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trimester: Findings from a cohort
of women with gestational
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Objective: This study aims to investigate the relationship between daily physical

exercise (PE) duration and frequency of abnormal plasma glucose (PG) times both

during fasting and 2 h after a standard diet in women with gestational diabetes

mellitus (GDM).

Methods: We established a cohort involving 878 GDM women. GDM was

confirmed by a diagnostic 75-g oral glucose tolerance test. Information was

extracted from the delivery records and antenatal checkup forms. Physical

exercise information was collected through a questionnaire.

Results: Over 80% of GDM women were under 35 years old. An abnormal fasting

PG with ≥1 occurrence presented in 742/878 (84.51%), and the abnormal PG 2 h

after standard diet with ≥1 occurrence presented in 634/878 (72.21%). Compared

to GDM women with ≥4 occurrences of abnormal fasting PG, GDM women with 0

occurrences (odds ratio (OR) = 2.56), one occurrence (OR = 1.94), two

occurrences (OR = 2.29), and three occurrences (OR = 2.16) had a higher

proportion of PE duration being in the 45–60-min/day group than those in the

<45-min/day group, and GDM women also had a higher proportion of PE during

being in the 61–90- and >90-min/day group than those in the <45-min/day group.

However, the duration of PE was not associated to the number of abnormal PG

occurrences 2-h after the standard diet.

Conclusion: Moderate-intensity PE duration in GDM women was negatively

associated with the number of abnormal fasting PG occurrences but not with

the number of PG occurrences 2 h after the standard diet.

KEYWORDS

gestational diabetes mellitus, abnormal plasma glucose, physical exercise duration,
fasting plasma glucose, 2-h plasma glucose
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Introduction

Gestational diabetes mellitus (GDM) is the abnormal glucose

metabolism that occurs during pregnancy. In recent years, the diet

and living habits of pregnant women have greatly changed with social

and economic development, which has led to an obvious increase in

the prevalence of GDM (1, 2). The International Diabetes Federation

(IDF) estimated that approximately 14% of pregnancies and 18

million live births were affected by GDM worldwide in 2017 (3–5).

In China, with the adoption of the universal second-child policy in

October 2015 (6), more women in their 30s or 40s are planning to

conceive. GDM prevalence in China continues to rise (7, 8), rising

from 14.7% to 20.9% in recent years (9) due to advanced maternal age

and a higher occurrence of pre-pregnancy overweight and

obesity (10).

GDM is closely associated with impaired glucose tolerance and

insulin resistance (1, 3), both of which have been linked to glucose, fat,

and protein metabolism in pregnant women (11). GDM may cause

serious complications during pregnancy (12, 13), including

gestational hypertension, high infection risk, macrosomia, neonatal

unit care admission, abortion, and premature birth (14). Thus,

pregnant women with GDM are at high risk of having multiple

adverse birth outcomes.

Maintaining the PG level in the normal range is key to reducing

the occurrence of maternal and fetal complications (15). Nutritional

control and physical exercise are basic interventions in the treatment

and management of GDM (16). Growing evidence has demonstrated

that physical exercises, including slow walking, swimming, stationary

cycling, and yoga, are helpful in maintaining a normal PG level (17).

The American College of Obstetricians and Gynecologists (ACOG)

and the Canadian Society for Exercise Physiology (CSEP) issued an

updated physical activity guideline in 2020, recommending at least

150 min of moderate-intensity physical activity per week for pregnant

women without contraindications to achieve health benefits (18).

However, Padayachee puts forward a different recommendation for

GDM women considering the low-quality evidence in the ACOG-

and CSEP-issued guideline (19). This specific guideline on physical

exercise for GDM women recommended 30–60 min of moderate-

intensity exercise three times per week (19). In a previous study, GDM

women with more than 60 min of physical exercise presented a lower

percentage risk of having abnormal plasma glucose (PG) levels (20,

21). However, evidence on the optimal amount and duration of

physical exercise needed to curb the elevated glucose levels in GDM

women as well as the effect of moderate-intensity physical exercise on

glucose control during fasting and 2 h after diet remains limited.

In the women with GDM recruited for this study, we aimed to (1)

estimate the prevalence of abnormal levels of PG tests during the third

trimester in GDM women and (2) examine the effect of daily

moderate-intensity physical exercise duration on the number of
Abbreviations: FPG, fasting plasma glucose; PBG, postprandial blood glucose 2 h

after a standard breakfast; GDM, gestational diabetes mellitus; ACOG, American

College of Obstetricians and Gynecologists; CSEP, Canadian Society for Exercise

Physiology; PG, plasma glucose; OGTT, oral glucose tolerance test; OR, odds ratios;

CI, confidence interval; IDF, International Diabetes Federation; DAGs, directed

acyclic graphs; IQR, interquartile range; BMI, body mass index; T2DM, type 2

diabetes mellitus; CNY, Chinese Yuan.
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abnormal PG occurrences during the third trimester in women

with GDM.
Methods

Participants

A prospective cohort of women with GDM was established in

2019 and 2020 in the Songjiang district of Shanghai, China. The

purpose was to evaluate the impact of physical exercise on blood

glucose control, preterm birth, adverse perinatal outcomes, and type 2

diabetes after delivery (21). GDM women at gestational weeks 24–28

were recruited from the Songjiang Maternal and Children’s

Healthcare Hospital, Shanghai. The 75-g oral glucose tolerance test

(OGTT) was used to diagnose GDM. The inclusion criteria were as

follows: (1) aged 18–45 years; (2) gestational weeks 24–28; (3)

confirmed GDM diagnosis with OGTT; (4) singleton pregnancy; (5)

no preexisting health conditions such as diabetes, hypertension, or

ischemic heart diseases; (6) currently living in Songjiang district of

Shanghai; and (7) being able to read and sign an informed consent

form (20, 21). GDM women with less than seven plasma glucose tests

during routine antenatal checkups were excluded. The Review Board

of Songjiang Maternal and Children’s Healthcare Hospital reviewed

and approved this study (IRB#-2019-12-003). An informed consent

paper was signed by each GDM woman before the questionnaire

interview. This study was registered in the Chinese Clinical Trial

Registry (ChiCTR2000028832) and was conducted in line with the

Declaration of Helsinki.
Data collection

Data were collected through a questionnaire that included three

parts (20). Part A included five questions about the demographic

features (age, education, monthly income, BMI before pregnancy, and

residency status). Part B covered the pregnancy and childbirth history

of GDM women, information on routine antenatal checkups, PG test

records, and newborn delivery (gestational week, delivery mode, and

information on any postpartum hemorrhage). Part C covered the

performance of 20 types of physical activities during pregnancy

(house cleaning, stationary bike riding, walking, jogging, swimming,

climbing stairs, Tai Chi, soft gymnastics, yoga, etc.). The frequency

and duration of each physical activity of moderate intensity

undertaken during gestational weeks 27–40 were collected. Parts A

and B were extracted from the hospital records. Part C of the

questionnaire was collected by trained nurses through face-to-face

interviews after the birth, while the mother was still in the hospital.
Definitions of glycemic control status,
physical exercise duration, and covariate

In this study, GDM was confirmed by a diagnostic 75-g OGTT at

the gestational week of 24–28 when any one of the following values

was met or exceeded (21): plasma glucose in fasting status (0 h) at

≥5.10 mmol/L, 1-h plasma glucose at ≥10.00 mmol/L, and 2-h plasma
frontiersin.org
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glucose at ≥8.50 mmol/L. Glycemic control status in the third

trimester was indicated by the number of abnormal plasma glucose

(PG) occurrences, which were tested in gestational weeks 27–28, 29–

30, 31–32, 33–34, 35–36, 37–38, and 39–40. An abnormal PG in each

antenatal checkup was defined as the fasting plasma glucose (FPG)

≥5.30 mmol/L or (and) postprandial blood glucose 2 h after a

standard breakfast (PBG) ≥6.7 mmol/L, and the number of

abnormal PG was counted both in total (FPG or/and PBG) and in

separate forms (FPG or PBG). We classified GDM women into five

different groups according to the occurrences of abnormal PG

(groups with 0, 1, 2, 3, and ≥4 occurrences), and a higher number

of abnormal PG occurrences indicates worse glycemic control. Daily

moderate-intensity physical exercise duration was calculated using

total daily activity times and the total weekly activity times (21). First,

physical activity duration was calculated as monthly activity

frequency multiplied by the average duration of each activity, then

divided by 30 days. Thereafter, we combined the 20 types of physical

activity duration to provide the total daily physical activity duration

with moderate intensity for each participant. The daily physical

exercise duration with moderate intensity was then divided into

<45, 45–60, 61–90, and >90 min according to percentiles 25, 50,

and 75. In addition, we classified women according to age: less than 35

years and 35 years or more. Education was recorded as completed

years of schooling and categorized as 6–9 years (primary or junior

high school), 10–12 years (senior high school), and >12 years (college

and above) (20, 21). Individual monthly income was classified into

three groups (<5,000 CNY, 5,000–10,000 CNY, and >10,000 CNY).

BMI before pregnancy was divided into 14.5–23.9 kg/m2 (low or

normal) and ≥24 kg/m2 (overweight, obesity) (20).
Data analysis

Quantitative data are presented as means and standard deviations

(SD) or median and interquartile range (IQR) as appropriate. We applied

Student’s t-test or Mann–Whitney U tests to examine the difference

between quantitative variables with a normal or skewed distribution.

Categorical variables were described as frequency and percentage (%).

The Chi-square test was used to test the difference in abnormal PG

occurrences in GDM women with different demographic features.

Generalized linear regression (GLM) models were used to

calculate the odds ratio (OR) and 95% confidence interval (95% CI)

between physical exercise duration and the number of abnormal FPG

or PBG occurrences, with the adjustment of potential confounders

identified by directed acyclic graphs (DAGs) (22). For the GLM

models, the reference groups were moderate-intensity physical

exercise for <45 min, GDM women <35 years old, and abnormal

occurrences of FPG (≥4 times in Table 1, >2 times in Table 2); or PBG

≥1 time (Table 2). SAS 9.4 (SAS Institute Inc.) was applied for

analysis. A significant p-value was set at 0.05 or lower.
Results

In this study, 878 GDM women were included in the final

analysis. The overall mean (SD) age was 30.53 (3.95) years, with
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81.21% of them under 35 years old. Of GDM women, 61.85% had an

education in college and above, and the majority of them (77.11%)

had a monthly income of over 5,000 CNY. 64.24% of women had

lower or normal BMI before pregnancy, and 35.88% of them were

local residents. The median value for gestation times, production

times, and the number of live births were 2, 1, and 1,

respectively (Table 3).
Physical exercise in the third trimester in
GDM women

The median duration of daily physical exercise was 60 min (IQR:

45–90). The proportion of women with daily physical exercise

durations of <45, 45–60, 61–90, and >90 min were 23.12%, 19.36%,

36.22%, and 21.30%, respectively. GDM women aged ≥35 years with

an education level of college and above, a higher monthly income, and

lower BMI before pregnancy tend to have a higher proportion of daily

exercise time over 60 min (Table 3).
Plasma glucose status in routine antenatal
checkup in GDM women

In this study, 751 women with GDM had at least one abnormal PG

test during the third trimester of pregnancy; the prevalence of total

abnormal PG was 85.54%, with 84.51% (742/878) for FPG and 72.21%

(634/878) for PBG. Figure 1 shows the change in FPG and PBG levels in

women with different physical exercise durations within each of the

gestational weeks. GDM women with less daily physical exercise time

(<45 min) tended to have higher FPG levels than those with more daily

physical exercise time, but these differences were not obvious for PBG

betweenGDMwomenwith different levels of daily physical exercise time.

The median abnormal PG occurrence was four times (IQR: 1–6) in all

GDM women. The proportion of women with abnormal FPG of 0, 1, 2,

3, and ≥4 times were 15.49%, 15.38%, 14.58%, 12.98%, and 41.57%,

respectively. GDM women aged 18–34 years old (16.13%) were more

likely to have normal PG (i.e., 0-time abnormal occurrence) than women

aged 35–45 years (12.73%). GDM women with a college or higher

education (35.54%) and a monthly income of more than 10,000 CNY

(33.94%) had a lower proportion of abnormal FPG at ≥4 times than those

with a primary/junior high and senior high education or a monthly

income of less than 10,000 CNY. GDMwomen with a BMI of ≥24 kg/m2

had a higher percentage of abnormal FPG at ≥4 times than those with

BMI of <24 kg/m2 (Table 4).
Association between physical exercise
duration and number of abnormal FPG and
PBG occurrences

In Table 1, we present the results of the multivariable analyses.

Women with a longer physical exercise duration were more likely to

have normal FPG tests (or fewer abnormal FPG occurrences) during

the third trimester, compared to those with a daily physical exercise

duration of less than 45 min. The odds of having 0-time abnormal
frontiersin.org
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TABLE 1 The association between daily physical exercise duration and the number of abnormal fasting plasma glucose (FPG) occurrences in women with
GDM (n = 878).

Duration of moderate-intensity physical
exercise

Abnormal times of fasting
PG

n (%) Unadjusted OR and
95% CI

Adjusted OR and 95%
CI

45–60 min/day 0 time 20
(11.76)

2.56 (1.21, 5.41) 2.48 (1.14, 5.38)

1 time 19
(11.18)

1.97 (0.96, 4.05) 2.01 (0.96, 4.17)

2 times 22
(12.94)

2.29 (1.14, 4.60) 2.30 (1.13, 4.70)

3 times 26
(15.29)

2.16 (1.14, 4.11) 2.05 (1.07, 3.94)

≥4 times 83
(48.82)

Ref Ref

61–90 min/day 0 time 57
(17.92)

5.66 (2.94, 10.87) 6.33 (3.21, 12.46)

1 time 59
(18.55)

4.76 (2.59, 8.73) 5.08 (2.72, 9.46)

2 times 55
(17.30)

4.43 (2.41, 8.17) 4.83 (2.58, 9.02)

3 times 40
(12.58)

2.58 (1.43, 4.67) 2.66 (1.46, 4.85)

≥4 times 107
(33.65)

Ref Ref

>90 min/day 0 time 46 (24.6) 13.22 (6.46, 26.97) 13.69 (6.5, 28.85)

1 time 41
(21.93)

9.56 (4.83, 18.91) 10.05 (4.98, 20.26)

2 times 35
(18.72)

8.16 (4.08, 16.33) 8.44 (4.14, 17.20)

3 times 28
(14.97)

5.22 (2.65, 10.3) 5.39 (2.71, 10.72)

≥4 times 37
(19.79)

Ref Ref
F
rontiers in Endocrinology
 04
Moderate-intensity physical exercise times at <45 min/group was taken as a reference for the polytomous explanatory variable of physical activity, and the number (%) of times of abnormal FPG in this
group is 13 (6.40%) for 0 times, 16 (7.88%) for one time, 16 (7.88%) for two times, 20 (9.85%) for three times, 138 (67.98) for four times, and over. The age and times of production were adjusted in the
GLM for the adjusted OR and 95% CI calculation.
PG, plasma glucose; OR, odds ratio; CI, confidence interval.
TABLE 2 The association between daily physical exercise duration and the number of abnormal FPG occurrences in women with GDM by age groups (n =
878).

Moderate-intensity physical exercise times Abnormal times of fasting PG Age <35 years Age ≥35 years

n (%) OR, 95% CI n (%) OR, 95% CI

45–60 min/day ≤2 times 34 (26.15) 1.8 (0.99, 3.28) 7 (35.00) 2.36 (0.6, 9.23)

>2 times 96 (73.85) Ref 13 (65.00) Ref

61–90 min/day ≤2 times 94 (44.98) 4.17 (2.47, 7.05) 20 (38.46) 4.45 (1.43, 13.91)

>2 times 115 (55.02) Ref 32 (61.54) Ref

>90 min/day ≤2 times 60 (57.69) 6.78 (3.71, 12.37) 16 (43.24) 4.13 (1.28, 13.29)

>2 times 44 (42.31) Ref 21 (56.76) Ref
Moderate-intensity physical exercise times at <45 min/group was taken as a reference for the polytomous explanatory variable of physical activity. The number (%) of times of abnormal FPG in this
group is 25 (16.13%) for ≤2 times and 130 (83.87%) for >2 times in GDM women less than 35 years and 7 (20.00%) for ≤2 times and 28 (80.00%) for >2 times in GDM women ≥35 years.
FPG, plasma glucose in fasting; OR, odds ratio; CI, confidence interval.
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FGP test were (OR: 2.56, 95% CI: 1.21–5.41), (OR: 5.66, 95% CI: 2.94–

10.87), and (OR: 13.22, 95% CI: 6.46–26.97) for women with a daily

physical exercise duration of 45–60, 61–90, and >90 min, respectively.

When analyses were stratified by maternal age, in women with

maternal ages less than 35 years, longer physical exercise duration

was linked to fewer abnormal FPG tests (≤2 times), and there was a

dose–response trend. Women with a physical exercise duration of 61–

90 min had the highest odds of having less times of abnormal FPG

tests (≤2 times) (OR: 4.45, 95% CI: 1.43–13.91) in women with a
Frontiers in Endocrinology 05
maternal age greater than 35 years (Table 2). Whereas, physical

exercise duration was not associated with abnormal PBG

occurrences tested 2 h after the standard diet (Table 5; Figure 1).
Discussion

In our previous study based on the GDM women cohort, we

noticed that GDM women with more exercise times had a lower
TABLE 3 The demographic feature in women with gestational diabetes mellitus (GDM) with different physical exercise times in Shanghai, China (n = 878).

Variables Total GDM women Moderate-intensity physical exercise times per day (min)

<45 min (n = 203) 45–60 min (n = 170) 61–90 min (n
= 318)

>90 min (n = 187)

Age (years; n (%))

18–34 713 (81.21) 167 (23.42) 148 (20.76) 262 (36.75) 136 (19.07)

35–45 165 (18.79) 36 (21.82) 22 (13.33) 56 (33.94) 51 (30.91)

Education (n (%))

Primary/junior high 173 (19.70) 51 (29.48) 28 (16.18) 62 (35.84) 32 (18.50)

Senior high 162 (18.45) 33 (20.37) 38 (23.46) 59 (36.42) 32 (19.75)

College and above 543 (61.85) 119 (21.92) 104 (19.15) 197 (36.28) 123 (22.65)

Monthly income (CNYa; n (%))

Less than 5,000 (US$<725) 201 (22.89) 52 (25.87) 39 (19.40) 76 (37.81) 34 (16.92)

5,000–10,000 (US$725–1,449) 456 (51.94) 104 (22.81) 98 (21.49) 158 (34.65) 96 (21.05)

Over 10,000 (US$>1,449) 221 (25.17) 47 (21.27) 33 (14.93) 84 (38.01) 57 (25.79)

BMI before pregnancy (n (%))

14.5–23.9 (lower or normal) 564 (64.24) 117 (20.74) 112 (19.86) 203 (35.99) 132 (23.40)

≥24 (overweight, obesity) 314 (35.76) 86 (27.39) 58 (18.47) 115 (36.62) 55 (17.52)

Residency status (n (%))

Local resident 315 (35.88) 78 (24.76) 65 (20.63) 110 (34.92) 62 (19.68)

Nonlocal resident 563 (64.12) 125 (22.20) 105 (18.65) 208 (36.94) 125 (22.20)

Times of gestation (median (IQR)) 2 (1, 3) 2 (1, 3) 2 (1, 3) 2 (1, 3) 2 (2, 3)

Times of production (median (IQR)) 1 (1, 2) 1 (1, 2) 1 (1, 2) 1 (1, 2) 2 (1, 2)

Live births (median (IQR)) 1 (1, 2) 1 (1, 2) 1 (1, 2) 1 (1, 2) 2 (1, 2)

Times of abnormal PG in fasting (n (%))

0 time 136 (15.49) 13 (6.40) 20 (11.76) 57 (17.92) 46 (24.6)

1 time 135 (15.38) 16 (7.88) 19 (11.18) 59 (18.55) 41 (21.93)

2 times 128 (14.58) 16 (7.88) 22 (12.94) 55 (17.30) 35 (18.72)

3 times 114 (12.98) 20 (9.85) 26 (15.29) 40 (12.58) 28 (14.97)

≥4 times 365 (41.57) 138 (67.98) 83 (48.82) 107 (33.65) 37 (19.79)

Times of abnormal PBG (n (%))

0 time 244 (27.79) 52 (25.62) 57 (33.53) 94 (29.56) 41 (21.93)

≥1 time 634 (72.21) 151 (74.38) 113 (66.47) 224 (70.44) 146 (78.07)
aThe exchange rate was 7.9.
FPG, fasting plasma glucose; PBG, postprandial blood glucose 2 h after a standard breakfast; CNY, Chinese Yuan; BMI, body mass index; IQR, interquartile range.
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percentage of abnormal PG, especially when exercise times were ≥60

min/day (20) and that women who are multiparous have less effective

glycemic control through physical activity, so multiparas need more

physical activity to achieve glycemic control at a similar level to

primiparas (21). In this study, we selected 878 GDM women from the

same cohort who had seven times plasma glucose tests during routine

antenatal checkups to see if more daily physical exercise duration

could prevent the abnormal fasting PG occurrences as well as the

abnormal PG 2 h after standard diet in the third trimester in women

with GDM. We identified that an abnormal PG in the third trimester

was prevalent in women with GDM, with up to 42% of GDM women

having an abnormal FPG of ≥4 times and 72% of GDM women

having an abnormal PBG of ≥1 time. GDM women with longer

moderate-intensity physical exercise times had a lower number of

abnormal fasting PG occurrences. In contrast, the times of abnormal

2-h PG tests were not associated with physical exercise. The

association between longer physical activity duration and a lower

number of fasting abnormal PG occurrences in GDM women might

be due to the fact that insulin resistance might be influenced or

controlled by physical exercise in women with GDM. Insulin

resistance can increase energy supply for lipid oxidation, promote

glucose phosphorylation in muscle cells, and transform blood sugar to

myosin to make glucose more stable, thereby maintaining the balance

between glucose and insulin secretion (21).

In this study, we noticed that GDM women aged ≥35 years had

a higher proportion of abnormal PG times of ≥4 times than those

aged <35 years, even with more physical exercise times. This could

be because GDM women aged ≥35 years were more likely to be

multiparous women with more glycemic control problems (23).
Frontiers in Endocrinology 06
Previous studies indicate that the increasing recurrence of GDM is

positively associated with the increasing number of births in

women (24–26). One explanation for the possible mechanism is

that these episodes of insulin resistance may contribute to the

decline in b-cell function since each pregnancy is characterized by

an episode of insulin resistance (21, 27). Furthermore, the

influence of parity on glycemic control in GDM women may be

due to previous pregnancies affecting insulin sensitivity and

glucose metabolism; in addition, they were also slightly more

overweight (21). Findings in this study provide evidence that

GDM women of older age were susceptible to poor glycemic

control, and they extend the research outcomes by showing that

longer physical exercise duration is needed for GDM women to

obtain a beneficial response.

Previous studies indicated that it was possible to control the

PG through physical exercises (20). Previous research also

reported that insufficient exercise was an independent risk factor

for type 2 diabetes mellitus (T2DM) and was also an inducement of

metabolic syndrome (28). The American College of Sports

Medicine and the American Diabetes Association Joint Position

Statement recommend that physical exercise is a key content in

T2DM prevention and management and has physical and

psychological benefits for GDM women (29). In this study, we

noticed that the proportion of abnormal PG was lower in GDM

women with longer physical exercise duration, both in GDM

women aged <35 and ≥35 years, which indicates that the

number of abnormal PG occurrences was negatively associated

with physical exercise duration. This can be explained by the

fact that physical exercise may actively affect insulin resistance in

patients with GDM (21, 29). Insulin resistance can increase energy

supply for lipid oxidation, promote glucose phosphorylation in

muscle cells, and transform blood sugar to myosin to make glucose

more stable, thereby maintaining the balance between glucose and

insulin secretion (21). Moreover, studies have also validated that

exercise can increase the utilization of glucose, improve blood

glucose status, and reduce basic insulin resistance during

pregnancy; it is one of the PG control measures for GDM (30,

31). On the other hand, more potential benefits of physical exercise

for GDM women include improved fitness, less gestational weight

gain, and reduced risk of hypertensive disorder (32, 33). In this

study, we also noticed that physical exercise times in GDM women

were not statistically correlated with the times of abnormal 2-h PG

tests. This might be due to the standard diet with limited energy

provided by the hospital, which makes the PG level more stable in

the 2-h test, but the true cause should be explored in future studies.

Referencing the 2019 Canadian guidelines for physical exercise

during pregnancy, which suggest moderate-intensity physical exercise

of ≥150 min/week or moderate-intensity exercise for 30–60 min at a

frequency of three times per week (18). In this study, the median value

of daily physical exercise time was 60 min in women with GDM,

which was higher than the ACOG recommendation. The higher daily

physical exercise times in GDM women than recommended might be

due to differences in physical exercise types in Chinese GDM women

compared with those in western countries. In China, pregnancy is

treated as a special state that requires extra rest and recuperation (20),

so physical activities such as soft gymnastics, oxygen dance, and

swimming are unacceptable to the majority of pregnant women in
FIGURE 1

Plasma glucose levels both in fasting and 2 h after diet in GDM
women with different levels of daily moderate-intensity physical
exercise times at each scheduled antenatal checkup (n = 878).
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China. Whereas aerobic exercise with a lower intensity, which mainly

refers to the continuous exercise participated by the large muscle

groups of the body, is more acceptable in GDM women in China.

Walking is a simple and commonly used aerobic exercise (34). Daily
Frontiers in Endocrinology 07
walking does not require special equipment and may be the most

suitable physical activity for pregnant women (35). Moreover,

resistance exercise, also known as strength training, can help avoid

discomfort caused by fetal growth and a forward shift in body weight
TABLE 4 Abnormal fasting plasma glucose (FPG) times in gestational diabetes mellitus (GDM) women with seven routine antenatal checkups in Shanghai,
China (n = 878).

Variables Times of abnormal fasting PG in GDM women

0 time (n = 136) 1 time (n = 135) 2 times (n = 128) 3times (n = 114) ≥4 times (n = 365)

Age (years; n (%))

18–34 115 (16.13) 107 (15.01) 106 (14.87) 91 (12.76) 294 (41.23)

35–45 21 (12.73) 28 (16.97) 22 (13.33) 23 (13.94) 71 (43.03)

Education (n (%))

Primary/junior high 19 (10.98) 24 (13.87) 17 (9.83) 21 (12.14) 92 (53.18)

Senior high 13 (8.02) 22 (13.58) 20 (12.35) 27 (16.67) 80 (49.38)

College and above 104 (19.15) 89 (16.39) 91 (16.76) 66 (12.15) 193 (35.54)

Monthly income (CNYa; n (%))

Less than 5,000 (US$<725) 20 (9.95) 29 (14.43) 28 (13.93) 28 (13.93) 96 (47.76)

5,000–10,000 (US$725–1,449) 75 (16.45) 62 (13.60) 61 (13.38) 64 (14.04) 194 (42.54)

Over 10,000 (US$>1,449) 41 (18.55) 44 (19.91) 39 (17.65) 22 (9.95) 75 (33.94)

BMI before pregnancy (n (%))

14.5–23.9 (lower or normal) 112 (19.86) 97 (17.20) 85 (15.07) 75 (13.30) 195 (34.57)

≥24 (overweight, obesity) 24 (7.64) 38 (12.10) 43 (13.69) 39 (12.42) 170 (54.14)

Residency status (n (%))

Local resident 56 (17.78) 51 (16.19) 48 (15.24) 40 (12.70) 120 (38.10)

Nonlocal resident 80 (14.21) 84 (14.92) 80 (14.21) 74 (13.14) 245 (43.52)

Times of gravidity (median (IQR)) 2 (1, 3) 2 (1, 3) 2 (1, 3) 2 (1, 3) 2 (1, 3)

Times of parity (median (IQR)) 1 (1, 2) 1 (1, 2) 1 (1, 2) 1 (1, 2) 2 (1, 2)

Live births (median (IQR)) 1 (1, 2) 2 (1, 2) 1 (1, 2) 1.5 (1, 2) 2 (1, 2)
aThe exchange rate was 7.9.
FPG, fasting plasma glucose; CNY, Chinese Yuan; BMI, body mass index; IQR, interquartile range.
TABLE 5 The association between daily physical exercise duration and times of abnormal PBG in women with GDM.

Moderate-intensity physical exercise
times

Abnormal times of
PBG

n (%) Unadjusted OR and 95%
CI

Adjusted OR and 95%
CI

45–60 min/day 0 time 57 (33.53) 1.47 (0.94, 2.29) 1.38 (0.88, 2.18)

≥1 time 113
(66.47)

ref ref

61–90 min/day 0 time 94 (29.56) 1.22 (0.82, 1.81) 1.21 (0.81, 1.81)

≥1 time 224
(70.44)

ref ref

>90 min/day 0 time 41 (21.93) 0.82 (0.51, 1.30) 0.82 (0.51, 1.32)

≥1 time 146
(78.07)

ref ref
Moderate-intensity physical exercise times at <45 min/group was taken as a reference for the polytomous explanatory variable of physical activity. The number (%) of times of abnormal PBG (plasma
glucose 2 h after a standard breakfast) in this group is 52 (25.62%) for 0 times and 151 (74.38%) for one time or more. Age was adjusted in the GLM for the adjusted OR and 95% CI calculation.
PBG, postprandial blood glucose 2 h after a standard breakfast; OR, odds ratio; CI, confidence interval.
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in late pregnancy and can be performed at home or even in bed,

making it an additional option for GDM women (20). So, considering

the fact that physical exercise provides benefits, physical activity of

any type with proper intensity and duration can have benefits for

GDM women.

This study is to elaborate on the association between the duration

of moderate-intensity physical exercise and the number of abnormal

PG in women with GDM in Shanghai, China. One strength of this

present study is the cohort with a large population size, which

included 878 GDM women with all seven PG tests. Meanwhile,

information on demographic features and detailed information for

each PG test were directly extracted from the routine antenatal

checkup forms and the delivery records of GDM women in the

hospital; this contributed to the relatively less measurement bias and

recall bias, which is another strength of this current study.

This study has several limitations that should be taken into

consideration. Firstly, the data analyzed in this study are extracted

from a previously established GDM women cohort; the sample size is

not sufficiently large for a detailed subgroup analysis. Secondly, this

study only recruits women with GDM in Shanghai, which does not

cover GDM women in other regions of China. It is arguable that there

may be differences in lifestyle in GDM women in different cities, which

limits the generalization of the findings in this study. Thirdly, data for

each type of physical exercise duration in GDMwomen are collected by

self-reported questionnaire interview, which might induce report bias

for the daily physical exercise duration assessment. Fourthly, diet

assessment in GDM women is not performed in this study, so we

miss the chance to investigate and analyze the combined effect of diet

and physical exercise on abnormal PG levels in GDM women, even

though we assume that there is no difference in diet in GDM women

with different physical exercise times. Therefore, the incorporation of

some improvement should be considered in further follow-up studies.
Conclusions

Abnormal PG occurrences in the third trimester were prevalent in

women with GDM. Longer duration of moderate intensity physical

exercise per day was associated with a fewer number of abnormal FPG

occurrences, but not the number of PG occurrences 2 h after the standard

diet. For GDM women with maternal age greater than 35 years, 45–60

min of daily physical exercise might be appropriate for glucose control.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Endocrinology 08
Ethics statement

The studies involving human participants were reviewed and

approved by The ethics approval was approved by Songjiang Maternal

and Childcare Hospital Institution Review Board (IRB#2019-12-003). An

informed consent paper was signed by each participant before the

questionnaire interview. The patients/participants provided their

written informed consent to participate in this study.
Author contributions

RPW, BL and DSZ participated in study design. RZ and XJG

conducted the study and drafted the paper. TS, HL and QY

participated in field work. RPW revised the paper, all authors have

read this paper and approved the final manuscript. All authors

contributed to the article and approved the submitted version.
Funding

This work was supported by grants from the Research Program of

ShanghaiSportsBureau(20Q001);theShanghaiTalentDevelopmentFund

(2021073); the Intelligence Fund of Shanghai Skin Diseases Hospital

(2021KYQD01);andtheChinaFundforMedicalEquipment(IIT2022-01).
Acknowledgments

We thank all obstetricians and gynecologists and nurses for their

contribution to data collection, and Klossi Chen from the University

of California, LA from the University of Sydney for giving suggestions

and comments for this manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Alejandro EU, Mamerto TP, Chung G, Villavieja A, Gaus NL, Morgan E, et al.
Gestational diabetes mellitus: A harbinger of the vicious cycle of diabetes. Int J Mol Sci
(2020) 21(14):5003. doi: 10.3390/ijms21145003
2. Rasmussen L, Poulsen CW, Kampmann U, Smedegaard SB, Ovesen PG, Fuglsang J.
Diet and healthy lifestyle in the management of gestational diabetes mellitus. Nutrients
(2020) 12(10):3050. doi: 10.3390/nu12103050
frontiersin.org

https://doi.org/10.3390/ijms21145003
https://doi.org/10.3390/nu12103050
https://doi.org/10.3389/fendo.2023.1054153
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1054153
3. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The pathophysiology of
gestational diabetes mellitus. Int J Mol Sci (2018) 19(11):3342. doi: 10.3390/ijms19113342

4. Kunasegaran T, Balasubramaniam VRMT, Arasoo VJT, Palanisamy UD, Ramadas
A. Gestational diabetes mellitus in southeast Asia: A scoping review. Int J Environ Res
Public Health (2021) 18(3):1272. doi: 10.3390/ijerph18031272

5. Raman P, Shepherd E, Dowswell T, Middleton P, Crowther CA. Different methods
and settings for glucose monitoring for gestational diabetes during pregnancy. Cochrane
Database Syst Rev (2017) 10(10):CD011069. doi: 10.1002/14651858.CD011069.pub2

6. Juan J, Yang H. Prevalence, prevention, and lifestyle intervention of gestational
diabetes mellitus in China. Int J Environ Res Public Health (2020) 17(24):9517.
doi: 10.3390/ijerph17249517

7. Leng J, Shao P, Zhang C, Tian H, Zhang F, Zhang S, et al. Prevalence of gestational
diabetes mellitus and its risk factors in Chinese pregnant women: A prospective
population-based study in tianjin, China. PloS One (2015) 10(3):e0121029.
doi: 10.1371/journal.pone.0121029

8. Lee KW, Ching SM, Ramachandran V, Yee A, Hoo FK, Chia YC, et al. Prevalence
and risk factors of gestational diabetes mellitus in Asia: A systematic review and meta-
analysis. BMC Pregnancy Childbirth (2018) 18(1):494. doi: 10.1186/s12884-018-2131-4

9. Gou BH, Guan HM, Bi YX, Ding BJ. Gestational diabetes: weight gain during
pregnancy and its relationship to pregnancy outcomes. Chin Med J (Engl) (2019) 132
(2):154–60. doi: 10.1097/CM9.0000000000000036

10. Larrabure-Torrealva GT, Martinez S, Luque-Fernandez MA, Sanchez SE, Mascaro
PA, Ingar H, et al. Prevalence and risk factors of gestational diabetes mellitus: findings
from a universal screening feasibility program in Lima, Peru. BMC Pregnancy Childbirth
(2018) 18(1):303. doi: 10.1186/s12884-018-1904-0

11. Embaby H, Elsayed E, Fawzy M. Insulin sensitivity and plasma glucose response to
aerobic exercise in pregnant women at risk for gestational diabetes mellitus. Ethiop J
Health Sci (2016) 26(5):409–14. doi: 10.4314/ejhs.v26i5.2

12. Hedeager Momsen AM, Høtoft D, Ørtenblad L, Friis Lauszus F, Krogh RHA,
Lynggaard V, et al. Diabetes prevention interventions for women after gestational diabetes
mellitus: an overview of reviews. Endocrinol Diabetes Metab (2021) 4(3):e00230.
doi: 10.1002/edm2.230

13. Yu W, Wu N, Li L, OuYang H, Qian M, Shen H. A review of research progress on
glycemic variability and gestational diabetes. Diabetes Metab Syndr Obes (2020) 13:2729–
41. doi: 10.2147/DMSO.S261486

14. Faucett AM, Metz TD, DeWitt PE, Gibbs RS. Effect of obesity on neonatal
outcomes in pregnancies with preterm premature rupture of membranes. Am J Obstet
Gynecol. (2016) 214(2):287 e1–5. doi: 10.1016/j.ajog.2015.09.093

15. Phelan S, Jelalian E, Coustan D, Caughey AB, Castorino K, Hagobian T, et al.
Protocol for a randomized controlled trial of pre-pregnancy lifestyle intervention to
reduce recurrence of gestational diabetes: Gestational diabetes Prevention/Prevención de
la diabetes gestacional. Trials (2021) 22(1):256. doi: 10.1186/s13063-021-05204-w

16. Shepherd E, Gomersall JC, Tieu J, Han S, Crowther CA, Middleton P. Combined
diet and exercise interventions for preventing gestational diabetes mellitus. Cochrane
Database Syst Rev (2017) 11(11):CD010443. doi: 10.1002/14651858.CD010443.pub3

17. Dipla K, Zafeiridis A, Mintziori G, Boutou AK, Goulis DG, Hackney AC. Exercise
as a therapeutic intervention in gestational diabetes mellitus. Endocrines (2021) 2(2):65–
78. doi: 10.3390/endocrines2020007

18. Committee Opinion No ACOG. 804: physical activity and exercise during
pregnancy and the postpartum period: ACOG committee opinion no. 804. Obstet
Gynecol (2020) 135(4):e178–88. doi: 10.1097/AOG.0000000000003772

19. Padayachee C, Coombes JS. Exercise guidelines for gestational diabetes mellitus.
World J Diabetes (2015) 6(8):1033–44. doi: 10.4239/wjd.v6.i8.1033
Frontiers in Endocrinology 09
20. Wang R, Yang Q, Sun T, Qiang Y, Li X, Li H, et al. Physical exercise is associated
with glycemic control among women with gestational diabetes mellitus: Findings from a
prospective cohort in shanghai, China. Diabetes Metab Syndr Obes (2021) 14:1949–61.
doi: 10.2147/DMSO.S308287

21. Wang R, Chen J, Yao F, Sun T, Qiang Y, Li H, et al. Number of parous events affects
the association between physical exercise and glycemic control among women with
gestational diabetes mellitus: A prospective cohort study. J Sports Health Science. (2022)
11:586–95. doi: 10.1016/j.jshs.2022.03.005

22. Schipf S, Knüppel S, Hardt J, Stang A. Directed acyclic graphs (DAGs)-the
application of causal diagrams in epidemiology. Gesundheitswesen (2011) 73(12):888–
92. doi: 10.1055/s-0031-1291192

23. Wang F, He H, Wang XL, Wu AJ. Investigation on the incidence and outcome of
GDM in primiparas and parturients. Anhui Med Pharmac J (2020) 2:263–6.

24. Yong HY, Mohd Shariff Z, Mohd Yusof BN, Rejali Z, Tee YYS, Bindels J, et al.
Higher parity, pre-pregnancy BMI and rate of gestational weight gain are associated with
gestational diabetes mellitus in food insecure women. Int J Environ Res Public Health
(2021) 18(5):2694. doi: 10.3390/ijerph18052694

25. Schwartz N, Nachum Z, Green MS. Risk factors of gestational diabetes mellitus
recurrence: A meta-analysis. Endocrine (2016) 53(3):662–71. doi: 10.1007/s12020-016-
0922-9

26. Kim C, Berger DK, Chamany S. Recurrence of gestational diabetes mellitus: A
systematic review. Diabetes Care (2007) 30(5):1314–9. doi: 10.2337/dc06-2517

27. Peters RK, Kjos SL, Xiang A, Buchanan TA. Long-term diabetogenic effect of single
pregnancy in women with previous gestational diabetes mellitus. Lancet (1996) 347
(8996):227–30. doi: 10.1016/S0140-6736(96)90405-5

28. Haynes A, Bower C, Bulsara MK, Finn J, Jones TW, Davis EA. Perinatal risk factors
for childhood type 1 diabetes in Western Australia-a population-based study(1980-2002).
Diabetic Med (2007) 24(5):564–70. doi: 10.1111/j.1464-5491.2007.02149.x

29. Colberg SR, Albright AL, Blissmer BJ, Braun B, Chasan-Taber L, Fernhall B, et al.
American College of sports medicine; American diabetes association. exercise and type 2
diabetes: American college of sports medicine and the American diabetes association:
joint position statement. Exercise Type 2 Diabetes Med Sci Sports Exerc (2010) 42
(12):2282–303. doi: 10.1249/MSS.0b013e3181eeb61c

30. Warner SO, Yao MV, Cason RL, Winnick JJ. Exercise-induced improvements to
whole body glucose metabolism in type 2 diabetes: The essential role of the liver. Front
Endocrinol (Lausanne) (2020) 11:567. doi: 10.3389/fendo.2020.00567

31. Mishra S, Kishore S. Effect of physical activity during pregnancy on gestational
diabetes mellitus [published correction appears in Indian. Indian J Endocrinol Metab
(2018) 22(5):661–71. doi: 10.4103/ijem

32. Peters TM, Brazeau AS. Exercise in pregnant women with diabetes. Curr Diabetes
Rep (2019) 19(9):80. doi: 10.1007/s11892-019-1204-8

33. Davenport MH, Ruchat SM, Poitras VJ, Jaramillo Garcia A, Gray CE,
Barrowman N, et al. Prenatal exercise for the prevention of gestational diabetes
mellitus and hypertensive disorders of pregnancy: A systematic review and meta-
analysis. Br J Sports Med (2018) 52(21):1367–75. doi: 10.1136/bjsports-2018-
099355

34. Aune D, Sen A, Henriksen T, Saugstad OD, Tonstad S. Physical activity and the
risk of gestational diabetes mellitus: A systematic review and dose-response meta-analysis
of epidemiological studies. Eur J Epidemiol. (2016) 31(10):967–97. doi: 10.1007/s10654-
016-0176-0

35. Hayashi A, Oguchi H, Kozawa Y, Ban Y, Shinoda J, Suganuma N. Daily walking is
effective for the management of pregnant women with gestational diabetes mellitus. J
Obstet Gynaecol Res (2018) 44(9):1731–8. doi: 10.1111/jog.13698
frontiersin.org

https://doi.org/10.3390/ijms19113342
https://doi.org/10.3390/ijerph18031272
https://doi.org/10.1002/14651858.CD011069.pub2
https://doi.org/10.3390/ijerph17249517
https://doi.org/10.1371/journal.pone.0121029
https://doi.org/10.1186/s12884-018-2131-4
https://doi.org/10.1097/CM9.0000000000000036
https://doi.org/10.1186/s12884-018-1904-0
https://doi.org/10.4314/ejhs.v26i5.2
https://doi.org/10.1002/edm2.230
https://doi.org/10.2147/DMSO.S261486
https://doi.org/10.1016/j.ajog.2015.09.093
https://doi.org/10.1186/s13063-021-05204-w
https://doi.org/10.1002/14651858.CD010443.pub3
https://doi.org/10.3390/endocrines2020007
https://doi.org/10.1097/AOG.0000000000003772
https://doi.org/10.4239/wjd.v6.i8.1033
https://doi.org/10.2147/DMSO.S308287
https://doi.org/10.1016/j.jshs.2022.03.005
https://doi.org/10.1055/s-0031-1291192
https://doi.org/10.3390/ijerph18052694
https://doi.org/10.1007/s12020-016-0922-9
https://doi.org/10.1007/s12020-016-0922-9
https://doi.org/10.2337/dc06-2517
https://doi.org/10.1016/S0140-6736(96)90405-5
https://doi.org/10.1111/j.1464-5491.2007.02149.x
https://doi.org/10.1249/MSS.0b013e3181eeb61c
https://doi.org/10.3389/fendo.2020.00567
https://doi.org/10.4103/ijem
https://doi.org/10.1007/s11892-019-1204-8
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1007/s10654-016-0176-0
https://doi.org/10.1007/s10654-016-0176-0
https://doi.org/10.1111/jog.13698
https://doi.org/10.3389/fendo.2023.1054153
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Longer physical exercise duration prevents abnormal fasting plasma glucose occurrences in the third trimester: Findings from a cohort of women with gestational diabetes mellitus in Shanghai
	Introduction
	Methods
	Participants
	Data collection
	Definitions of glycemic control status, physical exercise duration, and covariate
	Data analysis

	Results
	Physical exercise in the third trimester in GDM women
	Plasma glucose status in routine antenatal checkup in GDM women
	Association between physical exercise duration and number of abnormal FPG and PBG occurrences

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


