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1*, Sharon Reinoso-González2, Miguel Angel Mendez2

1 Department of Epidemiology, School of Public Health, University of Michigan, Ann Arbor, MI, United States
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Abstract

Background

Anemia is a condition characterized by a decline in the number of functional red blood cells

or hemoglobin. Women of reproductive age from low- and middle-income countries are at

higher risk of anemia, which could lead to prenatal, obstetric and perinatal complications.

The aim of our study was to explore associations between anemia status and a set of demo-

graphic, socio-economic and reproductive factors, among Ecuadorian women of reproduc-

tive age (WRA).

Methods

We used data from non-pregnant, WRA (�12 and�49 years) women enrolled in the nation-

ally representative cross-sectional Ecuadorian National Health and Nutrition Survey 2012

(ENSANUT-ECU 2012). Anemia and moderate-severe anemia were assessed using hemo-

globin concentrations cutoffs of <12 g/dL and <11 g/dL, respectively. Logistic regression

was used to obtain unadjusted and adjusted prevalence odds ratios (aOR). All analyzes

were adjusted for multi-stage sampling, stratification and clustering.

Results

The study population included a subset of 7415 non-pregnant WRA. Mean hemoglobin con-

centration was 12.84 g/dL (95% CI = 12.8–12.9). The overall prevalence of anemia and moder-

ate-severe anemia was 16.8% and 5.0%, respectively. Some factors were associated with an

increase in anemia prevalence odds: living in Guayaquil (aOR 1.82, 95% CI 1.16–2.84) and

Quito (aOR 1.84, 95% CI 1.17–2.90) compared to living in the rural Amazon, having given birth

to more than four alive children compared with being nulliparous (aOR 1.85, 95% CI 1.00–

3.43), currently taking contraceptives compared with former use (aOR 1.46, 95% CI 1.09–

1.97). In addition, moderate-severe anemia was associated with age and region of residence.

Conclusion

In 2012, the prevalence of anemia among Ecuadorian WRA was considered a mild public

health concern. However, we identified groups with higher anemia prevalence. Thus,
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emphasizing the importance of analyzing the prevalence in sub-populations of WRA and

identifying populations where more frequent surveillance may be helpful.

Introduction

Anemia is a condition characterized by a reduction in the number of functional red blood cells

or hemoglobin, the protein responsible for oxygen transportation [1, 2]. Iron deficiency is the

most common cause of anemia; however, the causes can be multifactorial, such as parasitic

infestations, malaria, inflammation, hemoglobinopathies, as well as renal disease [3–6]. A

hemoglobin concentration measurement is part of a routine checkup to assess for anemia,

especially in countries with high prevalence [7].

Anemia is a particular public health problem among women 15–49 years year of age in low-

and middle-income countries. The World Health Organization (WHO) reported 496 million

non-pregnant women with anemia worldwide in 2011, with an increasing trend from 1995 [8–

10]. Among this group, the prevalence of anemia was 32.8% worldwide in 2016 [11]. Some of

the reasons for the high prevalence of anemia in women include low iron content diet, loss of

iron through menstruation and menorrhagia, weight-loss diets, miscarriage, and placental

abruption; additionally, anemia is often associated with socioeconomic factors such as educa-

tion [12–14]. Anemic pregnant women have a higher risk of adverse pregnancy outcomes

such as low birth weight, preterm birth, perinatal and neonatal mortality [1, 15]. Other conse-

quences include fatigue and low performance, such as decreased productivity at work [16].

Anemia is considered a mild public health problem among women of reproductive age (WRA:

� 12 and< 49 years according to the ENSANUT-ECU 2012 definition) in Ecuador [17].

Despite this, anemia research has focused on children, pregnant women, and the elderly. Stud-

ies focusing on WRA typically have a limited number of participants or are focused on a spe-

cific community, region, city, or area [18].

Previous anemia estimates for Ecuador have been calculated using data from the Ecuadorian

National Health and Nutrition Survey, ENSANUT-ECU 2012, a national and regional represen-

tative survey aimed at describing the health and nutrition status of Ecuadorians by collecting

information about micronutrients status, maternal and child health, reproductive health and

chronic diseases, among others. ENSANUT-ECU 2012 reported a prevalence of anemia of

15.1% among non-pregnant WRA (�12 and� 49 years) without adjusting for smoking status

[19], while non-pregnant women 20 to 49 years of age had a prevalence of 16.9% [20]. More

recent data from the World Bank showed that 19% of Ecuadorian women 15 to 49 years old

had anemia in 2016 [11]. Anemia is also a mild public health concern in other Latin American

countries such as Argentina, Colombia, Costa Rica, Honduras, Nicaragua, Mexico and Peru. In

Latin America and the Caribbean, using data between 2000 to 2010, only Chile, Colombia, El

Salvador, Costa Rica and Nicaragua had lower anemia prevalence than Ecuador [17]. Explora-

tion of variables associated with anemia status has been limited to economic quintile and eth-

nicity groups. Additionally, previous estimates were focused on the presence of any anemia,

making no distinction between anemia and moderate-severe anemia [19].

Preventive interventions for anemia in WRA can make a positive impact on maternal and

infant mortality and morbidity [21]. The present study explores the association between the

presence of anemia or moderate-severe anemia with demographic, socio-economic and repro-

ductive factors among non-pregnant, reproductive-aged (�12 and�49 years) women enrolled

in the cross-sectional, population-based survey ENSANUT-ECU 2012.
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Methods and materials

Study population and data collection

Ecuador is a Spanish-speaking country located in northwestern South America. In 2010, the

latest National Census estimated a population of 14.483.499 individuals [22]. More recent data

estimates a population of 17.4 million people as of March 2020 [23]. Ecuador has a superficial

area of 283,561 km2 divided into 4 regions: the Coast, the Highlands, the Amazon and the

Galapagos Islands. Its currency has been the US dollar since 2000 (official dollarization), and

its main exports are petroleum, bananas, cut flowers, and shrimp [24].

We used data from ENSANUT-ECU 2012, a nationally representative cross-sectional sur-

vey, that collected information from 0 to 59-year-old individuals throughout the country using

12 different questionnaires (S1 Table). The data reported in ENSANUT-ECU 2012 was col-

lected between 2011 and 2013 by the Ministerio de Salud Pública del Ecuador (MSP) in a joint

effort with the Instituto Nacional de Estadı́stica y Censos del Ecuador (INEC). The ENSANU-

T-ECU 2012 multi-stage sample was stratified by geographical area (urban/rural) and clus-

tered by census tracts. Expansion factors were calculated using the population from the 2010

National Census. A WRA and one subject per each age group were randomly selected within

sampled households. Additional data regarding ENSANUT-ECU 2012 methodology can be

found elsewhere [19]. Non-identifiable data from the ENSANUT-ECU 2012 is publicly avail-

able from the INEC website [25].

WRA who were included in the household questionnaire, and who completed the women

in reproductive age questionnaire, anthropometric measurements and biochemical analysis of

the ENSANUT-ECU 2012 were eligible for inclusion into this study (n = 7690). As part of the

biochemical analysis, blood samples were collected in a subsample of the households and

among subjects who provided consent. Hemoglobin concentrations were assessed by Synlab-

Ecuador (formerly Netlab) using an automated blood cell counter. Pregnant women (n = 275)

were excluded from the analysis because the mechanisms that lead to anemia among this pop-

ulation may differ from non-pregnant women. The following results are based on a subset of

7415 non-pregnant WRA (Fig 1).

Anemia assessment

Hemoglobin concentrations were adjusted for altitude and smoking status according to the

CDC recommendations [26]. We categorized subjects into those with presence or absence of

any anemia (cutoff <12 g/dL) as our primary outcome. In addition, we assessed presence or

absence of moderate-severe anemia (cutoff < 11 g/dL). Cutoffs were selected following WHO

recommendations for WRA [27].

Anemia predictors

We studied the association between anemia status and a set of variables, which were chosen

based on previous literature describing anemia risk factors [28–32]. Demographic variables

included age (12–24, 25–34, 35–49 years), marital status (never, currently and formerly mar-

ried), education level (none, primary, secondary, higher), region of residence (Urban High-

lands, rural Highlands, urban Coast, rural Coast, urban Amazon, rural Amazon, Galapagos,

Quito and Guayaquil), and self-reported ethnicity (Indigenous, Afro-Ecuadorian, Montubio,

other). Socioeconomic variables included economic quintiles (poorest, poorer, middle, richer,

richest), employment status (employed, unemployed), and literacy status (literate, illiterate).

Other variables included the number of children born alive (0, 1–2, 3–4, >4), history of

adverse pregnancy outcome including stillbirths, miscarriage or abortion (no, yes) and
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contraceptive history (never, currently, formerly). Our variable assessing contraceptive history

included methods, such as sterilization, implants, contraceptive injections, contraceptive pills,

copper intrauterine devices (IUDs) and condoms. Up to three measures of height and weight

were available per subject. Body Mass Index (BMI) was calculated using the mean height and

mean weight per individual. Women were categorized as normal or underweight (lower than

25 kg/m2), overweight (25–29.9 kg/m2), or obese (greater than or equal than 30 kg/m2).

Statistical analysis

All analyses were corrected for the multi-stage sampling, stratification and clustering as rec-

ommended in the ENSANUT-ECU 2012 report [19]. Descriptive statistics were calculated.

Weighted proportions were reported using sample weights to obtain nationally representative

estimates. Bivariate logistic regression analysis was performed to assess the association between

the presence of anemia and each variable without adjusting for other variables. Variables with

p-values <0.2 were added into the multivariable model. Multivariable logistic regression mea-

sured the association between the prevalence of anemia and each variable while adjusting for

the other variables in the model. Statistical analyses were performed in SAS 9.4 (SAS. Cary,

North Carolina).

Results

Among our sample of 7415 WRA, the mean hemoglobin concentration was 12.84 g/dL (95%

CI = 12.8–12.9). The overall prevalence of anemia using the 12 g/dL cutoff was 16.8%, while

the prevalence of moderate-severe anemia was 5.0%. Table 1 shows the weighted proportion of

individuals with respect to all variables analyzed in the present study. Overall, we found an

above-average prevalence of anemia and moderate-severe anemia among women in the 35 to

Fig 1. Flowchart of study selection process.

https://doi.org/10.1371/journal.pone.0239585.g001
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Table 1. Anemia (Hb< 12g/dL) and moderate-severe anemia (Hb< 11g/dL) distribution among non-pregnant WRA, ENSANUT-ECU 2012.

Anemia status Moderate/severe anemia status

Total < 12 g/dL (n = 1135) � 12 g/dL (ref) (n = 6280) < 11 g/dL (n = 350) � 11 g/dL (ref) (n = 7065)

(n = 7415) N (Wt %) N (Wt %) N (Wt %) N (Wt %)

Age (years)

12–24 1953 262 (31) 1691 (41) 75 (23) 1878 (40)

25–34 2644 375 (28) 2269 (27) 95 (36) 2549 (27)

35–49 2818 498 (41) 2320 (32) 180 (51) 2638 (33)

Marital status

Never 1452 196 (32) 1256 (43) 54 (26) 1398 (42)

Currently 5078 772 (57) 4306 (50) 239 (61) 4839 (50)

Formerly 885 167 (11) 718 (7) 57 (13) 828 (8)

Education level

None 163 42 (7) 121 (3) 14 (6) 149 (4)

Primary 2861 430 (37) 2431 (40) 143 (46) 2718 (39)

Secondary 3085 479 (37) 2606 (36) 149 (33) 2936 (37)

Higher 1306 184 (19) 1122 (21) 44 (14) 1262 (20)

Region

Urban Highlands 1661 252 (14) 1409 (16) 78 (14) 1583 (16)

Rural Highlands 1415 222 (15) 1193 (17) 60 (11) 1355 (17)

Urban Coast 1108 204 (20) 904 (19) 61 (20) 1047 (19)

Rural Coast 454 70 (8) 384 (9) 25 (9) 429 (9)

Urban Amazon 842 92 (2) 750 (2) 28 (2) 814 (2)

Rural Amazon 928 104 (2) 824 (3) 39 (3) 889 (3)

Galapagos 221 31 (0) 190 (0) 10 (0) 221 (0)

Quito 439 86 (19) 353 (17) 19 (12) 420 (17)

Guayaquil 347 74 (20) 273 (17) 30 (29) 317 (17)

Economic Quintile

Poorest 1844 293 (21) 1551 (20) 102 (25) 1742 (19)

Poorer 1687 229 (16) 1458 (20) 61 (15) 1626 (20)

Middle 1471 236 (22) 1235 (18) 75 (24) 1396 (19)

Richer 1302 193 (20) 1109 (20) 59 (19) 1243 (20)

Richest 1110 184 (21) 926 (22) 53 (17) 1057 (22)

Number of children born alive

0 995 124 (23) 871 (34) 33 (17) 962 (33)

1–2 3355 478 (36) 2877 (37) 144 (38) 3211 (37)

3–4 2162 376 (27) 1786 (20) 127 (30) 2035 (21)

>4 903 157 (14) 746 (9) 46 (15) 857 (9)

Adverse pregnancy outcome history

No 5791 880 (82) 4911 (82) 268 (83) 5523 (82)

Yes 1624 255 (18) 1369 (18) 82 (17) 1542 (18)

Ethnicity

Other 6083 917 (82) 5166 (84) 287 (81) 5796 (84)

Indigenous 834 122 (9) 712 (7) 32 (8) 802 (7)

Afro-Ecuadorian 274 61 (4) 213 (4) 18 (3) 256 (4)

Montubio 224 35 (5) 189 (5) 13 (8) 211 (5)

Contraceptive History

Never 1188 184 (24) 1004 (32) 51 (21) 1137 (31)

Currently 5065 788 (63) 4277 (52) 239 (62) 4826 (53)

(Continued)
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49 years old category (anemia = 17.6%, moderate-severe anemia = 6.4%), formerly married

(18.9%, 6.4%), not educated (25.8%, 8.6%), living on the urban coast (18.4%, 5.5%), living in

Guayaquil (21.3%, 8.6%), having given birth to 3–4 children (17.4%, 5.9%), Afro-Ecuadorian

ethnicity (22.3%, 6.6%), illiterate (23.8%, 8.7%), and normal or underweight (17.1%, 5.2%).

Prevalence of anemia was also higher in women living in Quito (19.5%), whereas prevalence of

moderate-severe anemia was higher in women living on the rural coast (5.5%), from the poor-

est quintile (5.5%), and within the Montubio ethnicity (5.8%).

Unadjusted associations between anemia status and all variables, except for adverse preg-

nancy outcome history, ethnicity and BMI, had p-values lower than 0.2 and therefore were

added into the multivariable model. Results from the multivariable logistic regression models

showed at least one category of marital status, region of residence, number of children born

alive, and contraceptive history associated with anemia status (Overall effect p-value). After

adjusting for covariates, currently married women had lower prevalence odds of anemia com-

pared with formerly married women (aOR = 0.67, 95% CI: 0.51–0.88). Women living in Quito

(aOR = 1.84, 95% CI: 1.17–2.90), Guayaquil (aOR = 1.82, 95% CI: 1.16–2.84) and on the urban

Coast (aOR = 1.53, 95% CI: 0.97–2.42) had a higher prevalence odds of anemia compared with

women living in the rural Amazon. Also, women with more than four children born alive had

higher prevalence odds of anemia (aOR = 1.85, 95% CI: 1.00–3.43) compared with nulliparous

women. Women currently taking contraceptives had a higher prevalence odds of anemia com-

pared with former contraceptive users (aOR = 1.46, 95% CI: 1.09–1.97) (Table 2). Other factors

were not associated with anemia status.

Regarding moderate-severe anemia, results are summarized in Table 3. From the univariate

analysis, we found all variables, except for history of adverse pregnancy outcomes, ethnicity

and employment status, had p-values lower than 0.2 and therefore they were included in the

multivariable analysis. Results from the multivariable logistic regression models showed that at

least one category of region of residence was associated with moderate-severe anemia (Overall

effect p-value). After adjusting for covariates, we found that the prevalence odds of anemia

increased with age. Women 35 to 49 years of age had higher prevalence odds of moderate-

severe anemia than women 12 to 24 years old (aOR = 2.32, 95% CI: 1.09–4.94). Point estimates

also showed a decrease in prevalence of moderate-severe anemia within higher levels of

Table 1. (Continued)

Anemia status Moderate/severe anemia status

Total < 12 g/dL (n = 1135) � 12 g/dL (ref) (n = 6280) < 11 g/dL (n = 350) � 11 g/dL (ref) (n = 7065)

(n = 7415) N (Wt %) N (Wt %) N (Wt %) N (Wt %)

Formerly 1162 163 (14) 999 (17) 60 (17) 1102 (16)

Laboral status

Employed 3259 520 (45) 2739 (40) 154 (43) 3105 (41)

Unemployed 4156 615 (55) 3541 (60) 196 (57) 3960 (59)

Literacy status

Literate 7243 1094 (92) 6149 (97) 335 (91) 6908 (96)

illiterate 172 41 (8) 131 (3) 15 (9) 157 (4)

BMI (kg/m2)

<25 2914 497 (48) 2417 (48) 151 (44) 2763 (48)

25.0–29.9 2849 411 (33) 2438 (33) 115 (30) 2734 (33)

�30 1652 227 (19) 1425 (19) 84 (26) 1568 (19)

Wt% = weighted percentage corrected for multi-stage sampling, stratification and clustering.

https://doi.org/10.1371/journal.pone.0239585.t001
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Table 2. Unadjusted and adjusted odds ratios between anemia (hb< 12g/dL) and studied variables.

Unadjusted analysis Adjusted analysis

Odds ratio T test Overall effect

p-value

Odds ratio T test Overall effect

p-value95% CI p-value 95% CI p-value

Age (years)

12–24 (Ref) --- --- <0.0001� --- --- 0.792

25–34 1.35 (1.04–1.75) 0.024� 0.98 (0.74–1.28) 0.851

35–49 1.66 (1.31–2.10) <0.0001� 1.03 (0.73–1.45) 0.867

Marital status

Never 0.49 (0.35–0.69) <0.0001� 0.0004� 0.71 (0.47–1.07) 0.099 0.015�

Currently 0.76 (0.59–0.98) 0.037� 0.67 (0.51–0.88) 0.004�

Formerly (Ref) --- --- --- ---

Education level

None (Ref) --- --- 0.051� --- --- 0.915

Primary 0.46 (0.26–0.82) 0.009� 0.89 (0.33–2.43) 0.824

Secondary 0.51 (0.30–0.89) 0.018� 0.96 (0.33–2.72) 0.932

Higher 0.45 (0.25–0.80) 0.008� 0.90 (0.30–2.71) 0.847

Region

Urban Highlands 1.32 (0.86–2.03) 0.194 <0.0001� 1.40 (0.90–2.18) 0.133 0.005�

Rural Highlands 1.46 (0.85–2.49) 0.167 1.44 (0.84–2.47) 0.174

Urban Coast 1.61 (1.05–2.49) 0.031� 1.53 (0.97–2.42) 0.067

Rural Coast 1.39 (0.86–2.24) 0.173 1.31 (0.80–2.13) 0.278

Urban Amazon 1.10 (0.66–1.83) 0.706 1.10 (0.66–1.81) 0.718

Rural Amazon (Ref) --- --- --- ---

Galapagos 1.83 (1.20–2.81) 0.989 1.06 (0.60–1.88) 0.829

Quito 1.83 (1.15–2.91) 0.012� 1.84 (1.17–2.90) 0.009�

Guayaquil 1.83 (1.20–2.81) 0.006� 1.82 (1.16–2.84) 0.009�

Economic Quintile

Poorest 1.10 (0.82–1.48) 0.533 0.077 1.12 (0.81–1.56) 0.494 0.138

Poorer 0.83 (0.64–1.07) 0.145 0.86 (0.64–1.15) 0.299

Middle 1.28 (1.00–1.63) 0.047� 1.26 (0.96–1.63) 0.070

Richer 1.06 (0.69–1.62) 0.795 1.08 (0.71–1.65) 0.716

Richest (Ref) --- --- --- ---

Number of children born alive

0 (Ref) --- --- <0.0001� --- --- 0.026�

1–2 1.40 (0.89–2.20) 0.139 1.19 (0.69–2.05) 0.536

3–4 1.89 (1.28–2.78) 0.002� 1.55 (0.88–2.72) 0.127

>4 2.30 (1.45–3.62) 0.0005� 1.85 (1.00–3.43) 0.052

Adverse pregnancy outcome history

No (Ref) --- 0.775

Yes 1.04 (0.79–1.37) 0.775

Ethnicity

Other (Ref) --- --- 0.226

Indigenous 1.36 (0.97–1.92) 0.077

Afro-Ecuadorian 1.22 (0.86–1.73) 0.259

Montubio 0.98 (0.61–1.57) 0.916

Contraceptive History

Never 0.93 (0.62–1.39) 0.728 0.005� 1.25 (0.78–2.01) 0.349 0.025�

Currently 1.50 (1.12–2.00) 0.007� 1.46 (1.09–1.97) 0.013�

(Continued)
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education, but this association was not statistically significant. Women who were living in the

urban highlands (aOR = 1.70, 95% CI: 1.00–2.90), urban coast (aOR = 1.76, 95% CI: 0.96–

3.23), and Guayaquil (3.11, 95% CI: 1.88–5.13) had higher prevalence odds of moderate-severe

anemia compared with women living in the rural highlands. Overweight women had lower

anemia prevalence odds compared with normal or underweight women (aOR = 0.68, 95% CI:

0.46–1.00).

Discussion

The present study has analyzed the association between anemia prevalence and a set of demo-

graphic, socio-economic and reproductive factors among Ecuadorian non-pregnant WRA

with data available from the ENSANUT-ECU 2012. Additionally, we analyzed moderate-

severe anemia status, an important assessment since moderate-severe anemia has additional

serious health consequences [33]. The results of the multivariable analysis showed that living

on the urban coast, Quito and Guayaquil, having given birth to more than four children, and

currently using contraceptive methods were associated with higher prevalence odds of anemia,

whereas being currently married was associated with lower prevalence odds. In addition,

women 35 to 49 years of age, living in the urban highlands, urban coast, and Guayaquil, and

being overweight was associated with a higher prevalence odds of moderate-severe anemia.

We found that among non-pregnant Ecuadorian WRA, the overall prevalence of anemia

and moderate-severe anemia was 16.8% and 5%, respectively. According to WHO, this pro-

portion of anemia is in the upper end of the “mild public health concern” category (5%-19.9%)

[27]. Ecuadorian women have a lower prevalence of anemia compared to global estimates

(roughly 30%, non-pregnant in 2011) [8] and estimates from Latin America and the Caribbean

(22.5%, non-pregnant women 15 to 49 years old) and South America alone (24.2%, non-preg-

nant women 15 to 49 years old) [34]. The prevalence of anemia in Mexico/Central America

(16.3%) is close to that of Ecuador [34]. Nepal, another developing country, reported a 41%

anemia prevalence among 15–49 year old women [32].

Table 2. (Continued)

Unadjusted analysis Adjusted analysis

Odds ratio T test Overall effect

p-value

Odds ratio T test Overall effect

p-value95% CI p-value 95% CI p-value

Formerly (Ref) --- --- --- ---

Employment status

Employed (Ref) --- --- 0.181 --- --- 0.606

Unemployed 0.822 (0.62–1.10) 0.181 0.93 (0.71–1.22) 0.606

Literacy status

Literate (Ref) --- --- <0.0001� --- --- 0.174

illiterate 2.31 (1.56–3.42) <0.0001� 1.75 (0.78–3.91) 0.174

Body Mass Index (kg/m2)

Normal or Underweight <25 (Ref) --- --- 0.992

Overweight 25.0–29.9 1.02 (0.80–1.29) 0.903

Obese�30 1.01 (0.77–1.34) 0.935

Multivariable logistic regression adjusted for age, marital status, education level, region of residence, economic quintile, number of children born alive, contraceptive

history, employment status and literacy status.

Missing Data (Analytic Sample) Economic Quintile (N = 1).

� p value� 0.05.

https://doi.org/10.1371/journal.pone.0239585.t002
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Table 3. Unadjusted and adjusted odds ratios between moderate-severe anemia (hb < 11g/dL) and studied variables.

Unadjusted analysis Adjusted analysis

Odds ratio T test Overall effect Odds ratio T test Overall effect

95% CI p-value p-value 95% CI p-value p-value

Age (years)

12–24 (Ref) --- --- <0.0001� --- --- 0.061

25–34 1.70 (1.09–2.64) 0.021� 1.44 (0.81–2.56) 0.207

35–49 2.76 (1.75–4.37) <0.0001� 2.32 (1.09–4.94) 0.030�

Marital status

Never (Ref) --- --- 0.008� --- --- 0.407

Currently 1.95 (1.15–3.28) 0.013� 1.00 (0.58–1.73) 0.999

Formerly 2.65 (1.44–4.89) 0.002� 1.39 (0.72–2.67) 0.318

Education level

None (Ref) --- --- 0.089 --- --- 0.104

Primary 0.45 (0.21–0.96) 0.040� 2.13 (0.52–8.66) 0.287

Secondary 0.769 (0.34–1.75) 0.528 1.48 (0.35–6.24) 0.593

Higher 0.58 (0.24–1.38) 0.213 1.18 (0.32–4.33) 0.801

Region

Urban highlands 1.31 (0.75–2.29) 0.976 0.0003� 1.70 (1.00–2.90) 0.050� <0.0001�

Rural highlands (Ref) --- 0.477 --- ---

Urban coast 1.58 (0.91–2.73) 0.688 1.76 (0.96–3.23) 0.066

Rural coast 1.50 (0.79–2.83) 0.824 1.50 (0.78–2.86) 0.219

Urban Amazon 1.28 (0.64–2.55) 0.945 1.54 (0.78–3.07) 0.213

Rural Amazon 1.67 (0.85–3.30) 0.669 1.80 (0.87–3.71) 0.109

Galapagos 1.33 (0.60–2.91) --- 1.87 (0.93–3.79) 0.080

Quito 1.04 (0.47–2.29) 0.686 1.31 (0.49–3.47) 0.583

Guayaquil 2.58 (1.67–3.98) 0.147 3.11 (1.88–5.133) <0.0001�

Economic Quintile

Poorest 1.72 (0.99–2.99) 0.053 0.015� 1.57 (0.76–3.30) 0.220 0.138

Poorer 1.04 (0.49–2.24) 0.914 0.90 (0.39–2.04) 0.789

Middle 1.76 (1.18–2.63) 0.006� 1.46 (0.88–2.43) 0.140

Richer 1.25 (0.70–2.24) 0.449 1.10 (0.66–1.84) 0.703

Richest (Ref) --- --- --- ---

Number of children born alive

0 (Ref) --- --- <0.004� --- --- 0.230

1–2 2.01 (1.20–3.37) 0.008� 1.73 (0.95–3.15) 0.075

3–4 2.81 (1.54–5.14) 0.001� 1.82 (0.81–4.08) 0.148

>4 3.06 (1.52–6.16) 0.002� 1.57 (0.49–5.08) 0.447

Adverse pregnancy outcome history

No (Ref) --- 0.838

Yes 0.96 (0.63–1.46) 0.838

Ethnicity

Other (Ref) --- --- 0.584

Indigenous 1.27 (0.61–2.62) 0.520

Afroecuadorian 0.95 (0.53–1.72) 0.871

Montubio 1.52 (0.70–3.28) 0.284

Contraceptive History

Never (Ref) --- --- 0.073 --- --- 0.846

Currently 1.71 (1.06–2.78) 0.029� 0.87 (0.50–1.52) 0.620

(Continued)
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Regarding moderate-severe anemia, the prevalence among 15–49 year old was 7% and 0.3%

among Nepalese women [32]. In contrast, countries such as the United States reported a mod-

erate-severe anemia prevalence of 2.5% [33], half the prevalence reported in this study. Differ-

ences in prevalence estimates can be explained by variation in the definition of reproductive

age among studies and differences in diet, health and nutrition programs among countries.

The prevalence of anemia and moderate-severe anemia increased with age in the non-

adjusted model. This trend was consistent only with the multivariate analysis of moderate-

severe anemia where women aged 35–49 years were more likely to have moderate-severe ane-

mia compared with the youngest group. Other studies using data from developing and devel-

oped countries are consistent with our results [32, 35]. Gautam et al., found no significant

association between anemia status and women’s age [32], while Le et al., found that anemia-

age trends follow a bimodal distribution in the risk of anemia in women with a peak at 40–49

years [33]. Regarding moderate-severe anemia, it is possible that some health conditions, such

as iron deficiency, hypoalbuminemia, cancer and chronic diseases, increase the prevalence in

older adults in Ecuador [36]. Additionally, women in the 35–49 category may include subjects

who are experiencing perimenopause, with symptoms such as menorrhagia (heavy menstrual

bleeding), which increases the risk of anemia [37].

In our study, currently and never married women had lower prevalence odds of anemia

compared with formerly married women even after controlling for other factors. In lower

income countries, married and formerly married women are likely to carry out most activities

including work on crops, domestic activities and taking care of children. Having so many

responsibilities on their shoulders could harm their health status [13]. Although not statisti-

cally significant, the higher the level of education, the lower the prevalence odds of anemia.

This could be explained by the fact that educated women would receive higher incomes and

therefore eat a balanced diet including more meat or other iron-containing food [38].

Region of residence was associated with both anemia and moderate-severe anemia. We

reported some urban settings having higher prevalence odds of anemia and moderate-severe

Table 3. (Continued)

Unadjusted analysis Adjusted analysis

Odds ratio T test Overall effect Odds ratio T test Overall effect

95% CI p-value p-value 95% CI p-value p-value

Formerly 1.51 (0.96–2.37) 0.077 0.85 (0.49–1.49) 0.575

Employment status

Employed (Ref) --- --- 0.639

Unemployed 0.91 (0.60–1.38) 0.639

Literacy status

Literate (Ref) --- --- 0.002� --- --- 0.098

illiterate 2.37 (1.39–4.03) 0.002� 2.19 (0.86–5.58) 0.098

Body Mass Index (kg/m2)

Normal or Underweight <25 (Ref) --- --- 0.193 --- --- 0.148

Overweight 25.0–29.9 1.48 (0.97–2.27) 0.070 0.68 (0.46–1.00) 0.052

Obese�30 0.99 (0.68–1.46) 0.969 0.88 (0.51–1.52) 0.631

Multivariable logistic regression adjusted for age, marital status, education level, region of residence, economic quintile, number of children born alive, contraceptive

history, literacy status and body mass index.

Missing Data (Analytic Sample) Economic Quintile (N = 1).

� p value� 0.05.

https://doi.org/10.1371/journal.pone.0239585.t003
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anemia than similar rural settings. Guayaquil had a population of around 2,300,000 inhabi-

tants in 2010 [22], and it was the most populated city in Ecuador at the time of the ENSANU-

T-ECU 2012 survey. Prior to 1990, Cañizares et al. indicated that the prevalence of anemia in

Ecuador differed markedly according to the areas of the country, which partially agrees with

our study [39]. Other studies also reported significant variation in anemia prevalence across

geographical regions [40]. According to Elzahaf and Omar, the variation in the prevalence of

anemia across regions, provinces and cities may be due to characteristics and nutritional habits

of the population [41]. Information about additional factors such as genetic traits, some non-

communicable diseases, human immunodeficiency virus (HIV) infections, and inadequate

bioavailable dietary iron, folic acid or vitamin B12, among others [10] are needed to explain

regional differences.

We could not draw solid conclusions about the association between economic quintile and

anemia status consistent with another study from Nepal [32]. Furthermore, the fact that

women within the middle quintile had a higher prevalence compared with the richest quintile,

seems to show no clear trend. In contrast, an analysis of demographic and health surveys in 32

countries with low and middle income reported that women who belonged to the lowest quin-

tile had a 25% higher risk of developing anemia compared with women who belonged to the

highest wealth quintile [42]. It is worth noticing that in Ecuador the incidence of poverty has

decreased while the Human Development Index has increased in recent years and the country

is classified by the World Bank as an upper middle-income country [43, 44]. During 2014, the

average price of the Ecuadorian basic family basket of commodities (Canasta básica) was

$636.78 [45]. As of June 2017, 5% of Ecuadorians belonged to households with an economic

income of up to $153.0 per month, and 22.7% and 23.5% of men and women were considered

within the category of poverty respectively and [46]. More recent data showed that by June

2019 the average monthly family income was $735.47, whereas the basic family basket of com-

modities cost was $715.83. Nevertheless, inequality and poverty persist in some portions of the

population, especially in the Highlands and in the Coastal region, both in urban and rural

areas [45].

The prevalence of anemia in Ecuadorian women was associated with the number of chil-

dren born alive: the greater the number of children born alive, the greater the prevalence com-

pared with nulliparous women, in line with other studies [42]. Those results remained

constant after adjusting for covariates. A possible explanation for this is the fact that the more

children a woman bears, the more nutrients are depleted from her body [47]. During preg-

nancy, the blood volume increases up to 50% leading to a higher iron demand that could affect

anemia prevalence if that demand is not met by the woman’s diet [48]. Repetitive pregnancies

also reduce the body’s iron stores [49].

Although Afro-Ecuadorians have a higher prevalence of anemia and moderate-severe ane-

mia compared with the national prevalence, ethnicity was not associated with anemia status

nor moderate-severe anemia in our multivariable analysis in agreement with previous litera-

ture [32]. Among women between 20 to 49 years, Freire, et al. reported that numerically, Afro-

Ecuadorian women had a slightly higher prevalence of anemia compared with other ethnici-

ties; however, they did not perform any statistical test [19]. Another study showed that older

Afro-Ecuadorian individuals (median age 71.8, SD: 8.2) had a higher prevalence of anemia

compared with other ethnicities [36].

Contraceptive history was associated with anemia but not with moderate-severe anemia

after controlling for covariates. Women currently using contraceptives had a higher prevalence

of anemia compared with women who formerly used contraceptives. In contrast with our

results, in the United States, NHANES data (2003–2012) indicated that the use of contracep-

tives in young women (12–21 years) was associated with decreased odds of iron deficiency
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anemia [33]. A study conducted in the female population of Tanzania indicated that hormonal

contraceptives reduced the likelihood of developing health problems associated with preg-

nancy, among them iron deficiency [50]. However, both studies targeted different segments of

the populations than ours (12-21-year-old and pregnant women in contrast to non-pregnant

12-49-year-old) which could explain our different results. Additionally, we did not make any

distinction between contraceptive methods.

Although not statistically significant, illiterate women had a higher prevalence of moderate-

severe anemia compared with literate women. Literate women may have a better standard of

living and adequate health services reducing the chances of anemia which could partially

explain our results. Ecuador had a literacy rate of 93.3% for females aged 15 and above during

2016. Even though the illiteracy rate has dropped in recent years, Ecuador is the 69th country

in the ranking of literacy rate [51].

The strength of our study is that our results are based on nationally representative data

which allowed us to generate nationally representative anemia prevalence estimates. However,

our study also has several limitations. First, there are other variables that have been associated

with anemia but were not included in this analysis because those variables were not included

in the ENSANUT-ECU 2012 survey. Such variables include: parasitic infection, HIV, and

malaria status. Second, we did not consider dietary factors that could be associated with ane-

mia. Finally, ENSANUT-ECU 2012 is a cross-sectional survey where anemia status and vari-

ables analyzed in this study were measured at a single time, thus it does not allow us to

understand the causal effects of the factors we identified to be associated with anemia in WRA

in Ecuador.

Conclusion

We found an overall prevalence of anemia and moderate-severe anemia of 16.8% and 5%,

respectively, among Ecuadorian non-pregnant WRA. This percentage positions anemia as a

mild public health concern. Additionally, we explored a set of demographic, socio-economic

and reproductive factors associated with anemia and moderate-severe anemia. We found that

living in the urban coast, Quito and Guayaquil; having given birth to more than four children;

and currently using contraceptives were associated with higher prevalence of anemia. Further-

more, women aged 35–49 years, living in the urban highlands, urban coast or Guayaquil had a

higher prevalence of moderate-severe anemia. Thus, emphasizing the importance of analyzing

the prevalence in sub-populations of WRA and identifying populations where more frequent

surveillance may be helpful. The results of our work will help generate hypotheses about poten-

tial risk factors for anemia among these populations. More studies addressing anemia status

are needed to understand if women within those groups would benefit from intervention pro-

grams targeting anemia.
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