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Obstructive sleep apnea (OSA) is a common 
sleep disorder characterized by repeated 
upper airway obstruction during sleep. OSA is 
about twice as prevalent in patients with coronary artery disease 
(CAD) as in those without,1 and contributes to the initiation, 
progression, and poor outcome of CAD.1-5 The link between 
OSA and CAD might partly be explained by a prothrombotic 
state that contributes to atherosclerosis and coronary thrombus 
formation after plaque rupturing.1,6 Patients with OSA show 
increased levels of clotting factors7-11 and hyperactive plate-
lets.12-14 Reduced fibrinolytic activity in the form of increased 
plasminogen activator inhibitor (PAI)-1 is also found in patients 
with OSA and is associated with apnea severity as defined by 
an elevated apnea-hypopnea index (AHI).15-18 Several studies 
find that elevated PAI-1 levels predict atherothrombotic events 
such as myocardial infarction.19 However, as stated in a recent 
consensus paper, there is need for further studies on hemostasis 
factors at large to more definitively confirm that OSA confers 
a prothrombotic state because hemostatic findings in OSA are 
not unequivocal.1,6

One reason for this inconsistency might be that previous 
OSA studies did not consider day/night variation in hemo-

static activity.6,20 Moreover, day/night rhythm variation of 
hypercoagulability with its associated atherothrombotic risk 
might differ between individuals with and those without OSA. 
Hypercoagulability after awakening explains some of the in-
creased prevalence of myocardial infarction onset between 
6:00 AM and 12:00 PM in the general population.21 In contrast, 
infarct onset in OSA commonly occurs between midnight and 
06:00 AM,22 the time of greatest electrocardiographic signs of 
myocardial ischemia during sleep in OSA.23

The primary function of PAI-1 is to inhibit fibrinolysis in 
plasma. Specifically, PAI-1 is the most important inhibitor 
of circulating tissue-type plasminogen activator (t-PA). A 
decrease in active t-PA will result in attenuated conversion 
of inactive plasminogen to plasmin.19 Plasmin splits fibrin, 
whereby fibrin D-dimer – the primary degradation product of 
cross-linked fibrin – is formed. Reduced plasma levels of D-
dimer thus may reflect decreased global fibrinolytic capacity 
of an individual at a given time point.24 Day/night rhythmic-
ity of fibrinolysis-inhibiting PAI-1 is characterized by a peak 
in the early morning (between 7:00 AM and 9:00 AM) and 
a nadir in the afternoon (between 3:00 PM and 6:00 PM), 
which contributes to the gradual increase in overall fibrin-
olytic activity from the early morning to the afternoon.19,20 
Congruent with this, D-dimer levels increased from 10:00 
AM to a peak level at 2:00 PM in one large epidemiological 
study25 and from 6:00 AM throughout the day in a smaller 
study in healthy subjects.26 In other words, the increase in D-
dimer parallels the decrease in PAI-1. This suggests that the 
increase in fibrinolytic activity (as a result of the decrease in 
PAI-1) goes along with an increase in fibrin degradation and 
D-dimer formation, respectively.
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Given that day/night variation in hemostasis has not previ-
ously been investigated in OSA and that one-point measure-
ments show a fairly reliable increase in PAI-1 in OSA, we 
compared the day/night variation of PAI-1 and D-dimer plasma 
concentration between patients with OSA and non-OSA con-
trols. Our goal in studying PAI-1 and D-dimer measurements 
over a 24-h period was to understand, as a first step, the novel 
and potentially important area of research on day/night varia-
tions of complex hemostatic abnormalities in OSA.

We hypothesized that patients with OSA would show differ-
ent PAI-1 and D-dimer day/night rhythm patterns from non-OSA 
controls. Specifically, we predicted in OSA patients, compared 
to non-OSA controls, there would be more day/night variation 
in PAI-1 with higher mesor (mean), greater amplitude (peak) 
and earlier (during the night; i.e., between midnight and 6:00 
AM) acrophase (timing of the peak), while in D-dimer there 
would be lower mesor, smaller amplitude, and later acrophase 
(in the morning hours; i.e. between 6:00 and 12:00 PM). We 
additionally explored whether day/night variation differences 
in PAI-1 and D-dimer would be independent of demographic 
and metabolic factors.19,26

MATERIALS AND METHODS

Study Participants
The University of California San Diego (UCSD) Human 

Subjects Committee approved the study protocol. All partici-
pants provided written informed consent. Patients with untreat-
ed OSA and healthy non-OSA controls were recruited from the 
community by advertisement, word-of-mouth, or referral from 
local medical practitioners. Specific exclusion criteria were a 
history of major medical illnesses other than OSA and hyperten-
sion, current psychiatric diagnoses, and intake of psychotropic 
medication. Patients who were receiving antihypertensive med-
ications had these tapered for 3 weeks before they underwent 
the study protocol. No participants received any other medica-
tion on a regular basis (including anticoagulant medication and 
aspirin). In this prospective study, data from 38 patients with 
OSA and 22 non-OSA controls who had measures of both PAI-
1 and D-dimer over a 24-h period were included.

Demographic and Metabolic Factors
Data were collected on age and gender. Subjects who cur-

rently smoked ≥ 1 cigarette per day were termed smokers. 
Smoking status was missing for 4 participants. The body mass 
index (BMI) was computed as the ratio of body weight in kilo-
grams divided by the square of height in meters (kg/m2). Blood 
pressure data were collected and averaged over 3 seated resting 
measurements. The mean arterial pressure (MAP) was comput-
ed by the formula 2/3 diastolic blood pressure plus 1/3 systolic 
blood pressure.

Study Protocol
All participants arrived at the UCSD General Clinical Re-

search Center Gillin Laboratory of Sleep and Chronobiology at 
5:00 PM, at which time a venous catheter was inserted. Starting 
at 6:00 PM, a blood sample was collected every 2 h for the next 
24 h. The catheter was kept patent with normal saline. During 
the 24-h blood draws, participants were asked to avoid any vig-

orous activities. Subjects were not required to remain at bed rest 
throughout the sampling interval. However, in order to achieve 
activity restriction, all participants were encouraged to stay in a 
non-active position, either in bed or a chair. There was no direct 
instruction on posture, although the participants were encour-
aged to be supine as much as possible while they slept. Lighting 
and room temperature were not restricted, and the participants 
were able to select food items from a standard menu list. Smok-
ing, alcoholic beverages, and caffeine consumption were not 
allowed during the 24-h blood draws.

Beginning at 8:00 PM the next day, participants were instru-
mented for standard polysomnography (PSG) with the Grass 
Heritage (model PSG 36-2, West Warwick, RI). Lights out oc-
curred at 10:00 PM, and PSG recording continued until 7:00 
AM. Rechtschaffen and Kales’ criteria were used to score sleep 
recordings.27 Apneas were defined as decrements in airflow 
≥ 90% from baseline ≥ 10 sec. Hypopneas were defined as dec-
rements in airflow of ≥ 50% but < 90% from baseline ≥ 10 sec 
with an accompanying desaturation of 4%. The numbers of ap-
neas and hypopneas per hour of sleep were calculated to obtain 
the AHI. A diagnosis of OSA was given if AHI ≥ 10.

Biochemical Analysis
Venous blood was drawn into plastic tubes containing 3.8% 

sodium citrate (ratio 9:1). Samples were spun in a refrigerated 
centrifuge between 4°C and 8°C for 10 min at 3,000g. Plasma 
was immediately frozen in polypropylene tubes at −80°C un-
til analyzed. Plasma levels of D-dimer and PAI-1 antigen were 
determined by enzyme-linked immunosorbent assay following 

the instructions of the manufacturer (Asserachrom; Diagnostica 
Stago; Asnières, France). To minimize intra-assay variance, all 
samples from each participant were analyzed in the same run. 
Because of occasional assay problems and sample availability, 

of the potential 720 total data points assessed (12 time points × 
60 participants), 33 (4.6%) and 53 (7.4%) measurements were 
missing for D-dimer and PAI-1, respectively. More precisely, 
for the D-dimer analysis, one subject had 5 (of 12) measures; 
all other subjects had ≥ 8 measures. For the PAI-1 analysis, one 
subject had 2 (of 12) measures, one had 4, two had 5, and the 
rest all had ≥ 8 measures. Inter- and intra-assay coefficients of 
variation were < 10% for D-dimer and PAI-1.

Statistical Methods
Data were analyzed using SPSS 15.0 for Windows and the 

public domain software package R v. 2.7.1 (http://cran.stat.ucla.
edu/). Level of significance was set at p ≤ 0.05 (2-tailed). To 
better approximate a Gaussian distribution, D-dimer and PAI-
1 values were logarithmically transformed before performing 
analyses. Student t-test and Fisher exact test were applied to test 
for differences in continuous and categorical data, respectively, 
between patients with OSA and non-OSA controls.

A cosinor analysis was used to examine the day/night rhyth-
micity of prothrombotic markers with the model specified as 
y = mes + amp * cos (2π (t-phi)/24) where y was the (log) 
marker value, t represented time-of-day, mes represented the 
mesor, amp the amplitude and phi the acrophase of the day/
night rhythm. This cosinor curve was fitted using mixed-effects 
models allowing for subject-specific intercept and rhythm-
slopes (i.e., slopes for the cos and sin terms in the model) for 
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each individual.28-30 Day/night rhythm parameters (i.e., mesor, 
amplitude, acrophase) and their standard errors were estimated. 
These parameters were derived from the output of the cosinor 
models. In particular, using the Law of Cosines, the model can 
be reparametrized as follows: 

y = mes + amp * cos (2π (t-phi)/24) = mes + amp [cos(2π 
t/24)* cos(2 π phi /24) + sin(2π t/24)* sin(2 π phi)/24)]

= mes + β1*cos(2π t/24) + β2*sin(2π t/24), where β1 = 
amp*cos(2 π phi /24) and β2 = amp*sin(2 π phi /24). The mixed 
model was used to estimate β1 and β2, and these coefficients 
were then used to derive the amplitude, amp = sqrt(β1

2 +β2
2) 

and acrophase phi = 24*arctan(β2/β1)/2π . Standard errors were 
calculated using a delta-method (i.e., a Taylor’s series expan-
sion of the above functions for amplitude, and acrophase).

OSA status was included in the models as a binary vari-
able (OSA patients versus non-OSA controls) to test for dif-
ferences in mesor between patients with and without OSA. 
Interactions between OSA status and cos and sin terms were 
included to test if rhythm patterns varied between OSA pa-
tients and non-OSA controls. Unadjusted and adjusted co-
sinor models were fitted with the adjusted models controlling 
for a maximum of five key covariates to guard against model 
overfitting31: age, gender, BMI, MAP, and smoking status (yes 
versus no). Likelihood ratio tests were used to compare the 
means-only model (with an intercept and OSA status terms 
alone) to the cosinor models, to test the presence of a diurnal 
pattern in these markers.

We used Cohen’s d to estimate effect sizes of the observed 
differences in day/night rhythm parameters between OSA pa-
tients and non-OSA controls.32 Cohen’s d was inferred from 
the Wald statistic testing for differences in rhythm parameters 
between OSA and non-OSA patients. According to Cohen, an 
effect size (d) of 0.20 implies a small effect, 0.50 a medium ef-
fect, and ≥ 0.80 a large effect.32

RESULTS

Characteristics of Participants
A total of 60 subjects (38 OSA patients and 22 non-OSA con-

trols) were included in this analysis. Demographic and medi-
cal characteristics of the study sample are presented in Table 1. 
Briefly, the proportion of men was greater and blood pressure 
was higher in patients with OSA than in the non-OSA controls, 

whereas there were no significant group differences in age, 
BMI, or smoking status.

Day/Night Pattern of Prothrombotic Factors
The results for 3 cosinor models are presented in Tables 2a 

and 2b. Model 1 shows the unadjusted cosinor model testing 
for a difference in the day/night pattern of PAI-1 (Table 2a) 
and D-dimer (Table 2b) between patients with OSA and their 
non-OSA counterparts. Model 2 augmented Model 1 by fur-
ther adjusting for age and gender, while Model 3 added BMI, 
MAP, and smoking status (yes versus no) to Model 2. Figures 
1 and 2 show the fitted day/night pattern with individual data 
points of PAI-1 and D-dimer in patients with OSA and non-
OSA controls.

The significant main effect for the “sin t” term in all the 
PAI-1 models was indicative of a periodic pattern. Interac-
tions between the “cos t” and “sin t” terms with OSA status 
were non-significant, indicating that the shape of the day/
night pattern did not vary significantly between those with 
and without OSA.

Table 1—Mean (SD) of demographic and metabolic characteristics of 
OSA vs. non-OSA participants

Variable
OSA patients

(n = 38)

Non-OSA 
controls
(n = 22) p-value

Age (y) 49.7 ± 8.7 48.0 ± 8.7 0.472
Men / Women (%) 90 / 10 55 / 45 0.004
Body mass index (kg/m2) 30.1 ± 5.7 27.7 ± 4.4 0.092
Current smokers (%) 10 18 0.423
Systolic blood pressure (mm Hg) 131.5 ± 18.4 119.1 ± 14.3 0.009
Diastolic blood pressure (mm Hg) 79.3 ± 9.6 75.4 ± 10.0 0.138
Mean arterial pressure (mm Hg) 96.7 ± 11.8 90.0 ± 10.6 0.030
Apnea-hypopnea index 40.4 ± 28.9 5.0 ± 2.9  < 0.001

Table 2a—Cosinor model for (log) plasminogen activator inhibitor-1 (ng/mL)
Parameter Model 1 Model 2 Model 3

Cost 0.12 ± 0.09 0.12 ± 0.09 0.16 ± 0.10
Sint 0.48 ± 0.11*** 0.48 ± 0.11*** 0.50 ± 0.12***
Cost*OSA 0.00 ± 0.11 0.01 ± 0.11 −0.04 ± 0.12
Sint*OSA −0.02 ± 0.14 −0.03 ± 0.14 −0.04 ± 0.15
Age 0.01 ± 0.01 −0.00 ± 0.01
Gender 0.01 ± 0.22 0.07 ± 0.22
Body mass index 0.04 ± 0.02*
Mean arterial pressure 0.02 ± 0.01*
Smoking status 0.01 ± 0.24

Columns show the unstandardized β-coefficient ± SE
*P < 0.05; **P < 0.01; ***P < 0.001
Coding of parameters: Obstructive sleep apnea (OSA) status: 1 = OSA 
patients, 0 = non-OSA controls; gender: women = 1, men = 0; smoking 
status: 1 = smoker, 0 = non-smoker

Table 2b—Cosinor model for (log) fibrin D-dimer (ng/mL)
Parameter Model 1 Model 2 Model 3

Cost −0.23 ± 0.06*** −0.23 ± 0.06*** −0.28 ± 0.06***
Sint 0.04 ± 0.06 0.04 ± 0.06 −0.01 ± 0.06
Cost*OSA 0.11 ± 0.07 0.11 ± 0.07 0.15 ± 0.08*
Sint*OSA −0.03 ± 0.07 −0.03 ± 0.07 0.01 ± 0.07
Age 0.01 ± 0.01 0.01 ± 0.01
Gender 0.12 ± 0.16 0.16 ± 0.17
Body mass index 0.01 ± 0.01
Mean arterial pressure −0.00 ± 0.01
Smoking status −0.41 ± 0.18*

Columns show the unstandardized β-coefficient ± SE
*P < 0.05; **P < 0.01; ***P < 0.001
Coding of parameters: Obstructive sleep apnea (OSA) status: 1 = OSA 
patients, 0 = non-OSA controls; gender: women = 1, men = 0; smoking 
status: 1 = smoker, 0 = non-smoker
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far superior to that of the simpler model (likelihood ratios were 
72.1 for D-dimer (p < 0.001) and 183.5 for PAI-1 (p < 0.001).

Effects of Covariates
BMI and MAP were significantly associated with (log)PAI-1 

levels (Table 2a, Model 3). Each unit increase in BMI corre-
sponded to a 0.04 ng/mL increase in (log)PAI-1 (p = 0.020), and 
each unit increase in MAP resulted in a 0.02 ng/mL increase in 
(log)PAI (p = 0.016). Smokers had on average 0.41 ng/mL low-
er (log) D-dimer values than non-smokers (p = 0.029) (Table 
2b, Model 3). Age and gender were not significantly associated 
with either PAI-1 or D-dimer.

Mesor Analysis
Table 3 shows that the PAI-1 mesor, i.e., overall mean of the 

(log)PAI-1 rhythm over the 24-h period, was significantly higher 
in OSA patients than in non-OSA controls without adjustment 
for covariates in Model 1 (p = 0.015). This effect maintained 
significance after adjustment for age and gender in Model 2 (p 
= 0.026), but it became non-significant after additional adjust-
ment for metabolic covariates and smoking in Model 3. The 
effect size of the group difference in PAI-1 mesor was medium-
to-large in Models 1 and 2 and became small-to-medium in 
Model 3. The mesor of (log)D-dimer was significantly lower in 
patients with OSA than in non-OSA controls in the unadjusted 
and adjusted analyses (all p-values < 0.007). The effect size of 
this group difference was large in all three models.

Amplitude Analysis
There were no significant differences in amplitude of PAI-1 

between OSA patients and non-OSA controls in the unadjust-
ed and adjusted analysis (Table 3 and Figure 1a). As shown in 
Table 3 and Figure 1b, patients with OSA appeared to have flat-
ter D-dimer rhythm. The amplitude was significantly smaller 
in OSA patients than in non-OSA controls adjusting for age, 
gender, BMI, MAP, and smoking status in Model 3 (p = 0.048). 
While the group difference in amplitude of D-dimer showed 
a medium effect size, there was no meaningful effect size in 
terms of the group difference in amplitude of PAI-1.

Acrophase Analysis
The acrophase (i.e., the time at which the maximum values 

occurred) for PAI-1 and D-dimer was not significantly differ-
ent between OSA patients and non-OSA controls in unadjusted 
and adjusted models (Table 3). Acrophase for PAI-1 occurred 
at 4:59 AM in patients with OSA and at 5:04 AM in non-OSA 
controls based on Models 1 and 2. For D-dimer, acrophase oc-
curred at 11:44 AM in patients with OSA and at 11:24 AM in 
non-OSA controls. The effect size of the group difference in 
acrophase for PAI-1 and D-dimer was not meaningful.

Secondary Exploratory Analyses
Because different AHI cut-offs have previously been used to de-

fine OSA in hemostasis research,6,16 we performed an exploratory 
analysis, in which we categorized subjects into those with AHI ≥ 
15 (“OSA patients”, n = 35) versus those with AHI < 15 (“non-
OSA controls”, n = 25). We found that results were qualitatively 
consistent with the previous OSA definition (i.e., AHI ≥ 10). For 
the D-dimer analysis, the significance of results was maintained 

For D-dimer, there was a significant main effect for “cos t” 
in all the models, suggesting a periodic pattern. Interactions 
between the “cos t” and “sin t” terms with OSA status were 
non-significant in Models 1 and 2; however, the “cos t” by OSA 
status interaction was significant (p = 0.049) in Model 3, indi-
cating that the shape of the day/night pattern varied between 
OSA patients and non-OSA controls after adjusting for con-
founders.

A likelihood ratio test comparing the means-only mixed model 
(which included a subject-specific intercept and OSA status terms 
only) to Model 1 indicated that the fit of the cosinor model was 

Figure 1b—Day/night pattern of D-dimer by obstructive sleep apnea 
status.
The figures show the fitted day/night pattern with individual data points 
for plasminogen activator-inhibitor-1 (PAI-1; Figure 1a) and fibrin D-dimer 
(Figure 1b) in 38 patients with obstructive sleep apnea (blue) and 22 non-
OSA controls (red).

Figure 1a—Day/Night pattern of PAI-1 by obstructive sleep apnea status.
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reduced fibrin splitting and, consequently, in lower levels of the 
fibrin-splitting product D-dimer.24 Taken together, our data may 
suggest that OSA patients have impaired day/night variation in 
fibrinolytic capacity, which is partially affected by metabolic 
variables.

Single time-point assessments of elevated PAI-1 levels are 
prospectively associated with an increased risk of ischemic 
cardiovascular events in a number of studies.19 In contrast, 
interpretation of the hemostatic meaning of plasma D-dimer 
concentration with regard to thrombogenic risk is not straight-
forward.26 Alterations in D-dimer levels are regrettably equivo-
cal in that elevations are associated with excess procoagulant 
activity, whereas decreases in D-dimer can be a marker for im-
paired fibrinolytic capacity.24 The notion in cardiovascular re-
search is to designate D-dimer a marker of fibrin formation and 
thus coagulation activation.37 In agreement with this conceptu-
alization, increased plasma D-dimer levels assessed at one time 
point are predictive of incident CAD in different populations.38 
However, increase in D-dimer level is not only caused by de 
novo formation of cross-linked fibrin by the action of thrombin, 
but also through proteolysis of cross-linked fibrin or other fibrin 
derivatives.39 The latter process makes D-dimer also a marker 
of fibrinolytic activity because its concentration also reflects 
the extent to which cross-linked fibrin is cleaved by plasmin.40 
Some authors accordingly concluded that the association of D-
dimer with increased risk of myocardial infarction in initially 
healthy individuals is evidence for enhanced fibrinolytic activ-
ity in the presence of increased fibrin formation several years 
in advance of coronary occlusion.41 Moreover, low PAI-1 levels 
appear to be required to increase circulating D-dimer in sub-
jects with atherosclerosis, such that increased D-dimer reflects 

in the unadjusted analysis (Model 
1). In Model 3, age (0.01 ± 0.01, 
p < 0.09) and the previously sig-
nificant amplitude difference 
(Cost*OSA; 0.13 ± 0.8, p < 0.10) 
were both marginally significant. 
The significance of PAI-1 results 
did not change.

In a further exploratory 
analysis we performed a sensi-
tivity analysis restricted to 48 
non-smokers with (n = 33) and 
without (n = 15) OSA (i.e., we 
excluded 4 smokers with OSA, 
4 smokers without OSA, and 4 
subjects with unknown smoking 
status). For the D-dimer and PAI-
1 analysis, the significance of 
OSA status did not change com-
pared to previous models. For 
the D-dimer analysis, in Model 
3, age was marginally significant 
(0.015 ± 0.01, p < 0.06) and the 
previously significant difference 
in amplitude (Cost*OSA) disap-
peared (p = 0.73).

DISCUSSION
The day/night variation of two hemostatic factors, PAI-1 and 

D-dimer, was examined to further characterize the prothrom-
botic state in OSA. We corroborated the previously described 
day/night pattern in PAI-1 and diurnal pattern in D-dimer.19,25,26 
While the overall PAI-1 day/night pattern was not different 
between those with and without OSA, PAI-1 mesor was sig-
nificantly higher in OSA patients relative to their non-OSA 
counterparts, even after controlling for age and gender. This 
may suggest impaired fibrinolysis in OSA since PAI-1 is the 
main inhibitor of endogenous fibrinolysis and determines net 
fibrinolytic activity.19 However, the relationship between OSA 
and increased PAI-1 may not be independent of metabolic fac-
tors, since it was attenuated when controlling for BMI and MAP 
which emerged as significant correlates of day/night variation 
in PAI-1. A positive relationship between BMI and PAI-1 is a 
consistent finding, probably because PAI-1 is overexpressed in 
human adipose tissue.33 Elevated PAI-1 is also viewed as a com-
ponent of the metabolic syndrome that is further characterized 
by obesity and elevated blood pressure.34,35 The metabolic syn-
drome is prevalent in OSA,36 and we previously showed that the 
metabolic syndrome was more strongly related to PAI-1 than 
OSA.16 Moreover, a previous study showed that PAI-1 assessed 
at one time point was significantly higher in OSA patients with 
hypertension than in those with normal blood pressure.17

We further found that OSA patients had lower D-dimer me-
sor than their non-OSA counterparts. Moreover, after adjusting 
for covariates, the diurnal pattern of D-dimer differed by OSA 
status; patients with OSA had a smaller D-dimer amplitude than 
non-OSA controls. Reduced basal levels of D-dimer have been 
proposed as a global screening method for decreased fibrinolyt-
ic potential, given that attenuated fibrinolytic activity results in 

Table 3—Cosinor model parameters for hemostatic factors by OSA categorization
Model 1 Model 2 Model 3

Parameter
OSA 

patients
Non-OSA 
controls

OSA 
patients

Non-OSA 
controls

OSA 
patients

Non-OSA 
controls

Mesor (ng/mL)
PAI-1 3.70 ± 0.12* 3.23 ± 0.15 3.70 ± 0.12* 3.22 ± 0.18 3.60 ± 0.12 3.36 ± 0.19

d = 0.7 d = 0.6 d = 0.3
D-dimer 5.48 ± 0.09 5.97 ± 0.11** 5.46 ± 0.09 5.93 ± 0.13** 5.51 ± 0.09 5.98 ± 0.15**

d = 0.9 d = 0.9 d = 0.8
Amplitude (ng/mL)

PAI-1 0.47 ± 0.08 0.49 ± 0.10 0.47 ± 0.08 0.49 ± 0.10 0.48 ± 0.08 0.53 ± 0.11
d = 0.05 d = 0.05 d = 0.1

D-dimer 0.12 ± 0.04 0.23 ± 0.06 0.12 ± 0.04 0.23 ± 0.06 0.12 ± 0.04 0.28 ± 0.06*
d = 0.4 d = 0.4 d = 0.6

Acrophase (t)
PAI-1 4.99 ± 0.60 5.08 ± 0.74 4.99 ± 0.60 5.09 ± 0.75 5.02 ± 0.60 4.83 ± 0.77

d = 0.03 d = 0.03 d = 0.06
D-dimer 11.73 ± 1.39 11.40 ± 0.93 11.73 ± 1.39 11.41 ± 0.93 11.89 ± 1.33 12.08 ± 0.83

d = 0.05 d = 0.05 d = 0.04

Values are given as means ± SE; d = effect size of group difference; *P < 0.05; **P < 0.01
OSA, obstructive sleep apnea; PAI-1, plasminogen activator inhibitor-1
Model 1 controlled for intercept, OSA status, cost, sint, cost*OSA, and sint*OSA
Model 2 controlled for all covariates in Model 1 plus age and gender
Model 3 controlled for all covariates in Model 2 plus body mass index, mean arterial pressure, and smoking status
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did the primary analysis. Assessment of hemostatic activity at 
12 time points over the 24-h cycle facilitated identifying day/
night variation in plasma levels of PAI-1 and D-dimer, but col-
lecting data over several days or in a constant behavioral and 
environmental routine, might have yielded more reliable day/
night rhythms. Loss of individual hemostatic data points due 
to technical problems was minimal, yielding reliable statistical 
models. The study might have had limited power to detect a re-
lationship between OSA status and PAI-1 over the 24-h period 
that was significant independent of covariates. Even though 
there is no statistical difference between groups and in the 
model there could be a confounding effect of gender because 
only 10% of OSA patients (but 45% of non-OSA controls) were 
women. We did not assess additional measures of fibrinolysis 
such as t-PA activity which did not previously differ between 
OSA patients and non-OSA controls; however this might be be-
cause day/night change in t-PA was not assessed.15 We assessed 
the concentration of PAI-1 (i.e., antigen level) but not PAI-1 ac-
tivity. However, PAI-1 antigen and PAI-1 activity show a simi-
lar day/night change,48 and were both predictive for first-time 
myocardial infarction in middle-aged men and women.49 Our 
findings might not generalize to OSA patients with diabetes or 
cardiac diseases, such as CAD and chronic heart failure, or to 
OSA populations differing in terms of gender and age.

In sum, we found differences in day/night rhythm of PAI-
1 and D-dimer between OSA patients and non-OSA controls, 
whereby metabolic factors may account for the group differ-
ence in PAI-1. The findings seem clinically meaningful and 
provide some evidence for decreased fibrinolytic capacity in 
patients with OSA over the 24-h period.
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