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Abstract:

The purpose of this study was to evaluate the relationships between diabetes and

medical and dental care costs from a 5-yr prospective observation of Japanese workers. The

data were derived from health and dental examinations and health insurance claims of 4,086
workers aged 40-54 yr. At baseline, the subjects were assigned to four categories: known dia-
betes; undiagnosed diabetes; impaired fasting glucose (IFG); and non-diabetic. The differences
in health care costs among the non-diabetics, IFG and undiagnosed diabetes groups were not
seen at baseline, but the costs incurred by the subjects with undiagnosed diabetes substantially
increased thereafter. Over 5 yr of the study period, compared with the non-diabetic group,
subjects with known diabetes incurred 3.9- and 2.9-fold higher annual inpatient and outpatient
costs, respectively, while subjects in the undiagnosed diabetes group incurred 3.0- and 1.6-fold
higher costs, respectively. There were no significant associations between annual dental care
costs and diabetic status. The excess costs of medical care among subjects with diabetes were
attributable to diabetes itself, heart disease and cerebrovascular disease, but not cancer. Among
middle-aged workers, diabetics incurred significantly greater medical care costs than non-dia-
betics, whereas IFG was not associated with higher costs.
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Introduction

The increasing prevalence of diabetes around the
world seems unrelenting?). Consequently, the economic
burdens of diabetes and its complications are mounting.
Although many studies have reported excess medical
costs for individuals with diabetes?®), relatively few
studies have focused on working-age populations. The
medical and productivity costs for employees with dia-

*To whom correspondence should be addressed.
E-mail: r-ochide@med.uoeh-u.ac.jp

Diabetes, Impaired fasting glucose, Medical care costs, Dental care costs, Longitudinal

betes were reported to be 2.5-fold higher than those for
control subjects in patients aged 46-55 yr?. From pro-
ductivity and economic perspectives, it is important to
evaluate the burden of diabetes, especially in people of
working age.

Japan has a national health insurance system to
ensure that everyone can receive necessary health care,
and in principle every resident of Japan is enrolled in
some form of health insurance plan®. Fees for medical
and dental services are standardized nationwide under
this system. The costs and utilization of health services
associated with inpatient, outpatient and dental care can
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be calculated on the basis of claims over given peri-
ods, because such claims accurately reflect most of the
costs for medical and dental services. The prevalence
of diabetes is increasing in Japan, and the National
Health and Nutrition Survey reported that 8.2 million
Japanese adults had diabetes in 2006, compared with
7.4 million adults in 2002. In a study of community-
dwelling Japanese individuals with hypertension and/or
diabetes over a 10-yr period, Nakamura et al. reported
that people with diabetes alone and those with both
hypertension and diabetes had 2.3- and 2.4-fold higher
personal medical expenditures, respectively, compared
with people who had neither disorder. However, some
true cases of diabetes may have been misclassified in
that study because diabetes cases were only identified
by a known history of diabetes”.

Diabetes complications have a substantial impact on
the medical costs of diabetes patients. Diabetes has
been established as an important risk factor for peri-
odontal disease and subsequent tooth loss, but surpris-
ingly few longitudinal studies have examined the rela-
tionship between diabetes and dental care costs. The
purpose of this study was to evaluate the relationships
between diabetes and medical and dental costs from a
5-yr prospective observation of workers. We assessed
the medical and dental care costs of subjects with
known diabetes (history of diabetes), undiagnosed dia-
betes [fasting plasma glucose (FPG) >125 mg/dl without
history of diabetes] or impaired fasting glucose (IFG;
FPG 110-125 mg/d)!9, especially in relation to non-
diabetics.

Methods

Study design and data collection

The base population consisted of civil service offi-
cers (about 25,000) from a prefecture in southwestern
Japan. These officers were responsible for adminis-
tering various social welfare programs managed by a
mutual aid association, which covers health insurance
and welfare pensions, in accordance with Japanese
government regulations. They received yearly periodic
health examinations and biennial oral examinations,
and the data analyzed in this study were derived from
examinations conducted between April 2000 and March
2001. This period was chosen because the Japanese fis-
cal year begins in April and ends in March. Because
periodic worksite health examinations are mandatory in
Japan, almost all the subjects had completed this health
examination at the time of the study. The check-up
items included: height and weight measurements; blood
pressure; chest X-ray; and blood tests including FPG
and triglyceride (TG). Information on personal smok-
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ing habits and the medical history of some diseases was
obtained from a self-administered questionnaire during
the oral examination. Periodontal status was defined
using the Community Periodontal Index!"), and a score
of 4 was assigned as severe periodontitis. We also col-
lected data on the utilization and costs of health care,
including medical and dental care costs, obtained from
health insurance claims made between April 2000 and
March 2005. These included the expenses for inpatient,
outpatient and dental components. For each claim in
the inpatient and outpatient component records, only
the main diagnosis was evaluated, even if the patient
was suffering from other diseases simultaneously. The
Japanese Health Insurance system utilizes the diagno-
sis based on the International Classification of Disease
which is called “119 Classification” (hereafter referred
to as “the 119 Classification). An individual claim of
health service is submitted from health providers month-
ly, which is entered in the form of each claim. The
costs are summed up from the health insurance claims
by ID numbers, according to periods, components, or
diseases. Both the health and dental examination data
were linked with the files of the health insurance claims
by ID numbers. This study was reviewed and approved
by the Ethics Committee of Medical Care and Research,
University of Occupational and Environmental Health,
Japan.

Study subjects

Of 11,813 eligible subjects who were registered with
the mutual aid association for the full study period, 8,546
subjects completed both the health and oral examina-
tions at baseline. Because most workers retire at 60
yr of age in Japan, only subjects aged 40-54 yr as of
April 1, 2000, were analyzed in this study (n=4,107).
Other exclusions were 21 subjects who had missing
data for FPG, TG, height, body weight, systolic blood
pressure or diastolic blood pressure. The remaining 4,086
subjects (males: 2,757; females: 1,329) were finally
analyzed. All of the subjects completed 4-yr follow-up
after baseline.

Statistical analysis

At baseline, we divided the subjects into the follow-
ing four categories: known diabetes (history of diabe-
tes); undiagnosed diabetes (FPG >125 mg/dl without
history of diabetes); IFG (FPG 110-125 mg/dl); and
non-diabetics (FPG <110 mg/d])!?. Annual health care
costs (inpatient, outpatient and dental components) were
estimated by analysis of variance (ANOVA). For p-value
estimation, a logarithmic transformation was used to
make the data more symmetric and homoscedastic. If
the costs were 0, the logarithmic transformations were
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undertaken after replacing O with 1. Dunnett’s pro-
cedure was used for multiple comparisons to identify
groups whose costs differed significantly from the costs
of the non-diabetic group. Crude admission and visit
rates were calculated as the percentages of subjects who
had ever been admitted to or visited health care institu-
tions during the study period, respectively. The odds
ratios (ORs) and 95% confidence intervals (CIs) of the
effects of diabetic status on institutional admission and
visits were estimated by a multiple logistic regression
model taking the values for the non-diabetic group as
references. The following variables were considered as
potential confounders and included in the model: age (in
5-yr age groups: 40-44, 45-49 and 50-54); sex; smok-
ing status (either current or past, or never); body mass
index (BMI; 225 or <25); hypertension (either systolic
blood pressure 2140 or diastolic blood pressure 290, or
neither), hyperlipemia (TG2150 or <150). BMI was
calculated as body weight (kg) divided by the square of
the body height (m?2).

First, the annual total health care costs per capita
in each year after baseline were estimated for the four
groups according to diabetic status. Second, the rela-
tionships of diabetic status with the utilization and
annual costs of inpatient, outpatient and dental care
were analyzed. Annual costs were estimated by divid-
ing the cumulative amount for the study period by the
number of subjects who were completely followed for

859

5 yr. Finally, medical care costs, including both inpa-
tient and outpatient costs, were calculated for each of
diabetes (code 402 of the 119 Classification) and the
following diseases that were possibly related to diabe-
tes: hypertension (901); heart disease (902 and 903);
cerebrovascular disease (904 to 908); and cancer (201
to 205). The above calculations were executed using
Statistical Analysis System Proc GLM and LOGISTIC
Version 9.1 (SAS Institute, Cary, NC).

Results

The subjects had a mean age of 46.9 yr, and 67.5%
were men. The proportions of subjects with IFG,
undiagnosed diabetes and known diabetes were 4.9%,
2.1% and 2.9%, respectively, with higher prevalence in
males (Table 1). The diabetes groups were likely to
have a history of liver or heart disease. The propor-
tion of male subjects with severe periodontitis among
the non-diabetics, IFG, undiagnosed diabetes and known
diabetes groups were 11.4%, 13.6%, 18.5% and 24.7%,
respectively, and significantly differ between four groups
(p<0.001).

Figure 1 shows the adjusted annual health care costs
per capita according to diabetic status in each year. At
baseline, the annual health care costs for subjects with
known diabetes were higher than those for non-diabetics
(p<0.001) and there were no differences among the

Table 1. Characteristics of the study subjects according to diabetic status at baseline

Male Female
. e Non- Undiagnosed Non- Undiagnosed
Diabetic status diabetic IFG diabetes Known 1) diabetic IFG diabetes Known 1)
. p value . p value
diabetes diabetes
FPG (mg/dl) <110 110-125 >125 <110 110-125 >125
n 2,417 162 81 97 1,265 37 6 21
Mean age 46.7 47.7 48.2 48.5 46.7 48.3 47.7 49.9
(SD) “0) (39 “3) 39 <000 (B9 (46 (4.9) 33 <000
FPG 92.1 115.4 158.4 149.8 88.4 115.2 138.5 172.5
(SD) (7.7) 4.4) (35.2) (51.8) <0.001 (7.5) (4.6) (13.3) (64.9) <0.001
Smoking status (%)
Current 51.5 43.2 51.9 56.7 0.422 1.9 0.0 0.0 4.8 0.696
Past 17.1 19.8 14.8 13.4 0.8 0.0 0.0 0.0
BMI 2 25 (%) 26.1 38.3 37.0 25.8 0.001 13.8 43.2 16.7 23.8 <0.001
Hypertension (%) 17.3 32.7 28.4 21.7 <0.001 7.2 24.3 50.0 19.1 <0.001
Hyperlipemia (%) 31.8 37.0 55.6 44.3 <0.001 6.5 13.5 333 333 <0.001
History of liver disease (%) 4.6 43 4.9 10.3 0.109 2.4 2.7 16.7 14.3 0.008
History of heart disease (%) 1.5 1.2 3.7 6.2 0.007 0.9 5.4 0.0 4.8 0.035
Severe periodontitis (%) 11.4 13.6 18.5 24.7 <0.001 5.8 5.4 0.0 9.5 0.708
No. of missing teeth 1.6 22 32 34 1.8 2.0 0.8 2.8
(SD) (2.6) 4.2) (3.9) (4.6) <0.001 (2.5) 2.7 (0.8) 4.1 0.231

IFG=impaired fasting glucose; FPG=fasting plasma glucose; SD=standard deviation.
D p values were calculated by analysis of variance, 32 test, or Fisher’s exact test.
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Fig. 1. Health care costs per person according to diabetic sta-
tus.

IFG=impaired fasting glucose.

Health care costs were adjusted for age, sex, smoking status, BMI,
hypertension, and hyperlipemia.

*p<0.05, **p<0.01, ***p<0.001, significant difference versus
the non-diabetic group for multiple post-hoc comparisons with
Dunnett’s correction, after the data were logarithmically trans-
formed.

other three groups. In year 3, the costs for the undi-
agnosed diabetes group were higher than those for the
non-diabetic group (p=0.025), and similar to the level
for subjects with known diabetes. Thus, the difference
between the subjects with undiagnosed and known dia-
betes disappeared within 4 yr. Over 5 yr, the adjusted
annual health care costs for the non-diabetic, IFG,
undiagnosed diabetes and known diabetes groups were
¥144,085, ¥138,095, ¥277,876 and ¥422,763, respective-
ly. The costs for subjects with undiagnosed and known
diabetes were significantly higher than those for non-
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diabetics (for undiagnosed diabetes: p=0.014; for known
diabetes: p<0.001).

Table 2 shows the annual mean costs and utilization
rates of inpatient, outpatient and dental components
according to diabetic status. The admission rates of
subjects with undiagnosed diabetes (OR, 2.05; 95%ClI,
1.32-3.18) and known diabetes (OR, 2.70; 95%ClI,
1.86-3.93) were higher than that of the non-diabetic
group. Furthermore, the annual inpatient costs for sub-
jects with undiagnosed and known diabetes were 3.0-
and 3.9-fold higher than that of the non-diabetic group,
respectively (p<0.001 for both). Subjects with known
diabetes had the highest annual outpatient costs, which
were 2.9-fold higher than the costs of the non-diabetic
group (p<0.001). For the dental component, there were
no significant associations of visit rates or annual costs
with diabetic status. The annual dental visit rates of
the non-diabetics were highest, although this trend did
not reach significance. For subjects with IFG, the visits
and costs of each component displayed similar patterns
to those of the non-diabetics.

The annual medical costs for the disease classifica-
tions according to diabetic status are listed in Table 3.
A worse diabetic status resulted in increased annual
medical costs for subjects with known diabetes, and
these costs were much higher than those for non-diabet-
ics (¥128,671 vs. ¥886, p<0.001). Regarding both heart
and cerebrovascular diseases, the annual medical costs

Table 2. Mean health care costs and utilization according to diabetic status

Diabetic status Non-diabetic IFG Undiagnosed diabetes
Known diabetes p value!
FPG <110 mg/dl 110-125 mg/dl >125 mg/dl

n 3,682 199 87 118
Inpatient

Cumulative admission rate (%) 22.1 28.6 41.4 47.5

0Odds ratio (95%CI)» 1.00 (reference) 1.27 (0.92-1.75) 2.05 (1.32-3.18) 2.70  (1.86-3.93)

Annual hospital cost (¥) (SE)>4 41,812 (4,573) 40,856 (12,112) 126,990% (18,033) 164,475% (15,644)  <0.001
Outpatient

Cumulative visit rate (%)% 97.8 97.0 96.6 100.0

Odds ratio (95%CI) 1.00 (reference) 0.75 (0.32-1.77) 0.71 (0.22-2.33) -

Annual outpatient cost (¥) (SE)>% 79,626 (4,256) 77,746 (11,273) 123,831 (16,784) 233,665* (14,560) <0.001
Dental care

Cumulative visit rate (%)% 86.2 81.9 80.5 82.2

Odds ratio (95%CI)% 1.00 (reference) 0.79 (0.54-1.15) 0.76  (0.44-1.31) 0.79 (0.49-1.29)

Annual dental care cost (¥) (SE)>% 22,646 (658) 19,493 (1,743) 27,055 (2,595) 24,624 (2,251) 0.433

IFG=impaired fasting glucose; FPG=fasting plasma glucose; 95%CI=95% confidence interval; SE=standard error.
*p<0.001, significant difference versus the non-diabetic group for multiple post-hoc comparisons with Dunnett’s correction, after the data were loga-

rithmically transformed.

D p values were calculated by analysis of variance, after the data were logarithmically transformed.
2 Crude rate (subjects who received care at least once between April 2000 and March 2005).
3 Adjusted for sex, age, smoking status, BMI, hypertension, and hyperlipemia.

4 Per capita.

Industrial Health 2010, 48, 857-863
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Table 3. Mean medical care costs for disease classifications according to diabetic status

Diabetic status Non-diabetic IFG Undiagnosed diabetes
Known diabetes p value!
FPG <110 mg/dl 110-125 mg/dl >125 mg/dl

Annual medical care cost (¥)>

Diabetes (SE) 886 (1,141) 11,552%* (3,022) 43,456** (4,500) 128,671%* (3,904) <0.001
Hypertension (SE) 18,106 (785) 20,833  (2,080) 29,588  (3,096) 25,492 (2,686) 0.085
Heart disease (SE) 5,434 (1,446) 4,615 (3,831) 3,515  (5,703) 25,630*% (4,948) 0.041
Cerebrovascular disease (SE) 6,841 (2,068) 7,029  (5,476) 4989  (8,153) 69,369* (7,073) 0.066
Cancer (SE)” 3,383 (1,513) 5261  (4,008) 11,677 (5,968) 4,738 (5,177) 0.110

IFG=impaired fasting glucose; FPG=fasting plasma glucose; SE=standard error.
*p<0.05, **p<0.001, significant difference versus the non-diabetic group for multiple post-hoc comparisons with Dunnett’s correction, after the

data were logarithmically transformed.

D p values were calculated by analysis of variance, after the data were logarithmically transformed.

2) This cost includes inpatient and outpatient care.

3 Adjusted for sex, age, smoking status, BMI, hypertension, and hyperlipemia.

4 Per capita.
5) This includes cancers of the stomach, colon, rectum, liver, and lung.

for subjects with known diabetes were highest (for heart
disease: p=0.039; for cerebrovascular disease: p=0.030).
There were no clear differences for cancer medical
costs.

Discussion

In this cohort study of 4,086 Japanese workers, we
found that diabetic individuals incurred significantly
higher health care costs than non-diabetics, while IFG
was not associated with higher costs. Compared with
the non-diabetic group, subjects with known diabetes
incurred 3.9- and 2.9-fold higher annual inpatient and
outpatient costs, respectively, while subjects in the
undiagnosed diabetes group incurred 3.0- and 1.6-fold
higher costs, respectively. Many of the excess costs of
medical care among subjects with diabetes were caused
by diabetes itself, but some was also attributable to car-
diovascular disease (CVD), which is considered to be
complications of diabetes.

Individuals with undiagnosed diabetes may notice an
initial manifestation of diabetes, which subsequently
leads to disease progression. In our study, similar
health care costs were seen among the non-diabetic,
IFG and undiagnosed diabetes groups at baseline, and
the costs of the subjects with undiagnosed diabetes
gradually increased thereafter to reach the levels of
subjects with known diabetes within 4 yr. A primary
care cohort study of type 2 diabetic patients with A1C
<7% at baseline suggested that 28% of the patients had
disease progression at 1 yr follow-up'?. Of the pro-
gressors, 62% were being treated with glucose-lowering
medications. However, in our study, we could not con-
clude that the increasing cost in the undiagnosed diabe-
tes group was associated with the diabetes progression.

A 10-yr follow-up study in Japan reported that medical
costs for subjects with a self-reported history of diabetes
were approximately 2-fold higher than those for subjects
without either hypertension or diabetes”). Even with a
shorter follow-up period, our results indicated that the
medical costs for subjects with known diabetes were
3.3-fold higher than those for the non-diabetic group.
Overall, medical costs are typically 2-3-fold higher for
subjects with diabetes than for non-diabetics.

A few studies have provided patient level estimates of
the direct medical costs of patients with hyperglycemia
below the diabetic threshold® ®. They found that indi-
viduals with hyperglycemia incurred significantly higher
medical costs than individuals with normal glucose, but
the difference between the IFG group and the normal
glucose group was not clear-cut. Age-, sex- and comor-
bidity-adjusted medical costs of subjects with FPG val-
ues in the range of 110-125 mg/dl were approximately
4% higher than those of subjects with FPG values of
<100 mg/dl®. Owing to the large sample size, the
association is likely to be significant. Patients with
both IFG (100-125 mg/dl) and possible impaired glu-
cose tolerance were more costly than those with normo-
glycemia ($7,003 vs. $6,208, p<0.001), while the costs
were similar between subjects with isolated IFG and
those with normoglycemia ($6,171 vs. $6,208)®. Our
findings showed that individuals with IFG did not incur
higher costs than non-diabetics, suggesting that most of
workers with IFG may have not converted to diabetes
yet within 4-yr when cost is the focus.

Complications at the macrovascular level have been
linked to diabetes, and subjects with diabetes are more
likely to suffer from CVD!3-15,  Previous studies have
reported that CVD accounts for the large majority of
diabetic complication costs® 16 17, Diagnosis of dia-
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betes more than doubled the inpatient cost of cardiac
disease and tripled the inpatient cost of celebrovascular
disease over 8 yr of follow-up!”. The nationally rep-
resentative study in the U.S. demonstrated that diabetes
with macrovascular comorbid conditions are associated
with both increased health care cost and lost productiv-
ity cost!®. Our results demonstrated a higher preva-
lence of heart disease in subjects with known diabetes
at baseline, and this may translate into the excess costs
of CVD. It appears that heart and cerebrovascular
diseases had no effect for subjects with undiagnosed
diabetes during the study period. Although it is prob-
able that CVD is considered to be a complication of
diabetes, there may not have been a sufficient period of
time between the onset of diabetes and the subsequent
occurrence of CVD.

Recently, an elevated risk of cancer in diabetic
patients has been reported. In a large-scale population-
based cohort study in Japan, a past diagnosis of diabetes
was associated with an increased risk of total cancer!?.
In the present study, there was no clear relationship
between diabetic status and incremental medical costs
due to cancer.

However caution is necessary when interpreting these
results because the diagnosis for each instance of medi-
cal care use was based only on the main diagnosis, even
if the patient was simultaneously suffering from other
diseases. There were no significant differences in the
hypertension costs among the different diabetes groups,
although a lower proportion of subjects with known dia-
betes had hypertension than those with IFG and undi-
agnosed diabetes. One possibility is that more frequent
medical visit for diabetes and CVD treatment may mask
additional services given for hypertension.

Periodontal disease is more frequent and severe in
diabetic individuals. Diabetic patients may reach a
more significant extent of periodontal disease than
non-diabetic controls, even in the absence of bacterial
growth?®. As expected, our findings showed that the
proportion of patients with severe periodontitis increased
with worsening diabetic status. However, non-diabetics
visited dental clinics most frequently during the 5-yr
study period. A previous finding that US adults with
diabetes were less likely to have seen a dentist than
those without diabetes?!). Dental care utilization may
reflect the level of health concerns rather than oral con-
ditions.

The present findings should be considered in the con-
text of some limitations. First, the study population was
a specific group of civil service officers aged 40-55 yr
working in one prefecture in Japan, and health insur-
ance systems and health services differ among countries.
Thus, it is difficult to determine how applicable the
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findings may be to other populations. However, given
homogeneity with respect to important confounders and
availability of accurate information, we suppose that the
observed associations are valid estimates of the effects
of diabetic status on health care costs??. Second, we
could not distinguish between types 1 and 2 diabetes.
Because onset of type 1 diabetes usually occurs before
the age of 30 yr?3), the individuals with undiagnosed
diabetes in our study likely have had type 2 diabetes.
Finally, as mentioned above, the diagnosis for each
instance of medical care use was based only on the
main diagnosis.

In summary, we have confirmed the presence of
increased health care costs for diabetic individuals using
5-yr follow-up worksite cohort data. IFG was not
found to be associated with higher costs. The health
care costs of subjects with undiagnosed diabetes reached
levels similar to those of known diabetics within 4 yr.
Diabetes may increase the medical care costs for hyper-
tension and CVD, even in middle-aged adults. Diabetes
and related complications present considerable monetary
burdens to health insurance providers. More promotion
of the prevention of diabetes among people of working
age should be encouraged in order to reduce health care
cost, and this may also lead to better work productivity
and quality of working life.
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