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Abstract

The Hippocratic Oath enshrines the ethical imperative primum non nocere -“first, do no harm”- thereby guiding medicine practice toward the
meticulous avoidance of interventions that may compromise patients’ physiological integrity and overall well-being. Following this principle,
benzodiazepines were initially introduced as safer alternatives to barbiturates and have since become one of the most commonly prescribed
drug classes for the long-term management of neuropsychiatric disorders in older adults with progressive health deterioration. However,
emerging evidence implicates the endogenous benzodiazepine-like peptide, acyl-CoA binding protein/diazepam-binding inhibitor, in the
orchestration of maladaptive stress responses. These responses are associated with accelerated pathological aging and increased risks of a
spectrum of age-associated morbidities, including metabolic syndrome, cardiovascular diseases, cancers, and immune dysfunction.
Corroborating these mechanistic insights, retrospective observational studies have consistently reported significant correlations between
long-term benzodiazepine use and elevated risks of cardiovascular mortality, dementia, cancer incidence, impaired responsiveness to
immunotherapy, and heightened vulnerability to severe infections. Given these converging lines of evidence, we strongly advocate for the
cautious reduction of benzodiazepine prescriptions in elderly patients. Whenever clinically feasible, these agents should be replaced by
alternative psychotropic compounds with more favorable risk-benefit profiles, in alignment with contemporary standards of geriatric
pharmacotherapy and the ethical imperative to minimize iatrogenic harm.
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1. Introduction

As global populations continue to age, the medical community increasingly faces the challenge of addressing complex health needs of
elderly individuals, who frequently present with multimorbidity, polypharmacy, and heightened physiological vulnerability!’-?l. In this
geriatric context, the ethical and clinical imperative primum non nocere—first, do no harm—gains growing significance. The
Hippocratic principle serves not only as a moral compass but also as a practical guideline for individualized, risk-averse therapeutic
decision-making in older patients.

Aging is accompanied by substantial changes in pharmacokinetics and pharmacodynamics, including reduced hepatic and renal
clearance, altered body composition, and increased central nervous system sensitivityl>l. These physiological shifts increase the
risks of adverse drug reactions, drug-drug interactions, and iatrogenic complications. Consequently, the inappropriate or prolonged
pharmacotherapy in geriatric populations can unintentionally precipitate functional decline, cognitive impairment, falls,
hospitalizations, and even increased mortality©l.

In light of these considerations, the rationalization of pharmacological regimens in older patients has become a cornerstone of
geriatric medicine. Clinical frameworks such as the Beers Criterial® and STOPP/START guidelines!!”) have been developed to identify
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potentially inappropriate medications (PIM) and to guide clinicians toward safer therapeutic alternatives. Despite these tools and
growing awareness, PIM use remains prevalent, often driven by prescribing inertia, under-recognition of drug-related harms, and the
paucity of age-specific evidence from clinical trials.

To minimize iatrogenic risk is particularly urgent in managing neuropsychiatric symptoms in the elderly, where the boundary
between therapeutic benefit and harm is often precariously narrow!!!l. Sedative, anticholinergic, and psychoactive agents—commonly
employed to treat anxiety, insomnia, or behavioral disturbances—impose a disproportionately high burden of adverse outcomes in
this population!'>13], A shift toward evidence-based deprescribing and, when possible, the prioritization of non-pharmacological or
lower-risk interventions is thus essential to align medical practice with the principles of geriatric care and ethical responsibilityl!*1°],

In the following sections, we focus on benzodiazepines, a specific class of medications that epitomizes the tension between
symptomatic relief and long-term harm in aging patients. We examine their mechanistic implications, epidemiological associations
with age-related diseases, and the emerging biological pathways through which they may accelerate pathological aging.

2. Endozepine, an Endogenous Benzodiazepine Equivalent with Pro-Aging Properties

Benzodiazepines may be considered as pharmacological mimetics of endozepine (a contraction of ‘endogenous benzodiazepine’), a
protein commonly referred to as diazepam binding inhibitor (DBI) because it displaces the prototypic benzodiazepine diazepam from
its receptor, the gamma-amino butyric acid type A receptor (GABA,R)!'* 1], Notably, GABA,R is pentameric, typically composed of two
alpha subunits, one beta subunit and two gamma subunits, along with auxiliary subunits. For each of these subunits, several subunits
exist, meaning that GABA,R are present in multiple variations that are expressed in a cell type-specific manner?°. Only GABA,R
receptors containing the alpha1 and gamma?2 isoforms can bind benzodiazepines and endozepinel?!l. Both benzodiazepines and
endozepine act as positive allosteric modulators, not as direct agonists, to sensitize GABA,R receptors to their agonist GABA, hence
enhancing GABA-elicited chloride fluxes (and to a lesser extent bicarbonate fluxes) on the plasma membranel?>23l (Figure 1).
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Figure 1. Mechanistic link between benzodiazepine use and the enhanced incidence of several major age-related disease. Benzodiazepines act on a subset of GABA,R that
also respond to the endozepine ACBP/DBI. Through this action, benzodiazepines affect a variety of cellular and organismal functions, ultimately precipitating the

development and progression of major diseases. GABA,R: g-amino butyric acid type A receptors; ACBP/DBI: acyl-CoA binding protein/diazepam-binding inhibitor.

DBI, also known as acyl-CoA binding protein (ACBP) due to its capacity to interact with activated fatty acids, has recently been
implicated in the aging process and the development of age-related diseases. Indeed, ACBP/DBI fulfills the criteria for a “geroprotein”
(a protein encoded by a “gerogene”) because (i) its plasma concentration correlates with age and age-related diseases in humans and
(ii) its experimental inhibition reduces pathological aging in mouse models!>#?°]. Thus, circulating plasma levels of ACBP/DBI steadily
increase with age in obstensibly healthy individuals!?’! and rise further in persons at risk of developing cardiovascular diseases or
cancers!?’.28l, The levles also correlate with cardiometabolic risk factors!?°3!l, and reach particularly high concentrations in acute or
chronic conditions, including severe infections!*>-34l, ischemic heart diseasel®>%°l, diabetesl*’], various types of cancer?”! and terminal
frailtyl3s-39],
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Moreover, genetic or antibody-mediated inhibition of ACBP/DBI delays cellular senescence and pathological aging in mice caused by
specific drugs or toxins (such as bleomycin, carbon tetrachloride, cisplatin or doxorubicin, which affect the lung, liver, kidney and
heart, respectively) or the knockout of Zmpste24 (a genetic defect that induces accelerated aging in the form of a progeroid
syndrome)l?7-40-42l, In addition, in mouse models of age-related diseases, ACBP/DBI neutralization attenuates or delays the onset of
metabolic syndrome (adiposity, hepatic steatosis, dyslipidemia, hyperglycemia, and hyperinsulinemia)l*’-*3-45], multiple cancers (breast
cancer, fibrosarcoma, hepatocellular carcinoma, and non-small cell lung cancer)?$-4°l, cardiovascular diseases (heart failure and
myocardial infarction)?”*1l, and knee osteoarthritisl*’l. At least some of these positive effects of ACBP/DBI inhibition have been
attributed to the induction of autophagy, a key antiaging mechanisml*!-*4],

Clinically used benzodiazepines have been developed for their central nervous system effects, and have been designed to cross the
blood-brain barrier due to their lipophilicity*®l. In contrast, ACBP/DBI does not cross this barrier, and its peripheral administration
(outside of the central nervous system) does not elicit the same psychotropic effects as benzodiazepines!*”). Moreover, there is no
evidence that extracellular ACBP/DBI can access the intracellular ‘peripheral benzodiazepine receptor’, which is the intracellular
translocator protein (TSPO) located at mitochondrial®?. This further contributes to differences in the pharmacological effects of
benzodiazepines and peripherally administered ACBP/DBI. The latter primarily stimulates food intake and lipoanabolic reactions
leading to weight gain'*’l, an effect not observed with classical benzodiazepines.

3. Widespread Use, Misuse, and Abuse of Benzodiazepines

First introduced in the second half of the twentieth century as a safer alternative to barbiturates, benzodiazepines are widely used for
their anxiolytic, sedative-hypnotic, muscle relaxant, anticonvulsant, and amnestic properties>!l. Consequently, they are prescribed
for various neuropsychiatric conditions (including anxiety, agitation, insomnia, restless leg syndrome, seizures, panic attacks, and
vertigo), and palliative care (to treat anxiety, dyspnea, seizures, or terminal agitation). Prescription rates among individuals over 60
vary significantly across countries, ranging from approximately 9% in the U.S. to as much as 20-30% in parts of Europe and
Canadal>>*3l. The global average of benzodiazepine use among community-dwelling seniors is around 15%. Notably, 30-75% of these
older adults are long-term users (= 6 months of supply), reflecting the high addictive potential of benzodiazepines and the risk of
rebound anxiety, insomnia and seizures following abrupt discontinuationt>*.

Benzodiazepines are often classified as “potentially inappropriate medication” (PIM), indicating that (i) their therapeutic benefits are
limited or outweighed by risk, especially in older individuals, and/or (ii) safer or more effective alternatives are availablel*-'°l. The
European STOPP assesses PIM and advises against the prolonged (> 4 weeks) use of benzodiazepine for the treatment of insomnia and
anxiety!'%>l, Similarly, the American Geriatrics Society 2023 updated Beers Criteria strongly recommends avoiding benzodiazepines in
the elderly!”. Indeed, common indications for benzodiazepines can be treated by safer or more effective therapies, including
serotonin reuptake inhibitors or serotonin-norepinephrine reuptake inhibitors (for acute or chronic anxiety), specific anticonvulsants
(for seizures), or interventions targeting underlying causes (for agitation and insomnia)l-1°l

Beyond their medical (mis)use, benzodiazepines are also consumed recreationally in the form of illegal ‘designer benzodiazepines’,
which are often synthesized to circumvent drug regulations. Such agents, which are highly addictive and can induce severe
withdrawal syndromes, are generally highly potent, short-acting, inexpensive and easily available through street markets or online.
Although their use alone is associated with a relatively low risk of fatal overdoses, they are frequently combined with other drugs
including opioids, which dramatically increase the odds of fatality!>*>7l. These designer benzodiazepines are mostly consumed by
younger adults, in contrast to the (ab)use of conventional benzodiazepines by the older. Their long-term effects on morbidity and
mortality have not been systematically investigated.

4. Benzodiazepine Effects on Age-Related Diseases

Given that the endozepine ACBP/DBI promotes pathological aging (see above), it is pertinent to ask whether benzodiazepines might
similarly contribute to pathological aging. Although there is no evidence that benzodiazepine medication affects commonly studied
biomarkers of aging (such as methylation clocks or telomere length of peripheral blood mononuclear cells), substantial
epidemiological data indicate that benzodiazepines can accelerate or exacerbate the clinical course of several age-related
pathologies. This association also applies to cardiovascular disease, cancer, neurodegeneration, and infectious disease, as shown in
numerous retrospective studies and some prospective clinical analyses (Table 1).

4.1 Cardiovascular disease

In patients with cardiovascular disease, the initiation of benzodiazepine treatment is associated with a dose-dependent increase in
sudden cardiac arrest!®!l. Similarly, benzodiazepine use is linked to increased mortality in patients after myocardial infarction®” or
with heart failurel®®l. In a propensity score matched cohort of UK Biobank participants with insomnia, its use was correlated with
higher odds of developing coronary heart disease, heart failure and cardiovascular death!®!! (Table 1). Accordingly, diazepam
depresses cardiac output and arterial blood pressure in rats, independent of its effects on the central nervous system!’sl.
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Table 1. Iatrogenic effects of benzodiazepines in clinical observational studies.
Age-related disease . HR [CI95], adjusted Mean
Ref. Study design* Outcome worsened by BZD use . .
category (if applicable) age (SD)
Cardio-vascular [58] RCS(N=74,715; Incidence of sudden cardiac arrest in 2.01[1.42,2.83] 55(15)
diseases 12,954 users) cardiovascular disease patients, dose-dependent
risk
[59] RCS (N =4,837;433 CVD-related mortality following myocardial 1.43[1.14,1.81] 69 (6)
users) infarction
[60] RCS (N =854; 242 Mortality in patients with cardiac failure 1.36[1.06, 1.75] 71(13)
users)
[61] PCS(N=124,321; Incident CHD, HF, and CVD during median follow- CHD: 1.37[1.18-1.60] 58 (3)
1,424 users) up of 14.3 years HF: 1.60[1.27-2.03]
CVD: 1.81 [1.31-2.51]
Neuro-degeneration [62] PCS (N =1,063; 85 Incidence of dementia 1.60[1.08, 2.38] 78 (NA)
users)
[63] PCS (N =1,449; 55 Incidence of dementia 1.88[1.03, 3.44] 73 (9)
users)
[64] PCS (N =28,240; 1,246 Incidence of dementia in long half-life BZD users ~ 1.62[1.11, 2.37] 74 (5)
users)
[65] MetaA (N =171,939; Incidence of dementia, dose-dependent 1.51[1.17,1.96] 75 (NA)
9,552 users)
[66] MetaA (N =2,953,980; Incidence of dementia or Alzheimer's disease 1.11[1.04-1.18] NA
560,466 users)
[67] RCS(N=5,443;2,701  Loss of hippocampus volume - 71 (8)
users)
[68] PCS(N=139,103; 180-day mortality in hospitalized patients with 1.41[1.38-1.44] 88 (8)
26,872 users) Alzheimer disease and related dementias
Cancer [69] MetaA (N =1,897,600) Incidence of cancer 1.19[1.16,1.21] 58 (NA)
[70] MetaA (N =2,482,625) Incidence of cancer, dose-dependent risk 1.25[1.15, 1.36] NA
[71] CCS (N =1,344,089; Incidence of cancer 1.09[1.04,1.14] 65 (NA)
268,244 users)
[72] PCS (N =34,084; 1,365 Incidence of lung cancer during follow up 2.575[1.02, 6.53] 47 (0.2)
users)
[73] RCS (N =205; 51 users) NSCLC patients’ progression following PD1 1.50[0.97, 2.23] 66 (9)
blockade
[74] RCS (N =556; 57 users) NSCLC patients’ overall survival following PD1 1.49[1.05, 2.11] 64 (17)
blockade
[74] RCS (N =31,479; NSCLC patients’ overall survival following PD1 1.08[1.04,1.12] 65 (10)
11,878 users) blockade
[75] RCS (N =215; 56 users) NSCLC patients’ progression following PD(L)1 1.80[1.13, 2.86] 70 (NA)

blockade
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Infectious diseases [76] RCS(N=1,427,792; Incidence of serious infections, dose-dependent 1.83[1.79, 1.89] 43 (14)
713,896 users) risk
[77] MetaA (N =1,595,717) Incidence of pneumonia, attenuated risk upon 1.25[1.09, 1.44] NA
cessation

BZD: benzodiazepine; CCS: case-control study; HR: hazard ratio; RCS: retrospective cohort study; PCS: prospective cohort study; NA, not applicable; MetaA: meta-analysis;
SD: standarlLd deviation; CHD: coronary heart diseases; HF: heart failure; CVD: cardiovascular death; PD: Parkinson'’s disease.

4.2 Dementia and neurodegeneration

Long-term use (> 3 years) of long-lived (half live > 20 hours) benzodiazepines is associated with an increased risk of incident
demential®>!l. This observation was confirmed by a meta-analysis on 10 cohorts enrolling a total of 171,939 subjects!®. Another
meta-analysis of 10 case-control and 9 cohort studies (total 2,953,980 patients), demonstrated a statistically significant relationship
between benzodiazepine use and the development of dementia and Alzheimer’s disease (RR = 1.11, 95% CI: 1.04-1.18)[°°l. Of note,
repeated brain MRI revealed that high cumulative doses of benzodiazepines were linked to accelerated hippocampal volume loss[°7.
In a case control study on women with breast cancer from the Korean National Health Insurance claims database (n = 197,917),
concomitant use of benzodiazepines and antidepressants (n = 5,304) was found to be associated with a elevated risk of developing
dementia compared with the use of antidepressants alone (1,326) (hazard ratio, 1.807; 95% confidence interval, 1.26-2.58)!7%L

In a national study based on Medicare records, patients with Alzheimer’s disease and related dementias in hospice care (n = 139,103)
were analyzed. None of them had used benzodiazepines or antipsychotics in the prior 6 months. Those who received benzodiazepines
(n = 26,872) were matched 1:1 with nonusers on enrollment timing, age, sex, comorbidity, cognitive function, and baseline central
nervous system medications. Initiation of benzodiazepine treatment was associated with increased 180-day mortality compared with
controls (HR, 1.41; 95% CI, 1.38-1.44). Similarly, initiation of antipsychotic therapy (n = 10,240) was linked to a higher 180-day mortality
relative to matched controls (HR, 1.16; 95% CI, 1.12-1.20), although the magnitude of this detrimental effect appears to be notably
smaller than that of benzodiazepines!®®l.

In the national Finnish register-based FINPARK cohort, 18 651 persons diagnosed with Parkinson’s disease (PD) in 1996-2015 were
compared to PD-free persons matched for age (+ 1 year), sex and region (n = 127 806). Importantly, people with PD initiated the use of
benzodiazepines and benzodiazepine-related drugs (BZDR) more frequently than the control group without PD (39.0% vs. 25.9%), with a
relatively higher proportion of benzodiazepine use among BZDR (53.3% vs. 42.2%, p < 0.001). This overuse of BZDR occurred 2 years
before PD diagnosis and actually peaked 6 months prior!®’l. Although this overuse may be attributed to the treatment for non-specific
psychiatric symptoms—including anxiety—preceding the PD-specific motor disorder!®!], it is also possible that BZDR use (and
specifically that of benzodiazepines) increases the risk of developing clinically manifest PD. These observations raise the possibility
that benzodiazepine use may promote the development of several neurodegenerative diseases (Table 1).

However, there are no convincing evidence that benzodiazepines induce neurodegeneration in rodents. Rather, long-term
administration of moderate doses of diazepam appears to exert neuroprotective effects in rodent models of Alzheimer’s diseasel3>8%],
Similarly, intrathecal injection of the ACBP/DBI-derived octadecaneuropeptide (which also acts on GABA,R) attenuated cognitive
impairments induced by amyloid-beta peptide in micel®!. In contrast, diazepam inhibits hippocampal neurogenesis in a mouse mode
of traumatic brain®! and impairs hippocampal long-term potentiation in middle-aged micel®], potentially explaining the selective
effects of benzodiazepine on hippocampal volume in patients.

4.3 Cancer incidence and responses to immunotherapy

Several studies suggest that benzodiazepine use enhances the risk of developing cancer (Table 1). A meta-analysis of observational
studies including 213,823 cancer patients and 1,683,780 controls without cancer reported a significant dose-dependent association
between benzodiazepine use and overall cancer risk (pooled relative risk [RR] 1.19, 95% CI 1.16-1.21)[°°]. Another meta-analysis,
including 313,647 cancer patients and 2,168,978 controls, came to a similar conclusion (RR = 1.25, 95% CI 1.15-1.36), revealing the
highest risk for brain cancer (RR = 2.06, 95% CI 1.76-2.43)"°L This finding may reflect the propensity of benzodiazepines to accumulate
in the central nervous system and/or that GABA, receptors in the brain[*’l. In the Danish nationwide register, 152,510 individuals with
first-time cancer were matched (1:8) by age and gender to 1,220,317 cancer-free controls. In this study, long-term use (= 500 daily
doses within 1 to 5 years prior to the index date) of BZRD increased the adjusted odds ratio (OR) for all cancers by 1.09 (95% CI
1.04-1.14)7", Another study using the same registry included 94,923 oncological patients and 759,334 age- and sex-matched (1:8)
controls, and applied propensity score (PS) calibration to eliminate confounding factors such as self-reported health, comorbidities,
alcohol, tobacco use, other medications, physical activity and obesity. This confirmed that BZRD use was coupled to an elevated
cancer risk (OR = 1.09, 95% CI 1.00-1.19)I7),

A recent study addressed the association between benzodiazepine use and the risk of developing lung carcinomas!’?l. Lung cancer
risk was analyzed in 34,084 US adults, aged 47 * 0.2 years, from the National Health and Nutrition Examination Survey study. This risk
is 4.643 times higher in benzodiazepine users compared to nonusers (95% CI: 2.096, 10.283). This association remained significant
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(OR: 2.575, 95% CI: 1.015, 6.529) after adjusting for other variables including age and sex, ethnicity, education level, poverty-to-income
ratio, established cardiovascular and cancer risk factors (alcohol, body mass index, diabetes mellitus, hyperlipidemia, hypertension,
smoke), and other cancers!’?.

In mouse experiments, intraperitoneal injection of diazepam reversed the immunostimulatory effects of anti-ACBP/DBI treatment in
the context of chemoimmunotherapy combining oxaliplatin and anti-programmed death-1 (PD-1) antibody, suggesting that diazepam
may exert an identical immunosurveillance effect as ACBP/DBI"3.

Accordingly, retrospective analyses of patients with non-small cell lung cancer (NSCLC) treated with PD-1 or PD-1 ligand-1 (PD-L1)
blockade revealed adverse effects of benzodiazepine use on patient prognosis across four independent cohorts comprising 203, 314,
556 and 31,479 patients, respectivelyl’>"7°l. These support the notion that benzodiazepines can subvert immunotherapy effects in
cancer patients exactly as they do in mice. One of the studies[75] reported that benzodiazepines reduced immune-related adverse
events induced by PD-1/PD-L1 blockadel’", consistent with the interpretation that the drugs suppress both desired (anticancer) and
unwarranted (autoimmune) responses. Furthermore, analyses of medical records from 3,510 breast cancer patients treated at three
Taiwanese medical centers revealed that BZDR use (n = 1053) was associated with greatly increased mortality (HR = 1.34; 95% CI: 1.02,
1.76)#8, However, whether this effect is mediated through inhibition of cancer immunosurveillance remains to be determined.

4.4 Bacterial and viral infections

A recent study based on the Swedish national registry examined individuals under 65 years who (ab)used BZDR (n = 713,896 users)
compared to matched (1:1) controls by age, sex and residence. The results demonstrated that BZDR use was associated with an
increased risk of viral or bacterial infections in all body sites (HR = 1.83, 95% CI 1.79-1.89). The BZDR-linked risk of serious infection
was corroborated by both a comparison of 434,900 BZDR recipients with 428,074 patients taking selective serotonin reuptake
inhibitors (HR = 1.33, 95% CI 1.30-1.35), and a co-twin cohort analysis of 9197 BZDR-treated twins versus their non-treated siblings
(HR = 1.55, 95% CI 1.23-1.97). The HR for infection was comparable across different BZDR types but increased with cumulative BZDR
dosagel’l. A meta-analysis of clinical studies including patients with pneumonia (58,573 with BZDR and 221,916 controls) found that
recent BZDR use (until 90 days before the index data) incremented the risk of pneumonia. This effect was pronounced for the
individuals younger than 65 years, with an 80% increase in lung infections!”7l.

These human data (Table 1) are supported by preclinical experiment showing that diazepam enhances the susceptibility of rodents to
respiratory or peritoneal infections caused by bacteria and viruses, in line with the notion that diazepam can mediate
immunosuppression!®?-92],

In essence, there are several human age-related diseases (dementia, cardiovascular disorders, cancer, and infection) that are
accelerated or aggravated in individuals using benzodiazepines (Figure 1), consistent with an increase in overall mortality among
benzodiazepine users!?’l. Part of the clinical associations may be affected by confounding factors such as patients’ clinical
presentation, anxiety level, co-medications, alcohol or drug use, and socioeconomic status. Of note, socioeconomic deprivation is
coupled to higher benzodiazepine use, as documented in Australial®!l, Englandl®?, Ireland®®l, Sweden!’], and the USI’!l. Nonetheless,
several of the aforementioned studies have been corrected for deprivation and other sociodemographic parameters. Moreover,
preclinical experiments suggest a causative relationship between benzodiazepine use and several age-related diseases, especially
heart failure, cancer and infectious disease (Table 1).

5. Discussion

The present analysis elucidates a potential mechanistic and epidemiological link between exogenous benzodiazepines and the
endogenous protein ACBP/DBI, implicating both in the modulation of aging and age-related pathologies. ACBP/DBI, functioning as a
positive allosteric modulator of GABA,Rs containing o1 and Y2 subunits, appears to act as an endogenous pro-aging factor or
“geroprotein”, with its circulating levels correlating positively with age and multiple morbid conditions, including cardiovascular
disease, cancer, metabolic syndrome, and frailty.

The pharmacodynamic overlap between ACBP/DBI and benzodiazepines, both enhancing GABAergic neurotransmission via GABA,Rs,
raises the provocative hypothesis that benzodiazepines may pharmacologically mimic ACBP/DBI and thus promote similar
detrimental effects on organismal aging. Supporting this conjecture, retrospective clinical studies associate benzodiazepine use with
increased risks of diverse age-related disorders, including cardiovascular events, neurodegeneration (particularly dementia),
malignancies, and infections, all of which contribute to elevated all-cause mortality. Mechanistically, these effects may be mediated,
at least in part, through benzodiazepine-induced immunosuppression, heightened inflammation, inhibited autophagy, and metabolic
alterations. Several of these parallel the biological activity of DBI in preclinical models (Figure 1). Moreover, benzodiazepine use is
linked to persistent alterations in the gut microbiota detectable years after drug discontinuation!’l. In cancer patients, such
benzodiazepine-induced dysbiosis correlates with poorer cancer immunotherapy’s outcomel’!l. However, the precise mechanisms
underlying these microbial shifts remain poorly understood.

Importantly, epidemiological data suggest a dose-response relationship between long-term benzodiazepine exposure and adverse
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outcomes, particularly regarding cancer incidence and neurodegenerative decline, reinforcing concerns that benzodiazepine
exposure could exacerbate or unmask latent pathologies in aging individuals. Notably, evidence from both murine models and
clinical cohorts receiving immune checkpoint inhibitors indicates that benzodiazepines can impair cancer immunosurveillance,
supporting a potential immunomodulatory and tumor-promoting role for these agents.

Despite the compelling correlation between benzodiazepine use and age-related diseases, several limitations must temper causal
interpretations. First, most clinical data are observational or retrospective, rendering them inherently susceptible to confounding by
indication, reverse causality, and selection bias. For instance, conditions such as anxiety, insomnia, or early cognitive decline (which
may be early manifestations of neurodegenerative or systemic diseases) often prompt benzodiazepine prescriptions, complicating
efforts to distinguish cause from effect. Second, while many studies attempt to adjust for socioeconomic status and comorbidities,
residual confounding is possible, particularly given the well-documented association between socioeconomic deprivation and
increased benzodiazepine use. Third, preclinical evidence, though supportive, is restricted in scope and often constrained to specific
disease models or rodent strains, raising questions about translational relevance. Another limitation include the absence of direct
molecular evidence of aging acceleration (e.g., epigenetic, proteomic or telomeric clocks) in benzodiazepine users, precluding
definitive classification of the drugs as gerontogens. In addition, while DBI primarily acts peripherally and does not cross the
blood-brain barrier, benzodiazepines are centrally acting agents, raising questions about the spatial overlap of their respective
effects. Other key differences involve distinct interactions with peripheral benzodiazepine receptors (e.g., TSPO), which may confer
divergent downstream effects on mitochondrial function and inflammation.

In light of the accumulating evidence that benzodiazepines may accelerate age-related decline and exacerbate multiple morbidities,
coupled with their widespread—often inappropriate—use in vulnerable populations, a precautionary approach is warranted (Figure 1).
Until definitive mechanistic and longitudinal clinical data become available, it would be prudent to limit the long-term prescription of
benzodiazepines, unless no safer alternatives exist. Indeed, benzodiazepines can be replaced in many cases by selective serotonin
reuptake inhibitors, anticonvulsants, or non-pharmacological treatments. Preclinical evidence indicates that selective serotonin
reuptake inhibitors may stimulate anticancer immune responses!'°-192l, Similar immunostimulatory effects have been reported for
the o2-adrenergic agonist dexmedetomidine, serving as an adjunct agent in cancer carel!®l. Collectively, these agents may represent
particularly useful alternatives to benzodiazepines for managing agitation, anxiety, depression, neuropathic or perioperative pain,
and delirium in patients with cancer.

A moratorium against benzodiazepines should extend to the entire population, not only elderly adults, due to the potential pro-aging
effects that could compromise long-term population health, analogous to the premature morbidity and mortality decades after
DNA-damaging chemotherapy or radiotherapy in children and young adults!!°*1%5], Regulatory agencies and clinical guidelines should
re-evaluate the risk/benefit profile of benzodiazepines through the lens of aging biology, public health, and pharmacovigilance, to
prevent inadvertent iatrogenic acceleration of senescence and chronic disease.
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