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Background: Nontraumatic osteonecrosis of the femoral head (ONFH) can be corticosteroid-induced, alcohol-induced, and idiopathic ONFH (IONFH). Although corticosteroid- and alcohol-induced ONFH has been investigated extensively regarding its relationship with blood lipids and coagulation factor levels. However, the effect of blood lipid metabolism and coagulation function on IONFH has rarely been studied. Therefore, this study aimed to analyse the relationship of IONFH with blood lipid and coagulation indicators.



Methods: Total 680 patients diagnosed with IONFH in our institution during January 2011–June 2019 who met the inclusion criteria composed the case group; 613 healthy persons who underwent physical examination at our institution during the same period composed the control group. Propensity scores were used for baseline feature matching, and two matching groups each with 450 patients were established. After the matching, blood lipid and coagulation factor levels of both groups were comparatively analysed.



Results: The case group showed significantly higher total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL) levels, low-density/high-density lipoprotein (LDL/HDL) ratio, and apolipoprotein B (Apo-B) levels than the control group (p < 0.05). Conversely, the HDL and apolipoprotein A (Apo-AI) levels in the case group were significantly lower than those in the control group (p < 0.05). Regarding coagulation indicators, the activated partial thromboplastin time and prothrombin time were lower in the case group than in the control group; however, the differences were insignificant (p > 0.05). Furthermore, fibrinogen (FIB) levels and thrombin time (TT) in the case group were higher than those in the control group. There were significant differences between the two groups only in terms of FIB levels (p < 0.05), while TT was not significantly different (p > 0.05).



Conclusions: IONFH has strong associations with blood lipid metabolism and coagulation function, which provide an avenue for exploring the mechanism of IONFH.
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Background

Osteonecrosis of the femoral head (ONFH) leads to the death of osteocytes and other bone marrow components due to interruption of blood supply to the femoral head that induces structural changes and collapse of the subchondral bone internally, which manifests as joint pain and dysfunction (1–3). Epidemiological data show that in the year 2000, the incidence of ONFH in the general population of the United States ranged from 300,000 to 600,000, with approximately 10,000 to 20,000 stable new cases each year (4, 5). Another study reported that the total number of patients with ONFH among the general population aged ≥15 years in China was about 8.12 million (6). Femoral head ischaemia can be divided into two categories: traumatic and nontraumatic ONFH. The aetiology of traumatic ONFH is direct vascular injury, blocking the blood flow to the femoral head, caused by a femoral neck fracture or dislocation of the hip joint (7). Currently, the aetiology of nontraumatic ONFH is not completely clear, which makes early diagnosis and treatment difficult.

Nontraumatic ONFH can be divided into three main aetiologic associations: corticosteroid-induced, alcohol-induced, and idiopathic ONFH (IONFH) (8). Corticosteroid use and alcohol intake are two of the most common causes of nontraumatic ONFH (9), accounting for about 40% of nontraumatic cases (10). Therefore, patients with these two factors can consciously take preventive measures and be examined timely for early diagnosis. However, some studies have shown that patients without corticosteroid- or alcohol-induced ONFH are regarded as patients with IONFH due to the unknown aetiology, such as spondylolisthesis of femoral head epiphysis, systemic lupus erythematosus, HIV infection, and hyperlipidaemia (8, 11, 12), indicating that IONFH is also an important cause of nontraumatic ONFH.

Corticosteroid- and alcohol-induced ONFH related to blood lipid metabolism and coagulation function has been investigated thoroughly (13–16). However, only a few reports probed on how lipid metabolism and coagulation function associate with IONFH. The aetiology of nontraumatic ONFH is mainly based on abnormal lipid metabolism and coagulation function (17, 18). Disorders of lipid metabolism may cause ischemia by increasing intraosseous pressure and decreasing blood flow ultimately leading to nontraumatic ONFH. In addition, insufficient fibrinolysis and thrombotic tendency also seem to play an essential role in nontraumatic ONFH. Given that IONFH is categorized as nontraumatic ONFH, it is necessary to elucidate the relationship between IONFH and lipid metabolism and coagulation function.

In this retrospective study, we hypothesised that most patients with IONFH had strong associations with blood lipid and coagulation factor levels. Therefore, the purpose of this study was to investigate the relationship between IONFH and endogenous lipid metabolism as well as coagulation.



Methods


Patient selection

Between January 2011 to June 2019, 1,293 patients who met the eligibility criteria were enrolled, of whom, 680 were diagnosed with IONFH (case group). In parallel, 613 healthy persons were selected by computerised randomisation from our institution's database who had been physically examined during the same period (control group). The inclusion criteria were as follows: (1) without any corticosteroid nor alcohol use and (2) with complete clinical medical records. The exclusion criteria were as follows: (1) with chronic kidney disease, chronic obstructive pulmonary disease, or cancer; (2) with incomplete or indeterminate clinical characteristics; (3) with corticosteroid-induced ONFH (the patient had a medication history of prednisolone or equivalent hormone >2 g for 3 months, with a steroid history of more than 3 months, and was diagnosed as ONFH within 2 years) and alcohol-induced ONFH (the average weekly drinking of pure alcohol >320 g, with a drinking history of more than 6 months, and diagnosed as ONFH within 1 year); (4) with hyperlipidaemia or taking lipid-lowering drugs and (5) taken heparin, oral anticoagulants, aspirin, or other platelet antiaggregants. To minimise possible confounding factors, propensity scores were matched at 1:1 with the calliper set at 0.2. The matched variables included the following demographic data: age, sex, body mass index (BMI), and a basic medical history of smoking, hypertension, and diabetes. After matching, 450 patients with IONFH comprised the case group and 450 healthy patients comprised the control group. A clear and intuitive flow chart of the patient selection process is shown in Figure 1.
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FIGURE 1
Patient selection flow chart. IONFH: idiopathic osteonecrosis of the femoral head.




Data collection

IONFH patients are diagnosed at our institution in the outpatient clinic by an experienced clinician with a comprehensive analysis of the patient's clinical symptoms, physical signs and imaging ancillary examinations. After the diagnosis was confirmed, blood lipids and coagulation indicators were examined in the ward the next morning after admission. The following data were obtained retrospectively from medical records: age, sex, body mass index (BMI), diagnosis, smoking history, hypertension, and diabetes. Furthermore, data on total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL), apolipoprotein A (apo-AI), apolipoprotein B (apo-B), activated partial thromboplastin time (APTT), prothrombin time (PT), fibrinogen (FIB) levels, and thrombin time (TT) were collected. An automatic biochemical analyser (OLYMPUS 5421, Olym-pus Corporation, Tokyo, Japan and Hitachi-7600, Hitachi Corporation, Tokyo, Japan) was used.



Statistical analysis

SPSS (version 26.0 SPSS, Chicago, IL, USA) was used for propensity score matching and subsequent statistical analysis. Continuous variables are shown as mean ± standard deviation, and group variables are shown as numbers and percentages. Continuous variables were analysed using the two-tailed Student's independent t-test, and the Pearson chi-square test was applied to compare the percentages for binary data. p < 0.05 was considered as statistically significant.




Results


Propensity score matching results

Data of patients before and after the propensity score matching are presented in Tables 1, 2, respectively. The average age of patients was 61.5 ± 15.9 years in the initial cohort, 58.7 ± 12.7 years in the case group, and 64.5 ± 18.3 years in the control group. The average BMI in the initial cohort was 24.0 ± 2.0 and that in the case and control group was 23.6 ± 1.8 and 24.6 ± 2.1, respectively. In addition, a majority of patients in the control group were female (61.7%), whereas the gender distribution of females (46.2%) in the case group was lower. Before matching, except for smokers, we found statistical differences in other parameters. However, after matching the patients, both groups of 450 patients were created, and we found no significant difference in any of the parameters considered.


TABLE 1 Baseline characteristics of 1,293 patients in the case group and control group.
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TABLE 2 Baseline characteristics of case group and control group by 1:1 matching on propensity score.
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Comparison of blood lipid levels between the two groups

Based on propensity score matching of the whole cohort, we identified blood lipid levels associated with IONFH. As shown in Table 3, levels of TC, TG, LDL, apo-B, and the LDL/HDL ratio in the case group were 4.39 ± 0.87 mmol/L, 1.22 ± 0.59 mmol/L, 2.67 ± 0.75 mmol/L, 0.91 ± 0.23 g/L and 2.27 ± 0.88, respectively, which were significantly higher than those in the control group. Conversely, the HDL and apo-AI levels were 1.25 ± 0.34 mmol/L and 1.17 ± 0.24 g/L, respectively, which were significantly lower than those in the control group. All differences in blood lipid levels were statistically significant.


TABLE 3 Comparison of serum lipid indicators between groups.
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Comparison of coagulation levels between the two groups

Given that the pathogenesis of IONFH is associated with interruption of blood supply by the hypercoagulable state, we analysed the effect of four blood coagulation factors on IONFH. The APTT and PT levels in the case group were lower than those in the control group, though the differences were statistically insignificant (Table 4). In addition, the FIB levels and TT of the case group were higher than those of the control group. However, only the difference in FIB levels of both groups was significant, while the difference in TT was insignificant.


TABLE 4 Comparison of four coagulation indicators between groups.
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Discussion

This study was based on propensity score matching to compare differences in blood lipid levels and coagulation factors between patients with IONFH (case group) and healthy adults (control group). The results showed that TC, TG, LDL, Apo-B, and FIB levels and the LDL/HDL ratio in the case group were higher than those in the control group, whereas HDL and Apo-AI levels were significantly lower in the case group than in the control group. Our results emphasise upon the relationship between blood lipid and coagulation function in patients with IONFH and provide an avenue for exploring the mechanism of IONFH. From our results, we ascertain that in these IONFH patients, disease progression would be effectively delayed and patients would be prevented from requiring total hip arthroplasty (19–21).

Although the pathophysiological mechanism of IONFH remains unclarified, previous studies have shown that imbalances in blood lipid metabolism are indispensably associated with ONFH (22–24). In an animal experimental model of ONFH (25), an increase in blood lipid levels was the first change observed, which supports the notion that lipid levels may be related to osteonecrosis occurrence. Furthermore, in a related study, the cholesterol-lowering drug lovastatin could prevent the development of osteonecrosis in chickens in vivo by inhibiting the effects on chicken fat-specific gene expression (26). This is consistent with our findings that an increase in TC levels in peripheral blood is associated with an increased risk of IONFH. Some studies concluded that TG and LDL are independent risk factors and diagnostic criteria for ONFH (27, 28). Interestingly, our data are also consistent with previously published results described above; that is, TG and LDL levels in the case group were significantly higher than those in the control group. Additionally, Miyanishi et al. (29) reported that in a rabbit osteonecrosis model, the LDL/HDL cholesterol ratios of the osteonecrosis group were higher. Our novel findings are noteworthy as they support the hypothesis that higher LDL/HDL cholesterol ratios may also contribute to the pathogenesis of IONFH. On the other hand, apolipoproteins bind to lipids, they are present in plasma as lipoproteins, and mediate lipid transport through interactions with cellular receptors (30). Particularly, Apo-AI and Apo-B are two key proteins of lipid metabolism involved in ONFH (14), but their role in IONFH remains unclear. Our results suggest that both decreased Apo-AI and elevated Apo-B are risk factors for IONFH, which supports Hao's apolipoprotein gene polymorphism report that has a susceptibility to IONFH (31). Taken together, IONFH was highly associated with blood lipid metabolism.

There is considerable evidence to conclude that coagulation function affects the pathogenesis of ONFH (15, 16). In this study, the levels of coagulation factors affecting IONFH were evaluated and the results showed that only FIB levels were significantly higher in the IONFH population than in the control group (p < 0.05), while other indicators such as APTT, PT, TT were statistically insignificant (p > 0.05), which is consistent with the results of previous studies that described the association between coagulation function and IONFH (16, 32). For example, Glueck et al. (13) stated that genetic propensity to thrombosis and fibrinolysis are risk factors for IONFH. Moreover, Gagala et al. (33) also highlighted that inherited hypofibrinolysis is a risk factor for IONFH in the Polish population. Since IONFH has a close association with the coagulation level of FIB, intravascular coagulation function might be affecting its occurrence and development, which needs further evaluation.

Regarding the pathogenesis of IONFH caused by lipid metabolism and coagulation function, the findings of this study are consistent with the theory that injury of vascular endothelial cells and fat embolism increase pressure on the femoral head, which ultimately reduces the blood supply. First, due to damage to the vascular endothelial cells by hyperlipidaemia and the formation of a prethrombotic state, the ability of vascular endothelial cells to synthesise nitric oxide is decreased, which disrupts vasoconstriction and vasodilation (34). Second, hypercholesterolaemia with elevated serum cholesterol levels, fatty deformities in the liver, and systemic fat embolism, may cause an increased intraosseous pressure that destroys the microcirculation in the femoral head (35, 36). Third, high triglyceride levels are a risk factor for ischaemic heart disease and stroke (37, 38), which can partly or totally block the blood flow to the femoral head, while patients with IONFH tend to develop asymptomatic IONFH through similar mechanisms (28). Finally, the commonality in IONFH cases is the compromised blood flow to the affected area. All the above mechanisms can ultimately result in reduced blood flow to the femoral head, which can lead to bone ischaemia and death (9, 39, 40).

Corticosteroid-induced ONFH, alcohol-induced ONFH, and IONFH are the three main etiologies of nontraumatic ONFH. Corticosteroid- and alcohol-induced ONFH with lipid metabolism and coagulation have been reported extensively in the previous literature. However, only a few reports have explored the relationship between lipid metabolism and coagulation with IONFH. In this study, we performed statistical analysis based on a large sample of data collected at our institution and demonstrated that IONFH is closely associated with lipid metabolism and coagulation function. It provides a channnel to be able to explore the mechanism of action of nontraumatic ONFH as a whole in the future, and also provides potential ideas for the prevention of ONFH.

Despite these findings, this study has some limitations. First, this study was a single-centre retrospective case-control trial, not a randomised controlled trial. Although the sample size is relatively large, it had some limitations. Second, although propensity score matching was used to control certain confounding factors, uncontrolled selection and recall bias was possible; therefore, a prospective randomised study would better analyse the relationship of IONFH with blood lipid metabolism and coagulation function.



Conclusion

From our results, we suggest that the occurrence of IONFH is highly associated with blood lipid levels and coagulation factors; thus, it provides an avenue of thought for exploring the mechanism of IONFH. Moreover, the specific effects of blood lipid metabolism and coagulation function on IONFH need further analysis.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

This study was undertaken in accordance with the principles of the Declaration of Helsinki and was approved by the ethics committee of the First Affiliated hospital of Nanchang University. A waiver of informed consent was obtained from ethics committee of the First Affiliated hospital of Nanchang University, since the data were analyzed from the electronic medical record and reported without personal identifiers.



Author contributions

YXL and ZST collected the data. YXL, ZST and ZB wrote the manuscript and did the statistical analysis. DM supervised the study and revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Foundation of Health Commission of Jiangxi Province (Grant Nos. 20203120).



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.938565/full#supplementary-material.



References

1. Mont MA, Cherian JJ, Sierra RJ, Jones LC, Lieberman JR. Nontraumatic osteonecrosis of the femoral head: where do we stand today? A ten-year update. J Bone Joint Surg Am. (2015) 97(19):1604–27. doi: 10.2106/JBJS.O.00071

2. Choi HR, Steinberg ME, Edward YC. Osteonecrosis of the femoral head: diagnosis and classification systems. Curr Rev Musculoskelet Med. (2015) 8(3):210–20. doi: 10.1007/s12178-015-9278-7

3. Zalavras CG, Lieberman JR. Osteonecrosis of the femoral head: evaluation and treatment. J Am Acad Orthop Surg. (2014) 22(7):455–64. doi: 10.5435/JAAOS-22-07-455

4. Lieberman JR, Berry DJ, Mont MA, Aaron RK, Callaghan JJ, Rajadhyaksha AD, et al. Osteonecrosis of the hip: management in the 21st century. Instr Course Lect. (2003) 52:337–55. PMID: 12690862

5. Aldridge 3rd JM, Urbaniak JR. Avascular necrosis of the femoral head: etiology, pathophysiology, classification, and current treatment guidelines. Am J Orthop. (2004) 33(7):327–32. PMID: 15344574

6. Zhao DW, Yu M, Hu K, Wang W, Yang L, Wang BJ, et al. Prevalence of Nontraumatic osteonecrosis of the femoral head and its associated risk factors in the Chinese population: results from a nationally representative survey. Chin Med J. (2015) 128(21):2843–50. doi: 10.4103/0366-6999.168017

7. Zhang Y, Sun R, Zhang L, Feng L, Liu Y. Effect of blood biochemical factors on nontraumatic necrosis of the femoral head: logistic regression analysis. Orthopade. (2017) 46(9):737–43. doi: 10.1007/s00132-017-3408-4

8. Liu F, Wang W, Yang L, Wang B, Wang J, Chai W, et al. An epidemiological study of etiology and clinical characteristics in patients with nontraumatic osteonecrosis of the femoral head. J Res Med Sci. (2017) 22:15. doi: 10.4103/1735-1995.200273

9. Cohen-Rosenblum A, Cui Q. Osteonecrosis of the femoral head. Orthop Clin North Am. (2019) 50(2):139–49. doi: 10.1016/j.ocl.2018.10.001

10. Tan G, Kang PD, Pei FX. Glucocorticoids affect the metabolism of bone marrow stromal cells and lead to osteonecrosis of the femoral head: a review. Chin Med J. (2012) 125(1):134–9. doi: 10.3901/JME.2012.14.134

11. Larson AN, McIntosh AL, Trousdale RT, Lewallen DG. Avascular necrosis most common indication for hip arthroplasty in patients with slipped capital femoral epiphysis. J Pediatr Orthop. (2010) 30(8):767–73. doi: 10.1097/BPO.0b013e3181fbe912

12. Morse CG, Mican JM, Jones EC, Joe GO, Rick ME, Formentini E, et al. The incidence and natural history of osteonecrosis in HIV-infected adults. Clin Infect Dis. (2007) 44(5):739–48. doi: 10.1086/511683

13. Glueck CJ, Freiberg RA, Tracy T, Stroop D, Wang P. Thrombophilia and hypofibrinolysis: pathophysiologies of osteonecrosis. Clin Orthop Relat Res. (1997) 334:43–56. doi: 10.1097/00003086-199701000-00007

14. Wang Y, Cao Y, Li Y, Guo Y, Wang Q, Yang M, et al. Genetic association of the ApoB and ApoA1 gene polymorphisms with the risk for alcohol-induced osteonecrosis of femoral head. Int J Clin Exp Pathol. (2015) 8(9):11332–9. PMID: 26617857

15. Jones LC, Mont MA, Le TB, Petri M, Hungerford DS, Wang P, et al. Procoagulants and osteonecrosis. J Rheumatol. (2003) 30:783–91. PMID: 12672200

16. Fukui K, Kominami R, Shinohara H, Matsumoto T. Glucocorticoid induces micro-fat embolism in the rabbit: a scanning electron microscopic study. J Orthop Res. (2006) 24(4):675–83. doi: 10.1002/jor.20091

17. Seamon J, Keller T, Saleh J, Cui Q. The pathogenesis of nontraumatic osteonecrosis. Arthritis. (2012) 2012:601763. doi: 10.1155/2012/601763

18. Sekiya F, Yamaji K, Yang K, Tsuda H, Takasaki Y. Investigation of occurrence of osteonecrosis of the femoral head after increasing corticosteroids in patients with recurring systemic lupus erythematosus. Rheumatol Int. (2010) 30(12):1587–93. doi: 10.1007/s00296-009-1194-y

19. Zhao D, Cui D, Wang B, Tian F, Guo L, Yang L, et al. Treatment of early stage osteonecrosis of the femoral head with autologous implantation of bone marrow-derived and cultured mesenchymal stem cells. Bone. (2012) 50(1):325–30. doi: 10.1016/j.bone.2011.11.002

20. Zhao D, Zhang Y, Wang W, Liu Y, Li Z, Wang B, et al. Tantalum rod implantation and vascularized iliac grafting for osteonecrosis of the femoral head. Orthopedics. (2013) 36(6):789–95. doi: 10.3928/01477447-20130523-26

21. Zhao D, Cui D, Lu F, Wang B, Wang W, Tian F, et al. Combined vascularized iliac and greater trochanter graftings for reconstruction of the osteonecrosis femoral head with collapse: reports of three cases with 20 years follow-up. Microsurgery. (2012) 32(7):546–51. doi: 10.1002/micr.21995

22. Wang GJ, Sweet DE, Reger SI, Thompson RC. Fat-cell changes as a mechanism of avascular necrosis of the femoral head in cortisone-treated rabbits. J Bone Joint Surg Am. (1977) 59(6):729–35. doi: 10.2106/00004623-197759060-00003

23. Moskal JT, Topping RE, Franklin LL. Hypercholesterolemia: an association with osteonecrosis of the femoral head. Am J Orthop. (1997) 26(9):609–12. PMID: 9316722

24. Assouline-Dayan Y, Chang C, Greenspan A, Shoenfeld Y, Gershwin ME. Pathogenesis and natural history of osteonecrosis. Semin Arthritis Rheum. (2002) 32(2):94–124. doi: 10.1053/sarh.2002.33724b

25. Nishida K, Yamamoto T, Motomura G, Jingushi S, Iwamoto Y. Pitavastatin may reduce risk of steroid-induced osteonecrosis in rabbits: a preliminary histological study. Clin Orthop Relat Res. (2008) 466(5):1054–8. doi: 10.1007/s11999-008-0189-4

26. Wang GJ, Cui Q, Balian G. The nicolas andry award. The pathogenesis and prevention of steroid-induced osteonecrosis. Clin Orthop Relat Res. (2000) (370):295–310. doi: 10.1097/00003086-200001000-00030

27. Zeng X, Zhan K, Zhang L, Zeng D, Yu W, Zhang X, et al. The impact of high total cholesterol and high low-density lipoprotein on avascular necrosis of the femoral head in low-energy femoral neck fractures. J Orthop Surg Res. (2017) 12(1):30. doi: 10.1186/s13018-017-0532-0

28. Kuroda T, Tanabe N, Wakamatsu A, Takai C, Sato H, Nakatsue T, et al. High triglyceride is a risk factor for silent osteonecrosis of the femoral head in systemic lupus erythematosus. Clin Rheumatol. (2015) 34(12):2071–7. doi: 10.1007/s10067-015-3075-y

29. Miyanishi K, Yamamoto T, Irisa T, Yamashita A, Jingushi S, Noguchi Y, et al. A high low-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio as a potential risk factor for corticosteroid-induced osteonecrosis in rabbits. Rheumatology. (2001) 40(2):196–201. doi: 10.1093/rheumatology/40.2.196

30. Marcel YL, Mcpherson R, Hogue M, Czarnecka H, Zawadzki Z, Weech PK, et al. Distribution and concentration of cholesteryl ester transfer protein in plasma of normolipemic subjects. J Clin Investig. (1990) 85:10–7. doi: 10.1172/JCI114397

31. Hao Y, Guo H, Xu Z, Qi H, Wang Y, Lu C, et al. The relationship between apolipoprotein genes polymorphisms and susceptibility to osteonecrosis of the femoral head: a meta-analysis. Lipids Health Dis. (2018) 17(1):192. doi: 10.1186/s12944-018-0827-0

32. Zalavras C, Dailiana Z, Elisaf M, Bairaktari E, Vlachogiannopoulos P, Katsaraki A, et al. Potential aetiological factors concerning the development of osteonecrosis of the femoral head. Eur J Clin Invest. (2000) 30:215–21. doi: 10.1046/j.1365-2362.2000.00621.x

33. Gagala J, Buraczynska M, Mazurkiewicz T, Ksiazek A. Prevalence of genetic risk factors related with thrombophilia and hypofibrinolysis in patients with osteonecrosis of the femoral head in Poland. BMC Musculoskelet Disord. (2013) 14:264. doi: 10.1186/1471-2474-14-264

34. Feng Y, Yang SH, Xiao BJ, Xu WH, Ye SN, Xia T, et al. Decreased in the number and function of circulation endothelial progenitor cells in patients with avascular necrosis of the femoral head. Bone. (2010) 46(1):32–40. doi: 10.1016/j.bone.2009.09.001

35. Hungerford DS, Lennox DW. The importance of increased intraosseous pressure in the development of osteonecrosis of the femoral head: implications for treatment. Orthop Clin North Am. (1985) 16(4):635–54. doi: 10.1016/S0030-5898(20)30432-6

36. Tian L, Yu X. Lipid metabolism disorders and bone dysfunction–interrelated and mutually regulated. Mol Med Rep. (2015) 12(1):783–94. doi: 10.3892/mmr.2015.3472

37. Patel A, Barzi F, Jamrozik K, Lam TH, Ueshima H, Whitlock G, et al. Serum triglycerides as a risk factor for cardiovascular diseases in the Asia-pacific region. Circulation. (2004) 110(17):2678–86. doi: 10.1161/01.CIR.0000145542.24347.18

38. Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham S, et al. Triglycerides and the risk of coronary heart disease: 10,158 incident cases among 262,525 participants in 29 western prospective studies. Circulation. (2007) 115(4):450–8. doi: 10.1161/CIRCULATIONAHA.106.637793

39. Cenni E, Fotia C, Rustemi E, Yuasa K, Caltavuturo G, Giunti A, et al. Idiopathic and secondary osteonecrosis of the femoral head show different thrombophilic changes and normal or higher levels of platelet growth factors. Acta Orthop. (2011) 82(1):42–9. doi: 10.3109/17453674.2011.555368

40. Kim H, Cho C, Cho Y, Cho S, Yoon K, Kim K. Significant associations of PAI-1 genetic polymorphisms with osteonecrosis of the femoral head. BMC Musculoskelet Disord. (2011) 12:160. doi: 10.1186/1471-2474-12-160



OPS/images/fsurg-09-938565-t002.jpg
Variables Total

Number of 900
patients

Age (years) 609154
BMI (kg/m?) 24020
Female (%) 513 (57%)
Smoking (%) 91 (10.1%)
Hypertension (%) 205

(22.8%)

Diabetes (%) 69 (7.7%)

Case
gruop

450 (50%)

603134
23917
256 (56.9%)
49 (10.9%)
105 (23.3%)

39 (8.7%)

Control
group

450 (50%)

616+17.1
241223
257 (57.1%)
42 (9.3%)
100 (22.2%)

30 (6.7%)

value

0215
0.138
0946
0439

0691

0.260






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relationship of idiopathic femoral head necrosis with blood lipid metabolism and coagulation function: A propensity score-based analysis

		Background



		Methods



		Patient selection



		Data collection



		Statistical analysis











		Results



		Propensity score matching results



		Comparison of blood lipid levels between the two groups



		Comparison of coagulation levels between the two groups











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Relationship of idiopathic femoral head
necrosis with blood lipid metabolism and
coagulation function: A
propensity score-based analysis





OPS/images/fsurg-09-938565-t001.jpg
Variables Total Case Control )4
gruop group value

Number of 1293 680 (52.6%) 613 (47.4%)

patients

Age (years) 615£159  587%127 645183 <0.001

BMI (kg/m?) 241520 236%18 24621 <0.001

Female (%) 692 314 (462%) 378 (61.7%) <0.001
(53.5%)

smoking (%) 162 95 (14.0%) 67 (10.9%) 0.099
(12:5%)

Hypertension (%) 308 136 (20%) 172 (28.1%) 0.001
(23.8%)

Diabetes (%) 120 (93%) 1(6%) 79 (12.9%) <0.001






OPS/images/fsurg-09-938565-t004.jpg
Variables Case gruop  Control group  p value
Number of patients 450 450

APTT (5) 2689 £4.68 2741407 0.076
PT (5) 1082164 1103 +1.96 0.082
FIB (g/L) 297£078 2532072 <0.001
TT () 20174238 19.93£2.13 0111

APTT, activated partial thromboplastin time; PT, prothrombin time; FIB,

fibrinogen; TT, thrombin time.






OPS/images/fsurg-09-938565-t003.jpg
Variables Case gruop  Control group  p value

Number of patients 450 450

TC (mmol/L) 439087 421£087 0002
TG (mmol/L) 122059 091£037 <0.001
LDL (mmol/L) 267£0.75 2432071 <0.001
HDL (mmol/L) 125034 134035 <0.001
LDL/HDL 227+088 193076 <0.001
Apo-Al (g/L) 117024 143£030 <0001
Apo-B (g/L) 0914023 0784022 <0.001

TC, total cholesterol; TG, triglyceride; LDL, low density lipoprotein; HDL, high
density lipoprotein; Apo-Al. apolipoprotein A; Apo-B, apolipoprotein B.






OPS/images/fsurg-09-938565-g001.jpg
All patients included IONFH (Case group) and
randomly selected healthy persons (Control group)
(January 2011 to June 2019)

Inclusion criteria

v | Exclusion criteria

Eligible patients
n=1293
Case group; n=680
Control group; n=613

4

Propensity score matching approach, Age, Sex, BMI,
Smoker, Hypertension, Diabetes

5 4 4

Case group Control group
(N=450) (N=450)

- 393 unmatched patients









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





