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Abstract

OBJECTIVE—The objective of the study was to test the null hypothesis that continuing vigorous
weight-bearing exercise throughout pregnancy has no discernible long-term effect on indices of
fitness and/or cardiovascular risk.

STUDY DESIGN—This was a follow-up observational study of the fitness and cardiovascular risk
profile of 39 women conducted on the General Clinical Research Center at the University of Vermont.
Data were analyzed using the paired Student t test, analysis of variance, and linear regression.

RESULTS—Women who voluntarily maintain their exercise regimen during pregnancy continue

to exercise over time at a higher level than those who stop. Over time they also gain less weight (3.4
vs 9.9 kg), deposit less fat (2.2 vs 6.7 kg), have increased fitness, and have a lower cardiovascular

risk profile than those who stop.

CONCLUSION—Women who continue weight-bearing exercise during pregnancy maintain their
long-term fitness and have a low cardiovascular risk profile in the perimenopausal period.
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Although continuing regular weight-bearing exercise throughout pregnancy and adulthood
maintains fitness and/or lowers cardiovascular risk,1 6 the specific long-term effects of
continuing regular weight-bearing exercise during pregnancy are unknown. The purpose of the
current study was to examine this question in a longitudinal study of a cohort of women initially
studied serially before, during, and for 1 year after pregnancy 18-20 years ago.3’—2 The null
hypothesis tested was that continuing a vigorous weight-bearing exercise regimen during
pregnancy has no discernible long-term effect on indices of fitness and/or cardiovascular risk
in the perimenopausal period. Other aspects of long-term outcome were also examined
(musculoskeletal, genitourinary, psychosocial, etc) and will be reported separately.
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MATERIALS AND METHODS

Study sample

We attempted to contact the first 52 women who participated in our earlier observational studies
of weight-bearing exercise (running, aerobics, and cross-country skiing) during pregnancy (26
who continued to exercise regularly throughout pregnancy and 26 who did not).3:"=° Four were
lost to follow-up and 9 decided not to participate.

The data obtained from the remaining 39 women form the basis for this report. All had exercised
regularly and had their fitness evaluated prior to and shortly after their index pregnancy that
occurred 18-20 years ago. Twenty had continued a vigorous program of weight-bearing
exercise throughout their pregnancy (EX group), whereas the remaining 19 either stopped
entirely or reduced their overall exercise volume by at least 75% before the 12th week of
pregnancy (NOEX group). All resumed a regular recreational exercise program after the
pregnancy and 11 women in the EX group had had serial cardiac ultrasound evaluations
performed before, during, and after their index pregnancy.10

At the time the original studies were carried out, human subject concerns prevented us using
the randomized approach we utilized in recent work.1! Thus, the women self-selected their
training regimens both before and during pregnancy, and outcomes were compared between
the group of women who continued to exercise at or above 50% of prepregnancy training levels
throughout pregnancy and the group of women who stopped.

Study protocol

The 3-day study protocol was approved by the Institutional Review Boards of the University
of Vermont and the Metro-Health Medical Center and the Scientific Review Committee of The
University of Vermont General Clinical Research Center. Each participant gave her informed
written consent prior to participation, and all studies were conducted using the General Clinical
Research Center and the athletic facilities at the University of Vermont.

On the first study day, each subject’s height and nude weight were initially determined using
a metabolic balance scale and a stadiometer followed by a general history, physical
examination, and detailed dietary assessment. Then assessments of flexibility using a sit-and-
reach device (Novel Products, Rockton, IL), goniometer, and ruler; body composition using
Harpenden skinfold calipers (5-site skinfold thicknesses)12 and a dual-energy x-ray
absorptiometer (DEXA) (Lunar, Madison, WI); and a self-assessment of overall body image
(on ascale of 1-10) were carried out. Finally, after a 5 to 10 minute warm-up period, maximum
aerobic capacity (VOymax) Was determined using a modified Astrand, fixed speed, progressive
grade, treadmill protocol with a breath-by-breath indirect calorimetry system (Sensor Medics,
Yorba Linda, CA) and electrocardiogram monitoring. A detailed description may be found
elsewhere.13

All subjects met the following 3 criteria denoting a valid measurement of VO,max: the pulse
rate was within + 5 beats/min of the age-predicted maximum heart rate; the respiratory
exchange ratio exceeded 1.05; and there was a plateau in the oxygen consumption over the
final minute of the test.

On the second study day, resting heart rate and blood pressure were recorded every 5-10
minutes over a 45 minute time interval using palpation, a stopwatch, a stethoscope, and a
mercury manometer zeroed at the level of the left ventricle (midaxillary line). The first and
fifth Korotkoff sounds were used to denote systolic and diastolic blood pressure. 14 Mean
arterial pressure was calculated as diastolic pressure plus one third of the pulse pressure. During
the last 30 minutes, concurrent left ventricular chamber dimensions and wall thickness were
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estimated according to the guidelines published by the American Society of Echocardiography
using ultrasound to obtain a long-axis, real-time view and M-mode tracing with a 5 MHz linear
array transducer (Acuson, Malvern, PA).10:1517 Qver that time interval a minimum of 12 and
a maximum of 24 separate estimates were obtained at various phases of the respiratory cycle,
and average values were used to calculate left ventricular volumes and mass.1>~17 The within-
subject variability of these parameters around the mean ranged between + 2% and + 10%.

End-systolic and end-diastolic volumes were calculated using the Teichholtz equation for a
prolate ellipsoid (the product of cube of the dimension and a constant [7.2] divided by the sum
of the dimensions and a constant [2.6]).16 Stroke volume was calculated as the difference
between end-diastolic and end-systolic volumes; cardiac output as the product of stroke volume
and heart rate; and systemic vascular resistance in peripheral vascular resistance units (mean
arterial pressure —4 mm Hg divided by cardiac output in milliliters per second). The latter was
also converted and expressed in the more commonly used units of dyne per centimeters per
second ~ ® by multiplying by a constant.

Once the resting measurements were finished, the subjects changed into their exercise apparel,
warmed up, and completed a timed 2 mile walk/run on the track of their choice (indoor or

outdoor). They were instructed to complete the course as fast as they could, and both split times
(first vs second mile) and physical signs of increasing stress were used to assess compliance.

On the third study day, after having eaten a standard 55% carbohydrate, low-glycemic diet for
2.5 days, fasting bloods were drawn for a lipid profile and glucose and insulin levels. This was
followed by a 2 hour, 75 g oral glucose tolerance test.

Data analysis

RESULTS

Subjects

Initially the current values were compared with both population-based norms!2:17=19 and the
values obtained prior to the index pregnancy using either analysis of variance or a paired t test.
Then both the current values and the magnitude of the changes over the 18-20 year interval
were compared between the EX and NOEX groups using analysis of variance. Finally, the data
were reexamined based on current individual training volumes using both analysis of variance
and linear regression to determine whether current exercise performance introduced significant
bias. Statistix software (Statistix, Tallahassee, FL) was used for all the analyses. The level of
significance was set at P < .05, and all data are presented as the mean + SEM.

The 9 women who declined participation did so for 2 reasons: time constraints and/or
embarrassment about their current physical condition. The former was the major reason for all
4 of the women in the EX group, and the latter was the major reason for 4 of the 5 in the NOEX
group. The 4 EX women who chose not to participate were not significantly different from the
20 who completed the protocol in terms of prepregnancy weight, current weight, and activity
levels at both time points. The 5 NOEX women who chose not to participate were similar to
the 19 who completed the protocol in terms of prepregnancy weight and activity but were
currently significantly heavier and more sedentary.

Current age and parity were similar in both groups. EX women had a median age of 48 years
(mean, 48 £ 1) and a median parity of 2 (range, 1-3). NOEX women had a median age of 49
years (mean, 49 £ 1) and a median parity of 2 (range, 1-3). All were nonsmokers and had no
history of other substance abuse other than social ingestion of alcohol in moderation since the
index pregnancy. Approximately 80% of the women in both groups continued to work outside
the home, and most ate either a mixed or high glycemic diet (about 75%).
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Training regimens then and now

Prior to the index pregnancy, more than 75% of the women in both groups ran, cross-country
skied, and/or performed aerobics 5 or more times a week for 30 minutes or more each session
at an intensity that exceeded 65% of their VO,ax. The remainder exercised 3-5 times a week
for 30 minutes or more each session at a mean intensity that exceeded 50% of their VOomax.
During pregnancy the women in the EX group voluntarily continued to exercise at or above
50% of their prepregnancy exercise volume and all had returned to near prepregnancy exercise
levels (greater than 75%) by 6 months after the birth.3=>

Seventy-nine percent of the NOEX group voluntarily stopped completely in the
periconceptional period. Another 16% voluntarily stopped completely by the 10th week, and
the remaining woman voluntarily reduced her training regimen to less than 25% of her
prepregnancy volume by the 10th week. All except 1 woman in the NOEX group had returned
to near prepregnancy levels (greater than 75%) by 6 months after the birth.3 She experienced
amusculoskeletal injury that delayed her return to prepregnancy exercise levels until 10 months
after the birth.

At the time of current study, the women in the EX group exercised at 82 + 7% of their
prepregnancy level, which was significantly higher (P < .01) than that of the women in the
NOEX group (52 + 11%). However, the range of performance in both groups was similar (EX
group, 10-150%; NOEX group, 5-125%).

Body composition and body image

Flexibility

Weight prior to the index pregnancy was not significantly different between the EX (60.0 +
1.7 kg) and the NOEX (60.8 + 1.7 kg) groups. However, current weight (63.5 + 2 kg vs 70.8
+ 3.9 kg), change in weight from prepregnancy levels (3.4 + 0.9 vs 9.9 + 3.0 kg), and the weight
for age percentile (30 + 4 vs 41 + 5) were significantly less (P < .05 to <.002) in the EX group.
Likewise, prepregnancy body mass indices (BMIs) were not significantly different between
groups (21.2 + 0.5 vs 22.2 + 0.5 mg/m?) but current BMI (22.1 + 0.5 vs 25.8 + 1.1 mg/m?),
change in BMI (0.8 + 0.4 vs 3.6 + 1.3 mg/m?), and BMI age-adjusted population percentile
(22nd * 3 vs 40th + 5) were significantly less in the EX group (P < .01).

Current percent body fat estimates by skinfold thicknesses and DEXA were 9% and 8%less in
the EX vs the NOEX group (P < .001) as were the age-adjusted percentiles for triceps (13 + 3
vs 31 £ 6) and subscapular (11 + 3 vs 41 + 6) skinfold thicknesses. The calculated change in
fat mass (based on 5-site skinfold thicknesses) from prepregnancy levels was also significantly
less (P <.004) in the EX group (2.2 £ 0.7 vs 6.7 = 1.4 kg).

Whole-body, total hip, and femoral neck bone densities were not significantly different
between the groups. Age-adjusted percentiles in the EX group were 113 + 2, 112 + 2, and 114
+ 3, respectively. They were 112 + 2, 109 + 2, and 110 = 3 in the NOEX group.

Overall self-assessed body image was significantly higher (P <.01) in the EX (7 + 1) vs the
NOEX group (5 £ 1).

All aspects of flexibility were virtually identical in the 2 groups. Total body flexion (sit and

reach) was 5 £ 2 cm, and total body extension was 45 + 4 degrees. Lateral flexion was 37 + 3
degrees bilaterally, thigh flexion greater than 90 degrees, and thigh extension 35 + 3 degrees.
Upper extremity range of motion and shoulder girdle motion were above average in all subjects.
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Cardiopulmonary fitness then and now

Although there were no significant between-group differences in weight-adjusted VOomax
values prior to the index pregnancy in the earlier observational study,3:9 there were slight but
significant between-group differences (EX group, 54 + 1 mL/kg per minute, NOEX group, 50
+ 2 mL/kg per minute, P<.02) in the current follow-up of 39 of its earliest participants.
However, in these 39 women, there were no between-group differences in either prepregnancy
absolute VOymax Values (EX group, 3.25 £ 0.86 L/min; NOEX group, 3.08 £ 0.93 L/min) or
the age-adjusted VOomax percentiles (EX group, 98th + 1; NOEX group, 98th + 1). Thus,
despite the between-group difference in weight-adjusted VOymax, all 39 women in the current
follow-up sample were extremely fit at the time of their initial prepregnancy evaluation.

As illustrated in Figure 1, current absolute VOomax Values were directly related to that present
prior to pregnancy (r? = 0.6326, P < .0001). The relationship for the entire 39 women is
described by the equation: current absolute VOomax ( mMilliliters per minute) = 282 (milliliters
per minute) + 0.775 absolute VOomax Value prior to pregnancy (milliliters per minute). There
were no significant between-group differences in the change in absolute VOypax OVer time.
The r2 values (EX group, 0.6279; NOEX group, 0.6200), the slope of the relationship (EX
group, 0.773; NOEX group, 0.782), the percent change over time (EX group, 13 £ 2%; NOEX
group, 13 + 2%), and the calculated absolute change per year (EX group, 22 + 3 ml/min per
year; NOEX group, 21 + 3 ml/min per year) were virtually identical.

However, because of the large between-group differences in interval weight gain noted in the
previous text, the current weight-adjusted VOonmax Values were significantly higher in the EX
group (EX group, 44 + 1 ml/kg per minute vs NOEX group, 38 + 1 ml/kg per minute, P £ .
002), and the relationship between the weight-adjusted VO,max Values then and now was not
significant in either group (EX group, r, = 0.0998, P = .15, and NOEX group, r2 = 0.0120,
P=.68). Nonetheless, all the individual weight-corrected values in both groups were well above
average, with most women still achieving values that were greater than the 90th percentile for
age (EX group, 98th + 1, and NOEX group, 93rd + 1). Maximum pulse rates were also similar
in the 2 groups (179 * 2 beats/min and 181 + 3 beats/min).

Compliance with the 2 mile run instructions were present in all subjects as judged by evidence
of extreme fatigue in the last lap and second mile split time, which either equaled or exceeded
that for the first. The 2 mile run times were significantly (P < .005) shorter in the EX group
(17minutes and 6 seconds + 46 seconds vs 19 minutes and 44 seconds+ 54 seconds). Eight
women in each group ran/walked on the indoor track and the remainder on the outdoor track.
This between-group balance in performance site ruled out the possibility that environmental
differences between the 2 facilities played a role in the significantly faster 2 mile times in the
EX group.

Cardiovascular function and risk

Resting heart rate and its age-adjusted percentile were significantly lower (P <.0003) in the
EX group (55£1 vs 64+2 beats/min and 15th+2 vs 41st+7), and end diastolic volume was
significantly larger (114 + 4 vs 99 + 4 mL) in the EX group. However, resting systolic and
diastolic blood pressures were identical in the 2 groups (111 and 66 mm Hg), and the small
between-group differences in cardiac output (2.29 vs 2.86 L/m?), total peripheral vascular
resistance (1500 vs 1535 dyne/cm per second™>), and left ventricular mass (92 vs 82 g/m?)
were not significant.

Cholesterol levels and age-adjusted percentiles were significantly lower (P< 0.02) in the EX
group (169+4 vs 190+ 9 mg/dL and 14th + 3 vs 36th + 9). The mean high-density lipoprotein
level was identical in the 2 groups (60 mg/dL), so the between-group difference in total
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cholesterol was entirely due to a significantly lower low-density lipoprotein level in the EX
group (93 £ 5vs 113 + 6 mg/dL)

Changes in cardiovascular parameters over time in 11 subjects

There were no significant changes from prepregnancy levels over time in resting heart rate (60
+ 1 vs 62 * 2 beats/min), mean arterial blood pressure (75 + 2 vs 77 £ 2 mm Hg), or cardiac
output (2.43 £ 0.08 vs 2.46 = 0.1 L/min per square meter). However, left ventricular end-
diastolic volume (111 + 5 vs 102 + 6 mL) was significantly greater now (P < .01) and the
current value for total peripheral resistance (129040 vs 1490 70 dyne/cm per second ) was
significantly less (P < .005) as well.

Parameters of insulin resistance

Glucose and insulin responses to fasting and 75 g of glucose were quite varied in both groups.
As a result, the between-group differences were not statistically significant. Fasting glucose
and insulin levels in the EX and NOEX groups were 74+3 vs 82+3 mg/dL and 8+1 vs 9+ 1
pU/mL, respectively. Likewise the hepatic insulin sensitivity index and the composite insulin
sensitivity index in the EX and NOEX groups were 0.77+0.1 vs 0.63 + 0.08 and 27 + 6 vs 18
+ 4, respectively.20

Confounding effect of current individual training regimens

As noted earlier, the women who exercised during pregnancy currently exercised at a higher
level than those who discontinued exercise during pregnancy. As a result, when the data were
reanalyzed based on current individual training regimens, some of the fitness and
cardiovascular risk parameters were more favorable in those who had continued to exercise
above 50% of their prepregnancy levels. The 50% level was used because that was the training
regimen cutoff point used during the index pregnancy to include a woman in the EX group.

Linear regression of fitness and cardiovascular parameters against current individual training
volume (expressed as a percentage of prepregnancy levels) confirmed the confounding role of
current individual training volume for many but not all of these differences. Two of these, the
relationship between it and both current weight-corrected VOypay (2 = 0.1563, P < .02) and
the change over time in fat mass (r2 = 0.3385, P<.0001), are shown in Figure 2 and Figure 3.
Note that the relationship with current weight-adjusted VO,max is truly linear only up to 100%
of the training volume performed prior to pregnancy (r? for these women = 0.3522, P < .0005),
whereas the relationship with the change in fat mass over time is linear throughout. There were
no between-group differences for the relationship between current training volume and current
VOomax, but the relationship with the change in percent body fat over time was significantly
higher in the NOEX group (r2 = 0.4763).

Current training volume was also related to multiple other fitness parameters. The r? values
for the relationship between current training volume and the changes over time in weight (0.16)
and BMI (0.18) were significant (P < .05) as were those for current weight percentile (r2 <
0.34), current percent body fat (r2 = 0.29), current BMI percentile (r2 = 0.17), current skinfold
percentile (r2 = 0.23), 2 mile run time (r2 = 0.14), resting heart rate (r2 = 0.18), and left
ventricular mass (r2 = 0.11). However, this was not the case for current absolute VVO2max, blood
pressure, left ventricular end diastolic dimension, total peripheral resistance, total cholesterol,
or low-density lipoprotein levels.

COMMENT

These data are the first to describe the long-term fitness characteristics of women who
continued to exercise throughout pregnancy, and the findings are similar to those reported for
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active women in general.1:2 The major new finding is that continuing exercise during
pregnancy appears to be a marker that identifies women who spontaneously maintain a fairly
vigorous recreational exercise regimen for at least 18-20 years after their first pregnancy. The
combination reduces weight gain and fat deposition, maintains fitness, and improves exercise
competence during and for 18-20 years after the index pregnancy.? It also lowers indices of
cardiovascular risk relative to both the population at large and women who maintain a lower
level of recreational exercise performance later in life. However, the relationship between
current exercise volume and many indices of cardiovascular risk was nonlinear, emphasizing
that multiple factors other than exercise influence these indices.#12:19 The same was true for
metabolic risk as assessed using multiple indices of insulin sensitivity.

Another important finding is the confirmation?:4:>:19 that continuing even a low-volume,
weight-bearing exercise program has benefit when compared with age-adjusted population
norms for weight, weight gain, indices of fat deposition, bone density, cardiopulmonary fitness,
cardiovascular function, and cardiovascular/metabolic risk. This is strongly supported by the
findings that the wide range in current training volume did not alter a fairly consistent rate of
fall in absolute VO,pmayx OVer time in this group of physically active women but that even low
exercise volumes reduced weight gain, multiple indices of fat deposition, and 2 mile run time
while increasing weight-corrected VOymax-

Finally, the longitudinal data dealing with cardiovascular function and exercise competence
indicate that the vascular remodeling and improved exercise competence induced by the
hormonal changes of 2 or 3 pregnancies’:? persists for many years and is associated with a
lower cardiovascular risk profile in women who continue to engage in regular weight-bearing
exercise during and after their pregnancies. The same does not appear to be true in the populace
at large.22:23 The difference between their findings and ours suggests that the combination of
several pregnancies and regular weight-bearing exercise enhances long-term cardiovascular
function and lowers risk.

The major problem with the current study is that the large differences in current training
regimens between the individuals in both the EX and NOEX groups was not anticipated.
Therefore, it is impossible to separate the long-term effects of exercise during pregnancy from
those of exercise after pregnancy. However, the correlations between current individual
training volumes and parameters that reflect fitness and/or cardiovascular function indicate
that current training regimens play a significant role. This suggests that the null hypothesis
may be correct and that exercise during pregnancy alone has no long-term effect on fitness or
cardiovascular risk. Additional studies are underway in an attempt to resolve this issue by
studying a more focused NOEX subgroup (NOEX women who resumed and maintained a
vigorous weight-bearing exercise program after pregnancy) for comparison.

An additional unanticipated issue is the small but significant between-group difference in
prepregnancy VOomax Values in the current study sample. As noted in previous text in the
Results section, it is unlikely that this small weight-related difference would bias the current
results because both groups were extremely fit and decremental changes in absolute VOymax
over time were similar in the 2 groups.

In summary, women who continued to exercise throughout pregnancy have maintained their
training regimens and level of fitness well above and indices of cardiovascular risk well below
those present in both the general populace and women who temporarily stopped exercise during
pregnancy.
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FIGURE 1. VOyyax now and then
The relationship between absolute VO3 Now and that present prior to pregnancy is shown.
The equation describing the relationship is y = 282 + 0.775x, and the r2 is 0.6326.
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FIGURE 2. Current exercise training volume and current weight-adjusted VOomax

The relationship between current exercise training volume and current weight-adjusted
VOomax is shown. Current exercise training volume is expressed as a percentage of the subject’s
training volume prior to pregnancy (%ptp). The equation describing the overall relationship is
y = 37.8 + 0.048x, and the r? is 0.1563. However, if only the linear portion of the relationship
is analyzed (current exercise volume between 5% and 100%), the r2 is 0.3522.
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FIGURE 3. Current exercise training volume and the change in percent body fat over time

The relationship between current exercise training volume (% ptp) and the change in percent
body fat over time is shown. The equation describing the relationship isy = 9.2 - 0.07x, and
the r2 is 0.3385.
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