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Prenatal care guidelines call 
for timed screening and di-
agnostic testing based on a 

patient’s gestational age. Due to 
the vast number of recommend-
ed tests and the small window in 
which many of these tests can be 
performed, clinicians often miss 

some of the recommended prenatal 
care standards. Though there is no 
conclusive evidence that prenatal 
care improves birth outcomes,1 rou-
tine prenatal care is the standard 
of practice to which family medicine 
physicians are expected to adhere. 

There is little published on effec-
tive methods to reduce errors and 
improve the adherence to guidelines 
in the delivery of prenatal care. Elec-
tronic medical records (EMRs) have 
been shown in two studies to im-
prove the completeness of prenatal 
care records.2,3 Another study con-
ducted on a labor and delivery unit 
showed that simply having an EMR 
did not improve documentation com-
pleteness. However, compliance was 
improved with the addition of a re-
minder system to encourage the cli-
nician to complete all aspects of the 
admission record.4

Clinical reminders are prompts 
given to a provider to cue them to 
perform a desired action for a pa-
tient’s care at the time of the en-
counter. A Cochrane review from 
2010 found that electronic clinical 
reminders generally achieve small 
to modest improvements in provider 
behavior, with a trend toward larg-
er improvements for reminders that 
require a user to enter a response.5 
In addition to other uses, remind-
er prompts have been shown to be 
an effective tool to increase immu-
nization rates, improve adherence 
to recommended diabetes and cor-
onary artery disease care, and in-
crease colorectal cancer screening 
rates.6-9 A systematic review noted 
that the prompting of clinicians also 
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BACKGROUND AND OBJECTIVES: This study assessed the effect 
of automated prenatal care reminders on adherence to standards 
of prenatal care at two family medicine teaching clinics. 

METHODS: This was a reversal-design prospective study using 
medical records of prenatal patients during baseline, intervention, 
and post-intervention periods.

RESULTS: A total of 9.5% of patients received all guideline-rec-
ommended care at baseline compared to 55.7% in the interven-
tion period, decreasing to 17.1% after the intervention. The most 
commonly missed services were offering first trimester aneuploidy 
screening and genetic screening, HIV screening, considering the 
need for repeat third trimester gonorrhea and chlamydia (GC/Chl) 
screening, and influenza vaccination. The clinical reminders signifi-
cantly improved the number of patients offered HIV testing, given 
influenza vaccination, and tested or considered for repeat GC/Chl. 
Improvement in first trimester aneuploidy screening approached 
but did not meet statistical significance due to lower numbers of 
patients qualifying for this service. HIV testing and repeat GC/Chl 
screening significantly decreased in the post-intervention period, 
and compliance with most other standards trended downward as 
well. 

CONCLUSIONS: Adherence to prenatal care standards by resi-
dent and faculty family medicine providers at baseline was less 
than optimal. Clinical reminders significantly improved overall ad-
herence to prenatal standards and improved compliance with the 
most commonly missed standards. When the reminders were no 
longer active, compliance regressed toward baseline levels. These 
results support the use of prenatal care reminders as an effective 
way to help family physicians provide and document comprehen-
sive prenatal care.
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had a positive effect on the delivery 
of 16 preventive care measures.10 An 
additional review of guideline imple-
mentation strategies found that re-
minder systems resulted in process 
or compliance improvements of up 
to 71.8%.11 

Our study sought to assess the ef-
fect of automated prenatal care re-
minders on adherence to guideline 
recommendations for prenatal care 
by resident and attending family 
physicians at two family medicine 
teaching clinics. We evaluated com-
pleteness of prenatal care delivery 
at baseline, during a time when the 
clinical reminders were active and 
6 months after the reminders had 
been turned off to see if there were 
any lasting effects. We hypothesized 
that the clinical reminders would im-
prove our adherence to prenatal care 
standards while activated but that 
this improvement would not persist 
when the reminders were no longer 
in use. Our objective was to explore 
clinical reminders as a method of im-
proving the quality and complete-
ness of prenatal care delivered by 
our faculty and residents.   

Methods
During the study period the De-
partment of Family Medicine at the 
University of Michigan was using a 
homegrown problem list and clini-
cal reminder system called Clinfo-
Tracker. This was supplemental to 
our EMR which recorded data but 
lacked reminder capabilities and 
had only an unstructured, free-text 
problem list. With every patient en-
counter, a ClinfoTracker form was 
printed for the provider at the point 
of care. The ClinfoTracker form 
summarized information from the 
EMR and listed the patient’s chron-
ic medical problems, issues they had 
recently been seen for, and remind-
ers if the patient was due for any 
health maintenance or disease-man-
agement care. Our providers were 
accustomed to responding to Clin-
foTracker prompts at every patient 
encounter, allowing our intervention 
to have minimal impact on current 

work flow patterns. The provider 
could respond to the ClinfoTracker 
prompts by marking the service as 
“done,” “ordered,” “discussed,” “de-
clined,” or “not addressed.” The pro-
vider could also determine and mark 
a patient as “not a candidate” for the 
service in question. For this study 
we created, and added to the system, 
a new set of prompts based on the 
University of Michigan prenatal care 
guideline. The withdrawal of the pre-
natal prompts 1 year later resulted 
from replacement of ClinfoTracker 
with a commercial product that did 
not accommodate prenatal prompts. 
This added a post-intervention time 
period for analysis. 

Study subjects were all prenatal 
patients seen for at least two visits 
during the study periods at our two 
teaching clinic sites by either resi-
dent or attending physicians. No-
vember 2006 through March 2007 
was the baseline period, November 
2007 through March 2008 the inter-
vention period, and November 2008 
through March 2009 the post-inter-
vention period. Study periods were 
done at the same time in the aca-
demic year to avoid both seasonal 
effects and so resident experience 
would not be a confounding factor. 
The University of Michigan IRB as-
signed this project “not regulated” 
status as a quality assurance activ-
ity.

Prenatal reminders were generat-
ed throughout the pregnancy based 
on the patient’s gestational age (Ta-
ble 1). ClinfoTracker was able to 
register labs that had already been 
drawn to minimize unnecessary 
prompting, and after a provider ap-
propriately responded to a prompt 
it would no longer appear at subse-
quent visits.  

Chart reviews were done on pre-
natal patients during the baseline, 
active intervention, and post-inter-
vention periods. Providers were con-
sidered compliant with a prenatal 
care standard if the result of the 
lab or study was documented in our 
EMR, if the patient declined the test 
and the decline was documented, if 

the provider ordered the test ap-
propriately, or if the provider de-
termined and documented that a 
patient was not a candidate for a 
particular standard.

The log-odds of compliance with 
each standard was modeled in indi-
vidual logistic regressions as a func-
tion of clinical site, resident versus 
faculty provider, number of prena-
tal visits made, and period, using 
dummy variables for intervention 
and post-intervention period against 
pre-intervention period as base case. 
Correction for multiple comparisons 
was via Bonferroni’s correction to a 
base type I error probability of 0.05, 
yielding a corrected significance lev-
el of 0.0022. Explicit correction for 
multiple comparisons was not made; 
rather, only highly significant find-
ings are reported. Finally, a single 
model was computed for odds of 
compliance with all applicable rec-
ommendations. Statistical analyses 
were performed using Stata 10.

Results
The baseline sample consisted of 144 
prenatal patients, the intervention 
sample consisted of 115 patients, and 
the post-intervention sample consist-
ed of 169 patients. More than half of 
the patients in any given time period 
were primarily followed by resident 
physicians. There were few differenc-
es in the care provided at the two 
training sites and by physicians 
with different levels of experience. 
Patients seen at our urban, under-
served clinic were more likely than 
those seen in our rural clinic to have 
initial HIV screening (P<.001). Res-
ident physicians at both sites were 
more likely than attending physi-
cians to provide HIV screening (P< 
.009). 

The most commonly missed ser-
vices in the baseline period included 
offering first trimester aneuploidy 
screening, offering genetic testing, 
screening for HIV, providing the in-
fluenza vaccine, and considering the 
need for repeat GC/Chl screening in 
the third trimester. Compliance with 
these standards was most improved 
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by the initiation of the prenatal re-
minder prompts. Offering first 
trimester aneuploidy screening in-
creased from 37% in the baseline pe-
riod to 79% when the prompts were 
active (because limited numbers of 
patients qualified for this service, 
this large difference falls just short 
of the Bonferroni-corrected signifi-
cance level, at P<.004; see the post-
intervention results that follow in 
the text). HIV testing completion or 
documented decline went from 71% 
in the baseline period to 100% in the 
intervention time period (P<.001). 
Flu vaccination or documented pa-
tient decline rates increased from 
66% to 79% (P<.001). Either com-
pletion of the test or documenta-
tion of lack of need for repeat GC/
Chl screening in the third trimester 
increased from 33% at baseline to 
greater than 96% when the prompts 
were active (P<.001). The improve-
ment in offering genetic testing 
approached but did not reach statis-
tical significance. Other more rarely 

missed services including antibody 
screening and RhoGAM administra-
tion for Rh- patients, rubella anti-
body screening, urine culture, repeat 
CBC in the second or third trimes-
ter, and antenatal testing also had a 
positive trend in compliance that did 
not reach statistical significance dur-
ing the intervention period. 

Upon analysis of the data from 
the post-intervention time period, 
we found that compliance to some 
prenatal standards remained at an 
improved level, while others ap-
proached the baseline level of com-
pliance. HIV testing decreased from 
100% to 91% (P<.001), and consider-
ation of repeat GC/Chl testing in the 
third trimester decreased from 96% 
back to 34% (P<.001). First trimes-
ter aneuploidy screening and genet-
ic testing compliance decreased as 
well, but the decrease did not meet 
statistical significance, as did other 
individual services. In fact, aneuploi-
dy screening remained significant-
ly above baseline (64% versus 37%, 

P=.002), though the baseline to in-
tervention improvement fell just 
short of significance. Compliance 
with influenza vaccination persist-
ed; this was the only prompt that 
remained active during the post-
intervention period.

As far as overall compliance with 
prenatal care standards, only 9.5% 
of individual patients in the base-
line period had all possible stan-
dards met. This increased to 55.7% 
in the intervention period (P<.001), 
and decreased back to 17.1% after 
the intervention (P< 0.001). See Ta-
bles 2 and 3 and Figure 1.

Discussion
Attending and resident physicians 
at our teaching clinics were meeting 
all possible prenatal care standards 
for each individual patient less than 
10% of the time at baseline. Resi-
dent physicians were more likely 
to perform HIV screening than at-
tending physicians, and physicians 
at our urban underserved clinic were 

Table 1: Prenatal Care Reminders and Gestational Age in Which They Were Active

Prenatal Prompt Generated Gestational Age

Initial prenatal labs—RPR, rubella antibody, Hep B surface antigen, CBC, type and 
screen, HIV, gonorrhea and chlamydia, Pap smear, urine culture

Entire pregnancy

Offer genetic testing (cystic fibrosis, Tay-Sachs, hemoglobinopathies) 4–20 weeks

Offer first trimester screen 8–14 weeks

Offer quad screen or follow-up MSAFP 15–20 weeks

Influenza vaccine Entire pregnancy

Consider fetal survey 18–42 weeks

One-hour glucose tolerance test 24–42 weeks

Second/third trimester CBC 24–42 weeks

Third trimester antibody screen and RhoGAM if Rh- 24–42 weeks

Consider repeat gonorrhea and chlamydia screen in high-risk population 28–42 weeks

GBS culture 35–42 weeks

Antenatal testing 41–42 weeks

RPR—rapid plasma reagin

CBC—complete blood count

HIV—human immunodeficiency virus

MSAFP—Maternal Serum Alpha-Fetoprotein Screening

GBS—Group B Strep
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more likely to offer HIV screening 
than physicians at our rural clinic. 
This likely reflects the higher- risk 
populations seen by resident pro-
viders and in our urban clinic. We 

otherwise found no difference in 
compliance with prenatal care stan-
dards from physicians with different 
levels of experience or at different 
training sites. 

Adding prenatal care prompts 
to a preexisting clinical remind-
er system significantly improved 
our overall compliance with prena-
tal standards, with more than 55% 

Table 2: Adherence to Individual Guideline Recommendations

Prenatal Guideline 
Recommendation Baseline Period

Intervention 
Period

P Value Baseline 
to intervention After intervention

P Value Baseline 
to After 

Intervention

Hgb/Hct 100% 100% N/A 100% N/A

HepBsAg screen 99% 99% N/A 100% N/A

Syphillis screen 99% 100% N/A 100% N/A

Rubella immunity 97% 100% N/A 100% N/A

Blood type and 
antibody screen

100% 100% N/A 100% N/A

HIV screen 72% 100% P<.001 91% P<.001

Urine culture 99% 100% N/A 98% N/A

Pap smear 94% 100% P=.062 99% P=.036

Initial gonorrhea 
screening

94% 99% P=.037 99% P=.05

Initial chlamydia 
screening

94% 98% P=.058 99% P=.052

Genetic testing 66% 73% P=.606 69% P=.546 

First trimester 
aneuploidy screening

37% 79% P=.004 64% P=.002

Influenza 
immunization

66% 79% P<.001 84% P<.001

Quad test/AFP 93% 92% N/A 79% P=.017

Ultrasound fetal 
survey

100% 100% N/A 100% N/A

1 hour GTT 100% 97% N/A 97% N/A

Second/third 
trimester Hgb/Hct

98% 99% N/A 94% P=.135

Antibody screen/
RhoGAM

93% 100% P=.062 98% P=.037

Third trimester 
gonorrhea screen

33% 98% P<.001 34% N/A

Third trimester 
chlamydia screen

33% 97% P<.001 34% N/A

Group B strep screen 100% 100% N/A 97% N/A

Antenatal fetal status 
testing

90% 100% Sample too small 100% N/A

All applicable 
standards

10% 56% P<.001 17% P<.01
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of patients having all standards 
met. Compliance was particularly 
improved on the most commonly 
missed prenatal care standards. We 
found that recommended tests were 
more likely to be offered, and docu-
mentation when a patient declined 
a test or the provider did not feel 
the service was necessary improved 
as well. Though it did not meet sta-
tistical significance, patients seen 
in the intervention period were also 
less likely to have missed an indi-
vidual prenatal lab as the reminder 
system would prompt for any miss-
ing values. 

During the baseline period, it was 
often unclear if the patient was not 
offered a particular prenatal care 
service, or if the service was dis-
cussed and the patient decline was 
not documented. Providers may have 
also deemed a test not necessary for 
a particular patient (such as repeat 
GC/Chl screening in the third tri-
mester for low-risk patients) but 
did not adequately document their 
medical decision making. Our ob-
stetrical EMR is simply a data re-
pository without guidance on what 
care is recommended and when 
such care should be given.  Though 
some studies noted that moving to 
an EMR helped with completeness 
of documentation,2,3 our experience 
more closely echoed that published 
by Haberman et al, where clinical 

reminders within an EMR were 
needed to affect a change.4

Resident and attending physicians 
overall were pleased with the prena-
tal reminders and felt they helped 
them provide comprehensive prena-
tal care. Unfortunately, 5 months af-
ter the prenatal care reminders were 
instated, the department changed 
from ClinfoTracker to a commer-
cial version of the reminder system, 
which was no longer able to support 

the prenatal reminder prompts, and 
the prompts went away. The only rel-
evant prompt that remained was for 
the influenza vaccine, which contin-
ued during the post-intervention 
time period.

Around the same time that the 
prenatal reminders were initiat-
ed, residency faculty began doing 
monthly chart reviews of prenatal 
patients cared for by resident phy-
sicians in an attempt to minimize 

Table 3: Logistic Regression Results: Odds Ratios by Variable, Significant Results Only* 

Prenatal Guideline 
Recommendation

Intervention 
Versus Baseline

After Intervention 
Versus Baseline

Site, Urban 
Versus Rural

Resident Versus 
Attending Number of Visits

HIV screen — 4.49 5.57 2.81 0.997

First trimester 
aneuploidy screening

7.69 4.14 0.291 0.595 0.948

Influenza 
immunization

3.97 2.83 1.10 1.19 1.15

Third trimester 
gonorrhea screen

157 1.12 4.11 1.68 1.05

Third trimester 
chlamydia screen

81.2 1.12 4.47 1.59 1.05

All applicable 
standards

6.95 1.79 1.25 1.53 1.01

* Absolute rates and statistical significances for all comparisons reported in Table 2. “—” denotes perfect predictor.

Figure 1: % Adherence to Prenatal Standards
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errors. This led to concern that the 
improvement in prenatal care com-
pliance seen during the interven-
tion period may have been at least 
partially attributable to the chart 
reviews. However, we believe that 
the chart reviews likely had mini-
mal impact. Attending charts were 
not reviewed, and monthly reviews 
of resident charts would be too in-
frequent to catch those standards 
only available to the patient during 
a limited period of time. The post-in-
tervention data confirmed our belief. 
Only compliance with the influenza 
vaccine remained at the same level 
seen during the intervention period, 
and this was the only reminder from 
the prenatal prompts that remained 
active after the intervention.

Overall, we found that compli-
ance with prenatal care standards 
at baseline was low, and this was 
significantly improved by the ad-
dition of prenatal care reminders. 
The improvement in compliance or 
documented refusal did not persist 
6 months after the reminders were 
no longer in use. These results sup-
port the use of automated prenatal 

care reminders as an effective way 
to aid family physicians in meeting 
prenatal care standards. Further re-
search is needed to assess the effect 
of prenatal reminders on efficiency, 
cost, and perinatal outcomes.  
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