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Abstract

Background: Brazil experienced important progress in maternal and child health in

recent decades. We aimed at describing secular trends as well as socioeconomic and

ethnic inequalities in reproductive history indicators (birth spacing, previous adverse

perinatal outcome, parity and multiple births) over a 33-year span.

Methods: Four population-based birth cohort studies included all hospital births in 1982,

1993, 2004 and 2015 in Pelotas, Southern Brazil. Information on reproductive history was

collected through interviews. Indicators were stratified by family income quintiles and

skin colour. Absolute and relative measures of inequality were calculated.

Results: From 1982 to 2015, the proportion of primiparae increased from 39.2% to 49.6%,

and median birth interval increased by 23.2 months. Poor women were more likely to

report short intervals and higher parity, although reductions were observed in all income

and ethnic groups. History of previous low birthweight was inversely related to income

and increased by 7.7% points (pp) over time—more rapidly in the richest (12.1 pp) than

in the poorest quintile (0.4 pp). Multiple births increased from 1.7% to 2.7%, with the

highest increase observed among the richest quintile and for white women (220% and

70% increase, respectively). Absolute and relative income and ethnic-related inequalities

for short birth intervals increased, whereas inequalities for previous low birthweight

decreased over time.

Conclusions: In this 33-year period there were increases in birth intervals, multiple births

and reports of previous low-birthweight infants. These trends may be explained by

increased family planning coverage, assisted reproduction and a rise in preterm births,

respectively. Our results show that socioeconomic and ethnic inequalities in health are

dynamic and vary over time, within the same location.
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Introduction

Caring for and investing in wome�ns and childre�ns health

are vital components of the right to health, encompassing

reproductive, maternal, newborn and child health care.1

Maternal reproductive history, a known predictor of ma-

ternal health and pregnancy outcomes, should always be

investigated during antenatal care, given its importance for

guiding medical and therapeutic procedures. The most im-

portant indicators include birth spacing, previous adverse

perinatal outcomes, parity and multiple births.

Birth spacing may be assessed through the time interval

between delivery and conception of the next pregnancy (in-

ter-pregnancy interval) or birth of the next child (birth in-

terval), both of which substantially affect perinatal

mortality, gestational age and birthweight, as well as the

risk of pregnancy complications for mothers.2–5 Both short

and long intervals, variously defined, have been associated

with adverse outcomes, and a number of causal mecha-

nisms were postulated,2 but the literature suggests that a

single cut-off point of 36 months is adequate for predicting

maternal and infant outcomes.6,7

The history of adverse perinatal events in a previous ges-

tation increases the risk of developing an adverse outcome in

subsequent pregnancies. History of a previous abortion, still-

birth, low birthweight and/or preterm birth are some of the

best-documented indicators of adverse perinatal events. A re-

cent systematic review showed almost a 4-fold increase of a

new fetal death among women with a history of a previous

stillbirth, compared with women with no such history.8

Subsequent pregnancies after a stillbirth or abortion—either

spontaneous or induced—have been associated with in-

creased risks of preterm and low birthweight births.9,10

The associations with parity vary according to the ob-

stetric and neonatal outcomes under study. Compared

with women with one to three previous births, the inci-

dence of postpartum haemorrhage, preeclampsia, placenta

praevia, macrosomia, post-date pregnancy and low Apgar

scores is higher for grand multiparae (i.e. women having

had four or more previous births).11 In contrast, neonatal

and perinatal mortality are higher among babies born to

nulliparous (i.e. women having no previous births) as well

as to grand multiparous women, compared with those

born to women with one to three previous deliveries.12

Multiple births are increasingly frequent, especially in

high-income countries.13 These are associated with a num-

ber of complications both for the mother and fetus.

Mothers suffer substantial morbidity due to the increased

incidence in medical complications, and fetuses carry sub-

stantially higher risks of premature delivery, perinatal mor-

tality and long-term neurodevelopmental impairments.14

In Brazil, maternal and child health outcomes are af-

fected by the profound socioeconomic and ethnic group

inequalities that characterize our society.15–17 For women,

such inequalities affect their own health status—before, dur-

ing and after pregnancy—directly and by limiting their ac-

cess to and use of health services,18 and may be propagated

in a transgenerational cycle.19 Research in such inequalities

is needed, not only due to their effect in individual popula-

tions, but also because they are costly and burdensome to

the entire health care system of a country.20

Brazil is the largest country in South America and the

fifth largest country in the world.21 Its demographic transi-

tion began in the mid-1950s, since when there was an accel-

erated decline in population growth rates as a consequence

Key Messages

• Along with an important decrease in fertility rates, median birth interval increased by 23 months and the proportion

of primiparae increased from 39% in 1982 to nearly 50% in 2015.

• Although the frequency of short birth intervals (<36 months) was reduced over the period, women belonging to low-

income groups still showed the highest values.

• Reports of previous preterm births increased over time and almost doubled among the poorest women, whereas

reports of previous low-birthweight births increased mainly among the wealthiest.

• There was a steady increase in the incidence of multiple births in Pelotas, reaching higher levels than those reported

for Brazil as a whole; the increase was restricted to high-income and to white women.

• Relative inequalities for short birth intervals, at least one previous pregnancy and multiple births increased, whereas

those for low birthweight decreased over the study period.
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of a steady reduction in fertility, from 6.1 children per

woman in 1960 to 1.7 in 2015.22 The transition occurred

concomitantly with cultural transformations, an intense

process of industrialization, an increase of per capita income

and education levels and a steady decline in infant mortality.

Since the 1980s, Brazil also underwent positive changes in

the social determinants of health and a universal health care

system was created, with major improvements in maternal

and child health indicators and in access to health care. Yet,

important health inequalities still persist in the country.17

The city of Pelotas in southern Brazil is located in a rela-

tively developed area of the country. It is a medium-sized

city with around 340 000 inhabitants and a highly inequi-

table income distribution.23 During the years of 1982,

1993, 2004 and 2015, cohort studies including all births in

the city were started, providing the opportunity to investi-

gate how maternal reproductive history indicators (i.e.

birth spacing, previous adverse perinatal outcome, parity

and multiple births) evolved over time. The present study

was aimed at describing secular trends for all women giv-

ing birth in the city, as well as for specific socioeconomic

and ethnic groups, over a 33-year span.

Methods

All women delivering in one of the Pelotas hospitals during

the years of 1982, 1993, 2004 and 2015, and who were resi-

dent in the urban area of the city, were invited to participate

in a population-based birth cohort study. Whereas in the

1982 and 1993 cohorts, infants who were less than 28 weeks

of gestational age or weighed below 1000 g were excluded,

in the two most recent cohort studies only newborns younger

than 20 weeks or weighing below 500 g were excluded.

Similar methodology was employed in all studies,24–27 in-

cluding consistent variable definitions and comparable ques-

tions. The cit�ys maternity wards were visited on a daily

basis, and mothers were interviewed at the hospital soon af-

ter delivery. Home births represented less than 1% of all

births. Variables included in the present study were collected

during the perinatal interview for the four cohorts.

Birth interval was defined as the number of months be-

tween the dates of the birth of the cohort child and the im-

mediately preceding birth to the mother. Calculation was

restricted to women with at least one previous live birth.

Short birth intervals were defined as less than 36 months.

Parity was defined as the number of times that a woman

had given birth to a live-born baby (with any sign of life, ir-

respective of gestational age) or to a stillbirth (28 weeks of

pregnancy or more), prior to the index pregnancy.

Women with at least one previous pregnancy were

asked about abortions (induced or spontaneous), still-

births and live births. If the pregnancy ended with a

stillbirth or a live birth, it was enquired whether the out-

come of the pregnancy was a preterm and/or low birth-

weight birth. Preterm birth was defined as a delivery

before 37 completed gestational weeks, and low birth-

weight as less than 2500 g at birth. Information about pre-

vious preterm births was not available in the 1982 Pelotas

cohort study.

In 1982 and 1993, maternal skin colour was classified

according to the interviewe�rs observation, and in 2004 and

2015 was based on self-report. In 1982, only two catego-

ries were used, white or brown/black, whereas in the subse-

quent cohorts, three groups (as black, brown or white)

were coded, according to the classification adopted by the

Brazilian Census Bureau.28

Family income during the month preceding delivery of

the index child was used as a measure of socioeconomic

position. Family income was collected in Brazilian real and

quintiles were calculated within each cohort. We refer to

the first quintile (Q1) as the poorest quintile/poorest 20%

and the fifth quintile (Q5) as the wealthiest quintile/

wealthiest 20%.

Socioeconomic and ethnic inequalities in maternal re-

productive history indicators (birth spacing, previous ad-

verse perinatal outcome, parity and multiple births) were

studied. In the present article we refer to inequalities as any

measurable aspect of health that varies across individuals or

groups, differentiating this term from inequities, which are

systematic differences that are unfair and unjust.29

In order to investigate whether the effect of socioeco-

nomic position on the outcomes varied over time, interac-

tions between socioeconomic indicators (family income

and maternal skin colour) and cohort year, fitted as an or-

dinal variable starting with 1982, for each of the reproduc-

tive outcomes were tested through logistic regression. Two

indicators of economic-related inequality were estimated:

(i) an indicator of absolute inequality, the slope index of

inequality; and (ii) an indicator of relative inequality, the

concentration index.30

The slope index of inequality is derived via regression of

mean health outcome within a particular social group on

the mean relative rank of social groups.31,32 In the case of

quintiles of family income, each quintile included approxi-

mately 20% of the cohort, and midpoints of the quintile

categories were calculated. The slope index of inequality

was then obtained by regressing the outcomes studied on

the midpoint score for each category. The slope of the re-

gression line represents the absolute difference between the

highest (score 1) and the lowest (score of 0) values of the

socioeconomic position indicator.

The concentration index was calculated in its relative

formulation, with no corrections.33 The concentration in-

dex uses an analogous approach to the Gini index, by
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ranking individuals according to socioeconomic position

on the x-axis and for cumulative health condition on the

y-axis. This index is expressed on a scale ranging from �100

to 100; a value of 0 represents perfect equality. If the out-

come is more concentrated toward the richer groups, the

concentration index assumes a positive value, as the curve is

below the diagonal. When poorer groups are more affected

than richer groups, the concentration index is negative.33,34

Ethnic group inequalities were studied using relative

[i.e. ratio of (black plus brown) vs white] and absolute

comparisons [i.e. the arithmetical difference between

(black þ brown) and white].

Data analyses included chi-square tests for heterogene-

ity and linear trends. As the intervals among the four

cohorts are equal (11 years each), we used the x2 test for

trend to compare the distribution of categorical outcome

variables between cohort studies. This test was also used to

analyse trends in reproductive outcomes within each cate-

gory of family income and maternal skin colour over time.

All analyses were performed with Stata V.14.0.35

Ethical approval for studies was not required in Brazil

until 1996. The 2004 study was approved by the Ethics

Committee of the School of Medicine and the 2015 by the

School of Physical Education, Federal University of Pelotas,

and written consent was obtained from the mothers.

Results

Totals of 6011, 5304, 4287 and 4329 births were enrolled

in the 1982, 1993, 2004 and 2015 birth cohort studies, re-

spectively. The number of births decreased by 28% over

the 33-year study period. Non-response rates at recruit-

ment were below 2% in all cohorts.
Births occurring among primiparae, that is firstborn

children, increased by 25% (from 39.2% in 1982 to

49.6% in 2015). As a consequence, the proportion of

women with a previous reproductive history—having had

at least one previous pregnancy—decreased by 17% (from

60.7% in 1982 to 50.4% in 2015) (Table 1).
The largest decline in reporting at least one previous

pregnancy was observed among the richest women (32%

reduction) and absolute and relative inequalities increased

over time (Table 2). Black and brown women were more

likely to report at least one previous pregnancy than white

women in each cohort; however, inequalities remained sta-

ble over time (Table 3).

Table 1. Time trends in reproductive history variables, Pelotas birth cohort studies

Variables 1982 1993 2004 2015 P-value

n (%) n (%) n (%) n (%)

Parity <0.001*

Primiparae 2357 (39.2) 1860 (35.1) 1684 (39.3) 2145 (49.6)

1 1685 (28.0) 1471 (27.7) 1118 (26.1) 1330 (30.7)

�2 1967 (32.7) 1973 (37.2) 1484 (34.6) 852 (19.7)

Median birth interval (months)a 35.0 48.3 55.0 58.2 <0.001*

Short birth interval (<36 months)a <0.001

No 1736 (49.2) 1972 (63.8) 1647 (69.2) 1009 (70.6)

Yes 1790 (50.8) 1118 (36.2) 733 (30.8) 421 (29.4)

Previous preterma <0.001

No NA 3060 (89.1) 1927 (80.2) 1756 (81.4)

Yes 373 (10.9) 476 (19.8) 400 (18.6)

Previous low birthweighta <0.001

No 2767 (81.7) 2919 (85.3) 1932 (80.6) 1615 (75.2)

Yes 620 (18.3) 503 (14.7) 465 (19.4) 533 (24.8)

Multiple births <0.001

No 5909 (98.3) 5223 (98.5) 4201 (98.0) 4213 (97.3)

Yes 102 (1.7) 81 (1.5) 86 (2.0) 116 (2.7)

Previous stillbirtha 0.410

No 3497 (95.8) 3349 (97.2) 2494 (95.8) 2108 (96.6)

Yes 154 (4.2) 95 (2.8) 108 (4.2) 74 (3.4)

Previous abortiona 0.067

No 2798 (76.7) 2474 (71.8) 1873 (72.0) 1752 (80.3)

Yes 851 (23.3) 970 (28.2) 729 (28.0) 430 (19.7)

Total of births 6011 5304 4287 4329

NA, not available.
aAmong women with at least one previous pregnancy.

P-value: x2 test for linear trend; *P-value: x2 test for heterogeneity.
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Even though the overall prevalence of short birth inter-

vals decreased by half over time (Table 1), the poorest

women and those with black or brown skin were more

likely to report short birth intervals than the richest and

white women in each cohort (Tables 2 and 3). Short birth

interval prevalence declined faster among the latter groups,

leading to an increase in absolute and relative inequalities

over time.

History of a previous preterm birth increased by 70%

between 1993 and 2015 (Table 1), being negatively associ-

ated with income in the 2004 and 2015 cohorts (Table 2).

Whereas among poor women, reports of previous preterm

births almost doubled, the increase among the wealthiest

women was equal to 50%. The increase was also faster

among black and brown women than among whites

(Table 3). Income inequalities were small and increased

discreetly over time, and ethnic inequalities remained al-

most stable (Tables 2 and 3).

History of a previous low birthweight birth showed a

35% increase in the whole population over the study pe-

riod (Table 1), being inversely related to income in all

cohorts (Table 2). Contrary to stable levels among brown

women, there were increases of 40% among white and 200%

among black women from 1993 to 2015 when information

Table 3. Maternal reproductive history variables per cohort and maternal skin colour

Cohort study Prevalence and CI 95%, per maternal skin colour Absolute inequality (PP)

(brown þ black) -white

Relative inequality

(brown þ black)/white
White Brown Black

At least one previous pregnancy

1982 59.6 (58.3; 61.0) 66.0 (63.0; 68.8) 6.4 1.1

1993 63.6 (62.1; 65.1) 66.7 (60.3; 72.6) 70.3 (67.3; 73.1) 6.0 1.1

2004 58.1 (56.4; 59.9) 68.6 (63.0; 73.8) 67.3 (64.1; 70.4) 9.5 1.2

2015 49.1 (47.4; 50.9) 52.9 (48.7; 57.1) 54.5 (50.6; 58.3) 4.7 1.1

x2 test for linear trend P <0.001 P <0.001 P <0.001

Median birth interval (months)a

1982 35.0 30.0 �5.0 0.9

1993 51.4 41.8 37.5 �13.3 0.8

2004 56.7 53.8 48.9 �6.6 0.9

2015 63.1 48.8 47.4 �15.3 0.8

x2 test P <0.001 P ¼ 0.110 P ¼ 0.001

Short birth intervala

1982 48.9 (47.0; 50.7) 58.8 (55.0; 62.5) 9.9 1.2

1993 33.1 (31.2; 35.0) 40.1 (32.0; 48.7) 47.0 (43.0; 51.0) 12.6 1.4

2004 28.2 (26.1; 30.5) 32.6 (26.0; 40.0) 37.8 (33.7; 42.0) 8.2 1.3

2015 25.9 (23.2; 28.7) 38.9 (32.1; 46.1) 37.2 (30.9; 43.8) 12.1 1.5

x2 test for linear trend P <0.001 P ¼ 0.936 P ¼ 0.001

Previous preterma

1982 NA NA NA

1993 10.5 (9.3; 11.7) 13.3 (8.4; 19.6) 11.8 (9.5; 14.5) 1.6 1.2

2004 18.5 (16.6; 20.4) 24.2 (18.4; 30.9) 22.3 (18.9; 26.0) 4.3 1.2

2015 17.7 (15.8; 19.8) 22.1 (17.6; 27.3) 19.1 (15.1; 23.6) 2.8 1.2

x2 test for linear trend P <0.001 P ¼ 0.053 P <0.001

Previous low birthweighta

1982 17.2 (15.8; 18.6) 23.2 (20.0; 26.7) 6.0 1.3

1993 13.9 (12.6; 15.3) 17.1 (11.6; 23.9) 17.1 (14.3; 20.1) 3.2 1.2

2004 18.0 (16.2; 20.0) 21.1 (15.6; 27.6) 23.0 (19.5; 26.7) 4.5 1.3

2015 24.2 (22.0; 26.4) 16.2 (12.2; 20.9) 34.8 (29.8; 40.0) 2.0 1.1

x2 test for linear trend P <0.001 P ¼ 0.627 P <0.001

Multiple births

1982 1.7 (1.3; 2.1) 1.9 (1.1; 2.8) 0.2 1.1

1993 1.5 (1.2; 1.9) 0.4 (0.01; 2.3) 1.9 (1.1; 2.9) 0.1 1.1

2004 1.9 (1.5; 2.5) 2.0 (0.7; 4.3) 2.3 (1.4; 3.5) 0.3 1.2

2015 2.8 (2.3; 3.5) 2.5 (1.4; 4.1) 2.1 (1.2; 3.5) �0.5 0.8

x2 test for linear trend P <0.001 P ¼ 0.065 P ¼ 0.652

aAmong women with at least one previous pregnancy.

P-value ¼ x2 test for linear trend for reproductive outcomes within each category of maternal skin colour over time.
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on the three skin colour groups was collected (Table 3). Also,

levels were stable over time for the two poorest quintiles, but

increased by 58%, 96% and 220% for those belonging to the

3th, 4th and 5th income quintile, respectively, in the period

1982–2015. Both absolute and relative inequalities decreased

in the study period (Tables 2 and 3).

Multiple births showed a 60% increase between 1982

and 2015 (Table 1), mainly due to a 220% increase in the

wealthiest women (Table 2). Absolute and relative eco-

nomic inequalities also increased over time, with the high-

est inequalities observed in 2015, when multiple births

were twice as common among the richest than among the

poorest (Table 2). White women showed a 64% increase

in multiple births, but no such trends were observed among

black or brown women (Table 3). The magnitude of abso-

lute and relative inequalities by ethnicity was low and

remained stable over time.

History of previous stillbirth and abortion remained sta-

ble at approximately 4% and 25%, respectively (Table 1).

Supplementary Tables 1 and 2, available as Supplementary

data at IJE online, show that there were no time trends in

income-related inequalities for these two outcomes.

Reports of previous abortions were reduced over time for

white women while remaining stable among black women,

thus leading to increased absolute and relative ethnic

inequalities (Supplementary Table 2, available as

Supplementary data at IJE online).

Interactions between socioeconomic indicators (family in-

come and maternal skin colour) and cohort year are de-

scribed in Supplementary Table 3, available as

Supplementary data at IJE online. Given the multiplicative

nature of logistic regression, interaction tests refer to relative

inequalities and are consistent with concentration index

results. The presence of an interaction indicates that relative

inequality changed over time, this being the case for birth

intervals, at least one previous pregnancy and multiple

births, where relative inequalities increased, and for previ-

ous low birthweight, where these decreased. The lack of evi-

dence of an interaction between income and cohort year for

previous stillbirths, previous preterm births and previous

abortions is also in agreement with the lack of changes in

relative inequalities over time. No interaction was observed

between maternal skin colour and cohort year for most of

maternal reproductive history outcomes, indicating that

inequalities did not change over time.

Discussion

During the study period, total yearly number of births

dropped by 1800 and the median birth interval increased

by 23.2 months. Low-income women were more likely to

report short birth intervals and higher parity, but

reductions over time were observed for all income and eth-

nic groups. Previous preterm births increased over time

and almost doubled among the poorest women, whereas

previous low birthweight births increased mainly among

the wealthiest but to similar extent in all ethnic groups.

The overall prevalence of multiple births increased, espe-

cially in the richest quintile and for white women.

Absolute and relative income- and ethnic-related inequal-

ities for short birth intervals increased, whereas inequal-

ities for previous low birthweight decreased over time.

In the past three decades, Brazil experienced major

political and economic changes that had a profound im-

pact on the living conditions of its population. The country

experienced economic growth up to 2011, and several

social protection programmes targeting the poorest popu-

lation groups were implemented. Coverage of essential

maternal health interventions such as use of modern con-

traceptives, attendance at antenatal care and institutional de-

livery increased and equity improved dramatically, with the

poorest 20% showing the fastest rates of improvement.

Prevalence of modern contraceptive use increased from 57%

in 1986 to 83% in 2013, and the family planning needs satis-

fied indicator—which excludes women who are willing to get

pregnant—reached almost universal coverage.36

In spite of economic improvement in the country as a

whole, the Pelotas region had slower growth than the rest

of the country, as documented elsewhere.23 In 1982, the

per capita gross domestic product of the city was similar to

the national level, but dropped to 74% of the national

value by 2015.23 Nevertheless, substantial improvements

in maternal health and education were observed in the city

during the course of the study period.37

Changes in reproductive histories over time reflected

the sharp decline in fertility observed for Brazil as a

whole.17 The crude birth rate for Pelotas fell from 23.1 to

12.9 births per 1000 population, and the annual number

of births dropped in the same period in spite of population

increase.23 Along with such a major decline in fertility, the

proportion of primiparae increased from 39% to nearly

50% and the median birth interval increased by

0.7 months per calendar year. The decline in fertility is

consistent with that observed for Brazil as a whole, where

projected values indicate a total fertility rate of 1.69 chil-

dren per woman for 2016.38 This process is directly related

to the overall improvement of quality of life and educa-

tional attainment, reduction in child mortality, the rise in

family planning with greater availability of contraceptive

methods and the increasing participation of women in the

labour market.39 The downturn in fertility rates did not

occur uniformly among different socioeconomic groups of

the population, being most marked for the wealthiest and

for white women. Worldwide, fertility decline was
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universal, from an average of 4.5 births per woman in

1970–75 to 2.5 births per woman in 2010–15. The largest

reductions took place in Asia.40

Birth intervals are also increasing globally. A study us-

ing data from demographic and health surveys (DHS) from

72 countries, ranging in date from 1985 to 2008, showed

an overall median birth interval of 32.1 months, with

marked heterogeneity between countries.41 Brazil, in 1996,

had longer median birth intervals than the Latin American

and Caribbean region, but still shorter than observed in the

Pelotas 1993 cohort (31.5, 29.9 and 48.3 months, respec-

tively). An analysis conducted in 66 countries between

1965 and 2014 showed that all major world regions had

substantial increases in birth intervals. The largest

increases were observed in sub-Saharan Africa and in Latin

America and the Caribbean.42 Consistent with the interna-

tional literature, birth intervals in our study increased

markedly, mainly among the poorest; however, white and

the wealthiest women still reported the longest birth inter-

vals in 2015.41 Correspondingly, the frequency of short

intervals (<36 months) declined sharply. Due to very well-

known maternal and child health risks associated with

short birth intervals,3–5,43 such a reduction can be regarded

as a positive public health accomplishment.

The profile of Brazilian mothers has undergone signifi-

cant changes over recent decades, with an increase in the

percentage of mothers who start reproducing at later ages,

a predominance of primiparous mothers and sustained in-

crease in the rates of caesarean deliveries.44,45 Even though

the proportion of adolescent mothers remained stable at

around 15%, the percentage of mothers aged �30 years in-

creased from about 25% in 1982 to almost 40% in

2015.23 Along with these changes, substantial improve-

ments were observed in infant survival and—to a lesser ex-

tent—in maternal health indicators. In contrast to such

improvements, there have been marked increases in pre-

term deliveries and stagnation in the prevalence of low

birthweight.17 The city of Pelotas followed this trend, as

described in the accompanying articles in this journal23,44

Specifically, preterm births rose from 6.3% in 1982 to

15.5% in 2015.46 The increased prevalence of histories of

preterm births among the poor, and of low birthweight

among the rich, are consistent with the results for the chil-

dren born in the four cohorts46 and are likely related to

changes in obstetric practices, particularly the remarkable

increase in caesarean sections.

Rates of multiple births also vary considerably across

the world. Among developed countries, twinning rates are

between 2% and 4% of all births.47 Smits and Monden

showed an average incidence of twinning across 75 low-

and middle-income countries of 1.3%, with Benin and

Vietnam being at the ends of the distribution (2.8% and

0.6%, respectively).48 Given the relative stability of mono-

zygotic twinning rates across human populations, the vari-

ation observed among the countries is almost completely

due to variation in dizygotic twinning.49 Recent decades

have seen a major increase in the number and rate of multi-

ple births in many developed countries.13,48 A combination

of factors contributed to this increase, particularly the

growing use of assisted reproductive technology, which is

more likely to result directly in multifetal gestations, as

well as in older age at the time of conception, when multi-

fetal gestations are more likely to occur naturally.50

Among low- and middle-income countries, the changes in

twinning rates over time have been small, suggesting that

the influence of fertility treatments is still low in these

countries.50 In Brazil, data from vital statistics showed a

steady increase of multiple birth rates in recent decades,

from 1.49% in 1994 to 2.09% in 2015.51 Our data from

Pelotas not only confirm the national trends, albeit at

higher rates than for Brazil as a whole, but also provide in-

formation on inequalities which are not readily available

from secondary statistics. We showed that the increase in

multiple births was restricted to high-income, white women,

whereas levels remained stable for poor and for black

women. This is certainly aligned to older age at the time of

conception and the use of assisted reproductive technology.

The main strengths of our study include the use of con-

sistently collected information from large population-

based samples of women reflecting the socioeconomic

spectrum in a middle-sized city, the high response rates

and the availability of comparable variables in all four

Pelotas cohort studies. Unfortunately, all outcome varia-

bles were assessed by maternal recall and as such may be

affected by information bias. In addition, data on zygosity

and use of fertility treatments were not available, prevent-

ing further exploration of the impact of these factors on

multiple birth incidence in the city. The four cohorts are

based on the date of delivery rather than the date of con-

ception. This raises the possibility of fixed cohort bias,52

but given that none of the variables under study is affected

by seasonality, it is unlikely that our results were affected.

In the 33 years covered by the Pelotas cohort studies,

substantial progress was observed in maternal and child

health indicators.46,53–55 Positive trends included reduced

parity and increased birth intervals. On the negative side,

reports of previous preterm and low birthweight deliveries

became more frequent. Socioeconomic and ethnic group

inequalities were narrowed down for some and increased

for other indicators, but remain important for most indica-

tors, indicating the need for further pro-equity interven-

tions. Our results show that socioeconomic inequalities in

health are dynamic, varying over time and between genera-

tions within the same city.
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