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Abstract
BACKGROUND 
Cardiovascular disease (CVD) is the leading cause of death globally, and diabetes 
mellitus (DM) is a well-established risk factor. Among the risk factors for CVD, 
DM is a major modifiable factor. In the fatal CVD outcomes, acute myocardial 
infarction (AMI) is the most common cause of death.

AIM 
To develop a long-term quality-of-care score for predicting the occurrence of AMI 
among patients with type 2 DM on the basis of the hypothesis that good quality of 
care can reduce the risk of AMI in patients with DM.

METHODS 
Using Taiwan’s Longitudinal Cohort of Diabetes Patient Database and the 
medical charts of a medical center, we identified incident patients diagnosed with 
type 2 DM from 1999 to 2003 and followed them until 2011. We constructed a 
summary quality-of-care score (with values ranging from 0 to 8) with process 
indicators (frequencies of HbA1c and lipid profile testing and urine, foot and 
retinal examinations), intermediate outcome indicators (low-density lipoprotein, 
blood pressure and HbA1c), and co-morbidity of hypertension. The associations 
between the score and the incidence of AMI were evaluated using Cox regression 
models.
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RESULTS 
A total of 7351 patients who had sufficient information to calculate the score were enrolled. In comparison with 
participants who had scores ≤ 1, those with scores between 2 and 4 had a lower risk of developing AMI [adjusted 
hazard ratio (AHR) = 0.71; 95% confidence interval (95%CI): 0.55-0.90], and those with scores ≥ 5 had an even lower 
risk (AHR = 0.37; 95%CI: 0.21-0.66).

CONCLUSION 
Good quality of care can reduce the risk of AMI in patients with type 2 DM. The quality-of-care score developed in 
this study had a significant association with the risk of AMI and thus can be applied to guiding the care for these 
patients.

Key Words: Acute myocardial infarction; Cardiovascular disease; Diabetes mellitus; Quality-of-care; Score
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Core Tip: Cardiovascular disease is the leading cause of death globally, and diabetes mellitus (DM) is a major modifiable 
factor. Hypothesizing that good quality of care can reduce the risk of acute myocardial infarction (AMI) in patients with 
DM, we developed a long-term quality-of-care score for predicting the occurrence of AMI in patients with type 2 DM. In 
7351 patients, we observed a good association between the score and the risk of AMI. Therefore, good quality of care can 
reduce the risk of AMI in patients with DM, and the score can be applied to guiding the care for these patients.

Citation: Li PI, Guo HR. Long-term quality-of-care score for predicting the occurrence of acute myocardial infarction in patients with 
type 2 diabetes mellitus. World J Diabetes 2023; 14(7): 1091-1102
URL: https://www.wjgnet.com/1948-9358/full/v14/i7/1091.htm
DOI: https://dx.doi.org/10.4239/wjd.v14.i7.1091

INTRODUCTION
Diabetes mellitus (DM) is prevalent worldwide, and it was approximated that there were 422 million individuals 
suffering from it in 2014[1]. It was projected that this number will reach 592 million by 2035[2]. In Taiwan, it was 
estimated that around 1.6 million people (7% of the total population) had DM in 2012, and 90% of them had type 2 DM. 
For over 30 years, this has been one of the most frequent causes of mortality, resulting approximately 11.5% of overall 
health care costs in recent times[3]. In addition, DM is associated with a two- to three-fold increased risk of heart attacks 
and strokes[4], and cardiovascular disease (CVD) is the leading cause of death and disability for those with type 2 DM[5,
6].

Results from randomized controlled trials have demonstrated conclusively that strict glycemic control reduces 
microvascular complications (retinopathy, nephropathy and neuropathy) in patients with type 1[7,8] and type 2 DM[9-
11]. However, there is a lack of firm evidence of the beneficial effects of intensive glycemic control on great vessel disease, 
especially CVD, from large, long-term randomized controlled trials[12,13]. According to the United Kingdom Prospective 
Diabetes Study, intensive control (median HbA1c < 7.0%) could reduce the overall microvascular complication rate by 
25%, but had only a slight benefit for the prevention of CVD (16% decrease; P = 0.052)[11,13,14].

The argument that strict control of blood sugar control has no benefit in terms of reducing mortality is largely driven 
by the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, which did not observe a positive effect[15,16]. 
However, other studies such as the Prospective Pioglitazone Clinical Trial in Macrovascular Events (PROactive)[17], have 
suggested that controlling blood sugar can lead to improvements. Interventions that simultaneously control common 
comorbidities of DM, such as hypertension and hyperlipidemia, have been shown to be more effective in reducing deaths 
related to CVD than solely focusing on regulating blood sugar levels[18]. Adherence to frequent blood testing for blood 
sugar and lipid profile has been linked to fewer hospital visits for people with DM, including those for vascular and renal 
complications[19]. Multifactorial risk factor reduction (controlling blood sugar levels, stopping smoking, keeping blood 
pressure (BP) in check, treating cholesterol issues, and daily use of aspirin for secondary prevention) appears to be the 
most effective preventive approach for the macrovascular complications of type 2 DM. Nonetheless, studies found that 
screening tests, including those for HbA1c and lipid, as well as urine and retinal examinations, generally fell well below 
the frequencies recommended by the American Diabetes Association[19].

Many initiatives have been focused on the evaluation and enhancement of healthcare for people suffering from DM[20-
24]. The Diabetes Quality Improvement Program (DQIP), one of the most important such initiatives, has proposed a 
uniform set of process and intermediate outcome indicators for quality of care, selected under the hypothesis that as a 
whole they can predict macrovascular complications of type 2 DM[25]. Only a small number of studies have combined 
process (e.g., the frequency of HbA1c testing) and intermediate outcome (e.g., HbA1c < 8.0%) indicators to predict the 
occurrence of specific complications of DM, and the combination of DQIP process indicators and intermediate outcome 
indicators was found to be associated with CVD events and mortality[26,27]. While DQIP chose HbA1c as an intermediate 
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outcome indicator of blood sugar control and applied 9.5% (80 mmol/mol) as the cut-off[25], some recent studies used 8% 
(64 mmol/mol) based on American Diabetes Association recommendations under the hypothesis that stricter blood sugar 
control leads to a lower risk of macrovascular complications[25-28]. Nonetheless, the choice of process indicators 
remained a problem[26,27]. According to the American Diabetes Association, blood sugar should be tested at least twice 
yearly as an indicator of effective healthcare management. However, studies conducted on an Italian insurance database 
suggest that less frequent testing may result in better diabetic control[26,27]. Despite the studies having a 28-mo[26,27] 
average follow-up period, it may not be enough time to get an accurate assessment of the long-term effects like 
macrovascular complications.

We took into account past research while combining process indicators, intermediate outcome indicators, and the 
presence of hypertension to construct a score that allowed us to analyze its relationship with AMI. In this research, we 
obtained information from both hospital medical charts and national health insurance claims. We followed the American 
Diabetes Association’s advice concerning the frequency of testing to measure the quality of healthcare and kept tabs on 
the progress over an extended period. Among intermediate outcome indicators, we adopted the American Diabetes 
Association recommended cut-off of 100 mg/dL for low-density lipoprotein (LDL) instead of 130 mg/dL, which was 
adopted by DQIP and some other previous studies[28].

MATERIALS AND METHODS
Study population
Patients who had type 2 DM and were covered by the National Health Insurance system in Taiwan were enrolled from a 
medical facility located in the southern of Taiwan. The insurance program was launched in March 1995 and had reached 
a coverage rate of 99% in 2014. For research purpose, the National Health Research Institute of Taiwan constructed and 
maintains a Longitudinal Cohort of Diabetes Patient Database (LHDB), which contains claim data on 120000 individuals 
who are randomly selected annually since 1999 from incident patients of DM, identified using the International Classi-
fication of Diseases, Clinical Modification (ICD-9-CM) codes 250, A181, and 648.0. The inclusion criteria are having at 
least: (1) One hospitalization for DM or receiving a prescription for DM medication during hospitalization; (2) Two 
outpatient visits for DM within one year; or (3) One outpatient visit for DM and receiving at least one prescription for DM 
medication within one year. The incident year was defined as the year when the first claim for DM was filed, and all the 
patients included were traced back to January 1, 1997 for their claim records.

Data collection
In the current study, participants were identified from the LHDB in 2013. We identified incident patients of DM who 
were diagnosed between January 1, 1999 and December 31, 2003, with a two-year washout period from January 1, 1997 to 
December 31, 1998, and followed them till December 31, 2011. In 2011, the Taiwanese health authority initiated a quality 
control campaign of diabetes care, in which the care indicators of each hospital are compared with the whole country. 
Because the frequency of care indicators is an important component of the quality of care in our study, this campaign will 
interfere the study results. Therefore, we used the data before 2011 for this study. Candidates who were diagnosed with 
Type 1 DM or gestational diabetes were excluded. We also excluded those who had myocardial infarction events before 
the diagnosis of DM, who were under 20 years of age, who had no information on sex, and who were followed up for less 
than 3 years (Figure 1).

The LHDB does not have information about lab tests, so we figured out which patients got care at the medical center 
by pairing their outpatient visit times, ICD-9-CM codes, and date of birth in the LHDB, and then gathering the 
information from the patient’s medical charts. We extracted information from the medical charts of each participant until 
the end of follow-up (Figure 1). The medical facility eliminated any identifying details from the medical charts prior to 
making them public, in order to protect the confidentiality of the information. The study protocol was reviewed and 
approved by the Ethics Committees of the Chi Mei Medical Center.

Quality of care summary score
On the basis of the scoring systems used in previous studies[26,27], we constructed a quality-of-care score (Table 1). The 
score includes items of process indicators (frequencies of tests), intermediate outcome indicators (values of test results), 
and co-morbidity of hypertension for which clear associations with CVD complications have been documented and 
effective preventive measures are available. The intermediate outcome indicators included LDL < 100 mg/dL, BP < 130/
80 mmHg, and HbA1c < 8.0%. The process indicators encompassed how often HbA1c and lipid profiles were examined, 
along with the regularity of urine, foot, and retinal examinations. Data on the process indicators and co-morbidity of 
hypertension were extracted from the LHDB, and data on intermediate outcome indicators were extracted from the 
medical charts retrieved from the medical center.

We modified cut-offs values of the intermediate outcome indicators according to the most recent American Diabetes 
Association guidelines, and so they were not exactly the same as those used in the previous studies: 130 mg/dL instead of 
100 mg/dL for LDL, 130 mmHg instead of 140 mmHg for systolic BP, and 80 mmHg instead of 90 mmHg for diastolic BP. 
Similarly, cut-offs for the process indicators were also modified: ≥ 2/year instead of < 1/year for tests of HbA1c, ≥ 1/year 
instead of < 1/year for tests of lipid profile, and ≥ 1/year instead of < 1/year for urine examination. In addition, we 
included frequencies of foot examination and retinal examinations (both with 1/year as the cut-off) as process indicators.
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Table 1 Quality-of-care scoring system

Item Score

HbA1c

    HbA1c measurement < 2/yr & HbA1c ≥ 8% (64 mmol/mol) 0

    HbA1c measurement < 2/yr & HbA1c < 8% (64 mmol/mol) 1

    HbA1c measurement ≥ 2/yr & HbA1c ≥ 8% (64 mmol/mol) 1

    HbA1c measurement ≥ 2/yr & HbA1c < 8% (64 mmol/mol) 2

Blood pressure

    Co-morbidity of hypertension, never used anti- hypertension agents 0

    SBP ≥ 130 mmHg or DBP ≥ 80 mmHg, never used anti-hypertension agents 0

    No blood pressure data, ever used anti-hypertension agents 0

    SBP ≥ 130 mmHg or DBP ≥ 80 mmHg, ever used anti-hypertension agents 0

    No blood pressure data, no co-morbidity of hypertension, and never used anti-hypertension agents 1

    SBP < 130 mmHg and DBP < 80 mmHg 1

Lipid profile

    Lipid profile measurement < 1/yr & LDL cholesterol ≥ 100 0

    Lipid profile measurement < 1/yr & LDL cholesterol < 100 1

    Lipid profile measurement ≥ 1/yr & LDL cholesterol ≥ 100 1

    Lipid profile measurement ≥ 1/yr & LDL cholesterol < 100 2

Eye exam

    Eye measurement < 1/yr 0

    Eye measurement ≥ 1/yr 1

Foot exam

    Foot exam < 1/yr 0

    Foot exam ≥ 1/yr 1

Urine exam

    Urine exam < 1/yr 0

    Urine exam ≥ 1/yr 1

HbA1c: Hemoglobin; SBP: Systolic blood pressure; DBP: Diastolic bold pressure; LDL: Low density lipoprotein.

We assigned the scores according to the data during the 3-year period before the censor date. In scoring the control of 
lipid and blood sugar, we assigned the value 2 when both the process and the intermediate outcome indicators met the 
targets, the value 1 when only one of the indicators met the target, and 0 when none of the indicators met the target. For 
the frequency of examinations of urine, foot and retinal, the value 1 was assigned when the target was met, and 0 
otherwise. For BP, the values were assigned to the status during the study period: 1 to cases with good BP control and 
cases with no co-morbidity of hypertension. When the information on a specific indicator was missing, a value of 0 was 
assigned. Consequently, the quality-of-care score has a range between 0 and 8, and a higher score indicates better quality 
of care.

Event date and censoring date
We identified AMI events using ICD-9-CM diagnostic codes[29]. On the basis of prior research[30,31], the event date was 
determined to be the day when an applicable ICD-9-CM diagnostic code appeared on claims for outpatient visits for a 
second time or on claims for inpatient care for its initial time. For those who have survived till end of the study period 
without any AMI events, a censoring date of December 31, 2011 was assigned.

Statistical analysis
To evaluate the differences in continuous variables among groups, we used one-way ANOVA. For categorical variables, 
we used χ2 tests to evaluate differences among groups. We used the Kaplan-Meier method to calculate the probability of 
AMI in each group defined by the score and the Breslow test to evaluate differences in the AMI disease event-free 
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Figure 1 Study flow diagram. LHDB: Longitudinal cohort of diabetes patients database; ICD-9-CM: International classification of diseases, clinical modification.

probabilities among groups. To evaluate the association between the score and AMI, we used Cox proportional hazards 
regressions. We looked into age, sex, types of medication, compliance with treatment, the Diabetes Complications 
Severity Index (DCSI)[32], and BP or lipid disorder history in Cox proportional hazards analyses to account for and adjust 
for possible distorting effects. The DCSI was constructed in a previous study using automated diagnostic, pharmacy, and 
laboratory data, and a score from 0 to 13 can be assigned accordingly.

Taking into account the stability of estimates, we defined “high” quality of care as having a score higher than half of 
the maximum value (≥ 5). Accordingly, we divided the participants into three groups: With scores ≤ 1 (the reference 
group), with scores between 2 and 4, and with scores ≥ 5 (the high-quality group).

Because a portion of the participants did not have information on all the variables evaluated, we conducted a 
sensitivity analysis by including participants with complete data only. There are two possible reasons why the 
information is missing. One is that the test/examination was not ordered or administered on the patient. The other is that 
the patient received the test/examination at other facilities, not the medical center, which rarely happens. Besides, due to 
the potential for large fluctuations in BP and the lack of routine foot examinations in Taiwan, these two items were 
excluded from the quality-of-care score in the sensitivity analysis. In other words, participants included in the sensitivity 
analysis were those who had a complete set of data, except for data on BP or foot examinations. All the statistical analyses 
were performed using SAS software, Version 9.2 (SAS, Cary, NC).

RESULTS
A total of 7351 participants with type 2 DM were enrolled in this study, including 3963 (53.9%) men and 3388 (46.1%) 
women (Table 2). The mean age at diagnosis was 56.0 years old, and 66.5% of them were between 40 and 65 years old. 
Most of the participants (64.3%) took oral antidiabetic drugs (OAD) only, followed by those who received insulin 
injections only, and then those who received both OAD and insulin treatment. Using records of pharmacy refill, we 
defined a ratio between 90% and 110% as good adherence[33], which was found in 23.1% of the participants. According to 
the DCSI, we divided the participants into six groups, from 0 to ≥ 5, as in a previous study[32] and found 66.7% of them 
were categorized in the first group while only 0.4% were categorized in the last group. During the one-year period before 
diagnosis, 25.3% of the participants had hypertension, 3.6% had dyslipidemia, and 6.0% had both.

While 52% of the participants had a quality-of-care score of ≤ 1, only 9% had high quality of care (score ≥ 5). In 
comparison with those in the other two groups, participants in the lowest score group were older, predominantly male, 
and more likely to be prescribed with insulin only. This group also had the worst adherence to treatment and the shortest 
history of DM (Table 2).

We followed up the participants for a mean period of 9.95 years, and more than 97% of them were followed for more 
than 5 years. During the follow-up period, 308 (4.2%) participants had AMI, and the incidence rate correlated with the 
quality-of-care score: 5.1 per 1000 person-years in those having a score of ≤ 1, 3.6 per 1000 person-years in those having a 
score between 2 and 4, and 1.87 per 1000 person-years in those having a score of ≥ 5. Kaplan-Meier curves also show that 
a score of ≥ 5 was associated with a lower likelihood of developing AMI.

After adjusting for age, sex, type of DM medicine, adherence to medication, DCSI, and past history of hypertension or 
dyslipidemia, we found that participants with a score of ≥ 5 had a lower risk of developing AMI [adjusted hazard ratio 
(AHR) = 0.37; 95% confidence interval (95%CI): 0.21-0.66] in comparison with those with a score of ≤ 1 (Table 3). Female 
participants had a lower risk of developing AMI (AHR = 0.53; 95%CI: 0.42-0.67) in comparison with male participants 
(Table 3). Other independent predictors identified in this study included age 40 years to 65 years (AHR = 1.90; 95%CI: 
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Table 2 Characteristics of quality-of-care score of patients with type 2 diabetes mellitus

n (%)

Total, n = 7351 Score ≤ 1, n = 3858 1 < score < 5, n = 2819 Score ≥ 5, n = 674
P value

Age (mean ± SD) 55.96 ± 11.94 57.08 ± 12.70 54.99 ± 10.94 53.62 ± 10.70 < 0.0001

≤ 40 643 (8.8) 330 (8.6) 245 (8.7) 68 (10.1) < 0.0001

40 < age ≤ 65 4886 (66.5) 2369 (61.4) 2022 (71.7) 495 (73.4)

> 65 1822 (24.8) 1159 (30.0) 552 (19.6) 111 (16.5)

Sex

Male 3963 (53.9) 2146 (55.6) 1477 (52.4) 340 (50.5) < 0.01

Female 3388 (46.1) 1712 (44.4) 1342 (47.6) 334 (49.6)

Duration of diabetes mellitus (mean ± SD) 9.95 ± 1.94 9.76 ± 2.06 10.14 ± 1.81 10.32 ± 1.60 < 0.0001

≤ 5 yr 216 (2.9) 161 (4.2) 52 (1.8) 3 (0.5) < 0.0001

> 5 yr 7135 (97.1) 3697 (95.8) 2767 (98.2) 671 (99.6)

Anti-diabetic drugs

Oral only 4729 (64.3) 2483 (64.4) 1818 (64.5) 428 (63.5) < 0.0001

Insulin only 1607 (21.9) 919 (23.8) 608 (21.6) 80 (11.9)

Oral + insulin 1015 (13.8) 456 (11.8) 393 (13.9) 166 (24.6)

Adherence to medication (%)

< 90 5340 (72.6) 3087 (80.0) 1872 (66.4) 381 (56.5) < 0.0001

90 ≤ adherence < 110 1698 (23.1) 637 (16.5) 786 (27.9) 275 (40.8)

≥ 110 313 (4.3) 134 (3.5) 161 (5.7) 18 (2.7)

Comorbidity (DCSI)

0 4904 (66.7) 2444 (63.4) 1951 (69.2) 509 (75.5) < 0.0001

1 1160 (15.8) 634 (16.4) 436 (15.5) 90 (13.4)

2 911 (12.4) 546 (14.2) 313 (11.1) 52 (7.7)

3 227 (3.1) 131 (3.4) 82 (2.9) 14 (2.1)

4 122 (1.7) 80 (2.1) 34 (1.2) 8 (1.2)

≥ 5 27 (0.4) 23 (0.6) 3 (0.1) 1 (0.2)

Hypertension/dyslipidemia

None 4782 (65.1) 2458 (63.7) 1845 (65.5) 479 (71.1) < 0.0001

Hypertension only 1861 (25.3) 1054 (27.3) 669 (23.7) 138 (20.5)

Dyslipidemia only 265 (3.6) 124 (3.2) 118 (4.2) 23 (3.4)

Both 443 (6.0) 222 (5.8) 187 (6.6) 34 (5.0)

Acute myocardial infarction event

No 7043 (95.8) 3666 (95.0) 2716 (96.4) 661 (98.1) < 0.001

Yes 308 (4.2) 192 (5.0) 103 (3.7) 13 (1.9)

Incidence rate (per 1000 person-year) 4.21 5.1 3.6 1.87

DCSI: Diabetes complications severity index.

1.10-3.28 in comparison with those ≤ 40 years old), age older than 65 years (AHR = 2.48; 95%CI: 1.39-4.40 in comparison 
with those ≤ 40 years old), and a history of both hypertension and dyslipidemia (AHR = 1.82; 95%CI: 1.20-2.75 in 
comparison with those who had no history of hypertension nor dyslipidemia).

To compare the scoring system developed in this study with a well-established system[26,27], we used 5-point 
increments to assign the scores. When applying that scoring system to the data in this study, we did not observe an 
association between the score and the risk of developing AMI (Table 4). There was a U-shaped relationship between the 
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Table 3 Crude and adjusted hazard ratio associated with each predictor

Item Crude HR (95%CI) Adjusted HR (95%CI)

Quality-of-care score

Score ≤ 1 1 1

1 < Score < 5 0.69 (0.55-0.88) 0.71 (0.55-0.90)

Score ≥ 5 0.36 (0.20-0.63) 0.37 (0.21-0.66)

Age

≤ 40 1 1

40 < Age ≤ 65 1.93 (1.12-3.32) 1.90 (1.10-3.28)

> 65 2.64 (1.51-4.62) 2.48 (1.39-4.40)

Sex

Male 1 1

Female 0.57 (0.45-0.73) 0.53 (0.42-0.67)

Anti-diabetic drugs

Oral only 1 1

Insulin only 0.80 (0.60-1.07) 0.78 (0.59-1.05)

Oral + insulin 0.70 (0.49-1.01) 0.77 (0.54-1.11)

Adherence to medication (%)

< 90 0.89 (0.69-1.15) 0.79 (0.61-1.02)

90 ≤ adherence < 110 1 1

≥ 110 0.71 (0.37-1.37) 0.66 (0.34-1.28)

Comorbidity (DCSI)

0 1 1

1 1.13 (0.83-1.54) 0.95 (0.69-1.31)

2 1.31 (0.94-1.81) 1.02 (0.72-1.43)

3 1.27 (0.69-2.33) 0.96 (0.52-1.80)

4 1.56 (0.73-3.31) 1.07 (0.49-2.31)

≥ 5 1.04 (0.15-7.43) 0.66 (0.09-4.77)

Hypertension/dyslipidemia

None 1 1

Hypertension only 1.38 (1.07-1.78) 1.30 (0.99-1.71)

Dyslipidemia only 1.19 (0.64-2.18) 1.17 (0.64-2.17)

Both 1.89 (1.27-2.79) 1.82 (1.20-2.75)

HR: Hazard ratio; 95%CI: 95% confidence interval; DCSI: Diabetes complications severity index.

score and the risk of AMI. Initially, the risk went down as the score increased, reaching its lowest at 25. After that, the risk 
increased again, peaking when the score was between 35 and 40. When evaluating the system developed in this research, 
we observed similar risks for scores ranging from 0 to 10. Afterwards, there was a reduction in the risk as scores 
decreased, up until scores between 35 and 40. However, the number of individuals included in this group was small (only 
103 people), so the risk assessment might not be accurate.

The sensitivity analysis, based on data from people who had all the indicators present, yielded a similar dose-response 
relationship as seen in the main investigation; however, the risk decreased (> 50%) even at a score of 3 (Table 4).
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Table 4 Comparisons of the number and percentage in each score of study subjects group defined by old and new score systems

Present study (n = 7351) Previous study1 (n = 7351) Sensitivity analysis2 (n = 3433)
Score

n (%) Crude HR Adjusted HR
Score

n (%) Adjusted HR n (%) Adjusted HR

0 2107 (28.7) 1 1 0 6 (0.1) 1 969 (28.2) 1

1 1751 (23.8) 1.21 (0.91-1.61) 1.22 (0.92-1.63) 5 720 (9.8) 0.19 (0.03-1.46) 828 (24.1) 1.17 (0.77-1.76)

2 1355 (18.4) 0.97 (0.70-1.33) 0.98 (0.71-1.35) 10 1333 (18.1) 0.23 (0.03-1.69) 654 (19.1) 1.00 (0.63-1.58)

3 925(12.6) 0.56 (0.36-0.86) 0.57 (0.37-0.89) 15 1148 (15.6) 0.24 (0.03-1.78) 420 (12.2) 0.49 (0.25-0.98)

4 539 (7.3) 0.60 (0.36-1.02) 0.63 (0.37-1.07) 20 2932 (39.9) 0.27 (0.04-1.98) 249 (7.3) 0.62 (0.28-1.38)

5 343 (4.7) 0.59 (0.31-1.14) 0.63 (0.33-1.26) 25 857 (11.7) 0.18 (0.02-1.35) 173 (5.0) 0.49 (0.17-1.36)

6 228 (3.1) 0.27 (0.08-0.84) 0.26 (0.08-0.83) 30 344 (4.7) 0.20 (0.03-1.54) 97 (2.8) 0.00 (0.00-NA)

7-8 103 (1.4) 0.00 (0.00-4.23E266) 0.00 (0.00-1.57E265) 35-40 11 (0.2) 0.77 (0.05-12.47) 43 (1.3) 0.00 (0.00-NA)

1De Berardis et al[27], 2008; Rossi et al[26], 2011.
2In order to compare the performance of our scoring system with that in the previous study, we used 5-point increments to assign the scores.
HR: Hazard ratio.

DISCUSSION
It is well known that DM has a close association with major CVD[34], including ischemic heart disease, heart failure, 
stroke, and peripheral artery disease, which may affect as many as 50% of the patients[35]. Despite the advances in our 
understanding of the pathophysiology underlying its relationship with CVD, the effects of DM still remain not fully 
understood. DM, in particularly type 2, is often fraught with additional risk factors contributing to the risk for developing 
CVD[36]. The additional risk factors include, but are not limited to, dyslipidemia, hypertension, poor blood sugar control, 
hypercoagulability, smoking, obesity, and lack of physical activity[37].

The relative risk of myocardial infarction is 50% greater in diabetic males and 150% greater in diabetic females[38], and 
the prevalence of AMI is 3 to 5 times higher in patients with DM in population studies in the United States[39,40]. Women 
with DM had a lower risk for myocardial infarction than men with DM to experience whichever myocardial infarction 
events[41]. In our study, the risk of developing AMI was 47% lower in female patients (AHR = 0.53; 95%CI: 0.42-0.67) in 
comparison with male patients, which is compatible with findings in the United States.

Diabetic patients are at increased risk of developing coronary artery disease (CAD)[42] and experience worse clinical 
outcomes following AMI[43]. Due to the high prevalence of AMI in diabetic patients, the quality-adjusted life years 
associated with diabetes lost was 32.8 years[44]. DM is an independent risk factor for the development of CAD[34] and 
clinical outcomes following the various manifestations of CAD. Despite a clear improvement in the treatment and 
survival rate of myocardial infarction, the mortality and morbidity of myocardial infarction remain high in diabetic 
patients[45,46].

DM is a complex chronic progressive metabolic disorder which requires continuous medical care as well as 
multifactorial risk-reduction strategies extending beyond blood sugar control. Research has proven that managing 
hypertension and cholesterol levels properly can lead to remarkable declines in CVD[47-49]. For this reason, it is 
important for those with diabetes to control these factors in combination for reducing the chance of CVD[50,51]. All six 
components of our quality care score, which are HbA1c, BP, LDL, urine examination, foot examination, and retinal 
examination, are also included in the conditions established by the Taiwanese government’s pay for performance (P4P) 
program for diabetes[52,53]. The program incentivizes healthcare providers to register patients who have diabetes, with 
the intention of increasing the quality of care. Those who join the P4P program are more likely to obtain tests associated 
with diabetes, and an extended investigation assessing the sustained impacts of the program found it to be economical
[52]. Our study confirmed the finding and supports that good quality of care can greatly reduce the risk of developing 
AMI, and even other CVD, in patients with DM. Therefore, the quality-of-care score developed in this study can be used 
for prediction and surveillance.

DM poses huge financial burdens to many countries, but data on the clinical care for DM have varied substantially 
across countries[54]. In Italy, the Quality of Care and Outcomes in Type 2 Diabetes Study combined HbA1c, BP, LDL, and 
microalbuminuria to construct a quality-of-care score for DM ranging from 0 to 40 and found a close relationship between 
the score and long-term CVD outcomes[27]. The Quality Assessment Score and Cardiovascular Outcomes in Italian 
Diabetes Patients study confirmed the finding[26]. However, a large variation in the quality-of-care score among 
participating centers was observed[26]. Our investigation collected all the information from the same healthcare facility 
and used factual details to calculate the scores directly. Our scoring system follows the guidelines laid out by the 
American Diabetes Association in order to properly care for those with diabetes. In addition to using the scoring system 
developed in this study, we adopted the scoring system used by previous studies[26,27] and found that the other scoring 
system had a poor correlation with the risk of AMI. Results of this comparison showed that the same scoring system may 
not work well in prediction of CVD in different countries. It seems that the quality of care may differ from one nation to 
another, and the indicator used to measure it could have different effects in different health care systems. In Italy, 
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frequent testing may be regarded as a sign of poor care quality[26,27], while in Taiwan it signifies good quality of care, 
which is in agreement with the American Diabetes Association’s guidelines.

While our study has the strength coming with a large study population and a long follow-up period, it still suffers 
from some limitations. First of all, lifestyle characteristics such as diet, smoking, and exercise are also predictors for AMI, 
but was not included in our scoring system because the LHDB does not have the information. Nonetheless, these 
predictors were not included in the scoring system used by previous studies. Furthermore, although we could not adjust 
for the effect of smoking, due to the low prevalence of smoking in female Taiwanese (e.g., 2.3% in adults above 18 years of 
age in 2017[55]), it has been roughly adjusted indirectly when we adjusted for the effects of sex. Secondly, some of the 
data required for the calculation of the quality-of-care score were missing on a portion of the participants. Nonetheless, in 
the sensitivity analysis that included only patients with complete data, we observed findings similar to those in the main 
analysis. It should also be noted that our study was conducted in Taiwan, where there is a health insurance program with 
an almost complete coverage rate and a high density of medical care facilities. Subsequently, research must be conducted 
to determine if the observed results are also true in regions where healthcare is limited or costly.

CONCLUSION
The new quality-of-care score developed in this study had a good correlation with the risk of AMI. Thus, the score can be 
utilized to recognize those receiving substandard treatment, as well as the components of care that should be advanced. 
In fact, the scoring systems have been demonstrated as having good correlations with other long-term complications. A 
previous study revealed that the likelihood of developing chronic kidney illness dropped as the score rose, so strategies 
focusing on each indicator should be adjusted to reduce the development of diabetes-induced nephropathy[56]. Another 
study showed that a reduction in macrovascular complication events was associated with a score of 5 or higher[57], 
similar to findings in this study. Therefore, in order to reduce the risk of AMI in patients with DM, multifactorial 
interventions should be taken. Checking laboratory tests and combining treatments directed at high blood sugar, high BP, 
and unhealthy cholesterol levels are among the steps that can be taken. The score we developed is easy to calculate. It can 
also be applied to comparison of performance across health care facilities and evaluation of the efficacy of quality 
improvement programs. Nonetheless, it should be kept in mind that various healthcare systems may modify the scoring 
system to make it more useful.

ARTICLE HIGHLIGHTS
Research background
Cardiovascular disease (CVD) is the leading cause of death globally and diabetes mellitus (DM) is a well-established risk 
factor. Of the fatal outcomes of CVD, acute myocardial infarction (AMI) is the most common.

Research motivation
DM is a major modifiable factor for CVD, and good quality of care can reduce the risk of AMI in patients with DM. 
Therefore, a long-term quality-of-care score for DM may predict the occurrence of AMI among patients with type 2 DM 
and thus guide the care.

Research objectives
To develop a long-term quality-of-care score for predicting the occurrence of AMI among patients with type 2 DM.

Research methods
Using Taiwan’s Longitudinal Cohort of Diabetes Patients Database and the medical charts of a medical center, we 
identified incident patients diagnosed with type 2 DM. We constructed a summary quality-of-care score consists of 
process indicators, intermediate outcome indicators, and a hallmark co-morbidity. The associations between the score and 
the incidence of AMI were evaluated using Cox regression models.

Research results
A total of 7351 patients were enrolled. In comparison with participants who had scores ≤ 1, those with scores between 2 
and 4 had a lower risk of developing AMI [adjusted hazard ratio (AHR) = 0.71; 95% confidence interval (95%CI): 0.55-
0.90], and those with scores ≥ 5 had an even lower risk (AHR = 0.37; 95%CI: 0.21-0.66). The performance of this score in 
predicting the risk of AMI is better than that of a widely used scoring system.

Research conclusions
Good quality of care can reduce the risk of AMI in patients with type 2 DM. The quality-of-care score developed in this 
study had a significant association with the risk of AMI and thus can be applied to guiding the care for these patients.

Research perspectives
The quality-of-care score developed in this study can be applied to guiding the care for these patients, but different 
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healthcare systems may make modifications to the scoring system for better application.
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