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Introduction: Frailty is a known risk factor for many diseases, including COVID-19. However, many frail patients are undiagnosed as the diagnosis can be cumbersome. Alanine transaminase (ALT) is found not only in the liver but also in the muscle tissue, and multiple studies show that frail sarcopenic patients have lower ALT. Frail patients are at increased risk for severe COVID-19. We evaluated the association between pre-infection low ALT and the risk for severe COVID-19.

Methods: We collected data regarding all subjects tested for SARS-CoV-2 between 1 March 2020 and 31 December 2021 from a national state-mandatory HMO in Israel, serving more than 1.3 million patients. Clinical and laboratory data were collected, including ALT from the year prior to infection. Severe COVID-19 was defined either as death, ICU admission, or ≥10 hospitalization days. Patients with low ALT (ALT ≤ 10 IU/l) were compared with patients with normal ALT (11–40 IU/l). Patients younger than 18 years with a diagnosis of liver disease and with ALT > 40 IU/l were excluded.

Results: During the study period, 58,961 patients tested positive for SARS-CoV-2. The patients in the low ALT group were younger (40.53 vs. 42.73, p < 0.001), less likely to be males (12.3 vs. 38.7%, p < 0.001), and had lower BMI (25.97 vs. 27.15, p < 0.001). The patients in the low ALT group had higher mortality (2.36 vs. 0.57%, p < 0.001), more ICU hospitalizations (0.49 vs. 0.41%, p = 0.47), and more prolonged hospitalizations [2.63% (95% CI 2–3.2%) vs. 0.98% (95% CI 0.86–1.1%) p < 0.001]. In multivariate logistic regression analyses, low ALT was associated with an increased risk of severe COVID-19, with increased mortality (OR 1.88, 95% CI 1.37–2.56) and prolonged hospitalization (OR 1.78, 95% CI 1.33–2.35).

Conclusion: Low ALT level prior to infection is a significant risk factor for morbidity and mortality from COVID-19 infection. Further studies are warranted to address treatment options for this population.

KEYWORDS
alanine transaminase, sarcopenia, COVID-19, mortality, frailty


1. Introduction

As life expectancy rises, the prevalence of frailty is expected to rise (1). Frailty is a condition defined as “a clinical state in which there is an increase in an individual's vulnerability for developing an increased dependency and/or mortality when exposed to a stressor” (2). While frailty is associated with increased all-cause mortality (1), the condition is underdiagnosed. From a public health perspective, although several measures have been proven to be useful (i.e., exercise and protein) in frail patients, (1, 3) the ability to detect patients at risk for frailty is also important.

Alanine aminotransferase (ALT) is an enzyme mainly found in the liver, kidneys, heart, brain, and skeletal muscles. ALT catalyzes the transformation of alanine to pyruvate and glutamic acid (4). Typically, elevated ALT usually indicates liver damage, and compared with other liver enzymes, ALT is considered a more specific marker of the liver (4). However, it may also indicate skeletal muscle status, as in the case where increased ALT may indicate severe rhabdomyolysis (5). In the absence of known liver damage, low ALT rates (<10–13 IU/l) are increasingly recognized as being associated with poor prognosis and increased risk of mortality (6–8), and it has been suggested that a low ALT may serve as a surrogate marker for frailty. For example, Couteur et al. studied 1,673 community-dwelling males aged 70 years or older and found patients with below-median ALT to be older and more likely to be frail (odds ratio 3.54, 95% CI 2.45–5.11) (8). Similarly, Vespasiani-Gentilucci et al. found that among 765 elderly patients (61.8% females), low ALT was associated with increased frailty phenotype (defined according to the Fried criteria) and sarcopenia (defined using the peripheral quantitative computed tomography) (9). In a prospective study from Israel among hospitalized patients, Irina et al. found a significant correlation between low ALT and both pre-frail and frailty status (classified using the FRAIL questionnaire) (10, 11). A recent study showed that patients with sarcopenia measured using the CT scan-L3 skeletal muscle index (L3SMI) had lower ALT levels (<12 IU/l) than non-sarcopenic patients (11). In addition to sarcopenia, a 5-year follow-up of a Japanese population-based cohort aged 65+ years discovered that a low ALT rate is associated with loss of independence and mortality (12).

While low ALT levels were shown in studies to be associated with increased mortality, the effect of this metabolic marker on the severity and outcomes of respiratory disease, especially COVID-19, has not been shown. According to the World Health Organization, from the beginning of the coronavirus (COVID-19) epidemic in 2019 through to the end of 2021, ~290 million people were infected, among whom more than 5 million died1. Multiple studies analyzed the risk factors for severe COVID-19. Among numerous variables, significant factors consistently included older age, male sex, obesity, chronic kidney diseases, diabetes, ischemic heart diseases, hypertension, asthma, and chronic obstructive pulmonary disease (COPD) (13, 14).

Frailty per se was not found to be associated with an elevated risk for infection with SARS-CoV-2. However, once infected with SARS-CoV-2, a frail patient has a higher risk for functional loss, increased morbidity, mortality, and increased health service utilization (15–17). Several studies showed that frailty, assessed using either the clinical frailty score (CFS) or the FRAIL scale at the time of infection immediately prior to hospitalization, is associated with an increased risk of severe COVID-19 and long-term sequelae. While these studies are important, as they were based on clinical data based on physical examination findings, numerous patients are undiagnosed (18–21). Thus, the ability of blood tests to single out frail patients is of clinical significance.

In this study, we aimed to examine the hypothesis that low baseline ALT levels prior to infection with COVID-19 were associated with an increased likelihood of severe COVID-19 infection, increased morbidity, and higher mortality.



2. Materials and methods

We conducted a study using the electronic medical record database of Meuhedet Health Maintenance Organization (HMO). Meuhedet HMO is the third largest state healthcare provider, with over 1.3 million patients, across all of Israel. Its database includes real-time computerized data including primary care visits, medical diagnosis, laboratory tests, hospitalizations, and prescribed medications. Data were gathered regarding all patients aged ≥ 18 years old who tested positive for COVID-19 between 1/3/20 and 31/12/21. The test was an assay from nasal and pharyngeal swabs, in accordance with World Health Organization guidelines. In cases of multiple testing, the date of the first positive test was taken to mark the onset of the disease.

Data gathered included age, sex, body mass index (BMI), and social background (based on self-definition by the patient as belonging to the general Jewish, Arab, or ultra-orthodox population). Physician-made diagnoses stored in the electronic medical records included diabetes mellitus, hypertension, ischemic heart disease, cirrhosis, chronic liver disease, dementia, history of cerebrovascular attack (CVA), COPD, asthma, and chronic renal failure. Laboratory tests for ALT levels were gathered if performed during the period spanning 30–365 days prior to COVID-19 infection. For socioeconomic status, we used the SES index which is an integral part of the HMO electronic database, automatically provided by Points Location Intelligence (https://points.co.il/). The index is determined based on residency address, according to classification by the Israel Central Bureau of Statistics. It is rated on a scale of 1–10, with 1 as the lowest. Health service utilization (length of stay in hospital, ICU admission) and mortality data were also gathered using the HMO database.

In December 2020, the first COVID-19 vaccine campaign in the world was started in Israel. The definition of vaccinated patients who were subsequently infected with SARS-CoV-2 is as follows: patients who had performed a positive SARS-CoV-2 PCR between 7 days and 5 months after receiving the second dose of the COVID-19 vaccine or 7 days after the third dose. Patients were divided into two groups: low ALT (≤10 IU/l) and normal ALT level (11–40 IU/l).

All patients included in the HMO database during the study period from 1/3/20 to 31/12/21, aged ≥ 18 years who tested positive for SARS-CoV-2 PCR were eligible for inclusion in the study. Exclusion criteria were as follows: (1) As has been done in earlier studies (22), patients with high ALT levels (>40 IU/l) were excluded since these levels represent liver disease; (2) patients with an ICD-9 diagnosis of cirrhosis or other chronic liver diseases prior to SARS-CoV-2 testing were excluded.

The measured outcomes were death, hospitalization in the ICU unit, or hospitalization of ≥10 days, all within 30 days of positive SARS-CoV-2 testing. All outcomes were mutually exclusive; that is, patients who died after a long hospitalization were not to be counted as ones who had a long hospitalization.

This research was conducted in accordance with the Declaration of Helsinki and approved by the research ethics committee and internal review board of Meuhedet HMO (02-24-08-20).


2.1. Statistical analysis

Descriptive statistics were used; continuous variables by mean and standard deviation and categorical by sum and relative percent. Univariate analysis for categorical variables was performed with the chi-square test and for continuous variables with Student's t-test. Multivariate logistic regression with odds ratio (OR) and 95% confidence interval (CI) were calculated separately for the outcomes of death, ICU hospitalization, and long hospitalization, respectively. Each model adjusted for low ALT, age, sex, socioeconomic status, sector, diabetes, hypertension, ischemic heart disease, chronic renal failure, dementia, COPD and asthma, BMI, and COVID vaccination status. In addition, a 1:1 propensity score-matched case–control analysis was performed to assess the significance of low ALT and severe COVID-19. McNemar test and Wilcoxon's singed-rank test were performed on paired data and logistic regression. To assess time to event, we constructed a Kaplan–Meier curve and calculated the difference using the log-rank test. In addition, the Cox proportional hazards model was employed to analyze the survival data in this study to adjust for multiple covariates. All tests were two-tailed, and the significance for the p-value was defined as <0.05%. Statistical analyses were made using R software.




3. Results

During the study period (1/3/20–31/12/21), a total of 976,615 patients underwent SARS-CoV-2 PCR testing. Of these patients, we included 233,730 subjects aged ≥ 18 years, without liver diseases who had ALT levels ≤ 40 IU/l, taken between 30 and 365 days prior to testing positive for the SARS-CoV-2 PCR test. After this selection, 213,255 had normal ALT levels (11–40 IU/L) and 20,475 patients had low ALT levels (10 IU/l and below) (Figure 1). In the low ALT group, 5,515 patients (26.94% of all the low ALT group) were infected with COVID-19, and 53,446 were from the normal ALT group (25.06%, p < 0.001).


[image: Figure 1]
FIGURE 1
 Flowchart of inclusion criteria in the study population.


The patients in the low ALT group were younger (40.53 vs. 42.73, p < 0.001), less likely to be males (12.3 vs. 38.7%, p < 0.001), had lower BMI (25.97 vs. 27.15 kg/m2, p < 0.001), and were more likely to be from the Arab sector (23.0 vs. 20.3%, p < 0.001). Chronic renal failure (0.3 vs. 0.1%, p < 0.001) and dementia (1 vs. 0.2%, p < 0.001) were more common in the low ALT group. In addition, the patients in the low ALT group were less vaccinated against COVID-19 before the infection (4.6 vs. 5.7%, p = 0.002). Additional comparisons are shown in Table 1.


TABLE 1 Characteristics of the patients with positive COVID-19 PCR test, age ≥ 18 years, and without liver diseases.

[image: Table 1]

Of all the 58,961 SARS-CoV-2-positive patients, 1,356 had severe COVID-19 infection, 437 people died, 248 were in intensive care units, and 671 were hospitalized for 10 days or more. Among the patients in the low ALT group vs. the patients in the normal ALT group, 30-day mortality was 2.36 vs. 0.57% (p < 0.001), and hospitalization lasting ≥ 10 days was 2.63 vs. 0.98% (p-value < 0.001), respectively. There was no statistically significant difference regarding ICU hospitalization (0.49 vs. 0.41%, p = 0.47) (Figure 2; Table 2). The difference in time to death among low and normal ALT groups was calculated using the Kaplan–Meier curve and the log-rank test. The difference was significant (p-value < 0.001) (Figure 3). This difference was significant when analyzing the mortality data in a Cox proportional hazards model (HR 1.71, 95% CI 1.3–2.24, p < 0.001).
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FIGURE 2
 Severe COVID-19 patients divided by ALT levels.



TABLE 2 Severe COVID-19 outcomes.
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FIGURE 3
 Survival analysis: days to death with COVID-19 disease, according to ALT levels.


In three different multivariate logistic regressions, adjusting for low ALT, age, sex, socioeconomic status, sector, diabetes, hypertension, ischemic heart disease, chronic renal failure, dementia, COPD, asthma, BMI, COVID vaccination status, and low ALT were associated with death (OR 1.88, 95% CI 1.37–2.56, p < 0.001) and long hospitalization (OR 1.78, 95% CI 1.33–2.35, p < 0.001). In addition, in a linear regression model, increasing ALT was negatively correlated with death (coefficient estimate−7.09e-4, p < 0.001). Low ALT was not associated with an increased risk for hospitalization in the ICU (OR 1.2 95% CI 0.67–2.01, p = 0.52) (see Table 3).


TABLE 3 Risks associated with low ALT among subjects with COVID.
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Results of three separate logistic regression models. Each model consisted of BMI, smoking, social sector, gender, age, diabetes, hypertension, COVID-19 vaccination status, ischemic heart disease, chronic renal failure, dementia, COPD, asthma, and low ALT.

In a propensity score matched case–control analysis (n = 2,563 pairs), SARS-CoV-2-positive patients were matched according to gender, age, BMI, COVID-19 vaccination status, hypertension, diabetes mellitus type 2, ischemic heart disease, and socioeconomic status. Low ALT was associated with a significant risk for 30-day mortality (2.9 vs. 1.2%, P < 0.001), and a higher, but not significant, probability of being treated in ICU (0.6 vs. 0.5%, p = 0.71).

In a multivariate logistic regression, COVID-19 vaccination was associated with a lower risk of mortality (OR- 0.36, 95% CI 0.20–0.59, p < 0.01).



4. Discussion

In light of the ongoing COVID-19 pandemic, there is an urgent need to stratify the population that will be at higher risk for severe COVID-19. Multiple studies have shown that old age, male sex, hypertension, ischemic heart disease, diabetes mellitus, and history of CVA are all associated with an increased risk of severe COVID-19 (13, 14). In addition, frailty has been shown to be an additional risk factor for severe disease, death, and long hospitalization (17).

While the diagnosis of frailty as a multifaceted syndrome is clinical, with numerous tools and methods suggested to measure it, it is widely accepted that a core element of the frailty syndrome includes sarcopenia (7, 8). Sarcopenia can be measured radiologically and clinically. ALT is found throughout the body in muscle tissue, in addition to its presence in the liver, and multiple studies have confirmed that low levels of ALT are associated with sarcopenia and with a higher risk of mortality (5–11). In this study, we show an association between low ALT levels and negative outcomes for COVID-19.

The main finding in this study is that low levels of serum ALT before the disease are associated with higher mortality and longer hospitalizations from COVID-19 infection. Low ALT was a significant predictor of mortality even when controlled for other comorbidities such as age, gender, BMI, hypertension, diabetes mellitus, dementia, stroke, and pulmonary disease, with an OR = 1.88 (p < 0.01) in a logistic regression and a propensity score-matched cohort.

ALT levels < 10 U/l were considered low in our study. Other studies used a cutoff of 10–15 U/l to be considered low (7). When analyzing the incidence of death following COVID-19 infection, a significant increase was seen in patients with these low levels of ALT (Figure 4). When using a cutoff of <15 U/l, low ALT was still significantly associated with 30-day mortality when controlling for additional risk factors for severe COVID-19. This is less than the OR found when a cutoff of 10 U/l was used (Supplementary Figure S1). The best cutoff for low ALT and whether different cutoffs should be used according to sex and race should be evaluated in further studies.


[image: Figure 4]
FIGURE 4
 Relative incidence of death following COVID-19 infection according to ALT levels.


Similar to other studies (19), our results showed that vaccines are associated with decreased risk for mortality (OR- 0.36, 95% CI 0.20–0.59, p < 0.01).

In our study, we used the ICD-10 code for chronic renal failure. As this diagnosis was not found frequently, we added an analysis where patients with serum creatinine levels > 1.5 mg/dl were considered as having chronic renal failure. High creatinine was more frequent in the low ALT group (2.4 vs. 0.9%, p < 0.001). When adjusting for this variable, low ALT was still significantly associated with COVID-19 death (OR 1.51, 95% CI 1.16–1.98).

Low ALT was associated with a significantly increased risk of mortality and long hospitalization. Although the risk for hospitalization in the ICU was observed to be higher in the low ALT group, nonetheless this finding did not reach statistical significance. A possible explanation could be that as the pandemic caused an overload of patients in the hospital, frail and elderly patients who were deemed to have less chance of surviving the disease were not granted an ICU bed. A similar finding was shown by Aw et al. (20).

The association of ALT and frailty is an increasingly recognized phenomenon, and it is likely that ALT serves as a surrogate marker for muscle integrity and mass. Sarcopenia is indeed a key element of frailty, and the overall integrity of the musculoskeletal system is of vital importance in the maintenance of health and functional status with advancing age. Numerous emerging models of aging indicate a shift in paradigm from a predominantly “disease-based” model to a wider inclusive concept of aging. In recent years, the World Health Organization increasingly emphasized the importance of active aging, a concept closely related to the WHO International Classification of Functioning, Disability, and Health (23, 24). Viewed from these perspectives, notions such as resilience, reserve, and intrinsic capacity are driving forces behind maintained function, health, and wellbeing during old age. Physical activity, locomotion, mobility, balance, flexibility, fatigability, nutrition, and preserved energetics are critical vectors in preventing the gradual decline and onset of frailty, which itself is viewed as a cycle of reduced activity, deteriorating intake, quantitate and qualitative muscle loss, fatigue, declining homeostasis, and energy imbalance (25, 26). Thus, the use of serum ALT as an indirect biomarker of sarcopenia and frailty is potentially an extremely useful and readily available asset in both prognostication and guidance toward more personalized care, particularly among the older patient population.

The strengths of this study are the large number of patients from a diverse population across Israel and that the study period for data collection spanned 21 months and included four pandemic waves in Israel. ALT levels were measured at least a month prior to COVID-19, and thus, there was no effect of COVID-19 itself on the ALT levels. Furthermore, as the data were collected at community clinics and not from hospitals, healthier patients were also included in the cohort.

This study has several limitations. ALT was measured only once, and only within the year prior to SARS-CoV-2 infection. Due to the retrospective nature of the study, only patients who performed an ALT test were included in the analysis, which may have introduced some degree of selection bias, as “sicker” patients might have been the ones referred to perform blood testing.

As this database is not from the hospital, there are no data regarding the disease course, such as the need for supplemental oxygen or the exact reason that caused a more difficult disease course. We used the long hospitalization as a surrogate marker for a more difficult disease trajectory. As universal medical insurance in Israel is obligatory by law, the length of stay in the hospital is not influenced by insurance-related issues and almost entirely reflects the patients' medical status. Despite these limitations, this nationwide, real-world study provides further evidence that low ALT can be used as a surrogate marker for patients at greater risk of death.



5. Conclusion

In conclusion, low ALT (≤10 IU/L) is a significant marker associated with severe COVID-19 for mortality and long hospitalization. Low ALT should be used as a surrogate marker of frailty and physicians and public health experts could use this biomarker for treatment and risk stratification. Further prospective studies regarding the routine use of ALT are needed.
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