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Summary
Obstructive sleep apnoea syndrome (OSAS) is a very ment and at over 6 months. FVIIc levels gradually

decreased after NCPAP treatment. After 6 monthscommon disorder. Patients with OSAS are at an
increased risk for cardiovascular events. It has also of NCPAP treatment, FVIIc levels had decreased

significantly (before 141.1±11.7% vs. after 6been reported that a 25% rise in factor VII clotting
activity (FVIIc) is associated with a 55% increase months 110.7±6.2%; p<0.01). Six of the seven

patients whose FVIIc levels were over 140% beforein ischaemic heart disease death during the first 5
years. We examined the effects of nasal continuous the NCPAP treatment had FVIIc levels below 130%

after 6 months or 1 year of NCPAP treatment. Thispositive airway pressure (NCPAP) treatment on
FVIIc in patients with OSAS. FVIIc was investigated decrease in FVIIc after long-term NCPAP treatment

could improve mortality in OSAS patients. Ifprospectively in 15 patients with OSAS before
(mean±SEM apnoea and hypopnoea index (AHI) patients, especially obese ones, present with high

FVIIc of unknown origin, it would be prudent to61.5±4.2 and after (AHI 3.0±0.9) NCPAP treat-
ment for immediate relief, at 1 month after treat- check for OSAS.

Introduction
Obstructive sleep apnoea syndrome (OSAS) is a very the hypoxaemia, changes in sympathetic activity

including elevated blood pressure,13 intrapleuralcommon disorder, and recent studies suggest that it
pressure oscillations and several other stresses14affects up to 4–5% of the general population.1,2

caused by repetitive obstructive sleep apnoea mightMortality is increased in untreated OSAS patients,
influence FVIIc, and that NCPAP treatment mightand they are also at increased risk for cardiovascular
also have an effect on the FVIIc levels. We prospect-disease.3,4 The blood coagulation system is one of
ively investigated the immediate, short (one month)the most important physiological systems, and is part
and long-term (over 6 months) effects of NCPAPof the causation of cardiovascular disease.5–8

treatment on FVIIc levels in 15 patients with OSAS.Fibrinogen and factor VII clotting activity (FVIIc) are
independent risk factors for ischaemic heart disease.9
In particular, FVIIc strongly predicts fatal episodes.9,10

MethodsFVIIc is also correlated with the serum cholesterol
concentration,9 the serum triglyceride level,11 and Patientsthe body mass index.12

The rate of mortality in OSAS patients is improved Fifteen male patients with OSAS (apnoea and hypop-
by nasal continuous positive airway pressure noea index (AHI) >20) who had undergone NCPAP

therapy were studied. Polysomnography was(NCPAP) treatment.3 Therefore, we hypothesized that

Address correspondence to Dr K. Chin, Department of Clinical Physiology, Chest Disease Research Institute, Kyoto
University, 53 Shogoin-kawaharacho, Sakyo-Ku, Kyoto 606-01, Japan. e-mail: chink@kuhp.kyoto-u.ac.jp

© Oxford University Press 1998



K. Chin et al.628

performed before the NCPAP therapy, and again on ment. The FVIIc data from some of the patients at
1 month, 1 year, and 18 months after the NCPAPthe first night of the NCPAP therapy. The diagnosis

of OSAS and the selection of the NCPAP candidates treatment could not be obtained. Therefore, we first
compared the FVIIc and other data at before vs. 6was as previously described.15 Another eight patients

with OSAS, who were also candidates for NCPAP months after NCPAP treatment, using Wilcoxon’s
rank-test, or a two-tailed paired t-test. The FVIIc datatreatment, served as control subjects. This study was

approved by the local Institute Committee, and all obtained at 1 month (n=11), 1 year (n=8) and
18 months (n=4) post-NCPAP were tested bypatients gave their informed consent prior to the

study. Friedman’s test, including the before and after 6
months NCPAP therapy data. If a significant differ-
ence ( p<0.05) was found by Friedman’s test, thenProtocol the differences before vs. after treatment were
retested by Wilcoxon’s rank-test.For antecubital venous blood sampling, 21-gauge

needles and siliconized vacutainers were used, and
the minimal stasis technique within 1 min was used.
The first 10 ml was collected into tubes without any Results
additives, and was used for lipid analysis or dis-
carded. The next 2×2 ml was collected into citrated All of the 15 NCPAP patients and eight control

patients were male. Their age, body mass indextubes, and was used for the FVIIc and fibrinogen
analyses. The blood samples were drawn at 3:30 pm (BMI), FVIIc and several other parameters are shown

in Table 1. The effects of the NCPAP therapy arefollowing 3 h fasting before the polysomnography,
and again at 8:30 am after fasting and post- shown in Table 2. Patients undergoing NCPAP treat-

ment generally visit the hospital every 1 or 2 months.polysomnography. Total cholesterol and triglyceride
levels, high-density lipoprotein (HDL) cholesterol We obtained the NCPAP compliance data by a

questionnaire, because we could not measure theand FVIIc were also measured 6 months after the
NCPAP treatment from fasting samples. Some of the exact NCPAP run time. Twelve of the patients used

NCPAP every day for more than 5 h per night, andpatients also had fasting blood samples for their
FVIIc taken at 1 month and at over 1 year after the three patients used the NCPAP 6 days per week for

more than 5 h per night.NCPAP treatment. Low-density lipoprotein (LDL) cho-
lesterol was calculated by the Friedwald formula.16 As previously reported,15 the plasma fibrinogen

levels were significantly different in the morning vs.During the study, no changes were made to the
patients’ medications. in the afternoon, and with vs. without NCPAP. In

contrast, the FVIIc levels in the morning vs. in theThe blood samples used for the plasma fibrinogen
and FVIIc analyses were centrifuged immediately at afternoon and with vs. without NCPAP were not

significantly different (Table 2). However, FVIIc levels3000 rpm for 10 minutes at 4 °C, and the separated
plasma was frozen at −20 °C. Plasma fibrinogen gradually decreased. After 6 months (204±10 days)

of NCPAP therapy, fasting FVIIc levels as well assamples were analysed as previously reported.15 The
FVIIc samples taken at 3:30 p.m. before the polysom- blood pressure had decreased significantly, com-

pared to before NCPAP therapy ( p<0.01) (Table 3nography and at 8:30 a.m. after the polysomnography
were frozen at −20 °C, transported to another labor- and Figure 1). In contrast, the other parameters, some

of which have been reported to influence the FVIIcatory, and were then frozen at −60 °C. The FVIIc
samples were all analysed within 1 week of trans- levels, did not change significantly (Table 3). There

was no seasonal bias in the blood samples. In all ofportation. FVIIc levels were measured by a photo-
metric method.17 the patients except for two, the FVIIc dropped to

below 130% after NCPAP treatment for 6 months.The OSAS patients in our hospital had to wait for
almost 2 months for polysomnography, without or Six of the 7 patients whose FVIIc levels were over

140% before the NCPAP treatment had FVIIc levelswith the NCPAP therapy. Therefore, the control
subjects also had their fasting blood samples analysed below 130% after 1 year of NCPAP treatment

(Figure 1). The FVIIc remained below 130% not onlytwice over the 2 months.
after 12 months of NCPAP treatment (Figure 1), but
also at 18 months after the treatment (n=4) (FiguresData analysis 1 and 2). Patient 2 stopped the NCPAP treatment for
3 months because he could not buy or rent theThe data are presented as means±SEM. The FVIIc

data were tested by non-parametric methods, the NCPAP equipment at that time, and his FVIIc rose
again. However, his FVIIc levels decreased againother parameters by parametric methods. The FVIIc

data and other parameters could be obtained from after the resumption of NCPAP therapy (Figure 2).
There was no significant correlation between FVIIc15 patients before and after 6 months NCPAP treat-



FVIIc changes during NCPAP treatment 629

Table 1 Characteristics of OSAS patients with and without (control) NCPAP

Variable (NCPAP) NCPAP Control p
(n=15) (n=8)

Age (years) 45.2(3.1) 52(3.1) NS
Height (m) 1.70(0.02) 1.68(0.01) NS
Weight (kg) 90.3(4.9) 77.4(2.9) NS
Body mass index (kg/m2) 31.1(1.3) 27.3(0.9) NS

PaO
2

(mmHg) 79.2(2.3) 81.7(1.7) NS
PaCO

2
(mmHg) 41.6(0.8) 41.5(1.3) NS

pH 7.41(0.01) 7.41(0.01) NS
FEV

1.0
/FVC 79.5(1.2) 76.8(1.8) NS

Apnoea-hypopnoea index 61.5(4.2) 50.2(5.5) NS
Lowest nocturnal SaO

2
(%) 57.5(3.4) 61.1(3.2) NS

Total-cholesterol (mmol/l) 5.91(0.27) 5.28(0.19) NS
Triglyceride (mmol/l) 2.13(0.27) 2.72(0.41) NS
FVIIc (%) 141.1(6.2) 134.8(5.9) NS
Systolic-BP (mmHg) 141.3(4.7) 140.3(5.0) NS
Diastolic-BP (mmHg) 89.9(3.2) 90.3(3.5) NS

NCPAP, nasal continuous positive airway pressure; FEV
1.0

, forced expiratory volumes at 1.0 s; FVC, forced vital capacity;
SaO

2
, arterial oxygen saturation; FVIIc, factor VII clotting activity; BP, blood pressure; NS, not significant. Values are

means (SEM).

Table 2 Effects of NCPAP on OSAS

Pre-NCPAP During NCPAP p

Apnoa-hypopnoea index 61.5(4.2) 3.0(0.9) <0.0001
Mean nocturnal SaO

2
(%) 89.5(1.1) 94.7(0.3) <0.0001

Lowest nocturnal SaO
2

(%) 57.5(3.4) 87.7(1.2) <0.0001
D-Fibrinogen (n=13) (g/l) 0.18(0.03) 0.04(0.04) 0.0056
D-FVIIc (n=12) (%) 6.8(5.5) 2.4(2.5) NS

NCPAP, nasal continuous positive airway pressure; SaO
2
, arterial oxygen saturation; D-Fibrinogen, the difference between

the plasma fibrinogen levels in the morning versus in the previous afternoon; D-FVIIc, the difference between factor VII
clotting activity in the morning versus in the previous afternoon. Values (n=15) are means (SEM).

Table 3 Patient characteristics

Pre 6 months p

Body weight (kg) 90.1(4.8) 88.4(4.9) NS
Cholesterol (mmol/l) 5.91(0.27) 5.60(0.23) NS
HDL cholesterol (mmol/l) 1.07(0.06) 1.12(0.09) NS
LDL cholesterol (mmol/l) 3.90(0.22) 3.63(0.23) NS
Triglyceride (mmol/l) 2.06(0.20) 1.83(0.24) NS
Fibrinogen (g/l) 2.99(0.16) 2.92(0.17) NS
FVIIc (%) 141.1(11.7) 110.7(6.2) 0.0054
Systolic BP (mmHg) 141.3(4.7) 135.5(3.5) 0.0419
Diastolic BP (mmHg) 89.9(3.2) 80.7(2.3) 0.0001

Pre, before NCPAP treatment; 6 months, after 6 months NCPAP treatment; other abbreviations as Table 1. Values (n=15)
are means (SEM).

and the AHI (r=0.12, not significant) or the lowest during almost the entire 2 months (47.9±4.4 days)
(Figure 3). Neither the serum cholesterol concentra-SaO

2
during sleep (r=0.013, not significant).

In the control group without NCPAP treatment, tion nor the triglyceride levels in the control group
changed significantly during this period (cholesterol:FVIIc levels did not show any significant changes



K. Chin et al.630

severity, expressed as the AHI or the lowest SaO
2
,

and FVIIc. Recently, polymorphisms in the coagula-
tion factor VII gene have been reported.22 Therefore,
the FVIIc levels might have a genetic predisposition,
and OSAS might exacerbate the FVIIc levels. It has
been reported that occupational stress has significant
effects on the FVIIc levels,23 and it has also been
reported that the levels of stress protein (heat shock
protein 72) during sleep in patients with OSAS show
significant changes with and without NCPAP treat-
ment.14 Therefore, several indirect stresses caused by
the repetitive apnoeas might also have significant
effects on the FVIIc levels. In addition to the changes
mentioned above, there is also the possibility that
the severe negative pressure experienced during
obstructive sleep might have an effect on the blood
vessels in the thorax (contraction of the vessels,
changes in blood flow etc.), thus activating FVIIc.
However, neither the exact mechanism underlyingFigure 1. Changes in FVIIc in patients with OSAS after

NCPAP treatment. Bars indicate SEM. *p=0.018; **p= this phenomenon, nor the other effects of NCPAP
0.018; ***p=0.0054; all compared to FVIIc value before treatment24 are known.
NCPAP treatment.

Limitations
from 5.28±0.19 to 4.89±0.16 mmol/l; triglyceride:

One major limitation was that the time between thefrom 2.72±0.41 to 2.25±0.27 mmol/l).
two FVIIc samplings in the controls was almost 2
months, because they had to wait 2 months for
polysomnography. It would have been better toDiscussion increase the duration of the intervention in the
controls to >6 months, or to take those patientsIn this study, the FVIIc in patients with severe OSAS
who had already received NCPAP treatment off theirdecreased significantly, but neither cholesterol levels,
NCPAP for several months to observe whether a risetriglyceride levels nor body mass index changed
in the FVIIc levels would occur. However, there aresignificantly during 6 months of NCPAP treatment. It
ethical problems with such a protocol, because wehas been reported that there are seasonal variations
would have knowingly exposed these patients toin FVIIc,18 but there was no seasonal bias detected
what we honestly believe is harmful (severe OSASin this study. In the Northwick Park Heart Study,9 a
with high FVIIc levels).25 In addition to the controlone standard deviation rise in the FVIIc (25.1%
data, based on the results from patients 1 and 2standard) was associated with a 55% increase in
(both had high FVIIc levels before the NCPAP treat-ischaemic heart disease death during the first 5 years.
ment which decreased significantly with NCPAPTherefore, a decrease in the FVIIc of more than 30%
treatment for over 2 or 3 years), the significantduring the 6 months in this study, namely from
decrease in the FVIIc levels associated with long-141.1% to 110.7%, is clinically noteworthy.
term NCPAP treatment is likely to be valid.
Furthermore, when patient 2 stopped the NCPAPFVIIc and NCPAP treatment
treatment for 3 months, his FVIIc levels rose.
However, his FVIIc levels decreased again after theHigh FVIIc levels are correlated with serum choles-

terol,9 serum triglyceride level11 and body mass resumption of NCPAP (Figure 2). Recently, there have
been some objections raised to the relationshipindex.12 In this study, these factors did not change

significantly during NCPAP treatment (Table 3). between OSAS and the increased mortality due to
cardiovascular disease.26 However, there is extensiveHowever, NCPAP treatment19 did improve the repetit-

ive OSAS with severe negative pressure, hypoxaemia, experimental and epidemiological evidence which
suggests that enhanced blood coagulation is a riskmicroarousals and associated changes in blood

pressure and/or sympathetic activity.13,20,21 Therefore, factor for atherogenesis and thrombogenesis,5–8 and
it is likely that the best measure of coagulableOSAS associated with hypoxaemia, microarousals

and changes in blood pressure and/or sympathetic potential is still FVIIc.27 FVIIc, in addition to the
fibrinogen levels, is an independent risk factor foractivity might have an effect on the FVIIc. However,

there was no significant relationship between disease ischaemic heart disease.9 Furthermore, FVIIc strongly
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Figure 2. Changes in FVIIc levels in two patients with OSAS after NCPAP treatment. Patient 2 stopped the NCPAP treatment
for 3 months because he could not buy or rent NCPAP equipment at that time, and his FVIIc levels rose again. However,
his FVIIc levels decreased after the resumption of NCPAP therapy. Tri, triglyceride; Tch, total cholesterol; Pre, before
NCPAP treatment; Po, after NCPAP treatment. Conversion to SI units: triglyceride 1 mg/dl#0.01129 mmol/l, total cholesterol
1 mg/dl#0.02586 mmol/l.

predicts fatal episodes.9,10 Therefore, the decrease in middle-age was demonstrated to be surprisingly
high.1,2 In general, obese subjects ordinarily haveFVIIc levels, as well as the morning decrease in

plasma fibrinogen levels, associated with long-term high serum cholesterol and/or triglyceride levels.
Obese subjects are also more prone to developNCPAP treatment should attenuate the mortality of

OSAS patients (Figure 1, Table 2).15 OSAS. Therefore, the previous reports9,11,12 probably
included a considerable number of undiagnosedIn our laboratory, we could not measure the

activated factor VII (FVIIa) levels. This measurement OSAS patients, and thus the results (i.e. the relation-
ship between FVIIc and serum cholesterol or tri-may also be important because of the variable

sensitivity among one-stage assays to the presence glyceride levels) might have been affected by these
subjects with OSAS. It is probably important to checkof previously-activated factor VII.10,28 Although we

found a significant decrease in the FVIIc of OSAS for OSAS in obese patients when obesity-associated
diseases are investigated.patients following long-term NCPAP treatment, and

we are confident that the effects of NCPAP therapy We did not measure the exact NCPAP run time,29

and the small number of subjects in our trial andon FVIIc are of genuine clinical significance, further
examinations should be performed to evaluate pos- some methodological difficulties all contribute to the

limitations of this study. Nevertheless, the attenuationsible differences in methodology.
In a recent study, the prevalence of OSAS in of FVIIc levels with long-term NCPAP therapy, as
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