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Objective: Puerperae’ dietary patterns (DPs) during the puerperium may be influenced by the mode of delivery, but population studies on this topic are scarce. This study aims to explore the relationship between DPs and different modes of delivery among puerperae.

Methods: A cross-sectional study was conducted on 3,345 parturients in Lanzhou, China. The postpartum food intake was measured by a food frequency questionnaire (FFQ). Factor analysis was used to determine the DPs. Multiple linear regression was employed to examine the association between the mode of delivery and DP.

Results: In this study, two DPs, i.e., traditional and modern DPs, were identified. Traditional DP was characterized by high energy-adjusted intake of tubers, coarse cereals, rice, whole grains, fishery products, and eggs. Modern DP included a high intake of coffee, non-sugary drinks, wine, tea, and fishery products. Compared with participants with vaginal delivery (reference category), cesarean section had an inverse association with modern DP (β: −0.11, 95% CI: −0.36, −0.09). A significant interaction was found between education level, monthly household income, alcohol drinking, and modes of delivery. The inverse association between cesarean section and modern DP or the intake of coffee was significant among puerperae with higher or lower monthly household income. However, the inverse association between cesarean section and traditional DP was only found among puerperae with higher monthly household income. Moreover, among the participants with high education, cesarean section was positively associated with intake of vegetables.

Conclusion: Cesarean puerperae with higher levels of education and those with lower and higher monthly household income had less unhealthy foods intake than those who had vaginal delivery. They need to be accounted for in educational programs and interventions focused on healthy diet recommendations in puerperium.
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Introduction

Diet during the peripartum period is important to the health of mother and child (1) and provides an opportunity to change their old unhealthy eating habits (2). Dietary patterns (DPs), rather than individual food groups, foods, or nutrients, provide a more comprehensive approach to assess both health and environmental outcomes related to the diet (3). A high-quality diet, such as the healthy eating pattern of the Mediterranean diet, is internationally recommended for pregnant and breastfeeding women (4). Nevertheless, several studies on a national or international scale showed that pregnant women do not generally follow the recommended healthy diet (5–11), which can contribute to the suboptimal intake of key nutrients essential to the health of mother and child (1).

Evidence suggested that food intake patterns may be influenced by the physiological and behavioral demands of pregnancy and postpartum (2, 12–15). The mode of delivery is an important factor that can influence a woman’s postnatal behavior and quality of life owing to different painful conditions. Compared with women who have vaginal delivery, the risk of reduction in health and wellbeing during postpartum period is higher among women who had a cesarean section (16). Moreover, Chinese cesarean delivery rate in China is highest in the world (17, 18). Therefore, many studies focus on the postnatal nutritional care of cesarean puerperae (19). Some studies found that women who had a cesarean section are offered oral fluids and food. Moreover, some studies determined that coffee can be given to patients to enhance the recovery of their gastrointestinal function after elective cesarean section (20, 21). However, studies that investigated the association between vaginal delivery and postpartum diet are still scarce.

A limited number of studies have focused on the postnatal dietary patterns (DPs) (21, 22) in parturients with different delivery modes. It is unknown to what degree delivery modes affect postnatal DPs in China. Therefore, this study aims to examine the relationship between DPs and mode of delivery of puerperae to provide a scientific basis for health promotion and interventions focused on healthy diet recommendations in puerperium (22, 23).



Materials and methods


Study design and sample collection

This study is a cross-sectional survey conducted at the maternity outpatient clinic of Lanzhou Maternity and Child Health Hospital in Gansu Province from October 2019 to April 2021. A convenience sampling method was used in this study. A questionnaire survey was conducted by the hospital’s obstetrician and gynecologist on women who underwent puerperal examinations at the hospital. This study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Chongqing Medical University (record number 2018-131). All participants provided their written informed consent.

Literature demonstrated that the cesarean section rate in China is approximately 36.7% (24). According to the formula of sample size calculation,
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p is 0.367. q = 1 − p = 0.633. The margin of error (d) = 0.10 × p = 0.0367, and α is 95%. The calculated sample size was 2,703, considering the possibility of 15% non-response rate. The minimum sample size needed for this study was calculated to be 3,180.

Puerperae who (1) consented to participate in the survey and (2) gave birth 42 days previously were included in this study. Exclusion criteria were as follows: puerperae (1) who experienced serious complications, (2) with cognitive disorders and (3) who refused to participate in the investigation. A total of 3,345 responses were included in the analysis after the subjects with less than one pregnancy (n = 143), who were younger than 20 years (n = 14), who had a questionnaire with incomplete answers (n = 583) and who chose to give birth other than vaginally or by cesarean section (n = 83) were excluded (Figure 1). Ultimately, 3,345 participants were enrolled.
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FIGURE 1
Participant flow chart.




Dietary assessment and food grouping

A qualitative food frequency questionnaire (FFQ) was used to assess the dietary intake of puerperae participating in this study on their 42nd day after delivery. Of all the dietary assessment methods: 24-h recall, food record, food history, and FFQ, the last is a reliable and inexpensive data collection method, which has been widely allows the identification and evaluation of food patterns in epidemiological studies and can assess diet quality (25). All the foods included in the current analysis were selected according to the Dietary Guidelines for Chinese lactating women and common postpartum practices reported by previous studies (26). The final version was modified by epidemiologists, statisticians, multidisciplinary experts in nutrition, and a health management professor to ensure the content of the questionnaire was valid and had used in previous studies (26–28). A total of 78 foods items were included in the FFQ. In the analysis the food items were categorized into 21 food groups based on the similarity of nutrition profiles and cooking method. The 21 food groups were vegetables, fruits, freshwater fish, seafood, red meat, poultry, processed meat, milk, dairy desserts, eggs, sugary drinks, non-sugary drinks, tea, coffee, wine, rice, wheat, coarse cereals, potatoes, whole grains and cakes and confectionery. We did not collect data on the amount consumed in the FFQ, thus we calculated only the daily consumption frequency for each food group. Although the FFQ has not been validated, the food items included in the FFQ were similar to other validated FFQ in China (29). All participants were asked to record their habitual intake frequency for each food group within the last year according to the following categories:


  1–Less than once a month

  2–Once a month

  3–Two to three times a month

  4–Once a week

  5–Two to three times a week

  6–Four to six times a week

  7–Once a day

  8–Twice a day

  9–Three to four times a day

10–More than five times a day



For the presented analyses, the information on food consumption frequency was transformed into the number of times each food was consumed over a week. These food groups are listed in Supplementary Table 7.



Mode of delivery

The questionnaire categorized the mode of delivery into five types (cesarean delivery, normal delivery, delivery by forceps, breech delivery, and vacuum extraction). Given that the number of cesarean and normal deliveries accounted for 97.36% of the total number of deliveries, those who chose other delivery methods were excluded. Finally, 2,187 cesarean and 1,158 vaginal puerperae were included in the analysis.



Covariates

The sociodemographic characteristics and health-related lifestyles were also obtained through the questionnaire. The sociodemographic variables were as follows: age (20–34 years/35 years or above), ethnicity (Han/minority) and residence (urban/rural). Marital status was recorded as primary marriage or other (remarried, divorced, or other). Educational level was recorded as two categories: secondary education or below (senior high school or below) and tertiary education (university or above). The average monthly household income was categorized as <¥4,500, ¥4,500–¥9,000 or >¥9,000 (30). Dietary caregivers were divided into three categories, including self/husband, in-laws/parents and maternity matron/nanny. The prepregnancy body mass index (BMI) was calculated on the basis of the self-reported preconception weight. BMI was rated as follows: <18.5 kg/m2, thin; 18.5–24.9 kg/m2, normal; 25.0–29.9 kg/m2, overweight; and 30.0–40.0 kg/m2, obese (31). Suffering from a postpartum disease and alcohol drinking were classified into two categories, i.e., yes or no. Singleton or twin pregnancies was classified into two categories, i.e., singleton pregnancies or twin pregnancies. Smoking status was divided into three categories, including current smoker, ex-smoker, and non-smoker.



Statistical analysis

All statistical analyses were performed using STATA (version 17, StataCorp, College Station, TX, USA) and the software GraphPad Prism 8. Demographic characteristics were described using frequencies and percentiles, which were all categorical variables. Chi-square test was used to compare the distributions of the delivery modes in lower versus higher DPs categories (split at the median of DP scores). DPs’ Chi-square and multiple linear regression were utilized for categorical variables and continuous variables, respectively. Differences between the mode of delivery and demographic characteristic variables were analyzed using chi-square tests. The intake of the 21 food groups was included in the factor analysis (32). A factor analysis (principal component extraction with varimax rotation) of specific items revealed four factors (with eigenvalue >1), explaining 64.0% of the total variance. Finally, two DPs were determined in accordance with factor interpretability, which explained 52.6% of the total variance. Food groups with component loading ≥| 0.30| are shown in Table 1. The factors were rotated with varimax to improve the interpretability and minimize the correlation between the factors. Participants were assigned a pattern-specific factor score, which was calculated as the sum of the product of the factor loading coefficients and standardized daily intake of each food associated with the pattern. Factor loadings were included in the calculation of pattern scores.


TABLE 1    Component loadings for dietary patterns.
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Multiple linear regression was conducted to verify the association between the variables describing the mode of delivery (independent variables) and dietary intake pattern (dependent variables). A set of multiple linear regression models was built: Model 1 – adjusting the age groups; Model 2 – further adjusting the residence, education, income, and dietary caregivers and Model 3 – further adjusting the prepregnancy BMI and suffering from a postpartum disease based on Model 2.

The multiplicative interaction between dietary intake and demographic characteristics (i.e., marital status, parity, and education level) was tested by adding the product of the variables to the multivariable model.




Results


Characteristics of study participants

A total of 3,345 puerperal women were included in this survey. About 82.2% of puerperae were aged 20–34 years. In the sample, 69.6% of the participants were first birth, 82.8% obtained tertiary education, 62.5% had been taken into care by parents or parents-in-law, and 25.2% had a monthly household income of ≤¥4,500. Statistically significant modes of delivery differences in demographic characteristics were found in parity, marital status, education level, residence, and age. Per IOTF (international obesity task force) standards, prepregnancy BMI categories significantly differed (p < 0.001). Modes of delivery differences were also found in dietary caregivers, singleton or twin pregnancies and suffering from a postpartum disease (p < 0.001, Table 2).


TABLE 2    Basic demographic characteristics.
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Dietary patterns

Two DPs, namely, traditional and modern DPs, were identified. Food with loading ≥ 0.3 on traditional DP included a high energy-adjusted intake of tubers (loading = 0.691), coarse cereals (loading = 0.677), rice (loading = 0.668), whole grains (loading = 0.645), fishery products (loading = 0.512), and eggs (loading = 0.625). Foods loaded on modern DP included a low intake of processed meat products (loading = 0.467) and cakes (loading = 0.465) and a high intake of coffee (loading = 0.933), non-sugary drinks (loading = 0.888), wine (loading = 0.871), tea (loading = 0.844), and fishery products (loading = 0.43). The food groups with a component loading ≥| 0.30| are shown in Table 1.



Association between mode of delivery and postpartum dietary intake

The delivery mode was associated with the modern DPs, such that vaginal puerperae were more likely to be in the upper half of the modern DPs compared to cesarean puerperae (Figure 2). The multiple linear regression results, including the β-coefficients (95% CI) between the delivery modes and dietary intake scores, are presented in Table 3. After the adjustment of the sociodemographic variables and health-related behaviors, compared with vaginal delivery (reference category), cesarean puerperae had an inverse association with modern DP (β:−0.11, 95% CI: −0.36, −0.09), indicating that the woman who delivered by cesarean section had low adherence to modern DP. However, no difference was observed in the dietary scores between the different delivery modes and traditional DP.
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FIGURE 2
Associations between modes of delivery and postpartum dietary intake.



TABLE 3    Associations between modes of delivery and postpartum dietary intake.
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Subgroup analyses of the association between mode of delivery and postpartum dietary intake

The mode of delivery had no interaction with marital status, age, singleton, or twin pregnancies and smoking in relation to association with traditional DP, modern DP and the intake of vegetable, fruit, and coffee. However, we observed significantly inverse effects of monthly household income on the association between the cesarean section and traditional DP (p = 0.025) as well as modern DP (p = 0.036).

An inverse association between modes of delivery and the traditional DP was only found among puerperae with monthly household income >¥9,000. However, the inverse association between modes of delivery and the modern DP was observed among puerperae with monthly household income ≤¥4,500 or > ¥9,000 and non-drinking. Furthermore, a positively association between cesarean section and the intake of vegetable was found among tertiary education level. And, the observed inverse association between modes of delivery and the intake of coffee remained statistically significant among participants with monthly household income ≤¥4,500 or >¥9,000 (Tables 4, 5 and Supplementary Table 1).


TABLE 4    Subgroup analyses of associations between modes of delivery and postpartum dietary intake#.
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TABLE 5    Subgroup analyses of associations between modes of delivery and postpartum dietary intake in the total sample#.
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Discussion

This study analyzed DPs in a sample of parturients in Lanzhou Maternal and Child Health Hospital on their 42nd day after childbirth and the association among mode of delivery, DP and food intake. In this study, two DPs (e.g., traditional and modern DPs) were identified. This study also found that modes of delivery had an inverse association with modern DP. Furthermore, the modern DP score and the intake of coffee were inversely associated with modes of delivery among puerperae under 35 years of age. Among the participants with secondary education or lower, modes of delivery had an inverse association with intake of vegetables.

Our results were in accordance with the literature. Although some investigators advocated the adoption of a high-quality DP during the postnatal period, such as the Mediterranean diet model or healthy food pyramid (33), many maternal diets are unreasonable (1, 34–39). Two DPs were identified in this study. Specifically, the traditional DP, which was a high-quality DP, was characterized primarily by high consumption of rice, vegetables, fishery products, whole grains, dairy desserts, poultry, and fish. However, the modern DP was a low-quality DP involving the consumption of a combination of wheat, coffee, sugary drinks, wine, cakes, and processed meat products. Thus, there is a gap between this DP and the diet recommended by Dietary Guidelines for Chinese lactating women (40). The nutritional status of a woman during lactation is not only critical for her health, but for future generations (41). Furthermore, the puerperium diet of Chinese women is determined by the culture of “zuo yuezi,” some traditional eating behaviors the one month postpartum. During this period, their behavior in relation to diet, activity and hygiene is determined by the theory of traditional Chinese medicine (TCM). Several “zuo yuezi” practices are beneficial, including eating more, eating protein rich food. However, its recommendation to avoid cold foods (e.g., vegetables and fruits) is not consistent with the Dietary Guidelines for Chinese lactating women (42). In brief, the attention and interventions of the health team should continue into postpartum so that the adoption of healthy eating habits is guaranteed (43).

Various factors may affect the choice of postpartum DP (e.g., age, gender, and economic level) (30, 33), but the effect of mode of delivery on postnatal DP has attracted limited attention. This study found no association between traditional DP and delivery mode. However, compared with vaginal delivery, cesarean puerperae had an inverse association with modern DP. Compared with normal vaginal delivery, cesarean section was inversely associated with postpartum diseases, causing healthcare to pay attention to postoperative care in cesarean delivery (44). The postnatal health and wellbeing of woman who delivered by vaginal section is higher than those of woman who delivered by cesarean section (45). During the postpartum period, women who delivered by vaginal section spend more time on childcare, preparing foods for family and cannot take too much time on maintaining healthy diet (2, 46, 47).

This study determined that the intake of vegetables, fruits and coffee was correlated with cesarean section only when adjusting for age. Different from complications after vaginal delivery, postoperative ileus (POI) is a frequent occurrence after a cesarean section. Increased attention should be paid to the postpartum diet of cesarean puerperae to promote the return of the gastrointestinal function (48). The guidelines for postoperative cesarean section recommend a high intake of fruits and vegetables to prevent constipation (44). Moreover, a review published in 2021 showed that postoperative coffee consumption can likely reduce POI incidence after a cesarean section (20). Nevertheless, no correlation was observed in this study between the consumption of fruits, vegetables or coffee and delivery mode after the other confounding factors, including residence, education, income, and dietary caregivers, were controlled. This relationship was not from a causal effect and might be attributed to confounding factors.

In the subgroup analyses, the interaction between monthly household income and modes of delivery to traditional/modern DPs is interesting. The significantly inverse interaction was found between monthly household income and modern DPs among puerperae with higher or lower monthly household income. This finding was consistent with a qualitative research which thought that the diet of Chinese puerperae is susceptible to traditional beliefs regardless of income (42). In addition, this interaction also found among non-drinking cesarean puerperae. This suggests that daily drinking habits can influence the choices of modern DPs for cesarean puerperae. However, the inverse association between cesarean section and traditional DP was only found among puerperae with higher monthly household income. The possible cause is that Chinese traditional beliefs and practices believe that puerperae should eat more, eat protein rich food and avoid “cold” food (e.g., fruits and vegetables) (42). In this study, the cesarean puerperae with a high level of education were likely to increase the intake of vegetables, and this finding was consistent with the findings of a Spanish cross-sectional study (33, 49). Therefore, education on postpartum diet health knowledge for parturients with different levels of education and household income and their dietary caregivers should be strengthened.

Some limitations of this study should be addressed. Firstly, due to the cross-sectional study design it was not possible to claim the causal relationship between modes of delivery and DPs; therefore, prospective studies are needed to confirm the findings of this study. Secondly, food consumption data are from a qualitative FFQ, and two individuals with an identical consumption frequency may have different true consumptions of a particular food owing to differences in the consumed portion sizes (50, 51), this may have reduced the ability to assess the diet quality by FFQs. This loss of detail is inherent in qualitative FFQs. Thirdly, questionnaires had been completed by the medical staff may led to interviewer bias. Fourthly, the data of elective and emergency cesarean sections and pregnancy diet should be considered. Fifthly, it was difficult for us to conduct a follow-up study because of the COVID-19 pandemic and the fact that the investigators were the hospital’s obstetrician and gynecologist, so the reliability of FFQ test was only conducted among a small number of participants. However, Qin et al. (52) demonstrated that portion size adds only limited information to the variance in food intake, suggesting that standard portion size specifications may not introduce a large error in the estimation of food intake. Secondly, the use of a questionnaire is limited owing to the misestimation in the consumption frequency for certain foods when FFQ is used. Thirdly, this study investigated only parturients in the northwest, lacking samples from multicenter surveys. However, obtaining such samples is not logistically and economically possible in this study, considering the number of respondents. Despite research limitations, they do not affect the importance of this study.



Conclusion

In conclusion, puerperium is a critical period for postpartum recovery. However, modern DP is a low-quality DP. Moreover, this study found that the choice of modern DP during this period is related to the mode of delivery. Furthermore, significant interaction exists among monthly household income, education level, and modes of delivery. Thus, based on our findings health professionals should pay attention to the dietary intake of those with a low literacy and those had normal vaginal delivery with lower and higher monthly household income.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Chongqing Medical University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

LiZ and LW performed the statistical analysis, wrote the manuscript, and was primarily responsible for the final content. ZS, WW, and LaZ were involved in the data extraction and verification. YuZ, YS, SL, TW, and MS provided guidance and suggested revisions. YoZ provided critical updates to the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This project was funded by the Chongqing Social Science Planning Project (2017YBSH057) and joint project of the Ministry of Technology and Ministry of Health (2021MSXM215) and Discipline Cultivation Fund of the First Affiliated Hospital of Chongqing Medical University. The funders had no role in the design, analysis, data interpretation and publication of findings.



Acknowledgments

We are grateful to the doctors of the Obstetric Department of the Gansu Provincial Maternity and Child-Care Hospital for providing the data. We thank the study participants for their support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.985941/full#supplementary-material



References

1. Aparicio E, Jardi C, Bedmar C, Palleja M, Basora J, Arija V, et al. Nutrient intake during pregnancy and post-partum: eclipses study. Nutrients. (2020) 12:1325. doi: 10.3390/nu12051325

2. Faria-Schützer DB, Surita FG, Rodrigues L, Turato ER. Eating behaviors in postpartum: a qualitative study of women with obesity. Nutrients. (2018) 10:885. doi: 10.3390/nu10070885

3. Nelson ME, Hamm MW, Hu FB, Abrams SA, Griffin TS. Alignment of healthy dietary patterns and environmental sustainability: a systematic review. Adv Nutr. (2016) 7:1005–25. doi: 10.3945/an.116.012567

4. National Academies of Sciences, Engineering, and Medicine, Health and Medicine Division, Food and Nutrition Board. The national academies collection: reports funded by national institutes of health. In: Harrison M editor. Nutrition During Pregnancy and Lactation: Exploring New Evidence: Proceedings of a Workshop—in Brief. Washington, DC: National Academies Press (2020).

5. Klinedinst BS, Le ST, Larsen B, Pappas C, Hoth NJ, Pollpeter A, et al. Genetic factors of Alzheimer’s disease modulate how diet is associated with long-term cognitive trajectories: a Uk biobank study. J Alzheimer’s Dis. (2020) 78:1245–57. doi: 10.3233/jad-201058

6. de Juras AR, Hsu WC, Hu SC. Dietary patterns and their association with sociodemographic and lifestyle factors in filipino adults. Nutrients. (2022) 14:886. doi: 10.3390/nu14040886

7. Jezewska-Zychowicz M, Gêbski J, Guzek D, Świa̧tkowska M, Stangierska D, Plichta M, et al. The associations between dietary patterns and sedentary behaviors in polish adults (lifestyle study). Nutrients. (2018) 10:1004. doi: 10.3390/nu10081004

8. ACOG. Physical activity and exercise during pregnancy and the postpartum period: ACOG committee opinion, number 804. Obstetr Gynecol. (2020) 135:e178–88. doi: 10.1097/aog.0000000000003772

9. Dipietro L, Evenson KR, Bloodgood B, Sprow K, Troiano RP, Piercy KL, et al. Benefits of physical activity during pregnancy and postpartum: an umbrella review. Med Sci Sports Exerc. (2019) 51:1292–302. doi: 10.1249/mss.0000000000001941

10. Mottola MF, Davenport MH, Ruchat SM, Davies GA, Poitras VJ, Gray CE, et al. 2019 Canadian Guideline for physical activity throughout pregnancy. Br J Sports Med. (2018) 52:1339–46. doi: 10.1136/bjsports-2018-100056

11. Quiboeuf E, Saurel-Cubizolles MJ, Fritel X. Trends in urinary incontinence in women between 4 and 24 months postpartum in the eden cohort. BJOG. (2016) 123:1222–8. doi: 10.1111/1471-0528.13545

12. Loy SL, Loo RSX, Godfrey KM, Chong YS, Shek LP, Tan KH, et al. Chrononutrition during pregnancy: a review on maternal night-time eating. Nutrients. (2020) 12:2783. doi: 10.3390/nu12092783

13. Flanagan EW, Most J, Broskey NT, Altazan AD, Beyl RA, Keadle SK, et al. Identification of changes in sleep across pregnancy and the impact on cardiometabolic health and energy intake in women with obesity. Sleep Med. (2021) 77:120–7. doi: 10.1016/j.sleep.2020.11.031

14. Forbes LE, Graham JE, Berglund C, Bell RC. Dietary change during pregnancy and women’s reasons for change. Nutrients. (2018) 10:1032. doi: 10.3390/nu10081032

15. Versele V, Debekker P, Stok FM, Aerenhouts D, Clarys P, Deforche B, et al. Relative importance of determinants of changes in eating behavior during the transition to parenthood: priorities for future research and interventions. Nutrients. (2021) 13:2429. doi: 10.3390/nu13072429

16. Leahy-Warren P, Mulcahy H, Corcoran P, Bradley R, O’Connor M, O’Connell R. Factors influencing women’s perceptions of choice and control during pregnancy and birth: a cross-sectional study. BMC Pregnancy Childbirth. (2021) 21:667. doi: 10.1186/s12884-021-04106-8

17. Lumbiganon P, Laopaiboon M, Gülmezoglu AM, Souza JP, Taneepanichskul S, Ruyan P, et al. Method of delivery and pregnancy outcomes in asia: the WHO global survey on maternal and perinatal health 2007-08. Lancet. (2010) 375:490–9. doi: 10.1016/s0140-6736(09)61870-5

18. Song C, Xu Y, Ding Y, Zhang Y, Liu N, Li L, et al. The rates and medical necessity of cesarean delivery in China, 2012-2019: an inspiration from Jiangsu. BMC Med. (2021) 19:14. doi: 10.1186/s12916-020-01890-6

19. Hsu YY, Hung HY, Chang SC, Chang YJ. Early oral intake and gastrointestinal function after cesarean delivery: a systematic review and meta-analysis. Obstetr Gynecol. (2013) 121:1327–34. doi: 10.1097/AOG.0b013e318293698c

20. Watanabe J, Miki A, Koizumi M, Kotani K, Sata N. Effect of postoperative coffee consumption on postoperative ileus after abdominal surgery: an updated systematic review and meta-analysis. Nutrients. (2021) 13:4394. doi: 10.3390/nu13124394

21. Eamudomkarn N, Kietpeerakool C, Kaewrudee S, Jampathong N, Ngamjarus C, Lumbiganon P. Effect of postoperative coffee consumption on gastrointestinal function after abdominal surgery: a systematic review and meta-analysis of randomized controlled trials. Sci Rep. (2018) 8:17349. doi: 10.1038/s41598-018-35752-2

22. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Activity. (2016) 13:127. doi: 10.1186/s12966-016-0454-y

23. Pereira TRC, Souza FG, Beleza ACS. Implications of pain in functional activities in immediate postpartum period according to the mode of delivery and parity: an observational study. Braz J Phys Ther. (2017) 21:37–43. doi: 10.1016/j.bjpt.2016.12.003

24. Qiao J, Wang Y, Li X, Jiang F, Zhang Y, Ma J, et al. A lancet commission on 70 years of women’s reproductive, maternal, newborn, child, and adolescent health in China. Lancet. (2021) 397:2497–536. doi: 10.1016/s0140-6736(20)32708-2

25. Gherasim A, Arhire LI, Ni?ã O, Popa AD, Graur M, Mihalache L. The relationship between lifestyle components and dietary patterns. Proc Nutr Soc. (2020) 79:311–23. doi: 10.1017/s0029665120006898

26. Zhang H, Qiu X, Zhong C, Zhang K, Xiao M, Yi N, et al. Reproducibility and relative validity of a semi-quantitative food frequency questionnaire for Chinese pregnant women. Nutr J. (2015) 14:56. doi: 10.1186/s12937-015-0044-x

27. Luo L, Liu X, Zeng H, Wang L, Zou M, Zhao Y. Current status and influencing factors of dining out frequency among pregnant women in Chongqing and Lanzhou China. Health Med Res Pract. (2019) 16:25–37.

28. Hu P, Wu T, Zhang F, Zhang Y, Lu L, Zeng H, et al. Association between eating out and socio-demographic factors of university students in Chongqing, China. Int J Environ Res Public Health. (2017) 14:1322. doi: 10.3390/ijerph14111322

29. Hu J, Aris IM, Lin PD, Wan N, Liu Y, Wang Y, et al. Association of maternal dietary patterns during pregnancy and offspring weight status across infancy: results from a prospective birth cohort in China. Nutrients. (2021) 13:2040. doi: 10.3390/nu13062040

30. Xu X, Liu D, Rao Y, Zeng H, Zhang F, Wang L, et al. Prolonged screen viewing times and sociodemographic factors among pregnant women: a cross-sectional survey in China. Int J Environ Res Public Health. (2018) 15:403. doi: 10.3390/ijerph15030403

31. Johar H, Hoffmann J, Gunther J, Atasoy S, Stecher L, Spies M, et al. Evaluation of antenatal risk factors for postpartum depression: a secondary cohort analysis of the cluster-randomised gelis trial. BMC Med. (2020) 18:227. doi: 10.1186/s12916-020-01679-7

32. Moran LJ, Flynn AC, Louise J, Deussen AR, Dodd JM. The effect of a lifestyle intervention on pregnancy and postpartum dietary patterns determined by factor analysis. Obesity. (2017) 25:1022–32. doi: 10.1002/oby.21848

33. Gila-Díaz A, Witte Castro A, Herranz Carrillo G, Singh P, Yakah W, Arribas SM, et al. Assessment of adherence to the healthy food pyramid in pregnant and lactating women. Nutrients. (2021) 13:2372. doi: 10.3390/nu13072372

34. Jardí C, Aparicio E, Bedmar C, Aranda N, Abajo S, March G, et al. Food consumption during pregnancy and post-partum. Eclipses Study. Nutrients. (2019) 11:2447. doi: 10.3390/nu11102447

35. Rodríguez-Bernal CL, Ramón R, Quiles J, Murcia M, Navarrete-Muñoz EM, Vioque J, et al. Dietary intake in pregnant women in a spanish mediterranean area: as good as it is supposed to be? Public Health Nutr. (2013) 16:1379–89. doi: 10.1017/s1368980012003643

36. Cuervo M, Sayon-Orea C, Santiago S, Martinez JA. Dietary and health profiles of spanish women in preconception, pregnancy and lactation. Nutrients. (2014) 6:4434–51. doi: 10.3390/nu6104434

37. Savard C, Lemieux S, Carbonneau E, Provencher V, Gagnon C, Robitaille J, et al. Trimester-specific assessment of diet quality in a sample of canadian pregnant women. Int J Environ Res Public Health. (2019) 16:311. doi: 10.3390/ijerph16030311

38. Lee A, Muggli E, Halliday J, Lewis S, Gasparini E, Forster D. What do pregnant women eat, and are they meeting the recommended dietary requirements for pregnancy? Midwifery. (2018) 67:70–6. doi: 10.1016/j.midw.2018.09.005

39. Moran-Lev H, Bauer S, Farhi A, Nehama H, Yerushalmy-Feler A, Mandel D, et al. Nutrition and the use of supplements in women during pregnancy: a cross-sectional survey. Food Nutr Bull. (2019) 40:231–40. doi: 10.1177/0379572119833857

40. Baskin R, Hill B, Jacka FN, O’Neil A, Skouteris H. Antenatal dietary patterns and depressive symptoms during pregnancy and early post-partum. Maternal Child Nutr. (2017) 13:e12218. doi: 10.1111/mcn.12218

41. Kominiarek MA, Rajan P. Nutrition recommendations in pregnancy and lactation. Med Clin North Am. (2016) 100:1199–215. doi: 10.1016/j.mcna.2016.06.004

42. Raven JH, Chen Q, Tolhurst RJ, Garner P. Traditional beliefs and practices in the postpartum period in fujian province, china: a qualitative study. BMC Pregnancy Childbirth. (2007) 7:8. doi: 10.1186/1471-2393-7-8

43. Christenson A, Johansson E, Reynisdottir S, Torgerson J, Hemmingsson E. Women’s perceived reasons for their excessive postpartum weight retention: a qualitative interview study. PLoS One. (2016) 11:e0167731. doi: 10.1371/journal.pone.0167731

44. Macones GA, Caughey AB, Wood SL, Wrench IJ, Huang J, Norman M, et al. Guidelines for postoperative care in cesarean delivery: enhanced recovery after surgery (Eras) society recommendations (Part 3). Am J Obstetr Gynecol. (2019) 221:247.e1–e9. doi: 10.1016/j.ajog.2019.04.012

45. Rowlands IJ, Redshaw M. Mode of birth and women’s psychological and physical wellbeing in the postnatal period. BMC Pregnancy Childbirth. (2012) 12:138. doi: 10.1186/1471-2393-12-138

46. Martínez-Galiano JM, Delgado-Rodríguez M, Rodríguez-Almagro J, Hernández-Martínez A. Symptoms of discomfort and problems associated with mode of delivery during the puerperium: an observational study. Int J Environ Res Public Health. (2019) 16:4564. doi: 10.3390/ijerph16224564

47. Hobbs AJ, Mannion CA, McDonald SW, Brockway M, Tough SC. The impact of caesarean section on breastfeeding initiation, duration and difficulties in the first four months postpartum. BMC Pregnancy Childbirth. (2016) 16:90. doi: 10.1186/s12884-016-0876-1

48. Chapman SJ, Pericleous A, Downey C, Jayne DG. Postoperative ileus following major colorectal surgery. Br J Surg. (2018) 105:797–810. doi: 10.1002/bjs.10781

49. Havaš Auguštin D, Šarac J, Lovriæ M, Živkoviæ J, Malev O, Fuchs N, et al. Adherence to mediterranean diet and maternal lifestyle during pregnancy: island-mainland differentiation in the cribs birth cohort. Nutrients. (2020) 12:2179. doi: 10.3390/nu12082179

50. De Keyzer W, Dekkers A, Van Vlaslaer V, Ottevaere C, Van Oyen H, De Henauw S, et al. Relative validity of a short qualitative food frequency questionnaire for use in food consumption surveys. Eur J Public Health. (2013) 23:737–42. doi: 10.1093/eurpub/cks096

51. Liu X, Li H, Zhao Y, Li J, Zhang J, Ma L, et al. Reproducibility and relative validity of a food frequency questionnaire for a diet-related study in a rural chinese population. Nutr J. (2022) 21:3. doi: 10.1186/s12937-021-00756-8

52. Qin C, Guo Y, Pei P, Du H, Yang L, Chen Y, et al. The relative validity and reproducibility of food frequency questionnaires in the China kadoorie biobank study. Nutrients. (2022) 14:794. doi: 10.3390/nu14040794



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between modes of delivery and postpartum dietary patterns: A cross-sectional study in Northwest China



		Introduction



		Materials and methods



		Study design and sample collection



		Dietary assessment and food grouping



		Mode of delivery



		Covariates



		Statistical analysis







		Results



		Characteristics of study participants



		Dietary patterns



		Association between mode of delivery and postpartum dietary intake



		Subgroup analyses of the association between mode of delivery and postpartum dietary intake







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fnut-09-985941-g001.jpg
the maternity outpatient
clinic of Lanzhou Maternity
and Child Health Hospital
from October 2019 to April
2021

Exclusion criteria:
(1) puerperae who experienced serious complicationg
(2) puerperae with cognitive disorders

(3) puerperae who refused to participate in the
investigation. v

Inclusion criteria:

(L)puerperae who consented to participate in the
survey

(2) puerperae who gave birth 42 days previously

4,170
individuals
were
included

(L)less than one pregnancy (n = 143)

(2)who were younger than 20 years (n = 14)

(3)who had a questionnaire with incomplete answers (n = 583)
(4)who chose to give birth other than vaginally or by caesarean
section (n = 83)

N=3,345

Analytical sample for
modes of delivery and
the dietary pattern analysis





OPS/images/fnut-09-985941-g002.jpg
150 -

100

S50+

p=0.260

Ea Cesarean section

Bl Vaginal delivery

Traditional dietary pattern

150+

100

50

E Cesarean section
Hl Vaginal delivery

p<0.001

Q"\Q
Modern dietary pattern





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Nutrition

Association between modes
of delivery and postpartum
dietary patterns:

A cross-sectional study
in Northwest China








OPS/images/fnut-09-985941-e000.jpg
N=(Zxpxq)/d









OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/fnut-09-985941-t005.jpg
Factor

Marital status

Primary marriage

Other marital status
Age

20-34

>35
Education level

Secondary education and below
Tertiary education
Singleton or twin pregnancies
Singleton pregnancies
Twin pregnancies

Monthly household income
<4,500

4,501-9,000

>9,000

Smoking

Current smoker
Ex-smoker

Non-smoker
Alcohol drinking

No

Yes

1P for interaction.
*P < 0.05.

Fruits

—0.06 (—0.77 t0 0.65)
2.87 (—2.00 to 7.73)

—0.11 (—0.88 t0 0.67)
1.11 (—0.58 to 2.80)

—1.51 (—3.67 t0 0.65)
0.50 (—0.23 to 1.23)

0.14 (—0.57 to 0.84)
—2.22 (1227 t0 7.83)

—0.54 (—2.13 to 1.05)
0.72 (—0.42 to 1.85)
—0.12 (—1.19 t0 0.95)

—4.05 (—14.22 t0 6.13)
2.02 (—7.97 to 12.00)
0.11 (—0.60 to 0.82)

—0.10 (—0.90 to 0.71)
0.53 (—0.91 to 1.96)

Pl

0.139

0.145

0.005

0.507

0.208

0.906

0.139

Coffee

—1.63 (—3.04 to —0.22)*
3.93(—3.33to 11.19)

—1.69 (—3.25 to —0.14)*
—0.34 (—3.42 to 2.74)

—2.05 (—5.03 to 0.93)
—0.89 (—2.43 to 0.65)

—1.31 (=2.70 to 0.08)
—13.18 (—29.81 to 3.45)

—2.74 (—5.44 to —0.03)*
1.44 (—0.95 to 3.83)
—3.12 (=531 to —0.93)*

—7.64 (—23.19 t0 7.92)
—2.47 (=27.16 0 22.22)
—1.42 (—2.82 to —0.02)*

—1.70 (—3.25 to —0.14)*
—0.60 (—3.64 to 2.44)

Pl

0.233

0.483

0.372

0.209

0.020

0.907

0.548





OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnut-09-985941-t003.jpg
Model 3¢

Model 1? Model 2°
B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value
Traditional dietary pattern
Vaginal delivery (Ref)
Cesarean section —0.02 (—0.13, 0.06) 0.629 0.01 (=0.11, 0.07) 0.762 —0.02 (—0.05,0.07) 0477
Modern dietary pattern
Vaginal delivery (Ref)
<0.001* —0.06 (—0.16, —0.08) 0.006* —0.11 (—0.36, —0.09) 0.001*

Cesarean section —0.07 (—0.24, —0.07)

*Model 1 adjusted for age.
®Model 2 further adjusted for residence, education, income and dietary caregivers.
€Model 3 further adjusted for pre-pregnancy BMI, suffering from postpartum diseases, singleton or twin pregnancies, monthly household income, smoking, and alcohol drinking.

*P < 0.05.





OPS/images/fnut-09-985941-t004.jpg
Factor

Marital status

Primary marriage

Other marital status
Age

20-34

>35

Education level

Secondary education and below
Tertiary education
Singleton or twin pregnancies
Singleton pregnancies
Twin pregnancies

Monthly household income
<4,500

4,501-9,000

>9,000

Smoking

Current smoker
Ex-smoker

Non-smoker
Alcohol drinking

No

Yes

1P for interaction.
*P < 0.05.

Traditional dietary pattern

—0.05 (—0.14, 0.05)
0.18 (—0.35, 0.72)

—0.04 (—0.14, 0.07)
—0.05 (—0.26, 0.17)

—0.03 (—0.23, 0.17)
—0.02 (—0.13, 0.08)

—0.04 (—0.13, 0.06)
—0.14 (—1.45, 1.17)

—0.06 (—0.25, 0.12)
0.13 (—0.03, 0.29)
—0.18 (—0.33, —0.03)*

—0.40 (—1.80, 1.00)
0.07 (—2.41, 2.54)
—0.04 (—0.14, 0.05)

—0.08 (—0.19, 0.03)
0.09 (—0.11, 0.29)

Pl

0.574

0.713

0.875

0.961

0.025

0.827

0.130

Modern dietary pattern

—0.16 (—0.27, —0.06)*
—0.13 (—0.35, 0.08)

—0.15 (—0.25, —0.06)*
—0.50 (—1.11,0.11)

—0.14 (—0.41, 0.13)
—0.14 (—0.24, —0.05)*

—0.15 (—0.25, —0.06)*
—0.96 (—2.36, 0.43)

—0.29 (—0.51, —0.07)*
0.01 (—0.14, 0.15)
—0.22 (—0.36, —0.09)*

0.49 (—0.39, 1.36)
—0.24 (—2.87, 2.40)
—0.16 (—0.25, —0.07)*

—0.24 (—0.34, —0.13)*
0.04 (—0.14, 0.22)

Pl

0.327

0.716

0.790

0.198

0.036

0.099

0.005

Vegetable

0.54 (—0.13,1.22)
2.47 (—1.70, 6.64)

0.52 (—0.22, 1.25)
0.99 (—0.56, 2.54)

—1.00 (—2.60, 0.60)
0.73 (0.00, 1.46)*

0.62 (—0.04, 1.29)
0.97 (—8.85,10.80)

0.72 (—0.64, 2.08)
0.23 (—0.88, 1.35)
0.67 (—0.38, 1.72)

—3.33 (—12.66, 6.00)
—1.32 (—10.58, 7.94)
0.65 (—0.02, 1.32)

0.42 (—0.33, 1.18)
1.13 (—0.28, 2.54)

Pl

0.377

0.559

0.049

0.778

0.983

0.555

0.221





OPS/images/fnut-09-985941-t001.jpg
Component 1* Component 2"

Vegetables 0.553
Fruits 0.586
Poultry 0.554 0.342
Fishery products 0.512 0.43
Processed meat products 0.511 0.467
Fish 0.501 0.426
Red meat 0.441 0.394
Dairy desserts 0.593 0.339
Milk 0.563 0.322
Tubers 0.691
Coarse cereals 0.677
Rice 0.668
Whole grains 0.645 0.356
Eggs 0.625
Wheat 0.616
Cakes 0.57 0.465
Coffee 0.933
Non-sugary drinks 0.888
‘Wine 0.871
Sugary drinks 0.865
Tea 0.844

Component loadings for dietary patterns derived from qualitative food frequency
questionnaire data completed by women who underwent postnatal check-ups.
#Component 1, called traditional dietary pattern, is characterized by high energy-
adjusted intake of staple food (tubers, coarse cereals, rice, and whole grains), eggs, meat,
fish and fishery products, fruits, and vegetables.

bComponent 2, called modern dietary pattern, is characterized by high energy-adjusted
intake of coffee, tea, drinks, and wine and low intake of meat and whole grains.





OPS/images/fnut-09-985941-t002.jpg
Factor

Parity

First birth

Second birth
Ethnicity

Han

Minority
Marital status

Primary marriage

Other marital status
Educational level
Secondary education and below
Tertiary education
Residence

Urban

Rural
Age

20-34

>35
Dietary caregivers
Themselves/husband
Parents/parents-in-law
Nanny/maternity matron
Monthly household income
<¥4,500

¥4,501-9,000

>%¥9,000

Pre-pregnancy BMI

Thin

Normal

Overweight

Obesity

Suffering from postpartum disease
No

Yes

Singleton or twin pregnancies
Singleton pregnancies
Twin pregnancies
Smoking

Current smoker
Ex-smoker

Non-smoker
Alcohol drinking

No

Yes

*P < 0.05.

Total N = 3,345

2,327 (69.6%)
1,018 (30.4%)

3,006 (92.7%)
236 (7.3%)

3,213 (96.7%)
110 (3.3%)

573 (17.2%)
2,765 (82.8%)

3,008 (90.9%)
300 (9.1%)

2,749 (82.2%)
596 (17.8%)

472 (15.2%)
1,944 (62.5%)
693 (22.3%)

853 (25.5%)
1,181 (35.3%)
1,311 (39.2%)

503 (15.0%)
1,993 (59.6%)
393 (11.7%)
456 (13.6%)

1,184 (73.5%)
427 (26.5%)

3,243 (97.3%)
90 (2.7%)

38 (1.1%)
47 (1.4%)
3,237 (97.4%)

2,450 (78.2%)
682 (21.8%)

Delivery mode

Vaginal delivery N = 1,158

766 (66.1%)
392 (33.9%)

1,025 (91.6%)
94 (8.4%)

1,088 (94.9%)
58 (5.1%)

254 (22.0%)
902 (78.0%)

993 (87.3%)
145 (12.7%)

876 (75.6%)
282 (24.4%)

187 (17.4%)
663 (61.7%)
225 (20.9%)

313 (27.0%)
380 (32.8%)
465 (40.2%)

131 (11.3%)
671 (57.9%)
179 (15.5%)
177 (15.3%)

436 (76.6%)
133 (23.4%)

1,068 (92.7%)
84 (7.3%)

16 (1.4%)
15 (1.3%)
1,116 (97.3%)

847 (78.6%)
231 (21.4%)

Cesarean section N = 2,187

1,561 (71.4%)
626 (28.6%)

1,981 (93.3%)
142 (6.7%)

2,125 (97.6%)
52 (2.4%)

319 (14.6%)
1,863 (85.4%)

2,015 (92.9%)
155 (7.1%)

1,873 (85.6%)
314 (14.4%)

285 (14.0%)
1,281 (63.0%)
468 (23.0%)

540 (24.7%)
801 (36.6%)
846 (38.7%)

372 (17.0%)
1,322 (60.4%)
214 (9.8%)
279 (12.8%)

748 (71.8%)
294 (28.2%)

2,175 (99.7%)
6 (0.3%)

22 (1.0%)
32 (1.5%)
2,121 (97.5%)

1,603 (78.0%)
451 (22.0%)

P-value

0.002*

0.075

<0.001*

<0.001*

<0.001*

<0.001*

0.032*

0.076

<0.001*

0.035*

<0.001

0.57

0.71





