Association between Perceived Stress and Metabolic Parameters:
A Systematic Review and Meta-Analysis
Risk of Bias Assessment — Observational Studies (Newcastle-Ottawa Scale)
Cross-sectional studies were assessed using the NOS cross-sectional adaptation (max 9 stars: Selection 0–4, Comparability 0–2, Outcome/Exposure 0–3). Risk categories: Low (7–9), Moderate (5–6), High (≤4). Assessments performed independently by two reviewers; discrepancies resolved by discussion.
	Study
	Year
	N
	Selection
(0–4 ★)
	Comparability
(0–2 ★)
	Outcome
(0–3 ★)
	Total
(/9)
	Risk Category

	Atanes
	2015
	450
	3
	2
	2
	7
	Low

	Palagini
	2015
	330
	3
	2
	2
	7
	Low

	Choudhary
	2017
	50
	3
	1
	2
	6
	Moderate

	Fontvieille
	2017
	31
	2
	1
	2
	5
	Moderate

	Berg-Schmidt
	2018
	47
	3
	1
	2
	6
	Moderate

	Morin
	2018
	60
	3
	2
	2
	7
	Low

	Payne
	2018
	67
	3
	1
	2
	6
	Moderate

	Pearl
	2018
	137
	3
	2
	2
	7
	Low

	Soltani
	2018
	44
	2
	2
	2
	6
	Moderate

	Stinson
	2018
	46
	2
	1
	2
	5
	Moderate

	Watson
	2018
	61
	3
	2
	2
	7
	Low

	Chang
	2019
	569
	4
	2
	2
	8
	Low

	D'Alonzo
	2019
	59
	3
	2
	2
	7
	Low

	Wilson
	2020
	53
	3
	1
	2
	6
	Moderate

	Kautzky
	2021
	43
	3
	2
	2
	7
	Low

	Tan
	2021
	8385
	4
	2
	3
	9
	Low

	Tauqir
	2021
	147
	3
	2
	2
	7
	Low

	Hassan
	2023
	110
	3
	2
	2
	7
	Low

	Pathan
	2023
	64
	3
	2
	2
	7
	Low

	Wong
	2023
	264
	3
	2
	2
	7
	Low

	Bellach
	2024
	41
	2
	2
	2
	6
	Moderate

	Akçin
	2025
	100
	3
	2
	2
	7
	Low

	Jin
	2025
	74
	3
	1
	2
	6
	Moderate

	Santos
	2025
	91
	3
	1
	2
	6
	Moderate

	Tawfik
	2025
	380
	3
	2
	2
	7
	Low


★ Selection: (1) representativeness of the sample, (2) sample size justification, (3) non-respondents described, (4) ascertainment of exposure with validated instrument. ★ Comparability: (1) age adjustment, (2) additional covariate adjustment. ★ Outcome: (1) independent/blinded assessment, (2) objective measure, (3) appropriate statistical test. 
Risk of Bias Assessment — Randomised Controlled Trials (Cochrane RoB 2 Tool)
Each domain rated as: L = Low risk of bias, SC = Some concerns, H = High risk of bias. Domains: D1 = Randomisation process; D2 = Deviations from intended interventions; D3 = Missing outcome data; D4 = Measurement of the outcome; D5 = Selection of the reported result.
	Study
	Year
	N
	D1
Random-
isation
	D2
Deviations
	D3
Missing
data
	D4
Outcome
measure
	D5
Reporting
	Overall

	Järvelä-Reijonen
	2016
	297
	L
	SC
	L
	SC
	SC
	SC

	Raja-Khan
	2017
	86
	L
	SC
	SC
	L
	SC
	SC

	Jeitler
	2022
	145
	L
	SC
	SC
	L
	SC
	SC

	Koch
	2022
	120
	L
	SC
	L
	L
	L
	SC

	Blumenthal
	2024
	140
	SC
	H
	H
	L
	SC
	H


L = Low risk of bias; SC = Some concerns; H = High risk of bias. All RCTs involved behavioural or lifestyle interventions precluding participant/personnel blinding (contributing to D2 'Some concerns' for most trials). 


Protocol-Aligned Meta-Regression Results
PSS z-score modelled as predictor; each metabolic outcome as dependent variable (rma.mv, REML, random effect = study ID). β expressed in native outcome units per 1-SD increase in PSS z-score. These analyses were conducted as a sensitivity check; primary results are in Table 2 of the manuscript.
	Outcome
	k
	β
	95% CI
Lower
	95% CI
Upper
	p
	I² (%)
	τ²

	BMI
	24†
	0.3816
	−1.879
	2.642
	0.729
	99.3
	22.198

	Waist circum.
	10
	3.7231
	−7.141
	14.587
	0.452
	99.4
	136.305

	Systolic BP
	12
	−8.773
	−18.02
	0.474
	0.061
	98.8
	107.739

	Diastolic BP
	12
	−1.252
	−6.972
	4.468
	0.636
	99.3
	41.076

	Fasting glucose
	7
	2.282
	−10.19
	14.753
	0.658
	98.1
	131.405

	HOMA-IR
	4
	2.105
	1.050
	3.160
	0.013
	81.0
	0.139

	HbA1c
	5
	−1.176
	−2.784
	0.431
	0.102
	99.1
	1.298

	Total cholest.
	3
	26.210
	−74.998
	127.417
	0.188
	0.0
	0.000

	HDL cholest.
	4
	−10.091
	−30.051
	9.869
	0.162
	68.9
	10.502

	Triglycerides
	5
	−15.764
	−28.469
	−3.058
	0.029
	0.0
	0.000

	CRP
	3
	1.402
	−2.186
	4.990
	0.127
	71.6
	0.057


† k updated to 24 following inclusion of Tan and Leung (2021); β coefficient reflects the updated 24-study analysis and may differ marginally from the 23-study value. Heterogeneity for HOMA-IR is lower in this direction (I² = 81.0%) than in the primary parameterisation (I² = 95.1%, Table 2). Triglycerides reached significance (p = 0.029) in this direction only; the primary analysis (Table 2) is not significant (p = 0.165). p-values are two-tailed; borderline: 0.05 < p < 0.10.


Leave-One-Out Sensitivity Analysis
Protocol-aligned direction (PSS z-score predicting HOMA-IR). Each row shows results when the named study is omitted from the four-study model. Significant result (p < 0.05) indicated in bold.
	Study Omitted
	k Remaining
	β
	95% CI Lower
	95% CI Upper
	p

	Raja-Khan (2017)
	3
	2.072
	0.189
	3.955
	0.045

	Berg-Schmidt (2018)
	3
	1.950
	−2.187
	6.087
	0.105

	Tauqir (2021)
	3
	3.244
	−4.135
	10.623
	0.113

	Kautzky (2021)
	3
	2.118
	−3.751
	7.987
	0.137


The association remains significant only when Raja-Khan (2017) is omitted (p = 0.045); removing any of the other three studies individually renders the estimate non-significant (p = 0.105–0.137), confirming that the overall HOMA-IR finding is exploratory and sensitive to the composition of the small study pool.
