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insulin-like growth factor binding proteins (e.g., insulin-like 
growth factor binding protein-1 [IGFBP-1], insulin-like growth 
factor binding protein-3 [IGFBP-3], which affect bioactivity 

Study Objectives: Sleep and sleep disordered breathing 
(obstructive sleep apnea [OSA]) are known to affect the growth 
hormone/insulin-like growth factor (GH/IGF) axis. There are 
few relevant population studies in this area, particularly in the 
elderly. We conducted this study to investigate the relationship 
between sleep (architecture and OSA) and circulating IGF-I 
(insulin-like growth factor-1), IGFBP-1 (insulin-like growth 
factor binding protein-1), and IGFBP-3 (insulin-like growth 
factor binding protein-3) levels in an elderly population.
Design Setting: Cross-sectional analysis of participants from 
the year 9 visit of the Cardiovascular Health Study (CHS) who 
were enrolled in the Sleep Heart Health Study (SHHS).
Patients or Participants: 1,233 elderly participants from the 
CHS and SHHS.
Measurements and Results: The mean age of males (n = 526) 
and females (n = 697) was 77 years. The mean value of IGF-I 
(ng/mL) in males was 112.4 vs. 97.1 in females (p < 0.01). Mean 
IGFBP-1 and IGFBP-3 levels were higher in females than males 
(p < 0.01). As expected, slow wave sleep was better preserved 
in females compared to males (22% total sleep time vs. 9% total 
sleep time, p < 0.01). Furthermore, as expected, OSA (apnea-
hypopnea index [AHI] ≥ 5/h) was more prevalent in males 
compared to females (60% vs. 46%, p < 0.01). Multivariable 
linear regression was used to determine the relationship 

between objective sleep parameters and circulating IGF-I, 
IGFBP-1, and IGFBP-3 levels, with adjustment for age, sex, 
race, BMI, diabetes, estrogen use, progestin use, and physical 
activity. We did not detect a signifi cant association between 
slow wave sleep (SWS) (per 5 min) and IGF-I, IGFBP-1, 
and IGFBP-3 levels (ng/mL). We found no signifi cant linear 
association between OSA (AHI ≥ 5/h) and IGF-I, IGFBP-1, and 
IGFBP-3 levels. Gender-stratifi cation of the entire cohort did 
not alter these fi ndings. Sensitivity analyses excluding diabetics 
revealed that moderate OSA (AHI ≥ 5 and < 15) is inversely 
associated with IGFBP-3 levels in women.
Conclusions The relationship between SWS and GH/IGF 
system is not signifi cant in the elderly. Furthermore, OSA does 
not appear to adversely infl uence the GH/IGF axis, as reported 
in younger individuals. Whether our study fi ndings are due 
to diminished GH/IGF-I axis activity in elderly needs further 
investigation by replication in other large population based 
elderly cohorts.
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T he growth hormone/insulin-like growth factor (GH/
IGF) system comprises a complex endocrine system that 

is involved in embryonic development, growth, and normal 
adult physiology. A key mediator of this system, insulin-
like growth factor-1 (IGF-I), is important in modulating cell 
proliferation, differentiation, and survival/apoptosis, and 
also has insulin-like metabolic effects. GH is the main signal 
controlling liver production of IGF-I, with reciprocal inhibi-
tory effects of IGF-I on GH secretion. Physiologic regulation 
of circulating IGF-I is controlled mainly by growth hormone 
(GH). GH has a pulsatile secretion that varies markedly in a 
diurnal fashion, with most GH produced during slow wave 
sleep (SWS) or stage N3 sleep (formerly stages 3 and 4). 
While GH is known to be pulsatile and the pulsatile secre-
tion seems to be important in some GH effects, it appears 
that IGF-I levels are more strongly associated with basal GH 
levels than with pulsatile GH.1

Prior studies in the Cardiovascular Health Study (CHS) and 
other cohorts have implicated circulating levels of IGF-I and 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: While it is known that sleep 
and sleep disordered breathing may affect the growth hormone/insulin-
like growth factor axis, there are few relevant population studies in this 
area specifi cally involving elderly individuals. We conducted this study 
to investigate the relationship between sleep (architecture and obstruc-
tive sleep apnea) and circulating insulin-like growth factor-1, insulin-like 
growth factor binding protein-1, and insulin-like growth factor binding 
protein-3 levels in an elderly population.
Study Impact: Due to the substantial dependence of the growth hormone/
insulin-like growth factor axis on age, it is important to understand the im-
pact of sleep architecture and sleep disordered breathing on circulating 
insulin-like growth factor-1 and insulin-like growth factor-binding protein 
levels among elderly patients. This study helps understand the indepen-
dent impact of sleep architecture and sleep disordered breathing on the 
growth hormone/insulin-like growth factor axis in an elderly population.
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of IGF-I), in risk of cancer, cardiovascular diseases, functional 
status, and mortality.2-4

While it is known that sleep and sleep disordered breathing 
may affect the GH/IGF factor axis,5-7 there are few relevant popu-
lation studies in this area. Prior studies have shown there to be 
an inverse relationship between the severity of sleep disordered 
breathing (as measured by the apnea-hypopnea index [AHI]) 
and IGF-I, and that this relationship appears to be independent 
of BMI and age.5-7 Due to the substantial dependence of the GH/
IGF axis on age, it is important to understand the impact of sleep 
architecture and sleep disordered breathing on circulating IGF-I 
and IGFBP levels among elderly patients for several reasons. 
First, understanding this relationship may help in determining the 
cause of altered levels of IGF-I in some older adults.8 Second, IGF 
binding proteins have also been linked with circadian regulatory 
mechanisms9,10 and these IGF-BPs are of proven relevance to risk 
of diabetes and death in older adults.11-13,14 Third, sleep quality, 
duration, and sleep disordered breathing have been implicated 
as a risk factor for diabetes and metabolic disorder, and effects 
of sleep on IGF-I and related mediators may possibly explain 
this association.15-21 Fourth, emerging evidence suggests a posi-
tive influence of diminished GH/IGF-I axis on longevity (via 
improved cancer and diabetes related outcomes).22-24 Whether 
this is partially mediated by the influence of sleep architecture 
and sleep disordered breathing on the GH/IGF-I axis is unknown.

We therefore investigated the relationship between sleep 
architecture and IGF-I, IGFBP-1, and IGFBP-3 levels in an 
elderly population of CHS participants who were also involved 
in the Sleep Heart Health Study (SHHS). We examined the 
relationship between obstructive sleep apnea (OSA) and its 
associated characteristics, namely hypoxemia and arousal, and 
circulating IGF-I, IGFBP-1, and IGFBP-3 levels among elderly 
participants. Due to the major impact of gender on SWS,25 sleep 
disordered breathing prevalence,26 and on the GH/IGF axis,27-29 
we present our primary analyses in a gender stratified manner.

METHODS

Study Population
The CHS is a longitudinal cohort study that enrolled 

5,888 adults, 65 years and older, from 4 US communities. It 
consists of an original cohort of 5,201 individuals recruited 
during 1989-1990 and an additional cohort of African Amer-
ican individuals recruited during 1992-1993. Participants were 
invited to repeated examinations for collection of data and blood 
specimens. The examinations were conducted annually through 
1999, and again in 2005-2006 on surviving participants. As 
part of the year 9 CHS visit cycle (1998), a total of 1,350 CHS 
participants were enrolled into the SHHS. Briefly, the SHHS is 
a multicenter prospective cohort study evaluating the natural 
cardiovascular consequences of sleep disordered breathing.30,31 
The study includes 6,441 participants ≥ 40 years of age from 
multiple population-based cohorts. All SHHS participants 
underwent a baseline examination that included portable sleep 
monitoring. Our study sample for the present analyses consisted 
of 1,233 older adults who had objective sleep measurement as 
part of the SHHS evaluation, as well as circulating IGF-I and 
IGFBP-3 levels measured as part of an ancillary study to CHS.

All participants provided informed consent, and institu-
tional review board approvals were obtained at all participating 
institutions.

Sleep Measurements
The SHHS as described above collected objective sleep 

data on 6,441 participants (1995-1998) who underwent a 
full-montage unattended polysomnogram, which provided 
measurements pertaining to sleep architecture and sleep 
disordered breathing. Additionally, they completed question-
naires about sleep habits. Apnea was defined as an absence 
or near absence of airflow ≥ 10 seconds. Hypopnea was 
defined as 70% decrease in airflow plus ≥ 4% desaturation 
lasting > 10 seconds. The AHI was calculated as the number 
of apnea and hypopnea events divided by total sleep time in 
hours. Hypoxemia variables included average oxygen satu-
ration, lowest oxygen saturation, and T90 (time spent with 
oxygen saturation less than 90%). Sleep fragmentation was 
assessed using the arousal index variable. In the SHHS, the 
arousal index was defined as the total number of arousals per 
hour of sleep. We excluded arousal index data from sleep 
studies coded as “sleep wake only” in order to account for 
technical issues related to EEG scoring of arousals. All sleep 
studies were scored by the SHHS reading center according to 
Rechtschaffen and Kales criteria.32

IGF and Other Measurements
Physical and cognitive function tests, questionnaires, labo-

ratory panels, and other key covariates were collected during 
the CHS study examinations. Laboratory measurements were 
performed using blood collected using standard procedures after 
an overnight fast and stored at -70°C. Measurements of IGFBP-1, 
IGFBP-3, and IGF-I were performed at the Jewish General 
Hospital (Montreal, Canada) after an extraction step using ELISA 
methods (Diagnostics Systems Laboratory, Webster, TX). Assay 
coefficient of variation was 4% to 6% for IGF-I concentration, 
and 3% to 5% for IGFBP-3 concentration.33 Other laboratory 
measurements such as fasting glucose were measured at the CHS 
Central Laboratory using standard methods.

Clinical Variables
Participants were considered to have diabetes at baseline if 

they reported use of insulin or an oral hypoglycemic agent or 
if they had fasting serum glucose ≥ 7.0 mmol/L (126 mg/dL). 
Participants were considered to have impaired fasting glucose 
if their fasting serum glucose level was 110 to 125 mg/dL and 
they were not on insulin or oral hypoglycemic agents. BMI 
was calculated as the measured weight in kilograms divided 
by the square of measured height in meters. Physical activity 
was measured in the CHS using a validated questionnaire- 
the Modified Minnesota Leisure-Time Activities Question-
naire.34,35 The questionnaire was administered by trained 
interviewers, and inquired about the frequency and duration 
of participation in 15 leisure-time activities in the 2 weeks 
preceding a physical examination.

Analysis
Descriptive statistics including demographic, clinical, 

and sleep characteristics are reported as mean or median (± 
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standard deviation or range, as appropriate) and are strati-
fied by gender. Skewed variables were log transformed. IGF 
concentrations (IGF-I, IGFBP-1, and IGFBP-3) are similarly 
described. Gender-based comparisons of the above noted vari-
ables were made using χ2, t-test, or Wilcoxon rank sum anal-
yses, as appropriate. We used linear regression to model sleep 
variables as predictive of IGF-I, IGFBP-1, and IGFBP-3 levels. 
Models were adjusted for known determinants of circulating 
IGF-I, IGFBP-1, and IGFBP-3 concentrations, including sex, 
race, BMI, diabetes mellitus, physical activity, and use of sex 
hormones. Because of known gender dimorphism in regula-
tion of the IGF system, we also stratified these analyses by 
sex. To better assess the relationship between OSA and IGF-I, 
IGFBP-1, and IGFBP-3, the regression analysis was examined 
in a restricted sample of non-diabetics and obese participants 
(obesity defined as a BMI ≥ 30 kg/m2).

RESULTS

The study population (n = 1,223) had a mean age of 
77.5 years and included 697 women and 526 men. Mean IGF-I 
levels were higher among men than women (112.4 ng/mL vs. 
97.1 ng/mL, p < 0.01); however, mean IGFBP-3 levels were 
higher among women (3835 ng/mL vs. 3460 ng/mL, p < 0.05). 
Overall, women in our cohort had better sleep quality than men. 
SWS was better preserved in females than males, with females 
spending 76 min on average in SWS compared to males who 
spent 29 min (p < 0.01). The mean AHI in females was 5.5/h 
vs. 9.3/h in males (p < 0.01). Since the distribution of the AHI 
variable in our study sample is not normal, we report the log-
transformed AHI with addition of 0.01 to those records with a 
value of 0 for AHI (n = 14). The prevalence of OSA (AHI ≥ 5) 
in males was 60% and in females was 46% (p < 0.01). The 
prevalence of moderate OSA (AHI ≥ 15) was 29% in males, 
and16% in females (p < 0.01). Women also had a lower arousal 
index than men (16.8 vs. 20.1, p < 0.01), suggesting less sleep 
fragmentation among women (Table 1).

Tables 2, 3, and 4 show the association between various 
sleep parameters and IGF-I, IGFBP-1, and IGFBP-3 levels. 
Table 2 shows the entire cohort, and Tables 3 and 4 show 
gender-stratified results. We quantified associations as Beta 
(B), reflecting change in IGF-I, IGFBP-1, or IGFBP-3 for 
each “unit” change (5 min) in stage 2, slow wave, or REM 

Table 1—Baseline characteristics of the study sample
All Participants (n = 1,223)

Females
(n = 697)

Males
(n = 526) p

Age (years) 77 (4.5) 77 (4.6) 0.23
BMI 27.4 (5.1) 27.1 (3.8) 0.24
Physical activity 
(kcals during 2 weeks)

680 (190-1530) 945 (296-1983) < 0.01

Diabetic (ADA Definition) 12.6% 18.60% 0.02
IGF-I (ng/mL) 97.1 (35.9) 112.4 (35.5) < 0.01
IGFBP-1 (ng/mL)a 7.7 (3.9-14.0) 6.4 (3.5-10.1) < 0.01
IGFBP-3 (ng/mL) 3835 (863) 3460 (810) < 0.01
Total sleep time in 
minutes

362 (302-401) 337 (298-379) < 0.01

AHI 5.5 (2.1-12.2) 9.3 (3.7-19.6) < 0.01
Log2(AHI)a 2.18 (2.12) 2.88 (2.04) < 0.01
AHI ≥ 5 45.90% 59.70% < 0.01
AHI ≥ 15 16.20% 28.50% < 0.01
AHI ≥ 30 5.30% 11.00% < 0.01
Weekday sleep (h) 7 (1.4) 7.2 (1.3) 0.09
Weekend sleep (h) 7.1 (1.5) 7.3 (1.3) 0.02
Percent sleep time of 
SaO2 < 90%

0.03 (0.02-2.2) 0.6 (0.04-4.0) < 0.01

Arousal Index 16.8 (11.6-23.8) 20.1 (14.6-28.1) < 0.01
aLog-Transformed AHI with addition of 0.01 to those records with a value 
of 0 for AHI (n = 14).

Table 2—Multivariable associations of sleep measures with IGF-I, IGFBP-1 and IGFBP-3 for all participants

All Participants

Adjusted for age, gender, race, BMI, diabetes, estrogen use, progestin use, and physical activity
IGF-I (ng/mL) Log2(IGFBP-1) (ng/mL) IGFBP-3 (ng/mL)

B (CI) p B (CI) p B (CI) p
Log2(AHI)a 0.20 (-0.99, 1.38) 0.74 -0.02 (-0.05, 0.01) 0.19 2.25 (-22.5, 27.0) 0.86
AHI (≥ 5) -1.7 (-6.8, 3.4) 0.51 -0.03 (-0.17, 0.10) 0.61 -73.1 (-179.0, 32.9) 0.18
AHI (≥ 15) -1.5 (-7.3, 4.3) 0.62 0.01 (-0.15, 0.16) 0.94 -70.3 (-189.0, 48.5) 0.25
AHI (≥ 30) 2.5 (-6.4, 11.1) 0.60 -0.01 (-0.25, 0.22) 0.91 2.6 (-175.0, 180.3) 0.98
AHI Category

< 5 (ref) 1 1 1
≥ 5 and < 15 -1.6 (-7.2, 4.1) 0.59 -0.04 (-0.19, 0.12) 0.64 -68.0 (-185.0, 48.9) 0.25
≥ 15 and < 30 -3.6 (-11.2, 4.0) 0.35 -0.04 (-0.24, 0.16) 0.71 -102.6 (-259.8, 54.6) 0.20
≥ 30 1.0 (-8.3, 10.3) 0.83 -0.04 (-0.29, 0.21) 0.77 -45.4 (-235.1, 144.3) 0.64

Stage 1 Time (per 5 min) -0.6 (-1.4, 0.3) 0.17 -0.01 (-0.03, 0.01) 0.52 0.2 (-16.6, 16.9) 0.98
Stage 2 Time (per 5 min) -0.2 (-0.4, 0) 0.03 -0.001 (-0.007, 0.004) 0.59 -1.5 (-5.6, 2.6) 0.48
Stage 3/4 Time (per 5 min) -0.1 (-0.4, 0.1) 0.34 0.004 (-0.004, 0.011) 0.33 0.2 (-5.5, 6) 0.93
REM Time (per 5 min) 0.1 (-0.3, 0.5) 0.66 -0.01 (-0.021, 0.002) 0.11 10.5 (1.2, 19.9) 0.03

aLog-Transformed AHI with addition of 0.01 to those records with a value of 0 for AHI (n = 14).D
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sleep. After adjustment for age, gender, race, BMI, diabetes, 
estrogen use, progestin use, and physical activity, there were no 
significant associations between measures of sleep disordered 
breathing and IGF-I, IGFBP-1, and IGFBP-3 levels. Sleep 
architecture was also not significantly associated with IGF-I 
and IGFBP levels. Time spent in stage 1 sleep (5-min incre-
ments) was not significantly associated with IGF-I, IGFBP-1, 
or IGFBP-3 levels. Time spent in stage 2 sleep (5-min incre-
ments) was inversely associated with IGF-I levels (B = -0.2, 
CI = -0.4, 0, p = 0.03) but not with IGFBP-1 or IGFBP-3 levels. 
Time spent in SWS was also not significantly associated with 
IGF-I, IGFBP-1, or IGFBP-3 levels in the multivariate model. 
Time spent in REM sleep was significantly associated with 
IGFBP-3 levels (B = 10.5, CI 1.2, 19.9, p = 0.03) but not with 

IGF-I or IGFBP-1 levels. Beta (B) in the above mentioned anal-
yses reflects change in IGF-I, IGFBP-1, or IGFBP-3 for each 
“unit” change (5 min) in stage 2, slow wave, or REM sleep.

Table 3 shows the association between sleep measures and 
IGF-I, IGFBP-1, and IGFBP-3 levels among female partici-
pants. After adjustment for age, race, BMI, diabetes, estrogen 
use, progestin use, and physical activity, there were no asso-
ciations between measures of sleep disordered breathing and 
IGF-I, IGFBP-1, or IGFBP-3 levels. The association between 
time spent in REM sleep and IGFBP-3 levels was similar among 
females compared to the entire cohort, albeit with attenuated 
level of statistical significance (B = 12.2, CI -0.3, 24.7, p = 0.06).

Table 4 shows the association between sleep measures and 
IGF-I, IGFBP-1, and IGFBP-3 levels among male participants. 

Table 3—Multivariable associations of sleep measures with IGF-I, IGFBP-1 and IGFBP-3 for females

Female Participants

Additionally adjusted for BMI, diabetes, estrogen use, progestin use, and physical activity
IGF-I (ng/mL) Log2(IGFBP-1) (ng/mL) IGFBP-3 (ng/mL)

B (CI) p B (CI) p B (CI) p
Log2(AHI)a 0.5 (-0.9, 2) 0.48 -0.03 (-0.07, 0.01) 0.17 -0.4 (-33.4, 32.6) 0.98
AHI (≥ 5) -0.8 (-7.1, 5.6) 0.81 -0.05 (-0.23, 0.13) 0.58 -69.5 (-208.3, 69.4) 0.33
AHI (≥ 15) 0.3 (-7.9, 8.5) 0.94 -0.18 (-0.4, 0.05) 0.13 -24 (-198.5, 150.6) 0.79
AHI (≥ 30) 8.5 (-5.6, 22.7) 0.24 -0.11 (-0.49, 0.27) 0.58 192.2 (-92.8, 477.3) 0.19
AHI Category

< 5 (ref) 1 1 1
≥ 5 and < 15 -1.3 (-8.3, 5.7) 0.71 0.01 (-0.19, 0.21) 0.77 -87 (-240.1, 66.1) 0.27
≥ 15 and < 30 -2.7 (-13, 7.5) 0.60 -0.2 (-0.48, 0.09) 0.25 -119.3 (-341.1, 102.6) 0.29
≥ 30 7.7 (-6.9, 22.2) 0.30 -0.13 (-0.52, 0.26) 0.59 140.9 (-153.9, 435.7) 0.35

Stage 1 Time (per 5 min) -0.1 (-1.3, 1.2) 0.94 0.002 (-0.035, 0.039) 0.92 8.2 (-20.9, 37.3) 0.58
Stage 2 Time (per 5 min) -0.3 (-0.5, 0) 0.03 -0.001 (-0.008, 0.006) 0.80 -1.2 (-6.6, 4.2) 0.66
Stage 3/4 Time (per 5 min) -0.1 (-0.4, 0.2) 0.46 0.003 (-0.006, 0.012) 0.48 -0.3 (-7.2, 6.7) 0.94
REM Time (per 5 min) -0.1 (-0.7, 0.4) 0.62 0 (-0.016, 0.016) 0.97 12.2 (-0.3, 24.7) 0.06

aLog-Transformed AHI with addition of 0.01 to those records with a value of 0 for AHI (n = 14).

Table 4—Multivariable associations of sleep measures with IGF-I, IGFBP-1 and IGFBP-3 for males

Male Participants

Additionally adjusted for BMI, diabetes, estrogen use, progestin use, and physical activity
IGF-I (ng/mL) Log2(IGFBP-1) (ng/mL) IGFBP-3 (ng/mL)

B (CI) p B (CI) p B (CI) p
Log2(AHI)a -0.4 (-2.4, 1.6) 0.71 -0.003 (-0.05, 0.044) 0.89 3.2 (-34.3, 40.6) 0.87
AHI (≥ 5) -3.8 (-12.4, 4.8) 0.39 0.01 (-0.2, 0.22) 0.90 -99.2 (-264.9, 66.5) 0.24
AHI (≥ 15) -2.9 (-11.1, 5.3) 0.49 0.19 (-0.01, 0.39) 0.06 -128.2 (-289.5, 33) 0.12
AHI (≥ 30) -0.1 (-11.3, 11.1) 0.99 0.08 (-0.2, 0.37) 0.57 -119.7 (-345.7, 106.2) 0.30

AHI Category
< 5 (ref) 1 1 1
≥ 5 and < 15 -3.1 (-12.9, 6.6) 0.53 -0.06 (-0.3, 0.17) 0.58 -66.7 (-250, 116.7) 0.48
≥ 15 and < 30 -5.8 (-17.3, 5.8) 0.33 0.13 (-0.15, 0.41) 0.36 -117.6 (-342.8, 107.7) 0.31
≥ 30 -2.7 (-15.3, 9.9) 0.67 0.08 (-0.23, 0.4) 0.61 -174.5 (-427.1, 78) 0.18

Stage 1 Time (per 5 min) -1 (-2.1, 0.1) 0.07 -0.02 (-0.04, 0.01) 0.22 -4.4 (-24.7, 16) 0.67
Stage 2 Time (per 5 min) -0.2 (-0.5, 0.2) 0.36 -0.002 (-0.01, 0.006) 0.57 -1.9 (-8.2, 4.5) 0.57
Stage 3/4 Time (per 5 min) -0.1 (-0.6, 0.4) 0.72 0.002 (-0.011, 0.015) 0.74 1.3 (-8.9, 11.6) 0.80
REM Time (per 5 min) 0.4 (-0.3, 1.1) 0.25 -0.03 (-0.04, -0.01) 0.00 8.6 (-5.5, 22.8) 0.23

aLog-Transformed AHI with addition of 0.01 to those records with a value of 0 for AHI (n = 14).
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After adjustment for age, race, BMI, diabetes, estrogen use, 
progestin use, and physical activity, there were no associations 
between measures of sleep disordered breathing and IGF-I, 
IGFBP-1, or IGFBP-3 levels. The association between stage 
2 sleep and IGF-I levels was not significant in males (B = -0.2, 
CI -0.5, 0.2, p = 0.36). Similarly, the association between REM 
sleep and IGFBP-3 was not significant in males (B = 8.6, 
CI = -5.5, 22.8, p = 0.23). However, unlike females, there is a 
significant inverse association between REM sleep (5-min incre-
ments) and IGFBP-1 (B = -0.03, CI = -0.04, -0.01, p < 0.01).

Table 5 shows the association between sleep measures and 
IGF-I, IGFBP-1, and IGFBP-3 levels in non-diabetic individ-
uals. Beta (B) in Table 5 is changed in IGF-I, IGFBP-1, and 
IGFBP-3 levels (ng/mL) for each unit of the predictor variable. 
After adjustment for age, gender, race, BMI, diabetes, estrogen 
use, progestin use, and physical activity, there were no signifi-
cant associations between SWS or sleep disordered breathing 
and IGF-I, IGFBP-1, or IGFBP-3 levels. However, moderate 
OSA was inversely associated with IGFBP-3 levels (B = -185, 
CI = -358, -13, p = 0.04). When we stratified this non-diabetic 
cohort by gender, this association persisted only in females 
(B = -256, CI = -504, -8, p = 0.04) and not in males (B = -136, 
CI = -375, 104, p = 0.8) (Data not shown). None of the other 
sleep disordered breathing variables were associated with IGF-I, 
IGFBP-1, or IGFBP-3 levels in this gender stratified analysis of 
non-diabetic individuals. Finally, we investigated the relation-
ship between OSA and IGF-I and IGFBP-3 levels in a restricted 
sample of obese patients (n = 270 with BMI ≥ 30 kg/m2). In this 
sample of obese patients, we found no significant association 
between OSA and IGF-I levels (data not shown).

DISCUSSION

This study evaluated the relationship between sleep (archi-
tecture and disordered breathing) and the GH/IGF-I system in 
an elderly population of patients who were enrolled in the CHS 

and who also participated in the SHHS. The major findings of 
our study are: (a) No significant association was found between 
SWS and circulating IGF-I, IGFBP-1, or IGFBP-3 levels after 
adjusting for confounding variables (b) No significant asso-
ciation was detected between measures of sleep disordered 
breathing and circulating IGF-I, IGFBP-3 or IGFBP-3 levels. 
(c) Among non-diabetic females, an inverse association was 
detected between moderate sleep apnea (AHI of 15-30/h) and 
IGFBP-3 after adjustment for confounding variables.

Numerous studies27,36,37 support a strong relationship between 
SWS and increased GH secretion. Increased SWS has also been 
associated with increased IGF-I levels.38 In our study of elderly 
individuals, to the contrary, we found no significant correla-
tion between SWS and IGF-I, IGFBP-1, or IGFBP-3 levels. 
Based on our study findings, we conclude that the relation-
ship between SWS and the GH/IGF-I axis is not as robust in 
the elderly as among younger individuals. We found weak 
yet significant associations between non-SWS and circulating 
IGF-I and IGFBP-3 levels (Tables 2-5). For instance, we found 
that increased time in stage 2 sleep is associated with reduced 
IGF-I levels, suggesting an adverse influence of increased stage 
2 sleep on IGF-I levels. There was evidence of gender differ-
ences, with significance only among females and not males. 
This suggests that in females, increased stage 2 sleep is associ-
ated with reduced IGF-I levels. Similarly, we saw a significant 
association between time in REM sleep and IGFBP-3 levels, 
suggesting a positive influence of REM sleep (surrogate for 
consolidated sleep) on the GH/IGF axis. Gender did not appear 
to modify this relationship.

We also did not detect a significant association between sleep 
disordered breathing and IGF-I, IGFBP-1, or IGFBP-3 levels; an 
association that has been described in prior studies.5-7 Ursavas et 
al. has reported a negative correlation between measures of OSA 
(arousal index, AHI, average desaturation) and IGF-I levels.7 In 
that study, the mean age of the study sample was 48.8 years 
among the control participants and 52 years among those with 

Table 5—Multivariable associations of sleep measures with IGF-I, IGFBP-1 and IGFBP-3 for non-diabetic participants

Non-Diabetics

Adjusted for age, gender, race, BMI, estrogen use, progestin use, and physical activity
IGF-I (ng/mL) Log2(IGFBP-1) (ng/mL) IGFBP-3 (ng/mL)

B (CI) p B (CI) p B (CI) p
Log2(AHI)a 0.2 (-1.1, 1.5) 0.75 -0.02 (-0.05, 0.02) 0.29 -9.3 (-35.8, 17.2) 0.49
AHI (≥ 5) -1.5 (-7.1, 4.1) 0.59 -0.05 (-0.2, 0.1) 0.48 -84.7 (-198, 28.7) 0.14
AHI (≥ 15) -3 (-9.5, 3.6) 0.38 -0.01 (-0.19, 0.16) 0.88 -99.5 (-231.2, 32.2) 0.14
AHI (≥ 30) 2.9 (-6.7, 12.4) 0.56 -0.07 (-0.33, 0.19) 0.58 41.1 (-151.7, 234) 0.68
AHI Category

< 5 (ref) 1 1 1
≥ 5 and < 15 -0.8 (-7, 5.4) 0.80 -0.06 (-0.23, 0.1) 0.46 -63 (-188.4, 62.5) 0.33
≥ 15 and < 30 -5.4 (-14, 3.1) 0.21 -0.01 (-0.23, 0.22) 0.95 -185.3 (-358, -12.6) 0.04
≥ 30 1.5 (-8.6, 11.7) 0.77 -0.1 (-0.38, 0.18) 0.47 -17.9 (-222.5, 186.6) 0.86

Stage 1 Time (per 5 min) -0.88 (-1.79, 0.02) 0.06 -0.01 (-0.04, 0.01) 0.36 -10.9 (-29.7, 7.8) 0.25
Stage 2 Time (per 5 min) -0.21 (-0.43, 0.01) 0.06 -0.001 (-0.007, 0.005) 0.66 -1.7 (-6.3, 2.8) 0.46
Stage 3/4 Time (per 5 min) -0.18 (-0.48, 0.12) 0.24 0.002 (-0.006, 0.01) 0.66 -0.4 (-6.6, 5.8) 0.90
REM Time (per 5 min) 0.14 (-0.34, 0.62) 0.57 -0.01 (-0.02, 0.01) 0.40 10.7 (0.5, 20.9) 0.04

aLog-Transformed AHI with addition of 0.01 to those records with a value of 0 for AHI (n = 14).
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sleep apnea. In comparison, the mean age of our study sample 
is 77.5 years. Therefore, our study is better designed to assess 
the relationship between sleep and GH/IGF axis in the elderly. 
Our study is further strengthened by adjusting our multivari-
able models for important confounding variables including 
age, BMI, physical activity, and use of sex hormones. We also 
conducted gender-stratified analyses in addition to sensitivity 
analyses, excluding obese and diabetic individuals in order to 
better assess the relationship between sleep and GH/IGF axis. 
In doing so, we found that although the association between 
sleep disordered breathing and IGFBP-3 was not significant 
in the entire cohort or the gender-stratified cohort; there was a 
significant association in female non-diabetics, where moderate 
sleep disordered breathing was inversely associated with 
IGFBP-3 levels. This was not seen in male non-diabetic partici-
pants. Therefore, our study demonstrates that the associations 
between sleep disordered breathing and IGF-I, IGFBP-1, and 
IGFBP-3 are not significant in an elderly cohort and that sleep 
disordered breathing likely does not adversely affect the GH/
IGF axis (as seen in younger individuals). Our study suggests 
an inverse association between moderate sleep apnea and 
IGFBP-3 among female non-diabetics. However, this finding 
should be interpreted with caution, as a similar association was 
not seen with mild or severe sleep apnea.

A limitation of our study is that sleep and IGF measures were 
not collected on the same day but rather within one year of each 
other. However, in additional analyses we found strong correla-
tion among IGF-1 levels within individuals between two study 
visits conducted 12 months apart (r = 0.86). Thus, because 
IGF-I levels are relatively stable over the short term in the 
elderly, the measured IGF-I levels used in this study are likely 
strongly correlated with the measurements that would have been 
obtained on the same day as the sleep examination. Although 
we adjusted for potential confounding variables in our regres-
sion models, residual confounding by unmeasured variables is 
possible. In addition, given multiple influences in the elderly 
that result in relatively low levels of IGFs, it is possible that we 
may not have had adequate statistical power to detect relatively 
subtle effects of sleep variables on IGF levels. On the other 
hand, our study has numerous strengths. It is the first study of 
its kind to assess an association between sleep architecture and 
OSA and circulating IGF levels in a population-based sample of 
elderly participants. The methods of measurement for sleep and 
IGFs were rigorous as part of two large epidemiological studies 
namely, the CHS and the SHHS that mutually shared roughly 
a third of their sample. We were able to adjust for important 
confounding variables including physical activity which further 
strengthens our study findings. Finally, our robust sample size 
with adequate numbers of males and females allowed us to 
conduct several important secondary data analyses among 
gender-stratified diabetes and obesity-restricted samples.

In summary, our study did not detect an expected (as seen 
in younger individuals) significant positive association between 
SWS and circulating IGF-I, IGFBP-1, or IGFBP-3 levels in our 
elderly cohort of participants. We also did not observe a signifi-
cant relationship between various indices of OSA and circu-
lating IGF-I, IGFBP-1, and IGFBP-3 levels among the elderly 
(as expected among younger individuals). Collectively, our 
study findings suggest that the relationship between SWS and 

the GH/IGF system is weaker in the elderly, and aging appears 
to dilute the adverse influence of sleep disordered breathing on 
the GH/IGF system. Future studies are needed to clarify the role 
of aging on the relationship between sleep and GH/IGF system 
in order to better understand the implications of circulating 
levels of IGF-I and IGFBPs in risk of cancer, cardiovascular 
diseases, functional status, and mortality.
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