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Diabetes mellitus (DM) has been regarded as a major public 
health concern and one of the main causes of morbidity 

and mortality. The potential effect of gender on DM develop-
ment has been extensively addressed in the literature. A clear 
male predominance of type 1 DM is seen across the age range. 
However, type 2 DM, which accounts for almost 90% of all 
DM cases, particularly in association with the increasing obe-
sity rate, occurs more frequently in women.1 Moreover, many of 
the complications such as diabetic ketoacidosis, dyslipidemia, 
peripheral vascular disease, and lipodystropathy, as well as hy-
pertension, coronary artery disease (CAD), and sudden death are 
more common in diabetic women compared to men with DM.1,2 

Obstructive sleep apnea (OSA) is characterized by repeti-
tive collapse of the upper airway during sleep, which leads to 
progressive hypoxia and hypercapnia. The prevalence of OSA 
before the age of 60 is known to be two or three times as high in 
men as in women.3 Hormonal changes during menopause may 
be the cause of a change in this proportion at higher age. In sleep 
clinic cohorts, female OSA patients are usually older and more 
obese than male subjects with OSA at the time of the diagnosis.4 

The risk factors age and central abdominal obesity are com-
mon both in OSA and DM. Several cross-sectional studies have 
identified a higher prevalence of OSA among adults with in-
sulin resistance or DM.5,6 Likewise, there are data suggesting 
a higher prevalence of DM in subjects with OSA independent 
of age, gender, and obesity.7 In a recent report from Australia, 
moderate to severe OSA was suggested to be a significant risk 
factor for incident DM in a population-based cohort.8 More-

over, OSA and DM may constitute additional or synergistic risk 
factors for cardiovascular morbidity and mortality.9 Hence, the 
International Diabetes Federation Taskforce on Epidemiology 
and Prevention has recently recommended that health profes-
sionals working in both DM and OSA should ensure that a pa-
tient presenting with one condition is considered for the other.10

In general, several reports have displayed a link between 
sleep duration and impaired insulin metabolism suggesting that 
sleep loss could also contribute to development of DM.11 In one 
study, a relationship between short (≤ 6 h) or long (≥ 8 h) sleep 
duration and increased risk of DM was found in middle-aged 
women but not in men.12 Conversely, another study demonstrat-
ed a higher incidence of DM in men with short or long sleep du-
ration.13 However, less is known regarding the impact of gender 
in the development of DM in OSA patients. Habitual snoring, a 
surrogate marker of OSA, was found to be a risk factor for the 
development of DM over 10 years, independent of confounding 
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Study Objective: To address the influence of gender and ob-
structive sleep apnea (OSA) on development of diabetes mel-
litus (DM) in a sleep clinic cohort. 
Design: A longitudinal observational study. 
Participants: A consecutive middle-aged (30-69 years) sleep 
clinic cohort from 1991 (n = 318; 254 men, 64 women) with eli-
gible baseline characteristics, clinical charts, and information 
from the Swedish Hospital Discharge Registry were identified. 
Ten individuals with DM at baseline and 47 patients who died 
during the follow-up period were excluded. 
Measurements: The remaining 261 subjects were asked to 
complete a postal questionnaire regarding concomitant dis-
eases including DM, diagnosed by a physician.
Results: In total, 168 patients (64.4%) replied. The incidence 
of DM was 24.9% in patients with OSA (overnight oxygen de-

saturations ≥ 30 in 1991) compared with 10.8% in subjects 
without OSA (p = 0.020). New-onset DM in men was 19.1% 
in OSA vs 11.1% in non-OSA (n.s.), while the corresponding 
values in women were 50.0% in OSA and 9.5% in non-OSA 
(p = 0.022). In a multivariate analysis, DM was predicted by 
OSA in women with an odds ratio (OR) of 11.8, but not by age, 
body mass index (BMI) at baseline, or weight change at follow-
up. In men, only BMI (OR 1.16) predicted DM. 
Conclusion: The contribution of OSA to DM development 
seems to be gender-dependent and higher in women than in 
men.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Cross-sectional studies sug-
gest an independent association between obstructive sleep apnea and 
diabetes mellitus. Few data exist regarding the incident diabetes in sleep-
clinic cohorts at long-term and impact of gender in this context. 
Study Impact: This 16-year follow-up study demonstrates an increased 
incidence of physician diagnosed diabetes mellitus among patients with 
obstructive sleep apnea with significant oxygen desaturations. The con-
tribution of intermittent hypoxemia to diabetes development seems to be 
gender dependent and higher in women than in men.
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factors in a community-based male population.14 A more recent 
prospective study associated snoring and sleepiness with an el-
evated risk of DM in the female population,15 and this gender 
difference was also demonstrated for the relationship between 
DM and snoring/witnessed apnea.16 Thus, the existing evidence 
regarding the influence of gender on the development of DM 
in OSA patients is mostly based on the self-reported question-
naires rather than the objective measures of OSA. 

In the current study, we addressed the impact of gender on 
development of DM in a consecutive sleep clinic cohort with 
OSA diagnosed by overnight polygraphy. 

METHODS

Study Population 
The study population has been described in detail elsewhere.17 

In brief, 370 consecutive cases referred to the sleep laboratory 
with a history of snoring and/or witnessed apnea underwent an 
overnight polygraphic recording in the sleep laboratory. The pa-
tients were enrolled regardless of a history of excessive daytime 
sleepiness (EDS). By review of baseline data of this cohort, 20 
young (age < 30 y) and 17 elderly (age > 69 y) subjects were ex-
cluded. Likewise, 15 individuals who had moved abroad or could 
not be identified and/or localized by the Population Register of 
the National Tax Board of Sweden were excluded (Figure 1). For 
the remaining 318 middle-aged (30-69 y) subjects, complemen-
tary information on health status was obtained from the Swedish 
Hospital Discharge Register (SHDR) via the Center for Epidemi-
ology, National Board of Health and Welfare (see below) as well 
as from clinic charts from the event of the baseline recording. Ten 
patients who had DM at baseline were excluded. Each subject 
was followed up for 16 years from January 1, 1991, to December 
31, 2007. Forty-seven patients died during the follow-up period. 
The remaining 261 subjects were asked to complete a question-
naire (see below). After one reminder by post, 168 (64.4%) re-
plied by December 31, 2007, and were identified for the present 
study (Figure 1). The Ethics Committee of the Medical Faculty 
of the University of Gothenburg approved the study protocol. 

Baseline Investigations
All overnight sleep studies were assessed in the sleep laborato-

ry. Investigations were initiated at approximately 23:00 and final-
ized at 06:00. Lights out and lights on were recorded along with 
the subjective sleep quality and subjective sleep duration. The 
mean estimated sleep time was empirically chosen to be 6 h. The 
investigation included a continuous recording of transcutaneous 
arterial oxygen saturation (SpO2) via a finger probe (BIOX 3700; 
Ohmeda, Louisville, CO), nasal and oral airflow recorded via a 
thermistor, and respiration and body movement monitored via a 
static charge sensitive bed (SCSB [Bio-matt; Biorec Inc., Raisio, 
Finland]). Signals were amplified and recorded on a filter pen 
recorder (Kipp & Zonen, Delft, Holland). An apnea was scored 
when SpO2 dropped by at least 4% from the immediately preced-
ing baseline simultaneously with absence of nasal and oral air-
flow as well as presence of chest movements for > 10 s. Scoring 
was made manually from each recording strip by trained techni-
cians unrelated to the study itself. The total number of significant 
oxygen desaturations (OD) as well as the minimal SpO2 reached 

during the overnight recording (SpO2min) was determined. An 
overnight OD ≥ 30 was defined as OSA. This value was based on 
previously established diagnostic criteria18 of an apnea index ≥ 5 
for the sleep apnea syndrome, which was accepted at the time of 
the baseline investigations. The oxygen desaturation index (ODI) 
was defined as the average number of OD per hour. Body weight 
and height was measured at the time of sleep investigation. Body 
mass index (BMI) was calculated according to the formula body 
weight divided by height squared.

Swedish Hospital Discharge Register 
The Swedish Hospital Discharge Register (SHDR) covers 

all public inpatient care since 1987. In the SHDR, there are 4 
different types of information: patient related data (personal 
identification number, sex, age, place of residence); hospital 
related data (county council, hospital, department); administra-
tion related data (date of admission, discharge, length of stay, 
acute or planned admission, admitted from, discharged to); and 
medical data (main diagnosis, secondary diagnoses, external 
cause of injury and poisoning, surgical procedures). The classi-
fication of diseases was implemented according to ICD-9 codes 
until 1997 and ICD-10 codes thereafter. Data from the SHDR 
was obtained for a 3-year extension period prior to as well as a 
7-year period following the baseline investigation.

Questionnaires
The postal questionnaires, sent to 261 survivors in the begin-

ning of 2007, included questions regarding current height and 
weight, history of smoking, concomitant diseases (including 
DM) diagnosed by a physician, as well as hospital admissions, 
ongoing medication, and treatment for snoring or OSA during the 
follow-up period. Information regarding self-reports of physician 
diagnosed DM was checked with the SHDR reports. Drugs that 
were registered include those listed within the anatomical thera-
peutic chemical classification system codes C01–C08.19 BMI 
gain was defined as a change in BMI values from 1991 to 2007. 

Treatment of OSA 
OSA treatment was initiated by different physicians ac-

cording to the clinical routines depending on severity of the 
sleep related breathing disorder, the extent of EDS, and social 

Figure 1—Patient log demonstrating the study cohort and 
the different subgroups
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aspects of loud snoring. Treatment with continuous positive 
airway pressure (CPAP), surgery (uvulopalatopharyngoplasty 
[UPPP]), oral device, or weight counseling was offered to the 
patients in accordance with the prevailing contemporary rou-
tines. All patients undergoing surgery were invited for postop-
erative sleep study to evaluate the effectiveness of treatment. 
In the event of therapeutic failure, patients were offered CPAP 
or oral device. Therapeutic CPAP titration was performed ac-
cording to the prevailing manual standardized procedure, us-
ing CPAP nasal pressure monitoring in an overnight laboratory 

setting. The therapeutic effect of CPAP was routinely reinves-
tigated 3 and 12 months after the initiation of treatment. Ob-
jective evaluation of CPAP use was obtained from the device 
time-counter (hours divided by days since last recording). In-
completely treated cases were regarded as OSA patients with-
out treatment or with remaining OSA in spite of treatment with 
UPPP, oral device, or daily CPAP run-time < 50% of estimated 
sleep time at the first year follow-up. OSA patients who had 
stopped using CPAP devices according to the 2007 follow-up 
questionnaire were also regarded as incompletely treated. Ef-
ficiently treated OSA patients were defined as patients with OD 
< 30 at the renewed sleep study following UPPP, on treatment 
with oral device, or on CPAP with an objective daily CPAP 
run-time ≥ 50% of estimated sleep hours. Subjects regarded as 
inefficiently treated at 1 year were included in the efficiently 
treated group at 16-year follow-up if they were on CPAP ther-
apy according to the questionnaires.

Statistics
Statistical analysis was performed using the statistical 

analysis program SPSS 15.0 for Windows (SPSS, Chicago, 
IL). Continuous values are given as means ± SD. A p val-
ue (2-sided) ≤ 0.05 was regarded as statistically significant. 
The χ2 test and Fisher exact test were used for comparison 
between categorical variables; when the comparison involved 
continuous variables, the t test was used. The nonparametric 
test (Mann-Whitney) was used when the normal distribution 
criteria was not the case. The influence of multiple variables 
was analyzed using multiple logistic regression analysis. All 
significant variables that correlated with the outcome mea-
sures in the univariate analyses were subsequently included in 
a multiple logistic regression model, and adjusted odds ratios 
(OR) were calculated from the regression coefficients in men 
and women, respectively. All ORs are presented with their 
95% confidence intervals (CI). 

RESULTS

A total number of 168 participants without DM in 1991 
(137 men, 31 women; mean age 48.2 ± 9.0 years, mean BMI 
26.6 ± 3.8 kg/m2 at baseline) replied to the questionnaires in 
2007 (Figure 1). The response rate did not differ significantly 
between men (64.3%) and women (64.5%). No significant dif-
ference was found between responders and nonresponders with 
regard to age (48.2 vs 46.8 y), BMI (26.6 vs 26.7 kg/m2), current 
smoking (38.1% vs 39.3%), OSA diagnosis (33.9% vs 29.9%), 
or severity of OSA in terms of ODI (6.3 vs 7.4 /h) and SpO2min 
(85.8% vs 86.4%) at baseline.

OSA was present at baseline in almost a third of the final 
male and female cohorts (Figure 1). Patients with OSA were 
older and had a higher BMI than the subjects without OSA at 
baseline, but the proportion of current smokers did not differ 
significantly between the groups (Table 1). 

As shown in Table 2, both male and female OSA patients had 
a higher BMI at baseline than the respective non-OSA groups. 
OSA in women was also associated with a higher age. In sub-
jects without OSA, there was no gender difference regardng age 
or BMI at baseline; whereas in the OSA group, women were 
significantly more obese and older than men (Table 2). 

Table 2—Demographic and clinical characteristics of males 
and females in 1991 and 2007 stratified by OSA
Variable

OSA non-OSA p valueMales
N 47 90
Age at baseline, years 49.4 ± 7.8a 47.0 ± 9.3 0.147
BMI in 1991, kg/m2 27.6 ± 3.5b 25.8 ± 3.5 0.002
BMI in 2007, kg/m2 28.8 ± 4.3c 27.4 ± 5.0 0.103
Current smokers in 1991, n (%) 15 (31.9) 34 (37.8) 0.497
Current smokers in 2007, n (%) 8 (17.0) 15 (16.7) 0.958
ODI, n/h 19.1 ± 17.2 1.8 ± 1.8 < 0.001
SpO2min, % 81.0 ± 7.6 88.5 ± 3.8 < 0.001

Females
N 10 21
Age at baseline, years 54.3 ± 6.8a 47.8 ± 10.3 0.047
BMI in 1991, kg/m2 30.5 ± 5.0b 26.0 ± 4.9 0.028
BMI in 2007, kg/m2 33.1 ± 6.0c 28.1 ± 5.9 0.044
Current smokers in 1991, n (%) 4 (40.0) 11 (52.4) 0.704
Current smokers in 2007, n (%) 2 (20.0) 7 (33.3) 0.677
ODI, n/h 15.3 ± 11.0 1.4 ± 2.0 < 0.001
SpO2min, % 77.0 ± 6.4 88.6 ± 6.0 < 0.001

Continuous variables are expressed as mean ± SD, statistics by unpaired 
Student’s t test. Comparison of groups by χ2 test or Fisher exact test (two-
sided). OSA refers to obstructive sleep apnea; BMI, body mass index; 
ODI, oxygen desaturation index; SpO2min, minimum oxygen saturation; 
ap = 0.070; bp = 0.033; cp = 0.010.

Table 1—Demographic and clinical characteristics of the 
final study population in 1991 and 2007

Variable
OSA non-OSA p value(n = 57) (n = 111)

Age at baseline, years 50.2 ± 7.8 47.2 ± 9.46 0.030
Male gender, n (%) 47 (82.5) 90 (81.1) 0.828
BMI in 1991, kg/m2 28.2 ± 3.9 25.8 ± 3.5  < 0.001
BMI in 2007, kg/m2 29.6 ± 4.9 27.5 ± 5.1 0.015
Current smokers in 1991, n (%) 19 (33.3) 45 (40.5) 0.362
Current smokers in 2007, n (%) 10 (17.5) 22 (19.8) 0.722
ODI in 1991, n/h 18.4 ± 16.7 1.7 ± 1.8  < 0.001
SpO2min in 1991, % 80.3 ± 7.5 88.6 ± 4.3  < 0.001

Continuous variables are expressed as mean ± SD, statistics by unpaired 
Student t test. Comparison of groups by χ2 test. 
OSA refers to obstructive sleep apnea; BMI, body mass index; ODI, 
oxygen desaturation index; SpO2min, minimum oxygen saturation 
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When addressing the significant predictors in men and wom-
en, respectively, incident DM was associated with BMI and 
ODI in men and with OSA and SpO2min in women in univari-
ate analysis (Table 4). In a multivariate model, ODI was no lon-
ger significant after adjustment for age and BMI in men (Table 
5). In women, both OSA and SpO2min remained as significant 
predictors. Including weight gain into the multivariate analysis 
did not change the outcome of the study. As the distribution 
of incident DM did not differ significantly between efficiently 
treated vs inefficiently treated OSA patients in men (5 vs 4) or 
women (2 vs 3), the treatment factor was not included in the 
multivariate analysis. 

DISCUSSION 

This sleep clinic study has demonstrated a markedly in-
creased incidence of DM in patients with OSA during a follow-
up period of 16 years. Moreover, our results suggest that the 
contribution of OSA to DM development seems to be gender-
dependent and higher in women than in men. 

To our knowledge, this is the first long-term, observation-
al study of incident DM with regard to gender difference in a 
sleep-clinic cohort. The strength of this study is the construc-
tion of an inception cohort with known OSA status, free of out-
come measures at baseline as well as the use of SHDR from a 
well-organized public epidemiologic center providing reliable 

After the baseline investigations, treatment of OSA was initi-
ated with CPAP (n = 20) and/or UPPP (n = 26) and/or an oral 
device (n = 7), whereas no active treatment was considered in 
14 (24.6%) patients with either mild OSA and/or absence of 
EDS. Among the CPAP-treated OSA patients, 6 (30.0%) cases 
returned the device or had low compliance with treatment at 
follow-up. Two of these received sucessful treatment with an 
oral device. Of the subjects undergoing UPPP, 15 (57.7%) still 
exhibited OSA at the follow-up recording. Three of these pa-
tients were given CPAP and 2 received oral devices. Among 7 
subjects receiving an oral device, 4 were considered inefficient-
ly treated, and 2 of these were allocated to CPAP therapy. Thus, 
in the whole cohort, 31 (54.4%) OSA patients were regarded 
as efficiently treated by CPAP and/or UPPP and/or oral device. 
No difference was observed with regard to gender in treatment 
effectiveness (55.3% in men vs 50.0% in women). 

Based on questionnaires, incident DM, diagnosed by a phy-
sician, was reported in 26 cases (15.5%). Of these, 14 had OSA 
(24.6%) and 12 did not (10.8%; p = 0.020). In the whole cohort, 
regardless of OSA diagnosis at baseline, 19 men (13.9%) and 
7 women (22.6%; n.s) reported DM at follow-up. As illustrated 
in Figure 1, DM was reported by 9 OSA patients and by 10 
non-OSA subjects in men (n.s) and by 5 OSA patients and 2 
non-OSA subjects (p = 0.022) in women. When comparing the 
subgroups of OSA patients with incident DM with regard to 
gender, the women were older (mean age 56.0 ± 6.1 vs 48.0 ± 
4.7 y; p = 0.018) and slightly more obese (mean BMI 30.1 ± 6.6 
vs 29.0 ± 3.9 kg/m2; n.s), but had a markedly lower severity of 
OSA (mean ODI 8.4 ± 1.5 vs 30.8 ± 29.0/h; p = 0.050). 

When analyzing the baseline non-OSA group, 9 men but 
none of the women reported new-onset OSA during the follow-
up period, according to information obtained from question-
naires. Three of these 9 cases (33.3%) with new-onset OSA 
reported incident DM at the same time. Among the remaining 
81 men without new-onset OSA, the incidence of DM was re-
ported in 7 (8.6%; p = 0.059). Compared with the baseline val-
ues, there was a marked increase in BMI at follow-up (27.6 ± 
4.9 vs 31.3 ± 10.8 kg/m2; p = 0.041) in the incident DM cases 
in the non-OSA group. 

In a subanalysis, when the efficiently treated OSA patients 
(15 males and 4 females) were switched to the non-OSA group, 
there was a slight increase in incident DM among the OSA pa-
tients in both genders. 

As shown in Table 3, males with incident DM had higher 
BMI than the subjects without DM and demonstrated higher 
ODI. In the female group, the incident DM patients were older 
than the non-DM cases. OSA was more prevalent and more se-
vere in the incident DM cases compared to the subjects without 
DM (Table 3). 

When including a gender term and testing for interactions, 
there was a tendency for interaction between gender and OSA 
with regard to incident DM. Within the non-OSA group, dif-
ference between DM incidence among men and women was 
very small (11% vs 9%) while this difference was considerably 
greater within the OSA group (19% vs 50%). However, this 
tendency did not reach statistical significance when interaction 
term “gender x OSA” was tested in a multiple regression model 
(p = 0.172), probably because of the small number of women 
in the OSA group. 

Table 3—Demographic and clinical characteristics of males 
and females stratified by incident DM

Variable incident 
DM

no 
DM

p 
valueMales

N 19 118
Age at baseline, years 45.6 ± 6.2a 48.2 ± 9.2 0.129
BMI in 1991, kg/m2 28.1 ± 4.0 26.1 ± 3.2 0.016
BMI in 2007, kg/m2 30.2 ± 2.2 27.5 ± 3.9b 0.024
Current smokers in 1991, n (%) 5 (26.3) 44 (37.3) 0.445
Current smokers in 2007, n (%) 2 (10.5) 21 (17.8) 0.740
OSA at baseline, n (%) 9 (47.4) 38 (32.2) 0.196
ODI, n/h 15.8 ± 24.3 6.4 ± 10.1 0.048
SpO2min, % 83.6 ± 9.9c 86.4 ± 5.7 0.296

Females
N 7 24
Age at baseline, years 55.1 ± 6.6a 48.4 ± 10.0 0.054
BMI in 1991, kg/m2 28.4 ± 5.1 27.1 ± 5.4 0.583
BMI in 2007, kg/m2 30.0 ± 5.5 29.7 ± 6.6b 0.899
Current smokers in 1991, n (%) 3 (42.9) 12 (50.4) 1.000
Current smokers in 2007, n (%) 2 (28.6) 7 (29.2) 1.000
OSA at baseline, n (%) 5 (71.4) 5 (20.8) 0.022
ODI, n/h 7.0 ± 2.8 5.6 ± 10.3 0.027
SpO2min, % 76.6 ± 8.9c 87.3 ± 6.3 0.006

Continuous variables are expressed as mean ± SD, statistics by unpaired 
Student’s t test or Mann-Whitney test. Comparison of groups by χ2 test  or 
Fisher exact test (two-sided). OSA refers to obstructive sleep apnea; BMI, 
body mass index; ODI, oxygen desaturation index; SpO2min, minimum 
oxygen saturation; ap = 0.002; bp = 0.034; cp = 0.049.
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study. This diagnostic procedure might explain the proportion-
ally low prevalence of OSA (33.9%) in this sleep clinic cohort 
from 1991. Moreover, many of the subjects were referred from 
the Department of Otorhinolaryngology to the sleep labora-
tory for a polygraphic recording before surgical treatment of 
habitual snoring. This may also explain the relatively high pro-
portion of the sleep apneics that underwent surgery. However, 
as we may have missed OSA subjects with mainly hypopneas 
and/or without desaturations, our results probably apply more 
robustly to a group of OSA patients characterised by a more 
pronounced hypoxic component.A second limitation is the self-
reported data, which may include the risk of recall bias. Thus, 
our results refer only to the responders in this cohort. However, 
there was no significant difference in baseline characteristics of 
responders and non-responders. Another limitation refers to the 
objective evaluation of the reported new-onset OSA in the sub-
jects regarded as non-OSA at baseline, and consequently, the 
lack of information regarding the incident DM in this subgroup. 
However, the information obtained from the questionnaires 
may reflect an additional support for the relationship between 
new-onset OSA and incident DM in this population. 

Another limitation refers to the low number of female sub-
jects with OSA in this sample. In this context, it might rather be 
expected that OSA would fail to predict incident DM. Interest-
ingly, the results were significant even after entering age and 
BMI (though those were not predictive in univariate analysis) 
in the multivariate model. Unfortunately, because of the lack 
of information regarding waist circumference at the time of the 
baseline investigations in 1991, our results do not allow us to 
make further statistical adjustments for central obesity as a con-
founding factor. 

It should also be kept in mind that, though the physician-
diagnosed DM is not an uncommon method in the observa-
tional follow-up studies,7,8 our patients may have had more 
subtle abnormalities at baseline, including impaired glucose 
tolerance and elevated insulin levels. Consequently, it is like-
ly that the DM process might have begun but not manifested 
yet as clinically diagnosable DM in some of the patients with 
OSA. Although those with apparent DM were eliminated from 
the baseline sample, it is likely that occult DM was present or 
underestimated as baseline. On the other hand, this possibility 

and complete data. As prospective cohort studies fulfill an im-
portant criterion for causality, our results provide an important 
contribution to the gender-related mechanisms involved in the 
development of DM in OSA patients.

The main weakness of this study is the lack of polysomnog-
raphy for a fully accurate diagnosis of OSA and characterization 
of the links between the nocturnal changes in sleep apnea and 
glucose metabolism. However, an overnight OD of 30 or more 
was defined as OSA based on previously established diagnostic 
criteria,18 which were accepted at the time of the baseline inves-
tigations in 1991. Although the diagnosis was mainly based on 
the oximetry results, it was supported by data from oro-nasal 
thermistors as well as respiratory and body movements. The 
specificity and sensitivity of static charge-sensitive bed com-
bined with pulse oximetry for an AI of more than 5 verified by 
polysomnograpy have previously been shown to vary between 
67% and 100%.20 Although apnea events were identified, hy-
popneas could not be adequately detected at baseline in this 

Table 4—Variables associated with incident diabetes mellitus in a univariate logistic regression analysis 

Variable
Men Women

OR 95% CI p Value OR 95% CI p value
Age, years 0.97 0.91-1.02 0.244 1.09 0.98-1.22 0.116
BMI in 1991, kg/m2 1.19 1.03-1.37 0.019 1.05 0.89-1.23 0.580
BMI in 2007, kg/m2 1.10 1.00-1.21 0.044 1.01 0.88-1.16 0.894
Weight gain 1.06 0.93-1.21 0.399 0.91 0.69-1.20 0.513
Current smoker in 1991 0.60 0.20-1.78 0.358 0.75 0.14-4.10 0.740
Current smoker in 2007 0.54 0.12-2.53 0.437 0.97 0.15-6.25 0.976
ODI, n/h 1.04 1.01-1.07 0.014 1.02 0.93-1.11 0.708
SpO2min, % 0.95 0.89-1.01 0.098 0.84 0.73-0.96 0.010
OSA 1.89 0.71-5.05 0.201 9.50 1.40-64.4 0.021  

OR refers to odds ratio; CI, confidence interval; BMI, body mass index; ODI, oxygen desaturation index; OSA, obstructive 
sleep apnea; SpO2min, minimum oxygen saturation. 

Table 5—Baseline variables associated with incident 
diabetes mellitus in a multiple logistic regression analysis 

Variable
Men Women

OR 95% CI p value OR 95% CI p value
Model I
Age, years 0.96 0.90-1.03 0.240 1.11 0.95-1.27 0.192
BMI, kg/m2 1.16 1.00-1.35 0.050 0.89 0.69-1.14 0.347
OSA 1.58 0.55-4.58 0.395 11.78 1.14-121.7 0.038

Model II
Age, years 0.96 0.90-1.03 0.228 1.10 0.97-1.24 0.133
BMI, kg/m2 1.13 0.97-1.32 0.110 0.98 0.80-1.20 0.835
ODI, n/h 1.03 1.00-1.06 0.057 1.01 0.92-1.12 0.834

Model III
Age, years 0.96 0.90-1.02 0.205 1.01 0.87-1.18 0.920
BMI, kg/m2 1.15 0.99-1.33 0.062 0.80 0.57-1.11 0.184
SpO2min, % 0.96 0.89-1.03 0.207 0.77 0.60-0.98 0.033

OR refers to odds ratio; CI, confidence interval; BMI, body mass index; 
ODI, oxygen desaturation index; OSA, obstructive sleep apnea; SpO2min, 
minimum oxygen saturation 
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between ODI and incident DM in men, but this was not signifi-
cant after adjustment for BMI.

Mechanisms that potentially could contribute to develop-
ment of insulin resistance in OSA have been discussed in detail 
elsewhere.10 In brief, sleep fragmentation and intermittent hy-
poxia appear to induce elevated sympathetic nervous system 
activity and altered hypothalamic pituitary adrenocortical axis 
function, as well as increased oxidative stress and activation of 
inflammatory pathways. Such mechanisms alone or in concert 
could clearly be implied in a reduced pancreatic β-cell function 
and development of insulin resistance. 

Most of the previous studies addressing a gender influence 
on DM development have found a higher incidence of obesity 
(one of the most important risk factors for DM2) in women com-
pared with men. It is possible that menopausal transition with 
excess weight gain, development of central obesity, changes 
in diet, and lack of exercise contribute to more rapid develop-
ment of DM. Moreover, the benefits of estrogens on postpran-
dial lipid metabolism are lost in postmenopausal women with 
DM.27 However, the persistence of significant associations af-
ter adjusting for BMI in our study suggests that mechanisms 
in addition to adiposity may be operational. Both endogenous 
hormones and obesity have been suggested to play an impor-
tant role in the development of OSA in women, especially in 
postmenopausal period.28 For instance, testosterone, which is 
inversely associated with adiposity in men is positively related 
with adiposity in women.29 Sex hormone binding globulin, bio-
available testosterone, and estradiol are all shown to be asso-
ciated with insulin resistance and glucose levels both in men 
and in women.29 Theorell-Haglow and coworkers recently dem-
onstrated a stronger relationship between hypoxia and insulin 
sensitivity in older women compared with younger subjects, 
indicating that age may increase the sensitivity to hypoxia in 
women.30 As our female OSA patients to a large extent were 
peri- or postmenopausal at baseline, the additive impact of such 
mechanisms may have rendered them more susceptible to DM. 

In conclusion, our observations from the current clinical co-
hort confirm previous findings of an independent association 
between OSA and DM. Though the small number of women 
who participated in the current study makes a proper gender 
analysis difficult, the significant impact of OSA on incident 
DM was independent of age and BMI in women, while this 
relationship was mainly dependent on BMI in men. Awaiting 
the longitudinal follow-up studies from larger populations, DM 
development and DM complications seem to depend on pheno-
typic and unknown genotypic factors, which should stimulate 
the future research in this area. 

REFERENCES
1. Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease 

associated with diabetes in men and women: meta-analysis of 37 prospective 
cohort studies. BMJ 2006;332:73-8. 

2. Legato MJ, Gelzer A, Goland R, Ebner SA, Rajan S, Villagra V, Kosowski M; 
Writing Group for The Partnership for Gender-Specific Medicine. Gender-spe-
cific care of the patient with diabetes: review and recommendations. Gend Med 
2006;3:131-58.

3. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence 
of sleep-disordered breathing among middle-aged adults. New Engl J Med 
1993;328:1230- 5.

may apply to OSA as well as non-OSA subjects and both gen-
ders. Moreover, in our middle-aged cohort, DM diagnosis was 
present in ten subjects (3.2%) at baseline, similar to Swedish 
population surveys (20-79 years) with corresponding preva-
lence of 3.3% in men and 3.9% in women.21 

In the current sleep cohort, there was a marked male pre-
dominance among the patients diagnosed with OSA. More-
over, the women were older and more obese than men within 
the OSA group, as indicated by previous clinical studies.4 This 
paradox was explained by the differences in fat distribution, 
upper airway length and collapsibility, neurochemical control 
mechanisms, level of chemoresponsiveness, arousal response, 
and an effect of sex hormones. Accordingly, men appear to be 
more vulnerable to the disease than women because of the in-
creased deposition of fat around the airway at the same level of 
obesity with women.22 Some studies have suggested that vast 
majority of females with OSA are undiagnosed because they 
present with complaints such as fatigue or mood disturbance 
instead of symptoms commonly associated with OSA, such as 
witnessed apneas, heavy snoring, or daytime sleepiness.23 It 
has also been argued that partial upper airway obstruction with 
sleep fragmentation not manifested in the AHI may associate 
better with symptoms in women. The incidence and severity of 
OSA in women have therefore been reported to be underesti-
mated when defined by AHI.24 

Several studies have demonstrated a high prevalence of DM 
in patients with OSA.7 Moreover, Elmasry and coworkers sug-
gested an increased incidence of DM in a prospective study of 
habitual snorers independent of age, weight, physical activity, 
smoking, and other confounders.14 A recent prospective study, 
addressing the gender difference in this context, demonstrated 
that the association between snoring with witnessed apnea and 
incident DM was stronger in women than in men.16 However, 
less is known regarding the development of DM in populations 
with objective sleep recordings at baseline. The 4-year follow-
up data from the Wisconsin cohort suggested a causal rela-
tionship between OSA and physician-diagnosed incident DM, 
adjusted for age and gender, but this relationship lost statistical 
significance after adjustment for BMI.7 Although the current 
study included a lower number of subjects, our data support a 
significant association between OSA and physician-diagnosed 
DM in the multivariate analysis. The influence of BMI on the 
development of DM was demonstrated in our population as 
well, but interestingly restricted to men. Hence, the relative 
contribution of OSA to development of DM may be more pro-
nounced in women than in men, supporting the results of Val-
ham and coworkers mentioned above.16 

There is also evidence in the literature for a dose-response 
relationship in the clinic-based cross-sectional studies, suggest-
ing an association between the severity of OSA and the extent 
of impaired glucose metabolism as well as DM development 
in a manner independent of age, obesity, and hereditary predis-
position.6,25,26 Although our study was not powered enough to 
address this topic, there was a significant relationship between 
the lowest oxygen saturation levels and incident DM in women 
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may play an important role in the development of DM in wom-
en. There was also a tendency for a dose-response relationship 
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