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Abstract: Sleep disorders and disturbed sleep patterns are increasingly recognised as contributors to
cardiometabolic disease in adults. The evidence is strongest for short sleep duration, obstructive sleep
apnoea, insomnia with objective or perceived sleep loss, and circadian disruption related to shift work
or irregular sleep timing. These exposures are associated with hypertension, type 2 diabetes, obesity,
coronary heart disease, stroke, heart failure, atrial fibrillation, impaired glucose regulation, and increased
cardiovascular risk. This literature review examines the contribution of insomnia, obstructive sleep
apnoea, insufficient sleep, long sleep duration, circadian misalignment, and shift work to adult cardi-
ometabolic disease. PubMed-indexed systematic reviews, meta-analyses, cohort studies, clinical prac-
tice guidelines, mechanistic studies, and randomized trials were reviewed. The epidemiological evidence
shows consistent associations between short sleep duration and incident diabetes, hypertension, cardi-
ovascular disease, coronary heart disease, and obesity. Long sleep duration is also associated with in-
creased risk of several outcomes, although causality is less certain and reverse causation is more likely.
Obstructive sleep apnoea is common, frequently underdiagnosed, and strongly enriched among pa-
tients with obesity, resistant hypertension, heart failure, atrial fibrillation, and type 2 diabetes. Contin-
uous positive airway pressure improves sleepiness and quality of life and may reduce blood pressure
most clearly in patients with uncontrolled or resistant hypertension, but its effect on major cardiovas-
cular events is inconsistent in intention-to-treat trials. Circadian disruption adds a separate risk pathway
through misalignment of sleep, feeding, endocrine rhythms, blood pressure regulation, and glucose
tolerance. Clinical screening should therefore move beyond asking whether a patient sleeps enough.
Adults with cardiometabolic disease should be assessed for sleep duration, insomnia symptoms, snot-
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under the terms and conditions of the cardiometabolic care. That order is increasingly difficult to defend. Sleep duration, sleep con-
Creative Commons Attribution (CC BY) tinuity, sleep-disordered breathing, and circadian timing influence glucose metabolism, sym-
license pathetic activity, blood pressure, appetite regulation, weight gain, inflammation, endothelial
(https:/ /creativecommons.org/licenses/b  function, and cardiovascular physiology. The adult patient with hypertension, obesity, type 2
v/4.0/). diabetes, or atrial fibrillation may therefore need a sleep assessment as much as a lipid profile

or renal function test.

The challenge is that sleep is not one exposure. Insomnia, obstructive sleep apnoea,
short sleep, long sleep, poor sleep quality, restless sleep, night shift work, irregular sleep tim-
ing, social jet lag, and circadian misalignment are related but not interchangeable. A patient
may sleep for eight hours but have severe obstructive sleep apnoea. Another may have
chronic insomnia and sleep five hours. A third may work rotating nights and sleep at
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biologically adverse times despite adequate total sleep. Grouping all of these under “poor
sleep” hides important differences in mechanism, diagnosis, and treatment.

A second problem is interpretation. Much of the cardiometabolic evidence comes from
observational studies. These studies are large and useful, but they are exposed to residual
confounding, reverse causation, self-reported sleep measurement, depression, chronic pain,
medication effects, socioeconomic factors, occupational stress, and obesity. Mechanistic and
intervention studies help, but they do not always reproduce the size of observational associ-
ations. This review therefore separates association from intervention evidence wherever pos-
sible.

The central argument is practical. Sleep disorders do not replace established cardiomet-
abolic risk factors. They add to them. Their value in clinical medicine lies in identifying mod-
ifiable conditions that are common, under-recognised, and often present in the same patients
already at high metabolic and cardiovascular risk.

Evidence handling and terminology

This review used PubMed-indexed literature on adult sleep duration, insomnia, obstruc-
tive sleep apnoea, sleep-disordered breathing, hypertension, type 2 diabetes, obesity, cardio-
vascular disease, circadian disruption, shift work, positive airway pressure, cognitive behav-
ioural therapy for insomnia, and screening pathways. The source base included clinical prac-
tice guidelines, systematic reviews, meta-analyses, prospective cohort studies, randomized
controlled trials, and human laboratory studies.

Sleep duration is described as short, normal, or long according to the definitions used
by the original studies. Many epidemiological studies classify short sleep as less than six or
seven hours and long sleep as more than eight or nine hours. The American Academy of
Sleep Medicine and Sleep Research Society consensus recommends that adults sleep seven or
more hours per night on a regular basis to promote optimal health (1). Insomnia is discussed
as chronic insomnia disorder when symptoms persist for at least three months and produce
daytime impairment, consistent with the modern sleep-disorder classification framework (2).
Obstructive sleep apnoea is discussed in relation to apnoea-hypopnoea index, symptoms, cat-
diometabolic risk, and diagnostic testing guidance.

The review is not a formal meta-analysis. It gives priority to large meta-analyses and
prospective evidence when estimating risk, and to randomized trials when considering treat-
ment effects.

The statistical signal from sleep duration

Short sleep duration has one of the largest evidence bases. In a systematic review and
meta-analysis including 153 studies and more than 5.1 million participants, short sleep dura-
tion was associated with increased risk of all-cause mortality, diabetes mellitus, hypertension,
cardiovascular disease, coronary heart disease, and obesity. The reported risk ratios were 1.12
for mortality, 1.37 for diabetes, 1.17 for hypertension, 1.16 for cardiovascular disease, 1.26
for coronary heart disease, and 1.38 for obesity (4). These are not trivial associations. They
are also not proof that extending sleep alone will reduce all these outcomes by the same mag-
nitude.

Long sleep duration shows a different pattern. In a systematic review and meta-analysis
of 137 prospective cohort studies including more than 5.1 million participants, long sleep was
associated with mortality, diabetes, cardiovascular disease, stroke, coronary heart disease, and
obesity. The reported risk ratios were 1.39 for mortality, 1.26 for diabetes, 1.25 for cardiovas-
cular disease, 1.46 for stroke, 1.24 for coronary heart disease, and 1.08 for obesity; long sleep
was not significantly associated with incident hypertension in that analysis (5). The interpre-
tation of long sleep is more difficult than short sleep. Long sleep may reflect underlying dis-
ease, inflammation, depression, unemployment, sedative use, low physical activity, sleep frag-
mentation, or undiagnosed sleep apnoea. It may be a marker more often than a cause.
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The diabetes evidence is particularly consistent. A dose-response meta-analysis of pro-
spective studies including 18,443 incident type 2 diabetes cases among 482,502 participants
found a U-shaped association between sleep duration and type 2 diabetes risk. The lowest
risk was observed at seven to eight hours per day. Compared with seven hours, each one-
hour reduction below seven hours was associated with a pooled relative risk of 1.09, while
each one-hour increment above seven hours was associated with a pooled relative risk of 1.14
(6). Another meta-analysis of sleep disturbances and incident diabetes also supported associ-
ations between both sleep quantity and sleep quality and diabetes risk (7).

Hypertension follows a similar but not identical pattern. A meta-analysis of prospective
cohort studies found that short sleep duration increased hypertension incidence, with a rela-
tive risk of 1.21. Sleep continuity disturbance and early-morning awakening were also associ-
ated with hypertension incidence, while evidence for long sleep and difficulty falling asleep
was weaker (8). This matters because insomnia symptoms are not all equal. Difficulty main-
taining sleep may have a stronger cardiometabolic signal than difficulty falling asleep alone in
some datasets.

Obesity is closely linked to short sleep. A meta-analysis of prospective adult studies
found that short sleep duration was significantly associated with incident obesity, whereas
long sleep duration was not consistently associated with obesity (9). Another dose-response
meta-analysis reported that obesity risk increased by approximately 9% for each one-hour
decrease in sleep duration compared with seven hours (10). Sleep loss may influence food
intake, reward sensitivity, late-night eating, energy expenditure, physical activity, and hormo-
nal appetite regulation. Still, obesity also causes sleep distuption and obstructive sleep apnoea,
so directionality can run both ways.

Table 1

Selected risk estimates linking sleep patterns with cardiometabolic outcomes

Outcome Statistical finding Interpretation
Diabetes . . Strong and consistent observational
. RR 1.37 in a large meta-analysis & o
mellitus association
Hvbertensi RR 1.17 in broad outcomes meta-analysis and ~ Supports sleep assessment in hyper-
’pertension . . . . . .
P RR 1.21 in hypertension-specific meta-analysis  tension prevention and management
. . . Direction is likely bidirectional be-
Obesity RR 1.38 in broad outcomes meta-analysis . Y
cause obesity can also worsen sleep
Coronary Observational signal is clinically rele-

heart disease

RR 1.26 in broad outcomes meta-analysis
vant but not fully causal

May reflect underlying illness, reverse

Stroke RR 1.46 in long-sleep meta-analysis . .
causation, or sleep fragmentation
. No significant association in one large meta-  Long sleep is not equivalent to short
Hypertension . . . .
analysis sleep biologically or clinically
Hypertension RR 1.20 in prospective meta-analysis Insomnia phenotype matters
incidence ' prospectiv ¥ p op
5 diabe. i .
Type 2 diabe RR 1.09 per one-hour shorter sleep Dose fesponse pattern supports bio
tes logical plausibility
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Sleep exposure  Outcome Statistical finding Interpretation

Each hour above Type 2 diabe-

seven hours

Sleep restriction

!

Stronger concern for confounding and

RR 1.14 per one-hour longer sleep reverse causation

RR indicates relative risk.

Plausible mechanisms

Several mechanisms connect disordered sleep to cardiometabolic disease. The evidence
is strongest when epidemiological findings are supported by human experimental studies.

Sleep restriction can impair insulin sensitivity. A randomized crossover study found that
experimental sleep restriction reduced insulin signalling in human adipocytes, showing that
sleep loss can affect peripheral metabolic tissue directly (12). A more recent randomized trial
in women found that curtailing sleep to a level resembling real-world short sleep impaired
insulin sensitivity over six weeks (11). Even a single night of partial sleep deprivation has been
shown to induce insulin resistance in multiple metabolic pathways (13).

Blood pressure is also sensitive to sleep loss. Sleep normally permits nocturnal blood
pressure dipping and lower sympathetic tone. Experimental restriction can increase ambula-
tory and nocturnal blood pressure. In healthy young adults, experimental sleep restriction
increased ambulatory and sleep blood pressure in a randomized crossover design (14). In
premenopausal women, mild sleep restriction increased 24-hour ambulatory blood pressure
without clear mediation by psychological stress measures (15). These controlled studies make
the hypertension association more credible.

Circadian misalignment adds another pathway. In a controlled study, circadian misalign-
ment increased markers of insulin resistance and inflammation independently of sleep loss
(16). In alaboratory study of chronic shift workers, the internal circadian system and circadian
misalighment affected glucose tolerance (17). These findings help explain why a person who
sleeps during the day after night work may not receive the same metabolic protection as a
person sleeping at night, even if sleep duration is similar.

Sleep-disordered breathing contributes through intermittent hypoxaemia, arousals, sym-
pathetic activation, oxidative stress, intrathoracic pressure swings, endothelial dysfunction,
inflammation, and changes in metabolic regulation. These mechanisms ate especially relevant
to resistant hypertension, atrial fibrillation, heart failure, and obesity.

Insomnia may operate through hyperarousal. Chronic insomnia is not simply lack of
sleep. Many patients have heightened cognitive, autonomic, and physiological arousal. The
result may include increased sympathetic activity, hypothalamic-pituitary-adrenal activation,
inflammatory changes, reduced sleep depth, and behavioural changes such as reduced activity
and irregular eating. Insomnia with short sleep duration may be a higher-risk phenotype than
insomnia symptoms alone.

Figure 1

Major biological routes from sleep disturbance to cardiometabolic disease

Reduced insulin sensitivity

Increased appetite and late eating

Higher sympathetic tone

Raised blood pressure

!
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Insomnia and cardiometabolic disease

Insomnia is the most common sleep disorder in routine adult practice. A recent epide-
miological review estimated that approximately 10% of adults have insomnia disorder, while
another 20% experience occasional insomnia symptoms (3). The diagnosis requires more than
dissatisfaction with sleep. Chronic insomnia disorder involves difficulty initiating sleep, diffi-
culty maintaining sleep, early awakening, or non-restorative sleep despite adequate oppor-
tunity for sleep, with daytime impairment and persistence over time (2).

The cardiometabolic signal for insomnia is real but less uniform than for obstructive
sleep apnoea or short sleep duration. Insomnia symptoms are heterogeneous. Difficulty fall-
ing asleep, difficulty maintaining sleep, early-morning awakening, non-restorative sleep, and
short measured sleep may carry different risks. A meta-review combining observational meta-
analyses and Mendelian randomization studies reported evidence linking insomnia with sev-
eral cardiovascular diseases, including hypertension, coronary artery disease, atrial fibrillation,
heart failure, and stroke outcomes (18). A meta-analysis of prospective studies found that
sleep continuity disturbance and eatly-morning awakening increased hypertension incidence
(8). A 2023 meta-analysis reported an association between insomnia and myocardial infarction
incidence, especially with very short sleep duration (19).
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Diabetes risk is also relevant. The older meta-analysis by Cappuccio et al. found that
difficulty initiating sleep and difficulty maintaining sleep were associated with incident type 2
diabetes (7). Chronic insomnia may affect glycaemic regulation through sympathetic activa-
tion, altered cortisol thythm, inflammation, poorer diet, late eating, inactivity, depression, and
use of sedative medications in some patients.

Treatment evidence is more complex. Cognitive behavioural therapy for insomnia is the
first-line treatment recommended by major guidelines (31,32). Its primary proven benefit is
improvement in insomnia symptoms, sleep latency, sleep efficiency, wake after sleep onset,
and daytime function. Whether it reduces cardiometabolic outcomes such as myocardial in-
farction, diabetes, or stroke remains less certain. A systematic review of cognitive behavioural
therapy for insomnia and cardiometabolic biomarkers found the most consistent associations
with improved HbAlc and C-reactive protein, but the evidence base was limited and not
equivalent to hard-outcome prevention trials (33).

Clinically, insomnia should be identified because it is distressing, common, treatable, and
associated with cardiometabolic risk. It should not be treated only with hypnotic medication,
especially when chronic. Long-term sedative use can worsen falls, cognition, respiratory risk,
and next-day function in vulnerable adults. A cardiometabolic clinic that detects insomnia
should consider CBT-I referral, digital CBT-I, behavioural sleep intervention, and review of
stimulants, alcohol, pain, mood symptoms, and medication timing.

Obstructive sleep apnoea as a cardiometabolic condition

Obstructive sleep apnoea is not simply snoring with tiredness. It is a disorder of repeated
upper-airway obstruction during sleep, producing intermittent hypoxaemia, recurrent arous-
als, sleep fragmentation, and cardiovascular stress. Its cardiometabolic relevance is large be-
cause the same adult population at risk for hypertension, obesity, diabetes, and atrial fibrilla-
tion is also at high risk for OSA.

The burden is substantial. Benjafield et al. estimated that 936 million adults aged 30-69
years wotldwide had mild to severe obstructive sleep apnoea, and 425 million had moderate
to severe disease (20). A systematic review of general population studies found that at an
apnoea-hypopnoea index of 15 or more events per hour, adult prevalence ranged from 6%
to 17%, and reached as high as 49% in advanced age groups (21). These figures explain why
OSA is encountered far beyond sleep clinics.

OSA prevalence is especially high in cardiovascular practice. The American Heart Asso-
ciation scientific statement noted that OSA prevalence is estimated at 40% to 80% among
patients with hypertension, heart failure, coronary artery disease, pulmonary hypertension,
atrial fibrillation, and stroke (24). Yet OSA remains under-recognised in many of these groups,
partly because not all patients present with classic sleepiness. Some present with resistant
hypertension, nocturia, morning headache, atrial fibrillation, poor concentration, or unte-
freshing sleep.

The association with cardiovascular outcomes is supported by cohort data. A meta-anal-
ysis of prospective cohort studies reported that severe OSA significantly increased cardiovas-
cular disease risk, stroke, and all-cause mortality; moderate OSA showed a positive association
with cardiovascular disease, while mild OSA did not show the same strength of association
(25). In an observational study of men, untreated severe obstructive sleep apnoea was associ-
ated with higher risk of fatal and non-fatal cardiovascular events, while CPAP-treated patients
had lower event rates than untreated severe OSA patients (26). Observational results, how-
ever, can be influenced by adherence, health behaviour, and selection effects.

Randomized cardiovascular outcome trials are more cautious. The SAVE trial found that
CPAP improved snoring, sleepiness, mood, and health-related quality of life, but did not sig-
nificantly prevent major cardiovascular events in patients with moderate to severe OSA and
established cardiovascular disease in the intention-to-treat analysis (27). This result is often
misunderstood. It does not mean OSA is harmless or CPAP is useless. It means CPAP should
not be promised as guaranteed secondary cardiovascular prevention in minimally sleepy or
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Sleep phenotype Typical clinical clues Cardiometabolic links

Short sleep dura-
tion

Less than six or seven hours, long
work hours, caregiving, late device

variably adherent populations. Adherence, symptom burden, baseline risk, OSA phenotype,
hypoxic burden, and blood pressure status likely matter.

OSA and hypertension

Hypertension is the most clinically actionable cardiometabolic outcome in OSA. OSA is
common in resistant hypertension, and resistant hypertension is one of the strongest reasons
to screen for OSA. Intermittent hypoxaemia and arousals increase sympathetic activation,
reduce nocturnal dipping, and may sustain daytime blood pressure elevation.

CPAP lowers blood pressutre modestly in many OSA populations, but the effect is not
uniform. Meta-analyses show larger effects in patients with resistant hypertension and uncon-
trolled blood pressure than in minimally symptomatic or normotensive patients. A systematic
review and meta-analysis of randomized trials in OSA with resistant hypertension reported
that CPAP improved blood pressure in this group (28). A broader meta-analysis comparing
OSA treatments found that expected reductions in blood pressure were modest overall and
vatied by phenotype (29). This is clinically useful: CPAP should be seen as one part of re-
sistant hypertension care, not a replacement for antihypertensive treatment, weight loss, so-
dium reduction, and evaluation for other secondary causes.

Ambulatory blood pressure is more informative than clinic pressure in this setting. OSA
may blunt nocturnal dipping or produce nocturnal hypertension. A patient with controlled
clinic readings and high nocturnal blood pressure may still carry cardiovascular risk. Where
available, ambulatory blood pressure monitoring can clarify the pattern.

OSA, diabetes, and obesity

The relationship between OSA and diabetes is bidirectional. Obesity increases OSA risk
by narrowing the upper airway and increasing collapsibility. OSA may worsen insulin re-
sistance through intermittent hypoxia, sleep fragmentation, sympathetic activation, and in-
flammation. Diabetes can also worsen sleep through nocturia, neuropathic pain, restless legs,
and coexisting obesity.

CPAP effects on glycaemic control are inconsistent. In a systematic review and meta-
analysis of patients with type 2 diabetes and OSA, CPAP did not cleatly improve HbAlc (30).
A randomized trial in patients with suboptimally controlled type 2 diabetes and OSA found
improved glycaemic control after six months of CPAP (31). Differences in adherence, base-
line HbAlc, OSA severity, sleepiness, duration of therapy, diabetes treatment, and weight
change may explain some of the inconsistency.

Weight management is central. CPAP does not reliably produce weight loss by itself. It
may improve sleepiness and energy, which can support physical activity, but weight reduction
requires separate intervention. Anti-obesity pharmacotherapy, bariatric surgery, dietary strat-
egies, and exercise can reduce OSA severity in selected patients through weight loss and met-
abolic improvement. The direction should be integrated: treat OSA, treat obesity, treat diabe-
tes, and treat blood pressure together.

Table 2

Sleep disorder phenotypes and likely cardiometabolic consequences

Highest-yield screening set-
ting

Obesity, diabetes, hypertension, Primary care, diabetes care, oc-

coronary disease cupational health
use
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Sleep phenotype Typical clinical clues Cardiometabolic links nghest-ylelt(ilnsgcreemng set-
Hypertension, diabetes risk, myo-
cardial infarction signal, poor
quality of life

Difficulty initiating or maintaining
sleep with daytime impairment

Primary care, women’s health,

Chronic insomnia mental health, cardiology

Snoring, witnessed apnoea, re-
sistant hypertension, sleepiness,

Hypertension clinic, cardiol-

Obstructive slee . .. .
P ogy, obesity medicine, diabetes

Hypertension, attial fibrillation,

apnoea . . stroke, heart failure, diabetes ..
obesity, nocturia clinic
More than nine hours, low activit ) . . . .y .
Long sleep dura- . . ¥ Mortality, diabetes, cardiovascular Geriatrics, chronic disease clin-
. depression, chronic illness, sedat- ) )
tion . disease, stroke ics, mental health
ing drugs

Shift work and . ) . . . . Occupational health, emer-

. . ) Night shifts, rotating shifts, irregu- Diabetes, obesity, blood pressure P ) ’
circadian disrup- . . . . . gency services, healthcare

lar meals, variable sleep timing elevation, cardiovascular risk

tion workers
Large weekday-weekend sleep tim- Adiposity, insulin resistance, met- Young and middle-aged adults,

Social jet lag ing difference abolic syndrome markers students, shift workers

Sleep fragmenta- Frequent awakenings, pain, noctu- Hypertension, glucose dysregula-  Chronic pain, urology, sleep
tion ria, OSA, restless legs tion, fatigue, poor adherence clinics, cardiometabolic clinics

Circadian disruption and shift work

Circadian disruption is not the same as short sleep. It refers to misalignment between
internal biological timing and external behaviour. A night-shift worker may sleep long enough
after a shift and still experience metabolic strain because sleep, feeding, light exposure, phys-
ical activity, cortisol thythm, melatonin rhythm, glucose tolerance, and blood pressure thythm
are not aligned.

Shift work has been associated with diabetes risk in meta-analysis. Gan et al. reported
that shift work was associated with increased risk of diabetes, with stronger effects in men
and rotating shift workers (34). In the Nurses’ Health Studies, longer duration of rotating
night shift work was associated with increased risk of type 2 diabetes in women, partly medi-
ated through body weight (35). Shift work has also been associated with obesity and over-
weight in meta-analyses (36). A systematic review and meta-analysis of shift work and blood
pressure found that shift work was associated with blood pressure differences, particularly
among permanent night workers and for systolic blood pressure (37).

Social jet lag gives a related signal in non-shift workers. Wong et al. reported that misa-
lighment of sleep timing was associated with metabolic risk factors that predispose to diabetes
and atherosclerotic cardiovascular disease (38). Social jet lag is common when workdays force
earlier wake times than the person’s biological preference, followed by delayed sleep and wak-
ing on free days. The repeated shift in sleep timing resembles mild circadian travel without
movement across time zones.

The clinical response to circadian disruption is difficult because many patients cannot
simply stop shift work. Advice must therefore be realistic. Risk reduction may include more
stable shift schedules, avoidance of rapidly rotating shifts where possible, planned light expo-
sure, protected sleep opportunity, sleep environment control, consistent meal timing, reduced
large meals at biological night, screening for hypertension and diabetes, and eatly recognition
of OSA or insomnia. Occupational health has a major role.
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Chart 1

Relative strength of evidence by sleep exposure and cardiometabolic outcome

Evidence signal based on current adult literature

Short sleep and type 2 diabetes
support

Short sleep and hypertension
experimental support

Short sleep and obesity

pathway likely

Long sleep and cardiovascular outcomes
certain

Insomnia and hypertension
phenotype

Insomnia and myocardial infarction
OSA and resistant hypertension
treatment signal

OSA and major cardiovascular events
prevention signal

OSA and glycaemic control

Shift work and type 2 diabetes

Circadian misalignment and glucose control

Strong observational and mechanistic

Strong observational support with

Strong association, bidirectional

Consistent association,

causality less

Moderate to strong, depends on insomnia

Growing evidence, heterogeneity remains

Strong clinical association and

Cohort signal stronger than RCT

Mixed treatment evidence

Consistent observational evidence

Strong mechanistic support

This chart is a qualitative evidence map, not a pooled effect estimate.

Clinical screening

Sleep screening should be targeted. It is unrealistic to send every adult for polysomnog-
raphy. It is also poor practice to ignore sleep in patients with cardiometabolic disease.

A practical screening history can be brief. Ask usual sleep duration on workdays and free
days. Ask about difficulty falling asleep, difficulty staying asleep, early waking, and daytime
impairment. Ask about snoring, witnessed apnoea, choking or gasping, nocturia, morning
headache, daytime sleepiness, resistant hypertension, and atrial fibrillation. Ask about night
shifts, rotating shifts, irregular meals, and large weekday-weekend differences in sleep timing.
Ask about alcohol before sleep, sedatives, opioids, nasal obstruction, chronic pain, depres-
sion, restless legs, and menopausal symptoms where relevant.

For suspected OSA, the American Academy of Sleep Medicine diagnostic testing guide-
line recommends that diagnostic testing be performed in conjunction with a comprehensive
sleep evaluation and follow-up. Polysomnography is the standard diagnostic test when con-
cern for OSA exists, while home sleep apnoea testing can be used in uncomplicated adults at
increased risk of moderate to severe OSA (22). The same guideline advises against diagnosing
OSA using clinical tools, questionnaires, or prediction algorithms alone without objective

testing (22).

Questionnaires still have value as triage tools. STOP-Bang, Berlin Questionnaire, Ep-
worth Sleepiness Scale, and similar instruments can help identify risk or symptom burden,
but they do not replace diagnostic testing. Sleepiness is useful but incomplete. Some high-risk
cardiovascular patients with OSA are not very sleepy.

Table 3
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Suggested sleep screening prompts in cardiometabolic clinics

Clinical set-

tin Minimum sleep questions When to escalate
g

Hyperten-  Sleep duration, snoring, witnessed apnoea, noctu- Resistant hypertension, nocturnal hypertension, obesity,
sion clinic ria, morning headache, resistant hypertension atrial fibrillation, high OSA questionnaire score

Diabetes  Sleep duration, insomnia symptoms, OSA symp- Poor glycaemic control, obesity, daytime sleepiness, re-
clinic toms, shift work, nocturia current eatly-morning hyperglycaemia

Obesity  Snoring, apnoea, sleepiness, sleep timing, binge or BMI elevation with symptoms, bariatric surgery assess-

clinic night eating, insomnia ment, severe fatigue, cardiopulmonary symptoms
Cardiology ~ OSA symptoms, atrial fibrillation, heart failure Atrial fibrillation recurrence, heart failure, pulmonary
clinic symptoms, nocturnal dyspnoea, sleep duration hypertension, resistant hypertension

Sleep duration, insomnia, sleep quality, shift work, Persistent fatigue, cardiometabolic disease, sedative use,

Primary care . . . .
y snoting high occupational risk

Occupa-  Shift timing, sleep opportunity, sleepiness at work — Safety-sensitive work, night shifts, rotating shifts, hy-
tional health or while driving, irregular meals pertension, diabetes risk

Treatment and risk modification

The most important treatment principle is to match the intervention to the sleep phe-
notype. Sleep advice alone is insufficient for OSA. CPAP alone is insufficient for obesity.
Hypnotic medication alone is insufficient for chronic insomnia. Telling a night-shift worker
to “sleep better” without addressing schedule, light, and meal timing is clinically weak.

For chronic insomnia, CBT-I is first-line. The American College of Physicians recom-
mends CBT-I as the initial treatment for chronic insomnia disorder in adults (32). The Amer-
ican Academy of Sleep Medicine guideline strongly recommends multicomponent CBT-I for
chronic insomnia disorder (31). Pharmacological therapy may have a role when clinically in-
dicated, but long-term reliance on hypnotics does not address the behavioural and cognitive
drivers of chronic insomnia.

For OSA, positive airway pressure is the standard treatment for many adults, with oral
appliances, positional therapy, weight reduction, upper-airway surgery, and other approaches
used in selected cases. The AASM positive airway pressure guideline supports PAP therapy
for adults with OSA, particularly when excessive sleepiness or impaired sleep-related quality
of life is present (23). Cardiometabolic expectations should be specific. CPAP is likely to
improve sleepiness and quality of life in symptomatic patients. Blood pressure reductions are
generally modest, larger in resistant hypertension or uncontrolled blood pressure. Prevention
of major cardiovascular events is not consistently shown in intention-to-treat RCTs, especially
when adherence is low.

For short sleep, sleep extension may be a reasonable intervention in habitual short sleep-
ers, but evidence for hard cardiometabolic outcomes remains developing. Clinicians should
still treat insufficient sleep as a risk behaviour, particularly in patients with hypertension, dia-
betes, obesity, or occupational fatigue. Practical steps include fixed wake time, protected sleep
opportunity, reduced late caffeine, reduction of alcohol before bed, light management, digital
curfew where relevant, and management of pain, nocturia, reflux, or mood symptoms.

For circadian disruption, the target is timing. Stable schedules, morning or shift-specific
light exposure, limiting bright light before planned sleep, dark sleep environments, regular
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meal timing, and avoiding large meals during biological night may reduce metabolic strain. In
many workplaces, however, individual advice is not enough. Shift design and occupational
policy matter.

Discussion

The sleep-cardiometabolic literature contains two messages that must be held together.
The first is that sleep disorders are strongly associated with cardiometabolic disease. The sec-
ond is that association does not always translate into large outcome reductions when a single
sleep treatment is tested in randomized trials. This tension is not a weakness of the field. It is
the reality of complex chronic disease.

The strongest epidemiological signal is seen with short sleep duration, OSA, and circa-
dian disruption. Short sleep is associated with diabetes, hypertension, obesity, coronary dis-
ease, and mortality in large cohorts and meta-analyses (4,6,8-10). Mechanistic studies support
biological plausibility by showing effects on insulin sensitivity and blood pressure (11-15).
OSA is highly prevalent in cardiometabolic populations and strongly linked to resistant hy-
pertension, atrial fibrillation, heart failure, stroke, and cardiovascular disease (20-25). Circa-
dian disruption has human experimental support for impaired glucose tolerance and insulin
resistance, and observational support from shift-work studies (16,17,34-38).

The weaker area is prevention of hard cardiovascular outcomes after sleep treatment.
CPAP improves symptoms and blood pressure in selected OSA groups, but major cardiovas-
cular event reduction has not been consistently demonstrated in intention-to-treat random-
ized trials (27). Several explanations are plausible. Adherence is often limited. Trials may enroll
patients with established disease, in whom vascular risk is already advanced. OSA phenotypes
differ: hypoxic burden, arousal frequency, sleepiness, insomnia overlap, obesity, and blood
pressure status may influence treatment effect. Mean apnoea-hypopnoea index alone may not
capture cardiovascular risk.

Insomnia also illustrates heterogeneity. Insomnia symptoms are common, but cardi-
ometabolic risk may be greatest when insomnia is persistent, accompanied by short sleep
duration, or associated with physiological hyperarousal. Treating insomnia improves sleep
and quality of life; whether it prevents diabetes or cardiovascular events remains a separate
question requiring stronger trials.

Clinically, the correct response is not to overpromise. It is to integrate sleep into risk
assessment with the same seriousness given to diet, exercise, blood pressure, and lipids. A
patient with resistant hypertension should be assessed for OSA. A patient with type 2 diabetes
and insomnia should have sleep addressed as part of glycaemic care. A patient with obesity
should be screened for OSA before bariatric surgery and during weight management. A night-
shift worker with prediabetes deserves practical circadian and occupational advice, not only
dietary advice.

Future research should move away from broad sleep categories toward phenotyping. In
OSA, hypoxic burden, sleepiness, blood pressure pattern, arousal burden, insomnia overlap,
and adherence may predict cardiometabolic response better than apnoea-hypopnoea index
alone. In insomnia, objective sleep duration and physiological hyperarousal may identify
higher-risk groups. In shift work, schedule type, duration of exposure, meal timing, chrono-
type, light exposure, and recovery sleep need better measurement. More trials should test
combined interventions: CBT-I plus metabolic risk management, CPAP plus weight-loss
therapy, circadian scheduling plus diabetes prevention, and workplace-level shift redesign.

Conclusion

Sleep disorders and disturbed sleep timing are clinically important contributors to cardi-
ometabolic disease in adults. The evidence is strongest for short sleep duration, obstructive
sleep apnoea, and circadian disruption, with additional evidence linking chronic insomnia to
hypertension, diabetes risk, and cardiovascular outcomes. These relationships are biologically
plausible and supported by large cohort studies, meta-analyses, and selected human experi-
mental data.
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Short sleep duration is associated with increased risk of diabetes, hypertension, obesity,
cardiovascular disease, coronary heart disease, and mortality. Long sleep duration is also as-
sociated with adverse outcomes, but its interpretation is more complex because it may reflect
underlying illness, low activity, depression, medication effects, or undiagnosed sleep disor-
ders. Obstructive sleep apnoea is common in adults with obesity, resistant hypertension, heart
failure, atrial fibrillation, stroke, and type 2 diabetes. It should be actively sought in these
groups, especially when symptoms or resistant blood pressure are present. Circadian disrup-
tion from shift work and irregular sleep timing should be recognised as a metabolic exposure,
not only a work-schedule inconvenience.

Clinical screening can be simple and should be targeted. Adults with cardiometabolic
disease should be asked about sleep duration, insomnia symptoms, snoring, witnessed apnoea,
daytime sleepiness, nocturia, resistant hypertension, shift work, and irregular sleep timing.
Suspected obstructive sleep apnoea requires objective diagnostic testing. Chronic insomnia
should be treated with cognitive behavioural therapy for insomnia as first-line care where
available.

Sleep treatment should be honest about expected benefits. CPAP improves symptoms
and quality of life and can lower blood pressure, especially in resistant hypertension, but car-
diovascular event reduction is not guaranteed. CBT-I improves insomnia, but hard cardiomet-
abolic prevention data remain limited. Circadian and shift-work interventions are promising
but need more rigorous trials.

Sleep health belongs inside adult cardiometabolic care. It is not a minor lifestyle add-on.
For many patients, identifying and treating sleep disorders may improve symptoms, blood
pressure control, glycaemic regulation, weight management, quality of life, and long-term risk
stratification.
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