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Linking Physical Activity to Breast Cancer Risk via
Insulin/Insulin-Like Growth Factor Signaling System,
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Part 1: The Effect of Physical Activity on the Insulin/

Insulin-Like Growth Factor Signaling System

Christopher T.V. Swain', Ann E. Drummond', Roger L. Milne"?3, Dallas R. English"?, Kristy A. Brown?,
Jamie E. Chong?®, Tina L. Skinner®, Eline H. van Roekel®, Melissa M. Moore”®, Tom R. Gaunt®,

Richard M. Martin®'°, Sarah J. Lewis®, and Brigid M. Lynch"?"

Physical activity may reduce the risk of developing breast cancer
via its effect on the insulin/insulin-like growth factor (IGF) signaling
system. A systematic review searched for randomized controlled
trials (RCT), Mendelian randomization and prospective cohort
studies that examined the effects of physical activity on insulin/
IGF signaling [IGFs, their binding proteins (IGFBP), and markers of
insulin resistance] in adult women. Meta-analyses were performed
to generate effect estimates. Risk of bias was assessed, and the
Grading of Recommendations Assessment, Development, and
Evaluation system used to determine the overall quality of the
evidence. Fifty-eight RCTs met our inclusion criteria, no observa-
tional or Mendelian randomization studies met the criteria for

Introduction

Compared with women with lower levels of physical activity,
women with higher levels of physical activity appear less likely to
develop breast cancer (1, 2). While the evidence in support of this
association is considered strong (1, 2), the causal nature of this
relationship is not certain (3). Causal inference can be improved by
gaining a greater understanding of the putative mechanistic pathways
underlying the physical activity—breast cancer risk relationship (3).

Physical activity may reduce the risk of developing breast cancer via
its effect on the insulin/insulin-like growth factor (IGF) signaling
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inclusion. Meta-analyses indicated that physical activity interven-
tions (vs. control) reduced fasting insulin, the Homeostatic Model
Assessment for Insulin Resistance and fasting glucose. Physical
activity increased IGF-1, but there was no clear effect on IGFBP-3 or
the ratio of IGF-1:IGFBP-3. Strong evidence was only established
for fasting insulin and insulin resistance. Further research is needed
to examine the effect of physical activity on C-peptide and HBA1lc
in women. Reductions in fasting insulin and insulin resistance
following exercise suggest some biological plausibility of the first
part of the physical activity-insulin/IGF signaling-breast cancer
pathway.
See related article by Drummond et al.,, p. 2116

system (4). Observational and experimental evidence demonstrates
that physical activity improves glycemic control by increasing insulin
sensitivity and insulin-dependent glucose uptake (5-8). Impaired
glycemic control appears to increase the risk of breast cancer devel-
opment and has been associated with poorer breast cancer progno-
sis (9, 10). The effect of physical activity on insulin sensitivity appears
to be influenced, in part, by baseline health (7) and hormonal activity
(e.g., cycle phase, hormone replacement therapy; refs. 11-13), as well as
physical activity type, intensity, and duration (7, 8). Yet the relation-
ships between physical activity and markers of insulin signaling in
women have received less scientific attention than in men (14, 15) and
examining the effects in women is an important step in understanding
the potential physical activity-insulin/IGF signaling-breast cancer
pathway.

Physical activity has also been suggested to affect IGF-1, which has
been implicated in breast cancer development (16). However, findings
for the effect of physical activity on IGF-1 or insulin-like growth factor
binding protein-3 (IGFBP-3) have been inconsistent. Some studies
suggest physical activity results in a decrease, some an increase (17),
and others no change in these parameters (18, 19). Clarifying these
relationships in women is a key step in understanding whether changes
in insulin signaling mediate a reduced risk of breast cancer in active
women.

The World Cancer Research Fund (WCRF) International and
University of Bristol developed a causal evidence synthesis framework
for conducting systematic reviews of mechanisms of exposure—cancer
associations (20, 21). We outlined this framework, and the associated
Text Mining for Mechanism Prioritization (TeMMPo, www.temmpo.
org.uk; ref. 21), in our protocol paper (3). We also applied the
framework to demonstrate that estrogens, androgens, and sex hor-
mone binding globulin partially explain the physical activity-breast
cancer relationship (22, 23). For this review, our objective was to
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determine whether, and to what extent, physical activity affects
insulin/IGF signaling in women. A subsequent review will examine
the evidence for the effect of the insulin/IGF signaling system on risk of
breast cancer (24).

Materials and Methods

This review was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses (PRISMA) state-
ment (25). It has been registered on PROSPERO (CRD42020146736)
and detailed methods were included in our protocol paper (3). In
brief, systematic searches of Medline (Ovid), Embase (Ovid), and
SPORTDiscus were performed on February 8, 2021 (Supplementary
Materials and Methods, Supplementary Table S1). Peer-reviewed,
randomized controlled trials (RCT), prospective cohort studies,
and Mendelian randomization studies were eligible for inclusion if
they examined the effect of physical activity on insulin signaling in
post-menarche women. Outcomes identified by TeMMPo (21) and
expert review included IGF-1, IGF-2, IGFBP-1, IGFBP-3, insulin,
connecting-peptide (C-peptide), fasting glucose, homeostatic model
assessment for insulin resistance (HOMA-IR), homeostatic model
assessment for insulin sensitivity, hemoglobin Alc (HbAlc), and
quantitative insulin-sensitivity check index. Unlike our review for
sex-steroid hormones (23), we excluded interventions that were non-
randomized or did not contain a comparison group (i.e., single arm
pre-post exercise interventions), as these study designs were deemed to
have high risk of bias. We also excluded studies that only examined
acute insulin/ insulin signaling responses to physical activity, as these
studies are less relevant to the habitual physical activity-breast cancer
risk relationship. The Cochrane collaboration tool (26), and risk of
bias in non-randomized studies of exposures (27) were used to assess
risk of bias in RCTs and observational studies, respectively. The
Grading of Recommendations Assessment, Development, and Eval-
uation (GRADE) system was used to rate the overall quality of evidence
as well as the strength of findings generated (28). For all outcomes,
extracted data were summarized and presented descriptively. Where
study design, exposures, outcomes, and analyses were defined consis-
tently in at least three separate RCTs, random-effects meta-analysis
was used to generate an effect estimate [standardized mean difference
(SMD) with 95% confidence interval (CI)] and funnel plots. Sensitivity
analyses meta-analyzed studies with low risk of bias only (i.e., RCTs
that satisfied 6/7 criteria on the Cochrane collaboration tool). When
heterogeneity (I*) was identified, subgroup analysis examined whether
effect estimates varied according to participant menopausal status or
type of physical activity (e.g., aerobic vs. resistance exercise; leisure vs.
occupational physical activity). Publication bias was determined via
visual inspection of the funnel plots. In addition, to graphically
represent the relationship between physical activity ‘dose’ and changes
in insulin signaling, we performed a one-stage random-effects dose—
response meta-analysis using the ‘drmeta’ Stata package (29, 30). The
duration/quantity of physical activity per week for each intervention
arm/observation category was used as the dose and the SMD/effect
estimate between arms/ categories was used as the effect estimate. All
statistical analyses were performed using Stata version 16 (Stata
Corporation, College Station, Texas, USA).

Results

Search results
Search results are presented in Fig. 1. Following removal of dupli-
cates in Covidence software (Covidence), 6,536 title and abstract and
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467 full texts were screened by two independent researchers using
Covidence, with 59 publications meeting the final inclusion criteria.
The most common reason for full text exclusion was an ineligible
population (e.g., studies that only included males or did not stratify by
sex), followed by study design (e.g., cross-sectional studies, non-
randomized interventions). All 59 publications included in the review
were from parallel group RCTs (52 distinct RCTs; refs. 17-19, 31-86).
No prospective observational studies or Mendelian randomization
studies met the inclusion criteria.

Study characteristics

Study characteristics are presented in Supplementary Materials and
Methods, Supplementary Table S2. Briefly, study populations included
premenopausal (RCT = 19), perimenopausal (RCT = 2), and post-
menopausal (RCT = 32) women. Study sample size ranged from 16 to
391 women. Intervention type included aerobic (RCT = 26), resistance
(RCT = 19), combined aerobic and resistance (RCT = 10), or other
exercise (RCT = 3, including Yoga, aqua therapy, and Taeckwondo).
The median intervention duration was 14 weeks, and these ranged
from 8 weeks to 12 months. Comparisons included an inactive or usual
activity control (RCT = 41), different type of physical activity program
(RCT = 12), or a different ‘dose’ of physical activity (RCT = 9).
Outcomes included: levels of circulating glucose (RCT = 30); insulin
(RCT = 30); insulin resistance (RCT = 24); insulin sensitivity (RCT =
4);IGF-1 (RCT = 24); IGF-2 (RCT = 2); IGFBP-1 (RCT = 3); IGFBP-3
(RCT = 7); IGF-1:IGFBP-3 (RCT = 5); C-peptides (RCT = 1); and
HBAlc (RCT = 1).

Risk of bias

Risk of bias results are presented in Supplementary Materials and
Methods, Supplementary Table S3. All studies scored high for per-
formance bias as it was not possible to blind participants from the
exercise they were completing. Five studies were judged to have low
bias for all other categories (18, 19, 43, 52, 69). The remaining studies
were judged to have high bias for participant attrition (18 RCTs;
refs. 32, 34-37, 39, 49, 53, 59, 60, 62, 73, 75, 81-85), unclear selection
bias e.g., insufficient information on randomization (40 RCTs; refs.
17,31, 32, 34-36, 38-42, 44-49, 53-57, 61, 63-66, 71-76, 78-80, 83-86),
and unclear other bias e.g., no information on assay sensitivity pro-
vided (15 RCTs; refs. 31, 33, 36, 38, 39, 41, 44-46, 62, 81, 82, 85, 86).

Effects of physical activity on the insulin/IGF signaling system

Meta-analysis forest plots for studies comparing a physical activity
intervention to a usual activity control are presented in Fig. 2 (fasting
glucose, fasting insulin, and HOMA-IR) and Fig. 3 (IGF-1, IGFBP-3,
and IGF-1:IGBP-3). Results of sensitivity analysis and subgroup
analysis are presented in Supplementary Materials and Methods,
Figs. S1-S6. Funnel plots are presented in Supplementary Materials
and Methods, Supplementary Fig. S7. The dose-response meta-
analysis graphs are presented in Fig. 4. These graphs contained studies
that compared physical activity with a usual activity control and
comparisons of different physical activity interventions. Results of
individual studies that were not included in meta-analyses are pre-
sented in Supplementary Materials and Methods, Supplementary
Table S4.

Glucose

Meta-analysis of RCTs identified a small decrease in fasting glucose
following exercise interventions compared with a usual activity control
(studies = 20, # = 1,454, SMD = -0.17, 95% CI = -0.34 to -0.01, I =
49%). However, as there was moderate heterogeneity in this effect
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Identification of studies via databases and registers Figure 1.

PRISMA flow diagram. This figure

incorporates literature search, screen-

estimate and the sensitivity analysis restricted to studies with low risk
of bias only reported an effect half the size (studies = 3, n = 663,
SMD = -0.08, 95% CI = -0.25 to 0.09, I = 17%), there is limited
certainty in this finding. There was no clear dose-response effect of
physical activity minutes per week on fasting glucose (Fig. 4A).

Subgroup analysis identified a decrease in fasting glucose in women
who were postmenopausal (studies = 11, n = 882, SMD = -0.24,
95% CI = -0.46 to -0.03, > = 47%) but not in women who were
premenopausal (studies = 8, n = 545, SMD = -0.04, 95% CI =-0.32 to
0.23, I> = 42%). There was some evidence of decrease for aerobic
physical activity (studies = 13, n = 1,225, SMD = -0.11, 95% CI =
-0.30 to 0.08, I = 51%), but little evidence of an effect for resistance
training alone (studies = 3, n = 111, SMD = 0.03, 95% CI = -0.34 to
0.39, I> = 0%). Decreases in fasting glucose were evident following
combined aerobic and resistance training (studies = 5, n = 125,
SMD = -0.54, 95% CI = -0.89 to -0.19, I> = 0%). The other type of
physical activity included in the meta-analysis was Yoga (studies = 1,
n=16,SMD = -1.05,95% CI = -2.05 to -0.05, 1> = NA). The robustness
of these subgroup findings was limited by moderate heterogeneity.
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In individual studies not included in the meta-analysis, there was
little evidence of differences in glucose levels based on the quantity of
aerobic exercise in a 12-month intervention (52), and a suggestion that
resistance training had a greater effect on glucose concentrations than
aerobic training (46).

Insulin

Meta-analysis suggested a decrease in fasting insulin following
exercise compared with usual activity controls (studies = 18, n =
1,380, SMD = -0.22, 95% CI = -0.32 to -0.11, I* = 0%). Sensitivity
analysis did not change the results (Supplementary Materials and
Methods, Fig. 2). The meta-analysis included aerobic, resistance,
combined exercise, and yoga interventions, and, as there was no
heterogeneity, no subgroup analysis was performed. The dose—
response meta-analysis identified that fasting insulin decreased with
intervention duration, with decreases most evident from 150 minutes
per week (Fig. 4B).

Individual RCT's that were not included in the meta-analysis did not
suggest differences in fasting insulin according to exercise bout
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Figure 2.

Forest plots for effects of physical activity interventions compared with
usual activity control. Forest plot for (A) fasting glucose, (B) fasting

insulin, and (C) HOMA-IR.
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Fasting glucose

Exercise Control SNMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abassi 2020 8 49 4 8 52 21 - -085(-193 to 0.04) 241
Agikawa 2010 165 45 .39 151 44 37 L 0.26(0.04 to 0.43) 1092
Chequette 2011 18 48 43 22 5 .39 = -0.58(-1.20 to 0.05) 473
Chow 2020 1" 5 34 10 52 53 —. -0.35(-1.18 to 0.48) 316
Ciolac 2010 11 85 46 12 84 42 — & 022(-057 to1.01) 339
Dong-ll 2010 8 51 J 7T 48 5 ——®—— 046(-051 10 143) 247
Frank 2004 84 9 88 8 98 T7 001(-029t0 0.31) 944
Friedenreich 2011 154 55 95 154 55 .95 0.00(-022 to 0.22) 1089
Ha 2018 10 83 63 10 91 84 - -0.93(-1.82 to -0.04) 2.84
Kemmler 2009 33 100 13 32 104 37 — -0.14(-062 to 0.34) 641
Kim 2012 1% 95 10 15 106 11 —&— =1.03(-1.77 to -0.29) 3.7
Krishnan 2014 18 89 57 10 92 66 —— -042(-1.18t0 0.34) 361
Lee 2012 8 9 10 8 106 M - —1.05(-2.05 to -0.05) 236
Marcus 2009 0 98 75 6 9 81 - 024(-072t0121) 250
Mason 2011 106 53 39 80 54 M - -027(-0.56 to 0.02) 961
Olson 2006 15 48 39 15 47 39 —i— 0.25(-045 to 0.95)  4.05
Potteiger 2003 22 51 52 16 54 719 —a -0.44(-1.08 to 0.20) 459
Ross 2004 12 94 12 10 92 1 — 0.19(-062 to 1.00) 327
Rossi2017 8 91 17 8 & 20 —— -031(-124 to063) 262
Vainiopana 2007 38 51 4 41 52 5 = -022(-066 t0022) 7.04
Overall & =017 (-0.34 to -0.01)
Heterogeneity: I° = 47.80%

I S
-2 -1 0 1
B Fasting insulin

Exercise Conlral SMD Weight
Sludy N Mean SD N Mean SD with 95% CI (%)
Abassi 2020 8 95 21 8 12 53 I =067 (-1.621t0029) 122
Arikava 2010 165 58 33 151 63 35 ] =0.15 (-0.37 to 0.08) 2296
Banilalebi 2018 12 62 55 9 40 .22 e 0.50 (-0.34 0 1.34) 1.57
Chogquelle 2011 18 33 20 22 54 40 — =0.63 (=126 to -0.00) 285
Chow 2020 1M 17 32 10 23 424 —— =1.59 (=254 to -0.64) 123
Clolac 2010 1 65 3 12 53 2 —t—=— 0.46 (-0.34 to 1.26) 1.75
Frank 2004 B4 18 BT 86 19 9 - =019 (=049 to 0.11) 12.40
Friedenreich 2011 154 53 35 154 59 41 d -0.16 (-0.38 to 0.07) 22.41
Ha 2018 0 27 12 10 3 15 —_— —0.21 (—1.05 to 0.63) 1.57
Kim 2012 15 7.3 1 15 84 12 — —1.00(-1.75to —-0.26) 2.03
Krishnan 2014 18 22 20 10 38 22 S—— =0.76 (—1.54 to 0.01) 1.85
Lee 2012 8 78 11 8 83 1.2 — =0.42 (—1.36 to 0.52) 1.27
Marcus 2019 w0 o11on 5 83 6.6 = 0.23(-0.73 10 1.19) 1.21
Mason 2011 106 70 32 80 82 38 - -0.33(-062 to -0.04) 12.18
OClson 2006 15 59 43 15 58 27 —— 0.03 {-0.67 to 0.72) 230
Polleiger 2003 22 11 71 16 18 14 —e— -067(-1.32 10 -0.02) 2566
Ross 2004 12 36 26 10 39 22 ——«—— -0.09({-090to 0.71) 1.7
Vainiopana 2007 38 49 29 41 45 31 - 0.16{-0.28 to 0.59) 583
overall + —0.22 (-0.32 to —0.11)
Helerogeneity: 1* = 0.00%

—
-3 -2 -1 0 1

c HOMA-IR

Exercise Conlrol SMD Weight
Sludy N Mean SO N Mean SD with 95% €I (%)
Arikawa 2010 165 1.37 .77 151 149 86 |} -0.15(-0.37 10 0.07) 27.34
Choquelle 2011 18 1.04 22 174 139 —D—‘ -0.60(-1.23 to 0.02) 3n
Chow 2020 11 371 85 10 528 1.34 e o —1.36(-2.28 o -0.44) 1.57
Ciolac 2010 11 137 67 12 11 a4 - 0.46(-0.34 10 1.26) 2.08
Frank 2004 84 44 257 86 48 237 = =016 (=046 o 0.14) 14.79
Friedenreich 2011 154 1.3 95 154 14 63 = =0.12(-0.35t0 0.10) 26.72
Ha, 2018 10 56 24 10 69 .38 -0.39(-1.24 to 0.46) 1.85
Kim 2012 15 207 14 15 225 14 —— —0.22(-092 10 0.48) 272
Lee 2012 8 206 13 8 225 09 —=— —1.61(-269 10 -0.53) 1.14
Mason 2011 106 233 116 80 278 1.37 L 3 =0.36 (<065 1o —=0.07) 15.66
Qlson 2006 15 13 78 15 12 78 013(-0.57 to 0.82) 274
overall + -0.21(-0.33 to -0.10)
Helerogeneily: I* = 0.00% |

-3 =2 -1 0 1
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A Physical activity & IGF-1
Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Arikawa 2010 165 377 938 151 382 959 i -0.05 (-0.27 to 0.17) 7.90
Ay 2003 21 119 155 20 837 355 - 1.27(0.61t01.93) 5.99
Banitalebi 2018 12 655 757 9 575 6.67 —— 1.06(0.17 to 1.95)  4.90
Cho 2019 19 253 71 18 278 69.6 —- -0.36(-0.99 t0 0.28) 6.11
Copeland 2004 8 203 158 8 109 42 -+ 0.77 (-0.20to 1.73) 4.58
Cunha 2018 21 114 258 21 107 30.2 - 0.25(-0.35t0 0.84) 6.31
Dong-Il 2010 8 350 1392 7 295 1M1 —+il— 0.43(-0.54 to 1.39) 4.57
Dong-ll 2016 9 204 5% 8 175 61 —— 0.46 (-0.45 to 1.38) 4.78
Friedenreich 2011 154 115 348 154 116 348 ] -0.03 (-0.25t0 0.19) 7.90
Gomez De Souza Vale 2017 10 147 286 10 841 255 —— 222(1.13103.30) 4.09
Ha 2018 10 107 325 10 87.9 206 —l— 0.68 (-0.19 to 1.55) 5.01
Mason 2013 106 169 462 80 174 531 -0.10(-0.39t0 0.19) 7.68
McTieman 2005 87 97 405 86 102 379 -0.13(-0.42 t0 0.17) 7.65
Nindl 2010 13 250 613 10 290 645 -0.61(-1.43t00.20) 5.25
Nunes 2019 12 143 509 10 135 551 0.13(-0.68 to 0.94) 5.27
Orsalli 2008 27 205 824 23 113 53 1.28(0.68 t0 1.88) 6.28
Tomeleri 2020 14 114 196 15 111 221 0.15(-0.56 to 0.86) 5.75
Overall 0.36 (0.05 to 0.67)
Heterogeneily: I* = 84.14%
2 0 2 4
B IGFBP-3
Exercise Control SMD Weight
Sludy N Mean SD N Mean SD with 95% CI (%)
Arikiwa 2010 165 4884 832 151 4837 844 —h— 0.06 (-0.16 to 0.28) 30.76
Friedenreich 2011 154 38 63 154 39 95 —- -0.12(-0.35 to 0.10) 30.00
Gomez De Souza Vale 2017 10 261 .36 10 263 .41 -0.05(-0.89 to 0.79) 2.12
Mason 2013 106 4991 958 80 5110 1240 —— -0.11(-0.40 to 0.18) 17.83
McTieman 2005 87 371 131 86 363 128 —— 0.06 (-0.24 to 0.36) 16.94
Nindl 2010 13 46 72 10 47 63 - -0.14(-0.94 to 0.65) 2.36
Overall A 4 -0.03(-0.16 to 0.09)
Helerogeneily: I* = 0.00%
“ mb 0 ®& 4
C IGF-1:1GFBP-3
Treatment Conlrol SMD Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Arikawa 2010 165 .28 .00 151 .28 .00 :=: 0.00 (-0.22 to 0.22) 31.51
Friedenreich 2011 154 30 6.7 154 30 76 0.00(-0.22 to 0.22) 30.78
Gomez De Souza Vale 2017 0 29 99 10 33 1 =0.33 (-1.17 t0 0.52) 2.14
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Figure 3.
Forest plots for effects of physical activity interventions compared with usual activity. Forest plot for (A) IGF-1, (B) IGFBP-3, and (C) IGF-1:IGFBP-3.
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Figure 4.

Dose-response meta-analysis for physical activity intervention minutes per week. Dose-response plot for (A) fasting glucose, (B) fasting insulin, (C) HOMA-IR, (D)
IGF-1, (E) IGFBP-3, and (F) IGF-T:IGFBP-3. The dose for inactive or usual activity control groups was set to O minutes per week.

duration (52), weekly quantity (64), or structure (i.e., continuous vs.
interval walking; ref. 44). High intensity interval training (HIIT) was
more likely to decrease insulin levels than continuous moderate
intensity aerobic exercise (83). Resistance training produced greater
decreases in insulin than HIIT (33).

C-Peptide

One study examined the relationship between exercise and
C-peptide. C-peptide concentrations decreased from baseline after
12 months of aerobic exercise in postmenopausal women; however,
this decrease was not evident when compared with usual activity
controls (67).

HOMA-IR

Meta-analysis identified a decrease in HOMA-IR following aerobic,
resistance, or combined exercise compared with a usual activity control
(studies = 11, n = 1,160, SMD = —0.21, 95% CI = -0.33 to -0.10, I* =
0%). This finding did not change following sensitivity analysis. The
dose-response meta-analysis analysis showed a slight decrease at lower
durations of physical activity which plateaued from around 100
minutes per week (Fig. 4C).

In individual RCTs that were not included in the meta-analysis,
there was evidence that walking (44), continuous aerobic exercise (52),
HIIT (33, 83), and resistance training decreased HOMA-IR (33, 79).
These decreases were still evident 12 months after no intervention (52).
There was no evidence for a different effect of aerobic exercise
structure or quantity (44, 52), but the effect may have been greater
for resistance training (33).

HBAIlc
One RCT examined change in HBA1c% following aerobic exercise
performed by premenopausal women. HBA1c% decreased with time

AACRJournals.org

but there was no clear effect for exercise intensity or setting (i.e.,
supervised hospital vs. home based; ref. 37).

IGF-1

Meta-analysis suggested that physical activity results in a small
increase in IGF-1 levels (studies = 17, n = 1,316, SMD = 0.36,
95% CI = 0.05 to 0.67, I> = 84%). However, this result had high
heterogeneity and likely publication bias as per the funnel plot
(Supplementary Materials and Methods, Supplementary Fig. S7).
There was no clear effect of physical activity following sensitivity
analysis (studies = 4, n = 709, SMD = -0.07, 95% CI = 0.23 to
0.08, 1> = 0%). The dose-response analysis illustrated an inverted-
U shape, indicating an increase in IGF-1 levels as a result of shorter
duration interventions compared with 0 minutes/week, but a
decrease in IGF-1 resulting from longer duration interventions
(Fig. 4D).

Subgroup analysis identified differences between types of physical
activity. There was little evidence of an effect of aerobic (studies = 7,
n=1,042, SMD = -0.05,95% CI = -0.17 t0 0.07, > = 0%) but evidence
of a difference following resistance exercise (studies = 9, n = 244,
SMD = 0.61, 95% CI = 0.20 to 1.03, I = 0%). A positive effect was
identified in postmenopausal (studies = 14, n = 976, SMD = 0.42,
95% CI = 0.08 to 0.76, I> = 82%) but not premenopausal women
(studies = 3, n = 360, SMD = 0.10, 95% CI = -0.76 to 0.95, I* = 82%);
however, these were again limited by high heterogeneity. The other
types of physical activity included in the meta-analysis were aquatic
based exercise (studies = 2, n = 61, SMD = 0.84, 95% CI = -0.09 to
1.76, I = 67%) and Taekwondo (studies = 1, n = 37, SMD = -0.36,
95% CI = -0.99 to 0.28, I = NA).

One individual RCT did not show change in IGF-1 levels following
aerobic exercise (49). Three studies did not show change following
resistance exercise (71-73). One study showed an increase in total
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IGF-1 following resistance training and combined training but not
aerobic training (55).

IGFBPs

Meta-analysis did not show a change in IGFBP-3 levels following
physical activity (studies = 6, n = 1,026, SMD = 0.03, 95% CI = -0.16
t00.09,1* = 0%). These results were consistent across all sensitivity and
dose-response analyses (Fig. 4E).

Two RCTs showed no change or an increase in IGFBP-3 levels
following physical activity interventions (55, 71). For IGFBP-1, two
RCTs found no effect of physical activity (35, 74). One study identified
a decrease from baseline values after training (55).

IGF-1:IGFBP-3

Meta-analysis did not show a change in the IGF-1:IGFBP-3 ratio
following exercise (studies = 5, n = 1,003, SMD = -0.04, 95% CI =
-0.17 to 0.08, I* = 0%). These results did not change following
sensitivity analysis that only examined studies with lower risk of bias.

Grade

Results of the GRADE appraisal are presented in Table 1. The
quality of evidence for each physical activity-insulin signaling out-
come that was meta-analyzed was initially graded as high, based on the
many parallel group RCTs available. The evidence relating to fasting
glucose was downgraded to low due to the level of heterogeneity,
imprecision in the finding, and reduction in effect size when studies
were limited to low risk of bias. The evidence relating to IGF-1 was
downgraded to low because of high heterogeneity and clear publication
bias. None of these outcomes met the criteria to be upgraded. For
outcomes that were not meta-analyzed (i.e., C-peptide, HBA1c, and
IGFBP-1), a GRADE judgement of very low was given owing to the
limited evidence identified.

Discussion

There was strong evidence that physical activity interventions
decrease fasting insulin and insulin resistance and low-quality evi-
dence that physical activity decreases fasting glucose in women. There
was also low-quality evidence that physical activity increases IGF-1;
however, this relationship was complex and potentially influenced by

Table 1. GRADE appraisal for physical activity-insulin/IGF
signaling pathways.

Meta-analysis Meta-analysis

study n effect estimate GRADE
Outcome (participant n) SMD (95% ClI) judgment
Fasting glucose 20 (1,454) -0.17 -0.34 to -0.01) Low?
Fasting insulin 18 (1,380) -0.22-0.32 to -0.11) High
HOMA-IR 1 (1,60) -0.21-0.33 to -0.10) High
C-Peptide NA NA Very low®
HBAIC NA NA Very low?
IGF-1 76 (1,316) 0.36 (0.05-0.67) Low*®
IGFBP-1 NA NA Very low®
IGFBP-3 6 (1,026) 0.03 (-0.16, 0.09) High
IGF-1: IGFBP-3 5 (1,003) -0.04 (-0.17, 0.08) High

2Graded down due to heterogeneity, imprecision, and change in effect size
following sensitivity analysis.

bGraded down due limited study numbers.

“Graded down due to heterogeneity and publication bias.
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activity type and quantity. There was little evidence of an effect of
physical activity on IGFBP-3 or the IGF-1: IGFBP-3 ratio.

While the findings of this systematic review and meta-analysis
draw on a several high quality RCTs, there are limitations that must
be considered when interpreting the findings. As the overarching
aim of this review is to determine whether insulin signaling may
mediate the physical activity-breast cancer relationship, we exclud-
ed studies that did not present results for women separate from
men. This in turn limited the number and type of studies that met
the inclusion criteria. The inclusion criteria were also limited to
women who were free from medical conditions and not using
medications that may influence metabolic outcomes. Although this
is a strength, as it reduces potential sources of bias, previous
research has indicated that individuals with poorer metabolic health
may experience greater metabolic benefit from exercise (7, 8). As
such, excluding these participants may have limited the size of
exercise-insulin/IGF signaling effect estimates. The dose-response
meta-analysis examining minutes per week of physical activity
interventions and insulin/IGF signaling represents a novel contri-
bution to the literature; however, this remains somewhat crude as it
is not able to capture complexities such as exercise type, structure,
or intensity. There were also limitations of the literature to note. For
example, most interventions featured supervised and highly struc-
tured aerobic, resistance, or combined exercise programs. While
this allows more certainty about the influence of specific exercise
program components on insulin signaling, these interventions do
not always reflect the type of physical activity people complete in
real world settings, e.g., walking or cycling for transport, or gar-
dening at home. Unfortunately, no observational studies could be
included in our review, which could provide more evidence on
associations of real-life physical activity levels with insulin signal-
ing. Further, 18 of the 59 RCTs had >10% attrition or intervention
noncompliance. This makes it more difficult to discern the ‘true’
effect of exercise; however, it may also reflect normal behavior for
exercise participation.

A decrease in fasting glucose, fasting insulin, and insulin resis-
tance is consistent with previous reviews and clinical guide-
lines (7, 8, 87). For example, a 2017 meta-analysis of seven RCT's
identified reduced insulin and insulin resistance following struc-
tured exercise in postmenopausal women (87). In the current
review, the absence of heterogeneity in the fasting insulin or insulin
resistance meta-analyses suggest that all types of physical activity
studied (i.e., aerobic, resistance, and combined exercise) may offer
benefit for these outcomes; however, for fasting glucose, sub-group
analysis suggested combined aerobic and resistance exercise
resulted in the largest decrease. Collectively, these findings are
consistent with content provided in clinical guidelines that outline
improvements in insulin/IGF signaling following any type of
exercise but suggest combined aerobic and resistance training may
offer the greatest benefit (7). Our dose-response meta-analysis did
not identify a clear dose-response relationship between physical
activity intervention minutes per week and glucose, insulin, or
insulin resistance. This was somewhat unexpected, with a prior
review noting that greater exercise volumes have been associated
with greater increases in insulin sensitivity (8). However, this
finding has not been unanimous, is more evident in populations
with pre-existing metabolic conditions (8), and much of the
previous literature has focused on men (14, 15).

Exercise type and quantity also appeared to influence IGF-1 con-
centrations. In sub-group analysis, while aerobic exercise appeared
to have minimal discernible effect, performing resistance exercise
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preceded an increase in IGF-1 concentrations. The increase in IGF-1
following resistance exercise may reflect muscle adaption that occurs
following resistance but not aerobic exercise, with prior research
documenting increases in IGF-1 with increases in muscle strength (88).
In the dose-response analysis, increases in IGF-1 were evident in
interventions that had lower weekly intervention minutes but
decreased with higher minute/ week interventions. This curvilinear
shape is like that described for body mass index (BMI) and IGF-1,
where both a lower and higher BMI have been associated with lower
circulating levels of IGF-1 compared with a normal range BMI (89).
One potential explanation may be the utility of circulating IGF-1 as an
indicator of metabolic stress (88). Or that exercises optimizes systemic
IGF concentrations (90). However, overall, the strength of evidence for
a physical activity-IGF-1 relationship was graded as low, making
definitive conclusions difficult. Mechanistic reviews of exercise and
IGF-1 note the complexity of IGF-1 regulation and differing exercise
responses of local and circulating IGF-1 as challenges to current
understanding (88).

As with our recent review examining physical activity and sex
hormones (23), the strength of the evidence was stronger in
postmenopausal compared with premenopausal women owing to
the larger number of high-quality RCTs that featured postmeno-
pausal women only. However, as there was no heterogeneity for
insulin and insulin resistance outcomes, and as sub-group analysis
by menopause status for fasting glucose and IGF-1 did not appear to
reduce heterogeneity for these outcomes, the effects of physical
activity on the insulin/IGF signaling system do not appear to differ
greatly by menopause status.

Several recommendations can be made to improve the quality
and scope for the evidence for physical activity to the insulin/IGF
signaling system in women. To reduce the risk of bias in RCT's with
lower exercise compliance, we recommend using methods that can
mitigate the effect of attrition, such as inverse probability weight-
ing or generalized methods (91, 92). Beyond this, there is a need to
determine the effectiveness of increasing unstructured physical
activity on metabolic outcomes as the meta-analyses only included
one Yoga intervention and one Taekwondo intervention. It did not
contain other alternative physical activity interventions. Emulating
target trials using cohort study data that includes real-life types of
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