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Background: Urolithiasis is a common urinary tract disease worldwide. It has been connected
to systemic diseases, including hypertension, diabetes mellitus, metabolic syndrome, and cardio-
vascular disease. In the current study, we aimed to evaluate the relationship between urolithiasis
and the complications of acute myocardial infarction (AMI).

Materials and methods: Data were obtained from the Longitudinal Health Insurance Data-
base 2005 of the National Health Insurance Research Database. All AMI cases, both those who
were hospitalized and those who were treated in the emergency department, were identified
using the International Classification of Diseases, ninth revision, Clinical Modification (1ICD-
9-CM) code.

Results: A total of 37,052 patients with urinary calculi and 148,209 control subjects were
enrolled in this study. The average follow-up period was 9.51 years. The risk of AMI was higher
among patients with urolithiasis (adjusted hazard ratio [aHR] 1.07, 95% confidence interval
[95% CI] 1.03—-1.13). We detected a significant association between urolithiasis and intubation
(aHR 1.53, 95% CI 1.36-1.73), intensive care unit treatment (aHR 1.22, 95% CI 1.13-1.32),
heart failure (aHR 1.59, 95% CI 1.42—1.78), shock (aHR 1.53, 95% CI 1.32—1.77), and arrhyth-
mias (aHR 1.18, 95% CI 1.06—-1.33). Furthermore, certain medical treatments for urolithiasis
were found to be related to myocardial infarction (MI). Nonsteroidal anti-inflammatory drugs
(NSAIDs) were significantly associated with a high risk of AMI. In contrast, allopurinol, thiazide
diuretic, potassium-sparing diuretics, and o-blockers have negative association with AMI.
Conclusion: Urolithiasis had a significantly increased risk of endotracheal intubation and heart
failure following AMI. In addition, urolithiasis was also associated with a high risk of intensive
care unit treatment, shock, and arrhythmias after AMI. Medical treatments for urolithiasis may
decrease the risk of MI, except the use of NSAIDs.

Keywords: urolithiasis, renal calculi, acute myocardial infarction, National Health Insurance
Research Database, endotracheal intubation, heart failure

Introduction

Urolithiasis is a common urinary tract disease worldwide. The prevalence of
nephrolithiasis, which has been found to be 8.8% (10.6% in men and 7.1% in women) in
the United States and 9.6% (14.5% in men and 4.3% in women) in Taiwan, has increased in
modern society.'* Urolithiasis may be marked by symptoms such as renal colic, hematuria,
dysuria, and even deterioration of renal function. In several studies, urolithiasis has been
connected to systemic diseases, including hypertension,® diabetes mellitus,” metabolic
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syndromes,® and cardiovascular disease.”!’ Rule et al'! per-
formed a longitudinal study which reported that patients with
kidney stones had a 31% increased risk of myocardial infarc-
tion (MI). However, the relationship between urolithiasis and
the complications of MI including endotracheal intubation or
heart failure has not been discussed. In the current study, we
used National Health Insurance Research Database (NHIRD)
of Taiwan to perform a nationwide, population-based study
with 10-year follow-up period to investigate the relationship
between urolithiasis and the complications of MI.

Materials and methods

Data source and study design

In this population-based, retrospective cohort study, we ana-
lyzed 1 million samples randomly chosen from beneficiaries
of Taiwan’s NHIRD between January 1, 1997, and
December 31, 2012.

The database was obtained from the NHIRD’s Longi-
tudinal Health Insurance Database 2005 (LHID2005). The
NHIRD, which covers >97% of Taiwanese people, records
all insurance information, including demographic data
such as sex, date of birth, location, and insured amount and
medical records of clinical visits, admissions, and medical
procedures, as well as 3 major diagnoses coded according to
the International Classification of Diseases, ninth revision,
Clinical Modification (ICD-9-CM).'2!* The LHID2005 con-
tained the information of 1 million beneficiaries, randomly
selected from all insured people entered in the NHIRD in 2005.
There was no distribution difference in age, sex, or insured
costs between the LHID2005 and origin population.'

Study population
The flowchart of data extraction is shown in Figure 1. We
selected a national cohort consisting of 656,627 adults

One million random sample of NHIRD (1997-2002)
n=1,000,000

!

Subjects aged 220 years old before January 1, 2000
n=668,866

MI before
January 1, 2003

A

n=12,203
Subjects with incomplete data
n=36

Nationwide cohort
Live subjects, no Ml before January 1, 2003
n=656,627

Urinary calculus (+)
n=86,368 (13.2%)

!

Urinary calculus (-)
n=570,259 (86.8%)

!

Matched cohort
Matched by sex, age, insured region, urbanization, comorbidity disease
with 1:4 ratio
Urinary calculus (+) 37,052 patients and urinary calculus (-) 148,209 patients

A

Mi
n=7,513

A

No MI
n=177,748

Figure | Flowchart of subject recruitment from the NHIRD between 1997 and 2002 in Taiwan.
Notes: We enrolled 656,627 participants from the | million random sample of NHIRD. After we performed matching at a ratio of 1:4, 185,261 patients were enrolled in

this study, including 37,052 patients with urinary calculi and 148,209 control subjects.

Abbreviations: Ml, myocardial infarction; NHIRD, National Health Insurance Research Database.
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without ischemic heart disease (ICD-9-CM codes 410,
411, 412, 413, 414, or 440) from the LHID2005, of whom
86,368 participants (13.2%) had a diagnosis of urinary
calculus (ICD-9-CM codes 592 and 594) before January 1,
2003. Patients without urinary calculi were matched with
the study group at a ratio of 1:4 with regard to sex, age,
insured region, urbanization, and comorbidities associated
with MI (diabetes mellitus, hypertension, hyperlipidemia,
chronic kidney disease, cerebral vascular accident, and ath-
erosclerosis). The patient’s date of diagnosis of urolithiasis
was assigned as the index date and considered the start of
investigation. Participants were followed until sustaining
an acute MI (AMI) or dying or the submission of the last
medical claim before the end 0f2012. All medical diagnoses,
procedures, and drugs were recorded completely during the
follow-up period.

Ethics statement

This study was conducted after we received approval from
the Institutional Review Board of Chang Gung Memorial
Hospital at Linkou (CGMH IRB 103-3238B). As this was
a retrospective study and all the data were anonymous, the
Institutional Review Board department agreed with the
authors that it was not necessary to obtain patient consent.

Study outcomes

The primary end point was AMI. All AMI cases, both those
sustained during a hospitalization and those seen in the emer-
gency department, were identified with ICD-9-CM code 410.
Tracheal intubation, coronary artery bypass grafting (CABG),
and cardiac catheterization treatment were recorded as sec-
ondary end points. Severe complications of AMI, including
heart failure, cardiac arrhythmia, shock, and cardiac arrest,
were also considered.

Variables

We systematically identified potential confounders for AMI,
such as diabetes mellitus, hypertension, hyperlipidemia,
chronic kidney disease, cerebrovascular accident, and athero-
sclerosis. The location of calculi (ie, kidney, ureter, urinary
bladder, or unspecified) was also noted. Sociodemographic
characteristics (eg, age, sex, amount of insurance, and level
of urbanization) were also studied.

Age was classified into 6 groups: younger than 25 years,
25-34 years, 35-44 years, 45-54 years, 55-64 years, and
older than 65 years. Place of residence in Taiwan was
divided into 7 regions: Taipei city, Kaohsiung city, northern
region, middle region, eastern region, southern region, and
outlying islands. Urbanization in Taiwan was divided into

4 categories.” Insurance amount in New Taiwan Dollars
(NTS) was categorized into 4 levels: dependent (no constant
income), NT$1 to NT$19,999, NT$20,000 to NT$39,999,
and NT$40,000 or more. Medications used for treating uro-
lithiasis according to clinical guidelines (eg, smooth muscle
relaxants such as scopolamine butylbromide and pipoxolan
hydrochloride), urine-alkalinizing agents (eg, potassium
citrate), uric-acid-reducing agents (allopurinol, benzbro-
marone), nonsteroidal anti-inflammatory drugs (NSAIDs;
eg, diclofenac, ibuprofen, mefenamic acid, indomethacin,
sulindac), and o-adrenergic blockers (eg, tamsulosin, tera-
zosin, alfuzosin, doxazosin) were also analyzed in an effort
to assess possible effects.

Statistical analyses

To guarantee the effect of the matching, we compared the
distribution of demographic factors and the proportions of
comorbidities between the urinary calculi and non-urinary
calculi cohorts with the use of the chi-square test. Case num-
ber and incidence density of AMI were calculated during the
follow-up period, and we performed Cox proportional regres-
sion models to analyze hazard ratios accompanying 95%
confidence intervals (CIs). The adjusted variables included
age, sex, insurance amount, urbanization level, comorbidities
(diabetes mellitus, hypertension, hyperlipidemia, chronic
kidney disease, cerebral vascular accident, atherosclerosis,
gout, hyperparathyroidism), and medications for urolithiasis
(urine alkalizer, antigout preparations, stone expulsion,
symptom relief, diuretics). A significance level (&) of 0.05
was selected. We also used Kaplan—Meier survival curves
and log-rank analyses to analyze the difference between
patients with urolithiasis and control groups. The statistical
software package SAS, version 9.4 (SAS Institute, Cary, NC,
USA), was used for data analysis.

Results

The database contained 86,368 patients with urinary calculi
without MI between 1997 and 2002. After we performed
matching at a ratio of 1:4, 185,261 patients were enrolled in
this study, including 37,052 patients with urinary calculi and
148,209 control subjects. The characteristics of the sampled
patients are listed in Table 1. Patients with urinary calculi
were mostly men, middle aged, and residents of northern
Taiwan. Diabetes mellitus, hypertension, and hyperlipidemia
were the 3 most common comorbidities in the patients with
urinary calculi. After the matching process, chi-square
testing showed no significant difference between the urinary
calculi and control groups. The average follow-up period was
9.51 years (standard deviation [SD] =2.58 years).
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Table | Demographic characteristics and comorbidities of the matched cohort

Characteristics Patients, n (%)

Control subjects, n (%) P for ¥’ test

No of cases 37,052 (20.0)
Age (years)

<25 4,444 (11.99)

25-34 8,462 (22.84)
3544 10,258 (27.69)
45-54 6,688 (18.05)
55-64 4,412 (11.91)
=65 2,788 (7.52)
Sex
Female 14,808 (39.97)
Male 22,244 (60.03)
Insured region
Taipei city 7,288 (19.67)
Kaohsiung city 2,193 (5.92)
Northern Taiwan 11,409 (30.79)
Middle Taiwan 7,437 (20.07)
Southern Taiwan 7,927 (21.39)
Eastern Taiwan 688 (1.86)
Outlying islands 110 (0.3)

Urbanization

Very high 16,538 (44.63)
High 10,024 (27.05)
Moderate 7,504 (20.25)

Low 2,986 (8.06)
Insured amount (NT$)

Dependent 5,723 (15.45)
1-19,999 20,207 (54.54)
20,000-39,999 7,008 (18.91)
=40,000 4,114 (11.1)
Comorbidity disease
Diabetes mellitus 6,076 (16.4)
Hypertension 10,563 (28.51)
Hyperlipidemia 9,856 (26.6)
Chronic kidney disease 3,351 (9.04)
Cerebral vascular accident 3,283 (8.86)
Atherosclerosis 632 (1.71)

148,209 (80.0)
037
17,155 (11.57)
33,289 (22.46)
40,261 (27.17)
26,946 (18.18)
18,417 (12.43)
12,141 (8.19)
0.69
57,488 (38.79)
90,721 (61.21)
0.47
23,469 (15.84)
8,843 (5.97)
46,124 (31.12)
30,824 (20.8)
34,879 (23.53)
3,526 (2.38)
544 (0.37)

60,787 (41.01)
41,616 (28.08)
31,208 (21.06)
14,598 (9.85)
0.14
23,302 (15.72)
78,892 (53.23)
28,550 (19.26)
17,465 (11.78)

23,436 (15.81) 0.16
40,513 (27.34) 0.8l
40,892 (27.59) 036
13,276 (8.96) 0.68
13,060 (8.81) 039
2,551 (1.72) 0.97

Abbreviation: NT$, New Taiwan Dollars.

During the follow-up period, the adjusted risk of AMI
was higher among patients with urinary calculi (adjusted
hazard ratio [aHR] 1.07, 95% CI 1.03—1.13). The total
number of patients with urinary calculi and AMI was 1,362
in our cohort study. The aHR of AMI statistically increased
in older age group. We detected significant associations
between urinary calculi and intubation (aHR 1.53, 95% CI
1.36-1.73) and intensive care unit (ICU) treatment (aHR
1.22, 95% CI 1.13-1.32), which are listed in Table 2. The
adjusted risk of severe AMI complications, including heart
failure (aHR 1.59, 95% CI 1.42—1.78), shock (aHR, 1.53;
95% CI 1.32-1.77), and arrhythmias (aHR, 1.18; 95%
CI 1.06—-1.33) was significantly higher among patients with
urinary calculi. Kaplan—Meier survival curves and log-rank
analyses revealed significant differences in the rates of MI

between patients with urolithiasis and control groups, which
shown in Figure 2 (log-rank test, P=0.016).

Diabetes mellitus, hypertension, hyperlipidemia, chronic
kidney disease, cerebrovascular accident, atherosclerosis,
gout, and hyperparathyroidism were all found to be associ-
ated with AMI (Table 3).

Various medical treatments for urolithiasis were found
to be related to MI. In Table 4, we show that NSAIDS,
including sulindac (aHR 1.54, 95% CI 1.06-2.21), ibuprofen
(aHR 1.55, 95% CI 1.25-1.90), and mefenamic (aHR 1.22,
95% CI 1.01-1.45), were significantly associated with MI
(Table 4). Allopurinol, an antigout medication, had a negative
association with MI (aHR, 0.72; 95% CI 0.53-0.88), and so
did colchicine preparations (aHR, 0.89; 95% CI 0.81-0.96).
In view of diuretics, thiazide diuretic (aHR, 0.91; 95% CI
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Table 2 Ml incidence after adjustments for demographic and medical characteristics, 2003—-2012

Complications and Urinary calculus

Non-urinary calculus

treatment of Ml

Case Incidence aHR Case Incidence aHR
number density (l/year) (95% CI) number density (l/years) (95% CI)
All MI 1,362 0.0052 1.07 (1.03-1.13) 5,891 0.0046 Reference
Complications
Heart failure 505 0.0012 1.59 (1.42-1.78) 2,760 0.0010 Reference
Cardiac arrhythmia 526 0.0012 1.18 (1.06—1.33) 2,207 0.0009 Reference
Shock 294 0.0007 1.53 (1.32-1.77) 1,621 0.0005 Reference
Cardiac arrest 28 0.00006 1.13 (0.72-1.76) 129 0.00005 Reference
Treatment
Intubation 155 0.0008 1.53 (1.36-1.73) 916 0.0005 Reference
Intensive care unit 473 0.0022 1.22 (1.13-1.32) 2,236 0.0018 Reference
Interventional procedures 462 0.00217 1.20 (0.95-1.52) 1,593 0.0016 Reference
Coronary artery bypass graft 56 0.00007 0.88 (0.78-0.96) 255 0.0002 Reference
Cardiac catheterization 406 0.0021 1.24 (0.97-1.60) 1,338 0.0014 Reference

Note: “Reference” refers to the control group.

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; MI, myocardial infarction.

0.86—0.97) and potassium-sparing diuretics (aHR, 0.85; 95%
CI0.79-0.91) might decrease the incidence of MI; o.-blocker
preparations also showed the same trend (aHR 0.85, 95%
CI 0.79-0.93).

Discussion

The complications of MI can be assessed based on clinical
course, treatment, and complications. For a patient who
has sustained a minor AMI, bed rest and medical treatment
with antiplatelet drugs may be useful. However, in severe
AMI, cardiogenic shock may be encountered and intuba-
tion and ICU care may be necessary. Interventions such as
cardiac catheterization or CABG may be arranged thereafter.
Depending on the severity of AMI, multiple complications

100
99 -
98-
97 -
96 -
95-
94 -
93
92-
91-
90-

Log-rank test, P=0.016

Survival rate of Ml (%)

= Jrolithiasis patients
=== Control groups

T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Observation time (years)

Figure 2 Survival curve of AMI in patients with or without urolithiasis.

Notes: Kaplan—Meier survival curves and log-rank analyses revealed significant
differences in the rates of Ml between patients with urolithiasis and control groups
(log-rank test, P=0.016).

Abbreviations: AMI, acute MI; M|, myocardial infarction.

may be encountered, including arrhythmias, heart failure,
and even cardiac arrest.

In this population-based study, we analyzed 1 million
samples, randomly selected from 22 million people in the
Taiwanese NHIRD. Our study is the first population-based
cohort study to reveal an increased risk of severe AMI, requiring
ICU treatment or resulting in severe complications, in patients
with urinary calculi during a 10-year follow-up period.

Several studies have revealed an increased risk of AMI
in people with urinary calculi.!®!'¢-18 Rule et al'! conducted
a study of 4,564 patients with renal stones over 9 years of
follow-up. Patients with renal stones had a risk of AMI
38% greater than that of those without stones. However, the
relationship between urolithiasis and the complications of
AMI was not investigated. Ferraro et al'® published 3 cohort
studies of 19,678 patients with renal stones with 18 years of
follow-up. Between 2 cohorts, female kidney stone formers
had an 18% and a 48% increased risk of coronary heart dis-
ease, but this was not seen in male patients. Alexander et al'®
conducted a cohort study of 25,532 kidney stone formers with
11 years of follow-up. They found that kidney stone formers
were more likely to experience cardiovascular events, with a
higher risk of AMI (aHR 1.40, 95% CI 1.30-1.51) and per-
cutaneous transluminal coronary angioplasty (PTCA)/CABG
(aHR 1.63, 95% CI, 1.51-1.76), especially in younger people
versus older people and in women versus men.

We noted an increased risk of AMI in urinary calculi
formers, both male and female, in our study (aHR 1.07,95%
CI 1.03-1.13). AMIs in patients with urinary calculi tend to
be more severe, involving a higher chance of intubation and
ICU care. Moreover, urinary calculi were linked to severe
AMI complications, including heart failure (aHR 1.59, 95%
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Table 3 Ml incidence associated with different demographic and
medical characteristics in patients with urinary calculus, 20032012

Table 4 Ml incidence associated with different medication
treatments of urolithiasis, 2003-2012

Characteristics Incidence density aHR (95% CI)

Medication treatment Incidence density aHR (95% CI)

Age (years)

<25 0.0005 0.30 (0.21-0.43)
25-34 0.0017 Reference
3544 0.0035 2.96 (2.58-3.4)
45-54 0.0069 5.54 (4.84-6.35)
55-64 0.0116 8.52 (7.44-9.76)
=65 0.0213 9.44 (8.82-11.3)
Sex
Female 0.0047 0.72 (0.68-0.75)
Male 0.0060 Reference
Insured region
Taipei city 0.0055 Reference
Kaohsiung city 0.0053 0.98 (0.88-1.10)
Northern Taiwan 0.0055 1.03 (0.92-1.09)
Middle Taiwan 0.0047 1.04 (0.95-1.14)
Southern Taiwan 0.0058 1.01 (0.92—1.10)
Eastern Taiwan 0.0070 1.21 (1.03-1.41)
Outlying islands 0.0044 0.81 (0.56-1.17)
Urbanization
Very high 0.0051 Reference
High 0.0060 1.05 (0.95-1.15)
Moderate 0.0061 1.04 (0.95-1.14)
Low 0.0069 1.06 (0.97-1.17)
Insured amount (NT$)
Dependent 0.0055 Reference
1-19,999 0.0060 1.01 (0.95-1.08)
20,000-39,999 0.0043 0.87 (0.80-0.96)
=40,000 0.0047 0.79 (0.72-0.88)
Comorbidity disease
Diabetes mellitus 0.0117 1.65 (1.57-1.73)
Hypertension 0.0128 2.06 (1.95-2.18)
Hyperlipidemia 0.0094 1.08 (1.03-1.13)
Chronic kidney disease 0.0172 1.07 (1.00-1.14)
Cerebral vascular accident  0.0184 1.30 (1.23-1.38)
Atherosclerosis 0.0153 1.20 (1.08-1.34)
Gout 0.0047 1.12 (1.03-1.23)
Hyperparathyroidism 0.0054 1.24 (0.59-2.60)

Note: “Reference” refers to the control group.
Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; Ml, myocardial
infarction; NT$, New Taiwan Dollars.

CI, 1.42-1.78), shock (aHR 1.53, 95% CI 1.32—1.77), and
arrhythmias (aHR 1.18, 95% CI 1.06—1.33). In light of these
data, we conclude that urinary calculi could be a risk factor
for severe AMI, and this study is the first to provide evidence
of'this association. According to the results of this study, we
concluded that patients with urolithiasis should be evaluated
for the risk of AMI during the follow-up for stone disease,
and if AMI is encountered, more intensive and aggressive
treatments should be given.

There are several theories to explain the relationship
between urolithiasis and MI. Urinary calculi may cause renal
function impairment, which is a well-known major risk factor

Urine alkalizer

Potassium citrate 0.0050 0.97 (0.81-1.95)
Antigout preparations

Allopurinol 0.0037 0.72 (0.53-0.88)

Colchicine 0.0046 0.89 (0.81-0.96)

Benzbromarone 0.0068 1.30 (0.83-1.37)
Stone expulsion

Alpha-blocker 0.0044 0.85 (0.79-0.93)

Buscopan 0.0053 1.02 (0.89-1.14)

Rowapraxin 0.0061 1.17 (0.92—-1.21)
Symptom relief

Sulindac 0.0080 1.54 (1.06-2.21)

Diclofenac 0.0106 2.04 (0.98-4.17)

Indomethacin 0.0067 1.29 (0.84-1.98)

Ibuprofen 0.0081 1.55 (1.25-1.90)

Mefenamic 0.0063 1.22 (1.01-1.45)
Diuretics

Carbonic anhydrase inhibitor  0.0054 1.04 (0.89-1.17)

Loop diuretic 0.0062 1.19 (0.92-1.32)

Thiazide diuretic 0.0047 0.91 (0.86-0.97)

Potassium-sparing diuretic 0.0044 0.85 (0.79-0.91)

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; MI, myocardial
infarction.

in coronary artery disease and could increase the likelihood
of cardiovascular complications after AMI.?° The association
between kidney stones and metabolic syndrome has been
established in previous studies, and metabolic syndrome is
also arisk factor for AMI.?! Patients with kidney stones have
an increased risk of hypertension,?>? diabetes mellitus,”?* and
subclinical atherosclerosis, all risk factors for AMI.%

Proinflammation status, which was recently evaluated as
a high neutrophil to lymphocyte count ratio (NLCR), was
considered to be associated with many chronic diseases.
Sen et al*® conducted a retrospective study and revealed that
NLCR >2.50 was associated with a higher risk of sepsis
after stone surgery. Acet et al?’ evaluated the relationship of
NLCR with the severity of MI and found that higher NLCR
was associated with higher thrombolysis in MI (TIMI) score.
These findings may explain the possible mechanism of higher
risk of MI among patients with urinary calculi.

NSAIDs are commonly used to relieve pain in patients
with urinary calculi, but they have been found to increase the
risk of AML.%#7" In our study, NSAID use in urinary calculi
formers was also linked to an increased risk of AMI. We also
found that allopurinol treatment for gout was associated with a
decreased risk of AMI. This finding is similar to a recent study
conducted by de Abajo et al,*! which revealed that allopurinol
is associated with a reduced risk of nonfatal AMI. Similar
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trends were also seen in the use of thiazide diuretic, potassium-
sparing diuretics, and o-blocker preparations. These findings
may imply that early treatment for urolithiasis may decrease
the risk of MI. However, NSAIDs should be used carefully.
Since the use of these medications may increase the risk of M1,
we also evaluated the risk of MI for patients with or without
calculi adjusted for the medications. The results showed that
after adjusting for medication use, patients with urinary calculi
still had a higher risk of MI (Table S1).

Since surgical procedure itself is a risk factor for MI, we
analyzed the impact of surgical managements for urolithiasis,
to ML In our study, patients who had suffered an MI within
14 days after surgical management of urolithiasis accounted
for only 1.32% of all patients. On the contrary, 89.10%
of patients had suffered from MI >1 year after surgical
management of urolithiasis. The aHR was 1.08 with 95% CI
0f0.72—1.31, which was not statistically significant. The data
are shown in Table S2. Thus, there was no time relationship
between surgical procedures and MI.

Calcium metabolism may be another mechanism of
increased risk of AMI in patients with urinary calculi. Forma-
tion of calcium precipitations in the urinary tract may be a
result of a high calcium concentration. A high calcium con-
centration may induce the activation of calcification inhibi-
tor and increase the risk of both kidney stones and AMI.3
Vitamin D is important in the metabolism of calcium. Some
studies showed that a low level of vitamin D was found in
around 54%—80% of stone formers.**** Recently, vitamin D
was proved to play an important role in the regulation of the
mechanism in coronary collateral circulation development.®
A lower level of vitamin D may lead to less collateral circula-
tion of the coronary artery, hence increases the risk of MI.

The most typical symptom of urinary calculi is pain,
which includes renal colic, flank pain, and back pain. Pain is
also a symptom of AMI. AMI-related pain is located in the
chest, back, jaw, and other parts of the upper body. Urinary
calculi formers could misidentify back pain as stone pain and
ignore what is actually a sign of AMI. The pain associated
with urinary calculi and that of AMI can be very similar and
may lead to delays in the diagnosis and treatment of AMI.

Our NHIRD study was subject to some limitations. First,
the size and composition of urinary calculi and laboratory
findings such as creatinine and blood urea nitrogen concentra-
tions were not available in the NHIRD database. Therefore,
we could not see the influence of renal function (glomerular
filtration rate), stone composition, and stone burden on AMI.
Second, electrocardiography data were not available in the
NHIRD database, so we could not use the TIMI risk score

to evaluate AMI severity. Third, different practices of each
physician with regard to the treatment of AMI and urinary
calculi could not be seen in the NHIRD database. Although
there are medical guidelines, every physician’s method of
management was different. This could have influenced the
outcomes of AMI and urinary calculi. Fourth, the NHIRD did
not include patient’s weight or body mass index (BMI), but
obesity is one of the known risk factors for MI. This could
have influenced the outcomes of AMI and urinary calculi.
Finally, this is a retrospective study rather than a prospective
randomized study. Further prospective studies are necessary
to determine the link between urinary calculi and AMI.

Conclusion

This population-based study is the first study to show that
patients with urolithiasis have an increased risk of endotra-
cheal intubation and heart failure following AMI. This study
also showed an increased risk of severe AMI complications,
including ICU treatment, shock, and arrhythmias among
patients with urolithiasis. These results may be valuable in
both medical care and public health.
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Table S| Ml risk adjusted for medication use

Medication treatment aHR (patients with urinary calculi) 95% CI
Urine alkalizer

Potassium citrate 1.09 1.05-1.18
Antigout preparations

Allopurinol 1.12 1.07-1.21

Colchicine .11 1.06-1.17

Benzbromarone 1.05 1.01-1.12
Stone expulsion

Alpha-blocker .12 1.05-1.19

Buscopan 1.06 1.02-1.14

Rowapraxin 1.04 1.00-1.09
Symptom relief

Sulindac 1.02 0.94-1.08

Diclofenac 1.06 1.01-1.12

Indomethacin 1.06 1.02-1.13

Ibuprofen 1.07 1.01-1.15

Mefenamic 1.06 1.02-1.10
Diuretics

Carbonic anhydrase inhibitor 1.07 1.04-1.15

Loop diuretic 1.05 1.01-1.11

Thiazide diuretic 1.12 1.04-1.19

Potassium—sparing diuretic 1.14 1.05-1.23

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; MI, myocardial infarction.

Table S2 Time from surgical management for urinary tract stones to Ml
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Time from surgery to Ml Frequency Percentage Cumulative number of times Cumulative percentage
<14 days 30 1.32 30 1.32
14-28 days 18 0.79 48 2.12
28-90 days 48 2.12 96 4.24
90-365 days 151 6.66 247 10.90
>365 days 2,019 89.10 2,266 100.00
Abbreviation: M|, myocardial infarction.
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