (SD) 13.89 ± 1.47 13.30 ± 1.25 

Median (IQR) 14.0 (1.9) 13.4 (1.5) 

Minimum–maximum 9.4 - 17.4 9.0 - 16.5 

Range 8 7.5 

95% CI of the mean 13.71 - 14.07 13.15 - 13.45 

Skewness -.29 -.48 

Kurtosis .37 .37 

The clinical profile showed a predominance of 

excess body weight, particularly overweight, 

followed by obesity and normal weight. Among 

infections recorded during pregnancy, urinary tract 

infection was the most frequent, whereas vaginal 

infection was uncommon. These findings describe 

the baseline clinical characteristics of the sample 

before the analysis of hemoglobin levels and anemia 

status, as presented in Table 2. 

Descriptive hemoglobin values showed a decrease 

between the first and third trimesters, with downward 

shifts in both the mean and median. The dispersion 

of the observed values remained relatively similar 

between both periods, while skewness and kurtosis 

indicated a distribution compatible with the 

assumption of normality. These findings support the 

use of parametric tests for within-subject 

comparisons of Hb levels during gestational follow-

up, as shown in Table 3. 

The hematological classification showed an increase 

in anemia as pregnancy progressed, accompanied by 

a reduction in the proportion of women with values 

classified as normal. This pattern was more evident 

for moderate anemia, whereas severe anemia 

remained less frequent. Overall, the findings indicate 

a progressive shift toward greater hematological 

impairment during the third trimester, consistent with 

the gestational decrease in Hb observed in the 

sample. Table 4. 

The inferential comparison confirmed a significant 

change in anemia prevalence between the first and 

third trimesters. McNemar’s test showed that the 

observed increase was not attributable to random 

variation but represented a statistically significant 

change in hematological status during follow-up. The 

complementary Chi-square tests produced consistent 

results, strengthening the evidence of a significant 

change in anemia status as pregnancy progressed. 

Table 5. 

The distribution of anemia across maternal age 

groups followed a similar pattern during the first and 

third trimesters, with no statistically significant 

differences among adolescents, women of adult 

reproductive age, and older pregnant women. 
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Although most cases occurred among women aged 

20-34 years, this pattern reflected the predominant 

age composition of the sample rather than an 

independent association between maternal age and 

gestational anemia. Therefore, maternal age was not 

identified as a factor associated with anemia during 

the periods evaluated, as shown in Table 6. 

 

Table 4 Prevalence of anemia during the first and third trimesters of pregnancy 

 

Hematologic 

classification 

1st trimester 3rd trimester 

n % n % 

Anemia 
Yes < 14 g dL-1 156 62.2 209 83.3 

No > 14 g dL-1 95 37.8 42 16.7 

Hematological 

classification 

Normal 97 38.6 39 15.5 

Moderate 144 57.4 198 78.9 

Severe 10 4.0 14 5.6 

 

Table 5 McNemar and chi-square tests comparing anemia prevalence between the first and third trimesters 

 

 

Test Value df Asymptotic significance, two-sided 

Pearson’s chi-square 39.839 1 < .001 

Continuity correction 37.669 1 < .001 

Likelihood ratio 39.691 1 < .001 

Linear-by-linear association 39.680 1 < .001 

McNemar’s test - 1 < .001 

 

Table 6 Association between anemia and maternal age during the first and third trimesters of pregnancy 
 

Pregnant age 
With anemia No anemia Chi-square test 

n % n % χ² df p 

1st trimester 

15 - 19 15 9.6 8 8.4 

2.007a 2 .367 20 - 34 123 78.8 70 73.7 

35 - 42 18 11.5 17 17.9 

3rd trimester 15 - 19 19 9.1 4 9.5 2.437a 2 .296 

The interpregnancy interval was not significantly 

associated with anemia during either trimester. Cases 

were mainly concentrated among women with 

intervals longer than two years and among 

nulliparous women; however, this pattern was 

similar among women with and without anemia. 

Therefore, the interval between pregnancies did not 

act as a differentiating factor in hematological status 

within the study population, as presented in Table 7. 

Body mass index classification was not significantly 

associated with anemia during either the first or third 

trimester. The distribution of cases was similar 

across the nutritional categories evaluated, 

suggesting that weight status did not act as a 

differentiating factor in hematological impairment 

within this sample. Therefore, the high frequency of 

anemia observed during pregnancy may be more 

closely related to other physiological, nutritional, or 

contextual factors associated with pregnancy at high 

altitude than to BMI classification considered 

independently, as shown in Table 8. 

A history of miscarriage and diagnoses of 

genitourinary infection during pregnancy were not 

significantly associated with anemia during either 

trimester. The distribution of cases was comparable 

between women with and without these clinical and 

obstetric histories, suggesting that these conditions 

did not act as differentiating factors in hematological 

status. Consequently, anemia appears to be less 

closely related to these specific clinical and obstetric 
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factors and more closely associated with other 

physiological or contextual determinants of 

pregnancy at high altitude, as shown in Table 9. 

 

Table 7 Association between anemia and the interreproductive period in the first and third trimesters of pregnancy 

 

Pregnant age Intergenic period 
With anemia No anemia Chi-square test 

n % n % χ² df p 

1st trimester 

Nulípara 51 32.7 35 36.8 

1.037a 4 .904 

Less than 6 months 3 1.9 2 2.1 

6 months to 1 year 8 5.1 3 3.2 

1 year to 2 years 18 11.5 12 12.6 

Plus 2 years 76 48.7 43 45.3 

3rd trimester 

Nulípara 69 33.0 17 40.5 

7.584a 4 .108 

Less than 6 months 4 1.9 1 2.4 

6 months to 1 year 8 3.8 3 7.1 

1 year to 2 years 30 14.4 0 .0 

Plus 2 years 98 46.9 21 50.0 

 

Table 8 Association between body mass index (BMI) classification and the presence of anemia in the first and third trimesters of pregnancy 

 

Clasificación del IMC 
With anemia No anemia Chi-square test 

n % n % χ² df p 

1st trimester 

Normal Weight  44 28.2 27 28.4 

.021a 2 .990 Overweight  68 43.6 42 44.2 

Obesity  44 28.2 26 27.4 

3rd trimester 

Normal Weight  64 30.6 7 16.7 

3. 42a 2 .181 Overweight  88 42.1 22 52.4 

Obesity 57 27.3 13 31.0 

 

Tabla 9 Asociación entre anemia y antecedentes obstétricos (abortos) e infecciones genitourinarias durante el embarazo 

 

History of abortions 
With anemia No anemia Chi-square test 

n % n % χ² df p 

1st trimester 
Yes 54 34.6 31 32.6 

.104a 1 0.747 
No 102 65.4 64 67.4 

3rd trimester 
Yes 72 34.4 13 31.0 

.191a 1 0.662 
No 137 65.6 29 69.0 

Vaginal infections n % n % χ² gl p 

1st trimester 
Yes 89 57.1 46 48.4 

1.769a 1 0.183 
No 67 42.9 49 51.6 

3rd trimester 
Yes 114 54.5 21 50.0 

.291a 1 0.590 
No 95 45.5 21 50.0 

 

Table 10 Hemoglobin levels between the first and third trimesters of pregnancy in pregnant women 

 

Parameter 1st trimester 3rd trimester Average difference (95% CI) t (df) p (bilateral) 

Hemoglobin (g dL-1) 13.89 ± 1.47 13.30 ± 1.25 0.586 (.457 - .715) 8.93 (250) < .001 

The within-subject comparison of Hb levels showed 

a significant decrease between the first and third 

trimesters. This result confirms a consistent 

hematological change during prenatal follow-up, 

compatible with the expected decline in hemoglobin 

as pregnancy progresses. Among pregnant women 

living at high altitude, this pattern requires particular 

clinical attention because physiological changes may 

coexist with greater vulnerability to gestational 

anemia, as presented in Table 10. 
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Discussion 

 

The present study demonstrated a statistically 

significant decrease in Hb levels between the first 

and third trimesters among pregnant women living at 

high altitude who received care at comprehensive 

health centers in District 1 of El Alto. This finding is 

consistent with maternal physiological changes 

described in recent primary studies, which have 

reported a progressive decline in Hb as gestational 

age advances, with the lowest values occurring 

during the third trimester24-26. The mean reduction 

observed in this study (.59 g dL-1; p < .001) was 

within the expected physiological range of .5-1.5 g 

dL-1 reported in recent studies27, supporting the 

occurrence of hemodilution as a consequence of 

plasma volume expansion relative to the increase in 

erythropoiesis required to meet fetoplacental 

demands26,28. 

The prevalence of anemia increased significantly 

from 62.2 % during the first trimester to 83.3 % 

during the third trimester (p < .001, McNemar’s test), 

showing an upward trend as pregnancy progressed. 

These results are consistent with studies reporting a 

higher prevalence of anemia during later stages of 

pregnancy, mainly attributed to dietary factors, the 

progressive increase in iron requirements, and the 

depletion of iron stores throughout gestation5,29. 

Physiological adaptation to high altitude should also 

be considered, because reference values differ from 

those established for populations living at sea level30. 

Regarding clinical factors, no significant association 

was identified between previous deliveries and 

anemia during the first trimester. This finding 

partially agrees with studies describing greater iron 

depletion among multiparous women31. No signifi-

cant associations were found with maternal age, 

parity, interpregnancy interval, history of miscarry-

age, or urinary and vaginal infections (p > .05). This 

suggests that, in this population, anemia may be more 

closely related to physiological and environmental 

factors, such as altitude and increased iron 

requirements, than to specific obstetric or infectious 

characteristics. Differences from previous studies 

may be explained by variations in study design or in 

the diagnostic criteria applied32. 

Most participants were classified as overweight or 

obese; however, no statistically significant associa-

tion was found between BMI classification and 

anemia during either the first or third trimester. 

This finding differs from recent studies that have 

described variations in Hb levels and anemia preva-

lence according to maternal nutritional status during 

pregnancy33. Therefore, the results suggest that, in 

this high-altitude population, weight status did not 

act as a differentiating factor for hematological 

impairment. The anemia observed may instead be 

more closely related to physiological changes 

associated with pregnancy, increased iron require-

ments, and contextual conditions related to residence 

at high altitude. 

The analysis was performed using Hb cutoff values 

adjusted for altitudes above 4,000 m above sea level, 

in accordance with current WHO recommendations 

for interpreting Hb concentrations in populations 

living at high altitude and with Bolivian evidence 

involving pregnant women residing at very high 

elevations19,21. This adjustment is essential to reduce 

the risk of diagnostic misclassification in the Andean 

highlands. 

From a clinical and preventive perspective, these 

findings reinforce the need to strengthen nutritional 

education and adherence to iron and folic acid 

supplementation during prenatal care, particularly 

among vulnerable and low-resource populations34. 

Maintaining adequate Hb levels during pregnancy is 

also important for reducing the risk of adverse 

maternal and perinatal outcomes, including preterm 

birth, low birth weight, and fetal growth restric-

tion35,36. 

In conclusion, the findings demonstrate a significant 

decline in Hb levels between the first and third 
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trimesters, consistent with the physiological changes 

of pregnancy. However, the high prevalence of 

anemia observed among pregnant women living at 

high altitude highlights the need for careful interpre-

tation of altitude-adjusted cutoff values, because 

distinguishing physiological adaptation from patho-

logical anemia may be complex in settings charac-

terized by chronic hypoxia. These findings reinforce 

the importance of strengthening prenatal care in El 

Alto, with emphasis on early anemia detection, 

timely hematological monitoring, and the imple-

menttation of preventive strategies adapted to 

populations living at high altitude. 
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Limitations in research 

 

The findings should be interpreted in light of the 

retrospective design and the use of information recor-

ded in medical records, which restricted the analysis 

to variables that were available in a complete and 

consistent manner. Hemoglobin was assessed only 

during the first and third trimesters; therefore, it was 

not possible to describe its behavior throughout the 

entire course of pregnancy. The absence of specific 

biomarkers of iron status, such as serum ferritin, 

transferrin saturation, and C-reactive protein, 

prevented differentiation among iron-deficiency 

anemia, physiological hemodilution, and other 
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possible causes of decreased hemoglobin. Complete 

information was also unavailable regarding 

adherence to iron and folic acid supplementation, 

dietary intake, socioeconomic conditions, and other 

potentially associated factors. Finally, the data were 

obtained from three health centers in a single district 

of El Alto; therefore, the generalizability of the 

findings should be limited to populations with similar 

clinical, geographical, and healthcare characteristics. 

Nevertheless, the availability of paired measure-

ments from the same pregnant women allowed for a 

consistent evaluation of changes in hemoglobin 

levels during pregnancy. 
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