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	Search Details
	Result

	Pubmed


	(
  "Sleep"[Mesh] OR "Sleep Wake Disorders"[Mesh] OR "Sleep Apnea, Obstructive"[Mesh] OR
  "Insomnia"[Mesh] OR
  sleep[tiab] OR "sleep quality"[tiab] OR PSQI[tiab] OR insomnia[tiab] OR
  "sleep duration"[tiab] OR "short sleep"[tiab] OR "long sleep"[tiab] OR
  "sleep-disordered breathing"[tiab] OR OSA[tiab] OR "sleep apnea"[tiab] OR snor*[tiab] OR
  actigraph*[tiab] OR polysomnograph*[tiab] OR AHI[tiab] OR ODI[tiab] OR
  CPAP[tiab] OR BiPAP[tiab] OR "positive airway pressure"[tiab] OR
  "mandibular advancement device"[tiab] OR "cognitive behavioral therapy for insomnia"[tiab] OR CBT-I[tiab] OR
  "sleep hygiene"[tiab] OR chronotherapy[tiab] OR "light therapy"[tiab]
)
AND
(
  "Fertilization in Vitro"[Mesh] OR "Reproductive Techniques, Assisted"[Mesh] OR
  "Intracytoplasmic Sperm Injections"[Mesh] OR "Embryo Transfer"[Mesh] OR
  IVF[tiab] OR "in vitro fertilization"[tiab] OR ICSI[tiab] OR
  "intracytoplasmic sperm injection"[tiab] OR
  "assisted reproductive technolog*"[tiab] OR ART[tiab] OR
  "embryo transfer"[tiab] OR "oocyte retrieval"[tiab]
)
AND
(
  female[tiab] OR women[tiab] OR woman[tiab]
)
NOT (animals[mh] NOT humans[mh])
	158

	Embase
	(
  'sleep'/exp OR 'sleep quality'/exp OR 'sleep disorder'/exp OR
  'obstructive sleep apnea'/exp OR 'insomnia'/exp OR
  sleep:ti,ab OR "sleep quality":ti,ab OR psqi:ti,ab OR insomnia:ti,ab OR
  "sleep duration":ti,ab OR "short sleep":ti,ab OR "long sleep":ti,ab OR
  "sleep-disordered breathing":ti,ab OR osa:ti,ab OR "sleep apnea":ti,ab OR snor*:ti,ab OR
  actigraph*:ti,ab OR polysomnograph*:ti,ab OR ahi:ti,ab OR odi:ti,ab OR
  cpap:ti,ab OR bipap:ti,ab OR "positive airway pressure":ti,ab OR
  "mandibular advancement device":ti,ab OR
  "cognitive behavioral therapy for insomnia":ti,ab OR cbt-i:ti,ab OR
  "sleep hygiene":ti,ab OR chronotherapy:ti,ab OR "light therapy":ti,ab
)
AND
(
  'in vitro fertilization'/exp OR 'intracytoplasmic sperm injection'/exp OR
  'assisted reproductive technique'/exp OR 'embryo transfer'/exp OR
  ivf:ti,ab OR "in vitro fertilization":ti,ab OR icsi:ti,ab OR
  "intracytoplasmic sperm injection":ti,ab OR
  "assisted reproductive technolog*":ti,ab OR art:ti,ab OR
  "embryo transfer":ti,ab OR "oocyte retrieval":ti,ab
)
AND
(
  female:ti,ab OR women:ti,ab OR woman:ti,ab
)
NOT ([animals]/lim NOT [humans]/lim)
	765

	Cochrane library


	(
  MeSH descriptor: [Sleep] explode all trees
  OR MeSH descriptor: [Sleep Wake Disorders] explode all trees
  OR MeSH descriptor: [Sleep Apnea, Obstructive] explode all trees
  OR MeSH descriptor: [Insomnia] explode all trees
  OR sleep:ti,ab,kw OR "sleep quality":ti,ab,kw OR psqi:ti,ab,kw OR insomnia:ti,ab,kw
  OR "sleep duration":ti,ab,kw OR "short sleep":ti,ab,kw OR "long sleep":ti,ab,kw
  OR "sleep-disordered breathing":ti,ab,kw OR osa:ti,ab,kw OR "sleep apnea":ti,ab,kw
  OR snor*:ti,ab,kw OR actigraph*:ti,ab,kw OR polysomnograph*:ti,ab,kw
  OR ahi:ti,ab,kw OR odi:ti,ab,kw
  OR cpap:ti,ab,kw OR bipap:ti,ab,kw OR "positive airway pressure":ti,ab,kw
  OR "mandibular advancement device":ti,ab,kw
  OR "cognitive behavioral therapy for insomnia":ti,ab,kw OR cbt-i:ti,ab,kw
  OR "sleep hygiene":ti,ab,kw OR chronotherapy:ti,ab,kw OR "light therapy":ti,ab,kw
)
AND
(
  MeSH descriptor: [Fertilization in Vitro] explode all trees
  OR MeSH descriptor: [Reproductive Techniques, Assisted] explode all trees
  OR MeSH descriptor: [Intracytoplasmic Sperm Injections] explode all trees
  OR MeSH descriptor: [Embryo Transfer] explode all trees
  OR ivf:ti,ab,kw OR "in vitro fertilization":ti,ab,kw OR icsi:ti,ab,kw
  OR "intracytoplasmic sperm injection":ti,ab,kw
  OR "assisted reproductive technolog*":ti,ab,kw OR art:ti,ab,kw
  OR "embryo transfer":ti,ab,kw OR "oocyte retrieval":ti,ab,kw
)
AND
(
  female:ti,ab,kw OR women:ti,ab,kw OR woman:ti,ab,kw
)
	200

	Web of science
	TS=(
  (sleep OR "sleep quality" OR insomnia OR "sleep duration" OR "short sleep" OR "long sleep"
   OR "sleep-disordered breathing" OR OSA OR "sleep apnea" OR snor* OR actigraph* OR polysomnograph*
   OR AHI OR ODI
   OR CPAP OR BiPAP OR "positive airway pressure" OR "mandibular advancement device"
   OR "cognitive behavioral therapy for insomnia" OR CBT-I OR "sleep hygiene" OR chronotherapy OR "light therapy")
  AND
  ("in vitro fertilization" OR IVF OR "intracytoplasmic sperm injection" OR ICSI
   OR "assisted reproductive technolog*" OR ART OR "embryo transfer" OR "oocyte retrieval")
  AND
  (women OR woman OR female*)
)
NOT TS=(animal* OR mouse OR rat OR rodent)
	915











TableS2.Full exposure definitions and adjustment sets
	
	
	
	

	No.
	First author (Year, Country)
	Sleep domain and metric 
	Adjustment variables

	1
	Wang (2025, China)
	Self-reported snoring frequency by questionnaire: no (0–1 night/wk), occasional (2–4 nights/wk), frequent (≥5 nights/wk)
	age, BMI, infertility duration, metabolic factors, stimulation protocol, and transfer method

	2
	Yao (2022, China)
	Nocturnal sleep duration (categorised <7, 7–<8, 8–<9, 9–<10, ≥10 h); simplified PSQI items on quality, timing, insomnia
	Age, BMI, second-hand smoke, alcohol use, COH protocol, infertility diagnosis, Day-3 FSH, anti-Müllerian hormone (AMH) (plus parity for pregnancy models)

	3
	Zhang (2024, China)
	Obstructive sleep apnoea diagnosed by overnight Apnoea-Hypopnoea Index using a radar monitor; analysed as OSA vs non-OSA
	Fresh transfer, age, BMI, infertility duration, fasting glucose, and endometrial thickness

	4
	Bariya (2025, China)
	Self-reported Pittsburgh Sleep Quality Index (PSQI), nocturnal duration (<7, 7–<8, 8–<9, 9–<10, ≥10 h), difficulty falling asleep (0, <1, 1–2, ≥3 times wk), daytime napping (0, ≤1 h, >1 h)
	Age, BMI, second-hand smoke, alcohol intake, COH protocol, infertility diagnosis, AMH, total gonadotropin dose (+ parity for pregnancy models)

	5
	Pimolsri (2021, USA)
	Wrist-actigraphy: total sleep time, sleep midpoint, bedtime (20-min increments)
	Age, AMH

	6
	Li (2025, China)
	Obstructive sleep apnea diagnosed by home sleep-apnea test (HSAT); severity classified by AHI (mild 5–15, moderate 15–30, severe ≥30 events h⁻¹)
	Age, BMI, fresh vs frozen transfer, number, and day of embryos transferred

	7
	Li  (2023, China)
	Global and component PSQI scores (subjective quality, efficiency < 85 %, disturbances, etc.) assessed pre-stimulation
	Age, BMI, IVF/ICSI cycle, infertility duration & type, cause of infertility, previous pregnancy, number of prior cycles

	8
	Goldstein (2017, USA)
	Actigraphy-measured total sleep time (TST) at baseline
	AMH, Day-3 FSH

	9
	Philipsen (2021, Denmark)
	Self-reported sleep quality (PSQI global score; categories ≤5, 6–10, ≥11) and sleep duration
	Expressive-writing vs. control group, ovarian stimulation protocol (long/short), state anxiety, depressive symptoms, infertility-related distress, repeated time points; models accounted for couple clustering

	10
	Liu (2023, China)
	PSQI-defined sleep quality (good ≤ 5 vs poor > 5); chronotype by sleep-midpoint; weekly sleep-duration categories
	Age, BMI, employment, infertility diagnosis, menstrual regularity, parity, embryo-transfer type, and infertility duration

	11
	Reschini (2022, Italy)
	Sleep quality — PSQI > 5 vs ≤ 5
	Age, ovarian reserve (ln AFC), smoking, number of prior IVF cycles, and indication for treatment

	12
	Walter (2022, USA)
	Sleep-disordered breathing assessed by wearable sensor; abnormal = AHI ≥ 5 events h⁻¹
	Age only (BMI, PCOS, transfer type tested but excluded to avoid over-fitting)

	13
	Yang (2022, China)
	Pittsburgh Sleep Quality Index (PSQI); poor sleep = PSQI > 5 assessed before retrieval + each trimester
	Maternal age, education, household income, parity, gestational week, pre-pregnancy BMI, hypertension, diabetes

	14
	Gao (2024, China)
	Night-time sleep duration (≤7, 7–8, 8–9, 9–10, ≥10 h);Sleep quality (PSQI: good, poor, disturbance)
	Maternal age, ethnicity, education, household income, prepregnancy BMI, gravidity, menstruation regularity, prior abnormal pregnancy, prior GDM, smoking, alcohol, coffee & tea intake, outdoor activity time; plus PSQI or sleep duration in sensitivity models

	
	
	
	







	Table S4.1. Newcastle–Ottawa Scale (NOS) quality ratings for included cohort studies.

	Study (year, country)
	S1
	S2
	S3
	S4
	C1
	C2
	O1
	O2
	O3
	Selection (0–4)
	Comparability (0–2)
	Outcome (0–3)
	Total NOS (0–9)

	[bookmark: _Hlk220269688]Wang (2025, China)
	–
	★
	★
	★
	★
	★
	★
	★
	★
	3
	2
	3
	8

	Li (2025, China)
	–
	★
	★
	★
	★
	–
	★
	★
	★
	3
	1
	3
	7

	Zhang (2024, China)
	★
	★
	★
	★
	★
	★
	★
	★
	★
	4
	2
	3
	9

	Walter (2022, USA)
	–
	★
	★
	★
	–
	–
	★
	★
	★
	3
	0
	3
	6

	Liu (2023, China)
	–
	★
	★
	★
	★
	★
	★
	★
	★
	3
	2
	3
	8

	Yang (2022, China)
	★
	★
	★
	★
	★
	★
	★
	★
	★
	4
	2
	3
	9

	Li (2023, China)
	–
	★
	★
	★
	★
	★
	★
	★
	–
	3
	2
	2
	7

	Reschini (2022, Italy)
	★
	★
	★
	★
	–
	–
	★
	★
	★
	4
	0
	3
	7

	Bariya (2025, China)
	★
	★
	★
	★
	★
	★
	★
	★
	–
	4
	2
	2
	8

	Philipsen (2021, Denmark)
	–
	★
	★
	★
	–
	–
	★
	★
	★
	3
	0
	3
	6

	Yao (2022, China)
	★
	★
	★
	★
	★
	★
	★
	★
	★
	4
	2
	3
	9

	Gao (2024, China)
	–
	★
	★
	★
	★
	★
	★
	★
	★
	3
	2
	3
	8

	Pimolsri (2021, USA)
	★
	★
	★
	★
	–
	–
	★
	★
	★
	4
	0
	3
	7

	Goldstein (2017, USA)
	–
	★
	★
	★
	–
	–
	★
	★
	–
	3
	0
	2
	5

	Note: S1–S4 are selection items (representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of exposure, and confirmation that the outcome was not present at baseline). C1–C2 are comparability items (control for essential and additional confounders). O1–O3 are outcome items (outcome assessment, adequacy of follow-up duration, and completeness of follow-up). One star is awarded for each item fulfilled, yielding maximum scores of 4 for selection, 2 for comparability, 3 for outcome, and 9 overall. For S1, representativeness was evaluated relative to the clinical population undergoing IVF or ICSI in fertility care rather than the general community. S1 was awarded when recruitment was described as consecutive, all eligible included, all invited within a defined centre and time window, or nested within an established prospective clinical cohort representing routine care seekers. S1 was not awarded when the report stated convenience or volunteer sampling, when participation required intensive device adherence without a clear consecutive or all-invited framework, or when recruitment procedures were insufficiently described to judge representativeness. For comparability, C1 was awarded only when the adjusted model included both maternal age and body mass index. C2 was awarded only when C1 was met, and the model was additionally adjusted for at least one prespecified factor from lifestyle, metabolic, infertility-related, or psychological domains. When multiple models were reported, stars were assigned based on the model corresponding to the effect estimate extracted for this review.O3 was awarded when outcome data were available for at least 80 percent of the cohort or loss to follow-up was clearly minimal; otherwise, O3 was not awarded.










[bookmark: _Hlk220354682]Table S4.2 NOS rating details for each article.
	[bookmark: _Hlk220354315]No.
	First author (Year, Country)
	Study Design 

	1
	Wang (2025, China)
	S1: ★ Participants were drawn from a prespecified, prospective cohort with a defined recruitment frame and time window, consisting of infertile women undergoing their first IVF cycle at a fertility center, and not restricted to a narrow diagnostic subgroup.
S2: ★ (non-exposed group drawn from the same source population as the exposed group, with snoring groups defined within the same IVF cohort). 
S3: ★ (exposure ascertained using a structured self-report questionnaire on snoring frequency before treatment, with predefined frequency categories). 
S4: ★ (Snoring was assessed before IVF procedures, and outcomes such as embryological parameters and biochemical pregnancy loss occurred after exposure assessment). 
C1: ★ (models accounted for age and BMI in the main adjusted analyses for embryological outcomes; BMI was also represented as overweight or obese in pregnancy loss models). 
C2: ★ (additional adjustment beyond age and BMI was performed, including metabolic factors and infertility diagnosis categories in the prespecified adjustment set; pregnancy loss models also included metabolic indicators such as HOMA IR). 
O1: ★ (outcomes and covariates were extracted from medical records, and embryological and pregnancy outcomes were clearly defined). 
O2: ★ (follow-up covered biochemical and clinical pregnancy assessment and continued through delivery). 
O3: ★ (follow-up was largely complete for the analytic cohort, and attrition and exclusions were described in the study flow). 


	2
	Yao (2022, China)
	S1: ★ (not population-based, but somewhat representative of the clinical ART population at that center, because recruitment used an all-inclusive framework within a defined period ). 
S2: ★ (Exposed and non-exposed groups were drawn from the same TREE source cohort of IVF or ICSI patients, so the comparison groups come from the same underlying population). 
S3: ★ (Sleep characteristics were collected using a structured follow-up questionnaire based on PSQI items, with predefined categories for sleep duration and other domains). 
S4: ★ (Sleep was assessed on the day of oocyte retrieval, while IVF or ICSI outcomes were abstracted from records afterward, so outcomes were not present at the time sleep was measured). 
C1: ★ (Final models included both age and BMI). 
C2: ★ (Final models additionally adjusted for at least one lifestyle or metabolic factor, specifically second-hand smoke exposure and alcohol consumption, and also infertility diagnosis and ovarian reserve markers). 
O1: ★ (Reproductive outcomes, including implantation, biochemical pregnancy, and clinical pregnancy, were abstracted from medical records with explicit definitions). 
O2: ★ (Follow-up was sufficient for the study outcomes because the outcomes were cycle-based endpoints recorded in clinical care and extracted from records, including pregnancy outcomes). 
O3: ★ (Outcome completeness was high, with low missingness handled using missing indicators and a small proportion missing for some transfer-related outcomes).


	3
	Zhang (2024, China)
	S1: ★Consecutive recruitment of women with PCOS undergoing their first IVF at a single tertiary reproductive center within a clearly defined time window supports a somewhat representative clinical IVF population as defined in this study. 
S2: ★The non-exposed cohort is drawn from the same source population, since participants were split into OSA and non-OSA groups within the same consecutively recruited PCOS IVF cohort. 
S3: ★Exposure ascertainment is objective and protocol-based. Sleep disordered breathing was assessed using a portable noncontact sleep apnea monitor plus finger plethysmography, and OSA severity was classified using AHI thresholds. 
S4: ★Exposure assessment occurred before IVF, and outcomes were defined after embryo transfer, so outcomes were not present at baseline. 
C1: ★The adjusted model for the primary outcome includes both maternal age and BMI. 
C2: ★Beyond age and BMI, the multivariable model additionally adjusts for a metabolic measure (fasting blood glucose).
O1: ★Clinical pregnancy is ascertained using record-based clinical definitions, including ultrasound-confirmed gestational sac. 
O2: ★ Follow-up is long enough for the outcome to occur because the study captures pregnancy outcomes after completion of the first embryo transfer, including fresh and frozen first transfer cycles. 
O3: ★Outcome data are available for the vast majority of the recruited cohort. Eleven of 156 did not contribute transfer outcomes due to no available embryos or non-attendance at transfer, leaving 145 analyzed for transfer outcomes, indicating high completeness.

	4
	Bariya (2025, China)
	S1: ★Prospective cohort of couples seeking ART at a reproductive medicine center with a clearly defined time window (December 2021 to December 2023) and general inclusion and exclusion criteria consistent with routine IVF/ICSI care, so the exposed cohort is somewhat representative of the clinical IVF/ICSI population. 
S2: ★Non-exposed comparison groups are drawn from the same source population because exposure is categorized within the same cohort using PSQI and sleep duration or napping categories. 
S3: ★Sleep exposure ascertainment is based on a widely used validated instrument, PSQI, administered before treatment, with explicit scoring and cut-off. Napping duration is captured by a standardized question with prespecified categories. 
S4: ★Sleep questionnaires were completed prior to initiation of ART treatment, and outcomes were subsequently obtained from clinical records, supporting that outcomes were not present at baseline. 
C1: ★The final models adjusted for both maternal age and BMI.
C2: ★On top of age and BMI, the final models additionally adjusted for at least one lifestyle factor and clinical factors, including second-hand smoke exposure, alcohol consumption, and infertility diagnosis.
O1: ★Outcomes were obtained by reviewing medical records, with explicit clinical definitions for implantation, biochemical pregnancy, and clinical pregnancy. 
O2: ★Follow up duration is adequate for the outcomes evaluated because implantation is assessed around 14 days after embryo transfer and clinical pregnancy is confirmed by ultrasound at 28 days after embryo transfer. 
O3: No star.From 236 consented couples, the analytic sample was 174 after multiple exclusions including 29 who did not complete at least one ART treatment and additional exclusions for cancellations and missing data. This yields an analyzed proportion below 80 percent at the cohort level.


	5
	Pimolsri (2021, USA)
	S1: ★. Participants were women undergoing IVF at a tertiary reproductive medicine center within a defined period, and eligibility criteria were consistent with routine clinical care rather than a narrowly selected diagnostic subgroup. Under our review definition, representativeness was judged against the clinical IVF population at the recruiting center, so this cohort was considered somewhat representative of that clinical population.
S2: ★.The comparison is internal to the same source population (women in the same IVF center and time window, differing only by measured sleep duration or timing), which satisfies the non-exposed cohort from the same source. 
S3: ★.Exposure was objectively measured using wrist-worn actigraphy 1 to 2 weeks before IVF initiation. 
S4: ★.Sleep was assessed before the IVF cycle began, and cycle completion status was defined prospectively as whether the cycle reached embryo transfer, so the outcome was not present at baseline. 
C1: No star. The adjusted models are described as including age and AMH, not BMI. BMI was collected, but not included in the stated adjusted model. 
C2: No star. Since C1 is not met and no additional covariates beyond age and AMH are stated for the main adjusted model, C2 is not awarded. 
O1: ★Reproductive and IVF cycle data were obtained from medical charts and records, supporting record-based outcome ascertainment. 
O2: ★The endpoint was IVF cycle completion to embryo transfer, which occurs within the treatment cycle; follow-up duration is inherently sufficient for this outcome. 
O3: ★Cycle completion status was available for all enrolled participants (48 total; 10 canceled prior to embryo transfer; 38 underwent embryo transfer), indicating complete outcome ascertainment for this endpoint rather than loss to follow-up.

	6
	Li (2025, China)
	S1: No star (single-center, PCOS-only IVF subgroup with multiple exclusions → a selected clinical cohort rather than average IVF/ICSI women). 
S2: ★ (non-exposed cohort drawn from the same source population; PCOS without OSA). 
S3: ★ (objective OSA assessment via HSAT/Apnealink Plus with AASM-based AHI classification and physician confirmation). 
S4: ★ (OSA assessed before IVF; outcomes not present at baseline). 
C1: ★ (multivariable model adjusted for age and BMI). 
C2: No star (no clear adjustment for additional lifestyle/metabolic/psychological factors as defined in the review’s Methods; main model adjusts transfer-related variables). 
O1: ★ (outcomes obtained from clinical/record-based definitions and reporting). 
O2: ★ (18-month follow-up for cumulative live birth). 
O3: ★ (high follow-up completeness with minimal attrition as shown in the flow/ET numbers).

	7
	Li  (2023, China)
	S1: No star (explicitly described as a convenience sample; recruitment was not stated as consecutive/all-eligible, so representativeness is unclear under NOS). 
S2: ★ (non-exposed cohort drawn from the same source population; comparisons were within the same recruited ART cohort). 
S3: ★ (sleep exposure measured using standardized questionnaires, including PSQI). 
S4: ★ (sleep assessed before ART outcomes—questionnaires administered on the day of ovulation promotion, i.e., before outcome occurrence). 
C1: ★ (multivariable models adjusted for both age and BMI). 
C2: ★ (in addition to age and BMI, models adjusted for infertility-related factors—e.g., infertility duration/type/cause—meeting your criterion of “infertility diagnosis”). 
O1: ★ (ART outcomes obtained from clinical records/hospital information system). 
O2: ★ (follow-up period was sufficient for the reported ART endpoints, including clinical pregnancy during treatment follow-up). 
O3: No star (incomplete outcome follow-up for clinical pregnancy: 489 participants lacked clinical pregnancy information). 

	8
	Goldstein (2017, USA)
	S1: No star (single-center pilot IVF cohort; recruitment not described as consecutive/population-based → treated as a selected clinical cohort rather than representative  IVF/ICSI women). 
S2: ★ (comparison/non-exposed group is implicitly drawn from the same recruited IVF source population—sleep exposure varies within the same cohort/cycles). 
S3: ★ (objective exposure ascertainment via wrist actigraphy with validated approach; plus sleep diary/questionnaires). 
S4: ★ (sleep measured before outcomes occurred: baseline actigraphy collected before stimulation, and oocytes retrieved occur later in the IVF cycle). 
C1: No star ( final regression model selected by stepwise procedure included AMH, day-3 FSH, and baseline TST, not both age and BMI). 
C2: No star (the final model retained AMH + day-3 FSH + baseline TST only). 
O1: ★ (outcome “oocytes retrieved” is clinically defined/record-based and explicitly used as the primary outcome in regression). 
O2: ★ (follow-up long enough for the outcomes assessed: participants were followed through the IVF cycle with baseline → stimulation → post-retrieval → post-ET segments; oocytes retrieved occur within-cycle). 
O3: No star (follow-up/completeness not high: 9/24 cycles cancelled; oocytes retrieved available for 19 cycles due to early cancellation).



	9
	Philipsen (2021, Denmark)
	S1: No star. The study is not clearly a consecutive or population-based IVF cohort; participation was voluntary, and only 308 of 651 approached agreed, which supports a selected clinical sample rather than an average IVF/ICSI population. 
S2: ★. The non-exposed comparison is drawn from the same source population because sleep exposure groups are defined within the same IVF/ICSI cohort at the same clinics and time points. 
S3: ★. Sleep exposure was measured using PSQI, a widely used instrument with a standard scoring system and cut-off, collected at prespecified time points. 
S4: ★. Sleep was assessed before treatment and around the treatment course, and the outcome (clinical pregnancy) by definition is not present at baseline. 
C1: No star. The pregnancy analysis is described as logistic regression of PSQI and pregnancy; the only stated adjustment is group allocation, with no indication that both age and BMI were included in the pregnancy models. 
C2: No star. There is no clear adjustment for additional lifestyle, metabolic, or psychological factors in the pregnancy models as defined in your Methods; adjustment for group allocation does not meet your C2 definition. 
O1: ★. Clinical pregnancy was defined by ultrasound evidence of a gestational sac with fetal heartbeat, and outcomes were obtained from clinical records. 
O2: ★. Follow up for the primary outcome is explicitly defined as assessment 5 weeks after embryo transfer, which is sufficient for clinical pregnancy. 
O3: ★. Follow up and attrition are reported, dropouts did not differ on observed baseline characteristics, and pregnancy outcomes are presented for women undergoing treatment (80/162), consistent with adequate outcome ascertainment from records.

	10
	Liu (2023, China)
	S1: No star (single center cohort from one reproductive medicine center, recruitment described as women seeking ART with questionnaire submissions, and representativeness of average IVF ICSI women is not explicitly demonstrated). 
S2: ★ (non-exposed cohort is drawn from the same source population, exposure groups are defined within the same cohort using PSQI categories). 
S3: ★ (exposure is ascertained using a structured integrated questionnaire that includes PSQI plus the Munich ChronoType Questionnaire, with prespecified cut points and definitions). 
S4: ★ (sleep exposure collected before embryo transfer outcomes; questionnaires were collected before embryo transfer, and the study is prospective). 
C1: ★ (essential confounders included, age and BMI are incorporated in the first adjusted model). 
C2: ★ (additional adjustment beyond age and BMI is present, including infertility diagnosis and employment in the final model). 
O1: ★ (outcomes are obtained from medical records, assessed by trained staff). 
O2: ★ (follow-up completed in December 2020 and outcomes include live birth, supporting adequate duration to observe delivery outcomes for the enrolled cycles). 
O3: ★ (the paper states follow-up was completed and the final analytic sample is clearly defined, with outcomes abstracted from records for the analysis set, with no loss to follow-up described as affecting outcome ascertainment). 

	11
	Reschini (2022, Italy)
	S1: ★Women undergoing IVF at a defined infertility unit were prospectively and consecutively enrolled over a prespecified period, with inclusion based on admission for oocyte retrieval. This supports the representativeness of the exposed cohort within that clinical source population. 
S2: ★Exposed and comparison groups came from the same enrolled IVF cohort and were defined using PSQI categories within the study sample, so the non-exposed cohort was drawn from the same source population. 
S3: ★Sleep exposure was ascertained using PSQI, a standard instrument with a validated threshold, and the study was restricted to Italian-speaking participants because the questionnaire is validated for Italian-speaking individuals. 
S4: ★Sleep and psychological measures were collected at the time of oocyte retrieval, before pregnancy outcomes occurred, so the outcome was not present at baseline. 
C1: No star. The adjusted model reported includes age, ovarian reserve, smoking, number of previous IVF cycles, and indication for treatment, but BMI is not included in that adjustment set. 
C2: No star. Since the model does not meet C1 due to missing BMI, C2 is not awarded under predefined criteria, even though smoking is included. 
O1: ★.Pregnancy outcome and cumulative live births were collected through an active and systematic follow up, indicating record based outcome ascertainment. 
O2: ★. Follow-up was sufficient to capture the reported outcomes, including pregnancy outcomes and cumulative live births. 
O3: ★.The analytic sample size is clearly reported (263 included, 81 with pregnancy), and outcome status is presented for the cohort, with no indication of outcome missingness in the reported results. 

	12
	Walter (2022, USA)
	S1: No star. The cohort was explicitly described as a sample of convenience and a single-site pilot, with limited generalisability to other populations. 
S2: ★. Exposed and non-exposed participants were drawn from the same source population of women undergoing autologous IVF at the same academic infertility centre, and were compared within that cohort. 
S3: ★. Exposure ascertainment was objective, using an FDA-cleared wireless sensor system to derive AHI, with AASM-based event definitions, independent scoring, adjudication, and blinding of scorers to participant characteristics and outcomes.
S4: ★. Sleep monitoring was completed before IVF stimulation, and the monitoring night was scheduled in the week preceding stimulation to avoid hormonal effects, supporting that outcomes were not present at baseline. 
C1: No star. The final multivariable model included age only, while BMI and other candidate covariates were tested but not included to avoid overfitting. 
C2: No star. The final model did not additionally adjust for lifestyle, metabolic, or psychological factors.
O1: ★. Clinical pregnancy was defined using a clinical definition based on records and ultrasound findings, specifically an intrauterine gestational sac with a yolk sac. 
O2: ★. Follow-up was sufficient to capture live birth, and the paper reports that all clinical pregnancies resulted in live birth. 
O3: ★. Follow-up completeness was high. All participants completed baseline surveys and monitored sleep nightly, and only one participant had not yet undergone embryo transfer, which was documented. 

	13
	Yang (2022, China)
	S1: ★Participants were recruited before IVF treatment from two hospitals and followed through pregnancy, with explicit eligibility criteria. This is a clinic-based cohort that is still reasonably representative of IVF patients receiving care in these centers. 
S2: ★ The comparison group (good sleep, PSQI 5 or less) and exposed group (poor sleep, PSQI greater than 5) came from the same underlying IVF cohort assessed with the same procedures. 
S3: ★ Sleep quality was assessed using PSQI, a validated self-reported instrument, with trained researchers using electronic questionnaires, automated checks for missing items and unreasonable values, and additional quality control review. 
S4: ★Sleep exposure was measured before oocyte retrieval and across pregnancy, whereas birth outcomes were determined later at delivery, so birth weight outcomes could not be present at baseline.
C1: ★Models adjusted for key determinants of birth weight, including maternal age, pre-pregnancy BMI, and gestational week. 
C2: ★Models additionally adjusted for socioeconomic and obstetric factors and pregnancy complications, including education, parity, hypertension, diabetes, and household income in the analysis description.
O1: ★Infant outcomes, including birth weight-related measures, were obtained from electronic medical records rather than self-report.
O2: ★Participants were followed during the full gestational period, and outcomes were measured at birth, which is an adequate time horizon for birth weight outcomes. 
O3: ★The analytic cohort included 1344 women with singleton live births; only 31 women were excluded for not completing at least one sleep questionnaire during pregnancy, suggesting minimal loss related to exposure assessment among those eligible for analysis. Missingness for several baseline variables was reported as less than 5 percent.
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	Gao (2024, China)
	S1: No star (hospital-based birth cohort restricted to women who conceived via ART and intended to receive prenatal care and deliver at one provincial maternity hospital, with several eligibility exclusions, so the cohort is not an unselected sample of women starting IVF or ICSI). 
S2: ★ (non-exposed and exposed groups are drawn from the same ART pregnancy cohort and compared within the same source population). 
S3: ★ (sleep exposure measured using the PSQI questionnaire in early pregnancy, with prespecified categories for sleep duration and PSQI-based sleep quality). 
S4: ★ (sleep assessed at 8 to 13 gestational weeks and GDM ascertained later by OGTT at 24 to 28 weeks, so outcomes were not present at baseline for this endpoint). 
C1: ★ (models included maternal age and prepregnancy BMI as covariates, meeting the review definition for the first comparability star). 
C2: ★ (additional adjustment included lifestyle factors such as pre-pregnancy smoking, alcohol consumption, coffee and tea consumption, and outdoor activity time, and also metabolic or obstetric history variables such as prior GDM and other pregnancy history variables). 
O1: ★ (GDM outcome assessed using a routine 75 g OGTT with explicit diagnostic thresholds). 
O2: ★ (follow-up window is long enough for GDM ascertainment because OGTT was conducted at 24 to 28 gestational weeks). 
O3: ★ (participant flow indicates only four exclusions for incomplete sleep data among ART pregnancies, and the paper reports very low missingness for major confounders with sensitivity comparisons of included versus non-included participants, supporting adequate completeness for analysis).























Table S5. Sensitivity analysis evaluating the impact of BMI adjustment on pooled effect sizes.
	Outcome Groups
	Primary Model (Crude OR)
	Adjusted Model (Sensitivity)¹
	Attenuation Pattern
	P-value (Adjusted)

	Group A: OSA & Pregnancy
	0.52 (0.36–0.75)
	0.65 (0.32–1.32)
	Moderate shift toward 1.0
	0.231

	Group B: OSA & PCOS Subgroup
	0.52 (0.36–0.76)
	0.65 (0.32–1.32)
	Stable direction with limited power
	0.231

	Group C: OSA & Live Birth
	0.47 (0.30–0.73)
	0.55 (0.32–0.94)
	Highly robust effect
	0.03

	Group D: PSQI & Pregnancy
	0.70 (0.47–1.05)
	0.93 (0.88–0.99)²
	Clear attenuation but more precise
	0.014


Note: Abbreviations: BMI, body mass index; OR, odds ratio; OSA, obstructive sleep apnea; PSQI, Pittsburgh Sleep Quality Index.
¹ Adjusted Model Criteria: This sensitivity analysis was restricted to studies that utilized multivariable adjustment for BMI and metabolic factors. Studies reporting only crude data were excluded from this specific model to isolate the independent effect of sleep disturbances.
² Statistical Significance in Group D: In the PSQI subgroup, the effect size shifted toward the null (from 0.70 to 0.93) after BMI adjustment, quantifying the confounding impact of metabolic status. However, statistical significance was achieved (p=0.014) due to the high precision and large sample size (n=3,357) of the adjusted cohorts.
Figure S1. Stratified sensitivity analysis of subjective sleep quality based on BMI adjustment status.
[image: ]
Note:This forest plot compares studies that adjusted for BMI against those that reported crude estimates. Individual study weights and the pooled results are derived from random effects analysis. The subgroup difference test at the bottom of the plot identifies a significant shift in effect size between the two groups. Specifically, BMI adjustment leads to a material attenuation of the risk estimate. However, the pooled result for the adjusted subgroup remains statistically significant and demonstrates zero heterogeneity.
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