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Abstract 28 

Background: Anxiety and depression levels are higher in obese compared to normal 29 

weight pregnant women. The aim of this study is to examine anxiety and depression 30 

in pregnancy following bariatric surgery, and to compare with obese pregnant controls 31 

considering the dietary intake of polyunsaturated fatty acids (PUFA), folate and vitamin 32 

B-12. 33 

Methods: Anxiety (State-Trait Anxiety Inventory) and depression (Edinburgh Postnatal 34 

Depression Scale) were examined in the first (T1) and third (T3) pregnancy trimester 35 

in 54 women with bariatric surgery and 25 obese. T1 and T3 dietary intake of PUFA, 36 

folate and vitamin B-12 intake was assessed using a 3-day food record. Mixed models 37 

with a compound symmetry covariance structure and regression models were applied. 38 

Results: About half of the women with surgery had high state and trait anxiety scores 39 

(≥40), which did not significantly change during pregnancy. Every ten kilogram 40 

postoperative weight loss was associated with an increase in T1 state and trait anxiety 41 

with respectively 2.7 and  2.3 points. A smoking woman had a 8.6 point higher state 42 

anxiety score than a non-smoking woman in T1. In T3, every additional hour of sleep 43 

was associated with a decrease in trait anxiety score with 1.59 points. Anxiety and 44 

depression scores were not associated with and could not be explained by inadequate 45 

PUFAs, folate and vitamin B-12 intakes. Anxiety scores were higher following surgery 46 

than in untreated obesity at both time points.   47 

Conclusion: Pregnancy following bariatric surgery induces high levels of anxiety, that 48 

are not associated with an inadequate maternal diet.  49 

 50 

Keywords: anxiety, depression, pregnancy, bariatric surgery, obesity, maternal diet  51 
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Introduction 52 

The prevalence of antenatal emotional distress varies from 13 to 54 percent, with 53 

anxious and depressive feelings being most common [1]. Obese women are more 54 

vulnerable for higher antenatal levels of anxiety and depression than normal weight 55 

women [2-5]. Therefore it seems plausible that pregnant women post bariatric surgery 56 

may suffer from even higher levels of anxiety and depression as some patients are still 57 

obese at the start of pregnancy [6]. During this pregnancy, these mothers are 58 

confronted with weight gain which is contrary to the desired weight loss after surgery. 59 

Apart from the antenatal emotional distress, pregnancy following bariatric surgery is 60 

classified as “high risk” by some because of the risks of severe nutritional [6] and 61 

surgical (predominantly internal herniations) [7-9] complications. 62 

An important biological factor that contributes to maternal mood disorders is an 63 

impaired nutritional status, resulting from malnutrition or a poor diet [10]. We 64 

demonstrated depleted nutrient concentrations in pregnancy following bariatric surgery 65 

[11-13], and it has been suggested that increasing body mass index (BMI) results in a 66 

reduction of circulating nutrient concentrations in pregnancy [14]. Furthermore, 67 

pregnant women with obesity and/or surgery mostly hold on to an inadequate diet [15, 68 

16]. The dietary intake of poly-unsaturated fatty acids, especially n-3 fatty acids, is 69 

inversely related to maternal mood disorders by the involvement in receptor function, 70 

neurotransmitter uptake and signal brain transmission [10]. In pregnancy, the maternal 71 

stores of n-3 fatty acids progressively decrease unless an adequate dietary n-3 intake 72 

compensates for the fetal supply [17]. Another well-studied nutrient is folate. The active 73 

metabolite, 5-methyltetrahydrofolate, is necessary for the re-methylation of 74 

homocysteine in methionine, playing an important role in biochemical processes 75 

involving serotonin, dopamine and norepinephrine. Vitamin B-12 acts as a co-factor for 76 
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the conversion of folate into its active form, and is therefore also involved in 77 

neurotransmitter pathways [10]. During pregnancy, nutritional requirements for folate 78 

and vitamin B-12 are increased to support fetal and infant growth, as well as maternal 79 

metabolic needs [10]. In addition, bariatric surgery and obesity are conditions with 80 

increased nutritional requirements; bariatric surgery mainly because of the surgically 81 

induced restriction in nutrient intake and uptake and obesity because of an imbalanced 82 

gut microbiota disturbing nutrient uptake [18].  83 

Biochemical markers for fatty acids, folate and vitamin B-12 are not routinely included 84 

in Belgian antenatal care. The overall dietary pattern is an accepted marker for 85 

nutritional status [19], which in turn affects a clinical outcome. Therefore, the aim of 86 

this study is 1) to examine anxiety and depression in pregnant women with bariatric 87 

surgery and 2) to compare with obese pregnant controls taking into account the dietary 88 

poly-unsaturated fatty acids, folate and vitamin B-12 consumption. The hypothesis is 89 

that an inadequate dietary intake of the aforementioned nutrients results in more 90 

anxious and depressive feelings in surgical pregnant women compared to obese 91 

controls.   92 
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Materials and methods 93 

Pregnant women with bariatric surgery were included from December 2012 until March 94 

2016 as part of a multicenter prospective cohort study [20] in five Flemish antenatal 95 

clinics (two university and three general hospitals). Women older than 18 with a 96 

restrictive or malabsorptive procedure and gestational age before 15 weeks were 97 

eligible for recruitment. Women with controlled and “mild” emotional problems (known 98 

anxiety, depression under control) were included, while women with acute psychiatric 99 

disorders were excluded. Obese pregnant controls were obtained from a cohort in 100 

three Flemish antenatal clinics (all general hospitals) [2]. The study protocol was 101 

approved by the central ethical committee and all local ethical committees, and is 102 

registered at clinicaltrials.gov (NCT02515214). Women provided written informed 103 

consent. 104 

Socio-demographical data were obtained at study entry (≤15 weeks of gestation, T1): 105 

maternal age, nationality and educational level. Surgical women were asked for the 106 

type of procedure, the interval between surgery and conception and the maximum 107 

weight loss after surgery. The mean postoperative change in BMI was calculated. 108 

Smoking and sleeping habits from surgical patients were questioned at T1 and 32 109 

weeks of gestation (third pregnancy trimester, T3).  110 

Anxiety was measured at T1 and T3 with the Dutch version of the State Trait Anxiety 111 

Inventory. These is validated for pregnancy [21, 22], and measures the intensity of 112 

anxious feelings at a particular moment in time (='State anxiety') and the frequency of 113 

general anxious feelings (='Trait anxiety'). A score ≥ 40 is defined as being highly 114 

anxious [23]. Depression was assessed at T1 and T3 with the Dutch pregnancy-115 

validated Edinburgh Depression Scale [24, 25], addressing the intensity of depressive 116 

feelings in the previous seven days. A cut-off score of 13 discriminates between minor 117 
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and major depression [26]. A history or current course of emotional disorders (yes or 118 

no), together with the applied therapy, was reported from the medical records.  119 

The maternal diet was assessed with a three-day food diary. The average intakes of 120 

energy (kcal), fat (g), saturated fatty acids (g), monounsaturated fatty acids (g) and 121 

poly-unsaturated fatty acids (g), n-3 fatty acids (g), n-6 fatty acids (g), the n-6/n-3 fatty 122 

acid ratio, folate (µg) and vitamin B-12 (µg) were calculated.    123 

Statistical analyses with a two-sided significance level of 0.05 were performed using 124 

SAS 9.4. Group differences in continuous variables were examined with the 125 

Independent Samples T-test (normal distribution) or with the Mann-Whitney-U test (not 126 

normal distribution). Differences in qualitative variables between the two groups were 127 

examined using Chi²-test. Exploratory associations between anxiety and depression 128 

scores and socio-demographic, lifestyle and dietary characteristics were determined 129 

using Spearman correlation (continuous variables), the Mann-Whitney-U (2 level 130 

qualitative variables) or the Kruskal-Wallis (> 2 level qualitative variables) test. To 131 

compare T1 and T3 state anxiety, trait anxiety and depression with the dietary 132 

variables, we used the paired t, signed rank and the McNemar test. To assess the 133 

evolution over time in anxiety and depression scores, mixed models with a compound 134 

symmetry covariance structure were used. Regression models were built to assess the 135 

association between the mental health outcomes and socio-demographic, lifestyle and 136 

dietary characteristics on T1 and T3, separately. Incomplete longitudinal data were 137 

captured by the applied statistical tests.   138 
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Results 139 

The study includes 54 pregnant women with bariatric surgery and 25 obese pregnant 140 

controls (Table 1). Surgical women had a lower pre-pregnancy BMI compared to the 141 

obese controls (P<0.001). There were less primiparae in the surgery compared to the 142 

control group (P=0.03). In the surgical group, 92.2% had a  metabolic procedure 143 

(95.8% Roux-en-Y gastric bypass, RYGB). In the surgical group, the majority of women 144 

had a history of emotional problems (n=28, 52%), but only 2 (4%) were seeing a 145 

psychologist during the course of pregnancy (one with the use of 146 

psychopharmacology).  147 

Dietary data according to group and time 148 

Dietary data were obtained from all surgical women and from 15 out of 25 obese 149 

controls (Table 2). Reasons for missing records were lack of time and not being 150 

returned by participants. Obese controls with dietary data were not different from obese 151 

controls without dietary data, considering age, education, parity and pre-pregnancy 152 

BMI.  153 

Both the surgical and obese group consumed a diet that was high in saturated fatty 154 

acids, and low in mono- and polyunsaturated fatty acids. The intakes of n-3 fatty acids, 155 

folate and vitamin B-12 were below the Belgian dietary recommendations. T1 showed 156 

no group differences in diet. At T3, a lower dietary intake of poly-unsaturated fatty acids 157 

(P=0.003) and n-3 and n-6 fatty acids (P=0.044 and P=0.021) was seen in the surgical 158 

compared to the obese group. Compared to T1, obese controls consumed a diet higher 159 

in fat (P=0.028), monounsaturated fatty acids (P=0.037) and polyunsaturated fatty 160 

acids (P=0.011) in T3. 161 

Anxiety and depression in women with bariatric surgery 162 
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In the surgical group, the mean T1 state anxiety, trait anxiety and depression scores 163 

were 43 ± 11, 42 ± 11 and  9 ± 6 respectively, and were not significantly different at T3 164 

(42 ± 11, P=0.84; 41 ± 11, P=0.54 and 8 ± 5, P=0.13 respectively). More than half of 165 

the surgical women were found with a score ≥ 40 for state anxiety at T1 and T3 (57 166 

and 54% respectively, P=0.78). For trait anxiety, approximately half of the women had 167 

a high score in both trimesters (46 and 52% respectively). One out of five women (21%) 168 

were at risk for major depression at T1 and T3.   169 

The multivariate models for state and trait anxiety and depressive mood demonstrate 170 

that every 10 kilogram weight loss after surgery was associated with increases in T1 171 

state and trait anxiety with respectively 2.7 and  2.3 points (P=0.01 and P=0.05). A 172 

smoking woman had a 8.6 point higher state anxiety score than a non-smoking woman 173 

(P=0.02). At T3, every additional hour of sleep was associated with a decrease in trait 174 

anxiety with 1.59 points (P=0.05).  175 

Anxiety and depression in pregnant women with bariatric surgery compared to obese 176 

pregnant controls 177 

In the obese control group, state anxiety levels increased throughout pregnancy from 178 

34 ± 9 to 38 ± 9 (P=0.02), while trait anxiety (37 ± 10 to 37 ± 8, P=0.98) and depression 179 

(8 ± 5 to 7 ± 4, P=0.30) scores did not significantly change. 180 

T1 state and trait anxiety scores were higher in surgical compared to obese women 181 

(Table 3). For state anxiety, this was also reflected in the proportion of women being 182 

defined as ‘highly anxious’. No group difference was observed for feelings of 183 

depression. T3 state anxiety scores remained higher in surgical women compared to 184 

obese controls.  185 

Only significant group effects were retained for the multivariate models for state and 186 

trait anxiety. Surgical women presented with a higher state anxiety score (P=0.001) 187 
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and a borderline higher trait anxiety score (P=0.06) compared to the obese controls. 188 

No time, group or other effects were seen for the depression score.   189 
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Discussion 190 

This study represents the first analysis of mental health in pregnancy following bariatric 191 

surgery. More than half of the surgical women showed high anxiety scores. These 192 

scores were not associated with and could not be explained by the dietary intake of 193 

polyunsaturated fatty acids, folate and vitamin B-12. However, state and trait anxiety 194 

scores were higher in women with more post-operative weight loss, less sleep and who 195 

smoked. Compared to obese controls, anxiety scores were higher following bariatric 196 

surgery. Biochemical explanations for these high anxiety scores could not be found in 197 

the inadequate dietary consumption of polyunsaturated acids, folate and vitamin B-12 198 

[27, 28] in both groups. After elaborating the current literature, it seems obvious that 199 

dietary intake does not always count as marker for nutritional status, especially for B-200 

vitamins. An explanation can be found in bioavailability. For instance, the bioavailability 201 

of folate ranges from around 30 to 50%; for vitamin B-12 between 42 and 66%, 202 

considering that the bioavailability significantly decreases with increasing intake of B-203 

12 per meal [29, 30]. In addition, pregnancy probably further challenges the intake – 204 

status path in a manner consistent with enhanced nutrient supply to the fetus [31]. 205 

More specifically for surgical, and for vitamin B-12, depleted concentrations or 206 

deficiencies after RYGB are probably due to absorption problems rather than an 207 

insufficient intake [32]. We assume that this is probably also the case for other 208 

nutrients. Next to a restriction in food intake, nutrient absorption is influenced 1) by 209 

bypassing the proximal part of the small intestine, the major absorption site of most 210 

nutrients and 2) by reducing the concentrations of gastric acid and intrinsic factor, 211 

needed for the absorption of nutrients [33]. Specifically for fat, the passage of lipolytic 212 

enzymes and bile acids is delayed. This is followed by a delay in lipid digestion and 213 

micelles formation, possibly leading to fat malabsorption [34]. Obesity, on the other 214 
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hand, is associated with an imbalanced gut microbiota what can inhibit the nutritional 215 

profile [35]. These findings impede the translation of our results in relation to mental 216 

health outcomes.  217 

In surgical patients, anxiety scores were higher in subjects with higher post-operative 218 

weight loss. We can only suppose that the expected gestational weight gain might 219 

worry women who retrieved long-term substantial postoperative weight loss. In T3, 220 

every extra hour of sleep was associated with a decrease in trait anxiety. Sleep 221 

difficulties increase inflammatory mediators, disrupt systems associated with 222 

monoamine communication and have effects on brain structure, neurogenesis, 223 

hippocampal function, the HPA axis and at level of the mitochondria [36]. Reduced 224 

duration and quality of sleep are common in pregnancy [37] and are associated with 225 

elevated pre-pregnancy BMI [38] as is the case in our study group of surgical women. 226 

On the other hand, bariatric surgery globally improves sleep duration and quality [39], 227 

yet it seems that pregnancy and BMI are more decisive factors.  228 

No changes were seen in anxious and depressive feelings from early to late pregnancy 229 

in surgical women. This is in line with others demonstrating prevalent and severe 230 

feelings of anxiety and depression in the first and last trimester of pregnancy [40, 41].  231 

Dietary data were additionally collected next to mental health outcomes in pregnancy 232 

following bariatric surgery. However, the determination of biochemical markers of the 233 

maternal fat profile, folate and B-12 status, should be considered in future studies. It 234 

could be argued that the dietary supplement intake was not observed. A folic acid 235 

supplement of 0.4mg, or 4mg in case of obesity, is advised from the intention of 236 

becoming pregnant until three months of pregnancy. In practice, most women take a 237 

multivitamin including folic acid, vitamin B-12 and  docosahexaenoic acid. We 238 

postulate that absorption issues in obese and post-surgical patients limit the effects of 239 
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dietary supplements. We have earlier documented an impaired maternal nutritional 240 

status despite supplement intake in pregnancy following bariatric surgery [13]. Second, 241 

and also documented earlier, the compliance of these patients to routine and 242 

prescribed nutritional supplements is expected to be low, as compliance is an overall 243 

problem in post bariatric surgery patients [42]. Besides, there is conflicting evidence 244 

regarding the effectiveness of dietary docosahexaenoic acid and eicosapentaenoic 245 

acid supplementation in normal weight pregnancy. Maternal docosahexaenoic acid 246 

supplementation failed to show a benefit on depression and anxiety scores. A possible 247 

reason was that eicosapentaenoic acid rather than docosahexaenoic acid is involved 248 

in the prevention or treatment of mood symptoms. Subsequently, pregnant women at 249 

risk for depression were supplemented with eicosapentaenoic acid -rich fish oil, 250 

docosahexaenoic acid -rich fish oil or soy oil placebo. Both eicosapentaenoic acid and 251 

docosahexaenoic acid fish oil supplementation did not prevent antenatal depressive 252 

symptoms [43]. Although this study only measured mental health outcomes in 253 

pregnancy – and not before the start of pregnancy – it turns out that pregnancy is a 254 

provocative event for highly anxious feelings. We argue this because the highest 255 

proportion of women was seen with high state anxiety, i.e. intensive anxious feelings 256 

measured specifically in the first and third trimester of pregnancy. This proportion was 257 

higher than the proportion of women with overall anxious feelings, probably referring 258 

to anxious feelings even longer before pregnancy. However, for clinical practice, the 259 

high state anxiety scores and the fact that more than half of the women reported to be 260 

highly anxious in pregnancy, is an important take home message for everyone working 261 

with women post bariatric surgery.  262 

In conclusion, pregnancy following bariatric surgery induces high levels of anxiety, 263 

that are not associated with an inadequate maternal diet. Therefore, it is important for 264 
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all involved caregivers to screen for and pay attention to the mental wellbeing of this 265 

population at risk.   266 
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Table 1. Characteristics of the study population 382 

  
Bariatric surgery Obese  P-

value (N=54) (N=25) 

Maternal age (yrs) 29.4 ± 4.3 28.7 ± 3.8 0.47 

Flemish or Dutch nationality (n (%)) 52 (96.3) 22 (88.0) 0.15 

Educational level (n (%))     0.61 

Until 18 years 31 (57.4) 12 (48.0)   

Bachelor 20 (37.0) 12 (48.0)   

Master 3 (5.6) 1 (4.0)   

Pre-pregnancy BMI (kg) 28.1 ± 5.1 34.3 ± 3.7 <0.001 

Primiparous women (n (%)) 17 (30.9) 14 (56.0) 0.03 

Type of surgery (n (%))       

Restrictive 4 (7.4)     

Malabsorptive 47 (92.2)     

Interval surgery - conception (mo) 45.6 ± 29.9     

Maximum postoperative weight loss 
(kg)  

46.8 ± 12.7     

Postoperative  change in BMI -12.1 ± 3.1   

Variables presented as mean ± std or n (%). 
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Table 2. Dietary intake according to group and time point 384 

  
Bariatric surgery Obese Belgian dietary  

recommendation* N=54 N=15 

  T1 T3 T1 T3   

Energy 
(kcal) 

1452.46 ± 415.99 1514.47 ± 503.69 1591.44 ± 413.68 1778.59 ± 423.46 2000 

Total fat 
(g) 

56.21 ± 19.65 56.80 ± 20.50 52.94 ± 20.82 64.37 ± 21.30 
>44 and <66-77 
(30-35 E%) 

SFA (g) 23.39 ± 8.81 24.25 ± 9.33 21.93 ± 9.33 25.34 ± 9.00 <22 (<10 E%) 

MUFA 
(g) 

17.73 ± 7.00 17.86 ± 7.39 17.20 ± 6.73 21.07 ± 8.12 22-44 (10-20 E%) 

PUFA 
(g) 

8.80 ± 3.75 8.35 (2.86-24.34) 8.57 ± 3.51 11.71 (4.86-1761) 11-22 (5-10 E%) 

n-3 FA 
(g) 

0.78 (0.12-2.06) 0.64 (0.12-2.28) 0.67 (0.05-1.31) 0.89 (0.29-1.65) 2.2-4.4 

n-6 FA 
(g) 

5.42 (1.38-15.25) 5.18 (1.16-19.76) 5.66 (1.79-11.64) 7.19 (2.12 ± 13.15) 8.8-1.8 

n-6/n-3 
FA (g) 

7.81 (2.25-16.99) 8.58 ± 2.57 8.97 (5.76-12.92) 8.37 ± 1.87 <5.0 

Folate 
(µg) 

177.25 (43.91-419.62) 171.75 ± 68.04 162.17 (62.69-307.71) 162.65 ± 51.75 400.0 

Vit. B-
12 (µg) 

2.94 (0.59-8.54) 2.92 ± 1.29 2.33 (0.44-4.60) 3.26 ± 1.89 4.5 

Variables presented as mean ± std (normal distribution), median (interquartile range) (no normal distribution) 
or n (%).  

Abbreviations: MUFA (monounsaturated fatty acids), PUFA (polyunsaturated fatty acids), SFA  
(saturated fatty acids), T1 (trimester 1), T3 (trimester 3)  

*Gestational-specific recommendation when available  
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Table 3. Antenatal anxiety and depression scores in women with previous bariatric surgery compared to obese controls 386 

  
Bariatric surgery  Obese  

P-value 
N=54 N=25 

T1 State anxiety 43 ± 11 34 ± 9 <0.001 

   ≥40 31 (57) 4 (16) <0.001 

T1 Trait anxiety 42 ± 11 37 ± 10 0.05 

   ≥40 25 (46) 9 (36) 0.47 

T1 Depression 9 ± 6 8 ± 5 0.29 

   ≥13 12 (22) 3 (12) 0.36 

T3 State anxiety 43 ± 12 38 ± 9 0.04 

   ≥40 26 (54) 8 (32) 0.09 

T3 Trait anxiety 41 ± 11 37 ± 8 0.08 

   ≥40 25 (52) 9 (36) 0.22 

T3 Depression 8 ± 5 7 ± 4 0.17 

   ≥13 9 (19) 2 (8) 0.31 

Scores presented as mean ± std.  
The proportion of women being ‘highly anxious’ (≥40) or at major risk for depression 
(≥13) were presented as n (%). 
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