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The neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are simple markers of systemic inflammatory responses. It has been previously suggested that they can predict COVID-19 severity. Age and frailty may also influence their values. This study aimed to evaluate the impact of COVID-19 severity versus age and frailty on NLR and PLR values. This was a retrospective, observational two cohorts’ comparative study. The first cohort is comprised of patents positive for SARS-CoV-2, with mild or asymptomatic disease, admitted to designated COVID-19 departments in a large geriatric medical center (GMC). The second included patients with COVID-19 admitted to designated COVID-19 departments in a large general hospital for symptomatic disease from March 2020 to March 2021. We compared baseline characteristics including comorbidities and chronic medications, disease symptoms, laboratory tests and compared the NLR and PLR between the two groups. The 177 patients admitted to the COVID-designated department in the GMC were over three decades older than the 289 COVID-19 patients admitted to the general hospital care (HC). They had substantially more comorbidities and chronic medications. All common disease symptoms were significantly more common in the HC group. Almost two thirds of the GMC patients remained asymptomatic compared to 2.1% in the HC group. Inflammatory markers, such as CRP and LDH, were significantly higher in the HC group. The NLR and PLR were both significantly higher in the GMC cohort comprised of older frailer patients with milder disease. NLR and PLR seem to be affected more by age and frailty than COVID-19 severity.
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Introduction

The novel coronavirus SARS-CoV-2 has caused a life changing pandemic, threatening millions of people worldwide. The clinical presentation of coronavirus disease (COVID-19) ranges from asymptomatic or mild disease to severe pneumonia, respiratory failure, and death (1). The neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) are simple inflammatory markers easily calculated from routine complete blood count. Prior studies suggested they have a prognostic role in various medical conditions such as malignancies (2–4), cardiovascular diseases (5), urinary tract infections (6, 7) influenza (7) and more.

Several studies have found NLR and PLR to be prognostic factors of COVID-19 severity with higher values representing a more severe disease and poorer prognosis (8–16). Frailty and age may also influence NLR and PLR reference values (17–21) and are also significant risk factors for severe COVID-19 (22–25). This has the potential to cause significant bias in the studies of NLR and PLR in COVID-19 patients. In Israel, a policy of routine screening for SARS-CoV-2 among nursing home residents was implemented early during the pandemic. Most dependent, asymptomatic residents positive for SARS-CoV-2 were isolated and managed in designated COVID-19 departments of skilled nursing homes or geriatric hospitals. Patients with disease considered moderate or severe were mostly admitted to hospital care (26). This policy created two diverse cohorts, one of older frailer adults with mild disease and the other of hospitalized patients with more severe disease. The two cohorts represent opposite poles in COVID-19 severity and in baselines characteristics of age, frailty and comorbidities. In this study, we aimed to evaluate which of these poles has a more significant impact on NLR and PLR in COVID-19 patients.



Materials and methods

This was a retrospective, observational two cohorts’ comparative study. The first cohort was comprised of patents who were positive for SARS-CoV-2, with mild or asymptomatic disease, admitted to designated COVID-19 departments in a large skilled geriatric medical center (GMC). The second cohort included patients admitted to the affiliated large hospital for symptomatic COVID-19 from March 2020 to March 2021. All SARS-CoV-2 tests were performed using real-time reverse-transcription polymerase chain reaction (RT-PCR) analysis of throat swabs.

Inclusion criteria were the admission to a designated COVID-19 department, either in the geriatric hospital or in the affiliated hospital. Data was retrieved from electronic medical records (EMRs) and included age, gender, demographic variables, comorbidities, medications, laboratory tests on admission, especially inflammatory markers and disease symptoms, for both cohorts. We aimed to examine their association with the NLR and PLR.



Statistical analysis

Sample size calculation: Considering α = 0.05 and 1−β = 0.8, NLR population mean difference 2.5 and pooled SD = 8, a sample size of 162 patients is required. For PLR population mean difference of 45 and pooled SD = 150, a sample size of 176 patients is required.

We used Chi Square Test, or Fisher’s Exact Test (2*2 tables) to compare categorical characteristics between the GMC and HC groups. Because the continuous variables were not normally distributed, we presented the results as median (25th – 75th percentiles) and used the Mann–Whitney test to compare the 2 groups.

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 29 Armonk, NY: IBM Corp. Two-sided value of p ≤ 0.05 was considered statistically significant.



Results

Between March 2020 to March 2021 data was collected from 177 patients admitted to the COVID-designated department in the geriatric medical center (GMC) and 289 COVID-19 patients admitted to the general hospital care (HC). Baseline characteristics are described in Table 1. The cohorts were significantly different. The GMC cohort was comprised of older adults in need of continuous supervision and help in their basic activities of daily living (27) due to limitations in physical or mental status. Patients in the GMC group were, on average, over three decades older than in the HC group. Only 38% of GMC patients were men compared to 54% men in the HC cohort. The majority of the GMC patients (53.4%) were nursing homes residents, compared to 6.9% in the HC group. And 80% of GMC patients had more than five chronic diseases, compared to 8.3% in the HC group. All the patients in the GMC cohort were frail with a Clinical Frailty Scale (CFS) (28) score ≥ 5, whereas frailty was not assessed in the HC group.



TABLE 1 Baseline characteristics.
[image: Table1]

Risk factors for severe COVID-19 were significantly more prevalent in the GMC group, including hypertension, diabetes, chronic cardiovascular diseases, chronic kidney disease and malignancies. BMI and chronic respiratory diseases did not differ between the groups. Patients in the GMC group also suffered significantly more from dementia and depression (34.5% vs. 6.6 and 15.8% vs. 3.1% respectively). The majority of patients in the GMC group had polypharmacy of over 6 chronic medications, compared to only 12% in the HC group. Antihypertensive medications, beta blockers, antiplatelet anticoagulants and insulin treatment were all more prevalent in the GMC group, representing the higher disease burden. Vitamin D supplements, antipsychotics and antidepressants were also more prevalent in the GMC group. All common disease symptoms were significantly more frequent in the HC group (Table 2). Fever was the most common symptom and was found in 68.9% of the HC group compared to 10.7% in the GMC group. Cough, fatigue and dyspnea were also among the prevalent symptoms, all of which were significantly more prevalent in the HC group. Almost two thirds of the GMC patients remained asymptomatic compared to 2.1% in the HC group. The routine admission blood test results are presented in Table 3. White blood cell count, neutrophils and platelets were within the normal value range, but significantly higher in the GMC group. Lymphocytes were in the lower normal range and were higher in the HC group. Inflammatory markers, such as CRP and LDH, were also significantly higher in the HC group. The median admission in the COVID department was 15 days (median 10–20) in the GMC group versus 6 days (median 3–6) in the HC group.



TABLE 2 Symptoms.
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TABLE 3 Blood tests results.
[image: Table3]

Figure 1 presents the distribution of NLR and PLR values in the 2 cohorts. Both NLR and PLR were higher among the GMC patients. The median NLR was 3.95 in the GMC group and 3.54 in the HC group. The median PLR was 191.12 in the GMC group and 175.71 in the HC group. Both differences were statistically significant (Table 4).

[image: Figure 1]

FIGURE 1
 NLR and PLR distribution in each cohort.




TABLE 4 NLR and PLR.
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Discussion

This study presents the results of two very different patient groups admitted to COVID-19 departments. The first group consisted of frail, dependent older adults with many comorbidities admitted to COVID-19 departments in a geriatric medical center, with mild or asymptomatic disease. The second group was comprised of younger healthier patients with symptomatic disease requiring hospital admission. The results imply a stronger association between NLR and PLR with age and frailty than with the severity of the disease.

The NLR and PLR were previously described as easily accessible inflammation markers that can help identify COVID severity. Both markers were found to have prognostic value in different medical conditions, such as malignancies, surgical risk, venous thromboembolism and more (2–4, 18, 20, 29–31). Elevated NLR and PLR were described also to rise in frail and older patients (19, 32, 33). Their role in predicting COVID-19 severity had been described in several studies with conflicting results. Seyit et al. (9) have described elevated NLR and PLR in COVID-19 patients. The cohort they described consisted of young patients and the severity was not assessed. Ortega-Rojas et al. (15) conclude that NLR and PLR are predictors of a higher risk of mortality from COVID-19 in older adults. In their work, the subjects had a median age of 70, while most patients had no prior comorbidities, and an extremely high mortality rate was reported. Several other studies described NLR as a predictor of COVID severity and outcomes. In a meta-analysis published in April 2021, NLR was found to present significantly higher levels in advanced COVID-19 stages, showing a good ability to diagnose and predict outcomes (12). Most studies included in the analysis did not stratify according to age or frailty. The outcomes described are in contradiction with the results presented here that show higher NLR in the less severe COVID-19 patients.

Lian et al. (10) describe another cohort of older adults where NLR was independently associated with a progression to critical illness. It is unclear whether these patients were frail, as most did not suffer from significant comorbidities. Age and comorbidities also significantly affected outcomes in the study. Another study of older frailer patients by Olivieri et al. (16) found NLR and PLR to be predictors of in-hospital mortality, independent of age, gender, and other potential confounders.

Our study is unique due to the two poles presented by the different cohorts. The results imply a stronger association of NLR and PLR to older age, frailty and comorbidities rather than to COVID severity.

This study has several limitations. The information on the outcomes is missing, making it difficult to discuss outcomes, such as mortality. Frailty was not assessed in the HC cohort. We believe the presented major differences between the cohorts make it reasonable to assume that the GMC cohort was more frail. The length of stay was longer in the GMC cohort, which is probably the result of the regulatory rules for obligatory isolation at the time of the study. Some patients in the HC group were presumably discharged to complete isolation at home, while the GMC patients were unable to do so.

It is possible that NLR and PLR play a prognostic role after stratification according to age and frailty. Such stratification in older adults requires further large-scale studies. Meanwhile using NLR and PLR as simple prognostic markers in older adults with COVID-19 should be done cautiously.

Finally, the large differences in NLR and PLR may be driven partially by the differences in comorbidities between the groups. Most prior studies describe NLR and PLR at acute rather than chronic medical conditions (5–7, 20, 30, 31, 34–37). Furthermore most COVID-19 patients who are at high risk for developing severe illness are older patients with comorbidities (23, 38–43). This emphasizes again the need for stratification of NLR and PLR before they can be routinely used for prognostic purposes.



Conclusion

NLR and PLR seem to be affected more by age and frailty than by COVID-19 severity. Their use as prognostic factors for COVID severity should be considered cautiously and should be stratified according to age, frailty and comorbidities. Further research is needed to find whether these markers have a predictive ability in certain age groups or according to frailty status. The results of this study call for further research on NLR and PLR roles as markers of frailty.
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