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Abstract

Objective—Describe safety and efficacy of a supervised, low-to-moderate intensity strength
training program adopted during pregnancy among women at increased risk for back pain.

Methods—32 women adopted strength training twice per week for 12 weeks. Data on
musculoskeletal injuries, symptoms, blood pressure, and the absolute external load used for 5 of 6
exercises were obtained during each session. A submaximal lumbar extension endurance exercise
test was performed at weeks 5, 10, and 13.

Results—The mean (+ SD) exercise session attendance rate was 80.5% (z+ 11.3%). No
musculoskeletal injuries occurred. Potentially adverse symptoms (eg, dizziness) were infrequent
(2.1% of sessions). Repeated-measures ANOVA showed large increases in the external load
across 12 weeks (all P values < .001) and the percentage increases in external load from weeks 1
to 12 were 36% for leg press, 39% for leg curl, 39% for lat pull down, 41% for lumbar extension
and 56% for leg extension. Training was associated with a 14% increase in lumbar endurance.
Blood pressure was unchanged following acute exercise sessions and after 12 weeks of exercise
training.

Conclusion—The adoption of a supervised, low-to-moderate intensity strength training program
during pregnancy can be safe and efficacious for pregnant women.
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Physical inactivity during pregnancy reduces fitness and appears to increase fetal and
maternal risk for health problems such as diabetes.1=# Low-to-moderate intensity aerobic-
type exercise performed during pregnancy is safe, improves maternal fitness and appears to
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improve several aspects of fetal and maternal health.>~7 Relatively little is known, however,
about the influence of strength training on fitness- or health-related outcomes in pregnant
women.1:28 Rubber tubing has been used to provide resistance in some studies;?
consequently, the progression in exercise intensity (eg, the increase in external load across
training) has not been quantified precisely.

Though relatively few injuries occur during recreational strength training,? the injury rate
among women of child bearing age has increased as the number of women participating has
increased.19 The injury rate among the ~3% to 4% of pregnant women in the United States
who lift weights!? is unknown but their risk for musculoskeletal injury might be higher than
that of nonpregnant women. Pregnancy elevates tissue levels of the peptide hormone relaxin
which could increase the risk of musculoskeletal injury during strength training.1?
Obstetricians recommend resistance exercise less frequently than aerobic exercise modes,
perhaps because of theoretical safety concerns such as an increased risk of musculoskeletal
injuries or aortic distensions.13 When weight lifting exercises were incorporated into an
aerobic training program the safety and efficacy of the outcomes appeared to be
uninfluenced by the weight lifting!4 and Canadian experts have recommended strength
training exercises for pregnant women without complications.1> Other experts have not
recommended strength training, possibly because of safety concerns.® There is a need for
more data concerning the safety and efficacy of resistance training for pregnant women.

The purpose of this paper is to describe the progression of a supervised, low-to-moderate
intensity strength training program adopted by pregnant women and summarize whether the
program was associated with musculoskeletal injuries or changes in lumbar muscular
endurance, symptoms (eg, dizziness) or resting blood pressure. Resting blood pressure was
of interest because hypertension is a leading cause of maternal and fetal morbidity and it is
unknown whether the adoption of a progressive resistance training program by pregnant
women alters resting blood pressure. Effectiveness data on primary outcomes of the
intervention will be reported elsewhere.

We recruited healthy women primarily through Athens-Clarke County area midwives and
obstetricians, advertisements in a local magazine for parents and word of mouth by some
study participants. The participants were required to be at low risk for pregnancy-related
complications, between 18 to 38 years, between 21 to 25 weeks gestation and with back pain
or a history of back pain. Excluded were those who self-reported that they regularly (= twice
per week during the past month) performed strength training,16 had an orthopedic or
cardiovascular limitation,1” had an uncontrolled psychiatric disorder,18 or had in the current
or a prior pregnancy any of the following: (a) 2 or more miscarriages, (b) premature labor,
(c) placental previa, (d) poor fetal growth, (e) low prepregnancy body weight (BMI < 18),
(f) prepregnancy obesity (BMI > 30), (g) a multiple birth pregnancy, (h) preeclampsia, (i)
preterm rupture of membranes, (j) uterine growth retardation, (k) incompetent cervix/
cerclage, (I) recurrent vaginal bleeding, (m) anemia, or (n) diabetes. Participants read and
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signed an informed consent previously approved by the University of Georgia Institutional
Review Board.

Participants were asked to perform low-to-moderate intensity strength training twice per
week for 12 weeks. The strength training was supervised by experienced exercise
specialists. On the first day of the exercise program, and as needed after that, the participants
were instructed on proper breathing such as avoiding the Valsalva maneuver (ie, attempting
to forcibly exhale against a closed airway) and training techniques so as to minimize
injuries. Water was available ad libitum during each exercise session.

Participants completed a preexercise questionnaire that inquired about pregnancy-related
symptoms of potential relevance to that day’s exercise prescription. Blood pressure was
assessed after 5 minutes of seated rest. The presence of severe hypertension (systolic
pressure = 180 mmHg or diastolic pressure = 100 mmHg) was an absolute contraindication
to that day’s resistance exercise and it occurred in one participant before her final planned
exercise session.

Participants performed a whole body warm up by walking on a treadmill for ~5 minutes.
Next, 6 resistance exercises were performed in the following order: dual leg extension, dual
leg press, dual arm lat pull, dual leg curl, lumbar extensions, and an abdominal exercise
aimed at activating the transverse abdominis muscles.

Dual leg extension, dual leg press, and dual arm lat pull down were performed in a seated
position on a Universal Gym. Dual leg curls were performed in a seated position on a Cybex
Eagle. Lumbar extension was performed in a seated position using a MedX lumbar
extension machine.1® For these 5 exercises the number of sets (n = 2) and the number of
repetitions per set (n = 15) were held constant throughout training. These exercises were
performed at a low-to-moderate velocity (~2 second concentric and ~2 second eccentric) and
with a moderate rest period between sets (~1 minute) and exercises (~2 minutes).

The initial external loads for the 5 exercises were selected to achieve low-to-moderate
intensity based on ratings of perceived exertion (RPE). The 6 to 20 RPE scale was used.20
On this scale, exercise rated as a 13 (verbal anchor = “somewhat hard”) represents a
moderate intensity and ratings that are 11 (“fairly light”) or less represent low intensity
exercise. Participants were taught how to provide RPE at the training outset. Standardized
instructions emphasized reporting the effort put into each 2-set task. Ratings were obtained
after the second set. The external load was progressively increased based on RPE responses
to each exercise. When RPE was lower in an exercise session compared with the prior
session, the external load was allowed to increase in the next session, usually by the smallest
amount permitted by the machine.

Abdominal exercise typically was performed in a standing position. The participants were
taught first to exhale then to attempt to draw in their belly button toward their spine as if
they were trying to button up pants that were too tight in the waist. In nonpregnant women
this preferentially activates the transverse abdominis.?! To avoid breath holding, the
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participants were asked to talk while learning to perform this exercise. Repetitions per set
for this exercise were held constant at 8 throughout training. The duration of each repetition
was ~8 seconds. Exercise progression involved an increase in the number of sets performed.
There was a rest period of ~1 minute between sets.

Approximately 5 minutes after the final exercise in the ~45 minute exercise sessions, seated
blood pressure was measured and the participants completed a questionnaire addressing
potentially problematic symptoms that might have been experienced during the exercise
session.

Attendance was determined from exercise logs and expressed as the percentage of sessions
attended out of 24 possible sessions.

Outcome Measures

Musculoskeletal Injury—Immediately after each session, the participants indicated by
questionnaire whether they had been injured during that day’s workout and if so to describe
the injury.

Potentially Problematic Symptoms—The participants were asked via questionnaire
about the presence of: chest, pelvic or abdominal pain, sudden swelling of hands or feet,
headache or visual disturbances, irregular heartbeats, dizziness, or unexpected vaginal
bleeding/leaking.

Progression of Exercise Intensity—Progression of exercise intensity was described in
both absolute (weight in kilograms) and relative (perceived exertion) units.

Blood Pressure—BIlood pressure was measured while seated before and after exercise via
auscultation after sitting for ~5 minutes.

Lumbar Endurance—Sixteen of 32 participants completed all 3 3-minute lumbar
extension endurance exercise test at weeks 5, 10, and 13. The weight used at the first test
(17.2 £ 2.9 kg) was held constant for the 3 tests for each individual. The speed at which the
repetitions were performed was not paced. Participants were instructed to perform the
repetitions at a controlled and safe pace. Immediately after the test, RPEs were reported. To
account for test-to-test variations in power output, the RPE data at each trial were divided by
the number of repetitions performed at each trial to yield a criterion score used for analysis.

Statistical Analysis

Raw data were entered into SPSS Statistical Software. Weekly averages were used for
analysis of training data. When data for one session was missing in a given week, the data
for the other session that week was used as the criterion score. When data for both sessions
in a week were missing, data were imputed using the average from the prior week. 2.7% of
the exercise session data were imputed (21 / 768 = 2.7%; 768 = 32 participants x 24
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workouts). The conclusion of this paper is unchanged whether the imputations were
included or excluded from the analysis.

The statistical significance of the main effect across Time was determined from F-statistics
using either one-way or two-way repeated-measures ANOVAs. The one-way analysis
examined changes across 12 weeks. The two-way analysis examined main and interaction
effects of an Acute Exercise Time factor (from pre- to postexercise) and a Chronic Exercise
Time factor (across 12 weeks) on resting blood pressure. A sample size of 32 provided
statistical power of = .80 for detecting a 0.5 SD change (5 mmHg) across time in resting
blood pressure given an alpha of .05 and an observed between trial correlation in blood
pressures of 0.7.23 Effect sizes for F-statistics were expressed as partial eta squared (n? ).
Paired sample t tests were used as post hocs to test for simple effects. The family-wise error
rate was controlled using the Bonferroni adjustment. Percent change and Cohen’s d were
reported to provide additional measures of effect size. Data are reported as mean (+ SD) in
the text.

Age, height and weight at week 1 was 29 (+ 4) yrs, 166 (+6) cm, and 76 (+2) kg,
respectively. The average weight gain across 12 weeks was 3 (1) kg. The attendance rate
across 12 weeks was 81% (+11%). One women reported preeclampsia and no other negative
pregnancy outcomes were reported.

No musculoskeletal injuries occurred during strength training. Potentially problematic
symptoms were infrequent. Symptoms associated with an acute bout of resistance exercise
were reported a total of 13 times across a total of 768 exposures to resistance exercise
(1.7%). Palpitations or chest pains were never reported. The most common symptoms were
dizziness (8/13) and abdominal/pelvic pain (4/13). One person who did not have a headache
at the beginning of one exercise session did report a headache after that exercise session.
Three of the 13 symptoms were reported during the first 3 workouts. Zero to two symptoms
was reported weekly across weeks 3 to 12.

Figures 1 to 5 illustrate the progression of the intensity of strength training for the 5
exercises performed in a seated position. For each exercise there was a statistically
significant increase in the external load used across 12 weeks (2 of .431 to .691; all P < .
001). The percentage increases from weeks 1 to 12 were 36% for leg press (Cohen’s d =
2.1), 39% for leg curl (d = 1.7), 39% for lat pull down (d = 2.0), 41% for lumbar extension
(d =2.2), and 56% for leg extension (d = 1.0). The exercises were performed at a low-to-
moderate perceived intensity (mean RPEs of 10.5 to 12.9; 11 = fairly light and 13 =
somewhat hard). RPE did not change significantly across 12 weeks for these exercises (p
from .083 to .717).

Figure 6 illustrates the progression of sets and RPE values for abdominal actions. The
number of sets increased by 2 (from 2.6 to 4.6, a 77% increase, d = 1.0) from week 1 to 12.
This exercise was performed at a low perceived intensity that ranged between 8.9 and 9.6 (9
= very light) and did not change significantly across weeks (P > .05).
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Figure 7 illustrates the results from the lumbar endurance test. The number of repetitions
performed during the 3-minute exercise test changed over time (F2 30 = 8.179, P =.001, G
=.353). Post hoc tests showed that number of repetitions increased at week 13 compared
with both week 5 (t = —3.59, df = 15, P <.003) and week 10 (t = —-3.06, df = 15, P <.008).
The average increase in repetitions from week 5 to 13 was 6 repetitions (13.6%). The effort
associated with the exercise tests also changed over time (F2 30 = 15.774, P <.0001, 7=
513, RPE adjusted for repetitions). Post hoc tests showed that adjusted RPE was lower at
week 13 compared with both week 5 (t = 5.065, df = 15, P <.0001) and week 10 (t = 5.072,
df = 15, P <.0001). The unadjusted mean reduction in RPE scores from week 5 to 13 was 1
raw score unit.

Neither acute (preexercise compared with postexercise across all sessions) nor chronic
(week 1 compared with week 12) exercise was associated with a significant change in
systolic or diastolic blood pressure (all P >.10). Systolic and diastolic blood pressure at
week 12 (113.9 + 10.0/ 73.3 = 7.1 mmHg) did not differ from week 1 (113.5+8.4/71.9 =
6.8 mmHg). Averaged across all exercise sessions, systolic blood pressure before and after
exercise was 113.5 and 112.5 mmHg, respectively. Averaged across all exercise sessions,
diastolic blood pressure before and after exercise was 71.6 and 71.7 mmHg, respectively.

Discussion

Because some physiological responses to pregnancy theoretically could increase the risk of
musculoskeletal injury, professionals have emphasized being aware of the increased
potential for musculoskeletal injury when prescribing exercise for pregnant women.® One
finding of this investigation was that the adoption of a supervised, low-to-moderate intensity
strength training program during pregnancy did not cause any musculoskeletal injuries
among women at increased risk for low back pain. The low incidence of musculoskeletal
injuries probably was due in part to the low-to-moderate intensity and careful supervision,
including education about proper technique. These factors are thought to be important in
preventing musculoskeletal injuries caused by strength training.24

Blood pressure was unchanged immediately after the exercise sessions compared with
before the sessions, and the 12-week strength training program was not associated with any
change in blood pressure. In nonpregnant samples, blood pressure is sometimes,2° but not
always, 2 reduced after a single low-to-moderate intensity bout of resistance exercise. This
postexercise hypotension could have clinical importance if it helps to cause an adaptation
resulting in a sustained reduction of blood pressure. Quantitative reviews have established
that among body weight stable, nonpregnant normotensives, resting systolic and diastolic
blood pressures typically are reduced after short duration strength training programs (median
duration of 12 weeks), albeit by only ~3 mmHg.2” The most relevant data available from
pregnant women have shown that the risk of preeclampsia is reduced by 35% among women
who reported performing any physical activity either before becoming pregnant or during
the first 20 weeks of pregnancy compared with physically inactive women.# A reduced risk
of preeclampsia also was found with stair climbing, an activity that can have a relatively
high resistance.# The single case of preeclampsia in this study was expected based on the
population prevalence of preeclampsia.
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Another important finding of the present investigation concerned potentially problematic
symptoms reported immediately after each exercise session. Symptoms are often used to
judge whether the relative exercise intensity is too high or if an individual either is not
feeling well or is experiencing an adverse event. We obtained data on several symptoms that
have been recommended be used to terminate an exercise session during pregnancy.® The
rate of potentially problematic symptoms was generally low. Given that we recruited
participants with back pain or a history of back pain, it was not surprising that abdominal/
pelvic pain was one of the two most common symptoms reported. The most common
symptom reported, however, was dizziness. Dizziness is known to occur if cardiac output is
reduced during exercise, especially when the exercise is accompanied by the Valsalva
maneuver.28 The presence of dizziness in even a few participants underscores the
importance of monitoring for dizziness and teaching pregnant exercisers to avoid the
Valsalva maneuver during resistance exercise.2? Our findings also highlight the importance
of being vigilant in monitoring symptoms during the first few exercise sessions when people
are learning proper breathing and training techniques.

Untrained pregnant women who adopted a low-tomoderate intensity strength training
program demonstrated a large progression in the absolute training load even though the
relative perceived exercise intensity during training sessions was maintained at a low-
tomoderate level. The participants were encouraged to continually progress to higher
external loads within the framework of not exceeding a moderate level of perceived exercise
intensity. Prior strength training investigations with pregnant women often have not
carefully described the progression of the external loads.2 The progression in external
training load found here is consistent with what has been reported in other exercise
programs aimed at improving muscular strength and endurance for fitness and health
purposes among nonpregnant samples.29-31 The strength training performed here also was
associated with improved endurance of the lumbar extensor muscle group. The magnitude of
the improvement (13.6%) was less than the increased muscular strength that has been
observed in nonpregnant samples involved in more strenuous strength training of the lumbar
extension musculature.32 The present strength training program emphasized safe progression
and de-emphasized maximal strength or endurance gains or progression as fast as possible.
The improvement in lumbar endurance cannot be attributed solely to the strength training
program, however, because of the absence of control participants who completed the
endurance tests. We elected to not have the controls complete the endurance tests for
practical reasons associated with our facility (eg, parking) and to minimize injury risk.

The exercises used in this investigation targeted muscle groups thought to play an important
role in back pain and function. Back pain is common among pregnant women—the 9-month
prevalence has been estimated between 49% and 59%.33-35 Back pain patients have an
increased recruitment of latissimus dorsi muscle fibers contralateral to the side characterized
by pain.38 Transverse abdominis muscles play a key role in lumbar spine stabilization.3’
Inflexibility and weakness in the hamstrings, quadriceps and lumbar musculature are
associated with low back pain.38-40 As a consequence of our focus on resistance exercises
aimed at improving low back function and pain, the present findings may not generalize to
training programs that involve a broader mix of resistance exercises (eg, those including
more upper body exercises).
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Noteworthy also is that a large progression in external loads and an associated improvement
in muscular endurance is unlikely to be realized among pregnant women who are unable to
adhere to a twice weekly strength training program. The small corpus of available research
aimed at understanding exercise adherence among pregnant women suggests that perceived
lack of time is a key barrier to their exercise participation and that the presence or absence of
social support (husband/partner/family) influences exercise behavior during pregnancy.*!

Among pregnant women who are sufficiently active to meet physical activity guidelines
recommended for health and fitness, weight lifting is the third most common leisure time
physical activity engaged in after walking and swimming.11 Nevertheless, because of safety
concerns health care providers often have been unwilling to recommend strength training to
pregnant women. The results of the present investigation show that adoption of a supervised,
low-to-moderate intensity strength training program during an uncomplicated, singleton
pregnancy can be safe and efficacious.
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1 2 3 4 5§ 6 7 8 9 10 11 12

Page 11

— Mean (x SE) progression of absolute (kg; Top panel) and perceived (RPE; Bottom panel)
training intensity for leg press across 12 weeks among 32 pregnant women.
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— Mean (x SE) progression of absolute (kg; Top Panel) and perceived (RPE; Bottom Panel)
training intensity for leg curls across 12 weeks among 32 pregnant women.
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— Mean (x SE) progression of absolute (kg; Top Panel) and perceived (RPE; Bottom Panel)

training intensity for leg extension across 12 weeks among 32 pregnant women.
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— Mean (x SE) progression of absolute (kg; Top Panel) and perceived (RPE; Bottom Panel)
training intensity for lat pull across 12 weeks among 32 pregnant women.
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— Mean (x SE) progression of absolute (kg; Top Panel) and perceived (RPE; Bottom Panel)

training intensity for lumbar extension across 12 weeks among 32 pregnant women.
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— Mean (x SE) progression of sets (Top Panel) and perceived training intensity (RPE;
Bottom Panel) transverse abdominis muscle actions across 12 weeks among 32 pregnant

women.
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— Mean (x SE) repetitions (Top Panel) and unadjusted perceived exertion (RPE; Bottom
Panel) scores associated with the 3-min lumbar extension endurance test among 16 pregnant

women.
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