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Objectives

Emerging evidence demonstrated that perirenal fat may modulate bone metabolism through several pathological pathways. This study was aimed to assess the associations between perirenal fat thickness (PrFT) and bone turnover markers (BTMs) and bone mineral density (BMD) in postmenopausal women with type 2 diabetes mellitus (T2DM) and further explore the correlation between PrFT and osteoporosis.



Methods

In this cross-sectional study, a total of 626 participants with complete data were enrolled in this study. Demographic and anthropometric information was collected. Biochemical parameters and BTMs were determined. PrFT and BMD were measured by computed tomography and dual-energy x-ray absorptiometry, respectively. Correlation analysis and regression models were used to assess the associations between PrFT and BTMs and BMD. The multiple binomial logistic regression model was used to estimate the independent variables of PrFT for osteoporosis.



Results

Overall, the prevalence of osteoporosis was 38.7%. PrFT was negatively correlated with β-cross-linked C-telopeptide of type I collagen (β-CTX) (r = -0.216,< 0.001), L1–L4 BMD (r = -0.351, < 0.001), and T-score (r = -0.396, < 0.001). PrFT also remained significantly correlated with β-CTX (β = -0.291, P< 0.001), L1–L4 BMD (β = -0.109, P= 0.027), and L1–L4 T-score (β = -0.149, P= 0.001) after adjustment for other confounding factors. Furthermore, PrFT was also independently associated with osteoporosis after adjustment for other confounding factors; the OR (95% CI) was 1.13 (1.04–1.23). PrFT also seems to have a relatively good identifying value for osteoporosis. The area under the curve (AUC) value of PrFT in identifying osteoporosis was 0.766 (95% CI: 0.705–0.826, P < 0.001). The optimal cutoff value of PrFT was 15.2 mm (sensitivity: 72.5%, specificity: 79.8%).



Conclusions

PrFT was significantly associated with β-CTX, BMD, and osteoporosis. These findings indicate that perirenal fat may play an important role in bone metabolism.



Clinical Trial Registration

http://www.chictr.org.cn/, identifier (ChiCTR2100052032).
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Introduction

Type 2 diabetes mellitus (T2DM) and osteoporosis-related fractures have become major public health concerns in increasingly aging and obese populations. Emerging evidence from meta-analyses has reported an increase of fracture risk in T2DM compared with the healthy population (1, 2). The Study of Osteoporotic Fractures has also demonstrated that a history of T2DM is the strongest independent risk factor of low-energy subtrochanteric and diaphyseal fractures (3). T2DM linked with bone metabolism through these underlying pathophysiological mechanisms, including hyperglycemia, oxidative stress, and accumulation of advanced glycation end products caused by T2DM, which can compromise collagen properties, increases marrow adiposity, releases adipokines and inflammatory factors from visceral fat, and alters the function of osteocytes (4–6). Among the mechanisms proposed to explain the association between T2DM and bone metabolism, the abnormal accumulation of visceral fat can increase the secretion of adipokines and inflammatory factors such as leptin, tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6) (7, 8), which may increase bone resorption and decrease bone mineral density (BMD) (9, 10).

Visceral adipose tissue is well recognized as a type of “ectopic fat” that has adverse influences on bone metabolism, which can break the balance between bone formation and resorption. Clinical studies observed that increased visceral fat area (VFA) is strongly associated with decreased BMD and compromised bone structure (11, 12), whereas this relationship may vary with age and gender. Perirenal fat is a kind of measurable visceral adipose tissue located in the retroperitoneal space and enclosed from the inner side of the abdominal musculature to the surface of the kidney. Anatomical studies proved that perirenal fat has a complete vascular supply and lymphatic system (13). The anatomical structure and location of perirenal fat determined its specific biological characteristics, and it may modulate bone and energy metabolism through neural reflexes, adipokine secretion, and adipocyte interactions (14, 15). Despite the abundance of studies that have reported the effects of increased visceral fat mass accumulation on fracture risk and evaluated possible mechanisms on bone metabolism, the relationship between perirenal fat and bone metabolism is still uncertain. To put more insight into the potential effects of perirenal fat on bone metabolism, in this cross-sectional study, we mainly aimed to assess the association between perirenal fat thickness (PrFT) and bone turnover markers (BTMs) and BMD in postmenopausal women with T2DM and further explore the correlation between PrFT and osteoporosis.



Materials and methods


Study design

This cross-sectional study has consecutively enrolled individuals from the Department of Endocrinology at the Longyan First Affiliated Hospital of Fujian Medical University who fulfilled the study criteria between January 2022 and March 2022. All procedures were conducted in compliance with the Declaration of Helsinki. This study was approved by the Ethical Committee of Longyan First Affiliated Hospital of Fujian Medical University (LY-2020–069) and registered in Clinical Trials.Gov (ChiCTR2100052032). All participants enrolled in the study provided informed consent.



Study population

Eligibility study inclusion criteria were as follows: 1) diagnosed as having T2DM using the World Health Organization (2019) criteria; 2) postmenopausal women with 12 consecutive months of amenorrhea. Participants were excluded if they have the following: 1) a history of chronic diseases that can interfere with bone metabolism (i.e., renal, hepatic, cardiac, thyroid, and rheumatic diseases); 2) current or prior use of drugs that can interfere with bone metabolism (i.e., glucocorticoids, antiresorptive drugs, hormonal replacement therapy, calcium or vitamin D supplementation, antiosteoporosis therapy, thiazolidinediones, urate-lowering therapy); 3) renal structure abnormalities (tumors, cysts) or a history of renal region surgery. We estimated the sample size according to the requirement of multiple binomial logistic regression model. In this study, 12–15 variables may be put into the logistic regression model according to the principle of 5–10 events per variable, and the prevalence of osteoporosis is about 30%–40% in postmenopausal women with T2DM. Thus, we planned a sampling size of 500–600 participants. Overall, a total of 650 participants were screened. Among them, 626 participants meeting the inclusion and exclusion criteria were enrolled in this study. The flow diagram of excluded and included participants was presented in Figure 1.




Figure 1 | Flow diagram of the participants excluded and included in this study.





Anthropometric and laboratory assessments

The clinical data were collected by trained interviewers through a standard questionnaire, with each participant asked questions regarding her age, duration of diabetes, history of diseases that can interfere with bone metabolism and renal structure, current or prior use of drugs, smoking, drinking, and menopausal status. Participants who have any waking behaviors characterized by an energy expenditure ≤1.5 metabolic equivalents (e.g., watching television, reading, or reclining) were considered to have a sedentary behavior (16). Participants who smoke more than 4 cigarettes a week for at least 6 months continually or accumulatively were considered smoking. Participants who drink alcohol more than once a year were considered drinking. Information was also obtained by a review of medical records and laboratory data. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Subjects were wearing hospital gowns and had bare feet. Body mass index (BMI) was calculated as the weight divided by the square of height (kg/m2).

Laboratory assessments were conducted by standard methods using fasting venous blood samples, which were taken between 8:00 and 9:00 a.m. after fasting overnight for at least 12 h. High-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), triglycerides (TGs), uric acid (UA), phosphorus, and calcium were measured by an auto-biochemical analyzer (Roche Diagnostics Corporation). Glycosylated hemoglobin (HbA1c) was evaluated by high-performance liquid chromatography (HPLC) with a D10 set (Bio-Rad). BTMs such as osteocalcin (OC), β-cross-linked C-telopeptide of type I collagen (β-CTX), intact parathyroid hormone (iPTH), and 25-hydroxyvitamin D (25-OH-D) were measured by electro-chemiluminescence immunoassay method (Roche Diagnostics GmbH, Germany). Moreover, serum Thyroid stimulating hormone (TSH) was also measured to screen common thyroid diseases often accompanied by T2DM that can interfere with bone metabolism.



Measurement of bone mineral destiny

Areal BMD was measured for the lumbar spine (L1–L4), total hip, and femoral neck by using Hologic Discovery Wi (Hologic, Marlborough, MA, USA) in a supine position. T-score was calculated according to Hologic densitometry reference value. The densitometry scan was performed by experienced radiographers who were blinded to clinical information. Longitudinal quality control check was performed daily using whole-body and L1–L4 lumbar spine phantom provided by the manufacturer. Cross-calibration was performed weekly to monitor variations between the systems. The precision error was 1.0% for the BMD measurement. Postmenopausal women with lumbar spine (L1–L4) or total hip or femoral neck T-score ≤2.5 or a history of fragility fracture were considered to have osteoporosis.



Measurement of perirenal fat thickness

Revolution VCT 128 (General Electric, Milwaukee, WI, USA) was used to measure PrFT in a supine position for all participants. The scanning area was covered from the pubic symphysis and the 10th thoracic vertebra. Two radiologists were involved in the measurements of PrFT to reduce interoperator variability. Images were reconstructed with Advantage Windows 4.4 software (GE, Milwaukee, WI, USA) to obtain 1.25-mm-thick consecutive slices. Density [Hounsfield units (HU)] was used to differentiate perirenal fat from other tissues (window center: -100 HU; window width: 50–200 HU). The average of the maximal distance between the posterior wall of the kidney and the inner limit of the abdominal wall across the renal venous plane on both kidneys was defined as the PrFT (17). The interoperator agreement between the two radiologists is 0.91.



Statistical analysis

Data were analyzed using SPSS 23.0 software (SPSS Inc. IBM, New York, USA). Descriptive data are expressed as means ± standard deviation (SD). Discrete variables were summarized in frequency tables (N, %). Statistical differences among groups were determined using one-way analysis of variance (ANOVA) followed by Tukey test for multiple comparisons. The chi-square (χ2) test or Fisher exact test was used for comparison of categorical variables. The relationship between PrFT and clinical variables was assessed by Pearson or Spearman correlation analysis. Multiple regression analysis was used to estimate independent associations between PrFT and BTMs and BMD after adjusting for potential confounding factors. The multiple binomial logistic regression model was used to estimate the independent variables of PrFT for osteoporosis after adjustment for other confounding factors. The receiver operating characteristic (ROC) curve was used to assess the identifying value of PrFT for osteoporosis. The optimal cutoff value was based on the greatest value of the Youden index. A two-tailed value of P < 0.05 was considered statistically significant.




Results

Overall, a total of 626 participants with complete and available data were included in the final analysis. Characteristics of the overall study population based on tertiles of PrFT were summarized in Table 1. The mean age was 56.4 ± 6.1 years, diabetes duration was 6.9 ± 2.6 years, and mean BMI was 24.2 ± 2.8 kg/m2. There were no significant differences in age, diabetes duration, BMI, LDL-c, creatinine, and percentage of participants with hypertension, sedentary behavior, smoking, drinking, insulin therapy, and number of other hypoglycemic agents among the three groups. Increasing trends were observed in UA and TG across the PrFT tertiles (< 0.05). Decreasing trends were also observed in HDL-c across the PrFT tertiles (P< 0.05).


Table 1 | Clinical and laboratory characteristics of participants based on tertiles of PrFT.



BTMs and BMD of participants based on tertiles of PrFT were presented in Table 2. The prevalence of osteoporosis was 38.7% in postmenopausal women with T2DM. The mean BMD was 0.87 ± 0.11 at the lumbar spine, 0.83 ± 0.11 at the total hip, and 0.73 ± 0.22 at the femoral neck. As expected, there were significant differences in the level of OC, β-CTX, L1–L4 BMD, and L1–L4 T-score among the three groups (P< 0.05). Decreasing trends were also observed in β-CTX, L1–L4 BMD, and T-score across the PrFT tertiles. Moreover, participants in the highest PrFT group have higher levels of OC than those of the other two groups.


Table 2 | BTMs and BMD of participants based on tertiles of PrFT.



The correlations between PrFT and BTMs and BMD in postmenopausal women with T2DM were presented in Table 3. The results showed that PrFT was negatively correlated with β-CTX (r = -0.216, P>< 0.001), L1–L4 BMD (r = -0.351, P< 0.001), and L1–L4 T-score (r = -0.396, P< 0.001), whereas no correlations were found between PrFT and OC, 25-OH-D, iPTH, calcium, phosphorus, hip BMD and T-score, and femoral neck BMD and T-score. We also performed multiple linear regression analysis to determine independent variables of PrFT for β-CTX, L1–L4 BMD, and T-score. As shown in Table 4, the results showed that PrFT was negatively correlated with β-CTX (β = -0.252, P< 0.001), L1–L4 BMD (β = -0.309, P< 0.001), and L1–L4 T-score (β = -0.366, P< 0.001) after adjustment for clinical variables such as age, diabetes duration, BMI, TG, HDL-c, LDL-c, creatinine, UA, hypertension, sedentary behavior, smoking, and drinking (Model 1). Furthermore, PrFT remained significantly correlated with β-CTX (β = -0.291, P< 0.001), L1–L4 BMD (β = -0.109, P>= 0.027), and L1–L4 T-score (β = -0.149, P= 0.001) after additional adjustment for BTMs such as OC, 25-OH-D, iPTH, phosphorus, calcium (Model 2), and β-CTX (Model 3).


Table 3 | Correlations between PrFT and BTMs and BMD in postmenopausal women with T2DM.




Table 4 | Multivariate linear regression analysis of associations between PrFT and β-CTX, L1–L4 BMD, and L1–L4 T-score in postmenopausal women with T2DM.



Binomial logistic regression analysis was also conducted to assess the independent variables of PrFT for osteoporosis. As shown in Table 5, PrFT was independently associated with osteoporosis after adjustment for age, diabetes duration, hypertension, sedentary behavior, smoking, and drinking (Model 4); the OR (95% CI) was 1.12 (1.05–1.20). A significant association between PrFT and osteoporosis was also found after additional adjustment for BMI, HbA1c, BMI, TG, HDL-c, LDL-c, creatinine, and UA (Model 5); the OR (95% CI) was 1.11 (1.04–1.20). In addition, the ORs remained significant after further adjustment for BTMs such as OC, β-CTX, 25-OH-D, iPTH, alkaline phosphatase (ALP), calcium, and phosphorus (Model 6); the OR (95% CI) was 1.13 (1.04–1.23). To determine the identifying value of PrFT for osteoporosis, ROC curve analysis was performed (Figure 2). The results showed that PrFT seems to have a relatively good identifying value for osteoporosis. The area under the curve (AUC) of PrFT in identifying osteoporosis was 0.766 (95% CI: 0.705–0.826, P < 0.001). The optimal cutoff value of PrFT was 15.2 mm (sensitivity: 72.5%, specificity: 79.8%).


Table 5 | Binomial logistic regression analysis adjusted ORs (95% CIs) for the associations between PrFT and the risk of osteoporosis.






Figure 2 | Receiver operating characteristic curves for the cutoff value of perirenal fat thickness (PrFT) to identify osteoporosis.





Discussion

Increasing evidence demonstrated that visceral fat can decrease BMD and compromise bone structure. Perirenal fat is a kind of measurable visceral fat; its role in bone metabolism still lacks evidence. In this cross-sectional study, we mainly aimed to assess the associations between PrFT and BTMs and BMD in postmenopausal women with T2DM and further explore the correlation between PrFT and osteoporosis. The most important findings of our study were that PrFT was negatively correlated with bone resorption markers β-CTX, L1–L4 BMD, and T-score. These correlations remained significant after adjustment for other confounding factors. Furthermore, PrFT was also independently associated with osteoporosis and showed a good identifying value for osteoporosis.

Obesity and T2DM have become major and growing public health problems that can increase fracture risk. Understanding how obesity and T2DM modulate fracture risk is important to identify and treat people at high risk of fracture. Most available evidence supported that obesity is positively associated with higher BMD through increasing mechanical loading and strain (18). Chen et al. (19) reported that changes in most fat tissue mass are more closely correlated with changes in regional BMD than lean tissue mass in healthy postmenopausal women. Unlike fat mass accumulated at the subcutaneous layer, visceral fat mass accumulation plays a harmful role in BMD by secreting pro-inflammatory cytokines such as IL-6 and TNF-α, which may increase bone resorption (9, 10). In support of these opposite effects of visceral fat on BMD, evidence from clinical studies showed that lower BMD and some adverse microstructural features were associated with greater central and visceral adiposity from bone biopsy and High resolution peripheral computed tomography parameters (HR-pQCT) (20–22). Among visceral adipose tissue deposits, perirenal fat is a kind of measurable visceral adipose tissue located in the retroperitoneal space and enclosed from the inner side of the abdominal musculature to the surface of the kidney. Anatomical studies confirmed that perirenal fat has a complete vascular supply and lymphatic system, which can provide the structural basis for perirenal fat regulating the cardiovascular, metabolism, and bone through neural reflexes, adipokine secretion, and adipocyte interactions (14, 15). Perirenal fat is highly active in adipokine synthesis that can directly influence bone homeostasis (14). Adiponectin is a kind of adipokine produced by adipose tissue and its receptor is expressed in osteoblasts, which may directly modulate bone metabolism. Several clinical studies observed that serum adiponectin is negatively associated with BMD and positively with bone formation and resorption markers (23, 24), which may indicate that adiponectin could be a negative regulator of bone mass. In contrast to clinical findings, most in vitro studies showed that adiponectin has an improved effect on osteoblasts and an inhibitory effect on osteoclasts, which may increase bone formation and decrease bone resorption (25, 26). Leptin is another kind of adipokine produced by white adipose tissue or bone marrow adipocytes that can regulate energy balance by signaling satiety in the hypothalamus and reduce food intake. More studies realized that leptin also plays a major role in bone metabolism; increased circulatory leptin levels can directly act on bone cells and increase bone formation (27); meanwhile, leptin can also inhibit bone formation by increasing the activation of the sympathetic nervous system when acting through the hypothalamus (28). In addition, perirenal fat is also active in cytokine synthesis by activating local immune cells. Simultaneously, the synthesis of pro-inflammatory cytokines (TNF-α) is enhanced in perirenal fat (29), which can suppress osteoblast activity at some stages of differentiation and stimulate osteoclast proliferation and differentiation (30). Based on the above studies, we can speculate that perirenal fat is involved in the development of bone homeostasis imbalance.

More insights have been put into how obesity influences bone metabolism by measuring bone turnover biochemical markers. Most studies that enrolled diabetic populations have consistent results that bone resorption marker β-CTX and bone formation marker OC were reduced (31), whereas these changes may vary with gender and age. Women in menopause have a rapid increase in bone turnover due to a rapid decrease in estrogen levels, which causes higher bone resorption and negative bone balance, leading to bone loss. Despite most studies having confirmed a negative association between VFA and OC and β-CTX in postmenopausal women (20, 32), fewer studies have explained the underlying relationships between perirenal fat and BTMs. A recent study that enrolled 234 T2DM patients reported that PrFT measured by ultrasound is negatively correlated with β-CTX (33). In the present study, the results are consistent with the above study; PrFT was negatively correlated with β-CTX after adjusting for potential confounding factors. Limited by the nature of our study and the above study that are cross-sectional studies, the exact association between PrFT and BTMs remains uncertain. Currently, most studies have found a negative association between VFA and BDM, whereas the relationship between perirenal fat and BMD remains uncertain. Cherif et al. (34) found a positive association between perirenal fat mass and ex vivo L1 BMD in overweight rats, while this correlation did not remain significant after adjusting for other confounding factors. Our results are consistent with previous studies reported in VFA; PrFT was negatively correlated with L1–L4 BMD (r = -0.351, P>< 0.001), and this correlation remains significant after adjusting for potential confounding factors (β = -0.309, P< 0.001). In addition, PrFT was also independently associated with osteoporosis and seems to have a good identifying value for osteoporosis; more studies with enough follow-up should be conducted to further confirm these findings. Our study also found that participants in higher PrFT groups have higher levels of TG and UA and a lower level of HDL-c. These findings are consistent with those of other previous studies. Cross-sectional studies had observed that PrFT was associated with mean 24-h diastolic blood pressure (35), insulin resistance, HDL-c, and UA (36) in obese subjects.

To our knowledge, our study firstly put insight into the association between PrFT and bone metabolism in postmenopausal women with T2DM. The other strengths of this study adjusted for several potential confounding variables in the final analysis and included enough sample size that can represent the population of Chinese postmenopausal women with T2DM. Meanwhile, some limitations need to be mentioned. Firstly, our study was designed as a cross-sectional study without enough follow-up; it cannot directly illustrate the relationship between PrFT and bone metabolism. The underlying mechanisms were still unknown, and further studies are needed to evaluate the specific mechanisms. Secondly, the study population is composed of Chinese postmenopausal women with T2DM; our findings may not be applicable to other populations with different genders, ages, and races. Thirdly, we did not evaluate whether PrFT is a more powerful biomarker for BTMs or BMD rather than other indexes such as VFA.

In conclusion, this study observed that PrFT was negatively correlated with bone resorption markers β-CTX, L1–L4 BMD, and T-score. In addition, PrFT was also independently associated with osteoporosis and seems to have a relatively good identifying value for osteoporosis. These findings may indicate that perirenal fat may play an important role in bone metabolism, whereas more longitudinal studies are needed to further evaluate these findings and illustrate the underlying mechanisms.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethical Committee of Longyan First Affiliated Hospital of Fujian Medical University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

WW took charge of the software and contributed to writing— original draft. WW, RH, PT, MT, and XG conducted the investigation. XG contributed to data curation and writing-editing. All authors contributed to the article and approved the submitted version.



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.



References

1. Vestergaard, P. Discrepancies in bone mineral density and fracture risk in patients with type 1 and type 2 diabetes–a meta-analysis. Osteoporos Int (2007) 18:427–44. doi: 10.1007/s00198-006-0253-4

2. Dytfeld, J, and Michalak, M. Type 2 diabetes and risk of low-energy fractures in postmenopausal women: meta-analysis of observational studies. Aging Clin Exp Res (2017) 29:301–9. doi: 10.1007/s40520-016-0562-1

3. Napoli, N, Schwartz, AV, Palermo, L, Jin, JJ, Wustrack, R, Cauley, JA, et al. Risk factors for subtrochanteric and diaphyseal fractures: the study of osteoporotic fractures. J Clin Endocrinol Metab (2013) 98:659–67. doi: 10.1210/jc.2012-1896

4. Hein Gert, E. Glycation endproducts in osteoporosis–is there a pathophysiologic importance? Clin Chim Acta (2006) 371:32–6. doi: 10.1016/j.cca.2006.03.017

5. Blonde, L, Klein, EJ, and Han, J. Interim analysis of the effects of exenatide treatment on A1C, weight and cardiovascular risk factors over 82 weeks in 314 overweight patients with type 2 diabetes. Diabetes Obes Metab (2006) 8:436–47. doi: 10.1111/j.1463-1326.2006.00602.x

6. Tamura, T, Yoneda, M, Yamane, K, Nakanishi, S, Nakashima, R, Okubo, M, et al. Serum leptin and adiponectin are positively associated with bone mineral density at the distal radius in patients with type 2 diabetes mellitus. Metabolism (2007) 56:623–8. doi: 10.1016/j.metabol.2006.12.008

7. Lira, FS, Rosa, JC, Dos Santos, RV, Venancio, DP, Carnier, J, Sanches Pde, L, et al. Visceral fat decreased by long-term interdisciplinary lifestyle therapy correlated positively with interleukin-6 and tumor necrosis factor-αand negatively with adiponectin levels in obese adolescents. .Metabolism (2011) 60:359–65. doi: 10.1016/j.metabol.2010.02.017

8. Ohman, MK, Wright, AP, Wickenheiser, KJ, Luo, W, Russo, HM, Eitzman, DT, et al. Monocyte chemoattractant protein-1 deficiency protects against visceral fat-induced atherosclerosis. . Arterioscler Thromb Vasc Biol (2010) 30:1151–8. doi: 10.1161/ATVBAHA.110.205914

9. Cao, JJ. Effects of obesity on bone metabolism. J Orthop Surg Res (2011) 6:30. doi: 10.1186/1749-799X-6-30

10. Ibrahim, SE, El Shishtawky, HF, Helmy, A, Galal, ZA, Hussein, M, Abdel, S, et al. Serum leptin concentration, bone mineral density and bone biochemical markers in a sample of Egyptian women: a possible relationship. Egyptian Rheumatologist. (2011) 33:171–7. doi: 10.1016/j.ejr.2011.07.001

11. Bredella, MA, Torriani, M, Ghomi, RH, Thomas, BJ, Brick, DJ, Gerweck, AV, et al. Determinants of bone mineral density in obese premenopausal women. Bone. (2011) 48:748 –754. doi: 10.1016/j.bone.2010.12.011

12. Choi, HS, Kim, KJ, Kim, KM, Hur, NW, Rhee, Y, Han, DS, et al. Relationship between visceral adiposity and bone mineral density in Korean adults. Calcif Tissue Int (2010) 87:218 –225. doi: 10.1007/s00223-010-9398-4

13. Kim, JH, Han, EH, Jin, ZW, Lee, HK, Fujimiya, M, Murakami, G, et al. Fetal topographical anatomy of the upper abdominal lymphatics: Its specific features in comparison with other abdominopelvic regions. Anatomical Rec (2011) 295(1):91–104. doi: 10.1002/ar.21527

14. Wang, QA, Tao, C, Jiang, L, Shao, M, Ye, R, Zhu, Y, et al. Distinct regulatory mechanisms governing embryonic versus adult adipocyte maturation. Nat Cell Biol (2015) 17(9):1099–111. doi: 10.1038/ncb3217

15. Hausman G, J. Anatomical and enzyme histochemical differentiation of adipose tissue. Int J Obes (1985) 9(suppl 1):1–6.

16. DiPietro, L, Al-Ansari, SS, Biddlet, SJH, Borodulin, K, Bull, FC, Buman, MP, et al. Advancing the global physical activity agenda: recommendations for future research by the 2020 WHO physical activity and sedentary behavior guidelines development group. Int J Behav Nutr Phys Act (2020) 17:143. doi: 10.1186/s12966-020-01042-2

17. Baber, U, Mehran, R, Sartori, S, Schoos, MM, Sillesen, H, Muntendam, P, et al. Prevalence, impact, and predictive value of detecting subclinical coronary and carotid atherosclerosis in asymptomatic adults: the BioImage study. .J Am Coll Cardiol (2015) 65:1065–74. doi: 10.1016/j.jacc.2015.01.017

18. Bachmann, KN, Fazeli, PK, Lawson, EA, Russell, BM, Riccio, AD, Meenaghan, E, et al. Comparison of hip geometry, strength, and estimated fracture risk in women with anorexia nervosa and overweight/obese women. J Clin Endocrinol Metab (2014) 99:4664–73. doi: 10.1210/jc.2014-2104

19. Chen, Z, Lohman, TG, Stini, WA, Ritenbaugh, C, and Aickin, M. Fat or lean tissue mass: which one is the major determinant of bone mineral mass in healthy postmenopausal women? .J Bone Miner Res (1997) 12:144–51. doi: 10.1359/jbmr.1997.12.1.144

20. Cohen, A, Dempster, DW, Recker, RR, Lappe, JM, Zhou, H, Zwahlen, A, et al. Abdominal fat is associated with lower bone formation and inferior bone quality in healthy premenopausal women: a transiliac bone biopsy study. J Clin Endocrinol Metab (2013) 98:2562–72. doi: 10.1210/jc.2013-1047

21. Zhang, P, Peterson, M, Su, GL, and Wang, SC. Visceral adiposity is negatively associated with bone density and muscle attenuation. Am J Clin Nutr (2015) 101:337–43. doi: 10.3945/ajcn.113.081778

22. Peterson, MD, Zhang, P, Haapala, HJ, Wang, SC, and Hurvitz, EA. Greater adipose tissue distribution and diminished spinal musculoskeletal density in adults with cerebral palsy. Arch Phys Med Rehabil (2015) 96:1828–33. doi: 10.1016/j.apmr.2015.06.007

23. Peng, XD, Xie, H, Zhao, Q, Wu, XP, Sun, ZQ, and Liao, EY. Relationships between serum adiponectin, leptin, resistin, visfatin levels and bone mineral density, and bone biochemical markers in Chinese men. .Clin Chim Acta (2008) 387:31–5. doi: 10.1016/j.cca.2007.08.012

24. Wu, N, Wang, QP, Li, H, Wu, XP, Sun, ZQ, Luo, XH, et al. Relationships between serum adiponectin, leptin concentrations and bone mineral density, and bone biochemical markers in Chinese women. Clin Chim Acta (2010) 411:771–5. doi: 10.1016/j.cca.2010.02.064

25. Oshima, K, Nampei, A, Matsuda, M, Iwaki, M, Fukuhara, A, Hashimoto, J, et al. Adiponectin increases bone mass by suppressing osteoclast and activating osteoblast. Biochem Biophys Res Commun (2005) 331:520–6. doi: 10.1016/j.bbrc.2005.03.210

26. Tu, Q, Zhang, J, Dong, LQ, Saunders, E, Luo, E, Tang, J, et al. Adiponectin inhibits osteoclastogenesis and bone resorption via APPL1- mediated suppression of Akt1. J Biol Chem (2011) 286:12542–53. doi: 10.1074/jbc.M110.152405

27. Cornish, J, Callon, KE, Bava, U, Lin, C, Naot, D, Hill, BL, et al. Leptin directly regulates bone cell function in vitro and reduces bone fragility in vivo. J Endocrinol (2002) 175:405–15. doi: 10.1677/joe.0.1750405

28. Ducy, P, Amling, M, Takeda, S, Priemel, M, Schilling, AF, Beil, FT, et al. Leptin inhibits bone formation through a hypothalamic relay: a central control of bone mass. Cell (2000) 100:197–207. doi: 10.1016/S0092-8674(00)81558-5

29. Ma, ST, Zhu, XY, Eirin, A, Woollard, JR, Jordan, KL, Tang, H, et al. Perirenal fat promotes renal arterial endothelial dysfunction in obese swine through tumor necrosis factor-α. J Urol (2016) 195:1152–9. doi: 10.1016/j.juro.2015.08.105

30. Wang, TT, and He, CQ. TNF-αand IL-6: The link between immune and bone system. .Curr Drug Targets (2020) 21:213–27. doi: 10.2174/1389450120666190821161259

31. Starup-Linde, J, and Vestergaard, P. Biochemical bone turnover markers in diabetes mellitus - a systematic review. Bone (2016) 82:69–78. doi: 10.1016/j.bone.2015.02.019

32. Sharma, DK, Anderson, PH, Morris, HA, and Clifton, PM. Visceral fat is a negative determinant of bone health in obese postmenopausal women. Int J Environ Res Public Health (2020) 17(11):3996. doi: 10.3390/ijerph17113996

33. Jia, X, An, Y, Xu, Y, Yang, Y, Liu, C, Zhao, D, et al. Low serum levels of bone turnover markers are associated with the perirenal fat thickness in patients with type 2 diabetes mellitus. Endocr Connect (2021) 10(10):1337–43. doi: 10.1530/EC-21-0449

34. Cherif, R, Vico, L, Laroche, N, Sakly, M, Attia, N, Lavet, C, et al. Dual-energy X-ray absorptiometry underestimates in vivo lumbar spine bone mineral density in overweight rats. J Bone Miner Metab (2018) 36:31–9. doi: 10.1007/s00774-017-0813-z

35. De Pergola, G, Campobasso, N, Nardecchia, A, Triggiani, V, Zupo, R, Gesualdo, L, et al. Para- and perirenal ultrasonographic fat thickness is associated with 24-hours mean diastolic blood pressure levels in overweight and obese subjects. . BMC Cardiovasc Disord (2015) 15:108. doi: 10.1186/s12872-015-0101-6

36. Manno, C, Campobasso, N, Nardecchia, A, Triggiani, V, Zupo, R, Gesualdo, L, et al. Relationship of para- and perirenal fat and epicardial fat with metabolic parameters in overweight and obese subjects. Eat Weight Disord (2019) 24:67–72. doi: 10.1007/s40519-018-0532-z



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 Wang, Huang, Tang, Tu and Guo. 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.2022.990667_cover.jpg
’ frontiers | Frontiers in Endocrinology

Perirenalfat thickness is
associated with bone turnover
markers and bone mineral
density in postmenopausal
women with type 2
diabetes mellitus





OEBPS/Images/fendo-13-990667-g002.jpg
Sensitivity

1.0

=
o

=
o

=
IS

=
N

0.0
0.0

0.2

ROC curve data

0.4 0.6
1 - Specificity

0.8

1.0

— PrFT

— Reference line





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Perirenalfat thickness is associated with bone turnover markers and bone mineral density in postmenopausal women with type 2 diabetes mellitus

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Clinical Trial Registration

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design

          



          		

            Study population

          



          		

            Anthropometric and laboratory assessments

          



          		

            Measurement of bone mineral destiny

          



          		

            Measurement of perirenal fat thickness

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable Total T1 (<11.3mm) T2 (11.3~15.5mm) T3 (>15.5mm)

OC (ng/ml) 14.72 + 6.74 14.11 + 6.60° 14.04 + 6.64° 16.07 + 6.85% 0.032
B-CTX (ng/ml) 047 £ 0.16 0.54 +0.18%° 0.47 £ 0.11*¢ 041 + 0.16" < 0.001
25-OH-D (nmol/L) 674+ 13.1 67.6+ 12.5 66.6+ 132 674+ 13.1 0.678
iPTH (ng/L) 352+ 132 33.7+ 124 36.8 + 14.2 349 + 125 0.118
Calcium (mmol/L) 231+ 0.11 232+ 0.12 231+ 0.10 231+0.11 0.809
Phosphorus (mmol/L) 122 £0.18 1.22£0.17 1.22£017 123 +0.19 0.763
L1-L4 BMD (g/cm’) 0.87 + 0.11 091 + 0.12*° 0.87 + 0.08* 0.83 +0.11% < 0.001
L1-L4 T-score 192 £ 0.87 -1.50 + 1.04* -1.94 + 0.69* 231 £ 059 < 0.001
Hip BMD (g/cm®) 083 £ 0.11 0.83 £ 0.09 0.83 £ 0.10 0.82 + 0.12 0.462
Hip T-score 0.92 + 0.58 0.90 + 0.52 0.92 + 0.64 0.94 + 0.69 0478
Femoral neck BMD (g/cm") 0.73 £ 0.22 0.74 £ 0.18 0.73 £ 0.24 0.73 £ 0.26 0.376
Femoral neck T-score -1.12 + 0.68 -1.10 £ 0.78 -1.13 £ 0.58 -1.13 + 0.64 0.488
Osteoporosis, n (%) 242 (38.7) 50 (24.0)° 67 (31.9)° 125 (60.1)* < 0.001

PrET, perirenal fat thickness; OC, osteocalcin; B-CTX, B-cross-linked C-telopeptide of type I collagen; 25-OH-D, 25-hydroxyvitamin D; iPTH, intact parathyroid hormone; BTMs, bone
turnover markers; BMD, bone mineral density.

P < 0.05: T1 vs. T2.

°P < 0.05: T1 vs. T3.

P < 0.05: T2 vs. T
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Models Unstandardizedcoefficient (B) Standardizedcoefficient () T P

B-CTX
Model 1 -0.010 -0.252 -4.346 <0001
Model 2 0012 -0.291 -5.202 <0001
L1-L4 BMD
Model 1 -0.009 -0.309 -5.702 <0.001
Model 3 -0.003 -0.109 2229 0027

L1-L4 T-score
Model 1 -0.088 -0.366 -7.006 < 0.001
Model 3 -0.039 -0.149 -3.280 0.001

Model 1: Adjusted for age, diabetes duration, HbAlc, BMI, TG, HDL-c, LDL-c, creatinine, UA, hypertension, sedentary behavior, smoking, and drinking. Model 2: Additional adjustment
for bone turnover markers such as OC, 25-OH-D, iPTH, alkaline phosphatase (ALP) , calcium, and phosphorus based on Model 1. Model 3: Additional adjustment for B-CTX based on
Model 2.

PrET, perirenal fat thickness; T2DM, type 2 diabetes mellitus; BMI, body mass index; OC, osteocalcin; B-CTX, B-cross-linked C-telopeptide of type I collagen; 25-OH-D, 25-hydroxyvitamin
D; iPTH, intact parathyroid hormone; HbAIc, glycated hemoglobin; UA, uric acid; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol
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Variable R

OC(ng/ml) 0.081
B-CTX(ng/ml) -0.216
25-OH-D(nmol/L) -0.009
iPTH(ng/L) 0.103
Calcium(mmol/L) -0.006
Phosphorus(mmol/L) 0.031
L1-L4 BMD(g/cm®) -0.351
L1-L4 T-score -0.396
Hip BMD(g/cm’) -0.048
Hip T-score -0.054
Femoral neck BMD(g/cm®) -0.068
Femoral neck T-score -0.086

P

0.151
<0.001
0.878
0.092
0.913
0.383
<0.001
<0.001
0.278
0.202
0.187
0.134

PrFT, perirenal fat thickness; T2DM, type 2 diabetes mellitus; OC, osteocalcin; B-CTX, B-
cross-linked C-telopeptide of type I collagen; 25-OH-D, 25-hydroxyvitamin D; iPTH,
intact parathyroid hormone; BTMs, bone turnover markers; BMD, bone mineral density.
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Variable Total

Age (years) 56.4 + 6.1
BMI (kg/m®) 24228
Duration (years) 69 +26
HbAlc (%) 88 1.1
TG (mmol/L) 224 +1.30
HDL-c (mmol/L) 1.10 £ 0.23
LDL-c (mmol/L) 3.56 +0.98
UA (umol/L) 354.7 + 87.9
Creatinine (umol/L) 68.2 + 134
Hypertension, n (%) 240 (38.3)
Smoking, n (%) 15 (2.4)
Drinking, n (%) 97 (15.4)
Sedentary behavior, n (%) 256 (40.9)
Insulin, n (%) 66 (10.5)

Number of other hypoglycemic agents

0 32(5.1)
1 188 (30)
2 294 (47)
3 83 (13.5)

T1 (<11.3mm)

56.3 £5.2
239 +28
68 %21
87 %10
205 + 1.33%®
114 + 0.24"
358 +0.95
339.6 + 942"
662+ 14.2
70 (33.7)"
4(1.9)
30 (14.4)
76 (36.5)
20 (9.6)

9(43)
66 (31.7)
94 (45.2)
30 (14.4)

T2 (11.3~15.5mm)

564+ 6.0
245+27
7.0 £2.7
8913
2.19 £ 121
1.09 + 0.23
3.60 + 1.06
354.1 + 854
68.8+ 126
80 (38.1)
5 (2.4)
35 (16.7)
90 (42.9)
24 (11.5)

11 (5.3)
59 (28.3)
104 (50.0)
24 (13.3)

T3 (>15.5mm)

56.5 + 6.7
24.5+30
7.1£25
88+ 1.1
247 + 134"
1.05 + 0.21%
3.52 +0.92
3704 + 82.1%
67.0 + 154
90 (43.2)°
6 (2.6)
32 (15.2)
90 (43.3)
22 (10.5)

12 (5.7)
63 (30.0)
96 (45.7)
29 (11.7)

0.682
0.186
0.563
0.358
0.009
0.018
0.679
0.011
0.437
0.130
0.814
0.813
0.293
0.815

0.805
0.756
0.559
0.604

PrFT, perirenal fat thickness; BMI, body mass index; HbAlc, glycated hemoglobin; UA, uric acid; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density

lipoprotein cholesterol.
"P < 0.05: T1 vs. T2.
°P < 0.05: T1 vs. T3.
P < 0.05 T2 vs. T
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Models B ‘Wald OR(95%CI) P

Model 4 0.117 11.67 1.12(1.05-1.20) 0.001
Model 5 0.107 8.25 1.11(1.04-1.20) 0.004
Model 6 0.126 8.93 1.13(1.04-1.23) 0.003

Model 4: Adjusted for age, diabetes duration, hypertension, sedentary behavior, smoking,
and drinking. Model 5: Additional adjustment for BMI, HbAlc, TG, HDL-c, LDL-c,
creatinine, and UA. Model 6: Additional adjustment for bone turnover markers such as
OC, B-CTX, 25-OH-D, iPTH, alkaline phosphatase (ALP), calcium, and phosphorus
based on Model 5.

PrFT, perirenal fat thickness; OR, odds ratio; BMI, body mass index; OC, osteocalcin; B-
CTX, B-cross-linked C-telopeptide of type I collagen; 25-OH-D, 25-hydroxyvitamin D;
iPTH, intact parathyroid hormone; HbAlc, glycated hemoglobin; UA, uric acid; TG,
triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol.





