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Background: A large research portfolio indicates that an activated renal renin-angiotensin system or a deficit on melatonin is associated with several cardiovascular pathologies. In this observational clinical study, we hypothesized that alterations in urinary melatonin or angiotensinogen levels may be altered in two common conditions, preeclampsia and gestational diabetes. Our study’s primary objective was to assess melatonin and angiotensinogen as novel disease biomarkers detectable and quantifiable in the urine of pregnant women with or without pregnancy complications.
Methods: This was a concurrent cohort study of pregnant women with selected obstetric pathologies (gestational diabetes, preeclampsia, hypertension and obesity with hypertension). A group of healthy controls was also included. Urinary 6-sulfatoxymelatonin and angiotensinogen were measured by sensitive and specific ELISAs in first morning void urine samples. The patients were included in the cohort consecutively, and the diagnosis was blinded at the level of urine collection. Urinary 6-sulfatoxymelatonin and angiotensinogen levels were investigated in the patients included in the cohort.
Results: Urinary levels of angiotensinogen were significantly higher in the gestational diabetes [angiotensinogen/creatinine ratio median (25th, 75th): 0.11 (0.07, 0.18)] and preeclampsia [0.08 (0.06, 0.18)] groups than in those with healthy pregnancy [0.05(0.04, 0.06]; 6-sulfatoxymelatonin levels were significantly lower in the gestational diabetes [ug/h: median (25th, 75th): 0.12(0.08, 0.17)] and preeclampsia [0.12 (0.09, 0.15)] groups than in those with healthy pregnancy [0.20 (0.15, 0.27]. Neither morning void protein/creatinine ratio nor 24-h urine protein estimate were significantly different between the study groups.
Conclusion: These results suggest that urinary angiotensinogen levels may indicate an intrarenal RAS activation while melatonin production appears to be defective in gestational diabetes or hypertension. An angiotensinogen/melatonin ratio is suggested as an early biomarker for identification of gestational diabetes or hypertension. This report provides a basis for the potential use of melatonin for the treatment of preeclampsia. A prospective study in a larger number of patients to determine the operative characteristics of these markers as potential diagnostic tests is justified.
Keywords: angiotensinogen, melatonin, preeclampsia, gestational diabetes, biomarker
INTRODUCTION
Preeclampsia and gestational diabetes mellitus are two common complications of pregnancy including cerebral and cardiac incidents, multiorgan failure such as end-stage renal disease (ESRD) and are the major causes of perinatal morbidity and mortality where early identification of those at risk is highly beneficial (Vadalà et al., 2017; Świątkowska-Stodulska et al., 2018). Management for these conditions has been primarily aimed at symptoms that occur late in the course of the disorder. Women who develop preeclampsia during pregnancy are also at increased risk of eclampsia and cardiovascular events, both in the short and long term (Fishel Bartal and Sibai, 2020). Gestational diabetes prevalence rises with increased pregnancy age, maternal obesity and inactivity (Farrar, 2016). Also, there is a lack of consensus between healthcare professionals on methods of screening for gestational diabetes mellitus (Sert and Ozgu-Erdinc, 2021). Present research efforts are primarily focused on the advancement of early detection and therapeutic strategies. Identification of accurate biochemical markers for predicting and early diagnosing complications of pregnancy may have a major effect on maternal and fetal health.
Several lines of evidence have shown the interaction and role of the renin-angiotensin and melatonin systems in the pathways of several cardiovascular pathologies (Campos et al., 2013). Scientific evidence indicates the involvement of renin-angiotensin-aldosterone in pregnancy-induced hypertension and diabetes etiopathogenesis (Świątkowska-Stodulska et al., 2018). Urinary angiotensinogen, AT1 receptor antibodies, plasma renin and prorenin, maternal circulatory angiotensin II, and gene polymorphisms have been implicated (Gathiram and Moodley, 2020). Urinary angiotensinogen, a precursor to the renin-angiotensin system, has been identified by us and others as a potential early marker of diabetic nephropathy and chronic kidney disease (Kobori and Navar, 2011; de Alencar Franco Costa et al., 2015). A recent cross-sectional study showed that urinary angiotensinogen/creatinine ratio was correlated with high blood pressure and proteinuria in preeclampsia (Yilmaz et al., 2015). The renin-angiotensin system has also been implicated in the pathogenesis of preeclampsia (Verdonk et al., 2014; Blois et al., 2015). However, the results of investigations on the significance of the renin-angiotensin system in gestational diabetes and preeclampsia have been contentious (Gathiram and Moodley, 2020).
Melatonin, a circadian pineal hormone with free radical scavenging and antioxidant effects, has been investigated extensively in patients with cardiovascular disease and kidney injury (Baltatu et al., 2017). Emerging evidence supports melatonin in the pathophysiology of pregnancy and fetal development (Tain et al., 2017). Melatonin was found to be associated with maternal plasma antioxidant status in the first trimester of pregnancy and to be deficient in the development of obstetric complications (Ramiro-Cortijo et al., 2016). It has also been proposed that the decrease of circulating melatonin levels could be correlated with the development of preeclampsia. (Zeng et al., 2016). Significant effects of melatonin in placenta have been demonstrated in pre-eclampsia physiopathology (Sagrillo-Fagundes et al., 2014). A systematic review indicated a relationship between melatonin receptor 1B and insulin receptor substrate 1 polymorphisms associated with an increased risk of developing gestational diabetes mellitus (Zhang et al., 2014). Newly, melatonin synthesis impairment is considered as a deleterious outcome of diabetes-derived hyperglycemia (Campos et al., 2013; Amaral et al., 2014).
In addition to proteinuria, which is the most prevalent test during pregnancy (Fishel Bartal et al., 2020), novel urine biomarkers for early diagnosis of disorders that complicate pregnancy are being proposed (Aitekenov et al., 2021). Based on the evidence presented, we here hypothesized that alterations in urinary melatonin or angiotensinogen can occur in early stages of gestational diabetes or hypertension and that these biomarkers may potentially be helpful in the prediction and early identification of patients with both preeclampsia and gestational diabetes. Therefore, the primary objective of our study was to assess melatonin and angiotensinogen as potential novel biomarkers of disease that are present and quantifiable in the urine of pregnant women. In addition, we investigated the potential synergy of combined biomarkers strategy for pregnancy complications.
METHODS
This is a concurrent cohort study using consecutive sampling. All patients were recruited from the prenatal care system of a single institution and included in the cohort based on inclusion criteria and consent to participate in the study. The subjects included were then followed up for the development of pregnancy complications (Figure 1). A subset of the cohort corresponded to normal patients. Biomarkers were assessed and their levels studied for association to the final presence or absence of disease complications in the pregnancies. The study sample size was estimated based on a prior study in which the standard deviation of the main variable (urinary angiotensinogen/creatinine ratio) was 2.1, detecting significant differences between three groups of study participants totaling 90 (Yilmaz et al., 2015). The probability is 80 percent that the study will detect a difference between groups of study at a two-sided 0.05 significance level, if the true difference between treatments is 1.2 units. The calculations led to a total of 100 patients to be recruited in this study. Considering 10% dropouts due to various factors, we calculated to recruit approximately 110 pregnant women in the study. Also, since this is a cohort observational model of the study, we expected that we would recruit in 1 year at least 110 pregnant women, as estimated by Hospital São Francisco de Assis - Jacareí.
[image: Figure 1]FIGURE 1 | STARD diagram to report flow of participants through the study.
The study was approved by the Ethical Committees of the Anhembi Morumbi University (CAAE 79831417.7.0000.5492), University of Sao Paulo (CAAE 30460114.5.0000.0068) and Hospital São Francisco de Assis. It was conducted in accordance with International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use Guidelines and the Declaration of Helsinki. All patients provided written informed consent before entry into the study.
Patient Selection
Pregnant women attending prenatal care at Sao Francisco de Assis Hospital, Jacareí/Sao Paulo were invited to participate to the study (During ---period of time of the recruitment--). Their selection was consecutive at the time of admission, and the diagnosis was blind to the level of urine collection and testing for the biomarkers. One hundred and 22 potentially eligible women were recruited that included 100 patients with gestational diabetes and/or preeclampsia, and 22 pregnant women without complications. Although this was not a diagnostic accuracy study, a STARD diagram was modified to display the flow of participants in the study (Figure 1) (Bossuyt et al., 2015). From the 122 study participants, first morning void urine samples were collected for protein and creatinine measurements, after which were aliquoted in duplicates, coded and stored at -20°C. The clinical diagnosis of study participants were coded (potentially eligible patients) and deidentified (eligible patients and healthy volunteers) according to the Brazilian General Data Protection Law (Galvin and DeMuro, 2020). The urine samples were encoded only by numbers and the link between numbers and patient names stored in a password protected computer program, according to the Brazilian General Data Protection Law (Galvin and DeMuro, 2020). After the urinary 6-sulfatoxymelatonin and angiotensinogen measurements, data were matched with the diagnosed diseases of 111 study participants (Figure 1). The characteristics of the study cohort was as follows: ages eligible for study—18 years and older, accepts healthy volunteers–yes, sampling method–non-probability sample. The following criteria of inclusion and exclusion were applied for the selection and enrollment of pregnant women in the study. Inclusion criteria: gestational age between 6 and 22 weeks for the first visit determined by ultrasound, high risk group (presence of specific risk factors for preterm delivery, pregnancy-induced hypertension or intrauterine growth retardation), low risk group (normal pregnancy with no risk factors for preterm delivery, pregnancy-induced hypertension or intrauterine growth retardation). Exclusion criteria were: known malignancy, pregnancies without ultrasonographic confirmation of gestational age, multifetal pregnancy with greater than or equal to 3 fetuses, active vaginal bleeding, serious medical illness (renal insufficiency, congestive heart disease, chronic respiratory insufficiency), asthma requiring systemic steroids, patient requiring anti-platelet or non-steroidal anti-inflammatory drugs, active hepatitis, and lack of consent.
Clinical Evaluations
The diagnosis of preeclampsia or gestational diabetes were made by the hospital’s obstetricians using the following criteria. Preeclampsia was defined as de novo hypertension with high blood pressure (systolic ≥140 or diastolic ≥90 mm Hg) on two occasions, at least 4 hours apart, after 20 weeks of pregnancy and proteinuria of 0.3 g in 24 h urine collection, or 2+ in 2 samples with 2 h apart, or more than 0.3 mg in a single sample (Sousa et al., 2019; Leal et al., 2020). Gestational diabetes mellitus was defined as carbohydrate intolerance, resulting in hyperglycemia of varying severity with onset or first recognition during pregnancy. Development of gestational diabetes at 24–28 weeks of gestation for abnormal values in the 75 g oral glucose tolerance test (American Diabetes Association, 2013), as recommended by the Brazilian Ministry of Health (Dos Santos et al., 2020). Patients with preexistent hypertension were those diagnosed with hypertension prior or up to the 20th week of pregnancy (Sousa et al., 2019). Obesity was defined by body mass index (BMI) values ≥30 kg/m2 and identified as a condition prior to pregnancy (Ferreira et al., 2019; Indarti et al., 2021). First morning void urine samples were collected for the study at the time of admission after signing the consent form.
Clinical Laboratory, 6-Sulfatoxymelatonin and Angiotensinogen Measurements
Urine samples were obtained in the event of pregnancy complications, at which time pregnant women sought medical help; urine was collected as the first morning urine, and was used for the protein, creatinine, 6-sulfatoxymelatonin and angiotensinogen urinary tests (Figure 1).
Proteinuria (mg/dl), urinary creatinine (mg/dl) and the protein/creatinine ratio were determined by the hospital’s laboratory. From these measures, the mg/24-h ratio of creatinine excretion and the 24-h urinary protein estimate (mg/24 h) were determined using the Fotheringham’s et al. equation (Fotheringham et al., 2014).
Urinary 6-sulfatoxymelatonin and angiotensinogen were measured by sensitive and specific ELISAs in first morning void urine samples. All maternal samples were analyzed in duplicate, and laboratory personnel were unaware of the diagnostic status of the study subjects at the time of analysis. Urinary excretion of angiotensinogen was analyzed by sandwich-ELISA assay (Kobori et al., 2009; de Alencar Franco Costa et al., 2015). Melatonin excreted overnight was determined through urinary 6-sulfatoxymelatonin levels (Baltatu et al., 2002; Campos et al., 2020). The ELISA kits for both angiotensinogen and 6-sulfatoxymelatonin were from IBL International GmbH Germany.
Statistical Analysis
Data were tested for normality distribution using D'Agostino-Pearson normality test (D’agostino, 2017) and Kolmogorov-Smirnov test with Dallal-Wilkinson-Lilliefors’ p value (Dallal and Wilkinson, 1986). Differences between study groups, were assessed with Kruskal–Wallis nonparametric test, followed by a comparison of the mean rank of each group with the mean rank of the control group (healthy pregnant subjects). Multiple testing correction was done by controlling the False Discovery Rate with a two-stage step-up method of Benjamini, Krieger and Yekutieli (Benjamini et al., 2006). All statistical analyses were carried out using GraphPad Prism version 8.1.2 for Mac OS X, GraphPad Software, La Jolla California United States, www.graphpad.com. Differences were considered significant when the probability of a Type I error was lower than 5% (p < 0.05).
RESULTS
Patient Demographics and Laboratory Data
The recruited study cohort included patients with gestational diabetes mellitus (%,n) (17.2%, 21), with preeclampsia (15.6%, 19), with preexistent hypertension (19.7%, 24), with preexistent obesity and hypertension (20.5%, 25), and healthy volunteers (18.0%, 22).
Table 1 indicates for each study group the age, gestational age, multiparity, previous cesarean delivery or abortion. No statistical differences were observed between the study groups for age or gestational age. The patients’ gestational age was: 24–28 weeks for patients with gestational diabetes mellitus, 20–33 weeks for patients with preeclampsia, and 20–33 weeks for patients with hypertension, with obesity plus hypertension, or healthy volunteers. Multiparity, previous cesarean delivery, or abortion appear to be more prevalent in disease groups than in healthy group. Urine volume (ml), creatinine (mg/dl), protein/creatinine ratio (mg/mg) and 24-h urine protein estimate are presented as median and interquartile range (IQR, 25th-75th percentile) per group of study. In gestational diabetes, urine volume was significantly greater and urine creatinine was significantly lower than in healthy control pregnancies. Protein-creatinine ratio was not different between the study groups–Table 1 and Figure 2A. The 24-h urine protein estimate (mg/24h) was not different between the study groups–Table 1 and Figure 2B.
TABLE 1 | Patient demographics and laboratory urine analyses in the studied cohort.
[image: Table 1][image: Figure 2]FIGURE 2 | (A) Protein/creatinine ratio. (B) 24-h urine protein estimate. Graphs are ranks plots with bars of median with interquartile range; Kruskal–Wallis test, no significant differences between groups.
Urine 6-Sulfatoxymelatonin and Angiotensinogen
Urine 6-sulfatoxymelatonin (ug/h) was significantly reduced in the first morning void urine samples of patients with gestational diabetes and preeclampsia–Figure 3A and Table 1. Urinary angiotensinogen (angiotensinogen/creatinine ratio, ug/g) was significantly increased in the first morning void urine samples of patients with gestational diabetes and preeclampsia–Figure 3B and Table 1.
[image: Figure 3]FIGURE 3 | (A) Urinary 6-sulfatoxymelatonin (ug/h) in first morning void urine samples. (B) Urinary angiotensinogen-creatinine ratio (ng/mg). Graphs are ranks plots with bars of median with interquartile range; Kruskal–Wallis test *, p < 0.05 and **, p < 0.005 in comparison to the healthy group.
The ratio of angiotensinogen/6-sulfatoxymelatonin was calculated as (angiotensinogen/creatinine ratio, ug/g)/(6-sulfatoxymelatonin, ug/h) significantly increased in the first morning void urine samples of patients with gestational diabetes and preeclampsia–Figure 4 and Table 1.
[image: Figure 4]FIGURE 4 | Angiotensinogen/6-sulfatoxymelatonin ratio was calculated as (angiotensinogen/creatinine ratio, ug/g)/(6-sulfatoxymelatonin, ug/h). Graphs are ranks plots with bars of median with interquartile range; Kruskal–Wallis test **, p < 0.005 in comparison to the healthy group.
DISCUSSION
The main findings of this study are the high angiotensinogen and low melatonin levels in the urine of women with gestational diabetes or preeclampsia. These findings may support the development of diagnostic tools and strategies for recognizing patients at risk of pregnancy complications (Phipps et al., 2016).
Renin-angiotensin system has been involved in the development of preeclampsia. Studies have shown that angiotensinogen, the precursor of all angiotensin peptides (Lu et al., 2016), is a particularly good candidate biomarker for both its acute (Ba Aqeel et al., 2017) and chronic (Juretzko et al., 2017) kidney injury (Chen et al., 2016). Research indicates that urinary angiotensinogen comes mainly from the kidney, and higher levels correlate with diabetic albuminuria (Kobori and Navar, 2011; de Alencar Franco Costa et al., 2015). The current study’s findings of an elevated urine angiotensinogen/creatinine ratio in preeclampsia corroborate the findings of (Yilmaz et al. (2015) and of Mistry et al. (2019). These findings contrast with those of other research, such as Chen et al. (2011)) or Zhang et al. (2017), which found considerably reduced urine angiotensinogen levels in preeclampsia. Pringle et al. found a rise in urine angiotensinogen/creatinine levels as pregnancy progressed, but a significant decline in the third trimester in a group of women with pregnancy complications that included preeclampsia and gestational diabetes (Pringle et al., 2018). These may imply a time-dependent activation/suppression of the renal renin-angiotensin system during preeclampsia, as measured by urine angiotensinogen/creatinine levels. It appears that additional research is necessary to determine the relevance of urinary angiotensinogen in the detection of preeclampsia. Although Pringle et al. included women with gestational diabetes in their investigation, no pathology-specific group analyses were performed on urine angiotensinogen/creatinine levels. As a result, the current study may be the first to report significantly elevated urine angiotensinogen/creatinine levels in gestational diabetes.
A large body of evidence suggests that melatonin has a protective effect during the development of kidney disease, at least in part by counteracting the effects of intrarenal renin-angiotensin system activation, prompting the need for further research into the roles of melatonin and angiotensinogen in renal injury (Campos et al., 2013; Baltatu et al., 2017; Ohashi et al., 2019). Its role in pregnancy conditions is still to be clearly understood (Tong et al., 2020). The current study’s findings of low levels in preeclampsia corroborate Bouchlariotou’s et al. findings (Bouchlariotou et al., 2014). Additionally, Bouchlariotou et al. revealed a link between impaired melatonin secretion and an non-dipper blood pressure (no nocturnal physiological blood pressure decrease) in women with preeclampsia. Our study is the first to demonstrate that women with gestational diabetes had decreased urinary 6-sulfatoxymelatonin levels. While the findings of Bouchlariotou et al. and ours may not be sufficient to implicate melatonin in the pathogenesis of preeclampsia, they certainly suggest that its participation in the pathogenesis of preeclampsia and gestational diabetes warrants further investigation.
The presence of elevated angiotensinogen and low 6-sulfatoxymelatonin in the first morning void urine samples of patients with gestational diabetes or preeclampsia suggests activation of the intrarenal RAS and an impairment in melatonin synthesis. Additionally, the urine angiotensinogen-6-sulfatoxymelatonin ratio was elevated in women with gestational diabetes or preeclampsia. Although urine protein/creatinine levels increased in the gestational diabetes and preeclampsia groups as well, the difference was not statistically significant when compared to the control group. This could be because the study groups included a limited number of cases. This apparent disparity between proteinuria results from the first morning void and physician diagnosis of preeclampsia could be related to sampling methods, as well. In fact, Lamontagne et al. demonstrated that early morning urine protein was ineffective in detecting preeclampsia (Lamontagne et al., 2014). Although several studies on “spot urine” protein to creatinine ratio estimation suggest a promising diagnostic value for preeclampsia (Stefańska et al., 2020), the test’s heterogeneity in accuracy precludes yet its utility as a diagnostic tool (Morris et al., 2012).
There are important limitations of our study that should be recognized. Since our study is cross-sectional, assigning causality between the altered urinary angiotensinogen or melatonin levels and pathogenesis of gestational diabetes and preeclampsia is not possible. Although the recruited cohort might be considered a representative sample for the state of Sao Paulo, this single-center study requires confirmation in various cohorts or multicenter investigations. Although the total number of patients is not insignificant, subgroups of individuals include a limited number of cases, thus the results should be considered as a pilot study requiring further analysis and confirmation. Using multivariable adjusted models, we will be able to assess the impact of other factors on the reported correlations between altered urine angiotensinogen or melatonin levels and gestational diabetes and preeclampsia.
Further longitudinal diagnostic cohort studies are expected to define the operative characteristics of these markers for risk assessment, prediction and diagnosis of the studied conditions. Also, cohort studies may allow to track the pathological evolution of the disease and to explore its potential association with urinary melatonin or angiotensinogen. Further studies need to investigate as well the optimal cutoff value to use urinary angiotensinogen/melatonin ratio as clinical decision guidance.
CONCLUSION
These findings suggest that the levels of urinary angiotensinogen may indicate intra-renal RAS activation, whereas the production of melatonin appears to be defective in gestational diabetes or preeclampsia. For early diagnosis of gestational diabetes or preeclampsia, morning void urine angiotensinogen-melatonin-creatinine ratio is suggested. This report provides a rationale for the possible use of melatonin as a potential coadjuvant therapeutic agent for the treatment of preeclampsia or gestational diabetes.
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