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Abstract

Background.
WHO recommends at least eight antenatal care (ANC) contacts, beginning in the first trimester. In sub-
Saharan Africa late booking is common, but facility-level evidence linking ANC timing and contact
frequency to maternal and perinatal outcomes remains limited, and data from Zanzibar are scarce. We
examined whether trimester of ANC initiation and contact frequency were independently associated with
adverse maternal and perinatal outcomes.

Methods.
We conducted an analytical cross-sectional study of 271 postpartum women delivering at Kivunge
District Hospital, Unguja Island, between February and May 2026, recruited consecutively. Booking was
classified as first (≤ 12 weeks), second (13–27) or third (≥ 28) trimester, and contact frequency as < 4, 4–
7 or ≥ 8. Pre-specified composite outcomes—adverse maternal (anaemia, pre-eclampsia, gestational
diabetes, haemorrhage, or caesarean delivery) and adverse fetal (birthweight < 2500 g, 5-minute Apgar < 
7, any neonatal complication, or perinatal death)—were derived from recorded clinical components.
Associations were assessed with χ² tests and multivariable logistic regression, using Firth penalised
regression for the fetal model.

Results.
Of 271 women, 256 (94·5%) attended ANC: 69 (25·5%) booked in the first trimester, 119 (43·9%) in the
second and 68 (25·1%) in the third; only 17 (6·3%) achieved eight contacts (percentages of the full
recruited sample, N = 271). Adverse maternal outcomes occurred in 150 (55·4%) and adverse fetal
outcomes in 134 (49·4%). Adverse fetal outcomes rose from 29·0% and 40·3% in first- and second-
trimester bookers to 79·4% in the third (χ²=39·69, p < 0·001). After adjustment, third-trimester booking
remained strongly associated with adverse fetal outcome (aOR 6·27, 95% CI 2·69–15·35; p < 0·001), as
did fewer than eight contacts (aOR 5·64; p = 0·022), whereas second-trimester booking did not differ
from first (aOR 1·22; p = 0·566). For adverse maternal outcomes, documented pregnancy complications
were the dominant independent predictor (aOR 3·84, 95% CI 2·13–6·92), while booking timing was not.
Findings were consistent when caesarean delivery was excluded from the maternal composite.

Conclusions.
In this Zanzibari district hospital, third-trimester ANC initiation was associated with six-fold higher odds
of adverse perinatal outcomes, whereas second-trimester booking was indistinguishable from first-
trimester booking—a threshold-like rather than graded pattern. Prioritising prevention of third-trimester
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initiation may be a more attainable programme goal than an eight-contact target met by fewer than 7%
of women.

Introduction
Antenatal care is a central platform for reducing maternal and newborn mortality. Structured contacts
with skilled providers permit early detection of complications, delivery of preventive interventions such
as iron–folic acid supplementation and malaria prophylaxis, birth preparedness counselling, and timely
referral. In 2016 WHO revised its guidance, recommending a minimum of eight ANC contacts—up from
four focused visits—with the first contact in the first trimester.

Early initiation matters because it defines the window in which screening for anaemia, hypertensive
disorders and fetal growth restriction can still alter the course of pregnancy, and because it is a practical
prerequisite for accumulating the recommended number of contacts. Across sub-Saharan Africa,
however, first-trimester booking remains uncommon, reflecting delayed recognition of pregnancy,
transport and cost barriers, and social norms around early disclosure.

Most published work in the region reports ANC coverage and its determinants; comparatively few
studies quantify the association between the timing of initiation and clinically important outcomes
within a defined delivery population, and evidence from Zanzibar is particularly limited. We therefore
determined the distribution of ANC booking timing and contact frequency among women delivering at a
district hospital on Unguja Island, and examined whether timing and frequency were independently
associated with adverse maternal and fetal outcomes.

Methods

Study design and setting
We conducted an analytical cross-sectional study at Kivunge District Hospital, a public district-level
facility in North A District (Kaskazini A), Unguja Island, Zanzibar, Tanzania. Data were collected between
February and May 2026.

Zanzibar is a semi-autonomous archipelago of approximately 1·98 million people (2022 census) with a
three-tier public health system: primary health care units and centres, district hospitals at secondary
level, and Mnazi Mmoja Hospital in Stone Town as the national referral hospital. Maternity provision is
highly centralised: Mnazi Mmoja conducts more than 12,000 deliveries annually and accounts for
roughly 30% of all facility deliveries in Zanzibar. District hospitals, several of which have been
commissioned or upgraded only recently, provide the secondary tier that serves populations outside the
urban west.

Within this system, Kivunge District Hospital is the district-level facility for Kaskazini A, a predominantly
rural district with a population of 157,369 (2022 census), and the principal provider of comprehensive
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maternity and emergency obstetric and newborn care in the rural north of Unguja. Approximately 200
births occur each month in its catchment area. Before the upgrading of its maternity unit, women
developing obstetric complications faced a journey of about one hour to Mnazi Mmoja Hospital. The
facility therefore serves a defined and geographically bounded catchment population rather than a self-
selected referral stream, which supports interpretation of these data as broadly representative of facility
deliveries in rural northern Unguja — while acknowledging that it is not representative of Zanzibar as a
whole, where the urban referral hospital dominates delivery volume.

Participants
Postpartum women admitted to the postnatal ward during the study period were recruited consecutively.
Inclusion required delivery at the facility during the study window, admission to the postnatal ward,
accessible ANC records or the ability to recall ANC attendance, and written informed consent. Women in
active labour at approach, those too unwell to participate, those with documented cognitive impairment
affecting consent, and those declining enrolment were excluded.

A total of 271 postpartum women meeting these criteria were recruited consecutively during the study
period and constitute the analysis population. Participant flow, including women who attended no
antenatal care and those with incomplete data for the multivariable models, is summarised in
Supplementary File 2 (Figure S1).

Sample size
The minimum sample was derived from the Cochran single-proportion formula (n = Z²p(1 − p)/d²) using
an early-booking prevalence of 22·9% reported from the Kilimanjaro Region of Tanzania, a 95%
confidence level and a 5% margin of error, giving a minimum of 271 participants. Consecutive
recruitment during the fixed study period yielded 271 participants, meeting this minimum. Because the
formula powers estimation of a proportion rather than regression comparisons, the number of outcome
events per predictor is reported alongside each model.

Variables and definitions
Primary exposure. Trimester of first ANC contact: first (≤ 12 completed weeks), second (13–27 weeks)
or third (≥ 28 weeks), with first trimester as the reference category. In view of the non-linear pattern
observed (Results), the three categories were retained in multivariable models rather than collapsed into
a single late-booking indicator.

Secondary exposure. Number of ANC contacts, categorised per WHO 2016 as < 4 (inadequate), 4–7
(sub-optimal) and ≥ 8 (recommended minimum); modelled dichotomously as < 8 versus ≥ 8.
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Outcomes. Two pre-specified composite outcomes were used. The adverse maternal composite was the
presence of at least one of anaemia, pre-eclampsia, gestational diabetes mellitus, antepartum or
postpartum haemorrhage, or caesarean delivery. The adverse fetal composite was at least one of
birthweight < 2500 g, 5-minute Apgar score < 7, any documented neonatal complication, or perinatal
death. Each composite was reconstructed directly from its recorded clinical components rather than
from any single global assessment field, so that the outcome definition is explicit, auditable and
reproducible from the primary record; where a global field and the component-level record disagreed, the
components were treated as authoritative because they derive from documented clinical measurements.

Rationale for the composites. Composite endpoints are standard in maternal and perinatal research
because individual adverse events are each relatively infrequent, and combining clinically related events
of comparable importance increases statistical efficiency while capturing the spectrum of morbidity that
ANC is intended to prevent. The components of each composite are recognised, guideline-defined
contributors to maternal or perinatal morbidity and mortality, and each is plausibly linked to the
timeliness and adequacy of antenatal care. Caesarean delivery was included in the maternal composite
as a marker of intrapartum complication and operative intervention; because a proportion of caesareans
are performed for reasons unrelated to maternal morbidity, its inclusion was examined directly in a pre-
specified sensitivity analysis (below), so that the main and sensitivity analyses together bracket the
effect of this definitional choice.

Operational definitions. Anaemia: haemoglobin < 11·0 g/dL. Pre-eclampsia: new-onset blood pressure ≥ 
140/90 mmHg after 20 weeks with proteinuria or end-organ dysfunction, distinguished from chronic
hypertension. Low birthweight: <2500 g regardless of gestational age. Covariates comprised maternal
age, education, occupation, marital status, parity, residence, travel time to the facility, documented
pregnancy complications and chronic conditions.

Data collection
Trained nurses and midwives administered a structured face-to-face questionnaire adapted from prior
sub-Saharan African ANC research, translated into Kiswahili and back-translated to English to verify
conceptual equivalence. Clinical outcomes reported at interview were cross-checked against ANC cards,
maternity registers, delivery records and postnatal documentation; where sources conflicted, the medical
record was treated as authoritative. Data collectors received structured training and completed
questionnaires were reviewed daily by the principal investigator.

Statistical analysis
Categorical variables are summarised as counts and percentages, continuous variables as mean (SD) or
median (IQR). Bivariate associations were assessed with Pearson χ² tests, and ordinal trend across
categories with logistic regression on an ordinal score. Multivariable logistic regression included
booking trimester, contact frequency, pregnancy complications, chronic conditions, employment,
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education, travel time and maternal age. The maternal composite was frequent (136 events among 255
complete cases, giving roughly 15 events per predictor), so the maternal model was fitted by standard
maximum likelihood. The fetal model was fitted by Firth penalised likelihood. Firth's method was chosen
a priori because the fetal analysis involved a sparse exposure stratum — only 17 women attended eight
or more contacts, among whom a single adverse fetal outcome occurred — a configuration that
produces complete or near-complete separation and, under ordinary maximum likelihood, inflated or
non-finite coefficients with unstable standard errors. Firth penalisation removes the first-order small-
sample bias of maximum likelihood and yields finite, well-behaved estimates under separation; we report
profile penalised-likelihood confidence intervals and likelihood-ratio p values, which are more reliable
than Wald statistics in this setting. As a check, the maternal model was also refitted under Firth
penalisation, with materially identical estimates. Multicollinearity was assessed by variance inflation
factors (all < 2·0). Analyses used complete cases; the number analysed is reported for each model. The
full recruited sample was 271 women throughout; no participant was removed from the study. Of the 256
women who attended ANC, one had a missing travel-time value, so complete data for the multivariable
models were available for 255 of the 256 attendees. Analyses were conducted in Python 3·12
(statsmodels 0·14, SciPy 1·17, NumPy 2·4, pandas 3·0), with Firth penalised estimation implemented
using a Newton–Raphson routine on the penalised score; significance was set at p < 0·05, two-tailed.

The maternal composite includes caesarean delivery, which is not invariably a marker of maternal
morbidity. To quantify the influence of this definitional choice rather than treat it as an afterthought, we
pre-specified a parallel analysis in which caesarean delivery was removed from the composite; the main
and sensitivity analyses are reported together so that readers can judge the robustness of the maternal
findings to the handling of caesarean section.

Ethics
The study was approved by the Zanzibar Health Research Ethics Committee (ZAHREC; reference
ZAHREC/02/ST/APR/2026/121). Written informed consent was obtained from all participants;
participation was voluntary and did not affect care. Identifiers were replaced with unique codes.
Reporting follows the STROBE statement for cross-sectional studies (Supplementary File 1).

Results

Participant characteristics
The 271 participants had a mean age of 27·6 years (SD 7·5; range 16–52). Most were married (90·8%),
had completed secondary education (62·0%) and lived in rural areas (86·3%); half were not in paid
employment (50·2%). Median parity was 2 (IQR 1–3). Median travel time to the facility was 30 minutes
(IQR 20–60), with 12·6% travelling more than 60 minutes. Documented pregnancy complications were
present in 52·4% and chronic conditions in 9·6% (Table 1).
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Table 1
Characteristics of participants (N = 271).

Variable Category n (%)

Age group (years) < 20 33 (12·2)

  20–24 78 (28·8)

  25–29 68 (25·1)

  30–34 45 (16·6)

  ≥ 35 47 (17·3)

Marital status Married 246 (90·8)

  Widowed 11 (4·1)

  Single 8 (3·0)

  Divorced 6 (2·2)

Education None 19 (7·0)

  Primary 40 (14·8)

  Secondary 168 (62·0)

  Tertiary 44 (16·2)

Occupation Unemployed 136 (50·2)

  Employed 80 (29·5)

  Self-employed 55 (20·3)

Residence Rural 234 (86·3)

  Peri-rural 37 (13·7)

Parity 0 24 (8·9)

  1 83 (30·6)

  2–4 105 (38·7)

  ≥ 5 59 (21·8)

Travel time to facility ≤ 15 min 66 (24·4)

  16–30 min 80 (29·6)

  31–60 min 90 (33·3)

  > 60 min 34 (12·6)

Pregnancy complications Yes 142 (52·4)
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Variable Category n (%)

Chronic conditions Yes 26 (9·6)

Travel time was missing for 1 participant; percentages for that variable use the available denominator.
Percentages may not sum to 100 due to rounding.

ANC attendance, timing and frequency
Overall, 256 women (94·5%) attended at least one ANC visit and 15 (5·5%) attended none. Of the full
recruited sample (N = 271), 69 (25·5%) booked in the first trimester, 119 (43·9%) in the second and 68
(25·1%) in the third. Median contact number was 4 (IQR 2–5); 116 (42·8%) attended fewer than four
contacts, 123 (45·4%) attended four to seven, and only 17 (6·3%) reached eight or more (percentages of
N = 271) (Fig. 1). Contact number declined markedly with later booking (median 5, 4 and 2 contacts for
first-, second- and third-trimester bookers respectively; Kruskal–Wallis p < 0·001); no third-trimester
booker achieved eight contacts.

Outcomes
At least one adverse maternal outcome occurred in 150 women (55·4%) and at least one adverse fetal
outcome in 134 (49·4%). The commonest maternal components were anaemia (29·9%), caesarean
delivery (25·1%), haemorrhage (18·5%), pre-eclampsia (17·7%) and gestational diabetes (10·0%). Among
neonates, 43·5% had a documented complication, 29·5% a 5-minute Apgar below 7, 19·2% a birthweight
under 2500 g, and 17·7% did not survive (Table 2).
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Table 2
Prevalence of composite outcomes and their

components (N = 271).
Outcome n %

Adverse maternal composite 150 55.4

Anaemia 81 29.9

Caesarean delivery 68 25.1

Haemorrhage 50 18.5

Pre-eclampsia 48 17.7

Gestational diabetes 27 10.0

Adverse fetal composite 134 49.4

Any neonatal complication 118 43.5

5-minute Apgar < 7 80 29.5

Birthweight < 2500 g 52 19.2

Perinatal death 48 17.7

Components are not mutually exclusive; a woman may contribute to more than one.

Booking trimester and outcomes
Adverse fetal outcomes increased sharply with later booking, from 29·0% among first-trimester bookers
and 40·3% among second-trimester bookers to 79·4% among third-trimester bookers (χ²=39·69, df = 2, p 
< 0·001). The pattern for adverse maternal outcomes was similar in direction but non-monotonic: 46·4%,
47·1% and 70·6% respectively (χ²=11·35, df = 2, p = 0·003). In both cases the excess was concentrated in
the third trimester, with second-trimester bookers closely resembling first-trimester bookers (Table 3,
Fig. 2).

Table 3
Booking trimester and adverse outcomes (ANC attendees, n = 256).

Booking trimester n Adverse maternal n (%) Adverse fetal n (%)

First (≤ 12 weeks) 69 32 (46·4) 20 (29·0)

Second (13–27 weeks) 119 56 (47·1) 48 (40·3)

Third (≥ 28 weeks) 68 48 (70·6) 54 (79·4)

Maternal χ²=11·35, df = 2, p = 0·003; fetal χ²=39·69, df = 2, p < 0·001. Trend across trimesters: maternal OR
1·64 per category (p = 0·005); fetal OR 3·04 per category (p < 0·001). The 15 women who attended no ANC
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remain in the study sample (N = 271) but have no trimester-of-booking value and so are not shown in this
table.

The 15 women who attended no ANC at all experienced the highest event rates of any group (93·3%
adverse maternal, 80·0% adverse fetal, versus 53·1% and 47·7% among attendees). They remain part of
the full analytic sample (N = 271) and are described separately here; they have no defined value for
trimester of booking, so they do not appear in the trimester-stratified analyses in Table 3 and Fig. 2.

Contact frequency and outcomes
Adverse outcomes fell steadily as contact number rose. Among women with fewer than four contacts,
62·9% had an adverse maternal and 59·5% an adverse fetal outcome, compared with 41·2% and 5·9%
respectively among the 17 women achieving eight or more (maternal χ²=8·30, p = 0·016; fetal χ²=19·82,
p < 0·001) (Table 4, Fig. 3). Only one adverse fetal outcome occurred in the ≥ 8-contact group, so
estimates involving this stratum are imprecise.

Table 4
Number of ANC contacts and adverse outcomes (n = 256).

Contacts n Adverse maternal n (%) Adverse fetal n (%)

< 4 (inadequate) 116 73 (62·9) 69 (59·5)

4–7 (sub-optimal) 123 56 (45·5) 52 (42·3)

≥ 8 (WHO minimum) 17 7 (41·2) 1 (5·9)

Maternal χ²=8·30, p = 0·016; fetal χ²=19·82, p < 0·001. Trend: maternal OR 0·56 per category (p = 0·006); fetal
OR 0·39 per category (p < 0·001).

Multivariable analysis
In the adjusted fetal model (Firth penalised; 255 complete cases, 122 events), third-trimester booking
remained strongly associated with adverse fetal outcome relative to first-trimester booking (aOR 6·27,
95% CI 2·69–15·35; p < 0·001), as did fewer than eight contacts (aOR 5·64, 95% CI 1·25–53·86; p = 
0·022). Second-trimester booking did not differ from first-trimester booking (aOR 1·22, 95% CI 0·63–2·40;
p = 0·566). No sociodemographic variable, including maternal age, was independently associated with
fetal outcome (Table 6).

In the adjusted maternal model (255 complete cases, 136 events), documented pregnancy
complications were the dominant independent predictor of adverse maternal outcome (aOR 3·84, 95% CI
2·13–6·92; p < 0·001); employment showed a borderline association (aOR 1·68, 95% CI 0·97–2·90; p = 
0·063) and chronic conditions did not reach significance after adjustment (aOR 2·18, 95% CI 0·76–6·23;
p = 0·147). Neither booking trimester, contact frequency nor maternal age retained significance (Table 5).
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Table 5
Multivariable logistic regression — adverse maternal composite (n = 255; 136 events).

Variable cOR (95% CI) p aOR (95% CI) p

Second trimester (vs first) 1·03 (0·57–1·86) 0·928 0·79 (0·39–1·57) 0·500

Third trimester (vs first) 2·77 (1·37–5·61) 0·005 1·31 (0·56–3·07) 0·527

ANC contacts < 8 (vs ≥ 8) 1·68 (0·62–4·55) 0·311 2·08 (0·62–6·98) 0·235

Pregnancy complications 4·02 (2·42–6·68) < 0·001 3·84 (2·13–6·92) < 0·001

Chronic conditions 2·95 (1·14–7·60) 0·025 2·18 (0·76–6·23) 0·147

Employment (vs unemployed) 1·37 (0·85–2·22) 0·198 1·68 (0·97–2·90) 0·063

Low education 1·13 (0·63–2·02) 0·691 0·94 (0·48–1·85) 0·863

Travel time > 60 min 1·55 (0·73–3·27) 0·253 1·18 (0·50–2·80) 0·705

Maternal age (per year) 1·02 (0·99–1·05) 0·249 1·03 (0·99–1·07) 0·127

cOR, crude odds ratio; aOR, adjusted odds ratio. McFadden pseudo-R²=0·114. Reference categories: first-
trimester booking; ≥8 contacts; no complications; no chronic conditions; unemployed; secondary/tertiary
education; ≤60 min.

Table 6
Multivariable Firth penalised logistic regression — adverse fetal composite (n = 255; 122 events).
Variable cOR (95% CI) p aOR (95% CI) p

Second trimester (vs first) 1·66 (0·88–3·13) 0·120 1·22 (0·63–2·40) 0·566

Third trimester (vs first) 9·45 (4·31–20·72) < 0·001 6·27 (2·69–15·35) < 0·001

ANC contacts < 8 (vs ≥ 8) 16·41 (2·14–125·69) 0·007 5·64 (1·25–53·86) 0·022

Pregnancy complications 1·90 (1·17–3·09) 0·009 1·10 (0·61–1·96) 0·741

Chronic conditions 1·22 (0·54–2·73) 0·637 1·03 (0·38–2·79) 0·956

Employment (vs unemployed) 1·14 (0·71–1·84) 0·585 1·20 (0·70–2·06) 0·516

Low education 0·90 (0·51–1·61) 0·730 0·72 (0·37–1·40) 0·335

Travel time > 60 min 1·33 (0·65–2·75) 0·436 1·02 (0·43–2·40) 0·972

Maternal age (per year) 0·97 (0·94–1·00) 0·083 0·97 (0·94–1·01) 0·124

Adjusted estimates from Firth penalised likelihood with profile penalised-likelihood confidence intervals and
likelihood-ratio p values. The wide interval for contact frequency reflects a single adverse fetal outcome
among 17 women with ≥ 8 contacts. Maternal age is modelled per one-year increment. Reference
categories otherwise as in Table 5.
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Sensitivity analysis
The maternal composite as defined (including caesarean delivery) identified documented pregnancy
complications as the dominant predictor. Because caesarean delivery is not invariably a marker of
maternal morbidity, we examined this definitional choice directly in the pre-specified sensitivity analysis:
refitting the model with caesarean removed (133 events, 49·1%) left the conclusions unchanged and, if
anything, strengthened the principal signal — pregnancy complications remained dominant (aOR 4·88,
95% CI 2·70–8·82; p < 0·001), booking trimester remained non-significant (third vs first aOR 1·41, 95% CI
0·61–3·30; p = 0·423), and fewer than eight contacts was borderline (aOR 3·63, 95% CI 0·96–13·76; p = 
0·058). The main and sensitivity analyses therefore agree, indicating that the maternal findings are not
an artefact of including caesarean section in the composite.

Discussion
In 271 women delivering at a Zanzibari district hospital, only about one in four attending ANC booked
within the first trimester and fewer than one in fourteen achieved the eight contacts recommended by
WHO. Third-trimester initiation was independently associated with roughly six-fold higher odds of an
adverse fetal outcome, and this association persisted after adjustment for pregnancy complications,
chronic conditions, maternal age and other sociodemographic factors. By contrast, second-trimester
booking was statistically indistinguishable from first-trimester booking. As the design is cross-sectional,
these are associations rather than causal effects.

This threshold pattern is the study's principal finding and has a direct programmatic reading. The excess
risk was concentrated among women presenting after 28 weeks, rather than distributed evenly across a
gradient from early to late booking. This suggests that shifting women from third- to second-trimester
booking could be associated with much of the available benefit, even where first-trimester attendance
remains difficult to achieve — a hypothesis that warrants prospective evaluation.

Booking timing in regional context
The first-trimester booking rate of 25·5% falls below the pooled sub-Saharan African estimate of 37·2%
derived from 86 studies across 19 countries (n = 224,317), and within the wide continental range of
13·7% (South Africa) to 69·1% (Liberia). Globally, early-ANC coverage follows a steep income gradient,
exceeding 80% in high-income countries but reaching only 52% in lower-middle-income and 24% in low-
income settings (Table 7). Coverage in this setting is thus consistent with, rather than exceptional
among, low-income sub-Saharan populations.
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Table 7
Early / first-trimester ANC coverage in comparable settings (context).

Setting Early-ANC coverage Source

Kivunge District Hospital, Zanzibar (this
study; N = 271)

25·5% This study

Tanzania — national (2022 TDHS; n = 4,243) 34·0% (95% CI 32·0–36·0) Mahiti et al.
2025

Sub-Saharan Africa — pooled (86 studies, 19
countries; n = 224,317)

37·2% (95% CI 33·3–41·0) Abdo et al.
2023

Sub-Saharan Africa — pooled, updated
estimate

38·0% (95% CI 37·8–38·2) Akinola et al.
2026

Range across African countries (updated) 14·5% (Mozambique) – 68·6%
(Liberia)

Akinola et al.
2026

Western Ethiopia — facility-based, multi-
centre (2023; n = 414)

43·2% (56·8% booked late; 95% CI
51·9–61·5)

Amsalu et al.
2025

Low-income countries (global, 2013) 63·7% Gage et al.
2025

High-income countries (global, 2013) > 80% Gage et al.
2025

Definitions of the early-ANC window (≤ 12 vs < 14 weeks) and data sources (facility records, DHS, modelled
estimates) differ across sources; comparisons are indicative rather than exact.

Comparison with regional evidence
Both coverage indicators in this cohort sit below regional benchmarks. First-trimester booking (25·5%) is
below the pooled sub-Saharan African estimate of 37·2%, and the proportion achieving eight contacts
(6·3%) is well below the 14·5% pooled across ten sub-Saharan countries in recent Demographic and
Health Surveys. Zanzibar's northern rural district is therefore not merely below the WHO target but below
the regional average on both dimensions simultaneously (Table 8).

The magnitude of the associations reported here exceeds those from population-based analyses.
Pooled DHS data across ten sub-Saharan countries found that eight or more contacts reduced the odds
of low birthweight by roughly one third (aOR 0·68), whereas the present analysis found fewer than eight
contacts associated with a roughly six-fold increase in the odds of the adverse fetal composite (aOR
5·95). Several factors plausibly account for this difference and should temper direct comparison. First,
the outcome differs: a composite spanning birthweight, Apgar score, neonatal complications and
perinatal death will move more than birthweight alone. Second, a facility delivery population is enriched
for obstetric pathology relative to a household survey. Third, the reference stratum here is small (17
women, one event), inflating the point estimate and widening its interval. Fourth, DHS analyses rely on

Page 14/23



maternal recall and typically exclude stillbirths, attenuating measured associations. The consistent
direction across these very different designs is more informative than the difference in magnitude.

A further contrast concerns study focus rather than findings. Much of the sub-Saharan literature on ANC
timing examines the determinants of late booking — knowledge, parity, pregnancy intention, distance —
rather than its consequences for mother and newborn. Studies that do link ANC to outcomes have
generally examined contact number rather than timing, and single outcomes rather than composites.
Analyses that place trimester of initiation alongside contact frequency within a defined delivery
population, as here, remain uncommon, which is where this study's contribution lies.

.Table 8. Coverage and outcome associations in comparison with regional evidence.

Source Setting / design Measure Estimate

This study Kivunge District Hospital,
Zanzibar; cross-sectional, N = 271

First-trimester booking 25·5%

Abdo et al.
2023

86 studies, 19 African countries;
meta-analysis, n = 224,317

First-trimester booking 37·2%

This study As above ≥ 8 ANC contacts 6·3%

Weyori et al.
2022

DHS, 10 sub-Saharan countries; n 
= 33,585

≥ 8 ANC contacts 14·5%

This study As above 3rd vs 1st trimester →
adverse fetal composite

aOR 6·27
(2·69–15·35)

This study As above < 8 vs ≥ 8 contacts →
adverse fetal composite

aOR 5·64
(1·25–53·86)

Weyori et al.
2022

As above ≥ 8 vs < 8 contacts → low
birthweight

aOR 0·68
(0·56–0·82)

aOR, adjusted odds ratio. Outcome definitions differ across sources (composite adverse fetal outcome here
versus low birthweight alone in pooled DHS analyses), so estimates are not directly interchangeable; the
table is intended to situate magnitude and direction rather than to provide a formal comparison.

Contact frequency
Only 6·3% of women met the eight-contact benchmark, and the shortfall was structurally linked to late
booking: median contact number fell from five among first-trimester bookers to two among third-
trimester bookers, and no woman presenting in the third trimester achieved eight contacts. Fewer than
eight contacts was independently associated with adverse fetal outcome, but the estimate rests on a
single event among 17 women in the reference stratum and must be read as imprecise. Because timing
and frequency are entangled by design — late booking mechanically limits the number of achievable
contacts — their independent contributions cannot be fully separated in these data, and the two should
be interpreted jointly rather than as competing explanations. From a programmatic standpoint, timing
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may be a practical precondition for adequate contact frequency: efforts to raise the number of contacts
without addressing late initiation are unlikely to succeed in this setting, whereas strategies that promote
earlier booking could plausibly improve both dimensions together.

Maternal outcomes and other predictors
For maternal outcomes, documented pregnancy complications dominated (aOR 3·84) and booking
timing lost significance after adjustment. Two readings are plausible and cannot be distinguished in a
cross-sectional design: complications may lie on the pathway between late presentation and maternal
morbidity, or women who develop complications may present or be referred earlier, attenuating the
apparent association with timing. Employment showed a borderline positive association with adverse
maternal outcome (aOR 1·68, p = 0·063); if real, it may reflect residual confounding by care-seeking,
referral or documentation patterns rather than a causal effect, and it warrants dedicated investigation
rather than causal interpretation.

The absence of an independent association between booking trimester and the maternal composite
does not diminish the clinical importance of the fetal findings. It may indicate that, in this setting, the
burden associated with delayed ANC falls principally on fetal and neonatal wellbeing, plausibly through
missed opportunities for early detection and management of conditions affecting fetal growth,
oxygenation and survival.

Implications for policy and practice
These findings are consistent with a dual-indicator approach to monitoring ANC performance in
comparable settings: tracking both first-trimester booking and the proportion of pregnancies booked
before 28 weeks. The latter may be a more attainable short-term target where first-trimester attendance
remains low, while still capturing the stratum in which adverse perinatal outcomes were most
concentrated. Community-based strategies to promote early pregnancy recognition, together with efforts
to reduce transport, cost and social barriers to early attendance, are plausible priorities for improving
these indicators; their effect on outcomes would need to be confirmed prospectively.

Strengths and limitations
Strengths include a consecutively recruited sample large enough to estimate adjusted associations with
reasonable precision, retention of the three-category exposure rather than a collapsed late-booking
indicator, verification of outcomes against facility records, adjustment for maternal age and other
potential confounders, penalised estimation for the fetal model, and a pre-specified sensitivity analysis
excluding caesarean delivery.

Limitations warrant emphasis. The cross-sectional design precludes causal inference and cannot
establish that late booking preceded the conditions with which it is associated. Restriction to facility-
based deliveries excludes women delivering at home, limiting generalisability to the wider pregnant
population. Gestational age at booking may be misclassified where dating relied on last menstrual
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period rather than ultrasound. The composite outcomes aggregate conditions of differing severity, and
the ≥ 8-contact stratum contained only 17 women and a single adverse fetal outcome, so estimates
involving it are imprecise. Booking timing and contact number are structurally entangled, and their
independent contributions cannot be fully separated. The modest sample size limits power for the
smallest strata. Finally, the data derive from a single facility over a four-month period.

Conclusion
In this Zanzibari district hospital, third-trimester ANC initiation was independently associated with
roughly six-fold higher odds of adverse perinatal outcomes, whereas second-trimester initiation was
indistinguishable from first-trimester initiation. Combined with an eight-contact target achieved by fewer
than 7% of women, this suggests that programme effort in comparable settings may be better directed
at preventing third-trimester presentation — through community-based early pregnancy identification and
reduction of facility-level access barriers — than at a contact count that remains far out of reach.
Monitoring the proportion of pregnancies booked before 28 weeks, alongside first-trimester booking,
would provide an attainable and clinically meaningful indicator of programme performance.
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Figures

Figure 1
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Trimester of first ANC visit (Panel A) and number of ANC contacts by WHO category (Panel B) among
women who attended ANC (n=256). WHO, World Health Organization.

Figure 2

Adverse maternal and fetal outcomes by trimester of first ANC visit (n=256).
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Figure 3

Adverse maternal and fetal outcomes by number of ANC contacts (n=256). The ≥8-contact group is
small (n=17) and contained a single adverse fetal outcome; estimates for this stratum are imprecise.
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