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integrated medical and long-term care :

resource consumption based on health
behaviour: application of healthcare big
data of patients with circulatory diseases

Tomoyuki Takura'", Keiko Hirano Goto® and Asao Handa®

Abstract PA S \aa
Background: Medical costs and the burden associated with cardiovascular disease are on the rise. Therefore, to ’
improve the overall economy and quality assessment of the healthcare system, we developed a predictive model

of integrated healthcare resource consumption (Adherence Score for Healthcare Resource Outcome, ASHRO) that
incerporates patient health beha nd examined its association with clinical outcomes.

Methods: This study used information from a large-scale database on health insurance claims, long-term care
insurance, and health check-ups. Participants cemprised patients who received inpatient medical care for diseases
of the circulatory system (IC s 100-199). The predictive model used broadly defined composite adherence

as the explanatory variable and medical and long-tem care costs as the objective variable. Predlictive models used

random forest leaming (AL anificial intelligence) to adjust for predicters, and multiple regression analysis to
construct ASHRO scores. The ability ef discrimination and calibration of the prediction madel were evaluated using
the area under the curve and the Hosmer-Lemeshew test. We compared the overall mortality of the twa ASHRO
50% cut-off groups adjusted for clinical risk facters by propensity score matching over a 48-month follow-up period

Results: Overall, 48,456 patients were discharged from the hospital with cardiovascular disease (mean age, 683 +
99 years; male, 61.9%). The broad adherence score classification, adjusted as an index of the predictive medel by
machine learning, was an index of eight: secondary prevention, rehabilitation intensity, guidance, proportion of
days covered, overlapping eutpatient visits/clinical laboratery and physiclogical tests, medical attendance, and
generlc drug rate. Mulliple regression analysis showed an overall coefficient of determination of 0313 (o < 0.001}
Logistic regression analysis with cut-off values of 50% and 25%/75% for medical and leng-term care costs showed
that the overall coefficient ef determination was statistically significant (o < 0001). The score of ASHRO was
associated with the incidence of all deaths between the two 50% cut-off groups (29 vs. 7%; p < 0001)
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Medical big data against the background Parameter Mean = SD & Median IQRh
on millions of residents
Sample
Patients, n 48,456

Selection criteria
Period: from April 2014 to March 2018.
Histoay: with hespitalization for cardiovascular diseases
(ICD-10, I 00-95) dunng a four-year period.

Health check-up examination
68.3+9.9 69.0
29,994 (61.9)

Age, years 65.0-73.0

Male sex, n (%)

Exclusion: cardiovascular-designated mtractable
diseases on admission, congenital cardiovascular

Physical examination

Height, cm 160 + 8.8 160.3 153.4 - 166.6
diseases, and senious s of cardiomvopathies.
ik o Weight, kg 60.0+11.3 59.5 52.1-67.1
BMI3, kg/m?2 23.4+3.4 23.2 21.1-25.3
FParameter scoring Waist, cm 84.4 +9.3 84.2 78.5 - 90.0
Composite (intiinsic) adherence. i
Proportion of days covered (PDC). Systolic BPP, mmHg 131.2+15.0 130.5 121.8 - 140.0
Diastolic BPP, mmHg 75.7+10.3 75.3 69.3 -81.8
Lipid profile
Study population n = 43,456 Triglycerides, mg/dL 120.8 +75.2 103.3  76.0 - 143.5
Main analysis themes: the influencing factors for HDL ¢ cholesterol, mg/dL 59.4+15.9 57.5 48.0 - 68.8
the switch to generic drugs. LDL d cholesterol, mg/dL 116.6 + 29.3 116.0 97.0 - 134.5
Patient severity (Clinical parameters) Kidney function
Serum creatinine, mg/dL 0.9+0.8 0.8 0.6 - 0.9
Composite adherence and Proportion of days Serum uric acid, mg/dL 5414 5.4 4.5-6.3
eGFRe, mL/min/1.73m?2 69.2+17.1 69.6 60.2 - 79.1
Physician—Patient relationship Parameter scoring Blood sugar
Physician—Patient relationship.
e e HbA1cf (%) 5.9+0.8 5.7 5.5-6.1
Follow-up period, months 36.1+8.8 44.0
Patient background-adjusted population n= 2,420 a BMI: body mass index, P BP: blood pressure, cHDL: high-density
Propensity score matchins: age, sex, systolic blood pressure, LDL cholesterol, HbAle, lipoprotein, 4 LDL: low-density lipoprotein, ¢ GFR: glomerular filtration rate, f
. crestinine. i . HbA1lc: hemoglobin A 1c, 8SD: Standard Deviation, P IQR: Interquartile range
arum tmine cigarette smoking.
Values are expressed as mean = SD, n (%)
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Adjusted 95% CI  P-value
Coefficient of covariates odds ratio
Age (year) ¢ 1.018 1012 - 1024 =0001 "
Sex (binary, male: Low) . 0922 08537 — 08393 0033 *
Systolicblood pressure (mmHg, annual mean change) s 0.996 0993 — 0.999 0015 °
LDOL cholesterol {mg/dL, annual mean change) [+3 1.000 0.997 — 1.002 0.988
HbAlc (%, annual mean change) —_—— 0.998 0931 — 1.071 0975
Serum creatinine (mg/dL, annual mean) o 0.837 0.729 — 0962 0012 *
BMI {kg/m?, annual mean change & 0.996 0890  1.003 0.345
Hematocrit (%, annual mean change) @ 0.998 0.995 1.001 0241
AST (GOT) (IU/L, annual mean change) @ 0.994 o890 0997 o001 T
Mursing care level (score, annual mean change) T 0.757 0472 — 1215 0.249
Cigarette smoking (binary, annual mean) < 0.758 0601 — 0.956 0019 *
Alcohol drinking (frequency, annual mean) —_— 0.995 0919 — 1077 0.906
PDC (score, improve ment: Low) . 0.959 0.948 — 0.970 =0.001 "™
Adherence (score, improvement: Low) —— 0.910 0.875 - 0947 =o0001 """
U.Id- ﬂ.I'E I:I'.IE- 1.0 l.ll l.ldn
Walue (odds ratio) e pe 001, **:P<.01, *:P<.05
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Parameter Inferior group Superior Group P-value
100 P<.001 P<.001
Sample (n) 1,210 1,210 ——
- B
Age (year) 70.216.6 70.2*£6.8 0.444
BO
Sex2 (male: n, %) 816 (67.4%) 836 (69.1%) 0.407
Systolic blood 70
pressure (mmHg, g4, 5 ¢ 8.5+5.5 0.143 g
mean change per 5 60
observation period) <
LDLP cholesterol g 50
dL, mean o
(me/dL, 7.8+5.3 7.4+5.1 0.086 2
change per z -
observation period) &
HbA1lc¢ (%, mean 30
change per 0.3+0.2 0.3+0.2 0.284

observation period)

Serum creatinine

(mg/dL, mean per 0.6£0.8 0.7£1.1 0.126
observation period) — - -
Cigarette smokingd

(binary, mean per 0.2t 0.3 0.2£0.3 0.732 .

20

Inferiar Superior Inferiar Superior
observation period
i P ) ) ) ) Afteradjustment by PSM Before adjustment by PSM
a Sex: binary (male; 1, female; 2), ® LDL: low-density lipoprotein, cHbAlc:
hemoglobin A 1c, 4 Cigarette smoking: binary (presence; 0, existence; 1) Relationship (physician and patient)
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95% CI
(Partial regression coefficient)

Standard partial regression

Parameter Standard error Odds ratio

coefficient

Age (year) -0.064 0.002 0.982 0.977 - 0.986 < 0.001

Sex (binarization) b 0.024 0.044 1.145 1.050 - 1.249 0.002

Adherence (score,

. 1.021 - 1.029
improvement: Low)

Model (Logistic regression, Dependent variable: Relationship2): P < .001

a Relationship: binary (Superior; 0, Inferior; 1), P Sex: binary (male; 1, female; 2)
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Abstract

Background: With countries promoting generic drug prescribing, their growth may plateau, warranting further investigation
into the factors influencing this trend, including physician and patient perspectives. Additiona strategies may be needed to
maximize the switch to generic drugs while ensuring healthcare system sustainability, focusing on factors beyond mere low cost.
Emphasizing affordability and clarifying other prescription considerations are essential.

Objective: This study aimed to provide initia insights into how patient severity, composite adherence, and physician-patient
relationships impact generic switching.

Methods: This study utilized a long-term retrospective cohort design by analyzing data from a national healthcare database.
The population included patients of all ages, primarily older adults, who required primary-to-tertiary preventive actions with a
history of hospitalization for cardiovascular diseases (CVDs) (International Classification of Diseases, Tenth Revision) during
April 2014 to March 2018 (4 years). We focused on switching to generic drugs, with temporal variationsin clinical parameters
asindependent variables. Lifestylefactors (smoking and drinking) were also considered. Adherence was measured as acomposite
score comprising 11 elements. The physician-patient rel ationship was established based on theinterval between physician change
and prescription. Logistic regression analysis and propensity score matching (PSM) were employed, along with complementary
analysis of physician-patient relationships, proportion of days covered (PDC), and adherence for a subset of the population.
Results. The study included 48,456 patients with an average follow-up of 36.1+8.8 months. The mean age was 68.3 + 9.9 years,
body mass index was 23.4 + 3.4 kg/m2, systolic blood pressure was 131.2 £ 15.0 mmHg, low-density lipoprotein cholesterol
(LDL-C) was 116.6 + 29.3 mg/dL, hemoglobin Alc (HbA1c) was 5.9% + 0.8%, and serum creatinine was 0.9 + 0.8 mg/dL.
Logistic regression analysis revealed significant associations between generic switching and systolic blood pressure (odds ratio
[OR], 0.996, 95% confidence interval [Cl]: 0.993-0.999), serum creatinine levels (OR, 0.837, 95% CI: 0.729-0.962), glutamic
oxal oacetic transaminase levels (OR, 0.994, 95% CI: 0.990-0.997), PDC score (OR, 0.959, 95% CI: 0.948-0.970), and adherence
score (OR, 0.910, 95% CI: 0.875-0.947). Additionally, generic drug rates increased with improvements in the HbA 1c level band
and smoking level (P<.01, P<.001). The group with asuperior physician-patient relationship after PSM had a significantly higher
rate of generic drug prescribing (51.6+£15.2%) than the inferior relationship group (47.7+17.7%) (P<.001).

Conclusions:  Although physicians' understanding influences the choice of generic drugs, patient condition (severity) and
adherence also impact this decision. For example, improved creatinine levels are associated with generic drug choice, while

https://aging.jmir.org/2024/0/e0/ JMIR Aging 2024 |vol. 0| e0 | p. 1
(page number not for citation purposes)


mailto:takura.tomoyuki@nihon-u.ac.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/
takur
テキストボックス
        Accept, In Press.


0 Takuraet al

stronger physician-patient relationships correlate with higher rates of generic drug utilization. These findings may contribute to
the appropriate prescription of pharmaceuticals if the policy diffusion of generic drugs begins to slow down. Thus, preventing
serious illness while building trust may result in clinical benefits and positive socio-economic outcomes.

(JMIR Aging 2024;0:€0) doi: 10.2196/59234

KEYWORDS

Medication adherence; Drug prescription switch; Generic drug; Logistic model; Long-term longitudinal study; Patient severity;
Systalic blood pressure; Serum creatinine; Aging; big data
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