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34 A bulleted novelty statement: 

35  Anxiety disorders and depression are prevalent among persons with type 2 diabetes and 

36 have been associated with poor glycaemic control outside pregnancy.

37  In women with type 2 diabetes, this study found a 40% risk of anxiety and/or depression 

38 symptoms in early pregnancy, which is considerably higher than in pregnant women without 

39 diabetes. Anxiety and/or depression symptoms in early pregnancy were associated with less 

40 optimal glycaemic control in late pregnancy.

41  In clinical practice, anxiety and/or depression symptoms in pregnant women with type 2 

42 diabetes was common and probably wise to address.
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60

61 Aims

62 To study the prevalence of anxiety and depression symptoms in pregnant women with type 2 

63 diabetes compared with pregnant women without diabetes. Secondly, to explore whether anxiety 

64 and/or depression symptoms in early pregnancy have an impact on glycaemic control and 

65 gestational weight gain.

66

67 Methods

68 A prospective cohort study of 90 consecutive singleton pregnant women with type 2 diabetes and 

69 88 singleton pregnant women without diabetes. All women completed the Hospital Anxiety and 

70 Depression Scale questionnaire in early and late pregnancy. A score ≥8 in the anxiety or the 

71 depression scale was used to define anxiety and/or depression symptoms. 

72 Results

73 Anxiety and/or depression symptoms were present in 40% of women with type 2 diabetes and 7% 

74 of women without diabetes in early pregnancy (Relative Risk=5.87 (95% Confidence Interval: 2.60-

75 13.22). The figures were similar in late pregnancy. In women with type 2 diabetes and anxiety 

76 and/or depression symptoms in early pregnancy, HbA1c (mean±SD) was 52±14 vs. 49±11 

77 mmol/mol (6.9±1.2 vs. 6.6±1.0%), p=0.31 in early pregnancy and 43±8 vs. 40±4 mmol/mol 

78 (6.1±0.7 vs. 5.8±0.4%), p=0.04 in late pregnancy compared with women without symptoms. 

79 Gestational weight gain was similar in both groups. 

80 Conclusions

81 In women with type 2 diabetes, 40% had anxiety and/or depression symptoms in early pregnancy. 

82 Women with these symptoms obtained less optimal glycaemic control in late pregnancy but similar 

83 gestational weight gain as the remaining women. 

84
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86 Keywords: Pregnancy; Anxiety; Depression; gestational weight gain; pregnancy outcome; Type 2 

87 diabetes. 

88 Clinical Trial Registry: NCT02883127 and NCT02890836 at ClinicalTrials.gov

89

90

91 Introduction

92 Pregnancies complicated by type 2 diabetes are associated with increased risk of adverse perinatal 

93 outcomes including fetal overgrowth defined as Large for Gestational Age (LGA) infants (1,2). 

94 Fetal overgrowth is strongly associated with poor glycaemic control in late pregnancy and excessive 

95 gestational weight gain (2,3). Therefore, achieving good glycaemic control and appropriate 

96 gestational weight gain are the cornerstones in the treatment of these women during pregnancy.

97 Anxiety and depression symptoms are clinically important because of their negative impact on well-

98 being and health behaviour (4,5). Anxiety disorders are reported in 14% and 26% of non-pregnant 

99 persons with type 2 diabetes (6,7) while elevated anxiety symptoms are present in 29% and 40% 

100 (5,6). Depression is reported in 24% of non-pregnant women with type 2 diabetes (8). Both anxiety 

101 disorders and depression have higher prevalence in persons with type 2 diabetes than in the 

102 background population (6,8). Anxiety disorders and depression have been associated with poor 

103 glycaemic control (6,9,10). Depression is associated with lower self-care and adherence to diabetes 

104 management in persons with type 2 and type 1 diabetes, which may be the barrier for obtaining 

105 good glycaemic control (10,11). Anxiety and depression symptoms share several 

106 pathophysiological mechanisms e.g. low serotonin levels (12) and furthermore often co-exist (7,13) 

107 suggesting that the symptoms are reflecting a shared pathophysiology of impaired mental health. 

108 Consequently, several studies have evaluated mental health based on the presence of either anxiety 

109 and/or depression symptoms in pregnant women (14,15).

110 Anxiety and depression symptoms may represent subclinical anxiety disorders and depression (6) 

111 and are only sparsely investigated in pregnant women with type 2 diabetes (16).

112 Our hypothesis is that anxiety and/or depression symptoms are prevalent and a clinically relevant 

113 barrier for achieving good glycaemic control and appropriate gestational weight gain in pregnant 

114 women with type 2 diabetes.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

115 Our aim was therefore to study the prevalence of anxiety and depression symptoms in pregnant 

116 women with type 2 diabetes compared with pregnant women without diabetes and to explore the 

117 possible impact of anxiety and/or depression symptoms in early pregnancy on glycaemic control 

118 and gestational weight gain.

119

120 Participants and Methods

121 Study design and study population

122 This is a pre-planned analysis of a prospective, observational cohort study including a cohort of 

123 pregnant women with type 2 diabetes (17) and a cohort of pregnant women without diabetes for 

124 comparison (18). In essence, the cohort of pregnant women with type 2 diabetes consisted of 

125 consecutive women from a population of 4 million inhabitants referred to Center for Pregnant 

126 Women with Diabetes, Rigshospitalet or Department of Gynaecology and Obstetrics, Odense 

127 University Hospital in 2015 to 2018. Inclusion criteria were broad: singleton pregnancy before 20 

128 gestational weeks in women diagnosed with type 2 diabetes (17). Women with insufficient Danish 

129 language skills were excluded. 

130 The cohort of women without diabetes was consecutively included at specific weekdays at routine 

131 antenatal care at the Department of Obstetrics, Rigshospitalet in 2016 and 90% of invited women 

132 accepted participating (18). Inclusion criteria were broad: singleton pregnancy in women without 

133 diabetes and few exclusion criteria (18). 

134 Procedure and data collection:

135 At first visit at median 12 (range 6-20) gestational weeks (early pregnancy) and at 35-37 gestational 

136 weeks (late pregnancy), both women with type 2 diabetes and women without diabetes were asked 

137 to complete the Hospital Anxiety and Depression Scale (HADS) questionnaire. HADS is a 

138 validated, cost-effective screening instrument to measure levels of anxiety and depression 

139 symptoms (19). It is a 14-item questionnaire including two scales each consisting of 7 questions 

140 measuring anxiety and depression symptoms, respectively. The total score is obtained by adding the 

141 scores in each scale (range of 0 to 21) where higher scores indicate more symptoms. Total scores ≥8 

142 indicate presence of clinically relevant level of symptoms (19) and this cut-off score was used for 

143 evaluation of presence of anxiety and/or depression symptoms (16). 

144 Average sleeping hours (“On average, how many hours do you sleep per day?”) were self-reported 

145 in whole or half hours. 
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146 Self-reported data on ethnic origin, parity, marital status (married/living with a partner/single), shift 

147 work including night shifts, educational level, smoking status, pre-pregnancy weight and height and 

148 medication was collected. Educational level was classified in accordance with the International 

149 Standard Classification of Education (20) and converted to three educational levels: ≤10 years, 11-

150 14 years and ≥15 years of education (16,18). Clinical characteristics and pregnancy outcomes were 

151 collected prospectively.

152 Definitions in women with type 2 diabetes

153 Gestational weight gain was defined as the difference between the weight measured in late 

154 pregnancy and the self-reported pre-pregnancy weight (2,16,18). HbA1c was analysed by a DCA 

155 2000 analyser by a latex immuneagglutination inhibition method (DCA 200; Bayer, Mishawaka, 

156 IN). Diabetic nephropathy was defined as albumin creatinine ratio ≥300 mg/g in early pregnancy, 

157 based on two urine samples. Thyroid-Stimulating Hormone (TSH) was analysed in a routine 

158 laboratory. 

159 The following definitions were used (17): preterm delivery as birth before 37 completed gestational 

160 weeks. Birth weight z-score was based on Nordic growth curves adjusted for gestational age and 

161 infant sex (21). Based on the these Nordic growth curves (21), Large and Small for Gestational Age 

162 (LGA and SGA) were defined as birthweight >90th and <10th percentile, respectively. Major 

163 congenital malformation was noted if leading to death, causing a substantial future handicap or 

164 requiring surgery. Neonatal hypoglycaemia was defined as a plasma glucose value below 2.2 

165 mmol/L, measured within 4 hours of life. Neonatal jaundice when requiring phototherapy. Transient 

166 tachypnoea when requiring Continuous Positive Airway Pressure for more than 60 minutes.

167 Statistical analyses:

168 Continuous data with normal distribution are reported as mean ± standard deviation (SD), 

169 continuous data with skewed distribution as median (interquartile range (IQR)) and categorical data 

170 as number (%). Two variables were considered as main outcomes in our secondary aim; HbA1c in 

171 late pregnancy and gestational weight gain. The comparison of these variables was analysed with an 

172 unpaired t-test and adjustments for multiple testing were not performed. For the remaining 

173 variables, explorative descriptive statistical analyses were performed without adjusting for multiple 

174 testing. Comparisons were performed by unpaired and paired student‘s t-test, Mann-Whitney U-test, 

175 Chi square test or Fisher‘s exact test where appropriate. Relative risks (RR) were given with 95% 

176 Confidence Intervals. Statistical analyses were performed with IBM statistics SPSS version 22 
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177 (SPSS, Chicago, IL, USA). Statistically significant differences were defined as a two-sided p<0.05. 

178 The number of missing data are given in the footnote below the tables and imputation was not used. 

179 A sample size calculation was not performed.

180 Ethics:

181 This study is approved by the local Ethical Committee of the capital region of Denmark (H-

182 15009413 and H-15019186) and registered at ClinicalTrials.gov (ID: NCT02883127 and ID: 

183 NCT02890836). The principles of The Helsinki Declaration were followed, and all women gave 

184 written informed consent as appropriate according to Danish law. 

185

186 Results:

187 In total, 116 women with type 2 diabetes and 112 women without diabetes were eligible for 

188 inclusion whereof 90 (78%) and 88 (79%) women were included in the final analyses, respectively 

189 (Fig. 1). The women not completing the HADS questionnaires were comparable to the included 

190 women with regards to age and BMI, and among those with type 2 diabetes, HbA1c was similar, 

191 but the duration of diabetes was shorter (data not shown). 

192 Women with type 2 diabetes were characterised by a higher pre-pregnancy BMI, fewer being of 

193 North-European origin and having fewer years of education when compared with the women 

194 without diabetes (Table 1). 

195 In early pregnancy, both the prevalence of anxiety symptoms (36 vs. 6%, p<0.001) and depression 

196 symptoms (14 vs. 2%, p=0.003) was higher in pregnant women with type 2 diabetes. In total, 40% 

197 of pregnant women with type 2 diabetes had anxiety and/or depression symptoms in early 

198 pregnancy compared with 7% of women without diabetes (RR=5.87 (95% CI: 2.60-13.22)). The 

199 figures in late pregnancy were 34% vs. 13% (RR=2.57 (95% CI: 1.33-4.97)) (Table 1). 

200 Among pregnant women with type 2 diabetes who completed the HADS questionnaire in both early 

201 and late pregnancy (n=74), both the prevalence of anxiety (p=0.648) and depression symptoms 

202 (p=0.332) was stable from early to late pregnancy.

203 The women with type 2 diabetes, who reported anxiety and/or depression symptoms in early 

204 pregnancy, were often of other origin than North-European (Table 2). The educational level of the 

205 women of other origin that North-European was different from those of North-European origin 

206 (P=0.032) with fewer women having ≥15 years of education (data not shown). 
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207 In late pregnancy HbA1c was significantly higher among women having anxiety and/or depression 

208 symptoms (43±8 vs. 40±4 mmol/mol (6.1±0.7 vs. 5.8±0.4%), p=0.04). Total gestational weight gain 

209 was similar in the two groups (Table 2). No difference was found between the groups in the TSH 

210 levels or the number of women taking medications for other chronic diseases (Table 2). 

211 The women with anxiety and/or depression symptoms delivered 5 days earlier compared with those 

212 without symptoms (p=0.08). All other pregnancy and perinatal outcomes were similar (Table 3).

213 Similar findings of pregnancy outcomes were seen when anxiety and depression symptoms were 

214 analysed separately (data not shown).

215 Discussion

216 In this prospective cohort of pregnant women with type 2 diabetes the prevalence of anxiety and/or 

217 depression symptoms was 40% in early pregnancy, i.e. five times higher than in pregnant women 

218 without diabetes. Anxiety and/or depression symptoms in early pregnancy were associated with less 

219 optimal glycaemic control in late pregnancy but not with gestational weight gain.

220 The prevalence of anxiety symptoms in pregnant women with type 2 diabetes was comparable to 

221 the prevalence reported in persons with type 2 diabetes outside pregnancy (5,6). Likewise, the 

222 prevalence of depression symptoms in pregnant women with type 2 diabetes was comparable to the 

223 prevalence of depression reported to 24% of non-pregnant women with type 2 diabetes (8). 

224 However, the prevalence of anxiety symptoms in the pregnant women without diabetes in the 

225 present study was remarkably lower than the previously reported prevalence of anxiety disorders to 

226 27% and 50% in pregnant women without diabetes (22,23). Furthermore, the prevalence of 

227 depression symptoms in pregnant women without diabetes in the present study tended to be lower 

228 than in previous studies where a prevalence between 7% and 33% has been reported (22–25). 

229 Heterogeneity in the method of evaluating perinatal anxiety disorders and depression remains, 

230 where some studies use structured clinical interviews, others use Edinburgh Postnatal Depression 

231 Scale, Depression Anxiety Stress Scale (DASS-21), validated or non-validated questionnaires in the 

232 pregnant population. The studies using different testing methodology in pregnant women are 

233 therefore difficult to compare. The strength of our study is that we used the same questionnaire in 

234 the group of pregnant women with and without diabetes. However, the women without diabetes 

235 come from the local urban wealthy area and in combination with the low prevalence of overweight 
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236 and obesity this suggest that they might have a better mental health than the general Danish 

237 pregnant population. 

238 A previous study from our center investigated the prevalence of anxiety and depression symptoms 

239 using the same HADS questionnaire in 137 pregnant women with pregestational diabetes (80% type 

240 1 diabetes, 20% type 2 diabetes) (16). This study found a prevalence of anxiety symptoms of 22% 

241 in early pregnancy and 17% in late pregnancy and the prevalence of depression symptoms was 8% 

242 in early pregnancy and 10% in late pregnancy (16). The prevalence of clinically significant anxiety 

243 and depression in a small cohort of 32 pregnant women with type 1 diabetes at 28 gestational weeks 

244 was 38% and 28%, respectively (23). The prevalence of anxiety and depression symptoms in the 

245 present cohort of pregnant women with type 2 diabetes is therefore probably at a similar level as for 

246 pregnant women with type 1 diabetes despite higher pre-pregnancy BMI and lower educational 

247 level in the women with type 2 diabetes that are known factors associated with poor mental health 

248 (24,26). 

249 The prevalence of anxiety symptoms was higher than depression symptoms, which is in accordance 

250 with our previous study of pregnant women with pregestational diabetes (16) and in healthy 

251 pregnant women (22).

252 The prevalence of anxiety symptoms was high in both early and late pregnancy in women with type 

253 2 diabetes and comparable to the levels reported outside pregnancy (5,6), suggesting that the 

254 anxiety symptoms were already present before pregnancy, but a fear of malformations, miscarriage 

255 and other adverse perinatal outcomes may contribute to anxiety symptoms in pregnancy. 

256 HbA1c in late pregnancy was clinically relevant higher in women with anxiety and/or depression 

257 symptoms. This is in accordance with other studies in non-pregnant persons with diabetes where 

258 anxiety and depression has been  associated with poor glycaemic control (6,9,10). We speculate that 

259 anxiety and/or depression symptoms in early pregnancy are barriers for proper health behaviour 

260 (4,5) and thereby for achieving good glycaemic control during pregnancy. 

261 There was no association between anxiety and/or depression symptoms and gestational weight gain, 

262 which is in accordance with the finding in the UPBEAT study including 1525 obese women without 

263 diabetes (27). These findings are in line with data from non-pregnant women where women with 

264 high level of health-related anxiety are more prone to dieting (4) and from women with type 2 

265 diabetes and anxiety symptoms who are more likely to avoid saturated fat (5). 
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266 Thyroid disorders are associated with anxiety and depression (28). In early pregnancy the women 

267 with type 2 diabetes were more often treated with thyroid medication compared with the women 

268 without diabetes. However, in women with diabetes, the TSH level and the prevalence of thyroid 

269 medication were comparable regardless of the presence of anxiety and/or depression symptoms. 

270 The findings of a higher prevalence of anxiety and/or depression symptoms among women with 

271 type 2 diabetes of other origin than North-European are in accordance with the findings in the 

272 UPBEAT study of obese pregnant women without diabetes (27). We found lower prevalence of 

273 highly educated women among women of other origin than North-European which may contribute 

274 to the difference. 

275 It is well known that depression during pregnancy is related to preterm delivery in women with and 

276 without diabetes (29,30), and a systematic review in pregnant women without diabetes showed a 

277 positive association between anxiety and preterm delivery (22). In the current study, women with 

278 anxiety and/or depression symptoms delivered 5 days earlier than the women without symptoms, 

279 but this did not reach statistical significance probably due to small numbers.

280 The strengths of this study are the inclusion of two prospectively collected cohorts of mainly 

281 unselected populations, with broad inclusion criteria, and use of the same questionnaire. Clinical 

282 data from women with type 2 diabetes were carefully collected prospectively and included TSH 

283 measurements and data on medications for other chronic diseases.

284 Several limitations need to be addressed. It is possible that the women declining participation or not 

285 completing the questionnaire in early pregnancy were more vulnerable. The women who did not 

286 complete the questionnaire in early pregnancy were relatively few and did not differ from the 

287 included women in important baseline characteristics. Other origins than Nordic-European were 

288 prevalent among included women with type 2 diabetes but whether women with insufficient Danish 

289 language skills may have been more vulnerable was not possible to evaluate and the duration of 

290 residence in Denmark was not recorded. Overall, we judge the external validity of this study to be 

291 high. In addition we cannot exclude that it was the more socioeconomically strong and mentally 

292 healthy women from the background population who took part in our control group.

293 The self-reported HADS questionnaire was used since it is validated in medical patients, simple and 

294 cost-effective (19). However it is not validated in pregnancy (19). The cut-off ≥8, is validated to be 

295 the best threshold to identify anxiety or depression symptoms, respectively, in medical patients as 
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296 well as in the general population (19). However, the HADS questionnaire is a screening instrument 

297 and a questionnaire validated for pregnant women with diabetes or a structured diagnostic interview 

298 would have improved the study. The Center for Epidemiological Studies-Depression questionnaire 

299 is validated in pregnancy but does not cover anxiety symptoms. Furthermore, the sleeping hours 

300 were not evaluated in a validated questionnaire.

301 Self-reported pre-pregnancy weight was used to calculate gestational weight gain as in previous 

302 studies (2,16,18). We have previously demonstrated a tight correlation between pre-pregnancy 

303 weight and measured weight at first antenatal visit in women with type 2 diabetes (2).

304 Another limitation is the small sample size. Statistical power analysis was not performed a priori 

305 and the evaluation of the associations between anxiety and/or depression symptoms and HbA1c and 

306 gestational weight gain, respectively did not include corrections for multiple testing and calls for 

307 evaluations in larger sample size. Although this study was not powered to detect differences in 

308 pregnancy outcome, we found it important to report these data. Imputation for missing data was not 

309 used. Data were carefully collected, and the few missing data are reported in the tables. The cohort 

310 of women without diabetes were consecutively collected with more than 90% of invited women 

311 participating and were not matched to the diabetes group regarding age, BMI or ethnicity. Whether 

312 the higher prevalence of anxiety and depression symptoms among women with diabetes only is 

313 dependent on the presence of diabetes or could partly be explained by differences in the prevalence 

314 of obesity or ethnicity remains to be elucidated. Unfortunately, the prevalence of anxiety or 

315 depression symptoms before and after pregnancy as well as diet and physical activity during 

316 pregnancy was not recorded..

317 To conclude, four out of ten women with type 2 diabetes had anxiety and/or depression symptoms 

318 in early pregnancy. Women with these symptoms obtained less optimal glycaemic control in late 

319 pregnancy but similar gestational weight gain as the remaining women. 

320 Further studies evaluating the effect of anxiety and depression symptoms on pregnancy outcome 

321 and modalities to treat these conditions in women with type 2 diabetes before and during pregnancy 

322 are warranted.
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410 Table 1. Clinical characteristics and anxiety and depression symptoms in 90 women with type 2 

411 diabetes compared with 88 women without diabetes.

Type 2 diabetes Without diabetes p-value

Number 90 88

Age (years) 34±5 32±4 0.01

North-European origin 52 (58) 83 (95) <0.001

Nulliparous 41 (46) 54 (61) 0.04

Married/living with a partner 81 (91) 82 (94) 0.41

Shift work incl. night shifts 10 (11) 13 (15) 0.47

Diabetic retinopathy 10/79 (13) -

Diabetic nephropathy 1/87 (1) -

Education

     ≥15 years of education

     11-14 years of education

     ≤10 years of education

43 (49)

35 (40)

10 (11)

78 (90)

7 (8)

2 (2)

<0.001

Current smoking 10 (11) 0 0.002

Pre-pregnancy weight (kg) 89.8±22.7 63.2±9.8 <0.001

Pre-pregnancy BMI (kg/m2) 32.1 (27.5-37.4) 21.0 (20.0-24.0) <0.001

Antidepressant medication in early 

pregnancy

4 (4) 1 (1) 0.37

Thyroid medication in early pregnancy 12 (13) 1 (1) 0.002

Antihypertensive medication in early 

pregnancy

10 (11) 0 -

Asthma medication in early pregnancy 4 (4) 1 (1) 0.37

Gestational age when answering 

questionnaires on anxiety and depression

     in early pregnancy (days)

     in late pregnancy (days)†

82±25

250±5 

85±11

248±6

0.20

0.03

In early pregnancy

     Anxiety symptoms

     Depression symptoms

32 (36)

13 (14)

5 (6)

2 (2)

<0.001

0.003
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     Anxiety and/or depression symptoms 36 (40) 6 (7) <0.001

In late pregnancy†

     Anxiety symptoms

     Depression symptoms

     Anxiety and/or depression symptoms

23 (31)

17 (23)

25 (34)

8 (11)

3 (4)

10 (13)

0.002

0.001

0.003

Sleeping hours in early pregnancy

                         in late pregnancy†

8 (7-8)

7 (6-8)

8 (7.5-9)

8 (7-8.5)

0.009

0.03

412 Data are given as mean±standard diviation, n (%) or median (interquartile range). Data available in 93-100% 

413 unless otherwise stated. 

414 Hospital Anxiety and Depression Scale was used to detect anxiety and depression symptoms. A cut-off score 

415 of ≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. 

416 Anxiety and/or depression symptoms was defined as the presence of either anxiety or depression symptoms 

417 or the combination of both †In total, 82% and 86% answered the questionnaire in late pregnancy. 

418

419 Table 2. Clinical characteristics of women with type 2 diabetes with or without anxiety and/or 

420 depression symptoms in early pregnancy using the Hospital Anxiety and Depression Scale. 

Anxiety and/or 

depression 

symptoms

No anxiety or 

depression 

symptoms

p-value

Number 36 54 

Anxiety symptoms in early pregnancy 32 (89) -

Depression symptoms in early pregnancy 13 (36) -

Antidepressant medication in early pregnancy 4 (11) 0 0.02

Age (years) 34.2 ±5.0 33.5 ±4.6 0.52

Married/living with a partner 33 (94) 48 (89) 0.39

Shift work incl. night shifts 4 (11) 6 (11) 0.96

Duration of diabetes (years) 3 (1.6-7.8) 3 (1.4-8) 0.77

North-European origin 15 (42) 37 (69) 0.01

Education

     ≥15 years of education

     11-14 years of education

     ≤10 years of education

12 (35)

17 (50)

5 (15)

31 (58)

18 (33)

5 (9)

0.13
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Current smoking 4 (11) 6 (11) 1.00

Nulliparous 14 (39) 27 (50) 0.30

Pre-pregnancy BMI (kg/m2) 33.4 ±7.0 32.1 ±6.9 0.38

Thyroid medication 5 (14) 7 (13) 0.90

Antihypertensive medication 6 (17) 4 (7) 0.17

Asthma medication 0 4 (7) 0.15

Diabetic retinopathy* 4 (12) 6 (13) 0.90

Diabetic nephropathy 1 (3) 0 0.39

Gestational age when answering the 

questionnaires on anxiety and depression

   in early pregnancy (days)

   in late pregnancy (days)

77 (61-90)

250 (247-252)

74 (62-105)

248 (247-252)

0.88

0.60

HbA1c in early pregnancy (mmol/mol) 52 ±14 49 ±11 0.31

                                            (%) 6.9 ±1.2 6.6 ±1.0

HbA1c in late pregnancy (mmol/mol) 43 ±8 40 ±4 0.04

                                         (%) 6.1 ±0.7 5.8 ±0.4

Women on insulin treatment 32 (97) 51 (94) 0.60

Insulin dose/kg bodyweight in late pregnancy 

(IU/kg)

1.08 (0.81-1.76) 0.89 (0.65-1.45) 0.30

Thyroid-Stimulating Hormone in early 

pregnancy (IU/L)

1.36 (0.97-2.11) 1.49 (1.05-1.90) 0.95

Self-reported pre-pregnancy weight (kg) 91.6 ±22.3 88.5 ±23.1

Weight in early pregnancy (kg) 93.3 ±22.0 90.2 ±22.8

Weight in late pregnancy (kg) 102.1 ±20.6 99.5 ±21.8

Total gestational weight gain (kg) 9.1 (5.6-14.0) 10.8 (7.7-14.6) 0.39

Total gestational weight gain/week (kg) 0.28 (0.16-0.45) 0.29 (0.22-0.42) 0.87

Sleeping hours in early pregnancy

Sleeping hours in late pregnancy¶

7.5 (7-8)

8 (6-9)

8 (7-8.5)

7 (6-8)

0.36

0.66

421 Data are given as mean ±standard deviation, n (%) or median (interquartile range). 

422 Hospital Anxiety and Depression Scale was used to detect anxiety and depression symptoms. A cut-off score 

423 of ≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. The 
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424 presence of anxiety/depression symptoms was defined as the presence of either anxiety or depression 

425 symptoms or the combination of both. 

426 Three women gave birth very prematurely and are not included in the analysis in late pregnancy. Data 

427 available in 91-100% unless otherwise stated. †Data on 85 vs. 83%. *Data on 92 vs. 85%. ¶Data on 75 vs. 

428 83%.

429 Table 3. Pregnancy and perinatal outcome in women with type 2 diabetes with anxiety and/or 

430 depression symptoms compared with women without anxiety or depression symptoms in early 

431 pregnancy.

Anxiety and/or 

depression symptoms

No anxiety or 

depression 

symptoms

p-value

Number 36 54

Gestational age at delivery (days) 262 (260-268) 267 (260-271) 0.08

Preterm delivery (<37 weeks) 7 (19) 10 (19) 0.91

Caesarean section 18 (50) 23 (43) 0.49

Female offspring 15 (42) 22 (41) 0.93

Birth weight (g) 3120 ±790 3213 ±449 0.53

Birth weight z-score (SD) 0.30 ±1.6 0.13 ±1.1 0.58

Large for Gestational Age† 8 (22) 8 (15) 0.37

Small for Gestational Age† 6 (17) 4 (7) 0.17

Major congenital malformations 0 2 (4) 0.52

Neonatal hypoglycaemia (<2.2 mmol/L)* 3 (9) 12 (22) 0.13

Neonatal jaundice 5 (14) 9 (17) 0.76

Neonatal transient tachypnoea 4 (11) 4 (7) 0.71

432 Data are given as median (interquartile range), n (%) or mean ±standard deviation. 

433 Hospital Anxiety and Depression Scale was used to detect anxiety and depression scores. A cut-off score of 

434 ≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. The 

435 presence of anxiety and/or depression symptoms was defined as the presence of either anxiety or depression 

436 symptoms or the combination of both. 

437 †> 90th and <10th percentiles using Nordic growth curves adjusted for gestational age and infant sex. 

438 *Data on 89 vs. 100%.
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Table 1. Clinical characteristics and anxiety and depression symptoms in 90 women with type 2 1 

diabetes compared with 88 women without diabetes. 2 

 Type 2 diabetes Without diabetes p-value 

Number 90 88  

Age (years) 34±5 32±4 0.01 

North-European origin 52 (58) 83 (95) <0.001 

Nulliparous 41 (46) 54 (61) 0.04 

Married/living with a partner 81 (91) 82 (94) 0.41 

Shift work incl. night shifts 10 (11) 13 (15) 0.47 

Diabetic retinopathy  10/79 (13) -  

Diabetic nephropathy  1/87 (1) -  

Education 

     ≥15 years of education 

     11-14 years of education 

     ≤10 years of education 

 

43 (49) 

35 (40) 

10 (11) 

 

78 (90) 

7 (8) 

2 (2) 

 

<0.001 

Current smoking 10 (11) 0 0.002 

Pre-pregnancy weight (kg) 89.8±22.7 63.2±9.8 <0.001 

Pre-pregnancy BMI (kg/m2) 32.1 (27.5-37.4) 21.0 (20.0-24.0) <0.001 

Antidepressant medication in early 

pregnancy 

4 (4) 1 (1) 0.37 

Thyroid medication in early pregnancy  12 (13) 1 (1) 0.002 

Antihypertensive medication in early 

pregnancy 

10 (11) 0 - 

Asthma medication in early pregnancy 4 (4) 1 (1) 0.37 

Gestational age when answering 

questionnaires on anxiety and depression 

     in early pregnancy (days) 

     in late pregnancy (days)† 

 

 

82±25 

250±5  

 

 

85±11 

248±6 

 

 

0.20 

0.03 

In early pregnancy 

     Anxiety symptoms 

     Depression symptoms 

 

32 (36) 

13 (14) 

 

5 (6) 

2 (2) 

 

<0.001 

0.003 
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     Anxiety and/or depression symptoms 36 (40) 6 (7) <0.001 

In late pregnancy† 

     Anxiety symptoms 

     Depression symptoms 

     Anxiety and/or depression symptoms 

 

23 (31) 

17 (23) 

25 (34) 

 

8 (11) 

3 (4) 

10 (13) 

 

0.002 

0.001 

0.003 

Sleeping hours in early pregnancy 

                         in late pregnancy† 

8 (7-8) 

7 (6-8) 

8 (7.5-9) 

8 (7-8.5) 

0.009 

0.03 

Data are given as mean±standard diviation, n (%) or median (interquartile range). Data available in 93-100% 3 

unless otherwise stated.  4 

Hospital Anxiety and Depression Scale was used to detect anxiety and depression symptoms. A cut-off score 5 

of ≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. 6 

Anxiety and/or depression symptoms was defined as the presence of either anxiety or depression symptoms 7 

or the combination of both †In total, 82% and 86% answered the questionnaire in late pregnancy.  8 

 9 

Table 2. Clinical characteristics of women with type 2 diabetes with or without anxiety and/or 10 

depression symptoms in early pregnancy using the Hospital Anxiety and Depression Scale.  11 

 Anxiety and/or 

depression 

symptoms 

No anxiety or 

depression 

symptoms 

p-value 

Number 36  54   

Anxiety symptoms in early pregnancy 32 (89) -  

Depression symptoms in early pregnancy 13 (36) -  

Antidepressant medication in early pregnancy  4 (11) 0 0.02 

Age (years) 34.2 ±5.0 33.5 ±4.6 0.52 

Married/living with a partner 33 (94) 48 (89) 0.39 

Shift work incl. night shifts 4 (11) 6 (11) 0.96 

Duration of diabetes (years) 3 (1.6-7.8) 3 (1.4-8) 0.77 

North-European origin 15 (42) 37 (69) 0.01 

Education 

     ≥15 years of education 

     11-14 years of education 

     ≤10 years of education 

 

12 (35) 

17 (50) 

5 (15) 

 

31 (58) 

18 (33) 

5 (9) 

 

0.13 
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Current smoking 4 (11) 6 (11) 1.00 

Nulliparous 14 (39) 27 (50) 0.30 

Pre-pregnancy BMI (kg/m2) 33.4 ±7.0 32.1 ±6.9 0.38 

Thyroid medication 5 (14) 7 (13) 0.90 

Antihypertensive medication 6 (17) 4 (7) 0.17 

Asthma medication 0 4 (7) 0.15 

Diabetic retinopathy*  4 (12)  6 (13) 0.90 

Diabetic nephropathy 1 (3) 0 0.39 

Gestational age when answering the 

questionnaires on anxiety and depression 

   in early pregnancy (days) 

   in late pregnancy (days) 

 

 

77 (61-90) 

250 (247-252) 

 

 

74 (62-105) 

248 (247-252) 

 

 

0.88 

0.60 

HbA1c in early pregnancy (mmol/mol) 52 ±14 49 ±11 0.31 

                                            (%) 6.9 ±1.2 6.6 ±1.0  

HbA1c in late pregnancy (mmol/mol) 43 ±8 40 ±4 0.04 

                                         (%) 6.1 ±0.7 5.8 ±0.4  

Women on insulin treatment 32 (97) 51 (94) 0.60 

Insulin dose/kg bodyweight in late pregnancy 

(IU/kg) 

1.08 (0.81-1.76)  0.89 (0.65-1.45) 0.30 

Thyroid-Stimulating Hormone in early 

pregnancy (IU/L) 

1.36 (0.97-2.11) 1.49 (1.05-1.90) 0.95 

Self-reported pre-pregnancy weight (kg) 91.6 ±22.3 88.5 ±23.1  

Weight in early pregnancy (kg) 93.3 ±22.0 90.2 ±22.8  

Weight in late pregnancy (kg) 102.1 ±20.6 99.5 ±21.8  

Total gestational weight gain (kg)  9.1 (5.6-14.0) 10.8 (7.7-14.6) 0.39 

Total gestational weight gain/week (kg) 0.28 (0.16-0.45) 0.29 (0.22-0.42) 0.87 

Sleeping hours in early pregnancy 

Sleeping hours in late pregnancy¶ 

7.5 (7-8) 

8 (6-9) 

8 (7-8.5) 

7 (6-8) 

0.36 

0.66 

Data are given as mean ±standard deviation, n (%) or median (interquartile range).  12 

Hospital Anxiety and Depression Scale was used to detect anxiety and depression symptoms. A cut-off score 13 

of ≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. The 14 
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presence of anxiety/depression symptoms was defined as the presence of either anxiety or depression 15 

symptoms or the combination of both.  16 

Three women gave birth very prematurely and are not included in the analysis in late pregnancy. Data 17 

available in 91-100% unless otherwise stated. †Data on 85 vs. 83%. *Data on 92 vs. 85%. ¶Data on 75 vs. 18 

83%. 19 

Table 3. Pregnancy and perinatal outcome in women with type 2 diabetes with anxiety and/or 20 

depression symptoms compared with women without anxiety or depression symptoms in early 21 

pregnancy. 22 

 

Anxiety and/or 

depression symptoms 

No anxiety or 

depression 

symptoms 

p-value 

Number 36 54  

Gestational age at delivery (days) 262 (260-268) 267 (260-271) 0.08 

Preterm delivery (<37 weeks) 7 (19) 10 (19) 0.91 

Caesarean section 18 (50) 23 (43) 0.49 

Female offspring 15 (42) 22 (41) 0.93 

Birth weight (g)  3120 ±790 3213 ±449 0.53 

Birth weight z-score (SD) 0.30 ±1.6 0.13 ±1.1 0.58 

Large for Gestational Age† 8 (22) 8 (15) 0.37 

Small for Gestational Age† 6 (17) 4 (7) 0.17 

Major congenital malformations 0 2 (4) 0.52 

Neonatal hypoglycaemia (<2.2 mmol/L)* 3 (9) 12 (22) 0.13 

Neonatal jaundice 5 (14) 9 (17) 0.76 

Neonatal transient tachypnoea 4 (11) 4 (7) 0.71 

Data are given as median (interquartile range), n (%) or mean ±standard deviation.  23 

Hospital Anxiety and Depression Scale was used to detect anxiety and depression scores. A cut-off score of 24 

≥8 was defined as the presence of clinically relevant anxiety and depression symptoms, respectively. The 25 

presence of anxiety and/or depression symptoms was defined as the presence of either anxiety or depression 26 

symptoms or the combination of both.  27 

†> 90th and <10th percentiles using Nordic growth curves adjusted for gestational age and infant sex.  28 

*Data on 89 vs. 100%. 29 
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