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Abstract
Objectives—Sleep disturbances in pregnancy may impair glucose mechanism. This study aimed
to examine associations of sleep-disordered breathing, sleep and nap-duration with one-hour
glucose challenge test (GCT) levels in pregnant women after controlling for known risk factors for
gestational diabetes.

Methods—This is a case-control study of 104 pregnant women. All women underwent full
polysomnography and a glucose challenge test (GCT), and completed the Multivariable Apnoea
Prediction and Pittsburgh Sleep Quality Indexes. The primary outcome was maternal
hyperglycaemia measured by GCT. Bivariate and multivariable logistic regression analyses were
performed.

Results—Over 13% subjects reported habitual snoring in the first trimester. Only 9.3% women
with normoglycaemia (GCT<135) were habitual snorers, whereas 45.5% women with
hyperglycaemia-(GCT≥135) had habitual snoring (p<0.001). Sleep-disordered breathing
symptoms (loud snoring, snorting/gasping and apnoeas), (odds ratio (OR) 2.85; 95% confidence
interval (CI) 1.50–5.41; p=0.001) and total nap-duration (OR 1.48; 95% CI 0.96–2.28; p=0.08)
were associated with hyperglycaemia. After adjusting for confounders, sleep-disordered breathing
symptoms (OR 3.37; 95% CI, 1.44–8.32; p=0.005) and nap-duration (OR 1.64; 95% CI, 1.00–
2.681.02; p=0.05) continued to be associated with hyperglycaemia. However, the primary
exposure measure, the apnea/hypopnea index in the first-trimester was not significantly associated
with hyperglycaemia (OR 1.03; 95% CI 0.83–1.28; p=0.77).

Conclusions—Sleep-disordered breathing symptoms and nap duration are associated with
hyperglycaemia. Sleep-duration was not associated with hyperglycaemia. Research is needed
concerning whether women with sleep-disordered breathing and/or daytime napping are at risk for
gestational diabetes.
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Introduction
Sleep-disordered breathing (SDB) and abnormal sleep duration (both short and long) have
been recognized as independent risk factors for impaired glucose tolerance and type 2
diabetes. Most of these studies have been performed in middle-aged women [1–8] and men
[9,2,6,5]. SDB is not prevalent in premenopausal women [10,8,11], but snoring and changes
in both sleep pattern and duration are common sleep complaints of pregnant women [12–
14,10,15–20]. There is some evidence that maternal snoring and short sleep duration are
prognostic factors for poor pregnancy outcomes such as gestational diabetes, hypertension,
pre-eclampsia, and fetal growth retardation [21,22,16,23,24,18,17,25,26]. Thus, a significant
proportion of pregnant women may be at risk of hyperglycaemia and gestational diabetes
mellitus (GDM), analogous to the increased risk of glucose intolerance and diabetes among
those with SDB and sleep disturbances in the non-pregnant population [1–8].

GDM and even mild hyperglycaemia without overt GDM are associated with increased risk
for maternal and foetal complications, i.e. pre-eclampsia and foetal growth retardation, and
future development of chronic diseases (type 2 diabetes, obesity and cardiovascular disease
in mothers and children) [27–31]. Although adverse outcomes of GDM are clearly
recognized, the exact cause is unknown in most cases. There has been little research
studying the effects of SDB and sleep disturbances on the development of GDM
[18,17,24,25]. Furthermore, these observational studies led to conflicting results, with some
studies reporting that glucose metabolism may be adversely affected by symptoms of SDB
and both long and short sleep duration [18,17,25], whereas others did not find any
independent role for pregnancy-onset habitual snoring in gestational diabetes [24].

We conducted a prospective study which measured objective sleep parameters such as SDB
and sleep duration (recorded by polysomnography (PSG)) as well as subjective sleep
parameters (self-reported by questionnaire) in the first and third trimesters of pregnancy. We
also examined and adjusted for potential confounding factors such as neck circumference in
early pregnancy and shift work [32]. Our primary hypothesis was to test whether SDB is
associated with increased 1-hour glucose challenge test (GCT) levels. We also sought to
investigate the association of high GCT levels with both nocturnal sleep duration and
daytime nap duration.

Methods
Design

This is a case control study. Data were examined from a previously completed cohort study
of SDB in pregnancy.

Subjects
Subjects were recruited from obstetric clinics at the Helen O. Dickens Center for Women’s
Health at the Hospital of the University of Pennsylvania (HUP). Eligible mothers were ≤14
weeks of gestation at enrolment. The recruitment methods and study design for this study
have been described in detail elsewhere [10]. Exclusion criteria included inability to
communicate, cognitive or behavioural impairments potentially interfering with informed
consent; the lack of a telephone; self-reported illicit drug use or alcoholism; serious pre-
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existing chronic medical conditions; sedative/hypnotic medications-use (≥3 times/week);
current treatment for SDB. This study was approved by the Institutional Review Board
(IRB) of the University of Pennsylvania School of Medicine and all subjects provided
informed consent.

In the original study, 108 women underwent overnight laboratory-based PSG in the first
trimester, had a GCT performed at any point during pregnancy. Four women with previous
GDM were excluded because a history of GDM is a strong predictor of GDM in future
pregnancies [31,33,27]. Six women required follow-up blood tests (OGTT) and were
diagnosed with GDM according to chart abstraction following delivery.

All subjects completed a demographic questionnaire, the apnoea-symptom score from the
Multivariable Apnoea Prediction Index (MAPI) [34] and the Pittsburgh Sleep Quality Index
(PSQI) [35]. Demographic variables assessed in the first trimester included age, race,
ethnicity, marital status, education, parity and whether they were working steady or rotating
shift-work. Baseline data on nap duration and frequency and nighttime sleep duration was
also collected. Napping frequency was rated during the last month on a five-point Likert
scale, corresponding to never (including < 1 time per week), 1–2 times per week, 3 times or
more per week. Total nap duration was obtained by averaging total time in hours spent
napping on the days the participants napped. Total nocturnal sleep duration in hours was
computed by subtracting total wake time from time in bed. Subjects had height, weight and
neck circumferences recorded in the first trimester [10].

The apnoea-symptom score
SDB symptoms were assessed using apnoea-symptom score of the Multivariable Apnea
Prediction Index (MAPI) to assess the frequency of sleep symptoms using a Likert response
format [34]. This index evaluates the presence and frequency of the following symptoms
during the previous month: loud snoring, snorting/gasping and apnoeas. Each question score
ranges from 0 to 4 (0=never, 1=rarely, 2=sometimes, 3=frequently, 4=always) evaluated on
a per-week basis. The total is computed by averaging non-missing responses [10]. Higher
apnoea-symptom scores indicate increased likelihood of having OSA.

Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a well-validated 19-item self-report measure assessing sleep quality and
severity of specific sleep-related complaints over the previous month. The PSQI provides a
total score of sleep quality and has seven subscales including sleep duration, latency,
efficiency and daytime functioning. The total PSQI score ranges from 0–21 and subscale
scores ranges from 0–3. Higher scores reflect poorer sleep [35]. The PSQI has good internal
consistency, convergent and divergent reliability in pregnant population [35].

Polysomnography
In the first trimester 104 pregnant women underwent PSG. Eighty-three of them also had a
third-trimester PSG. The primary exposure of interest in this study was the apnea/hypopnea
index (AHI) and is defined as the frequency of apneas plus hypopneas per hour of sleep,
using PSG. First and third trimester PSGs (Sandman, Melville Diagnostics) were performed
including electroencephalography, electrocardiography, pulse-oximetry (Nellcor), chin and
tibialis electromyograms, chest and abdominal excursion (Protech piezo belts), airflow by
nasal pressure and oral thermistor. An obstructive apnoea was defined as the absence of
airflow for 10 seconds or longer despite ongoing respiratory effort. A hypopnoea was
defined as a 30–90% decrease in airflow associated with a reduction of oxygen saturation by
at least 3% and/or an EEG arousal. Sleep and respiratory events were scored according to
established criteria [26]. Objective total sleep duration was assessed from this one night
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sleep study in the lab. Other sleep parameters included rapid eye movement (REM) sleep
time, non REM sleep time, sleep efficiency, AHI (apneas+hypopneas/hour of sleep) and
arousal index (arousals/hour). The scorer who performed PSG was blind to the glycaemia
category of subjects. Additionally, the researcher who performed chart review was blind to
the severity of SDB of subjects.

Glucose challenge test (GCT)
The primary outcome was maternal hyperglycaemia measured by glucose challenge test
(GCT). GCT results were collected from prenatal medical records. At the HUP, the GCT is
performed routinely for GDM screening between 24–28 weeks’ gestation measuring plasma/
serum glucose one hour after administering a 50-gram oral glucose load in a non-fasting
state. Hyperglycemia was defined as a categorical variable (GCT<135 vs GCT≥135 mg/dL).
Results may differ among certain ethnic groups. Setting a goal at 135 mg/dl for African
American has been shown to decrease the false positive rate to less than 10% and increase
the sensitivity to 95% [33].

Statistical Analysis
Subjects were categorized into two groups, high GCT (≥135 mg/dL) and normal GCT (<135
mg/dL). Differences between the groups were assessed with t-tests or Mann-Whitney test for
continuous data and chi-square or Fisher’s exact test for categorical data.

Logistic regression models were created to analyze the relationship between GCT and
exposure variables. The following steps were performed: (1) unadjusted analysis of the
association of each exposure variable with GCT variable; (2) variables were chosen as
candidates for the multivariable analysis based on the level of significance of the unadjusted
association with the GCT variable (p< 0.2); (3) multivariable logistic regression analyses
were performed and (4) confounders were retained in the final models based upon a >10%
change in the effect size of the primary predictor. The models were examined for
collinearity using Spearman correlation. Multi-collinear variables were excluded from the
final model. We fitted two separate multiple logistic regression models (models 1 for SDB
and 2 for nap duration). The models were adjusted for established confounding factors
including age, race/ethnicity, neck circumference and night-shift work. We used neck
circumference as a surrogate marker of obesity, because the correlation of BMI with GCT in
the bivariate model was p≥0.2. Parity was not included in the model for SDB or nap
duration since adding it into the models did not change the OR of the apnoea-symptoms
(Model 1) or nap duration (Model 2). Nocturnal sleep duration was not included in model 2
as a confounder, because adding sleep duration did not have any effect on the OR of nap
duration. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate
the strength of the association and the precision of the estimates using the SPSS statistical
software package, version 17. The area under the receiver operating characteristic (ROC)
curve was used as an overall measure of the ability of the models to predict hyperglycemia.

Results
The subjects’ characteristics are presented in Table 1. Anthropometric and demographic data
and objective sleep parameters from PSG were collected at 12±2.1 (SD) weeks of
pregnancy. GCTs were performed at 24.0±6.5 weeks of pregnancy. Individuals of other
racial identity (n=3) were combined with Caucasians (n=18) to compare with African-
Americans (n=73). Anthropometric and demographic characteristics were similar between
hyperglycaemia (GCT≥135) and normoglycaemia (GCT<135) groups (Table 1). Of 104
pregnant women, 13% reported habitual snoring in the first trimester. Only 9.3% women
with normoglycaemia snored habitually, whereas 45.5% of those with hyperglycaemia were
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habitual snorers (p<0.001). The MAPI apnoea-symptom score was significantly higher in
the hyperglycaemic group compared to the normoglycaemic group (p<0.01). First and third
trimester AHI were not significantly different between the two groups (Table 1). Overall, 8
subjects in the first trimester and 14 subjects in the third had AHI≥5 events/hour. Two
subjects in the first trimester and 7 subjects in the third had AHI>10. Total nap duration
(hours) tended to be longer in women with GCT≥135 than those with GCT<135 but this
difference was not significant (p=0.07). Nocturnal sleep duration either from objective or
subjective measures were not significantly different between the two groups (Table 1). Only
1(1%) subject reported sleeping <4 hours/night, 19(18.3%) <6 hours/night and 34(33%) <7
hours/night.

From the 11 subjects who had a post-50g oral glucose load over 135mg/dl, six women were
diagnosed with gestational diabetes. The GCT values of women with diabetes was 165.33(+/
− 8.04) mg/dl and of women without diabetes was 142.40(+/−6.66).

Relationship between SDB and GCT levels
In bivariate analyses, the primary exposure variable (first trimester AHI) was not
significantly associated with high GCT (≥135 mg/dl) values (odds ratio(OR) 1.03; 95%
confidence interval(CI) 0.83–1.28; p=0.77) (Table 2). Nor were there significant
associations between increased GCT and average oxyhaemoglobin saturation (OR 1.01;
95% CI 0.92–1.11; p=0.84) or minimum oxyhaemoglobin saturation during sleep (OR 0.99;
95% CI 0.90–1.09; p=0.86). However, 2 other measures of SDB, habitual snoring and the
MAPI apnoea-symptom score, were significantly associated with high GCT in bivariate
analyses (p≤0.05, Table 2). Other variables associated with high GCT at p<0.2 in bivariate
analyses included neck circumference, steady night-shift work or the combination of steady
and rotating night-shift work. Age, race, parity, education level, pre-pregnancy BMI, first-
trimester BMI as well as arousal index did not show significant associations with high GCT
(Table 2). PSG was also repeated in the third trimester in a smaller sample (n=83). The third
trimester AHI was not significantly associated with high GCT (≥135 mg/dl) (OR 0.99; 95%
CI 0.86–1.15; p=0.92).

For the multivariable model, we evaluated only subjective SDB symptoms, i.e. apnoea-
symptom scores and habitual snoring (at least 3 days/week), since AHI was not associated
with increased GCT in bivariate analysis. The final model (Model 1) for SDB included the
apnoea-symptom score, age, race/ethnicity, neck circumference and night-shift work (Table
3). The apnoea-symptom score was used because it provided a more accurate estimate of
GCT (OR=2.85; 95% CI, 1.50–5.41) and explained a greater proportion of variance than
snoring (OR=8.13; 95% CI, 2.02–32.69).

The AUC for MAPI apnoea-symptom score was not significantly different from the AUC of
the model 1 (p=0.33), but the ROC area was slightly better in the model. We conclude that
the model predicts hyperglycemia better than apnoea-symptom score alone (figure 1).

Relationship between sleep duration, nap duration and GCT
In bivariate analyses, neither objective total sleep time nor subjective sleep duration were
significantly associated with high GCT values (Table 2). Furthermore, other sleep variables
including sleep stage amounts (either REM or non-REM) and sleep efficiency did not show
significant associations with high GCT (Table 2). Therefore, a multivariable model for sleep
duration was not generated. However, the relationship between nap duration and GCT value
was of borderline significance in the bivariate analysis. Therefore, we created a
multivariable model investigating the relationship between nap duration and GCT values
(Model 2). We adjusted for age, race/ethnicity and neck circumference (Table 4). In this
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adjusted model, we found that longer total nap duration in early pregnancy was significantly
associated with high GCT values (Table 4).

The AUC for napping is not significantly different from the AUC of model 2 (p=0.24), but
the ROC area is relatively higher in the model (Figure 2). Thus, the model predicts
hyperglycemia better than napping alone.

Discussion
The results of this study showed that symptoms of SDB in early pregnancy were associated
with hyperglycaemia as measured by the 1-hour 50-gram oral glucose challenge test,
independent of age, race/ethnicity, neck circumference and night-shift work. Symptoms of
SDB include snoring, gasping, choking, difficulty breathing and apnoeic events during
sleep. However, AHI in early or late pregnancy was not significantly associated with
maternal hyperglycaemia. Although women with hyperglycaemia had higher AHI than those
with normoglycaemia, this was not statistically significant. Both hyperglycaemic and
normoglycaemic groups had low frequencies of respiratory events during sleep. While self-
reported total nap duration was significantly associated with high GCT in final multivariate
models, neither objective nor subjective sleep duration were related to hyperglycaemia.

Our study suggests that SDB symptoms in early pregnancy are a risk factor for
hyperglycaemia, in addition to well-known risk factors like obesity and family history of
diabetes. This is consistent with the findings of prior studies. A large cohort study of 1290
pregnant women reported that snoring in early pregnancy was associated with a 1.86-fold
increased risk of GDM (RR = 1.86; 95% CI 0.88–3.94) [25]. Similarly, a cross-sectional
survey of 1000 pregnant women has shown a independent association of symptoms of SDB
with GDM (2.1, 95% CI 1.3–3.4) [18]. A prospective cohort study of nulliparous women
(n=189) also found a higher incidence of GDM in habitual snorers [17]. Another large
population-based study of 759 Chinese women diagnosed with OSA using PSG reported
that OSA is associated with GDM (OR 1.6, 95% CI 1.07–2.8) after adjusting for mother and
infant characteristics [36]. Our results are also compatible with several non-pregnant studies
on the association between self-reported symptoms of SDB, glucose tolerance, and insulin
resistance [2,9,8]. These studies, using self-reported snoring and witnessed-apnoeas as
markers for SDB, revealed a significant association between habitual snoring, elevated
fasting-insulin levels and glucose intolerance [9,8,2]. However, a recent study investigating
the impact of chronic vs pregnancy-onset habitual snoring on gestational diabetes did not
find an association between snoring and gestational diabetes [24].

Intermittent hypoxia, arousals from sleep, and decreased slow wave sleep that occur in SDB
may promote a cascade of mechanisms, including increased oxidative stress, sympathetic
overactivity, elevations of pro-inflammatory response, alterations in adipokine (leptin and
adiponectin) profiles and dysregulation of the hypothalamic-pituitary-adrenal axis [37–41].
These are involved in the pathophysiologic relationship between SDB and glucose
dysregulation in non-pregnant population. It is probable that similar mechanisms have
potential roles in the development of insulin resistance and glucose impairment during
pregnancy, which may result in gestational diabetes mellitus [39].

Self-reported SDB symptoms, which were reported commonly in our study even in the
absence of frank apneas and hypopneas, are likely a sign of inspiratory flow limitation.
Pregnancy studies using objective measures reported that most women have subtle non-
apnoeic respiratory events in the form of inspiratory flow limitation rather than having
apnoeas [42,43]. Studies of women with severe pre-eclampsia also show that even pre-
eclamptic women with massive oedema causing upper airway narrowing did not have
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AHI>10 [43,42]. Instead they had repetitive episodes of prolonged flow limitation without
obvious apnoea or oxygen desaturations. Each episode was, however, associated with a
surge in blood pressure [43,42]. Flow limitation is proposed as a risk factor for pre-
eclampsia [44]. This is supported by studies showing that short-term relief of flow limitation
by continuous positive airway pressure (CPAP) in pre-eclamptic women resulted in
significant reductions in blood pressure during sleep [43–45]. It is possible, therefore, that
flow limitation and snoring without obvious apnoea may also have a negative impact on
glucose metabolism.

Unlike studies in non-pregnant subjects, our study did not find any association between AHI
and hyperglycaemia. In studies demonstrating an independent association between SDB
assessed by PSG and impaired glucose metabolism and insulin resistance, the study
populations were mostly obese men and older than our subjects [5,46,38]. They had more
severe SDB with higher AHIs than our subjects, which may explain why we did not observe
a significant association between AHI and hyperglycaemia. However, two case-control
studies of non-pregnant populations did not find an independent association between AHI
and insulin resistance [9]. Another study reported that fasting-insulin levels of patients with
SDB were not significantly different from those of matched-controls for age, BMI, smoking
and alcohol use [9]. The absence of association in these studies may be related to small
sample sizes (15–40 subjects with SDB compared with 15–41 control subjects) as is the case
with our study.

Although women with hyperglycaemia had a higher BMI than those with normoglycaemia,
we found no significant association between BMI in the first trimester and GCT values, and
between pre-pregnancy BMI and GCT values. This is in contrast to other studies which
found association between BMI and hyperglycaemia [27–30,33]. It is surprising that there
was not a bivariate correlation between BMIs and GCT, as one would expect that more
obese women would have higher glucose levels since obesity is in itself a major risk factor
for diabetes and an important etiologic factor for SDB. Our findings are similar to a
prospective cohort study of 2000 women that examined the relationship between gestational
weight gain and glucose intolerance [30]. The authors did not observe an association
between weight gain and frank GDM. Similarly, another prospective observational study
designed to screen for OSA and describe outcomes of OSA among obese pregnant women
did not find an association between OSA and increased prevalence of gestational diabetes
[47]. However, the lack of association in our study is likely related to sample size and the
fact that the majority of women included were overweight or obese, limiting the range of
BMI.

We also observed a modest association between high GCT and longer self-reported nap
duration in early pregnancy. Our study is the first to report an association between napping
during pregnancy and hyperglycaemia. Our findings are compatible with results from recent
studies of older adults, among whom daytime napping was associated with a higher risk of
diabetes [48,49]. In our study, this association with napping cannot be explained by short
nocturnal sleep duration, apnoea or obesity, as nap duration remained significant when we
controlled for neck circumference, apnoea symptoms or severity, and objective/subjective
sleep duration. Nap duration did not display collinearity with nocturnal sleep duration, sleep
quality or SDB measures. Thus, nap duration conveyed different information.
Hypothetically, disturbed sleep/wake cycles due to napping/sleep at unusual times may
cause hormones that regulate glucose metabolism and appetite to fluctuate excessively,
disrupting the sympathetic-parasympathetic balance [48,6]. This could conceivably impair
glucose tolerance. Long naps also increase the duration of physical inactivity, which is
associated with an increased risk for developing GDM [31]. To elucidate whether this
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association with napping has clinical implication for the treatment and prevention of GDM,
further studies are required.

We did not observe an association between objective or subjective sleep duration and
hyperglycaemia. However, objective sleep duration measured by PSG is not a good measure
of habitual sleep duration which includes data only from a single night. Regarding
subjective sleep duration, our findings differ from two pregnancy studies with larger sample
sizes (n=189–1290), which reported short sleep duration is associated with increased risk for
GDM [17,25]. Epidemiological data suggest that short sleep duration or chronic partial sleep
deprivation may impair glucose metabolism [17,32]. However epidemiologic data regarding
the role of gender is conflicting. A large cohort study of 70,000 nurses revealed that in an
age-adjusted model both self-reported short (≤ 5 hours) and long duration of sleep (≥9
hours) increased the risk of incident diabetes diagnosis, but the significance for short sleep
was lost when known risk factors such as BMI were included in multivariable models [3]. In
a longitudinal study with more than 2663 subjects followed for 12 years, short duration of
sleep (≤5 hours) and difficulty initiating and maintaining sleep were associated with higher
incidence of diabetes in only men but not in women, after adjusting for confounding factors
[50]. Further studies with large sample sizes are needed to clarify the conflict regarding the
association of sleep duration with diabetes in women, particularly in pregnant women.

Our subjects were predominantly African American. Thus, we used 135 mg/dl as a
threshold. This goal was found to be 140 mg/dl for white women. Previous pregnancy
studies, predominantly recruited white women and used different criteria. Bourjeily et al.
found that snoring and gasping were associated with gestational diabetes [18]. Similarly,
Qui et al showed associations of snoring and short sleep duration with glucose intolerance
and GDM [25]. In both studies, screening and diagnostic criteria for gestational diabetes was
based on the American Diabetes Association criteria (50-g load of GCT≥140 mg/dl and at
least two of the following plasma glucose values must be found: 100 OGTT, fasting: ≥95
mg/dl, 1 h: ≥180 mg/dl, 2 h: ≥155 mg/dl and 3 h: ≥140 mg/dl). Facco et al used a
hyperglycemic threshold of 130 mg/dl and reported that short sleepers (< 7 hrs during
pregnancy) were 2.6 times more likely to have hyperglycemia (95% CIs, 1.3–5.7) [17], but
did not find significant differences between snorers and non-snorers.

There are several limitations in our study that warrant mention. Because napping-time was
self-reported, misclassification bias may occur, leading to either attenuation or amplification
of any true association between napping and hyperglycaemia. Additionally given the small
sample size, this finding may be due to chance. The small number of subjects with multiple
pregnancy (n=6) limited us from including this as a confounding factor in our multivariable
models. The relatively small sample size with abnormal GCT has made the risk estimates
less stable (especially around shift-work), as reflected by the large confidence intervals
around the point estimates.

Our initial assessment of subjective and objective SDB and sleep duration was at 12±2.1
(SD) weeks of pregnancy. While GCT was assessed later at 24.0±6.5 weeks of pregnancy, it
is conceivable that the women studied would have had higher AHI, more sleep disturbances
and shorter sleep duration at the time of GCT assessment. Thus, the assessment of sleep
parameters in early pregnancy may falsely attenuate any true association with GCT due to
underestimation of AHI≥5, sleep disturbances and shortened sleep duration in later
pregnancy. However, there was also no association between GCT and AHI (p=0.92), sleep
efficiency (p=0.76) and nocturnal sleep duration (p=0.57) in the third trimester. Finally, as a
large proportion of our subjects were African-American and single, our results may not be
generalisable to other populations.
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Conclusions
We found that symptoms of SDB (but not AHI) and self-reported longer nap duration in
early gestation are independently associated with high GCT values during pregnancy. The
clinical relevance of elevated GCT is supported by reports of increased adverse outcomes in
mothers and infants born to women with hyperglycaemia or with GDM [27–30,33]. Future
research is needed to determine what aspect of SDB confers risk for hyperglycaemia and
whether treatment of SDB in early pregnancy may reduce the incidence of glucose
intolerance during pregnancy.
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Figure 1.
Receiver operating characteristic (ROC) curves of Model 1.
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Figure 2.
Receiver operating characteristic (ROC) curves of Model 2.
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Table 1

Characteristics of Study Population (N=104)

GCT < 135 mg/dl (n=93) GCT ≥ 135 mg/dl (n=11) P value

Variable % % *

Caucasian 21.5 9.0 0.5

African American, % 78.50 91.0

Nulliparous, % 50.5 54.5 0.8

Multiparous, % 49.5 45.5

Multiple pregnancy, % 6.0 0 1.0

Married, % 31.2 36.4 0.7

Single/separated, % 68.8 63.6

≤ High school education, % 63.4 72.7 0.7

Higher education, % 36.6 27.3

Steady & rotating night-shift, % 10.9 27.3 0.1

Habitual snorers, % 9.3 45.5 <0.01

Mean±SD Mean±SD **

Age, yrs 26.37 ± 7.2 28.59 ± 7.6 0.4

Body mass index, kg/m2 30.16 ± 7.4 32.74 ± 5.7 0.3

Pre-pregnancy BMI, kg/m2 29.52 ± 0.74 30.73 ± 1.38 0.6

GCT level mg/dl 94.70 ± 1.80 154.91 ± 5.68 <0.001

Neck circumference, cm 35.57 ± 3.0 36.86 ± 2.5 0.2

Apnoea-symptom score 0.52 ± 0.8 1.53 ± 1.1 <0.01

Self-reported nocturnal sleep duration, hr 7.71 ± 2.1 7.45 ± 2.7 0.7

Self-reported total nap duration, hr 1.49 ± 1.3 2.27 ± 1.4 0.07

1st trimester PSG

AHI/hr 1.79 ± 2.39 2.04 ± 4.62 0.22

Nadir O2 90.62 ± 6.4 90.27 ± 3.6 0.23

Total sleep duration, hr 6.31 ± 0.9 6.34 ± 1.2 0.92

Sleep Efficiency (%) 79.26 ± 1.14 76.11 ± 4.07 0.47

Arousal index/hr 17.74 ± 0.93 14.98 ± 2.48 0.22

3rd trimester PSG (n=75) (n=8)

AHI/hr 3.36 ± 5.61 3.16 ± 2.52 0.33

Nadir O2 90.71 ± 0.66 89.71 ± 1.79 0.39

Total sleep duration, hr 5.83 ± 0.14 5.58 ±0.28 0.57

Sleep Efficiency (%) 72.45 ± 1.67 70.82 ± 3.95 0.76

Arousal index/hr 19.92 ± 1.16 15.08 ± 1.88 0.16

Definition of abbreviations: BMI=body mass index; GCT=Glucose Challenge Test; AHI=Apnoea Hypopnoea Index; SD=standard deviation;
PSG=polysomnography;

*
p-value from Chi-Square test or Fisher’s exact test for categorical variables and
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**
p-value from t tests or Mann-whitney test for continuous variable
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Table 2

Bivariate Associations between Sleep Variables, Anthropometric Variables and Hyperglycemia

Variables OR 95% CI p value

Maternal age, years 1.04 0.96 – 1.13 0.34

Parity 0.85 0.24 – 2.99 0.80

Race 0.37 0.04 – 3.02 0.35

Education 1.54 0.38 – 6.18 0.55

Pre-pregnancy BMI, kg/m2 1.03 0.94 – 1.12 0.58

BMI, kg/m2 1.05 0.97 – 1.14 0.27

Neck circumference, cm 1.15 0.42 – 1.42 0.18

Habitual snoring – MAPI 8.13 2.02 – 32.69 0.003

Apnoea-symptom score – MAPI 2.85 1.50 – 5.41 0.001

Self-reported nocturnal sleep duration, hr 0.95 0.70 – 1.27 0.71

Self-reported total nap duration, hr 1.48 0.96 – 2.28 0.08

Sleep duration – PSQI 1.37 0.79 – 2.38 0.27

Global PSQI score 1.02 0.86 – 1.22 0.81

Steady night-shift 5.44 1.14 – 25.97 0.03

Steady or rotating night-shift 3.07 0.70 – 13.51 0.14

1st trimester PSG (n=104)

AHI/hr- PSG in 1st trimester, n=104 1.03 0.83 – 1.28 0.77

Total sleep time, hr 1.04 0.53 – 2.04 0.91

Total arousal Index/hr 0.96 0.88 – 1.05 0.33

Sleep Efficiency 0.98 0.93 – 1.03 0.38

3rd trimester PSG (n=83)

AHI/hr- PSG in 3rd trimester, 0.99 0.86 – 1.15 0.92

Total sleep time, hr 0.84 0.46 – 1.53 0.57

Sleep Efficiency 0.99 0.94 – 1.04 0.76

Definition of abbreviations: BMI =body mass index; MAPI=Multivariable Apnoea Prediction Index; AHI=Apnoea Hypopnoea Index;
PSG=polysomnography; PSQI=Pittsburgh Sleep Quality Index; OR=odd ratio; CI=confidence interval
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Table 3

Final multiple logistic regression for sleep-disordered breathing

Variables OR 95% CI p value

Apnoea-symptom score subscale – MAPI 3.47 1.44 – 8.32 0.005

Maternal age, years 0.98 0.88 – 1.09 0.69

Race (Caucasian reference group) 1.40 0.12 – 16.27 0.79

Neck circumference, cm 1.03 0.79 – 1.32 0.85

Steady & rotating night-shift 4.72 0.83 – 26.77 0.08

Definition of abbreviations: OR=odd ratio; CI=confidence interval; MAPI=Multivariable Apnoea Prediction Index
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Table 4

Final Multiple logistic regression Model for nap duration

Variables OR 95% CI p value

Total nap duration, hr 1.64 1.00 – 2.68 0.05

Maternal age, years 1.08 0.98 – 1.18 0.12

Race (Caucasian reference group) 0.70 0.07 – 6.83 0.76

Neck circumference, cm 1.14 0.91 – 1.42 0.27

For abbreviations, please see Table 3
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