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74 Condensation: Diagnosis of menonhagia in the 12 months before intrnuterine device inse1iion is 

75 associated with high risk for expulsion and slightly increased risk for uterine perforation. 

76 Short title: Menorrhagia and ITJD expulsion and perforation risks 

77 



78 AJOG at a Glance: 

79 A. Why was this study conducted?

80 Many women use levonorgestrel-releasing intrauterine devices (LNG-runs) to decrease 

81 bleeding. The risk of LNG- and Cu-run-related uterine perforation and run expulsion in 

82 women with a recent diagnosis of menonhagia has not been investigated. We investigated these 

83 outcomes by menonhagia status in 228,834 US women, most with an LNG-run, who were> 12 

84 months postpartum or nulliparous at run inse1iion. 

85 B. What are the key findings?

86 Compared with women without menonhagia, women with menonhagia had higher incidence 

87 rates of run expulsion (40.01 vs. 10.92/1,000 person years) and slightly higher rates of uterine 

88 perforation (0.98 vs. 0.63/1,000 person-years). 

89 C. What does this study add to what is already known?

90 Recent diagnosis of menonhagia is associated with increased run expulsion risk after adjusting 

91 for potential confounding factors. 

92 

93 Highlights: 

94 • Risk of run expulsion was 3-fold higher among women with recent menonhagia.

95 • Risk of uterine perforation was low but 1.5-fold higher with menonhagia.

96 • The benefit of treatment ofHMB with an LNG-run may outweigh risk for expulsion.



97 ABSTRACT 

98 Background: Intrauterine devices are effective contrnception, and one levonorgestrel-releasing 

99 device is also indicated for ti·eatment of heavy mensti11al bleeding (menorrhagia). 

100 Objective: To compare the incidence of intrauterine device expulsion and uterine perforation in 

101 women with and without a diagnosis of menorrhagia within the 12 months before device 

102 inse1iion. 

103 Study Design: Reti·ospective coho1i study conducted in 3 integrated healthcare systems (Kaiser 

104 Pe1manente No1ihern California, Southern California, and Washington) and a healthcare 

105 info1mation exchange (Regensti·ief Institute) in the United States, using electi·onic health records. 

106 Nonpostpaiium women aged :::;50 years with inti·auterine device (e.g., levonorgestrel or copper) 

107 inse1iions from 2001-2018 without a delivery in the prior 12 months were studied in this 

108 analysis. Recent menorrhagia diagnosis (i.e., recorded :S12 months before inse1iion) was 

109 asce1iained from International Classification of Diseases, Ninth/Tenth Revision, Clinical 

110 Modification codes. Study outcomes-device expulsion and device-related uterine perforation 

111 ( complete or paiiial)-were asce1iained from electi·onic medical records and validated in data 

112 sources. Cumulative incidence and cmde incidence rates with 95% confidence intervals were 

113 estimated. Cox propo1iional hazai·ds models estimated cmde and adjusted hazai·d ratios using 

114 propensity score overlap weighting (13-16 vai·iables) and 95% confidence intervals. 

115 Results: Among 228,834 nonpostpai·tum women, mean age was 33 .1 years, 44.4% were White, 

116 and 31,600 (13.8%) had a recent menorrhagia diagnosis. Most women had a levonorgesti·el-

117 releasing device (96.4% of those with and 78.2% of those without a menorrhagia diagnosis). 

118 Women with a menorrhagia diagnosis were likely to be older, obese, and have dysmenorrhea or 



119 fibroids. Women with vs. without a menoIThagia diagnosis had a higher intrauterine device 

120 expulsion rate (40.01 vs. 10.92 per 1,000 person-years), especially evident in the few months 

121 after inse1iion. Women with a menoIThagia diagnosis had higher cumulative incidence (95% 

122 confidence interval) of expulsion (7.00% [6.70%, 7.32%] at 1 year, 12.03% [11.52%, 12.55%] at 

123 5 years) vs. without (1.77% [1.70%, 1.84%] at 1 year, 3.69% [3.56%, 3.83%] at 5 years). Risk of 

124 expulsion was increased for women with a menoIThagia diagnosis vs. without (adjusted hazard 

125 ratio, 2.84 [95% confidence interval: 2.66, 3.03]). Perforation rate was low overall (<1/1,000 

126 person-years) but higher in women with a diagnosis of menoIThagia vs without (0.98 vs. 0.63 

127 per 1,000 person-years). Cumulative incidence (95% confidence interval) of uterine perforation 

128 was slightly higher for women with a menoIThagia diagnosis (0.09% [0.06%, 0.14%] at 1 year, 

129 0.39% [0.29%, 0.53%] at 5 years) vs. without (0 07% [0.06%, 0.08%], at 1 year, 0.28% [0.24%, 

130 0.33%] at 5 years). Risk of pelf oration was slightly increased in women with a menoIThagia 

131 diagnosis vs. without (adjusted hazard r tio, 1.53; 95% confidence interval, 1. 10, 2.13). 

132 Conclusion: The risk of expulsion is significantly higher in women with a recent diagnosis of 

133 menoIThagia. Patient education and counseling regarding potential expulsion risk is 

134 recommended at inse1iion. The absolute risk of perforation for women with a recent diagnosis of 

135 menoIThagia is ve1y low. Increased expulsion and perforation rates observed are likely due to 

136 causal factors of menoIThagia. 

137 

138 Key Words: intrauterine device, run, run expulsion, uterine perforation, menoIThagia, heavy 

139 menstmal bleeding, electronic health records, natural language processing, algorithm, data 

140 linkage, free text, propensity score overlap weighting 



141 INTRODUCTION 

142 Abnonnally heavy or prolonged menstmal bleeding in women of reproductive age, or 

143 menonhagia, affects 10%-30% of women. I Heavy menstmal bleeding (HMB) continues to be 

144 the foremost cause of hysterectomy, accounting for approximately 45% of all hysterectomy 

145 procedures in the United States (US).2 HMB has long been considered to affect social and 

146 emotional well-being, as well as quality of life.3 It has been suggested that HMB may be an 

147 effect of morphological and hemodynamic changes of the utems, as well as heightened ute1ine 

148 contractility.4•
5 HMB has been associated with uterine fibroids, adenomyosis, endometrial 

149 polyps, and coagulopathy.6-
8

150 fu addition to being a highly effective long-acting reversible contraceptive method, 

151 levonorgestrel-releasing intrauterine devices (LNG-TIJDs) (20 µg LNG/day) are an effective and 

152 US Food and Dmg Administration (FDA) approved treatment for HMB.9 It has been suggested 

153 that women with HMB are at inc eased risk for TIJD expulsion, with potential mechanisms 

154 including brisk bleeding and clotting_ Io Fmihe1more, it is unknown whether the m01phological 

155 changes that occur with HMB, along with underlying uterine pathology, may predispose women 

156 to potential uterine perforation during TIJD use. Therefore, given the relatively high prevalence 

157 ofHMB among women of childbearing age and the common use of LNG-releasing IDDs for 

158 HMB, fmiher investigation is waiTanted to assess the risks of TIJD expulsion and uterine 

159 perforation associated with HMB to info1m appropriate counseling. 

160 To better understand outcomes associated with IDD use as reflected in US clinical practice, we 

161 conducted the APEX-TIJD (Association of uterine Perforation and EXpulsion of TIJD) study, a 

162 multisite retrospective US cohort study of more than 325,000 women to evaluate the incidence 



163 and risk factors associated with ITJD expulsion and uterine perforation as observed in real-world 

164 treatment settings.11 The objective of the analysis reported here was to estimate the crnde 

165 incidence rate, cumulative incidence, and risk of ITJD expulsion and uterine perforation among 

166 women with a diagnosis of menonhagia in the 12 months before IDD insertion compared with 

167 women without such a diagnosis in this time frame. 

168 MATERIALS AND METHODS 

169 Data for APEX-IDD were obtained from electronic health records (EHRs) within 3 integrated 

170 healthcare systems-Kaiser Pe1manente No1ihern California (KPNC), Kaiser Pe1manente 

171 Southern California (KPSC), and Kaiser Pe1manente Washington (KPWA)-and a healthcare 

172 infonnation exchange in Indiana, Regenstrief Institute (RI). Study methods for APEX-ITJD and 

173 validation of the ITJD expulsion and uterine perforation outcomes have been previously 

174 described in detail.11
•
12 All participating research sites received approval or exemption for the 

175 conduct of this study by their respective institutional review boards. KPSC also received 

176 approval from California Hea th and Human Services Agency and California Department of 

177 Public Health Center for Health Statistics and Infonnatics (i.e., state bi1ih and death files). 

178 Study Population 

179 The full APEX-IDD population included 326,658 women aged �50 years with evidence of an 

180 IDD inse1iion11 from 2001-2018 who had EHR data available for analysis for a minimum of 12 

181 months prior to ITJD insertion. If a woman had more than one ITJD inse1iion during this time 

182 period, only the first inse1iion was used. Only women without evidence of a delive1y in the 12 

183 months preceding IDD inse1iion (n=228,834) were included in the analysis (Figure 1). Women 



184 who were less than 12 months postpartum were excluded because menonhagia is less likely to 

185 occur in women who have recently given birth and are breastfeeding. 

186 The first year for inclusion in the study varied by research study site (2001 at RI, 2007 at KPW A, 

187 2009 at KPSC, and 2010 at KPNC), and the last date for inclusion at all sites was April 30, 2018. 

188 The date of IDD inse1iion is refened to as the index date. Women were followed from index date 

189 to the earliest outcome date ( device expulsion or uterine perforation) or the first of the following 

190 censoring events: IDD expulsion (if perforation outcome), removal, reinse1iion, or expiration; 

191 uterine perforation (if expulsion outcome); pregnancy, hysterec omy or other sterilization 

192 procedure; disemolhnent from the healthcare system (KP sites); last clinical encounter (RI); end 

193 of the study period (June 30, 2018); or death. 

194 Exposure and Covariates 

195 Variables for this study were ascertained from EHR systems or a health info1mation exchange 

196 utilizing a mixture of stmctured data (National Dmg Codes, International Classification of 

197 Diseases, Ninth Revision/Tenth Revision, Clinical Modification [ICD-9-CM/10-CM], Healthcare 

198 Common Procedure Coding System [HCPCS] and CmTent Procedural Te1minology [CPT] 

199 codes) and unstructured data (clinical notes via natural language processing). Operational 

200 definitions were initially developed cenh'ally for all study variables and then tailored to each site 

201 using combinations of str11ctured and unstructured data. 11 The prima1y exposure of interest, 

202 menonhagia, was identified via ICD codes (626.2, 626.3, 627.0, N92.0, N92.2, or N92.4) within 

203 12 months before the date of IDD inse1iion. 

204 Covariates for this analysis included demographics (age, race, and ethnicity) and risk factors at 

205 the time of IDD inse1iion based on all available infonnation during the look-back period, which 



206 extended to the eadiest emollment date (KP sites) or clinical encounter (RI) for each woman (12 

207 months minimum). Potential risk factors included smoking status during the past 12 months, 

208 body mass index (BMI, kg/m2), parity, gynecologic factors ( e.g., diagnosis of dysmenonhea 

209 using ICD codes, diagnosis of uterine fibroids using either or both ICD and CPT codes), 

210 cesarean delive1y (for women with a delive1y before the index date), and indicators of a difficult 

211 IDD inse1iion (e.g., dilation, ultrasound guidance, paracervical block, provider noted difficult 

212 inse1iion, or use of misoprostol), year of index insertion, and IDD type (LNG-IDD or Cu-TIJD).11

213 Outcomes 

214 The outcomes of interest were any IDD expulsion and any uterine perforation. IDD expulsion 

215 was either complete (i.e., IDD located in the vagina, not present in the uterns or abdomen on 

216 imaging, or patient reported that the IDD fell out) or paiiial (i.e., any po1iion of IDD in the cervix 

217 on imaging, documented IDD visualization by a clinician at the cervical os, or IDD 

218 malpositioned on imaging and removed by the clinician). Uterine perforation was either 

219 complete (i.e., clinical evidence of IDD in the pelvis, abdominal cavity, or adjacent organs) or 

220 paiiial (i.e., IDD removed after being visualized as pa1iially embedded in the myometrium on 

221 imaging or hysteroscopy, or paiiial perforation noted by clinician at the time of removal). 

222 Algorithms to identify these outcomes were previously validated in the data sources; during 

223 development of the algorithms, a sample of up to one third with a maximum of 100 possible 

224 cases of uterine perforation and possible cases of IDD expulsion identified by the algorithm 

225 unde1went medical record review to detennine case status. 12 



226 Statistical Analysis 

227 Descriptive analyses for all variables of interest are presented overall and by menorrhagia status. 

228 For categorical variables, frequencies and percentages were calculated for each level. For 

229 continuous variables, mean, standard deviation, minimum, maximum, median, and qua1iiles were 

230 examined. Missing data were treated as missing, and no imputations were perfonned. Where 

231 appropriate, variables included a "inissing" catego1y for analyses. 

232 Cmde incidence rates were calculated as the number ofIDD expulsions and uterine perforations 

233 divided by the total person-time at risk (in person-years) and were repo1ied as point estimates 

234 (number of cases per 1,000 person-years) and 95% confidence intervals (Cls). Cmde cumulative 

235 incidence, defined as the number of women with IDD expulsions and uterine perforations 

236 occmTing up to a timepoint out of the number of IDD inse1iions, was estimated using the 

237 Kaplan-Meier method. 

238 Cox regression models were used to estimate cmde hazard ratios (HRs) and are repo1ied as point 

239 estimates with 95% Cls The proportional hazards assumption between each exposme and 

240 outcome pairing was assessed. Adjusted HRs were estimated using a Cox model with propensity 

241 score overlap weighting.13 Propensity score models were developed separately for IDD expulsion 

242 and uterine perforation and correspondingly separate weighting was applied for IDD expulsion 

243 and uterine perforation. The standardized differences before and after overlap weighting were 

244 calculated to evaluate balance in the exposme groups; groups were considered balanced if the 

245 standardized difference was less than 0.20 (generally considered small). 14
,
15 Details for the 

246 propensity score models and the overlap weights have been described previously and are 

247 presented in Supplemental Appendix A.11 The following variables were included in the final 



248 propensity score models: IDD type, age ( continuous for perforation, tertiles for expulsion), 

249 race/ethnicity, recent smoker (only for perforation), duration oflook-back period (quaiiiles, only 

250 for perforation), calendar yeai· of index date, BMI ( categorical), dysmenonhea, uterine fibroids, 

251 pai·ity (0, > 0, or missing), any cesai·ean delive1y (only for perforation), cesai·ean delivery for the 

252 most recent delive1y, live biiih for the most recent delivery, concomitant gynecologic procedure, 

253 indicator of difficult IDD inse1iion, provider experience ( quartiles of number of procedures in 

254 most recent calendar yeai-), reseai·ch site, and age ( continuous for perforation and te1iile for 

255 expulsion) x site interaction. Balance between the 2 exposure groups among the weighted 

256 population of women who had no delive1y in the previous 12 months was assessed and 

257 confmned. All standardized differences were less than 0.2 after weighting. 

258 All analyses were perfo1med using SAS software, version 9.3 or higher (SAS Institute, Inc., 

259 Caiy, No1ih Carolina). 

260 RESULTS 

261 Cohort Characteristics 

262 Of 228,834 nonpostpaiium women, 31,600 (13.8%) women had a recent diagnosis of 

263 menonhagia, and 197,234 women had no such recent histo1y of diagnosis. Among women 

264 without a recent diagnosis ofmenonhagia, 10,135 (5.1%) had a diagnosis ofmenonhagia more 

265 than 12 months prior to IDD inse1iion. Among women with a recent diagnosis of menonhagia, 

266 96.4% had an LNG-releasing IDD and 2.3% had a Cu-IDD; among women without a recent 

267 diagnosis, 78.2% had an LNG-releasing IDD and 20.5% had a Cu-IDD. In both groups, 1.3% of 

268 women had an IDD of unknown type. 



269 Women with a recent diagnosis of menonhagia were more likely than women without a recent 

270 diagnosis to have had a prior cesarean delive1y (19.1 % vs. 11.0%), dysmenonhea (4.7% vs. 

271 1.2%), and uterine fibroids (24.4% vs. 3.1 %) (Table 1). They were also more likely than women 

272 without a recent diagnosis to be aged 37 to 50 years (74.9% vs. 33.3%) and obese (48.0% vs. 

273 29.7%) and were less likely to be nulliparous (14.9% vs. 29.0%). 

274 IUD Expulsion 

275 The respective crnde incidence rate for TIJD expulsion among women with and without a recent 

276 diagnosis of menonhagia was 40.01 (95% CI: 38.46, 41.61) and 10.92 (95% CI: 10.59, 11.25) 

277 per 1,000 person-years (Table 2). The respective cumulative incidence of TIJD expulsion among 

278 women with and without a recent menonhagia diagnosis at 1 year was 7.00% (95% CI: 6.70%, 

279 7.32%) and 1.77% (95% CI: 1.71 %, 1.84%) and at 5 years was 12.03% (95% CI: 11.52%, 

280 12.55%) and 3.69% (95% CI: 3.56%, 3.83%) (Figure 2A). 

281 Women with a recent diagnosis of menonhagia were at higher risk for TIJD expulsion than 

282 women without a recent diagnosis (crnde HR, 3.71; 95% CI: 3.53, 3.90) (Figure 2B). This risk 

283 remained but was attenuated after adjustment with propensity score overlap weighting (HR, 2.84; 

284 95% CI: 2.66, 3.03). 

285 Uterine Perforation 

286 The crnde incidence rate and 5-year cumulative incidence of uterine perforation was ve1y low for 

287 both women with and women without a diagnosis of menonhagia ( <1.0 per 1,000 person-years 

288 and <0.4%, respectively, in both groups). Among women with and without a recent diagnosis of 

289 menonhagia, the crnde incidence rate per 1,000 person-years was 0.98 (95% CI: 0.75, 1.26) and 

290 0.63 (95% CI: 0.56, 0.72), respectively (Table 2). The cumulative incidence of uterine 



291 perforation among women with and without a recent diagnosis of menonhagia, respectively, at 1 

292 year was 0.09% (95% CI: 0.06%, 0.14%) and 0.07% (95% CI: 0.06%, 0.08%), and at 5 years 

293 was 0.39% (95% CI: 0.29%, 0.53%) and 0.28% (95% CI: 0.24%, 0.33%) (Figure 3A). 

294 Women with a recent diagnosis of menonhagia were at slightly higher risk for ute1ine 

295 perforation than women without a recent diagnosis ( cmde HR, 1.54; 95% CI: 1.16, 2.04) (Figure 

296 3B). This risk remained aBer propensity score overlap weighting (adjusted HR, 1.53; 95% CI: 

297 1.10, 2.13). 

298 DISCUSSION 

299 This study showed that, among women without a delivery in the previous 12 months or who 

300 were nulliparous, those with a recent diagnosis of menonhagia were at a threefold increased risk 

301 for TIJD expulsion, after accounting for various potential confounding factors. Specifically, 

302 expulsion cmde incidence rate and 1- and 5-year cumulative incidence were considerably higher 

303 for women with a diagnosis of menonhagia in the previous 12 months than in those without. In 

304 addition, cmde incidence rate and cumulative incidence estimates of uterine pelf oration, while 

305 ve1y low in the entire population (cmde incidence rate less than 1 per 1,000 person-years of 

306 observation), perforation incidence rates were slightly higher in the women with a recent 

307 diagnosis of menonhagia than in those without. Risk of uterine perforation was approximately 

308 1.5-fold greater in women with a recent diagnosis of menonhagia than in those without. 

309 Our findings are consistent with prior studies, which observed an increased rate of TIJD 

310 expulsion among women with HMB. s,1o,16 The association of HMB with IDD expulsion may be

311 related to the mechanisms of brisk bleeding, ute1ine contractility, and clotting. Alternatively, 



312 IDD expulsion may potentially be an effect of inflammato1y changes or uterine enlargement or 

313 disto1iion (e.g., caused by uterine fibroids or adenomyosis)_s,1o 

314 To our knowledge, no previous studies have repo1ied the risk of uterine perforation among 

315 women with menonhagia versus those without. We hypothesize that the slightly increased rate of 

316 uterine perforation among women with a recent diagnosis of menonhagia may be attributable to 

317 differences in uterine pathology or m01phology. Specifically, risks may be related to conditions 

318 that potentially compromise the integrity of the uterine wall ( e.g., adenomyosis, uterine fibroids, 

319 cesarean section scars) and to increased prostaglandin production stimulating contractions that 

320 could embed the tip of the IDD. 

321 Clinical Implications 

322 Although the risk of expulsion is significantly higher in women with a recent diagnosis of 

323 menonhagia, the potential benefit of treatment ofHMB with an LNG-IDD may outweigh this 

324 risk for most women. Women with HMB should be aware that they are likely to be at an 

325 increased risk of IDD expulsion. At the time of insertion, clinicians should counsel women on 

326 the signs and symptoms ofIDD expulsion and the potential consequences, including unintended 

327 pregnancy if unrecognized. Women with HMB may benefit from more intensive follow-up and 

328 surveillance during IDD use. Risks ofIDD expulsion and perforation must be balanced with the 

329 individual benefits of IDDs as highly effective reversible contraception, and in the case of the 

330 LNG-releasing IDD, effective treatment of HMB. 

331 Research Implications 

332 Future research could examine additional predictors of IDD expulsion or IDD-related uterine 

333 perforation, such as the presence of adenomyosis and uterine fibroids and whether ultrasound use 



r8 

334 at inse1iion or more careful follow-up might mitigate these risks. Fmihe1more, whether the 

335 observed associations differ based on the timing of inse1iion during the menstrual cycle and the 

336 severity of menorrhagia wairnnts fuiiher investigation. 

337 Strengths and Limitations 

338 A key sti·ength of this study is its lai·ge size and sociodemographically diverse coho1i of women 

339 from different regions of the US with access to healthcai·e and a high retention rate across the 

340 study sites (median: 8 .1 yeai·s ), allowing for a long duration of available data after index date 

341 (median: 2.3 years). All outcome measures were previously validated. 12 In addition, the 

342 databases used in this study contain detailed covai·iates from clinical and health claims records 

343 that allowed robust propensity score development 

344 Limitations are acknowledged. We were unable to assess the impact of the IUD type (LNG vs. 

345 copper) on risk of expulsion and perforation outcomes due to confounding by indication and 

346 limited numbers of women with copper IUDs. Surveillance bias can occur when women with 

347 and without menorrhagia differ in measurement (i.e., intensity and diagnostic process) or 

348 unequal asce1iainment of study outcomes during the follow-up period. Also, women with 

349 conditions such as adenomyosis and uterine fibroids ai·e likely to have higher smveillance, which 

350 might result in greater likelihood of detection of uterine perforation or expulsion. Although the 

351 impact of smveillance bias on the results was not fo1mally assessed, we minimized smveillance 

352 bias by identifying and including all clinically diagnosed and validated uterine perforation cases 

353 and expulsions. 11,

12 Use of diagnostic codes to identify dysmenorrhea and diagnostic and 

354 procedural codes to identify uterine fibroids may have resulted in incomplete asce1iainment, 

355 although the use of diagnostic and procedural codes to identify uterine fibroids has previously 



356 been validated.17 Moreover, identification of uterine fibroids did not account for fibroid size or

357 location, which can be challenging to measure and which may have a role in risk of expulsion. 

358 Although the analyses were adjusted for many potential confounders through propensity score 

359 weighting, the potential for residual confounding due to unmeasured factors remains. 

360 Nonetheless, the rate and risk estimates presented are real-world estimates. Data on smoking 

361 were self-repo1ied and have not been validated; however, a previous study showed significant 

362 agreement between self-reported smoking and sernm nicotine metabolite level.18 MenoIThagia is

363 generally a patient-repo1ied condition in routine clinical practice and the study did not validate 

364 menoIThagia diagnoses. We did not analyze whether perforations and expulsions were partial or 

365 complete. While more severe cases of HMB were likely captured with menoIThagia diagnoses, 

366 there may have been undocumented cases ofHMB. Fmihe1more, the analyses were adjusted for 

367 some conditions potentially associated with HMB (e.g., uterine fibroids), but some associated 

368 conditions were not captured (e.g., adenomyosis). Of note, the potential for such undocumented 

369 conditions relating to HMB may pa1iially have had a role in the slightly increased risk of uterine 

3 70 perforation in women with a recent diagnosis of menoIThagia. 

371 CONCLUSION 

3 72 Women with a recent diagnosis of menoIThagia at TIJD inse1iion were 3-fold more likely to 

373 experience TIJD expulsion compared with those without a recent diagnosis after adjusting for 

374 multiple potential confounding factors, including ute1ine fibroids and dysmenoIThea. Risk of 

375 uterine perforation was low overall but was increased 1.5-fold in women with a recent diagnosis 

376 of menoIThagia. Info1mation about the magnitude of risks of TIJD expulsion and uterine 



3 77 perforation associated with a histo1y of menoIThagia can help infonn counseling and insertion 

378 technique, as well as surveillance and intervention strategies. 
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437 Table 1. Characteristics of study cohort at or before index date, based on menorrhagia 

438 diagnosis status within 12 months before IUD insertion 

Recent menorrhagia diagnosis 
Unweighted absolute 

Yes No standardized 

Characteristic (N = 31,600) (N = 197,234) differences• 

Person-years at risk 62,405.4 390,598.3 

Age, mean (SD), y 40.1 (7.64) 32.0 (8.62) 0.987 

Age category, n (%), y 

�8 2,832 (9.0) 74,660 (37.9) 0.726 

29-36 5,112 (16.2) 56,956 (28.9) 0.308 

37-50 23,656 (74.9) 65,618 33.3) 0.918 

Race/ethnicity, n (%) 

Asian/Pacific Islander 3,060 (9.7) 23 284 (11.8) 0.069 

Hispanic Black 89 (0.3) 392 (0.2) 0.017 

Hispanic Other 6,433 (20.4) 34,312 (17 .4) 0.076 

Hispanic White 4,031 (12.8) 18,119 (9.2) 0.114 

Non-Hispanic Black 3,680 (11 6) 17,047 (8.6) 0.100 

Non-Hispanic White 12,571 (39 8) 88,975 (45.1) 0.108 

Other or multiple 1,293 (4.1) 10,221 (5.2) 0.052 

Unknown 443 (1.4) 4,884 (2.5) 0.078 

Body mass index (kg/m2), n 

(%) 

Unde1weight 183 (0.6) 2,940 (1.5) 0.090 

Normal weight 7,431 (23.5) 76,860 (39.0) 0.338 

Ove1weight 8,618 (27.3) 54,075 (27.4) 0.003 

Obese 15,156 (48.0) 58,577 (29.7) 0.381 

Missing 212 (0.7) 4,782 (2.4) 0.142 

Recent smoker, n (%) 3,349 (10.6) 21,349 (10.8) 0.007 

Prior histo1y of cesarean, n 6,031 (19.1) 21,612 (11.0) 0.229 

(%) 

Nullipara, n (%) 4,698 (14.9) 57,217 (29.0) 0.347 

IUD type, n (%) 

LNG 30,455 (96.4) 154,278 (78.2) 0.567 

Copper 728 (2.3) 40,395 (20.5) 0.597 

Unknown 417 (1.3) 2,561 (1.3) 0.002 



Recent menorrhagia diagnosis 

Yes No 

Characteristic (N = 31,600) (N = 197,234) 

DysmenoIThea, n (%) 1,498 (4.7) 2,340 (1.2) 

Prior histo1y of fibroids, % 7,705 (24.4) 6,031 (3.1) 

Any difficult insertion, % 3,699 (11.7) 23,098 (11.7) 

439 Abbreviations: IUD, intrauterine device; LNG, levonorgestrel; SD, standard deviation. 

440 Women were >12 months from deliveiy or nulliparous. 

Unweighted absolute 

standardized 

differences• 

0.211 

0.652 

0.000 

441 • Standardized differences assess the difference between groups.14 An absolute value of< 0.2 is generally considered as small. 15 



442 Table 2. Crude incidence rates and 1-year and 5-year cumulative incidence rates for IUD-

443 related uterine perforation and expulsion based on menorrhagia diagnosis status within 12 

444 months before IUD insertion 

Person­

years 

Number of Crude incidence 

IUD expulsion 

Menon-hagia 

No menon-hagia 

Uterine perforation 

Menon-hagia 

No menon-hagia 

62,405 

390,598 

62,405 

390,598 

events 

2,497 

4,265 

61 

248 

445 Abbreviations: CI, confidence interval; IUD, intrauterin device. 

446 Women were >12 months from deliveiy or nulliparous. 

44 7 • Pei· 1,000 person-years.

448 

rate (95% CI)• 

40.01 

(38.46, 41.61) 

10.92 

(10.59, 11.25) 

0.98 

(0 75, 1.26) 

0.63 

(0.56, 0.72) 

Crude cumulative incidence 

(95% CI) 

1 Year, o/o 5 Years, o/o 

7.00 12.03 

(6.70, 7.32) (I 1.52, 12.55) 

1.77 3.69 

(1.71, 1.84) (3.56, 3.83) 

0.09 0.39 

(0.06, 0.14) (0.29, 0.53) 

0.07 0.28 

(0.06, 0.08) (0.24, 0.33) 



449 FIGURE LEGENDS 

450 Figure 1. Study Design and Menorrhagia Cohorts 

451 Abbreviations: IUD, intrauterine device; KPNC, Kaiser Permanente Northem Califomia; KPSC, Kaiser Pemianente Southem 

452 Califomia; KPWA, Kaiser Pemianente Washington; RI, Regenstrieflnstitute. 

453 Figure 2A and 2B. A) Cumulative incidence and B) crude and adjusteda hazard ratios Qog 

454 scale) for the association between menorrhagia diagnosis status within 12 months before 

455 IUD insertion and IUD expulsion 

456 A. 

457 B. 

458 Abbreviations: BMI = body niass index; CI, confidence interval; HR, hazard ratio; IUD, intrauterine device. 

459 Women were >12 months from deliveiy or nulliparous. 

460 • The adjusted HRs (recent menoll'hagia vs. not) were calculated using the Cox model weighted with propensity score overlap

461 weights. The following variables were included in the propensity score models for adjustment: IUD type, age ( continuous for 

462 pe1foration, tertiles for expulsion), race/ethnicity, recent smoker (only for perforation), duration oflook-back period (quartiles, 

463 only for pe,foration), calendar year of index date, BMI ( categorical), dysmenoll'hea, uterine fibroids, parity (0, >O, or missing), 

464 cesarean delivery any time before index date (only f r  pe1foration), cesarean deliveiy for the most recent delive,y, live birth for 

465 the most recent delivery, concomitant gynecologic procedtu·e, indicator of difficult IUD insertion, providei· experience (qua,tiles), 

466 research site, and age ( continuous for p ,foration and tertile for expulsion) x site interaction. 

467 Figure 3A and 3B. A) Cumulative incidence and B) crude and adjusteda hazard ratios Qog 

468 scale) for the association between menorrhagia diagnosis status within 12 months before 

469 IUD insertion and IUD-related uterine perforation 

470 A. 

471 B. 

4 72 Abbreviations: BMI = body niass index; CI, confidence interval; HR, hazard ratio; IUD, intrauterine device. 

473 Women were> 12 months from deliveiy or nulliparous. 



4 7 4 • The adjusted HRs (recent menoll'hagia vs. not) were calculated using the Cox model weighted with propensity score overlap

4 7 5 weights. The following variables were included in the propensity score models for adjustment: IUD type, age ( continuous for 

476 pe,foration, tertiles for expulsion), race/ethnicity, recent smoker (only for perforation), duration oflook-back period (quartiles, 

4 77 only for pe1foration), calendar year of index date, BMI ( categorical), dysmenoll'hea, uterine fibroids, parity (0, >O, or missing), 

478 cesarean delivery any time before index date (only for pe,foration), cesarean delive,y for the most recent delive,y, live birth for 

4 79 the most recent delivery, concomitant gynecologic procedure, indicator of difficult IUD insertion, provider experience ( quaitiles), 

480 reseai·ch site, and age ( continuous for peiforation and tertile for expulsion) x site interaction. 

481 Note: The rapid increase in cumulative incidence shortly aft.er 5 years may have been due to decreasing numbers of patients, 

482 resulting in unstable rates. 



KPNC KPSC KPWA RI 

n =161,442 n = 123,214 n =20,526 n = 21,476 
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