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Background

Prematurity is a major health problem and the main cause 
of neonatal morbidity and mortality worldwide [1,2]. The 
World Health Organization (WHO) estimates an annual 
incidence of 15 million preterm deliveries worldwide. In 

Brazil, it is reported to be between 9.9% and 12.3% [1,2], 
accounting for major health costs and burden. The main 
underlying causes of preterm delivery are spontaneous 
preterm birth (sPTB), preterm premature rupture of 
membranes (pPROM) and provider-initiated preterm 
birth (piPTB) due to either adverse maternal and/or fetal 

Abstract

Objective: Evaluate the prevalence of anemia in term and preterm pregnancies and compare maternal and perinatal outcomes 
among groups. 

Methods: Secondary analysis of Brazilian Multicenter Study on Preterm Birth (EMIP). Cross sectional study on preterm births, with 
sample of term births to evaluate risk factors and comparisons. Current analysis compared prevalence of anemia in term and preterm 
births and among their types (spontaneous preterm birth (sPTB), preterm premature rupture of membranes (pPROM), or provider 
initiated preterm birth (piPTB)) and between women with anemia in both groups, correlating maternal and neonatal findings. 
Multivariate analysis to identify conditions that independently associated to anemia in term and preterm groups was performed. 

Results: Study included 3716 preterm and 1048 term births with hemoglobin level data. The prevalence of anemia was 33.23% and 
27.74% in preterm and term pregnancies respectively. Anemia was higher among the pPROM group (36.3%, p=0.029). Less than 
8 schooling years (p=0.003), maternal age <19 years old (p=0.047), non-white skin color (p<0.001) and children under 5 years 
(p<0.001) were associated with anemia and PTB. In this group, anemia was associated with adverse perinatal outcomes, including 
need of ventilatory support (p=0.003), sepsis (p=0.006), endocrine dysfunction (p=0.001), small for gestational age newborns 
(p<0.001), 5th minute Apgar score <7 (p=0.001), and neonatal death (p=0.002). Multivariate analysis showed association between 
living area and anemia in term group (p=0.001), urinary tract infection and anemia in sPTB and piPTBgroup (p<0.001), neonatal 
morbidity (p=0.001), inadequate number of prenatal care visits (p=0.009) and anemia in pPROM group. 

Conclusion: Anemia was associated with poor maternal education, children below 5 years, late onset of prenatal care and less than 
six medical visits. Also, it is more prevalent in preterm births, especially among cases of pPROM and could be either associated to its 
cause or consequence, worsening an unfavorable condition.
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conditions [1-3], with estimated rates of 40-45%, 25-30% 
and 30-35% respectively [3].

Physiopathology of preterm birth is not fully understood 
and is described as multifactorial, associated to social and 
environmental conditions that can be hardly identifiable. 
It is estimated that around 50% of these births remain 
without a defined cause after childbirth [2,3]. Risk factors 
for prematurity include maternal malnutrition, short 
interpregnancy interval (6 months or less), previous 
preterm birth, infections, smoking and anemia [1-3]. Also, 
multiple pregnancy and conditions that can affect fetal 
well-being such as preeclampsia, placental dysfunction 
and fetal growth restriction are responsible for increasing 
prematurity rates in the group of piPTB [4].

Anemia in pregnancy is defined based on WHO’s criterion 
of hemoglobin level below 11g/dL [5,6]. The WHO 
estimates a prevalence of 41.8% of anemia in pregnant 
women, but it varies in low- and high-income countries 
[1,3,5,6]. Several studies showed anemia as a risk factor for 
prematurity, pPROM, cesarean delivery, low birth weight, 
high neonatal morbidity, maternal blood transfusion and 
infections, gestational hypertension and preeclampsia [5-
10].

 As preterm birth is highly associated with neonatal 
morbidity and mortality and also with the presence of 
anemia, this secondary analysis of a national multicentric 
study is intended to evaluate the prevalence of and factors 
associated with anemia among cases of preterm and term 
births and its association with poor maternal and perinatal 
outcomes.

Methods 

The present study is a secondary analysis of the Brazilian 
Multicenter Study on Preterm Birth (EMIP). The study was 
reviewed and approved by the National Council for Ethics 
in Research (CONEP) and by the Institutional Review 
Board of each participating center (#0564.1.146.000-
09). All women included in the study signed an individual 
informed consent after understanding the conditions of 
the study.

The study protocol and complete methods have been 
previously published elsewhere [1,11]. Briefly, the EMIP 
study was conducted in 20 referral obstetric hospitals from 
the three most populated Brazilian regions: Southeast, 
Northeast and South. It was a prospective cross-sectional 
study that screened 33,740 births from April 2011 to July 
2012, enrolling all cases of preterm birth and their infants. 
Then, causes of preterm births were separately described. 
In addition, it enrolled an intentional sample of term births 
randomly identified immediately after a preterm one.

For the main study, sample size was calculated based 
on the Brazilian preterm birth prevalence at the time, 
reported as 6.5% in 2006 with allocation of at least 1054 
subjects in each group to allow for all the planned analyses 
[2]. Information was collected from an interview with 
the women during admission for childbirth and through 
review of their medical records until 60 days if the neonate 
remained hospitalized [1,11].

For this secondary analysis, women with no information 
about anemia and hemoglobin levels in their medical 
records were excluded. The remaining women were divided 
in two groups, according to the presence of anemia, and 
analysis performed for preterm (before 37 weeks), term (37 
weeks or more) and comparing both conditions. Anemia 
was defined as hemoglobin level below 11g/dL anytime 
during pregnancy, according to the WHO definition [4].

The prevalence of anemia was described in both term 
and preterm groups, and among different types of PTB 
(sPTB, pPROM and piPTB). We compared maternal and 
perinatal outcomes of preterm and term births with and 
without anemia, plus, only for women with anemia, term 
and preterm births.

The variables under study included sociodemographic 
characteristics (maternal age, urban or rural area, region 
of the country (Southeast, Northeast, South), skin color 
as a proxy for ethnicity, marital status, years of schooling, 
previous morbidity, previous obstetric history (other 
children under 5 years old, previous cesarean section, 
interpregnancy interval , previous preterm birth, previous 
newborn under 2500g), adequacy of prenatal care 
(evaluated through onset of prenatal care at first trimester 
or later, number or prenatal care visits, gestational weight 
gain, initial body mass index, use of alcohol or drugs). 
We also assessed the presence of urinary tract infection, 
vaginal bleeding, occurrence of fetal morbidity), route 
of childbirth, and neonatal outcomes as birth weight, 5th 
minute Apgar score <7, fetal death, neonatal ventilatory 
support, neonatal morbidity, intraventricular hemorrhage 
and neonate’s condition at discharge.

Statistical analysis for categorical variables was 
performed with Chi-Square test or Fisher’s exact test 
where appropriate, while for continuous variables Mann 
Whitney test was performed with. Then, a multivariate 
analysis was run to evaluate whether any variables/
conditions were independently associated with anemia in 
term and preterm births. For that, logistic regression was 
performed. We considered p-value of <0.05 as statistically 
significant. Data analyses were performed using SAS 
(Statistical Analysis System for windows, version 9.4. SAS 
Institute Inc, 2002-2008, Cary, NC, USA).
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Results

The EMIP study identified 4150 preterm births (≤37 
weeks gestation) during data collection and selected a 
sample of 1156 term births as a control group. For our 
current secondary analysis, we excluded 434 (10.46%) 
and 108 (9.42%) cases from preterm and term groups 
respectively, due to lack of information on the hemoglobin 
level for identifying anemia. Among all preterm births, 
1278 women (34.39%) had spontaneous preterm birth 
(sPTB), 1066 (28.69%) preterm premature rupture of 
membranes (pPROM) and 1372 women (36.92%) had a 
provider-initiated preterm birth (piPTB) (Figure 1). 

The overall prevalence of anemia in preterm births 
was 33.23% while in term births was 27.74% (p=0.01). 
Frequency of anemia was significantly higher among the 
pPROM group (36.3%, p=0.029). Among spontaneous 
preterm births the frequency of anemia was 32.79% and in 
the piPTB group it was 31.27%. 

Table 1 shows the maternal characteristics according to 
gestational age at birth and the presence of anemia. Age ≤19 
years (p=0.047), non-white skin color (p=0.001), living 

in the Northeast region (p=0.001), ≤8 schooling years 
(p=0.003), history of morbidity (p=0.003) and having 
children under 5 years old (p=0.001), were significantly 
associated with anemia and preterm birth. Among the 
group of term childbirth, a significant association with 
anemia was found for women living in urban area (p=0.001) 
and with non-white skin color (p=0.015). Furthermore, 
comparing only the women with anemia, between preterm 
and term pregnancies, living in the Southeast region 
(p=0.026), ≤8 schooling years (p=0.001), ≤12 months 
interpregnancy interval (p=0.021), previous preterm birth 
(p=0.001) and previous low birth weight (p=0.001) were 
associated with preterm deliveries.

Gestational characteristics associated with preterm birth 
and the presence of anemia includes late onset of prenatal 
care (p=0.001), <6 prenatal care visits (p=0.007), being 
pre-pregnancy underweight or normal weight (p=0.001), 
use of drugs before or during pregnancy (p=0.037), urinary 
tract infection (p=0.001) and vaginal bleeding (p=0.001), 
as shown in Table 2. Comparing only the women with 
anemia, the absence of prenatal care (p=0.001), <6 
prenatal care visits (p=0.001), gestational weight gain 
≤7 (p=0.001), urinary tract infection (p=0.005), vaginal 
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Figure 1: Flowchart of included cases in the study.
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Table 1: Maternal profile according to gestational age at birth and presence of anemia.

Maternal profile

Gestational age at birth

< 37 weeks ≥ 37 weeks p

Anemia yes
n (%)

Anemia no
n (%) p Anemia yes

n (%)
Anemia no
n (%) p Anemia Yes 

<37 x ≥ 37

Maternal age 
(years) 1235 2481 0.047 288 750 0.559 0.292

≤19 276 (22.3) 472 (19.0) 58 (20.1) 130 (17.3)

20-34 786 (63.6) 1626 (65.5) 197 (68.4) 535 (71.3)

≥35 173 (14.0) 383 (15.4) 33 (11.5) 85 (11.3)

Housing area 1231 2471 0.239 287 746 0.001 0.113

Rural 103 (8.4) 236 (9.6) 16 (5.57) 94 (12.6)

Urban 1128 (91.6) 2235 (90.5) 271 (94.4) 652 (87.4)

Region 1235 2481 0.001 288 750 0.65 0.026

Southeast 703 (56.9) 1388 (55.9) 143 (49.6) 392 (52.3)

Northeast 399 (32.3) 725 (29.2) 117 (40.6) 296 (39.5)

South 133 (10.8) 368 (14.8) 28 (9.7) 62 (8.3)

Skin color 1235 2481 <0.001 288 750 0.015 0.064

White 493 (39.9) 1181 (47.6) 98 (34.0) 317 (42.3)

Other 742 (60.1) 1300 (52.4) 190 (65.9) 433 (57.7)

Marital status 1235 2481 0.067 288 750 0.817 0.081

With a partner 940 (76.1) 1954 (78.8) 233 (80.9) 602 (80.3)

Without a partner 295 (23.9) 527 (21.2) 55 (19.1) 148 (19.7)

Schooling (years) 1229 2433 0.003 287 737 0.257 0.001

≤8 530 (43.1) 912 (37.5) 91 (31.7) 274 (37.2)

9-12 609 (49.6) 1305 (53.6) 172 (59.9) 408 (55.4)

>12 90 (7.3) 216 (8.9) 24 (8.4) 55 (7.5)

Morbid history 1125 2344 0.001 272 715 0.289 0.665

No 887 (78.8) 1829 (78.0) 216 (79.4) 589 (82.4)

High blood pressure 71 (6.3) 171 (7.3) 12 (4.4) 33 (4.6)

Diabetes 14 (1.2) 25 (1.1) 2 (0.7) 7 (0.9)

Blood Disease 23 (2.0) 14 (0.6) 6 (2.2) 5 (0.7)

Other 130 (11.6) 305 (13.0) 36 (13.2) 81 (11.3)

Children under 5 
years 1234 2479 288 749

Yes 368 (29.8) 573 (23.1) <0.001 85 (29.5) 193 (25.8) 0.222 0.981

No 866 (70.2) 1906 (79.9) 203 (70.5) 556 (74.2)

Previous C-section 1234  2481 288 750

Yes 276 (22.4) 546 (22.0) 0.803 66 (22.9) 153 (20.4) 0.373 0.840

No 958 (77.6) 1935 (77.9) 222 (77.1) 597 (79.6)



                                                                                                                                                      
   Figueira CO, Gomide HM, Guida JP, Dias TZ, Lajos GJ, Tedesco RP, et al. The Role of Anemia in Term and Preterm 
Pregnancies: Evidence from the Brazilian Multicenter Study on Preterm Birth (EMIP). Arch Obstet Gynecol. 2021; 
2(2): 39-50.

Arch Obstet Gynecol. 2021
Volume 2, Issue 2 43

Inter-pregnancy 
interval 732 1443 161 423

≤12 months 74 (10.11) 124 (8.6) 0.245 7 (4.4) 24 (5.7) 0.523 0.021

>12 months 658 (89.9) 1319 (91.4) 154 (95.6) 399 (94.3)

Previous PTB* 1230 2475 288 750

Yes 242 (19.7) 473 (19.1) 0.682 23 (7.9) 64 (8.5) 0.775 <0.001

No 988 (80.3) 2002 (80.9) 265 (92.0) 686 (91.5)

Previous LBW 1224 470 288 743

Yes 208 (16.9) 410 (16.6) 0.762 20 (6.9) 53 (7.1) 0.915 <0.001

No 1016 (83.0) 2060 (83.4) 268 (93.1) 690 (92.9)

*PTB: preterm birth

Table 2: Gestational profile according to gestational age at birth and presence of anemia.

Gestational profile

Gestational age at birth

<37 weeks ≥37 weeks p

Anemia yes 
n (%)

Anemia no 
n (%)

p
Anemia yes 
n (%)

Anemia no 
n (%)

p
Anemia Yes 
<37 x ≥37

Prenatal care 1235 2481 0.001 288 750 0.564 0.001

Yes 1190 (96.4) 2444 (98.5) 288 (100) 747 (99.6)

No 45 (3.6) 37 (1.5) 0 (0) 3 (0.4)
Onset of prenatal 
care

1009 2161 0.001 255 664 0.006 0.443

First trimester 620 (61.5) 1453 (67.2) 150 (58.8) 454 (68.4)

Second/third trimester 389 (38.6) 708 (32.8) 105 (41.2) 210 (31.6)

Adequacy of 
number of prenatal 
care visits*

1061 2265 0.007 273 700 0.052 <0.001

Adequate (≥6) 538 (50.7) 1291 (57.0) 199 (72.9) 551 (78.7)

Inadequate (<6) 523 (49.3) 974 (43.0) 74 (27.1) 149 (21.3)

Weight gain in 
pregnancy

1077 2221 0.495 263 768 0.577 <0.001

≤ 7 kg 367 (34.1) 713 (32.1) 53 (20.2) 148 (21.8)

8-12 kg 363 (33.7) 759 (34.2) 91 (64.6) 211 (31.1)

>12 kg 347 (32.2) 749 (33.7) 119 (45.3) 319 (47.1)

Initial body mass 
index

1090 2170 <0.001 261 666 0.352 0.982

<18.5 kg/m2: under-
weight

111 (10.2) 156 (7.2) 25 (9.6) 50 (7.51)

18.5–24.99 kg/m2: 
normal

631 (57.9) 1160 (53.5) 152 (58.2) 372 (55.9)

25-29.99 kg/m2: over-
weight

222 (20.4) 501 (23.1) 55 (21.1) 144 (21.6)

≥30 kg/m2: obesity 126 (11.6) 353 (16.3) 29 (11.1) 100 (15.1)
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bleeding (p=0.001) and cesarean section (p=0.0026) were 
associated with preterm. 

Table 3 shows perinatal outcomes according to gestational 
age at birth and the presence of anemia. In the preterm 
group, the presence of anemia was significantly associated 
with the need of ventilatory support (p=0.003), sepsis 
(p=0.006) and endocrine dysfunction (hypoglycemia) 
(p=0.001). This last one was the only association found 

between term delivery and anemia (p=0.012). In the 
analysis of the anemia group, newborns classified as 
small for gestational age were more frequent in the 
preterm (25.41%) than term (1.74%) births. Furthermore, 
association of anemia and prematurity was found for: 5th 
minute Apgar score <7 (p=0.001), fetal death (p=0.002), 
endotracheal intubation at birth (p=0.001), use of 
surfactant (p=0.001), ventilatory support (p=0.001), 
sepsis (p=0.001), respiratory distress (p=0.001), 

Alcohol drinking 1226 2464 0.576 286 745 0.141 0.176

Yes (often) 16 (1.3) 27 (1.10) 7 (2.45) 8 (1.07)

No or few times 1210 (98.7) 2437 (98.9) 279 (97.6) 737 (98.9)

Use of drugs 1235 2481 0.037 288 75 0.204 0.179

Never used 1162 (94.1) 2379 (95.9) 274 (95.1) 730 (97.3)

Used before pregnancy 38 (3.1) 59 (2.4) 11 (3.8) 16 (2.1)

Used during pregnancy 35 (2.8) 43 (1.7) 3 (1.0) 4 (0.5)

 Urinary tract 
infection

1223 2468 <0.001 288 748 0.614 0.005

Yes 560 (45.8) 895 (36.3) 106 (36.8) 288 (38.5)

No 663 (54.2) 1573 (63.7) 182 (63.2) 460 (61.5)

Anemia (patient 
report)

1206 2444 <0.001 286 746 <0.001 0.195

Yes 683 (56.6) 362 (14.8) 112 (39.2) 138 (18.5)

No 523 (43.4) 2082 (85.2) 174 (60.8) 608 (81.5)

Hb value 88 334 <0.001 22 92 0.199

 >9.0 mg/dL 79 (89.8) 334 (100) 22 (100) 92 (100)

<9.0 mg/dL 9 (10.2) 0 (0) 0 0

Vaginal bleeding 1057 2067 <0.001 244 621 0.071 <0.001

Yes 185 (17.5) 248 (12.0) 9 (3.69) 43 (6.92)

No 872 (82.5) 1819 (88.0) 235 (96.3) 578 (93.1)

Fetal morbidity 1151 2312 0.222 267 701 0.523 <0.001

Malformation 56 (4,9) 150 (6.49) 3 (1.1) 9 (1.3)

Fetal growth 
restriction 

114 (9.9) 243 (10.5) 3 (1.1) 19 (2.7)

Other 93 (8.1) 171 (7.4) 13 (4.9) 33 (4.7)

No 888 (77.1) 1748 (75.6) 248 (92.9) 640 (91.3)

Delivery route 1235 2481 0.238 288 750 0.802 0.002

Vaginal 518 (41.9) 1107 (44.6) 147 (51.0) 393 (52.4)

Forceps/vacuum 19 (0.5) 26 (0.7) 10 (3.5) 34 (4.5)

Cesarean 683 (55.3) 1312 (52.8) 128 (44.4) 314 (41.9)

Vaginal + cesarean 15 (1.2) 36 (1.5) 3 (1.0) 9 (1.2)

*Ministry of Health criteria
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Table 3: Neonatal outcomes according to gestational age at birth and presence of anemia.

Neonatal Outcomes

Gestational age at birth

<37 weeks ≥37 weeks p

Anemia yes
n (%)

Anemia no
n (%)

p
Anemia yes
n (%)

Anemia no
n (%)

p
p anemia 
yes <37x 
≥37 weeks

Birth weight  1232 2467 0.108 288 750 0.076 <0.001

≤1500 g 243 (19.7) 524 (21.2) 0 (0) 1 (0.1)

1501 to 2500 g 656 (53.3) 1223 (49.6) 10 (3.5) 50 (6.7)

>2500 g 333 (27.0) 720 (29.2) 278 (96.5) 699 (93.2)

Adequacy of weight for 
gestational age

1232 2467 0.268 288 750 0.249 <.0001

Small 313 (25.4) 656 (26.6) 5 (1.7) 27 (3.6)

Adequate 906 (73.5) 1771 (71.8) 232 (80.6) 604 80.5)

Large 13 (1.1) 40 (1.6) 51 (17.7) 119 (15.9)

Apgar score 5o min <7 1227 2439 0.768 287 743 0.194 <.0001

Yes 116 (9.5) 238 (9.8) 0 (0.0) 6 (0.8)

No 1111 (90.6) 2201 (90.2) 287 (100) 737 (99.2)

Fetal death 1235 2481 0.232 288 750 0.002

Yes 40 (3.2) 100 (4.0) 0 (0) 0 (0)

No 1195 (96.8) 2381 (95.9) 288 (27.7) 750 (72.2)

Endotracheal 
intubation at birth 

1181 2338 0.919 270 678 0.946 <.0001

Yes 191 (16.2) 375 (16.0) 5 (1.9) 13 (1.9)

No 990 (83.8) 1963 (83.9) 265 (98.2) 665 (98.1)

Surfactant use 1159 2307 0.637 262 671 0.483 <.0001

Yes 186 (16.1) 356 (15.4) 1 (0.4) 1 (0.2)

No 973 (83.9) 1951 (84.6) 261 (99.6) 670 (99.9)

Fetal Malformation 1166 2315 0.942 265 674 0.361 0.0002

Yes 128 (10.9) 256 (11.1) 9 (3.4) 32 (4.8)

No 1038 (89.0) 2059 (88.9) 256 (96.6) 642 (95.3)

Ventilatory support 1178 2341 0.003 268 680 0.348 <0.0001

Yes 645 (54.8) 1158 (49.5) 19 (7.1) 61 (8.9)

 No 533 (45.3) 1183 (50.5) 249 (92.9) 619 (91.0)

Any neonatal 
morbidity 

1181 2336 0.001 268 682 0.874 <0.0001

Yes 876 (74.2) 1585 (67.9) 61 (22.8) 152 (22.3)

No 305 (25.8) 751 (32.2) 207 (77.2) 530 (77.7)

Sepsis 839 1518 0.006 60 149 0.161 <0.0001

 Yes 273 (32.5) 413 (27.2) 2 (3.3) 14 (9.4)
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intraventricular hemorrhage (p=0.001), pneumonia 
(p=0.027), and neonatal death (p=0.001).

In the multivariate analysis (Table 4), for the term group, 
housing area was the only significant association found. 

For the preterm group, the factors associated to anemia 
include: urinary tract infection in sPTB and piPTB groups 
(p<0.001), neonatal morbidity (p=0.001), adequacy of 
prenatal care visits (p=0.009) and children under 5 years 
old in pPROM group.

 No 566 (67.5) 1105 (72.8) 58 (96.7) 135 (90.6)

Respiratory distress 865 1572 0.457 62 149 0.448 <0.0001

Yes 661 (76.4) 1180 (75.1) 31 (50.0) 66 (44.3)

No 204 (23.6) 392 (24.9) 31 (50.0) 83 (55.7)

Pulmonary air leak 827 1483 0.767 60 146 1.00 0.162

Yes 35 (4.2) 59 (3.9) 0 (0.0) 2 (1.4)

No 792 (95.8) 1424 (96.0) 60 (100) 144 (98.6)

Intraventricular 
Hemorrhage

688 1192 0.867 53 109 0.010

Yes 68 (9.9) 115 (9.7) 00 0

No 620 (90.1) 1077 (90.4) 53 (100) 109 (100)

Endocrine dysfunction 857 1539 0.001 62 146 0.012 0.166

Yes 235 (27.4) 335 (21.8) 12 (19.4) 11 (7.5)

No 622 (72.6) 1204 (78.2) 50 (80.7) 135 (92.5)

Necrotizing 
enterocolitis 

852 1535 0.141 62 146 0.251

Yes 28 (3.3) 35 (2.2) 0 (0) 1 (0.7)

No 824 (96.7) 1500 (97.7) 62 (100) 145 (99.3)

Pneumonia 852 1543 0.388 62 146 1.000 0.027

Yes 59 (6.9) 93 (6.1) 0 (0) 2 (1.3)

No 793 (93.1) 1450 (93.9) 62 (100) 144 (98.6)

Oxygentherapy at 28 
days 

851 1541 0.729 62 145 0.013

Yes 77 (9.1) 133 (8.6) 0 (0) 1 (0.7)

 No 774 (90.9) 1408 (91.4) 62 (100) 144 (99.3)

Table 4: Factors independently associated with anemia among term (model 1) or different preterm causes (model 2: sPTB, model 
3: piPTB, model 4: pPROM), in multivariate analysis.

Model/ Variable OR IC 95% p/RP p

Model 1: Term pregnancies [n=594]

Housing area-urban  2.71  1.12 to 6.54 0.02

Model 2: Preterm- sPTB (<37 weeks) [n= 735]

- Skin color- non-white  1.50 1.10 to 2.05 0.007

- UTI  1.48  1.09 to 2.03  0.01

Model 3: Preterm- piPTB [n=745]

- UTI 2.19 1.57 to 3.04 <0.01

- Vaginal bleeding 2.19 1.39 to 3.44 <0.01
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Discussion

The overall prevalence of anemia in our study was 
31.70%, with 27.74% in term deliveries and significantly 
higher, 33.23%, among preterm deliveries. Anemia is a 
public health problem worldwide, especially in low and 
middle-income countries [11-13] and it is associated 
with worse maternal and perinatal outcomes, including 
increased maternal and perinatal death, preterm birth, 
cesarean section, preeclampsia and low birth weight [14-
16]. WHO’s national estimates report anemia prevalence 
of 41.8% [4], higher than our results.

Furthermore, our study presented higher prevalence of 
anemia then reported in a study in Lagos, Nigeria in 2020, 
that was 20.0% [17], higher than a multicenter Chinese 
study that found an overall prevalence of anemia of 23.5% 
[18], higher than a study conducted in Jerusalem with 
10.5% of anemia [19] and higher than a large retrospective 
study in British Columbia that found anemia in 12.8% of its 
records [20]. The difference in findings throughout studies 
may represent the population analyzed as having anemia 
is more prevalent in low-income countries and in regions 
with poor antenatal care [21]. A Brazilian study with 
adolescents showed an overall prevalence of anemia of 41% 
[22]. This higher prevalence may be due to the additional 
risk factors related to pregnancy in adolescents as higher 
need of iron intake [23] and nutritional deficiencies 
[24]. Also, our study was conducted in referral obstetric 
hospitals in the three most populous Brazilian regions, so 
the prevalence of anemia could have been higher as the 
most challenging and severe cases are treated in these 
hospitals.

 Our results also found association with maternal age and 
the presence of anemia in preterm deliveries, as it was more 
frequent in pregnant adolescents. This is in agreement with 
the Chinese study that found higher prevalence of anemia 
in women under 20 [17]. In addition, positive association 
for preterm birth and anemia was evidenced in non-white 
women, living in the Northeast region, schooling years 
less than 8, presence of children below 5 years old, onset 
of prenatal care at second or third trimester and less than 
six prenatal care visits. These findings are consistent with 

literature as anemia is associated with poor access to 
antenatal care and low socio-economic condition [5,17,18]. 
In our country, non-white skin color and the Northeast 
region are associated with lower income regions and 
therefore associated with anemia [25].

Regular antenatal care is an important intervention 
that may avoid many maternal adverse complications, 
by the identification of risk factors, early diagnosis and 
surveillance, including anemia and its consequences, as 
deviations from the usual can be early detected and treated. 
Late onset of prenatal care was a finding associated with 
anemia in both term and preterm deliveries. It may be 
related to the fact that iron supplementation wasn’t long 
enough to recover at least the expected dilutional anemia 
and a chronic history of malnutrition and self-care. As a 
universal recommendation, prophylactic iron should be 
prescribed during gestation throughout postpartum [4].

Anemic women had high cesarean section rates in our 
study (especially among preterm deliveries) and such 
procedure can worsen hemoglobin level leading to other 
complications. Also, in the preterm group, fetal growth 
restriction was more frequent, and anemia could be 
partially responsible for the restriction. Previous preterm 
birth and previous low birth weight newborn were also 
more frequent in the preterm group. Moreover, anemia 
increases the risk for postpartum hemorrhage, worsening 
an already deficient hemoglobin level [10].

Considering factors independently associated to anemia, 
living in urban area was associated to anemia in term 
pregnancies. This could most likely be a consequence of the 
great majority of the population being urban, but also could 
be worsen by nutritional habits in urban centers where 
availability of food with low nutritional quality is higher. 
Differently, a study in China found that rural population is 
at greater risk for anemia [18], however studies correlate 
anemia with family income and schooling years, being 
poor education and low economic conditions associated 
to anemia [5,18,26]. Urinary tract infection was associated 
with anemia in sPTB and piPTB. It might have been the 
trigger of spontaneous preterm birth and could deteriorate 
maternal clinical condition, as it is an already known risk 

Model 4: Preterm- pPROM [n=610]

- any neonatal morbidity 1.66 1.13 to 2.42 0.001

- Inadequate number of prenatal care visits 1.52 1.08 to 2.15 0.009

- children under 5 years old 1.48 1.00 to 2.20 0.048

UTI: Urinary Tract Infection; pPROM: preterm Premature Rupture of Membranes

Independent variables entering models: housing area, maternal age, region of the country, skin color, morbid history, children 
under 5 years, prenatal care, onset of prenatal care, adequacy of number of prenatal care visits, initial body mass index, use of 
drugs, urinary tract infection, vaginal bleeding, neonatal ventilatory support, any neonatal morbidity.
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factor for prematurity, independently the gestational age 
of the infection [27]. In the sPTB, non-white skin color 
was also associated with prematurity, probably due to less 
access to health care. Having other child below 5 years 
old, any neonatal morbidity and inadequate numbers of 
antenatal care visits were associated with anemia and 
pPROM, suggesting that antenatal care is quite important 
to follow the women and identify alterations that can lead 
to complications. Studies suggest screening for infections, 
nutritional adequacy, iron supplementation and a periodic 
antenatal visit to check maternal health and early detection 
of possible pathologic conditions [20,28].

It is important to point out that this study has limitations 
as it was based on a secondary analysis of a major 
multicentric study. As a consequence, some variables were 
difficult to standardize and it was hard sometimes to define 
the cases based on past medical records. The main study 
(EMIP) was a multicenter cross-sectional study that was 
conducted in 20 referral obstetric hospitals and was the 
largest Brazilian study in prematurity so far [1]. One of its 
findings was that anemia is a risk factor for prematurity, 
what was an important point for further analysis.

Prematurity is enhancing worldwide and is a complex 
situation as the goals in order to reduce its rates are 
difficult to reach [29,30]. WHO estimates almost 15 
million preterm deliveries every year (11.1% of all births) 
increasing costs in public and private healthcare [4]. In 
our study, prematurity was divided into three etiologies: 
premature rupture of membranes, spontaneous premature 
birth and provider-initiated preterm birth. The frequency 
of anemia in each group was 36.3%, 32.79% and 31.27% 
respectively. In all the three situations, anemia might be 
related to the cause of prematurity, however could also 
be worsen as a consequence of reduced time for iron 
supplementation. Overall, anemia was more prevalent 
among preterm birth, what is in agreement with the study 
in India [5] and the retrospective cohort studied in British 
Columbia that found an Odds Ratio of 2.44 for preterm 
birth and unspecified anemia severity [20].

Besides, prematurity costs millions to healthcare and is 
strongly associated with neonatal morbidity and mortality 
[20,31,32] with rates that have not decreased despite the 
knowledge and efforts to reduce its prevalence [30]. The 
improvement of maternal and neonatal intensive care is 
a situation that tends to persist and enables women with 
several morbidities to control the underlying condition 
and pursue pregnancy and neonates delivered in a very 
preterm gestational age to survive, sustaining high rates of 
preterm birth, especially medically indicated.

Our study highlighted the high prevalence of anemia and 
prematurity in our setting and could bring light to further 
studies considering the association of anemia and preterm 

birth and the importance of additional studies to evaluate 
the topic and improve maternal healthcare aiming the 
reduction in neonatal morbidity and mortality rates due 
to prematurity.
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