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Effect of an electronic reminder of follow-up ==

screening after pregnancy complicated
by gestational diabetes mellitus: a randomized
controlled trial
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Abstract

Aim To determine the effectiveness of despatching an electronic reminder of participation in screening for gesta-
tional diabetes. The reminder was sent to the women 1-8 years after delivery.

Methods A registry-based, randomized controlled trial in the North Denmark Region among women with ges-
tational diabetes. Randomization was made, which included seven groups stratified by the child’s birth year
(2012-2018). The intervention group received standard care supplemented by an electronic reminder through a
secure nationwide email system (n=731), while the control group received only standard care (n=732). The primary
outcome was based on blood testing for diabetes (OGTT, HbA1c or fasting P-glucose).

Results A total of 471 (32.1%) women participated in screening. The primary outcome was experienced by 257
women (35.1%) in the intervention group and 214 women (29.2%) in the control group. The effect of the reminder
seemed to increase with recipient’s age, non-western origin, urban dwelling, and multiparity. Of those who partici-
pated in follow-up screening, 56 (3.8%) were diagnosed with type 2 diabetes.

Conclusion Electronic reminders, based on the principles of informed choice and patient-centred care, to women
have been shown to support life-long participation in follow-up screening. Attempts to further stimulation of cover-
age could however be considered.

Trail registration ISRCTN registry (22/04/2022, ISRCTN23558707).
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Introduction

The prevalence of gestational diabetes (GDM) varies
regionally, thus affecting approximately 7-8% of pregnan-
cies in Europe [1] and 3-4% of pregnancies in Denmark
[2]. These variations can be explained by different screen-
ing strategies, diagnostic criteria and population groups
[1]. Nonetheless, in addition to increasing the risk of preg-
nancy complications, women with pregnancy complicated
by GDM are at an approximately eightfold higher lifetime
risk of type 2 diabetes mellitus after pregnancy [3], as well
as an increased risk of cardiovascular diseases [4]. Guide-
lines therefore recommend follow-up screening 2—3 month
after birth and every 12 months, or at least every three
years [5]. The low uptake of postpartum screening is, how-
ever, a challenge shared by many countries [6, 7]. With
approximately 17% of women participating in screening
4-6 years after birth [6], Denmark has seen a drop in the
uptake, which is problematic as attendance and receiving
a diagnosis of diabetes are positively associated [6]. The
untapped potential for early diabetes detection recently led
the International Diabetes Federation (IDF) to call for fur-
ther research into the field [4].

Although reminder interventions have been found effec-
tive in targeting some of the many documented barriers to
follow-up screening after birth, the effect varies strongly
across settings [8]. Our recently published review affirmed
the influence of several contextual factors [8] on institu-
tional, community and policy levels. These factors include
the need for continuity and collaboration on care across
healthcare sectors, standardization of care, logistics, and
compensation of the women’s expenses, challenging work
obligations and time spent on screening [8].

As previous studies of the effect of reminder interven-
tions have followed women for only 12 months after birth,
the available data concern the short-term effects of screen-
ing [8-10]. As we know that women with previous GDM
remain at high risk of diabetes for at least 15 years after
birth [11], the declining participation rates [6] are worrying
and call for exploration of the long-term effect of reminder
interventions.

The aim of this study was to determine the effectiveness
of an electronic reminder intervention targeting women
whose pregnancy was complicated by GDM with regard to
increasing participation in follow-up screening in general
practice clinics. All women in the cohort who had delivered
between 2012 and 2018 were eligible.

Materials and methods

Study design and participants

Design and setting

This study was designed as a two-armed, single-blinded
randomized controlled trial. The setting was the North
Denmark Region, with approximately 0.6 million
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inhabitants [12]. Denmark offers all citizens univer-
sal healthcare free of charge [12], including follow-up
screening for women with previous GDM [13]. It is how-
ever up to the women themselves to remember to make
use of this offer. General practitioners (GPs) play a key
role in all aspects of primary healthcare [12], including
follow-up care. The identification of study population,
obtaining information on baseline characteristics, des-
patching reminders and assessing outcomes were enabled
by the Danish civil registration system. Holding a perma-
nent and unique number (CPR number) for all residents,
the system enables the linkage of individual data across
multiple nation-wide registers while ensuring total ano-
nymity [12].

Participants

Inclusion and exclusion criteria "Women who had given
birth between 2012 and 2018 and were diagnosed with
GDM were eligible for inclusion. Diagnostic test dur-
ing pregnancy consists of an oral glucose tolerance test
(OGTT) with diagnostic criteria of a 2-h blood glucose
(>9.0 mmol/l) [13]. In attempts to strengthen the credi-
bility of GDM diagnosis, women also diagnosed with dia-
betes (e.g., type 1 or type 2 diabetes mellitus) more than
40 weeks prior to birth were excluded. We also excluded
women who had already been diagnosed with diabetes
during/after pregnancy prior to the intervention, women
who no longer lived in the region or who had died. If
a woman was registered with more than one GDM-
affected pregnancy, inclusion was based on the youngest
live-born child.

Identification and data sources Women were identi-
fied via the National Patient Register, which is based on
all hospital admissions in Denmark, contains personal
information on patients, including CPR number, home
municipality, age, parity (primipara or multipara), BMI
and death [14]. The Danish Health Service’s classification
system, reporting on hospital admissions to the National
Patient Register, is based on WHO’s International Statis-
tical Classification of Diseases and Related Health Prob-
lems (ICD-10) [15], and enabled this identification (e.g.,
birth (ICD10:D080-D084), GDM-diagnosis (ICD10:
D024) and other diabetes diagnosis (ICD10:DE10-14)).
Information on ethnicity and employment status was
retrieved from the Danish Employments database
(DREAM database) [14].

Sample size The sample size was determined on the
basis of a risk difference calculation. Based on partici-
pation rates in the region and a reminder intervention
achieving an effect above 10% points [6, 16, 17], it was
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estimated that 388 women per arm were required to
detect at least a 10%-point improvement in participation
and increase test attendance from 50 to 60%, with 80%
power, a of 0.05 and expectation of no loss to follow-up.

Study intervention

In the setting of the North Denmark region, women with
a pregnancy complicated by GDM are routinely informed
by a nurse or midwife about the increased risk of type 2
diabetes mellitus and the recommendation of follow-up
screening after birth. If the woman has insulin-treated
GDM, an appointment for the first screening is sched-
uled at two to three months after birth, while it is left to
women with noninsulin-treated GDM to book a screen-
ing appointment with their GP. In all cases, the woman
is responsible for booking further screening appoint-
ments in the years following birth in general practice.
Overall, the region has high participation rates for the
first screening, while a significant decline is observed in
the following years [6]. The described study intervention
consisted of an electronic reminder of screening sent to
all women in the intervention group, who additionally
received standard care. The email informed the women
of the increased risk of type 2 diabetes and the benefits
of early diabetes detection. Recommendations on screen-
ing, details on the booking procedure and a contact
address for further information were given. The approach
was based on the principles of informed choice, patient-
centred care, and the belief that brief decision support
interventions are helpful for pregnant women [18].

Women who had participated in screening in the pre-
vious 12 months were asked to disregard the reminder,
which was sent through a secure nation-wide email
system accessed by almost all citizens in Denmark for
information from public authorities (e.g., the healthcare
system, tax authorities, etc.). Women can access the Dan-
ish secured email systems by use of a mobile application.
The system was thus easily accessible [19]. Citizens can
apply for exception from use of this secured email sys-
tem due to e.g., mental or physical illness; in the North
Denmark region exception is estimated to be granted to
approximately seven percent of the population. As the
secure email was linked to the women’s CPR number, no
further contact information was needed. The reminder
was despatched on 27 August 2020.

To support adoption [8, 20] of the follow-up screening
and local anchoring in the region, its GPs were informed
of the project through official and organizational chan-
nels. The total cost of the entire intervention, which
is likely to decrease if routinely implemented, did not
exceed €1000 (secure email fee).
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Randomization

The study population was stratified on the calendar
year for the GDM pregnancy, based on the birth year
of the child. An independent statistician was tasked
with randomization into either intervention group
or control group within each stratum using R Core
Team software (2020) [21] with a computer-gener-
ated random allocation sequence to create a 1:1 ratio.
Determined by formal chance processes, the assign-
ment to the intervention could not be predicted or
influenced. The outcome assessor was furthermore
blinded to treatment allocations, which prevented
bias in the estimated effect of the intervention. While
the nature of the intervention precluded blinding of
participants within intervention groups, the control
group members were unaware of the intervention
study.

Outcome assessment

The primary outcome was any participation in follow-
up screening after receiving a reminder, defined as the
performance of the recommended blood test for diabe-
tes. In general practice, HbAlc are the recommended
diagnostic test used for women with previous GDM
[13]. The HbAlc measurement (mmol/mol) complies to
the more recent standardization from the International
Federation of Clinical Chemistry (IFCC) [13]. The tests
performed in the general practice clinics could how-
ever be either an oral glucose tolerance test (OGTT) or
a fasting P-glucose test, and blood samples for HbAlc
which were sent from GPs for analysis in a regional
biochemical department. Different data sources were
therefore combined to assess the primary outcome. The
registry of National Health Insurance Statistics con-
tains information on health insurance services made in
general practice [14], and pay-per-performance princi-
ples ensured registration and monitoring of the screen-
ing tests. The performance code for GP clinics’ testing
of blood glucose was used (Code: 7136). GPs could also
request a P-glucose analysis from hospitals’ biochemi-
cal departments, which used NPU (Nomenclature
for Properties and Units) terminology, an interna-
tional coding system that enables identification of test
results [22]. NPU codes used to determine performed
test are NPU27412 (HbAlc), NPU21530 (OGTT) and
NPU02192 (P-glucose). The secondary outcome was a
diagnosis of type 2 diabetes mellitus defined by HbAlc
test values>48 mmol/mol as identified through the
NPU coding, or a diabetes diagnosis (ICD10:DE10-14)
registered by the hospital. Outcome data were retrieved
in February 2021, approximately 6 months after
reminders were despatched.
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Data analysis

The baseline characteristics of all randomized women
were compared descriptively, showing frequency and
percentages in total and between the control and inter-
vention groups. Categorizations of baseline characteris-
tics included Age (<25 Years, 26—35 Years, 36—50 Years),
Ethnicity (Danish/western, non-western), Employment
status in percentages (defined as number of weeks as
self-supporting, including women on maternity leave
and state education support 0—2 years before despatch
of reminders) (>80%, 20-80%,<20%) [23], Munici-
pality (urban: 219,500 inhabitants in one municipality,
rural: 371,000 inhabitants across 10 municipalities), Par-
ity (primipara, multipara) and Body mass index kg/m?
(BMIL underweight/normal (BMI<25), overweight (BMI
26-30), obese (BMI > 30).

We estimated the effect of the intervention by report-
ing risk ratios (RR), risk differences (RD) and 95% confi-
dence intervals (CI) for primary outcomes. To calculate
the number of women diagnosed with diabetes and a
P-value in relation to the secondary outcome, Pearson’s
chi square test was used. Outcome comparisons were
made according to randomization allocations, including
women who did not receive the reminder intervention as
intended. This preserved the integrity of randomization
during analysis and respected the intention-to-treat prin-
ciple. A histogram was prepared to graphically display
frequency and distribution of the primary outcome in the
time after despatching the reminder to the intervention
group. Distributions of the primary outcome was made
according to five timeline cut-offs (August/September,
October, November, December, and January/February).

A forest plot graphically displayed the estimated results
according to stratified groups representing years after
birth. To estimate the effect of the intervention for dif-
ferent subgroups, we also stratified for age, ethnicity,
employment status, municipality, parity, and BMI. All
statistical analyses were performed using Stata 16.1 soft-
ware for Windows® (StataCorp., College Station, TX,
USA).

Results

Recruitment and participant flow

Of the 1708 women assessed for eligibility, 188 had a dia-
betes diagnosis prior to birth (Fig. 1). Additionally, of the
57 excluded women, two had died before study onset, 17
had been diagnosed with diabetes during/after pregnancy
prior to the intervention, and 38 no longer lived in the
North Denmark Region (Fig. 1). Participants were rand-
omized to either control group/standard care (n=732)
or intervention group/standard care and an email
reminder (n=731). Ten (1.37%) of the 731 women in
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the intervention group did not use the secure email sys-
tem (no reason reported). These women belonged to the
following groups stratified by year: 2013 (two women),
2014 (four women), 2016 (three women) and 2017 (one
woman). In accordance with the intention-to treat-prin-
ciple, the ten women were included as part of follow-up
leading to a complete follow-up of the 1463 women.

Characteristics of included women

There were no notable differences between the con-
trol group and the intervention group at trial entry
(Table 1). Both groups were dominated by women
between 26-35 years of age (& 66%), of Danish or
western decent (= 88%). With mostly self-supporting
women, and approximately 13% receiving public ben-
efits for more than 80% of the time, the included group of
women reflected the general socio-economic conditions
of women at childbearing age. Equal numbers of women
lived in urban municipalities and rural municipalities; the
same applied to parity. As could be expected for women
with prior GDM, many (~ 41%) had a BMI>30 before
pregnancy and were categorized as obese.

Postpartum follow-up and early detection of diabetes
Screening involved 471 (32.1%) women. The primary
outcome event was experienced by 257 women (35.1%)
in the intervention group and 214 women (29.2%) in the
control group. We demonstrated a 20% increased chance
of participation in screening in the intervention group
(RR: 1.20; 95% CI 1.03-1.39) and a 5% increase in abso-
lute risk (RD: 0.05; 95% CI 0.01-0.10] (Table 2).

Screening was performed using a HbAlc test in 415
women (NPU27412), a OGTT in 34 women (NPU21530),
by P-glucose testing (NPU02192) of 14 women, while 8
women were tested according to the performance code
for GPs (Code:7136).

The effect was highest immediately after the reminder
was sent out in August/September and October (Fig. 2).

Figure 3 shows that in all years, except 2012, the pro-
portion of women who participated in screening were
highest in the intervention group.

Among the women who participated in follow-up
screening, 56 (3.8%) were diagnosed with type 2 diabetes
mellitus after the reminder was despatched.

The secondary outcome (type 2 diabetes diagnosis)
was detected in 32 women within the intervention group
and in 24 women in the control group. No significant dif-
ference was found (P-value: 0.27). Most of the women
with type 2 diabetes mellitus were diagnosed according
to HbAlc>48 mmol/mol (54 women); only two women
were identified through hospital ICD-10 codes.
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Assessed for eligibility

(N=1708)
Excluded: (N=188)
Women with another diabetes
diagnosis prior to birth
(N=1520)

Excluded: (N=57)

e Women who are dead (N=2)
e Women with another diabetes

diagnosis during/after pregnancy
(N=17)

e Women who do not live in the North
Denmark Region (N=38)

Randomized
(N=1463)

Allocated to control group (N=732)
(Usual care)

e Received (N=732)

o 2012 (N=77)
(N=81)
(N=97)
(N=82)
2016 (N=126)
2017 (N=132)

o 2018 (N=137)
* Did not received (N=0)

0 0 0O O O
N
o
=
(&}

Allocated to intervention group (N=731)
(Usual care + reminder))

e Delivered to (N=731)
o 2012 (N=77)
2013 (N=80)
2014 (N=97)
2015 (N=82)
2016 (N=126)
2017 (N=132)
o 2018 (N=137)
e Received (N=721)
e Did not received (N=10)
o Not connected to public mail

O O 0O O O

Lost to follow-up (N=0)

Discontinued Intervention (N=0)

Lost to follow-up (N=0)

Discontinued Intervention (N=0)

Analyzed (N=732)

Excluded from Analysis (N=0)

Analyzed (N=731)

Excluded from Analysis (N=0)

Fig. 1 Flowchart

Subgroup analyses

Compared with women receiving standard care, women
in the intervention group showed significantly higher
participation rates if they were of Danish or western
decent, 26-35 years old, multipara, lived in an urban
area and with a BMI <25 (Table 3). The risk difference,
i.e., the difference in the probability of experiencing
the event, appeared to increase with age and with non-
western origin, urban dwelling, multiparity, and for
women with BMI < 25.

Identified harms
No significant harms were identified as a result of the
study.

Discussion

Key results

This study demonstrates a significant increase in par-
ticipation in screening among women with prior GDM
who receive an email reminder in comparison with
women who receive only standard care. Our results
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Table 1 Baseline characteristics of women included in study
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Factor Total (n=1463) (%) Intervention (n=731) (%) Control (n=732) (%)
Age:

<25 Years 118 (8.0) 63 (8.6) 55(7.5)

26-35 Years 958 (65.5) 466 (63.7) 492 (67.4)

36-50 Years 385(26.3) 202 (27.6) 183 (25.0)

Missing 2(0.1) 0(0.0) 2(0.2)
Ethnicity:

Danish/western 1253 (88.1) 628 (88.8) 625 (87.5)

Non-western 168 (11.8) 79(11.1) 89 (12.4)

Missing 42 (2.8) 24(3.2) 18 (2.5)
Employment status®:

>80% 1008 (68.9) 501 (68.6) 507 (69.2)

20-80% 273 (18.6) 141(19.2) 132 (18.0)

<20% 182(124) 89 (12.1) 93 (12.7)
Municipality®:

Urban 691 (47.2) 335 (45.8) 356 (48.6)

Rural 772 (52.7) 396 (54.1) 376 (51.3)
Parity:

Primipara 668 (45.6) 335(45.8) 333 (454)

Multipara 794 (54.3) 395 (54.1) 399 (54.5)

Missing 1(0.07) 1(0.1) 0(0.0)
BMI kg/m2:

<25 418 (28.7) 211(28.9) 207 (28.5)

25-30 437 (30.0) 218(29.9) 219 (30.1)

>30 600 (41.2) 300 (41.1) 300 (41.3)

Missing 8(0.5) 2(0.2) 6(0.8)

2 Defined as number of weeks as self-supporting, including on maternity leave or receiving education grant 0-2 years before despatch of reminder, calculated in

percentage (> 80%, 20-80%, < 20%)

b Urban (219,500 inhabitants in 1 municipality), rural (371,000 inhabitants across 10 municipalities)
€ BMI Body mass index kg/m?: Underweight/normal (BMI < 25), overweight (BMI 25-30), obese (BMI > 30)

Table 2 Outcome: participation in screening

Outcome Total (n=1463) (%)

Intervention (n=731) (%) Control (n=732) (%) Relative risk (95% Cl) Risk difference

Women participating in screen- 471 (32.1) 257 (35.1)

ing

214(29.2) 1.20(1.03-1.39) 0.05 (0.01-0.10)

thereby corroborate the growing body of evidence that
reminding women to be screened after birth are effec-
tive [9, 24, 25]. Our study, is to the best of our knowl-
edge the first to test the effect of a reminder beyond the
first 12 months after birth [8], and the studied interven-
tion appears to support the recommendation of par-
ticipation in screening [5]. As the women in our study
received the reminder only once, we have no knowl-
edge of the potential of yearly reminders. Reminder
fatigue can occur over time with increasing numbers of
reminders but is not inevitable [26]. Since the majority
of guidelines recommend recurrent annual follow-up

screenings, or at least every three years after birth, the
use of annual reminders may increase adherence even
further. Subgroup analysis has moreover suggested
that women of non-western origin are more likely to
respond to the reminder. This is interesting, as previ-
ous published literature suggest that women of non-
Western can be hard to engage in screening [27]. Also,
our analysis suggests that reminders are supportive for
multiparas, however even when adding a reminder to
usual care participation of multiparas do not quit get
on the same level of participation as primiparas. This
could indicate that it can be hard to prioritize screening
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Fig. 2 Histogram illustrating the distribution of participation in screening in time after despatching the reminder

I
Year of childbirth Event (%) }
Intervention Control 0.84 (0.57 - 1.25) I
2012 36.3 4238 [ ° }
I
I 1.22 (0.72 - 2.06)
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I
| 1,61 (1.01-2.57)
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I
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2018 39.4 36.5 —e |
10 15 2.0

Fig. 3 Forest plot illustrating the effect of the reminder according to stratified groups representing years after birth

when joggling family related practicalities, something
which have been identified in previous studies [27].

Contextual factors may explain the variations in effect
found between this study and previous studies [8, 9].
Unlike the situation in many other countries, our Dan-
ish study setting provided universal and free access to
healthcare and life-long follow-up screening. As pointed
out in a published RCT study, this seems to be central to
the effect of reminders, as participation was significantly
higher in patients covered by public healthcare [10].

Our study also found a stronger effect of the reminder
among urban women. However, it is important to notice
that women from rural areas in general seems to partici-
pate in screening more than women from urban areas but
might not be especially responsive to a reminder.

The reminder nevertheless seems to support continu-
ity of care for women with previous GDM, a group that

has expressed discontent about fragmented care and lit-
tle opportunity to receive elaboration on health risks and
recommendations [28]. This problem is documented by
international research, which found that women experi-
ence care as particularly fragmented on their return to
general practice care following a hospital birth [27].
Drawing on the unique possibility offered by Denmark’s
civil registration number system to link individual data
across multiple nationwide registers, our simple inter-
vention design enabled us to identify and recruit par-
ticipants, despatch the reminders, and assess outcomes
without causing any significant disturbances for current
practices. This ensured sufficient recruitment and reten-
tion rates with no loss to follow-up, a frequent challenge
to the feasibility of executing interventions studies [29].
In comparison to similar interventions studies, our sam-
ple was sizable and retention satisfactory [24, 25, 30-32].
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Table 3 Subgroup analysis
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Subgroups Total (n=1463) (%) Intervention Control (n=732) (%) Relative risk (95% ClI) Risk Differenceis
(n=731) (%)
Age:
<25 Years 28 (23.7) 15(23.8) 13(23.6) 1.00 (0.52-1.92) 0.00 (-0.15-0.16)
26-35 Years 321(33.5) 171 (36.7) 150 (30.4) 1.20 (1.00-1.43) 0.06 (0.00-0.12)
36-50 Years 122 (31.6) 71(35.1) 51 (27.8) 1.26 (0.93-1.70) 0.07 (-0.01-0.16)
Ethnicity:
Danish/western 409 (32.6) 222 (35.3) 187 (29.9) 1.18 (1.00-1.38) 0.05 (0.00-0.10)
Non-western 57 (33.9) 31(39.2) 26 (29.2) 1.34 (0.87-2.05) 0.10 (-0.04-0.24)
Employment status®:
> 80% 320(31.7) 172 (34.3) 148 (29.1) 1.17(0.98-1.41) 0.05 (-0.00-0.10)
20-80% 83 (304) 49 (34.7) 34 (25.7) 1.34(0.93-1.94) 0.08 (-0.01-0.19)
<20% 68 (37.3) 36 (40.4) 32(34.4) 1.17 (0.80-1.71) 0.06 (-0.08-0.20)
Municipality®:
Urban 216 (31.2) 124 (37.0) 92 (25.8) 143 (1.14-1.79) 0.11(0.04-0.18)
Rural 255 (33.0) 133 (33.5) 122 (324) 1.03 (0.84-1.26) 0.01 (-0.05-0.07)
Para:
Primipara 233 (34.8) 121 (36.1) 112 (33.6) 1.07 (0.87-1.32) 0.02 (-0.04-0.09)
Multipara 238(29.9) 136 (34.4) 102 (25.5) 1.34 (1.08-1.67) 0.08 (0.02-0.15)
BMI kg/m?2<:
<25 123 (294) 76 (36.0) 47 (22.7) 1.58 (1.16-2.16) 0.13(0.04-0.21)
25-30 135 (30.8) 68 (31.1) 67 (30.5) 1.01(0.77-1.34) 0.00 (-0.08-0.09)
>30 209 (34.8) 113 (37.6) 96 (32.0) 1.17 (0.94-1.46) 0.05(-0.01-0.13)

2 Defined as number of weeks as self-supporting or receiving public benefits 0-2 years before despatch of reminder, calculated in percentages

b Urban (219,500 inhabitants in 1 municipality), rural (371,000 inhabitants across 10 municipalities)
¢ BMI, body mass index kg/m? Underweight/normal (BMI < 25), overweight (BMI 25-30), obese (BMI>30)

The use of an existing secure email system involving
almost all Danish citizens also helped ensure the remind-
ers near total delivery rate. Only about 1% of the inter-
vention group population failed to receive the reminder,
which is an improvement on similar intervention studies
[16, 17]. Neither did local changes or modifications dur-
ing implementation and delivery alter the intervention’s
content, which may otherwise challenge the fidelity of
more complex intervention designs [29]. The low inter-
vention costs also support the feasibility and sustain-
ability of similar interventions in the future. However, as
the highest effect of the reminder is found briefly after
despatch, we recommend that revisions of local guide-
lines benefit from discussions of frequency and time of
despatching reminders. Finally, the recommended test
for screening in Denmark (HbA1c) could have eradicated
previous barriers, such as the discomfort of the OGTT or
that fasting was needed [27].

Reflection on coverage of an intervention in a spe-
cific service setting gives indications of its integration
[29]. Our study’s overall participation rate of 32.1% may
be considered low in comparison with other studies,
whose rates range from 44 to 76% in the first 12 months

after birth [16, 17, 24]. However, the long-term per-
spective of this study allows us to disclose significantly
higher participation rates in the later follow-up screen-
ings compared with those previously found in the region
(approximately 17% of women participating in screening
4—6 vyears after birth) [6]. This may suggest that deci-
sion aids such as electronic reminders can be effective in
enhancing informed decision-making about participation
in screening programmes [18], as recommended by the
World Health Organization that high uptake in screen-
ing should not take precedence over women’s informed
choice concerning participation in screening according
to their individual values and preferences [33].

However, as poor communication across sectors and
GP clinics’ insufficient information on risks and recom-
mendations may challenge participation in follow-up
screening [27, 28], initiatives to further increase the
effect of reminders should be prioritized. Attempts to
increase attention to screening stimulate the participa-
tion of women burdened by everyday life obligations [27],
including those who have expressed a wish to attend fol-
low-up screening [28]. Reminders targeting both physi-
cians and women [34] in combination with staff training
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and other initiatives [16, 25], have been established as
effective and should be considered in the effort to over-
come barriers. However, the implementation of remind-
ers appears to pose a challenge to general practice clinics
[17]. Even though the secured email systems used in this
study have the above-mentioned benefits and were con-
sidered easily accessible to women in the context of Den-
mark, other types of reminders to women have also been
shown effective in increasing participation [8, 9]. Our
data also suggest that the reminder was less effectual
among younger women and women with overweight.
The young women’s poor response could be explained by
the low-risk perception established in a survey study that
found great divergence between young persons’ recog-
nition of GDM as a general risk factor for diabetes and
their assessment of own risk of diabetes [35]. Our results
support previous findings that women with overweight
are less likely to participate in screening due to apprehen-
sions about receiving a type 2 diabetes mellitus diagnosis
[8]. Ways to support these two groups of women should
be identified.

Strengths and limitations

The simple study design, with its adaptation to existing
system resources, ensured the inclusion of practically all
cases and high follow-up rates. The validity of the Danish
National Patient Register database enabled the identifi-
cation of women with a GDM diagnosis, lending strong
support to our expectation that women receiving this
diagnosis through ICD-10 coding during pregnancy/
childbirth are correct [12]. We moreover attempted to
ensure that misdiagnoses were excluded. The use of an
RCT design for evaluating interventions is generally con-
sidered a strength as it helps prevent selection bias and
potential confounding, and our baseline info ensured
successful randomization.

To ensure the long-term sustainability of the reminder
intervention, we included women who had been screened
in the previous 12 months. Any negative consequences of
receiving an irrelevant reminder were limited by encour-
aging the women to disregard it, but more knowledge of
women’s perspectives on receiving the reminder is, how-
ever, needed to ensure that no significant harms were
associated with this study. The results of a qualitative
study of this are forthcoming.

In the assessment of the primary outcome, several data
sources were used to secure identification of an event
which according to recommendations could include
three different blood tests. However, in relation to the
secondary outcome, ICD-10 coding fails to securely iden-
tify those who are merely diagnosed and treated for type
2 diabetes mellitus in general practice [12]. Our addi-
tional identification of type 2 diabetes mellitus diagnosis
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through NPU coding nonetheless ensured satisfactory
identification, hence HbAlc test was found to be the
most frequently used test for screening in general prac-
tice clinics. The single-blinded design prevented bias in
estimating the effect of the intervention by ensuring that
the outcome assessor and the control group were blinded
to treatment allocation. Moreover, the application of
intention-to-treat principles in the data analysis reflects
real-life practice and minimizes the chance of overesti-
mating effects.

Our subgroup analysis contributes to the discussion of
the design of future electronic reminder systems, but its
results should be interpreted with caution as the num-
bers were small and randomization may not have been
maintained in the subgroups. Moreover, knowledge of
insulin therapy rates during pregnancy with GDM should
be classified, as it can affect women’s motivation to par-
ticipate in screening. Nevertheless, the RCT design is
expected to have distributed the number of women who
have received insulin therapy during pregnancy equally
between the control and the intervention group.

Informing GPs about the study before despatching the
reminder may have increased uptake of screening in the
control group, which may have resulted in an underesti-
mation of the effect of the reminder. However, we believe
this would have had a minor effect as GPs properly are
inundated by information, and that the reminder was
addressed to women.

Implications for practice and research

We wurge general practice clinics to continue to
strengthen attempts to engage in the decision-making
process with women and support knowledge transfer
between healthcare sectors. Such challenges appear to
have diminished the effect of the reminder, creating a
barrier to follow-up screening. Even if the reminder were
routinely despatched, women should be offered sup-
port for their decision-making, especially if their GDM
pregnancy occurred several years earlier. Nevertheless,
routine use of reminders should be considered, in order
to strengthen women’s opportunity to be tested and, in
dialogue with general practitioners, gain information on
how diabetes conversion can be prevented. It is especially
important in a Danish setting where evidence-based
lifestyle interventions are not systematically available to
women with impaired glucose tolerance (IGT). Our work
has implications for all research concerning the coverage
of reminder interventions. An adjunct process evaluation
to our study, which is currently being analysed, can help
generate more knowledge about women’s experiences
of receiving the reminder and participating in screen-
ing. Also, no previous cost-effectiveness studies on the
use of reminder systems to increase uptake in screening
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after birth for this specific group of women have been
identified. Finally, should potentials of yearly reminders
and more knowledge about the specific subgroups be
analysed.

Conclusion

Electronic reminders to women can support the recom-
mendation of participation in follow-up screening, as
this study test found that a reminder beyond the first
12 months after birth are effective in increasing women’s
participation in screening. The reminder is based on the
principles of informed choice and patient-centred care,
which are believed to be a strength. The advantage of the
intervention stems from its simplicity and the use of a
nationwide secure email system linked to women’s CPR
number, for which policy makers should analyse contex-
tual conditions for implementation. Attempts to further
stimulation of coverage could however be considered,
possibly focusing on strengthen engagement of women in
the decision-making process and support of knowledge
transfer between healthcare sectors.

Abbreviations

GDM Gestational Diabetes Mellitus

OGTT Oral glucose tolerance test

IDF International Diabetes Federation
WHO World Health Organisation

CPR The Central Person Register number

Acknowledgements

The research was funded by the Department of Midwifery and the Sustain-
able Science research programme at University College of Northern Denmark,
the Department of Health Science and Technology, Aalborg University, and
the Clinical Nursing Research Unit, Aalborg University Hospital. The academic
work was also supported by the Centre for the Development and Evaluation
of Complex Interventions for Public Health Improvement (DECIPH'er), a UKCRC
Public Health Research Centre of Excellence.

Authors’ contributions

JHN, KF, JKK and CO all contributed to development of the study protocol. KF
retrieved the register data. Supported by KF, JHN was responsible for organiz-
ing the despatch of the reminder and conducted the data analysis. JHN wrote
the first draft of the paper while KF, JKK and CO contributed to interpretation
of data. The final version of this article was discussed, revised and approved by
all authors.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

The Danish science ethics committee of the North Denmark Region, Den-
mark was approached and it waived the need for ethics approval as well as
informed consent. The study thereby adheres to Danish legislation [36], Euro-
pean General Data Protection Regulations (GDPR) [37], and the Danish Code
of Conduct for Research Integrity [38] in relation to data protection and good

Page 10 of 11

scientific practice. The study was furthermore carried out in accordance with
the Code of Ethics of the World Medical Association [39] and registered within
the North Denmark Region (ID number 2020-006) as well as the ISRCTN reg-
istry (22/04/2022, 1SRCTN23558707). This research did not receive any grants
from funding agencies in the public, commercial, or not-for-profit sectors. The
reporting of the study draws on the CONSORT-Routine guidelines [40].

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Received: 1 June 2022 Accepted: 16 January 2023
Published online: 23 January 2023

References

1. Wang H, Li N, Chivese T, Werfalli M, Sun H, Yuen L, et al. IDF Diabetes Atlas:
Estimation of Global and Regional Gestational Diabetes Mellitus Preva-
lence for 2021 by International Association of Diabetes in Pregnancy
Study Group's Criteria. Diabetes Res Clin Pract. 2022; 183:109050. https://
doi.org/10.1016/j.diabres.2021.109050

2. Jeppesen C, Maindal HT, Kristensen JK, Ovesen PG, Witte DR. National
study of the prevalence of gestational diabetes mellitus among Danish
women from 2004 to 2012. Scand J Public Health. 2017;45:811-7. https://
doi.org/10.1177/1403494817736943.

3. Dennison RA, Chen ES, Green ME, Legard C, Kotecha D, Farmer G,
et al. The absolute and relative risk of type 2 diabetes after gestational
diabetes: A systematic review and meta-analysis of 129 studies. Diabetes
Res Clin Pract 2021; 171:108625. https://doi.org/10.1016/j.diabres.2020.
108625

4. International Diabetes Federation. IDF DIABETES ATLAS; https://diabe
tesatlas.org/atlas/tenth-edition/; 2021[Accessed 01.08.22]

5. American Diabetes Association. 13. Management of Diabetes in
Pregnancy: Standards of Medical Care in Diabetes-2018. Diabetes care
2018;41:5137-5143. https://doi.org/10.2337/dc18-S013

6. Olesen CR, Nielsen JH, Mortensen RN, Baggild H, Torp-Pedersen C,
Overgaard C. Associations between follow-up screening after ges-
tational diabetes and early detection of diabetes - a register based
study. BMC Public Health. 2014;14(1):841. https://doi.org/10.1186/
1471-2458-14-841.

7. Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL. Progres-
sion to type 2 diabetes in women with a known history of gestational
diabetes: systematic review and meta-analysis. BMJ. 2020,369:m1361.
https://doi.org/10.1136/bmj.m1361.

8. Nielsen JH, Melendez-Torres GJ, Rotevatn TA, Peven K, Fonager K, Over-
gaard C. How do reminder systems in follow-up screening for women
with previous gestational diabetes work? - a realist review. BMC Health
Serv Res. 2021;21(1):535. https://doi.org/10.1186/512913-021-06569-z.

9. Jeppesen C, Kristensen JK, Ovesen P, Maindal HT. The forgotten risk?

A systematic review of the effect of reminder systems for postpar-
tum screening for type 2 diabetes in women with previous gesta-
tional diabetes. BMC Res Notes. 2015;8:373. https://doi.org/10.1186/
$13104-015-1334-2.

10. Khalifeh A, lyer J, Cantor E, Quist-Nelson J, Tumas J, Berghella V. MDA
Reminder System for Postpartum DM Screening in GDM Patients: A
Randomized Controlled Trial [RCT]. Obst Gyne. 2017;129:178S. https://doi.
org/10.1097/01.A0G.0000514129.39621.61.

11. Song C, LyuY, Li C, Liu P, LiJ, Ma RC, et al. Long-term risk of diabetes in
women at varying durations after gestational diabetes: a systematic
review and meta-analysis with more than 2 million women. Obes Rev.
2018;19(3):421-9. https://doi.org/10.1111/0br.12645.

12. Schmidt M, Schmidt SAJ, Adelborg K, Sundbell J, Laugesen K, Ehren-
steinV, et al. The Danish health care system and epidemiological
research: from health care contacts to database records. Clin Epidemiol.
2019;11:563. https://doi.org/10.2147/CLEPS179083.


https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.1177/1403494817736943
https://doi.org/10.1177/1403494817736943
https://doi.org/10.1016/j.diabres.2020.108625
https://doi.org/10.1016/j.diabres.2020.108625
https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/
https://doi.org/10.2337/dc18-S013
https://doi.org/10.1186/1471-2458-14-841
https://doi.org/10.1186/1471-2458-14-841
https://doi.org/10.1136/bmj.m1361
https://doi.org/10.1186/s12913-021-06569-z
https://doi.org/10.1186/s13104-015-1334-2
https://doi.org/10.1186/s13104-015-1334-2
https://doi.org/10.1097/01.AOG.0000514129.39621.61
https://doi.org/10.1097/01.AOG.0000514129.39621.61
https://doi.org/10.1111/obr.12645
https://doi.org/10.2147/CLEP.S179083

Nielsen et al. BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2023) 23:153

Danish Society for general Practice (DSAM). Gestationel Diabetes. https://
vejledningerdsam.dk/type2d/?mode=showPage&pageld=141; 2022
[Accessed 01.11.22]

Aarhus University. The National Centre for Register-Based Research,
https://econ.au.dk/the-national-centre-for-register-based-research/dan-
ish-registers/; 2022 [Accessed 01.08.22]

The Danish Health Data Authority. The Danish Medical Coding Classifica-
tion System, https://sundhedsdatastyrelsen.dk/da/english/health_data_
and_registers/classifications ;2022 [Accessed 01.05.22]

Vesco KK, Dietz PM, Bulkley J, Bruce FC, Callaghan WM, England L, et al. A
system-based intervention to improve postpartum diabetes screen-

ing among women with gestational diabetes. Am J Obstet Gynecol.
2012;207:283.e1-283.e6. https://doi.org/10.1016/j.aj0g.2012.08.017.
Halperin 1J, Sehgal P, Lowe J, Hladunewich M, Wong BM. Increasing timely
postpartum oral glucose tolerance test completion in women with
gestational diabetes: a quality-improvement initiative. Can J Diabetes.
2015;39(6):451-6. https://doi.org/10.1016/j,jcjd.2015.06.004.

Elwyn G, Frosch D, Thomson R, Joseph-Williams N, Lloyd A, Kinnersley P,
et al. Shared Decision Making: A Model for Clinical Practice. J Gen Intern
Med. 2012;27(10):1361-7. https://doi.org/10.1007/511606-012-2077-6.
E-Boks.dk, https://www.e-boks.com/danmark/en/what-is-e-boks/ ;2022
[Accessed 01.05.2022]

Bonell C, Jamal F, Melendez-Torres GJ, Cummins S.'Dark logic”: theorising
the harmful consequences of public health interventions. J Epidemiol
Comm Health. 2015;69:95-8. https://doi.org/10.1136/jech-2014-204671.
R Core Team [2020]. A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, https://www.R-proje
ct.org/;2022 [Accessed 01.05.2022]

The Danish Health Data Authority. NPU-terminologi-Dansk Release
Center, https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/
om-terminologi/npu ;2022 [Accessed 01.05.2022]

Dansk Arbejdsgiverforening. Langtidsforsergende Unge, https://www.da.
dk/globalassets/beskIC3%A6ftigelse/rapport_langtidsfors%C3%B8rge
de_unge_2020.pdf;2020 [Accessed 01.05.2022]

Olmos PR, Borzone GR, Berkowitz L, Mertens N, Busso D, Santos JL, et al.
Preventive letter: doubling the return rate after gestational diabetes
mellitus. Matern Child Health J. 2015;19:939-44. https://doi.org/10.1007/
$10995-014-1614-9.

Shea AK, Shah BR, Clark HD, Malcolm J, Walker M, Karovitch A, et al.

The effectiveness of implementing a reminder system into routine
clinical practice: does it increase postpartum screening in women with
gestational diabetes?. Chronic Dis Can. 2011; 31:58-64. https://doi.org/10.
24095/hpcdp.31.2.02

Green LA, Nease D, Klinkman MS. Clinical reminders designed and imple-
mented using cognitive and organizational science principles decrease
reminder fatigue. JABFM. 2015;28:351-9. https://doi.org/10.3122/jabfm.
2015.03.140243.

Dennison RA, Fox RA, Ward RJ, Griffin SJ, Usher-Smith JA. Women's views
on screening for Type 2 diabetes after gestational diabetes: a systematic
review, qualitative synthesis and recommendations for increasing uptake.
Diabet Med. 2020;37:29-43. https://doi.org/10.1111/dme.14081.

Nielsen JH, Olesen CR, Kristiansen TM, Bak CK, Overgaard C. Reasons

for women'’s non-participation in follow-up screening after gestational
diabetes. Women Birth. 2015;28(4):e157-63. https://doi.org/10.1016/j.
wombi.2015.04.006.

Richards DA, Hallberg IR. Complex Interventions in Health. An overview
of research methods. 1st ed. New York: Routledge; 2015.

Lega IC, McLaughlin H, Coroneos M, Handley-Derry F, Donovan N,
Lipscombe LL. A physician reminder to improve postpartum diabetes
screening in women with gestational diabetes mellitus. Diabetes Res Clin
Pract. 2012;95:352-7. https://doi.org/10.1016/j.diabres.2011.10.023.
Peticca P, Shah BR, Shea A, Clark HD, Malcolm JC, Walker M, et al. Clinical
predictors for diabetes screening in the first year postpartum after ges-
tational diabetes. Obstetric Med. 2014;7:116-20. https://doi.org/10.1177/
1753495X14528487.

Sarmiento AJ, Bernardo DG, Isip-Tan IT. A Randomized Controlled Trial on
the Effectiveness of Short Message Service [SMS] Reminders in Improving
Postpartum Follow-up among Gestational Diabetes Mellitus Patients. J
ASEAN Fed Endocr Soc. 2019; 34:62-72. https://doi.org/10.15605/jafes.
034.01.10

33.

34.

35.

36.

37.

38.

39.

40.

Page 11 of 11

World Health Organization (WHO). Increase effectiveness, maximize ben-
efits and minimize harm Screening programmes: a short guide. https://
apps.who.int/iris/handle/10665/330829 ;2022 [Accessed 01.11.2022]
Korpi-Hyovalti E, Laaksonen DE, Schwab U, Heinonen S, Niskanen L. How
can we increase postpartum glucose screening in women at high risk
for gestational diabetes mellitus?. Int J Endocrinol. 2012; 2012:519267.
https://doi.org/10.1155/2012/519267

Kim C, Goewey J, McEwen LN, Ferrara A, Piette JD, Walker EA. Risk percep-
tion for diabetes among women with histories of gestational diabetes
mellitus. Diabetes Care. 2007;30:2281-6. https://doi.org/10.2337/
dc07-0618.

The Danish Ministry of Health and the Elderly. Research Ethics of Health
Science Research and Health Data Science Research Projects [LBK 1338],
https://www.retsinformation.dk/eli/lta/2020/1338 ;2022 [Accessed
01.05.2022]

European Commission. The General Data Protection Regulation [GDPR],
https://ec.europa.eu/info/law/law-topic/data-protection/data-prote
ction-eu ;2022 [Accessed 01.05.2022]

The Danish Ministry of Higher Education and Science. The Danish Code
of Conduct for Research Integrity, https.//ufm.dk/en/publications/2014/
the-danish-code-of-conduct-for-research-integrity ;2021 [Accessed
01.05.2022]

World Medical Association. International Code of Medical Ethics, https://
www.wma.net/policies-post/wma-international-code-of-medical-ethics/
;2021 [Accessed 01.05.2022]

Kwakkenbos L, Imran M, Mccall SJ, Mccord KA, Frobert O, Hemkens LG,
et al. CONSORT extension for the reporting of randomised controlled
trials conducted using cohorts and routinely collected data [CONSORT-
ROUTINE]: checklist with explanation and elaboration. BMJ. 2021;373.
https://doi.org/10.1136/bmj.n857

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://vejledninger.dsam.dk/type2d/?mode=showPage&pageId=141
https://vejledninger.dsam.dk/type2d/?mode=showPage&pageId=141
https://econ.au.dk/the-national-centre-for-register-based-research/danish-registers/
https://econ.au.dk/the-national-centre-for-register-based-research/danish-registers/
https://sundhedsdatastyrelsen.dk/da/english/health_data_and_registers/classifications
https://sundhedsdatastyrelsen.dk/da/english/health_data_and_registers/classifications
https://doi.org/10.1016/j.ajog.2012.08.017
https://doi.org/10.1016/j.jcjd.2015.06.004
https://doi.org/10.1007/s11606-012-2077-6
https://www.e-boks.com/danmark/en/what-is-e-boks/
https://doi.org/10.1136/jech-2014-204671
https://www.R-project.org/;2022
https://www.R-project.org/;2022
https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/om-terminologi/npu
https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/om-terminologi/npu
https://www.da.dk/globalassets/besk%C3%A6ftigelse/rapport_langtidsfors%C3%B8rgede_unge_2020.pdf;2020
https://www.da.dk/globalassets/besk%C3%A6ftigelse/rapport_langtidsfors%C3%B8rgede_unge_2020.pdf;2020
https://www.da.dk/globalassets/besk%C3%A6ftigelse/rapport_langtidsfors%C3%B8rgede_unge_2020.pdf;2020
https://doi.org/10.1007/s10995-014-1614-9
https://doi.org/10.1007/s10995-014-1614-9
https://doi.org/10.24095/hpcdp.31.2.02
https://doi.org/10.24095/hpcdp.31.2.02
https://doi.org/10.3122/jabfm.2015.03.140243
https://doi.org/10.3122/jabfm.2015.03.140243
https://doi.org/10.1111/dme.14081
https://doi.org/10.1016/j.wombi.2015.04.006
https://doi.org/10.1016/j.wombi.2015.04.006
https://doi.org/10.1016/j.diabres.2011.10.023
https://doi.org/10.1177/1753495X14528487
https://doi.org/10.1177/1753495X14528487
https://doi.org/10.15605/jafes.034.01.10
https://doi.org/10.15605/jafes.034.01.10
https://apps.who.int/iris/handle/10665/330829
https://apps.who.int/iris/handle/10665/330829
https://doi.org/10.1155/2012/519267
https://doi.org/10.2337/dc07-0618
https://doi.org/10.2337/dc07-0618
https://www.retsinformation.dk/eli/lta/2020/1338
https://ec.europa.eu/info/law/law-topic/data-protection/data-protection-eu
https://ec.europa.eu/info/law/law-topic/data-protection/data-protection-eu
https://ufm.dk/en/publications/2014/the-danish-code-of-conduct-for-research-integrity
https://ufm.dk/en/publications/2014/the-danish-code-of-conduct-for-research-integrity
https://www.wma.net/policies-post/wma-international-code-of-medical-ethics/
https://www.wma.net/policies-post/wma-international-code-of-medical-ethics/
https://doi.org/10.1136/bmj.n857

	Effect of an electronic reminder of follow-up screening after pregnancy complicated by gestational diabetes mellitus: a randomized controlled trial
	Abstract 
	Aim 
	Methods 
	Results 
	Conclusion 
	Trail registration 

	Introduction
	Materials and methods
	Study design and participants
	Design and setting
	Participants

	Study intervention
	Randomization
	Outcome assessment
	Data analysis

	Results
	Recruitment and participant flow
	Characteristics of included women
	Postpartum follow-up and early detection of diabetes
	Subgroup analyses
	Identified harms

	Discussion
	Key results
	Strengths and limitations
	Implications for practice and research

	Conclusion
	Acknowledgements
	References


