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Background

Sarcopenia represents a significant global health concern affecting older adults, yet its relationship with infectious agents remains poorly understood. This study investigated the association between human herpesvirus 6 (HHV-6) status and sarcopenia risk, examining potential sex-specific differences and biological modifiers.





Methods

We analyzed data from 339,085 UK Biobank participants for baseline assessment and 27,030 participants for follow-up analysis. HHV-6 status was determined using TaqMan qPCR assay targeting conserved viral regions (DR1 and U7). Sarcopenia was defined according to European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria. Multivariable logistic and Cox proportional hazards regression models were employed to assess associations, adjusting for comprehensive demographic, behavioral, and clinical covariates.





Results

Individuals with DR-only positive HHV-6 status exhibited significantly elevated odds of sarcopenia at baseline (OR = 3.77, 95% CI: 1.44-8.08) and approximately fivefold increased risk during follow-up (HR = 4.76, 95% CI: 1.19-19.10). Sex-stratified analyses revealed pronounced male vulnerability to DR-only positivity (OR = 5.23, 95% CI: 1.74-12.60), while females showed associations only with typical positive status (OR = 1.63, 95% CI: 1.00-2.49). Telomere length significantly modified these relationships, with stronger associations among males with longer telomeres (OR = 6.57, 95% CI: 1.43-30.16) and females with shorter telomeres (OR = 1.94, 95% CI: 1.08-3.49). Results remained consistent across sensitivity analyses using alternative sarcopenia definitions.





Conclusions

This study identifies novel associations between HHV-6 status, particularly DR-only positivity, and increased sarcopenia risk in a sex-specific manner. These associations are further modified by telomere length, indicating potential interactions between viral integration, cellular senescence, and muscle health. Our findings contribute to emerging research on infectious correlates of age-related muscle deterioration and may inform future investigations into preventive strategies.
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1 Introduction

Sarcopenia, characterized by the progressive loss of skeletal muscle mass and function, represents a significant global health concern affecting approximately 10% of older adults worldwide (1, 2). Recognized as a geriatric syndrome with substantial clinical implications, sarcopenia contributes to increased risk of falls, functional decline, disability, poor quality of life, and premature mortality (3, 4). The European Working Group on Sarcopenia in Older People 2 (EWGSOP2) diagnostic algorithm defines sarcopenia through the concurrent presence of reduced muscle strength and diminished skeletal muscle mass, with severe sarcopenia further characterized by impaired physical performance (5). While age-related physiological changes remain the primary driver of sarcopenia development, growing evidence suggests that various modifiable and non-modifiable factors—including chronic inflammation, metabolic disorders, malnutrition, and genetic predisposition—significantly influence its pathogenesis (6, 7).

In recent years, increasing attention has focused on the potential role of infectious agents, particularly viruses with persistent or latent infection profiles, in age-related degenerative conditions (8, 9). Human herpesvirus 6 (HHV-6), a ubiquitous beta-herpesvirus with a high global seroprevalence exceeding 90% in adults, exhibits distinct biological characteristics that may have implications for chronic health conditions (10). HHV-6 exists in two closely related variants (HHV-6A and HHV-6B) and demonstrates unique genomic integration capabilities, with approximately 1% of the population carrying chromosomally integrated HHV-6 (ciHHV-6) (11, 12). This integration can manifest as different molecular phenotypes, including “typical positive” (with integration of both the direct repeat [DR] and unique [U] regions) and “DR-only positive” (with selective integration or amplification of DR sequences) (13, 14).

Chronic viral infections may contribute to sarcopenia pathophysiology through several biological mechanisms. Persistent viral presence can induce sustained low-grade inflammation, characterized by elevated pro-inflammatory cytokines (IL-6, TNF-α) that promote protein catabolism and impair muscle regeneration (15). Viral infections may also accelerate cellular senescence processes through oxidative stress pathways and telomere attrition, potentially connecting viral burden with accelerated biological aging (16, 17). HHV-6, specifically, has been associated with altered immune function, systemic inflammation, and tissue-specific pathologies that could theoretically influence muscle homeostasis (18, 19). Furthermore, emerging evidence suggests sex-specific differences in both viral immune responses and sarcopenia manifestation, highlighting the importance of gender-stratified analyses in investigating such associations (20, 21).

Despite these potential mechanistic links, the relationship between HHV-6 infection status and sarcopenia remains largely unexplored. Previous investigations have examined associations between cytomegalovirus (another herpesvirus) seropositivity and frailty or physical function (22), but specific studies addressing HHV-6 and skeletal muscle health are notably absent from the literature. Additionally, the potential modifying effects of important biological factors—such as systemic inflammation, body composition, genetic susceptibility, and telomere length—on virus-mediated muscle pathology have not been adequately characterized (23, 24).

Given these knowledge gaps, this study aimed to comprehensively investigate the association between HHV-6 status and sarcopenia using the UK Biobank cohort. Specifically, we sought to: 1) determine whether different HHV-6 integration profiles are associated with sarcopenia risk; 2) explore potential sex-specific differences in these associations; 3) examine the modifying effects of biological factors including inflammation markers, body mass index, genetic predisposition, and telomere length; and 4) establish temporal relationships through both cross-sectional and longitudinal analyses. By elucidating these relationships, this study contributes to the growing understanding of potential infectious determinants of sarcopenia and may inform future preventive and therapeutic strategies.




2 Methods



2.1 Study design and population

The UK Biobank is a large prospective study including more than half a million participants recruited between 2006 and 2010. During the enrollment phase, all participants engaged with a digital touch-screen interface to provide demographic information, lifestyle habits, and medical history, followed by standardized physical measurements and the collection of biological samples for analysis (25). Baseline demographic data, information on lifestyle, disease history, and physiological measurements were collected. After the exclusion of individuals with insufficient HHV-6 information (n=85841), missing data on covariates (n=63853), or insufficient information on sarcopenia at baseline (n=13407), the baseline analytic cohort comprised 339085 participants, while 27030 participants were included in the follow-up cycle deriving from UK Biobank’s imaging visit study (Figure 1).
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Figure 1 | Study flowchart.




2.2 HHV-6 assessment

DNA samples from over 416000 UK Biobank participants were screened using TaqMan qPCR assay targeting conserved regions of HHV-6 (DR1 and U7) alongside the single-copy human β-globin gene as an endogenous reference (26). The assay utilized hydrolysis probes for DR1 (FAM-labeled) and U7 (VIC-labeled), combined with β-globin (JUN-labeled), enabling simultaneous amplification and quantification. Positive controls (iciHHV-6A/B cell lines) and negative controls (iciHHV-6-negative DNA) were included in each reaction plate, with samples showing β-globin Ct >28 or evidence of contamination excluded. Classification of iciHHV-6 status was automated using ΔCt thresholds in accordance with UK Biobank TaqMan Assay protocols (β-globin Ct minus target Ct), with samples categorized as “Likely iciHHV-6” (Typical positive, ΔCt <6 for both DR1 and U7), “DR-only” (ΔCt DR1 <6/U7 ≥6), “U-only” (ΔCt U7 <6/DR1 ≥6), “Unlikely iciHHV-6” (6 ≤ ΔU7 Ct or 6 ≤ ΔDR1 Ct < 8) or “Negative” (ΔCt ≥8 for both). Incomplete or low-quality samples were removed in the data preprocessing procedure. The U-only subgroup was excluded from analyses as only one participant met this criteria.




2.3 Assessment of sarcopenia

In accordance with the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) diagnostic algorithm (4), sarcopenia was defined by the concurrent presence of reduced muscle strength and diminished skeletal muscle mass. Muscle strength was quantified via baseline grip force measurements (averaged triplicate values from bilateral assessments) using a calibrated Jamar hydraulic hand dynamometer, with sex-specific thresholds set at <27 kg (males) and <16 kg (females) as per EWGSOP2 consensus criteria. Skeletal muscle mass was estimated through the skeletal muscle index (SMI), calculated as appendicular skeletal muscle mass (ASM) adjusted for stature (kg/height²). Low muscle mass was defined according to adapted EWGSOP2 criteria as <6.95 kg/m² for men and <5.30 kg/m² for women as previously described (27).




2.4 Covariates

Covariates comprised demographic (age, sex, ethnicity, education), behavioral (alcohol use, smoking status), biological (CRP [log mg/L], albumin [g/L]), and clinical factors (diabetes history, overall health rating). Furthermore, the standard Polygenic risk scores (PRS) set for BMI were derived using the UK Biobank’s PRS database, a framework aggregating cumulative genetic influences into an integrated metric of predisposition (28). Individuals were stratified into distinct genetic susceptibility categories according to PRS distribution percentile thresholds. The technically adjusted leucocyte telomere length(Z-adjusted T/S log) was collected from the UK Biobank, which is presented as a ratio of telomere repeat copy number to single copy gene (HBB) copy number, relative to a standard sample.




2.5 Statistical analysis

Baseline characteristics stratified by sarcopenia status were compared using Chi-squared tests for categorical variables and Student’s t-tests or Mann-Whitney U tests for continuous variables. Multivariable Logistic regression analysis quantified the relationship between baseline sarcopenia risk and HHV-6 status, reporting odds ratios (ORs) and 95% confidence intervals. Model 1 was the unadjusted crude model. Model 2 was further adjusted for demographics (age, sex, ethnicity). Model 3 was fully adjusted for smoking status, alcohol status, education level, history of diabetes, CRP level, albumin level, and overall health rating. In future sarcopenia risk analyses, Cox proportional hazards models were employed across analogous adjustment tiers using hazard ratios (HRs). Proportional hazards assumptions were verified via Schoenfeld residuals. Sex-stratified analyses tested gender-specific associations. Sensitivity analyses repeated models using grip strength as an alternative sarcopenia definition. Additional logistic regression analyses were performed to test associations between serostatus of Epstein-Barr virus(EBV) or cytomegalovirus(CMV) and sarcopenia. The restricted cubic spline (RCS) model was used to evaluate the nonlinear relationship between HHV-6 markers and sarcopenia. Subgroup analyses stratified participants by median CRP levels, BMI cutoffs (≥30 kg/m²), BMI PRS, and telomere length (Z-adjusted T/S ratio) to assess biological modifier effects. All analyses were performed in R version 4.2.1, and two-tailed p < 0.05 was defined as statistical significance.





3 Results



3.1 Baseline characteristics

339085 participants were included in the baseline cohort after excluding those with missing or invalid data, of which 2738 were identified as having sarcopenia. Participant characteristics are described in Table 1. Patients with sarcopenia tended to be older, male, low educated, Asian, HHV-6 positive, non-alcohol drinkers, diabetic, and had lower overall health rating. These individuals also had a lower level of albumin, a higher level of CRP. Additionally, 27030 participants were included in the follow-up cycle, of which 892 were identified as having sarcopenia (Supplementary Table S1). Similar characteristics was observed in participants diagnosed with sarcopenia in the follow-up cycle, with a significant propensity of HHV-6 DR positivity.


Table 1 | Baseline characteristic.
	Characteristic
	Level
	Non-sarcopenia (n=336347)
	Sarcopenia (n=2738)
	P



	age (mean (SD))
	 
	56.543 (8.06)
	61.978 (6.19)
	<0.0001


	Sex (%)
	Female
	181259 (53.89)
	1062 (38.79)
	<0.0001


	Male
	155088 (46.11)
	1676 (61.21)


	Ethnicity (%)
	Asian
	6685 (1.99)
	325 (11.87)
	<0.0001


	Black
	2086 (0.62)
	30 (1.10)


	Mixed
	1295 (0.39)
	12 (0.44)


	White
	326281 (97.01)
	2371 (86.60)


	Education level (%)
	college
	110604 (32.88)
	405 (14.79)
	<0.0001


	high school
	169181 (50.30)
	1136 (41.49)


	less than high school
	56562 (16.82)
	1197 (43.72)


	TaqMan group (%)
	Negative
	331525 (98.57)
	2688 (98.17)
	0.0028


	DR-only positive
	208 (0.06)
	6 (0.22)


	Typical positive
	4614 (1.37)
	44 (1.61)


	Alcohol status (%)
	Current
	311354 (92.57)
	2211 (80.75)
	<0.0001


	Never
	13199 (3.92)
	301 (10.99)


	Prefer not to answer
	264 (0.08)
	9 (0.33)


	Previous
	11530 (3.43)
	217 (7.93)


	Smoking status (%)
	No
	134253 (39.92)
	1094 (39.96)
	0.9807


	Yes
	202094 (60.08)
	1644 (60.04)


	Diabetes (%)
	No
	319999 (95.14)
	2212 (80.79)
	<0.0001


	Yes
	16348 (4.86)
	526 (19.21)


	Overall health rating (%)
	Excellent
	56890 (16.91)
	107 (3.91)
	<0.0001


	Fair
	68503 (20.37)
	1089 (39.77)


	Good
	197513 (58.72)
	982 (35.87)


	Poor
	13441 (4.00)
	560 (20.45)


	Albumin (mean (SD))
	 
	45.245 (2.61)
	44.305 (2.83)
	<0.0001


	CRP (mean (SD))
	 
	2.552 (4.24)
	5.214 (7.25)
	<0.0001










3.2 Association between HHV-6 and sarcopenia

The multivariable-adjusted Logistic regression modeling of covariate-adjusted associations between HHV-6 and baseline sarcopenia risks are shown in Table 2. Individuals with DR-only positive status exhibited significantly elevated odds of sarcopenia across all adjustment models, with ORs of 3.56(95% CI: 1.40,7.32), 3.90(95% CI: 1.53,8.12), and 3.77(95% CI: 1.44,8.08), respectively. In contrast, typical positive status showed no significant association with sarcopenia in all three models. Sex-stratified analyses revealed pronounced gender differences. Among males, DR-only positivity remained strongly associated with sarcopenia (OR = 5.68, 95% CI: 1.99–12.60; OR = 5.69, 95% CI: 1.98–13.00; OR = 5.23, 95% CI: 1.74–12.60; respectively), while females exhibited no significant association. Furthermore, typical positive status in females demonstrated a significant association after full adjustment (OR = 1.63, 95% CI: 1.00–2.49; p = 0.035), which was absent in males. Moreover, the restricted cubic spline analysis demonstrated a decreasing trend in sarcopenia risk with elevated cycle threshold (ct) value of DR, though the association remained statistically nonsignificant (Figure 2A).


Table 2 | The Logistic regression analysis of HHV-6 status and baseline sarcopenia.
	Characteristic
	Model 1 (unadjusted)
	Model 2 (demographics adjusted)
	Model 3 (fully adjusted)


	OR1
	95% CI1
	P-value
	OR1
	95% CI1
	P-value
	OR1
	95% CI1
	P-value



	Baseline group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	3.56
	1.40, 7.32
	0.002
	3.90
	1.53, 8.12
	0.001
	3.77
	1.44, 8.08
	0.002


	Typical positive
	1.18
	0.86, 1.57
	0.3
	1.29
	0.94, 1.72
	0.10
	1.30
	0.94, 1.74
	0.094


	Baseline female group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	1.38
	0.08, 6.15
	0.8
	1.56
	0.09, 7.03
	0.7
	1.53
	0.09, 7.02
	0.7


	Typical positive
	1.40
	0.87, 2.12
	0.14
	1.52
	0.94, 2.31
	0.064
	1.63
	1.00, 2.49
	0.035


	Baseline male group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	5.68
	1.99, 12.60
	<0.001
	5.69
	1.98, 13.00
	<0.001
	5.23
	1.74, 12.60
	<0.001


	Typical positive
	1.04
	0.67, 1.52
	0.8
	1.15
	0.74, 1.68
	0.5
	1.12
	0.72, 1.65
	0.6





1OR, Odds Ratio; CI, Confidence Interval.



[image: Two line graphs labeled A and B compare estimation and 95% confidence intervals for DR values. Graph A, titled “Baseline,” has an overall p-value of 0.065 and a non-linear p-value of 0.946. Graph B, titled “Follow-up cycle,” reports an overall p-value of 0.213 and a non-linear p-value of 0.141. Both graphs depict a red line for estimation and a shaded area for confidence intervals.]
Figure 2 | Restricted cubic spline analysis of sarcopenia risk by DR cycle threshold values: Baseline (A) and Follow-up cycle (B).

In the follow-up cohort, DR-only positivity showed a non-significant trend toward elevated risk in unadjusted models (HR = 3.75, 95% CI: 0.94–15.00; p = 0.062), which became significant after full adjustment (HR = 4.76, 95% CI: 1.19–19.10; p = 0.028, Supplementary Table S2). Similarly, sex-stratified analyses revealed robust associations exclusively in males. Fully adjusted models for males demonstrated a 7.24-fold increased risk (95% CI: 1.80–29.10; p = 0.005) among DR-only positive individuals, whereas no association was observed in females. In contrast, typical positive status showed no significant association with incident sarcopenia in any subgroup (all p > 0.05). Additionally, the restricted cubic splines revealed no significant association between the cycle threshold value of DR and sarcopenia in the follow-up group (Figure 2B).




3.3 Sensitivity and subgroup analyses

As shown in Supplementary Figure S1, a significant interaction was found between telomere length (Z-adjusted T/S ratio, low [L] vs. high [H] stratified by median) and HHV-6 status, and was strongly modified by sex. Among males with shorter telomeres, DR-only positivity yielded a 4.64-fold increased sarcopenia risk (OR = 4.64, 95% CI: 1.32–16.27; p = 0.017), whereas those with longer telomeres also showed a significant increase in sarcopenia risk, with an odds ratio of 6.57 (OR = 6.57, 95% CI: 1.43–30.16; p = 0.015). In females, no significant interaction was observed, with typical positive status associated only in shorter telomere subgroups (OR = 1.94, 95% CI: 1.08–3.49; p = 0.027). Conversely, subgroup analyses stratified by CRP and BMI demonstrated no effect modification. In higher CRP and BMI groups, DR-only positive males and typical positive females retained heightened sarcopenia risk.

Sensitivity analyses using grip strength as an alternative sarcopenia definition yielded consistent patterns, with DR-only positive males retained elevated risk at baseline and in the follow-up cycle (OR = 2.71, 95% CI: 1.23–5.28, p = 0.007; HR = 6.25, 95% CI: 2.00–19.50, p = 0.002; Table 3, Supplementary Table S3).


Table 3 | Sensitivity analysis of the correlation between HHV-6 status and baseline sarcopenia.
	Characteristic
	Model 1 (unadjusted)
	Model 2 (demographics adjusted)
	Model 3 (fully adjusted)


	OR1
	95% CI1
	P-value
	OR1
	95% CI1
	P-value
	OR1
	95% CI1
	P-value



	Baseline group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	1.66
	0.97, 2.64
	0.045
	1.70
	0.99, 2.72
	0.038
	1.66
	0.96, 2.69
	0.052


	Typical positive
	1.06
	0.92, 1.20
	0.4
	1.10
	0.96, 1.25
	0.14
	1.12
	0.98, 1.27
	0.10


	Baseline female group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	1.13
	0.51, 2.16
	0.7
	1.19
	0.53, 2.30
	0.6
	1.14
	0.50, 2.22
	0.7


	Typical positive
	1.03
	0.86, 1.21
	0.8
	1.06
	0.89, 1.25
	0.5
	1.09
	0.91, 1.29
	0.3


	Baseline male group


	Negative
	—
	—
	 
	—
	—
	 
	—
	—
	 


	DR-only positive
	2.67
	1.25, 5.04
	0.005
	2.71
	1.26, 5.16
	0.005
	2.71
	1.23, 5.28
	0.007


	Typical positive
	1.10
	0.90, 1.35
	0.3
	1.17
	0.95, 1.43
	0.12
	1.16
	0.93, 1.42
	0.2





1OR, Odds Ratio; CI, Confidence Interval.



However, no statistically significant associations were observed between serostatus of EBV/CMV and sarcopenia, with wide confidence intervals reflecting limited statistical precision due to small seropositive subgroup sample sizes (Supplementary Table S4).





4 Discussion

This study provides novel evidence of a significant association between HHV-6 status and sarcopenia risk, with distinctive patterns observed across different viral integration profiles and between sexes. Our findings demonstrate that individuals with DR-only positive HHV-6 status exhibited nearly fourfold higher odds of sarcopenia at baseline and approximately fivefold elevated risk during follow-up after comprehensive adjustment for confounding factors. Notably, these associations were predominantly driven by pronounced effects in males, where DR-only positivity conferred over fivefold increased sarcopenia risk, while females showed significant associations only with typical positive status. Furthermore, telomere length significantly modified the HHV-6-sarcopenia relationship, with distinct interaction patterns observed between sexes.

The observed association between HHV-6 DR-only positive status and sarcopenia represents a novel finding in the field of muscle health. Previous investigations have primarily focused on CMV in relation to physical function and frailty (29, 30), with limited attention to other herpesviruses. Wang et al. demonstrated that CMV seropositivity was associated with increased frailty risk in older people (22), while Matheï et al. reported associations between CMV infection and inflammatory markers linked to physical decline (31). Our results extend this emerging field by identifying HHV-6, particularly the DR-only phenotype, as a potential viral determinant of muscle health. The selective association with DR-only positivity, rather than typical positive status, suggests that specific molecular mechanisms related to partial viral genome integration may contribute to muscle pathology.

The marked sexual dimorphism observed in our analyses aligns with growing evidence of sex-specific immunological responses to viral infections (32, 33). The pronounced association between DR-only positivity and sarcopenia in males may reflect sex-based differences in immune responses to latent viral infections. Testosterone has been shown to modulate pro-inflammatory cytokine production (34), potentially exacerbating muscle catabolism in the presence of persistent viral triggers. Conversely, the female-specific association with typical positive status suggests distinct pathophysiological pathways. Estrogen’s immunomodulatory effects may alter viral reactivation patterns (35), triggering different inflammatory cascades associated with complete viral integration. These findings underscore the importance of sex-stratified analyses in investigations of infectious determinants of age-related conditions.

Particularly intriguing was the interaction between telomere length and HHV-6 status in modifying sarcopenia risk. In males, DR-only positivity conferred elevated sarcopenia risk regardless of telomere length, though the effect was slightly more pronounced among those with longer telomeres. This counterintuitive finding challenges the traditional view that shorter telomeres, typically associated with cellular senescence and aging (36), would exacerbate pathological processes. One potential explanation involves the relationship between telomere biology and viral integration. HHV-6 demonstrates a unique tropism for telomeric regions (37, 38), potentially disrupting telomere function even when length appears preserved. Michael L Wood et al. found that HHV-6 integration can lead to telomere lengthening at DRL-T2 (39). The HHV-6 genome can be excised and reactivated in this manner. Therefore, the DR-only group may represent those with reactivation. Furthermore, viral integration into telomeric regions may impair the recruitment of telomere-associated proteins necessary for proper telomere maintenance (40), creating functional deficits independent of measured length. However, measured telomere length reflects only one aspect of telomere biology, and the association reported here is observational and does not establish causation. These observed interactions may reflect an underlying confounding factor or biological synergy that has yet to be identified.

The biological mechanisms underlying the observed associations likely involve complex interactions between viral persistence, inflammation, and muscle homeostasis. DR-only positivity, representing selective integration or amplification of direct repeat viral sequences, may disrupt host genomic stability through insertional mutagenesis (41, 42). Such genomic alterations could potentially affect genes involved in myogenesis or muscle protein synthesis. Additionally, viral integration may trigger chronic low-grade inflammation—a well-established contributor to sarcopenia pathogenesis (43). HHV-6 has been shown to induce pro-inflammatory cytokines including IL-6 and TNF-α (44), which promote protein catabolism and impair muscle regeneration. The sex-specific patterns observed may reflect differential inflammatory responses, with males typically exhibiting more pronounced pro-inflammatory profiles following immune challenges (29, 45).

Mitochondrial dysfunction represents another potential mechanistic link between HHV-6 and sarcopenia. HHV-6 proteins have been shown to localize within mitochondria, altering respiratory function and promoting oxidative stress (46, 47). Mitochondrial impairment is increasingly recognized as a central feature of sarcopenia (48), potentially explaining how viral integration contributes to muscle deterioration. Furthermore, cellular senescence, a biological process characterized by irreversible cell cycle arrest and pro-inflammatory secretory phenotype, may be accelerated by chronic viral presence (49), contributing to impaired satellite cell function and compromised muscle regenerative capacity.

While no significant associations were found between EBV/CMV serostatus and sarcopenia in our cohort (both p>0.05), these results must be interpreted with caution. Small subgroup sizes (n=33) led to extremely wide confidence intervals, severely limiting statistical power to detect modest effects. Consequently, we cannot conclusively rule out confounding or effect modification by these viruses. Previous studies suggest immunosenescence may be associated with reduced muscle mass and strength, but direct evidence establishing its causal relationship with sarcopenia remains limited and requires further investigation (50).

Our study has several strengths, including its large sample size, prospective design, and comprehensive assessment of potential confounding and modifying factors. The use of standardized sarcopenia definitions following EWGSOP2 criteria enhances the clinical relevance of our findings. Additionally, the application of sensitive detection methods for HHV-6 status allowed for differentiation between integration profiles, revealing associations that might have been missed in studies examining only viral serostatus. The consistent results across sensitivity analyses using alternative sarcopenia definitions further supports the robustness of our findings.

However, several limitations warrant consideration. First, despite adjustment for numerous covariates, residual confounding cannot be entirely excluded. Second, the predominantly Caucasian (>95%) UK Biobank population limits generalizability to other ethnic groups. While valuable for investigating within-population effects, results derived from such a homogeneous cohort cannot be assumed to translate directly to populations of different ancestral backgrounds or diverse ethnic groups. Future large-scale, intentionally diverse cohorts are needed to validate or refute these findings across globally representative populations. Third, while our follow-up analyses support temporal relationships, the observational nature of the study precludes definitive causal inferences. Fourth, our classification of HHV-6 status relied on predetermined ΔCt thresholds established by the UK Biobank; however, these thresholds lack independent validation in external cohorts. Furthermore, the absence of a universal gold-standard diagnostic criterion for iciHHV-6 detection may introduce potential misclassification bias. Finally, the relatively small number of DR-only positive cases, particularly in sex-stratified analyses, resulted in wide confidence intervals despite statistical significance. The observed effect size must therefore be interpreted with caution, as it may represent an exaggeration of the true association. Future studies with larger, adequately powered DR-only cohorts are essential to provide more reliable estimates.

The clinical implications of our findings are substantial. Identification of HHV-6 status, particularly DR-only positivity in males, may enhance risk stratification for sarcopenia development. This could facilitate targeted preventive interventions in high-risk individuals, potentially including anti-inflammatory approaches or specific exercise regimens. From a therapeutic perspective, our results raise the possibility that antiviral strategies might benefit select sarcopenia patients with evidence of HHV-6 integration, though this requires formal investigation. Furthermore, the interaction with telomere biology suggests potential value in combined approaches addressing both viral burden and cellular senescence processes.

Future research directions should include mechanistic studies investigating HHV-6 effects on myocyte function, satellite cell activity, and muscle regeneration. Larger prospective cohorts with repeated measures of both HHV-6 status and muscle parameters would enhance understanding of temporal relationships. Studies incorporating viral reactivation markers alongside integration status would provide insights into active versus latent infection effects. Additionally, interventional trials targeting inflammation in HHV-6 positive individuals at risk for sarcopenia could evaluate potential preventive approaches.




5 Conclusion

In conclusion, this study provides novel evidence linking HHV-6 status, particularly DR-only positivity, with increased sarcopenia risk in a sex-specific manner, with males showing pronounced vulnerability. These associations are further modified by telomere length, suggesting complex interactions between viral integration, cellular senescence, and muscle health. Our findings contribute to the emerging understanding of infectious determinants of age-related muscle deterioration and may inform future preventive and therapeutic strategies for sarcopenia.
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