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Summary
Background The clinical and public health relevance of widespread testing for asymptomatic Chlamydia trachomatis
(chlamydia) infections is under debate. To address uncertainties in screening programs, we estimate reproductive
tract complication risks following asymptomatic and symptomatic chlamydia infections in a long-term prospective
cohort.

Methods A cohort of 5704 reproductive-age women recruited from a chlamydia screening study was followed for up to
14 years. Chlamydia positivity was determined using screening polymerase chain reaction test results, self-reported
diagnoses (with/without symptoms), and chlamydia Immunoglobulin G antibodies. Outcome data (pregnancies,
pelvic inflammatory disease (PID), ectopic pregnancy, and tubal factor infertility) were collected through self-
completed questionnaires. Cox regression calculated adjusted hazard ratios (aHR) with confidence intervals (CI) to
compare outcomes between time-updated chlamydia groups since sexual debut.

Findings During 104,612 person-years, 2103 (36.9%) women were chlamydia-positive and 3692 women (64.7%) had
been pregnant at least once. Risks for PID, ectopic pregnancy and tubal factor infertility were 1.62 (95% CI 1.20–2.17),
1.84 (95% CI 1.14–2.95) and 2.75 (95% CI 1.53–4.94), compared to chlamydia-negatives. aHRs for PID after
symptomatic and asymptomatic infections were 2.29 (95% CI 1.62–3.25) and 1.06 (95% CI 0.66–1.69),
respectively. Incidence of PID, ectopic pregnancy and tubal factor infertility after symptomatic chlamydia infection
remained low with rates per 1000 person-years of 5.8, 1.9, and 1.8, respectively.
*Corresponding author. National Institute for Public Health and the Environment (RIVM), Centre for Infectious Disease Control (CIb), Postbox 1
(Postbox 75), 3720 BA, Bilthoven, the Netherlands.
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Interpretation We found a significantly higher risk of PID, ectopic pregnancy and tubal factor infertility in chlamydia-
positive women compared to chlamydia-negative women, although the overall incidence rates of complications
remained low. Symptomatic, but not asymptomatic, chlamydia infections were associated with PID risk,
suggesting the largest disease burden of complications is in this group.

Funding The Netherlands Organisation for Health Research and Development (ZonMW Netherlands) and Research
Funding from the Ministry of Health, Welfare and Sports.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed for studies on the risk of complications
after chlamydia up to January 2024. The search terms were
“Chlamydia trachomatis” AND “pelvic inflammatory disease”
OR “ectopic pregnancy” OR “tubal factor infertility”.
Several studies assessed the risk for pelvic inflammatory
disease (PID) following chlamydia infection to evaluate
control efforts. One screening trial estimated untreated
chlamydia infections had a 1.9% risk of PID compared to 1.3%
for treated infections after 12 months. Another trial showed
chlamydia screening reduced hospital-diagnosed PID, but the
absolute difference was small (0.24% vs. 0.38%). Large
registry based studies from Denmark, the UK, Sweden, and
Australia, with sample sizes over 40,000, found that women
tested positive for chlamydia had a 1.3–2.4 times increased
risk of PID compared to those who tested negative.
Additionally, women tested positive for chlamydia had a
30–90% increased risk of ectopic pregnancy and tubal factor
infertility. However, these studies faced limitations such as
limited follow-up, misclassification of chlamydia status, and
gaps in data on sexual behaviour and lifestyle. Moreover,
clinical indications for chlamydia testing were overlooked,
leaving uncertainty about the benefits of asymptomatic
chlamydia testing in preventing complications.

Added value of this study
We conducted a prospective cohort study of up to 14 years
with over 5500 participants previously screened for

chlamydia. Outcomes were self-reported, thus complications
were estimated from different settings (e.g., inpatient and
outpatient) and (time to) pregnancies in a single population.
By integrating chlamydia screening records, self-reported
diagnoses, and serology testing, we minimized
misclassification and compared complication risks between
never-diagnosed and diagnosed infections, and asymptomatic
and symptomatic infections.

Implications of all the available evidence
Our results confirm that chlamydia is strongly associated with
PID (relative risk (RR) 1.6; 95% confidence interval (CI),
1.2–2.2), ectopic pregnancy (RR 1.8; 95% CI, 1.1–3.0), and
tubal factor infertility (RR 2.8; 95% CI, 1.5–4.9). Although
chlamydia increased the risk of tubal factor infertility, the
overall incidence of infertility associated with chlamydia
remained low, resulting in similar overall pregnancy rates for
chlamydia-positive vs. chlamydia-negative women, consistent
with birth rates reported in other population-based studies.
Women with symptomatic chlamydia infections were found
to have over double the risk of PID compared to those
without infections. However, no increased risk was seen in
women with asymptomatic (presumably treated) infections
or those with serology-only positive (presumably untreated)
infections. These findings can inform chlamydia policy,
potentially resulting in prioritizing symptomatic individuals in
test-and-treatment efforts.
Introduction
Chlamydia trachomatis (chlamydia) is the most reported
bacterial sexually transmitted infection worldwide, with
about 130 million annual new diagnoses.1 Many coun-
tries have implemented widespread testing for (asymp-
tomatic) chlamydia infections to reduce population
prevalence and burden of the reproductive tract
complication pelvic inflammatory disease (PID), that
can result in tubal factor infertility, and ectopic
pregnancy.2
Randomized controlled trials found that chlamydia
screening can reduce PID risk at the individual level,2–4

however it has been shown that it is difficult to achieve a
sizable reduction in population level rates of chlamydia
and PID,5,6 and there is no evidence of a protective effect
on tubal factor infertility and ectopic pregnancy.2,4 The
risk and preventable fraction of genital chlamydia for
these complications remain uncertain, especially in
asymptomatic infections, which account for around 70%
of diagnoses in women.7,8 Modelling studies have
www.thelancet.com Vol 45 October, 2024
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identified further knowledge gaps about the timing,
symptoms and role of treatment in progression from
chlamydia infection to complications.7,9

Previously, increased risks were observed for PID,
ectopic pregnancy and tubal factor infertility after chla-
mydia infection.10–15 Data collection in these studies was
through registry linkage, which is prone to misclassifi-
cation. Historical chlamydia tests have different sensi-
tivity, and complications have been identified either
from primary care records11 or hospital and emergency
room records.10,12–15 In particular PID diagnosis is chal-
lenging due to variability in severity and symptoms
resulting in differences in reporting methods and
documentation systems.16 A more accurate approach
would be capturing chlamydia status prospectively and
updating it, along with clinical indications for testing. By
evaluating pregnancy data alongside tubal factor infer-
tility, a more real-world representation of the impact on
female fertility can be achieved, while overcoming
diagnostic misclassification challenges related to tubal
factor infertility.17

In this study, we aimed to estimate chlamydia-
associated risks for late complications (PID, ectopic
pregnancy, and tubal factor infertility) and the impact on
(time to) pregnancy in a long-term prospective cohort.
Additionally, we estimated risks of complications after
asymptomatic and symptomatic chlamydia infections to
inform diagnostic and treatment guidelines and policy
on chlamydia.
Methods
Study design and participants
The design of the Netherlands chlamydia cohort study
(NECCST) has been described elsewhere.18,19 In brief,
NECCST is a prospective cohort of 5704 persons
assigned female at birth (hereafter referred to as
“women”) of reproductive-age (aged 20–44 years)
recruited from a chlamydia screening implementation
study (CSI) between 2008–11 and followed up until
2022. The CSI involved yearly chlamydia polymerase
chain reaction (PCR) test screening in women (aged
16–29 years), across four study rounds. Screening-
positive women were provided treatment and partner
notification.19 Women who were chlamydia PCR tested
at least once and consented to further research were
invited for NECCST in 2015/16. Online questionnaires
were distributed in 2015/16, 2017/18, 2019/20 and
2021/22. Questionnaires collected retrospective data on
chlamydia infections, pregnancies, and complications,
including event timing. The initial questionnaire
requested information from sexual debut onward.
Included participants who did not actively withdraw
were re-invited each round (Figure S1). These data were
merged with prior CSI data on self-reported chlamydia
infections and chlamydia PCR.
www.thelancet.com Vol 45 October, 2024
Laboratory methods
Participants received a kit in 2015/16 and 2021/22 to
self-collect a capillary blood sample via finger-prick,
which they returned via postal mail to the laboratory (a
validated process18). The serum samples were stored
at −20 ◦C until serological measurements in 2022. In
the first round 4024/5704 (70.5%) and in the last round
2147/2798 (76.7%) women returned blood samples. For
3661/5704 (64.2%) women sufficient serum was
collected to perform the antibody test on at least one of
the samples.

Chlamydia Immunoglobulin G (IgG) antibodies
were determined using an enzyme-linked immunosor-
bent assay based on conserved, serovar-independent and
species-specific, recombinant Major Outer Membrane
Protein (MOMP) antigen domains of Chlamydia tra-
chomatis (Serion Immunologics, Würzburg, Germany).
Assay sensitivity was established at 70.2% at a specificity
of 98% in comparison to a composite reference standard
for anti-C. trachomatis antibody status.20

Serological outcomes were classified as positive (>15
AU/ml), negative (<10 AU/ml), or grey-zone (10–15
AU/ml). Grey-zone outcomes underwent retesting ac-
cording to manufacturers’ instructions (grey-positive
assigned positive; grey–grey assigned negative; grey-
negative assigned negative).

Definitions and outcomes
Exposure status
Chlamydia-positive was defined as either one or a
combination of: 1) a positive PCR-test outcome in the
CSI (screening-PCR+), 2) a self-reported chlamydia
infection (self-reported+), or 3) presence of chlamydia
antibodies in serum (serology+). If women tested
negative by screening-PCR, did not self-report a chla-
mydia infection, and were not serology positive, they
were classified as chlamydia-negative.

For subgroup analyses chlamydia status was grouped
into:

1) Diagnosed chlamydia infections. For each self-
reported chlamydia infection, symptoms were
recorded: abnormal vaginal discharge, bleeding be-
tween periods, painful sexual intercourse/urination
and lower abdominal pain. Based on the afore-
mentioned, chlamydia status was grouped as: a)
symptomatic (screening-PCR+ and/or self-
reported+ with symptoms), b) asymptomatic
(screening-PCR+ and/or self-reported + without
symptoms, and c) serology+ only (those with chla-
mydia antibodies tested in study without screening-
PCR + or self-reported + diagnosis).

2) Repeat chlamydia infections. Categorized as: a) single
(self-reported + or screening-PCR+), b) multiple (2
or more) (self-reported+ and/or screening-PCR+),
and c) serology+ only. Serology+ only was
3
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considered a separate category as it was not possible
to infer successive reinfections and elapsed time
since exposure for this group.

This study used the following self-reported
outcomes:

1) PID defined as an episode of inflammation of the
fallopian tubes, ovaries, and/or uterus, diagnosed
by a medical professional. We asked if women had
been hospitalized due to PID.

2) Ectopic pregnancy in women with current or past
pregnancies.

3) Tubal factor infertility resulting from tubal abnor-
malities (potentially combined with other infertility
causes), diagnosed by a medical professional.
Although self-reported tubal factor infertility was
found a reliable measure in the Netherlands,21 we
validated a subset of cases in medical records. We
calculated substantial agreement between self-
reported tubal factor infertility and the medical re-
cords (Kappa = 0.72) (Table S1).

4) Pregnancy defined as any pregnancy including
miscarriages and abortions.

5) Time to pregnancy defined by the reported number
of months women reported that they (had)
attempted to conceive. This included women who
had become pregnant intentionally, those who ever
attempted to conceive and those who were still
trying.

To assess the risk of outcomes 1–4 for chlamydia-
positive compared to chlamydia-negative women, expo-
sure time was defined as years since sexual debut. From
sexual debut women were both “at risk” for chlamydia
infection (exposure) and complications and/or preg-
nancy (outcomes). Follow-up time ended when the last
questionnaire was returned or when the first event of an
outcome occurred.

Time to pregnancy was defined as the number of
months that women attempted to conceive until their
first planned pregnancy, until they stopped trying, or
until the last data collection.

Statistical analysis
Population characteristics were compared between
chlamydia groups using student’s t-test, Mann–Whitney
U-test, and chi-squared tests.

Incidence rates were calculated as the number of new
outcomes divided by the total person-years-at-risk (py).
Associations between chlamydia and study outcomes
were assessed through Kaplan–Meier curves and Cox
proportional hazards (PH) regression models. Risks
were expressed as hazard ratio (HR) and adjusted hazard
ratio (aHR) with corresponding confidence intervals (CI).
The PH assumption was checked by assessing log–log
plots and testing Schoenfeld residuals. Violations of the
PH assumption were resolved by stratification.

Chlamydia status was a time-dependent variable,
whereby once tested positive for chlamydia, women
remained chlamydia-positive for the further study
period. The same applied for chlamydia subgroup ana-
lyses; for example, women could initially be classified as
chlamydia-negative, then as having an asymptomatic
infection and after reporting a symptomatic infection
switch to that classification for the remaining study
period (Fig. 1). In time-to-event analyses we used
multivariate imputation by chained equations to esti-
mate infection time for women with unknown year of
infection, creating 15 simulation datasets based on
available data from women with known infection year.

For planned pregnancies, attempts to conceive were
reported in calendar months and timing of chlamydia
infections in calendar years. For these analyses we fixed
chlamydia status based on the status at the end of the
observed follow-up period.

Potential confounders were assessed time-varying:
gonorrhea diagnosis and intrauterine device (IUD)
insertion, or fixed: age, smoking, body mass index
(BMI), chlamydia tests, sex partners, condom use, edu-
cation level and migration background (Table S2). We
examined whether the relationship between chlamydia
status and outcomes varied across age groups and, if
statistically significant (P < 0.05) effect modification was
detected, conducted stratified analyses. All covariates
were initially assessed one-by-one in a model together
with chlamydia. To build the association model, we used
forward selection to assess relevant confounders. Start-
ing with the covariate that had the largest impact on the
chlamydia regression coefficient, covariates to the
multivariable model if they resulted in a ≥10% change
in the chlamydia status (or chlamydia ‘group’) regres-
sion coefficient.

Analyses were performed using R Statistical Soft-
ware (v4.1.2; R Core Team 2021).

Sensitivity analyses
We conducted the following analyses:

• Included only women with screening-PCR-positive
results (highly sensitive and specific) or self-
reported diagnoses, to assess potential recall bias.

• Excluded women with serology+ only results from
the chlamydia-positive group to assess the impact of
including serological outcomes.

• Restricted analyses for PID to hospitalized cases due
to residual uncertainties in PID diagnosis.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
www.thelancet.com Vol 45 October, 2024
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Fig. 1: Methodology for classification of chlamydia groups based on time-varying chlamydia status. Circles represent chlamydia infections
(t1–t2). Dotted lines represent hypothetical follow-up period for an individual (Δt0–Δt2). Follow-up always starts at sexual debut (t0) with
chlamydia-negative status. Screening (+) = having a positive PCR-test outcome in the screening study; self-reported (+) = a self-reported
chlamydia infection; serology (+) = presence of chlamydia IgG antibodies in serum. # serology (+) only applies if no other known chlamydia
diagnoses (screening-PCR (+) or self-reported (+)). $ remains classified as symptomatic even after subsequent asymptomatic infection. CT,
Chlamydia trachomatis; PCR, polymerase chain reaction; IgG, Immunoglobulin G.

Articles
Results
A total of 5704 women contributed to 104,612 person-
years of exposure time. In total, 2066 (36.2%) women
participated in all four rounds, 1307 (22.9%) in three
rounds, 1125 (19.7%) in two rounds, and 1206 (21.1%)
only in the first round (Figure S2).

Mean age at sexual debut (start exposure) was 16.9
(SD:2.4) years and mean exposure time was 18.3
(SD:4.6) years. For 459 women (8.1% of all women,
22.8% of chlamydia-positive women) multiple imputa-
tion was used to impute the year of infection (Table S4).

Study population
Mean age at last data collection was 35.3 (SD:4.5) years.
Compared with chlamydia-negative women (n = 3691),
chlamydia-positive women (n = 2103) had a higher BMI,
younger age at sexual debut, more lifetime sex partners
and higher gonorrhea positivity. Overall pregnancy
www.thelancet.com Vol 45 October, 2024
proportions were similar between chlamydia-positive
and chlamydia-negative women (64.9% vs. 65.1%), but
chlamydia-positive women had less often planned
pregnancies and were younger at first pregnancy
(Table S3). Women with asymptomatic chlamydia in-
fections (n = 767), as opposed to serology+ only women
(n = 449), showed higher rates of having ≥12 lifetime
sex partners (68.2% vs. 53.1%) and ≥6 chlamydia tests
(31.6% vs. 12.1%) (Table S5). Women in whom the first
diagnosed infection was symptomatic (n = 781) as
opposed to asymptomatic (n = 783) were more often
diagnosed <18 years (9.0% vs. 4.7%) (Table S6).

Pelvic inflammatory disease
In total 236 women (4.1%) reported at least one PID
episode. Among chlamydia-positive women, PID inci-
dence was significantly higher than in chlamydia-
negative women: 3.80/1000 py (95% CI 3.08–4.62) vs.
5
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1.80/1000 py (95% CI 1.55–2.14). Symptomatic chla-
mydia showed the highest incidence at 5.82/1000 py
(95% CI 4.39–7.53) (Table 1, Fig. 2a).

In multivariable analysis, adjusted for age, educa-
tional level and lifetime chlamydia tests, chlamydia-
positivity remained associated with PID (aHR 1.62,
95% CI 1.20–2.17) (Table 2).

In sub-analyses an association with PID was
observed for symptomatic infection compared to
chlamydia-negatives (aHR 2.29, 95% CI 1.62–3.25) but
not for asymptomatic infection (aHR 1.06, 95% CI
0.66–1.69) or serology+ only (aHR 1.35, 95% CI
0.78–2.35). Furthermore an association between
chlamydia-positivity and PID was found for single
infection (aHR 1.65, 95% CI 1.18–2.30) and multiple
infections (aHR 1.90, 95% CI 1.11–3.25) (Fig. 3,
Table S8).

Ectopic pregnancy
In total, 91 women (1.6%) reported one or more ectopic
pregnancies. Among chlamydia-positive women, ectopic
pregnancy incidence was significantly higher than in
chlamydia-negative women: 1.63/1000 py (95% CI
1.18–2.18) vs. 0.63/1000 py (95% CI 0.47–0.83). Symp-
tomatic chlamydia showed the highest incidence at
1.90/1000 py (95% CI 1.15–2.91) (Table 1, Fig. 2b).

In multivariable analysis, adjusted for age, migration
background, educational level, lifetime sex partners,
lifetime chlamydia tests and IUD insertion, chlamydia-
positivity remained associated with ectopic pregnancy
(aHR 1.84, 95% CI 1.14–2.95) (Table 2).

In sub-analyses, an association between chlamydia-
positivity and ectopic pregnancy was found for single
infection (aHR 1.92, 95% CI 1.13–3.29) and symptom-
atic infection (aHR 2.14, 95% CI 1.17–3.92). For the
remaining categories no significant association between
chlamydia-positivity and ectopic pregnancy was
observed (Fig. 3, Table S8).

Tubal factor infertility
In total 55 women (1.0%) reported to be diagnosed with
tubal factor infertility. Among chlamydia-positive
women, tubal factor infertility incidence was signifi-
cantly higher than among chlamydia-negatives: 1.21/
1000 py (95% CI 0.81–1.67) vs. 0.30/1000 py (95% CI
0.21–0.46). Symptomatic chlamydia showed the highest
incidence at 1.79/1000 py (95% CI 1.07–2.78) (Table 1,
Fig. 2c).

In multivariable analysis, adjusted for age and life-
time chlamydia tests, chlamydia-positivity remained
strongly associated with tubal factor infertility (aHR
2.75, 95% CI 1.53–4.94) (Table 2).

In sub-analyses, an association between tubal factor
infertility and chlamydia-positivity was found for single
infection (aHR 3.75, 95% CI 2.04–6.87), and symp-
tomatic infection (aHR 4.45, 95% CI 2.27–8.73). For
the remaining categories no association between
www.thelancet.com Vol 45 October, 2024
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Fig. 2: Kaplan–Meier plots of time (years since sexual debut) to complications by chlamydia status. (a) Pelvic inflammatory disease, (b)
Ectopic pregnancy, (c) Tubal factor infertility. Chlamydia-positive was defined as a positive PCR-test outcome in the CSI study (screening-PCR+),
and/or a self-reported chlamydia infection (self-reported+) and/or presence of chlamydia IgG antibodies in serum (serology+)*. Shaded areas
represent corresponding 95% confidence intervals. Time was censored at a sample size reduction of less than 15 participants per stratum.
*Median serology+ cases of 15 multiple imputation. PCR, polymerase chain reaction; IgG, Immunoglobulin G.
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Events Time Crude hazard ratio (HR) Adjusted Hazard Ratio (aHR)f,g,h,i,j

Na Person-yearsb or
Person-monthsc

HRd 95% CI P value aHRd 95% CI P value

Pelvic inflammatory disease

Chlamydia negative 146 78,201 Ref Ref

Chlamydia positive 90 24,484 1.95 1.47–2.59 <0.0001 1.62 1.20–2.17 0.001

Ectopic pregnancy

Chlamydia negative 52 78,897 Ref Ref

Chlamydia positive 39 25,161 2.11 1.34–3.31 0.002 1.84 1.14–2.95 0.012

Tubal factor infertility

Chlamydia negative 25 79,002 Ref Ref

Chlamydia positive 30 25,208 2.90 1.65–5.09 0.0004 2.75 1.53–4.94 0.001

Stratified analysese

Pregnancy (years following sexual debut 0–12 years)

Chlamydia negative 1233 58,966 Ref Ref

Chlamydia positive 723 17,285 1.08 1.00–1.17 0.04 1.10 1.02–1.19 0.01

Pregnancy (years following sexual debut 13–21 years)

Chlamydia negative 1126 9001 Ref Ref

Chlamydia positive 559 4749 0.94 0.85–1.04 0.21 1.02 0.92–1.13 0.77

Pregnancy (years following sexual debut 22–28 years)

Chlamydia negative 23 390 Ref Ref

Chlamydia positive 28 246 2.00 1.14–3.53 0.02 1.84 1.01–3.36 0.05

Planned pregnancy (age 16–25 years)

Chlamydia negative 214 2712 Ref Ref

Chlamydia positive 81 1825 0.68 0.51–0.92 0.01 0.67 0.50–0.91 0.01

Planned pregnancy (age 26–33 years)

Chlamydia negative 1473 13,146 Ref Ref

Chlamydia positive 567 6443 0.81 0.74–0.90 <0.0001 0.81 0.73–0.89 0.0002

Planned pregnancy (age 34–42 years)

Chlamydia negative 383 3640 Ref Ref

Chlamydia positive 200 1722 1.08 0.91–1.28 0.40 1.06 0.89–1.27 0.48

Chlamydia positive was defined as a positive PCR-test outcome in the CSI study (screening-PCR), and/or the presence of chlamydia IgG (serology) and/or a self-reported
chlamydia infection (self—reported). For these analyses, multiple imputations were used to estimate time of first chlamydia infection in women without a known first year
of chlamydia infection. HR, Hazard Ratio; CI, Confidence Interval; Ref, Reference category. aMedian cases of 15 multiple imputation datasets. bPerson-years for pelvic
inflammatory disease, ectopic pregnancy, tubal factor infertility and pregnancies. cPerson-months for planned pregnancies. dEstimated from 15 multiple imputation
datasets. eAnalyses for pregnancies were stratified by follow-up time because of violation of the proportional hazard assumption, analyses for planned pregnancy were
stratified by age of starting to conceive because of effect modification. Risk estimates for potential confounders and full multivariable models are shown in Tables S11 and
S12. fPelvic inflammatory disease model adjusted for educational level, age (linear) and number of lifetime chlamydia tests. gEctopic pregnancy model adjusted for age
(linear), migration background, educational level, age at sexual debut, number of lifetime sex partners, number of lifetime chlamydia tests and intrauterine device insertion.
hTubal factor infertility model adjusted for age (linear) and number of lifetime chlamydia tests. iPregnancy model adjusted for: age (linear), number of lifetime sex partners
and age of sexual debut. jPlanned pregnancy model adjusted for: age (linear).

Table 2: Association between chlamydia positivity and pelvic inflammatory disease, ectopic pregnancy, tubal factor infertility, pregnancy and planned
pregnancy in women participating in Netherlands chlamydia cohort study.
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chlamydia-positivity and tubal factor infertility was
observed (Fig. 3, Table S8).

Sensitivity analyses are given in the Supplementary
Materials (Tables S7, S9, S10), which did not change any
of the results significantly.

Pregnancy
In total 3692 women (64.7%) had been pregnant at least
once. Among chlamydia-positives, the incidence rate of
pregnancies was significantly higher compared with
chlamydia-negatives: 67.7 per 1000 py (95% CI
63.2–71.3) and 41.9 per 1000 py (95% CI 40.3–43.5)
respectively (Table 1).
Multivariable analysis, stratified by follow-up time
due to a proportional hazard assumption violation
(Fig. 4a), showed higher pregnancy chances in
chlamydia-positives (aHR 1.10, 95% CI 1.02–1.19) dur-
ing the first exposure interval (0–12 years after sexual
debut). No significant differences were observed in
subsequent exposure intervals (Table 2).

Planned pregnancy
A total of 3236 women (56.7%) had either a planned
pregnancy or tried but failed to become pregnant
(Table S3). After removing records with missing time
values (n = 27), 3209 women were included with a total
www.thelancet.com Vol 45 October, 2024
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Fig. 3: Complication risks for chlamydia subgroups, reference is chlamydia-negative. (a) Chlamydia diagnosis: asymptomatic, symptomatic,
and serology+ only, (b) Repeat chlamydia infection: single infection (self-reported + or screening-PCR+), multiple infections (≥2 or more) (self-
reported+ and/or screening-PCR+), and serology+ only. Error bars represent 95% confidence intervals. Number of events per group and un-
adjusted hazard ratios can be found in Table S8. CT, Chlamydia trachomatis; PCR, polymerase chain reaction.

Articles
of 29,496 months of person-time follow-up, during
which 91.0% (n = 2918) became pregnant. 77.2% of
women became pregnant within 12 months, 73.4%
(95% CI: 70.3–76.1) in chlamydia-positives and 78.5%
(95% CI: 76.6–80.1) in chlamydia-negatives (Fig. 4b).

Multivariable analysis, stratified by age of starting to
conceive because of effect modification, showed lower
chances of planned pregnancy in chlamydia-positives vs.
chlamydia-negatives in age categories 16–25 years (aHR:
0.67, 95% CI: 0.50–0.91) and 26–33 years (aHR: 0.81,
www.thelancet.com Vol 45 October, 2024
95% CI: 0.73–0.89). No significant difference was found
in the 34–42 age category (Table 2).
Discussion
In this prospective cohort of 5700 Dutch women who
were followed up for up to 14 years, a previous chla-
mydia infection increased the risk of complications by
1.6 times for PID, 1.8 times for ectopic pregnancy and
2.8 times for tubal factor infertility. Complication risks
9
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Fig. 4: Kaplan–Meier plots of time (years or months) to pregnancy by chlamydia status. (a) Pregnancy, (b) Planned pregnancies. Chlamydia-
positive was defined as a positive PCR-test outcome in the CSI study (screening-PCR+), and/or a self-reported chlamydia infection (self-re-
ported+) and/or presence of chlamydia IgG antibodies in serum (serology+)*. Shaded areas represent corresponding 95% confidence intervals.
Time was censored at a sample size reduction of less than 15 participants per stratum.*Median serology+ cases of 15 multiple imputation.
PCR, polymerase chain reaction; IgG, immunoglobulin G.
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were low, with women having a prior chlamydia infec-
tion experiencing rates between 1.2 and 3.8 per 1000 py,
and those without a prior chlamydia infection rates be-
tween 0.3 and 1.8 per 1000 py. Symptomatic, but not
asymptomatic chlamydia infections were associated
with increased PID risk. The same findings were
observed for the other adverse reproductive outcomes.
Overall pregnancy chances were not reduced following a
chlamydia infection; but duration of trying to conceive
was increased.

This is the first large-scale, long-term cohort study
to collect prospective data on complications and
www.thelancet.com Vol 45 October, 2024
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potential confounders from a setting with widespread
chlamydia control activities. While the majority of
studies used hospital records only,10,12–15 this study
included diagnoses from all clinical settings, which
enhanced the accuracy of estimates, especially for
PID.22 Our cohort provides an unique opportunity, as
serology testing allowed to compare the risk of com-
plications in never-diagnosed women to women with
diagnosed infections.

This study is not without limitations. Lifetime chla-
mydia status may still be misclassified. Chlamydia
serology can be used in epidemiological studies to cap-
ture additional infections when PCR testing intervals
are not frequent enough to detect infections before they
resolve.23,24 However, not all women will generate
detectable or persistent antibodies after a chlamydia
infection23; approximately 30% of women with prior
infections may go unnoticed by the serology test we
used.20 Combining chlamydia exposure measures
partially addressed this challenge. We expect the under-
detection of antibodies to be differential, as prior studies
found that women with recurrent chlamydia infections25

or complications26 are more likely to test and remain
seropositive. Thus, the estimated risk of complications
associated with chlamydia serology positivity may be
skewed toward highly exposed women, potentially
overestimating the actual risk.

Outcomes were self-reported which could introduce
bias. We reduced this by several measures. Diagnostic
bias toward chlamydia-positive women could take place
due to chlamydia history being part of the diagnostic
criteria for PID.16 This could lead to an overestimation of
effect size. However, restricting analyses for PID to
hospitalized cases yielded similar results. To improve
validity of self-reported fertility outcomes,21 we incor-
porated risk estimates for (planned) pregnancies and
verified medical records for self-reported tubal factor
infertility.

The NECCST cohort is a subset of a population-
based chlamydia screening study, and participants
could enroll when they had already experienced an
outcome. Selection bias could increase the association
between chlamydia and complications, but is likely least
pronounced for ectopic pregnancy which is less known
to be linked to chlamydia. Risks at study inclusion were
published elsewhere and were slightly higher for PID
and tubal factor infertility, but lower for ectopic preg-
nancy, compared to the completed cohort study.27 Be-
sides selection bias, differences could be explained by
the association between chlamydia and complications
altering with reproductive lifetime, captured by longer
follow-up time. Some factors related to loss-to-follow-up
in our cohort (e.g., non-Western migration background
and practical education level) were associated with both
chlamydia positivity and complication risks. While we
adjusted the risk estimates for these factors, unmea-
sured residual confounding related to retention cannot
www.thelancet.com Vol 45 October, 2024
be excluded. For example, migration background likely
reflects unmeasured factors such as variation in host
genetic factors, as well as structural drivers such as
socio-economic status. As a result, our incidences and
overall estimates might not be representative of high
chlamydia disease burden groups.

Despite the differences in cohort structure, defini-
tion of chlamydia status, confounders and outcome
determination, the risk for PID after chlamydia infec-
tion (aHR 1.6) in our study was very similar to estimates
from four large population-based cohorts (aHR
1.3–2.4).11–14 For ectopic pregnancies (aHR 1.8) results
are also consistent with prior studies (aHR
1.3–1.9).10,11,13–15 Our estimated risk (aHR 2.8) for tubal
factor infertility was notably higher than two similar
studies that reported risks of 1.3–1.5.10,13 In these studies
the comparison group consisted of women who tested
negatively by PCR, thereby excluding low-risk never-
tested women. On contrary, in our study low-risk
women were tested during the initial screening and
included in the reference group. The absolute in-
cidences of tubal factor infertility and ectopic pregnancy
were low and in line with estimates from a previous
statistical inferences modeling study.7 This limited the
statistical power in sub-group analyses, likely leading to
non-significant risk observed for repeat diagnoses, while
large retrospective studies did find a dose–response
relationship10,11,13

We observed no reduction in overall pregnancy rates,
in line with population-based cohort studies on birth
rates.15,28 We calculated more unplanned pregnancies
(15%) in chlamydia-positives as compared to chlamydia-
negatives, likely due to more unprotected sexual contact.
The large proportion of (younger) chlamydia-positive
women who already had an unintended pregnancy
could lead to an overestimation of the effect of chla-
mydia on fertility in the remaining women with inten-
ded pregnancies. This hypothesis aligns with our
observation that there was no difference in chances of
planned pregnancy among older women (≥34 years).

Stratified analyses showed that women with a
symptomatic chlamydia infection have an over twofold
increased risk of PID and tubal factor infertility
compared to women with an asymptomatic infection.
This may be explained by symptomatic infections being
caused by a more virulent bacterium, and/or higher
bacterial load, and/or it could be indicative of a more
severe host response.7,8 Furthermore, chlamydia symp-
toms could indicate undiagnosed PID, potentially lead-
ing to higher complication rates in symptomatic women
compared to asymptomatic women.

The majority of chlamydia infections in our cohort
were PCR confirmed or self-reported diagnoses and
therefore we may assume that women received anti-
biotic treatment according to clinical guidelines. During
the study period single-dose oral azithromycin was the
regular treatment which is highly accessible in the
11
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Netherlands and known for a very high patient adher-
ence.29 On the opposite, women who were only positive
by serology or chlamydia negative were unlikely to be
treated, although we cannot rule out incidental (i.e.,
prescribed for another infection) chlamydia-effective
antibiotic use. However, accidental effective azi-
thromycin or doxycycline treatment without chlamydia
diagnosis is expected to be minimal given the
Netherlands’ very low background antibiotic consump-
tion.30 While our study was not designed to directly asses
the effect of treatment on complications, we observed
that risk for PID after asymptomatic chlamydia in-
fections (presumably treated) and women only positive
by serology (presumably untreated) were comparable
and not significantly different from women without a
chlamydia infection, in contrast to symptomatic in-
fections which had significantly increased risk for PID.
These findings may be taken into account when recon-
sidering the chlamydia treatment policy, which may
result in prioritizing symptomatic individuals in test-
and-treatment efforts.

However, it’s important to note that the findings of
observational studies are specific to the context of their
respective study settings. Current chlamydia (opportu-
nistic) screening policies vary widely in Europe,
reflecting ongoing uncertainty about the extent to which
severe complications, such as infertility, can be pre-
vented through screening.4,31,32 These policies are partly
informed by evidence from observational studies, which
provide data on the incidence and preventable fraction
of complications. Our study suggests that the impact of
chlamydia on infertility may be limited at a population
level. However, to extrapolate to other settings and
inform chlamydia screening policies, it’s crucial to ac-
count for variations in social factors, health literacy,
access to medical care and medications for which our
study could not account, as well as reproductive char-
acteristics across different populations.

Primary prevention and timely testing and treatment
of symptomatic chlamydia infections, especially in
young women, remains important. Monitoring and
surveillance for complications is needed to evaluate the
public health impact of chlamydia.
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