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Objectives

We aimed to evaluate the relationship between the proportion of Android to Gynoid ratio and the incidence of kidney stones among US adults.



Methods

Participants aged 20-59 years from the 2011-2018 National Health and Nutrition Examination Survey (NHANES) database were selected to assess the association between Android to Gynoid ratio and kidney stone prevalence using logistic regression analysis, subgroup analysis and calculation of dose-response curves.



Results

This study ultimately included 10858 participants, of whom 859 self-reported a history of kidney stones. And after adjusting for all confounders, an increased Android to Gynoid ratio was associated with an increased prevalence of kidney stones (OR=2.75, 95% CI:1.62-4.88). And subgroup analysis showed an increased prevalence of kidney stones in women (OR=3.55, 95% CI: 1.54-8.22), non-diabetic (OR=2.59, 95% CI: 1.45-4.60), 60 > age ≥ 40 years (OR=3.51, 95% CI: 1.83-6.71), Mexican-American (OR=4.35, 95% CI: 1.40- 13.53) and white (OR=3.86, 95% CI: 1.82-8.18) groups, there was a significant positive association between A/G ratio and kidney stones. In contrast, in the hypertensive subgroup, the A/G ratio was associated with kidney stones in all groups.



Conclusions

Higher Android to Gynoid ratio is associated with a high prevalence of kidney stone disease.
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Introduction

Kidney stones disease (KSD) are among the most common and common diseases in urology and are caused by the abnormal accumulation of certain crystalline substances (such as calcium oxalate, calcium phosphate, uric acid, and drugs) in the kidney and are characterized by high prevalence and easy recurrence (1–3). A study based on data from the National Health and Nutrition Examination Survey (NHANES) reported that the prevalence of self-reported kidney stones in the United States was 11%, and the prevalence was 2% (4), which is an approximately 2.5-fold increase from the national prevalence (3.2%) in 1980 (5). Despite the fact that there are many treatment options for kidney stones, including extracorporeal shock wave lithotripsy (ESWL), rigid or flexible ureteroscopic stone extraction (URS/RIRS), and percutaneous nephrolithotripsy (PCNL), there is no single therapy that can cure them completely. The recurrence rate of kidney stones is 11% at two years, about 20% at five years, and up to 60% at five years in patients with recurrent attacks (6, 7). Without timely and effective treatment, kidney stones may cause extremely serious consequences such as permanent kidney damage and end-stage renal disease (8, 9). Furthermore, the costs associated with stone disease have risen significantly, with one study showing that kidney stone costs increased from approximately $2 billion in 2000 to over $3.79 billion in 2007 (10). Kidney stones have now become a very serious public health problem. Therefore it is of critical importance to investigate the risk factors for kidney stones and to take appropriate measures to prevent their occurrence.

Obesity has now become one of the serious health problems affecting the health of the global population (11, 12). Obesity can increase the risk of KSD (13, 14). Nevertheless, previous studies have primarily used body mass index (BMI) to assess obesity. Although BMI data are readily available and easy to calculate, they do not distinguish between adipose tissue, muscle tissue, and the distribution of adipose tissue throughout the body and are subject to inter- and intra-examiner variations. Sometimes even contradictory results are obtained (15). The reason may be that adults with similar BMIs have different fat distributions (16), and different fat distributions may have different health implications (17). For example, a lower risk of cardiometabolic dysfunction was observed in patients with gynoid fat distributions (characterized by preferential fat deposition in the buttocks and thighs, also referred to as pear patterns) compared to people with Android patterns (characterized by increased fat deposited in the trunk region, also referred to as apple patterns) (18).

For measuring body fat content and distribution, computed tomography (CT) and magnetic resonance imaging (MRI) are often considered the gold standard. However, the high radiation produced by CT, the lengthy acquisition and analysis times associated with MRI, and the higher costs of both techniques have limited their use in clinical and research settings. Dual-energy X-ray absorptiometry (DXA), on the other hand, is also sufficiently accurate and involves less radiation exposure, a shorter scan time, and a lower cost (19–21). Furthermore, DXA is well correlated with CT/MRI for measuring fat mass (FM) (19). Therefore, DXA measurements are increasingly being used in studies to assess the connection between obesity and a range of diseases (20, 22, 23).

An Android to Gynoid ratio (A/G ratio) is a DXA-based fat distribution index. Numerous studies have shown that the A/G ratio is strongly associated with insulin resistance and cardiovascular disease (24, 25), both of which are risk factors for KSD (26–28). Nevertheless, it remains unclear whether this potentially different fat distribution affects the prevalence of KSD. Therefore, in the present study, we aimed to assess the relationship between the A/G ratio and the prevalence of KSD in the United States (US) population.



Materials and methods


Study population

Data for the evaluation of this study were obtained from NHANES from 2011 to 2018. This is a survey conducted by the Centers for Disease Control and Prevention (CDC) every two years for public health surveillance in the U.S. The NHANES study protocol was reviewed and approved by the Institutional Review Board of the National Center for Health Statistics (NCHS), and all participants provided written informed consent. All methods were conducted in accordance with relevant guidelines and regulations. Our study examined data from four consecutive two-year survey cycles. All participants were evaluated with the KIQ026 survey (Do you have kidney stones) and a total of 39,156 people participated in the questionnaire. The exclusion criteria are shown in the figure (Figure 1). In total, 10858 cases were included in this study, of which 859 had a self-reported history of kidney stones.




Figure 1 | The participants selecting flow chart.





Data collection and definition

A/G ratios (Variable Name: DXXAGRAT) were designed as exposure variables. Relevant data were obtained by performing DXA measurements on subjects. DXA examinations were obtained by trained and certified radiologic technologists using a Hologic Discovery Model A densitometer (Hologic, Inc., Bedford, Massachusetts). The examination excluded subjects who were pregnant (urine pregnancy test and/or self-reported positive at the time of the DXA examination), self-reported a history of X-ray contrast (barium) use within the past seven days, or measured more than 450 pounds or more than 6’5” (DXA table limit). Whole-body scans were obtained on a Hologic Discovery A densitometer (Hologic, Inc., Bedford, MA) using software version Apex 3.2. The Android and Gynoid regions were determined by the HOGIC APEX software used in the scan analysis for automatic delineation (29). Finally, the Android/Gynoid ratio was calculated based on the measured Android (Variable Name: DXXANFM) and Gynoid (Variable Name: DXXGYFM) data. For more information, please refer to: https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/DXXAG_J.htm. The occurrence of kidney stones (Variable Name: KIQ026) was designed as an outcome variable. The questionnaire KIQ026 (ever had kidney stones)? was used to assess kidney stones; if the participant answered “yes,” he was considered to have kidney stones.

In order to summarize potential confounders that could confound the relationship between A/G ratio and KSD, adjusted multivariate models were used. The following covariates were selected: age, gender, race, education level, poverty to income ratio (PIR), marital status, alcohol consumption, smoking status, physical activity, METS-IR, BMI, diabetes, hypertension, asthma, laboratory tests (cholesterol level, serum creatinine, blood calcium, blood phosphorus, blood uric acid, cholesterol, triglyceride, HDL, LDL, glycosylated hemoglobin) and some dietary intake factors (total energy intake, total fat intake, total sugar intake and total water intake). A 24-hour dietary recall was completed by all participants, and the average intake of the two recalls will be used in the analysis. The dietary intake factors had a high number of missing values, which we converted to categorical variables. We assessed these variables in tertile, with the lowest tertile serving as the reference group and missing values set as dummy variables. These covariates were determined using self-report questionnaires, interviews, physical examinations, and laboratory measurements. Information on age, gender, race/ethnicity, PIR, smoking, alcohol consumption, history of hypertension, and history of diabetes were determined by questionnaire. Information on the dietary intake of the participants was obtained through interviews. Participants’ BMI and waist circumference were obtained by physical examination, and laboratory measurements were used for the remaining covariates. Cholesterol, triglyceride, and uric acid concentrations in serum or plasma were measured using the timed-endpoint method. The timed rate biuret method was used to measure phosphorus in blood, and the indirect (or diluted) I.S.E. (ion selective electrode) method was used to measure calcium concentrations in serum, plasma, or urine (uses indirect (or diluted) I.S.E. (ion selective electrode) methodology to measure calcium concentration, the modular chemistry side uses the Jaffe rate method (kinetic alkaline picrate) to determine serum, plasma, or urine Creatinine concentrations in creatinine, Tosoh Automated Glycohemoglobin Analyzer HLC-723G8 was used to measure glycosylated hemoglobin in patients, HDL data were obtained using Roche/Hitachi Cobas 6000 Analyzer, patients with excess LDL deficiency, we used Friedewald formula to recalculate the patient’s LDL. Details of the study variables used are all publicly available at www.cdc.gov/nchs/nhanes/.



Statistical methods

To illustrate the complex, multi-stage sampling design used to select a representative non-institutionalized U.S. population, the sampling weights, strata, and subgroups provided in the NHANES study were applied to all statistical analyses. Continuous variables are expressed as weighted means and 95% CIs, and categorical variables are expressed as weighted proportions and 95% CI. We first did a VIF covariate screening of all covariates and removed the covariate if the VIF value was greater than five, considered to have sharedness. Based on the guidelines (30), three different logistic regression models were used to examine the relationship between the A/G ratio and KSD. In model 1, no covariates were adjusted. Model 2 was adjusted for age, gender and race, marital status, and education level, while Model 3 was adjusted for age, gender and race, marital status, education level, alcohol consumption, smoking status, physical activity, METS-IR, diabetes, hypertension, asthma, cholesterol level, serum creatinine, blood calcium, blood phosphorus, blood uric acid, cholesterol, triglyceride, HDL, LDL, glycosylated hemoglobin, total energy intake, total fat intake, total sugar intake and total water intake. A smoothed curve fit (penalized spline method) and generalized additive model (GAM) regression were then performed to further assess the relationship between A/G ratio and KSD. Multiple regression analysis was then conducted stratified by age, gender, race, diabetes, and hypertension mellitus. Moreover, interaction terms were added using a log-likelihood ratio test to test for heterogeneity in the association between subgroups. P < 0.05 was considered statistically significant. All analyses were performed using Empower software (www.empowerstats.com; X&Y Solutions, Inc., Boston, MA, USA) and R version 3.4.3 (http://www.R-project.org, The R Foundation).




Results


Characteristics of the study population

The analysis involved 11327 participants, including 895 patients with kidney stones (Table 1). In the stone group, A/G ratio was significantly higher than in the non-stone group (1.05 > 0.99, p<0.0001).


Table 1 | The characteristics of the participants selected.





Elevated A/G ratio was associated with increased prevalence of kidney stones

VIF values for all covariates for covariate screening were less than 5, so all covariates were included in the final model. A multifactorial logistic regression analysis was performed showing a 1.75-fold increase in the prevalence of kidney stones for each unit increase in the A/G ratio (OR=2.75, 95% CI:1.62-4.88) (Table 2). We then converted the A/G ratio from a continuous variable to a categorical variable (triplet). The results showed a 41% higher likelihood of kidney stones in the highest tertile (tertile 3) compared to the lowest A/G ratio in the lowest tertile (tertile 1), as shown in Table 2.


Table 2 | Analysis between A/G ratio with kidney stone formation.





Subgroup analysis

To assess the robustness of the association between the A/G ratio and the prevalence of kidney stones, a subgroup analysis was performed (Table 3). The results showed that in the hypertensive subgroup, all increases in the A/G ratio were positively associated with the prevalence of kidney stones. In contrast, in the diabetic subgroup, only the non-diabetic group had a significant positive association of A/G ratio with kidney stones (OR=2.59, 95% CI: 1.45-4.60). In the age subgroup, a significant positive association between A/G ratio and kidney stones was found only in the group of 40 ≤ age < 60 (OR=3.51, 95% CI: 1.83-6.71). Among the ethnic subgroups, a significant positive association between A/G ratio and kidney stones was found in Mexican Americans (OR=4.35, 95% CI: 1.40-13.53) and Whites (OR=3.86, 95% CI: 1.82-8.18). In the gender subgroup, a significant positive association between A/G ratio and kidney stones was found only in the female group (OR=3.55, 95% CI: 1.54-8.22). In addition, we tested for interactions with age, sex, race, hypertension, and diabetes mellitus. However, no correlations were detected with interactions meeting statistical significance (p > 0.05 for all interactions)


Table 3 | Subgroup analysis between A/G ratio with kidney stone formation.





Analysis of dose-response and threshold effects of A/G ratio on the prevalence of KSD

Using a generalized additive model and smoothed curve fitting, a relationship between A/G ratio and kidney stones was further investigated. Our results show that the A/G ratio is linearly and positively correlated with the KSD (Figure 2).




Figure 2 | Density dose–response relationship between Android to Gynoid ratio with kidney stone formation. The area between two dotted lined is expressed as a 95% CI.






Discussion

KSD has a complex etiology, a high recurrence rate, and a wide range of individual variations. Therefore, examining KSD’s risk factors is essential for both prevention and treatment. According to our knowledge, this is the first study to investigate the association between A/G ratios and the prevalence of nephrolithiasis. According to our analysis of four consecutive NHANES two-year cycles (2011–2018) of a nationally representative population, the A/G ratio is predictive of kidney stone occurrence, and the higher the A/G ratio, the higher the risk.

This correlation may be due to a number of reasons. First, an increase in the A/G ratio generally represents an abnormal increase in fat content in the Android region. Android region contains the liver, pancreas, and kidneys. There have been numerous studies demonstrating that fat accumulation in these structures can have harmful effects both directly and indirectly on the body (31–33). An accumulation of fat in the liver and pancreas is associated with multiple indicators of inflammation (34), and inflammation has been strongly linked to kidney stone formation (35). The accumulation of fat in and around the kidneys may have a significant impact on kidney function and blood pressure (36). A study in obese animals found that increased renal sinus fat may increase blood pressure and kidney interstitial pressure by compressing the blood vessels that leave the kidney (37). Local ischemia may also result from this phenomenon, which can result in renal tubular injury (38). Lipid accumulation within the kidney parenchyma, in turn, can result in lipotoxicity, inflammation, oxidative stress, and kidney fibrosis (39, 40). These factors have been shown to be risk factors for KSD in numerous studies (35, 41, 42). In addition, the gynoid region contains the buttocks and part of the thighs. Adipose tissue in this region is generally considered to have a health-promoting effect (43), and an increase in the ratio may indicate that the damaging factors begin to outweigh the protective factors, leading to the development of KSD. Second, both KSD and A/G ratio are closely related to intestinal flora. Studies have shown that increased abundance of Faecalibacterium prausnitzii in the intestine of obese adolescents who underwent fecal transplantation was associated with a lower A/G ratio (44), whereas calcium oxalate stones were negatively associated with the abundance of Faecalibacterium spp (45). Therefore, the correlation between high A/G ratio and increased prevalence of KSD may also be mediated by changes in the abundance or species of intestinal flora. This requires further study. Third. Studies have shown that the lower the serum carotenoid content, the higher the A/G ratio in Chinese (46). In addition, the higher prevalence of kidney stones is also positively correlated with low serum carotenoid content (47). Finally, it has been shown that higher Android/Gynoid ratios are associated with steady-state model assessment of insulin resistance (HOMA-IR) values, metabolic syndrome (METS), nonalcoholic fatty liver disease (NAFLD), and triglyceride glycemic index levels (22, 48, 49), which are also risk factors for KSD (26, 50–52), were also positively correlated, which may account for the association of KSD with the A/G ratio.

We also stratified the variables by age, sex, race, hypertension, and diabetes status in this study. There was a positive correlation between the prevalence of the A/G ratio and the KSD in all subgroups when unadjusted. After adjusting for all variables, this correlation was statistically significant in all groups only if they were grouped according to hypertension. However, the correlation between A/G ratio and KSD was more significant in the hypertensive group. This may be because hypertension itself is a risk factor for KSD (53), so it enhances this correlation. Interestingly, diabetes itself is also a risk factor for KSD. However, in the diabetes subgroup, the correlation between A/G ratio and KSD was lost in the diabetic group. This may be because several glucose-lowering drugs can prevent kidney stone formation. For example, metformin prevents kidney stone formation by attenuating oxalic acid-induced lipid peroxidation products-induced tubular damage and by inhibiting the expression of osteopontin (OPN) and monocyte chemoattractant protein 1 (MCP-1) (54, 55). Rosiglitazone may also inhibit renal crystal deposition by ameliorating tubular damage due to oxidative stress and inflammatory responses through multiple pathways (56, 57). Another possible explanation is that a high-sugar, high-fat diet is more likely to lead to metabolic syndrome (58), whereas diabetic patients are generally more conscious of dietary management and are relatively more protective, which may be more beneficial in preventing KSD formation. Furthermore, when stratified by gender, the relationship between A/G ratio and KSD was statistically significant only in the female population. This is similar to previous studies on A/G ratios. This may be due to the fact that the fat distribution in the female group is dominated by Gynoid pattern fat distributions. Thus, the female group may accumulate relatively more fat in the Android region before showing an increase in the A/G ratio (59), this may have a greater impact on the body. Sex hormones may also play an important role, with sex hormones shifting to androgen production as Android body fat increases (60).

However, after adjusting for all confounding variables. This correlation was only significant among Caucasians and Mexican-Americans in stratification by race. It may be due to the fact that black groups appear to be less affected by obesity than other races (61). Further, in stratification by age, a significant positive association was found between the A/G ratio and the prevalence of KSD only in groups older than 40 years of age. This is probably because aging adipose tissue promotes insulin resistance and lipid penetration (62, 63). In addition, aging reduces the ability of adipose tissue to store free fatty acids, causing a lipotoxic environment and systemic lipotoxicity (64). This, in turn, leads to kidney damage, which in turn contributes to kidney stone formation (35, 42).

The study has several advantages. First of all, this is the first comprehensive analysis of the correlation between the A/G ratio and KSD. Second, NHANES follows a well-designed study protocol with extensive quality assurance and quality control. In addition, the large representative sample size makes our results more reliable and generalizable to the entire US multi-ethnic adult population. Furthermore, the wide range of covariates used for adjustment enhances the accuracy of statistical inferences.

Of course, our study has some limitations. First, our study was based on the NHANES database, which is a cross-sectional study, and we were unable to obtain a causal relationship between the A/G ratio and kidney stones. Second, out of the DXA test results, many of our data were based on self-reporting, which may have some recall and reporting bias, such that a small number of asymptomatic urinary stones may be excluded. Third, the database did not provide more detailed information, such as medication history and stone composition. It is therefore necessary to conduct further research in order to confirm our results and explore in more detail the correlation between the A/G ratio and KSD.



Conclusion

Based on a cross-sectional study of a US population, we found that a high A/G ratio was associated with an increased prevalence of kidney stones. This may have significant implications for the prevention and treatment of kidney stones. Therefore, this needs to be validated by further studies and the potential mechanisms explored.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.



Author contributions

GL, HL, and YH: Conceptualization, Methodology, Software. QH, XS, and YC: Visuali-zation, Investigation. MC, JX, and ZH: Writing - review & editing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (82070724; 82000672).



Acknowledgments

The authors are grateful for the invaluable support and useful discussions with other members of the urological department. We are also grateful to all participants and research teams in the National Health and Nutrition Examination Survey.



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.



Abbreviations

NHANES, National Health and Nutrition Examination Survey; OR, Odds ratio; CI, Confidence interval; A/G ratios, Android to Gynoid ratio; DXA, Dual-energy X-ray absorptiometry; US, United States; PIR, Ratio of family income to poverty; KSD, Kidney stones disease; BMI, Body mass index.



References

1. Ye, T, Yang, X, Liu, H, Lv, P, Lu, H, Jiang, K, et al. Theaflavin protects against oxalate calcium-induced kidney oxidative stress injury via upregulation of SIRT1. Int J Biol Sci (2021) 17:1050–60. doi: 10.7150/ijbs.57160

2. Chen, JY, Sun, XY, and Ouyang, JM. Modulation of calcium oxalate crystal growth and protection from oxidatively damaged renal epithelial cells of corn silk polysaccharides with different molecular weights. Oxid Med Cell Longev (2020) 2020:6982948. doi: 10.1155/2020/6982948

3. Ferraro, PM, Bargagli, M, Trinchieri, A, and Gambaro, G. Risk of kidney stones: Influence of dietary factors, dietary patterns, and vegetarian-vegan diets. Nutrients (2020) 12:779. doi: 10.3390/nu12030779

4. Hill, AJ, Basourakos, SP, Lewicki, P, Wu, X, Arenas-Gallo, C, Chuang, D, et al. Incidence of kidney stones in the united states: The continuous national health and nutrition examination survey. J Urol. (2022) 207:851–6. doi: 10.1097/JU.0000000000002331

5. Chewcharat, A, and Curhan, G. Trends in the prevalence of kidney stones in the united states from 2007 to 2016. Urolithiasis (2021) 49:27–39. doi: 10.1007/s00240-020-01210-w

6. Rule, AD, Lieske, JC, Li, X, Melton, LJ 3rd, Krambeck, AE, and Bergstralh, EJ. The ROKS nomogram for predicting a second symptomatic stone episode. J Am Soc Nephrol. (2014) 25:2878–86. doi: 10.1681/ASN.2013091011

7. Vaughan, LE, Enders, FT, Lieske, JC, Pais, VM, Rivera, ME, Mehta, RA, et al. Predictors of symptomatic kidney stone recurrence after the first and subsequent episodes. Mayo Clin Proc (2019) 94:202–10. doi: 10.1016/j.mayocp.2018.09.016

8. Sigurjonsdottir, VK, Runolfsdottir, HL, Indridason, OS, Palsson, R, and Edvardsson, VO. Impact of nephrolithiasis on kidney function. BMC Nephrol. (2015) 16:149. doi: 10.1186/s12882-015-0126-1

9. Keddis, MT, and Rule, AD. Nephrolithiasis and loss of kidney function. Curr Opin Nephrol Hypertens (2013) 22:390–6. doi: 10.1097/MNH.0b013e32836214b9

10. Becerra, AZ, Khusid, JA, Sturgis, MR, Fink, LE, Gupta, M, Konety, BR, et al. Contemporary assessment of the economic burden of upper urinary tract stone disease in the united states: Analysis of one-year health care costs, 2011-2018. J Endourol. (2022) 36:429–38. doi: 10.1089/end.2021.0485

11. Jaacks, LM, Vandevijvere, S, Pan, A, McGowan, CJ, Wallace, C, Imamura, F, et al. The obesity transition: Stages of the global epidemic. Lancet Diabetes Endocrinol (2019) 7:231–40. doi: 10.1016/S2213-8587(19)30026-9

12. Wang, Y, Beydoun, MA, Min, J, Xue, H, Kaminsky, LA, and Cheskin, LJ. Has the prevalence of overweight, obesity and central obesity levelled off in the united states? trends, patterns, disparities, and future projections for the obesity epidemic. Int J Epidemiol. (2020) 49:810–23. doi: 10.1093/ije/dyz273

13. Kim, S, Chang, Y, Yun, KE, Jung, HS, Kim, I, Hyun, YY, et al. Metabolically healthy and unhealthy obesity phenotypes and risk of renal stone: A cohort study. Int J Obes (Lond). (2019) 43:852–61. doi: 10.1038/s41366-018-0140-z

14. Yuan, S, and Larsson, SC. Assessing causal associations of obesity and diabetes with kidney stones using mendelian randomization analysis. Mol Genet Metab (2021) 134:212–5. doi: 10.1016/j.ymgme.2021.08.010

15. Bosello, O, and Vanzo, A. Obesity paradox and aging. Eat Weight Disord (2021) 26:27–35. doi: 10.1007/s40519-019-00815-4

16. Bann, D, Wills, A, Cooper, R, Hardy, R, Aihie Sayer, A, Adams, J, et al. Birth weight and growth from infancy to late adolescence in relation to fat and lean mass in early old age: Findings from the MRC national survey of health and development. Int J Obes (Lond). (2014) 38:69–75. doi: 10.1038/ijo.2013.115

17. Goossens, GH. The metabolic phenotype in obesity: Fat mass, body fat distribution, and adipose tissue function. Obes Facts. (2017) 10:207–15. doi: 10.1159/000471488

18. Abraham, TM, Pedley, A, Massaro, JM, Hoffmann, U, and Fox, CS. Association between visceral and subcutaneous adipose depots and incident cardiovascular disease risk factors. Circulation (2015) 132:1639–47. doi: 10.1161/CIRCULATIONAHA.114.015000

19. Messina, C, Albano, D, Gitto, S, Tofanelli, L, Bazzocchi, A, Ulivieri, FM, et al. Body composition with dual energy X-ray absorptiometry: from basics to new tools. Quant Imaging Med Surg (2020) 10:1687–98. doi: 10.21037/qims.2020.03.02

20. Zhu, K, Walsh, JP, Murray, K, Hunter, M, Hui, J, and Hung, J. DXA-derived vs standard anthropometric measures for predicting cardiometabolic risk in middle-aged Australian men and women. J Clin Densitom. (2022) 25:299–307. doi: 10.1016/j.jocd.2022.01.006

21. Vasan, SK, Osmond, C, Canoy, D, Christodoulides, C, Neville, MJ, Di Gravio, C, et al. Comparison of regional fat measurements by dual-energy X-ray absorptiometry and conventional anthropometry and their association with markers of diabetes and cardiovascular disease risk. Int J Obes (Lond). (2018) 42:850–7. doi: 10.1038/ijo.2017.289

22. Ciardullo, S, Oltolini, A, Cannistraci, R, Muraca, E, and Perseghin, G. Sex-related association of nonalcoholic fatty liver disease and liver fibrosis with body fat distribution in the general US population. Am J Clin Nutr (2022) 115:1528–34. doi: 10.1093/ajcn/nqac059

23. Dos Santos, MR, da Fonseca, G, Sherveninas, LP, de Souza, FR, Battaglia Filho, AC, Novaes, CE, et al. Android to gynoid fat ratio and its association with functional capacity in male patients with heart failure. ESC Heart Fail (2020) 7:1101–8. doi: 10.1002/ehf2.12657

24. Aucouturier, J, Meyer, M, Thivel, D, Taillardat, M, and Duché, P. Effect of android to gynoid fat ratio on insulin resistance in obese youth. Arch Pediatr Adolesc Med (2009) 163:826–31. doi: 10.1001/archpediatrics.2009.148

25. Samsell, L, Regier, M, Walton, C, and Cottrell, L. Importance of android/gynoid fat ratio in predicting metabolic and cardiovascular disease risk in normal weight as well as overweight and obese children. J Obes (2014) 2014:846578. doi: 10.1155/2014/846578

26. Kim, S, Chang, Y, Jung, HS, Hyun, YY, Lee, KB, Joo, KJ, et al. Glycemic status, insulin resistance, and the risk of nephrolithiasis: A cohort study. Am J Kidney Dis (2020) 76:658–68.e1. doi: 10.1053/j.ajkd.2020.03.013

27. Shen, X, Chen, Y, Chen, Y, Liang, H, Li, G, and Hao, Z. Is the METS-IR index a potential new biomarker for kidney stone development. Front Endocrinol (Lausanne). (2022) 13:914812. doi: 10.3389/fendo.2022.914812

28. Khan, SR, Pearle, MS, Robertson, WG, Gambaro, G, Canales, BK, Doizi, S, et al. Kidney stones. Nat Rev Dis Primers. (2016) 2:16008. doi: 10.1038/nrdp.2016.8

29. Shepherd, JA, Fan, B, Lu, Y, Wu, XP, Wacker, WK, Ergun, DL, et al. A multinational study to develop universal standardization of whole-body bone density and composition using GE healthcare lunar and hologic DXA systems. J Bone Miner Res (2012) 27:2208–16. doi: 10.1002/jbmr.1654

30. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, and Vandenbroucke, JP. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. Int J Surg (2014) 12:1495–9. doi: 10.1016/j.ijsu.2014.07.013

31. Fabbrini, E, Magkos, F, Mohammed, BS, Pietka, T, Abumrad, NA, Patterson, BW, et al. Intrahepatic fat, not visceral fat, is linked with metabolic complications of obesity. Proc Natl Acad Sci USA. (2009) 106:15430–5. doi: 10.1073/pnas.0904944106

32. Ishibashi, C, Kozawa, J, Hosakawa, Y, Yoneda, S, Kimura, T, Fujita, Y, et al. Pancreatic fat is related to the longitudinal decrease in the increment of c-peptide in glucagon stimulation test in type 2 diabetes patients. J Diabetes Investig (2020) 11:80–7. doi: 10.1111/jdi.13108

33. Foster, MC, Hwang, SJ, Porter, SA, Massaro, JM, Hoffmann, U, and Fox, CS. Fatty kidney, hypertension, and chronic kidney disease: the framingham heart study. Hypertension (2011) 58:784–90. doi: 10.1161/HYPERTENSIONAHA.111.175315

34. Ponce-de-Leon, M, Hannemann, A, Linseisen, J, Nauck, M, Lerch, MM, Bülow, R, et al. Links between ectopic and abdominal fat and systemic inflammation: New insights from the SHIP-trend study. Dig Liver Dis (2022) 54:1030–7. doi: 10.1016/j.dld.2022.02.003

35. Khan, SR. Reactive oxygen species, inflammation and calcium oxalate nephrolithiasis. Transl Androl Urol. (2014) 3:256–76. doi: 10.3978/j.issn.2223-4683.2014.06.04

36. Chughtai, HL, Morgan, TM, Rocco, M, Stacey, B, Brinkley, TE, Ding, J, et al. Renal sinus fat and poor blood pressure control in middle-aged and elderly individuals at risk for cardiovascular events. Hypertension (2010) 56:901–6. doi: 10.1161/HYPERTENSIONAHA.110.157370

37. Montani, JP, Carroll, JF, Dwyer, TM, Antic, V, Yang, Z, and Dulloo, AG. Ectopic fat storage in heart, blood vessels and kidneys in the pathogenesis of cardiovascular diseases. Int J Obes Relat Metab Disord (2004) 28 Suppl 4:S58–65. doi: 10.1038/sj.ijo.0802858

38. Krievina, G, Tretjakovs, P, Skuja, I, Silina, V, Keisa, L, Krievina, D, et al. Ectopic adipose tissue storage in the left and the right renal sinus is asymmetric and associated with serum kidney injury molecule-1 and fibroblast growth factor-21 levels increase. EBioMedicine (2016) 13:274–83. doi: 10.1016/j.ebiom.2016.10.020

39. Reisin, E, and Jack, AV. Obesity and hypertension: mechanisms, cardio-renal consequences, and therapeutic approaches. Med Clin North Am (2009) 93:733–51. doi: 10.1016/j.mcna.2009.02.010

40. Gorbachinsky, I, Akpinar, H, and Assimos, DG. Metabolic syndrome and urologic diseases. Rev Urol. (2010) 12:e157–80.

41. Alelign, T, and Petros, B. Kidney stone disease: An update on current concepts. Adv Urol. (2018) 2018:3068365. doi: 10.1155/2018/3068365

42. Fang, Z, Peng, Y, Li, L, Liu, M, Wang, Z, Ming, S, et al. The molecular mechanisms of androgen receptor in nephrolithiasis. Gene (2017) 616:16–21. doi: 10.1016/j.gene.2017.03.026

43. Manolopoulos, KN, Karpe, F, and Frayn, KN. Gluteofemoral body fat as a determinant of metabolic health. Int J Obes (Lond). (2010) 34:949–59. doi: 10.1038/ijo.2009.286

44. Leong, K, Jayasinghe, TN, Wilson, BC, Derraik, J, Albert, BB, Chiavaroli, V, et al. Effects of fecal microbiome transfer in adolescents with obesity: The gut bugs randomized controlled trial. JAMA Netw Open (2020) 3:e2030415. doi: 10.1001/jamanetworkopen.2020.30415

45. Chen, F, Bao, X, Liu, S, Ye, K, Xiang, S, Yu, L, et al. Gut microbiota affect the formation of calcium oxalate renal calculi caused by high daily tea consumption. Appl Microbiol Biotechnol (2021) 105:789–802. doi: 10.1007/s00253-020-11086-w

46. Wang, C, Ling, CW, Ding, D, Li, YH, Cao, WT, Tang, XY, et al. Associations of serum carotenoids with DXA-derived body fat and fat distribution in Chinese adults: A prospective study. J Acad Nutr Diet. (2020) 120:985–1001. doi: 10.1016/j.jand.2019.12.010

47. Holoch, PA, and Tracy, CR. Antioxidants and self-reported history of kidney stones: the national health and nutrition examination survey. J Endourol. (2011) 25:1903–8. doi: 10.1089/end.2011.0130

48. Lätt, E, Mäestu, J, and Jürimäe, J. Longitudinal associations of android and gynoid fat mass on cardiovascular disease risk factors in normal weight and overweight boys during puberty. Am J Hum Biol (2018) 30:e23171. doi: 10.1002/ajhb.23171

49. Konieczna, J, Abete, I, Galmés, AM, Babio, N, Colom, A, Zulet, MA, et al. Body adiposity indicators and cardiometabolic risk: Cross-sectional analysis in participants from the PREDIMED-plus trial. Clin Nutr (2019) 38:1883–91. doi: 10.1016/j.clnu.2018.07.005

50. Qin, Z, Zhao, J, Geng, J, Chang, K, Liao, R, and Su, B. Higher triglyceride-glucose index is associated with increased likelihood of kidney stones. Front Endocrinol (Lausanne). (2021) 12:774567. doi: 10.3389/fendo.2021.774567

51. Qiu, F, Xu, Y, Ji, X, Pu, J, Zhou, J, and Huang, Y. Incidence and correlation of metabolic syndrome and kidney stones in a healthy screening population. Transl Androl Urol. (2021) 10:3646–55. doi: 10.21037/tau-21-689

52. Kim, S, Chang, Y, Sung, E, Kim, CH, Yun, KE, Jung, HS, et al. Non-alcoholic fatty liver disease and the development of nephrolithiasis: A cohort study. PloS One (2017) 12:e0184506. doi: 10.1371/journal.pone.0184506

53. Zhao, Y, Fan, Y, Wang, M, Yu, C, Zhou, M, Jiang, D, et al. Kidney stone disease and cardiovascular events: A study on bidirectional causality based on mendelian randomization. Transl Androl Urol. (2021) 10:4344–52. doi: 10.21037/tau-21-899

54. Yang, X, Yang, T, Li, J, Yang, R, Qi, S, Zhao, Y, et al. Metformin prevents nephrolithiasis formation by inhibiting the expression of OPN and MCP-1 in vitro and in vivo. Int J Mol Med (2019) 43:1611–22. doi: 10.3892/ijmm.2019.4084

55. Yang, X, Ding, H, Qin, Z, Zhang, C, Qi, S, Zhang, H, et al. Metformin prevents renal stone formation through an antioxidant mechanism In vitro and In vivo. Oxid Med Cell Longev (2016) 2016:4156075. doi: 10.1155/2016/4156075

56. Liu, YD, Yu, SL, Wang, R, Liu, JN, Jin, YS, Li, YF, et al. Rosiglitazone suppresses calcium oxalate crystal binding and oxalate-induced oxidative stress in renal epithelial cells by promoting PPAR-γ activation and subsequent regulation of TGF-β1 and HGF expression. Oxid Med Cell Longev (2019) 2019:4826525. doi: 10.1155/2019/4826525

57. Lu, H, Sun, X, Jia, M, Sun, F, Zhu, J, Chen, X, et al. Rosiglitazone suppresses renal crystal deposition by ameliorating tubular injury resulted from oxidative stress and inflammatory response via promoting the Nrf2/HO-1 pathway and shifting macrophage polarization. Oxid Med Cell Longev (2021) 2021:5527137. doi: 10.1155/2021/5527137

58. Moreno-Fernández, S, Garcés-Rimón, M, Vera, G, Astier, J, Landrier, JF, and Miguel, M. High Fat/High glucose diet induces metabolic syndrome in an experimental rat model. Nutrients (2018) 10:1502. doi: 10.3390/nu10101502

59. Palmer, BF, and Clegg, DJ. The sexual dimorphism of obesity. Mol Cell Endocrinol (2015) 402:113–9. doi: 10.1016/j.mce.2014.11.029

60. Wei, S, Schmidt, MD, Dwyer, T, Norman, RJ, and Venn, AJ. Obesity and menstrual irregularity: Associations with SHBG, testosterone, and insulin. Obes (Silver Spring). (2009) 17:1070–6. doi: 10.1038/oby.2008.641

61. Guerrero, R, Vega, GL, Grundy, SM, and Browning, JD. Ethnic differences in hepatic steatosis: An insulin resistance paradox. Hepatology (2009) 49:791–801. doi: 10.1002/hep.22726

62. Ghosh, AK, Garg, SK, Mau, T, O'Brien, M, Liu, J, and Yung, R. Elevated endoplasmic reticulum stress response contributes to adipose tissue inflammation in aging. J Gerontol. A Biol Sci Med Sci (2015) 70:1320–9. doi: 10.1093/gerona/glu186

63. Camell, CD, Sander, J, Spadaro, O, Lee, A, Nguyen, KY, Wing, A, et al. Inflammasome-driven catecholamine catabolism in macrophages blunts lipolysis during ageing. Nature (2017) 550:119–23. doi: 10.1038/nature24022

64. Varghese, M, Song, J, and Singer, K. Age and sex: Impact on adipose tissue metabolism and inflammation. Mech Ageing Dev (2021) 199:111563. doi: 10.1016/j.mad.2021.111563



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.

Copyright © 2022 Li, Liang, Hao, Huang, Shen, Chen, Chen, Xi and Hao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-1032323-g002.jpg
S0

0

€0 co

auo]s Asupiy|

1’0

00

2.0

1.5

1.0

0.5

A/G ratio





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Association between body fat distribution and kidney stones: Evidence from a US population

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study population

          



          		

            Data collection and definition

          



          		

            Statistical methods

          



        



        



        		

          Results

        

          		

            Characteristics of the study population

          



          		

            Elevated A/G ratio was associated with increased prevalence of kidney stones

          



          		

            Subgroup analysis

          



          		

            Analysis of dose-response and threshold effects of A/G ratio on the prevalence of KSD

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteristic

A/G ratio
Categories
Tertile 1
Tertile 2
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P for trend

Model 1 = no covariates were adjusted.
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Model 1 OR (95%CI)
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Model 3 OR (95%CI)
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0.99 (0.78, 1.26)
1.41 (1.07, 1.85)
0.002

Model 3 = Model 2+age, gender and race, marital status, education level, alcohol consumption, smoking status, physical activity, METS-IR, diabetes, hypertension, asthma, cholesterol level,
serum creatinine, blood calcium, blood phosphorus, blood uric acid, cholesterol, triglyceride, HDL, LDL, glycosylated hemoglobin, total energy intake, total fat intake, total sugar intake and

total water intake were adjusted.
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Model 2 = Model 1+age, gender, race, education, marital status were adjusted.

Model 3 = Model 2-+age, gender and race, marital status, education level, alcohol consumption, smoking status, physical activity, METS-IR, diabetes, hypertension, asthma, cholesterol level,
serum creatinine, blood calcium, blood phosphorus, blood uric acid, cholesterol, triglyceride, HDL, LDL, glycosylated hemoglobin, total energy intake, total fat intake, total sugar intake and
total water intake were adjusted.

*Means only in model 3.
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