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Abstract 

Objectives: Brain-derived neurotrophic factor (BDNF) has been shown to increase in an intensity 

dependent manner in response to aerobic exercise. However, previous research investigating the use 

of resistance exercise to increase BDNF levels has been less conclusive, likely due to the low intensity 

nature of traditional resistance exercise programs. This study examined the influence of acute 

resistance exercise to-fatigue on serum BDNF levels and blood lactate.  

Design: Acute crossover study. 
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Methods: Eleven untrained to intermediately trained males (age: 25.0 ± 1.3 yr) and five untrained 

females (age: 23.2 ± 1.1 yr) were recruited to undertake two bouts of resistance exercise. Strength 

(five sets of five repetitions, 180 s recovery) and hypertrophy (three sets of ten repetitions, 60 s 

recovery) based resistance exercise was implemented to-fatigue to examine the effect on serum BDNF 

and blood lactate levels immediately post-, and 30 min post-exercise.  

Results: An interaction (p < 0.01; ES = 0.52) was observed between conditions immediately post-

exercise, with hypertrophy resulting in significantly greater BDNF levels when compared with 

strength exercise. Changes in lactate and BDNF from baseline to post- exercise were positively 

correlated following hypertrophy exercise (r = 0.70; p < 0.01), but not correlated following strength 

exercise (r = 0.18; p = 0.56).  

Conclusions: The use of a to-fatigue hypertrophy based resistance exercise protocol provides the 

necessary stimulus to increase peripheral serum BDNF. Mechanistically, the presence of lactate does 

not appear to drive the BDNF response during resistance exercise. 
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Introduction 

Alzheimer’s disease (AD), characterised by memory loss and cognitive dysfunction, is a 

leading cause of death in older adults. Age is the most significant predictor of AD diagnosis; 

nevertheless, the development of AD neuropathology likely starts decades prior to presentation of 

clinical symptoms.1 Following the clinical onset of AD symptoms, progression can be rapid and 

unpredictable. To date, no effective treatment or cure exists for AD, thus research attention is 

focusing on the identification of effective preventative strategies to delay or prevent AD. Increasing 

evidence indicates physical activity, specifically structured exercise, can benefit cognitive health 2 and 

could potentially be used as a preventative strategy for AD. Mechanistic studies support a relationship 

between exercise and enhanced brain health in older adults. Specifically, results from exercise 

interventions have demonstrated upregulation of brain-derived neurotrophic factor (BDNF), a 

neurotrophin involved in the growth and repair of neural tissue.3 In human studies, aerobic exercise 

has been shown to increase circulating levels of BDNF 4,5 and provide a protective influence to 

cognitive function.2,4 The influence of aerobic exercise on BDNF appears to be dose dependent with 

greater levels of peripheral BDNF associated with an increased intensity of aerobic exercise.4-6 To 

date, the majority research examining the influence of exercise on BDNF is focused on aerobic based 

exercise.4-7 As resistance exercise is routinely prescribed to an ageing population,8 understanding the 

influence of this exercise modality on BDNF is essential.  

Within the literature, resistance exercise has been shown to improve cognitive function;9 

however, from these studies it is not possible to determine if these effects were mediated by increases 

in BDNF. Unlike aerobic based exercise interventions, previous studies of resistance exercise and 

BDNF are equivocal. Some studies report increases in peripheral BDNF follow acute resistance 

protocols,10 whereas others report no change:11,12 These differing results may potentially be due to the 

intensity of the exercise.4,13 Indeed, BDNF expression is indirectly associated with lactate,4 a 

biomarker of physical fatigue which is elevated in response to higher exercise demands.14 

Furthermore, blood lactate accumulates with each repetition,15 and has shown reduced clearance from 

the muscle with shorter periods of recovery.16 It is possible through the manipulation of acute 

resistance training variables such as sets, repetitions, load, and recovery that the necessary stimulus 
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could be provided to increase peripheral BDNF and enhance cognitive function. Manipulation of 

resistance exercise variables has been shown to elicit differing responses in blood markers; for 

instance, high load, low repetition, long recovery resistance exercise elevates serum testosterone 

levels,13 a hormone linked to cognitive function.17 Alternatively, moderate load, moderate repetition, 

short recovery resistance exercise stimulates human growth hormone;13 which has been previously 

associated with peripheral BDNF.18  

The use of exercise to prevent cognitive decline appears promising; however, the lack of data 

currently available in this field restricts its prescription. The purpose of this study was to examine the 

peripheral BDNF response to two different, yet intense, sessions of resistance exercise. We recruited 

individuals less than 30 yr as in this population greater intensity of exercise is possible,19 thus 

providing a greater effect for proof of BDNF induction principle and potential translation to older 

populations in future studies. Furthermore, as preventative strategies of cognitive decline should 

ideally span many decades: this cohort represents individuals at the beginning of this continuum. A 

secondary aim of the current study was to compare the lactate response to each exercise condition and 

determine the association between changes in lactate and BDNF. We hypothesised that the greatest 

magnitude change in BDNF and lactate would be observed following hypertrophy resistance exercise. 

 

Methods 

Sixteen individuals (males, n=11, age 25.0±1.3 yr; females, n=5, age: 23.2±1.1 yr) 

volunteered to participate in this study. All participants were untrained  (n=13) to intermediately 

trained (n=3) as determined by previous guidelines.8 Participants were considered low risk for 

moderate to intense exercise as per the Exercise and Sports Science Australia adult pre-exercise 

screening tool. Participants completed four exercise sessions (two familiarisation and two 

experimental sessions) with no less than four and no greater than 10 days between each session. All 

procedures were approved by the institutional Human Research Ethics Committee and have therefore 

been performed in accordance with the ethical standards laid down in the 1964 Declaration of 

Helsinki. Participants were provided with written documentation of the possible risks and benefits 

related to their participation in this study and signed informed consent was obtained in writing. 
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Two initial laboratory sessions familiarised participants with the equipment and procedures 

involved in the study. During the first session, participants were provided verbal and visual instruction 

regarding the correct lifting technique for seven resistance exercises (bench press, latissimus dorsi 

pull-down [lat pull-down], leg press, leg extension, seated row, military press and dumbbell arm curl). 

Assessment of five- and 10- repetition maximum (RM) were conducted in a randomised and 

counterbalanced order in the following exercise sequence; 1) bench press, 2) seated row, 3) leg press, 

4) military press, 5) lat pull-down, 6) leg extension, and 7) arm curl. During 5-RM testing, 

participants were asked to lift a weight, pre-selected by the researcher, which would result in only five 

repetitions being able to be completed as per previous guidelines.20 During each exercise, range of 

motion was measured using a static measuring tape attached to weight machines and averaged over 

several repetitions in order to calculate mechanical work completed.21 Range of motion during the 

arm curl was measured using a goniometer, and forearm length was measured using a tape measure. 

During the 10-RM visit, participants completed 10-RM testing using the same exercises and identical 

methodology to the 5-RM session, with the exception that the maximum weight that could be lifted 

with correct technique for ten repetitions was determined.  

 On the subsequent two laboratory sessions, participants completed either strength based or 

hypertrophy based resistance exercise protocols13 in a randomised and counterbalanced order in the 

same sequence as during the RM testing. All sessions commenced with a five min self-paced warm-

up on a rowing ergometer at low to moderate intensity followed by low resistance repetitions of all 

exercises. During the strength based session, participants completed five sets of five repetitions at 

their 5 RM resistance with 180 s of passive recovery between each set. During the hypertrophy based 

session, participants completed three sets of 10 repetitions at their 10 RM resistance with 60 s of 

passive recovery between each set.  

Venous blood samples were collected prior to warm-up, immediately after the completion of 

the exercise, and 30 min post-exercise, for later BDNF quantification. Venous blood samples were 

obtained from the antecubital vein using a 21-gauge needle into serum separation tubes (SST 

Vacutainer®, Becton-Dickinson, U.S.A) and left to clot at room temperature before high-speed (1800 · 

g) centrifugation for 15 min to minimise platelets within the serum. After centrifugation, serum 
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supernatant was transferred into 1.5 mL aliquots and stored at -80° C for BDNF batch analysis. A 

further 4.0 mL of venous blood was collected into an ethylenediaminetetraacetic acid tube (EDTA 

Vacutainer®, Becton-Dickinson, U.S.A) once for platelet count. Prior to warm-up, immediately after 

the completion of the exercise, and 30 min post-exercise, 0.7 µL of blood was obtained in duplicate 

from the fingertip and analysed for blood lactate concentration using a handheld lactate analyser 

(Lactate Plus, Nova Biomedical ®, U.S.A). Serum samples were analysed for total BDNF (precursor 

and mature isoforms) using a standard enzyme-linked immunosorbent assay technique. Serum BDNF 

was determined using a commercial kit (HBDP-33K, Milliplex ®, Millipore™, Billerica, USA) as per 

manufacturer instructions. The manufacturer declares intra- and inter-assay coefficients of variation of 

less than 10%. 

Total mechanical work, volume load and mean tonnage were calculated using the formulae 

defined in Table 1. We used equation one for all exercises involving vertical displacement (i.e. seated 

row, lat pull-down, leg extension, military press and bench press). Equation two calculated 

mechanical work of the incline leg press, which used a cosine to account for an incline of 45 degrees. 

Equation three calculated work completed for the bicep curl, which required consideration of rotation 

about the elbow joint, using torque and range of motion of flexion in radians. To provide an overall 

indication of volume and intensity, total sessional volume was calculated as volume load and mean 

tonnage using equations four and five.  

Differences in lactate and BDNF between and within conditions over time were assessed 

using linear mixed modelling. Prior to analyses, all variables were assessed for normality using a 

Shapiro-Wilk test.  Furthermore, following the conduct of the LMM, visual inspection of the residual 

plots did not reveal deviations from normality or homoscedasticity. Significant main effects or 

interactions were assessed using the Fisher’s Least Significant Difference post-hoc test. Effect size 

estimates (ES; Cohen’s d; small=0.2, moderate=0.5, large=0.8) were calculated for the magnitude of 

difference in lactate between time points, for BDNF between conditions at each time point and for 

change in BDNF from pre- to immediately post-exercise, and post- to 30 min post-exercise. 

Differences in total mechanical work (J) between the strength and hypertrophy trials were analysed 

using a dependent-samples t-test. Pearson's bivariate correlations were used to assess the associated 
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between changes in BDNF and lactate. All statistical analyses were conducted using SPSS (Version 

22, IBM®, U.S.A) analysis software with the level of significance set at p < 0.05. All data are 

presented as mean ± 95 % confidence interval (CI), unless otherwise noted.  

 

Results  

By design, no differences (p=0.27; ES=0.06) in mean mechanical work were observed 

between the strength (45.2±14.0 kJ) and hypertrophy (46.0±7.5 kJ) protocols. Differences in mean 

volume load between strength (12642±1679 kg) and hypertrophy protocols (13214±1918 kg) were 

significant (p=0.01) but negligible in magnitude (ES=0.16). Mean tonnage was greater in the strength 

protocol (70.3±8.7 kg) when compared to the hypertrophy protocol (62.7±9.2 kg; p<0.01; ES=0.42).  

For all participants, platelet count (232.31±24.20·109/L) was within the normal reported range22 of 

150 to 400·109/L. 

Serum BDNF levels measured at baseline, immediately-post, and 30 min post-exercise are 

shown in Figure 1. An interaction (p<0.01; ES=0.52) was observed between conditions immediately 

post-exercise, with hypertrophy resulting in greater BDNF levels when compared with strength 

exercise. Within conditions, greater levels of serum BDNF were observed immediately post-exercise 

compared with baseline (p=0.01; ES=0.51) and 30 min post-exercise (p<0.01; ES=0.22) in the 

hypertrophy condition only (Figure 1a). Within the strength protocol, no differences were observed 

for serum BDNF between any time points. The mean change in BDNF from baseline to post-exercise 

was significantly greater (p < 0.01) in the hypertrophy condition when compared with the strength 

condition (Figure 1b). 

Blood lactate was significantly higher in both conditions immediately post-exercise, when 

compared to baseline (ES=2.52) and 30 min post-exercise (ES=1.51; Figure 2). An interaction 

(p<0.01; ES=1.2) was observed between conditions immediately post-exercise, with hypertrophy 

exercise resulting in significantly greater blood lactate concentrations when compared to strength 

exercise. A positive Pearson’s correlation (r=0.70; p<0.01) was observed between changes in lactate 

and changes in BDNF concentrations following hypertrophy exercise from baseline to immediately 
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post-exercise. No correlation (r=0.18; p=0.56) was observed between changes in lactate and changes 

in BDNF concentrations following strength exercise from baseline to immediately post-exercise.  

 

Discussion 

The purpose of this study was to examine the difference in the response of peripheral serum 

BDNF levels to two single-session matched-work resistance (strength vs. hypertrophy) exercise 

protocols. The novel findings were; 1) significantly greater serum BDNF levels were observed post-

exercise in the hypertrophy condition when compared to the strength condition, and 2) changes in 

blood lactate were positively correlated with change in BDNF in the hypertrophy condition only.  

Within the hypertrophy condition, immediately post-exercise we observed a 13% increase in 

serum BDNF levels when compared with baseline values. Although our findings are of relatively 

small magnitude, they are consistent with previous intense resistance exercise research which has 

reported a 32% increase in serum BDNF in an untrained population.10 Together these findings support 

the use of resistance exercise as a stimulus to increase peripheral BDNF; however, they also highlight 

the sensitivity of peripheral BDNF to variations in resistance training protocols. For instance, 

although  identical inter-set recovery durations (60 s) were utilised in our hypertrophy condition and 

that of Yarrow et al,10 we implemented seven exercises as opposed to only two (bench press and 

squat) which is likely to have influenced the skeletal muscle exposure to peak levels of blood flow 

prior to our measurements of BDNF. Peak blood flow to muscle is dependent on the mass of active 

muscle tissue;23 thus, it is likely that large muscle mass exercise promotes greater release of BDNF as 

a result of greater blood flow. Furthermore, blood flow velocity through the femoral artery is 

augmented in an intensity-dependent manner as shown during submaximal leg extension exercise 24 

and can increase rapidly by at least 50% immediately upon set completion.25 Expression of BDNF 

also appears to be relatively transient, returning to baseline or below baseline within 30 post-

exercise.5,10 Thus, by performing larger muscle mass exercises early in the session it is possible our 

blood values following the exercise were not representative of peak BDNF expression.   

Although some studies within the existing literature 11,12 do not support the use of resistance 

exercise to acutely increase peripheral BDNF levels; we believe these findings are due to the intensity 
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of exercise 4,25 and potentially the source of BDNF (i.e. plasma versus serum) used for 

quantification.26 Intense exercise is associated with the upregulation of peripheral BDNF 4 as a 

consequence of increased blood flow and the resultant inter-vessel shear stress.26 Furthermore, platelet 

release of BDNF is a major source of serum BDNF and is upregulated during high blood flow related 

shear stress.26 The findings from Correia et al12 are therefore not surprising as the use of plasma 

samples to measure peripheral levels of BDNF would not have allowed the capture of platelet released 

BDNF,26 irrespective of the intensity of their exercise session. The exercise structure (three sets, ten 

repetitions at 80% or 1RM) utilised by Goekint et al11 is considered intense and therefore should have 

resulted in increased levels of peripheral BDNF, however, this study used long inter-set recovery 

durations which would have reduced the overall intensity of the exercise session and likely the 

exposure to high limb blood flow.25 Shorter recovery is accompanied by a maximised ‘endurance 

stimulus’ and greater increases in blood lactate,27 a metabolite previously associated with changes in 

peripheral BDNF.4 Intensity of exercise remains the major factor influencing post-exercise increases 

in serum BDNF; however, it is important to acknowledge other variables (i.e. number of repetitions, 

session duration, muscle mass utilised) could influence both the peripheral BDNF as well as the 

ability to obtain accurate measures. Researchers and clinicians should be aware of these additional 

considerations when attempting to utilise resistance exercise to enhance peripheral levels of BDNF.  

Hypertrophy and strength based resistance protocols were selected for this study as both 

provide benefits to populations throughout a lifespan. Nevertheless, differences in the practical aims 

of these protocols (i.e. increasing muscle mass versus strength) required necessary manipulation of 

inter-set recovery which likely influenced the BDNF response. Lower recovery time during the 

hypertrophy protocol (60 s) would have resulted in longer periods of continuous exposure of skeletal 

muscle to high blood flow and a resultant increase in the release of BDNF from the endothelium and 

platelets.6,26 Indeed, blood flow velocity peaks in the femoral artery immediately following quadriceps 

exercise 25,28, and can take up to 90 s to return to baseline velocities.28 Based on this finding, 60 s of 

recovery was likely not adequate for muscle blood flow to return to a resting state during the 

hypertrophy protocol, thus extending periods of high blood flow and related shear stress. Recovery 

during the strength protocol (180 s), however, would have allowed muscle blood flow to return to a 
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rested state, limiting exposure to shear stress within the arteries. In addition, the increased recovery 

time during the strength protocol would have allowed greater periods of BDNF removal through 

uptake in the periphery 10  and possibly the brain.29   

The presence of elevated blood lactate is a hallmark sign of intense exercise 14 and has 

previously been shown to be associated with serum BDNF during aerobic exercise.4 Indeed, Ferris et 

al4 observed a significant positive relationship (r=0.57) between serum BDNF and lactate measured 

immediately after a graded exercise test. In the current study, changes in BDNF and lactate levels 

from baseline to immediately post-exercise were highly correlated in the hypertrophy protocol; yet, no 

association was observed in the strength protocol. This likely indicates that the hypertrophy protocol 

alone elicited an ‘endurance stimulus’,27 resulting in greater changes in blood lactate and BDNF. 

However, it is equally possible that the total duration of the exercise session (~40 min hypertrophy, 

~120 min strength) influenced this relationship as amount or rate of metabolic uptake of either lactate 

or BDNF may occur throughout the acute exercise sessions.10,29 Based on the inconsistent associations 

between protocols for blood lactate and BDNF expression, we suggest that lactate is merely a by-

product of fatigue and may not be essential in the peripheral expression of BDNF. 

To our knowledge, we are the first to demonstrate a difference in BDNF expression between 

two structurally different, yet work- and volume-matched, resistance exercise protocols. However, we 

acknowledge limitations in the present study that should be addressed in future studies. The use of a 

small sample size (n=16) and the recruitment of healthy participants may influence the generalisation 

of our findings. Additionally, our sample population were volunteers, and while not highly trained, 

this method of recruitment may have led to a sampling-bias, which could reduce the ability to 

generalise our findings to ageing or unhealthy populations. The measurement of total BDNF using 

commercially available ELISA kits, although used extensively in the literature, may have been 

associated with minor technical issues such as inter-plate variability. Nevertheless, we validated our 

results by repeating samples across plates and found >90% corroboration. This study provides 

important information on the acute influence of resistance exercise on BDNF expression; however, 

future studies should aim to establish the time-frame for these changes through inclusion of 

measurement time-points beyond 30 min. Future studies should also consider measurement of both 
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precursor and mature forms of BDNF, particularly as these two isoforms have been demonstrated 

different effects on neurons.30 Finally, although animal studies demonstrate the ability of BDNF to 

cross the blood-brain barrier,29 this is yet to be established in humans. We can only confirm our 

hypothesis that training-induced increases in peripheral BDNF reflect increases in brain BDNF, 

following evidence that BDNF crosses the blood-brain barrier in humans. 

 

Conclusion 

Our findings indicate that the use of a to-fatigue hypertrophy-style exercise protocol provides 

the necessary stimulus to increase peripheral serum BDNF if coupled with short inter-set recovery 

durations. Mechanistically, as lactate increased significantly following both protocols, yet was only 

associated with a change in BDNF following hypertrophy exercise, we suggest that lactate is not 

driving BDNF expression. Based on our findings, the use of to-fatigue hypertrophy based resistance 

exercise should be considered in exercise programs to enhance the possibility of a cognitive benefit 

due to increased BDNF expression. 

 

Practical Implications 

 Acute resistance exercise increases serum BDNF concentrations when performed at 100% of 

10RM with 60 seconds of recovery in between sets. 

 While the use of the current hypertrophy protocol should be tolerable to both younger and 

older adults, practitioners should still undertake appropriate screening and program 

individualisation. 

 The expression of serum BDNF is likely reliant on intensity of exercise. 

 Hypertrophy resistance exercise is likely to provide cognitive benefit due to increased BDNF 

expression. 
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Figure captions 

Figure 1. Mean (±95% CI) levels of  (a) BDNF immediately before (Pre), after (Post) and 30 min (30 

Post) post hypertrophy () and strength based () exercise, and (b) change in BDNF from baseline 

to after (Post) and 30 min (30 Post) post hypertrophy () and strength based () exercise. * 

Significantly greater BDNF in hypertrophy compared with strength (p < 0.01). ** Post greater than 

Pre (p = 0.01) and 30 min (p < 0.01) post in hypertrophy only. *** Greater change (p < 0.01) in 

BDNF following hypertrophy compared with strength exercise at Post time-point. 

Figure 2. Mean (±95% CI) blood lactate concentration measured immediately before (Pre), after 

(Post) and 30 min (30 Post) post hypertrophy () and strength based () exercise protocols. 

*Significantly greater lactate post-exercise following hypertrophy when compared with strength 

exercise (p < 0.01). **Post measures greater (p < 0.01) than pre and 30 min post values.  
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Figure 1 
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Figure 2 
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Table 1. Equations used to calculate total mechanical work, Volume Load and Mean Tonnage. 

Equation No. External Measure Equation 

1 Mechanical Work W = f · d 

2 Mechanical Work (Leg Press) W = (f · cosine · 45) · d 

3 Mechanical Work (Arm Curl) W = t · θ 

4 Volume Load VL = m · repetitions 

5 Mean Tonnage MT = VL / repetitions 

Note. W = mechanical work, f = force, d = displacement, t = torque, θ = theta (angle in radians), VL = volume 

load, m = mass, MT = mean tonnage. 
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