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Purpose: This study aimed to investigate whether the neutrophil-to-lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio (PLR) was associated with deep venous thrombosis (DVT) following femoral neck fractures in the elderly.



Method: This was a retrospective cohort study and used data extracted from the hospitalization electronic medical record and the laboratory biomarker reports. Patients were included if they were aged above 60 years with a definite diagnosis of femoral neck fracture caused by low-energy trauma. Duplex ultrasound scanning was routinely performed to detect the potential DVT. Two independent multivariate logistic regression models were constructed to identify the association of NLR or PLR with the risk of DVT.



Results: A total of 708 patients with femoral neck fractures were included, and 112 were found to have DVT, indicating an incidence rate of 15.8%. There were significant differences across five subgroups for NLR or PLR, in terms of age (p = 0.020, 0.006), white blood cell (p < 0.001, =0.006), hemoglobin (p < 0.001, <0.001), and albumin (p < 0.001, <0.001). BMI was tested to be significantly different across subgroups for NLR (p = 0.030) and prevalence of cerebrovascular disease for PLR (p = 0.014). The multivariate analyses demonstrated that not NLR but PLR in Q3 (range, 179–238) was associated with an increased risk of DVT, and the risk for the latter was 1.86 (95%CI, 1.07–3.36).



Conclusion: We concluded that a PLR value of 179–238 was associated with a 1.86-fold increased risk of DVT after femoral neck fracture. This study paves the way toward further exploration of inflammatory/immune biomarkers with the risk of DVT in the elderly with trauma.
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Introduction

As the population is aging, age-related fragile fractures have become an increasing healthcare issue, especially the hip fracture, notable as the “last fracture” in one's lifetime. It is projected that the number of hip fractures will rise to 6.26 million by 2050, with more than 50% occurring in Asia (1). Femoral neck fractures and intertrochanteric fractures are two typical patterns of hip fractures, with the latter one occurring at a more advantaged age, about 6–10 years older than the former one. Therefore, patients suffering intertrochanteric fractures would be at greater risk of postoperative systematic disorders and complications. Postinjury blood hypercoagulability, vascular endothelial injury, and long-term immobility would place the patients at a higher risk of deep venous thrombosis (DVT) or pulmonary embolism (PE).

Consequently, 10%–23.9% of patients experiencing hip fractures would die within 1 year, regardless of whether they underwent surgical treatment or not (2–4). Furthermore, 30%–60% of the survivors would experience a partial or complete loss of independence in daily activities, and 10%–20% are institutionalized following fractures (5). Differing from intertrochanteric fractures and subtrochanteric fractures, elderly patients with femoral neck fractures will be at an increased risk of perioperative complications and unfavorable prognosis, including avascular necrosis of femoral head (ANFH) that necessitates secondary hip joint replacement (6).

Among the perioperative complications following femoral neck fractures, deep venous thrombosis (DVT) is the most common one, involving 11%–40% of the fracture sufferers (7). Given its serious clinical consequence (pulmonary embolism and mortality), early identification of related factors and, accordingly, prompt patient-targeted intervention based on risk stratification results are of vital importance. By far, researchers have made multi-aspect attempts and identified some risk factors associated with DVT, including advanced age, obesity, history of DVT or pulmonary embolism, immobility of injured extremity, or the fracture itself (8–10). In the past decade, research studies on this topic have switched to the area of post-trauma inflammatory/immune, and the increasing evidence has suggested the role of easily available systemic inflammatory/immune biomarkers in the outcome prediction of a variety of medical conditions, including ischemic stroke (11, 12), cerebral hemorrhage (13, 14), and major cardiac events (15, 16). In addition, in major orthopedics surgery fields, researchers have identified significant associations between the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) with acute DVT (17, 18). However, this relationship has not always been consistently demonstrated (19, 20).

Considering the potential adverse effect of DVT in elderly patients and the nature of low-cost and ready accessibility of these inflammatory/immune biomarkers, it is necessary to identify their relationship with DVT. To the best of our knowledge, no studies are specifically aimed at addressing this issue. In this study, we aimed to identify whether there is an association between NLR or PLR and the risk of DVT occurring after admission, after adjustment for demographic characteristics, comorbidities, and other laboratory variables.



Materials and methods


Inclusion and exclusion criteria

This retrospective study was approved by the ethics committees of the Hebei General Hospital, which waived the requirement for informed consent due to the deidentification of data used. The methods were performed in accordance with the Helsinki Declaration and following the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS). Between January 2016 and December 2020, patients 60 years or older who had acute femoral neck fractures caused by low-energy mechanism (fall from a standing height) in the two participating territory hospitals (The Third Hospital of Hebei Medical University and Hebei General Hospital) were initially included. The exclusions criteria are as follows: pathological (metastatic) fracture, time to admission above 1 week, fracture caused by high-energy mechanism, open fracture, concurrent fracture at other locations, vascular injury of other organs, history of abnormal lower limb muscle strength, history of DVT or other thrombotic events, thrombophilia or hematological disorders, and current use of anticoagulants or glucocorticoids (within 3 months of injury) due to chronic comorbidities.



Definition and management of DVT

DVT was diagnosed using the guidelines for the diagnosis of DVT proposed by the Chinese Medical Association (3rd edition) (21). According to the institutional protocol, duplex ultrasound (DUS) scanning of the deep veins of the bilateral lower extremities for detection of potential thrombosis is compulsory for elderly patients with femoral neck fractures after they are admitted for hospitalization. The scanned veins include common femoral, superficial femoral, deep femoral, popliteal, posterior tibial, anterior tibial, peroneal veins, and intermuscular venous plexus of the calf. The diagnostic criteria for DVT were loss of noncompressibility of the scanned vein, lumen obstruction or filling defect, lack of respiratory variation in above-knee vein segments, and inadequate flow augmentation to the calf and foot with compression maneuvers.

Based on the findings of DUS scanning, prophylactic or therapeutic chemical thromboprophylaxis was administered, including subcutaneous injection of low-molecular-weight heparin (LMWH). Physical prophylaxis included elevation of injured extremity, quadriceps strength exercise, and ankle pump practices were routinely administered for each patient since admission.



Data collection

Routine blood tests were performed in accordance with the manufacturer-recommended methods by using a hematology analyzer (UniCel DxH 800; Beckman Coulter, Brea, CA, USA) for complete blood count test and an autoanalyzer AU5800 (Beckman Coulter, United States) for biochemical tests. Data were extracted from the patients’ hospitalization electronic medical records and the laboratory biomarker reports. Biomarkers or biomarker-derived inflammatory/immune indexes at admission or the first time after admission were selected for data analysis to eliminate their potential time-dependent effect to the maximum extent.

Data of interest included neutrophil count, lymphocyte count, platelet count, NLR defined as neutrophil count divided by lymphocyte count, and PLR defined as platelet count divided by lymphocyte count. Given its clinical value in predicting or auxiliary diagnosing DVT, plasma D-dimer level was included. Albumin (ALB) level, as an important nutritional index or inflammatory index, and hemoglobin (HGB) level, as an index reflecting anemia status or invisible bleeding due to the index femoral neck fracture, were also included. Other potential factors for adjustment included demographics [age, gender, body mass index (BMI)], smoking, alcohol abuse, and comorbidities (hypertension, diabetes, chronic heart disease, cerebrovascular disease, pulmonary disease).

The comorbidities documented in the medical records were identified in accordance with the discharge diagnosis based on patients’ self-reports with or without physical or laboratory examination. For statistical analysis purposes, we collectively refer to chronic heart failure, arrhythmias, myocardial ischemia diseases, coronary artery disease, and valvular heart disease as “cardiac diseases”; a history of stroke, cerebral thrombosis, cerebral hematoma, cerebral hemorrhage, hemiplegia, hemiparesis or carotid artery stent or angioplasty as cerebrovascular disease; and chronic obstructive pulmonary disease, emphysema, chronic bronchitis, cystic fibrosis or asthma as pulmonary disease.



Statistical analysis

Continuous variables were presented with mean ± standard deviation (SD) or median and interquartile range (IQR) based on the normality status determined by the Shapiro–Wilks normality test, and between-group difference was evaluated by Student’s t-test (normal variable) or the Mann–Whitney U test (skewed variable) for two groups by one-way analysis of variance (ANOVA) (normal variable) or the Kruskal–Wallis H test (skewed variable) for multiple groups. Categorical variables were presented as count and percentage, and the between-group differences were evaluated by the chi-square or Fisher's exact test, as appropriate.

First, the multivariate analysis using a linear regression model was used to investigate the relationship between NLR and PLR with the baseline variables. Second, NLR and PLR were divided into five subgroups based on their baseline data, including quartiles and an extra subgroup with a value above the 95th percentile. As for NLR, the five subgroups were quartile 1, <3.62; quartile 2, 3.62–5.54; quartile 3, 5.55–8.48; quartile 4, >8.48; and >95th percentile (>15.9). As for PLR, the five subgroups were quartile 1, <131; quartile 2, 131–178; quartile 3, 179–238; quartile 4, >238; and >95th percentile, >410. For NLR or PLR, comparisons among five subgroups for continuous variables (age, BMI, ALB, HGB, WBC, plasma D-dimer level) were performed using ANOVA and for categorical variables (gender and prevalence of each comorbidity) using the chi-square or Fisher's exact test.

Considering the significantly positive correlation between NLR and PLR (Pearson’s correlation coefficient, 0.696; p < 0.001), two independent multivariate logistic regression models, for NLR or PLR, respectively, were constructed to estimate the odd ratio (OR) with 95% confidence interval (95%CI) for DVT across the five subgroups of NLR or PLR using quartile 1 as reference. The analyses were adjusted for demographics, comorbidities, and other laboratory biomarkers mentioned above. p values less than 0.05 were considered statistically significant. All analyses were performed using SPSS 23.0 (IBM, Armonk, New York, USA).




Results

During the study period, there were 1,387 patients presenting with femoral neck fractures, and based on our criteria, 679 were excluded, leaving 708 for data analysis (Figure 1). Among these 708 patients, there were 212 males and 496 females, and their mean age was 71.7 ± 8.2 years (range, 60–96 years). One hundred and twelve patients were found to have developed a DVT after admission, indicating an incidence rate of 15.8% (13.1%–18.5%). The time from injury to laboratory assessment was 1.4 ± 0.5 days, ranging from 0 to 3 days. The time from injury to detection of DVT was 2.7 ± 3.1 days. Patients with DVT had a significantly higher value of platelet count (231.0 ± 71.1 vs. 208.5 ± 79.2, p = 0.005) and lymphocyte count (1.3 ± 0.4 vs. 1.2 ± 0.5, p = 0.027), a lower value of NLR (5.7 ± 3.0 vs. 6.9 ± 4.8, p = 0.009), and a trend to a lower serum albumin level (33.8 ± 5.7 vs. 34.9 ± 5.8, p = 0.068), compared to those without DVT. However, in terms of demographics (age, 71.1 ± 7.4 vs. 71.9 ± 8.3; proportion of male patients, 30.4% vs. 29.9%), prevalence of comorbidities (hypertension, 52.7% vs. 48.3%; diabetes, 21.4% vs. 22.0%; history of a cerebrovascular accident, 22.3% vs. 26.7%, cardiac disease, 16.1% vs. 22.1%; pulmonary disease, 0.9% vs. 3.0%), and other biomarkers, there was no significant difference for either one (all p’s > 0.05). Over 50% of patients (371, 52.4%) were treated by total hip arthroplasty, 127 (17.9%) by hemiarthroplasty, and 210 (29.7%) by osteosynthesis procedure.
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FIGURE 1
Flowchart showing the inclusion and exclusion of subjects.


The mean NLR value was 6.7 (SD, 4.5), ranging from 0.7 to 28.1. Among the DVT group, the mean NLR value was 5.7 (SD, 3.0), significantly lower than that of the non-DVT group (mean, 6.9; SD, 4.8), with a p value of 0.010. The multivariate linear regression analysis showed that female sex [standard coefficient (β), −0.113; p = 0.001], WBC (β, 0.485; p < 0.001), and serum albumin (β, −0.078; p = 0.034) were significantly associated with NLR. Among the five subgroups, a significant difference was found between DVT and non-DVT groups for Q5 (18.3 ± 1.2 vs. 21.3 ± 3.8, p = 0.006) but not for Q1 (2.3 ± 0.7 vs. 2.5 ± 0.7, p = 0.161), Q2 (4.5 ± 0.5 vs. 4.7 ± 0.6, p = 0.057), Q3 (7.1 ± 0.9 vs. 6.9 ± 0.9, p = 0.484), or Q4 (10.4 ± 1.5 vs. 11.0 ± 1.9, p = 0.177). Age was found to be significantly different across five subgroups (p = 0.020), with a linear trend toward older age with higher levels of subgroups. In terms of BMI, WBC, HGB, and ALB, we observed significant differences across the five subgroups (all p values <0.05). For HGB and ALB, a downward trend was observed with higher NLR quartiles. However, regarding other variables, such as gender, smoking, alcohol abuse, and any chronic comorbidity, we did not observe a statistically significant difference (all p values above 0.05) (Table 1).


TABLE 1 Comparisons of baseline characteristics of included patients across five subgroups of NLR.
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The mean PLR was 200 (SD, 109), ranging from 24 to 1005. Among the DVT group, the mean PLR value was 189.8 (SD, 71.3), significantly lower than that of the non-DVT group (mean, 202.2; SD, 114.6), with a p value of 0.039. As the same, female sex, WBC, and serum albumin were significantly associated with PLR, with β values of −0.082, 0.092, and −0.097 and p values of 0.034, 0.013, and 0.022, respectively. Additionally, age tends to correlate positively with PLR, with a β of 0.068 and a p value of 0.074. Among the five subgroups, a significant difference was found between DVT and non-DVT groups for Q3 (212.7 ± 18.4 vs. 204.9 ± 17.1, p = 0.017), Q4 (269.1 ± 43.8, p = 0.017), and Q5 (421.7 ± 8.1 vs. 549.7 ± 121.6, p < 0.001) but not for Q1 (103.7 ± 16.5 vs. 98.7 ± 22.6, p = 0.318) and Q2 (152.4 ± 14.0 vs. 154.4 ± 12.9, p = 0.426). There were significant differences among five subgroups in terms of age (p = 0.006), WBC (p = 0.006), HGB (<0.001), and ALB (p < 0.001) (Table 2). However, as for any other variables, no significant difference was found (all p values > 0.05) (Table 2).


TABLE 2 Comparisons of baseline characteristics of included patients across five subgroups of PLR.
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Table 3 lists the ORs and adjusted ORs for the development of DVT in different subgroups of NLR or PLR, with quartile 1 set as the reference. In univariate analysis, only quartile 3 of baseline PLR showed a significant association with increased risk of DVT (OR, 1.05–3.31). For any other comparisons, for either NLR or PLR, the association with the risk of DVT was not statistically significant. As the same, the multivariate analyses demonstrated a nonsignificant association with the development of DVT for subgroups, except for Q3 (OR, 1.86; 95%CI, 1.07–3.36) compared to Q1 for PLR.


TABLE 3 Incidence rate of DVT following femoral neck fracture across the five subgroups for NLR or PLR and the crude and adjusted ORs.
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Discussion

Recently, emerging evidence has suggested that there is some association between inflammatory/immune indexes (NLR or PLR) and adverse events, i.e., early deaths or myocardial infarction events after coronary artery disease (22, 23), deaths after various cancers (24), venous thromboembolisms (VTEs) after arthroplasty surgeries (11), postoperative mortality and cardiovascular complications after hip fracture surgery (25, 26), and reduced bone mineral density in the elderly population (27). In this study, we focused on a specific subgroup of elderly patients who experienced femoral neck fractures but failed to demonstrate the association between admission NLR or PLR and the risk of DVT.

NLR and PLR are simple and readily available hematology panel biomarkers of inflammatory/immune, and reference intervals of their values in the population have been well established. Meng et al. (28) retrospectively evaluated the data of a cohort of 24,029 healthy physical examinees in Henan, China, and reported that the NLR was 1.72 for males and 1.71 for females, while the PLR was 102 for males and 115 for females. Furthermore, the authors found a significantly higher NLR value in the elderly (≥65 years) than in the younger (18–65 years) population, as well as a similar trend for PLR. In another study including more than 380,000 adults in Wuhan, China, the authors reported similar results for NLR (males, 1.67; females, 1.68) (29). Specifying the field of trauma, Alexandru et al. (30) found a higher NLR (4 to 5.6) or PLR (99 to 126.4) in patients with either humeral, femoral, or tibial diaphyseal fracture than the controls, and the NLR relative to PLR was a more sensitive biomarker. In this study, we found higher NLR and PLR values in elderly patients with femoral neck fractures, which were about 3.6-fold and 1.4-fold of those reported above (28, 29). We believe that our findings reflect the impacts of both the fracture and advanced age on the inflammation/immune status.

In various subspecialties of orthopedics, the association between NLR or/and PLR and VTEs has been investigated in the literature, although the conclusion was not always consistent. In a matched case–control study, Barker et al. (11) found that the NLR increase was greater following total knee arthroplasty (TKA) than that following unicompartmental knee arthroplasty (UKA), which indicated that the degree of surgical trauma varied as did the effect on the inflammation/immune reaction. Additionally, the authors demonstrated the significant association of NLR with VTE and suggested NLR as a matrix to identify whether a patient is susceptible to developing VTE after TKA. Yao et al. (12) got a similar conclusion in their study of 773 cases of total joint arthroplasty, although they concluded that NLR or PLR could not predict DVT accurately due to the low specificity and sensitivity. In the specific study of traumatic fractures, including one recent study of tibial plateau fractures (20), no significant association has not been investigated. By far as we know, this was the first study aiming to investigate the NLR or PLR as risk factors for DVT following femoral neck fractures. Although the growing evidence supported the NLR or PLR associated with DVT, we failed to get that conclusion in this specific subgroup, except for the Q3 of PLR (range, 179–238; OR = 1.86 and 95%CI = 1.07–3.36). The detailed mechanism underlying this has not been well explored, and future studies should be focused on the innate immune responses to trauma and the dynamic change of inflammatory/immune indexes after trauma (31). Another research focus should be directed at characterizing the inflammatory/immune or stress to trauma in the elderly, which is speculated to be different from those of younger age.

The strengths of this study were including a large sample of participants and investigating the relationship between the novel biomarker parameters and preoperative DVT after femoral neck fractures in elderly patients. This study has some limitations. First, the retrospective nature was its inherent limitation, which might not allow absolute accuracy in data collection. Also, patients’ recall bias or unawareness of the already existing comorbidities may compromise the reliability of the conclusion. Second, as with every other multivariate analysis, not all potential factors influencing the occurrence of DVT could be taken into consideration, which left the confounding effects remaining. For example, the fracture severity might have an impact on the coagulation state but was not considered before the commencement of this study. Third, C-reactive protein (CRP) is an important inflammatory biomarker but could be found in only a small proportion (17.5%) of patients. Fourth, we identified association rather than causality, and therefore, these results should be interpreted with caution. Fifth, this study was conducted in two tertiary referral hospitals, which may be at risk of selection bias because patients treated in these centers are more likely to be medically complex. As such, the generalizability of the results to others may be affected to some extent.

In conclusion, the incidence rate of DVT following femoral neck fracture in the elderly was 15.8%. A PLR value of 179–238 was associated with a 1.86-fold increased risk of DVT, while NLR was not. These findings added knowledge to the literature by introducing the two novel biomarkers to a specific elderly population with hip fractures. Future studies need to identify the physiopathologic mechanism of PLR in relation to DVT and its potential role in the prognosis.



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 approved by the ethics committee of the Hebei General Hospital, which waived the requirement for informed consent due to the deidentification of data used.



Author contributions

SN conceived the idea for the study. SN, YP, and DD collected the relevant data. GJ prepared the figures and tables. SN performed the statistical analyses. All the authors interpreted the data and contributed to the preparation of the manuscript. SN and YP wrote this manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors are grateful to Lin Wang and Yanbin Zhu of the Department of Orthopedics and Xiaolin Zhang of the Department of Statistics and Applications for their kind assistance.



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.



References

1. Melton L. Hip fractures: a worldwide problem today and tomorrow. Bone. (1993) 14(Suppl 1):S1–8. doi: 10.1016/8756-3282(93)90341-7

2. Cui Z, Feng H, Meng X, Zhuang S, Liu Z, Ye K, et al. Age-specific 1-year mortality rates after hip fracture based on the populations in mainland China between the years 2000 and 2018: a systematic analysis. Arch Osteoporos. (2019) 14(1):55–64. doi: 10.1007/s11657-019-0604-3

3. Capkin S, Guler S, Ozmanevra R. C-Reactive protein to albumin ratio may predict mortality for elderly population who undergo hemiarthroplasty due to hip fracture. J Invest Surg. (2020) 16:1–6. doi: 10.1080/08941939.2020.1793038

4. Huette P, Abou-Arab O, Djebara A, Terrasi B, Beyls C, Guinot P, et al. Risk factors and mortality of patients undergoing hip fracture surgery: a one-year follow-up study. Sci Rep. (2020) 10(1):9607–11. doi: 10.1038/s41598-020-66614-5

5. Dyer SM, Crotty M, Fairhall N, Magaziner J, Beaupre LA, Cameron ID, et al. A critical review of the long-term disability outcomes following hip fracture. BMC Geriatr. (2016) 16(1):158. doi: 10.1186/s12877-016-0332-0

6. Han S, Oh M, Yoon S, Kim J, Kim JW, Chang JS, et al. Risk stratification for avascular necrosis of the femoral head after internal fixation of femoral neck fractures by post-operative bone SPECT/CT. Nucl Med Mol Imaging. (2017) 51(1):49–57. doi: 10.1007/s13139-016-0443-8

7. Xia Z.N., Xiao K., Zhu W., Feng B., Zhang B.Z., Lin J., Qian W.W., Jin J., Gao N., Qiu G.X., Weng X.S. (2018) Risk assessment and management of preoperative venous thromboembolism following femoral neck fracture. J Orthop Surg Res, 13(1):291–99. doi: 10.1186/s13018-018-0998-4

8. Luo Z, Chen W, Li Y, Wang X, Zhang W, Zhu Y, et al. Preoperative incidence and locations of deep venous thrombosis (DVT) of lower extremity following ankle fractures. Sci Rep. (2020) 10(1):10266–71. doi: 10.1038/s41598-020-67365-z

9. Basques BA, Miller CP, Golinvaux NS, Bohl DD, Grauer JN. Risk factors for thromboembolic events after surgery for ankle fractures. Am J Orthop. (2015) 44(7):E220–4.

10. Braithwaite I, Healy B, Cameron L, Weatherall M, Beasley R. Lower limb immobilisation and venous thromboembolism risk: combined case-control studies. Postgrad Med J. (2017) 93(1100):354–9. doi: 10.1136/postgradmedj-2016-134365

11. Barker T, Rogers VE, Henriksen VT, Brown KB, Trawick RH, Momberger NG, et al. Is there a link between the neutrophil-to-lymphocyte ratio and venous thromboembolic events after knee arthroplasty? A pilot study. J Orthopaed Traumatol. (2016) 17:163–8. doi: 10.1007/s10195-015-0378-3

12. Yao C, Zhang Z, Yao Y, Xu X, Jiang Q, Shi D. Predictive value of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio for acute deep vein thrombosis after total joint arthroplasty: a retrospective study. J Orthop Surg Res. (2018) 13(1):40–4. doi: 10.1186/s13018-018-0745-x

13. Lattanzi S, Norata D, Divani AA, Di Napoli M, Broggi S, Rocchi C, et al. Systemic inflammatory response Index and futile recanalization in patients with ischemic stroke undergoing endovascular treatment. Brain Sci. (2021) 11(9):1164–72. doi: 10.3390/brainsci11091164

14. Świtońska M, Piekuś-Słomka N, Słomka A, Sokal P, Żekanowska E, Lattanzi S. Neutrophil-to-lymphocyte ratio and symptomatic hemorrhagic transformation in ischemic stroke patients undergoing revascularization. Brain Sci. (2020) 10(11):771. doi: 10.3390/brainsci10110771

15. Lattanzi S, Brigo F, Trinka E, Cagnetti C, Di Napoli M, Silvestrini M. Neutrophil-to lymphocyte ratio in acute cerebral hemorrhage: a system review. Transl Stroke Res. (2019) 10(2):137–45. doi: 10.1007/s12975-018-0649-4

16. Lattanzi S, Cagnetti C, Rinaldi C, Angelocola S, Provinciali L, Silvestrini M. Neutrophil-to-lymphocyte ratio improves outcome prediction of acute intracerebral hemorrhage. J Neurol Sci. (2018) 387:98–102. doi: 10.1016/j.jns.2018.01.038

17. Park JS, Seo KW, Choi BJ, Choi SY, Yoon MH, Hwang GS, et al. Importance of prognostic value of neutrophil to lymphocyte ratio in patients with ST-elevation myocardial infarction. Medicine (Baltimore). (2018) 97(48):e13471–75. doi: 10.1097/MD.0000000000013471

18. Demir M, Duyuler PT, Guray U, Celik MC. Platelet to lymphocyte ratio on admission and prognosis in patients with acute cardiogenic pulmonary edema. J Emerg Med. (2018) 55(4):465–71. doi: 10.1016/j.jemermed.2018.06.021

19. Grimnes G, Horvei L, Tichelaar V, Brækkan S, Hansen J. Neutrophil to lymphocyte ratio and future risk of venous thromboembolism and mortality: the Tromsø study. Haematologica. (2016) 101(10):e401–4. doi: 10.3324/haematol.2016.145151

20. Liu D, Zhu Y, Chen W, Li J, Zhao K, Zhang J, et al. Relationship between the inflammation/immune indexes and deep venous thrombosis (DVT) incidence rate following tibial plateau fractures. J Orthop Surg Res. (2020) 15(1):241–8. doi: 10.1186/s13018-020-01765-9

21. Vascular Surgery Group, S.B., Chinese Medical Association. Guidelines for the diagnosis and treatment of deep vein thrombosis (3rd edition). Chin J Gen Surg. (2017) 32(9):807–12. doi: 10.3760/cma.j.issn.1007-631X.2017.09.032

22. Horne BD, Anderson JL, John JM, Weaver A, Bair TL, Jensen KR, et al. Which white blood cell subtypes predict increased cardiovascular risk? J Am Coll Cardiol. (2005) 45(10):1638–43. doi: 10.1016/j.jacc.2005.02.054

23. Kurtul A, Ornek E. Platelet to lymphocyte ratio in cardiovascular diseases: a systematic review. Angiology. (2019) 70(9):802–18. doi: 10.1177/0003319719845186

24. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocaña A, et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. J Natl Cancer Inst. (2014) 106(6):124–34. doi: 10.1093/jnci/dju124

25. Temiz A, Ersözlü S. Admission neutrophil-to-lymphocyte ratio and postoperative mortality in elderly patients with hip fracture. Ulus Travma Acil Cerrahi Derg. (2019) 25(1):71–4. doi: 10.5505/tjtes.2018.94572

26. Forget P, Moreau N, Engel H, Cornu O, Boland B, De Kock M, et al. The neutrophil-to-lymphocyte ratio (NLR) after surgery for hip fracture (HF). Arch Gerontol Geriatr. (2015) 60(2):366–71. doi: 10.1016/j.archger.2014.11.008

27. Öztürk ZA, Yesil Y, Kuyumcu ME, Bilici M, Öztürk N, Yeşil NK, et al. Inverse relationship between neutrophil lymphocyte ratio (NLR) and bone mineral density (BMD) in elderly people. Arch Gerontol Geriatr. (2013) 57(1):81–5. doi: 10.1016/j.archger.2013.02.005

28. Meng X, Chang Q, Liu Y, Chen L, Wei G, Yang J, et al. Determinant roles of gender and age on SII, PLR, NLR, LMR and MLR and their reference intervals defining in henan, China: a posteriori and big-data-based. J Clin Lab Anal. (2018) 32(2):22228–35. doi: 10.1002/jcla.22228

29. Fei Y, Wang X, Zhang H, Huang M, Chen X, Zhang C. Reference intervals of systemic immune-inflammation index, neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, mean platelet volume to platelet ratio, mean platelet volume and red blood cell distribution width-standard deviation in healthy Han adults in Wuhan region in central China. Scand J Clin Lab Invest. (2020) 80(6):500–7. doi: 10.1080/00365513.2020.1793220

30. Alexandru L, Haragus H, Deleanu B, Timar B, Poenaru D, Vlad D. Haematology panel biomarkers for humeral, femoral, and tibial diaphyseal fractures. Int Orthop. (2019) 43(7):1567–72. doi: 10.1007/s00264-019-04305-1

31. Huber-Lang M, Lambris JD, Ward PA. Innate immune responses to trauma. Nat Immunol. (2018) 19(4):327–41. doi: 10.1038/s41590-018-0064-8



OPS/images/fsurg-09-1001432-g001.jpg
1387 patients diagnosed with femoral
neck fractures retrieved

’ Age under 60 (n =292)

High-energy fracture (n = 206)

Time to admission >7 days (n
=38)

History of abnormal lower imb
muscle strength (n = 16)

}__
‘_

l_

‘_

——* Open fracture (n =21)

—{ Pathological fracture (n =14)

—‘ Multiple fracture (n =43)

History of DVT or other
thrombotic events (n = 28)

|

disorders (n=9)

’TL TR w————

current use of anticoagulants or
glicocorticoids (n=12)

_{

[ 708 patients for data analysis ]






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relationship between the neutrophil-to-lymphocyte ratio or platelet-to-lymphocyte ratio and deep venous thrombosis (DVT) following femoral neck fractures in the elderly

		Introduction



		Materials and methods



		Inclusion and exclusion criteria



		Definition and management of DVT



		Data collection



		Statistical analysis











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















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

Relationship between the neutrophil-to-lymphocyte
ratio or platelet-to-lymphocyte ratio
and deep venous thrombosis (DVT) following
femoral neck fractures in the elderly





OPS/images/fsurg-09-1001432-t001.jpg
NLR Ql Q2 Q4 >95th percentile P
<3.62 3.62-5.54 5.55-8.48 >8.48 >15.9

Age (years) 71781 710+8.4 711+82 727478 75.6%80 0020
Gender (male, %) 45 (254) 50 (28.2) 53 (30.1) 64 (40.0) 12 (35.3) 0.283
BMI (kg/m?) 228 (202, 25.5) 240 (214, 25.7) 240 (220, 260) 234 (213,257) 230 (195, 25.8) 0037
Smoking (%) 19 (107) 21 (118) 16 (9.0) 22 (124) 5(147) 0757
Alcohol abuse (%) 23 (13.0) 27 (152) 26 (14.7) 30 (16.9) 7 (20.6) 0.802
Hypertension (%) 81 (45.8) 84 (47.5%) 88 (50.0) 94 (52.8) 20 (58.8) 0.623
Diabetes (%) 37 (209) 34(192) 48 (27.3) 30 (16.9.) 6(17.6) 0370
Cerebrovascular disease (%) 54 (30.5) 38 (21.5) 47 (26.7) 45(25.3) 12 (35.3) 0.196
Heart disease (%) 33 (18.6) 41(232) 37 (21.0) 39 (21.9) 10 (29.4) 0.631
Pulmonary disease (%) 740 951 7 (40) 8 (45) 3(88) 0317
WBC (*10”/L) 65(53,7.6) 81(67,9.5) 89 (7.5, 10.4) 99 (87, 11.8) 115 (88, 143) <0.001°
HGB (g/L) 1199+152 1192+169 1147£17.1 1134156 1103+157 <0.001
ALB (g/L) 358458 35855 347456 330+57 317469 <0.001
D-dimer 059 (023, 1.16) 09 (042, 1.99) 093 (042, 2.87) 083 (0.44, 1.56) 064 (0.34, 1.47) 0231°

NLR, neutrophil-to-lymphocyte ratio; @, quartile; BMI, body mass index; WBC, white blood cell; HGB, hemoglobin; ALB, albumin.

*Mann-Whitney U test.





OPS/images/fsurg-09-1001432-t002.jpg
PLR Q1 Q2 Q3 Q4 >95th percentile )4

<131 131 to 178 179 to 238 >238 >410
Age (years) 71683 712480 708279 730+83 755+79 0.006
Gender (male, %) 50 (28.4) 62 (352) 49 278) 51.(28.7) 13 (37.1) 0315
BMI (kg/m?) 234 (209, 262) 234 (215, 257) 239 (213,257) 234 (208, 263) 225 (195, 25.4) 0177
Smoking (%) 16 (9.0) 19 (107) 23 (129) 20 (11.2) 4(118) 0759
Alcohol abuse (%) 25(14.1) 25 (14.1) 29 (16.4) 27 (15.2) 6(17.6) 0.782
Hypertension (%) 81 (46.0) 78 (443) 88 (50.0) 100 (56.2) 20 (57.1) 0251
Diabetes (%) 32(18.2) 35(199) 48 (27.3) 40 (22.5) 9(25.7) 0274
Cerebrovascular disease (%) 43 (24.4) 58 (33.0) 34 (193) 49 (27.5) 14 (40.0) 0014
Heart disease (%) 42(239) 32(182) 34 (193) 42 (23.6) 8(229) 0631
Pulmonary disease (%) 9(51) 5(28) 6(34) 11(62) 3(88) 0262
WBC (*10”/L) 80 (64,9.5) 82(68,10.4) 8.1(69,98) 89 (74, 108) 95(73,132) oo1*
HGB (g/L) 121.0+15.7 1202+165 1142+ 166 1114+15.1 1105+ 147 <0.001
ALB (g/L) 359457 358455 344+57 331+61 322+52 <0.001
D-dimer 078 (032, 1.80) 0.80 (0.41, 2.00) 082 (039, 2.22) 0.84 (043, 1.74) 062 (031, 1.00) 0.172°

PLR, platelet-to-lymphocyte ratio; Q, quartite; BMI, body mass index; WBC, white blood cell; HGB, hemoglobin; ALB, albumin.
*Mann-Whitney U test.





OPS/images/fsurg-09-1001432-t003.jpg
Item DVT cases Incidence rate (%) Crude OR (95%CI) Adjusted OR (95%CI)" P
NLR
Q1 28 158 Reference Reference
Q2 33 186 122 (0.70-2.12) 1.31 (0.74-2.33) 0.493
@ 26 147 0.92 (0.61-1.95) 08 (0.4-15) 0384
Q4 25 140 0.76 (0.41-1.38) 07(03-15) 0302
>95th percentile 3 88 051 (0.15-1.80) 04(02-14) 0875
PLR
Q » 124 Reference Reference
Q@ 31 175 150 (0.83-2.70) 161 (0.88-2.94) 0.161
Q@ 37 209 186 (1.05-3.31) 186 (1.07-3.36) 0044
Q 2 124 100 (0.53-1.88) 100 (0.51-1.98) 0.880
>95th percentile 3 88 0.68 (0.19-242) 062 (0.17-229) 0475
DVT, deep venous thrombosis; NLR, p phocyte ratio; PLR, pl iphocyte ratio; OR, odd ratio,

*Adjusted for the following covariates at baseline in the logistics regression model: age, gender, body mass index, smoking, alcohol abuse, diabetes, hypertension,
cerebrovascular disease, heart disease, pulmonary disease, hemoaglobin, albumin, white blood cell, and plasma D-dimer level









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





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





