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Table |
Baseline characteristics of the Ohsaki Study subjects in 1995, Japan

Non- Study P-value® ‘Overweight/Obesity®  Hypertension® Hyperglycemia? Dyslipidemia ®

participants  participants ) *) ) ) O *) e )
N 38,915 12,340 8152 4188 7158 5182 11,292 1048 6790 5550
Age (year) (SD) 61.0 (10.6) 61.1 (9.4) 0.25 61.2(9.6) 61.0(8.9) 59.1(9.7) 63.9(8.2) 60.8(83) 64.0(83) 60.5(9.8) 61.8(8.9)
Male (%) 49.4 43.0 <0.0001 455 382 41.7 44.8 41.6 58.2 47.1 38.0
Current smoker (%) 30.0 223 <0.0001 247 17.7 23.0 213 21.6 30.3 239 204
Current drinker (%) 42.1 42.6 <0.0001 436 40.8 41.3 44.4 42.0 49.6 479 36.2
Overweight/obesity (%) 28.7f 28.8° 0.75 0.0° 100.0®  27.8° 425° 33.7° 36.1° 27.9° 41.4°
Hypertension (%) 27.5¢ 23.8% <0.0001 36.6° 52.5¢ 0.0° 100.0¢ 41.0¢ 52.5°¢ 39.5°¢ 45.1°¢
Hyperglycemia (%) 7.2k 47" <0.0001 82° 9.0¢ 7.0¢ 10.6¢ 0.0° 100.0¢  7.9¢ 9.2¢
Dyslipidemia (%) - 399°¢ 54.9°¢ 42.6° 48.3°¢ 44.6° 489° 0.0° 100.0°¢

SD denotes standard deviation.

¢ Vanables were compared between study participants and non-participants by the r-test or the % 2 test, as appropriate.

® Measured Body Mass Index = 25.0.

¢ Blood pressure > 140/90 mm Hg or self-report of taking antihypertensive medication.

4 Casual blood glucose = 150 mg/dl or self- -reported history of diabetes.

¢ Casual serum cholesterol =220 mg/dl, or HDL <40 mg/dl, or self-report of taking lipid-lowering medication.

f Body Mass Index calculated by self-reported weight/(height* height) >25.0.

& Self-reported history of hypertension.
" Self-reported history of diabetes.

Of the 12,340 study participants, 12,054 (97.7%), 4215
(34.2%), and 12,047 (97.6%) used total, inpatient, and out-
patient medical care and had more than zero costs for the 6-
year period. During the follow-up, 584 subjects (4.7%) died
and 921 (7.5%) were lost to follow-up. Table 1 shows the
baseline characteristics of the subjects in terms of presence/
absence of overweight/obesity, hypertension, hyperglycemia,
and dyslipidemia. Cardiovascular risk factors were often
present together in the same individual. Among the study
participants, 39.1% had no risk factor, 39.3% had a single risk
factor, and 21.6% had two or more risk factors. In comparison
with those without overweight/obesity, those with overweight/
obesity had a higher prevalence of the other three cardiovas-
cular risk factors and were less likely to be current smokers or
current drinkers. Also, hypertension, hyperglycemia, and
dyslipidemia were associated with a higher prevalence of the
other three cardiovascular risk factors.

Table 2 shows the adjusted monthly medical costs of the
subjects in terms of presence/absence of these cardiovascular risk
factors. The adjusted mean total and outpatient medical costs
among overweight/obese subjects were significantly higher than
those among subjects who were not overweight/obese (P=0.013,
0.030, respectively). The mean inpatient cost among overweight/
obese subjects was higher than that among subjects who were not
overweight/obese, but the difference was not significant
(P=0.068). The adjusted mean total, inpatient, and outpatient
medical costs among subjects with hypertension were significantly
higher than among subjects without hypertension (P <0.0001,
0.0008, <0.0001). The adjusted mean total, inpatient, and
outpatient medical costs among subjects with hyperglycemia
were significantly higher than among subjects without hypergly-
cemia (P <0.0001, 0.0004, <0.0001). There was no difference in
total, inpatient, and outpatient medical costs between subjects with
and without dyslipidemia (P=0.74, 0.50, 0.55).

Table 2
Adjusted monthly medical costs by the presence/absence of the cardiovascular risk factors in the Ohsaki Study, Japan, 1996-2001
N Adjusted inpatient cost?, $ Adjusted outpatient cost?, $ Adjusted total cost®, $ Increasing
0,
(95%Cl) Pvalue  (95%Cl) Pvalue  (95%CI) Pvalue € (%)
Overweight/obesity®  (-) 8152 87.1 (78.8-95.5) (Referent)  139.5 (135.4-143.6) (Referent) 226.6 (216.9-236.3) (Referent) (Referent)
+) 4188 100.6 (88.9-112.3)  0.068 147.4 (141.6-153.2)  0.030 248.0 (234.4-261.6) 0.013 9.4
Hypertension © ) 7158 81.5 (72.5-90.5) (Referent)  122.0 (117.6-126.4)  (Referent) 203.5 (193.0-213.9) (Referent) (Referent)
) 5182  105.8 (95.1-116.4)  0.0008 170.1 (164.8-175.3)  <0.0001 275.9 (263.5-288.2)  <0.0001 356
Hyperglycemia ¢ - 11,292 88.0 (80.9-95.0) (Referent)  137.8 (134.3-141.3)  (Referent) 225.8 (217.6-234.0) (Referent) (Referent)
+) 1048 131.8 (108.4-155.1)  0.0004 189.4 (177.9-200.9) <0.0001 321.1 (294.0-348.2)  <0.0001 422
Dyslipidemia © ) 6790 93.8 (84.7-103.0)  (Referent) 141.3 (136.7-145.8) (Referent) 235.1 (224.5-245.7) (Referent) (Referent)
+) 5550  89.1 (79.0-99.2) 0.50 143.3 (138.3-1483) 0.55 2324 (220.6-2442) 0.74 - 1.1

Cl denotes confidence interval. The plus (+) denotes the presence of each of the index risk factors. The minus () denotes the absence of each of the index risk factors.
® Tested by analysis of covariance (ANCOVA) using non-log-transformed data on charges adjusted by age at baseline (continuous variable), sex, smoking (current
smoker, past smoker, or never smoker), alcohol drinking (current drinker, past drinker, or never drinker), and comorbid condition of other three cardiovascular risk

factors.

® Body Mass Index =25.0.

¢ Blood pressure >140/90 mm Hg or self-report of taking antihypertensive medication.

4 Casual blood glucose > 150 mg/dl or self-reported history of diabetes.
© Casual serum cholesterol =220 mg/dl, or HDL <40 mg/dl, or self-report of taking lipid-lowering medication.
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Table 3
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The joint impact of cardiovascular risk factors upon medical costs in the Ohsaki Study, Japan, 1996-2001

No. of risks N Person-  Inpatient costs Outpatient costs
months  » fiusted cost®, $ Risk-attributable  RAC%°®  Adjusted cost?, §
b 0,
95%CI) Pvalue  Increasing <553 (%) (95%Cl)
rate (%)
0 4821 323,036 76.2  (65.3-87.1) (Referent)  (Referent) 117.2 (111.9-122.6)
I
Overweighr/obesityd 1839 123,039 82.8  (65.2-100.4) 0.99 8.7 812,054 1.1 1204 (111.8-129.0)
Hypretension © 2661 177,066 953  (80.6-110.0) 0.47 25.1 3,381,967 4.5 161.9  (154.7-169.1)
Hyperglycemia " 349 23080 1267 (86.6-1668) 025 66.3 1,165,524 1.5 1602 (140.5-179.9)
2
Overweight/obesityd+ 1971 131,829  111.1  (94.2-128.1) 0.017 45.8 4,600,825 6.1 170.t  (161.8-178.4)
Hypretension ®
Overweight/obesity 94 149 10,117 1054  (44.2-166.7) 0.98 383 295,418 0.4 173.4  (143.4-203.5)
Hyperglycemia® '
Hypretension + 321 20,718 1347  (92.7-176.7) 0.13 75.8 1,211,976 1.6 2235 (202.9-244.1)
Hyperglycemia f
3
Overweight/obesityd+ 229 15,173 1582  (108.7-207.7) 0.034 107.6 1,244,169 1.6 211.2  (186.9-235.5)
Hypretension “+
Hyperglycemia ¥
Total 12,340 824,056 12,711,934 16.8

Cl denotes confidence interval. RAC% denotes percentage of risk-attributable medical costs.
“ Tested by analysis of covariance (ANCOVA) adjusted by age at baseline (continuous variable), sex, smoking (current smoker, past smoker, or never smoker), and

alcohol drinking (current drinker, past drinker, or never drinker).

®The increment in medical costs attribute to cardiovascular risk factors were calculated by multiplying the adjusted excess costs by the number of person-months

observed.

¢ The proportion of medical costs in the entire cohort that would not occur if no one had cardiovascular risk factors, which were calculated by dividing the risk-
attributable medical costs by the total medical costs for entire cohort during the 6-years of observation period.

YBody Mass Index >25.

°Blood pressure >140/90 mm Hg or self-report of taking ahtihypenensive medication.

f Casual blood glucose >150 mg/dl or self-reported history of diabetes.

Table 3 lists the monthly mean medical costs according to
the combination of cardiovascular risk factors. Medical costs
increased significantly as the number of risk factors increased.
Subjects without any of overweight/obesity, hypertension, and
hyperglycemia (the ‘no-risk-factor’ group) had an adjusted
mean total medical cost of $193.4 per month. Relative to this
group, among subjects who had one risk factor, the presence
of overweight/obesity alone was associated with a 5.1%
increase in total medical costs, but this was not statistically
significant; the presence of hypertension alone was associated
with a 33.0% significant increase in total medical costs, and
the presence of hyperglycemia alone was associated with a
48.3% significant increase. The combinations of overweight/
obesity +hypertension, overweight/obesity +hyperglycemia,
and hypertension+hyperglycemia were associated with
45.4%, 44.2%, and 85.2% increases in total medical costs,
respectively. Subjects who had all three risk factors had total
medical costs that were 91.0% higher than those of the no-
risk-factor group.

During the 6-year observation period, the whole study
population consumed medical costs totaling $192.6 million
(824,056 person-months). Risk-attributable medical costs for
each risk category were estimated by multiplying the excess
cost and the person-months for each risk category observed. For
example, the risk-attributable total medical cost for overweight/
obesity alone was estimated by multiplying the adjusted total

excess cost per individual who had the single risk factor of
overweight/obesity ($9.8) by the associated person-months
(123,039 person-months). By multiplying these values, it was
estimated that a medical cost of $1.2 million (0.6%) was
attributable to this risk factor. Although the degree of increase in
medical cost per individual was greater among subjects with
hyperglycemia alone than among subjects with hypertension
alone, the RAC% for hyperglycemia alone was smaller than that
for hypertension because of its lower prevalence. Total RAC%
was 17.2%. RAC% for inpatient medical care was 16.8%, and
that for outpatient care was 17.5%. There was no -notable
interaction between risk categories and age or sex in adjusted
mean total cost.

For sensitivity analysis, we redefined overweight/obesity,
hypertension, hyperglycemia, and dyslipidemia and re-esti-
mated the economic impact of these factors (Table 4). Among
subjects who had BP >140/90 mm Hg, 42.2% reported
taking antihypertensive medication. Among subjects who had
a casual blood glucose level of > 150 mg/dl, 32.0% reported a
history of diabetes. Among subjects who had a casual serum
cholesterol level of >220 mg/dl or HDL <40 mg/dl, 4.0%
reported taking lipid-lowering medication. Self-reporting of
antihypertensive medication and a self-reported history of
diabetes, and a BMI of > 30 were associated with significantly
increased total medical cost (P <0.0001, <0.0001, 0.0030,
respectively). Subjects who self-reported taking lipid-lowering
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Total costs
Risk-attributable RAC%* Adjusted cost®, $ Risk-attributable RAC%®
b o b
P-value Increasing costs”, § %) (95%CH P-value Increasing total costs”, § (%)
rate (%) rate (%)
(Referent) (Referent) 193.4 (180.8-206.0) (Referent) (Referent)
0.99 2.7 393,723 1.3 203.2 (182.8-223.6) 0.99 5.1 1,204,956 0.6
0.0010 38.1 7,914,864 6.8 257.2 (240.1-274.3) <0.0001 33.0 11,298,260 5.9
<0.0001 36.7 992,427 0.8 286.9 (240.3-333.5) 0.038 48.3 2,157,869 1.1
0.0074 45.1 6,973,743 6.0 281.2 (261.5-300.9) <0.0001 454 11,575,527 6.0
0.0003 48.0 568,579 0.5 278.9 (207.7-350.0) 0.28 44.2 864,735 0.4
<0.0001 90.7 2,202,274 1.9 3583 (309.5-407.0) <0.0001 85.2 3,415,376 1.8
<0.0001 80.2 1,426,243 1.2 369.4 (311.9-426.9) <0.0001 91.0 2,670,227 1.4
20,471,853 17.5 33,186,950 17.2

medication had a higher mean cost than those with a serum
cholesterol level of <220 mg/dl and HDL >40 mg/dl and who
did not self-report taking lipid-lowering medication, but the
difference was not significant (P=0.76). Among subjects who
did not self-report a history of diabetes, those who had a blood
glucose level of >150 mg/dl and <200 mg/dl had a signi-
ficantly higher mean total cost than those who had a blood
glucose level of <150 mg/dl (P=0.017).

Discussion

Mean medical cost among subjects who were overweight/
obese, hypertensive, and hyperglycemic was 91.0% higher than
that among subjects without any of these three risk factors, after
adjustment for a variety of potential confounders. In this cohort,
17.2% of the total medical cost was attributable to these three
cardiovascular risk factors.

One cohort study in Korea (Jee et al., 2001) and one cohort
study in the U.S. (Anderson et al., 2000) have estimated RAC
% for combination of cardiovascular risk factors in terms of
‘total medical costs. Anderson et al., based on a prospective
observation of a large employee cohort in the U.S., reported
the RAC% for obesity, hyperglycemia, and hypertension of
6.3% (Anderson et al., 2000). In their study, dyslipidemia was
not associated with any increase in medical cost. Jee et al.
(2001) found that the RAC% for obesity, hyperglycemia, and

hypertension was 10.4% for men and 5.5% for women, using
a large employee cohort in Korea. In the present study, the
RAC% for overweight/obesity, hyperglycemia, and hyperten-
sion was 17.2%, and was thus higher than in the previous
studies. This may have been partly due to the fact that the
previous studies were based on observations of healthy young
workers; the impact of cardiovascular risk factors upon
medical eosts would become larger with age. In addition, as
these previous studies excluded subjects who became too ill
to work during the follow-up, they would have under-
estimated the impact of cardiovascular risks upon medical
costs.

The result of sensitivity analysis (Table 4) showed that being
on treatment at the baseline rather than having a raised level of
risk factors without treatment was associated with higher cost.
Especially in hyperglycemia, most of the costs associated with
hyperglycemia were attributable to diabetes rather than pre-
diabetic hyperglycemia.

Study limitations and strengths

The present study had a number of strengths. First, we
followed up a large population-based cohort retaining the
elderly and those who became ill during follow-up. In our
cohort, only 921 subjects (7.5%) withdrew from the NHI and
were thus lost to follow-up because of emigration. Second,
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Table 4
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Adjusted monthly medical costs by the cardiovascular risk status in the Ohsaki Study, Japan, 1996-2001

N Adjusted cost®, $ (95%CI)  P-value Increasing rate (%)
Overweight/Obesity  Body Mass Index <25 8152  226.6 (216.8-236.3) (Referent)  (Referent)
Body Mass Index >25 and <30 3747 2423 (228.0-256.7) 0.17 7.0
Body Mass Index >30 421 299.9 (257.2-342.5) 0.0030 324
Hypertension Without self-report of taking antihypertensive medication
Systolic BP <140 mm Hg and diastolic BP <90 mm Hg 7158  202.9 (192.5-213.3) (Referent)  (Referent)
Systolic BP 2 140 mm Hg or diastolic BP 291 mm Hg 2247  223.0 (204.6-2414) 0.15 9.9
Self-report of taking antihypertensive medication 2935  317.7 (301.3-334.1) <0.000! 56.6
Hyperglycemia Without self-reported history of diabetes
Casual blood glucose <150 mg/dl 11,292 225.8 (217.6-234.0) (Referent)  (Referent)
Casual blood glucose = 150 mg/d] and <200 mg/d] 354 296.6 (250.2-343.0) 0.017 314
Casual blood glucose =200 mg/d! 11 255.9(173.2-338.6) 0.89 13.3
Self-reported history of diabetes 583  348.5 (312.2-384.8) <0.0001 544
Dyslipidemia Without self-report of taking lipid-lowering medication
Casual serum cholesterol <220 mg/dl and HDL =40 mg/d] 6790  235.1 (224.5-245.7) (Referent)  (Referent)
Casual serum cholesterol =220 mg/dl or HDL <40 mg/dl 5328  231.4(219.4-243.4) 0.9 -1.6
Self-report of taking lipid-lowering medication 222 256.5 (198.0-315.1) 0.76 9.1

Cl denotes confidence interval. BP denotes blood pressure. HDL denotes high-density lipoprotein.
* Tested by analysis of covariance (ANCOVA) using non-log-transformed data on charges adjusted by age at baseline (continuous variable), sex, smoking (current
smoker, past smoker, or never smoker), alcohol drinking (current drinker, past drinker, or never drinker), and comorbid condition of other three cardiovascular risk

factors.

because NHI claim files were obtained directly from the local
NHI Association and included almost all available medical
treatment, our charge calculation was accurate. Third, in this
study, the joint impact of cardiovascular risk factors was
analyzed after adjustment for a variety of potential
confounders.

Our study also had some limitations. Among all this study
population, participation rate in the annual health check-up
was as low as 33.3%. However, the participation rate in the
annual health check-up was similar to that for Japan as a
whole. According to the Ministry of Health, Labour and
Welfare, the participation rate in the annual health check-up in
Japan was 36.5% in 1995. Second, only 24.1% of the study
population participated in the annual health check-up and had
no prior history of cancer, stroke, or myocardial infarction and
were available for the present study. The present study subjects
were less likely to be hypertensive and hyperglycemic and
might have been healthier than the rest of the study population.
Therefore, we might have underestimated the RAC% because
of the lower prevalence of cardiovascular risk factors in these
individuals. Third, the present study does not prove whether
prevention of these cardiovascular risk factors can reduce
medical costs. Further interventional strategies could reduce
these cardiovascular risk factors and potentially lower medical
costs. Fourth, we did not identify individual reasons for
medical treatment, and thereby we were unable to distinguish
treatment costs from comorbid costs. However, each of the
cardiovascular risk factors was associated with an increase not
only in outpatient medical costs but also inpatient medical
cost. In Japan, because hypertension and obesity rarely
become main reasons for hospitalization, inpatient costs
mainly reflect the costs of comorbidity. Moreover, the fact
that RAC% for inpatient care was comparable to RAC% for
outpatient care (16.8% vs. 17.5%) implies that overweight/
obesity, hypertension, and hyperglycemia are related to not

only high prescription costs for treatment of the primary
disease but also severe medical events requiring inpatient
treatment.

Conclusion

We have demonstrated that 17.2% of medical costs are
attributable to overweight/obesity, hypertension, and hypergly-
cemia. These cardiovascular risk factors could have a large
impact on health care resources in rural Japan.
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