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Abstract

Background: Preconception care may be an efficacious tool to reduce risk factors for adverse pregnancy outcomes
that are associated with lifestyles and health status before pregnancy. We conducted a web-based cohort study in
Italian women planning a pregnancy to assess whether a tailored web intervention may change knowledge and
behaviours associated with risks for adverse pregnancy outcomes.

Methods: The study was entirely conducted on the web on a cohort of Italian women of childbearing age. Data
collected at baseline on health status, lifestyles and knowledge of risk factors for adverse pregnancy outcomes were
used for generating a tailored document including recommendations for folic acid supplementation, obesity and
underweight, smoking, alcohol consumption, vaccinations, chronic and genetic diseases, exposure to medications.
Prevalence of risk factors and knowledge was assessed 6 months after the intervention. Logistic regression models
were used to explore the factors associated with risk factors after the intervention.

Results: Of the 508 enrolled women, 282 (55.5%) completed the study after 6 months since the delivery of tailored
recommendations. At baseline, 48% of the participants took folic acid supplementation (95% CI 43.2; 51.9) and 69%
consumed alcohol (95% CI 64.7; 72.9). At the follow up 71% of the participants had a preconception visit with a
physician. Moreover we observed a decrease of alcohol consumption (−46.5% 95% CI −53.28; −38.75) and of the
proportion of women not taking folic acid supplementation (−23.4% 95% CI −31.0; 15.36). We observed an
improvement in knowledge of the information about the preconception behaviours to prevent adverse pregnancy
outcomes (20.9% 95% CI 14.6%; 27.1%). Having a preconception visit during follow up was significally associated to
an increase in folic acid supplementation (OR 2.53 95% CI 1.40; 4.60).

Conclusions: Our results suggest that a tailored web intervention may improve general preconception health in
women planning a pregnancy. A web preconception intervention may be integrated with classic preconception
care by health professionals. Clinical trials should be conducted to confirm these findings.

Keywords: Preconception care, Preconception health, Preconception counselling, Adverse pregnancy outcomes,
Folic acid, Web intervention, Internet, Lifestyles
Background
Maternal lifestyle and health status are associated with
the risk of adverse pregnancy outcomes (APOs) [1-7].
Preconception care can effectively inform women on
how to identify and reduce risk factors for APOs through
appropriate prevention [8]. Specifically, preconception
interventions include smoking and alcohol cessation,
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achievement of a proper weight, folic acid supplementation,
review and update of vaccinations, appropriate manage-
ment and therapy of chronic diseases. In fact, some of these
interventions have been shown to have effects on maternal
health status, while the effectiveness in reducing the inci-
dence of APOs still needs substantial evidence [9].
The Internet has achieved a pivotal role as a source of

health information for physicians and for the general
public [10,11], and may be an effective tool for delivering
health care interventions to patients. A large number of
web interventions aimed at improving lifestyles (smoking,
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alcohol consumption, diet, physical exercise) have been
conducted, showing various levels of efficacy [12].
Web interventions offer several advantages as compared

to traditional interventions because of high penetration
of the Internet in the general population, wide enrol-
ment potential through social media, interaction and
personalization, time and costs savings, anonymity and
privacy maintenance [13]. Although women widely use
the Internet to get information on fertility and pregnancy
[14], preconception counselling or interventions to reduce
risk factors for APOs have rarely been delivered through
the web [15,16].
We conducted a cohort study to explore the efficacy of

an informative and tailored intervention in a population of
Italian women of childbearing age planning a pregnancy.
To this aim, we assessed their knowledge and prevalence
of risk factors for APOs at baseline, and six months after
delivering a set of tailored recommendations through
the web.

Methods
Study design
We conducted a cohort study in Italian women of child-
bearing age who were planning a pregnancy within a year.
Women were recruited on a web platform where they
were profiled through a questionnaire on knowledge
and behaviours. A summary of the study is provided
(Additional file 1). Participants were then provided a
downloadable document including recommendations for
preventing risk factors for APOs based on their profile. A
fictitious example of a tailored document is provided
(Additional file 2). Details of the questionnaires and of the
recommendations included in the tailored document are
discussed in the following sections.
Prevalence of risk factors and knowledge was assessed

again 6 months after the intervention. The study was
approved by the Bambino Gesù Children’s Hospital
ethical committee.

Population, promotion of the study and enrolment
The study was conducted from September 2011 to May
2013. A convenience sample was included in the study
through inclusion of women consecutively visiting the
platform and requesting to be enrolled. Eligibility and
exclusion criteria were reviewed through a questionnaire
on the study web platform. Eligibility criteria included: 1)
female gender; 2) age 18–45 years; 3) residence in Italy; 4)
Italian language spoken; 5) plan of getting pregnant within
the following year; 6) active email address and internet
access; 7) online informed consent. Women with an on-
going pregnancy were excluded from the study. Women
not satisfying eligibility criteria were recommended to visit
a web site on risk factors prevention during preconception
period and pregnancy. The study was entirely conducted
on the web and participants were never interviewed in
person.
The study was promoted through Facebook and through

articles explaining the project. The articles were freely
published on 10 web sites dedicated to women’s health
and family care. Facebook posts promoting the study were
published twice a week for 2 months. Enrolment contin-
ued from September 2011 to November 2012, while the
remaining six months, until May 2013, were dedicated to
follow-up only. No paid advertisement was ever used and
no incentives were offered for participation in the study.

Web platform and intervention
Women meeting inclusion criteria were provided unique
credentials (unique identifier, user name, and password)
to access their personal account. Multiple enrolments by
the same participant were prevented through manual
review of multiple records with identical email address,
IP address and responses to questionnaires.
Upon enrolment, women were asked to fill in a ques-

tionnaire on social and demographic data, personal and
family medical history, lifestyles and knowledge of risk
factors for APOs. The investigated risk factors included:
obesity and underweight, smoking, alcohol consumption,
genetic diseases and malformation, underlying diseases,
exposure to medications, need for vaccination against
rubella, varicella and hepatitis B. Folic acid supplementa-
tion was also investigated. Based on the information on
the participant’s risk factors, a tailored set of recommen-
dations was provided through a downloadable document
created through an algorithm embedded in the website.
The recommendation set was prepared following the
guidelines provided by the American College of Obste-
tricians and Gynecologists (ACOG) [17]. The tailored
document included a summary of personal information
and a number of recommendations profiled on the partici-
pant’s risk factors. Each recommendation included no more
than 2 text pages and included: a) general information on
condition or exposure; b) type and frequency of associated
adverse events concerning pregnancy; c) recommendations
either on strategies to change behaviour or on medical
interventions. Finally, the participants were invited to
have a preconception visit with a health professional
(her general practitioner, her obstetrician/gynaecologist)
in order to have a complete assessment and counselling
before getting pregnant. Participants were also invited to
show the tailored document to the physician during the
preconception visit (Additional file 2).

Follow-up
Participants were reminded of the recommendation docu-
ment through a monthly email. Six months after the
enrolment, participants were invited by email to fill in a
questionnaire including the same information on know-
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Figure 1 Flowchart of participants to the pilot study.
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ledge and behaviours recorded at enrolment. The question-
naire also investigated if the participant had a preconcep-
tion visit after enrolment before getting pregnant. Enrolled
women could withdraw from the study at any moment.

Definitions and statistical analysis
Incomplete and inconsistent questionnaires were excluded
from the analysis.
We described the population of participants through

their socio-demographic, clinical, and behavioural char-
acteristics. Consanguinity was defined as union between
people that are related as first cousin or closer. Family
history included genetic diseases, birth defects and
malformations up to the first cousin relationship. Under-
lying diseases included type 1 diabetes, hypertensions, epi-
lepsy, hypo- and hyperthyroidisms, hyperphenylalaninemia
and asthma. Regarding drugs consumption, we asked for
any current therapy, including over-the-counter medica-
tions. Drinking alcohol and smoking were defined as drink-
ing any quantity of alcohol and smoking any quantity of
cigarettes. An obstetrician/gynaecologist visit was defined
as a routine check-up visit with an obstetrician or a gynae-
cologist, not necessarily including preconception counsel-
ling. We defined a woman as needing a rubella or hepatitis
B vaccination if she had a) a negative serological test or no
test ever performed and b) no specific immunization re-
ceived. Need of varicella vaccination was defined as a) a
negative serological test or no test ever performed and b)
no specific immunization received and c) no recall of clin-
ical disease. At follow up, preconception visit was defined
as a visit with a health professional (her general practitioner,
her obstetrician/gynaecologist) in order to have a complete
assessment and counselling before getting pregnant.
We calculated the difference (percentage and 95% CI)

between the prevalence of risk factors, and the level of
knowledge of risk factors for APOs, before and six months
after the delivery of tailored recommendations.
We studied the proportion of participant not taking folic

acid supplementation and the prevalence of the following
risk factors at enrolment: no visit with an obstetrician/
gynaecologist in the last year, alcohol consumption,
smoking, being underweight (BMI <18.5) or overweight
(BMI ≥25), the need for vaccination against varicella,
rubella, and hepatitis B.
We also studied the knowledge of the following items:

folic acid supplementation, timing of preconception
counselling, inheritability of malformations and genetic
diseases, age at risk for Down syndrome, importance of
maintaining a normal weight to prevent adverse pregnancy
outcomes, need of testing susceptibility to infectious dis-
eases before pregnancy, risk of vaccine preventable diseases
which are harmful during pregnancy, underlying maternal
diseases, smoking, medications and drinking alcohol on
pregnancy outcomes.
Differences in proportions were assessed through the
Chi square or Fisher exact test as appropriate. Differ-
ences in continuous variables were assessed through the
Student t test.
Moreover, through logistic regression, we explored the

effect of the following variables on risk factor prevalence
after the intervention: parity, obstetrician or gynaecologist
visit in the past 12 months, Pap smear test performed
in the last 5 years; having initiated a pregnancy before
the end of follow up; having had a preconception visit
before the follow up questionnaire. We performed multiple
logistic regression models in which current pregnancy
was included as a single independent variable or as an
interaction term with the other variables. We also adjusted
the analysis for the following variables: age, geographical
area of residence, education, employment, obstetrician or
gynaecologist visit before enrolment, any previous miscar-
riage, family history of malformations, chronic or genetic
diseases, underlying disease, current continuous use of
any medication.
We used the STATA statistical package to perform the

statistical analysis; 95% confidence intervals have been
calculated according to Newcombe [18].

Results
From September 2011 to November 2012, 896 women
applied to participate in the study. 508 (56.7%) of them
satisfied eligibility criteria and provided complete infor-
mation at enrolment; 282 (55.5%) of them completed the
follow-up (Figure 1).
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Table 1 describes sociodemographic data, clinical data
and prevalence of baseline risk factors among participants
who completed the follow up and in those who did not.
The majority of participants reported to be graduated,
employed and planning their first pregnancy. Most partici-
pants had been visited by an obstetrician/gynaecologist in
the past year and had undergone a Pap smear test in the
past 5 years. Nearly 10% reported previous miscarriages
and 12.5% had a family history of malformations, disabil-
ities, genetic diseases or chronic diseases.
More than a half of participants were not taking folic

acid supplementation; nearly 70% reported to drink alco-
hol, while smoking was less prevalent (16.9%); one fifth
was overweight; nearly 15% reported to have an under-
lying disease. One fifth reported to take medicines. Re-
garding immunization against preventable infectious
diseases, 21.2%, 13.3%, and 43.7% needed a vaccination
against rubella, varicella and hepatitis B respectively.
Women who did not complete the follow-up were less

frequently graduated and employed, were more frequently
overweight and more frequently reported previous miscar-
riages and smoking. Moreover, they had performed a Pap
Table 1 Characteristics of participants and prevalence of risk

Participants w
the survey (n =

Age, yrs (SD) 32.4 (4.6)

University degree, N (%) 184 (65.2)

Employed, N (%) 251 (89.0)

Residence

North, N (%) 125 (44.3)

Center, N (%) 114 (40.4)

South, N (%) 43 (15.2)

Planning first pregnancy, N (%) 213 (75.5)

Previous miscarriage, N (%) 16 (5.7)

Obstetrician/Gynaecologist visit in the last year, N (%) 243 (86.2)

Pap-test in the last 5 years N (%) 265 (94.0)

Family history of malformation, N (%) 31 (11.0)

Consanguinity, N (%) 5 (1.8)

Underlying diseases, N (%) 45 (16.0)

Current medicine consumption, N (%) 51 (18.1)

No Folic acid supplementation N (%) 148 (52.5)

BMI <18.5 N (%) 23 (8.2)

BMI ≥ 25 N (%) 52 (18.5)

Need of vaccination against rubella N (%) 55 (19.5)

Need of vaccination against varicella N (%) 37 (13.1)

Need of vaccination against hepatitis b N (%) 117 (41.5)

Smoking (any quantity) N (%) 37 (13.1)

Drinking alcohol (any quantity) N (%) 202 (71.6)

Missing values may affect denominators of different items.
test less frequently compared to those who completed the
follow-up.
Table 2 shows risk factors prevalence after the inter-

vention and reports the differences between prevalence
figures at the beginning and at the end of the study. The
highest variation was observed for alcohol consumption
(−46.45%; 95% CI −53.28; −38.75), followed by folic acid
supplementation (−23.4%; 95% CI −31.0; 15.36). Suscep-
tibility to hepatitis B (−22.34%; 95% CI −29.5; −14.84)
and rubella (−13.83%; 95% CI −19.29; 8.46) also decreased
significantly. Moreover, at follow up, 200/282 (70.9%)
reported to have had a preconception visit before get-
ting pregnant and 102/282 (36.2%) reported to have
got pregnant.
Regarding participants’ knowledge of risk factors for

APOs, the overall level of knowledge was high at base-
line, with the exception of knowledge on adverse effects
of overweight and obesity, teratogenicity of some drugs,
alcohol consumption, maternal underlying diseases and
infectious diseases (Table 3). In comparison with women
who did not complete the follow up, the participant
who ended the study had a higher knowledge of APOs
factors for adverse pregnancy outcomes at baseline

ho completed
282)

Participants who did not
complete the survey (n = 226)

Total
(n = 508)

P

32.5 (5.1) 32.4 (4.8) 0.832

122 (54.0) 306 (60.2) 0.012

175 (77.4) 426 (83.9) <0.001

88 (38.9) 213 (41.9) 0.061

85 (37.6) 199 (39.2)

53 (23.5) 96 (18.9)

164 (74.2) 377 (75.0) 0.734

33 (14.9) 49 (9.7) 0.001

183 (82.8) 426 (84.7) 0.298

191 (86.4) 456 (90.7) 0.004

32 (14.16) 63 (12.5) 0.257

9 (4.1) 14 (2.8) 0.12

28 (12.8) 73 (14.6) 0.32

51 (22.9) 102 (20.2) 0.184

118 (53.4) 266 (52.9) 0.839

11 (4.9) 34 (6.7) 0.151

55 (24.9) 107 (21.3) 0.083

52 (23.4) 107 (21.2) 0.285

30 (13.5) 67 (13.3) 0.913

103 (46.6) 220 (43.7) 0.251

48 (21.7) 85 (16.9) 0.011

148 (67.0) 350 (69.6) 0.259



Table 2 Comparison of prevalence of risk factors for APOs before and after the intervention

Prevalence of risk factors for
APOs after intervention n = 282 (%)

Difference, % (95% CI) P

No folic acid supplementation 82 (29.1) −23.4 (−31.0; 15.36) <0.001

BMI < 18.5 16 (5.7) −2.48 (−6.84; −1.79) 0.25

BMI ≥ 25 61 (21.6) 3.19 (−3.43; 9.78) 0.34

Need of vaccination against rubella 16 (5.7) −13.83 (−19.29; 8.46) <0.001

Need of vaccination against varicella 16 (5.7) −7.45 (−12.38; 2.64) 0.002

Need of vaccination against hepatitis b 54 (19.1) −22.34 (−29.5; −14.84) <0.001

Smoking, any quantity 16 (5.7) −7.45 (−12.38; 2.64) 0.002

Drinking alcohol, any quantity 71 (25.2) −46.45 (−53.28; −38.75) <0.001
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associated to smoking (97.9% vs 93.9% p = 0.023) and of
the effect of vaccinations to prevent harmful infection
diseases (85.8% vs 75.7% p = 0.004) (Table 3).
At the end of the study, the participants showed a

significant increase in knowledge of correct preconcep-
tion behaviours. Correct knowledge of timing of precon-
ception counselling decreased with respect to baseline
(−7.4%; 95% CI −14.5; 0.3) (Table 4).
The multivariate analysis (Table 5) showed that women

who had a visit with an obstetrician/gynaecologist in the
last 12 months were less frequently underweight (0.20 OR;
95% CI 0.06; 0.63) and less frequently drank alcohol (0.42
OR; 95% CI 0.18; 0.99) after the intervention; women
who had a preconception visit at follow up were more
frequently taking folic acid supplementation (2.53 OR;
95% CI 1.40; 4.60) and had more frequently a high BMI
(2.18 OR; 95% CI 1.04; 4.58); women who had performed
a Pap-test in the last 5 years were less frequently
Table 3 Knowledge of risk factors for adverse pregnancy outc

Participants giving a correct a
at baseline among those who
completed the survey n = 282

General preconception behaviours 199 (70.6)

Folic acid supplementation 270 (95.7)

Timing of preconception counselling 221 (78.4)

Inheritability of malformations
and genetic diseases

233 (82.6)

Age at risk for Down syndrome 263 (93.3)

Maintaining a normal weight to
prevent adverse pregnancy outcomes

276 (97.9)

Overweight and obesity 37 (13.1)

Underlying maternal diseases 55 (19.5)

Smoking 276 (97.9)

Medications 34 (12.1)

Drinking alcohol 164 (58.2)

Need of testing susceptibility
to infectious diseases

242 (85.8)

Immunization before pregnancy 147 (52.1)
overweight (0.27 OR; 95% CI 0.08; 0.95) and women who
had got pregnant during follow-up were more fre-
quently taking folic acid supplementation (3.7 OR; 95% CI
(1.96; 7.19), had more frequently a high BMI (2.25 OR; 95%
CI (1.24; 4.09), were less frequently immunized against ru-
bella (0.11 OR; 95% CI (0.01; 0.88) and less frequently
drank alcohol (0.20 OR; 95% CI (0.10; 0.42) after the
intervention.
The other factors included in the analysis did not

show a significant association with the outcomes nor
interaction terms with current pregnancy showed a sig-
nificant association.

Discussion
A single, informative, personalized web intervention may
decrease prevalence of risk factors for APOs in women
planning a pregnancy.
omes at baseline

nswer

(%)

Participants giving a correct answer
at baseline among those who did
not complete the survey n = 226 (%)

Total
(n = 508)

P

146 (67.6) 345 (69.3) 0.476

201 (93.1) 471 (94.6) 0.189

160 (74.8) 381 (76.8) 0.346

171 (79.9) 404 (81.5) 0.441

202 (94.4) 465 (93.8) 0.607

210 (98.1) 486 (98.0) 0.839

30 (14.0) 67 (13.5) 0.772

35 (16.4) 90 (18.1) 0.368

201 (93.9) 477 (96.2) 0.023

33 (49.3) 67 (13.5) 0.278

128 (59.8) 292 (58.9) 0.71

162 (75.7) 404 (81.5) 0.004

98 (45.8) 282 (56.9) 0.162



Table 4 Comparison of knowledge of risk factors for APOs before and after the intervention

Participants giving a correct answer at follow up
among those who completed the survey n = 282 (%)

Difference, % 95% CI P

General preconception behaviours 258 (91.5) 20.9 <0.001

(14.6; 27.1)

Folic acid supplementation 275 (97.5) 1.7 0.24

(−1.3; 5.1)

Timing of preconception counselling 200 (70.9) −7.4 0.04

(−14.5; 0.3)

Inheritability of malformations and genetic diseases 128 (45.4) −37.2 <0.001

(−44.2; 29.6)

Age at risk for Down syndrome 267 (94.7) 1.4 0.48

(−2.6; 5.5)

Maintaining a normal weight to prevent adverse
pregnancy outcomes

275 (97.5) −0.3 0.78

(−3.1; 2.4)

Overweight and obesity 33 (11.7) −1.4 0.61

(−6.9; 4.1)

Underlying maternal diseases 42 (14.9) −4.6 0.15

(−10.8; 1.6)

Smoking 274 (97.2) −0.7 0.59

(−3.6; 2.1)

Medications 34 (12.1) 0 1,00

Drinking alcohol 173 (61.3) 3.2 0.44

(−4.9; 11.2)

Need of testing susceptibility to infectious diseases 251 (89.0) 3.2 0.25

(−2.3; 8.7)

Immunization before pregnancy 128 (46.0) −6.74 0.11

(−14.85; 1.5)
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We showed that constant monitoring of risk factors for
APOs in women of childbearing age in order to inform
public health actions and evaluate efficacy of interventions
is feasible and easy. Our results also show that preventable
risk factors for APOs are frequent in Italian women and
deserve a thorough intervention through preconception
counselling.
To our knowledge, the present intervention is the first

web-based study to deliver preconception recommenda-
tions to a wide population of women of childbearing age
planning a pregnancy. Moreover, this is one of the few
studies aimed at improving general preconception health
targeting multiple risk factors [6,7,9].
The Internet has been rarely used for preconception

care promotion. A web-based study promoted folic acid
supplementation among a selected population of women,
resulting in an improved readiness to take folic acid in
comparison with traditional educational methods [15]. A
different study conducted through the web on a cohort
of women of reproductive age investigated associations
between preconception lifestyle and fertility, showing an
effect of overweight and physical activity on fecundability
[19-22]. Moreover, risk factors such as smoking, alcohol
intake, obesity and physical inactivity reduce adherence
to the preconception recommendation of folic acid intake
[23]. Recently, an innovative computerized animated char-
acter has been developed and successfully used to iden-
tify and modify preconception risks in a pilot women
community [16].
When analysing behavioural changes after the inter-

vention, we observed a significant decrease in almost
all the risk factors for APOs. A remarkable result is that
71% of women who completed the follow-up had a pre-
conception visit with their physician. Actually, it may
be possible that the observed reduction of risk factors
could have been mainly driven by recommendations
provided by physicians and not only by this intervention.
Indeed, an increase in folic acid supplementation was
significantly associated with having had a preconception
visit during follow up.



Table 5 Factors associated with risk factors for adverse pregnancy outcomes

Previous pregnancies Obstetrician or gynaecologist visit
in the 12 months before enrolment

Pap smear test performed in the
last 5 years before enrolment

Pregnancy at follow up OR Preconception visit
during follow up OR

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Folic acid supplementation 1.02 1.49 1.42 3.7 2.53

(0.528; 1.97) (0.66; 3.369) (0.442; 4.56) (1.96; 7.19) (1.40; 4.60)

0.956 0.342 0.556 0.000 0.002

BMI < 18.5 1.052 0.20 2.89 0.99 0.71

(0.31; 3.55) (0.06; 0.63) (0.31; 27.04) (0.34; 2.95) (0.24; 2.12)

0.935 0.006 0.353 0.995 0.543)

BMI ≥ 25 1.34 1.81 0.27 2.25 2.18

( 0.70; 2.61) (0.63; 5.19) (0.08; 0.95) (1.24; 4.09) (1.04; 4.58)

0.388 0.271 0.04 0.008 0.039

Need vaccination against rubella 0.20 0.75 1.90 0.11 0.37

(0.02; 1.64) (0.16; 3.40) (0.17; 21.57) (0.01; 0.88) (0.13; 1.09)

0134 0.709 0.605 0.037 0.071

Need vaccination against varicella 1.66 1.80 Not given 0.33 1.10

(0.53; 5.17) (0.23; 14.37) (0.09; 1.21) (0.33; 3.649)

0.380 0.578 0.095 0.869

Need vaccination against hepatitis b 1.14 1.26 0.72 0.80 1.47

(0.54; 2.38) (0.47; 3.39) (0.20; 2.66) (0.42; 1.53) (0.71; 3.02)

0.731 0.644 0.627 0.501 0.294

Smoking 0.431 2.18 0.31 0.14 0.49

(0.09; 2.09) (0.31; 2.10) (0.04; 2.18) (0.02; 1.10) (0.16; 1.48)

0.296 0.429 0.237 0.062 0.205

Drinking alcohol 1.04 0.42 2.13 0.20 1.44

(0.52; 2.07) (0.18; 0.99) (0.58; 7.98) (0.10; 0.42) (0.73; 2.81)

0.920 0.05 0.259 0.000 0.286

The bold numbers indicate the statistically significant values.
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Thirty-six per cent of women who completed the follow-
up started a pregnancy within 6 months from enrolment.
We observed that women that started a pregnancy during
follow up more frequently started folic acid supplemen-
tation, received immunization against rubella, and quit-
ted drinking alcohol. These results are in line with the
observation that the motivation to change behaviour is
stronger in women planning a pregnancy than in those
of childbearing age [9].
We measured a high prevalence of risk factors at en-

rolment. Moreover, the women who did not complete
the follow up had a higher prevalence of risk factors for
APOs than those who completed the study. Interven-
tions addressed at reducing the prevalence of multiple
risk factors require strong engagement and time from
the respondent [24]. As a matter of fact, more at-risk
women received a longer set of recommendations, and
were therefore asked a stronger effort to make a change.
This entailed a higher risk of attrition. Prevention strategies
should focus on women with higher risk profiles, and inter-
ventions should be appropriately designed for this high-risk
group in order to effectively motivate them, thus preventing
drop-outs.
Interestingly, we measured a high proportion of women

needing a vaccination for one or more preventable infec-
tious diseases that is in line with the Italian seroprevalence
[25,26]. This result must be framed into the Italian
immunization scenario. Rubella vaccine has been intro-
duced in 1972; coverage for MMR vaccine only recently
increased in children [27-29] and a special strategy for
congenital rubella elimination has been recently imple-
mented [30]. Varicella immunization is actively offered
only in a few Italian Regions and the incidence of this
disease is high in childhood. Immunization, however,
is recommended in adolescents with no history of the
disease [31]. Hepatitis B immunization is universally
offered to infants in the first year of life since 1991 and
a screening for hepatitis B is systematically performed
during pregnancy.
Beside the likelihood of being captured by existing im-

munization strategies, we might have overestimated the
proportion of women requiring a vaccination, as we in-
cluded in the definition of need for vaccine also women
who did not know their immunization status, and that
therefore could actually have been already protected. How-
ever, it is likely that the proportion of women classified as
“susceptible” according to our definition actually reflects
the proportion of women that will be likely tested or vacci-
nated by their gynaecologist while planning a pregnancy.
Regarding knowledge of APOs, at enrolment most

participants were already well informed on almost all
items included in the study. This finding is apparently
in contrast with the high prevalence of behaviours that
pose a risk for pregnancy outcomes. A discrepancy between
level of knowledge and actual behaviours has previously
been reported [6,32]. After our intervention, knowledge of
participants showed a significant change for the general
information on preconception behaviours only.
Our study has a number of limitations. First of all, since

all women received the intervention we cannot state that
the changes observed are due to the intervention itself. In
order to answer to this question, a properly designed trial
would be needed.
Our web intervention was purely informative and aimed

at delivering appropriate information on the risks associ-
ated with specific behaviours and medical conditions,
as well as at promoting preconception counselling. The
pivotal characteristics of our approach were: the possibility
to fill in a questionnaire where and when the participant
was more comfortable; a tailored set of recommendations
that was immediately provided in a document which was
always available for downloading; a summary of the partic-
ipant’s clinical characteristics, included in the document
front page, easy to show up to physicians during precon-
ception counselling; a short and readable structured text
illustrating the rationale, the actions, and the expected
impacts on each woman for each recommendation; a
positive reinforce for positive behaviours; a monthly
reminder to resume the information provided at enrol-
ment. Our study design does not include a control group,
therefore we cannot draw sound conclusions on the effi-
cacy of our intervention. Nevertheless, general knowledge
on preconception behaviours increased consistently. It
is likely that the potential confounders included in the
analysis do not entirely explain the change in the risk
factor prevalence, suggesting that the intervention itself
may play a role. Nevertheless, our study shows that a
web-based preconception intervention is feasible in women
planning a pregnancy.
The validity of data collected through the web only may

be questionable. However, other authors showed that web
questionnaires are efficient means for data collection and
we did not find evident inconsistencies during review of
collected data [33].
As in other web-based interventions, one limitation is

represented by the selection of the study participants.
The study was promoted on web-sites dedicated to

women’ health and family care and through a Facebook
account. The media used for the study promotion may
have likely influenced the characteristics of the study
population. The selected population may actively and
frequently use the Internet for health information more.
According to the National Institute of Statistics, in Italy
46.5% of women of childbearing age use the internet on
this purpose [34]. Therefore the segment of population
we have selected could be more motivated regarding
participation in a preconception intervention study. The
comparison with Italian Birth Registers [35] and with the
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Italian annual census [36] indicates that women enrolled
in our study differed from the Italian population of
women of childbearing age with respect to sociodemo-
graphic variables and lifestyles. In our sample, the mean
age was 32.6. This data is comparable to the mean age
(31.8 years) of Italian nulliparous women, according to the
Italian Institute of Statistics [37]. No significant difference
was found regarding smoking rate (16.9% vs. 16.9%) and
BMI < 18.5 (8.2% vs. 9.6%) [36,38]. On the other hand,
compared to Italian women of childbearing age, women
included in our sample had a higher education level (60.2%
vs. 20.7%), were more frequently employed (83.9% vs.
46.40%) and reported better medical conditions and lifestyle
behaviours at baseline, in particular concerning overweight
(21.3% vs. 37.0%), drug consumption (20.2% vs. 44.1%)
and prevalence of chronic diseases (14.6% vs. 42.1%) [36].
Regarding miscarriages, our population presented a rate
similar to that reported in the Italian Birth Registers (9.7%
vs. 13.4%) [35]. These sample characteristics could have
facilitated a more successful response to the intervention.
Nevertheless, although our results are not easily gene-

ralizable to the general population, our sample is likely
representative of the specific population of women plan-
ning a pregnancy that frequently use the Internet for
health purposes. Our results suggest that this specific
population may benefit from a web-based intervention
aimed at reducing preconception risk factor.
Furthermore, social engagement, active use of the Inter-

net [39] and usability of the web page [40] may affect
participation in web intervention studies.
We observed a remarkably high attrition that was, how-

ever, consistent with that reported by other studies [41].
Interestingly, unemployment, history of previous miscar-
riages and smoking positively predicted loss to follow-up.
As discussed before, this finding suggests that a higher
risk of attrition exists for women with a high-risk profile.
Strategies for limiting loss to follow-up may include
counsellor support, use of alternative means of commu-
nication as phone, updates of the intervention website,
a more easy-to-read tailored document [40,42,43].
Conclusions
Our study suggests that the web may be a valid tool for
promoting preconception care. Web-based interventions
have a low cost and may therefore represent a useful com-
plement to traditional preconception counselling. More-
over, such interventions may be useful to continuously
monitor the association between risk factors, preconception
behaviours and pregnancy outcomes. A formal clinical trial
with active engagement of participants and frequent recalls
to prevent attrition will be useful to better address the effect
of a web intervention to inform and implement prevention
campaigns and health professionals’ activities. This study
informs clinical trial studies regarding potential confound-
ing variables to be included in the design.

Additional files

Additional file 1: Mammainforma box - Mammainforma project
summary.

Additional file 2: Tailored document - Fictitious example of
Mammainforma tailored document, provided to participant after
filling the questionnaire on knowledge and behaviours at the
enrollment.

Abbreviations
ACOG: American College of Obstetricians and Gynecologists; APOs: Adverse
pregnancy outcomes; BMI: Body mass index.

Competing interest
The authors declare that they have no competing interests.

Authors’ contribution
EA coordinated the study, designed the study and participated in the writing
process and in the data review. EP designed the study, drafted the manuscript
and participated in data review. MVG, FG, MR revised the final version of the
manuscript. EC performed the statistical analysis. PM conceived the study,
participated in its design, AET conceived the study, participated in its design
and coordination and drafted the manuscript. All authors read and approved
the final manuscript.

Acknowledgements
The authors acknowledge Francesco Cobianchi for developing and
managing the study web platform. Authors also thank all women whose
participation made this study possible.
The study has been supported by Bambino Gesù Children’s Hospital research
funding: “Efficacia di un intervento informativo basato sul profilo personale
nel modificare i comportamenti relativi ai fattori di rischio genetici e non
genetici degli esiti avversi della riproduzione: studio di coorte nelle donne in
epoca preconcezionale”. Ricerca Corrente 200815X002027.

Author details
1Bambino Gesù Children’s Hospital IRCCS, Epidemiology Unit, Piazza S.
Onofrio 4, Rome 00165, Italy. 2Department of Onco-Ematology and
Transplantation Medicine, Bambino Gesù Children’s Hospital IRCCS, Piazza S.
Onofrio 4, Rome 00165, Italy. 3Alessandra Lisi International Centre on Birth
Defects and Prematurity, Via Carlo Mirabello 14, Rome 00192, Italy.

Received: 11 October 2013 Accepted: 7 April 2014
Published: 15 April 2014

References
1. Williams L, Zapata LB, D’Angelo DV, Harrison L, Morrow B: Associations

between preconception counseling and maternal behaviors before and
during pregnancy. Matern Child Health J 2012, 16(9):1854–1861.

2. Seshadri S, Oakeshott P, Nelson-Piercy C, Chappell LC: Prepregnancy care.
BMJ 2012, 344:e3467.

3. Walfisch A, Koren G: Preconception counseling: rational, practice and
challenges. Minerva Ginecol 2011, 63(5):411–419.

4. Atrash H, Jack BW, Johnson K, Coonrod DV, Moos MK, Stubblefield PG,
Cefalo R, Damus K, Reddy UM: Where is the “W”oman in MCH? Am J
Obstet Gynecol 2008, 199(6 Suppl 2):S259–S265.

5. Jack BW, Atrash H, Coonrod DV, Moos MK, O’Donnell J, Johnson K: The
clinical content of preconception care: an overview and preparation of
this supplement. Am J Obstet Gynecol 2008, 199(6 Suppl 2):S266–S279.

6. Delissaint D, McKyer EL: A systematic review of factors utilized in
preconception health behavior research. Health Educ Behav 2011,
38(6):603–616.

7. Hillemeier MM, Downs DS, Feinberg ME, Weisman CS, Chuang CH, Parrott R,
Velott D, Francis LA, Baker SA, Dyer AM, Chinchilli VM: Improving women’s
preconceptional health: findings from a randomized trial of the Strong

http://www.biomedcentral.com/content/supplementary/1472-6947-14-33-S1.docx
http://www.biomedcentral.com/content/supplementary/1472-6947-14-33-S2.docx


Agricola et al. BMC Medical Informatics and Decision Making 2014, 14:33 Page 10 of 10
http://www.biomedcentral.com/1472-6947/14/33
Healthy Women intervention in the Central Pennsylvania women’s
health study. Womens Health Issues 2008, 18(6 Suppl):S87–S96.

8. Johnson K, Posner SF, Biermann J, Cordero JF, Atrash HK, Parker CS, Boulet S,
Curtis MG, CDC/ATSDR Preconception Care Work Group, Select Panel on
Preconception Care: Recommendations to improve preconception health
and health care–United States. A report of the CDC/ATSDR Preconception
Care Work Group and the Select Panel on Preconception Care. MMWR
Recomm Rep 2006, 55(RR-6):1–23.

9. Temel S, van Voorst SF, Jack BW: Denktas S. Evidence-Based Preconceptional
Lifestyle Interventions. Epidemiol Rev: Steegers EA; 2013.

10. Johnson PT, Chen JK, Eng J, Makary MA, Fishman EK: A comparison of world
wide web resources for identifying medical information. Acad Radiol 2008,
15(9):1165–1172.

11. McMullan M: Patients using the Internet to obtain health information:
how this affects the patient-health professional relationship. Patient Educ
Couns 2006, 63(1–2):24–28.

12. Christensen H, Calear AL, Andersson G, Thorndike FP, Tait RJ: Beyond efficacy:
the depth and diversity of current internet Interventions. J Med Internet Res
2012, 14(3):e92.

13. Murray E: Web-Based Interventions for Behavior Change and
Self-Management: Potential, Pitfalls, and Progress. JMIR 2012, 1(2):e3.

14. Larsson M: A descriptive study of the use of the Internet by women
seeking pregnancy-related information. Midwifery 2009, 25(1):14–20.

15. Milan JE, White AA: Impact of a stage-tailored, web-based intervention on
folic acid-containing multivitamin use by college women. Am J Health
Promot 2010, 24(6):388–395.

16. Gardiner P, Hempstead MB, Ring L, Bickmore T, Yinusa-Nyahkoon L, Tran H,
Paasche-Orlow M, Damus K, Jack B: Reaching women through health
information technology: the Gabby preconception care system. Am J
Health Promot 2013, 27(3 Suppl):eS11–eS20.

17. American College of Obstetricians and Gynecologists: The importance of
preconception care in the continuum of women’s health care,
September 2005. Obstet Gynecol 2005, 106(3):665–666.

18. Newcombe RG: Interval estimation for the difference between independent
proportions: comparison of eleven methods. Stat Med 1998, 17(8):873–890.

19. Mikkelsen EM, Hatch EE, Wise LA, Rothman KJ, Riis A, Sorensen HT: Cohort
profile: the Danish Web-based Pregnancy Planning Study–‘Snart-Gravid’.
Int J Epidemiol 2009, 38(4):938–943.

20. Huybrechts KF, Mikkelsen EM, Christensen T, Riis AH, Hatch EE, Wise LA,
Sorensen HT, Rothman KJ: A successful implementation of e-
epidemiology: the Danish pregnancy planning study ‘Snart-Gravid’. Eur J
Epidemiol 2010, 25(5):297–304.

21. Wise LA, Rothman KJ, Mikkelsen EM, Sorensen HT, Riis A, Hatch EE: An
internet-based prospective study of body size and time-to-pregnancy.
Hum Reprod 2010, 25(1):253–264.

22. Wise LA, Rothman KJ, Mikkelsen EM, Sorensen HT, Riis AH, Hatch EE: A
prospective cohort study of physical activity and time to pregnancy.
Fertil Steril 2012, 97(5):1136–1142. e1-4.

23. Cueto HT, Riis AH, Hatch EE, Wise LA, Rothman KJ, Mikkelsen EM: Predictors of
preconceptional folic acid or multivitamin supplement use: a cross-sectional
study of Danish pregnancy planners. Clin Epidemiol 2012, 4:259–265.

24. Schulz DN, Kremers SP, Vandelanotte C, van Adrichem MJ, Schneider F,
Candel MJ, de Vries H: Effects of a web-based tailored multiple-lifestyle
intervention for adults: a two-year randomized controlled trial comparing
sequential and simultaneous delivery modes. J Med Internet Res 2014,
16(1):e26.

25. Rota MC, Bella A, Gabutti G, Giambi C, Filia A, Guido M, De Donno A, Crovari P,
Serological Study Group, Ciofi Degli Atti ML: Rubella seroprofile of the Italian
population: an 8-year comparison. Epidemiol Infect 2007, 135(4):555–562.

26. Gabutti G, Rota MC, Guido M, De Donno A, Bella A, Atti ML C d, Crovari P,
Seroepidemiology Group: The epidemiology of Varicella Zoster Virus
infection in Italy. BMC Public Health 2008, 8:372-2458-8-372.

27. Istituto Superiore di Sanità-Gruppo di lavoro ICONA: ICONA 2008: Indagine
di Copertura vaccinale Nazionale nei bambini e negli adolescenti.
Rapporti ISTISAN 09/29. Available at: http://www.iss.it/binary/publ/cont/
09_29_web.pdf.

28. Pebody RG, Edmunds WJ, Conyn-van Spaendonck M, Olin P, Berbers G,
Rebiere I, Lecoeur H, Crovari P, Davidkin I, Gabutti G, Gerike E, Giordano C,
Hesketh L, Plesner AM, Raux M, Rota MC, Salmaso S, Tischer A, Valle M,
Miller E: The seroepidemiology of rubella in western Europe. Epidemiol
Infect 2000, 125(2):347–357.
29. Pelissero C, Marena C, Aguzzi F, Bevilacqua M, Rebasti F: Seroepidemiology,
morbidity and vaccination strategies against rubella infection: eight
years experience in oltrepo pavese. Eur J Epidemiol 1993, 9(3):322–326.

30. Ministero della Salute: Piano nazionale per l’eliminazione del morbillo e
della rosolia congenita 2010-2015. 201 [http://www.salute.gov.it/imgs/
C_17_pubblicazioni_1519_allegato.pdf].

31. Ministero della Salute: Piano Nazionale Vaccini (aggiornamento 2005).
[http://www.salute.gov.it/imgs/C_17_pubblicazioni_543_allegato.pdf.

32. Frey KA, Files JA: Preconception healthcare: what women know and
believe. Matern Child Health J 2006, 10(5 Suppl):S73–S77.

33. Landkroon AP, de Weerd S, van Vliet-Lachotzki E, Steegers EA: Validation
of an internet questionnaire for risk assessment in preconception care.
Public Health Genomics 2010, 13(2):89–94.

34. ISTAT: Anno 2010. Cittadini e nuove tecnologie. 2010 [http://www3.istat.it/
salastampa/comunicati/in_calendario/nuovetec/20101223_00/
testointegrale20101223.pdf].

35. Boldrini R, Di Cesare M, Tamburini C: Certificato di assistenza al parto
(CeDAP) Analisi dell’evento nascita 2009. 2012.

36. ISTAT: Italia in cifre 2011. 2011.
37. National Statistical Institute, ISTAT: Birth and fertility rate of resident

population. 2012. Published on 2013/11/27. Available at: http://www.istat.it/
it/archivio/104818.

38. Quotidianosanità.it Quotidiano online di informazione sanitaria: Indagine
Istat sulla salute degli italiani, gli stili di vita e il ricorso ai servizi sanitari.
[http://www.quotidianosanita.it/allegati/create_pdf.php?all=9809273.pdf].

39. Poirier J, Cobb NK: Social influence as a driver of engagement in a
web-based health intervention. J Med Internet Res 2012, 14(1):e36.

40. Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, Oenema A:
Which intervention characteristics are related to more exposure to
internet-delivered healthy lifestyle promotion interventions? A systematic
review. J Med Internet Res 2011, 13(1):e2.

41. Mathieu E, McGeechan K, Barratt A, Herbert R: Internet-based randomized
controlled trials: a systematic review. J Am Med Inform Assoc 2013,
20(3):568–76.

42. Eysenbach G, CONSORT-EHEALTH Group: CONSORT-EHEALTH: improving
and standardizing evaluation reports of Web-based and mobile health
interventions. J Med Internet Res 2011, 13(4):e126.

43. den Breejen EM, Nelen WL, Knijnenburg JM, Burgers JS, Hermens RP, Kremer
JA: Feasibility of a wiki as a participatory tool for patients in clinical
guideline development. J Med Internet Res 2012, 14(5):e138.

doi:10.1186/1472-6947-14-33
Cite this article as: Agricola et al.: A cohort study of a tailored web
intervention for preconception care. BMC Medical Informatics and Decision
Making 2014 14:33.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.iss.it/binary/publ/cont/09_29_web.pdf
http://www.iss.it/binary/publ/cont/09_29_web.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1519_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1519_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_543_allegato.pdf
http://www3.istat.it/salastampa/comunicati/in_calendario/nuovetec/20101223_00/testointegrale20101223.pdf
http://www3.istat.it/salastampa/comunicati/in_calendario/nuovetec/20101223_00/testointegrale20101223.pdf
http://www3.istat.it/salastampa/comunicati/in_calendario/nuovetec/20101223_00/testointegrale20101223.pdf
http://www.istat.it/it/archivio/104818
http://www.istat.it/it/archivio/104818
http://www.quotidianosanita.it/allegati/create_pdf.php?all=9809273.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Population, promotion of the study and enrolment
	Web platform and intervention
	Follow-up
	Definitions and statistical analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interest
	Authors’ contribution
	Acknowledgements
	Author details
	References

