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Supplementary Figure 1: Neuropathological study retrieval process. The PRISMA flow diagram shows 13,077 records identified through systematic review, 6,752 records screened and 164 eligible studies included. Database totals combine the original and update rows in the screening workbook, correcting its combined BIOSIS total. The number of reports not carried forward is calculated as reports sought minus reports proceeding to eligibility assessment. It includes recorded retrieval-stage exclusions and the unresolved workbook discrepancy. Original counts and unresolved dispositions are documented in the source audit; no exclusion reason has been inferred.
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Supplementary Figure 2: Small-study effects across 261 estimates from 149 studies and 144 populations. Points show log ratios of means against standard error, with more precise estimates at the top. Shading marks two-sided significance contours around the null (dotted line). The solid dark line marks the study–population model pooled estimate (-0.371 log ratio of means; 31.0% loss), with a dashed pseudo-95% interval. The crimson line shows the Bayesian Egger-style fit: slope -0.80 (95% CrI -1.30 to -0.31; posterior probability of a positive slope 0.000). Its intercept at zero standard error corresponds to 20.2% loss (95% CrI 9.0 to 30.1%). Asymmetry describes an association between precision and effect size; the intercept is not a bias-corrected estimate.
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Supplementary Tables
[bookmark: SuppTable_1]Supplementary Table S1: Observations omitted from effect-size calculation. Reasons include missing comparable PD and control measurements, unusable variability estimates, or a non-neuronal outcome. Values retain their reported units; n denotes donors in the recorded group. The final column identifies whether the study contributes any other eligible observations to the meta-analysis. Fifteen studies have no retained observations; three studies retain other eligible comparisons. For Baloyannis et al. (2006), archived values concern synaptic morphology rather than neuronal counts (Supplementary Table S14).
	Study ID
	Study
	Region - Cell Type
	Group
	n
	Value
	Measurement
	Reason Excluded
	Study in meta-analysis

	26251824
	Alberico et al. (2015)
	SN · DA
	PD
	3
	41.00
	percentage loss
	No matched control
	No

	26251824
	Alberico et al. (2015)
	VTA · DA
	PD
	3
	49.00
	percentage loss
	No matched control
	No

	31454423
	Alexandris et al. (2020)
	BN · Ch
	PD
	9
	69.00
	percent of control
	No matched control
	No

	6637393
	Arendt et al. (1983)
	BN · Ch
	PD
	5
	77.00
	percentage loss
	No matched control
	No

	15634729
	Benarroch et al. (2005)
	Med RF · 5-HT
	Control
	8
	50.00
	number
	No matched PD group
	No

	15634729
	Benarroch et al. (2005)
	Med RF · TH+
	Control
	8
	48.00
	number
	No matched PD group
	No

	15634729
	Benarroch et al. (2005)
	Raphe obscurus · 5-HT
	Control
	8
	17.00
	number
	No matched PD group
	No

	15634729
	Benarroch et al. (2005)
	Raphe pallidus · 5-HT
	Control
	8
	33.00
	number
	No matched PD group
	No

	8433802
	Damier et al. (1993)
	CG · DA
	PD
	4
	5.00
	percent of control
	No matched control
	No

	8433802
	Damier et al. (1993)
	Cingulate gyrus · TH+
	PD
	4
	30.00
	percent of control
	No matched control
	No

	8433802
	Damier et al. (1993)
	Midbrain tegmentum · TH+
	PD
	4
	46.00
	percent of control
	No matched control
	No

	8433802
	Damier et al. (1993)
	SN · DA
	PD
	4
	63.00
	percent of control
	No matched control
	No

	10459912
	Faucheux et al. (1999)
	CG · DA
	Control
	10
	0.00
	number
	SD = 0
	Yes

	10459912
	Faucheux et al. (1999)
	CG · DA
	PD
	6
	0.00
	number
	SD = 0
	Yes

	16421740
	Fujishiro et al. (2006)
	Septal nuclei · Ch
	Control
	3
	3200.00
	number
	No matched PD group
	No

	3604586
	Gibb et al. (1987)
	SN · DA
	Control
	24
	920.12
	number
	No matched PD group
	No

	10599772
	Gomez-Isla et al. (1999)
	Sup. temporal s. · neurons
	Control
	33
	92.90
	number x10^3
	No matched PD group
	No

	11194939
	Gomez-Tortosa et al. (2001)
	Sup. temporal s. · GABA
	Control
	6
	66.90
	number per mm^2
	No matched PD group
	No

	11194939
	Gomez-Tortosa et al. (2001)
	Sup. temporal s. · GABA
	Control
	6
	82.80
	number per mm^2
	No matched PD group
	No

	11194939
	Gomez-Tortosa et al. (2001)
	Sup. temporal s. · GABA
	Control
	6
	888.00
	number per mm^2
	No matched PD group
	No

	11194939
	Gomez-Tortosa et al. (2001)
	Sup. temporal s. · GABA
	Control
	6
	62.10
	number per mm^2
	No matched PD group
	No

	11194939
	Gomez-Tortosa et al. (2001)
	Sup. temporal s. · GABA
	Control
	6
	172.40
	number per mm^2
	No matched PD group
	No

	2899295
	Hirsch et al. (1988)
	Mid RF · melanin pigmented
	Control
	3
	52.00
	percent of total
	No matched PD group
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	Mid RF · calbindin+
	PD
	3
	80.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	Mid RF · DA
	PD
	3
	75.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	Pons · calbindin+
	PD
	3
	110.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	Pons · TH+
	PD
	3
	98.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	SN · calbindin+
	PD
	3
	NA
	percent of control
	No SD reported
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	SN · DA
	PD
	3
	25.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	VTA · calbindin+
	PD
	3
	110.00
	percent of control
	No matched control
	No

	Hirsch 1055 8330 1992 Vol 1 pp 83 93
	Hirsch et al. (1992)
	VTA · DA
	PD
	3
	60.00
	percent of control
	No matched control
	No

	1320531
	Jellinger et al. (1992)
	SN · DA
	Control
	17
	NA
	percentage loss
	No SD reported
	No

	1320531
	Jellinger et al. (1992)
	SN · DA
	PD
	45
	58.70
	percentage loss
	No matched control
	No

	1320531
	Jellinger et al. (1992)
	SN · DA
	PD
	45
	65.80
	percentage loss
	No matched control
	No

	11445255
	Leverenz et al. (2001)
	LC · NA
	Control
	6
	38500.00
	number
	No matched PD group
	No

	10722997
	Mouatt-Prigent et al. (2000)
	CG · DA
	PD
	4
	11.10
	percentage loss
	No matched control
	No

	10722997
	Mouatt-Prigent et al. (2000)
	CG · DA
	PD
	4
	40.20
	percentage loss
	No matched control
	No

	10722997
	Mouatt-Prigent et al. (2000)
	CG · DA
	PD
	4
	75.40
	percentage loss
	No matched control
	No

	10722997
	Mouatt-Prigent et al. (2000)
	CG · DA
	PD
	4
	37.10
	percentage loss
	No matched control
	No

	10722997
	Mouatt-Prigent et al. (2000)
	CG · DA
	PD
	4
	37.80
	percentage loss
	No matched control
	No

	18163454
	Murphy et al. (2008)
	Interfascicular n. · DA
	PD
	6
	5.36
	number
	No matched control
	Yes

	18163454
	Murphy et al. (2008)
	Substantia innominata · DA
	Control
	4
	8.37
	number
	No matched PD group
	Yes

	17029264
	Porritt et al. (2006)
	Striatum · DA
	Control
	9
	18.10
	number
	No matched PD group
	Yes

	17029264
	Porritt et al. (2006)
	Striatum · DA
	Control
	5
	3.20
	number
	No matched PD group
	Yes

	17029264
	Porritt et al. (2006)
	Striatum · DA
	PD
	8
	5.00
	number
	No matched control
	Yes

	16753180
	Baloyannis et al. (2006)
	LC · NA
	Control
	5
	44000
	Archived as number
	Synaptic outcome, not neuronal counts
	No

	16753180
	Baloyannis et al. (2006)
	LC · NA
	PD
	10
	15500
	Archived as number
	Synaptic outcome, not neuronal counts
	No



[bookmark: SuppTable_2]Supplementary Table S2: Conditional precision planning for all 144 fitted populations. The main target is a total 95% interval width of 30 percentage points. Columns show additional donors needed at widths of 20, 30 and 40 points. Zero indicates that the selected conditional precision target is already met; independent replication may still be needed. Each cohort comprises 10 PD and 10 control donors. Requirements cannot be summed across populations.
	Population
	Studies
	Donors (20 pp)
	Donors (30 pp)
	Donors (40 pp)

	BN · Ch
	10
	160
	0
	0

	CM thalamus · neurons
	3
	220
	0
	0

	DMV · TH+
	2
	100
	0
	0

	LC · NA
	16
	0
	0
	0

	MnR · SP+
	1
	140
	0
	0

	Pf · neurons
	2
	220
	0
	0

	PPTN · Ch
	6
	140
	0
	0

	SN · DA
	55
	0
	0
	0

	VTA · DA
	7
	140
	0
	0

	Cuneate nucleus · AChE−
	1
	340
	20
	0

	Parabrachial pigm. · DA
	1
	260
	20
	0

	PPTN · AChE−
	1
	300
	20
	0

	Med RF · SP+
	1
	180
	40
	0

	Anterior lobe · Purkinje cell
	2
	360
	60
	0

	DR · melanin pigmented
	1
	360
	60
	0

	LC · SP+
	1
	280
	80
	0

	Posterior lobe · granule cell
	1
	520
	80
	0

	Posterior lobe · Purkinje cell
	1
	400
	80
	0

	DMV · Ch
	2
	420
	100
	0

	Insula · TH+
	1
	320
	100
	40

	Mid RF · melanin pigmented
	1
	320
	100
	40

	Cortico-medial group · neurons
	1
	420
	120
	20

	Hypoglossal nucleus · melanin pigmented
	1
	500
	120
	0

	Vermis · Purkinje cell
	1
	520
	120
	0

	Caudate nucleus · GABA
	1
	440
	140
	40

	DMV · melanin pigmented
	2
	520
	140
	0

	Mid. frontal g. · neurons
	1
	480
	140
	40

	Sup. frontal g. · neurons
	1
	420
	140
	40

	Vermis · granule cell
	1
	580
	140
	0

	Anterior lobe · granule cell
	1
	580
	160
	20

	Caudal linear nucleus · DA
	1
	500
	160
	40

	Med RF · nitrergic
	1
	460
	160
	40

	Mid RF · DA
	4
	600
	160
	20

	Midbrain tegmentum · DA
	1
	460
	160
	60

	Raphe obscurus · 5-HT
	2
	500
	160
	20

	Precentral gyrus · TH+
	1
	400
	160
	60

	SN · melanin pigmented
	1
	440
	160
	60

	BN · calbindin+
	1
	480
	180
	80

	BN · neurons
	1
	500
	180
	80

	Cuneus · TH+
	1
	460
	180
	80

	Dentate gyrus · non-melanised
	1
	580
	180
	40

	DMV · SP+
	2
	480
	180
	80

	Duodenum · HuC/D+
	1
	560
	180
	40

	Inf. temporal g. · TH+
	1
	480
	180
	80

	Lateral hypothal. · GABA
	1
	540
	180
	60

	MnR · 5-HT
	2
	500
	180
	80

	Parataenial thal. · neurons
	1
	500
	180
	60

	PVN · oxytocin+
	1
	540
	180
	40

	Postcentral gyrus · TH+
	1
	480
	180
	80

	Sup. frontal g. · glutamatergic
	1
	520
	180
	60

	VA principal div. · neurons
	2
	680
	180
	0

	AON · neurons
	1
	520
	200
	80

	CMd thalamus · neurons
	1
	560
	200
	60

	Colon · HuC/D+
	1
	600
	200
	60

	GPe · GABA
	1
	540
	200
	60

	GPi · GABA
	1
	560
	200
	60

	Lateral hypothal. · glutamatergic
	1
	560
	200
	60

	OB · granule cell
	1
	540
	200
	80

	Put · GABA
	2
	580
	200
	60

	Solitary nucleus · TH+
	1
	560
	200
	80

	SN · PAX6+
	1
	500
	200
	80

	T12 spinal cord · neurons
	1
	520
	200
	80

	Arc. medulla · Ch
	1
	600
	220
	100

	Cucullar thal. · neurons
	1
	600
	220
	80

	Dentate gyrus · DA
	1
	640
	220
	60

	FN lobe · Purkinje cell
	1
	660
	220
	80

	Hypothalamus · hypocretin-1+
	1
	560
	220
	100

	Raphe magnus · 5-HT
	1
	600
	220
	80

	PVN · neurons
	1
	640
	220
	80

	PVN · vasopressin+
	1
	620
	220
	80

	Put · can+
	1
	640
	220
	80

	Solitary nucleus · neurons
	1
	600
	220
	80

	Striatum · cells
	1
	600
	220
	100

	Striatum · DA
	2
	580
	220
	80

	SN · COX+
	1
	600
	220
	100

	SN · NADPH-D+
	1
	580
	220
	80

	STN · glutamatergic
	1
	600
	220
	80

	Sup. frontal g. · TH+
	1
	560
	220
	100

	VA thalamus · neurons
	1
	560
	220
	80

	Basolateral nucleus · neurons
	1
	720
	240
	80

	Cingulate gyrus · neurons
	1
	620
	240
	120

	Cingulate gyrus · TH+
	1
	620
	240
	120

	EW · Ch
	1
	600
	240
	100

	Intermediolat. n. · neurons
	1
	640
	240
	120

	Lateral nucleus · neurons
	1
	720
	240
	80

	Med RF · 5-HT
	1
	720
	240
	80

	PPTN · SP+
	2
	700
	240
	80

	Stomach · HuC/D+
	1
	680
	240
	80

	SN · neurons
	1
	620
	240
	120

	Temporal lobe · a7+
	1
	600
	240
	100

	Ambiguus nucleus · melanin pigmented
	1
	780
	260
	100

	Caudate nucleus · can+
	1
	720
	260
	100

	CL thalamus · neurons
	1
	660
	260
	120

	Diagonal band · Ch
	1
	680
	260
	120

	Med RF · NPY+
	1
	640
	260
	120

	Mid RF · NADPH-D+
	1
	660
	260
	140

	Parahippocampal g. · TH+
	1
	680
	260
	120

	Pons · DA
	1
	660
	260
	140

	Precentral gyrus · glutamatergic
	1
	700
	260
	120

	SN · calretinin+
	1
	640
	260
	120

	Thoracic cord · neurons
	1
	680
	260
	120

	VLp thalamus · neurons
	1
	680
	260
	100

	BN · MAO-A/I+
	1
	700
	280
	140

	Colon · HuC/D/NF+
	1
	720
	280
	140

	Cuneate nucleus · GABA
	1
	720
	280
	140

	Dentate gyrus · melanin pigmented
	1
	700
	280
	140

	MD thalamus · neurons
	2
	880
	280
	60

	Med RF · adrenergic
	2
	700
	280
	120

	Med RF · TH+
	3
	780
	280
	100

	Raphe obscurus · SP+
	1
	680
	280
	140

	OB · NeuN+
	1
	700
	280
	140

	Precentral gyrus · neurons
	1
	760
	280
	100

	SON · magnocellular neurosecretory
	1
	720
	280
	140

	TMN · histaminergic
	1
	700
	280
	120

	GPi · neurons
	1
	820
	300
	120

	Raphe pallidus · 5-HT
	1
	760
	300
	140

	OB · TH+
	1
	780
	300
	140

	PnO · SP+
	1
	820
	300
	140

	PPTN · GABA
	1
	1100
	300
	20

	Septal nuclei · Ch
	1
	780
	300
	140

	Asc colon · DA
	1
	780
	320
	160

	CA1 field · NeuN+
	1
	800
	320
	160

	CG · DA
	3
	960
	320
	100

	Cerebellum · Purkinje cell
	1
	780
	320
	160

	Cerebral cortex · neurons
	1
	780
	320
	140

	GPe · neurons
	1
	820
	320
	140

	Put · Ch
	1
	800
	320
	140

	Sup. frontal g. · GABA
	1
	820
	320
	160

	VLa thalamus · neurons
	1
	860
	320
	140

	VTA · NADPH-D+
	1
	800
	320
	140

	Area postrema · melanin pigmented
	1
	900
	340
	160

	PVN · CRH+
	1
	820
	340
	160

	Submucous plexus · secretomotor
	1
	820
	340
	160

	ARH/Pe · DA
	1
	860
	360
	180

	Area postrema · neurons
	1
	1060
	360
	120

	FN lobe · granule cell
	1
	960
	360
	140

	PPTN · glycinergic
	1
	1260
	360
	60

	Rostral linear nucleus · DA
	1
	1040
	380
	140

	Med RF · DA
	1
	960
	400
	200

	Dentate gyrus · neurons
	2
	1020
	420
	200

	VTA · calretinin+
	1
	1020
	420
	200

	LDT · SP+
	1
	1200
	460
	200

	OB · DA
	3
	1240
	500
	260

	DR · 5-HT
	3
	1520
	600
	280



[bookmark: SuppTable_3]Supplementary Table S3: Estimated neuronal loss by counting method after adjustment in the multilevel model. Intervals are 95% credible intervals. Differences in populations studied, publication era and study quality limit causal interpretation. The table also reports the primary and method-averaged pooled estimates and pairwise method contrasts. Contrast values are percentage-point differences; positive values indicate greater loss for the first named method.
	Analysis or method
	Estimate

	Manual
	35.5% (26.4–43.8%)

	Computer-assisted
	25.6% (13.9–36.3%)

	Stereology
	29.3% (18.2–39.5%)

	Primary pooled estimate
	31.0% [23.8, 37.4]

	Method-averaged pooled estimate
	30.4% [23.3, 36.8]

	Stereology minus manual
	−6.1 percentage points [−19.0, 6.3]

	Computer-assisted minus manual
	−9.8 percentage points [−22.6, 3.0]

	Stereology minus computer-assisted
	3.7 percentage points [−10.7, 17.9]



[bookmark: SuppTable_4]Supplementary Table S4: Sensitivity to inferred neuron-type labels. The table compares the ten largest estimated losses in the full and reported-only datasets. Both analyses use REML fits of the combined population specification, with 95% confidence intervals for predicted population effects. The intervals are not Bayesian credible intervals and do not quantify the probability of a particular rank. The overall row reports pooled loss across all labels (261 effects, 144 populations) and reported labels only (174 effects, 106 populations). The k columns apply to the ranked population rows.
	
	Full model (all labels)
	Reported-only model

	Rank
	Region-Cell
	k
	Loss % [95% CI]
	Region-Cell
	k
	Loss % [95% CI]

	Overall
	All labels
	—
	30.9% [23.9, 37.2]
	Reported labels only
	—
	33.7% [25.2, 41.3]

	1
	SN · DA
	55
	67% [63, 71]
	SN · DA
	32
	65% [59, 70]

	2
	LC · NA
	16
	63% [58, 68]
	LC · NA
	9
	62% [50, 71]

	3
	MnR · SP+
	1
	58% [43, 69]
	MnR · SP+
	1
	59% [44, 70]

	4
	Med RF · SP+
	1
	58% [38, 71]
	Mid RF · melanin pigmented
	1
	51% [25, 68]

	5
	Mid RF · melanin pigmented
	1
	49% [22, 66]
	LC · SP+
	1
	50% [28, 66]

	6
	LC · SP+
	1
	49% [26, 64]
	Insula · TH+
	1
	50% [23, 68]

	7
	Insula · TH+
	1
	48% [21, 66]
	CM thalamus · neurons
	1
	47% [26, 62]

	8
	BN · Ch
	10
	47% [33, 59]
	Parabrachial pigm. · DA
	1
	47% [30, 59]

	9
	Pf · neurons
	2
	46% [31, 57]
	Midbrain tegmentum · DA
	1
	47% [19, 65]

	10
	Parabrachial pigm. · DA
	1
	45% [29, 58]
	PPTN · AChE−
	1
	46% [30, 59]



[bookmark: SuppTable_5]Supplementary Table S5: Association with the adapted risk-of-bias score. The study–population Bayesian model was refitted with the score as a continuous predictor. The table reports the log-ratio slope per score point, its 95% credible interval and the probability of a positive slope, followed by the predicted ratio at score 7. The fit includes 261 effects from 149 studies.
	Analysis
	Estimate
	95% CrI
	Posterior probability

	RoB moderator: posterior slope on rob_score (log-ROM per point)
	0.0434
	[-0.0085, 0.0943]
	P(slope > 0) = 0.95

	Predicted ROM at high study quality (rob_score = 7)
	0.736
	[0.649, 0.827]
	–



[bookmark: SuppTable_6]Supplementary Table S6: Changes from the registered protocol (PROSPERO CRD42021265515, registered 13 July 2021). The saved registration and repository history distinguish registered plans from later decisions.
	Element
	PROSPERO protocol (2021)
	As executed
	Rationale

	Population eligibility
	Parkinson’s disease, Parkinsonism or Lewy Body Disorder; any age
	Idiopathic adult PD; broader disease groups and two CA1 glial populations excluded from neuronal pooling
	Focus the synthesis on neuronal loss in idiopathic PD; narrower than registered eligibility

	Statistical model
	Fixed- and random-effects meta-analyses of log ratios of means
	Bayesian crossed study and population random-intercept model with partial pooling, introduced May 2026
	Represent shared study variation and repeated population labels; replaces the registered fitting framework

	Within-study aggregation
	No aggregation hierarchy specified
	Outcome-independent method, marker and sample-size hierarchy introduced April 2026; replaces earlier max-loss selection
	Avoid choosing an observation because its reported loss is largest; this is a post-registration change

	Cell-type labels
	Neuroanatomically and neurochemically defined populations; stain recorded
	Harmonised author labels plus inferred labels; reported-only frequentist sensitivity analysis
	Retain otherwise unlabelled evidence while assessing sensitivity to inferred identity

	Outcome measure
	Ratio of means analysed on the log scale, with uncertainty
	Log ratio of means retained; results expressed as percentage loss
	Registered effect measure retained; Bayesian estimation is the change

	Evidence-base mapping
	No atlas coverage analysis specified
	Coverage of countable Allen ontology entries, including overlapping parent and child entries
	Quantify the anatomical evidence gap with an explicit operational denominator

	Search update
	Four databases, all available years; review completion planned for October 2021
	Workbook documents a 2021–2025 update; exact final search date awaits database-log verification
	Extend the evidence base beyond the original review period

	Risk of bias
	JBI Analytical Cross-Sectional checklist; high-risk papers to be excluded
	Adapted eight-item JBI assessment and continuous-score meta-regression rather than blanket exclusion
	Assess associations and sensitivity to quality; later targeted score corrections and unavailable pre-consensus reliability are described in Methods

	Clinical associations
	Determine the identity and temporal order of cell loss as a function of clinical variables
	Clinical variables extracted, but the planned analysis of associations with neuronal loss could not be performed
	Inconsistent reporting and limited comparability of clinical measures prevented synthesis of these associations

	Additional exploratory analyses
	No specific account-scope or replication-planning analyses specified
	Quantification-method moderation, account-scope comparisons and precision-planning analysis
	Assess methodological robustness and define evidence gaps; these are post-registration exploratory extensions



[bookmark: SuppTable_7]Supplementary Table S7: Studies excluded after initial full-text inclusion. Titles, exclusion categories and source-specific reasons are shown. Supplementary Table S8 records exclusions and corrections within studies. This broader curation list is distinct from the 15 included studies without meta-analysis data identified in Supplementary Table S1.
	PMID
	Study
	Exclusion category
	Reason

	10466894
	On the survival time of a tangled neuron in the hippocampal CA4 region in parkinsonism dementia complex of Guam
	Data-quality or eligibility concern
	Guam Parkinson-dementia complex

	10891923
	Activated microglia in dementia with Lewy bodies
	Non-PD disease group
	Not about PD

	11311294
	A neuropathological study of the disturbance of the nigro-amygdaloid connections in brains from patients with dementia with Lewy bodies
	Non-PD disease group
	Dementia with Lewy bodies cohort rather than a Parkinson’s disease case-control comparison

	11805265
	FADD: A link between TNF family receptors and caspases in Parkinson’s disease
	Outcome not eligible or insufficient quantitative neuronal data
	Reports immunoreactivity of FADD as a percentage of melanised cells

	11940684
	Cholinergic vesicular transporters in progressive supranuclear palsy
	Non-PD disease group
	PSP study

	12633144
	Neuronal loss is greater in the locus coeruleus than nucleus basalis and substantia nigra in Alzheimer and Parkinson diseases
	Overlapping cohort
	Shared cases with included Chui 1986; Zarow 2003 Table 4 footnote confirms overlap

	12963783
	Preservation of branchimotor neurons of the nucleus ambiguus in multiple system atrophy
	Outcome not eligible or insufficient quantitative neuronal data
	Lacks quantitative data

	15699393
	Dendritic degeneration in neostriatal medium spiny neurons in Parkinson disease
	Outcome not eligible or insufficient quantitative neuronal data
	Spine density and length measured

	15912496
	Functional anatomy of the basal ganglia in X-linked recessive dystonia-parkinsonism
	Data-quality or eligibility concern
	X-linked dystonia-parkinsonism (Lubag)

	16407544
	Compensatory changes in the noradrenergic nervous system in the locus coeruleus and hippocampus of postmortem subjects with Alzheimer’s disease and dementia with Lewy bodies
	Data-quality or eligibility concern
	DLB/AD-only cohort: Szot 2006 LC TH/α2A-AR mRNA; verified 2026-04-23

	16476936
	Involvement of vagal autonomic nuclei in multiple system atrophy and Lewy body disease
	Data-quality or eligibility concern
	LBD-only cohort (lb dementia not PD): Benarroch 2006 NAmb/DMV; verified 2026-04-23

	16717229
	Selective dendritic degeneration of medium spiny neurons in dementia with Lewy bodies
	Outcome not eligible or insufficient quantitative neuronal data
	Spine density and length measured

	17639427
	Rostral raphe involvement in Lewy body dementia and multiple system atrophy
	Data-quality or eligibility concern
	DLB-only cohort: Benarroch 2007 DRN/MRN/raphe; verified 2026-04-23

	17894336
	Compartmental loss of striatal medium spiny neurons in multiple system atrophy of parkinsonian type
	Data-quality or eligibility concern
	MSA study not idiopathic PD

	18227417
	Mesopontine cholinergic neuron involvement in Lewy body dementia and multiple system atrophy
	Data-quality or eligibility concern
	DLB-only cohort (no PD arm): Schmeichel 2008 PPN/LDT ChAT; verified via re-extraction 2026-04-23

	18413570
	Pathologic findings in prospectively ascertained essential tremor subjects
	Outcome not eligible or insufficient quantitative neuronal data
	Doesn’t have the correct data, observational loss not quantified

	19597132
	Dopamine cell loss in the periaqueductal gray in multiple system atrophy and Lewy body dementia
	Data-quality or eligibility concern
	MSA/DLB study with only control rows no PD group

	20176003
	A comparison of changes in proteasomal subunit expression in the substantia nigra in Parkinson’s disease, multiple system atrophy and progressive supranuclear palsy
	Data-quality or eligibility concern
	Semi-quantitative IHC scoring of proteasomal subunit expression not neuron counts

	21696423
	Neuropathological analysis of brainstem cholinergic and catecholaminergic nuclei in relation to rapid eye movement (REM) sleep behaviour disorder
	Data-quality or eligibility concern
	LBD (PDD+DLB combined) cohort not idiopathic PD: Seidel 2011 PPN/LC; verified 2026-04-23

	22306459
	Essential tremor is not dependent upon cerebellar Purkinje cell loss
	Data-quality or eligibility concern
	Rajput 2012 cerebellar Purkinje: user-flagged as DLB not idiopathic PD; excluded 2026-04-23

	23884045
	C9ORF72 expansions, parkinsonism, and Parkinson disease: a clinicopathologic study
	Outcome not eligible or insufficient quantitative neuronal data
	Doesn’t have the correct data, protein and abstract

	24501436
	Degeneration of brainstem respiratory neurons in dementia with Lewy bodies
	Data-quality or eligibility concern
	DLB-only cohort: Presti 2014 preBotC/raphe; verified 2026-04-23

	24704327
	Neuropathological investigation of hypocretin expression in brains of dementia with Lewy bodies
	Data-quality or eligibility concern
	DLB/AD-only cohort: Kasanuki 2014 LHA melanised/Hcrt; verified 2026-04-23

	26095065
	Histaminergic tuberomammillary neuron loss in multiple system atrophy and dementia with Lewy bodies
	Data-quality or eligibility concern
	MSA/DLB study with only control rows no PD group

	26658906
	Midlife milk consumption and substantia nigra neuron density at death
	Wrong comparison group
	Paper focuses on smokers vs non-smokers, not PD vs control

	27357212
	Analysis of primary visual cortex in dementia with Lewy bodies indicates GABAergic involvement associated with recurrent complex visual hallucinations
	Data-quality or eligibility concern
	DLB-only cohort: Khundakar 2016 visual cortex capillaries+GABA; verified 2026-04-23

	2747841
	The nucleus basalis of Meynert in parkinsonism-dementia of Guam: a morphometric study
	Non-PD disease group
	Guam Parkinsonism

	28059471
	Specific patterns of neuronal loss in the pulvinar nucleus in dementia with lewy bodies
	Data-quality or eligibility concern
	DLB/AD study with only control rows no PD group

	28190674
	Neuronal Loss and Alpha-Synuclein Pathology in the Superior Colliculus and Its Relationship to Visual Hallucinations in Dementia with Lewy Bodies
	Data-quality or eligibility concern
	DLB/AD study with no PD rows; density values implausible

	33565131
	Depression and Nigral Neuron Density in Lewy Body Spectrum Diseases
	Non-PD disease group
	Lewy body spectrum disease cohort rather than a Parkinson’s disease case-control comparison

	3412587
	A comparison of clinical and pathological features of young- and old-onset Parkinson’s disease
	No appropriate control group
	No controls, just early and late onset PD

	38245794
	Unravelling cell type-specific responses to Parkinson’s Disease at single cell resolution
	Data-quality or eligibility concern
	Pooled recovered snRNA-seq nuclei in Supplementary Table 3 of that publication, not donor-level tissue neuron counts or densities (DOI 10.1186/s13024-023-00699-0).

	6695594
	Biochemical neuropathology of Parkinson’s disease
	Data-quality or eligibility concern
	Biochemical neurotransmitter concentrations not neuron counts

	6830170
	Neuron loss in the nucleus basalis of Meynert in parkinsonism-dementia complex of Guam
	Data-quality or eligibility concern
	Guam Parkinson-dementia complex

	7985492
	The neostriatum and nucleus accumbens in parkinsonism-dementia complex of Guam: a pathological comparison with Alzheimer’s disease and progressive supranuclear palsy
	Data-quality or eligibility concern
	Guam Parkinson-dementia complex

	8731382
	Substantia nigra pars reticulata neurons in Parkinson’s disease
	Data-quality or eligibility concern
	PV-immunoreactivity loss only not neuronal loss; paper states no cell death in SNr

	8809817
	Increased M-calpain expression in the mesencephalon of patients with Parkinson’s disease but not in other neurodegenerative disorders involving the mesencephalon: a role in nerve cell death?
	Data-quality or eligibility concern
	m-calpain expression density not neuron count

	8857740
	Subregional loss of putaminal efferents to the basal ganglia output nuclei may cause parkinsonism in striatonigral degeneration
	Outcome not eligible or insufficient quantitative neuronal data
	Lacks quantitative data

	9109885
	Corticobasal degeneration: neuropathologic and clinical heterogeneity
	Outcome not eligible or insufficient quantitative neuronal data
	Lacks quantitative data

	9444566
	Alterations in the distribution of glutathione in the substantia nigra in Parkinson’s disease
	Data-quality or eligibility concern
	Mercury orange GSH depletion in surviving neurons not neuronal loss

	OCLC 4661701968
	Neuronal loss in the colon of constipated Parkinson’s disease patients mimics that in the brain
	Data-quality or eligibility concern
	Extracted 0.4/6.9 values match dopamine-positive proportions of PGP9.5 neurons in Singaram 1995 (PMID 7564669), not TH-positive absolute counts; control mean and n mismatched and reported SE not preserved. No comparable count/density effect.



[bookmark: SuppTable_8]Supplementary Table S8: Curation after initial inclusion. The table records partial data exclusions, corrections and decisions about duplicate or overlapping measurements. It documents processing decisions rather than providing another list of eligible studies.
	PMID
	Type of modification
	Details

	10688892
	Partial data removal (integrity)
	Marker-defined caspase-3-positive and caspase-3-negative subgroup counts were flagged because they do not provide a directly interpretable total-neuron outcome

	10690993
	Group duplicate resolution
	Pool control groups: 1; 2 in medullary reticular formation; Pool pd groups: 2; 9 in medullary reticular formation

	10722997
	Region duplicate resolution
	Pool VTA subregions: mv vta; m vta

	11782993
	Region duplicate resolution
	Keep ca4 from: ca4; dentate gyrus

	11972798
	Group duplicate resolution
	Pool control groups: 1; 2 in substantia nigra; Pool pd groups: 2; 9 in substantia nigra

	12419530
	Region duplicate resolution
	Keep snc from: snc; substantia nigra pars compacta - medial; substantia nigra - dorsalis; substantia nigra pars compacta - lateral; substantia nigra pars compacta - middle

	1320531
	Region duplicate resolution
	Pool SNc subregions: lateral substantia nigra pars compacta; medial substantia nigra pars compacta

	1353337
	Partial data removal (integrity)
	Whole-midbrain counts were flagged as too anatomically coarse because inter-region variability would make them difficult to interpret; only the more specific A8/A9 and A10 summaries were retained

	15389895
	Region duplicate resolution
	Keep snc from: sn dorsolateral; sn dorsomedial; snc

	15389895
	Group duplicate resolution
	Pool control groups: 1 in substantia nigra pars compacta; Pool pd groups: 3 in substantia nigra pars compacta

	16407544
	Region duplicate resolution
	Pool LC subregions: lc ros; lc mid; lc cau

	16476936
	Region duplicate resolution
	Pool ambiguus subregions: namb - venterolateral; namb - compact

	16753180
	Region duplicate resolution
	Keep lc from: lc - d; lc; lc - v

	16753180
	Group duplicate resolution
	Pool pd groups: 2; 3 in locus coeruleus

	16941622
	Region duplicate resolution
	Keep dentate gyrus from: dentate gyrus; ca-4

	1694418
	Region duplicate resolution
	Pool SNc subregions: snc - lateral; snc - medial

	17052351
	Group duplicate resolution
	Pool control groups: 1; 2 in substantia nigra

	1726030
	Group duplicate resolution
	Pool pd groups: 6; 9; 18 in locus coeruleus

	1748881
	Region duplicate resolution
	Pool SN subregions: sn-m; sn-l

	1748881
	Group duplicate resolution
	Pool control groups: 1; 2 in dorsal raphe nucleus; Pool pd groups: 1; 9 in dorsal raphe nucleus; Pool pd groups: 1; 9 in locus coeruleus; Pool pd groups: 1; 9 in substantia nigra

	17894336
	Group duplicate resolution
	Pool control groups: 1 in putamen

	18297291
	Group duplicate resolution
	Pool control groups: 3; 4; 5 in substantia nigra

	1849779
	Group duplicate resolution
	Pool pd groups: 9; 16 in basal nucleus

	18581481
	Group duplicate resolution
	Pool control groups: 1 in olfactory bulb; Pool pd groups: 2 in olfactory bulb

	18804518
	Group duplicate resolution
	Pool pd groups: 2; 3 in central lateral nucleus of the thalamus; Pool pd groups: 2; 3 in centre median nucleus of thalamus; Pool pd groups: 2; 3 in parataenial nucleus of thalamus; Pool pd groups: 2; 3 in thalamus

	1892359
	Region duplicate resolution
	Pool DVC subregions: dvc-m; dvc-vi; dvc-dm

	19022934
	Measurement duplicate resolution
	Keep number from: per_ganglion; number in ascending colon

	1933245
	Source-verified region and marker correction
	Table 2 reports total caudal SN pigmented-neuron counts per 7 micrometre H&E section. Corrected the ventromedial extraction label and unified inconsistent marker labels before aggregation, retaining all 20 PD and 36 control records. Seven separately labelled incidental Lewy body cases remain excluded. Raw extraction preserved; downstream analyses refitted.

	19735086
	Group duplicate resolution
	Pool pd groups: 2; 3; 4 in central medial nucleus of thalamus; Pool pd groups: 2; 3; 4 in parafascicular nucleus of thalamus

	1978260
	Region duplicate resolution
	Keep medulla o - a2 from: medulla o - a2; medulla o - a1

	20628197
	Group duplicate resolution
	Pool pd groups: 2; 3 in pedunculopontine tegmental nucleus; Pool pd groups: 2; 3 in substantia nigra pars compacta

	2065255
	Partial data removal (integrity)
	This record was flagged during curation because its thalamic subregion counts were derived from sparse microscopic field sampling and an assumed extrapolation procedure, making the resulting totals difficult to compare reliably with the rest of the dataset

	20856865
	Group duplicate resolution
	Pool pd groups: 2; 9 in colon

	21147074
	Region duplicate resolution
	Pool LC subregions: lc - 50%; lc - 70%

	2257487
	Group duplicate resolution
	Pool control groups: 1 in substantia nigra pars compacta; Pool pd groups: 2 in substantia nigra pars compacta

	22941241
	Group duplicate resolution
	Pool control groups: 1; 2 in colon; Pool pd groups: 2; 9 in colon; Pool control groups: 1; 2 in duodenum; Pool pd groups: 2; 9 in duodenum; Pool control groups: 1; 2 in stomach; Pool pd groups: 2; 9 in stomach

	23884810
	Region duplicate resolution
	Pool SNc subregions: ventromedial substantia nigra pars compacta; ventrolateral substantia nigra pars compacta; dorsomedial substantia nigra pars compacta; dorsolateral substantia nigra pars compacta; posterolateral substantia nigra pars compacta; sn - dorsomedial

	23996276
	Region duplicate resolution
	Keep cg - l from: cg - l; cg - u; Keep mfg - l from: mfg - l; mfg - u; Keep entorhinal cortex - upper laminae from: entorhinal cortex - upper laminae; entorhinal cortex - lower laminae

	2456487
	Region duplicate resolution
	Pool SN subregions: sn - middle; sn - rostral; sn - caudal

	2463283
	Group duplicate resolution
	Pool pd groups: 2; 3; 4 in basal nucleus

	25062696
	Region duplicate resolution
	Pool VTA subregions: vta - lateral; vta - medial

	25062696
	Group duplicate resolution
	Pool pd groups: 2; 3 in basal nucleus; Pool pd groups: 2; 3 in putamen; Pool pd groups: 2; 3 in septal nuclei; Pool pd groups: 2; 3 in substantia nigra; Pool pd groups: 2; 3 in ventral tegmental area

	25062696
	Measurement duplicate resolution
	Keep number_x10^3 from: number_x10^3; percent_of_control in substantia nigra; Keep number_x10^3 from: number_x10^3; percent_of_control in ventral tegmental area

	2542825
	Group duplicate resolution
	Pool control groups: 2; 3 in substantia nigra

	2549846
	Region duplicate resolution
	Pool SN subregions: sn - ventral; sn - ventromedial - both now map to pars compacta in merged_mapping.csv

	2557795
	Region duplicate resolution
	Pool SNc subregions: lateral substantia nigra pars compacta; medial substantia nigra pars compacta

	2570794
	Group duplicate resolution
	Pool pd groups: 6; 17; 18 in locus coeruleus

	2602422
	Region duplicate resolution
	Pool SN subregions: sn - medial 2; sn - mediolateral; sn - lateral; sn - medial

	2709038
	Group duplicate resolution
	Pool pd groups: 2 in substantia nigra pars compacta

	2730377
	Partial data removal (integrity)
	The non-PD comparison data were set aside because the study focused on Alzheimer’s disease with a parkinsonian subtype rather than a Parkinson’s disease case-control comparison

	2899295
	Region duplicate resolution
	Keep snc from: snc; substantia nigra ventromedial medioventral

	30485555
	Group duplicate resolution
	Pool pd groups: 2; 3 in cuneate nucleus; Pool pd groups: 2; 3 in pedunculopontine tegmental nucleus

	33479244
	Measurement duplicate resolution
	Keep number from: number_per_mm^3; number in olfactory bulb

	33899954
	Group duplicate resolution
	Pool pd groups: 2; 3 in locus coeruleus

	34092653
	Region duplicate resolution
	Keep ca1 from: ca1 - rostral; ca1 - caudal; ca1 - inter; ca1; Keep ca2 from: ca2 - inter; ca2; ca2 - caudal; ca2 - rostral; Keep ca3 from: ca3 - caudal; ca3; ca3 - inter; Keep dentate gyrus from: dentate gyrus; dentate gyrus - caudal; dentate gyrus - rostral; dentate gyrus - inter; Keep hypothal from: hypo - caudal; hypo - inter; hypo - rostral; hypothal

	34092653
	Group duplicate resolution
	Pool control groups: 1; 5; 6; 7 in ca1 field; Pool pd groups: 2; 3; 4; 6 in ca1 field; Pool control groups: 1; 5; 6; 7 in ca2 field; Pool pd groups: 2; 3; 4; 6 in ca2 field; Pool control groups: 1; 5; 6 in ca3 field; Pool pd groups: 2; 3; 4 in ca3 field; Pool control groups: 1; 5; 6; 7 in dentate gyrus; Pool pd groups: 2; 3; 4; 6 in dentate gyrus; Pool control groups: 1; 5; 6; 7 in hypothalamus; Pool pd groups: 2; 3; 4; 6 in hypothalamus

	34092653
	Non-neuronal populations excluded
	CA1 GFAP astrocyte and IBA-1 microglial populations excluded before neuronal effect-size calculation (four PD/control source rows). Eligible neuronal data from this paper retained. Source extraction records preserved.

	3883886
	Region duplicate resolution
	Pool basal nucleus subregions: nbm - anterior; nbm - posterior

	3998751
	Group duplicate resolution
	Pool pd groups: 2; 3 in basal nucleus

	4022359
	Region duplicate resolution
	Pool VTA subregions: vta - anterior; vta - posterior

	40501099
	Group duplicate resolution
	Pool control groups: 1; 2 in locus coeruleus; Pool pd groups: 2; 9 in locus coeruleus

	6089493
	Group duplicate resolution
	Pool pd groups: 16; 17 in basal nucleus

	6247458
	Region duplicate resolution
	Pool thoracic spinal cord subregions: thoracic segment - lower; thoracic segment - middle; thoracic segment - upper

	6247458
	Group duplicate resolution
	Pool pd groups: 9; 15 in thoracic spinal cord

	6732189
	Group duplicate resolution
	Pool pd groups: 2; 9 in basal nucleus

	6732189
	Measurement duplicate resolution
	Keep number from: number; density in basal nucleus

	6847136
	Group duplicate resolution
	Pool pd groups: 2; 3 in basal nucleus; Pool pd groups: 2; 3 in diagonal band

	6865505
	Group duplicate resolution
	Pool control groups: 1; 2 in locus coeruleus; Pool pd groups: 3; 9 in locus coeruleus; Pool control groups: 1; 2 in substantia nigra; Pool pd groups: 3; 9 in substantia nigra

	7398694
	Group duplicate resolution
	Pool control groups: 1 in striatum; Pool pd groups: 2 in striatum

	7704619
	Region duplicate resolution
	Keep vta - m from: vta - m; vta - mv; vta -m+mv

	7704619
	Group duplicate resolution
	Pool control groups: 1 in ventral tegmental area; Pool pd groups: 2 in ventral tegmental area

	7770115
	Region duplicate resolution
	Pool SNc subregions: snc - cn3; snc - superior colliculus

	7916375
	Region duplicate resolution
	Pool SNc subregions: snc - middle; snc - caudal; snc - rostral

	7985492
	Region duplicate resolution
	Keep putamen from: putamen - mammillary level; putamen; putamen - accumbens level

	7985492
	Neuronal type duplicate resolution
	Keep large neurons from: large neurons; small neurons in caudate nucleus

	8437705
	Group duplicate resolution
	Pool control groups: 1 in substantia nigra; Pool pd groups: 2 in substantia nigra

	8489206
	Region duplicate resolution
	Keep medulla c2 from: medulla c2; medulla c1

	8492957
	Region duplicate resolution
	Pool LC subregions: lc rostral; lc middle; lc caudal

	8492957
	Group duplicate resolution
	Pool pd groups: 2; 3 in locus coeruleus

	8649572
	Region duplicate resolution
	Pool TMN subregions: tmn - midline; tmn - rostral

	8866425
	Region duplicate resolution
	Pool SNc subregions: snc - dorsomedial; snc - dorsolateral; Pool SNr subregions: sn - ventromedial; sn - ventrolateral

	8990048
	Region duplicate resolution
	Pool SN subregions: sn - posterolateral; sn - anteromedial; sn - anterointermediolateral; sn - posteromedial

	9106122
	Partial data removal (integrity)
	Relabelled from tau-positive to neuron (total perikarya count); retained via manual_relabelling rule

	9335015
	Measurement duplicate resolution
	Keep number from: number; number_per_mm^3 in substantia nigra pars compacta

	9335016
	Partial data removal (integrity)
	Some values recorded under PMID 9335016 belonged to PMID 8543951 and were removed during data verification

	9387796
	Region duplicate resolution
	Keep iml t2 from: iml t2; iml t9

	9627747
	Group duplicate resolution
	Pool pd groups: 10; 11 in paraventricular nucleus of the hypothalamus



[bookmark: SuppTable_9]Supplementary Table S9: Database search audit. Counts combine the original search and the 2021-2025 update recorded in the screening workbook. The strategy document, verbatim transcription and update exports are archived with the data. Export dates are documented, but the exact executed search history remains unverified. The archived retrieval counts are 497 reports sought, 264 recorded retrieval exclusions and 207 initially included reports. The remaining 26 reports have unresolved dispositions (497 − 264 − 207 = 26). These initial inclusion counts precede later curation to 164 included studies.
	Database
	Search date
	Archived strategy and execution status
	Records retrieved

	MEDLINE
	Update export: 18 December 2025
	Four-database strategy document and verbatim transcription archived in the study repository (archived search records). The document was modified on 21 December 2025; correspondence to the executed update requires the database run history. The archived update RIS export matches the workbook total.
	3,158

	EMBASE
	Update export: 18 December 2025
	Four-database strategy document and verbatim transcription archived in the study repository (archived search records). The document was modified on 21 December 2025; correspondence to the executed update requires the database run history. The archived update RIS export matches the workbook total.
	4,403

	BIOSIS
	No update records
	Four-database strategy document and verbatim transcription archived in the study repository (archived search records). The document was modified on 21 December 2025; correspondence to the executed update requires the database run history. Original search contributed 2,523 records; the update contributed none.
	2,523

	Web of Science
	Update export: 18 December 2025
	Four-database strategy document and verbatim transcription archived in the study repository (archived search records). The document was modified on 21 December 2025; correspondence to the executed update requires the database run history. The archived update RIS export matches the workbook total.
	2,993



[bookmark: SuppTable_10]Supplementary Table S10: Characteristics of the 261 modelled study-population comparisons. Each row gives sample sizes, counting method, marker and reported percentage loss. Study-level intervals are descriptive delta-method 95% confidence intervals for the raw ratio of means. Pooled population estimates in the main text use Bayesian credible intervals.
	PMID
	Study
	Region - Cell Type
	n PD
	n Ctrl
	Method
	Stain
	Loss % [95% CI]

	10435500
	Hardman et al. (1999)
	GPe · GABA
	6
	5
	computer assisted
	h e
	17% [-11, 38]

	10435500
	Hardman et al. (1999)
	GPe · neurons
	6
	5
	computer assisted
	cresyl violet
	-4% [-21, 11]

	10448425
	Hardman et al. (1999)
	GPi · GABA
	6
	5
	computer assisted
	nissl
	8% [-4, 19]

	10448425
	Hardman et al. (1999)
	GPi · neurons
	6
	5
	computer assisted
	cresyl violet
	-9% [-19, -0]

	10459912
	Faucheux et al. (1999)
	CG · DA
	6
	10
	computer assisted
	nissl nm
	4% [-85, 50]

	10459912
	Faucheux et al. (1999)
	Dentate gyrus · melanin pigmented
	6
	10
	computer assisted
	nissl nm
	-67% [-665, 64]

	10459912
	Faucheux et al. (1999)
	Dentate gyrus · non-melanised
	6
	10
	computer assisted
	nissl nm
	-3% [-33, 21]

	10459912
	Faucheux et al. (1999)
	SN · DA
	6
	10
	computer assisted
	nissl nm
	48% [23, 65]

	10459912
	Faucheux et al. (1999)
	VTA · DA
	6
	10
	computer assisted
	nissl nm
	3% [-66, 44]

	10690993
	Benarroch et al. (2000)
	Med RF · nitrergic
	5
	10
	computer assisted
	NADPH-D
	45% [25, 60]

	10690993
	Benarroch et al. (2000)
	Med RF · TH+
	5
	10
	computer assisted
	TH
	21% [-24, 50]

	10716254
	Henderson et al. (2000)
	Area postrema · neurons
	9
	8
	stereology
	cresyl violet
	0% [-3, 3]

	10716254
	Henderson et al. (2000)
	CM thalamus · neurons
	9
	8
	stereology
	cresyl violet
	41% [20, 56]

	10716254
	Henderson et al. (2000)
	MD thalamus · neurons
	9
	8
	stereology
	cresyl violet
	-10% [-87, 35]

	10716254
	Henderson et al. (2000)
	VA principal div. · neurons
	9
	8
	stereology
	cresyl violet
	28% [2, 47]

	10869053
	Henderson et al. (2000)
	CM thalamus · neurons
	9
	10
	computer assisted
	nissl
	40% [25, 53]

	10869053
	Henderson et al. (2000)
	MD thalamus · neurons
	9
	10
	computer assisted
	nissl
	-10% [-23, 1]

	10869053
	Henderson et al. (2000)
	Pf · neurons
	9
	10
	computer assisted
	nissl
	30% [11, 45]

	10869053
	Henderson et al. (2000)
	VA principal div. · neurons
	9
	10
	computer assisted
	nissl
	-2% [-14, 9]

	11031089
	Howells et al. (2000)
	SN · DA
	4
	3
	computer assisted
	melanin pigmented
	40% [12, 59]

	11114264
	Banerjee et al. (2000)
	Temporal lobe · a7+
	6
	6
	manual
	cresyl violet
	36% [30, 42]

	11476292
	Benarroch et al. (2001)
	Arc. medulla · Ch
	5
	6
	manual
	ChAT
	36% [27, 44]

	11782993
	Harding et al. (2002)
	Dentate gyrus · neurons
	4
	9
	computer assisted
	cresyl violet
	-18% [-68, 17]

	11972798
	Al-Sarraj et al. (2002)
	SN · DA
	4
	8
	computer assisted
	cresyl violet luxol fast blue nm
	54% [25, 72]

	12390970
	Harding et al. (2002)
	Basolateral nucleus · neurons
	18
	16
	stereology
	h e
	7% [-12, 23]

	12390970
	Harding et al. (2002)
	Cortico-medial group · neurons
	18
	16
	stereology
	h e
	30% [11, 44]

	12390970
	Harding et al. (2002)
	Lateral nucleus · neurons
	18
	16
	stereology
	h e
	8% [-13, 25]

	12419530
	Joyce et al. (2002)
	SN · DA
	23
	21
	stereology
	TH
	79% [76, 82]

	12465053
	MacDonald et al. (2002)
	Precentral gyrus · glutamatergic
	5
	5
	stereology
	cresyl violet
	20% [-6, 40]

	12465053
	MacDonald et al. (2002)
	Sup. frontal g. · glutamatergic
	5
	5
	stereology
	cresyl violet
	32% [8, 50]

	12902309
	Benarroch et al. (2003)
	Cuneate nucleus · GABA
	4
	6
	stereology
	NK1R
	10% [-58, 49]

	14090529
	Eadie et al. (1963)
	Ambiguus nucleus · melanin pigmented
	5
	5
	manual
	h e melanin pigmented
	1% [-28, 23]

	14090529
	Eadie et al. (1963)
	DMV · Ch
	5
	5
	manual
	h e melanin pigmented
	30% [2, 51]

	14090529
	Eadie et al. (1963)
	DMV · melanin pigmented
	5
	5
	manual
	h e melanin pigmented
	16% [-18, 41]

	14090529
	Eadie et al. (1963)
	Hypoglossal nucleus · melanin pigmented
	5
	5
	manual
	h e melanin pigmented
	18% [6, 28]

	14090529
	Eadie et al. (1963)
	Solitary nucleus · neurons
	5
	5
	manual
	h e melanin pigmented
	17% [-31, 48]

	1436519
	Gai et al. (1992)
	DMV · Ch
	8
	6
	computer assisted
	cresyl violet
	46% [33, 56]

	1449247
	German et al. (1992)
	LC · NA
	6
	7
	stereology
	cresyl violet
	65% [33, 82]

	1494900
	Kastner et al. (1992)
	SN · DA
	4
	4
	computer assisted
	melanin pigmented
	59% [39, 72]

	14991820
	Benarroch et al. (2004)
	Med RF · 5-HT
	4
	6
	stereology
	TH
	-4% [-25, 13]

	14991820
	Benarroch et al. (2004)
	Raphe magnus · 5-HT
	4
	6
	stereology
	TH
	5% [-28, 30]

	14991820
	Benarroch et al. (2004)
	Raphe obscurus · 5-HT
	4
	6
	stereology
	TH
	13% [-11, 32]

	14991820
	Benarroch et al. (2004)
	Raphe pallidus · 5-HT
	4
	6
	stereology
	TH
	-13% [-119, 41]

	15197709
	Huisman et al. (2004)
	OB · DA
	10
	10
	stereology
	TH
	-108% [-367, 7]

	15389895
	Ross et al. (2004)
	SN · DA
	10
	178
	manual
	h e
	54% [28, 70]

	15468109
	Pedersen et al. (2005)
	Cerebral cortex · neurons
	10
	12
	stereology
	giemsa
	1% [-14, 14]

	16014651
	Halliday et al. (2005)
	Mid. frontal g. · neurons
	9
	9
	stereology
	cresyl violet
	23% [-5, 44]

	16014651
	Halliday et al. (2005)
	Precentral gyrus · neurons
	9
	9
	stereology
	cresyl violet
	-0% [-41, 28]

	16014651
	Halliday et al. (2005)
	Sup. frontal g. · neurons
	9
	9
	stereology
	cresyl violet
	32% [-3, 55]

	16014651
	Halliday et al. (2005)
	VA thalamus · neurons
	9
	9
	stereology
	cresyl violet
	27% [-40, 61]

	16014651
	Halliday et al. (2005)
	VLa thalamus · neurons
	9
	9
	stereology
	cresyl violet
	-10% [-55, 22]

	16014651
	Halliday et al. (2005)
	VLp thalamus · neurons
	9
	9
	stereology
	cresyl violet
	4% [-43, 36]

	16320253
	Chu et al. (2006)
	SN · DA
	15
	10
	stereology
	melanin pigmented
	50% [46, 55]

	16606773
	Greffard et al. (2006)
	SN · DA
	14
	5
	computer assisted
	tau
	60% [46, 70]

	1691042
	Halliday et al. (1990)
	DMV · SP+
	4
	4
	computer assisted
	SP
	77% [-6, 95]

	1691042
	Halliday et al. (1990)
	DR · 5-HT
	4
	4
	computer assisted
	PH8
	-19% [-80, 21]

	1691042
	Halliday et al. (1990)
	MnR · 5-HT
	4
	4
	computer assisted
	PH8
	57% [-13, 83]

	16941622
	Joelving et al. (2006)
	Dentate gyrus · neurons
	8
	8
	stereology
	giemsa h e
	-26% [-65, 4]

	1694418
	Goto et al. (1990)
	SN · DA
	10
	8
	stereology
	TH
	62% [53, 70]

	17029264
	Porritt et al. (2006)
	Striatum · DA
	8
	5
	manual
	TH
	-56% [-150, 2]

	17052351
	Loeffler et al. (2006)
	SN · DA
	19
	26
	manual
	melanin pigmented
	49% [33, 61]

	17142832
	Huot et al. (2007)
	Striatum · DA
	4
	5
	stereology
	TH
	78% [62, 88]

	1718530
	Gai et al. (1991)
	LDT · SP+
	6
	5
	computer assisted
	SP
	28% [9, 44]

	1718530
	Gai et al. (1991)
	LC · SP+
	6
	5
	computer assisted
	SP
	74% [59, 83]

	1718530
	Gai et al. (1991)
	MnR · SP+
	6
	5
	computer assisted
	SP
	76% [68, 82]

	1718530
	Gai et al. (1991)
	PnO · SP+
	6
	5
	computer assisted
	SP
	41% [11, 61]

	1718530
	Gai et al. (1991)
	PPTN · SP+
	6
	5
	computer assisted
	SP
	43% [17, 61]

	1725760
	Patt et al. (1991)
	SN · neurons
	8
	8
	manual
	golgi
	38% [-29, 70]

	1726030
	Chan-Palay et al. (1991)
	LC · NA
	3
	2
	computer assisted
	TH
	57% [-5, 82]

	17470494
	Fronczek et al. (2007)
	Hypothalamus · hypocretin-1+
	8
	9
	computer assisted
	hypocretin 1
	45% [19, 62]

	1748881
	Paulus et al. (1991)
	DR · melanin pigmented
	23
	6
	manual
	melanin pigmented nissl
	37% [18, 52]

	1748881
	Paulus et al. (1991)
	LC · NA
	37
	12
	manual
	melanin pigmented nissl
	63% [54, 71]

	1748881
	Paulus et al. (1991)
	SN · DA
	39
	14
	manual
	melanin pigmented nissl
	62% [53, 69]

	17491094
	Thannickal et al. (2007)
	Lateral hypothal. · GABA
	11
	5
	stereology
	MCH
	42% [29, 53]

	17491094
	Thannickal et al. (2007)
	Lateral hypothal. · glutamatergic
	11
	5
	stereology
	HCRT
	41% [29, 51]

	18163454
	Murphy et al. (2008)
	Caudal linear nucleus · DA
	6
	4
	computer assisted
	TH
	39% [9, 60]

	18163454
	Murphy et al. (2008)
	Mid RF · DA
	6
	4
	computer assisted
	TH
	20% [-16, 45]

	18163454
	Murphy et al. (2008)
	Parabrachial pigm. · DA
	6
	4
	computer assisted
	TH
	48% [35, 58]

	18163454
	Murphy et al. (2008)
	Rostral linear nucleus · DA
	6
	4
	computer assisted
	TH
	2% [-28, 24]

	18163454
	Murphy et al. (2008)
	VTA · DA
	6
	4
	computer assisted
	TH
	42% [25, 55]

	18264713
	Dickson et al. (2008)
	DMV · TH+
	11
	12
	computer assisted
	TH
	51% [46, 55]

	18264713
	Dickson et al. (2008)
	LC · NA
	11
	13
	computer assisted
	TH
	74% [72, 75]

	18264713
	Dickson et al. (2008)
	SN · DA
	11
	11
	computer assisted
	TH
	78% [74, 82]

	18297291
	Rudow et al. (2008)
	SN · DA
	8
	16
	stereology
	
	76% [63, 84]

	18329941
	Rinne et al. (2008)
	PPTN · Ch
	11
	9
	stereology
	ChAT
	36% [6, 57]

	1849779
	Mufson et al. (1991)
	BN · Ch
	5
	4
	manual
	NGFR
	73% [44, 87]

	18581481
	Huisman et al. (2008)
	OB · DA
	20
	19
	stereology
	TH
	-13% [-118, 41]

	18804518
	Brooks et al. (2009)
	CL thalamus · neurons
	11
	5
	stereology
	cresyl violet
	42% [-1, 67]

	18804518
	Brooks et al. (2009)
	CMd thalamus · neurons
	11
	5
	stereology
	cresyl violet
	47% [24, 64]

	18804518
	Brooks et al. (2009)
	Cucullar thal. · neurons
	6
	5
	stereology
	cresyl violet
	44% [18, 62]

	18804518
	Brooks et al. (2009)
	Parataenial thal. · neurons
	11
	5
	stereology
	cresyl violet
	56% [25, 74]

	1892359
	Saper et al. (1991)
	Area postrema · melanin pigmented
	3
	4
	manual
	melanin pigmented
	-14% [-82, 28]

	1892359
	Saper et al. (1991)
	DMV · melanin pigmented
	4
	4
	manual
	melanin pigmented
	19% [-22, 46]

	1892359
	Saper et al. (1991)
	DMV · TH+
	4
	5
	manual
	TH
	20% [4, 34]

	1895529
	Ohno et al. (1991)
	SN · DA
	15
	37
	manual
	kluver barrera nm
	55% [34, 70]

	19022934
	Lebouvier et al. (2008)
	Asc colon · DA
	5
	5
	manual
	TH
	-21% [-146, 40]

	1933245
	Fearnley et al. (1991)
	SN · DA
	20
	36
	manual
	h e melanin pigmented
	76% [66, 83]

	19519642
	Fukuda et al. (1999)
	Cingulate gyrus · TH+
	18
	16
	manual
	TH
	94% [86, 97]

	19519642
	Fukuda et al. (1999)
	Cuneus · TH+
	18
	16
	manual
	TH
	97% [92, 99]

	19519642
	Fukuda et al. (1999)
	Inf. temporal g. · TH+
	18
	16
	manual
	TH
	96% [91, 98]

	19519642
	Fukuda et al. (1999)
	Insula · TH+
	18
	16
	manual
	TH
	98% [95, 99]

	19519642
	Fukuda et al. (1999)
	Parahippocampal g. · TH+
	18
	16
	manual
	TH
	93% [84, 97]

	19519642
	Fukuda et al. (1999)
	Postcentral gyrus · TH+
	18
	16
	manual
	TH
	96% [91, 98]

	19519642
	Fukuda et al. (1999)
	Precentral gyrus · TH+
	18
	16
	manual
	TH
	97% [94, 99]

	19519642
	Fukuda et al. (1999)
	Sup. frontal g. · TH+
	18
	16
	manual
	TH
	95% [88, 98]

	1972319
	Halliday et al. (1990)
	DMV · SP+
	4
	4
	stereology
	SP
	77% [-6, 95]

	1972319
	Halliday et al. (1990)
	DR · 5-HT
	4
	4
	stereology
	PH8
	11% [-23, 36]

	1972319
	Halliday et al. (1990)
	MnR · 5-HT
	4
	4
	stereology
	PH8
	60% [2, 84]

	1972319
	Halliday et al. (1990)
	Med RF · adrenergic
	4
	4
	stereology
	PNMT
	41% [-12, 69]

	1972319
	Halliday et al. (1990)
	Med RF · DA
	4
	4
	stereology
	TH
	19% [-53, 57]

	1972319
	Halliday et al. (1990)
	Med RF · NPY+
	4
	4
	stereology
	NPY
	70% [-88, 95]

	1972319
	Halliday et al. (1990)
	Med RF · SP+
	4
	4
	stereology
	SP
	85% [73, 91]

	1972319
	Halliday et al. (1990)
	Midbrain tegmentum · DA
	4
	4
	stereology
	TH
	68% [37, 84]

	1972319
	Halliday et al. (1990)
	Raphe obscurus · 5-HT
	4
	4
	stereology
	PH8
	44% [-38, 77]

	1972319
	Halliday et al. (1990)
	Raphe obscurus · SP+
	4
	4
	stereology
	SP
	58% [-178, 94]

	1972319
	Halliday et al. (1990)
	PPTN · SP+
	4
	4
	stereology
	SP
	57% [14, 78]

	1972319
	Halliday et al. (1990)
	Pons · DA
	4
	4
	stereology
	TH
	55% [-230, 94]

	19735086
	Truong et al. (2009)
	CM thalamus · neurons
	17
	10
	stereology
	cresyl violet
	29% [17, 39]

	19735086
	Truong et al. (2009)
	Pf · neurons
	17
	10
	stereology
	cresyl violet
	34% [27, 41]

	1978260
	Malessa et al. (1990)
	Med RF · TH+
	3
	4
	computer assisted
	TH
	15% [-59, 55]

	2010756
	Pakkenberg et al. (1991)
	SN · DA
	5
	2
	stereology
	gallocyanin chromealum nm
	72% [55, 82]

	20628197
	Karachi et al. (2010)
	PPTN · Ch
	12
	8
	stereology
	ACh
	27% [12, 40]

	20628197
	Karachi et al. (2010)
	SN · DA
	12
	8
	stereology
	TH
	78% [61, 88]

	20817536
	Rajput et al. (2011)
	Cerebellum · Purkinje cell
	6
	2
	manual
	h e
	-4% [-34, 20]

	20856865
	Lebouvier et al. (2010)
	Colon · HuC/D/NF+
	29
	10
	manual
	huc d and nf
	14% [6, 22]

	21147074
	McMillan et al. (2011)
	LC · NA
	7
	8
	computer assisted
	DBH
	79% [42, 92]

	21553300
	Mundinano et al. (2011)
	OB · DA
	6
	15
	stereology
	TH
	-108% [-390, 11]

	2257487
	Yamada et al. (1990)
	SN · DA
	5
	4
	manual
	melanin pigmented
	65% [47, 77]

	22941241
	Annerino et al. (2012)
	Colon · HuC/D+
	13
	12
	computer assisted
	HuC/D
	6% [-12, 21]

	22941241
	Annerino et al. (2012)
	Duodenum · HuC/D+
	13
	12
	computer assisted
	HuC/D
	10% [-8, 25]

	22941241
	Annerino et al. (2012)
	Stomach · HuC/D+
	13
	12
	computer assisted
	HuC/D
	1% [-24, 20]

	23152586
	Milber et al. (2012)
	SN · DA
	13
	17
	manual
	TH
	72% [57, 82]

	2357341
	Perry et al. (1990)
	SN · DA
	12
	14
	manual
	h e
	69% [55, 79]

	23884810
	Kordower et al. (2013)
	SN · DA
	16
	9
	stereology
	melanin pigmented
	47% [22, 64]

	23891794
	Lanoue et al. (2013)
	Sup. frontal g. · GABA
	15
	11
	stereology
	parvalbumin
	-6% [-21, 7]

	23996276
	Armstrong et al. (2014)
	Cingulate gyrus · neurons
	15
	8
	manual
	h e
	31% [3, 51]

	24099985
	Pienaar et al. (2013)
	PPTN · Ch
	8
	9
	computer assisted
	cresyl violet
	52% [51, 53]

	24099985
	Pienaar et al. (2013)
	PPTN · GABA
	8
	9
	computer assisted
	cresyl violet
	18% [16, 19]

	24099985
	Pienaar et al. (2013)
	PPTN · glycinergic
	8
	9
	computer assisted
	cresyl violet
	13% [12, 14]

	24226265
	Hepp et al. (2013)
	PPTN · Ch
	9
	9
	computer assisted
	ChAT
	41% [30, 51]

	2456487
	Waters et al. (1988)
	SN · DA
	10
	6
	manual
	cresyl violet melanin pigmented
	57% [35, 72]

	2463283
	Chan-Palay et al. (1988)
	BN · Ch
	8
	22
	manual
	ChAT
	38% [8, 58]

	24996051
	Dijkstra et al. (2014)
	SN · DA
	24
	12
	stereology
	nissl nm
	55% [47, 62]

	25062696
	Hall et al. (2014)
	BN · Ch
	11
	5
	stereology
	ChAT
	43% [-15, 71]

	25062696
	Hall et al. (2014)
	Put · Ch
	11
	5
	stereology
	ChAT
	7% [-84, 53]

	25062696
	Hall et al. (2014)
	Septal nuclei · Ch
	11
	5
	stereology
	ChAT
	10% [-79, 54]

	25062696
	Hall et al. (2014)
	SN · DA
	11
	5
	stereology
	TH
	85% [71, 93]

	25062696
	Hall et al. (2014)
	VTA · DA
	11
	5
	stereology
	TH
	24% [-52, 62]

	2521057
	Sudarsky et al. (1989)
	BN · neurons
	5
	5
	manual
	cresyl violet
	56% [39, 68]

	2542825
	Gibb et al. (1989)
	SN · DA
	64
	25
	manual
	h e melanin pigmented
	73% [69, 77]

	2549846
	Rinne et al. (1989)
	SN · DA
	12
	18
	manual
	bielchowskys stain
	65% [-22, 90]

	2557795
	Goto et al. (1989)
	SN · DA
	13
	10
	manual
	TH
	59% [48, 68]

	25649148
	Cheshire et al. (2015)
	DR · 5-HT
	44
	17
	stereology
	TrOH
	17% [-128, 70]

	25649148
	Cheshire et al. (2015)
	SN · DA
	44
	17
	stereology
	TH
	74% [28, 90]

	2570794
	Chan-Palay et al. (1989)
	LC · NA
	7
	3
	computer assisted
	TH
	51% [27, 67]

	2575832
	Hirsch et al. (1989)
	CG · DA
	4
	3
	manual
	melanin pigmented
	10% [-69, 52]

	2575832
	Hirsch et al. (1989)
	Mid RF · DA
	4
	3
	manual
	TH
	45% [16, 64]

	2575832
	Hirsch et al. (1989)
	Mid RF · melanin pigmented
	4
	3
	manual
	melanin pigmented
	80% [58, 91]

	2575832
	Hirsch et al. (1989)
	SN · DA
	4
	3
	manual
	melanin pigmented
	67% [42, 81]

	2602422
	Rinne et al. (1989)
	SN · DA
	12
	18
	manual
	cresyl violet
	65% [-45, 92]

	26295830
	Thomas et al. (2016)
	SN · PAX6+
	3
	3
	computer assisted
	h e
	56% [28, 73]

	26468408
	Iacono et al. (2015)
	SN · DA
	6
	6
	stereology
	cresyl violet nm
	82% [76, 87]

	27003787
	Chu et al. (2016)
	SN · DA
	12
	8
	stereology
	melanin pigmented
	86% [81, 89]

	27061071
	Hatsuta et al. (2016)
	T12 spinal cord · neurons
	18
	18
	manual
	nissl
	47% [37, 55]

	2709038
	Kempster et al. (1989)
	SN · DA
	21
	4
	manual
	h e melanin pigmented
	70% [58, 78]

	27891695
	Giancola et al. (2017)
	Submucous plexus · secretomotor
	29
	17
	manual
	VIP
	-10% [-31, 8]

	28626918
	Abbott et al. (2017)
	SN · DA
	20
	22
	manual
	h e melanin pigmented
	77% [71, 82]

	28725697
	Cave et al. (2016)
	OB · granule cell
	4
	4
	stereology
	calretinin
	36% [-12, 64]

	28725697
	Cave et al. (2016)
	OB · TH+
	4
	4
	stereology
	TH
	10% [-32, 38]

	29420861
	Chu et al. (2018)
	SN · DA
	21
	9
	stereology
	TH
	86% [80, 90]

	2950715
	Goto et al. (1986)
	Caudate nucleus · can+
	3
	2
	manual
	calcineurin
	-6% [-16, 2]

	2950715
	Goto et al. (1986)
	Put · can+
	3
	2
	manual
	calcineurin
	-1% [-14, 11]

	29917054
	Mokretar et al. (2018)
	SN · DA
	11
	5
	computer assisted
	melanin pigmented
	-2% [-26, 17]

	2996284
	Hunter et al. (1985)
	EW · Ch
	2
	3
	computer assisted
	ACh
	46% [-11, 74]

	30485555
	Sebille et al. (2019)
	Cuneate nucleus · AChE−
	12
	7
	computer assisted
	ach nissl
	34% [25, 42]

	30485555
	Sebille et al. (2019)
	PPTN · AChE−
	12
	7
	computer assisted
	ach nissl
	41% [28, 51]

	30485555
	Sebille et al. (2019)
	PPTN · Ch
	12
	7
	computer assisted
	ACh
	37% [26, 46]

	30590599
	Lee et al. (2019)
	Anterior lobe · Purkinje cell
	25
	25
	manual
	h e luxol fast blue
	8% [-1, 16]

	31769073
	Rusholt et al. (2020)
	Anterior lobe · granule cell
	12
	15
	stereology
	h e
	-8% [-41, 17]

	31769073
	Rusholt et al. (2020)
	Anterior lobe · Purkinje cell
	12
	15
	stereology
	h e
	14% [-10, 34]

	31769073
	Rusholt et al. (2020)
	FN lobe · granule cell
	12
	15
	stereology
	h e
	-45% [-101, -4]

	31769073
	Rusholt et al. (2020)
	FN lobe · Purkinje cell
	12
	15
	stereology
	h e
	-15% [-62, 19]

	31769073
	Rusholt et al. (2020)
	Posterior lobe · granule cell
	12
	15
	stereology
	h e
	-12% [-23, -2]

	31769073
	Rusholt et al. (2020)
	Posterior lobe · Purkinje cell
	12
	15
	stereology
	h e
	4% [-16, 21]

	31769073
	Rusholt et al. (2020)
	Vermis · granule cell
	12
	15
	stereology
	h e
	-13% [-35, 4]

	31769073
	Rusholt et al. (2020)
	Vermis · Purkinje cell
	12
	15
	stereology
	h e
	-6% [-29, 13]

	33479244
	Flores-Cuadrado et al. (2021)
	OB · NeuN+
	14
	10
	stereology
	NeuN
	11% [-45, 45]

	33684514
	Chu et al. (2021)
	SN · DA
	10
	6
	stereology
	RET
	65% [54, 74]

	3379428
	Jellinger et al. (1988)
	PPTN · Ch
	14
	15
	manual
	cresyl violet
	48% [39, 55]

	33899954
	Huynh et al. (2021)
	LC · NA
	14
	13
	stereology
	TH
	73% [70, 76]

	34092653
	Villar-Conde et al. (2021)
	CA1 field · NeuN+
	8
	8
	stereology
	NeuN
	-7% [-33, 15]

	34334423
	Tilley et al. (2021)
	LC · NA
	31
	11
	computer assisted
	TH
	34% [1, 56]

	35820861
	Saari et al. (2022)
	SN · DA
	34
	19
	computer assisted
	TH
	44% [28, 56]

	36188463
	Mazumder et al. (2022)
	SN · DA
	6
	6
	computer assisted
	TH
	68% [55, 77]

	36188463
	Mazumder et al. (2022)
	STN · glutamatergic
	6
	6
	computer assisted
	h e
	33% [-10, 59]

	3753274
	Chui et al. (1986)
	BN · Ch
	3
	5
	manual
	h e
	66% [48, 78]

	3753274
	Chui et al. (1986)
	LC · NA
	4
	5
	manual
	h e
	80% [67, 88]

	3753274
	Chui et al. (1986)
	SN · DA
	4
	5
	manual
	h e
	69% [47, 82]

	3883886
	Rogers et al. (1985)
	BN · Ch
	4
	5
	manual
	cresyl violet
	54% [18, 74]

	3998751
	Perry et al. (1985)
	BN · Ch
	11
	8
	manual
	ACh
	52% [37, 64]

	4022359
	Uhl et al. (1985)
	VTA · DA
	4
	4
	manual
	cresyl violet
	55% [0, 80]

	40501099
	Fructuoso et al. (2025)
	LC · NA
	7
	8
	manual
	h e
	70% [49, 82]

	4073850
	Matzuk et al. (1985)
	ARH/Pe · DA
	7
	5
	manual
	fm and neutral red
	-21% [-57, 7]

	5886206
	Pakkenberg et al. (1965)
	SN · DA
	10
	12
	manual
	gallocyanin chromealum nm
	58% [40, 71]

	6089493
	Gaspar et al. (1984)
	BN · Ch
	27
	6
	manual
	h e
	46% [16, 65]

	6198483
	Tomonaga et al. (1983)
	LC · NA
	1
	3
	manual
	h e melanin pigmented
	91% [84, 95]

	6247458
	Oppenheimer et al. (1980)
	Thoracic cord · neurons
	5
	3
	manual
	cresyl violet
	21% [8, 32]

	6475484
	Tagliavini et al. (1984)
	BN · Ch
	6
	5
	manual
	h e
	46% [33, 56]

	6732189
	Nakano et al. (1984)
	BN · Ch
	11
	13
	manual
	cresyl violet tau
	60% [38, 74]

	6847136
	Whitehouse et al. (1983)
	BN · Ch
	5
	7
	manual
	cresyl violet
	51% [10, 73]

	6847136
	Whitehouse et al. (1983)
	Diagonal band · Ch
	5
	7
	manual
	cresyl violet
	22% [-20, 50]

	6865505
	Mann et al. (1983)
	LC · NA
	8
	40
	manual
	azure b nm
	78% [70, 83]

	6865505
	Mann et al. (1983)
	SN · DA
	8
	40
	manual
	azure b nm
	78% [67, 84]

	7398694
	Bugiani et al. (1980)
	Striatum · cells
	28
	36
	manual
	cresyl violet
	37% [29, 44]

	7494602
	Ma et al. (1995)
	SN · DA
	12
	7
	stereology
	melanin pigmented
	75% [63, 83]

	7536004
	Bockelmann et al. (1994)
	Put · GABA
	5
	5
	manual
	NADPH-D
	75% [63, 83]

	7651444
	Pearce et al. (1995)
	AON · neurons
	7
	7
	manual
	cresyl violet nissl
	57% [28, 74]

	7700528
	Perry et al. (1995)
	SN · DA
	12
	14
	computer assisted
	h e
	68% [54, 78]

	7704619
	Mouatt-Prigent et al. (1994)
	SN · calretinin+
	4
	3
	computer assisted
	calretinin
	26% [-96, 72]

	7704619
	Mouatt-Prigent et al. (1994)
	SN · DA
	4
	3
	computer assisted
	TH
	76% [60, 86]

	7704619
	Mouatt-Prigent et al. (1994)
	VTA · calretinin+
	8
	6
	computer assisted
	calretinin
	-11% [-94, 37]

	7770115
	Ma et al. (1995)
	SN · DA
	4
	7
	manual
	h e melanin pigmented
	76% [57, 87]

	7804831
	Tooyama et al. (1994)
	SN · DA
	6
	11
	computer assisted
	h e melanin pigmented
	54% [42, 63]

	7894999
	Hoogendijk et al. (1995)
	LC · NA
	5
	5
	computer assisted
	melanin pigmented
	39% [5, 61]

	7904735
	Purba et al. (1994)
	PVN · neurons
	6
	6
	manual
	oxytocin
	16% [-3, 32]

	7904735
	Purba et al. (1994)
	PVN · oxytocin+
	6
	6
	manual
	oxytocin
	22% [7, 35]

	7904735
	Purba et al. (1994)
	PVN · vasopressin+
	6
	6
	manual
	vasopressin
	18% [-9, 38]

	7916375
	Gai et al. (1994)
	SN · DA
	5
	6
	computer assisted
	TH
	78% [72, 83]

	7936287
	Rinne et al. (1994)
	SN · DA
	4
	4
	manual
	TH
	72% [57, 81]

	8093581
	Chan-Palay et al. (1991)
	LC · NA
	6
	2
	computer assisted
	TH
	66% [38, 81]

	8199342
	Mufson et al. (1994)
	Caudate nucleus · GABA
	4
	4
	computer assisted
	NADPH-D
	16% [-20, 41]

	8199342
	Mufson et al. (1994)
	Put · GABA
	4
	4
	computer assisted
	NADPH-D
	-9% [-33, 11]

	8358501
	Chan-Palay et al. (1993)
	BN · calbindin+
	3
	6
	computer assisted
	cabp i
	60% [26, 78]

	8358501
	Chan-Palay et al. (1993)
	BN · MAO-A/I+
	3
	3
	computer assisted
	MAO-A/I
	23% [-135, 75]

	8437705
	Tooyama et al. (1993)
	SN · DA
	16
	12
	computer assisted
	bfgf th
	83% [81, 85]

	8489206
	Gai et al. (1993)
	Med RF · adrenergic
	7
	8
	computer assisted
	PNMT
	31% [-70, 72]

	8492957
	Zweig et al. (1993)
	LC · NA
	8
	11
	manual
	cresyl violet
	64% [58, 70]

	8543951
	Kato et al. (1995)
	Med RF · TH+
	8
	12
	manual
	TH
	20% [-3, 38]

	8543951
	Kato et al. (1995)
	Solitary nucleus · TH+
	7
	12
	manual
	TH
	37% [2, 59]

	8610103
	Yoritaka et al. (1996)
	SN · melanin pigmented
	7
	7
	manual
	
	66% [44, 80]

	8628464
	Damier et al. (1996)
	CG · DA
	5
	5
	stereology
	TH
	13% [-19, 37]

	8628464
	Damier et al. (1996)
	Dentate gyrus · DA
	5
	5
	stereology
	TH
	36% [7, 55]

	8628464
	Damier et al. (1996)
	SN · DA
	5
	5
	stereology
	TH
	75% [63, 83]

	8628464
	Damier et al. (1996)
	VTA · DA
	5
	5
	stereology
	TH
	49% [38, 58]

	8649572
	Nakamura et al. (1996)
	TMN · histaminergic
	8
	4
	manual
	h e
	17% [2, 29]

	8737406
	Hunot et al. (1996)
	Mid RF · DA
	4
	3
	computer assisted
	NADPH-D
	75% [1, 94]

	8737406
	Hunot et al. (1996)
	Mid RF · NADPH-D+
	4
	3
	computer assisted
	NADPH-D
	67% [-23, 91]

	8737406
	Hunot et al. (1996)
	SN · DA
	4
	3
	computer assisted
	NADPH-D
	86% [79, 90]

	8737406
	Hunot et al. (1996)
	SN · NADPH-D+
	4
	3
	computer assisted
	NADPH-D
	70% [43, 84]

	8737406
	Hunot et al. (1996)
	VTA · DA
	4
	3
	computer assisted
	NADPH-D
	75% [59, 85]

	8737406
	Hunot et al. (1996)
	VTA · NADPH-D+
	4
	3
	computer assisted
	NADPH-D
	50% [3, 74]

	8866425
	Ma et al. (1996)
	SN · DA
	20
	8
	computer assisted
	h e melanin pigmented
	75% [-0, 94]

	8990048
	Itoh et al. (1997)
	SN · COX+
	8
	10
	computer assisted
	melanin pigmented
	36% [28, 43]

	9126172
	McRitchie et al. (1997)
	Mid RF · DA
	3
	3
	computer assisted
	TH
	17% [-77, 61]

	9126172
	McRitchie et al. (1997)
	VTA · DA
	3
	3
	computer assisted
	TH
	31% [9, 47]

	9270609
	Ansorge et al. (1997)
	SON · magnocellular neurosecretory
	7
	8
	computer assisted
	cresyl violet
	12% [-21, 36]

	9335015
	Ma et al. (1997)
	SN · DA
	12
	12
	stereology
	melanin pigmented
	55% [44, 64]

	9387796
	Wakabayashi et al. (1997)
	Intermediolat. n. · neurons
	25
	25
	manual
	nissl
	30% [19, 39]

	9627747
	Hoogendijk et al. (1998)
	PVN · CRH+
	12
	6
	manual
	corticotropin-releasing hormone
	-15% [-79, 26]

	9798081
	Piggott et al. (1998)
	SN · DA
	8
	11
	computer assisted
	cresyl violet
	64% [44, 77]

	CID 143504126
	Chan-Palay et al. (1990)
	LC · NA
	4
	4
	computer assisted
	TH
	86% [40, 97]



[bookmark: SuppTable_11]Supplementary Table S11: Counting methods, blinding and age matching across the 164 included studies. Each study is counted once by PMID.
	Category
	N Studies
	% of studies

	Quantification: Manual
	66
	40.2%

	Quantification: Computer-assisted
	54
	32.9%

	Quantification: Stereology
	44
	26.8%

	Blinding: Yes
	112
	68.3%

	Blinding: No
	52
	31.7%

	Age-matching: Yes
	122
	74.4%

	Age-matching: No
	42
	25.6%



[bookmark: SuppTable_12]Supplementary Table S12: Adapted risk-of-bias checklist. Counts and percentages cover 164 studies. Eight criteria were scored Yes or No. Items 6i and 6ii describe age matching and blinded counting; the recorded rule for item 6 requires both. The composite score counts affirmative criteria.
	No.
	Question
	Studies meeting criterion (n)
	Studies meeting criterion (%)

	1
	Were the criteria for inclusion in the sample clearly defined?
	122
	74.4

	2
	Were the study subjects and the setting described in detail?
	118
	72.0

	3
	Was the exposure measured in a valid and reliable way?
	109
	66.5

	4
	Were objective, standard criteria used for measurement of the condition?
	125
	76.2

	5
	Were confounding factors identified?
	113
	68.9

	6
	Were strategies to deal with confounding factors stated?
	86
	52.4

	6i
	Were samples age-matched?
	122
	74.4

	6ii
	Was counting done in a blinded manner?
	112
	68.3

	7
	Were the outcomes measured in a valid and reliable way?
	114
	69.5

	8
	Was appropriate statistical analysis used?
	119
	72.6



[bookmark: SuppTable_13]Supplementary Table S13: Selected effects derived from repeated grouped summaries within a study. These 19 effects from 17 studies used average means, rounded average sample sizes and root-mean-square standard deviations. This procedure does not constitute sample-size-weighted pooling of independent cohorts. PMID identifies the source study.
	PMID
	Region
	Neuron type
	Marker

	10459912
	CG
	DA
	nissl nm

	10459912
	SN
	DA
	nissl nm

	10459912
	VTA
	DA
	nissl nm

	12419530
	SN
	DA
	TH

	15389895
	SN
	DA
	h e

	1694418
	SN
	DA
	TH

	18163454
	VTA
	DA
	TH

	18804518
	Cucullar thal.
	neurons
	cresyl violet

	1895529
	SN
	DA
	kluver barrera nm

	2257487
	SN
	DA
	melanin pigmented

	23884810
	SN
	DA
	melanin pigmented

	2549846
	SN
	DA
	bielchowskys stain

	2557795
	SN
	DA
	TH

	2709038
	SN
	DA
	h e melanin pigmented

	29917054
	SN
	DA
	melanin pigmented

	5886206
	SN
	DA
	gallocyanin chromealum nm

	7770115
	SN
	DA
	h e melanin pigmented

	8628464
	SN
	DA
	TH

	8866425
	SN
	DA
	h e melanin pigmented



[bookmark: SuppTable_14]Supplementary Table S14: Selected morphology findings in included studies. Soma means, qualitative descriptions and size-defined classes are distinct measures. Verification levels identify abstract-only findings and selected full-text checks. This post hoc review was not exhaustive and did not contribute a morphology predictor to the primary model.
	Study and population
	Measurement and finding
	Verification and donor linkage

	Patt et al. (1991) (PMID 1725760). SN pigmented neurons
	Golgi; qualitative/semiquantitative dendritic length, spines and varicosities. 8 PD / 8 controls; dendritic shortening in pigmented SNc, with SNr cells intact. No numerical length distribution recovered.
	Full text, Table 3, p. 377. 8 PD and 8 control donors; numeric type I profiles are Golgi counts per section.

	Baloyannis et al. (2006) (PMID 16753180). LC
	Morphology/morphometry of dendrites, axonic collaterals and synapses. Figure 4 reports synaptic loss. Values previously extracted from it are excluded from the neuronal-count meta-analysis.
	Full text, Figures 3 and 4. Same paper; donor subsets not verified.

	McMillan et al. (2011) (PMID 21147074). LC NA
	TH-labelled dendritic innervation; NET binding in peri-LC dendritic zone. Dendritic loss in surviving LC neurons in PD; not established as individual length measurement.
	Abstract. Same study; matching histology subsets not verified.

	Chan-Palay et al. (1989) (PMID 2570794). LC catecholamine neurons
	Dendritic morphology plus anatomical LC length. PD dendrites described as shortened and less branched. Reported millimetre lengths refer to LC nucleus extent.
	Abstract. Same study; donor-level linkage not audited.

	Chan-Palay et al. (1991) (PMID 1726030). LC TH-positive neurons
	Topography and neuronal morphology. Report describes LC morphology and the distribution of neuron loss along the nucleus. Individual neurite length was not verified.
	Abstract. Potential overlap with Chan-Palay series unresolved.

	Chan-Palay et al. (1993) (PMID 8358501). NBM marker-defined neurons
	NGFr-labelled volume including dendritic arborization. The reported reduction in volume including dendritic arborization concerns Alzheimer-type dementia; a PD-specific effect was not established.
	Abstract. PD and AD groups in paper; morphology result must be assigned to correct diagnosis.

	Mufson et al. (1994) (PMID 8199342). Striatal NADPH-diaphorase neurons
	Cell profile area; descriptive foreshortened dendrites. PD and AD morphology abnormalities described; significant area reduction reported only in AD putamen.
	Abstract. Same study; donor-level pairing not audited.

	Ma et al. (1996) (PMID 8866425). SN pigmented neurons
	Computerised area, perimeter and diameter measurements. 20 PD / 8 controls. PD soma area, perimeter and diameter lower by 35%, 20%, 21%; counts lower by about 76%.
	Abstract. Counts and size in same series.

	Rudow et al. (2008) (PMID 18297291). SN pigmented neurons
	Optical fractionator counts and nucleator volume in µm³. Table 1: PD 11,869 ± 4,740 (n=8); older controls 17,983 ± 4,413 (n=7). Mean ages 74.8 vs 87.6 years.
	Full text, Table 1 and stereology methods. Individual donors have both volume and counts in Table 1.

	Rinne et al. (2008) (PMID 18329941). PPN LFB and ChAT-positive neurons
	Neuronal profile area. PD profile area lower by 14% for LFB and 26% for ChAT-positive neurons; corresponding count reductions 27% and 36%.
	Abstract. Counts and size in same study; individual pairing not recovered.

	Pienaar et al. (2013) (PMID 24099985). PPN Ch, GABAergic and glycinergic neurons
	Fluorescent IHC soma area in µm², ImageJ. Cell-size alterations accompany losses in all three types; paper also measures mitochondrial proteins. Numerical area estimates not recovered.
	Abstract, figure caption and indexed methods. Methods explicitly state counts used the same images as soma-size and densitometry analyses.

	Rusholt et al. (2020) (PMID 31769073). Cerebellar Purkinje neurons
	Stereological perikaryal and nuclear volume in µm³. Table 5 total perikaryal volume: control 16,135 (CV .12), PD 15,222 (CV .12); no PD-control significance marker. Nuclear values 1,501 (CV .16) vs 1,583 (CV .11).
	Full text, Tables 4–5 and methods. Same study groups; outlier exclusions can change endpoint-specific donor sets.

	Ansorge et al. (1997) (PMID 9270609). Supraoptic nucleus
	Somatic, nuclear and nucleolar size. Remaining neurons larger in PD despite neuronal loss.
	Abstract. Same study; donor-level pairing not recovered.

	Itoh et al. (1997) (PMID 8990048). SN pigmented neurons with/without COX defects
	Cell size by SN subregion. 8 PD / 10 controls; smaller cells in anteromedial and posterolateral subregions, with and without COX defects.
	Abstract. Same study; individual donor linkage not audited.

	Huot et al. (2007) (PMID 17142832). Striatal TH-positive neurons
	Descriptive soma diameter and morphology. Somata described as 10–20 µm with 3–5 dendrites; morphology relatively unaltered in pathological brains despite lower TH-positive counts.
	Abstract. Same study.

	Armstrong et al. (2014) (PMID 23996276). Cortical and limbic regions in PD dementia
	Density of abnormally enlarged neurons. 15 PD dementia cases; low enlarged-neuron densities. This is a pathology category, not normal soma-size stratification.
	Abstract. Same study; control morphometry linkage not verified.

	Nakamura et al. (1996) (PMID 8649572). Tuberomammillary nucleus
	Large-sized neuron counts. No alteration in large-neuron counts in PD versus controls; loss reported in MSA.
	Abstract. Same PD-control study; numerical threshold not recovered.

	Arendt et al. (1983) (PMID 6637393). NBM versus adjacent globus pallidus
	Large NBM neurons. Loss concentrated in large NBM neurons; neighbouring pallidal neurons unaffected.
	Abstract. Same study; different anatomical populations.

	Nakano et al. (1984) (PMID 6732189). NBM
	Large neuron counts. Large NBM neurons depleted in PD, frequently without concomitant AD pathology.
	Abstract. Same study; numerical size threshold not recovered.

	Jellinger et al. (1988) (PMID 3379428). PPN pars compacta
	Large neuron counts. PD neuronal number and density were reduced. The numerical definition of the large-neuron class was not recovered.
	Abstract. Same study; numerical size definition not recovered.

	Gai et al. (1993) (PMID 8489206). Medullary PNMT-positive groups
	Small neuron subtype description. Small PNMT-positive NTS neurons not significantly reduced; C1/C3 losses reported.
	Abstract. Same study; anatomical/transmitter differences confounded.

	Alexandris et al. (2020) (PMID 31454423). NBM Ch and galaninergic inputs
	Projection-fibre density and semiquantitative galanin innervation. Cholinergic neurons and projection fibres assessed in a subgroup of 60; fibre losses across diseases.
	Abstract. Overlap only for subgroup; donor membership needs reconstruction.

	Chan-Palay et al. (1988) (PMID 2463283). NBM
	Galaninergic innervation of surviving cells. Galanin fibres around surviving NBM neurons; these are inputs and cannot stand in for the cholinergic neuron’s own arbor.
	Abstract. Same study; donor-level linkage not audited.
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