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Abstract

Objective. To evaluate the cost-effectiveness of a novel intrauterine system, lev-

onorgestrel intrauterine system 13.5 mg vs. oral contraception, in women at

risk of unintended pregnancy. Design. Cost-effectiveness model using efficacy

and discontinuation data from published articles. Setting. Societal perspective

including direct and indirect costs. Population. Women at risk of unintended

pregnancy using reversible contraception. Methods. An economic analysis was

conducted by modeling the different health states of women using contracep-

tion over a 3-year period. Typical use efficacy rates from published articles

were used to determine unintended pregnancy events. Discontinuation rates

were used to account for method switching. Main outcome measures. Cost-

effectiveness was evaluated in terms of the incremental cost per unintended

pregnancy avoided. In addition, the incremental cost per quality-adjusted life-

year was calculated. Results. Levonorgestrel intrauterine system 13.5 mg gener-

ated costs savings of €311 000 in a cohort of 1000 women aged 15–44 years. In

addition, there were fewer unintended pregnancies (55 vs. 294) compared with

women using oral contraception. Conclusion. Levonorgestrel intrauterine sys-

tem 13.5 mg is a cost-effective method when compared with oral contracep-

tion. A shift in contraceptive use from oral contraception to long-acting

reversible contraception methods could result in fewer unintended pregnancies,

quality-adjusted life-year gains, as well as cost savings.

Abbreviations: IUS, intrauterine system; LARC, long-acting reversible contra-

ception; LNG-IUS, levonorgestrel intrauterine system; OC, oral contraception;

QALY, quality-adjusted life-year; SARC, short-acting reversible contraception.

Introduction

Contraceptive methods are widely available in Sweden.

However, the incidence of induced abortion, a possible

proxy for unintended pregnancy, is the second highest in

Key Message

A levonorgestrel intrauterine system (LNG-IUS

13.5 mg) was found to be a cost-effective form of

contraception compared with oral contraceptives,

generating lower costs, fewer unintended pregnancies,

and similar quality-adjusted life-years.

ª 2015 The Authors. Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd

on behalf of Nordic Federation of Societies of Obstetrics and Gynecology (NFOG)., 94 (2015) 884–890

884

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

A C TA  Obstetricia et Gynecologica

info:doi/10.1111/aogs.12679
info:doi/10.1111/aogs.12679
http://www.euroqol.org


Europe (1). In 2011 there were approximately 38 000

induced abortions (20.9/1000 women) in Sweden, with

women aged 20–24 and 25–29 years showing the highest

rates, at 33/1000 women and 27/1000 women, respectively

(2). The outcomes and implications of unintended preg-

nancy are not limited to induced abortions, but also

include live birth, miscarriage, and ectopic pregnancy.

Previous studies indicate that unintended pregnancy is

associated with substantial health system costs (3), and

may also impact quality-of-life (4,5). Avoiding unin-

tended pregnancy is therefore important for the cost-

effective allocation of healthcare resources.

A substantial proportion of women in Sweden use

some form of contraception; however, many currently use

short-acting reversible contraception [SARC; comprising

oral contraception (OC), ring, patch, and injection].

SARC methods, which rely on user adherence for their

effectiveness, have higher typical use failure rates than

long-acting reversible contraception [LARC; comprising

intrauterine contraceptive device, intrauterine system

(IUS) and implant] (6). In Sweden there is a particularly

pronounced uptake of SARC in younger age groups, with

OC the most commonly used method (7,8), whereas

LARC uptake remains low, with only 10% utilization

within the 20- to 29-year age group (8). This distribution

of use suggests that barriers to LARC uptake may exist.

Furthermore, resistance to the provision of LARC appears

to exist at the provider level, particularly for younger

women, with a recent survey of midwives and gynecolo-

gists in Sweden indicating that <30% considered intra-

uterine contraception appropriate for younger women

(9). The high uptake of adherence-dependent SARC

methods in younger women may make this group partic-

ularly susceptible to unintended pregnancy.

The levonorgestrel intrauterine system (LNG-IUS)

13.5 mg (Jaydess�; Bayer Pharma, Berlin, Germany) is a

novel low-dose hormonal intrauterine contraceptive sys-

tem registered for up to 3 years of use. Compared with

the existing hormonal IUS (Mirena�; Bayer Pharma),

LNG-IUS 13.5 mg has a lower hormonal release rate, a

smaller T-frame, and is placed with a narrower insertion

tube. These are characteristics that could make this

option more suitable for use in young women (10). The

present analysis evaluates the cost-effectiveness of LNG-

IUS 13.5 mg compared with OC in Sweden, reflecting the

current contraceptive choices of women in Sweden.

Material and methods

An economic model was developed to assess the cost-

effectiveness of LNG-IUS 13.5 mg compared with OC.

Total costs, unintended pregnancies, and quality-adjusted

life-years (QALYs) were estimated in each model arm

over a 3-year time horizon and used to determine incre-

mental cost-effectiveness ratios, expressed in the form of

incremental cost per unintended pregnancy avoided, and

incremental cost per QALY gained, respectively. Costs

and QALYs were discounted at 3%, as per recommenda-

tions for Swedish cost-effectiveness analyses (11).

A Markov cohort model was constructed in EXCEL 2007

(Microsoft Corp., Redmond, WA, USA) to simulate the

movement of women between health states following ini-

tiation of contraception. The three possible health states

in the model were: initial method, unplanned pregnancy,

and subsequent method, as presented in Figure 1.

All women started the analysis in the initial method

state. At the end of each 1-year model cycle, women

could either remain in this state or transition to a subse-

quent method according to contraceptive-specific discon-

tinuation probabilities (6) (Table 1). Upon entering the

subsequent method state, women were assumed to initiate

a market mix of possible alternative contraceptives, which

included non-hormonal methods as well as hormonal

methods, weighted to reflect current contraceptive use in

Sweden (7,8). Women remained in this health state for

the remainder of the model time horizon, unless they

experienced an unintended pregnancy.

Women in both the initial and subsequent method

states could transition to unplanned pregnancy, according

to method-specific failure probabilities (6). All women

who were modeled to experience an unintended preg-

nancy remained in this state for one cycle, during which

they were assumed not to require contraception. In the

following cycle these women transitioned to the subse-

quent method state.

The population included in the model comprised

women aged 15–44 years, at risk of pregnancy, requiring

reversible contraception. Further analyses were also

undertaken in women aged 20–29 years.

Figure 1. Schematic representation of model health states.
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The intervention arm of the model consisted of LNG-

IUS 13.5 mg, whereas the comparator arm was OC. A

scenario analysis comparing against a hormonal market

mix of methods [comprising a weighted mixed bag of

OC, ring, patch, injection, IUS (Mirena�), and implant],

reflecting the contraceptive methods most likely to be dis-

placed by potential LNG-IUS 13.5 mg uptake in Sweden,

was conducted, as were analyses comparing against IUS

(Mirena�). The relative uptake of each method within

the hormonal market mix bag was derived using Swedish

contraceptive use data (8).

Contraceptive failure and discontinuation rates for con-

traceptive methods included in the model were retrieved

from published articles (6,12). Only first year data were

available; efficacy rates were applied across all model

years, whereas discontinuation rates after year one were

assumed to be 20% of first year values, following clinician

input. For LNG-IUS 13.5 mg the first year failure rate,

determined from trial data (13), was also used and

applied for the model duration, whereas discontinuation

was conservatively assumed to be equivalent to that of

the implant. All predicted discontinuation and failure

rates are reported in Table 1.

Contraceptive ingredient costs were retrieved from elec-

tronic databases (14,15). Where several products were

available within each contraceptive class, weighted average

costs were derived using prescription volume data (8).

The number of units of each contraceptive product

required each year was derived using the product’s Sum-

mary of Product Characteristics data and a published

article (16), and used to determine annual ingredient

costs for each method. Barrier methods in the model

were assumed to comprise condoms only, and annual

costs associated with condom use (17) were used within

the analysis for this contraceptive class. Contraceptive

ingredient costs are presented in Table 2.

Contraceptive use is also associated with medical con-

sultations, the frequencies of which were estimated using

product Summary of Product Characteristics data and cli-

nician input. All methods had an assumed initial consul-

tation. For LARC methods insertion and follow-up costs

were also modeled, whereas for SARC a half-hour consul-

tation was assumed each year (i.e. on average a single, 1-

h consultation every second year in clinical practice).

All consultations were assumed to be performed in one

of three settings; a “primary” gynecology clinic, a

women’s gynecology clinic, or a midwife department. Rel-

ative frequencies of 0.125, 0.125, and 0.75 for each type

of visit, respectively, were assumed and used to derive a

weighted average cost of consultation. The product of

consultation frequency and consultation cost was used to

generate total annual consultation costs for each method.

Four outcomes of unintended pregnancy were included

in the model: live birth, induced abortion, miscarriage,

and ectopic pregnancy. Costs for each of these unin-

tended pregnancy outcomes were determined as weighted

averages using diagnosis-related group cost (a system

used in Sweden, as well as a number of other European

countries, to show costs within the healthcare system)

codes and recorded numbers of diagnosis-related group

events within each pregnancy outcome class (18–20). For

Table 1. Contraceptive efficacy and discontinuation rates (6,12).

Efficacy data

Typical use probability of

failure

Discontinuation

rate

LNG-IUS 13.5 mg 0.0041 0.1400a

OC 0.0900 0.3300

Ring 0.0900 0.3300

Patch 0.0900 0.3300

Injection 0.0600 0.4400

Implant 0.0005 0.1400

IUD 0.0080 0.2200

IUS 0.0020 0.0700

Barrier methodsb 0.1800 0.5700

Withdrawal 0.2200 0.5400

No method

(chance)

0.4600 0.0000

Calendar methods 0.2400 0.5300

Modern FAB

methods

0.2400 0.5300

FAB, fertility awareness based; IUD, intrauterine device; IUS, intrauter-

ine system; LNG-IUS, levonorgestrel intrauterine system; OC, oral con-

traception.
aAssumed equivalent to implant.
bAssumed equivalent to condom.

Table 2. Contraceptive ingredient costs (13,14).

Cost item Unit cost in Swedish Crowns (SEK)a

LNG-IUS 13.5 mg 918 (per 3 years)

OC 44.68 per cycleb

Ring 123.75 per cycleb

Patch 95.19 per cycleb

Injection 99.45 (per injection)

Implant 1048.5 (per 3 years)

IUD 175 (per 5 years)

IUS 1071.5 (per 5 years)

Barrier methods 443 (annual cost)

Withdrawal 0.00

No method 0.00

Calendar method 0.00

Modern FAB methods 0.00

FAB, fertility awareness based; IUD, intrauterine device; IUS, intrauter-

ine system; LNG-IUS, levonorgestrel intrauterine system; OC, oral con-

traception; PSP, pharmacy selling price.
aCosts equal to PSP.
b13 cycles assumed per year.
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miscarriage, in the absence of available data the cost was

assumed to be equivalent to a gynecological consultation

(21). Calculated costs of each unintended pregnancy out-

come are presented in Table 3. The relative frequency of

each unintended pregnancy outcome following contracep-

tive failure was subsequently determined using contracep-

tive-specific incidence data (for ectopic pregnancy and

miscarriage) (16) as well as Swedish pregnancy outcome

data (for live births and induced abortion, which were

adjusted for the proportion of these outcomes that were

due to unintended pregnancy) (22–24), and used to

derive a weighted average cost of unintended pregnancy

for each method in the model.

Indirect costs were determined on the basis of esti-

mated work days lost from unintended pregnancy and

contraceptive consultations (Table 4). Work days lost for

each unintended pregnancy outcome and medical consul-

tation were multiplied by Swedish mean daily wages for

the age group of women included in each analysis (25) to

estimate productivity losses. Live birth was assumed to

fall under maternity leave and was therefore excluded

from the indirect costs calculations.

Baseline population utility scores for women entering

the model (aged 15–44 and 20–29 years) were derived

from weighted averages of age-specific scores using EQ-

5DTM (http://www.euroqol.org; a standardized measure of

health-related quality of life) survey data (26). All women

in the model who were not in the unintended pregnancy

state were assigned this standardized baseline utility. The

utility score for an unintended pregnancy event was

retrieved from a published article (4). The reported unin-

tended pregnancy utility was subsequently used to derive

a utility decrement, which was applied to women in the

unintended pregnancy state to model the impact of unin-

tended pregnancy on quality-of-life. The total number of

QALYs experienced by the cohort over the analysis dura-

tion was estimated by summing the utility values of

women in every model state in each year of the model.

To evaluate the robustness of model base-case results,

one-way sensitivity analyses were conducted to model the

impact of plausible changes in all key input values subject

to uncertainty. Probabilistic sensitivity analyses were run

to assess the robustness of model outputs to simultaneous

variation in the values of all parameters subject to sec-

ond-order uncertainty. In addition, a series of scenario

analyses were conducted, including: modeling women

aged 20–29 years only, and changing the model compara-

tor to hormonal market mix and IUS (Mirena�), respec-

tively.

Results

The LNG-IUS 13.5 mg was cost saving compared with

OC over the 3-year analysis time horizon in a cohort of

1000 women. It exhibited lower total costs (€718 249 vs.

€1 029 599; Figure 2) and fewer unintended pregnancies

(55 vs. 294/1000 women), with similar overall QALYs

(2467.6 vs. 2466.3; Figure 3). Costs savings stemmed

principally from lower direct costs (€642 634 vs.

€942 929), driven by reduced unintended pregnancy inci-

dence, though indirect costs were also curtailed (€75 615

vs. €86 671) (Table 5). Cost data were converted from

SEK to € using exchange rates from the currency

exchange website http://www.XE.com (27/1/15).

Results from the one-way sensitivity analysis indicated

that, when values of key input parameters used in the

Table 3. Cost of unintended pregnancy outcomes (16–19).

Pregnancy outcome Cost in Swedish Crowns (SEK)

Live birth 26 340.94

Induced abortion 9330.91

Miscarriage 1977.50a

Ectopic pregnancy 36 618.00

aAssumed equivalent to cost of a gynecological consultation.

Table 4. Assumed work days missed from outcomes of unintended

pregnancies and medical consultations.

Event Days lost from work

Live birth –

Induced abortion 1

Miscarriage 1.5

Ectopic pregnancy 5.5

Initial consultation 0.125

Follow-up consultation 0.125

Insertion/removal consultation 0.125

Figure 2. Total costs: levonorgestrel intrauterine system 13.5 mg vs.

all comparators. LNG-IUS, levonorgestrel intrauterine system; OC, oral

contraception; hMM, hormonal market mix; IUS, intrauterine system.
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model, such as contraceptive failure rates, were varied

within plausible ranges, there were limited changes to the

base-case results, with cost-effectiveness maintained across

all inputs evaluated. This indicated that the base-case

model findings were robust. Probabilistic sensitivity

analysis outputs demonstrated that for 98.6% of model

simulations, using LNG-IUS 13.5 mg was both cheaper

and more effective than OC.

LNG-IUS 13.5 mg continued to show cost savings

compared with OC in a cohort of women aged 20–
29 years, generating fewer unintended pregnancies

(�242), greater QALYs (1.39) and lower costs (�€241

631). Changing the comparator to the hormonal market

mix also continued to generate cost savings (�€338 331),

reduce unintended pregnancies (�218), and greater QA-

LYs (1.23). Modulating the distribution of methods in

the hormonal market mix comparator to include succes-

sively increasing proportions of IUS (Mirena�), indicated

that cost-effectiveness was maintained across a range of

proportions tested (Table 6). The threshold for cost-effec-

tiveness of LNG-IUS 13.5 mg compared with hormonal

market mix was reached when the composition of the

hormonal market mix was 89.0% IUS (Mirena�). A com-

parison with IUS (Mirena�) directly resulted in higher

costs (€96 433), as well as increased unintended pregnan-

cies, and fewer QALYs (0.15). Total costs and QALYs for

LNG-IUS 13.5 mg compared with all comparators are

shown in Figures 2 and 3.

Discussion

LNG-IUS 13.5 mg was found to be cost-saving, to gener-

ate fewer unintended pregnancies, and to have similar

overall QALYs when compared with OC from a societal

perspective, over a 3-year time horizon, using a theoreti-

cal Markov model. The one-way sensitivity analysis and

probabilistic sensitivity analysis results indicated that

base-case outputs were robust to key parameter variation

and that there was a nearly 100% probability that LNG-

Table 5. Cost-effectiveness of LNG-IUS 13.5 mg vs. OC in cohort of

1000 women.

LNG-IUS

13.5 mg OC Increment

Total cost (€) 718 248.99 1 029 599.20 311 350.21

Total direct costs (€) 642 634.02 942 928.57 300 294.54

Initial method cost 98 834.63 108 137.89 9303.26

Initial contraceptive

related medical

services

420 865.84 309 212.73 �111 653.11

Initial method failure 28 828.54 272 072.42 243 243.88

Subsequent method

cost

26 044.31 78 503.70 52 459.40

Subsequent method

failure

68 060.71 175 001.83 106 941.12

Total indirect costs (€) 75 614.97 86 670.63 11 055.67

Initial method 65 644.95 63 228.85 �2416.10

Subsequent method 9970.01 23 441.78 13 471.77

Total events

(unintended

pregnancy)

54.65 294.31 239.66

Initial method 10.64 181.14 170.50

Subsequent method 44.01 113.17 69.16

QALYs 2467.61 2466.25 1.35

ICER (€/unintended

pregnancy avoided)

Dominanta

ICUR (€/QALY) Dominant

LNG-IUS, levonorgestrel intrauterine system; OC, oral contraception;

ICER, incremental cost effectiveness ratio; ICUR, incremental cost util-

ity ratio; QALY, quality-adjusted life year.
aDominance arises from a cost-effectiveness perspective when the

intervention generates both better outcomes and cost savings vs. the

comparator.

Table 6. Cost-effectiveness of levonorgestrel intrauterine system

13.5 mg vs. alternative proportions of IUS included within the

hormonal market mix.

Proportion

of IUS (%)

Incremental

cost (€)

Incremental

unintended pregnancy

avoided

Incremental

QALY gained

10 �335 497.57 �210 1.18

20 �322 952.10 �188 1.06

30 �302 811.45 �166 0.93

40 �274 538.04 �142 0.79

50 �237 582.54 �117 0.65

60 �191 383.91 �91 0.51

70 �135 369.40 �63 0.35

80 �68 954.51 �34 0.20

IUS, intrauterine system; QALY, quality-adjusted life year.

Figure 3. Total quality-adjusted life-years: levonorgestrel intrauterine

system 13.5 mg vs. all comparators. LNG-IUS, levonorgestrel

intrauterine system; OC, oral contraception; hMM, hormonal market

mix; IUS, intrauterine system.
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IUS 13.5 mg resulted in cost savings and similar QALYs

compared with OC. Cost savings and effectiveness gains

were also demonstrated in a younger cohort of women

aged 20–29 years, in whom the rate of induced abortions

is highest (2). Cost-effectiveness was further demonstrated

within a scenario analysis comparing the device against a

mixed basket of hormonal methods likely to be displaced

by LNG-IUS 13.5 mg uptake. Cost-effectiveness was not

demonstrated against IUS (Mirena�). However, further

analyses indicated that when the proportion of IUS (Mi-

rena�) within the mixed hormonal basket comparator

was increased to 89%, cost-effectiveness was still exhib-

ited.

This study further adds to the evidence base support-

ing LARC use as a cost-effective means of reducing

unintended pregnancies, additionally demonstrating the

potential quality-of-life gains that could be achieved.

Demonstration of cost-effectiveness in both younger

women aged 20–29 years and a broader cohort aged

15–44 years indicates that the benefits associated with

LARC may extend across a wide age spectrum. Further-

more, the incorporation of treatment discontinuation

within the model enhances the external validity of analy-

sis outputs.

There were, however, limitations to this analysis. In the

absence of alternative data from European populations,

typical use failure rates from a study in the USA were

used in the model. Contraceptive failure rates may vary

in US vs. European populations, hence cost savings com-

pared with OC could potentially differ. Typical use failure

rates were available for the first year of contraceptive use

only, which were applied across all model years for all

methods. Subsequent-year failure rates may be lower than

in year one, so the estimated unintended pregnancy

reduction compared with OC could be overstated.

Method switching after contraceptive discontinuation

was included in the model to account for women’s

changing contraceptive use over time. However, in the

absence of robust data on switching preferences, women

in the subsequent method state were allocated to a mixed

contraceptive bag. A limited number of studies were

available to inform the estimate of the utility score associ-

ated with an unintended pregnancy, none of which pre-

sented results in the Swedish setting. Further research to

increase this evidence base may enhance the precision of

subsequent cost-effectiveness analyses in this field. Utility

scores were only applied to unintended pregnancy events.

Future analyses might seek to include utility decrements

associated with adverse events and invasive procedures

associated with LARC methods requiring device insertion,

as data become available.

Study results should be considered within the context

of low current utilization of LARC vs. SARC methods in

Sweden, particularly among younger women (8), who

also have high rates of induced abortion (2). Existing bar-

riers to LARC use may stem in part from anticipated dis-

comfort from device insertion/removal (27). LNG-IUS

13.5 mg, which is smaller than the currently available IUS

(Mirena�), with a narrower insertion tube, may help to

shift contraceptive uptake from SARC to LARC in these

age groups.

In conclusion, this analysis demonstrates that LNG-IUS

13.5 mg is cost-effective compared with OC in Sweden,

generating both cost savings and a reduced number of

unintended pregnancies. This finding held across all age

groups evaluated, including among younger women, who

are most susceptible to unintended pregnancies. The

results contribute to the rapidly emerging evidence-base

that LARC are cost-effective and prevent unintended

pregnancies and their consequences more effectively than

SARC.
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