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esistance exercise and glycemic control
n women with gestational diabetes mellitus
arcelo C. de Barros, MSc; Marco A. B. Lopes, MD, PhD; Rossana P. V. Francisco, MD, PhD;

ndreia D. Sapienza, MD; Marcelo Zugaib, MD, PhD
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BJECTIVE: The objective of the study was to evaluate the effect of a
esistance exercise program with an elastic band on insulin require-
ent and glycemic control in patients with gestational diabetes mellitus

GDM).

TUDY DESIGN: Sixty-four patients with gestational diabetes mellitus
ere randomly assigned into 2 groups: an exercise group (EG; n � 32)
nd a control group not submitted to the exercise program (CG; n �
2).

ESULTS: A significant reduction in the number of patients who re-
bstet Gynecol 2010;203:xx-xx.
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capillary glycemic co

oi: 10.1016/j.ajog.2010.07.015
roup (18/32) (P � .005). The percentage of time spent within the pro-
osed target glucose range (of at least 80% of weekly measurements
elow the limits preestablished for the disease) was significantly higher

n EG compared with the CG group (EG � 0.63 � 0.30; CG � 0.41 �
.31; P � .006).

ONCLUSION: The resistance exercise program was effective in reduc-
ng the number of patients with GDM who required insulin and in im-
roving capillary glycemic control in this population.

ey words: gestational diabetes mellitus, insulin, pregnancy,

uired insulin was observed in the EG (7/32) compared with the CG resistance exercise

ite this article as: de Barros MC, Lopes MAB, Francisco RPV, et al. Resistance exercise and glycemic control in women with gestational diabetes mellitus. Am J
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estational diabetes mellitus (GDM)
is defined as any degree of glucose

ntolerance that first occurs or is first di-
gnosed during pregnancy.1 Adequate
lycemic control of patients with GDM is
ecessary to minimize complications re-
ulting from the disease. In this respect,
iet therapy is the first intervention,
hich, if unsuccessful, should be accom-
anied by insulin treatment.2 Although
ffective in reducing the risk of fetal mac-
osomia,3 insulin therapy does not act on
he origin of the problem (ie, increased
eripheral resistance to the action of in-
ulin in the second half of gestation).4
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Because skeletal muscles represent the
ain site of insulin resistance observed

uring pregnancy,5 both the American
ollege of Sports Medicine6 and the
merican College of Obstetricians and
ynecologists7 recommend exercise as

n effective and safe supporting therapy
or the treatment of GDM because sev-
ral lines of evidence have shown the ef-
ectiveness of aerobic exercise in reduc-
ng the frequency of women using
nsulin. On the other hand, little is
nown about the therapeutic application
f resistance exercise (RE) to women
ith GDM. This modality of exercise

RE) consists of the voluntary contrac-
ion of skeletal muscle of a certain body
egment against some type of external re-
istance.8 The scientific literature re-
arding the use of this type of physical
ctivity as a coadjuvant for the treatment
f GDM is scarce. To our knowledge,
here is only 1 study on this subject con-
ucted by Brankston et al9 in 2004.
Because RE might be an important

ool for glycemic control in patients with
DM, the objective of the present study
as to evaluate the impact of an RE pro-
ram with elastic band on insulin re-
uirement and on the adequacy of
ntrol in pregnant i

MONTH 2010 Ame
atients with GDM. We hypothesized
hat RE would reduce the number of
omen who require insulin and would

mprove glycemic control in these
atients.

ATERIALS AND METHODS
randomized controlled trial was con-

ucted involving patients with GDM
ho were under prenatal follow-up at

he Obstetric Clinic of the University
ospital, University of Sao Paulo School

f Medicine, between October 2006 and
ovember 2008 (study period). The

tudy was approved by the Institutional
eview Board of the University Hospital,
niversity of Sao Paulo, and written in-

ormed consent for participation was
btained from each patient. For data
nalysis, the patients were randomized
nto 2 groups: an exercise group (EG),
hich underwent an RE program until

he end of gestation, and a control group
CG), which was not submitted to this
rogram.
Patients with a diagnosis of GDM

made by the 3 hour oral glucose toler-
nce test [OGTT] after a 100 g glucose
verload or by the 2 hour OGTT after a
5 g overload)10 who fulfilled the follow-

ng criteria were included in the study:

rican Journal of Obstetrics & Gynecology 1.e1
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edentary patients according to the In-
ernational Physical Activity Question-
aire (IPAQ),11 nonsmokers, age range
8-45 years, no physical factor or disease
imiting exercise, singleton pregnancy
nd absence of fetal malformation upon
ltrasound, gestational age ranging from
4 to 34 weeks, and no risk factors for
reterm delivery. Exclusion criteria were
he occurrence of clinical or obstetric
omplications contraindicating exercise
uring pregnancy and loss to follow-up.
ll subjects were instructed not to start
ny new type of physical activity after the
andomization.

On the first visit after the diagnosis of
DM, the patients received instructions

egarding capillary glucose monitoring
hrough self-monitoring of fingertip
apillary blood glucose 4 times per day
after an overnight fast, 2 h after break-
ast, 2 h after lunch, and 2 h after dinner).
he objective was to maintain fasting
lucose levels of 95 mg/dL or less and
ostprandial levels of 120 mg/dL or less
ccording to American Diabetes Associ-
tion (ADA) guidelines.10

All pregnant women with a diagnosis
f GDM were systematically evaluated
nd received diabetic dietary instruc-
ions from a nutritionist. The diet was

FIGURE 1
Elastic band

e Barros. Resistance exercise and gestational diabetes mellitu
ivided into 7 servings, containing 35 w

.e2 American Journal of Obstetrics & Gynecology
cal/kg ideal weight–1/day–1, and 300
cal/day were added in the second and
hird trimesters of gestation.

After the first medical visit, the patient
as informed about the opportunity to
articipate in this study. Women admit-
ed to the study were randomized using a
omputer-generated random series pro-
uced by a person not related to the pro-
ocol.12 The main researcher (M.C.D.B.)
eceived the next on a numbered series of
ealed opaque envelopes and was re-
ponsible for allocating each patient to 1
f the 2 groups (EG or CG) according to
he randomization list and instructed the
atients regarding RE. However, this re-
earcher did not participate, at any time,
n the decision about the introduction or
djustment of the insulin dose. The ob-
tetricians responsible for clinical and
renatal care and data recording was un-
ware to which group the patients be-
onged, and only the main researcher
M.C.D.B.) questioned the patients with
espect to the exercise practice.

RE was performed with an elastic band
Figure 1). The patients were advised to
tart the program about 90 minutes after
onsuming a meal of their preference
breakfast, lunch, or dinner) and after
he measurement of capillary glycemia

m J Obstet Gynecol 2010.
ith an Accu-Chek Advantage glucose t

MONTH 2010
eter (Roche Diagnostics, Indianapolis,
N). If capillary glucose levels were be-
ween 100 and 250 mg/dL, EG patients
tarted the program with a stretching se-
uence. If capillary glycemia was below
his range, the patients were instructed to
o the RE program on the next day to
revent hypoglycemia. If the values were
bove this range, the patients were in-
tructed not to undergo RE to prevent
he occurrence of ketoacidosis and to
ontact the responsible obstetrician.

The RE program consisted of a circuit
ype resistance training,8 elaborated in
uch a way that the main muscle groups
f the patients would be exercised (chest,
ack, biceps, triceps, deltoid, quadriceps,
high, and calf muscles). A circuit series
as defined as a sequence of these eight

xercises (stations). The women per-
ormed 15 repetitions of each exercise
station), with a minimum resting pe-
iod of 30 seconds and a maximum of 1
inute between each one. In the first and

econd week of follow-up, the women
nderwent 2 circuit series, followed by 3
ircuit series from the third week of
nclusion in the study to the end of
estation.
Exercise intensity was controlled by

he women themselves using a perceived
xertion scale for RE13 provided to them.
he women were advised to maintain an
xercise intensity close to 5 or 6, which
orresponds to a “somewhat heavy” ex-
rcise perception. The use of the elastic
and facilitated the adaptation of exer-
ise intensity to the level of conditioning
f the patients because only its length
eeded to be adjusted. The main re-
earcher (M.C.D.B.) was responsible for
he adjustments, which were always

ade on the weekly return visits of the
atients to the outpatient clinic.
The patients received written guide-

ines of how to perform each exercise and
ere instructed to undergo the program
n 3 nonconsecutive days a week (twice a
eek at home). The participants were

ontacted by telephone at least once a
eek to verify adherence to the program.
he other session was performed during

he weekly return visit, always under the
upervision of the main researcher
M.C.D.B.). On that occasion, EG pa-
s. A
ients were asked whether they had per-
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ormed any type of physical activity
ther than RE. In addition, the adequate
xecution of RE at the correct intensity
as verified.
The prenatal routine care of CG pa-

ients was kept unchanged. The patients
ttended weekly return outpatient visits
nd, on that occasion, were questioned
hether they had started some type of
hysical activity. In addition, the pa-
ients again responded to the IPAQ.11

he research visits and care visits were
cheduled weekly at the same day for all
atients (CG and EG).
The glycemic profile of each patient
as determined weekly, and insulin was

ntroduced when more than 30% of the
lucose measurements were above the
ecommended value or when 20-30% of
he measurements indicated hypergly-
emia and fetal weight was above the
5th percentile. The estimated fetal
eight percentile was determined once a
onth.14 The initial insulin dose (NPH)
as calculated at 0.4 IU/kg–1 per day–1,
ivided into half at breakfast, one-quar-
er at lunch, and one-quarter at 10:00
M.10 Regular insulin was added at meals
o improve the glycemic control if the ex-
lusive use of NPH insulin was not suffi-
ient to maintain the glycemias at ade-
uate levels.10

Comparison of the percentage of
eeks spent within the target glucose

ange of at least 80% of weekly measure-
ents considered to be normal for ges-

ation according to ADA guidelines10

as used as a parameter to evaluate the
dequacy of glycemic control. Through-
ut the follow-up period (time between
tudy inclusion and delivery), the weekly

ean of all capillary glucose was calcu-
ated for both groups. The mean weekly
alues of fasting and postprandial capil-
ary blood glucose levels were also ob-
ained. The analysis of the mean of

eans weekly values previously estab-
ished10 was performed for comparison
etween groups.

tatistical analysis
ll variables were submitted to compar-
tive analysis using the SPSS for Win-
ows 15.0 program (SPSS, Inc, Chicago,
L). For calculation of the sample size,

he objective was to reduce the percent-
ge of patients in EG who required insu-
in to 20%, with approximately 50% of
atients with GDM using insulin accord-

ng to the databank of the Endocrinopa-
hy and Pregnancy Unit (obstetric clin-
c’s department responsible for the care
f pregnant women affected by endo-
rine disturbances, such as thyroidopa-
hies and GDM). Assuming a power of
he test of 80% and a level of significance
f 5%, the calculated sample size in each
roup was 30 patients.

TABLE 1
Maternal characteristics

Variable
Cont
(n �

Maternal age, y 32.
...................................................................................................................

Gestational age at diagnosis, wks 27.
...................................................................................................................

Gestational age at first visit, wks 31.
...................................................................................................................

Pregestational BMI, kg/m2 25.
...................................................................................................................

First-visit BMI, kg/m2 29.
...................................................................................................................

OGTT, 75 g (n �
..........................................................................................................

Fasting, mg/dL 93.
..........................................................................................................

1 hour, mg/dL 177.
..........................................................................................................

2 hour, mg/dL 161.
...................................................................................................................

OGTT, 100 g (n �
..........................................................................................................

Fasting, mg/dL 95.
..........................................................................................................

1 hour, mg/dL 194.
..........................................................................................................

2 hour, mg/dL 170.
..........................................................................................................

3 hour 143.
...................................................................................................................

Values are the mean � SD.
BMI, body mass index; OGTT, oral glucose tolerance test.
a Student t test.

de Barros. Resistance exercise and gestational diabetes me

TABLE 2
Outcomes

Variable
C
(n

Required insulin
...................................................................................................................

Amount of insulin required, U/kg
...................................................................................................................

Latency to insulin requirement, wks
...................................................................................................................

Mean glucose levels, mg/dL 1
...................................................................................................................

Percentage of weeks spent within the
target glucose rangec

...................................................................................................................

Values are the mean � SD.
a �2 test; b Student t test; c At least 80% of weekly capillar

guidelines.
de Barros. Resistance exercise and gestational diabetes mellitus

MONTH 2010 Ame
Variables measured at diagnosis, at in-
lusion in the study, and during delivery
ere compared between groups by the
tudent t test.15 The type of delivery is
eported as absolute and relative fre-
uency for each group, and a possible as-
ociation of this variable with the groups
as subsequently tested by the �2 test.16

A graph of mean glycemic profiles and
heir respective standard errors was con-
tructed for the analysis of glucose levels
ver the weeks of gestation,17 and the re-

group
)

Exercise group
(n � 32) P a

5.40 31.81 � 4.87 .646
..................................................................................................................

3.33 28.37 � 2.52 .258
..................................................................................................................

2.30 31.56 � 2.29 .391
..................................................................................................................

3.81 25.34 � 4.16 .953
..................................................................................................................

4.01 29.61 � 4.13 .857
..................................................................................................................

(n � 6)
..................................................................................................................

14.0 92.3 � 17.2 .946
..................................................................................................................

29.0 189.5 � 13.4 .648
..................................................................................................................

20.4 169.1 � 43.8 .725
..................................................................................................................

) (n � 26)
..................................................................................................................

14.84 94.53 � 23.38 .775
..................................................................................................................

28.97 186.96 � 24.97 .320
..................................................................................................................

26.25 170.91 � 26.76 .966
..................................................................................................................

25.24 143.2 � 24.92 .945
..................................................................................................................

. Am J Obstet Gynecol 2010.

rol group
32)

Exercise group
(n � 32) P

56.3%) 7 (21.9%) .005a

..................................................................................................................

9 � 0.14 0.44 � 0.11 .401b

..................................................................................................................

1 � 1.64 1.85 � 1.21 .715b

..................................................................................................................

9 � 7.88 100.30 � 9.37 .084b

..................................................................................................................

1 � 0.31 0.63 � 0.30 .006b

..................................................................................................................

cose measurements within American Diabetes Association
rol
32

40 �
.........

53 �
.........

06 �
.........

39 �
.........

43 �
.........

5)
.........

0 �
.........

5 �
.........

4 �
.........

27
.........

93 �
.........

17 �
.........

63 �
.........

48 �
.........
ont
�

18 (
.........

0.4
.........

2.1
.........

02.8
.........

0.4

.........

y glu
. Am J Obstet Gynecol 2010.
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ults were submitted to analysis of vari-
nce for repeated measures with Huynh-
eldt correction.18 Mean values of each
atient per time of the day (after an over-
ight fast, 2 h after breakfast, 2 h after

unch, and 2 h after dinner) were used for
nalysis. Gestational body mass index
BMI) was also compared between
roups and periods of gestation using
nalysis of variance for repeated mea-
ures with Huynh-Feldt correction.18

onferroni’s multiple comparisons were
erformed to determine between which
eriods glucose levels differed.18

The unpaired Student t test was used
o compare the mean percentage of time
weeks) spent within the target glucose
ange during the follow-up period be-
ween groups.15 The existence of an as-
ociation between groups for the use or
ot of insulin was evaluated by the �2

est.16 Data were analyzed using the in-
ention-to-treat principle. The level of
ignificance was set at 5% for all tests.

ESULTS
he sample consisted of 64 patients who
ere equally divided into the 2 groups.
fter randomization, 1 patient reported

FIGURE 2
Mean capillary glucose profile and

ean capillary glucose profile and SEs obtained
roups throughout the follow-up period.
, analysis of variance for repeated measures with Huynh-Feldt c

e Barros. Resistance exercise and gestational diabetes mellitu
ack of time to perform RE (EG) and an- E

.e4 American Journal of Obstetrics & Gynecology
ther started to use metformin for glyce-
ic control (CG). None of these patients
ere excluded. An intention-to-treat

nalysis was chosen to know not just the
fficacy of exercise but also the efficacy of
he program overall. As shown in Table
, the groups were similar in terms of the
ariables measured at the time of inclu-
ion in the study (P � .05). The fasting
lucose values in the diagnostic test were
5mg/dL or greater in 19 of 32 patients in
he CG (59.3%), against 18 of 32 patients
n the EG (56.2%).

The EG participated in an average of
.36 � 0.4 sessions of RE per week. Each
E session lasted 30-40 minutes. The RE
rogram outcomes are shown in Table 2.
significant decrease in the number of

atients who required insulin was ob-
erved in EG compared with CG. Glyce-

ic control was significantly better in
G compared with CG. In EG, the per-
entage of weeks spent within the target
lucose range (80% of weekly capillary
lucose measurements within preestab-
ished guideline values11) was signifi-
antly higher when compared with CG.
o significant difference in mean (�

D) glucose levels was observed between

s at different times of day

ifferent times of day for the exercise and control

tion.

m J Obstet Gynecol 2010.
G and CG. In addition, mean glucose d

MONTH 2010
evels measured by the patients at differ-
nt times of the day throughout the fol-
ow-up period were lower in EG com-
ared with CG, but the difference was
ot significant (Figure 2).
The 2 groups did not differ signifi-

antly in terms of the amount of insulin
international units per kilogram) re-
uired by the patients or in the time in-
erval (weeks) between inclusion in the
tudy and insulin use (Table 2).

EG patients who used insulin contin-
ed to present adequate glycemic con-

rol according to the target established
or a longer percent period of weeks than
ontrol patients who used insulin (EG �
.40 � 0.24 vs CG � 0.25 � 0.23), but
he difference was not significant (P �
173). No significant difference in mean
lucose levels was observed between pa-
ients of the 2 groups who used insulin
CG: 106.83 � 7.45 vs EG: 109.83 � 9.04
g/dL; P � .342). There were no cases of

ostexercise hypoglycemia or capillary
lycemia higher than 250 mg/dL.
The 2 groups were similar in terms of

he variables measured at the time of de-
ivery (P � .05) (Table 3). No difference
n the frequency of cesarean section was
bserved between groups (n � 21 of
2 in EG vs n � 24 of 32 in CG; P � .412).
ewborn birthweight greater than

000 g was observed in 1 EG case and 3
G cases. There were 3 cases of preterm
elivery in each group (gestational age at
irth ranging from 35 to 36 weeks).

OMMENT
he present study permits us to conclude

hat RE with an elastic band is an effec-
ive therapeutic alternative for patients
ith GDM, reducing the number of pa-

ients who will require insulin and im-
roving glycemic control in this popula-
ion. In the present investigation, a
ignificant decrease in the number of pa-
ients who required insulin was observed
n the group submitted to RE.

In contrast, Brankston et al9 did not
nd a significant difference in the num-
er of women using insulin between the
roup undergoing RE and the control
roup (43.8% vs 56.3%; P � .48). These
istinct results might be explained by
SE

at d

orrec

s. A
ifferences in the design of the present
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tudy and that of Brankston et al.9 The
ample size was practically double in the
resent investigation and different in-
lusion criteria were used in the 2 studies
different gestational ages at inclusion,
xclusion of patients older than 40 years
n the study of Brankston et al9).

With respect to the characteristics of
he RE program proposed in the 2 stud-
es, there were differences in the choice
f exercises to be performed. In addition,

n the present study, the RE program
as evaluated weekly by the researcher

M.C.D.B.), who monitored the ade-
uacy of the exercise intensity, with ad-

ustment of the length of the elastic band
henever necessary, and the correct ex-

cution of the exercises proposed.
Despite the lack of observation of a re-

uction in the number of women requir-
ng insulin in the group submitted to RE,
rankston et al9 found a significant de-
rease in the time interval between inclu-
ion in the study and the onset of insulin
reatment (control group: 1.11 � 0.8
eeks; RE group: 3.71 � 3.1 weeks; P �

05) as well as in the mean (� SD)
mount of insulin used at the end of the
tudy by patients of the RE group (con-
rol group 0.48 � 0.3 IU/kg; RE group:
.22 � 0.2 IU/kg; P � .05). In the present
tudy, no differences in the time interval
etween inclusion in the study and insu-

in use (P � .715), amount of insulin re-
uired (P � .401), capillary mean glu-
ose levels (P � .342), or percentage of
eeks spent within the proposed target
lucose range were observed between EG
nd CG patients who used insulin (P �
173).

In the present study, the percentage of
ays spent within the target glucose
ange was significantly higher in EG
ompared with CG (Table 3). Although
ot statistically significant, the mean
lood glucose levels measured by the pa-
ients at different times of the day
hroughout the follow-up period were
ower in the EG compared with CG (Fig-
re 2). The mean glucose levels were also

ower in the EG compared with CG, but
tatistically significant (Table 2). Per-
aps with a larger number of patients, it
as possible to observe a statistically sig-
ificant difference between groups re-

arding capillary glucose levels. a
With respect to safety, RE does not
eem to interfere with pregnancy out-
omes. There were no cases of postexer-
ise hypoglycemia or capillary glycemia
igher than 250 mg/dL. In addition, no
ignificant differences in BMI, preg-
ancy weight gain, gestational age at de-

ivery, or number of cesarean sections
ere observed between the groups stud-

ed. The level of adherence to the RE pro-
ram in pregnancies complicated by
DM was satisfactory, with only 1 pa-

ient being lost to follow-up in the
resent investigation and in the study of
rankston et al.9 The fact that the
omen can do the exercises at home may
ave contributed to this result.
The better glycemic control observed

n pregnant women with GDM who
egularly underwent RE may reduce
reatment costs and assist public health
olicies. An elastic band (with an ap-
roximate cost of US $8) was chosen for
E to reduce costs and to permit access

o this type of physical activity by the
argest possible number of patients.

The present study provided evidence
hat RE may contribute to the care of pa-
ients with GDM. Further well-designed
nd controlled studies investigating the
ffects of RE on metabolic control in
DM should compare RE with aerobic

xercise and should determine whether
he adoption of both types of exercise

ay confer additional benefits. In addi-
ion, the combined action of RE and

etformin should be analyzed as well as
hether the molecular mechanisms un-
erlying the disease are modified by RE

TABLE 3
Maternal and newborn characteris

Variable
Cont
(n �

Delivery BMI, kg/m2 29.92
...................................................................................................................

Pregnancy weight gain, kg 11.28
...................................................................................................................

Gestational age at delivery, wks 38.57
...................................................................................................................

Newborn weight, kg 3.30
...................................................................................................................

Values are the mean � SD.
BMI, body mass index.
a Student t test.

de Barros. Resistance exercise and gestational diabetes me
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