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An empirically anchored rest/recovery threshold for occupational heart rate
reserve (%HRR), defined from awake sedentary states in night-shift mobile

platform workers
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Abstract
Objectives: The occupational cardiovascular-load scale %HRR has established upper thresholds (24.5, 30, 33)

but no low end demarcating rest/recovery. We examined the reported criteria, assessed sensitivity to resting-

heart-rate definitions, and evaluated an empirical estimation procedure.
Methods: All 76 studies included in the selected systematic review (Dias et al., 2023) were re-extracted,

four primary sources cross-checked, and the search extended to August 2026. In 55 night-shift designated-
driver platform workers (Fitbit, 2021-2022; >100,000 heart-rate minutes each), awake stationary minutes were
identified by a heart-rate-independent activity rule (worn device, zero steps >10 min, non-wear-safe sleep
exclusion), and per-person p10/p25/p50 of %HRR were summarized as cohort medians [bootstrap 95% CI],

with sensitivity analyses across six axes and seven selections.
Results: No study defined a low-end %HRR threshold (0/76; 0/16 updated). The reviewed <30 %CVL criterion

was a management grade without a reported derivation; MAWT estimates in the low-intensity range were
extrapolated. A 90-bpm criterion converted to 14.1-33.6 %HRR across conventions. Measured awake stationary
%HRR gave p10/p25/p50 = 6.1/8.9/16.3 in the primary subgroup (n = 11; 6.0/10.2/15.8 in all 55); p25 was
robust across the seven selections (8.9-10.8). Per-person p25 was <9 in 16/55 workers and >12 in 11/55. In
2,302 recomputed shorter observation windows, the 25th percentile was negative in 88% of windows holding

30-100 awake stationary minutes, last at 767 minutes (0/2,074 above).
Conclusions: The estimated rest/recovery threshold was 9 %HRR [8.3—12.0] in this cohort. We propose

exploratory reporting categories (<9, 9 to <12, and >12 %HRR), with analysis conditions specified and >1,000
awake stationary minutes per person. These categories require validation for individual recovery assessment.

Insufficient rest observation may inflate the baseline and understate working %HRR.
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Input data

Minute-level heart rate and steps; age | Full cohort: 55 participants

v v

A. Identify activity states B. Infer work-night dates
Sum of steps at 00:00-05:00 exceeds
the participant’s median of positive
nightly step totals

Heart-rate record present — device worn
Recorded step count = 0 — still

v v
Exclude inferred sleep Define exclusion windows
Exclude entire worn-device intervals |  ———= 05:00-17:00 on inferred work-night dates
with continuous stillness >180 min 05:00 is assumed, not an observed shift end
v v
Select awake-stationary minutes Select the resting-HR baseline
Worn device; outside inferred sleep; Compute 60-min rolling means of all HR;

‘____
continuous stillness for the preceding 10 min exclude means located at 05:00-17:00;

Primary analysis: also exclude 05:00-17:00 take the minimum (recovered condition)

v

Calculate %HRR for selected awake-stationary minutes
100 x (observed HR — resting HR) / (maximum HR — resting HR)
Maximum HR = 220 — age; fixed participant-specific baseline

v

Participant summaries — group-level estimates

Calculate each participant’s 10th, 25th and 50th percentiles — median of each across participants
Bootstrap 95% confidence intervals; primary subgroup: 11 participants

Primary subgroup: wear-time fraction >60%; inferred work-night fraction <33%
Sleep, work and wakefulness are inferred; this procedure does not establish individual recovery.

Figure 1. Identification of awake-stationary minutes and estimation of group-level thresholds under the primary analysis conditions. Left: activity-based
state selection. Right: work-night inference and baseline selection. The dashed arrow applies the 05:00-17:00 exclusion window to state selection. Sleep
and work are inferred; recovered names a baseline condition. Rolling means require at least 30 valid heart-rate records per 60-min window; if no baseline

candidate remains after exclusion, the full-period minimum is used.
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Dias®] 1120 Z3HE 76H 5 At Hl<=(RHR,; relative heart rate, 2704 %HRRY} t-g) AL A
FE AFB T AT-E 34HA5%)0] Ack(Table 1). 71234 AR AF-E 11| ek o] % s 2o 23t
o] AFgt 712 0 2 3033405060 %HRR, %CVL >40 F= MAWT 23+ of 2.2 A2tk U 2] 3L 1

Yoopat 12 =202, 2H2 %CVL <30, 1H2 158 TA& 7|F0 2 AAFTh 12y %HRRE ©
gatol 4 JHhE TR 712G ANT AFE 768 3 08o| gl

Dias et al. [3]9] Table 1914 41-31% 7)A€ ch2gl 01t REIZEE A X514 ke AT 8wl lrk. o]

DTEL th71AIRE, B4 AL QP4 oS, BEET FAAKE 918 87, dAEd A0 52, 41Y

¥ 52 A%, 4952 G2 ol T R Dies 59 8o 8 AR E o gk §Y 3
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Table 1. Literature landscape: 76 studies of Dias et al. (2023) and 16 studies from the updated search

Category Dias (n =76) Update (n = 16)
Used the RHR (%HRR) family 34 (45%) 3
Upper threshold reported 8 2 (30 -24.5/33 %HRR)
Low-end %HRR threshold reported 0 0
3 (all Yoopat series: 0 (many used the <30 %CVL management

Low-end criterion on another scale .
%CVL or duration) grade)

Mentions rest/recovery without a value 8 —
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GO, dig A= 308 FRAA] AE H] O 2 158 FA] HAE 5] okt EJt
SO = HET Foh= 24~28 %CVLO| AL, AR HldAo Al A4l o] 27} dol okl 7]&

oln -?L

it

?

o

o x

k1

£o, N

bo r
=1
ot
>i

1> 9

et

A, PEAAERE AT 55 Al 9 BF0NA 13] Z73
37] Heko] gho] 22 76:78-79 bpmo| L, 2015 =30 Al
QYA A EHS AFR-FTE E S 2015 =R 0] 1o AL«
EJojof Heh(el: 24 x% 2] 315 1L 7]&sto], 35 B 7]

3.3 A= FGojAl 91 MAWT 2§ 24

MAWT 23 9] & [2] & ) 2%+ A3} Table 2 o, ¥ AL 129(H 6 - A 6)2] 20-30A4] B]|E&H A7}
Qlo] ZFAA oﬂEiu]EMW 67 7= (20~70% Wmax)S 5P+ A0 2 MAWT = 26.12 - ¢~ 481 RHR (R2
=0.87)°] S-=3ic}.

ey

Zrolltt. 2020 =0l A= Ao I
79.8 bpmO|Qitt. F A =5 2F 80 bpm2]
7he s A9 A S St == A A
o] 27} 742 WAL AT

N

[N oo r[r
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Table 2. Full-text cross-check of the MAWT source (Wu & Wang, 2002)

Item Original study Implication

Calibrated range MAWT 1.2-8.7 h - RHR 24.4-65.6% Among the 8-12 h criteria, 24.5 (8 h) lies inside the data;
20 (10 h) and 16 (12 h) are extrapolations; the rest-

candidate region (5-15) is entirely outside

Baseline Last 3 min of 10-min seated rest - 78.8 20-25 bpm above wearable-derived baselines (53.3 in this

M) /73.7 (F) bpm cohort) — ladder values and wearable %HRR are not
directly comparable

Rest-schedule 50 min work / 10 min rest every hour Underestimates load where no regular breaks exist

assumption

Intended scope Dynamic lower-limb work (walking, stair ~ Driving-centred work falls outside the stated scope — §4.4
climbing)

Table 4 scale 12h/16 - 10h/20 - 8h/24.5 - 4h/39 %HRR Matches the inverse of the equation — the common

thresholds are one formula

29| o= A= HYE T of Strt. Y& Table 2 2] A= 2| # RHRO| 24.4%°]|2&, MAWT
1.3 9] 8AI7E H(24.5)Tk0] ALE 77 Qto]l 9L, 10417H(20.0)T} 124]7H(16.0)2 QJ4to] ], 5] & Hejo] T 1
8 A(5~15 %HRR)> &3] A& Hro|th. whetA] dig g5 4 AJE ol 285k tloll= 7|4 #Ho](§4.2)

42 37 Bxolehz A|oFo] 9k

3.4 A A48 A 9o u}Z2 %HRR EH41gE9] Z}o]

299 §U3F A= AY Aozt 712(< 90 bpm)S 2 T E O] AFFE (restHR, HRmax) 2 3HAF
ShH, SAES PP Al EFe] A ofof] b2t DERITh(Table 3). ¥ 5504 -2 90 bpm ©] 14.1 94 33.6
%HRR 7}4], 19.5 %HRR ZQIE o] Z}o]Z Holth Ao Aul: 7|23 At A Bl HE & gAst o 7%
A A Qlofl et 207 7H7RE Aol 7 AR webA AT 9 17T 9] 7|ES v n Y giof= V)&
I QP A4 E] A 9l & A arEsfof gt

)

Table 3. The 90-bpm light-work criterion converted to %HRR under five resting-HR conventions

(cohort median of per-person conversions, n = 55; HRmax = 220 — age)

Resting-HR convention restHR (bpm) 90 bpm — %HRR
Yoopat series - clinical resting ~78 14.1
Wu & Wang (2002) - 10-min seated 76.3 15.8
Astrand-era typical resting 70.0 21.5
Lunde (2016) - population norm (HUNT3) 68.6 22.7
This study - wearable 60-min rolling minimum 533 33.6
2 IS E 7R AJH oA TSE %HRR SYRE2 16.3°0] ATH(E3.5). o= A A EE 4
25} 90 bpmS SHAISE 14.1 %HRRI} 717FTh A} 29] 24 o) A A& b A| A4 76~78 bpmS & 3
50| 9 AFeo] A B2 A} Bokeh. webd o] 2k /| E MR A gstE BAT ekl o
9 %HRRO| 27 A4 4= Ut
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H4x v A 0 F | Yoopat et al. [7] 2] Table 1 ©] A= Hettinger (1980)2] A+ 4 ¥k (working heart rate,
WHR) HE A7 A8 2ole] 538 AA T 142 =0 WHR 2 Boj27H@R 2 A4 - o
Al AEhe| B &2 7|34 7HY Qo] of fAlHte 2 ShbE T 2 F S E O] ARPE o {FAEHE Y 109.9 bpm)
7140 2 55 1(“Very light cardiovascular stress”)2] A3F WHR 17 2 15.5 %HRR, 55 11 2] A3 WHR 26
< 23.7 %HRRO|| SFRtct. Ot 55 = A G HES 27T A=, H JHE A4 ot A2 oyt

Xﬂojiéi' S o ERE 1151} 5574l Al 283t AIHE Table 4] A At ©]5+9] %HRR Sk
< 2 Aol A Rt P AI AL 7124 9] A oj et A 2o whE Aotk 2REAIZE H]E >60%, OFXt
T H[E 33%E 5T F 24 HAdm = 11014 HAE 108295250 2 -SFH2 Z2E F
AL 247t 6.1-8.9:16.3 %HRROIATH A 5570l 4 Q1 1092 9|5=0} 25M B.9)4:0] I T E Zobgh
2 7}+7} 6.0-10.2 %HRRO] ]t}
A Lo A= JH Q1 25 R 9]40] 5 E 27kl 9F 9 %HRR-E 4-3]E 7|27k & Ak} 10
95 9140]| s g5z F 6 %HRRY}F S gkell sid st oF 16 %HRR= T A|A|sto] xS APt 7]
o] A 02 AMERE <10 %HRR- o] ¥ £ 0] 259 5914 1 9191 8.9~10.2 %HRR O] Z3t=| it Tt
o] FAlsttH= AFdREe = 7]E A 7129 BhgAdol gl e = A2 oty H, & A59] 9 %HRRZ ST
F T EQ #& Ao A S gholth

Table 4. Measured awake stationary %6HRR (recovered restHR - post-shift windows excluded - QUIET
=10; cohort medians; brackets show IQR for all subjects and bootstrap 95% CI for the primary

subgroup)
Selection n p10 (%HRR) P25 (%HRR) p50 (%HRR)
All subjects 55 6.0 10.2 [8.6-11.6] ~16
Wear time > 60% 26 6.0 10.0 16.2
Estimated work-night fraction < 38 5.9 9.9 15.8
33%
Fit-for-purpose (primary) 11 6.1 8.9 [bootstrap 8.3-12.0] 16.3
Stable sleep timing 26 6.0 10.8 16.3
Primary subgroup with stable sleep 8 7.1 10.1 16.6
timing
Age <59 36 59 9.6 15.8

A Aol T 7122k Aol BRI F B4 YEHn = 11)9] 519 25% ZHE.9) A A
(10250} Shoke o= oy B 0] F3 7|5 AT vf o4 Weke] ok Szt 48 24 A 1
WAt 9SS AN
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ad hdc <10
|
|
pl0 | P50
All subjects (n = 55) o —TO— m]
25 [95% CI]
|
Wear time > 60% (n = 26) (o] —‘O— m]
|
Not overworked (work-nights < 33%) (n=38) o —O:— a
|
Stable sleep timing (n = 26) (o] —;—.- o
|
|
Age <59 (n=36) (o) -@— o
|
|
[
Primary: wear > 60% & not overworked (n=11) (o] -.—f— m]
|
Primary + stable sleep (n = 8) (o] —‘O— a

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Awake stationary %eHRR

Figure 2. Measured awake stationary %HRR across seven participant selections. Filled circle = cohort median of per-person p25 (horizontal line =
bootstrap 95% CI); open circle and square = p10 and p50. Grey band = range of p25 across the seven selections (8.9—10.8); dashed line = the ad hoc

value 10, which has never been defined in the literature (§3.1). p25 stays within a narrow band regardless of selection, and the ad hoc <10 falls inside it.

Method sensitivity: QUIET cutoff (PRIMARY selection, n=11, v2)
p25 stabilizes at ~9 %HRR for QUIET>=10

—&- plo
16 4 —— 25
—@— p50
14
é 12
&
o~
L 4 @
@ 9
5 10 15 30

QUIET (stillness) cutoff, minutes

Figure 3. Sensitivity to the awake-stationary criterion (QUIET). Across QUIET = 5, 10, 15 and 30 min, p25 of the primary selection is elevated only
at 5 min (=10.2 %HRR) and flattens at 8.9 %HRR for 10-30 min — the primary choice q = 10 is a practical compromise. Note that q is a definitional
degree of freedom, not noise: extending the stillness requirement to 60 min keeps lowering the full-cohort value (§3.6 ).

3.6 24 279 & 1H: B7t
2173-747 71Z(QUIET), RPGAIAE 9] H otk 27U A7 52 &

5ol A AT

ok
ok

e 24 23S Table
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Table 5. Validation of the measurement procedure (six axes plus selection sensitivity)

Axis Result Verdict
(D QUIET (5/10/15/30 min) p2510.2 — 8.9 — 8.9 — 8.9 (primary selection); Definitional df — report q
longer stillness keeps lowering the full-cohort value with the value

(10.2 — 7.5 at 60 min)

@ Percentile choice pl10 6 - p259 - p50 16 — report a band, not a point Report all three
(3 restHR global vs recovered Difference < 0.2 %HRR Small difference in this
cohort
@ Post-shift window exclusion (with/  Difference < 0.2 %HRR Small difference in this
without) cohort
® Sleep exclusion (applied / not p25 10.2 (excluded) vs 9.1 (not excluded) — including ~ Report the sleep rule; gate it
applied) inferred sleep lowers the estimate by 1.1 %HRR on wear
(® Minimum awake-stationary p25 collapses below baseline in 88% of windows with Secure >1,000 min per person
minutes 30-100 min; last failure at 767 min; 0/2,074 windows
above
Selection sensitivity p25 medians 8.9—10.8 across 7 selections Threshold robust
D A% A A7) 7122 MAPS 1) F B AT 25WE L 5B 2 A OF 10.2 %HRRO]
91T, 1022 6] 3027H & 8.9 %HRRO| ik 52 2NN L o5 A5 Aukirh $23] gadha) e 7
Zo] |92 7Hs- Aol Slek. tht 10-308.004] gho] Ysteks ALRE 2 7] 2gto] Sk B 4
L Qlth A4 AR AL 6057HA] AASHH AA| TZEQ] 259895~ 10.2, 8.1, 7.5 %HRRE ZH4AF
o, 559 & 5370l A 2 F] M YER
w4 ol

A g3t o] F g 7|7t 1ROM 60222 53 F 42 10.2014 12.0 %HRR=
o 1A ° WL, 0] o] 7]
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F5He A 9ol o] AR B MFOR Debd S YOHE, ST W 38 Al BAE T

® & 2,30271 S 7oA 4] AARE RHESHo] ZHg- A S5 24 M BAIE 571
Ch(Table 6, Figure 4). ZH/3-4 A &= AZF0] 30~1002<0 F7Fof A= 7HAE 25
2= H]-80] 88%T}. o] H]-E-L 100~250E-0]| A] 32%, 250~500E-0]| 4] 21%, 500~1,0005-0]| A 2% = 7FA
ATt 1,0004 ©]/4F<1 2,0307 7ol A= &5 =4 gho] T = A] gt

= FA%0] WEE 11 F - A TS Aol 7 11 G 76720 AT o & 2343t 2,074
N FoA = =5 F 2%
o] 7Y, 21, 45U Q1 #3719 S5 4 Hl&Z 22} 4%, 1%, 2%E 7|7tol| whet A=A ZHAsHA] 29kt
wEba AA S A8 oby 2t AR = SH G G- FA] TS AR RIS 2271 Sl

AHA| AR 605 o] 5 HF O Z HOSIA T %HRRL 18 9] Aukr&E AAleln 2 7| H o &
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o gl AR EAT 5 UTH§24). 2437 BEo] 20w N 25WELSE o] Lk ghe]
L ot 3571 D % k. B Aol A &4 Fgko] BEE Ho) B2 76730] o 55 ol 7
Q8 4R AR E 10008 174170 o4 BT 2 ARKATE. F B4 thgAhs 55 3,1418 o]4)
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Table 6. Collapse of the per-person p25 below baseline as a function of accumulated awake-stationary
minutes (2,302 non-overlapping observation windows of 7-120 days; full procedure, including the

restHR baseline, recomputed within each window)

Awake-stationary minutes in window Windows p2S below baseline
30-100 67 88%
100-250 65 32%
250-500 52 21%
500-1,000 88 2% (last failure at 767 min)
>1,000 2,030 0%
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Below ~1,000 awake-stationary minutes the procedure collapses
(2,302 non-overlapping windows of 7-120 days, full recomputation)

88%

80

recommendation: >1,000 min/person (17 h)
— rounded up from 767 with a margin;
0 collapse in 2,074 windows above 76[7
(95% upper bound 0.14%)

/

60

last observed failure:
767 min (inside this bin)

Windows with per-person p25 below baselme (%)
o e e e e

40
32%
21%
20
240 0% 0%
0- —— 0 ¢
n==067 n=065 n=>52 n=:88 n= 697 n=1,333
T T T T T T
30-100 100-250 250-500 500-1,000 1,000-3,000 3,000+

Awake-stationary minutes contained in the observation window

Figure 4. Collapse of the per-person rest threshold (p25) below the baseline as a function of accumulated awake-stationary minutes (2,302 non-
overlapping observation windows of 7—-120 days; full procedure, including the restHR baseline, recomputed within each window). Bars = share of
windows whose p25 falls below the baseline, with window counts underneath. The last observed failure holds 767 awake-stationary minutes; none of
the 2,074 windows above it fail (95% upper bound 0.14%). The recommendation of >1,000 minutes per person (=17 h) rounds up from this boundary

with a margin.

AL A 71 78014 AR 259 E-9140] I T E FYE2 8.9~10.8 %HRRO| 1 TH(Figure 2). 71
- AA 5570 5= 249 AP 272 289 7] 25 E = 6.3~17.9 %HRRE 31, tAFA}
£ A8 Fol = 7|1 ZF Zpo] 7} ot AN o]F AFA(§4.3)F A&t BE5ES 7=, /i QI 254
B 9471 9 %HRR 1T TAIAE 1675(29%), 9 ©]AF 12 B[4 %HRRQI thAIAF= 287 (51%), 12 %HRR
O]/l A= 1178(20%)°] 1 th(Figure 5). o] 2|3t X5 A57] Yol Aet oty 7iQlE 2 &9

Al AR .

7HQ1E 109 E-915=7} 9 %HRR 1|9l 7= 4978 (89%) 0. &, o] M E- Q|2 Helst=x]of wja}
T 3505t HEo] GEATE BS 7|2 N 25 E 0] IR E FYHCE HostH oF Ant
O] tAAF7E 71 ofstof fXIsHA Hot. AA| = AA| LD E Q] 7]24k?1 10.2 %HRR 0] 5tof| sl dh= /A<
= 27/55"8(49%)°1 31t o] R TS B2 E Ao Rt AL =2, 71019 3l o R E A==
T= ASH A2 oYtk

7]
T
]_
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Full cohort (n = 55), primary processing conditions
<9: 16 (29%); 9 to <12: 28 (51%); =12: 11 (20%)

50 -
40 1
30

20 -
o f

T T
4 6 8 10 12 14 16 18 20
Individual 25th percentile of %HRR

Participants ordered by value

.

1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
T

Exploratory categories; individual recovery status has not been validated

Figure 5. Per-person p25 of awake stationary %HRR described against the dual boundaries (one dot = one worker, full cohort n = 55; primary processing
conditions). Per-person p25 <9: 16 workers; 9 to <12: 28; >12: 11. The 20% with p25 >12 illustrate between-person variation beyond the cohort median

(9). These categories describe the observed distribution and are not validated classifications of individual recovery.
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Proposed threshold and published workload criteria
Values depend on the stated definitions and conversion rules

60
50 ~ ACSM moderate exercise (40-59)
40 ~ . I . .
Published criteria describe different constructs.
Their relative positions do not validate
individual recovery classification.
o
% ACSM 'very light exercise' upper bound (30)
e 30+
=)
- 24.5 MAWT 8-h limit — within model calibration range
——— 23.7 Hettinger grade IT upper (WHR 26)
—— 22.7 Population norm (HUNT3) — 90 bpm
20 T 21.5 Astrand-era resting (~70 bpm) — 90 bpm
15.8 Wu & Wang seated 10-min rest — 90 bpm
4 15.5 Hettinger grade I upper (WHR 17)
14.9 %CVL <30 'no action' grade, converted (14.9-19 by baseline)
~ 14.1 Clinical resting (~78 bpm) — 'light work' 90 bpm
10 - Intermediate range (9 to <12)
THIS STUDY — proposed threshold
9 %HRR [bootstrap CI 8.3-12.0]
Below proposed threshold (<9)
O .

Figure 6. Comparison of the estimated rest threshold with published workload criteria. Red star: this study’s measured threshold (9 %HRR, bootstrap
CI 8.3-12.0). Navy circles: the 90-bpm “light work” boundary converted under four resting-HR conventions (clinical ~78 bpm; Wu & Wang seated 10-
min rest; Astrand-era ~70 bpm; population norm HUNT3). Green squares: Hettinger working-heart-rate grades, which need no resting baseline. Orange
diamond: Yoopat’s %CVL <30 “no action” management grade converted to %HRR (14.9 with this cohort’s baseline; whisker to 19.2 across baseline
conventions). Purple triangle: MAWT 8-h limit, within the model calibration range. The workload criteria have different purposes from the proposed

rest threshold; their relative positions do not establish criterion validity.
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A - Prior systematic review (re-examined)

B - Supplementary search (this study)

Dias et al. (2023), Int J Ind Ergon
search: Google Scholar, until 22 Jun 2022
"cardiovascular load" AND
("occupational” OR "workers")

Records identified, 22 Jun 2022 — 11 Aug 2026
same query - OpenAlex (n = 64) - PubMed (n = 7)
after de-duplication n = 65

!

l

Included studies re-extracted manually
from Table 1 (n=76)
metric - cut-offs - low-end definitions

Records screened
(title + abstract)
n=065

}

Excluded
n=36
non-English 24
aim/metric 7
review 2
proceedings 1
duplicate 1
population 1

Included

Primary sources retrieved
and cross-checked in full text
(=4)

n=16
(+ 13 pending full-text review,
mostly %CVL family)

!

Literature landscape assessed (n =76 +16 =92)
Low-end threshold on the %HRR scale: 0 studies
(3 low-end criteria exist — all % CVL or duration; management grades)

Fig Al. Flow of the two-stage literature review (PRISMA-ScR format). Stage A re-examines the 76 studies of the only
systematic review in the field; stage B extends its search window by four years with the identical query.

Fig Al. Flow of the two-stage literature review (PRISMA-ScR format). Stage A re-extracts all 76 studies of the only systematic review in the field (Dias
et al., 2023); stage B extends the identical search by four years (65 records — 16 included - 13 pending full text - 36 excluded). Across the combined 92

studies, no low-end %HRR threshold exists.
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BR7L QA 0= HEHUrHe ol opyth

u=
g0l 9% A o).0] A9 A& RS oulsh 34 B
HR — heartrate, 4181 129 AR 95 2 of 7 AL 89 71719 # 2o 02 wHS-S Bt Azolch. A5t
bpm — beats per minute €] A1k 7158 ALSRHE, Serbo 2 9] o3} 3% AehE B
orct.
HRmax — maximal heart & Ao A= 220 - A o= Ay Iol= A £} ALt detgholot. 7ol A A
rate, 2|t HHH4 bpmo]tt. 24 &7 i AEr7t ot e
HRrest/ restHR — it Bojolo], o] A0 A FHL o O] 5t ALke] 12 AoITk U4 B QYA
resting heart rate, QP A]  ZAH HoJE =2} &-9&= bpmo]th. 2479} =5t 7HASHR] k=t
Aur
HRR — heart rate HRmax — HRrest. ©¢]+&= bpmo]t}. 7|E&XBE =4 I AEF71X] 9] ZJo]t).
reserve, o]-9-A1Hk %HRRY} ©+9]-9]u]7} t} =t}
%HRR — percentage of 100 x (HR — HRrest) / (HRmax — HRrest). T 71&A ] Ak 27171 of §-Aldlkof| A 2
heart rate reserve, 4180 &= %0]Th ] 5}= H]&o]t}. 9 %HRR-2 AHM= 9 bpm=
Hl& =] opit},
RHR — relative heart o] 4117} AESH A Fof 3o A= %HRR OhE B o] A= resting heart rate®] CFo] 2=
rate, Ao 4165 o Ao 1% Fabek A 9@ 01 20 glon2 geldl 4ol sl
2917 0-100 W 22914 FE3H} Q7] QP A Al 1%L restHRE JEAIZH
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o Hr et A &0
2ol 93 Aol.o A7) A1 R A% ouls) 34 B
CVL/%CVL — Yoopat 5-2] A 9]: 100 x (HRwork — HRrest) / Br7} of g Akl % HRRY} th2t) e
cardiovascular load, 418  (HRmax8h — HRrest), HRmax8h = HRrest + 30% e T A T 9] Hol= 5 USR] ¢t} o]
o B3} HRmax/3. AL E B39 CVL o2 YutslsiA] &
MAWT — maximum Wu & Wang®] 204 F=0]7] A4 Fs}o 2 A &AIZF 7ol 3]E mA oyt 7jQl
acceptable work time, 2 thSoH= &Y A HA|7E B P10 A2 26.12 x  H QFH HZo] ot} ¥ 9] &) 833t
oot 821412 exp(-4.81 % %HRR/I00), 1 Albolch, A= w9l sjolafof git
WHR — working heart 1714112 216] % 41u1 ~ QPEAIAIE B9l 2helof mhe e S7bgol ok HRwork 210}
rate, 2FQAlet Z71=F bpmo]|t}. T-EgIt}. E& Hettinger 7]&2 Yoopat &3
= &R M 1ol
p10-p25-p50 — 7 10825250 B9l -3 AQE B W2 AR FEYS o] B fjA]ojtt.
10-25-50th percentile oA AFESEE Q1 Zhe] =9tgro g Atk p255 SE 7|F 0 Heigl AL B o Lo
2 Rom Aeko]w] BA] Yk ofolof gt
CI — confidence interval, &2 2A4oA= 7] QoS fHFst] At Ao FH9 ES4AAGES Uehdtt 71 &=
A1 2] 2E; bootstrap — F - GRS 95% A FF7HS AbERtT 2 95%7F E017ke F1telu 315 w9
EXEY = 95%5 SotAl et
IR —interquartile 759191200} 25912 91200] Aol(Q3-Q1). O] 79l 7 o] Bt HEE Ak, Clok e
range, A1 9 [Q1-03] 715 5 50%¢] TL tehieh, B2 mol 4 TR,
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