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 Beyond the Infection: Metabolic Imprints of Long COVID



.ABSTRACT

	Aims: This systematic review aimed to investigate the association between long COVID and metabolic dysfunctions such as diabetes mellitus (DM), obesity, and dyslipidemias, with emphasis on the underlying pathophysiological mechanisms. 
Study design: Systematic review.
Place and Duration of Study: Searches were conducted between January and May 2024 across PubMed/MEDLINE, Scopus, and the Virtual Health Library (BVS) databases, considering publications from 2019 to 2024.
Methodology: The review followed the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). The PICO strategy guided the formulation of the research question. Eligible studies included observational and interventional designs that assessed metabolic outcomes in patients with long COVID. Although the search timeframe began in 2019, no eligible studies were found from 2019 and 2020, as the prolonged effects of COVID-19 had not yet been described in the scientific literature. A total of eight studies published between 2021 and 2024 met the inclusion criteria and were critically analyzed regarding design, level of evidence, and main findings.
Results: The included studies consistently reported persistent metabolic alterations in patients with long COVID, including insulin resistance, chronic inflammation, lipid dysfunctions, and elevated laboratory markers (ferritin, CRP, HbA1c). Additionally, cognitive impairments and reduced quality of life were frequently observed. However, sample sizes across studies were generally small, and heterogeneity in methodology limited direct comparisons.
Conclusion: Long COVID represents a complex condition with significant metabolic manifestations. The current evidence highlights the need for larger, longitudinal, and controlled studies to deepen understanding of the mechanisms involved and to support the development of effective post-COVID care strategies.
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1. INTRODUCTION
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the etiological agent of Coronavirus Disease 2019 (COVID-19), has profoundly impacted global public health, affecting millions of individuals and exposing substantial challenges to healthcare systems worldwide (Nalbandian et al., 2021). Initially regarded as an acute respiratory illness, COVID-19 has progressively been recognized as a systemic condition, capable of producing manifestations that extend beyond the acute phase and may persist for weeks or months after the initial infection (Nalbandian et al., 2021), even in the absence of detectable viral activity (Pasini et al., 2021).
This constellation of persistent and often debilitating symptoms has been termed long COVID or post-COVID syndrome (Del Rio; Collins; Malani, 2020; WHO, 2021). In October 2021, the World Health Organization (WHO) officially defined the condition as occurring in individuals with a probable or confirmed history of SARS-CoV-2 infection, usually within three months from onset, with symptoms lasting at least two months and not explained by alternative diagnoses (WHO, 2021).
Long COVID is associated with a wide spectrum of clinical manifestations, including fatigue, dyspnea, cognitive dysfunction, and neurocognitive disturbances (Pasini et al., 2021; Del Rio; Collins; Malani, 2020; Barreto et al., 2022; Menezes et al., 2023; Ida et al., 2024). Beyond these symptoms, growing evidence has highlighted its relationship with metabolic health, with metabolic dysfunction emerging as one of the major consequences of the syndrome (Michelen et al., 2021). Chronic inflammation and oxidative stress triggered by SARS-CoV-2 infection may contribute to insulin resistance, endocrine imbalance, and increased susceptibility to metabolic disorders (Pasini et al., 2021). Individuals with pre-existing risk factors, such as obesity or a family history of diabetes mellitus, are particularly vulnerable, showing higher rates of complications, hospitalization, and morbidity following infection (Michelen et al., 2021).
Chronic inflammation and oxidative stress triggered by viral infection may lead to insulin resistance and hormonal imbalances, favoring the onset of new metabolic disorders or the worsening of pre-existing conditions (Pasini et al., 2021). Individuals infected with SARS-CoV-2 who already present risk factors such as obesity and family history of diabetes mellitus are particularly vulnerable to complications, with higher rates of hospitalization and morbidity.
From an endocrine perspective, of COVID-19 patients exhibited at least one hormonal abnormality three months after infection, such as prediabetes, reduced dehydroepiandrosterone sulfate (DHEA-S) levels, subclinical hypothyroidism, or male hypogonadism (Das et al., 2021). Furthermore, systematic reviews and meta-analyses have suggested that long COVID is associated with atherogenic lipid profiles, including increased LDL, triglycerides, and ApoB, as well as decreased HDL and ApoA, pointing to an elevated cardiovascular risk in affected individuals compared to controls (Iosef et al., 2025).
Taken together — encompassing metabolic dysregulation, mitochondrial dysfunction, lipid abnormalities, and endocrine alterations — these findings underscore the critical need to understand the relationship between long COVID and metabolic diseases. Such knowledge has direct implications for screening, clinical management, prevention, and therapeutic strategies in post-COVID populations. Therefore, early recognition of metabolic complications and timely implementation of preventive and therapeutic measures may mitigate the long-term burden of long COVID on metabolic health. In this context, the present review aims to investigate the relationship between long COVID and the development or aggravation of metabolic conditions such as diabetes mellitus, obesity, and dyslipidemia, with emphasis on the underlying pathophysiological mechanisms, including inflammation, cytokine alterations, and oxidative stress.

2. methodology 

This study consists of a systematic literature review, a methodological approach that enables the analysis and synthesis of different types of studies on a specific topic, providing a comprehensive overview of the available scientific evidence. The guiding research question was developed based on the PICO strategy (Population, Intervention, Comparison, Outcome): Population (P): Patients with long COVID; Intervention/Interest (I): Development or worsening of metabolic diseases; Comparison (C): Patients without a history of long COVID (when applicable); Outcome (O): Metabolic alterations associated with long COVID. Accordingly, the guiding question of this review was formulated as follows: How does long COVID contribute to the development or worsening of metabolic complications, such as diabetes mellitus, obesity, and dyslipidemia?
A systematic search was carried out in health-related databases, including PubMed/MEDLINE, Scopus (Elsevier), and the Virtual Health Library (BVS). Keywords were selected according to the controlled vocabularies Medical Subject Headings (MeSH) and Health Sciences Descriptors (DeCS), combined with Boolean operators. The search strategy was adapted for each database to encompass the study objective. For the retrieval of publications, the following descriptors were used, combined with Boolean operators: ("Long COVID" OR "Post-COVID Syndrome" OR "PASC") AND ("Diabetes Mellitus, Type 2" OR "Insulin Resistance" OR "Obesity" OR "Dyslipidemia" OR "Metabolic Syndrome") AND ("Inflammation" OR "Cytokines" OR "Oxidative Stress").
To ensure the relevance of studies, the following selection criteria were applied: publications between 2019 and 2024; studies addressing the relationship between long COVID and the development or worsening of metabolic complications; written in English, Portuguese, or Spanish; and original studies, including clinical trials. Exclusion criteria comprised studies involving pediatric populations, those addressing only acute COVID-19, non-peer-reviewed articles (preprints), review papers, and studies in non-accessible languages (e.g., Chinese, Russian).
The entire process of screening, organization, and management of references was carried out with the support of the online tool Rayyan (https://rayyan.ai/), developed to facilitate systematic reviews in a collaborative, efficient, and transparent manner. Data extracted from the included studies were analyzed descriptively and categorically, grouping the findings into main thematic areas.
The studies were organized in a file for duplicate identification and removal, ensuring repeated records were counted only once. Titles and abstracts were then screened, and only those meeting the inclusion and exclusion criteria were retained. Selected full texts were assessed for eligibility, considering only those that fully addressed the research question.
Data were extracted and organized into a standardized spreadsheet to facilitate comparative analysis and categorization of findings, including the following information: first author, year of publication, country of study, study design, objective, main findings on the relationship between long COVID and metabolic alterations, and study limitations. Article screening was performed independently by two reviewers, and disagreements were resolved by consensus.
To ensure scientific rigor, the quality of the selected studies was assessed using the hierarchical classification proposed by Melnyk and Fineout-Overholt (2011), a method employed to determine the level of scientific evidence, ranking studies according to the strength and reliability of their data. This hierarchy is divided into seven levels: I) the most robust evidence, derived from systematic reviews, meta-analyses, or clinical practice guidelines based on systematic reviews of randomized controlled trials; II) evidence from at least one randomized controlled trial; III) well-designed clinical studies without randomization; IV) structured observational studies, such as cohort and case-control studies; V) evidence obtained from systematic reviews of descriptive and qualitative research; VI) evidence from a single descriptive or qualitative study; and VII) the least rigorous evidence, based on expert opinions or committee reports.
To illustrate the stages of search and study selection, a flow diagram adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA, 2020) was used. Although the PRISMA model was followed for review structuring, the results were presented narratively and categorically, without performing a meta-analysis, due to the methodological heterogeneity of the included studies.

3. results and discussion

Figure 1 describes the process of identification, screening, eligibility, and inclusion of studies according to the databases consulted. 

[image: ]
Figure 1 – Flow diagram of the identification and selection process of studies included in the review. 
Source: Adapted for Page et al (2020).
Initially, 829 publications were identified across the PubMed (n = 52), BVS (n = 72), and Scopus (n = 705) databases. After removing 82 duplicate records, 747 articles remained for title and abstract screening, during which 712 were excluded for not meeting the scope of the research. Of the 35 articles selected for eligibility assessment, 27 were excluded for not fulfilling the predefined criteria related to the research question. In the end, 8 studies were included, forming the body of evidence analyzed and allowing for a grounded synthesis of the investigated topic.
Although the search timeframe encompassed publications from 2019 to 2024, no eligible studies were identified in 2019 and 2020. This is explained by the fact that, in the early years of the pandemic, scientific investigations were primarily focused on the acute manifestations of COVID-19 and emergency infection-control measures, while the prolonged effects of the disease had not yet been recognized or sufficiently described in the scientific literature.
Of the included studies, 2 were published in 2021 (Mittal et al., 2021; Pasini et al., 2021), 1 in 2022 (Barreto et al., 2022), 2 in 2023 (Menezes et al., 2023; Sanhueza et al., 2023), and 3 in 2024 (Al-Zadjali et al., 2024; Le et al., 2024; Man et al., 2024). Regarding the level of evidence, the studies were classified into levels II, IV, and V (Table 1).







Table 1 – Characterization of the articles according to title and authorship, year and country of publication, study design, objective, outcome, and level of evidence. 
	Study-Authorship
	Year and Country of Publication
	Study Type/Objectivies
	Outcome
	Level of Evidence

	S1) High prevalence of post COVID-19 fatigue in patients with type 2 diabetes: A case-control study.
Mittal et al.
	2021/India
	Case-controlstudy (52 cases and 56 controls), aiming to assess the prevalence of post-COVID-19 fatigue in patients with T2DM and compare it with ndividuals without T2DM, seeking to identify factors associated with fatigue in these patients.
	Fatigue was assessed using the CFQ-11 instrument, being observed in 53% of patients with a history of COVID-19, compared to 37% in the control group (p = 0.018). Patients with significant fatigue (score >4) had more dyspnea, weakness, weight loss, and higher levels of TSH, IL-6, and ferritin.
	IV


	S2) Serum Metabolic Profile in Patients With Long-Covid (PASC) Syndrome: Clinical Implications/ Pasini et al.
	2021 / Italy
	Prospective cohort with 75 patients to evaluate the serum metabolic profile of individuals with post-COVID syndrome.
	Persistent metabolic alterations, such as high levels of ferritin, D-dimer, and C-reactive protein, suggesting a chronic inflammatory state and increased risk for thromboembolism.
	IV

	S3) Metabolic disorders and post-acute hospitalization in black/mixed-race patients with long COVID in Brazil: A cross-sectional analysis /Barreto et al.
	2022 / Brazil
	Cross-sectional study with 1,164 individuals to evaluate long COVID symptomatology, complications such as hospital readmission and metabolic disorders, as well as clinical characteristics that impact quality of life.
	Among 209 participants, 44% presented metabolic comorbidities, with hypertension and diabetes being the most common. Symptoms included 43% reporting persistent chest pain, 36% dyspnea, 41% anxiety, and 34% depression, impacting participants’ quality of life.
	IV 

	S4) Clinical and pulmonary function analysis in long-COVID revealed that long-term pulmonary dysfunction is associated with vascular inflammation pathways and metabolic syndrome/ Sanhueza et al.
	
	Observational prospective cohort (n=60), conducted to identify and characterize long-term pulmonary dysfunction in patients with long COVID and metabolic syndrome, in order to elucidate main pathways and long-term consequences.
	Long-term pulmonary dysfunction was associated with older age, development of ARDS, and the presence of hypertension and insulin resistance. For the first time, the inflammatory phenotype and metabolic consequences of L-TPD after COVID-19 were described, indicating main factors to be considered 12 months after infection, such as metabolic syndrome and insulin resistance.
	V

	S5) Metabolic Profile of Patients with Long COVID: A Cross-Sectional Study/ Menezes et al.
	
	Cross-sectional study aimed at analyzing the metabolic profile of long COVID patients in the Amazon region of Brazil. A total of 215 patients were classified based on COVID-19-related outcomes (hospitalization during the acute phase, prolonged disease duration, and number of persistent symptoms) and metabolic laboratory abnormalities.
	Abnormalities in the metabolic profile, such as higher BMI, triglycerides, glycated hemoglobin (HbA1c), and ferritin, were more prevalent in patients who had been hospitalized during the acute phase of COVID-19 and who presented persistent symptoms, suggesting cardiometabolic alterations in these patients.
	IV

	S6) Insulin Resistance in Long COVID-19 Syndrome/ Man et al.
	
	Prospective observational study in which 143 cases were selected to verify whether non-diabetic patients with long COVID developed insulin resistance over time.
	The incidence rate of diabetes was higher in obese patients than in those without obesity, with significant differences between groups at 4 months after acute COVID-19. 5% of hospitalized long COVID patients developed diabetes within one year after acute COVID-19 infectio
	IV

	S7) Impact of elevated body mass index (BMI) on cognitive functioning and inflammation in persons with post-COVID-19 condition: a secondary Analysis/ Le et al. 
	2024/Canada
	Post-hoc analysis of a clinical trial (n=70), aiming to determine the effect of BMI on cognitive function in adults with long COVID, and secondarily to evaluate the mediating role of peripheral inflammatory markers in cognitive function.
	Higher BMI was associated with worse cognitive performance. In addition, higher BMI correlated positively with increased levels of inflammatory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). This suggests that individuals with elevated BMI may be at greater risk of developing post-COVID-19 condition and cognitive deficits mediated by chronic systemic inflammation.
	II

	S8) Reduced HDL-cholesterol in long COVID-19: A key metabolic risk factor tied to disease severity/Al-Zadjali et al.
	2024 / Brazil
	Observational study (n=88) that investigated the relationship between reduced HDL-cholesterol levels and the severity of long COVID.
	Long COVID patients presented significantly lower HDL levels compared to individuals without the condition, and these reduced levels were correlated with greater symptom severity.
	IV


Source: The authors, 2025.

After reading the analyzed studies to clarify the discussion of this review, a table was created that grouped them according to their content similarities (Table 2).
Table 2 - Categorization of selected articles according to content similarity

	Categories
	Studies

	Metabolic and Inflammatory Impact of Long COVID
	S1, S2, S3, S4, S5, S6, S7, S8.

	Obesity and Risk Factors for Long COVID
	S3, S4, S5, S7, S8.

	Quality of Life and Cognitive and Functional Consequences
	S3, S4, S7, S8.


     Source: The authors, 2025.

Metabolic and Inflammatory Impact of Long COVID

This study, which encompasses publications on the consequences of COVID-19 from 2019 to 2024, reflects the growing knowledge about the long-term effects of SARS-CoV-2 infection. The lack of studies published in 2019 and 2020 is explained by the initial phase of the pandemic, when the prolonged impacts of the infection were still poorly understood. From 2021 onward, as the pandemic evolved, studies began to address the consequences of COVID-19, especially regarding metabolic, inflammatory, and cognitive aspects.
By categorizing the main themes addressed in the publications, we highlight the interrelationship between different factors that contribute to the long-term effects of COVID-19. The analysis of the categories reveals the complexity and multifactorial nature of the disease, as well as the urgent need for management strategies that address the multiple health aspects of affected patients. 
Beyond the clinical definition, it is essential to understand the multisystemic effects of long COVID. SARS-CoV-2 has the potential to affect different organs and trigger autoimmune responses, leading the immune system to attack previously compromised tissues. Prolonged inflammation contributes to the persistence of symptoms and increases the risk of conditions such as cardiovascular disease. Individuals with pre-existing comorbidities, such as diabetes and heart disease, tend to have worse clinical outcomes after infection (CDC, 2025).
Among the common persistent symptoms of long COVID, fatigue stands out, present in approximately 85% of cases. This multifactorial manifestation involves intense exhaustion, muscle weakness, diffuse pain, and cognitive deficits, such as memory lapses (Mittal et al., 2021; Barreto et al., 2022). Persistent conditions are not limited to individuals who have had severe forms of the disease. A study conducted by the CDC in India of 292 adults diagnosed by RT-PCR in outpatient settings showed that, among the 274 symptomatic individuals, 35% reported not having recovered to their usual health after at least two weeks of diagnosis (Mittal et al., 2021).
Other factors associated with symptom persistence, such as age and comorbidities, are important. Prolonged symptoms were reported by 26% of individuals aged 18 to 34 (n = 85), 32% of those aged 35 to 49 (n = 96), and 47% of those aged 50 or older (n = 89). Being over 50 years old and having three or more comorbidities were significantly associated with non-recovery between 14 and 21 days after diagnosis (Mittal et al., 2021).
Although not selected for this review because it did not address metabolic conditions, the study by Ida et al. (2024) contributes to the understanding of the symptoms frequently reported by individuals infected with SARS-CoV-2, including dyspnea, joint pain, and chest pain. These symptoms, often persistent, reflect the impairment of multiple systems, especially the cardiovascular, respiratory, and neurological systems. In this study, conducted with 58 patients followed for up to 15 months after diagnosis, 46% still had fatigue, 39% reported memory deficits, and 31% continued to experience dyspnea. Anxiety and arthralgia were also reported by approximately 25% of participants.
This reinforces the hypothesis that long COVID may be related to both direct tissue invasion by the virus—mediated by interaction with the angiotensin-converting enzyme 2 (ACE-2) receptor, expressed in organs such as the lungs, kidneys, stomach, vascular endothelium, and adipose tissue—which may explain viral dissemination and the multisystemic manifestations of long COVID (Barreto et al., 2022; Xue et al., 2021). In the skin, erythematous, urticarial, and purpuric lesions have been reported in infected patients, although they are not considered primary signs of the disease (Genovese et al., 2021; Recalcati, 2020). Immune-mediated mechanisms and the prothrombotic state induced by infection, especially in severe cases, contribute to systemic dysfunction. The combination of these factors can perpetuate inflammation and hinder full recovery (Sanhueza et al., 2023). 
From a metabolic perspective, long COVID has been associated with significant changes. A study conducted in Romania found that, among 143 non-diabetic patients followed after SARS-CoV-2 infection, 30.7% developed long COVID. Of these, 75% developed diabetes within one year of the acute infection, suggesting an increased risk of metabolic dysregulation associated with the post-viral condition (Man et al., 2024). Other studies also demonstrate significant biochemical changes, such as elevated glycated hemoglobin (HbA1c), even in the absence of a prior diagnosis of diabetes mellitus (Barreto et al., 2022; Sanhueza et al., 2023). The exacerbated inflammatory response plays a central role in the clinical worsening of patients with type 2 diabetes infected with SARS-CoV-2. Biomarkers such as C-reactive protein (CRP) remain elevated, indicating chronic inflammation and a more severe prognosis (Man et al., 2024; Mittal et al., 2021). Pasini et al. (2021), further Demonstrated that persistent inflammation correlates with continued elevation of HDL cholesterol and other markers of cellular damage in hospitalized patients. Systemic inflammation, aggravated by the interaction between infection and glucose metabolism, can lead to insulin resistance, increased oxidative stress, and glycemic dyscompensation. In individuals with diabetes, this scenario is even worse due to immune dysfunction, a higher risk of thrombotic events, and endothelial damage (Man et al., 2024).
Studies indicate that altered levels of triglycerides, HbA1c, BMI, and ferritin are frequently observed in patients with prolonged manifestations of COVID-19 (Pasini et al., 2021; Menezes et al., 2023). In an analysis conducted in India, patients with mild to moderate long-term COVID-19 showed no significant changes in these markers over time. However, among those with severe symptoms, HDL-C levels remained low for up to four months after infection, with slight improvement after six months. Ferritin, HOMA-IR index, and HbA1c also showed significant alterations in these cases (Al-Zadjali et al., 2024).
Corroborating these findings, an Italian cohort demonstrated that patients hospitalized during the infection presented laboratory tests with significant abnormalities: elevated ferritin and D-dimer levels, anemia (87%), hypoalbuminemia (72%), and increased inflammatory biomarkers such as erythrocyte sedimentation rate (ESR) and CRP, with men presenting higher ESR values ​​than women (Pasini et al., 2021).
COVID-19 induces profound alterations in systemic metabolism, affecting multiple organs and systems. A study conducted by Cornillet et al. (2022), although not included in the analysis of this review, identified over 1,100 serum metabolites, with 46% to 75% of participants showing significant alterations compared to healthy individuals. These changes mainly involved lipids, amino acids, and xenobiotics, highlighting the complexity of the metabolic responses triggered by SARS-CoV-2 infection — findings that are consistent with previous results from Shen et al. (2020) and Song et al. (2020), who also reported metabolic dysfunctions associated with disease severity.
Notably, metabolites derived from acylcarnitines — molecules that transport fatty acids into the mitochondria, enabling their degradation and energy production — were associated not only with lung and liver damage but also with neuroinflammation and lesions in the central nervous system (Cornillet et al., 2022). This finding aligns with studies by Boldrini, Canoll, and Klein (2021), and Schwabenland et al. (2021), who highlight neuroinflammatory processes in COVID-19, suggesting that the disease acts in a multisystemic manner, involving immune and neuroendocrine mechanisms.
Other publications not included in this review’s analysis, such as Shen et al. (2020), identified metabolic and proteomic dysfunctions in the serum of SARS-CoV-2-infected patients, highlighting alterations in biochemical pathways related to the inflammatory response. Similar findings were reported by Song et al. (2020), who described profound changes in the plasma lipid profile, emphasizing the importance of fatty acids and glycerolipids in the progression of the disease.

Obesity and Risk Factors for Long COVID-19
Obesity has been shown to be one of the main risk factors for complications associated with COVID-19, including long COVID-19. Obese individuals are more likely to develop severe outcomes after SARS-CoV-2 infection (Man et al., 2024). Although the study by Xiang et al. (2023) did not meet the inclusion criteria because it was a review, it provides relevant theoretical support by suggesting a central role for chronic inflammation and metabolic dysfunction, which characterize obesity and contribute to an exacerbated immune response during the acute phase of infection, prolonging the recovery process and increasing the risk of persistent complications.
During the acute phase of COVID-19, obese patients are more susceptible to vascular injury, hypoxemia, and thrombotic phenomena due to their pro-inflammatory state and heightened endothelial activation. This effect is intensified in obese individuals, as adipose tissue, which also expresses ACE-2, can act as a viral reservoir (Xiang et al., 2023). Corroborating this, viral genetic material was detected in cardiac and intestinal cells of patients who died from COVID-19, suggesting systemic spread of the virus (Martínez-Colon et al., 2022). Epidemiological studies reinforce this association, demonstrating higher rates of hospitalization and complications in predominantly obese individuals (Man et al., 2024). The literature also shows that obesity is also frequently associated with other conditions—insulin resistance, dyslipidemia, arterial hypertension, hepatic steatosis, and coronary artery disease—which, together, act as independent risk factors for late complications of COVID-19, including post-acute syndrome (Xiang et al., 2023).
A study showed that approximately 62% of patients with a BMI greater than 30 kg/m² had increased blood glucose levels one year after infection, even in the absence of previously diagnosed DM (Man et al., 2024). This suggests that obesity not only aggravates acute infection but also contributes to long-term metabolic alterations.
These findings are reinforced by data from a Brazilian cohort that assessed the number of persistent symptoms and their relationship with metabolic status. Patients with more than six symptoms (n = 121) had a mean BMI of 29.5 kg/m² and mean glycated hemoglobin (HbA1c) levels of 6.4%, while those with up to six symptoms (n = 94) had a mean BMI of 27.2 kg/m² and higher ferritin levels (312 ng/mL versus 280 ng/mL in the group with more symptoms) (Menezes et al., 2023).
In addition to obesity, conditions such as arterial hypertension and insulin resistance have also been associated with a higher risk of persistent lung dysfunction. Advanced age, in turn, emerges as an additional factor for the impairment of respiratory symptoms and reduced functional capacity after the acute phase of the disease (Sanhueza et al., 2023; Man et al., 2024).
Concurrently, sociodemographic, clinical, and biological factors have been described as determinants of long COVID. In a study of Brazilian patients, it was observed that 44% of the 209 participants had metabolic comorbidities, with hypertension being the most prevalent (50.5%), followed by diabetes (37.8%). In addition to clinical vulnerability, These individuals face significant social barriers, such as difficulty accessing health services, which can worsen post-COVID outcomes and widen inequalities in care (Barreto et al., 2022).
Quality of Life and Cognitive and Functional Consequences
The World Health Organization (WHO) defines quality of life as an individual's perception of their position in life, considering the cultural context and value systems in which they are inserted, as well as their own goals, expectations, standards, and concerns (WHO, 1997). This concept has been strongly impacted by long COVID, a condition that involves persistent symptoms after SARS-CoV-2 infection, affecting multiple domains of life, including the physical and psychological (Barreto et al., 2022). Among the symptoms most frequently associated with long COVID-19 are cognitive impairment and fatigue, conditions widely reported by affected patients, which directly impact individuals' quality of life (Pasini et al., 2021; Barreto et al., 2022; Menezes et al., 2023; Le et al. (2024).
A Brazilian study, where quality of life in long COVID-19 was assessed in 929 patients using the EuroQoL (EQ-5D-5L) – a questionnaire that assesses health-related quality of life in five dimensions: mobility, personal care, usual activities, pain/discomfort, and anxiety/depression – showed that 8.9% of participants reported some impact on their quality of life, with 8.4% experiencing severe disabilities, with the most affected dimensions being anxiety/depression (22.4%) and pain/discomfort (17.6%) (Barreto et al., 2022).
Furthermore, the significant reduction in quality of life in patients with long COVID is closely related to the persistence of symptoms such as chest pain, dyspnea, anxiety, and depression. One study revealed that 43% of patients experienced chest pain, 36% reported dyspnea, and psychological symptoms such as anxiety (41%) and depression (34%) also severely affected quality of life, making it difficult to perform daily activities (Man et al, 2024).
Additional evidence from other studies not included in our analysis shows that prolonged inflammatory processes associated with SARS-CoV-2 infection have been implicated in neuronal dysfunction, impacting memory, attention, and processing speed. Activation of the toll-like receptor after infection results in increased secretion of proinflammatory cytokines, including IL-1, IL-6, TNF-α, and IFN-γ, which may contribute to neurodegeneration and impair cognitive functions (Khanmohammadi; Rezaei, 2021).
Still regarding the cognitive impact, Le et al. (2024) in their study highlight that cognitive deficits are one of the main mediators of impaired quality of life in people with long COVID. SARS-CoV-2 infection can reach brain tissue through viremia or direct invasion of the olfactory nerve, which may explain, among other symptoms, the loss of smell (anosmia) observed in many patients, as shown in another study that did not meet the inclusion criteria for this review (Del Rio; Collins; Malani, 2020).
High BMI has also been identified as a factor that exacerbates cognitive deficits. Studies indicate that patients with long COVID and high BMI have greater systemic inflammation, which can aggravate cognitive symptoms (Le et al., 2024).
Insulin resistance, frequently observed in obese individuals, can also impair brain energy homeostasis, worsening cognitive deficits and, consequently, quality of life. Persistent hyperglycemia and metabolic dysfunction associated with insulin resistance can reduce glucose uptake by neuronal cells, compromising synaptic and mitochondrial function, and intensifying neuronal damage (Man et al., 2024).
Behavioral factors also negatively influence this scenario. To understand this, we drew on relevant studies not included in this review, where high-fat diets, for example, are associated with cognitive impairments, affecting memory, learning, and executive functions (Elias et al., 2005). Psychological changes, such as mood swings, were observed more frequently in patients with severe COVID-19 (36.4%) compared to mild/moderate cases (27.3%) (Al-Zadjali et al., 2024). Diabetic patients, in turn, have a significantly higher prevalence of post-COVID-19 fatigue compared to individuals without diabetes, suggesting a direct impact of this condition on daily functioning and quality of life (Mittal et al., 2021).
These findings highlight how metabolic and behavioral factors exacerbate the burden of long COVID on cognitive and functional outcomes. In light of this impact, recent studies have also investigated potential preventive and therapeutic strategies to mitigate such consequences. Evidence suggests that COVID-19 vaccination may reduce the risk and severity of long COVID. In an international survey, Arnold et al. (2022) found that more than half of individuals with long COVID reported improvement in symptoms after vaccination, particularly with mRNA vaccines. A population-based study in the United States also showed that vaccination was associated with a lower prevalence of long COVID, with 21.6% of vaccinated individuals reporting persistent symptoms compared to 25.6% among unvaccinated participants (Shoff et al., 2023). Similarly, a prospective study indicated that vaccinated adults reported a reduction in both the number and severity of long COVID symptoms compared to unvaccinated individuals (Maier et al., 2024).
Themultidisciplinary rehabilitation study conducted in Italy revealed significant improvements in physical capacity, fatigue, dyspnea, and quality of life after a structured six-week program (Ostrowska et al., 2023). Together, these findings reinforce that both preventive (vaccination) and rehabilitative approaches are crucial in addressing the multisystemic consequences of long COVID.
It is worth noting that this review has methodological limitations that must be considered when interpreting the findings, imposing caution in generalizing the results and reinforcing the need for future research with more robust designs and greater control of variables. The predominance of observational studies, with cross-sectional or non-randomized cohort designs, compromises the robustness of the evidence and restricts the ability to establish causal relationships between long COVID-19 and the observed metabolic changes. Furthermore, the significant methodological heterogeneity among the studies—both in relation to the diagnostic criteria adopted to define the post-COVID-19 condition and the characteristics of the populations evaluated (age, sex, pre-existing comorbidities, and socioeconomic context)—hampered data standardization and made meta-analysis unfeasible. Another limiting factor is the short duration of follow-up periods in most of the included studies (on average, 6 to 12 months), which prevents a more accurate assessment of long-term metabolic outcomes. Added to this is the scarcity of randomized clinical trials and interventional studies, which limits the identification of effective strategies for preventing and managing metabolic dysfunctions associated with long COVID-19.

4. Conclusion

The studies analyzed highlight that long COVID-19 has significant impacts on the metabolism, inflammatory response, and quality of life of affected individuals. Pre-existing conditions, such as obesity, diabetes, and hypertension, increase the risk of prolonged complications and may influence post-infection recovery. Furthermore, there is evidence that insulin resistance and systemic inflammation play a central role in the persistence of symptoms.
The association between long COVID-19 and cognitive deficits suggests that patients with a high BMI may experience more severe impairment of mental functions, possibly due to chronic inflammation and metabolic dysfunction. These findings reinforce the importance of a multidisciplinary approach in the management of long COVID-19, considering not only the physical aspects of the disease but also the cognitive, psychological, and metabolic effects that directly impact patients' quality of life.
Given the multifactorial nature of long COVID-19, it is recommended that future research include larger population samples from different regions, as well as longitudinal studies that can better elucidate the relationship between metabolic factors, inflammation, and post-COVID sequelae. Furthermore, public health policies should consider ongoing support for patients suffering from the long-term effects of the infection, promoting early interventions to reduce long-term impacts.
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