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54 ABSTRACT

55

56 Introduction: The aim of this study was to compare blood pressure and prevalence of pregnancy 

57 induced hypertension in women with polycystic ovary syndrome and the reference group 

58 throughout pregnancy. Material and methods: This retrospective study was part of the 

59 prospective study Odense Child Cohort. Pregnant women were recruited January 2010 to 

60 December 2012. Blood pressure was measured in 200 women with polycystic ovary syndrome and 

61 in 2,197 in the reference group. Main outcome measures were blood pressure and pregnancy 

62 induced hypertension. Pregnancy induced hypertension was defined as systolic blood pressure  

63 140 mmHg and/or diastolic blood pressure  90 mmHg occurring after gestational week 20 at two 

64 separate visits. Mann-Whitney U test and Chi squared test were used to test differences between 

65 women with polycystic ovary syndrome and the reference group. Associations between polycystic 

66 ovary syndrome status (polycystic ovary syndrome; the reference group) and blood pressure were 

67 tested using random mixed-effect linear regression analyses with subjects as random effect to 

68 comply with repeated blood pressure measurements. Results: Median blood pressure was 

69 comparable in women with polycystic ovary syndrome and the reference group throughout 

70 pregnancy: systolic blood pressure 116 (111-123) vs. 119 (112-124) P = 0.06, diastolic blood 

71 pressure 72 (69-77) vs. 73 (69-78), P = 0.23 and mean arterial pressure 87 (83-93) vs. 88 (84-92), 

72 P  = 0.13. In first trimester where systolic blood pressure was lower in polycystic ovary syndrome, 

73 median systolic blood pressure 116 (111-123) vs. 119 (112-124) mmHg, P = 0.04.  The 

74 prevalence of pregnancy induced hypertension was similar in polycystic ovary syndrome and the 

75 reference group: 17/200 (8.5%) vs. 178/1,997 (8.9%), P = 0.84. Regression analyses showed no 

76 significant associations between polycystic ovary syndrome and blood pressure. Conclusions: 

77 Blood pressure and prevalence of pregnancy induced hypertension were comparable in pregnant 

78 women with polycystic ovary syndrome and the reference group. 

79

80 Key words: 

81 Blood pressure, PCOS, pregnancy, hypertension, epidemiology , pregnancy induced hypertension

82

83 List of abbreviations: 

84 BMI: Body mass index 

85 BP: blood pressureA
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86 DBP: diastolic blood pressure

87 GW: gestational week

88 HT: hypertension

89 MAP: mean arterial pressure

90 PIH: pregnancy induced hypertension

91 PCOS: polycystic ovary syndrome, 

92 SBP: systolic blood pressure 

93 GDM gestational diabetes mellitus

94

95 Key message

96 Maternal PCOS status was not an independent predictor of blood pressure during pregnancy or 

97 prevalence of pregnancy induced hypertension. Our findings did not support intensified 

98 surveillance for pregnancy induced hypertension in women with PCOS.

99

100
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101 INTRODUCTION

102

103 Polycystic ovary syndrome (PCOS) is a prevalent endocrine disorder, affecting 8-13% of women 

104 during the reproductive age (1). PCOS is defined by the Rotterdam criteria based on two of the 

105 following criteria: Oligo- or anovulation, biochemical or clinical hyperandrogenism, and 

106 polycystic ovaries (2). PCOS is often associated with obesity, which is closely related to insulin 

107 resistance and inflammation (3). The risk of hypertension (HT) in women with PCOS could be 

108 associated with body mass index (BMI) (4, 5). Two recent Scandinavian prospective studies 

109 confirmed higher systolic and diastolic blood pressure (BP) in premenopausal women with PCOS 

110 (6, 7). In a Danish register-based study, young women with PCOS had an odds ratio (OR) of 1.7 

111 for development of cardiovascular disease including HT (8). 

112 In normal pregnancy, BP is typically lower during first trimester than the remaining 

113 pregnancy due to reduced peripheral resistance, despite increased maternal blood volume and 30-

114 50% higher cardiac output (9, 10). Maternal volume expansion leads to higher BP during 2nd and 

115 3rd trimester, and BP peaks around gestational age (GA) 30-34 weeks (10). Hemodynamic changes 

116 can occur in the form of pregnancy induced HT (PIH) (10). PIH is defined as the development of 

117 BP ≥ 140/90 mmHg after GA 20 weeks in at least two separate measurements more than 4 hours 

118 apart (11). The cause of PIH is largely unknown. 

119 Limited data are available regarding BP levels during pregnancy in PCOS. Two 

120 studies reported higher 24 hour BP during each trimester of pregnancy (12) and higher BP during 

121 3rd trimester of pregnancy (13) in women with PCOS compared to the reference group, but only 22 

122 (12) and 33 (13) women with PCOS were included in the studies. Some studies reported higher 

123 risk of PIH in women with PCOS compared to the reference group (12, 14-21), whereas this could 

124 not be confirmed in other studies (22-24). The studies differed according to included study 

125 populations, and many studies were conducted in selected study cohorts of women with PCOS 

126 (12, 14-24). It remains to be established, whether PCOS is an individual risk factor for elevated 

127 BP and/or PIH during pregnancy. 

128 The aim of the present study was to examine BP throughout pregnancy in women 

129 with PCOS and the reference group. We hypothesized that BP was higher in women with PCOS 

130 than the reference group and the prevalence of PIH could be associated with BMI. 
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131

132 MATERIAL AND METHODS

133

134 Odense Child Cohort is an ongoing single-center prospective cohort Based on multiple data 

135 collection from a healthy pregnant population, the Odense Childhood Cohort (OCC) study aims to 

136 provide new information about the environmental impact on child health by sequential follow-up 

137 to 18 years of age among children born between 2010 and 2012 (25). Pregnant women residing in 

138 the municipality of Odense were recruited between January 2010 and December 2012 (25). The 

139 women had to give informed consent to receive and fill in questionnaires, to have additional blood 

140 samples performed and to be contacted prospectively as part of Odense Child Cohort. Among 

141 6,707 pregnancies, 2,690 received information on Odense Child Cohort but declined further 

142 information, 4,017 women received study material, and 2,874 gave informed consent and were 

143 included in the study. Compared to the background population, women in Odense Child Cohort 

144 were leaner, more ethnically homogenous, better educated and smoked less (25). 

145 The exclusion criteria in the present sub study were twin pregnancies (n = 56), 

146 missing data regarding PCOS-status (n = 270), no retrievable BP measurements (n = 121), more 

147 pregnancies within the inclusion period (n = 99) and chronic HT (n = 131). 

148 PCOS was defined according to the Rotterdam criteria (2). Data on PCOS status 

149 were collected using a detailed questionnaire on the mothers’ health during 2nd trimester. 

150 Additionally, women with self-reported hirsutism were included as PCOS cases (n = 96), since 70-

151 80% of women with hirsutism have PCOS (26). The control population was composed of women 

152 with regular menstrual cycle (<35 days) before conception and no indication of androgen excess 

153 (hirsutism and/or acne). The control group was not matched with the PCOS group in regard to age 

154 and BMI.

155 Cohort staff was unaware of maternal PCOS diagnosis. Of the 2,197 eligible women 

156 9.1% (200/2,197) had a diagnosis of PCOS and 90.9% (1,997/2,197) were the reference group 

157 (Figure 1).

158 The Danish obstetric guideline recommends that BP is assessed by a general 

159 practitioner at gestational week (GW) 6-10, GW 25, and GW 32 and by a midwife at GW 29, GW 

160 35 (primipara), GW 37 (primipara), GW 39, and if the due date has passed, at GW 41 (27). It was 

161 not stated, whether BP measurement were automated or conventional. BP results were obtained 

162 from electronic patient records and pregnancy health records.A
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163 BP measurements used for analysis were systolic BP (SBP), diastolic BP (DBP), and 

164 mean arterial pressure (MAP). MAP was calculated as 1/3*SBP + 2/3*DBP (28). PIH cut-off was 

165 defined in accordance with international guidelines (29): SBP  140 mmHg and/or DBP  90 

166 mmHg occurring after GW 20 in at least two separate measurements. Chronic HT was defined as 

167 HT occurring before gestation week 20. Data regarding women with chronic HT (n = 131) were 

168 not included in tables and these data were presented separately. 

169  Maternal age, parity, antihypertensive treatment, pre-gestational BMI, and smoking 

170 were extracted from the hospital’s electronic patient records. Educational level was obtained from 

171 questionnaires, and when data were missing in questionnaires, it was retrieved from patient 

172 records. Ethnicity was based on the country of birth of the mothers of the included women attained 

173 from the Municipality of Odense. Women of non-Western origin were classified as such when 

174 originating from Vietnam, China, Afghanistan, Chorea, Sri Lanka, amongst others. Diagnosis of 

175 gestational diabetes mellitus (GDM) was based on WHO 2013 criteria (30). According to WHO13 

176 criteria, GDM is defined by fasting plasma glucose ≥ 5.1 mmol/L and/or 2h glucose level during 

177 OGTT ≥8.5 nmol/L. We have recently published data regarding risk of GDM in women with 

178 PCOS and controls in OCC (31). In OCC, women with PCOS and controls had similar prevalence 

179 of GDM irrespective of use of different sets of criteria for GDM (31). Furthermore, the use of 

180 different diagnostic criteria for GDM in Odense Child Cohort has been discussed recently (30). 

181 When the Danish diagnostic criteria for GDM were applied in the study cohort, 29 women were 

182 diagnosed with GDM (31). 

183 BMI was divided into categories: Underweight (BMI ≤ 18.5 kg/m2), normal weight 

184 (BMI ≥ 18.5-24.9 kg/m2), overweight (BMI ≥ 25-29.9 kg/m2), and obesity (BMI ≥ 30 kg/m2). 

185 Trimesters were defined by days of gestation; 1st trimester: 0-84 days, 2nd trimester: 85-196 days 

186 and 3rd trimester: 197 days until birth. Data on antihypertensive treatment were considered as a 

187 binary variable where 1 equaled medication (Methyldopa, Trandate (Labetalol) and/or Adalate 

188 (Nifedipin)), and 0 equaled no medication or missing information.

189 Data were presented as median and interquartile range (IQR) or percentage and 

190 number (n). Mann-Whitney U test was used to compare maternal age, BMI, and BP measurements 

191 between women with PCOS and the reference group, and Chi squared test for categorical 

192 variables. 

193 Associations between PCOS status (PCOS; the reference group) and SBP, DBP, and 

194 MAP were tested using random mixed-effect linear regression analyses with subjects as random A
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195 effect to comply with the repeated BP measurements of the woman. The models estimated the 

196 average BP increase (-estimates) in women pregnant first to third trimester with a PCOS 

197 diagnosis.

198 Confounders and intermediate factors were determined on a priori review of 

199 literature and using directed acyclic graphs (32). To be included as a confounder, the variable 

200 should satisfy all three of the following criteria: 1: It should be associated with the disease, 2: It 

201 should be associated with the exposure and should be unequally distributed between exposure 

202 groups, and 3: It should not be an effect of the exposure. In the adjusted model, we a priori 

203 decided to include the following covariates: Educational level (high school or less; high school + 

204 1-4 years; high school +>4 years) (33), ethnicity (Western; non-Western) (33) and smoking (yes; 

205 no) (34). Baseline BP (continuous) (6-8) and number of visits (i.e. every time a BP was measured 

206 and registered) were chosen as additional confounders. Baseline BP was chosen as a confounder in 

207 order to take any baseline imbalance between the groups into account, according to Vickers and 

208 Altman (35).

209 Effect modification by ethnicity on the associations between PCOS and BP was 

210 evaluated by including an interaction term between PCOS status and ethnicity in the adjusted 

211 models, as expression of PCOS phenotypes has be shown to vary across ethnicities (36). 

212 BMI was considered an intermediary factor and an incorporated part of the PCOS diagnosis (37). 

213 Therefore, adjusting for BMI would indirectly also adjust for the impact of PCOS and BMI was 

214 not included in regression models. However, BMI is not part of the diagnostic criteria of PCOS 

215 and BMI could therefore be considered a confounder. We performed an additional sensitivity 

216 analysis where BMI was included in regression analyses. 

217 Model assumptions of all models were validated through residual analyses, and 

218 multicollinearity was assessed using variance inflation factors. Missing data were assumed to 

219 occur at random, and statistical analyses were performed on complete cases. All data analysis was 

220 performed using STATA 15.1 (StataCorp). P-value < 0.05 defined the level of significance using 

221 two-sided tests.

222 Sensitivity analyses were performed in women with GDM, women who had received 

223 medicine for HT, women with self-reported hirsutism and in women pregnant after fertility 

224 treatment. Women with chronic HT were excluded from the general analysis (n = 131) but were 

225 examined separately for the purpose of comprehensive analysis.
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227 Ethical approval

228 Odense Child Cohort fulfilled the Helsinki II declaration and was approved by the Regional 

229 Scientific Ethical Committees for Southern Denmark (application no. S-20090130) and the Danish 

230 Data Protection Agency (case-number: 13/15326)(25). Data were collected after written consent 

231 was obtained from all participants in Odense Child Cohort. The present study was a separate sub 

232 study of Odense Child Cohort and permission rights to access BP data were obtained from the 

233 Danish Data Protection Agency by October 2017. 

234

235 RESULTS

236

237 In baseline characteristics, (Table 1) pre-gestational BMI was comparable in the PCOS and the 

238 reference group, but obesity was significantly more prevalent in PCOS vs. the reference group: 

239 32/200 (16%) vs. 183/1,997 (9%), P = 0.002. Women with PCOS and the reference group were 

240 comparable regarding maternal age, parity, smoking status, and education.

241 As recently reported, the prevalence of GDM irrespective of applied diagnostic criteria was 

242 comparable between women with PCOS and the reference group (31). The prevalence of fertility 

243 treatment was 52/153 (34%) in women with PCOS compared to 147/1,384 (11%) in the reference 

244 group, P < 0.001. HT before GA 20 weeks (chronic HT) was more prevalent in PCOS compared 

245 to the reference group 19/225 (8%) vs. 114/2,202 (5%), P = 0.04.

246 BP was compared between groups (Table 2). Median DBP and MAP in PCOS were 

247 similar to the reference group during pregnancy, also when stratifying according to trimesters. 

248 Median SBP was significantly lower in women with PCOS during first trimester compared to the 

249 reference group, 116 (111-123) vs. 119 (112-124) mmHg, P = 0.04. 

250 Baseline characteristics according to diagnosis of PIH (Table 3) were performed 

251 between women with NBP within the PCOS group and the reference group.

252 Women with PCOS and normal BP were comparable to women with PCOS and PIH regarding 

253 age, BMI, smoking, and education level. The prevalence of obese women with PCOS was higher 

254 in women with PCOS and PIH compared to women with PCOS and normal BP: 6/17 (35%) vs. 

255 26/183 (14%), P = 0.02. BMI tended to be higher in women with PCOS and PIH compared to 

256 women with PCOS and normal BP: 27.3 kg/m2 vs. 23.2 kg/m2, P = 0.09.
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257 The reference group with PIH differed from the reference group with normal BP regarding BMI, 

258 normal weight, overweight, obesity, parity, ethnicity, and WHO GDM diagnosis (Supporting 

259 Information Table S1). 

260 Women with PIH and PCOS had higher prevalence of non-Western origin compared 

261 to women in the reference group with PIH: 3/17 (18%) vs. 11/178 (6%), P < 0.001. Obesity was 

262 more prevalent in women with PCOS and PIH vs. the reference group with PIH: 6/17 (35%) vs. 

263 32/178 (18%), P = < 0.001. The reference group with PIH were more often overweight compared 

264 to women with PCOS and PIH: 4/17 (24%) vs. 57/178 (32%), P = 0.009.

265 Mixed model regressions (Table 4) showed that PCOS was associated with lower 

266 SBP during pregnancy in the crude model. PCOS tended to be inversely associated with SBP, 

267 DBP, and MAP (P = 0.06) in models adjusted for ethnicity, educational level, smoking, visit, and 

268 baseline BP. Ethnicity did not significantly modify the effect on the association between PCOS 

269 diagnosis and SBP, DBP, and MAP.

270 The prevalence of PIH (Table S1) in women with PCOS was comparable to the 

271 reference group 17/200 (8.5%) vs. 178/1,997 (8.9%), P = 0.84. Isolated systolic HT was present in 

272 3/200 (1.5%) of women with PCOS and isolated diastolic HT was observed in 3/200 (1.5%) 

273 women with PCOS. Prevalence of both isolated systolic HT and diastolic HT was comparable in 

274 women with PCOS and the reference group. 

275 Sensitivity analyses were performed to ensure a comprehensive analysis of data. 

276 Prescription of antihypertensive treatment was comparable in women with PCOS and the 

277 reference group: 7/200 (3.5%) vs. 58/1,997 (2.9%), P = 0.64. Women with PCOS treated with 

278 antihypertensive medicine had similar BMI compared to women with PCOS and no treatment: 

279 22.8 kg/m2 vs. 23.3 kg/m2, P = 0.70. BMI was comparable in the reference group treated with 

280 antihypertensive medicine vs. untreated the reference group: 24.1 vs. 23.2 kg/m2, P = 0.30. 

281 Exclusion of women who had received antihypertensive treatment did not alter the results 

282 significantly. 

283 Fifty-eight/129 (45%) women with PCOS and 504/1,208 (42%) women in the 

284 control group were diagnosed with GDM according to WHO13 criteria (30, 31). When women 

285 with GDM were omitted from statistical analyses, the significant association between PCOS and 

286 decreasing SBP was further augmented in the crude model, and a significant inverse association 

287 was found between PCOS and SBP in the adjusted mixed effect model. Additionally, a significant A
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288 negative association was seen between PCOS and MAP in the crude regression model (data not 

289 shown).

290 Fifty-two (26%) women with PCOS and 147 (7%) the reference group were 

291 pregnant as the result of fertility treatment. Exclusion of these women did not affect significant 

292 results (data not shown). 

293 Eighty-nine (44%) women with PCOS had self-reported hirsutism. The results were 

294 not significantly affected by exclusion of these women (data now shown). 

295 Adjusting for BMI in mixed regression models showed a significant association between PCOS 

296 and decrease in BP in mixed effect regressions models (data not shown).

297

298 DISCUSSION

299

300 To our knowledge, this is the first large prospective cohort study assessing repeated BP 

301 measurements in pregnant women with PCOS. We found that all BP measures (SBP, DBP, and 

302 MAP) were comparable in women with PCOS and the reference group except during first 

303 trimester, where SBP was significantly lower in women with PCOS. The prevalence of PIH was 

304 similar in PCOS and the reference group. 

305 Our finding of comparable prevalence of PIH in PCOS vs. the reference group were 

306 in accordance with retrospective studies conducted in European (22, 23) and Asian (24) cohorts. 

307 These studies included 66 (23), 70 (22), and 366 (24) women with PCOS. Interestingly, all studies 

308 investigated lean cohorts of women (22-24), and the definition of PIH was similar to the present 

309 study. However, no studies presented actual BP measurements (22-24). Furthermore, the present 

310 study expands findings from two studies regarding BP during pregnancy in PCOS (12, 13). 

311 Fridstrøm et al. reported comparable BP during the first two trimesters and higher BP during 3rd 

312 trimester in 33 women with PCOS vs. the reference group (13). All women with PCOS had 

313 undergone In Vitro Fertilization (IVF) treatment, and nine women with twin pregnancies were 

314 included in the PCOS cohort (13), which could have affected results. Conversely, Hu et al. 

315 reported higher 24 hour BP (12) in 22 lean women with PCOS vs. the reference group. BP 

316 measurements did not resemble daily clinic, and only three BP evaluations/patient were available 

317 throughout pregnancy (12). 

318 Lower SBP during first trimester in women with PCOS seemed an unexpected 

319 finding of the present study. Our data did not allow for a conclusion regarding mechanisms for A
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320 lower BP in PCOS, but the results could suggest a higher degree of vasodilatation in women with 

321 PCOS at the beginning of pregnancy. Estrogen displays a vasodilatory function by increasing 

322 endothelial nitric oxide synthase and angiotensin converting enzyme 2, and along with other 

323 mechanisms acting as a modest antioxidant (38, 39). During pregnancy, increased placental 

324 estrogen is associated with high levels of sex hormone binding globulin (40) and higher total 

325 testosterone (41). Testosterone levels were higher throughout pregnancy in women with PCOS 

326 compared to the reference group (8, 41), which questioned the hypothesis of complete suppression 

327 of ovarian and adrenal activity during pregnancy (38). The importance of hyperandrogenemia for 

328 risk of HT in women with PCOS is discussed, and some suggest that increased prevalence of HT 

329 in PCOS is not caused by elevated testosterone itself, but by PCOS associated metabolic 

330 alterations (38). We are not aware of studies measuring estrogen levels throughout pregnancy in 

331 PCOS, and the hypothesis of higher estrogen as a mechanism for lower BP in first trimester 

332 pregnancy in PCOS should be tested in future studies. 

333 Our results contrasted studies reporting higher prevalence of PIH in women with 

334 PCOS (12, 14-21). However, methods for defining PIH and PCOS varied greatly. We defined PIH 

335 as BP ≥ 140/90 mmHg in two measurements at least 4 hours apart after GW 20 in accordance with 

336 international guidelines (11). Several previous studies included women with HT before GW 20 as 

337 part of the definition of PIH (17-19), and two studies did not clearly define PIH (20, 21). Our 

338 finding of higher prevalence of chronic HT in PCOS compared to the reference group was in 

339 accordance with young, lean women with PCOS having increased prevalence of HT outside 

340 pregnancy in a Danish population-based study (8). Inclusion of chronic HT could therefore lead to 

341 overestimation of PIH in PCOS (17-21). 

342 BMI may affect the prevalence of PIH. Mean BMI in women with PCOS in the 

343 present study was 23.3 kg/m2, and BMI in women with PCOS and the reference group was 

344 comparable. In the present study we did not adjust for BMI, but considered BMI as an 

345 intermediary factor and an incorporated part of the PCOS diagnosis (39) as increased BMI is part 

346 of the PCOS feature in most women with PCOS (42). Additionally, excess weight exacerbates the 

347 overall expression of the syndrome (43), and adjusting for BMI would indirectly also adjust for 

348 the impact of PCOS. However, obesity is not part of the PCOS diagnosis, and we performed at 

349 separate sensitivity analysis where we adjusted for BMI (data not shown). Adjusting for BMI 

350 caused a negative association between PCOS and BP, which further supported that PCOS in itself 

351 did not increase BP during pregnancy. Maternal obesity is associated with higher BP and vascular A
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352 and renal impairment (3). In accordance, we found higher prevalence of obesity in women with 

353 PCOS and PIH compared to women with PCOS and normal BP (P = 0.02). Inclusion of more 

354 obese women with PCOS and/or higher BMI in women with PCOS vs. the reference group could 

355 be associated with higher prevalence of PIH in PCOS in previous studies (14-16, 18, 19). 

356 Schneider et al.(14) reported higher prevalence of PIH in PCOS, but the association between PIH 

357 and PCOS became non-significant after adjusting for BMI (14). Vanky et al. (44) assessed BP in 

358 257 pregnant women with PCOS (mean BMI 28.9 kg/m2) during first trimester and observed a 

359 positive association between BMI and BP (44). These findings suggest that PCOS in combination 

360 with obesity could increase the prevalence of PIH, whereas higher prevalence of HT in pregnancy 

361 in lean women with PCOS could be due primarily to increased prevalence of chronic HT.  

362 Odense Child Cohort is a non-selected study cohort, and 34% of women with PCOS 

363 had received fertility treatment. Several studies reporting higher prevalence of PIH in PCOS 

364 included predominantly women from fertility clinics (13-16), which could suggest a more severe 

365 phenotype. Palomba et al. described higher prevalence for adverse obstetric outcomes in women 

366 with PCOS and ovarian dysfunction and biochemical hyperandrogenism, whereas women with 

367 PCOS and normal ovarian function did not have an adverse obstetric risk (17). Nulliparity was an 

368 independent predictor for PIH (14, 15, 18), but importantly, parity was comparable in women with 

369 PCOS and the reference group in the Odense Child Cohort. GDM is associated with higher BP and 

370 predicts PIH (18). As recently reported, we found no difference in prevalence of GDM between 

371 women with PCOS and the reference group (31). Higher prevalence of GDM in women with 

372 PCOS could lead to increased prevalence of PIH in previous studies (15, 17). 

373 Strengths and limitations apply to the present study. Strengths include the 

374 prospective study design of Odense Child Cohort and diagnosis of PIH was based on repeated BP 

375 measurements. BP measurements were performed in daily clinic routine and were therefore not 

376 necessarily standardized according to relevant guidelines (29). This could be considered both a 

377 strength and a limitation. Cohort staff was unaware of PCOS diagnosis and women with PCOS 

378 received no special care regarding obstetrics, thus minimizing the risk of selection bias. The 

379 prevalence of PCOS was 9.1% in the study cohort, which suggested inclusion of mild and severe 

380 PCOS cases (1). The diagnosis of PCOS was self-reported or obtained by medical records, as 

381 PCOS cannot be diagnosed during pregnancy. The inclusion of self-reported PCOS diagnosis 

382 allowed the inclusion of cases treated by a general practitioner or private gynecologist. A
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383 Limitations involve the inclusion of women with self-reported hirsutism, as some of 

384 these women may not have a diagnosis of PCOS. Furthermore, some women in the reference 

385 group could have undiagnosed PCOS. In both situations, this would increase the risk of type 2 

386 error.

387 Compared to the background population, women in Odense Child Cohort were leaner, more 

388 ethnically homogenous, better educated and smoked less (25). This is often a limitation in cohort 

389 studies, where minorities and people of lower social status tend to drop out. Eighty seven percent 

390 of included women with PCOS in OCC were Scandinavian and the prevalence non-Western 

391 women with PCOS was 13% (26/200). We found that non-Western women with PCOS were 

392 overrepresented in the PIH group compared to the reference group. No interaction between PCOS 

393 diagnosis and ethnicity was found in our regression analysis. Schneider et al. (14) did not find an 

394 impact of ethnicity on prevalence of PIH in an American study population. Outside pregnancy, 

395 different ethnic groups vary regarding clinical and biochemical PCOS phenotype (36).  

396 Therefore, the results of the present study should be reproduced in obese study 

397 populations and in populations of different ethnic background.   

398

399 CONCLUSION

400 Maternal PCOS was not an independent predictor of BP during pregnancy or prevalence of PIH. 

401 Our findings did not support intensified surveillance for PIH in women with PCOS.

402
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531 Supporting Information legend

532 Table S1 Prevalence of hypertension in pregnancy in women with PCOS vs. the reference group.

533

534
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536 Legend

537 Figure 1 Flowchart of the women included in the study. OCC: Odense Child Cohort, PCOS: 

538 polycystic ovary syndrome, BP: blood pressure, HT: hypertension, GA: gestational age
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550

551 Table 1 Baseline characteristics of pregnant women with PCOS vs. the reference group.

552
PCOS

n = 200

Reference 

group

n = 1,997

All

n = 2,197

P-value

PCOS vs. 

reference 

group

Age, years 30 (28-33) 30 (27-33) 30 (27-33) 0.32

Parity, % (n)

   First child 53 (106) 58 (1,151)  57 (1,257)

   Second child or more 47 (94) 42 (846) 43 (940) 0.20

Antihypertensive treatment, % 

(n)

4 (7) 3 (58) 3 (65) 0.64

Pre-gestational BMI, kg/m2 n = 200 n = 1,996 n = 2,196

23.3 (21.1-

27.2)

23.2 (21.1-

26.0)

23.4 (21.1-

26.1)

0.21

Underweight BMI <18.5 kg/m2 17.9 (17.9-

18.1)

17.9 (17.6-

18.2)

17.9 (17.6-

18.2)

0.56

Underweight BMI <18.5 kg/m2, 

% (n) 

2.5 (5) 3.3 (65) 3.2 (70) 0.56

Normal weight BMI 18.5-24.9 

kg/m2

22.0 (20.7-

23.2)

22.0 (20.7-

23.3)

22.0 (20.7-

23.3)

0.76

Normal weight BMI 18.5-24.9 

kg/m2, % (n)

62 (123) 63 (1,281) 64 (1,404) 0.46

Overweight BMI 25-29.9, kg/m2 27.1 (26.2-

28.1)

26.7 (25.9-

27.9)

26.8 (25.9-

27.9)

0.77

Overweight BMI 25-29.9, % (n) 20 (40) 23 (452) 22 (492) 0.24

Obesity BMI > 30, kg/m2 32.3 (30.6-

37.7)

32.6 (31.2-

35.3)

32.5 (31.0-

35.5)

0.94

Obesity BMI>30, % (n) 16 (32) 9 (183) 10 (215) 0.002

Ethnicity, % (n) n = 199 n = 1,997 n =2,196

   Western 87 (173) 91 (1,808) 90 (1,981) 

   Non-western 13 (26) 9 (189) 10 (215) 0.20

WHO GDM diagnosis, % (n) n =129 n =1,208 n =1,337

45 (58) 42 (504) 42 (562) 0.48A
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Smoking, % (n) n = 200 n = 1,994 n = 2,194

   Smoker 4 (8) 6 (118) 6 (126) 

   Non-smoker 96 (192) 94 (1,876) 94 (2,068) 0.27

Maternal education level, % (n) n = 199 n = 1,948 n = 2,147

   Lower 29 (58) 30 (589) 30 (647) 

   Intermediate 46 (92) 50 (975) 50 (1,067) 

   Higher 25 (49) 20 (384) 20 (433) 0.25

Fertility treatment, % (n) n = 153 n = 1,384

34 (52) 11 (147) 13 (199) <0.001

553
554 Data presented as median (25th – 75th percentile) or % (number (n)).

555 p-value < 0.05 in bold, when comparing characteristics by PCOS status, Mann-Whitney U test for non-normally 

556 distributed variables, and Chi squared for categorical variables. 

557 BMI: Body mass index, GDM: Gestational diabetes mellitus, SBP: Systolic blood pressure, DBP: Diastolic blood 

558 pressure, MAP: Mean arterial pressure.
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579 Table 2 Median blood pressure (SBP, DBP, and MAP) and median number of BP measurements in women with PCOS vs. the reference group.

580

SBP (mmHg) DBP (mmHg) MAP (mmHg)

PCOS

n = 200

Reference 

group

n = 1,997

P-

value
PCOS

n = 200

Reference 

group

n = 1,997

P-

value
PCOS

n = 200

Reference 

group

n = 1,997

P-

value

Pregnancy
116 (111-

123)

119 (112-

124)
0.06 72 (69-77) 73 (69-78) 0.23 87 (83-93) 88 (84-92) 0.13

1st trimester n = 187 n = 1,885 n = 187 n = 1,885 n = 185 n = 1,885

116 (111-

123)

119 (112-

124)
0.04 73 (69-78) 72 (69-77) 0.12 87 (83-92) 88 (84-93) 0.07

2nd trimester n = 172 n = 1,783 n = 172 n = 1,783 n = 172 n = 1,783

117 (111-

124)

119 (113-

124)
0.11 73 (69-77) 73 (70-79) 0.49 88 (83-93) 88 (84-93) 0.32

3rd trimester n = 185 n = 1,872 n = 185 n = 1,872 n = 185 n = 1,872

116 (112-

124)

119 (113-

124)
0.05 72 (69-77) 73 (70-78) 0.29 88 (83-93) 89 (84-93) 0.17

Number of BP measurements in 

pregnancy

1st trimester 4.0 (3.5-4.5)
4.0 (3.5-

5.0)
0.18
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581

582
583 Data presented as median (25th – 75th percentile).

584 p-value <0.05 in bold, when comparing blood pressure and number of measurements in PCOS vs. the reference group. 

585 SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure

2nd trimester 4.0 (3.5-5.0)
4.0 (3.5-

5.0)
0.35

3rd trimester 4.0 (3.5-5.0)
4.0 (3.5-

5.0)
0.18

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

586 Table 3 Characteristics according to a diagnosis of pregnancy induced hypertension in women with PCOS vs. the reference group.

587

588
PCOS The reference group

NBP PIH pa NBP PIH pa pb

PIH

pb

NBP

n = 183 n = 17 n = 1,819 n = 178

Age, years 30 (28-33) 30.5 (30-32) 0.65 30 (27-33) 30 (28-

33)

0.62 0.60 0.38

Parity, % (n)

  First child 53 (97) 52 (9) 56 (1,024) 71 (127) 

  Second child or more 47 (86) 47 (8) 0.99 44 (795) 29 (51) <0.001 0.11 0.39

Underweight BMI <18.5 kg/m2 17.9 (18.0-

18.1)

- - 18.0 (17.6-

18.3)

17.9 

(17.9-

18.0)

0.84 - 0.56

Underweight BMI <18.5 kg/m, % 

(n)

2.7 (5) 0 (0) 0.49 3.5 (63) 1.1 (2) 0.09 0.22 0.15

Normal weight BMI 18.5-24.9 

kg/m2

22.0 (20.8-

23.3)

21.0 (19.3-

22.9)

0.21 22.0 (20.7-

23.3)

22.8 

(21.3-

24.1)

0.007 0.05 0.80

Normal weight BMI 18.5- 63 (116) 41 (7) 0.07 66 (1,194) 49 (87) <0.001 0.13 0.12
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24.9kg/m2, % (n)

Overweight BMI 25-29.9, kg/m2 27.0 (26.1-

28.1)

27.5 (27.0-

27.9)

0.50 26.67(25.9-

27.9)

27.1 

(26.0-

28.1)

0.19 0.56 0.95

Overweight BMI 25-29.9, kg/m2, 

% (n)

20 (36) 24 (4) 0.70 22 (395) 32 (57) 0.002 0.009 0.61

Obesity BMI > 30, kg/m2 32.8 (30.5-

37.4)

34.3(33.3-

38.2)

0.43 32.4 (30.9-

35.0)

33.5 

(31.9-

37.5)

0.05 0.78 0.81

Obesity BMI > 30, % (n) 14 (26) 35 (6) 0.02 8 (151) 18 (32) <0.001 <0.001 <0.001

Ethnicity n = 182 n = 17 n = 1,819 n = 178 

  Western, % (n) 88 (159) 82 (14) 90 (1,641) 94 (167) 

  Non-western, % (n) 13 (23) 18 (3) 0.13 10 (178) 6 (11) 0.27 0.02 0.47

WHO GDM diagnosis, % (n) n =118 n = 11 n = 961 n = 247

44 (52) 55 (6) 0.50 40 (442) 55 (62) 0.003 0.98 0.43

Smoking n = 183 n = 17 n = 1,816 n =178

  Smoker, % (n) 4 (8) 0 (0) 6 (109) 5 (9)

  Non-smoker 96 (175) 100 (17) 0.38 94 (1,707) 95 (169) 0.61 0.34 0.37

Maternal education level n = 182 n = 17 n = 1,772 n = 176

  Lower, % (n) 29 (53) 29 (5) 30 (532) 32 (57) 

  Intermediate, % (n) 48 (87) 29 (5) 50 (885) 51 (90) 
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  Higher, % (n) 23 (42) 41 (7) 0.20 20 (355) 16 (29) 0.50 0.03 0.62

589
590 Data presented as median (25th - 75th percentile) or % (number (n)).

591 p-value < 0.05 in bold

592 a p-value, PIH vs. normal BP.

593 b p-value, PCOS vs. the reference group.

594 Mann-Whitney U test for non-normally distributed variables, and Chi squared for categorical variables. 

595 PIH: Pregnancy induced hypertension, NBP: Normal blood pressure BMI: Body mass index, GDM: Gestational diabetes mellitus, SBP: Systolic blood pressure, DBP: Diastolic 

596 blood pressure, MAP: Mean arterial pressure

597

598
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Table 4 Average change () in blood pressure measurements in women with PCOS diagnosis compared to the reference group during pregnancy 

(pooled).

SBP DBP MAPPCOS

β (95 % CI) pa pb β (95 % CI) pa pb β (95 % CI) pa pb

Crude (N=2,197) -1.30 (-2.49; -0.11) 0.03 -0.67 (-1.56; 0.22) 0.14 -0.88 (-1.80; 0.04) 0.06

Adjusted 

(N=2,143)a

-0.89 (-1.81; 0.03) 0.06 0.41 -0.43 (-1.16; 0.30) 0.25 0.61 -0.57 (-1.29; 0.15) 0.12 0.47

Data presented as β-coefficient (95% confidence interval (CI)). 

p<0.05 in bold.
a Adjusted for educational level, ethnicity, smoking, visit, and baseline blood pressure outcome.
b Interaction between PCOS diagnosis and ethnicity (western; non-western) on blood pressure outcome, adjusted for educational level, smoking, visit, and baseline blood pressure 

outcome, and tested with the likelihood-ratio test.

SBP: Systolic BP, DBP: Diastolic BP MAP: Mean arterial pressure
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