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ORIGINAL RESEARCH

Cumulative Adherence to Secondary 
Prevention Guidelines and Mortality After 
Acute Myocardial Infarction
Matthew D. Solomon , MD, PhD; Thomas K. Leong, MPH; Eleanor Levin, MD; Jamal S. Rana, MD, PhD;  
Marc G. Jaffe, MD; Stephen Sidney, MD, MPH; Sue Hee Sung, MPH; Catherine Lee, PhD; Anthony DeMaria, MD;  
Alan S. Go, MD

BACKGROUND: The survival benefit associated with cumulative adherence to multiple clinical and lifestyle-related guideline rec-
ommendations for secondary prevention after acute myocardial infarction (AMI) is not well established.

METHODS AND RESULTS: We examined adults with AMI (mean age 68 years; 64% men) surviving at least 30 (N=25 778) or 90  
(N=24 200) days after discharge in a large integrated healthcare system in Northern California from 2008 to 2014. The associa-
tion between all-cause death and adherence to 6 or 7 secondary prevention guideline recommendations including medical 
treatment (prescriptions for β-blockers, renin-angiotensin-aldosterone system inhibitors, lipid medications, and antiplatelet 
medications), risk factor control (blood pressure <140/90 mm Hg and low-density lipoprotein cholesterol <100 mg/dL), and 
lifestyle approaches (not smoking) at 30 or 90 days after AMI was evaluated with Cox proportional hazard models. To allow 
patients time to achieve low-density lipoprotein cholesterol <100 mg/dL, this metric was examined only among those alive 
90 days after AMI. Overall guideline adherence was high (35% and 34% met 5 or 6 guidelines at 30 days; and 31% and 23% 
met 6 or 7 at 90 days, respectively). Greater guideline adherence was independently associated with lower mortality (hazard 
ratio, 0.57 [95% CI, 0.49–0.66] for those meeting 7 and hazard ratio, 0.69 [95% CI, 0.61–0.78] for those meeting 6 guidelines 
versus 0 to 3 guidelines in 90-day models, with similar results in the 30-day models), with significantly lower mortality per each 
additional guideline recommendation achieved.

CONCLUSIONS: In a large community-based population, cumulative adherence to guideline-recommended medical therapy, 
risk factor control, and lifestyle changes after AMI was associated with improved long-term survival. Full adherence was as-
sociated with the greatest survival benefit.
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Randomized trials have shown that secondary pre-
vention after acute myocardial infarction (AMI) 
reduces mortality and cardiovascular events,1–8 

improves quality of life, and is generally considered cost-
effective.9,10 Subsequent evidence-based guidelines 
have been developed,11 and both payer and healthcare 
quality organizations require that secondary prevention 
metrics are met to receive payment and quality designa-
tions.12,13 Although various studies in “real-world” 

populations have described adherence rates and associ-
ated outcomes of specific guideline recommenda-
tions,14–18 few studies have investigated the cumulative 
adherence and potential clinical impact of meeting multi-
ple secondary prevention guideline recommendations 
across varying domains of care, at different time points 
after AMI, and in diverse community-based populations.

To address this, we examined adherence to: (1) 
guideline-recommended medical therapy, (2) optimal 
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risk factor control, and (3) recommended lifestyle inter-
ventions at 30 and 90 days after AMI and the associa-
tions of cumulative and individual guideline adherence 
with all-cause mortality.

METHODS
The data, analytic methods, and study materials will not 
be made available to other researchers for purposes of 
reproducing the results or replicating the procedure.

Study Sample
We identified patients 18  years and older hospitalized 
with AMI between 2008 and 2014 in Kaiser Permanente 
Northern California (KPNC), a large integrated healthcare 

delivery system providing outpatient, emergency depart-
ment, and inpatient care to >4.4 million people across 
Northern California. Its membership is highly representa-
tive of the local and state-wide population with regard to 
age, sex, race/ethnicity, and socioeconomic status.19

This study was approved by the KPNC institutional 
review board. Waiver of informed consent was ob-
tained because of the nature of the study.

Study Design
Using previously validated methods, we defined hos-
pitalization for AMI as a primary discharge diagnosis 
(International Classification of Diseases, Ninth Revision 
[ICD-9] code 410.x); or elevated troponin I (≥0.1 ng/mL) 
with a primary discharge diagnosis of unstable angina 
(411.x) or a primary discharge diagnosis of coronary 
artery disease (414.0) plus a secondary discharge di-
agnosis of unstable angina (411.x).20 We excluded pa-
tients without known sex and those with <12 months 
of continuous health plan membership and pharmacy 
benefits before their index date, defined as the date of 
their first hospitalization for AMI during the study period.

Follow-up occurred through December 31, 2014, 
with censoring for health plan disenrollment, organ 
transplantation, or death.

Exposure of Interest
Our primary exposure was patient-level adherence 
to guideline-recommended treatment goals at 2 time 
points after AMI. We identified patients who survived to 
30 days after index discharge with: (1) a filled prescrip-
tion for an angiotensin-converting enzyme inhibitor or 
angiotensin receptor blocker, (2) a filled prescription 
for a β-blocker, (3) a filled prescription for an antiplate-
let agent (P2Y12 inhibitors), (4) a filled prescription for 
a lipid-lowering agent (statin and nonstatin agents), 
(5) outpatient blood pressure (BP) <140/90  mm  Hg, 
and (6) not smoking tobacco after discharge.1,11,21 At 
each time point examined, patients needed to have 
a dispensed prescription and remain adherent to the 
medication across the studied point in time (ie, 30 
and 90 days). Similarly, the BP value, lipid value, and 
smoking status observed closest to the studied time 
point was used to determine guideline adherence. We 
also examined adherence to these 6 guidelines plus 
achieving a low-density lipoprotein cholesterol (LDL-C) 
<100 mg/dL among those surviving to 90 days post-
discharge. This longer period allowed time for patients 
to have LDL-C retested after initiation or intensification 
of cholesterol treatment after AMI.

Covariates
In addition, based on validated algorithms,22 we used 
health plan administrative and clinical data, pharmacy 

CLINICAL PERSPECTIVE

What Is New?
•	 Various studies have described adherence 

rates to specific guideline recommendations 
after myocardial infarction and associated out-
comes in selected patients.

•	 However, previous studies have not investigated 
the cumulative adherence and clinical impact of 
meeting multiple secondary prevention guide-
line recommendations across varying domains 
of care and within diverse community-based 
populations.

What Are the Clinical Implications?
•	 Our findings suggest that cumulative adherence 

to guideline-recommended medical therapies, 
cardiovascular risk factor control, and lifestyle 
modification at 30 and 90 days after discharge 
for myocardial infarction is associated with sig-
nificantly lower long-term mortality.

•	 The observed incremental favorable associations 
with long-term survival for adherence to every 
additional guideline metric, even at high levels of 
adherence, supports efforts to maximize adher-
ence to all guideline-based recommendations.

Nonstandard Abbreviations and Acronyms

AMI 	 acute myocardial infarction
LDL-C	 low-density lipoprotein cholesterol
KPNC	 Kaiser Permanente Northern California
BP	 blood pressure
HR	 hazard ratio
ACEI	 angiotensin-converting enzyme inhibitor
ARB	 angiotensin receptor blocker
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databases, and laboratory databases to identify the 
following comorbidities before index date: prior AMI; 
ischemic stroke or transient ischemic attack; prior 
coronary angiography, coronary artery bypass graft-
ing, percutaneous coronary intervention, implantable 
cardioverter-defibrillator or pacemaker; hypertension; 
dyslipidemia; diabetes mellitus; heart failure; atrial fi-
brillation; ventricular tachycardia or fibrillation; mitral 
or aortic valvular disease; peripheral artery disease; 
cognitive impairment; depression; liver disease; lung 
disease; thyroid disease; cancer; and previous hospi-
talization for bleeding events.

Using pharmacy databases, we identified receipt 
of medications before the index AMI admission for 
aldosterone antagonists, anti-arrhythmic agents, 
NSAIDs, α-blockers, diuretics, calcium channel 
blockers, hydralazine, other hypertension medica-
tions, nitrates, vasodilators, digoxin, anti-coagulants, 
and diabetes mellitus therapies, and we calculated 
whether patients had an active prescription at the 
time of admission for AMI to identify baseline medi-
cation usage. We ascertained the most recent outpa-
tient results for estimated glomerular filtration rate,23 
high-density lipoprotein cholesterol, glycated hemo-
globin, and the most recent outpatient BP measure-
ment. All covariate variables were also updated in a 
time-varying manner during follow-up, including oc-
currence of recurrent AMI events.

Outcome
Our primary outcome was death from any cause iden-
tified from electronic medical records, Social Security 
Administration vital status, and California death certifi-
cates. These approaches have yielded >97% vital sta-
tus information in prior studies.24

Statistical Analysis
We used SAS version 9.3 (SAS Institute Inc.) for all 
analyses, with a 2-sided P<0.05 considered signifi-
cant. We estimated unadjusted Kaplan–Meier sur-
vival curves by categories of guideline adherence, 
as well as multivariable Cox regression models with 
time-updated covariates to examine the independ-
ent association between categories of 30- or 90-
day guideline adherence and all-cause mortality (ie, 
adherence to 0–2, 3, 4, 5, or all 6 guidelines at 30 
days; 0–3, 4, 5, 6, or all 7 guidelines at 90 days). To 
facilitate interpretation of our model results, we gen-
erated adjusted cumulative incidence curves, which 
represent predictions of mortality in each category 
of guideline adherence for the average patient in our 
sample based on the fully adjusted models. All mod-
els accounted for censoring at health plan disenroll-
ment, organ transplantation, or death (the primary 
outcome).

To test the independent association of meeting 
individual guideline recommendations with mortal-
ity, we examined models with indicator variables for 
adherence to each individual guideline at the 2 time 
points after AMI. We similarly examined the linear 
association of guideline achievement with mortality 
by using number of guidelines achieved as a single 
continuous variable. We also conducted subgroup 
analyses by age group, sex, chronic kidney disease 
status (estimated glomerular filtration rate <60 ver-
sus ≥60 mL/min per 1.73 m2), and diabetes mellitus 
status.

To further address potential unmeasured con-
founding, we estimated a high-dimensional pro-
pensity score for high guideline adherence (defined 
as adherence to 5 or 6 guidelines at 30 days and 
6 or 7 guidelines at 90 days) for each patient using 
SAS macros25,26 (Data S1) to include as a continu-
ous variable into final regression models that also 
adjusted for baseline demographics and baseline 
and time-updated comorbidities, laboratory results, 
prescriptions, and outpatient vital signs. In addition, 
we performed sensitivity analyses that included the 
Elixhauser index to further account for confounding 
caused by competing risks of death.

Finally, we also assessed the robustness of our 
results to unmeasured confounding using the E-
value methodology of VanderWeele and Ding.27 This 
estimates what the relative risk would have to be for 
any unmeasured confounder to negate the observed 
association of guideline adherence and mortality 
(Data S1).

RESULTS
Study Cohort and Follow-Up
We identified 25 788 and 24 200 eligible adults hospi-
talized with AMI between 2008 and 2014 surviving to 
30 and 90 days postdischarge, respectively (Figure 1). 
Patients were older (mean age 68  years), predomi-
nantly men (64%), and had broad racial/ethnic diversity 
(Table 1). For >90% of patients, the index AMI was their 
first documented AMI in our system. The proportion 
of patients already taking guideline-directed second-
ary prevention medications at the time of the AMI ad-
mission was highest for statins (51%) and lowest for 
nonaspirin antiplatelet agents (10%). Among patients 
with available outpatient BP measurements, one fifth 
were not controlled at baseline (>140/90 mm Hg) and 
slightly more than half (52%) had LDL-C <100 mg/dL 
before the index AMI. Patients eligible for 30-day analy-
ses were followed for a median of 2.8 years after index 
AMI (interquartile range 1.0–4.3  years); those eligible 
for 90-day analyses had similar follow-up. During fol-
low-up, 4590 (17.8%) and 3916 (16.2%) patients died 



J Am Heart Assoc. 2020;9:e014415. DOI: 10.1161/JAHA.119.014415� 4

Solomon et al� Cumulative Guideline Adherence and AMI

among those eligible for 30- and 90-day analyses, 
respectively.

Cumulative and Individual Adherence to 
Guidelines
We observed relatively few patients in the lowest cat-
egories of guideline adherence (5% adhered to 0–2 
guidelines and 10% to 0 to 3 guidelines in 30- and 
90-day analyses) (Table 2). A modest number of pa-
tients achieved a moderate number of guidelines 
(7% and 19% adhered to 3 or 4 guidelines in 30-day 
analyses, respectively; 12% and 23% adhered to 4 or 
5 guidelines in 90-day analyses, respectively), and a 
larger proportion of patients adhered to all or nearly all 

guideline recommendations at 30 or 90 days (35% and 
34% adhered to 5 or 6 guidelines in 30-day analyses; 
31% and 23% adhered to 6 or 7 guidelines in 90-day 
analyses). Most patients adhered to each individual 
guideline metrics (Table 2).

Guideline Adherence and Mortality
In multivariable models, patients achieving all 6 
guideline metrics at 30 days and all 7 guideline met-
rics at 90 days had significantly lower unadjusted and 
adjusted mortality relative to those achieving fewer 
guidelines (adjusted hazard ratio [HR], 0.61 [95% CI, 
0.52–0.72] for those meeting 6 versus 0–2 guidelines 
in 30-day models; HR, 0.57 [95% CI, 0.49–0.66] for 

Figure 1.  Study cohort of eligible adults hospitalized with acute myocardial infarction (AMI), 
2008–2014.

EXCLUSIONS
Patients missing index hospitalizat ion records (N=114)
Patients with <12 months of membership prior to index date (N=4,228)
Patients with <12 months of prior drug coverage (N=371)
Patients with age < 18 years (N=6)
Patients with unknown gender (N=2)

Patients hospitalized with acute myocardial infarction (AMI)
N=33,526

Patients hospitalized with AMI meeting all inclusion and exclusion criteria
N=28,805

Patients in Kaiser Permanente Northern California, 2008-2014
N=3,966,248

30-DAY ANALYTIC COHORT
Patients hospitalized with AMI with 30 days of follow-up

N=25,778

90-DAY ANALYTIC COHORT
Patients hospitalized with AMI with 90 days of follow-up

N=24,200

EXCLUSIONS
End of study (N=312)
Death (N=2,298)
Disenrollment (N=204)
Organ transplantation (N=213)

EXCLUSIONS
End of study (N=573)
Death (N=672)
Disenrollment (N=280)
Organ transplantation (N=53)
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those meeting 7 versus 0–3 guidelines in 90-day 
models) (Figure  2 and Table  2). There was also a 
significant favorable association with mortality with 
adherence to each additional guideline (HR, 0.89 
[95% CI, 0.86–0.92] for the 30-day model; HR, 0.92 
[95% CI, 0.90–0.94] for the 90-day model) (Table 2). 
Findings were similar across important patient sub-
groups (Figure  3). All models included adjustment 
for continuous high-dimensional propensity score, 
which discriminated moderately well between higher 
versus lower guideline adherence (c=0.68 in both 30- 
and 90-day analyses).

In addition to cumulative adherence to multiple 
guideline recommendations, we also evaluated the 
association of adherence to individual guideline rec-
ommendations and mortality. Patient adherence to 
individual guideline-indicated medications within the 
studied time windows after AMI (antiplatelet agent, 
lipid-lowering medication) was independently asso-
ciated with lower mortality in both 30- and 90-day 
models (Table 2). Achieving BP <140/90 mm Hg, not 
smoking, and receipt of an angiotensin-converting en-
zyme inhibitor or angiotensin receptor blocker were not 
independently associated with mortality after account-
ing for patient characteristics and adherence to other 
guidelines. Receipt of a β-blocker was associated with 
reduced mortality in 30-day but not 90-day models, 
while achievement of an LDL-C <100 mg/dL at 90 days 
post-AMI was independently associated with lower 
mortality.

In sensitivity analyses using E-values, we found that 
the observed HR of 0.57 for the impact of full guideline 
adherence at 90 days (or 0.92 for per-guideline impact) 
on mortality could be explained by an unmeasured 
confounder that was associated with both full guideline 
adherence (or adhering to 1 additional guideline) and 
mortality by a risk ratio of 2.31 (or 1.31) each, above 
and beyond the measured confounders. These effect 
sizes are beyond those seen for any individual variable 
in our study, making the likelihood of unmeasured con-
founding fully explaining our results less likely. Finally, 
in sensitivity analyses including the Elixhauser index 
into the model, there was no appreciable change in 
results.28

DISCUSSION
In a large, demographically diverse, community-
based population eligible for secondary prevention 
after AMI, we found that cumulative adherence to: (1) 
guideline-recommended medical therapy, (2) optimal 
cardiovascular risk factor control, and (3) lifestyle in-
terventions at 30 and 90 days after the event was as-
sociated with significantly lower long-term mortality. 
We also observed that while achieving any individual 
secondary prevention guideline recommendation 

N
o

. o
f 

G
u

id
el

in
es

 M
et

 a
t 

30
 D

ay
s 

A
ft

er
 D

is
ch

ar
g

e
N

o
. o

f 
G

u
id

el
in

es
 M

et
 a

t 
9

0 
D

ay
s 

A
ft

er
 D

is
ch

ar
g

e

O
ve

ra
ll

0
–2

3
4

5
6

O
ve

ra
ll

0
–3

4
5

6
7

(N
=

25
 7

78
)

(N
=1

23
0)

(N
=1

83
5)

(N
=

49
77

)
(N

=
9

0
62

)
(N

=
86

74
)

(N
=

24
 2

0
0)

(N
=

24
07

)
(N

=
30

11
)

(N
=

56
77

)
(N

=7
51

4)
(N

=
55

91
)

LD
L-

C
, m

g/
d

L

≥2
00

38
3 

(1
.5

)
18

 (1
.5

)
35

 (1
.9

)
60

 (1
.2

)
13

4 
(1

.5
)

13
6 

(1
.6

)
36

6 
(1

.5
)

50
 (2

.1
)

67
 (2

.2
)

96
 (1

.7
)

10
9 

(1
.5

)
44

 (0
.8

)

16
0

–1
99

15
72

 (6
.1

)
63

 (5
.1

)
10

4 
(5

.7
)

31
7 

(6
.4

)
53

2 
(5

.9
)

55
6 

(6
.4

)
14

97
 (6

.2
)

18
6 

(7
.7

)
21

7 
(7

.2
)

36
0 

(6
.3

)
45

5 
(6

.1
)

27
9 

(5
.0

)

13
0

–1
59

30
94

 (1
2.

0)
10

6 
(8

.6
)

20
0 

(1
0.

9)
57

2 
(1

1.
5)

10
44

 (1
1.

5)
11

72
 (1

3.
5)

29
48

 (1
2.

2)
33

0 
(1

3.
7)

42
6 

(1
4.

1)
65

8 
(1

1.
6)

87
7 

(1
1.

7)
65

7 
(1

1.
8)

10
0

–1
29

50
03

 (1
9.

4)
21

2 
(1

7.
2)

33
2 

(1
8.

1)
91

3 
(1

8.
3)

16
86

 (1
8.

6)
18

60
 (2

1.
4)

47
31

 (1
9.

5)
54

8 
(2

2.
8)

66
6 

(2
2.

1)
11

00
 (1

9.
4)

13
81

 (1
8.

4)
10

36
 (1

8.
5)

70
–9

9
71

53
 (2

7.
7)

30
2 

(2
4.

6)
50

5 
(2

7.
5)

13
83

 (2
7.

8)
25

71
 (2

8.
4)

23
92

 (2
7.

6)
67

07
 (2

7.
7)

39
1 

(1
6.

2)
62

4 
(2

0.
7)

15
69

 (2
7.

6)
22

47
 (2

9.
9)

18
76

 (3
3.

6)

<7
0

39
82

 (1
5.

4)
16

0 
(1

3.
0)

29
3 

(1
6.

0)
86

1 
(1

7.
3)

14
38

 (1
5.

9)
12

30
 (1

4.
2)

36
59

 (1
5.

1)
22

9 
(9

.5
)

36
7 

(1
2.

2)
84

7 
(1

4.
9)

12
78

 (1
7.

0)
93

8 
(1

6.
8)

U
nk

no
w

n
45

91
 (1

7.
8)

36
9 

(3
0.

0)
36

6 
(1

9.
9)

87
1 

(1
7.

5)
16

57
 (1

8.
3)

13
28

 (1
5.

3)
42

92
 (1

7.
7)

67
3 

(2
8.

0)
64

4 
(2

1.
4)

10
47

 (1
8.

4)
11

67
 (1

5.
5)

76
1 

(1
3.

6)

A
C

E
I, 

an
gi

ot
en

si
n-

co
nv

er
tin

g 
en

zy
m

e 
in

hi
b

ito
r;

 A
M

I, 
ac

ut
e 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 A

R
B

, a
ng

io
te

ns
in

 re
ce

pt
or

 b
lo

ck
er

; B
P,

 b
lo

od
 p

re
ss

ur
e;

 L
D

L-
C

, l
ow

-d
en

si
ty

 li
p

op
ro

te
in

 c
ho

le
st

er
ol

; a
nd

 T
IA

, t
ra

ns
ie

nt
 is

ch
em

ic
 a

tt
ac

k.

Ta
b

le
 1

. 
C

o
n

ti
n

u
e

d



J Am Heart Assoc. 2020;9:e014415. DOI: 10.1161/JAHA.119.014415� 9

Solomon et al� Cumulative Guideline Adherence and AMI

after AMI is associated with modest benefits, the fa-
vorable association of adherence to multiple guideline 
recommendations with longer survival is both statisti-
cally and clinically significant. For example, adherence 
to 1 additional guideline was associated with lower 
adjusted rates of death by 8% to 11%, but there was 
a 39% to 43% lower mortality rate in patients meeting 
all guideline-recommended treatments. These benefi-
cial associations were observed even within a cohort 
demonstrating high levels of adherence to each in-
dividual guideline recommendation. Further, full ad-
herence to all guideline-recommended treatments 
was associated with an additional 12% to 21% im-
provement in long-term survival compared with those 
achieving 1 less than full adherence (ie, comparing 
results for 6 versus 5 and 7 versus 6 in 30- and 90-
day models, respectively). Our findings provide sup-
port for providers and healthcare delivery systems 
to systematically and aggressively promote compre-
hensive secondary prevention efforts across multiple 
avenues of care. Patients and providers can use this 
information to understand the incremental and cumu-
lative benefits of achieving the maximum number of 
guideline-recommended strategies possible.

As an observational study, there is the potential for 
residual confounding that may influence our results. 
However, we present both unadjusted and fully ad-
justed models that controlled for observed baseline 

and time-updated comorbidities, laboratory results, 
prescriptions and vital signs, recurrent AMI events, 
and a high-dimensional propensity score. Our com-
prehensive electronic medical record system allows for 
complete follow-up for these patient-related factors, 
providing the opportunity to adjust for potential con-
founders across many clinical care domains at base-
line and during follow-up. After adjustment, our results 
make clear that the monotonic relationship between 
achieving each additional guideline recommendation 
and mortality, although attenuated, remains both clini-
cally and statistically significant across the entire range 
of adherence.

Previous studies have examined whether guideline 
metrics at AMI admission, such as door-to-balloon 
time and other acute interventions, affect long-term 
outcomes,29 but little evidence exists about post-
discharge adherence to multiple diverse elements of 
guideline-directed therapy. Prior work has focused on 
the impact of limited specific medications or classes 
but has not examined risk factor control or lifestyle 
interventions,14–18,30 have relied on self-reported out-
comes rather than clinical data from electronic medi-
cal records,31 or have examined international settings, 
which may not be generalizable to the United States.31 
To our knowledge, none have examined the associa-
tion of combining multiple elements of guideline rec-
ommendations across varied clinical domains with 

Table 2.  Impact of Cumulative and Individual Adherence to Guideline-Recommended Medical Therapy, Control of 
Cardiovascular Risk Factors, and Lifestyle Practices on All-Cause Mortality After AMI

Guideline Adherence at 30 days 
(N=25 778) Guideline Adherence at 90 days (N=24 200)

No. (%) HR 95% CI No. (%) HR 95% CI

Categorical Categorical

0 to 2 Guidelines 1230 (5) Reference 0 to 3 Guidelines 2407 (10) Reference

3 Guidelines 1835 (7) 0.94 0.80 to 1.11 4 Guidelines 3011 (12) 0.84* 0.74 to 0.96

4 Guidelines 4977 (19) 0.87 0.74 to 1.01 5 Guidelines 5677 (23) 0.75* 0.66 to 0.85

5 Guidelines 9062 (35) 0.82* 0.70 to 0.95 6 Guidelines 7514 (31) 0.69* 0.61 to 0.78

6 Guidelines 8674 (34) 0.61* 0.52 to 0.72 7 Guidelines 5591 (23) 0.57* 0.49 to 0.66

Continuous Continuous

Per guideline 0.89* 0.86 to 0.92 Per guideline 0.92* 0.90 to 0.94

By Guideline By Guideline

BP <140/90 mm Hg 22 041 (86) 1.03 0.95 to 1.12 BP <140/90 mm Hg 20 644 (85) 1.08 0.98 to 1.19

Not smoking after event 21 459 (83) 0.97 0.85 to 1.10 Not smoking after event 20 088 (83) 0.93 0.81 to 1.07

Prescribed ARB/ACEI 19 076 (74) 0.94 0.87 to 1.02 Prescribed ARB/ACEI 17 026 (70) 0.93 0.86 to 1.01

Prescribed β-blocker 22 325 (87) 0.90* 0.82 to 1.00 Prescribed β-blocker 19 672 (81) 0.93 0.84 to 1.02

Prescribed antiplatelet 17 319 (67) 0.77* 0.71 to 0.82 Prescribed antiplatelet 15 444 (64) 0.81* 0.75 to 0.88

Prescribed lipid medication 22 647 (88) 0.90* 0.81 to 1.00 Prescribed lipid medication 20 714 (86) 0.76* 0.69 to 0.84

LDL-C <100 mg/dL 17 073 (71) 0.91* 0.84 to 0.98

ACEI indicates angiotensin-converting enzyme inhibitor; AMI acute myocardial infarction; ARB, angiotensin receptor blocker; BP, blood pressure; HR, hazard 
ratio; and LDL-C, low-density lipoprotein cholesterol.

*P<0.05.
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long-term mortality. Furthermore, since our source 
population included >4.4 million people (≈1.5% of the 
US population) receiving care within a large integrated 
healthcare delivery system, our findings are more likely 
to be representative of real-world outcomes compared 
with those in clinical trial volunteer samples, select pa-
tient registries, or tertiary care/referral practice settings.

As prior studies typically measured the impact 
of fewer guidelines, it remained unknown whether 
adherence to additional recommendations had a 
meaningful impact on outcomes, or whether at some 
point there were diminishing returns, and whether full 
adherence to multiple diverse guideline recommen-
dations continued to demonstrate a protective effect 
at higher absolute levels of guideline achievement. 
Importantly, our data suggest that full adherence to 
guideline-recommended therapy may be required 
to realize the greatest overall impact on mortality. 
However, even if full guideline adherence was not 
accomplished at 30 and 90 days post-AMI, each in-
crementally achieved guideline recommendation was 
associated with lower adjusted mortality, overall and 
within key clinical subgroups.

We chose to examine guideline adherence within 
30- and 90-day periods post-discharge, whereas 
many prior studies examined guideline adherence at 
discharge after AMI or at later intervals (eg, 6 months 
and 1 year). Little evidence suggests that allowing pa-
tients a longer postdischarge “buffer” period to meet 
guideline-directed therapy correlates with improved 
outcomes. In current practice, most patients have a 
follow-up visit after AMI within 1 month, so our meth-
odology would allow treating physicians to fill any gaps 
missed between the time of discharge after AMI and 
the initial follow-up visit. There is evidence that early 
follow-up after AMI is associated with higher rates of 
recommended medication use,32 and since this study 
was performed in an integrated healthcare delivery 
system with a long-standing post-AMI cardiac rehabili-
tation program, it is possible that our rates of long-term 
persistence are higher than in other settings. We did 
find sustained adherence between 30 and 90 days; 
for individual guideline metrics, >89% to 90% of those 
adherent at 30 days remained adherent at 90 days.

Our findings demonstrated a high degree of ad-
herence to secondary prevention guidelines after 

Figure 2.  A, Thirty-day unadjusted, (B) 30-day adjusted, (C) 90-day unadjusted, and (D) 90-day adjusted cumulative incidence 
of all-cause mortality, stratified by adherence to secondary prevention guidelines after acute myocardial infarction (AMI).

A B

C D
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AMI including medication use, cardiovascular risk 
factor control, and lifestyle intervention—a combi-
nation of measures beyond that observed in other 
registries33–35 and at rates consistent with pooled 
analyses of large clinical trials.36 In addition to ag-
gressive primary prevention efforts,37 these may help 
to explain the significant reductions in AMI rates and 
heart disease mortality within KPNC, which have 
surpassed national rates over the past decade.20,38 
Although our findings are observational and not con-
sidered causal, it is helpful for both providers and 

patients to know that adherence to each additional 
guideline by 90 days is associated with an 8% lower 
adjusted rate of long-term mortality, with an overall 
43% lower mortality rate if all guideline metrics are 
achieved.

Improving adherence to secondary prevention 
measures will require systematic, multipronged, coor-
dinated programs that use technology-based tools for 
population-level outreach and patient management, 
leverage the full spectrum of physician and nonphysi-
cian providers, reduce barriers for patients, and apply 

Figure  3.  Multivariable association of achieving 1 additional secondary prevention guideline 
after acute myocardial infarction (AMI) with all-cause mortality, stratified by patient subgroup.
A, Association of each additional guideline recommendation achieved at 30 days after AMI and all-cause 
mortality. B, Association of each additional guideline recommendation achieved at 90 days after AMI and 
all-cause mortality.
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validated clinical algorithms to improve adherence to 
recommended therapies.37,39

Limitations
Our study has several limitations. We focused pri-
marily on recommendations from the 2014 American 
College of Cardiology/American Heart Association 
(ACC/AHA) Guideline for the Management of Patients 
With Non–ST-Elevation Acute Myocardial Infarction40 
and an updated hypertension management guideline,6 
which have been stable since earlier versions of simi-
lar guidelines.41,42 Despite controversy about whether 
to target a specific LDL-C level for secondary preven-
tion, our internal guidelines during the study period did 
not change and were consistent with pre-2013 ACC/
AHA atherosclerotic cardiovascular disease risk and 
cholesterol guidelines that recommended specific LDL 
targets.43 In addition, although our electronic medi-
cal record system allowed for ascertainment of the 7 
examined guideline metrics, our antiplatelet metric in-
cluded receipt of PY2Y12 inhibitors but not aspirin, for 
which data were not comprehensively available from 
pharmacy records, as it is commonly purchased over 
the counter. We also did not exclude patients ineligible 
for specific guideline-recommended therapies, such as 
those with a relative or absolute contraindication to β-
blockers or angiotensin-converting enzyme inhibitors 
or angiotensin receptor blockers. Review of internal 
data suggests that nearly 20% of patients post-AMI in 
our system are ineligible for β-blockers per Healthcare 
Effectiveness Data and Information Set (HEDIS) guide-
lines, so our study population included patients ineligi-
ble for this therapy. Given that our goal was to examine 
the association of guideline adherence and mortality in 
all-comers after AMI, and assessing the eligibility for all 
guideline metrics was not operationally feasible given 
the large number of relative and absolute contraindica-
tions, we elected to retain these patients in our analy-
ses. Further, patients not receiving guideline-directed 
therapy, even if contraindicated, would not receive the 
potential benefit from the therapy. We also did not have 
the capacity to identify patients who may have discon-
tinued therapy because of side effects. In addition, we 
did not examine whether medications were titrated to 
doses used in pivotal randomized trials, which could 
modify their effect on long-term outcomes,44 did not 
examine the impact of changes in guideline adherence 
or persistence after 90 days post-AMI, and could not 
ascertain other preventive measures such as dietary or 
exercise patterns. We also could not capture individual 
patient-level participation in home-based cardiac reha-
bilitation, which could influence the likelihood of adher-
ence to guideline-directed therapies, in a systematic 
manner during our study period from available data 
within our system. We examined all-cause mortality, as 

cardiovascular-specific mortality is difficult to discern 
because of inaccurate death certificate data and lack 
of confirmed cause of death for most out-of-hospital 
deaths.45,46 However, given that all patients in our co-
hort had an AMI, most deaths were likely attributable 
to cardiovascular disease. Certain guideline metrics, 
such as smoking status, may be subject to misclas-
sification, but systematic efforts within KPNC to closely 
track this information help minimize this risk, as we 
have successfully encouraged >100  000 smokers to 
quit smoking in the past 5 to 10 years. KPNC mem-
bers are routinely screened for smoking at outpatient 
appointments by medical assistants and their primary 
care physicians, and smoking is considered an addi-
tional “vital sign.”47 While subject to misclassification, 
there is no a priori reason to believe that misclassifica-
tion varies across categories of guideline adherence. 
In addition, as this is an observational analysis using 
information collected as part of usual clinical care, 
we did not have complete data for selected baseline 
variables included in our models, which is a limitation. 
However, we included a category for missingness for 
these variables in our regression models and it was not 
significantly or strongly associated with the outcome 
of interest for variables with missing data. Finally, there 
remains the potential for bias as a result of unmeasured 
confounders, and patients who were more adherent 
to guideline-directed therapies may have been overall 
healthier. However, we employed advanced techniques 
including a machine-learning method to construct 
a high-dimensional propensity score to account for 
unmeasured confounding, and conducted sensitivity 
analyses that included a frailty index, to control for a 
large range of patient-related factors that could influ-
ence the relationship between the exposure and out-
come. Our findings should be considered hypothesis 
generating, and our main goal was to demonstrate the 
magnitude of the association of poor guideline adher-
ence with all-cause mortality—regardless of the cause 
of poor adherence—to highlight the worse outcomes in 
poorly adherent patients. This could encourage more 
aggressive secondary prevention outreach efforts and 
could potentially provide patients with additional in-
centive to follow-up (ie, if physicians can articulate the 
potential survival benefit to cumulative secondary pre-
vention guideline adherence), which could affect other 
health behaviors linked to longer survival.

CONCLUSIONS
Within a large real-world population eligible for sec-
ondary prevention after AMI, we found that cumula-
tive adherence to guideline-recommended medical 
therapies, cardiovascular risk factor control, and life-
style modification at 30 and 90 days after discharge 
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was associated with significant long-term reductions in 
mortality. The associated benefit continued to accrue 
all the way to full adherence of the examined guideline 
metrics, without significant diminishing returns. Future 
research should examine the population-, system-, 
and individual-level barriers to achieving full adherence 
to guideline-recommended therapy to optimize sec-
ondary prevention after AMI.
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Data S1. 

 

High-dimensional propensity score 

The high-dimensional propensity score was derived from a multivariable logistic regression 

initially evaluating up to 600 variables in categories of demographics, diagnoses, procedures and 

prescriptions, selected by an algorithm that ranked candidate variables by their potential to 

minimize confounding based on the bivariate associations of each variable with the treatment 

and with the outcome.1   

 

E-Values 

We assessed the robustness of our results to unmeasured confounding using the E-Value 

methodology of VanderWeele and Ding.2  Calculated E-values for the hazard ratios found in the 

90-day guideline analyses are shown below. 

 

E-Values for Hazard Ratios in 90-Day Analysis 

Variable HR 95% CI E-value 
E-value for 95% 

C.I. closest to Null 

   0-3 guidelines ref    
   4 guidelines 0.84 (0.74-0.96) 1.51 1.20 

   5 guidelines 0.75 (0.66-0.85) 1.74 1.48 

   6 guidelines 0.69 (0.61-0.78) 1.91 1.66 

   7 guidelines 0.57 (0.49-0.66) 2.31 2.00 

   Per guideline 0.92 (0.90-0.94) 1.31 1.26 
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