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Abstract
Purpose  Sleep apnea syndrome (SAS) is a relatively common disorder, but many patients with SAS are still undiagnosed. 
Using Japanese annual health check and medical claims data, we analyzed the association between hemoglobin upswing, 
defined as an increase in hemoglobin level within the reference range, and the incidence of SAS.
Methods  In this study, we used the Japan Medical Database Center (JMDC) annual health check and medical claims data 
of 351,930 male individuals aged 40−59 who had their hemoglobin concentration checked in 2014. We initially identified 
the reference range of hemoglobin level based on the mean and the standard deviation of hemoglobin concentration in this 
population. We examined the effect of hemoglobin upswing on the incidence of SAS using Cox proportional hazards models.
Results  The hemoglobin upswing was defined as a change greater than 1.19 g/dL in the reference range of 13.1 to 17.2 g/
dL. During a mean follow-up period of approximately 1285 days, 1.9% of the individuals with hemoglobin upswing were 
diagnosed with SAS, while 1.6% of those without hemoglobin upswing were diagnosed with SAS. The hazard ratio of 
hemoglobin upswing to the incidence of SAS was 1.21 (95% CI; 1.01–1.44, p = 0.04).
Conclusion  We herein revealed the association between hemoglobin upswing and the incidence of SAS in a middle-aged 
male population. A statistically significant increase in hemoglobin concentration even in the reference range should be paid 
attention to as it may indicate the presence of SAS.
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Abbreviations
BMI	� Body mass index
CI	� Confidence interval
CPAP	� Continuous positive airway pressure

CSA	� Central sleep apnea
HR	� Hazard ratio
ICD-10	� International Classification of Diseases and 

Related Health Problems, tenth revision
JMDC	� Japan Medical Database Center
OSA	� Obstructive sleep apnea
SAS	� Sleep apnea syndrome
SD	� Standard deviation

1  Introduction

Sleep apnea syndrome (SAS) is a relatively common dis-
order, especially among middle-aged men. Pathophysi-
ologically, SAS is divided into two entities; obstructive 
sleep apnea (OSA) which is the predominant form in 
the general population, and central sleep apnea (CSA). 
The prevalence of moderate to severe OSA and CSA in 
middle-aged US men is 24.0% and 0.8%, respectively [1]. 
However, only 18.0% of middle-aged male patients with 
OSA have been clinically diagnosed [2]. This is due to the 
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unspecific self-reported symptoms of SAS, e.g., fatigue, 
daytime sleepiness, and insomnia. Although severe snor-
ing is a key component in the diagnosis of OSA, it is rarely 
reported without a bed partner. Without proper treatment 
such as continuous positive airway pressure (CPAP), OSA 
can increase cardiovascular morbidity and even all-cause 
mortality [3, 4]. Thus, more data should be accumulated 
to allow for better or alternative diagnostic approaches 
for OSA.

SAS causes hypoxemia in the body during sleep [5]. A 
possible consequence of systemic hypoxemia is increased 
level of hemoglobin which in turn could explain the high 
hemoglobin level in some patients with SAS [6]. Conse-
quently, we hypothesize that the presence of a hypoxemic 
condition, including SAS, will result in an upswing of 
hemoglobin within its reference range.

2 � Methods

2.1 � Setting

Japanese companies are legally obliged to provide their 
employees with an annual health check [7]. This health 
check includes vital signs, laboratory data of blood and 
urine, and physical examination by doctors. The health 
check participation rate was 88.5% for annual health 
checks in 2012 [8].

2.2 � Data

This study analyzed data from Japan Medical Data Center 
(JMDC). JMDC is a for-profit company which collects 
anonymized individual-level medical claims and annual 
health check data from several employees’ health insur-
ance schemes. JMDC assigns each individual with a ran-
dom ID which in turn enables the consolidation of the 
medical claims and annual health check data. The informa-
tion provided by JMDC includes sex, birth month, the last 
record (the date of the latest health check or visiting a doc-
tor), the diagnosis, the date of diagnosis, the type of medi-
cal procedure related to SAS (continuous airway pressure 
and uvulopalatopharyngoplasty), and annual health check 
data. Diagnoses were expressed using the 2003 version of 
the International Classification of Diseases and Related 
Health Problems, tenth revision (ICD-10) [9], and medical 
procedures were defined in accordance with the Japanese 
medical claims code.

The study protocol was approved by the Institutional 
Review Board of the University of Tokyo (application num-
ber: 11449).

2.3 � Study Population

JMDC data have increased in size in recent years. How-
ever, relying only on newer data could result in short fol-
low-up times. Thus, we included individuals with hemo-
globin concentration data in 2014 to ensure sufficient data 
size and length of the follow-up period. We then narrowed 
the study population to men aged between 40−59 years 
as the distribution of hemoglobin concentration varies 
depending on age and sex [10]. Additionally, middle aged 
men are the most susceptible group to SAS [11, 12] and 
JMDC has a relatively large amount of data on this pop-
ulation as it collects data from Japanese companies. As 
JMDC only provides information about an individual’s 
birth month, we calculated each individual’s age based on 
the last day of the month of check in 2014.

Initially there were 837,110 individuals who had 
their hemoglobin concentration checked in 2014. We 
then excluded men and women of age groups other than 
40−59 years, leaving 351,930 individuals (Fig. 1). Some 
individuals undergo health checks more than once a year 
because of abnormal results in the initial check of the year. 
Some individuals with high risk jobs (e.g., night shift or 
particle exposure) also have multiple health checks in one 
year. In these cases, we used the first annual health check 
of the year in our analyses. This population was analyzed 
for the definition of reference range of the hemoglobin 
level.

To analyze the association between the change of hemo-
globin concentration and incidence of SAS, we included 
those who had their hemoglobin level examined both in 
2013 and 2014 (n = 277,905). In annual health checks, 
hemoglobin check can be waivered for individuals whose 
BMI is 20 or less based on doctor’s instructions. In this 
population, individuals with hemoglobin concentrations 
out of the reference range at their health check either in 
2013 or 2014 were excluded (n = 18,295). The remain-
ing population was examined to determine the mean 
and the standard deviation of the change of hemoglobin 
concentration within the reference range. We thereafter 
excluded any individuals with a diagnosis of SAS prior to 
the 2014 health check (n = 6143), and those with missing 
information on BMI, abdominal circumference, smoking 
habit, and the date of the last record (n = 7723). A total 
of 245,744 individuals were included for the analysis of 
the association between the main exposure (hemoglobin 
upswing, as described below) and the incidence of SAS. 
This population was also used to determine the sensitivity 
and specificity of the diagnostic data of SAS in the JMDC 
dataset.

We included 268,963 individuals who had hemoglobin 
checks from 2013 to 2016 in our post-hoc analyses of the 
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occurrence of hemoglobin upswing in individuals newly 
diagnosed with SAS. For these analyses, we excluded indi-
viduals who were given a diagnosis of SAS before 2017 
(n = 9992).

2.4 � Main Exposure

2.4.1 � Reference Range of Hemoglobin

The reference range of hemoglobin concentration was 
defined as the range within two standard deviations from 
the mean in the study population.

2.4.2 � Hemoglobin Upswing

The main exposure of this study was hemoglobin upswing. 
Hemoglobin upswing was defined as the change of hemo-
globin concentration within the reference range larger than 
the mean plus two standard deviations.

2.5 � Sleep Apnea Syndrome (SAS)

SAS was defined using ICD-10 code G473. We excluded 
any data with a suspicion flag, which suggests a suspected, 
but not definitive diagnosis of SAS.

2.6 � Follow‑up Period

The follow-up period of each participant was defined as the 
period from the date of the health check in 2014 to the date 
of diagnosis, or the date of the last record, whichever came 
first.

2.7 � Statistical Analysis

From the annual health check data, we extracted the data 
concerning participants’ birth month, sex, the date of the 
health check, hemoglobin concentration, BMI, abdominal 
circumference, and the answers to a question about smoking 
habit (i.e., smoking more than 100 cigarettes in total or for a 
period longer than 6 months, and having smoked cigarettes 
in the last month; yes/no).

We evaluated the difference of the background charac-
teristics (mean age, the prevalence of smoking habit, mean 
BMI, mean abdominal circumference) of the individuals 
with or without hemoglobin upswing using the paired Stu-
dent t-test for continuous variables (age, BMI, abdominal 
circumference), and the chi-squared test for categorical 
variables. Hazard ratios (HRs) and their 95% confidence 
intervals (CIs) were determined in Cox proportional haz-
ards models to characterize the relative risk of incidence of 
SAS from hemoglobin upswing. Model 1 was adjusted only 
for age, and model 2 was additionally adjusted for BMI, 
abdominal circumference, and smoking habit.

Fig. 1   Flow diagram of individuals included and excluded in the analysis
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We calculated sensitivity and specificity of the diagnos-
tic data for the participants who had received treatment for 
SAS. We compared the number of individuals who had an 
initial diagnosis of SAS after their 2014 annual health check 
with that of individuals who initiated CPAP or underwent 
uvulopalatopharyngoplasty in the same period.

We also performed post-hoc analysis to calculate the sen-
sitivity and specificity of hemoglobin upswing as a diagnos-
tic marker for SAS. Additionally, we calculated the odds of 
hemoglobin upswing from 2014 to 2016 in the populations 
with or without the initial diagnosis of SAS in 2017. The 
odds ratio was evaluated using the chi-squared test.

All statistical analyses were performed using R 3.5.2 for 
Windows (R Foundation for Statistical Computing, Vienna, 
Austria). Significance levels were two-tailed and set as 
α = 0.05.

3 � Results

3.1 � Study Population and the Definition 
of the Reference Range of Hemoglobin Level

The mean of age of the study population was 48.4 years 
(SD ± 5.56; range: 40 to 59 years). The mean and stand-
ard deviation of hemoglobin concentration was 15.17 and 
1.04 g/dL, respectively. Consequently, the reference range 
of hemoglobin level in this population was defined as 13.1 
to 17.2 g/dL (mean ± 2SD).

3.2 � Hemoglobin Upswing

The mean change of hemoglobin level was −  0.0386 
(SD ± 0.612) g/dL. From this result, we defined hemoglobin 
upswing as an increase in hemoglobin concentration of more 
than 1.19 g/dL (i.e., mean + 2SD).

3.3 � The Impact of Hemoglobin Upswing 
on the Incidence of SAS

The mean follow-up period of the 245,744 individuals 
included was 1285 (SD ± 241) days. Among them, 6,536 
individuals (2.7%) had hemoglobin upswing (upswing 
group). Smoking was more prevalent in the upswing group 
(40.6% vs. 38.6%, p < 0.01). There was no significant differ-
ence in age, BMI, and abdominal circumference between the 
two groups (Table 1).

In the follow-up period, 1.9% of individuals in the 
upswing group were initially diagnosed with SAS, while 
the corresponding proportion in the non-upswing group was 
1.6%. (p = 0.066) Fig. 2 shows the cumulative incidence of 
SAS in the two groups. In the age-adjusted model (model 
1), the hazard ratio of hemoglobin upswing to the incidence 
of SAS was 1.20 (95% CI; 1.00–1.43 p = 0.050) (Table 2). 
In the multivariable adjusted model (model 2), the hazard 

Table 1   Individuals’ baseline 
characteristics according to 
hemoglobin upswing

BMI body mass index
*χ2 test was used for categorical variables and Student’s t-test for continuous variables

Variables Upswing Without upswing p value*

Number of individuals (N, %) 6,536 (2.66%) 239,208 (97.3%)
Age (mean ± SD) 48.5 ± 5.49 48.48 ± 5.50 0.533
Smoking habit (N, %) 2653 (40.6%) 92,292 (38.6%) < 0.01
BMI (mean kg/m2 ± SD) 23.7 ± 3.33 23.7 ± 3.30 0.086
Abdominal circumference (mean 

cm ± SD)
83.8 ± 8.82 83.8 ± 8.77 0.835

Events (N, %) 125 (1.91%) 3859 (1.61%) 0.066

Fig. 2   Cumulative incidence of sleep apnea syndrome in the groups 
with or without hemoglobin upswing
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ratio of hemoglobin upswing in this model was 1.21 (95% 
CI; 1.01–1.44 p = 0.040).

3.4 � Evaluating the Validation of Diagnostic Data

Of the 2026 participants who started treatment for SAS after 
their 2014 annual health check, 2017 (99.6%) participants 
had the initial diagnosis of SAS. Among the 243,718 par-
ticipants who did not receive treatment for SAS, 1967 indi-
viduals (0.8%) had a diagnosis of SAS (Table 3). From this 
result, the sensitivity and specificity of diagnostic data from 
JMDC database is 99.6% and 99.2% for SAS which requires 
CPAP or surgical treatment.

3.5 � Post‑hoc Analysis

Among the 258,971 participants included, 1172 individu-
als had an initial diagnosis of SAS in 2017, of which 85 
participants (7.3%) experienced hemoglobin upswing at 
least once during the 2014 to 2016 annual health checks. 
A total of 17,075 of 257,799 (6.6%) individuals without an 
initial diagnosis of SAS in 2017 had hemoglobin upswing 
in the same period. The odds ratio was 1.10 (p = 0.377). 
Those diagnosed with SAS in 2017 had experienced 

hemoglobin upswing overall, as well as during the one, 
two, and three years preceding the diagnosis (p > 0.05) 
(Table 4, Fig. 3).

4 � Discussion

This retrospective study has identified that a statistically 
significant hemoglobin upswing within the reference range 
is associated with an increased risk of incident SAS. Other 
findings are; the hemoglobin concentration of 13.1 to 17.2 g/
dL is consistent with the range within two standard devia-
tions from the mean in Japanese men aged 40 to 59 years. 
Hemoglobin upswing is associated with a higher prevalence 
of smoking. The sensitivity and specificity of diagnostic data 
in JMDC database are over 99% for SAS which requires 
treatment with CPAP or uvulopalatopharyngoplasty.

So far, some clinical risk factors for SAS have been 
identified, such as age, body mass index, male sex, snoring 
[13], and nocturnal choking or gasping [14]. However, no 

Table 2   Hazard ratio of hemoglobin upswing on the incidence of 
sleep apnea syndrome

Model 1 was adjusted only for age
Model 2 was additionally adjusted for BMI, abdominal circumfer-
ence, and smoking habit
Asterisk denotes p < 0.05 with statistical significance

Models Hazard ratio 95% Confidence 
interval

p-value

Model 1 1.20 1.00–1.43 0.050
Model 2 1.21 1.01–1.44 0.040*

Table 3   The number of patients with diagnosis and treatment for 
sleep apnea syndrome (SAS)

With SAS 
diagnosis

Without SAS 
diagnosis

Total

With SAS treatments 2017 9 2026
Without SAS treatments 1967 241,751 243,718
Total 3984 241,760 245,744

Table 4   The proportion of 
individuals with diagnosis of 
sleep apnea syndrome (SAS) 
who had had hemoglobin 
upswing in each period (N, %)

With SAS diagnosis Without SAS diagnosis Odds ratio p-value

1 year prior 28 (2.4%) 5889 (2.3%) 1.05 0.769
2 years prior 31 (2.6%) 6231 (2.4%) 1.10 0.568
3 years prior 30 (2.6%) 6392 (2.5%) 1.03 0.850
Total 85 (7.3%) 17,075 (6.6%) 1.10 0.377

Fig. 3   The proportion of individuals experiencing hemoglobin 
upswing within 3  years to the initial diagnosis of sleep apnea syn-
drome in 2017. “1  year” is in 2016, “2  years” is in 2015, and 
“3 years” is in 2014, respectively. “Total” represents the rate of indi-
viduals with hemoglobin upswing at least once in 2014 to 2016
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good clinical scoring system has been adopted to detect 
patients who require detailed examinations for sleep apnea, 
and only 18.0% of middle-aged male patients with OSA 
have been clinically diagnosed [2]. The American College 
of Physicians recommends polysomnography for patients 
with unexplained daytime sleepiness who are suspected of 
having SAS based on their clinical presentation [15], and 
survival of patients with SAS may be improved through 
proper treatment [4]. Our data show that the individuals 
who experienced hemoglobin upswing were likely to be 
diagnosed with SAS. Hemoglobin upswing is independ-
ent of other risk factors such as age, BMI, and abdominal 
circumference. The difference in the incidence of SAS 
between two groups (1.9% vs 1.6%) is not large enough 
to consider hemoglobin upswing as a single clue to detect 
SAS, but it can be an additional diagnostic tool to increase 
the accuracy of detecting individuals suspected of having 
SAS. Considering that SAS can create a hypoxemic state 
during sleep [5], which in turn can increase hemoglobin 
concentration [6], this result is reasonable and in line with 
our hypothesis. The variability of hemoglobin concentra-
tion has been paid attention to as a predictor of mortality 
in patients with end-stage renal disease [16]. To the best 
of our knowledge, this is the first article to focus on the 
effect of hemoglobin concentration change in an overall 
healthy population.

Additionally, we emphasized the change of hemoglobin 
level within the reference range by excluding individuals 
with abnormal hemoglobin levels. Detailed examinations 
are usually warranted for hemoglobin levels exceeding the 
reference range. However, it has been unclear whether a 
significant change of hemoglobin level should be further 
investigated. The result in this study suggests the clinical 
importance of a change of hemoglobin level even within 
the reference range.

The distribution of hemoglobin concentration varies 
depending on sex and ethnicity [10]. Thus, we made a spe-
cific definition of reference hemoglobin concentration in this 
study. We assume that the reference range of hemoglobin 
defined in this study, 13.1 to 17.2 g/dL, is consistent with 
the normal range of hemoglobin level commonly used for 
men at annual health checks in Japan [17].

We found that hemoglobin upswing is associated with a 
high prevalence of smoking. It has been shown that starting 
smoking can result in increased hemoglobin concentrations 
in male patients [18]. Additionally, in the population receiv-
ing hemodialysis, hemoglobin variability is slightly higher 
in current smokers [19]. We found that this association also 
exists in an overall healthy population.

In the post-hoc analysis, we found that 7.3% of partici-
pants with an initial diagnosis of SAS in 2017 experienced 
hemoglobin upswing in 2014 to 2016, whereas the corre-
sponding proportion for individuals without diagnosis of 

SAS was 6.6%. This means that the sensitivity and speci-
ficity of hemoglobin upswing for new incidence of SAS in 
three years are 7.3% and 93.4%, respectively, and that the 
likelihood ratio is 1.10. Therefore, hemoglobin upswing 
cannot be regarded as a single test to detect SAS. Rather, 
it should be regarded as one of a number of clinical indica-
tors to consider further evaluations for SAS.

The reliability of the diagnostic data from a large-
scale database has occasionally been questioned [20]. 
Our results show that both sensitivity and specificity of 
the diagnostic data for SAS which requires treatment are 
higher than 99%. Therefore, the data from JMDC diagno-
sis database could be considered reliable with both high 
sensitivity and specificity.

There are some limitations to this study. The JMDC 
database does not contain information on some risk factors 
for SAS such as craniofacial- and upper airway abnor-
malities, [21] Some of the collected lifestyle data were too 
simplified, e.g., smoking habit was categorized into only 
two groups (non-smoker vs. current smoker). Addition-
ally, although we have a follow-up period of 1285 days, 
a more extended follow-up period would have allowed us 
to identify a larger number of cases of incident SAS. This 
analysis is based on a database which does not allow us 
to evaluate each participant’s severity of SAS or detailed 
past medical history. Therefore, we are not able to dis-
cuss whether hemoglobin upswing is an early sign of the 
presence of undiagnosed SAS, or whether hemoglobin 
upswing presents before patients experience the signs or 
symptoms of SAS. Lastly, because we could not collect 
complementary data which also suggest the presence of 
SAS, e.g., polysomnography, or those using an oral appli-
ance as a treatment, we could not identify the SAS patients 
who do not require CPAP or surgery. Therefore, as a fur-
ther investigation, clinical studies accompanied by poly-
somnographic data are warranted to elucidate the reason 
for our findings.

Despite these limitations, this study also has several 
strengths. This is the first study to pay attention to the use-
fulness of annual health check data for the detection of SAS. 
This is also the first study to specifically focus on the change 
of hemoglobin level within the reference range. We have 
adjusted our analyses for the major known risk factors of 
SAS, and hemoglobin upswing was found not to be associ-
ated with other known risk factors. Our data on middle-aged 
male individuals cover a large portion of the patients who 
are initially diagnosed with SAS given that OSAS plateaus 
in patients older than 60 years of age [11]. Finally, consid-
ering that the population included in our analyses could be 
considered overall healthy, and that the participation rate 
in annual health checks in Japan is high, this result can be 
applied to most middle-aged men in Japan.
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5 � Conclusion

Our data suggest that middle-aged men who experience a 
statistically significant increase in hemoglobin level within 
the reference range are more likely to be diagnosed with 
SAS within the next four years. Considering the situation 
that a large proportion of patients with SAS remain undiag-
nosed and that SAS can increase the risk of mortality from 
cardiovascular diseases, hemoglobin upswing should be paid 
attention to even within the reference range.
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