MACROPHAGE MIGRATORY INHIBITORY FACTOR AND OSA

Macrophage Migratory Inhibitory Factor (MIF) May Be a Key Factor in
Inflammation in Obstructive Sleep Apnea
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Study Objectives: This study investigated the 24-hour variation of macrophage migratory inhibitory factor (MIF), a cytokine which induces insensitivity
to the anti-inflammatory effects of glucocorticoids, in patients with untreated obstructive sleep apnea (OSA) as compared to healthy adults with no OSA.
Participants: Fifty-three men and women with OSA (mean apnea/hypopnea index [AHI] = 39.5) and 24 healthy adults (Non-OSA, AHI = 5.1).
Measurements: Over a 24-h period, blood was collected every 2 h for MIF and cortisol determination. The following night, sleep was monitored
with polysomnography.

Results: MIF showed a strong 24-h variation, with a peak at 04:00 and a nadir at 22:00. Patients with OSA showed 25% higher MIF levels (area
under the curve) over 24 h than healthy controls. Furthermore, MIF levels were significantly associated with AHI and total arousal index (Arl), even
after adjusting for BMI. Cortisol showed the expected 24-h variation (peaking at 06:00), but no cortisol differences were observed between OSA
and Non-OSA groups.

Conclusion: MIF is elevated in patients with OSA and is related to OSA severity, while there was no difference in cortisol levels. MIF is a pro-
inflammatory cytokine which additionally inhibits the anti-inflammatory effects of glucocorticoids. Thus, elevated MIF levels in OSA may contribute

to elevated inflammation.
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OBSTRUCTIVE SLEEP APNEA (OSA) IS A PREVALENT
SLEEP DISORDER AND IS AN INDEPENDENT RISK FAC-
TOR FOR THE DEVELOPMENT OF CARDIOVASCULAR
disease.' Inflammation has been indicated as a potential mecha-
nistic link and OSA has indeed been associated with elevated lev-
els of various circulating inflammatory markers. However, there
is limited consistency between studies regarding elevation of indi-
vidual specific inflammatory markers and the confounding role of
adiposity has led to debate concerning interpretation of these find-
ings. In vitro studies demonstrate that hypoxia, a key characteris-
tic of OSA, increases cellular production of the pro-inflammatory
cytokine macrophage migration inhibitory factor (MIF).2 MIF is
strongly associated with the hypothalamic pituitary adrenal (HPA)
axis and plays a key role in regulation of the inflammatory re-
sponse. Unusually among pro-inflammatory cytokines, glucocor-
ticoids induce rather than inhibit MIF production®; yet, somewhat
counter-intuitively, MIF reduces the sensitivity of cells to the anti-
inflammatory actions of glucocorticoids, thereby also indirectly
facilitating a pro-inflammatory response in addition to its directly
pro-inflammatory actions.* Thus, glucocorticoids stimulate the
production of MIF which then acts to reduce the effects of gluco-
corticoids. This feedback loop may play a key part in the mecha-
nisms of glucocorticoids’ permissive functions at low levels.

Submitted for publication April, 2010

Submitted in final revised form July, 2010

Accepted for publication July, 2010

Address correspondence to: Kate Edwards, Dept. of Psychiatry, Univ.
of California, San Diego, 9500 Gilman Drive, La Jolla, San Diego,
CA, 92093-0804; Tel: (619) 543-5831; Fax: (619) 543-7519; E-mail:
kmedwards@ucsd.edu

SLEEP, Vol. 34, No. 2, 2011

Cortisol is the primary human glucocorticoid product of the
HPA axis and has powerful anti-inflammatory actions when el-
evated. Fluctuations in cortisol are intricately related to sleep,
and may be a mechanism through which sleep disorders mani-
fest some of their physiologic changes. Despite evidence of in-
creased inflammation in OSA, many studies have failed to find
differences in cortisol release and rhythmicity between OSA
subjects and normal controls.” Methodology, (i.e., infrequent
sampling) may have limited some reports, especially given that
recent studies using more extensive circadian sampling, report-
ed elevated cortisol levels in OSA patients.®

Given the role of MIF in the inflammatory process, its asso-
ciation with HPA axis function, and sensitivity to hypoxia, we
examined whether circulating levels of MIF and cortisol were as-
sociated with sleep apnea. Both cortisol and MIF display clear
circadian rhythms,” and therefore, valid estimates of circulating
levels require repeated sampling throughout the day and night.
This is especially relevant in OSA, which is characterized by dis-
rupted sleep and alterations in the circadian rhythms of several
important inflammatory factors.® The current study examined the
pattern of 24-h levels of MIF and cortisol in a group of patients
with diagnosed OSA and a comparison group of healthy controls
(Non-OSA). We hypothesized that MIF and cortisol would be el-
evated in OSA patients above levels found in Non-OSA patients.

METHODS

Participants

As part of a larger study examining the pathophysiology of
the sympathetic nervous system in patients with OSA, partici-
pants were recruited via advertisements, word of mouth referral,
and referral from local medical practices in the San Diego area.
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Figure 1—Mean (SE) plasma MIF (A) and cortisol (B) levels in OSA and
Non-OSA individuals. Measures were taken every 2 h over a 24-h period
starting at 18:00.

Fifty-three participants with OSA and 23 participants without
OSA were included. Exclusion criteria included: history of a
major medical illness (with the exception of OSA and hyperten-
sion), current psychiatric diagnoses (including alcohol or drug
abuse), or receiving psychotropic medications, and blood pres-
sure < 170/105 mmHg for systolic and diastolic. Two patients
who were taking hypertensive medication were slowly tapered
off their medications for 3 weeks, prior to participation. In both
cases, BP remained within the inclusion range for the study, and
thus the patients were retained in the sample. The project was
approved by the University of California, San Diego (UCSD)
Human Subjects Committee.

Procedure

Written informed consent was obtained from all subjects
before participation in the study. As described previously,
participants were assessed over 2 days.® The first 24-h period
included a blood sample every 2 h, and standard polysomnog-
raphy (PSG) was recorded on the night of the second day, from
20:00 to 07:00, with lights out at 22:00. Experienced polysom-
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nographic technicians scored PSG sleep records according to
the criteria of Rechtschaffen and Kales.” Apneas, hypopneas,
arousals, and transient oxyhemoglobin desaturations followed
standard definitions as previously reported. The oxygen desatu-
ration index (ODI) was calculated as the number of transient
oxygen desaturations per hour of sleep. Total sleep time (TST)
was computed and the numbers of apneas and hypopneas per
hour of sleep were calculated to obtain the apnea hypopnea in-
dex (AHI). A diagnosis of OSA was given if AHI > 10/h and
Non-OSA diagnosis was given if AHI < 9/h.

Statistical Analysis

Analyses were completed using the statistical package SPSS
(version 17.0). A P value < 0.05 was considered significant, and
all testing was 2-tailed. Group differences were examined us-
ing Student #-tests for continuous outcome variables, and the 2
test for multi-categorical measures. Differences between groups
over time were assessed using 2 Group X 12 Time repeated-
measures analysis of variance (ANOVA). Hemolyzed samples
generate spuriously high MIF values due to presence of MIF
in erythrocytes'?; therefore hemolyzed samples were excluded,
and the missing data point was imputed as the mean of the 2 sur-
rounding time points. Less than 8% of samples were imputed in
this manner. If > 2 data points were missing, no imputed value
was calculated and the participant was removed from the analy-
sis. Area under curve (AUC) was calculated using the trapezoid
rule to create a summary value for 24 h MIF and cortisol levels.
Partial correlations were employed to explore the association
between sleep indices and MIF and cortisol AUC, with BMI in-
cluded as a covariate to control for significant group differences.

RESULTS

Sample Characteristics

Overall, the mean age for all subjects was 49 years (SD =8.6),
and the mean BMI was 29.2 kg/m? (SD = 5.0). The OSA group
had a significantly greater BMI (30.0 + 5.2 vs 27.6 + 4.0;
t,,=—2.18, P=0.05). There were no significant differences be-
tween groups in terms of gender and age (P’s > 0.05). Subjects
with OSA had higher AHI (39.5 +£27.8 vs 5.1 +2.8), ODI (26.9
+3.3vs4.4+0.6), and Arl (28.1 £ 6.4 vs 9.6 £ 0.6), and sig-
nificantly shorter TST (368.8 + 44.0 vs 403.8 + 36.7) than those
without OSA (P’s < 0.001). Percentage of time slept in slow
wave sleep (SWS) did not vary significantly between groups
(P>0.05).

Group Differences in MIF

Repeated measures ANOVA revealed a significant effect of
time. MIF exhibited a strong day to night variation (Time effect
[F, e =3.51, P=0.001, n? = 0.384]), with the peak found at
04:00 (see Figure la). A significant group difference was also
found (sz =4.32,P=0.041,1n>=0.057), with higher concen-
trations of MIF in the OSA group than in the Non-OSA group
(Figure 1a). There was no time by group interaction, indicating
that plasma MIF followed the same circadian pattern in OSA
and Non-OSA groups. Area under curve (AUC) values were cal-
culated for the full 24-h period and for nighttime (22:00-06:00:
period of lights out) and daytime hours (08:00-20:00) to evalu-
ate if differences were confined to nighttime, as has been re-
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ported for other inflammatory markers.® The OSA group had
significantly greater MIF 24-h AUC (¢, = —2.32, P = 0.024), at
nighttime AUC (¢, = =2.05, P = 0.044), and at daytime AUC
(¢, =—2.32,P=0.025).

Group Differences in Cortisol

The expected circadian effect was seen in plasma cortisol
levels (see Fig 1b), with a significant Time effect (£, (, = 58.0,
P =0.001, n?>=0.914). However, we did not find any relation-
ship between OSA status and cortisol (P =0.71), and no interac-
tion was seen between Time and OSA status.

OSA Severity, MIF, and Cortisol

Given the difference in MIF levels in OSA and Non-OSA
groups, we examined the relationship between the area under
the curve (AUC) for 24-h MIF levels and sleep indices. All
correlations were performed covarying for BMI. MIF AUC
was significantly positively correlated with AHI (r = 0.351,
P<0.01) and Arl (r=0.272, P=0.036), while associations with
ODI (r=10.222, P=0.088) and % SWS (r=-0.234, P=0.072)
fell short of statistical significance.

We also assessed if cortisol AUC was associated with sleep
variables, and found a significant positive association with ODI
(r = 0.363, P = 0.004), and a negative association with TST
(r=-0.298, P=0.021) and % SWS (—0.332, P=0.010).

Relationship between MIF and Cortisol

MIF peaked at 04:00, while cortisol peaked at 06:00. The
peak values of MIF and cortisol were significantly associated
(r=0.275,P=0.023).

DISCUSSION

To our knowledge, this is the first study to examine MIF lev-
els in OSA. The current data showed an approximately 25%
higher MIF concentration in patients with untreated OSA than
in a control sample of healthy individuals without OSA. This
elevation persisted throughout the entire 24-h period, with
area under curve for both the nighttime hours (10:00-06:00)
and daytime hours (08:00-20:00), showing significantly higher
MIF levels in the OSA group. Further, there was a linear asso-
ciation between the severity of OSA (as assessed by AHI) and
MIF concentration over the 24-h period, even after adjusting
for BMIL.

Contrary to our hypothesis, we did not find significant dif-
ferences in cortisol level or pattern of secretion over 24 h in
OSA (versus Non-OSA controls). However, the 24-h aggregate
value (area under curve) of plasma cortisol was positively cor-
related with ODI, and negatively with TST and percent of time
in SWS, indicating that increasingly severe sleep disruption
is related to higher cortisol levels throughout the 24-h period.
This is in line with much of the literature which has examined
HPA function in OSA.>® A potential limitation of the study was
our assessment of plasma cortisol, which reflects total cortisol,
whereas only the unbound portion of cortisol, approximately
10%, is biologically active. It cannot be excluded that signifi-
cant differences in free cortisol may exist between OSA and
Non-OSA patients while total cortisol levels appear equivalent
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and future studies may therefore additionally assess glucocor-
ticoid binding proteins such as albumin and cortisol-binding
globulin (CBG).

The relationship between MIF and cortisol is reflected in the
current data by the correlation between peak values of MIF and
cortisol and their similar associations with markers of OSA. Fu-
ture work should examine whether successful treatment of OSA
has the potential to normalize elevated levels of circulating MIF.
Given the pro-inflammatory role of MIF as an inhibitor of glu-
cocorticoid effects, it is possible that the greater up-regulation
of MIF seen in OSA is important in the development of inflam-
matory processes that play an important role in the progression
of cardiovascular diseases. However, additional data including
broader examination of inflammatory makers and vascular as-
sessments are needed to examine this potential pathway.
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