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Abstract 

 
Background: Insufficient maternal consumption of vitamin D 

can have adverse effects on fetal development and increase the 

likelihood of low birth weight. This research aimed to establish 

the correlation between the quantity of vitamin D consumed by 

expectant mothers and the weight of newborns. Methods: This 

study utilized an analytical observational design with a cross-

sectional approach, collecting data from August to November 

2022. Information on Vitamin D intake and birthweight was 

obtained via questionnaire interviews with 96 pregnant women 

delivering at the University of North Sumatera Hospital or 

Maharani Women’s and Children Hospital. Semi-Food 

Frequency Questionnaires (FFQs) served as the data collection 

instrument. Non-probability consecutive sampling was 

employed. Statistical techniques, including Chi-square and 

Fisher's Exact test, were used for data analysis. Findings 

indicated a prevalence of inadequate vitamin D intake among 

mothers (3.125%). The mean daily consumption of vitamin D 

among expectant women was 19.99 μg/day. Mother's 

education level did not significantly influence the outcome 

(p=0.589). Results: The results of this study suggest that there 

was no significant association between maternal age at 

pregnancy (p=0. 135), gestational age (p=0. 771), parity 

(p=0958), and baby's sex (p=0. 448) with birth weight. 

Conclusion: An observed association existed between the 

prenatal intake of vitamin D and neonatal birth weight in 

expectant mothers. 
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INTRODUCTION  
Vitamin D insufficiency represents a prevalent concern on a global scale. According to Palacios and 

Gonzalez (2014), the prevalence of vitamin D deficiency is estimated to affect roughly one billion 

individuals globally. According to Hovsepian et al. (2011), there is a notable incidence of vitamin D 

insufficiency, ranging from 14 to 59%, among the general populace. The highest occurrence of this 

deficit is predominantly observed in Asian countries (Ahmed et al., 2021). Vitamin D insufficiency 

during pregnancy is a widely recognized phenomenon that has garnered global attention. Extensive 

research has demonstrated a prevalence rate ranging between 18-84% among pregnant women. 

Adequate intake of calcium and vitamin D during pregnancy is essential for maintaining calcium 

homeostasis, promoting fetal maturation, and facilitating bone mineralization (Abbasian et al, 2016) 
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Insufficient levels of vitamin D have been associated with an elevated risk of numerous adverse 

outcomes during pregnancy, including preeclampsia, gestational diabetes, premature delivery, fetal 

growth retardation, spontaneous abortion, and low birth weight (Flood-Nichols et al., 2015). 

Inadequate nutrient intake during pregnancy was associated with brain defects, an increased 

risk of abnormal behavior, neuropsychiatric disorders, altered cognition, visual impairment, and motor 

deficits (Labh et al., 2014). Indicator for assessing maternal nutritional intake during pregnancy such 

as pre-pregnancy body mass index, maternal gestational weight gain, and fetal growth including baby’s 

birth weight. Research shows that cord blood vitamin D deficiency was found in 97.7% of mothers, and 

insufficiency was found in 2.3%. Babies born to deficient vitamin D mothers had a birth weight of 2.7 

kg, 2.9 kg in insufficient mothers, and 3.0 kg in sufficient mothers on average. None of the mothers 

with adequate levels of vitamin D gave birth to babies weighing <2.5 kg, while of the babies born 

weighing <2.5kg, 94.7% of their mothers had vitamin D deficiency, and 5.3% had insufficiency (Arora 

et al., 2018). The mortality rate in these neonates is 35 times higher than that in those born with normal 

weight (Meliati et al., 2016). There is a need for recommendations for vitamin D supplementation 

throughout pregnancy (Zamal & Manazir, 2019).  

The present study sought to investigate the potential correlation between the intake of vitamin 

D among pregnant women and the weight at birth, drawing on the data outlined above. The present 

study aimed to provide empirical evidence and serve as a fundamental framework for the development 

of educational materials targeted towards expecting mothers, aimed at raising knowledge and 

understanding of the significance of vitamin D consumption during pregnancy in reducing the 

likelihood of low birth weight infants and growth impediments. In a previous study conducted in 2022, 

it was found that maternal pre-pregnancy BMI, gestational weight gain, and placental weight exhibited 

a positive correlation with neonatal birth weight. However, the novel aspect of this current study lies 

in its utilization of a questionnaire centered around the consumption of foods rich in vitamin D 

(Costanza et al., 2022).  

 

MATERIALS AND METHODS 
This present investigation constitutes an analytic observational study wherein a cross-sectional 

approach was employed. The present investigation was conducted from August to November 2022, at 

the facilities of the University of North Sumatera Hospital and the Maharani Women’s and Children’s 

Hospital. The participants of this study consisted exclusively of pregnant women who delivered at the 

University of North Sumatera Hospital and the Maharani Women’s and Children’s Hospital. The 

sampling technique used in this research was a non-probability sampling method with a consecutive 

sampling type. The inclusion criteria for this research were women with primigravidas or multigravidas, 

full-term pregnancy, and giving birth to live babies in August to November 2022. While the exclusion 

criteria in this research were mothers who gave birth to twins, mothers with pregnancy complications 

such as gestational diabetes, preeclampsia, and eclampsia also babies born with congenital 

abnormalities. There were 96 mothers selected. All the chosen mothers were interviewed to gather 

their baseline characteristics, including age and education level, vitamin D intake, birthweight, parity, 

and gestational age.  

All data were collected by interview. Vitamin D intake was identified through questionnaires and 

interviews. The research instrument used in this study was semi-Food Frequency Questionnaires 

(semi-FFQs) globally standardize. The questionnaire consisted of 15 lists of food containing vitamin D 

and the usual individual frequency of consumption over a period queried. Maternal vitamin D intake 

was categorized as adequate (≥15 μg/day) or inadequate (<15 μg/day) (Pérez-López et al., 2020). 

Birthweight was classified into low (<2500 g), normal (2500-4000 g), and excess (>4000 g) groups 

(Sakala & Kaombe, 2022). Mother’s education level included categories: absent elementary 

education/not in school, completion of primary education, completion of junior secondary education, 

completion of senior secondary education, and completion of tertiary education. Age was grouped as 
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<20 years old or >35 years old and 20-35 years old. Parity was divided into 1-3 and ≥4. Gestational age 

was categorized as <40 or ≥40.  

The implementation of univariate analysis provided a quantitative description of the data. The 

bivariate analysis examined the association between the intake of vitamin D among pregnant mothers 

and the birthweight of their offspring. This research utilized the Chi-square test along with the Fisher's 

exact test as an alternative for carrying out the bivariate analysis. In order to investigate the correlation 

between vitamin D consumption during pregnancy and neonatal birth weight, the present study 

examined the interplay among maternal educational attainment, maternal age at conception, parity, 

gestational age, and infant gender with respect to birth weight. The present study has obtained ethical 

approval from the University of North Sumatera's ethical committee, identified by the reference 

number No. 647/KEPK/USU/2022. 

 

RESULTS 
Characteristics of respondents based on age, education level, parity, gestational age, intake of 

vitamin D, and baby's gender are presented in Table 1. Most of the respondents were aged 20-35 years 

(86.5%), had a college education level (56.3%), parity 1-3 (95.8%), gestational age <40 weeks (77.1), 

adequate vitamin D intake of (≥ 15 μg/day (96.9%) and had girl babies (55.2%).  

 
Table 1. Distribution of Research Data Based on Age of Covid-19 Patients at the Surabaya Islamic 

Hospital 

Characteristics n Mean ± SD 

Age (years)  30.28±4.785 

Women's education    

Completion of junior 

secondary education 

1 (1)  

Completion of senior 

secondary education 

41 (42.7)  

Completion of tertiary 

education 

54 (56.3)  

Parity   

1-3 92 (95.8) 
1.98±0.94 

≥4 4 (4.2) 

Gestational age (weeks)   

<40 74 (77.1) 
38.71±1.085 

≥40 22 (22.9) 

Maternal vitamin D 

intake 

  

Adequate (≥ 15 μg/day) 93 (96.9) 

19.9854±5.009 Inadequate (< 15 

μg/day) 

3 (3,1) 

Baby's gender   

Male 43 (44.8)  

Female 53 (55.2)  

Birthweight (gram)   

Low (<2500) 1 (1) 

3288.65±447.099 Normal (2500-4000) 88 (91.7) 

Excess (>4000) 7 (7.3) 

 

 Based on the Fisher Exact test (Table 2), a lack of association between education level and 

vitamin D intake in pregnant women was observed. 
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Table 2. The association between education attainment and vitamin D consumption in pregnant women 

Women's Education 

Level 

Vitamin D Intake 
Total p-

value 
Adequate Inadequate 

n % n % n % 

Completion of junior 

secondary education 

 100.0 0 0.0 1 100.0 

0.589 
Completion of senior 

secondary education 

39 39.7 2 4.9 41 100.0 

Completion of tertiary 

education 

53 52.3 1 1.9 54 100.0 

Total 93 96.9 3 3.1 96 100.0  

 

There existed no significant association between birth weight and various factors, namely 

maternal age at pregnancy, gestational age, parity, and baby's gender based on the Fisher Exact test 

(Table 3).  

 
Table 3. The association among mother’s age at pregnancy, gestational age, parity, and baby's gender 

regard to birth weight 

Characteristics Birth Weight p-value 

Normal+Excess Low 

n % n % 

Mother’s age at pregnancy 

(years) 

     

<20 atau >35 12 92.3 1 7.7 0.135 

20-35 83 100 0 0 

Gestational age (weeks)      

<40 73 9.6 1 1.4 0.771 

≥40 22 100 0 0 

Parity      

1-3 91 98.9 1 1.1 0.958 

≥4 4 100 0 0 

Baby's gender      

Male 42 97.7 1 2.3 0.448 

Female 53 100 0 0  

 

A notable correlation was observed between the consumption of vitamin D by expecting 

mothers and the weight at birth of their infants (p-value=0. 031, OR=15). 

 
Table 4. The Association between maternal intake of vitamin D during pregnancy and birth weight of infants 

Vitamin D Intake 

Birth Weight Total 

p-value Odds ratio Normal+Excess Low  

N % n % n % 

Adequate 93 100.0 0 0.0 93 100.0 

0.031 1.5 Inadequate 2 66.7 1 33.3 3 100.0 

Total 95 99.0 1 1.0 96 100.0 

 

DISCUSSION 
This study's statistical analysis to examine the relationship between maternal education level and 

maternal vitamin D intake showed no relationship (p=0.589 or p>0.005) between the two. This study's 

results align with research conducted by Wang et al., who randomly assigned 125 pairs of mothers and 
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children in 2 different hospitals (p=0.007 or p>0.005) which said that the mother's level of knowledge 

did not affect the mother's vitamin D intake. The findings of the study indicate that there are significant 

maternal determinants that are associated with vitamin D deficiency, which include being born in 

winter, insufficient exposure to sunlight, high maternal body mass index during delivery, inadequate 

consumption of eggs, insufficient vitamin D supplementation during pregnancy, and unfavorable 

health insurance. In an academic manner of expression, the foremost determinants for neonatal 

vitamin D deficiency (OR=7. 5) are identified as regrettable insurance coverage and inadequate vitamin 

D provision during pregnancy (Wang et al, 2019) in an academic manner of expression. This study was 

reinforced by a survey by Khalessi et al., who also said there was no relationship between maternal 

education level and vitamin D status (p=0.43 or p>0.05) (Khalessi et al., 2015). Although no significant 

difference was found between the mother's education level and the mother's vitamin D status, this 

finding contradicts research conducted by van den Berg et al., and this study states that women with 

low education have lower intakes of vitamin D than women with high education Vitamin D is a 

modifiable contributor to the relationship between low-educated mothers and low-birth-weight 

offspring. Therefore, increasing vitamin D intake in pregnant women dietary adaptations or through 

supplementation to meet the recommendations is very beneficial (van den Berg et al., 2013; 

Kamaruddin M, Triananinsi N., Sampara N & RA, AM, 2020). 

The outcome of the analysis revealed a non-significant association (p = 0. 135) between the 

maternal age at the time of pregnancy and the neonate's birth weight. Based on the present study's 

respondents aged 20-35 years, it can be inferred that the maternal age during pregnancy does not 

have a significant impact on the baby's birth weight.  The results of this study are the same as those 

Fajriana & Buanasita's study, which also said that there was no relationship (p = 0.052) between 

maternal age during pregnancy and birth weight (Fajriana & Buanasita, 2018). Increased risk of low 

birth weight (LBW) among adolescent mothers (commonly defined as women <20 years old. Increased 

perinatal risk of adverse events has also been found in older mothers (women aged 35 years and over) 

in both high- and middle-income countries (Restrepo‐Méndez et al., 2015). Based on gestational age, 

most mothers deliver babies when the fetus is <40 weeks old. The analysis revealed that there is no 

statistically significant association (p=0. 771) between gestational age and birth weight. The present 

findings are disparate from those reported by Fajriana and Buanasita. The observed disparity in 

outcomes can be attributable to the fact that the majority of newborns are delivered at full gestational 

maturity. The findings of the study indicated a noteworthy correlation (p = 0. 006) between gestational 

age and the prevalence of low birth weight (LBW) in Semampir District, Surabaya, with an odds ratio 

(OR) of 6. 198 This suggests that mothers who deliver preterm infants are 6.2 times more susceptible 

to LBW.  (Fajriana & Buanasita, 2018; Kamaruddin M & Sari NA, 2019).  This study also found that most 

respondents had 1-3 children, and statistical analysis showed no relationship (p=0.958) between parity 

and birth weight. The results of this study are the same as research by Hanifah, who also said that 

there was no relationship (p = 0.433) between the number of parities and birth weight (Hanifah, 2009). 

Strengthened by research by Salawati, who said there was no relationship (p = 0.085) between the 

number of parities and birth weight (Salawati, 2012). The analysis results also showed no relationship 

between the sex of the baby and the birth weight (p=0.448). The results of this study are the same as 

those of Anggrenisa's research conducted by Medan Tembung, which said that there was no 

relationship (p = 0.502) between the sex of the baby and the birth weight of the baby (Anggrenisa Rika, 

2018). 

Based on pregnant women's vitamin D intake status, most respondents to have adequate 

vitamin D intake status. The results of this study differ from Pratiwi's, which stated that most 

respondents had insufficient vitamin D intake (Novita Sari Pratiwi et al., 2017). Differences in research 

locations can influence the difference in these results. According to a study conducted by Rahman et 

al. (2020), the average level of 25[OH]D in mothers of infants with normal birth weight (n = 58; 77. 

33%) was significantly greater (50. 41 ± 500 ng/mL) when compared to the level observed in mothers 

of infants with low birth weight (28. 24 ± 687 ng/mL), revealing a statistically significant difference (p 
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< 0. 0001) The statistical analysis conducted in this study aimed to investigate the potential association 

between maternal vitamin D intake during pregnancy and birth weight. The obtained results revealed 

a statistically significant finding (p=0. 031 or p<005), indicating that a relationship exists between 

maternal vitamin D intake during pregnancy and birth weight. The outcome revealed a PR of 1. 5, thus 

denoting that mothers who were found to have sufficient vitamin D intake were 1. 5 times more 

probable to bear offspring of average or greater weight when compared to those mothers who had 

inadequate vitamin D intake. The present investigation yielded congruent outcomes with Suganda's 

(2021) research, which posits a constructive association between the vitamin D concentration in 

expectant mothers and neonatal weight (r=0. 463, p<005).  

 

CONCLUSION 
This study found that there is a correlation between the consumption of Vitamin D by pregnant 

women and the mass of their newborn child.  

 

LIMITATION OF THE STUDY 
This study has some limitations. Firstly, the 96 incidents sample represents a small number of 

the total number of serious incidents that occurs every year. Our lack of epidemiological knowledge 

about maternal nutritional deficiency incidents and maternal nutritional status, however, means that 

determining an appropriate sample size continues to be difficult. 

 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

 

ACKNOWLEDGEMENTS  

The authors express their gratitude to the University of North Sumatera Hospital, Maharani 

Women’s and Children Hospital, and all the mothers who actively contributed and participated in the 

present investigation. 

 

REFERENCES 
Abbasian, M., Chaman, R., Amiri, M., Ajami, M. E., Jafari-Koshki, T., Rohani, H., Taghavi-Shahri, S. M., 

Sadeghi, E., & Raei, M. (2016). Vitamin D Deficiency in Pregnant Women and Their Neonates. 

Global Journal of Health Science, 8(9), 83. https://doi.org/10.5539/gjhs.v8n9p83  
Ahmed, F., Khosravi-Boroujeni, H., Khan, M. R., Roy, A. K., & Raqib, R. (2021). Prevalence and Predictors 

of Vitamin D Deficiency and Insufficiency among Pregnant Rural Women in Bangladesh. 

Nutrients, 13(2), 449. https://doi.org/10.3390/nu13020449  
Anggrenisa Rika. (2018). Faktor-faktor Yang Berhubungan Dengan Beratbadan Bayi Lahir Di Klinik 

Nurhalma Dan Klinik Pratama Jannah Tembung. Skripsi. Politeknik Kesehatan KEMENKES RI, 

Medan. 
Arora, S., Goel, P., Chawla, D., Huria, A., & Arya, A. (2018). Vitamin D Status in Mothers and Their 

Newborns and Its Association with Pregnancy Outcomes: Experience from a Tertiary Care Center 

in Northern India. The Journal of Obstetrics and Gynecology of India, 68(5), 389–393. 

https://doi.org/10.1007/s13224-017-1067-3  
Costanza, J., Camanni, M., Ferrari, M.M. et al. (2022). Assessment of pregnancy dietary intake and 

association with maternal and neonatal outcomes. Pediatr Res 91, 1890–1896. 

https://doi.org/10.1038/s41390-021-01665-6  
Fajriana, A., & Buanasita, A. (2018). Faktor Risiko Yang Berhubungan Dengan Kejadian Bayi Berat Lahir 

Rendah Di Kecamatan Semampir Surabaya. Media Gizi Indonesia, 13(1), 71. 

https://doi.org/10.20473/mgi.v13i1.71-80  

https://doi.org/10.1007/s13224-017-1067-3
https://doi.org/10.1038/s41390-021-01665-6
https://doi.org/10.20473/mgi.v13i1.71-80


  

pISSN 1978-2071 | eISSN 2580-5967  

Jurnal Ilmiah Kedokteran Wijaya Kusuma 13(1): 70-77, March 2024 

  

 

76 | Page Register with CC BY NC 4.0 license. Copyright © 2022, the author (s) 

Flood-Nichols, S. K., Tinnemore, D., Huang, R. R., Napolitano, P. G., & Ippolito, D. L. (2015). Vitamin D 

Deficiency in Early Pregnancy. PLOS ONE, 10(4), e0123763. 

https://doi.org/10.1371/journal.pone.0123763  
Hanifah, L. (2009). Hubungan Antara Status Gizi Ibu Hamil Dengan Berat Badan Bayi Lahir (Studi Kasus 

Di Rb Pokasi). Skripsi. Fakultas Kedokteran Universitas Sebelas Maret, Surakarta. 
Hovsepian, S., Amini, M., Aminorroaya, A., Amini, P., & Iraj, B. (2011). Prevalence of Vitamin D 

Deficiency among Adult Population of Isfahan City, Iran. Journal of Health, Population and 

Nutrition, 29(2). https://doi.org/10.3329/jhpn.v29i2.7857  

Kamaruddin, M., Triananinsi, N., Sampara, N., & RA, A. M. (2020). Karakterisasi DNA Mikrobiota Usus 

Bayi pada Persalinan Normal yang diberi ASI dan Susu Formula. 
Kamaruddin, M., & Sari, N. A. (2019). Persepsi dan pengetahuan mahasiswa akademi kebidanan 

tahirah al baeti terhadap gizi remaja. Medika Alkhairaat: Jurnal Penelitian Kedokteran dan 

Kesehatan, 1(3), 114-118. 
Khalessi, N., Kalani, M., Araghi, M., & Farahani, Z. (2015). The Relationship between Maternal Vitamin 

D Deficiency and Low Birth Weight Neonates. In Journal of Family and Reproductive Health 

jfrh.tums.ac.ir (Vol. 9, Issue 3).  

Labh, S. N., & Shakya, S. R. (2014). Application of immunostimulants as an alternative to vaccines for 

health management in aquaculture. International Journal of Fisheries and Aquatic Studies, 2(1), 

153–156. 

Meliati, L., Marliana, Y., Husnia, S., Hanafi, F., Kesehatan Kemenkes Mataram Jl Prabu Rangkasari, P., 

& Cermen Mataram, D. (2016). Hubungan Bayi Berat Lahir Rendah (Bblr) Dengan Kejadian 

Hipotermi Di Rsud Provinsi NTB. Jurnal Kedokteran Universitas Islam Al-Azhar Mataram, 1(2), 

193-202. 

Novita Sari Pratiwi, H., Zen Rahfiludin, M., Aruben, R., Kesehatan Masyarakat Universitas Diponegoro, 

F., Gizi Kesehatan Masyarakat, B., & Kesehatan, F. (2017). Hubungan Asupan Zat Gizi dengan 

Berat Lahir Bayi (Studi pada Ibu Hamil Anemia di Puskesmas Bulu, Temanggung, Jawa Tengah 

Tahun 2017) (Vol. 5). http://ejournal-s1.undip.ac.id/index.php/jkm  

Palacios, C., & Gonzalez, L. (2014). Is vitamin D deficiency a major global public health problem? The 

Journal of Steroid Biochemistry and Molecular Biology, 144, 138–145. 

https://doi.org/10.1016/j.jsbmb.2013.11.003  

Pérez-López, F. R., Pilz, S., & Chedraui, P. (2020). Vitamin D supplementation during pregnancy: an 

overview. Current Opinion in Obstetrics & Gynecology, 32(5), 316–321. 

https://doi.org/10.1097/GCO.0000000000000641  

Rahman, M. M., Miah, S., Tamanna, S., Hosen, M. B., Akter, T., Johra, T. H., Kabir, Y., Zakir, M., & 

Howlader, H. (2020). Association of Maternal Vitamin D with Neonatal Vitamin D Status and 

Birth Weight in Urban Population of Bangladesh: A Cross Sectional Study. Acta Scientific 

PAEDIATRICS , 3(12). 
Restrepo‐Méndez, M. C., Lawlor, D. A., Horta, B. L., Matijasevich, A., Santos, I. S., Menezes, A. M. B., 

Barros, F. C., & Victora, C. G. (2015). The Association of Maternal Age with Birthweight and 

Gestational Age: A Cross‐Cohort Comparison. Paediatric and Perinatal Epidemiology, 29(1), 31–

40. https://doi.org/10.1111/ppe.12162  

Sakala, N., & Kaombe, T. M. (2022). Analysing outlier communities to child birth weight outcomes in 

Malawi: application of multinomial logistic regression model diagnostics. BMC Pediatrics, 22(1), 

682. https://doi.org/10.1186/s12887-022-03742-z  

Salawati, L. (2012). Hubungan Usia, Paritas Dan Pekerjaan Ibu Hamil Dengan Bayi Berat Lahir Rendah. 

Suganda, Y. (2021). Hubungan Kadar Vitamin D Pada Ibu Hamil Dengan Berat  Bayi Lahir Di Wilayah 

Kerja Puskesmas Sungai Limau Kab. Padang Pariaman. NTHN : Nan Tongga Health and Nursing. 

van den Berg, G., van Eijsden, M., Vrijkotte, T. G. M., & Gemke, R. J. B. J. (2013). Suboptimal maternal 

vitamin D status and low education level as determinants of small-for-gestational-age birth 

https://doi.org/10.1371/journal.pone.0123763
https://doi.org/10.3329/jhpn.v29i2.7857
http://ejournal-s1.undip.ac.id/index.php/jkm
https://doi.org/10.1016/j.jsbmb.2013.11.003
https://doi.org/10.1097/GCO.0000000000000641
https://doi.org/10.1111/ppe.12162
https://doi.org/10.1186/s12887-022-03742-z


 

 

The Association between Vitamin D Intake in Expectant Women and Neonatal Birth Weight  

Cindy Rolexza, Fathia Meirina 

77 | Page 

weight. European Journal of Nutrition, 52(1), 273–279. https://doi.org/10.1007/s00394-012-

0327-3  

Wang, C., Gao, J., Liu, N., Yu, S., Qiu, L., & Wang, D. (2019). Maternal factors associated with neonatal 

vitamin D deficiency. Journal of Pediatric Endocrinology and Metabolism, 32(2), 167–172. 

https://doi.org/10.1515/jpem-2018-0422  

Zamal, A., & Manazir, A. S. (2019). Relationship between Maternal Vitamin D Levels and Risk of Low 

Birth Weight in Term Newborns: A Case Control Study. https://doi.org/10.4172/2572-

4983.1000179 

 

https://doi.org/10.1007/s00394-012-0327-3
https://doi.org/10.1007/s00394-012-0327-3
https://doi.org/10.1515/jpem-2018-0422
https://doi.org/10.4172/2572-4983.1000179
https://doi.org/10.4172/2572-4983.1000179

