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Abstract

Background

Sub-Saharan Africa (SSA) has the highest fertility rates and highest HIV disease burden

globally. However, it is not clear how the rapid expansion of anti-retroviral therapy (ART) for

HIV has impacted the fertility gap between HIV-infected and uninfected women. We used

data from a Health and Demographic Surveillance System (HDSS) in north-western Tanza-

nia to explore trends in fertility rates and the relationship between HIV and fertility over the

25-year period.

Methods

From 1994 to 2018, births and population denominators from the HDSS population were

used to obtain age-specific fertility rates (ASFRs) and total fertility rates (TFRs). HIV status

was extracted from eight rounds of epidemiologic serological surveillances (1994–2017).

Fertility rates by HIV status and in different levels of ART availability were compared over

time. Independent risk factors for fertility changes were examined using Cox proportional

hazard models.

Results

There were 24,662 births from 36,814 women (15–49) who contributed a total of 145,452.5

Person-Years of follow-ups. The TFR declined from 6.5 births per woman in 1994–1998 to

4.3 births per woman in 2014–2018. The number of births per woman was 40% lower in

women living with HIV than in HIV-uninfected women (4.4 vs. 6.7), although this difference

narrowed over time. The fertility rate in HIV-uninfected women was 36% lower in 2013–

2018 than in 1994–1998(age-adjusted HR = 0.641; 95% CI 0.613–0.673). In contrast, the

fertility rate in women living with HIV was relatively unchanged over the same follow up

period (age-adjusted HR = 1.099; 95% CI 0.870–1.387).
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Conclusions

There was a notable fertility decline among women in the study area from 1994 to 2018. Fer-

tility remained lower in women living with HIV than in HIV-uninfected women, but the differ-

ence continued to narrow over time. These results highlight the need for more research into

fertility changes, fertility desire and family planning use in Tanzanian rural communities.

Introduction

The United Nations estimated a significant decline in fertility across the globe from 2010–

2019. Sub-Saharan Africa (SSA) has the highest fertility rates in the world, at 5.1 births per

woman, while total fertility rates in the rest of world was 2.5 births per woman in 2010–2019

[1]. In 2015, Tanzania was ranked as having the second-highest fertility in East Africa, with 5.2

births per woman [2]. General fertility rates in north-western Tanzania between 1994 and

1998 were reported to be 203 births per 1000 woman-years, and higher fertility was reported

among women in rural areas, those with lower socioeconomic status and lower educational

levels [3]. High fertility contributes to a greater risk of maternal and child mortality during

childbearing [4].

Countries in SSA are experiencing not only higher fertility but also a higher HIV disease

burden than the rest of the world. The region has the highest HIV prevalence and incidence in

the world [5]. In 2017, the national prevalence of HIV/AIDS in Tanzania was 4.6%, with an

incidence of 1.4 new infections per 1,000 adults aged 15–49 years [5, 6]. HIV infection affects

fertility through biological, behavioural, and social mechanisms. Biologically, fertility is low-

ered in women living with HIV due to an increased risk of spontaneous abortion and still-

births, increased amenorrhea and decreased coital frequencies in advanced HIV disease [7].

Ulcerative sexually transmitted infections (STIs), which are common in adults with advanced

HIV disease, lower the likelihood of conception and pregnancy [8]. There are also social-

behavioral reasons for lower fertility in women living with HIV, which include higher rates of

widowhood and divorce with lower remarriage rates and increased use of condoms in both

extramarital and marital unions [9–12].

Over the past two decades, the relationship between HIV infection and fertility has been

widely studied, with lower fertility rates being found in women living with HIV [13]. Studies

in Uganda, the Democratic Republic of Congo, and Cote d’Ivoire reported reductions in the

general fertility rate of 15–47% among women living with HIV compared to HIV-uninfected

women [14–16]. Following the availability of antiretroviral treatment (ART) in SSA, evidence

suggests a fertility rebound amongst HIV-infected women. In a systematic review of studies

looking at the impacts of ART on fertility in SSA, it was reported that ART use and duration

on ART were associated with increased fertility rates [17, 18]. However, conflicting results

have been reported. Some studies have reported a lower pregnancy incidence among HIV-

infected women on ART than among those not on ART [19, 20], while others have reported

no statistically significant difference between these groups [21].

Since 2004, Tanzania started to provide ART to eligible HIV-infected patients. In 2013, life-

long ART was provided to all pregnant women diagnosed with HIV regardless of their disease

stage and viral or CD4 cell count. This was called Prevention of Mother to Child Transmission

of HIV—Option B+ [22]. The universal HIV test and treat (UTT) policy was later adopted in

Tanzania (2016) and provided ART to all HIV-infected individuals regardless of their immune

status [23].
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The population impact of HIV and/or ART on fertility is more pronounced in countries

with high HIV prevalence, HIV testing rate, and ART coverage [12]. In Tanzania, the HIV

testing rate and ART coverage are both 82% among women aged 15 years and above in 2015/

16 [24]. It is unclear how fertility by HIV infection has evolved alongside the different phases

of the HIV epidemic and how overall fertility levels and trends have been affected by expanded

access to ART.

In this analysis, we used data from the Magu Health and Demographic Surveillance System

(HDSS) in Tanzania to explore trends in fertility rates over 25 years of follow-up from 1994 to

2018 and to determine the longer-term impact of HIV on women’s fertility rates during pre-

and post-ART-expanded program implementation.

Method

Study setting

The study was carried out within the Magu Health and Demographic Surveillance System

(HDSS), Tanzania. Magu HDSS started in 1994 to date and is one of oldest community-based

cohorts in Sub-Saharan Africa [25]. By 2020, nine villages with a combined resident popula-

tion of 45,000 people were included in the Magu HDSS. The study area lies 20 km east of

Mwanza City, the region’s capital. The population is predominant rural with a single peri-

urban trading centre. By 2020, HIV treatment services including PMTCT and family planning

services have been provided at the wards’ referral health centre and four village dispensaries.

Data collection

Information on the HDSS, serological surveillance systems and HIV testing procedures have

been described in detail elsewhere [26, 27], but briefly, the demographic data for this study

were drawn from 35 rounds of household visits, nearly 0.7 years apart from 1994 to 2018, cap-

turing all births and deaths in the resident population. HIV status data for this study were also

drawn from eight rounds of HIV epidemiologic and serologic surveillance, which was con-

ducted every three years, from 1994 to 2017. Among all HDSS population, resident adults aged

15 years and above were invited to participate in the HIV epidemiologic and serologic surveil-

lance. After informed consent was obtained, participants provided blood samples for anony-

mous HIV research testing and underwent a detailed face-to-face interview covering sexual

behaviour, child-bearing, and the use of family planning and HIV services. Blood samples

were tested for HIV at the National Institute for Medical Research (NIMR) reference labora-

tory in Mwanza.

Data management

Residency episodes were defined for each period spent in the Magu HDSS and used to calcu-

late the person-years (PY) for resident women in this analysis. The Magu HDSS defines resi-

dency as living for three months or more in the study area. All residency episodes started at

birth, or date first seen in Magu HDSS, and finished at death, the date was last seen or the right

censoring date (December 31, 2018) were captured. Data on the mother-to-child linkage,

which linked every child and their birth dates to their mother, using the residency episodes to

determine eligibility for the analysis.

Education was analysed as a time-fixed variable using the highest level of education

attended for each woman, categorized into four levels: no education, primary 1–4 years, pri-

mary 5–7 years, and post primary education. Standard five-year age groups were used to
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present age-specific fertility rates (ASFRs), and women moved from one age group to the next

as they aged. Calendar years were also grouped into five-year periods.

The HIV status of each woman was obtained from the HIV test results in the serological

surveillance systems. The date of HIV seroconversion was estimated to be the midpoint

between the first positive and last negative HIV test. An unknown HIV status was defined for

women who had never been tested within the study area; if a woman had no previous negative

tests, then the time one year before their first positive test was included as HIV positive, and

the time before that classified as unknown HIV status. For women who were HIV-negative, we

classified them as negative for five years after their last negative test and after that as HIV

unknown.

The area of residence was classified as ’rural’ for remote villages and sub villages located

within rural communities and ’peri-urban’ for the villages and sub villages residing around the

trade centre. Dates of in- and out-migration were recorded for women who moved household

and changed residence. Data entry and management were performed by using the Census and

Survey Processing System (CSPro software) version 6.3.

Statistical consideration

The age-specific fertility rate (ASFR) was defined as the number of live births to women

divided by the number of person-years contributed by women aged 15–49 years, usually

expressed in 5-year age intervals. Total fertility rates (TFRs) were defined as the sum of the

ASFRs for women aged 15–49, interpreted as the average number of live births of the woman

in her reproductive years (15–49).

From the ASFR calculation, we calculated TFR by calendar years, rural and peri-urban resi-

dence, educational level, and HIV status. In assessing the impact of ART on population fertil-

ity, we compared the TFR of women aged 15–49 over 5 years before ART availability (1994–

1998); within 5 years before ART availability (1999–2003); during the introduction of ART

(2004–2008): during ART availability (2009–2013) and finally during the period of provision

of PMTCT- Option B+ (2013–2018) within the HDSS.

In the statistical methods, we used Poisson regression, to estimate fertility rates and rate

ratios, and multivariable Cox proportional hazard models to estimate Adjusted hazard ratios

(HRs) and 95% confident intervals (CI). In this model, we investigated the interaction between

HIV status and five-year period. Wald test was used to assess significance of interaction terms.

The final models included the effect of place of residence, time periods, HIV status. educa-

tional level, ART periods with and without the interactions. Analysis was performed using

Stata, version 13.0 (Stata Corp, College Station, TX) statistical package.

Ethical consideration

Ethical approval was obtained from the Lake Zone Institutional Review Board (MR/53/100/

513) and the Ethical Review Committee of Kilimanjaro Christian Medical College of the

Tumaini University of Tanzania (certificate number 2440).

Results

Fertility data from 36,814 women aged 15–49 years between January 1994 and December 2018

were included for analysis, and a total of 145452.5 person-years (PYs) were observed. Women

living with HIV contributed 4.6% of the total follow-up time, HIV negative women 60.4% of

the time, while women of an unknown HIV status contributed 35% of the total follow-up time.

The study observed a total of 24 662 births, of which 811 births were from women living with

HIV (Table 1).
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Total fertility rates and trends over time

The overall TFR for the entire 25 years of follow-up was 5.5 births per woman. There was a

consistent decline in the TFR over the calendar years, from 6.51 births per woman in 1994–

1998 to 4.25 births per woman in 2014–2018. This is equivalent to a 42% reduction in TFR

from 1994 to 2018 (HR = 0.580; 95% CI 0.555–0.607). TFRs trends by calendar years, age

groups, educational levels and place of residence are also shown (Table 1).

Table 1. Total fertility rates (TFR) among women aged 15–49 from January 1994 to December 2018.

Variable Category Births Person years

(PYs)

Total fertility rate

(TFR)

General fertility Rate

ratio2
95% Confidence Intervals (95%

CI)

LRT p-

value3

All 1994–2018 24662 145452.5 5.5 - - -

Calendar year1

1994–1998 3901 18745.3 6.51 Ref

1999–2003 4889 23773.4 6.49 0.985 0.944–1.027 0.476

2004–2008 5148 28054.3 5.99 0.880 0.844–0.918 <0.001

2009–2013 5321 31727.1 5.59 0.807 0.774–0.841 <0.001

2014–2018 5403 43154.8 4.25 0.580 0.555–0.607 <0.001

Age groups

15–19 3531 33446.2 0.53 Ref

20–24 6284 26157.2 1.20 2.286 2.190–2.386 <0.001

25–29 5688 22712.8 1.25 2.387 2.285–2.494 <0.001

30–34 4594 20482.4 1.12 2.126 2.032–2.226 <0.001

35–39 3058 17301.1 0.89 1.685 1.603–1.772 <0.001

40–44 1238 14146.0 0.44 0.835 0.781–0.893 <0.001

45–49 269 11209.3 0.12 0.227 0.201–0.257 <0.001

Place of Residence

Rural 16191 79469.2 6.66 Ref

Peri urban 8471 65985.7 4.20 0.589 0.570–0.608 <0.001

Educational level

None 4387 23574.9 6.85 Ref

Primary 1–4 2238 10479.8 7.33 1.136 1.078–1.197 <0.001

Primary 5–7 11109 53368.0 6.48 1.112 1.073–01.154 <0.001

Secondary and

Tertiary

1008 10867.2 3.49 0.498 0.448–0.194 <0.001

HIV status

HIV-Negative 16295 82277.2 6.72 Ref

HIV-Positive 811 6535.5 4.41 0.617 0.574–0.663 <0.001

Unknown HIV Status 7137 56642.3 4.03 0.609 0.591–0.628 <0.001

ART

periods4

>5 years Pre ART 4840 23016.3 6.69 Ref

5–0 years Pre ART 5201 26172.6 6.30 0.945 0.910–0.982 0.004

ART availability 8276 46455.8 5.94 0.863 0.831–0.896 <0.001

ART & Option B+ 6345 49810.2 4.33 0.612 0.589–0.635 <0.001

1Calender year is grouped into five groups of five years each
2Fertility rate ratios are " crude " and derived from univariate Poisson regression models
3Likelihood ratio test p-value
4ART periods are calendar years grouped into four groups;>5 years Pre-ART (1994–2000), 5–0 years Pre-ART (2001–2005), ART availability (2006–2012): ART &

Option B+ (2013–2018)

https://doi.org/10.1371/journal.pone.0281914.t001
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Over the 25 years of follow-up, women in rural areas had a TFR of 6.7 births per woman,

while women dwelling in peri-urban areas had a TFR of 4.2 births per woman, representing a

38% difference in TFR (HR = 0.62; 95% CI: 0.61–0.65; p<0.001). In 1994–1998, with 40%

women residing in peri-urban areas, there were 2.2 births per woman differences in the TFR

between peri-urban and rural women, while in 2014–2018, with 47% women residing in peri-

urban areas, the difference in the TFR between peri-urban and rural women was 2.0 births per

woman. Similarly, the proportion of women with secondary education rose from 4% in 1994–

1998 to 16% in 2014–2018, with a difference in TFR of 2.1 births per woman between women

with secondary education and those with lower education. In 1994–1998, the difference in

TFR between women with secondary education and those with lower education was 3.3 births

per woman (Table 1).

The overall TFR for women living with HIV was 4.4 births per woman compared to 6.7

births per woman in HIV-uninfected women, which is equivalent to a 42% difference in TFR

(HR = 0.581; 95% CI: 0.574–0.624; p<0.001). The five-year TFR trends by HIV status showed

a steeper decline in the TFR of HIV-uninfected women than women living with HIV. The stee-

pest decline among HIV uninfected women was from 1994–1998 (7.6 births per woman) to

2014–2018 (4.9 births per woman). TFR was relatively unchanged over time in HIV infected

women. TFR changed from 3.9 births per woman in 1994–1999 to 4.3 births per woman in

1999–2003, 4.4 births per woman in 2004–2008, to 4.6 births per woman in 2009–2013, and

then to 4.3 births per woman in 2014–2018. TFR trends by education level, place of residence,

age group, and HIV status are also summarized (Fig 1).

We compared our results with fertility trends obtained in the previous National Tanzania

Demography and Health Surveys (TDHS). TDHS showed a decline in fertility from 6.2 births

per woman in 1992 to 5.2 births per woman. The decline in TFR shown in this paper is steep

in the last 5-year period, and the comparison of TFR estimates against TDHS is shown (Fig 2).

Fig 1. TFR by demographic characteristics. TFR by Place of residence (1994–2018). TFR by Place of Education

(1994–2018). TFR by Age Groups (1994–2018). TFR by HIV status (1994–2018).

https://doi.org/10.1371/journal.pone.0281914.g001
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Age-specific fertility rates (ASFR)

In general, patterns of ASFRs were different across different calendar years. The patterns

changed slightly over time; with the peak ASFRs shifting towards older ages and decreasing as

time progressed. This has been illustrated in rural and peri-urban residences plots (Fig 3).

ASFR by HIV status also showed similar patterns (Fig 4). ASFR patterns are generally

higher in HIV negative women compared to HIV positive with exception in adolescent

women. ASFR are decreasing as time progressed; with the peak ASFRs shifting towards older

ages and this can be visualized in 2014–2018 time periods.

Impact of HIV on fertility

Various factors were found to be associated with changes in fertility among women living with

HIV: peri-urban place of residence (age-adjusted HR = 0.727; 95% CI0.632–0.837; p<0.0001)

and higher educational attainment (age-adjusted HR = 0.704; 95% CI0.498–0.995; p = 0.047).

Fig 2. Comparing study TFR estimates against TDHS data.

https://doi.org/10.1371/journal.pone.0281914.g002

Fig 3. ASFR trends by place of place residence. ASFR by Calendar years (Rural), ASFR by Calendar years (Urban).

https://doi.org/10.1371/journal.pone.0281914.g003
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The fertility rate in peri-urban areas was 27% lower than women residing in rural areas and

30% lower in women who attended higher levels of education compared to those who did not

attend any school. Therefore, fertility is generally low in women residing in urban settlements

and those who attained higher education levels (Table 2).

When calendar years were disaggregated into periods of ART availability and analysis was

confined to women living with HIV only, fertility during the period of ART introduction

(2004–2008) was higher than Pre ART periods (age-adjusted HR = 1.43;95% CI 1.167–1.744,

P<0.001). Fertility in other ART time periods (2013–2018) was not significantly different from

fertility during the Pre–ART period (1994–1998) (age-adjusted HR = 1.09; 95% CI 0.870–

1.387 p = 0.430). Details on the factors associated with fertility changes by HIV status are sum-

marized (Table 2).

The final multivariable cox proportional hazard models (cox regression) included the effect

of place of residence, time periods, HIV status, educational level, ART periods with and with-

out the interactions between time periods and HIV status. The final multivariable model was

obtained by testing evidence of interactions using likelihood ration test (Wald test) between

two models. Wald test revealed no evidence of interactions, p> 0.05.

Therefore, the final multivariable analysis using the Cox proportional hazard model, with

both HIV-positive and HIV-negative women combined, peri urban residence (adjusted

HR = 0.768; 95% CI 0.743–0.794); p<0.0001), higher education attainment (adjusted

HR = 0.560;95% CI 0.520–0.605); p<0.0001) and HIV infection (adjusted HR = 0.645; 95% CI

0.600–0.694; p<0.0001) were found to be independent risk factors for fertility changes. This is

equivalent to 36% lower fertility amongst women living with HIV compared to HIV unin-

fected women, 24% lower fertility amongst women in peri-urban areas compared to women

residing in rural areas and 46% lower fertility amongst women who attended high education

compared to women who hadn’t.

Fertility rates (HIV status combined) were lower during the period of ART and PMTCT-

Option B+ availability (2013–2018) compared to pre-ART periods (1994–1998) (adjusted

HR = 0.804; 95% CI 0.707–0.922); p = 0.002). Details on the factors associated with fertility

changes when HIV statuses are combined are summarized (Table 3).

Fig 4. ASFR trends by HIV status. ASFR by HIV Status (1994–1998), ASFR by HIV Status (1999–2003), ASFR by

HIV Status (2004–2008), ASFR by HIV Status (2009–2013), ASFR by HIV Status (2014–2018).

https://doi.org/10.1371/journal.pone.0281914.g004

PLOS ONE Fertility trends by HIV status in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0281914 February 21, 2023 8 / 14

https://doi.org/10.1371/journal.pone.0281914.g004
https://doi.org/10.1371/journal.pone.0281914


Discussion

In our study using Health and Demographic Surveillance data, we found a decline in TFR

from 1994 to 2018 among all women aged 15–49 years, with a steeper decline in more recent

years (2009–2013 to 2014–2018). Overall, it remains clear that women living with HIV have

significantly lower fertility rates than HIV-negative women. However, the fertility rates in

women living with HIV infection remained similar across the time periods. Introduction of

ART coincided with a higher fertility rate in women living with HIV, but this was not signifi-

cant and there was no a fertility restoration among women living in our study area.

We found various other factors that also influenced the reductions in fertility over this time

period, including residence in urban areas and attainment of high levels of education. Our

findings support others in recognizing the relationship between an increase in a women’s edu-

cation level and its associated reduction in fertility amongst younger women [28–31]. In Tan-

zania, access to secondary education has been increasing from 2010 onwards, and in 2015, the

government implemented universal access to secondary education [32]. The steeper change is

also likely to be a result of the increased access to and uptake of family planning in marital but

primarily extramarital unions and the increased levels of urbanization within the study site

[33]. Our findings support others in Tanzania [2, 3] and from other countries within SSA [34],

Table 2. Factors associated with fertility changes among women aged 15–49 between January 1994to December 2018 by HIV status.

HIV-Negative HIV-Positive Unknown HIV-status

Variable Category Age-adjusted

fertility hazard

ratio3

95% Confidence

Intervals (95%

CI)

LRT p-

value2
Age-adjusted

fertility hazard

ratio3

95% Confidence

Intervals (95%

CI)

LRT p

value2
Age-adjusted

fertility hazard

ratio3

95% Confidence

Intervals (95%

CI)

LRT p

value2

Calendar year1

1994–1998 Ref Ref Ref

1999–2003 1.021 0974–1.070 0.431 1.153 0.896–1.485 0.269 1.027 0.924–1.141 0.624

2004–2008 0.907 0.865–0.950 <0.001 1.236 0.975–1.565 0.080 1.053 0.951–1.166 0.319

2009–2013 0.874 0.834–0.917 <0.001 1.443 1.147–1.816 0.002 1.006 0.914–1.107 0.904

2014–2018 0.633 0.599–0.669 <0.001 1.092 0.842–1.418 0.504 0.954 0.873–1.042 0.296

Place of Residence

Rural Ref Ref Ref

Peri urban 0.717 0.693–0.741 <0.001 0.727 0.632–0.837 <0.001 0.586 0.560–0.614 <0.001

Educational level

None Ref Ref Ref

Primary 1–4 1.044 0.989–1.101 0.120 0.836 0.638–1.096 0.195 1.109 0.896–1.372 0.341

Primary 5–7 0.924 0.889–0.960 <0.001 0.960 0.811–1.135 0.631 0.947 0.838–1.069 0.379

Secondary

and Tertiary

0.425 0.394–0.457 <0.001 0.704 0.498–0.995 0.047 0.403 0.305–0.532 <0.001

ART periods

>5 years Pre

ART

Ref Ref Ref

5–0 years Pre

ART

0.950 0.910–0.992 0.021 1.127 0.890–1.428 0.319 1.066 0.967–1.174 0.197

ART 0.892 0.857–0.928 <0.001 1.427 1.167–1.744 0.001 1.043 0.957–1.137 0.331

ART &

Option B+

0.641 0.613–0.673 <0.001 1.099 0.870–1.387 0.430 0.956 0.881–1.036 0.273

1Time period is grouped into five years’ groups.
2Likelihood ratio test p-value
3Fertility hazard ratios are derived from the Cox regression model and are adjusted for age only.

https://doi.org/10.1371/journal.pone.0281914.t002
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who found that women living in rural areas had higher fertility rates than those living in urban

areas and lower fertility in highly educated women than uneducated women.

Compared to HIV-uninfected women, the fertility rates in women living with HIV were

consistently lower. A Malawian study conducted in 2017 showed a fertility reduction of 8% in

women living with HIV compared to HIV-uninfected women [35], with similar results

reported in 2014 by a large study involving eight countries in West Africa [36] and of another

involving three countries in East and Southern Africa [13]. However, we found that the trend

in decline in fertility rates differed by HIV status and was steeper in HIV-uninfected women

than in women living with HIV. In 2017, Marston and colleagues demonstrated similar results

across 46 household surveys in the SSA. The findings suggested that high ART coverage atten-

uated the relationship between HIV and fertility in women living with HIV [13, 18]. ART

restores the lost fertility potential under background trends of declining fertility amongst the

general population of women in Tanzania. The population-level impact of ART on fertility

depends on the coverage of ART (primarily through the PMTCT-Option B+ program) and the

percentage of people knowing their HIV status (measured by HIV testing rates).

Table 3. Independent factors associated with fertility changes among women aged 15–49 years (1994–2018): Multivariable analysis.

Age-adjusted 2 Adjusted for all variables in the model3

Variable Category hazard ratio 95% Confidence Intervals (95%

CI)

LRT p-

value

hazard ratio 95% Confidence Intervals (95%

CI)

LRT p-

value

Calendar year1

1994–1998 Ref Ref

1999–2003 1.009 0.968–1.052 0.676 1.125 1.041–1.215 0.003

2004–2008 0.917 0.880–0.956 <0.001 1.036 0.932–1.151 0.512

2009–2013 0.847 0.812–0.883 <0.001 1.102 0.910–1.149 0.705

2014–2018 0.642 0.616–0.669 <0.001 0.936 0.809–1.084 0.378

Place of Residence

Rural Ref Ref

Peri urban 0.628 0.611–0.644 <0.001 0.768 0.743–0.794 <0.001

Educational level

None Ref Ref

Primary 1–4 1.086 1.033–1.143 0.001 1.040 0.986–1.096 0.151

Primary 5–7 0.961 0.928–0.996 0.027 0.975 0.939–1.012 0.183

Secondary and

Tertiary

0.442 0.412–0.473 <0.001 0.560 0.520–0.605 <0.001

HIV status

HIV-Negative Ref Ref

HIV-Positive 0.582 0.542–0.624 <0.001 0.645 0.600–0.694 <0.001

Unknown HIV Status 0.607 0.591–0.624 <0.001 0.798 0.741–0.859 <0.001

ART

periods4

>5 years Pre-ART Ref Ref

5–0 years Pre-ART 0.958 0.958–0.996 0.033 0.919 0.851–0.993 0.033

ART 0.885 0.854–0.916 <0.001 1.010 0.908–1.122 0.855

ART & Option B+ 0.642 0.619–0.669 <0.001 0.804 0.702–0.922 0.002

1Time period is grouped into five years’ groups.
2Age adjusted hazard ratios are derived from the Cox regression model
3Adjusted hazard ratios are derived from the Cox regression model. They are adjusted for Age, Place of Residence, Education level, Marital status, and ART Period.
4ART periods;>5 years Pre-ART (1994–2000: 5–0 years Pre-ART (2006–2012): ART & Option B+ (2013–2018)

https://doi.org/10.1371/journal.pone.0281914.t003
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Studies in other East African countries (Uganda and Kenya) found no significant relation-

ship between ART use and incident pregnancy (cause-specific hazard ratio: 0.98; 95% CI: 0.91

to 1.05), which is consistent with the results we show. Women at enrolment and on ART had

an increased risk of incident pregnancy compared to those at enrolment and not on ART

(cause-specific hazard ratio: 1.11; 95% CI: 1.01 to 1.23) [19]. Another study in Tanzania using

national DHS data reported an increase in fertility among ART users [37]. Child-bearing

behaviour is influenced by women’s fertility intentions or desire to bear more children, which

in turn is influenced by social-cultural norms and traditions. On-going research in the Magu

HDSS is further exploring trends in fertility desires over time to investigate how fertility desire

is changing in the context of the ART roll out.

The national Tanzania Demography and Health Surveys showed a decline in fertility from

6.2 births per woman in 1992 to 5.2 births per woman in 2015 [2].The decline in TFR shown

in this paper is steep in the last 5-year period. Another study in the Magu HDSS showed a con-

traceptive rate of 30% [28], which would indicate an expected TFR of approximately 5 children

per woman. This paper reports a lower TFR than expected, which may be due to some births

being missed in the DSS. We have explored this data quality issue and cannot find any poten-

tial reason for this, but later rounds of the DSS may help to uncover any systematic problems

in births records. The lower-than-expected fertility of 4.3 births per woman in the 2014–2018

periods might be plausible. The HDSS has experienced substantial urban immigration, more

people are living in Kisesa but are working in the Mwanza city. This might have increased the

proportion of peri-urban residents and those with higher education women in the HDSS pop-

ulation. Second, the majority of the births used to occur in young women aged 15–24 years,

which showed the steepest decline in fertility levels. Over the 25 years of the study data, the

peak in fertility was seen in older age groups.

Strengths and limitations of the study

This study’s strengths lie in the large number of women and a long period of follow-upwith

145 452 PY of follow-up from 1994 to 2018, which permitted meaningful epidemiological

comparisons. Additionally, the study had objective measures of outcome and exposure vari-

ables, with births collected from household visits and HIV status being measured in the field

using the standardized laboratory testing protocol in Tanzania. However, various weaknesses

should be noted when interpreting the study findings. First, the changing characteristics of the

HDSS population included overrepresentation of female study participants over males in the

epidemiological serological surveillance. Second, the HDSS population may not represent the

population of Tanzania as the Country. HDSS fertility trends over the 1994–2016 periods are

similar to the TDHS fertility estimates. Third, there may be other potential confounders that

could have influenced the association between HIV infection and fertility, although the con-

founding variables in this dataset were controlled for during analysis. We assumed the date of

HIV seroconversion at the mid-point between the last HIV negative test and the first HIV pos-

itive test, and in the absence of an HIV positive test, we assumed that those women remained

HIV negative for five years after the last HIV negative test. We did not undertake a sensitivity

analysis of these assumptions.

Conclusion

We reported a fertility decline among women in the study area from 1994 to 2018. The down-

ward trends are most likely caused by increased female education and urbanization. These

downward fertility trends will continue due to increasing urbanization, female education. The

difference in fertility by HIV status will continue to narrow as population fertility continues to
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decline in Tanzania. We suspect constancy of fertility among women living with HIV was due

to use of female contraception compared to HIV uninfected women.

These updated results on fertility trends by HIV status could improve the estimations of

population HIV prevalence from antenatal HIV data sources. The fertility rate among women

living with HIV will support the need to integrate and promote family planning services within

the PMTCT program. From the policy perspective, the findings suggest that policies to

increase female education attainment and promote access to and uptake of female contracep-

tives will accelerate the decline in fertility.
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