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Background: Sedentary behavior is an independent risk factor for the metabolic syndrome, but the role of
sedentary behavior in the development of gestational diabetes is unclear.
Objectives: This study tested the hypothesis that less sedentary behavior is related to better insulin
sensitivity, lipid and cytokine profile in obese pregnant women.
Methods: A longitudinal observational study with 46 overweight and obese pregnant women was
conducted. Sedentary behavior was measured objectively using accelerometers at 15, 24 and 32 weeks
of gestation, and at those time points fasting blood was taken as well. A 100 g oral glucose tolerance test
was performed at 24 and 32 weeks. Levels of glucose, insulin, total cholesterol, HDL, LDL, triglycerides
were measured, as well as cytokines. The relationship between sedentary behavior and metabolic out-
comes was assessed using linear regression analysis.
Results: Women spent almost 60% of their time sitting throughout pregnancy. In cross-sectional analyses,
an association of sedentary time at 24 weeks was found with increased total cholesterol and HDL. More
sedentary time was associated with lower IL-6 at 24 weeks and with higher IL-10, TNF-o and leptin levels
at 32 weeks of pregnancy. Changes in sedentary time were not associated with changes in any of the
metabolic outcomes.
Conclusions: In conclusion, time spent sedentary in pregnancy was associated with lipid and cytokine
profile. Whether decreasing sedentary time beneficially influences lipid profile and influences cytokine
profiles of overweight and obese women needs to be assessed in future intervention studies.

© 2016 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Physical activity before and in early pregnancy is associated
with a lower risk of developing gestational diabetes (GDM) [1].
Physical activity increases both insulin-mediated and non-insulin
mediated glucose disposal. Physical activity is also known for
improving glucose homeostasis through its direct or indirect
impact on insulin sensitivity via several other mechanisms such
as lipid metabolism [2]. Previously, we reported an association of
moderate-to-vigorous physical activity (MVPA) with first phase
insulin response and insulin sensitivity in pregnancy [3], which
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might be mediated by interleukin (IL)-6 [4]. However, during
pregnancy most women decrease their daily physical activities
and participate less in exercise and sports [5].

Evidence is accumulating that, independent of physical activity,
sedentary behavior is related to increased mortality and morbidity
[6,7]. Sedentary behavior is defined as being engaged in activities
at the level of resting energy expenditure which includes activities
such as sitting, lying down, computer activities and watching
television [8]. Sedentary behavior is an important independent risk
factor for the development of insulin resistant conditions, such as
the metabolic syndrome [9,10] and type 2 diabetes [11]. The role
of sedentary behavior for insulin resistance in pregnancy and the
development of GDM is not well understood, since most previous
studies focused on physical activity only.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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We hypothesized that obese and overweight women spending
less hours in sedentary behavior have lower fasting glucose and
insulin levels, higher insulin sensitivity, have a healthier lipid pro-
file, and a less pro-inflammatory cytokine profile. Cytokines of
interest were those that reflect inflammatory status (CRP, IL-6,
IL-10, TNF-a, IL-1B) and/or are related to insulin sensitivity (IL-6,
leptin, adiponectin) [4,12-17]. To test these hypotheses, we deter-
mined the cross-sectional and longitudinal relationships between
objectively measured sedentary behavior and estimates of fasting
blood glucose, fasting insulin, insulin sensitivity, first and second
phase insulin response, lipids and cytokines.

2. Research design and methods
2.1. Study design

This longitudinal study was conducted between January 2007
and January 2011. Approval of the Medical Ethics Committee of VU
University Medical Centre in Amsterdam (2007/133) was obtained.

2.2. Subjects

Participants were overweight (Body Mass Index (BMI) > 25)
and obese (BMI > 30) pregnant women, who are at increased risk
for gestational diabetes mellitus (GDM). These pregnant women
were selected based on their pre-pregnancy BMI. Other additional
inclusion criteria were gestational age <15 weeks, age > 18, no dia-
betes mellitus or history of GDM, and adequate knowledge of
Dutch language. Pregnant women were excluded from the study
if they were diagnosed with GDM at baseline, were using medica-
tion that affects insulin secretion or insulin sensitivity, or if they
had any chronic medical conditions or psychiatric problems. All
women provided written informed consent. The study sample con-
sisted of 46 women for whom data were available from accelerom-
eters and fasting blood samples collected at three time points.

2.3. Sedentary behavior and physical activity measurement

Sedentary behavior was measured by an accelerometer (Acti-
graph GT3X+, GT1M or Actitrainer) worn for four days by the preg-
nant women on the right hip at all times except at night during
sleep and during water-based activities. The accelerometers col-
lected datain 1-min epochs and the unit of data was counts per min-
ute. For valid data, the accelerometer had to be worn at least 8 h per
day, which was calculated after periods of consecutive zero counts
>30 min were removed. Participants had to wear the accelerometer
for a minimum of 3 days to be included in the analyses.

Sedentary time was calculated in minutes per day, using the
Freedson cut-off point of <100 counts/min [18]. Sedentary behav-
ior was calculated as a percentage of total wear time, by dividing
the time spent sedentary by the total wear time of that day. Seden-
tary time as percentage of total wear time was averaged over the
days the accelerometer was worn.

In addition time spent in moderate-to-vigorous physical activ-
ity (MVPA) [>1952 counts/min] was calculated. For MVPA, the
average hours per week were calculated by adding up the total
time in MVPA in hours, dividing this by the number of days the
accelerometer was worn and then multiplying by seven.

2.4. Blood samples

Venous blood samples were collected at 15, 24 and 32 weeks of
gestation after 10 h of overnight fasting. An oral glucose tolerance
test (OGTT) was conducted at 24 and 32 weeks of gestation. For the
OGTT, after the collection of blood for fasting tests, women were

given a glucose drink (100 g glucose in 500 ml of water) and blood
samples were collected at 30, 60, 90, 120 and 180 min. Women
were not allowed to eat during the test. Women with a threshold
plasma glucose concentration above 5.3 mmol/l (fasting), or
10.0 mmol/l (60 min), or 8.6 mmol/l (120 min) or 7.8 mmol/l
(180 min) were diagnosed as GDM [19].

Glucose (mmol/l), insulin (pmol/l), total cholesterol (mmol/l),
HDL-cholesterol (HDL-C; mmol/l), LDL-cholesterol (LDL-C; mmol/
1) and triglycerides (mmol/l) were measured as described below.

2.5. Biochemical analyses

Plasma glucose was measured by a Glucose/HK kit (Gluco-
quant; Roche/Hitachi Modular P analyzer; Roche Diagnostics
GmbH, Mannheim, Germany) and insulin by immunometric assay
(Luminescence, Advia Centaur, Siemens Medical Solutions Diag-
nostics). Total cholesterol, triglycerides, and HDL-C were measured
with commercial enzymatic kits on Roche/Hitachi modular P ana-
lyzers (Roche Diagnostics GmbH, Mannheim, Germany), whereas
LDL-C was calculated using the Friedewald formula [20]. Insulin
sensitivity was estimated with the HOMA index [21]. Using Stum-
voll equations: 1194 +4.724 » Ins0- 117.0 = Glu60 + 1.414 x Ins60
and 295 +0.349 % Ins60- 25.72 % Glu60 + 1.107 * InsO, first phase
insulin response and second phase insulin response was estimated
respectively [22].

Protein levels of cytokines (CRP, IL-6, IL-10, TNF-a, IL-1B, leptin,
and adiponectin) in the serum samples were quantified by multi-
plex assay according to manufacturer’s instructions (eBioscience,
San Diego, CA, USA).

2.6. Covariates

Information on age, pre-pregnancy body weight and height,
ethnicity (White European/non-white (mostly from Morocco and
Surinam), level of education (low = 10 years of education or less,
middle = 11-14 years of education, high =15 years of education
or more), history of type-II diabetes in first line relatives as well
as employment status were recorded. Maternal body weight was
measured at 15, 24 and 32 weeks using calibrated electronic scales,
with participants wearing only indoor clothing and no shoes. Pre-
pregnancy weight was self-reported. At the first measurement,
maternal body height was measured with bare feet and a
(wall-mounted) height scale. Body Mass Index (BMI, kg/m?) was
calculated based on self-reported prepregnancy weight, and mea-
sured weight at 15, 24 and 32 weeks.

2.7. Statistical analysis

Values of continuous variables are expressed as mean with
standard deviation for normally distributed variables, and as med-
ian and interquartile range (IQR) for skewed variables. In the fig-
ures, box-plots with whiskers indicating the 10-90th percentiles
are presented. To test for differences in sedentary behavior, cytoki-
nes and insulin parameters over time, paired Wilcoxon Rank tests
were used. Changes in sedentary time and in metabolic outcomes
were calculated as the value at 24 or 32 weeks minus the value
at 15 weeks.

To test for differences in metabolic outcomes between tertiles of
percentage of sedentary time, T-tests (normally distributed data) or
Kruskal-Wallis tests (skewed data) were used. The cross-sectional
relationship between the percentage of wearing time spent in
sedentary habits at all three time points and metabolic outcomes
at the same time points were assessed using linear regression
analysis. For these models, a natural log-transformation was
performed on cytokine data. Results of regression analyses are pre-
sented as beta-values and 95% confidence interval (CI).
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Table 1

Descriptive characteristics of participants, and per tertile of % sedentary time at 15 weeks of gestation.

Characteristics Participants N = 46

1st tertile N =14 2nd tertile N=14 3rd tertile N=14

Age, year, mean (SD)
Parity, N (%)

31.9 (4.1)

Primiparous 15/45 (33%)

Multiparous 30/45 (67%)
Educational level, N (%)

High 12/44 (27%)

Middle 17/44 (39%)

Low 15/44 (34%)

Ethnicity, N (%)
White European
None-white

22/45 (49%)
23/45 (51%)

Working at this moment, N (%)

Yes 33/45 (73%)

No 12/45 (27%)
Type-II Diabetes in 1st grade relative, N (%)

Yes 16/45 (36%)

No 26/45 (58%)

Don’t know 3/45 (7%)
Weight pre-pregnancy, kg, mean (SD) 92.6 (17.8)
BMI pre-pregnancy, kg/m?, mean (SD) 33.4(5.7)

BMI category pre-pregnancy, N (%)
Overweight (<30)
Obese- I (30-35)
Obese- 11 (=35)

10/46 (22%)
24/46 (52)
12/46 (26%)

30.8 (3.1) 32.6 (4.1) 30.9 (4.2)
5/14 (36%) 2/13 (15%) 6/14 (43%)
9/14 (64%) 11/13 (85%) 8/14 (57%)

8/14 (57%)
3/14 (21%)
3/14 (21%)

4013 (31%)
7/13 (54%)
2/13 (15%)

2/13 (15%)
6/13 (46%)
5/13 (39%)

6/14 (43%)
8/14 (57%)

8/13 (62%)
5/13 (39%)

5/14 (36%)
9/14 (64%)

9/14 (64%)
5/14 (36%)

10/13 (77%)
3/13 (23%)

11/14 (79%)
3/14 (21%)

5/14 (36%)
8/14 (57%)

6%) 4114 (29%)
10/14 (71%)

1/14 (7%) 1/13 (8%) 0/14 (0%)
89.2 (12.5) 0.4) 95.6 (17.1)
32.7 (4.6) 33.5 (5.8) 347 (7.2)
414 (29%) 3.14 (21%) 2/14 (14%)
7.14 (50%) 7/14 (50%) 8/14 (57%)

3/14 (21%) 4/14 (21%) 4/14 (29%)

Table 2
Sedentary behavior, moderate to vigorous physical activity (MVPA), metabolic outcomes and cytokines at three time points in pregnancy (n = 46).
15 weeks 24 weeks 32 weeks

Activity behavior Mean SD Mean SD Mean SD
Sedentary time (h/wk) 51.2 9.8 52.5 111 48.7¢ 8.5
% Sedentary time 59.0 7.9 58.9 8.8 59.1 8.0
MVPA (h/wk) 3.6 1.9 35 2.3 29 1.6
% MVPA 4.2 24 4.0 2.8 3.5 1.9
Glucose and insulin Mean SD Mean SD Mean SD
Fasting glucose (mmol/l) 4.8 0.5 4.9 0.7 4.9 0.5
Fasting insulin (pmol/l) 76.7 335 85.6 313 102.9°¢ 40.4
Insulin sensitivity (HOMA Index) 16.6 7.6 18.8 8.4 22.4P¢ 9.1
First-phase insulin response (pmol/l) - - 1940.3 441.8 2451.1¢ 782.7
Second-phase insulin response (pmol/I) - - 417.3 96.6 516.8° 196.4
Lipids Mean SD Mean SD Mean SD
Total cholesterol (mmol/I) 5.1 0.9 5.6 1.0 6.0"¢ 1.0
HDL (mmol/l) 1.8 0.4 1.8 0.3 1.7¢ 0.3
LDL (mmol/l) 2.7 0.8 3.0° 0.9 3.3b¢ 0.9
Triglycerides (mmol/I) 1.6 0.5 1.8° 0.5 2.3b¢ 0.6
Cytokines Median IQrange Median IQrange Median IQrange
CRP (ng/ml) 10.1 5.7; 16.5 9.1 54; 143 7.1¢ 3.1; 15.6
IL-6 (pg/ml) 0.1 0.1; 2.7 0.1 0.1; 6.6 0.1° 0.1; 7.8
IL-10 (pg/ml) 11.7 6.7; 25.2 16.3 10.8; 32.9 15.2° 7.4; 40.3
TNF-o (pg/ml) 60.1 46.7; 97.9 91.3° 66.3; 134.7 90.5° 45.4;122.3
IL-1B (pg/ml) 49.2 0.1; 85.0 69.5° 0.1; 104.4 62.0° 0.1; 109.0
Adiponectin (ng/ml) 7.1 4.3; 10.6 6.1° 3.7; 83 5.8" 3.9;83
Leptin (pg/ml) 824 58.6; 101.3 80.6 59.1; 110.1 79.7 59.1; 111.7

2 Represents a significant change from first trimester to second trimester (p-value < 0.05).
b Represents a significant change from first trimester to third trimester (p-value < 0.05).
¢ Represents a significant change from second trimester to third trimester (p-value < 0.05).

Longitudinal changes were determined by calculating changes
in sedentary time and cytokines (not transformed) from 15 to 24
and 32 weeks of gestation. The longitudinal association of changes
in sedentary time with changes in cytokine levels was assessed.

All analyses (cross-sectional and longitudinal) were controlled
for age, BMI, and time spent in MVPA, because in previous
studies these factors were found to be relevant confounders
[23,24].

All analyses were performed using SPPS20 and associations
were considered statistically significant when p < 0.05.

3. Results
The characteristics of the study population are described in

Table 1. Approximately 49% of the women were Caucasian, and
they were 31.9 +4.1 years of age. Their pre-pregnancy BMI was
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Fig. 1. Time spent sedentary and on MVPA (Box-Whiskers plots) as percentage of wear time at three different periods in pregnancy.

33.4+5.7 kg/m? None of the women reported smoking during
pregnancy. Nine women developed GDM.

Sedentary activity measures of these women were available at
15, 24, 32 weeks of gestation (Table 2). Throughout pregnancy,
the percentage of time spent sedentary remained relatively
stable (p > 0.05) (Fig. 1). The number of hours per week spent on
MVPA tended to decrease without reaching statistical significance
(Fig. 1).

8,0 - §
el
= 70-
3
€
S
= 60
[
Q
k7
2 +
< 50-
<
[S]
s
G 401
[ ]
3,0 . . .
1 2 3

Tertiles of % sedentary time

5,0 §

45 . T

4,04

A

3
E 30 1
: [
O 2,51
-

2,01

+ ]
1,5 1 °
1,0 T T T

1 2 3
Tertiles of % sedentary time

Fasting glucose remained stable throughout the pregnancy
(p > 0.05), whereas fasting insulin and insulin resistance (HOMA)
increased (p <0.001; Table 2) between 24 and 32 weeks. This
was paralleled by an increase in first phase and second phase
insulin response (p = 0.001 and p = 0.01, respectively). In the lipid
profile, total cholesterol, triglycerides and LDL levels increased
throughout pregnancy (all p <0.001). HDL levels decreased from
24 to 32 weeks (p < 0.05).
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Table 3
Cross-sectional associations between percentage of sedentary time, metabolic outcomes and cytokines at three time points in pregnancy.
15 weeks 24 weeks 32 weeks
Beta® 95% Cl Beta® 95% Cl Beta® 95% Cl

Glucose and insulin
Fasting glucose (mmol/l) 0.01 -0.01, 0.03 -0.01 —0.04, 0.01 -0.01 -0.05, 0.03
Fasting insulin (pmol/l) -0.18 -1.70, 1.34 -0.27 —1.85,1.31 -1.64 —4.40, 1.12
Insulin sensitivity (HOMA Index) -0.02 —-0.36; 0.32 -0.11 -0.52, 0.30 -0.44 -1.09, 0.22
First-phase insulin response (pmol/l) - - 13.68 —7.74, 35.09 —40.72 —134.69, 62.26
Second-phase insulin response (pmol/l) - - 3.43 —1.24, 8.10 -4.88 —33.09, 23.33
Lipids
Total cholesterol (mmol/l) 0.04 —0.003, 0.08 0.06 0.02, 0.10 0.03 —0.04, 0.10
HDL (mmol/1) 0.01 0.001, 0.03 0.02 0.01, 0.03 0.01 —0.02, 0.03
LDL (mmol/l) 0.02 —0.01, 0.06 0.04 —0.001, 0.08 0.03 —0.04, 0.10
Triglycerides (mmol/l) 0.001 —0.02, 0.03 0.01 —0.01, 0.04 —0.01 —0.05, 0.02
Cytokines®
CRP (ng/ml) —0.02 —0.05, 0.01 0.02 —0.02,0.05 0.03 —0.03, 0.09
IL-6 (pg/ml) 0.03 ~0.07, 0.13 ~0.13 ~0.24, -0.03 0.12 ~0.06, 0.29
IL-10 (pg/ml) 0.04 —0.04, 0.12 0.003 —0.08, 0.09 0.15 0.03, 0.27
TNF-o (pg/ml) 0.01 -0.01, 0.04 -0.01 -0.10, 0.08 0.06 0.01, 0.12
IL-1B (pg/ml) 0.02 —0.14, 0.17 —0.07 0.22, 0.07 0.17 —0.05, 0.38
Adiponectin (ng/ml) 0.02 ~0.01; 0.05 0.00 ~0.03, 0.03 ~0.04 ~0.09, 0.01
Leptin (pg/ml) 0.01 -0.01, 0.02 0.01 ~0.001, 0.02 0.03 0.003, 0.05

Bold font indicates statistically significant associations.
2 Analyses adjusted for maternal age, BMI and MVPA.

® For all cytokines, the natural log transformed values were used in the regression analyses.

The median and interquartile ranges for cytokines at the three
time points in pregnancy are described in Table 2. At 32 weeks,
levels of IL-6, IL-10, TNF-o and IL-1B had increased significantly
compared to 15 weeks, while CRP levels dropped from 24 to
32 weeks (all p<0.05). Adiponectin levels dropped throughout
pregnancy (p < 0.05), while leptin remained constant.

3.1. Associations between sedentary behavior and glucose and lipid
metabolism

In univariate analyses, higher total cholesterol and LDL levels
were found in the 3rd tertile of sedentary time, compared to the
1st and 2nd tertile at 24 weeks of gestation. Also higher levels of
HDL were found in the 3rd compared to the 1st tertile (Fig. 2).
No other differences were found between tertiles of sedentary
behavior. In cross-sectional multivariate analyses, the percentage
of sedentary time was positively associated with total cholesterol
at 24 weeks (beta 0.06; 95% CI 0.02-0.10) and HDL at 24 weeks
(beta 0.02; 95% CI 0.01-0.03) (Table 3). The ratio HDL-C:total
cholesterol did not change with sedentary time (data not shown).
No associations were observed in the multivariate models with
LDL, triglycerides or with glucose metabolism. In longitudinal anal-
yses, changes in the percentage of sedentary time throughout preg-
nancy were not related to changes in glucose or lipid metabolism.

3.2. Association between sedentary behavior and cytokines

At 32 weeks of gestation significantly higher levels of leptin
were found in the 2nd and 3rd tertile of sedentary time compared
to the 1st tertile (Fig. 3). In cross-sectional multivariate analyses
adjusted for maternal age, BMI, and MVPA, more sedentary time
was associated with lower IL-6 levels at 24 weeks and with higher
IL-10, TNF-o. and leptin levels at 32 weeks (Table 3). No other
cross-sectional associations were observed. In longitudinal analy-
sis, changes in percentage of sedentary time throughout pregnancy
were not related to changes in cytokines.

4. Discussion

We hypothesized that obese and overweight women who spend
less hours in sedentary behavior would have lower fasting glucose

and insulin levels, higher insulin sensitivity, have a healthier lipid
profile, and a less pro-inflammatory cytokine profile. The study
results confirm this hypothesis in part. Less sedentary time was
associated with decreased lipid levels in middle pregnancy and
with increased IL-6, and decreased IL-10, TNF-o. and leptin levels
in middle or late pregnancy. However, despite the association of
sedentary behavior with lipid profile and inflammatory markers,
no significant relationships with glucose or insulin outcomes were
found at any time point in pregnancy.

As far as we know, only five previous studies have assessed the
role of sedentary time for maternal metabolism in pregnancy
[27,33-35,38], of which only two assessed sedentary time objec-
tively [33,38]. One of those two studies assessed only glucose
metabolism [33], and the other one combined all gestational ages
[38]. The present study is the first to determine the association
of objectively measured sedentary behavior with diverse aspects
of maternal metabolic health at multiple time points in pregnancy.
How our results compare to those previous studies is discussed
below.

Outside of pregnancy, more sedentary time was associated with
a more inflammatory cytokine profile, e.g. higher CRP, TNF-a, and
leptin levels [24-26], which is partly (TNF-o, leptin) in line with
our findings. The absence of an association between CRP and
sedentary time confirms another study, which also analyzed the
three trimesters of pregnancy separately [27], but is in contrast
to a study that found a positive association between sedentary
behavior and CRP levels in a population with mixed gestational
ages and a mean BMI of 29 [38]. The positive association of seden-
tary time with the anti-inflammatory cytokine IL-10 that we
observed might reflect a counterbalancing response to the increase
in TNF-o [28]. As far as we know, other cytokines have not been
studied in pregnancy in relation to sedentary behavior.

High maternal leptin is associated with higher fetal leptin levels
[29] and with reduced fetal insulin sensitivity [29,30]. Therefore,
preventing high levels of maternal leptin might be beneficial for
fetal metabolism. Whether leptin levels will indeed decrease as a
result of a reduction of sedentary time needs assessing in experi-
mental studies. In addition, the relevance of those changes for
mother and offspring health needs to be determined.

Although we observed a cross-sectional association between
time spent sedentary and IL-6, TNF-a, and leptin levels, all factors



96 M. Nayak et al./Cytokine 88 (2016) 91-98

35 4
30 1

25 1

" T

CRP (ng/ml)
>

10 A
5
0. -
1 2 3
Tertiles of % sedentary time
100 4
80 1
= 601
£
g
= 40
e
=
20 4
':‘ T
0 T T
1 2 3
Tertiles of % sedentary time
35 -
30 T
£ 251
>
=
~ 201
£
©
2 15
[e]
2
2 10;
5
T - B
0 T T T

1 2 3

Tertiles of % sedentary time

35 4
30 1
25 4

20 A

15 1
10 A —‘7

IL-6 (pg/ml)

Tertiles of % sedentary time

300 4
250 A
200 4

150 A —‘7

100 A [

TNF-o (pg/ml)

50 - T T i

1 2 3
Tertiles of % sedentary time

180
160

140 —

120

100

80

Leptin (pg/ml)

60 —

T
1

J_ 1
20 T T T
1 2 3

Tertiles of % sedentary time

40

Fig. 3. Cytokine levels per tertile of % sedentary time at 32 weeks of gestation (Box-Whisker plots).  indicates significant (p < 0.05) difference with the first tertile (Kruskal-

Wallis test).

that have previously been shown to be related to insulin sensitivity
[4,31,32], we did not find any association of sedentary time with
glucose and insulin outcomes in this population of obese pregnant
women. This is conform previous studies in pregnancy [33,34], but
in contrast to one other study [35], in which more time in self-
reported sedentary behavior during mid-pregnancy was signifi-
cantly associated with an increased risk of abnormal glucose levels
in Latina women of all BMI groups. Of note, this association was
not uniform throughout pregnancy, since no statistically
significant association was observed in pre-pregnancy or in early

pregnancy [35]. The lack of associations between sedentary time
and glucose metabolism in our study might be due to our small
sample size, due to too little variation in sedentary time in our
study population, or due to only small changes in sedentary behav-
ior over time. Furthermore, pregnancy effects might override
effects of sedentary behavior on glucose metabolism otherwise
found outside of pregnancy.

We found that total cholesterol, HDL-C and LDL-C increased
with increasing sedentary time, although the association with
LDL-C was not significant when adjusting for possible confounders.
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In non-pregnant populations, more time spent sedentary was
related to unhealthier lipid profiles, including higher LDL-C and
lower HDL-C levels [25,36,37]. A cross-sectional study among preg-
nant women in all stages of pregnancy and an average BMI of 29
[38] failed to find a significant association of objectively measured
sedentary behavior with HDL-C, but found a significant positive
association with LDL-C levels, after adjustment for BMI and MVPA.
Because of the inconsistent results and scarcity of data in preg-
nancy, more research on the relationship between sedentary
behavior and lipid profile in pregnancy is warranted, preferably
in different BMI groups and including the assessment of conse-
quences for fetal metabolism.

Strengths of our study are the objective measurement of seden-
tary behavior, and having three measurements in pregnancy.
Furthermore, in our analyses we had the possibility to adjust for
MVPA and BMIL. This is a major strength, since not adjusting for
these factors might overrate the importance of the independent
effect of sedentary time on metabolic outcomes. In previous stud-
ies, associations seem to depend on whether or not analyses were
adjusted for MVPA and/or BMI. For instance, one study found
multiple significant associations of sedentary behavior with
cardio-metabolic outcomes without adjustment, most of which
disappeared after adjusting for MVPA [23]. In another study, where
self-reported sedentary time was associated with higher CRP,
leptin, and IL-6 levels after adjustment for MVPA in non-
pregnant women, these associations became non-significant when
additionally adjusting for BMI [24]. These differences in approach
for statistical analyses could be a possible explanation of inconsis-
tent findings in the literature regarding the associations of seden-
tary behavior with metabolic outcomes.

Furthermore, from our own results and from literature [35], it is
clear that associations of sedentary behavior with metabolic
outcomes might differ at different time points in pregnancy.
Differences between studies might, therefore, also result from
differences in timing of measurements in pregnancy.

A limitation of our study is that we were unable to obtain infor-
mation on types of sedentary behaviors women adopted during
pregnancy, since sedentary behavior was measured using
accelerometers. Therefore, no distinction could be made between
different behaviors, such as TV watching, computer use or sleeping
during the day. In addition, our study did not include sedentary
behavior pre-pregnancy or in very early pregnancy.

In conclusion, time spent sedentary was associated with higher
total cholesterol, HDL-C, IL-10, TNF-o, and leptin levels, and with
lower IL-6 levels in second or third trimester. More research is
needed on this relative ‘new’ lifestyle factor in pregnancy.
Especially, the effects of sedentary time in different BMI groups
and the relevance of reducing sedentary time for neonatal out-
comes remain to be studied.

Acknowledgements

The authors declare that they have no conflict of interests. We
would like to thank Mrs. Nicolette Oostdam for gathering all the
data. Funding for this work has been provided by The Netherlands
Organization for Health Research and Development (ZonMw, grant
number 6230.0043 to MvP), by the Austrian Science Fund (FWF;
grant number P22521 to A.H.), and the Jubildumsfonds of the Aus-
trian National Bank (grant number 14263 to A.H.). M.P. was funded
by the PhD Program DK-MOLIN (W1241).

References

[1] D.K. Tobias, C. Zhang, R.M. van Dam, K. Bowers, F.B. Hu, Physical activity before
and during pregnancy and risk of gestational diabetes mellitus: a meta-
analysis, Diabetes Care 34 (2011) 223-229.

[2] P.M. Catalano, S. Hauguel-de Mouzon, Is it time to revisit the Pedersen
hypothesis in the face of the obesity epidemic? Am ] Obstet Gynecol 204
(2011) 479-487.

[3] M.N. van Poppel, N. Oostdam, M.E. Eekhoff, M.G. Wouters, W. van Mechelen, P.

M. Catalano, Longitudinal relationship of physical activity with insulin

sensitivity in overweight and obese pregnant women, ] Clin Endocrinol

Metab 98 (2013) 2929-2935.

M.N. van Poppel, M. Peinhaupt, M.E. Eekhoff, A. Heinemann, N. Oostdam, M.G.

Wouters, W. van Mechelen, G. Desoye, Physical activity in overweight and

obese pregnant women is associated with higher levels of proinflammatory

cytokines and with reduced insulin response through interleukin-6, Diabetes

Care 37 (2014) 1132-1139.

[5] D.B. Fell, K.S. Joseph, B.A. Armson, L. Dodds, The impact of pregnancy on
physical activity level, Matern Child Health ] 13 (2009) 597-603.

[6] J.Y. Chau, A.C. Grunseit, T. Chey, E. Stamatakis, W.J. Brown, C.E. Matthews, A.E.
Bauman, H.P. van der Ploeg, Daily sitting time and all-cause mortality: a meta-
analysis, PLoS ONE 8 (2013) e80000.

[7] E.G. Wilmot, C.L. Edwardson, F.A. Achana, M.J. Davies, T. Gorely, LJ. Gray, K.
Khunti, T. Yates, S.J. Biddle, Sedentary time in adults and the association with
diabetes, cardiovascular disease and death: systematic review and meta-
analysis, Diabetologia 55 (2012) 2895-2905.

[8] RR. Pate, J.R. O'Neill, F. Lobelo, The evolving definition of “sedentary”, Exerc
Sport Sci Rev 36 (2008) 173-178.

[9] E.S. Ford, H.W. Kohl III, A.H. Mokdad, U.A. Ajani, Sedentary behavior, physical
activity, and the metabolic syndrome among U.S. adults, Obes Res 13 (2005)
608-614.

[10] S.M. Grundy, J.I. Cleeman, S.R. Daniels, K.A. Donato, R.H. Eckel, B.A. Franklin, D.
J. Gordon, R.M. Krauss, P.J. Savage, S.C. Smith Jr., ].A. Spertus, F. Costa, Diagnosis
and management of the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute Scientific Statement, Circulation 112
(2005) 2735-2752.

[11] A. Biswas, P.I. Oh, G.E. Faulkner, R.R. Bajaj, M.A. Silver, M.S. Mitchell, D.A. Alter,
Sedentary time and its association with risk for disease incidence, mortality,
and hospitalization in adults: a systematic review and meta-analysis, Ann
Intern Med 162 (2015) 123-132.

[12] A. Benrick, V. Wallenius, I.W. Asterholm, Interleukin-6 mediates exercise-
induced increase in insulin sensitivity in mice, Exp Physiol 97 (2012) 1224-
1235.

[13] G. F Formoso, M. Taraborrelli, M.T. Guagnano, M. D’Adamo, N. Di Pietro, A.
Tartaro, A. Consoli, Magnetic resonance imaging determined visceral fat
reduction associates with enhanced IL-10 plasma levels in calorie restricted
obese subjects, PLoS ONE 7 (2012) e52774.

[14] R. Ross, Atherosclerosis-an inflammatory disease, N Engl ] Med 340 (1999)
115-126.

[15] P. Plomgaard, K. Bouzakri, R. Krogh-Madsen, B. Mittendorfer, J.R. Zierath, B.K.
Pedersen, Tumor necrosis factor-alpha induces skeletal muscle insulin
resistance in healthy human subjects via inhibition of Akt substrate 160
phosphorylation, Diabetes 54 (2005) 2939-2945.

[16] C. Lagathu, L. Yvan-Charvet, J.P. Bastard, M. Maachi, A. Quignard-Boulange, ].
Capeau, M. Caron, Long-term treatment with interleukin-1beta induces insulin
resistance in murine and human adipocytes, Diabetologia 49 (2006) 2162-
2173.

[17] M. Nayak, M.E. Eekhoff, M. Peinhaupt, A. Heinemann, G. Desoye, M.N. van Poppel,
Cytokines and their association with insulin resistance in obese pregnant women
with different levels of physical activity, Cytokine 77 (2016) 72-78.

[18] P.S. Freedson, E. Melanson, J. Sirard, Calibration of the Computer Science and
Applications, Inc. accelerometer, Med Sci Sports Exerc 30 (1998) 777-781.

[19] American Diabetes Association, Gestational diabetes mellitus, Diabetes Care
27 (Suppl 1) (2004) S88-S90.

[20] W.T. Friedewald, R.I. Levy, D.S. Fredrickson, Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge, Clin Chem 18 (1972) 499-502.

[21] D.R. Matthews, ]J.P. Hosker, A.S. Rudenski, B.A. Naylor, D.F. Treacher, R.C.
Turner, Homeostasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in man,
Diabetologia 28 (1985) 412-419.

[22] M. Stumvoll, T. Van Haeften, A. Fritsche, ]. Gerich, Oral glucose tolerance test
indexes for insulin sensitivity and secretion based on various availabilities of
sampling times, Diabetes Care 24 (2001) 796-797.

[23] C. Maher, T. Olds, E. Mire, P.T. Katzmarzyk, Reconsidering the sedentary
behaviour paradigm, PLoS ONE 9 (2014) e86403.

[24] T. Yates, K. Khunti, E.G. Wilmot, E. Brady, D. Webb, B. Srinivasan, J. Henson, D.
Talbot, M.J. Davies, Self-reported sitting time and markers of inflammation,
insulin resistance, and adiposity, Am J Prev Med 42 (2012) 1-7.

[25] J. Henson, T. Yates, S.J. Biddle, C.L. Edwardson, K. Khunti, E.G. Wilmot, LJ. Gray,
T. Gorely, M.A. Nimmo, MJ. Davies, Associations of objectively measured
sedentary behaviour and physical activity with markers of cardiometabolic
health, Diabetologia 56 (2013) 1012-1020.

[26] M.A. Allison, N.E. Jensky, S.J. Marshall, A.G. Bertoni, M. Cushman, Sedentary
behavior and adiposity-associated inflammation: the Multi-Ethnic Study of
Atherosclerosis, Am ] Prev Med 42 (2012) 8-13.

[27] M. Hawkins, P. Pekow, L. Chasan-Taber, Physical activity, sedentary behavior,
and C-reactive protein in pregnancy, Med Sci Sports Exerc 46 (2014) 284-292.

[28] M. Brogin, A.M. Cirino Ruocco, J.M. Vernini, M.V. Rudge, .M. Calderon,
Interleukin 10 and tumor necrosis factor-alpha in pregnancy: aspects of
interest in clinical obstetrics, ISRN Obstet Gynecol 2012 (2012) 230742.

[4


http://refhub.elsevier.com/S1043-4666(16)30485-9/h0005
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0005
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0005
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0010
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0010
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0010
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0015
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0015
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0015
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0015
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0020
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0020
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0020
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0020
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0020
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0025
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0025
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0030
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0030
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0030
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0035
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0035
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0035
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0035
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0040
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0040
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0040
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0045
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0045
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0045
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0050
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0050
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0050
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0050
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0050
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0055
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0055
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0055
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0055
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0060
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0060
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0060
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0065
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0065
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0065
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0065
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0070
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0070
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0075
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0075
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0075
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0075
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0080
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0080
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0080
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0080
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0085
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0085
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0085
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0090
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0090
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0095
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0095
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0100
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0100
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0100
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0105
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0105
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0105
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0105
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0110
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0110
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0110
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0115
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0115
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0120
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0120
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0120
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0125
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0125
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0125
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0125
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0130
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0130
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0130
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0135
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0135
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0140
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0140
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0140

98 M. Nayak et al./Cytokine 88 (2016) 91-98

[29] Z.C. Luo, AM. Nuyt, E. Delvin, W.D. Fraser, P. Julien, F. Audibert, et al., Maternal
and fetal leptin, adiponectin levels and associations with fetal insulin
sensitivity, Obesity (Silver Spring) 21 (2013) 210-216.

[30] P.M. Catalano, L. Presley, J. Minium, S. Hauguel-de Mouzon, Fetuses of
obese mothers develop insulin resistance in utero, Diabetes Care 32 (2009)
1076-1080.

[31] W. Bao, A. Baecker, Y. Song, M. Kiely, S. Liu, C. Zhang, Adipokine levels during
the first or early second trimester of pregnancy and subsequent risk of
gestational diabetes mellitus: a systematic review, Metabolism 64 (2015)
756-764.

[32] J.P. Kirwan, S. Hauguel-De Mouzon, ]. Lepercq, ].C. Challier, L. Huston-Presley, .
E. Friedman, et al., TNF-alpha is a predictor of insulin resistance in human
pregnancy, Diabetes 51 (2002) 2207-2213.

[33] A. Gradmark, ]. Pomeroy, F. Renstrom, S. Steiginga, M. Persson, A. Wright, et al.,
Physical activity, sedentary behaviors, and estimated insulin sensitivity and
secretion in pregnant and non-pregnant women, BMC Pregnancy Childbirth 11
(2011) 44.

[34] H.P. van der Ploeg, M.N. van Poppel, T. Chey, A.E. Bauman, W.]. Brown, The role
of pre-pregnancy physical activity and sedentary behaviour in the
development of gestational diabetes mellitus, ] Sci Med Sport 14 (2011)
149-152.

[35] A.L Gollenberg, P. Pekow, E.R. Bertone-Johnson, P.S. Freedson, G. Markenson, L.
Chasan-Taber, Sedentary behaviors and abnormal glucose tolerance among
pregnant Latina women, Med Sci Sports Exerc 42 (2010) 1079-1085.

[36] J.Y. Chau, A. Grunseit, K. Midthjell, ]. Holmen, T.L. Holmen, A.E. Bauman, et al.,
Cross-sectional associations of total sitting and leisure screen time with
cardiometabolic risk in adults. Results from the HUNT Study, Norway, ] Sci
Med Sport 17 (2014) 78-84.

[37] A.C. Frazier-Wood, 1.B. Borecki, M.F. Feitosa, P.N. Hopkins, C.E. Smith, D.K.
Arnett, Sex-specific associations between screen time and lipoprotein
subfractions, Int ] Sport Nutr Exerc Metab (2013).

[38] P.D. Loprinzi, E.M. Fitzgerald, E. Woekel, B.J. Cardinal, Association of physical
activity and sedentary behavior with biological markers among U.S. pregnant
women, | Womens Health (Larchmt) 22 (2013) 953-958.


http://refhub.elsevier.com/S1043-4666(16)30485-9/h0145
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0145
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0145
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0150
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0150
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0150
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0155
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0155
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0155
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0155
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0160
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0160
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0160
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0165
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0165
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0165
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0165
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0170
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0170
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0170
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0170
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0175
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0175
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0175
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0180
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0180
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0180
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0180
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0185
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0185
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0185
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0190
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0190
http://refhub.elsevier.com/S1043-4666(16)30485-9/h0190

	Sedentary behavior in obese pregnant women is associated with inflammatory markers and lipid profile but not with glucose metabolism
	1 Introduction
	2 Research design and methods
	2.1 Study design
	2.2 Subjects
	2.3 Sedentary behavior and physical activity measurement
	2.4 Blood samples
	2.5 Biochemical analyses
	2.6 Covariates
	2.7 Statistical analysis

	3 Results
	3.1 Associations between sedentary behavior and glucose and lipid metabolism
	3.2 Association between sedentary behavior and cytokines

	4 Discussion
	Acknowledgements
	References


