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INTRODUCTION: Progressive overload is a key 
training principle used to increase an athlete’s level of 
fitness. Overload is accomplished by applying a training 
stimulus greater than the athlete is accustom to in order 
to attain further adaptations (DeWeese, Hornsby, Stone, 
& Stone, 2015b; Stone, Stone, & Sands, 2007). To 
provide an overload stimulus during normal training, a 
step loading paradigm is often used (Stone et al., 2007). 
Summated microcycle, containing a strength phase, 
typically utilizing a 3:1 step loading paradigm. During the 
initial three microcycles, training volume is gradually 
increased (Plisk & Stone, 2003). As training volume 
increases across these microcycles, fatigue may 
accumulate inhibiting performance (Haff, 2004a). 
During the final microcycle, an unloading microcycle, 
volume is significantly decreased, permitting fatigue to 
dissipate and promote the recovery-adaptations process 
(Haff, 2004a, 2004b; Plisk & Stone, 2003). Once the 
unloaded microcycle has been completed, the preceding 
training stimulus can be re-introduced at progressively 
higher workloads (Haff, 2004a). 

 
Prior to a competition, strength/power athletes will 

often conclude the training program with a peaking 
phase to enhance potential to perform (i.e., 
preparedness) (DeWeese, Hornsby, Stone, & Stone, 
2015a; DeWeese et al., 2015b; Stone, Sands, Pierce, 
Ramsey, & Haff, 2008). The peaking phase is often 
divided into a “planned” overreaching period followed 
by a tapering period (DeWeese et al., 2015a, 2015b). 
Planned overreaching is often used by coaches during a 
training program to further enhance athlete performance 
prior to a competition (DeWeese et al., 2015b; Meeusen 
et al., 2013). A planned overreach typically results in a 
performance decline; however, when recovery is 
adequate, a supercompensation effect occurs, increasing 
an athlete’s performance above baseline levels 
(DeWeese et al., 2015b).  The aim of a taper is to reduce 
the negative impact of daily training rather than achieve 
further improvements (Mujika & Padilla, 2003). The 
periodization literature generally recommended that 
strength training intensity remain high and training 
volume be reduced during the peaking phase (O’bryant, 
1982; Stone, O’Bryant, & Garhammer, 1981; Stone, 
O’Bryant, Garhammer, McMillan, & Rozenek, 1982). 
Several tapering studies have shown that maximal 
strength is maintained or improved when intensities are 
kept high (Häkkinen, Kallinen, Komi, & Kauhanen, 

1991; Zaras et al., 2014). However, tapering has not been 
conclusively shown to be superior to normal training in 
weightlifters.  

 
Thus, the purpose of this investigation was to 

compare changes in psychological, biochemical, and 
performance measures following a 4-week basic strength 
phase (STR) and peaking phase (PK) in collegiate 
weightlifters. We hypothesized that the PK would result 
in a superior stress-recovery state and biochemical 
profile corresponding with greater performance changes 
compared to STR. 
 
METHODS: Subjects: A group of eleven collegiate 
weightlifters (n = 11, 7 males, 4 females) with at least 
one year of competition experience volunteered to 
participate in the study. Athletes participated in an 
ongoing athlete-monitoring program and were familiar 
with all tests performed. The study examined athlete 
responses to a training program designed by the 
coaching staff to preserve ecological validity. Before data 
collection began, the athletes received detailed 
information about the purpose of the study. All 
participants signed an informed consent document and 
completed a health history questionnaire before 
participating in the study. The study was approved by 
the East Tennessee State University Institutional Review 
Board for testing of human subjects. Design: The 
weightlifters were divided into two groups: STR (n = 5, 
4 males and 1 female) and PK (n = 6, 3 males and 3 
females) based on the 4-week training program designed 
by the coaches. Both groups first completed an 
unloading microcycle from the previous training phase. 
The STR group then completed three microcycles, each 
gradually increasing in volume. The PK group 
completed a planned overreaching microcycle followed 
by two taper microcycles. Weekly/daily exercise 
prescriptions and organization followed protocols 
outlined by Stone and colleagues (Stone, Sands, & Stone, 
2006). National level weightlifting coaches supervised 
each athlete training program. Training load for each 
session was estimated using volume-load-displacement 
(VLd). Methodology: Baseline testing (T1) was conducted 
prior to the last training session of the week preceding 
the first week of the STR and PK programs. 
Subsequently, athletes were tested prior to the first 
training session during each of the subsequent training 
weeks resulting in 4 total testing sessions (T1-T4). Testing 



 

was conducted at the same time of day following an 
overnight fast and 46-48 hours after the previous 
training session. Measurements included hydration, 
short recovery stress scale (SRSS: 0-6 scale with 6 
indicating highest recovery and stress), and blood draws 
(resting testosterone (T), cortisol (C), T:C, C-reactive 
protein (CRP), and creatine kinase (CK)) followed by 
unloaded (0kg) and loaded (20kg) squat jumps on force 
platforms  with a sampling frequency of 1000 Hz (Rice 
Lake Weighing Systems, Rice Lake, WI, USA). Statistical 
Analysis: Due to the small sample size in each group, 
within-group changes from baseline to all other time 
points were analyzed using a non-parametric Wilcoxon 
signed rank test with a Benjamini-Hochberg adjustment. 
Between-group differences in changes from baseline to 
T4 were analyzed using a Mann-Whitney U test with a 
Benjamini-Hochberg adjustment. Effect sizes (η2) with 
90% confidence intervals were calculated with 0.01, 0.06, 
and 0.14 representing a small, moderate, and large 
difference respectively. Alpha criterion was set to 
p<0.05. SPSS version 25 and Microsoft Excel 2016 were 
used for all analyses.  
 
RESULTS: Within-group comparisons showed a large, 
increase in VLd (η2=0.40, 90% confidence intervals: 
[0.14, 0.67], p=0.03) from T1 to T2 for PK only, whereas 
a large decrease in VLd (η2=0.41 [0.11, 0.71], p=0.04; 
η2=0.21 [-0.01, 0.42], p=0.12) was observed from T1 to 
T4 for STR and PK, respectively. Regarding biochemical 
markers, there was a large increase in CRP (η2=0.31 
[0.03, 0.59], p=0.08) from T1 to T2, a large increase in C 
(η2=0.41 [0.11, 0.71], p=0.04) from T1 to T3, and a large 
decrease in T:C (η2=0.41 [0.11, 0.71], p=0.04) from T1 
to T3 in STR only (Table 1). There was a large decrease 
in emotional balance (η2=0.27 [0, 0.54], p=0.10; η2=0.21 
[-0.01, 0.44], p=0.11) and a large increase in overall stress 
(η2=0.36 [0.07, 0.65], p=0.06; η2=0.19 [-0.02, 0.41], 
p=0.13) from T1 to T3 in STR and PK, respectively. 
Further, there was a large increase in physical 
performance capability (η2=0.40 [0.10, 0.70], p=0.05) for 
STR, but a large decrease (η2=0.30 [0.05, 0.54], p=0.06) 
for PK from T1 to T4. There was a large increase in 
overall recovery (η2=0.20 [-0.05, 0.45], p=0.16) and 
unloaded jump height (η2=0.31 [0.03, 0.59], p=0.08) for 
STR only from T1 to T4. Between-group comparisons 
showed large differences in changes from T1 to T4 for C 
(η2=0.22 [-0.02, 0.46], p=0.13), CK (η2=0.19 [-0.05, 
0.44], p=0.18), physical performance capability (η2=0.16 
[0.29, 1.0], p=0.01), mental performance capability 
(η2=0.22 [-0.06, 0.49], p=0.18), emotional balance 
(η2=0.19 [-0.05, 0.42], p=0.18), overall recovery (η2=0.20 
[-0.05, 0.46], p=0.18), and negative emotional state 
(η2=0.22 [-0.06, 0.49], p=0.18)  
 
DISCUSSION: The purpose of this investigation was 
to compare changes in psychological, biochemical, and 

performance measures following a 4-week STR and PK 
phase in collegiate weightlifters. The results of this study 
do not support our hypothesis. While between-group 
comparisons of changes in biochemical markers 
supported the PK group, changes in SRSS items and 
jumping performance supported the STR group. 
Specifically, C rose significantly after the third 
microcycle and the T:C ratio declined significantly 
following the fourth microcycle in STR, whereas PK 
showed no significant changes in any biochemical 
markers. This was unusual since the PK contained a 
planned overreach and two out of three microcycles of 
a taper. The lack of change in biochemical markers was 
possibly due to the size of the planned overreach. 
Previous studies have reported planned overreaches at 
100% or 200% above normal training. The average VLd 
during the planned overreach in the current study was 
only 30% greater than the previous training phase.  
 

Both groups saw significant declines in emotional 
balance and increases in overall stress following the third 
microcycle. These changes in SRSS items were expected 
in the STR group due to the higher volumes; however, 
these changes were unexpected in the PK group due to 
the reduction in volume following the planned 
overreach microcycle. The STR group also saw 
significant increases in physical performance capability 
and overall recovery over the four microcycles, while the 
PK group saw a significant decrease in physical 
performance capability over the four microcycles. While 
this was unexpected, these results could be explained 
through the fitness-fatigue model of training. Though 
the STR group accumulated fatigue across each 
microcycle, the higher volume maintained the athlete’s 
level of fitness. This could explain why there were 
increases in both recovery and stress items. As for the 
PK group, while volume decreased following the 
planned overreach, SRSS stress items increased and 
recovery items decreased. Further, only the STR group 
showed an increase in jump height indicating (with SRSS 
results) a higher level of preparedness than the PK 
group.  Thus, while the PK group’s volume was reduced 
to help dissipate fatigue, it appears the athlete’s level of 
fitness was beginning to decrease as well. In the future, 
this may be prevented by incorporating a larger increase 
in volume during the planned overreach or using a 
shorter taper.  
  
CONCLUSIONS AND PRACTICAL 
APPLICATIONS: Weightlifting coaches should be 
cautious when reducing an athlete’s volume in the final 
phase of a training program. While reductions in volume 
may decrease accumulated fatigue, insufficient volume 
may reduce an athlete’s level of fitness, negatively 
affecting preparedness.
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TABLE 1. Changes in Psychological, Biochemical and Performance Measures 

 Basic Strength Phase Peaking Phase 

T1 T2 T3 T4 T1 T2 T3 T4 

Ju
m

pi
ng

 
Pe

rf
or

m
an

ce
 

         

JH 0kg  0.37(0.01) 0.38(0.03) 0.38(0.02) 0.4(0.04) 0.32(0.14) 0.32(0.13) 0.3(0.14) 0.32(0.14) 

PPa 0kg  242(60) 245(69) 246(59) 249(64) 236(74) 233(77) 233(82) 233(86) 

JH 20kg  0.29(0.04) 0.29(0.05) 0.3(0.04) 0.3(0.05) 0.24(0.11) 0.23(0.1) 0.23(0.1) 0.23(0.1) 

PPa 20kg  229(71) 253(48) 247(59) 257(50) 234(79) 235(81) 231(78) 228(86) 

          

B
io

m
ar

ke
rs

 T  340(43) 353(58) 296(27) 335(108) 189(185) 187(380) 182(333) 163(325) 

C 14(0.8) 15.6(7.3) 17.6(4.2) 17.8(2.6) 17.2(4.7) 18.8(1.6) 20(5.2) 18.6(1.3) 

T:C ratio 23.9(3.2) 22.6(15) 20.2(5.4) 18.1(10.9) 8(24.6) 9.7(28.6) 9.1(19.6) 8.7(24.4) 

CK 172(10) 188(197) 182(78) 183(74) 151(90) 106(146) 115(289) 101(230) 
     

Sh
or

t R
ec

ov
er

y 
st

re
ss

 S
ca

le
 PPC 5(0) 4(1) 5(1) 6(1) 4.5(1) 3.5(2.5) 3(3) 3.5(1) 

MPC 5(1) 4(1) 4(1) 5(0) 4(0.75) 3.5(1.75) 4(1.5) 3(0) 

EB 5(2) 5(3) 3(1) 4(1) 4.5(1.75) 4(1.5) 3.5(1.75) 4.5(1.75) 

OR 4(1) 5(2) 5(2) 5(0) 3.5(1) 3.5(1.75) 4.5(1.75) 4(0.75) 

MS 1(1) 1(1) 1(0) 1(0) 2(0.75) 2(1.5) 1.5(1) 2(0) 

LA 1(1) 1(1) 1(1) 1(1) 4(1.5) 2.5(2.5) 3(2.25) 2.5(1) 

NES 1(2) 1(2) 2(1) 0(2) 1.5(1.75) 1.5(1.75) 2(1.5) 1.5(1.75) 

OS 1(0) 2(1) 2(1) 1(1) 2(0.75) 2.5(1) 2.5(1) 2(0.75) 
Notes: JH-squat jump height, PP-peak power, PPC-physical performance capability, T-total testosterone, C-cortisol, CK- creatine kinase, MPC-mental performance capability, EB-
emotional balance, OR-overall recovery, MS-muscular stress, LA-lack of action, NES-negative emotional state, OS-overall stress.  
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