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PURPOSE: Female athletes often face challenges in returning to exercise training programs after pregnancy and parturition. This study
aimed to conduct a meta-analysis to investigate the optimal duration for elite female athletes to resume their pre-pregnancy training
programs.

METHODS: Nine studies were included in this meta-analysis with a total of 1,466 women, comprising 567 nonathletes and 899 ath-
letes. The effect sizes were calculated as differences in health-related indicators, athletic performance, and training volume during five
periods: early, mid, and late pregnancy; within 6 months postpartum; and between 7 and 12 months postpartum, compared with pre-
pregnancy levels.

RESULTS: Female athletes included in the study did not return to their pre-pregnancy physical condition even one year postpartum.
Health indicators decreased substantially during pregnancy and remained lower than pre-pregnancy levels for up to one year postpar-
tum. During pregnancy, there was a considerable reduction in training volume, which persisted throughout one year postpartum. How-
ever, athletic performance within the first year postpartum was not significantly different from pre-pregnancy levels; this finding is
based on a single study, indicating a limitation due to the insufficient number of studies included in the analysis.

CONCLUSIONS: This study demonstrated that female athletes did not fully recover their physical condition or function within one
year postpartum. Nevertheless, this finding does not imply that female athletes are unprepared or unable to resume exercise training
within one year postpartum. Sufficient return to training can be achieved within this timeframe, but it is crucial to progressively and
safely increase training volume and intensity in accordance with individual physiological recoveries.
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PubMed
4,095 studies

Web of Science
661 studies

Identification

486 duplicates excluded

4,270 potential titles and abstract
screened

Screening

excluded due to:
« 2,767 review articles
« 28 case articles
17 animal articles
« 1,449 irrelevant to Women
athletes & Physical activity

Eligibility

9 full-text articles reviewed

9 studies identified for final inclusion

Fig. 1. PRISMA flow.
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25.8-49.0)0] ZJFE|QUT) &E A== elite athlete, recreational athlete, ~ AA] T&WEH]-E-(RER), 6) TFo]o]E 8- (drive for thinness). £HZF
elte 10 world-class runner7} 2 Wek 2.4 o] TREIGIc A ) of ATl 24 WL 97 F 67 o4 T3} 22 WalEo

AALE2] EAJL Table 13} 2T IRl 1) =24 A]7Hexercise duration), 2) 22 (exercise vol-
ume), 3) @2]7]30]A(running pace) 4) 257 = (intensity), 5) 51!
3. Hol E4 = (frequency), 6) 25417 Htime), 7) AAIE-5FHMET, metabolic equiv-
& A5tol| ZRHE 9O =S AVEAT THE A A0 alents). & F R W Aol WHAE A W2 9H T 1HAA o
7 SR e Y S el Wijlo 2 A S 91 S 2 HelEol 23Tk 1) A& AIZE-7 = A] 3 (duration-in-
SF =2 Hol2 91O =B 5O A oh2 3 2 HES XSl tensity index), 2) HIO]EFA (weight during strength exercise), 3) ZJtl}
Stk 1) A2 I (rectal temperature), 2) 5 F-7](body weight), 3) A14] Wak(max pulse), 4) Z| A4 (VO.max, volume of maximal oxy-
S (body dissatisfaction), 4) 3]2]&3|(waist circumference), 5) F gen consumption).

Table 1. Participant characteristics

Study Total (n) Age (yr) Type of participants Pre-pregnancy weight (kg)
Clapp 1991 18 27-34 (range) Recreational athlete 59.8+1.8
Clapp 1991 20 30.0+2.0 Recreational athlete 57.6+7.2
20 30.0+1.0 Recreational pregnancy athlete 59.7+£75
Darroch 2022 42 31.7+38 Elite to world-class runner 545+43
DeGroot 2021 460 258+4.7 Active duty Not mentioned
Kardel 2005 21 26.7+1.7 Top-level athletes (med-volume exercise) 63.0+89
20 287+22 Top-level athletes (high-volume exercise) 59.9+59
Armitage 2012 107 30-49 (range) Active duty Not mentioned
Prevett 2023 594 29.8+39 Recreational athlete 685+14.8
Sigurdardottir 2019 Zy 26.7+4.2 Low-impact athlete Not mentioned
89 27.2+36 High-impact athlete Not mentioned
Sundgot-Borgen 2019 34 33.1+39 Elite athlete Not mentioned
Mean +SD.
Study Name Outcome Measure SMD LL UL P-value SMD and 95% Cls
Clapp 1991 RER -1.667  -2.381 -0.953 0.000 -}
Clapp 1991 Weight (kg) 1214 -1.822 -0.605  0.000 -{}=
Clapp 1991 Rectal temperature 3.145 2018  4.271 0.000 —{
Health-related variables on first trimester overall 0039  -2.317 2395  0.974 — T
Clapp 1991 Weight (kg) -4789 -6.420 -3.158  0.000 —_—T{
Kardel 2005 Weight (kg) 0750 -1.246 -0.254  0.003 -}
Kardel 2005 Weight (kg) -0475 -0937 -0.012 0.044 -H
Clapp 1991 Rectal temperature 6499 4327 8672  0.000 e B m—
Health-related vari on d trimester overall  -0.126  -1.999  1.748  0.895 —_—
Clapp 1991 Weight (kg) -7.830  -10430 5231 0000 |Ij—
Kardel 2005 Weight (kg) -1.959 2708 -1.210  0.000 oy
Kardel 2005 Weight (kg) -1.071 -1.621 -0.522 0.000 -{-
Clapp 1991 Rectal temperature 8.845 5.919 11.770 0.000 —_—
Health-related variables on third trimester overall  -0.721 -3.450 2.008 0.604
Sundgot-Borgen 2019 Body dissatisfaction -0.825 1214 -0436 0.000 g
Sundgot-Borgen 2019 Drive for thinness 0819  -1208 -0431  0.000 Eng
Sundgot-Borgen 2019 Drive for thinness -0.780 -1.164  -0.396 0.000 I
Kardel 2005 Weight (kg) -0.550 -1.020 -0.080 0.022
Kardel 2005 Weight (kg) -0.521 -0.988  -0.054 0.029
Sundgot-Borgen 2019 Body dissatisfaction 0351  -0.697 -0.005 0.047
Armitage 2012 Waist (inches) -0.252 -0.444 -0.059 0.010
DeGroot 2021 Weight (kg) 0234 0327 -0141  0.000
Kardel 2005 Weight (kg) -0177 0618  0.265 0.433
Kardel 2005 Weight (kg) 0023 -0461 0416  0.920
Health-related variables on 0-6 months p tum overall -0.428 -0.592 -0.264  0.000 ¢
-8 -4 0 4 8

Fig. 2. Forest plot of health-related variables in pregnancy and postpartum elite athletes.
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4, TH| "3 s0t37| M H35}5}19-5-& oJu|gtrh(Standardized mean difference, SMD =-0.532;
95% CI=-0.853--0.212; Z=-3.253; p=0.001; F=92.0%). 94

HEA(Subgroup analysis) A3, 514
7179 Z3atof| whe A7 e 2|7}

A E 27) 6197 24 AA Y

EXEFZC Sl
1) AZEH X|E® SE=0.164
47 B 2330 chgt g et go] o)gh wiekEA] Aul, A 9S4 3 7]7bo]| gt oh ek
3 7} = 7](overall effect size)= %ZHE,EE Golgt Lol zke Hglom, O & QoldR] okx|yl Al =
= o

27 B AE 7} QA Aol vls) iAo = nAmel po 2 ojsfel

Darroch 2023 Running duration (km/min) 9160 11042 778 0000 <
Sundgot-Borgen 2019 Strength training volume (min/wk) -4562 -5697 23427 0000 e
Darroch 2023 Running pace (min/km) 4071 -4993 3150 0000
Darroch 2023 Medium intensity running (rep) 3037 3754 2321 0000 | e
Darmoch 2023 High intensity running (rep) 2961 -3663  -2259 0000 —_—{
Sundgot-Borgen 2019 Endurance training volume (min/wk) 2503 3187 -1820 0,000 et
Darroch 2023 Cross training (min/wk) 2381 2973 1789 0000 o
Sundgot-Borgen 2019 Endurance training vol K 165 2167 1134 0000 —_——
Sundgot-Borgen 2019 Strength training volume(min/wk) 1525 =200 -1031 0000 —{—
Darroch 2023 Training frequency -1059 0000 ——
Darroch 2023 i +0-

me — T
Darroch 2023 Running duration (km/min) <
Darroch 2023 Running pace (min/km) -4908 0000 <
Darroch 2023 High intensity running (rep) 2982 0000  [e—
Darroch 2023 Medium intensity running (rep) 2730 0000  [eei—
Sundgot-Borgen 2019 Strength training volume (min/wk) 2253 -2885  -1620 0000 —O—
Prevett 2023 Vigorous training time (min) -1737 1983 1450 0000 ==
Darroch 2023 Cross training (min/wk) A5 2024 1119 0000 o
Darroch 2023 Training frequency -1500 -1941  -1059 0000 e
Sundgot-Borgen 2019 Endurance training volume (min/wk) 0919 1320 0518 0000 ——
Sigurdardottir 2019 Training volume (hours/week) 0901 1147 0655 0,000 ==
Sigurdardottir 2019 Training velume (hours/week) 0854 1212 049 0000 -
Sundgot-Borgen 2019 Strength training volume (min/wk) 0852 -1244 0459 0000 el
Sundgot-Borgen 2019 Endurance training volume (min/wk) 0817 -1205 0429 0000 =
Prevett 2023 Weight-lifting training frequency (wk) 0729 .0865 0593 0.000 Reg
Prevett 2023 Vigorous training frequency (wk) 0584 -0750 -0417 0.000 Ry
Prevett 2023 Weight-lifting training time (min) 0540 -0672 -0408 0000 o
Sigurdardottir 2019 Training volume (hours/week) <0500 -0691 0309  0.000 Ry
Prevett 2023 Moderate training time (min) 0274 -0400 0149 0000 o
Prevett 2023 Moderate training frequency (wk) 0013 0109 0134 0839 O
Darroch 2023 Low intensity running (rep) 0.201 -0.104 0507 0,197 +0=
2 = 2T, N .. .—lg‘—.,-_ 1036 = -:- = -
Darroch 2023 Running duration (km/min) .15087 18327 11846 0000 [°
Darroch 2023 Running pace (min/km) 6755  -8231 5279 0000 |*
Darroch 2023 Medium intensity running (rep) 4958 6060 -3855 0000 [
Darroch 2023 High intensity running (rep) 4010  -4919 3100 0000
Sundgot-Borgen 2019 Endurance training volume (min/wk) 2071 3753 2180 0000 | ———
Sundgot-Borgen 2019 Endurance training volume (min/wk) 2485 3065 1806 0000 —0—
Sundgot-Borgen 2019 Strength training volume (min/wk) -2104  -2706  -1501 0000 1
Darroch 2023 Training frequency -2000 -2524 -1476 0.000
Darroch 2023 Low intensity running (rep) 21079 -1459 0658 0000 -
Sundgot-Borgen 2019 Strength mlnmg volume (min/wk) 0526 -0885 -0168 0004 il
Darroch 2023 Cross traini k) 02 006 0345 0128 =
Sundgot-Borgen 2019 Endurance training volume (min/wk) 21666  -2185 1146 0000 -0
Kardel 2005 Energy expenditure (MET/wk) -1620  -2416  -0823 0000 o
Kardel 2005 Training time (h/wwk) AST4 2358 070 0000 -1
Kardel 2005 Training time (h/k) 4370  -2089 0641 0000 a0
Sundgot-Borgen 2019 Endurance training volume (min/wk) 0966 -1373 -0559 0000 -0
Sundgot-Borgen 2019 Strength training volume (min/wk) 0641 -1010 0272 0001 -0
Sundgot-Borgen 2019 Strength training volume (min/wk) 0062 0398 0275 0719 b
Kardel 2005 Energy expenditure (MET, 1602 0810 2393 0000
Darroch 2023 Running duration (km/min) 3772 4633 -2910 0000 [
Darroch 2023 Low intensity running (rep) 2720 -3386 2072 0000 —{—
Darroch 2023 Cross training (min/wk) 254 3142 105 0000 b
Darroch 2023 High intensity running (rep) 2509 3125 -1833 0000 pr—
Darroch 2023 Running pace (min/km) 2500 3114 188 0000 E
Darroch 2023 Maedium intensity running (rep) 2362 <2950 1773 0000 —
Sundgot-Borgen 2019 Endurance training volume (min/wk) 0575 -0937 0212 0002 —ﬂ—u
Darroch 2023 Training frequency 0567 -0893 0240 0001 L
Sundgot-Borgen 2019 Strength training volume (min/wk) <0261 -0603 0080 0134 -
Sundgot-Borgen 2019 Strength training volume (min/wk) 0116 -0453 0222 0502 %:_

g en 2019 Endurance training volume (min/w
-4 -2 0

Fig. 3. Forest plot of training volume variables in pregnancy and postpartum elite athletes.
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Study Name Outcome Measure SMD ik UL  P-value SMD and 95% Cls
Clapp 1991 Duration-intensity index -1.532 -2.178 -0.886 0.000
Performance variables on first trimester overall  =1.532 -2.178 -0.886 0.000
Clapp 1991 Duration-intensity index -2469 -3351 -1.587 0.000
Performance variables on third trimester ¢ -2.469 -3.351 -1.587 0.000
Clapp 1991 Duration-intensity index -1.095 -1.650 -0.541 0.000 e
Clapp 1991 Weight -0.309 -0.758 0.139 0177 —H
Clapp 1991 Max pulse (bpm) 0250 -0.195 0695 0.271 -+
Clapp 1991 VO2max (ml/min) 0453 -0.008 0913 0.054 —{
Perf iables on 0-6 months postpartur n -0.161 -0.791 0.468 0.615
Clapp 1991 Duration-intensity index -0.896 -1.415 -0.377 0.001 {1
Clapp 1991 Weight -0.051 -0.490 0387 0819
Clapp 1991 Max pulse (bpm) 0.132 -0.308 0.573 0.555
Clapp 1991 VO2max (ml/min) 0511 0.045 0977 0,032
P iables on 6-12 months postpartum overall  -0.066 -0.609 0.477 0.811
-8 -4 0 4 8

Fig. 4. Forest plot of performance variables in pregnancy and postpartum elite athletes.

o Hlsl 7 AE ofshdo] thatt Pl e EE Hylow, o= 9|
SAR 2 FosiA Y4l Kol vlal] 217 T 2|3k slto] pHkE]
Arh(Fig. 2). o= 4l ZF 7HR1Abol| &J3 A7 T A W) =2 H H[eHE A oIt Aol R o] S FAgE 4T 1do] 7
O] oA 0. & Qlsto] TAIA Fol o] THEA] (F2 Ao R AZE  Hstol® QA A $ERHEY] 1A AE R B EA] S Ko
L, EAk ol 3oz Al Hof| vlal] 3 FH 0 & afetels S Bl £tk o] 59) AR e Al Aat vaste] QA St EAF 3 147t
7o 2 gtEc A ZhaEo] Q& YRR ol & dA1%19) 7 thas At
= AT AnEA, 2 A7 Hilx M-S o EEArE EA S
2) Y X|E 1 Qhell Al 9] A7 AR BT 4= e Aldstait o2t
S A3k ot g aak ol ofgh ek A Auk AA mup 22 2 M-S SISk Bo K19 Aol Axtel whE, 1/3
=7)(overall effect size)= FAX O 2 {03t 5O h& Hylom, o= oFY WY E oA FApE0] FAF F 67 Shof 202 &
FRko] AL Hof| sl 52 4E 0 B SIS oufgitkStan-  BHE ARGt Hhshe] vl Uu 52 94 4%4to] 657
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