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In this self-controlled case series, we aimed to investigate the variation in estimated glomerular filtration rate (eGFR) after taking astragalus-containing preparations in patients with mild to moderate chronic kidney disease (CKD) by retrospectively reviewing their charts in our clinic. We set the inclusion criteria as first-visit patients aged 20 years or older presenting to our clinic between 1 October 2014, and 31 June 2019, and who were prescribed astragalus-containing herbal preparations for any reason. We calculated the mean eGFR from the readings taken 6 months before (pre) and after (post) the intake of astragalus-containing preparations for each participant. Among the 37 patients included in our final analysis, we found a statistically significant improvement in the eGFR after prescribing astragalus-containing preparations (pre, 66 ± 12 ml/min/1.73 m2 vs. post, 70 ± 14 ml/min/1.73 m2; p < 0.001 by paired t-test). Our results were consistent regardless of age, sex, CKD stage of the participants (G2 or G3), daily dosage of astragalus root, or duration of astragalus-containing preparations. No severe adverse reactions were recorded in the charts of the study participants. Our results suggest that there is eGFR improvement after taking astragalus-containing preparations in mild to moderate CKD cases as reported previously. The findings should be considered with caution due to major limitations such as small sample size without optimum control, short follow-up period, and incomplete data. Further adequately powered and designed studies are needed to confirm the efficacy and safety of the long-term use of astragalus root in patients with mild to moderate CKD.
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INTRODUCTION
Chronic kidney disease (CKD) is a long-term and globally widespread health condition. Moreover, this condition causes a huge economic burden due to end-stage renal disease requiring dialysis (Wang et al., 2016; Neuen et al., 2017; Luyckx et al., 2018).
Causes of CKD include high blood pressure, diabetes, glomerulonephritis, polycystic kidney disease, and long-term use of certain medications, such as non-steroidal anti-inflammatory drugs (Kazancioğlu, 2013). Unfortunately, there is no curative treatment for CKD itself. In addition to the current treatment, which focuses on delaying the disease by inhibiting the renin-angiotensin-aldosterone system, effective treatment options for CKD and its progression are required (Breyer and Susztak, 2016).
In Japan, astragalus root originates from the root of Astragalus membranaceus Bunge or Astragalus mongolicus Bunge (Leguminosae) (Motomura et al., 2009; Bi et al., 2020), which is taken orally as a powder or water extract. A previous meta-analysis of randomized control trials (RCTs) reported the efficacy of astragalus root on CKD based on estimated glomerular filtration rate (eGFR); serum creatinine, hemoglobin, and albumin levels; and proteinuria and albuminuria (Li et al., 2011; Zhang et al., 2014; Zhang et al., 2019). In addition, Chinese researchers have confirmed that astragalus injection is effective for hypertensive renal damage (Sun et al., 2012). These RCTs and observational studies mainly included patients with severe to end-stage CKD in stages G4 to G5 to avoid disease progression (Okuda et al., 2012). However, studies on the efficacy of astragalus root as an early intervention for patients with mild to moderate CKD in stages G2 to G3 are lacking.
In this study, we aimed to investigate the variation in estimated glomerular filtration rate (eGFR) after taking astragalus-containing preparations in patients with mild to moderate CKD by retrospectively reviewing their charts in our clinic. Our study focused on patients whose chief complaints were not CKD treatment, successfully including patients with mild to moderate CKD who took astragalus root unintentionally.
METHODS
Study Design
This self-controlled case series was conducted at Keio University Hospital in Tokyo, Japan. The study was approved by the Keio University School of Medicine Institutional Review Board (approval no. 20100144), and the protocol was registered at the UMIN Clinical Trials Registry (unique ID: UMIN000020478).
Participants
We set the inclusion criteria as first-visit patients aged 20 years or older presenting to our clinic at Keio University Hospital between 1 October 2014, and 31 June 2019, and who were prescribed astragalus-containing herbal preparations (e.g., boiogito, hochuekkito, and ogikenchuto) for any reason. We checked the adherence of these patients by following their medical records with prescriptions each time. We also allowed the continuous prescription of anti-hypertensive drugs, including renin-angiotensin-aldosterone system inhibitors. The exclusion criteria included patients who had no blood test before and/or after 6 months from the prescription of astragalus-containing preparation, had a baseline eGFR >90 ml/min/1.73 m2, and had an acute kidney injury (AKI) episode during the observational period. Written informed consent was obtained from all the participants prior to the study.
Statistical Analysis
All statistical calculations and analyses were performed using the R software (version 4.1.1, 2021-08-10) with Rstudio (version 1.4.1717 2021-05-24 for macOS). Descriptive statistics were used to assess demographic characteristics. The eGFR values were extracted from the chart; however, they contained completely random timing observations on eGFR. Therefore, we calculated the mean eGFR value from the readings taken 6 months before (pre) and after (post) the intake of astragalus-containing preparations for each participant to compare the eGFR values between these two periods. Additionally, we compared the baseline eGFR value with the first observation before taking the astragalus-containing preparations or the last observation after taking the astragalus-containing preparations. We employed a paired t-test for these comparisons, and statistical significance was set at p < 0.05.
RESULTS
A total of 131 potential study participants were identified (Figure 1). Of these, 94 patients were excluded due to insufficient eGFR data, mainly due to the lack of pre-treatment value in patients who had been referred to us from another hospital; 14 patients were excluded due to having a baseline eGFR >90 ml/min/1.73 m2; and one patient was excluded due to an AKI episode during the observation period. Thus, 37 patients were included in the final analysis (Figure 1; Table 1). The median dosage of astragalus root was 3.0 g (interquartile range; IQR, 3.0–4.0), and the median duration of astragalus-containing preparations was 3.4 months (IQR, 2.4–5.2).
[image: Figure 1]FIGURE 1 | Patient exclusion flowchart. A total of 131 potential study participants were identified at the Keio University Hospital Kampo Clinic between 1 October 2014, and 31 June 2019, of which 37 patients were included in the final analysis.
TABLE 1 | Background of participants.
[image: Table 1]We confirmed a statistically significant improvement in the mean eGFR after prescription of astragalus-containing preparations (pre, 66 ± 12 ml/min/1.73 m2 vs. post, 70 ± 14 ml/min/1.73 m2; p < 0.001; Figure 2). The comparison between the baseline eGFR value and the first observation before taking the astragalus-containing preparations showed no statistically significant differences (first, 66 ± 13 ml/min/1.73 m2 vs. baseline, 66 ± 13 ml/min/1.73 m2; p = 0.63). Contrarily, the comparison between the baseline eGFR value and the last observation after taking the astragalus-containing preparations showed a statistically significant difference (baseline, 66 ± 13 ml/min/1.73 m2 vs. the last, 71 ± 14 ml/min/1.73 m2; p < 0.001). Plasma concentration of hemoglobin or albumin did not differ significantly, and we hesitated to compare the degree of proteinuria due to lacking urinalysis data. Our results were consistent regardless of age, sex, CKD stage of the participants (G2 or G3), daily dosage of astragalus root, or duration of astragalus-containing preparations.
[image: Figure 2]FIGURE 2 | The eGFR values before and after prescription of astragalus-containing preparations. We confirmed a statistically significant improvement of estimated glomerular filtration rate (eGFR) after prescription of astragalus-containing preparations. The mean eGFR value of the pre- and post-astaragalus prescription readings were determined by obtaining the mean value of all the available values 6 months before and after administering astragalus-containing preparations. We applied the paired t-test for this comparison (p-value < 0.001).
Furthermore, we performed subgroup analysis by dividing the participants based on the presence of eGFR improvement in the observational period, but we did not find any difference in age, sex, CKD stage, daily dosage of astragalus root, or duration of astragalus-containing preparations.
There was no severe adverse reaction recorded in the study participants’ charts.
DISCUSSION
Our results suggest that there is improvement in the eGFR after taking astragalus-containing preparations for mild to moderate CKD. Our study successfully included patients with mild to moderate CKD who unintentionally took astragalus root.
Previous studies have reported on the various bioactive chemicals in astragalus root (Bratkov et al., 2016) and related pharmacological pathways involving molecular targets, including antioxidants, anti-inflammatory response, and antiapoptosis, and cell cycle regulation (Zhao et al., 2021). Astragalus root is also effective in reducing fasting blood glucose and albuminuria levels, in reversing the glomerular hyperfiltration state, and in ameliorating the pathological changes of early diabetic nephropathy in animal models (Zhang et al., 2009). Notably, one of the potential mechanisms of the renoprotective effect of astragalus root extract is its natriuretic properties (Ai et al., 2008). Despite these findings, the possibility of a renoprotective effect in astragalus root is still up to discussion. Several studies have shown the muscle protective effect of astragalus polysaccharide (Zheng et al., 2020) that prevents creatin release.
This study had several limitations. First, the CKD-G stages of our participants were G2 and G3, and it is unclear whether our results can be applied to patients with CKD stage G4 or G5. Although, previous studies have already reported favorable effects of astragalus roots in this population. Second, previous studies employed a higher daily dosage of Astragalus membranaceus, possibly suggesting higher efficacy if a higher dosage was used in our study population. Third, our study was observational, including small sample size, obtaining incomplete renal data, and the daily dosage and dosing duration varied significantly. Fourth, we could not conclude the efficacy and safety of long-term interventions in our short follow-up study. Fifth, we did not compare patients treated with Kampo formulas without astragalus root with the present self-controlled study. Therefore, we additionally performed regression analysis and confirmed the negative eGFR trend over time before astragalus-containing preparations (Table 2). Lastly, we excluded one patient who experienced a better course after taking astragalus-containing preparations due to having an AKI during the observational period.
TABLE 2 | Effects of predictor variables.
[image: Table 2]In conclusion, Our results suggest that there is eGFR improvement after taking astragalus-containing preparations in mild to moderate CKD cases as reported previously. The findings should be considered with caution due to major limitations such as small sample size without optimum control, short follow-up period, and incomplete data. Further adequately powered and designed studies are needed to confirm the efficacy and safety of the long-term use of astragalus root in patients with mild to moderate CKD.
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