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Abstract

Background: The ability for athletes to gain a competitive advantage over their opponents is well recognised. At
times, this advantage may be considered a marginal gain. However, in the context of competition, marginal advan-
tages may be the difference between winning and losing. This investigation explores how competition factors influ-
ence the odds of competitive success (i.e. winning) in powerlifting (PL) to assist athletes and coaches in achieving a
competitive advantage.

Methods: A cross-sectional, retrospective analysis of competition data from raw/classic, Australian powerlifting
competitions 2010-2019 was conducted. Data included 10,599 competition entries (males: n=6567 [62%], females:
n=4032 [38%]). Independent t-tests were used to compare continuous data between sexes or winners and non-
winners at an event. Cohen’s d and the 95% confidence interval (d [95% Cl]) were calculated. Univariate odds of win-
ning an event based on independent variables (age [irrespective of category], sex, body weight and weight of first lift
attempt [regardless of success]), were assessed by separate simple logistic regression.

Results: When compared to males, the odds of winning for females were 50% greater (OR [95% ClI] 1.500 [1.384,
1.625]; P<0.001). Athletes who had larger first lift attempts (Squat:+ 7.0 kg P <0.001, Bench Press: 4 3.2 kg P <0.001,
and Deadlift: + 6.1 kg P<0.001and competed for a longer period (winners: 401 vs non-winners: 304 days, P <0.001)
had an increased likelihood winning. Age was associated with increased odds of success for males (OR [95% CI] 1.014
[1.009, 1.019], P<0.001) per additional year of age for males, but not females (P =0.509).

Conclusions: Multiple factors appear to contribute to the likelihood of winning a PL competition. These results may
help coaches to develop competition and training strategies that optimise athletes'likelihood of competitive success
in PL.
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Introduction

Powerlifting (PL) is a strength sport in which athletes
generally aim to lift the heaviest weight they are capa-
ble of in the squat (SQ), bench press (BP) and deadlift
(DL). During competition, athletes compete in an order,
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determined by the weight chosen for each lift attempt
from lightest to heaviest [1]. Each athlete is given three
attempts at each lift and must achieve at a minimum, one
successful lift in each of the three lift-types (e.g. SQ, BP
and DL), otherwise, the athlete does not achieve a ‘total’
and is disqualified from the competition. Comparable
with many other strength-based sports, PL competitions
are categorized by sex, weight categories and age groups.

Previous research has examined the attributes of suc-
cessful PL athletes in relation to their training practices
[2-4], physiological and anthropometric characteristics
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[5-7] and recently, the temporality of competition [8].
Whilst it is apparent that strength gains and the expres-
sion of maximal strength can be manipulated through
favourable physiologic and/or training variables [6, 8, 9],
limited studies explore strength expression and factors
predicting success during competition [10-12]. Under-
standing these variables is important, as with many
sports, tactical decisions, and strategy in the lead up to,
and during competition can assist in developing a com-
petitive advantage that is not always measurable via more
traditional anatomical and physiological assessment
protocols. Thus, emerging research within the PL com-
munity has begun to analyse competition data to predict,
strategize and enhance the performance of athletes on
the day of the contest [8—11, 13, 14], but further inves-
tigation is required to appropriately report and inform
competitive practice of PL athletes and coaches.

Typically, elite PL athletes achieve a higher number of
successful attempts for each of the three lifts than their
novice counterparts [10]. For example, during the 2012
Oceania and 2013 Classic World Championships the suc-
cessful completion of the first attempt for each of the SQ,
BP and DL was greater for those who placed in the top
three of their respective weight class and discipline (i.e.
SQ, BP or DL) compared to those who did not place [15].
Moreover, 57% of medal finishers at the world-level suc-
cessfully completed eight out of nine lifts during compe-
tition [15]. However, another study by Coker et al. [10]
reported that a successful first attempt for the SQ, BP
or DL did not result in greater odds of achieving a suc-
cessful third attempt for these lifts, or a successful SQ or
DL in the subsequent attempt. The relationship between
successful opening attempts and overall competition
outcome have not been well explored. Limited informa-
tion has also been presented regarding the weight of each
attempt, and evidence regarding subsequent competition
outcomes is scarce. For example, although Travis et al.
[11] explored the opening attempt weight selections of
elite raw powerlifters in the International Powerlifting
Federation (IPF), this investigation included only ath-
letes who completed nine successful lift attempts but did
not distinguish finishing positions within the competi-
tion. Collectively, the current literature does not appear
to identify winning weight attempts for each of the three
lifts, nor does it attempt to describe the competition day
factors which correlate with competitive success.

The aims of this retrospective cross-sectional investiga-
tion were to 1. determine differences in weights achieved
by winning and non-winning raw powerlifting athletes,
and 2. explore how age, sex, body weight, time compet-
ing and relative opening attempt weight (SQ, BP and DL)
influence the likelihood of successful competition per-
formance (i.e. winning). We hypothesised that opening
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attempts of winners (relative and absolute weight) for
each lift would be greater than those who lost. Addition-
ally, we hypothesised that winners would have competed
for a significantly longer period, and that age (across the
total sample), and body weight (within classes) would
not significantly differ between those who won and those
who lost. Identification and exploration of modifiable
competition factors (i.e., attempt weight selection, and
increase in weight between attempts) may help coaches
to develop better strategies and make informed tacti-
cal decisions related to the athlete or competition in an
attempt to increase the odds of competitive success. The
effects of non-modifiable factors on competitive success
may also guide coaches in prioritising their selection and
programming of athletes seeking competitive success.

Methods

Powerlifting competition records were collated from
November 28th, 2010—August 11th, 2019. Data were
extracted from publicly available databases; Powerlift-
ing Australia (www.powerliftingaustralia.com/results)
and Open Powerlifting (www.openpowerlifting.org).
Given the retrospective design and public nature of the
competition results, an ethics waiver was granted by the
Human Research Ethics Committee. All methods were
carried out in accordance with relevant guidelines and
regulations.

Participants

Data were collated from male and female competitors
registered and competing in raw competitions with Pow-
erlifting Australia during 2010-2019. All individuals/
parents/guardians provided informed consent to the use
of competition data at the time of registration of mem-
bership with Powerlifting Australia. Within the available
dataset of 11,816 competition entries, age was unavaila-
ble for 1198 competitors and first lift weight from the SQ,
BP or DL was unavailable for 89 competitors and thus,
these data were omitted from analysis. Consequently,
10,599 competition entries (males: n=6567 [62%],
females: n=4032 [38%]) across 353 competition meets
were included in all analyses.

Procedures

To be included within the analysis, athletes must have
competed at least once from 2010 to 2019 at a ‘classic’
Powerlifting Australia sanctioned event. Notably, Power-
lifting Australia changed affiliation from the International
Powerlifting Federation (IPF) to World Powerlifting
(WP) in late 2017. As each organisation has slightly dif-
ferent weight classes, these have all been reported inde-
pendently. Lift attempts for each of the three competitive
lifts along with ‘total’ competition scores and category
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(i.e. age, weight class and sex) and competition result (i.e.
competitive placing) for each competitor were extracted
from official competition results. “Total’ score is the
cumulative score of the best successful lift in kilograms
from all three disciplines: SQ, BP and DL at each com-
petition. In addition, database errors were removed by
manually screening and determination of outliers. Win-
ners were identified as those who placed first in their
given age and weight class at a given meet. Non-winners
were those who finished in second place or lower at these
meets. These data do not include results from single lift
or equipped events. Each competition had one entrant
who won, yet entrants per competition (and number of
those who did not win) varied (maximum: 21 entrants,
mean [SD]: 9 [7] entrants, median [inter-quartile range]:
12 [14] entrants). Some athletes (i.e. those who com-
peted more than once within the data capture period) are
included multiple times within the dataset. The authors
acknowledge that this was a violation of the independ-
ence assumption within these analyses. We report the
percentage of competitors achieving their maximum suc-
cessful attempt at attempt three for each of the SQ, BP
and DL. Additionally, athlete age at time of competition
was calculated from reported date of birth and competi-
tion date within the data set. Length of time competing
for athletes was calculated as the time (in days) from each
individual athlete’s first competition to their last within
the dataset. Weight of the first lift attempt was consid-
ered as both absolute (kg) and relative to entrant body
weight (weight of lift in kg divided by body weight).

Statistical analysis

All analyses were conducted using Stata statistical soft-
ware version 16 (College Station TX, USA). Independ-
ent t tests were used to compare total sample continuous
data (age, length of time competing, number of com-
petitions participated, body weight, weight of first lift
attempt [regardless of success]) between sexes (male/
female) or winning an event (yes/no). Cohen’s d and the
lower and upper 95% confidence interval (d [95% CI])
were calculated and interpreted as: d <0.2 =small effect;
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d 0.2>0.5=medium effect; d>0.8=large effect [16].
Univariate odds of winning an event (i.e. OR) based on
independent variables (age [irrespective of category],
sex, body weight and weight of first lift attempt [regard-
less of success]) were assessed by separate simple logis-
tic regression and expressed as a ratio or percentage. An
alpha level of 0.05 was adopted for all statistical tests. No
adjustment was made for multiple comparisons [17].

Results

Athlete demographics for all competition entries are
shown in Table 1. In the total sample, when compared
to males, females were 3 years older (P <0.001, 4=0.31
[0.27, 0.35]) and had 25% (20.0 kg) lower body weight
(P<0.001, d=1.15 [1.11,—1.19]). When compared
to those who lost, those who won were 1 year older
(P<0.001, d=0.12 [0.08, 0.16]). Those who won had
also been competing for a longer duration of time than
those who lost: total sample (401 vs. 304 days, P <0.001,
d=0.19 [0.15, 0.23]), females (369 vs. 278 days, P <0.001,
d=0.19 [0.12, 0.25]), males (427 vs. 318 days, P <0.001,
d=0.21 [0.16, 0.26]). Similarly, those who won had
participated in more competitions. This was true for
the total sample (3.40 vs. 2.75 competitions, P <0.001,
d=0.23 [0.19, 0.27]), males (3.41 vs. 2.79 competitions,
P<0.001, d=0.23 [0.18, 0.28]) and females (3.38 vs. 2.67
competition, P <0.001, 4=0.25 [0.19, 0.31]).

The average, maximum, successful lift for the SQ,
BP and DL in each weight class (IPF and WP classi-
fications) is displayed in Table 2. For females, the aver-
age, maximum, successful attempt weight for the SQ
(d=0.46 [0.39, 0.52]), BP (d=0.45 [0.39, 0.51]) and DL
(d=0.48 [0.41, 0.54]) were greater than for those who
lost (P <0.001). The same was true for males (SQ d =0.43
[0.38, 0.48]; BP d=0.43 [0.38, 0.48]; DL 4=0.46 [0.41,
0.51] P<0.001), however, this trend was not seen for all
weight classes (see Table 2).

For all competitors (i.e. females and males combined
across all weight classes), the odds of winning were 1.1%
greater (OR [95% CI] 1.011 [1.008, 1.015], P<0.001;
for each additional year of age. Moreover, the odds of

Table 1 Demographics of all male and female competition entries who won and lost. Data are mean (standard deviation)

Variable Male (n=6,567) Female (n=4,032) Win (n=4,199) Lose (n=6,400)
Age, year 28 (10)* 31(11) 30 (11)* 29(11)

Body weight, kg 89.5(18.3)* 69.5 (15.7) 81.7 (22.6) 82.0(17.8)
Age>40 year” 725[11%]* 784 [19%] 642 [15%)] 867 [14%]

Time competing, days 357 (511)* 318 (489) 401 (528)* 304 (483)
Average competitions, n 3029 3028 3.4(3.3)F 28(2.5)

" P<0.05;P<0.01; ¥P<0.001
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Table 2 Average absolute (kg) maximum successful lift of those who won and lost in IPF and WP sanctioned competitions

Weight class Squat Bench press Deadlift

Won Lost Won Lost Won Lost

Female 117.45 (27.28)* 106.01 (22.81) 65.31 (14.72)* 59.18 (12.70) 141.88 (25.98)* 130.20 (23.11)
47 kg" 87.22(19.02) 78.10 (16.24) 51.02(11.61) 4893 (13.15) 113.32(16.28)* 102.13 (20.44)
48 kg" 98.78 (21.87) 0838 (12.32) 5872 (11.81) 56.75 (10.91) 12531 (23.36) 122.38(15.28)
52kg" 100.23 (20.44)* 68 (16.95) 56.62 (11.81)" 52.07 (9.67) 123.94 (21.70)" 115.40 (19.76)
53 kg* 99.51 (16.47) 95.75 (17.46) 55.01(10.73) 52.15(9.99) 124.14 (18.95) 123.52 (21.64)
57 kg" 105.51 (20.86) 96.12 (20.51) 61.52 (12.53)* 55.16 (11.85) 132.31 (21.62)* 122,00 (23.32)
58 kg* 108.12 (18.91)} 99.19 (13.76) 61.08 (13.35)* 56.44 (10.04) 136.93 (20.44)" 12637 (17.36)
63 kg" 113.10 (22.61)* 101.69 (19.53) 63.84 (13.41)* 56.84 (11.20) 140.09 (24.31)* 126.54 (20.58)
64 kg* 120.84 (25.37)* 108.00 (21.68) 65.96 (13.64)* 5859 (11.59) 146.97 (27.03)* 130.65 (24.04)
72 kg™ 122,91 (23.12)* 108.27 (21.58) 66.70 (12.69)* 5940 (11.89) 148.37 (24.34)* 132,05 (22.29)
84 kg 126.28 (24.49)* 111.20 (25.03) 69.68 (14.89)* 62.59 (14.06) 149.49 (23.50)* 135.30 (23.53)
84 kg+" 133.46 (32.96)* 117.64 (25.54) 72.49 (15.92)* 66.96 (13.88) 154.35 (27.75)* 140.81 (22.89)
100 kg* 133.79 (29.12)* 119.44 (27.00) 75.39 (16.48)" 64.54 (13.70) 153.00 (24.08) 142,69 (27.52)
100 kg+* 138.77 (37.43) 127.60 (17.89) 7455 (15.15) 7153 (5.19) 145.00 (20.74) 139.63 (12.81)
Male 202.47 (48.84)* 184.34 (37.92) 133.04 (31.73)* 120.89 (25.91) 235.15 (44.52)* 217.08 (36.44)
59 kg" 137.81 (34.88) 14437 (4443) 91.28 (19.08) 88.56 (15.73) 17049 (32.04) 167.62 (35.31)
62 kg' 114.80 (38.63)* 181.00 (83.44) 79.85 (28.03) 100.13 (25.30) 156.60 (42.00) 179.00 (35.68)
66 kg” 155.79 (32.04) 151.14 (27.73) 100.30 (20.22) 96.81 (20.16) 191.15 (34.19)* 183.04 (28.11)
69 kg* 155.70 (36.21) 157.28 (32.27) 08.47 (18.34) 98.88 (20.43) 191.00 (38.85) 190.08 (28 86)
74kg" 182.10 (34.19)* 166.32 (32.19) 119.40 (23.74)* 107.37 (21.99) 217.88 (34.30)* 200.20 (31.23)
77 kg* 180.25 (39.58) 169.54 (38.38) 117.77 (24.53)* 110.07 (23.88) 214.87 (38.75)* 201.71 (37.07)
83 kg" 200.55 (34.08)* 17441 (30.19) 129.92 (21.13)* 113.93 (20.26) 235.05 (34.73)* 208.84 (31.75)
85 kg* 191.02 (38.41)* 178.58 (30.02) 125.34 (2849) 118.54 (20.79) 224.36 (33.38)" 21050 (31.07)
93 kg" 212.76 (33.23)* 189.26 (30.51) 141.15 (22.41)* 124.09 (20.42) 248.94 (32.45)* 22340 (31.71)
94 kg* 215.80 (34.14)* 190.76 (31.87) 141.50 (22.75)* 12449 (21.16) 249.99 (32.78)* 22304 (32.22)
105 kg*" 219.27 (34.86)* 199.00 (35.06) 147.97 (26.14)* 132.37 (24.68) 255.16 (34.47)* 231.37 (34.65)
120 kg™ 227.71 (41.68)* 20145 (39.52) 148.97 (27.01)* 133.85 (26.62) 256.48 (37.60)* 233.19 (34.60)
120 kg+** 251.24 (68.63) 238.70 (60.57) 161.95 (37.55) 16043 (37.77) 263.97 (48.92) 256.37 (46.67)

Data are mean (standard deviation). * P <0.05, /P <0.01, *P <0.001 when compared to lost. * World Powerlifting (WP), " International Powerlifting Federation (IPF)

winning were 1.4% greater (OR [95% CI] 1.014 [1.009,
1.019], P<0.001) per additional year of age for males,
but not females (P=0.509; Fig. 1). When compared to
males, the odds of winning for females were 50% greater
(OR [95% CI] 1.500 [1.384, 1.625]; P<0.001). When
comparing male athletes across all weight classes, the
odds of winning were 0.7% greater (OR [95% CI] 1.007
[1.004, 1.009], P<0.001; (Fig. 2) per kilogram of addi-
tional body weight, but this effect was not observed for
females (P =0.180), or across the total sample (P =0.403)
(Table 3).

Relative and absolute first SQ weight (regardless of
success) for each weight division (IPF and WP clas-
sifications) is shown in Table 4. Irrespective of weight
class, absolute first SQ attempt weight of females who
won was 10.5 kg greater (P <0.001, d=0.44 [0.38, 0.50])
than those who lost, and each additional kilogram was
associated to a 1.9% (OR [95% CI] 1.019 [1.016, 1.021],

P <0.001) increased odds of winning. In males who won,
compared to those who lost, first SQ attempt weight was
16.8 kg greater (P <0.001, d=0.41 [0.36, 0.46]) and each
additional kilogram corresponded to a 1.0% (OR [95% CI]
1.010 [1.009, 1.012], P<0.001) greater odds of winning.
Relative SQ attempt weight differed between winners and
non-winners in eight out of thirteen weight classes for
females and six out of thirteen weight classes for males.
In the total sample, 67.25% of athletes who won achieved
their maximum successful SQ at attempt three compared
to 63.39% of non-winners (OR [95% CI; 1.19 [1.09, 1.29]
p<0.001) resulted in a significantly improved OR for
winning an event. For female winners compared to non-
winners (67.95% vs 62.76% (1.26 [1.10, 1.43] p<0.01) and
for male winners compared to non-winners (66.71% vs
63.72% (1.14 [1.03, 1.27] p<0.05) these success rates also
resulted in significantly improved OR for winning an
event.
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Fig. 1 Shows data from International Powerlifting Federation and World Powerlifting and results for: a probability of winning by entrant age (years)
for female competitors, and b probability of winning by entrant age (years) for male competitors
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Fig. 2 a Probability of winning by body weight (kg) for all female competitors (International Powerlifting Federation (IPF) female weight classes
shown). b Probability of winning by body weight (kg) for all male competitors (International Powerlifting Federation (IPF) male weight classes
shown)
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Table 3 Bodyweight comparisons of competitors included in analyses

Weightclass n Body weight (kg) d (95% Cl) P-value

All: Minimum  All: Mean (SD)  All: Maximum Won: Mean (SD) Lost: Mean (SD)

All 10,599 4330 81.90 (19.87) 195.00 81.7 (22.6) 82.0(17.8) —0.02 (—=0.06,0.02) 0403
Female 4032 4330 69.52 (15.69) 160.00 69.88 (17.56) 69.22 (13.93) 0.04 (—0.02,0.10) 0.180
47 kg# 86 43.30 46.25 (0.74) 47.00 46.23(0.77) 46.34 (0.67) —0.14 (—0.64,0.35) 0.565
48 kgA 24 44.00 47.29(0.97) 48.00 47.25(0.93) 4737 (1.11) —0.12(=0.97,0.73) 0.784
52 kg 252 47.15 50.82 (1.07) 52.00 50.75(1.16) 50.93 (0.93) —0.17(—0.42,0.08) 0.183
53 kgA 64 48.75 51.62 (1.09) 52.95 51.48(1.12) 51.85(1.02) —0.34(—=0.85,0.17) 0.188
57 kg* 410 52.02 55.79(1.07) 57.00 55.86 (1.05) 55.70 (1.09) 0.15(=0.05,0.34) 0.133
58 kgA 133 53.20 56.73 (1.14) 58.00 56.77 (1.12) 56.71(1.16) 0.06 (—0.29, 0.40) 0.744
63 kg” 651 57.05 6143 (1.33) 63.00 61.56 (1.27) 61.34(1.37) 0.17(0.01,032) 0.040
64 kg" 213 5835 62.54 (1.30) 64.00 62.66 (1.28) 6248 (1.32) 0.14 (=0.15,042) 0.352
72 kg#l\ 1019 63.15 69.45 (2.09) 72.00 6943 (2.14) 69.46 (2.07) —0.02(=0.15,0.11) 0.800
84 kg*" 659 72.10 7934 (3.23) 84.00 79.47 (3.31) 79.23 (3.16) 0.07 (—0.08,0.23) 0.346
84 kg +* 395 84.20 100.22 (14.58) 160.00 100.68 (15.22) 99.64 (13.75) 0.07 (—0.13,0.27) 0479
100 kgA 79 84.40 93.79 (4.40) 99.93 94.36 (4.41) 93.13 (4.37) 028 (—0.17,0.72) 0.219
100 kg + " 47 10045 112.96 (8.49) 137.55 112.65 (8.61) 113.61(847) —0.11 (=0.72,0.50) 0.723
Male 6567 52.05 89.50 (18.30) 188.10 90.93 (21.83) 88.70 (15.91) 0.12(0.07,0.17) <0.001

59 kg* 142 52.05 57.74(1.47) 59.00 57.76 (1.29) 57.65(1.72) 0.08 (—0.30, 0.46) 0.686
62 kgA 24 54.15 59.88 (1.90) 62.00 59.79 (1.94) 60.35 (1.87) —0.29(—=1.37,0.79) 0.598
66 kg* 296 59.55 64.89 (1.23) 66.00 64.98 (1.13) 64.76 (1.34) 0.18 (—0.05,041) 0.123
69 kgA 96 62.25 67.27 (1.54) 69.00 67.69 (1.15) 66.85 (1.76) 0.57 (0.16,0.98) 0.006
74 kg” 853 66.05 7242 (1.62) 74.00 72.60 (1.58) 7233 (1.63) 0.17(0.03,0.31) 0.020
77 kg" 193 69.25 74.98 (1.72) 77.00 7524 (1.72) 7484 (1.71) 0.23 (=0.07,0.53) 0.131

83 kg# 1223 74.10 80.93 (1.94) 83.00 81.26 (1.68) 80.80 (2.01) 0.24(0.11,037) <0.001

85 kg" 205 77.55 82.75(1.76) 85.00 83.01(1.53) 82.61(1.86) 0.22 (—0.06,0.51) 0.128
93 kg# 1328 83.08 90.06 (2.39) 93.00 90.31(2.33) 89.98 (2.40) 0.14 (0.01,0.26) 0.028
94 kgA 241 85.32 91.28 (2.16) 94.00 91.59 (2.04) 91.15 (2.20) 0.21 (—0.07,0.48) 0.145
105 l<g#A 1042 93.10 100.78 (3.21) 105.00 10113 (3.13) 100.58 (3.25) 0.17 (0.04,0.30) 0.008
120 kg#A 590 105.10 114.07 (4.12) 120.00 114.08 (4.27) 114.06 (3.98) 0.00 (—0.16,0.17) 0.955
120 l<g-‘,-#A 334 120.20 138.77 (15.24) 188.10 139.38 (16.30) 137.96 (13.77) 0.09 (—0.12,0.31) 0.400

SD, standard deviation; d, Cohen's d effect size

# International Powerlifting Federation weight class, “World Powerlifting weight class

For each weight division (IPF and WP classifications),
relative and absolute first BP weight (regardless of suc-
cess) is shown in Table 4. Relative BP attempt weight
differed between winners and non-winners in nine out
of thirteen weight classes for females and six out of thir-
teen weight classes for males. For the BP, irrespective of
weight division opening attempt weights for females who
won were 5.6 kg greater (P <0.001, 4=0.43 [0.37, 0.49])
and reflected a 3.3% (OR [95% CI] 1.033 [1.028, 1.038],
P<0.001) greater odds of winning for each additional
kilogram. For males, absolute first BP attempt weight of
those who won was 11.3 kg greater (P<0.001, d=0.42
[0.36, 0.47]) than those who lost and each additional
kilogram was associated with a 1.5% (OR [95% CI] 1.015
[1.013, 1.017], P<0.001) increased odds of winning. In

the total sample, 49.46% of athletes who won achieved
their maximum successful BP at attempt three compared
to 46.77% of non-winners (OR [95% CI; 1.11 [1.03, 1.20]
p<0.01). For female winners compared to non-winners
(47.69% vs 44.91% (1.12 [0.99, 1.27] p>0.05) the OR for
success did not differ significantly. For male winners
compared to non-winners (50.85% vs 47.73% (1.13 [1.02,
1.25] p<0.05) the success rate of the BP significantly
improved the OR for competitive success.

In Table 4, relative and absolute first DL weight
(regardless of success) is shown for each weight class (IPF
and WP classifications). Relative DL attempt weight dif-
fered between winners and non-winners in seven out
of thirteen weight classes for females and five out of
thirteen weight classes for males. In females who won,
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compared to those who lost, first DL attempt weight was
10.9 kg greater (P <0.001, d=0.47 [0.40, 0.53]) and each
additional kilogram corresponded to a 2.0% (OR [95% CI]
1.020 [1.017, 1.023], P<0.001) greater odds of winning.
For males, absolute first DL attempt weight of those who
won was 16.5 kg greater (P<0.001, d=0.42 [0.37, 0.47])
than those who lost and each additional kilogram was
associated with a 1.1% (OR [95% CI] 1.011 [1.010, 1.012],
P <0.001) increased odds of winning.

In the total sample, 62.61% of athletes who won
achieved their maximum successful DL at attempt three
compared to 61.42% of non-winners (OR [95% CI; 1.05
[0.97, 1.14] p>0.05). For female winners compared to
non-winners (67.84% vs 67.64% (1.01 [0.88, 1.15] p>0.05)
the OR for success did not differ significantly. For male
winners compared to non-winners (58.52% vs 58.18%
(1.01 [0.92, 1.12] p>0.05) the success rate of the BP did
not significantly improve the OR for competitive success.

Discussion

The aim of this investigation was to report differences in
the successful lift weights of winners and non-winners,
and explore factors directly related to competition that
may influence or contribute to success for PL athletes.
Specifically, we reported the average winning weight for
each lift in each weight class. We also determined the OR
of winning a PL competition based on univariate analy-
sis of age, sex, bodyweight, length of time competing and
opening attempt weight selection relative to bodyweight
for the SQ, BP and DL. The results suggest that competi-
tors who are heavier (males only), older, have larger first
lift attempts and have competed for a longer period have
an increased likelihood winning compared to other PL
athletes. This information is intended to help expand the
evidence base in the sport of PL and assist coaches and
athletes in competition tactics and strategy to increase
the likelihood of successful performance.

Successful completion of the first attempt in any lift
has previously been shown to be greater for PL athletes
who placed in the top three of their weight class and dis-
cipline compared to those who did not [15]. This may
lend to the thinking that athletes should choose a con-
servative weight that they are confident in making for the
first attempt. However, our results suggest that irrespec-
tive of attempt success, the weight selection of the first
attempt is an important variable in the overall competi-
tion result, and likely serves as an indicator of overall
athlete strength. Previous work by Howells et al. [12] has
shown that regardless of weight class, and attempt suc-
cess, the absolute first SQ attempt weight of those who
won compared to those who lost was 16.8 kg and 10.5 kg
greater for males and females respectively and resulted
in a greater chance of winning. Additionally, the current
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data also show that the BP (Males: 11.3 kg, Females
5.6 kg) and DL (Males: 16.5 kg Females: 10.9 kg greater)
follow a similar trend, suggesting that greater opening
attempt weights may serve as a predictor of competitive
success. Travis et al. [11] reported that attempt weights
for elite powerlifters who successfully completed their
opening SQ attempt were approximately 91% of their
one repetition maximum. Similarly, the increase between
attempts or final attempt weights is of consideration. Our
data show that athletes and coaches typically select final
attempt weights for the SQ and DL which are achiev-
able by most athletes (attempt success>60% for both
winners and non-winners). However, less than 50% of
athletes achieve a successful lift at their third attempt
for the BP. This may signal that attempting too great an
increase between attempt two and three minimizes the
opportunity to increase competition total. A more radi-
cal approach to competition would be to adopt an “all or
nothing” strategy. For example, if the intention is to win
(rather than focus on setting a personal best), athletes
and coaches may utilise a more aggressive competition
approach based on the average winning attempt weights
for each lift in a respective class (see Table 4). Theoreti-
cally, this would see all attempts made at, or close to this
value. However, such a strategy may increase the odds
of an unsuccessful first and subsequent attempts. Sec-
ond, maximum competition scores are only known post
completion and may differ between individual competi-
tions based on the athletes competing. For these reasons,
coaches may consider a moderated strategy which targets
opening attempts above the 91% of one repetition maxi-
mum typically used, in favour of attempts weights typi-
cally chosen at attempt two instead (i.e. ~95-97% of one
repetition maximum). We acknowledge that this sugges-
tion differs from current coaching strategies, thus we rec-
ommend that the adoption of such an approach (based
on the current results) should be trialled during training
and/or recreational competitions prior to possible imple-
mentation at higher level tournaments.

These results suggest that stronger, winning athletes
are also more experienced. Specifically, those who won
had participated over a greater time period (~100 days
longer) and in more events on average than their coun-
terparts who did not win (3.4 vs 2.8 competitions), and
subsequently, may be more confident and better pre-
pared (mentally and physically) to select greater opening
attempt weights. We suggest that this added exposure
to competition may assist to out strategize and gain ini-
tial advantage, both mental and score-based, over less
experienced competitors. For example, gaining early
psychological advantage may be of particular impor-
tance as previous research in college PL athletes showed
a significant negative relationship between competition
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anxiety and competition total [18]. Additionally, emo-
tional stress (anxiety and low mood) and fatigue are
reported as the most influential competition factors
among Russian powerlifters of both sexes [19]. Howells
et al. [12] showed that the increase in weight between
SQ attempts of non-winners trended parallel to those
of winners (i.e. non-winners did not reduce the margin
between themselves and winners which was established
at the first attempt). Similarly, Coker et al. [10] highlight
the effects of increasing the number of successful lifts in
achieving competitive success with a greater number of
successful attempts associated with better competitive
outcomes. Thus, it may prove useful for less strong ath-
letes to preference a more substantial opening attempt to
minimise any early lead developed by stronger athletes
using more conservative opening attempts. Addition-
ally, coaches should also consider that the SQ and DL
present the greatest opportunities to expand the margin
between winners and non-winners in terms of kilograms
lifted [10]. Further, small differences in attempt selection
may drastically influence competition outcomes. Thus,
coaches may choose to preference the development of
the SQ and DL to further enhance the likelihood of suc-
cess for their athletes. It is important to note that there
are some weight classes where there is no statistical dif-
ference between maximum, successful attempt weights
of winners compared to non-winners for any or all of the
SQ, BP or DL. The absence of statistical significance here
must not be interpreted as no meaningful difference in
terms of competition. Given that competitions are won
based on the largest absolute total (kg) lifted by an athlete
in each weight class, coaches may identify these classes as
highly competitive and may preference favourable body
weight changes to transition to less competitive class and
to positively improve performance outcomes within such
classes.

The results of this investigation also suggest that each
additional year of age of an athlete increases their like-
lihood of winning an event. This finding may, at least in
part, be explained by the reduced number of athletes
competing beyond the “open” age category. As athletes
progress to “masters” competition (e.g. aged 40 years or
over), there are fewer competitors (11% and 19% of total
male and female competitors, respectively) and there-
fore, the likelihood of winning is increased irrespective
of actual strength capability. But this does not diminish
the role of training age. In support of training age influ-
encing success, those who won competitions had typi-
cally competed for a longer period than those who lost
(427 vs 318 days) with similar observations within each
sex (refer to Table 1). Thus, athletes who begin compet-
ing either at a younger age, or who sustain participation
in PL for a longer period may have a distinct advantage.
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Moreover, it can be postulated that they are likely to have
developed greater skill (e.g. movement task specific and
tactical ability) and neuromuscular adaptations prior to
reaching peak muscle mass, or those which can be main-
tained with increased age to assist winning competitions
in later years [8, 20—22].

The odds of winning for females was 1.5 times greater
when compared to males. Importantly, there were an
equal number of competitions and therefore, a similar
amount of opportunity to win in much of the current
data set. Thus, like “masters” athletes, this result is likely
to be largely explained by the reduced number of female
competitors compared to males. For example, there
were ~40% less female (n=4032) competitors compared
to males (n=6569), suggesting an increased odd of win-
ning for females just by partaking in competition. Addi-
tionally, the recent transition of Powerlifting Australia
from the IPF [1] to WP [23] increased the total number
of competitive weight classes for females from seven to
eight. This transition created an additional competi-
tive class for females and spread the number of athletes
across a greater number of classes, reducing competition
within a given class even further. When combined, these
factors lead to the logical conclusion that due to equal
number of opportunities for success, female athletes have
a greater likelihood of winning simply because they have
fewer competitors.

Our findings also show that increasing body weight
results in an increased odd of winning for males but not
females or across the total sample. Previous works have
shown that PL athletes with greater body weight pos-
sess greater absolute strength [24, 25]. In the heaviest
weight categories (i.e. those without an upper weight
limit), it is apparent that increasing body weight will
generally increase the “total” weight lifted [13]. Simi-
larly, being closer to the maximum allowable weight
within a capped weight classes is often associated
with greater strength [10]. However, the body weight
of those who won compared to those who lost did not
typically differ within weight classes. This suggests
that athletes should consider optimising body compo-
sition (fat mass to lean mass ratio). The lack of differ-
ence in bodyweight between winners and non-winners
within weight classes in our results may be explained
by known reductions in lean- to fat-mass ratio that can
occur as weight increases [9, 26]. In particular, fat free
mass is positively correlated with PL performance [25],
and may be the greatest anthropometric determinant of
maximal strength [24, 25, 27, 28]. Therefore, body com-
position may have a greater influence on results than
total body weight within weight classes, however, we
were unable to directly test this in the current investi-
gation. As there are fewer athletes who compete in the
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lightest and heaviest weight classes, it is possible that
the relationship between odds of winning and body
weight is non-linear. As such, athletes who compete at
the weight class “tails” may have greater odds of win-
ning than those in weight classes with greater partici-
pant numbers, but simple logistic regression may not
fully capture this relationship.

Whilst rigorous, the present study is subject to some
limitations. First, analysis of the effects of bodyweight
on competition outcomes is unable to account for dif-
ferences in the body composition (i.e., fat mass and
fat free mass) of competitors. Second, the analyses
conducted in this investigation included some par-
ticipants who competed more than once, thus violat-
ing the assumption of independence. However, the
results of this investigation are designed to be inferen-
tial rather than predictive. These data should serve to
inform future athletes of the trends and inferences as
they relate to their own competition. Future analyses
should consider a multivariate analysis that explores
the potential relationships between age, time compet-
ing, and other factors in elite and sub-elite competitors
where winning is the priority. Third, only data from
Australian IPF sanctioned PL competitions were ana-
lysed in this investigation. The trends and inferences
from these data may differ in IPF and alternate PL fed-
erations competitions globally.

Collectively, the results presented in this article sup-
port our original hypotheses. For example, in many
weight classes opening attempt weights across the lifts
were greater for eventual winners than non-winners.
Additionally, we also confirmed that competitors who are
heavier (males only), older, have larger first lift attempts
and have competed for a longer period have an increased
likelihood winning compared to other PL athletes. Whilst
the findings appear somewhat intuitive, this investigation
has provided empirical evidence to support the anecdo-
tal train of thought of coaches and athletes, added to the
limited evidence base in the sport, and generally comple-
mented the few published works regarding PL competi-
tion performance. Importantly, the present study has
considered data from various competition levels over a
substantial period making these findings comprehensive
and unique in that they are applicable outside of just elite
competition(s). Indeed, the purpose of this study was
to help coaches and athletes develop better strategies
and tactical decisions to increase the odds of competi-
tive success. We realise that elite PL athletes only make
up a small portion of the entire competitor pool, and
that those trying to progress through the ranks will likely
benefit immensely from such information as well. Thus,
the information provided here serves to inform coaches
working with athletes of all levels.
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Practical applications

+ The selection of opening attempt weights for the SQ,
BP and DL have significant implications for improv-
ing the odds of competitive success in PL.

+ Coaches may target athlete training to achieve aver-
age winning scores in one or more disciplines.

+ Coaches should consider increasing athletes’ expo-
sure to competition or competition-like simulation
to improve their ability to perform successful lifts at
the heaviest possible loads under competition condi-
tions.

+ Athletes and coaches might consider implementing
opening attempts which are at or near their perceived
maximum within training and simulated competition
prior to use in formal events.
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