
Effect of PCSK9 inhibitors on the 
quality of life in patients with acute 
coronary syndromes — exploratory 
analysis of the EMSIACS trial
Anran Jing1,6, Jingxian Wang5,6, Menglong Zhang2, Yan Liang1, Jingyu Liu1, Nan Zhang1, 
Jixiang Wang1, Xiaowei Li1, Changping Li3, Zhuang Cui3, Yin Liu1 & Jing Gao1,4

PROMIS effectively assesses patient health, but its use in evaluating the quality of life in acute 
coronary syndrome (ACS) patients on PCSK9 inhibitors (PCSK9i) remains unexplored. This study 
examined the impact of PCSK9i on quality of life in ACS patients, comparing PCSK9i plus statin versus 
statin-only therapy using PROMIS-10, and analyzed the association between PROMIS scores and 
major adverse cardiovascular events (MACE). The EMSIACS trial is a prospective, randomized, open-
label, parallel-group, multicenter study registered at ClinicalTrials.gov (NCT04100434). This paper 
presents the exploratory outcomes of this trial. From September 2020 to March 2022, a total of 500 
ACS patients were enrolled. Patients were randomly assigned in a 1:1 ratio to receive Evolocumab 
plus statin therapy or statin-only therapy. The quality of life was assessed using PROMIS 10 at 
baseline, week 12, and week 48. PROMIS 10 includes two summary scores: Global Physical Health 
(GPH, including physical health, physical function, fatigue and pain intensity) and Global Mental 
Health (GMH, including overall quality of life, mental health, satisfaction with social activities, and 
emotional problems). At week 48, MACE were evaluated in two groups. At week 12, Evolocumab 
significantly improved Global Physical Health (GPH) (P < 0.001) and Global Mental Health (GMH) scores 
(P < 0.001), particularly in pain intensity, mental health, and social activity satisfaction (P < 0.001). 
By week 48, both groups improved significantly from baseline, with no significant differences 
between them(GPH: P = 0.120; GMH: P = 0.105). Emotional problems worsened in patients with MACE 
(P = 0.015). Exploratory analysis suggested that PCSK9i significantly improved short-term quality of 
life in ACS patients outperforming statins especially in pain intensity, mental health, and social activity 
satisfaction. In the long term, PCSK9i sustained quality of life improvements. The occurrence of MACE 
in ACS patients may associate with emotional problems.

Clinical trial registration number: NCT04100434.
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ACS is a rapid onset and serious cardiovascular disease with poor prognosis1, low rate of blood lipid attainment2, 
and often accompanied by multiple complications such as arrhythmia and acute heart failure, which pose a 
great threat to patients’ physical and mental health and create a heavy burden on society3. The experiences of 
ACS patients during the course of their illness can significantly affect their psycological state. Patients with ACS 
are prone to psychological issues such as anxiety and depression, which can adversely affect their prognosis in 
turn4–6.

Recent guidelines recommend that the addition of PCSK9i should be considered for patients who do not 
meet their low-density lipoprotein cholesterol (LDL-C) target despite using the maximum tolerated dose of 
statins7. Studies have shown that using PCSK9i, either alone or in combination with statins, reduces the risk of 
MACE in patients with ACS8,9.
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Previous studies have used the EuroQol 5 dimensions questionnaire (EQ-5D) to find that PCSK9i has a 
positive impact on quality of life of patients with high-risk and extremely high-risk cardiovascular diseases10. 
Compared to EQ-5D, Patient-Reported Outcomes Measurement Information System(PROMIS) 10 Global 
Health, is more comprehensive, with a finer scoring system11. Studies have shown that PROMIS is effective for 
both the general population and patients with specific chronic diseases12–14. However, there are no studies to 
date using PROMIS 10 to investigate the impact of PCSK9i on quality of life of ACS patients. This study aims 
to use the PROMIS 10 scale to explore the effectiveness of PCSK9i in improving quality of life of ACS patients, 
compare the effects of PCSK9i combined with statin therapy versus statin monotherapy on ACS patient quality 
of life, and examine changes in PROMIS 10 across various dimensions. Additionally, the study will explore the 
correlation between PROMIS scores and the occurrence of MACE in ACS patients.

Methods
Study design and population
The EMSIACS15 is a prospective, open-label, multicenter, randomized clinical trial (ClinicalTrials.gov 
[NCT04100434]), a study protocol published with the first registration date of 24/09/2019. This study presents 
exploratory outcomes from this trial. The EMSIACS enrolled 500 ACS patients diagnosed between September 
2020 and August 2022 across six top-tier hospitals in Tianjin. The included ACS patients were diagnosed with 
non-ST elevation myocardial infarction (NSTEMI), acute ST elevation myocardial infarction (STEMI) within 
24 h, or unstable angina within 72 h. We performed stratified block randomization using the PROC PLAN 
procedure in SAS 9.4, with the stratification factors being the number of strata and blocks. Specifically, the 
number of strata (i.e., centers) was set to 7, and the number of blocks was set to 4. The patients were randomly 
assigned in a 1:1 ratio to two treatment groups: a group receiving Evolocumab combined with statins, and 
a group receiving statins alone. The patients were followed for one year. The baseline demographic features, 
clinical examinations, laboratory tests, questionnaires, and follow-up were carried out by the research team at 
Tianjin Chest Hospital. This study is an exploratory outcome of EMSIACS.

Inclusion and exclusion criteria
Inclusion criteria: Patients aged ≥ 18 and ≤ 85 with recent hospitalization for acute phase ACS are eligible for 
inclusion in this study. The diagnosis for ACS in this study is defined as non-ST-segment elevation myocardial 
infarction (MI) within 24 h of onset, acute ST-segment elevation MI within 24 h of onset, or unstable angina 
within 72 h of onset. Additional inclusion criteria are based on patients with elevated LDL-C levels who meet 
one of the following four conditions: (1) prior to the study, patients who received intensive statins for more than 
4weeks (the same dose of statin therapy has been sustained for the past 4weeks), having LDL-C levels ≥ 70 mg/dl 
(≥ 1.8mmol/L) or non-HDL-C ≥ 100 mg/dl (≥ 2.6mmol/L); (2) prior to the study, patients who received moderate-
intensity statin therapy for more than 4weeks (the same dose of statin therapy has been sustained for the past 
4weeks), having LDL-C levels ≥ 90 mg/dl (≥ 2.3mmol/L) or non-HDL-C ≥ 120 mg/dl (≥ 3.1mmol/L); (3) prior to 
the study, patients who do not receive any statin therapy or discontinue statin therapy, having LDL-C ≥ 125 mg/
dl (≥ 3.2mmol/L) or non-HDL-C ≥ 155 mg/dl (≥ 4.0mmol/L); and (4) prior to the study, patients who do not 
receive any statin therapy or discontinue statin therapy, having LDL-C L125 mg/dL (≤ 3.2mmol/L).

Exclusion criteria: (1) patients unable to understand the research requirements or refuse to sign the informed 
consent form; (2) patients with unstable clinical status (e.g., hemodynamics or ECG instability); (3) patients with 
uncontrolled arrhythmia, defined as recurrent or symptomatic ventricular tachycardia and atrial fibrillation 
with rapid ventricular reaction that the drug cannot control within 3months prior to screening; (4) patients 
with severe renal insufficiency, defined as the estimated glomerular filtration rate (eGFR) < 30 ml/min/1.73m2; 
(5) patients with active liver diseases or liver dysfunction, either recorded in the patient’s medical record or 
defined as an increase in aspartate aminotransferase (AST) or alanine aminotransferase (ALT) more than 3 
times above the upper limit of normal range; (6) patients with intolerance to rosuvastatin (any dose) or to 
other statins; (7) patients with known allergies to contrast agents, heparin, aspirin, ticagrelor, or clopidogrel; 
(8) patients with known allergies to supplements required for the use of the drug; (9) patients who have been 
treated with evolocumab or other PCSK9 inhibitors; (10) patients who have received cholesterol ester transfer 
protein inhibitors treatment 12months prior to screening; (11) patients who have received systemic steroid or 
cyclosporine treatment in the past 3months; (12) patients with known infections, hemorrhages, metabolic or 
endocrine disorders as determined by the researchers; (13) patients who have been included in other studies; 
(14) patients with active malignant tumor in need of treatment; and (15) women who are fertile (age < 50 years, 
menstruation in the past 12months) and have not received tubal ligation, oophorectomy, or hysterectomy.

Ethical considerations
The study was reviewed and approved by the Institutional Ethics Committee of Tianjin Chest Hospital (IEC 
No. 2019KY-019-01), and all enrolled patients provided informed consent. We confirm that all methods were 
performed in accordance with the relevant guidelines.

Drug administration and dosage
(1) Statins: Based on the 2020 edition of the Expert Consensus on Clinical Pathway of Blood Lipid Management 
in Patients with Acute Coronary Syndrome, all ACS patients received moderate-intensity statin therapy, either 
Rosuvastatin (10 mg) or Atorvastatin (20 mg) daily during the study period.

(2) Evolocumab (Repatha®): Within 72 h of ACS diagnosis, patients received a single 140 mg subcutaneous 
injection of Evolocumab. Subsequently, the injection was repeated every two weeks (a total of 24 injections 
during the 48-week follow-up period). The injection was administered using a prefilled autoinjector in areas like 
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the abdomen, thigh, or upper arm, ensuring no tenderness, bruising, swelling, or sclerosis at the injection site.
(Fig. 1).

Data collection and follow-up
Baseline patient characteristics were assessed, including:

(1) Demographic information (gender, age); (2) Physical status (height, weight); (3) Medical history 
(hypertension, diabetes, hyperlipidemia, heart disease, peptic ulcers, peripheral vascular disease, stroke, surgical 
history); (4) Treatment history (surgical, pharmacological); (5) Lifestyle (smoking, alcohol use); (6) Current 
medical history (ACS type, number of affected coronary vessels, lesion locations), (7) Echocardiogram; (8) 
Laboratory tests (CBC, liver function, kidney function, lipid profile, myocardial injury biomarkers).

The PROMIS 10 was used to assess patients’ quality of life at baseline, 12 weeks, and 48 weeks. At week 
48, MACE events (defined as coronary heart disease death, nonfatal myocardial infarction, hospitalization for 
unstable angina, unplanned coronary revascularization, and stroke) were recorded.

The PROMIS 10, funded by the National Institutes of Health (NIH), consists of 10 items that generate two 
scores: Global Physical Health (GPH) and Global Mental Health (GMH)15. GPH includes physical health, physical 
function, fatigue, and pain intensity, while GMH includes overall quality of life, mental health, satisfaction with 
social activities, and emotional problems. Scores are calculated using a web-based tool ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​o​r​t​h​o​t​o​o​l​
k​i​t​.​c​o​m​/​p​r​o​m​i​s​-​1​0​/​​​​ ), and are standardized with a mean t-score of 50 (standard deviation = 10), where higher 
scores indicate better health-related quality of life.

Study outcomes
The primary endpoint of this study was the change in PROMIS GPH and GMH scores between baseline, 12 
weeks, and 48 weeks.

Secondary endpoints included:
(1) Changes in individual PROMIS 10 item scores and percentage change from baseline, 12 weeks, and 48 

weeks,
(2) MACE occurrence at 48 weeks.

Statistical analysis
Normally distributed continuous data were expressed as mean ± standard deviation (SD), and non-normally 
distributed data were presented as median and interquartile range. Between-group comparisons were made 
using independent t-tests or rank-sum tests, while within-group comparisons were made using paired t-tests. 
PROMIS score changes were expressed as means with 95% confidence intervals. Statistical analyses were 
conducted using SPSS 26.0 and GraphPad Prism 8. A P-value of < 0.05 was considered statistically significant.

Fig. 1.  Study flow diagram.
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Results
Clinical characteristics
This study included a total of 500 patients (Statin treatment: 250 cases, Medium-dose statin combined with 
Evolocumab treatment: 250 cases). Table 1 reports the baseline characteristics of the two groups of patients. The 
average (25%, 75%) age of all patients was 61 (53, 67) years, with 410 patients (82%) being male (Table 1).

Addition of evolocumab outperforms statin therapy alone in lipid-lowering
As the primary endpoint of the EMSIACS trial, LDL-C levels in the evolocumab group decreased significantly 
from 3.45 mmol/L to 2.41 mmol/L on the 3rd day of treatment (P < 0.001), continued to decreased significantly to 
1.03 mmol/L at week 4 (P < 0.001), and remained stable thereafter. At week 48, the LDL-C level in the evolocumab 
group was 1.07mmol/L, which was significantly lower than the 2.10mmol/L in the control group (P < 0.001) 
(Fig. 2). Next, the distribution of LDL-C levels was analyzed. After 4 weeks of treatment, the evolocumab group 
had a higher proportion of low levels of LDL-C than the control group (≤ 1.8 mmol/L: 88.96% vs. 23.42%; ≤ 
1.4 mmol/L: 74.03% vs. 24.68%; ≤ 1.0 mmol/L: 52.60% vs. 1.90%; all P < 0.001). Similar results were observed 
after 12 weeks of treatment (≤ 1.8 mmol/L: 89.74% vs. 39.47%; ≤ 1.4 mmol/L: 74.36% vs. 10.53%; ≤ 1.0 mmol/L: 
47.44% vs. 2.63%; all P < 0.001) (Fig. 3).

Comparison of PROMIS GPH and PROMIS GMH scores between evolocumab group and 
statins group
At baseline, there was no statistically significant difference in the average (SD) PROMIS GPH scores between the 
Evolocumab and Statins groups [43.46 (4.96) vs. 44.20 (4.97); P = 0.141]. At 12 weeks, the PROMIS GPH score 
of 249 patients in the Evolocumab group was significantly different from baseline [44.21 (4.98) vs. 49.87 (7.09), 
P < 0.001]. At 48 weeks, the improvement in PROMIS GPH for 234 Evolocumab group patients was similar to 
that at 12 weeks, and was significantly different from baseline [52.87 (6.20) vs. 44.14 (4.96); P < 0.001]. However, 
there was no statistically significant difference between the Evolocumab and Statins groups at 48 weeks [52.87 
(6.20) vs. 51.83 (6.58); P = 0.120], and the change in PROMIS GPH score between the two groups was also not 
statistically significant [Evolocumab group: 8.73 (7.91) vs. Statins group: 8.30 (8.38); P = 0.600] (Table 2; Fig. 4a).

Similarly, at baseline, there was no statistically significant difference in the average (SD) PROMIS GMH 
scores between the Evolocumab and Statin groups [46.51 (6.38) vs. 45.99 (5.90); P = 0.401]. At 12 weeks, the 
PROMIS GMH score of 249 Evolocumab patients was significantly higher than baseline [52.09 (7.75) vs. 46.54 
(6.38); P < 0.001]. At 48 weeks, the improvement in PROMIS GMH for 234 Evolocumab group patients was 
similar to that at 12 weeks, with a significant difference from baseline [46.40 (6.33) vs. 54.77 (7.64); P < 0.001]. 
However, the difference compared to the Statins group was not statistically significant [54.77 (7.64) vs. 53.49 
(8.54); P = 0.105], and the change between the two groups was also not statistically significant [Evolocumab 
group: 8.37 (10.31) vs. Statins group: 7.43 (11.11); P = 0.593] (Table 2; Fig. 4d).

Comparison of PROMIS 10 scale improvements in evolocumab and statin groups
At baseline, the fatigue score [4.16 (0.66) vs. 4.00 (0.72); P = 0.010] and social activity satisfaction score [3.18 
(0.86) vs. 3.02 (0.87); P = 0.049] in the Evolocumab group were significantly different from the Statins group, 
while the other scores showed no statistically significant differences at baseline (P > 0.05) (Table 3).

At 12 weeks, the changes in pain intensity score in the GPH scale (43.20% vs. 13.40%, P < 0.001), mental 
health score in the GMH scale (31.15% vs. 20.50%, P = 0.016), and social activity satisfaction score (26.84% vs. 
20.04%, P = 0.033) were significantly different between the Evolocumab and Statins groups (Table 3; Fig. 4b, e).

At 48 weeks, there were no statistically significant differences in the improvement of the individual items 
between the two groups compared to baseline (P > 0.05), but there were significant differences between the 
Evolocumab and Statins groups in the physical health (P = 0.007), mental health (P = 0.032), and social activity 
satisfaction scores (P = 0.009) (Table 3; Fig. 4c, f).

Changes in PROMIS 10 scale scores for each item in the evolocumab group
At 12 weeks, the Evolocumab group showed statistically significant improvements in the physical health score 
[3.39 (0.96) vs. 2.93 (0.83); P < 0.001] and pain intensity score [1.17 (1.99) vs. 4.05 (2.79); P < 0.001], while the 
physical function score showed a slight improvement [3.30 (1.10) vs. 3.17 (0.90); P = 0.209], and the fatigue score 
showed a slight decline [4.04 (0.70) vs. 4.16 (0.66); P = 0.055], but this change was not statistically significant. At 
48 weeks, the improvement in physical health and pain intensity scores (P < 0.001) persisted, and the differences 
in physical function (P < 0.001) and fatigue scores (P = 0.003) were statistically significant compared to baseline 
(Table 4; Fig. 5a-d).

At 12 weeks, the Evolocumab group showed statistically significant improvements in the four items of the 
PROMIS GMH scale: overall quality of life [3.46 (0.90) vs. 3.01 (0.86); P < 0.001], mental health [3.80 (0.83) vs. 
3.12 (0.83); P < 0.001], social activity satisfaction [3.80 (1.09) vs. 3.18 (0.86); P < 0.001], and emotional issues 
[4.21 (0.77) vs. 3.88 (0.87); P < 0.001]. At 48 weeks, the overall quality of life, mental health, and social activity 
satisfaction scores continued to improve (P < 0.001), while emotional issue scores decreased compared to 12 
weeks, but the difference from baseline remained statistically significant (P = 0.002) (Table 4; Fig. 5e-h).

Comparison of changes in scores between MACE and Non-MACE patients at 48 weeks
At 48 weeks, 58 patients (12.37%) had experienced MACE. There was no statistically significant difference in 
the GPH (P = 0.648) and GMH (P = 0.294) scores at baseline and 12 weeks between the MACE and non-MACE 
groups. At week 48, the difference between MACE and non-MACE groups in GMH was statistically significant 
(P = 0.048)(Table 5). Regarding PROMIS 10 dimensions, the fatigue score of the MACE group was lower at 12 
weeks compared to baseline, but this change was not statistically significant [3.82 (0.62) vs. 4.00 (0.65); P = 0.053]. 
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Total (n = 500) Evolocumab + Statin (n = 250 ) Statins (n = 250) P value

Age (years) 61 (53,67) 60 (51,67) 62 (55,68) 0.058

Male (n, %) 410 (82.00) 198 (79.20) 212 (84.80) 0.103

BMI (kg/㎡) 25.39 (23.36,27.42) 25.71 (23.45,27.55) 25.35 (22.88,27.02) 0.228

Smoke (n, %) 245 (49.5) 121 (48.80) 124 (50.2) 0.753

Alcohol(n, %) 145 (29.30) 79 (31.90) 66 (26.70) 0.209

Medical history (n, %)

 Previous MI 46 (9.20) 23 (9.20) 23 (9.20) 1.000

 Previous PCI 53 (10.6) 28 (11.2) 25 (10.00) 0.771

 Previous CABG 11 (2.20) 8 (3.20) 3 (1.20) 0.221

 Family history of CAD 4 (0.80) 2 (0.40) 2 (0.40) 1.000

 Diabetes 107 (21.4) 58 (23.20) 49 (19.60) 0.326

 Hypertension 281 (56.20) 138 (55.20) 143 (57.20) 0.652

 Stroke 42 (8.40) 18 (7.20) 24 (9.60) 0.333

 PUD 14 (2.80) 9 (3.60) 5 (2.00) 0.874

 PAD 7 (1.40) 3 (1.20) 4 (1.60) 0.874

Type of ACS (n, %) 0.149

 STEMI 398 (79.60) 192 (76.80) 206 (82.40)

 NSTE-ACS 102 (20.40) 58 (23.20) 44 (17.60)

Number of coronary artery lesion (n, %) 0.379

 Single-vessel lesion 151 (30.60) 80 (32.50) 71 (28.70)

 Double-vessel lesion 148 (30.00) 67 (27.20) 81 (32.80)

 Three-vessel lesion 194 (39.40) 99 (40.20) 95 (38.50)

Coronary diseased vessels (n,%) 0.710

 LAD 242 (49.10) 127 (51.60) 115 (46.60)

 LCX 65 (13.20) 30 (12.20) 35 (14.20)

 RCA 175 (35.50) 84 (34.10) 91 (36.80)

 LM 11 (2.20) 5 (2.00) 6 (2.40)

Clinical laboratory tests and examinations

 WBC (x109/L) 9.39 (7.67,11.31) 9.11 (7.34,11.34) 9.69 (8.08,11.26) 0.077

 Neutrophil percentage (%) 73.35 (66.23,80.30) 72.00 (64.70,80.30) 74.70 (68.85,80.30) 0.056

 hs-CRP (mg/L) 4.15 (1.60,8.54) 4.01 (1.66,8.11) 4.45 (1.57,9.01) 0.393

 PLT (x109/L) 214.00 (179.00,254.00) 215.00 (181.00,265.50) 209.00(177.75,247.25) 0.098

 TC (mmol/L) 4.77(4.23,5.20) 4.87(4.37,5.21) 4.65(4.21,5.19) 0.206

 TG (mmol/L) 1.89(1.56,2.08) 1.63(1.23,2.12) 1.50(1.14,2.04) 0.091

 HDL-C (mmol/L) 1.05(1.03,1.07) 1.00(0.88,1.19) 1.05(1.02,1.08) 0.820

 LDL-C (mmol/L) 3.38(2.95,3.80) 3.45(3.11,3.79) 3.33(2.94,3.73) 0.263

 VLDL-C (mmol/L) 0.41(0.27,0.59) 0.43(0.29,0.62) 0.39(0.24,0.56) 0.136

 UA (umol/L) 325.00(273.00,393.00) 319.50 (277.75,388.00) 328.50 (269.00, 400.75) 0.179

 Cr (umol/L) 77.00 (66.00,88.00) 75.00 (64.75,85.25) 79.00 (69.00,89.75) 0.065

 eGFR 93.40 (81.78,105.06) 95.01 (84.33,106.57) 90.54 (78.37,103.86) 0.064

 FBG (mmol/L) 6.24 (5.46,7.72) 6.22 (5.35,8.18) 6.31 (5.45,7.62) 0.613

 Hb1Ac (%) 5.90 (5.60,6.60) 5.90 (5.55,6.63) 5.90 (5.60,6.60) 0.549

 D-dimer (ug/ml) 0.34 (0.23,0.59) 0.33 (0.23,0.57) 0.36 (0.24,0.63) 0.149

 CK (U/L) 1104.50 (366.75,2334.00) 848.00(224.00,2639.50) 1232.00(555.25,2137.50) 0.062

 CK-MB (U/L) 101.00 (42.00,203.00) 89.00 (25.50,223.00) 112.50 (56.00,183.00) 0.100

 TNT (ng/mL) 2.76 (0.74,6.48) 2.14 (0.50,6.44) 3.05 (0.93,6.50) 0.061

 BNP (pg/mL) 136.85 (54.92,334.92) 122.56 (49.70,305.43) 158.94 (64.14,366.77) 0.172

 LVEF (%) 50.50 (45.00,56.00) 51.00 (45.00,57.00) 50.00 (45.00,55.00) 0.130

Other cardiac medications (n, %)

Continued
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At 48 weeks, the difference between MACE and non-MACE groups in emotional problems score was statistically 
significant [3.85 (1.10) vs. 4.20 (0.96); P = 0.015]. For other items, there were no significant differences between 
the MACE and non-MACE groups at baseline, 12 weeks, and 48 weeks (P > 0.05) (Fig. 6).

Discussion
Existing studies have confirmed that PCSK9 inhibitors (PCSK9i) can effectively reduce the risk of recurrent 
ischemic cardiovascular events in patients with a history of acute coronary syndrome (ACS) who are receiving 

Fig. 3.  LDL-C level distribution in PCSK9i and Statin groups at baseline, week 4 and week 12.

 

Fig. 2.  LDL-C level changes in PCSK9i and statin groups.

 

Total (n = 500) Evolocumab + Statin (n = 250 ) Statins (n = 250) P value

 Aspirin 500 (100) 250 (100) 250 (100) 1.000

 P2Y12inhibitor 500 (100) 250 (100) 250 (100) 1.000

 ACEI/ARB 368 (73.60) 178 (71.20) 190 (76.00) 0.222

 β-Blocke 374 (74.80) 184 (73.60) 190 (76.00) 0.537

 Statins 18(3.60) 10(4.00) 8(3.20) 0.811

Table 1.  Patients clinical characteristics. MI myocardial infraction; PCI percutaneous coronary intervention; 
CABG coronary artery bypass grafting; CAD coronary artery disease; PAD Peripheral artery disease. PUD 
Peptic ulcer disease; STEMI ST-segment elevation myocardial infarction; NSTE-ACS non-ST elevation acute 
coronary syndrome; LAD left anterior descending artery; LCX left circumflex artery; RCA right coronary 
artery; LM left main coronary artery; WBC White Blood Cell; hs-CRP high-sensitivity C-reactive protein; 
PLT platelet; TC total cholesterol; TG triglyceride; HDL-C high density lipoprotein cholesterol; LDL-C low 
density lipoprotein cholesterol; VLDL-C very low density lipoprotein cholesterol; UA uric acid; Cr creatinine; 
eGFR estimated glomerular filtration rate; FBG Fasting blood glucose; Hb1Ac hemoglobin glycation; CK 
creatine kinase; CK-MB creatine kinase isoenzyme TNT: troponin T; BNP brain natriuretic peptide; LVEF left 
ventricular ejection fraction; ACEI/ARB angiotensin-converting enzyme inhibitors/angiotensin II receptor 
blockers.
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high-intensity statins therapy, showing significant clinical advantages compared to those receiving a placebo16. 
Koren et al. conducted the OSLER-1 trial, which lasted over 4 years, demonstrating that Evolocumab has excellent 
LDL-C lowering efficacy, as well as good tolerability and safety17. Another randomized trial investigating the 
combination of Evolocumab or placebo with statins found no increase in neurocognitive events among patients 
treated with Evolocumab compared to the control group18. Multicenter observational studies on dyslipidemia 
also suggest that PCSK9i have good safety profiles with limited side effects19. However, there is still a lack of 
research exploring whether PCSK9i has a different impact on the quality of life of ACS patients compared to 
statin monotherapy. This study is the first to systematically explore the impact of PCSK9i on the quality of life of 
ACS patients using the NIH PROMIS scoring system.

At 12 weeks, the PROMIS GPH score in the Evolocumab group showed a statistically significant difference 
compared to the statins group. Both groups showed significant differences in pain intensity scores compared 
to baseline, as chest pain is a typical symptom of acute-phase ACS, and patients experience noticeable pain at 
baseline. At follow-up, pain scores improved in both groups, with the Evolocumab group showing a statistically 
significant improvement in pain score percentage compared to the statins group. The study confirms that ACS 
onset and progression are associated with systemic inflammation20. Some studies have found that a decrease 

Fig. 4.  Differences in PROMIS scores for PCSK9i and Statins. a and d Change of PROMIS scores at baseline, 
week 12, and week 48 of the two groups. (b-c) Comparison of GPH instrument items between the two groups 
at week 12, and week 48. (e-f) Comparison of GMH instrument items between the two groups at week 12, and 
week 48. PH, physical health; PF, physical function; FA, fatigue; PI, pain intensity; QoL, overall quality of life; 
MH, mental health; SA, satisfaction with social activities; EP, emotional problems.

 

PROMIS 10 Total PCSK9i Statins P value

GPH

 Baseline 43.83 ± 4.97 44.20 ± 4.97 43.46 ± 4.96 0.141

 Week 12 48.46 ± 6.91 49.87 ± 7.09 47.04 ± 6.43 < 0.001

 Difference(baseline to week 12) 5.65 ± 8.37 3.54 ± 8.07 < 0.001

 Week 48 52.35 ± 6.41 52.87 ± 6.20 51.83 ± 6.58 0.120

 Difference(baseline to week 48) 8.73 ± 7.91 8.30 ± 8.38 0.600

GMH

 Baseline 46.25 ± 6.15 46.51 ± 6.38 45.99 ± 5.90 0.401

 Week 12 50.64 ± 7.67 52.09 ± 7.75 49.18 ± 7.31 < 0.001

 Difference(baseline to week 12) 5.45 ± 9.61 3.14 ± 8.91 < 0.001

 Week 48 54.13 ± 8.12 54.77 ± 7.64 53.49 ± 8.54 0.105

 Difference(baseline to week 48) 8.37 ± 10.31 7.43 ± 11.11 0.593

Table 2.  Differences in PROMIS scores for PCSK9i and statins.
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PROMIS instrument item

Baseline Week 12 Week 48

Value Difference (95%CI) P Value Difference (95%CI) P Vable

GPH

Physical health 2.93 ± 0.83 0.46 (0.31, 0.61) <0.001 0.97 (0.81, 1.13) <0.001

Physical function 3.17 ± 0.90 0.12 (-0.03, 0.27) 0.209 0.61 (0.45, 0.76) <0.001

Fatigue 4.16 ± 0.66 -0.13 (-0.26, 0.00) 0.055 0.19 (0.03, 0.35) <0.003

Pain intensity 4.05 ± 2.79 -2.88 (-3.30, -2.46) <0.001 -3.31(-3.67, -2.95) <0.001

GMH

Overall quality of life 3.01 ± 0.86 0.44 (0.29, 0.59) <0.001 0.90 (0.73, 1.07) <0.001

Mental health 3.12 ± 0.83 0.67 (0.53, 0.81) <0.001 0.89 (0.74, 1.04) <0.001

Satisfaction with social activities 3.18 ± 0.86 0.61 (0.45, 0.77) <0.001 0.99 (0.84, 1.14) <0.001

Emotional problems 3.88 ± 0.87 0.32 (0.18, 0.46) <0.001 0.30 (0.13, 0.47) 0.002

Table 4.  Change of PROMIS scores in PCSK9i at baseline, week 12, and week 48.

 

PROMIS 10 Total PCSK9i Statins P value

GPH

 Physical health

  Baseline 2.88 ± 0.85 2.93 ± 0.83 2.83 ± 0.87 0.188

  Week 12 3.29 ± 0.93 3.39 ± 0.96 3.19 ± 0.89 0.019

  Week 48 3.78 ± 1.00 3.90 ± 0.93 3.65 ± 1.05 0.007

 Physical function

  Baseline 3.15 ± 0.88 3.17 ± 0.90 3.14 ± 0.86 0.649

  Week 12 3.26 ± 1.01 3.30 ± 1.10 3.21 ± 0.91 0.339

  Week 48 3.73 ± 0.77 3.79 ± 0.77 3.67 ± 0.76 0.107

 Fatigue

  Baseline 4.08 ± 0.70 4.16 ± 0.66 4.00 ± 0.72 0.010

  Week 12 3.97 ± 0.65 4.04 ± 0.70 3.90 ± 0.58 0.015

  Week 48 4.29 ± 0.65 4.34 ± 0.64 4.25 ± 0.66 0.130

 Pain intensity

  Baseline 4.00 ± 2.82 4.05 ± 2.79 3.95 ± 2.86 0.692

  Week 12 1.55 ± 2.39 1.17 ± 1.99 1.94 ± 2.68 < 0.001

  Week 48 0.77 ± 1.03 0.80 ± 0.93 0.74 ± 1.13 0.481

 GMH

 Overall quality of life

  Baseline 2.97 ± 0.87 3.01 ± 0.86 2.94 ± 0.89 0.385

  Week 12 3.36 ± 0.91 3.46 ± 0.90 3.26 ± 0.90 0.013

  Week 48 3.84 ± 0.85 3.91 ± 0.83 3.77 ± 0.86 0.083

 Mental health

  Baseline 3.08 ± 0.80 3.12 ± 0.83 3.04 ± 0.78 0.290

  Week 12 3.63 ± 0.85 3.80 ± 0.83 3.45 ± 0.84 < 0.001

  Week 48 3.91 ± 0.95 4.01 ± 0.89 3.82 ± 0.99 0.032

 Satisfaction with social activities

  Baseline 3.10 ± 0.86 3.18 ± 0.86 3.02 ± 0.87 0.049

  Week 12 3.60 ± 1.05 3.80 ± 1.09 3.40 ± 0.97 < 0.001

  Week 48 4.06 ± 0.86 4.16 ± 0.82 3.95 ± 0.90 0.009

 Emotional problems

  Baseline 3.84 ± 0.86 3.88 ± 0.87 3.81 ± 0.86 0.406

  Week 12 4.15 ± 0.77 4.21 ± 0.77 4.09 ± 0.76 0.082

  Week 48 4.16 ± 0.98 4.15 ± 1.02 4.17 ± 0.94 0.819

Table 3.  Differences in scores of PROMIS instrument items for PCSK9i and Statins.
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Fig. 6.  PROMIS items differences between MACE and non-MACE. (a) Differences in physical health; (b) 
Differences in physical function; (c) Differences in fatigue; (d) Differences in pain intensity; (e) Differences in 
overall quality of life; (f) Differences in mental health; (g) Differences in satisfaction with social activities; (h) 
Differences in emotional problems.

 

PROMIS 10 Total(n = 469) MACE (n = 58) Non-MACE (n = 411) P value

GPH

 Baseline 43.83 ± 4.97 44.11 ± 4.98 43.79 ± 4.97 0.648

 Week 12 48.46 ± 6.91 47.47 ± 6.19 48.59 ± 7.00 0.231

 Week 48 52.35 ± 6.41 51.16 ± 7.09 52.50 ± 6.31 0.144

GMH

 Baseline 46.25 ± 6.15 47.03 ± 6.15 46.14 ± 6.15 0.294

 Week 12 50.64 ± 7.67 50.58 ± 7.79 50.65 ± 7.66 0.946

 Week 48 54.13 ± 8.12 52.09 ± 8.40 54.40 ± 8.06 0.048

Table 5.  PROMIS scores differences between MACE and non-MACE.

 

Fig. 5.  Change of PROMIS scores instrument items in PCSK9i at baseline, week 12, and week 48. (a) Change 
of physical health; (b) Change of physical function; (c) Change of fatigue; (d) Change of pain intensity; (e) 
Change of overall quality of life; (f) Change of mental health; (g) Change of satisfaction with social activities; 
(h) Change of emotional problems.
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in PCSK9 function is related to a reduction in inflammatory responses21, which may explain the improvement 
in the GPH and pain scores in the Evolocumab group, potentially linked to a reduction in inflammation. We 
observed on two patient groups regarding baseline, 12-week, and 48-week changes in hs-CRP levels. The analysis 
revealed no significant difference in baseline hs-CRP levels between the groups [Evolocumab group: 4.01 (2.35) 
vs. Statins group: 4.45 (2.88); P = 0.393]. At week 12, patients in the Evolocumab group showed significantly 
lower hs-CRP levels compared to the statin group [Evolocumab group: 1.59 (4.48) vs. Statins group: 3.94 (4.45); 
P = 0.048]. By week 48, there was no significant difference in hs-CRP levels between the two groups[Evolocumab 
group: 1.76 (1.03) vs. Statins group: 1.80 (1.07); P = 0.948]. These changes in hs-CRP were consistent with 
GPH score and patients’ pain intensity. The study revealed that PCSK9 expression was positively correlated 
with levels of IL-6, IL-1β, and the LC3B II/I ratio. PCSK9 inhibitors suppress the TLR4/NF-κB pathway, thereby 
reducing the release of proinflammatory cytokines such as TNF-α and IL-6. Concurrently, they diminish platelet 
hyperreactivity and lower the risk of thrombotic events via inhibition of the CD36/Nox2-ROS pathway. These 
mechanisms suggest that PCSK9 inhibitors possess intrinsic anti-inflammatory, and antioxidant properties22. 
Furthermore, some studie show that PCSK9i have an effective anti-inflammatory effect, particularly at the local 
level of atherosclerotic plaques23,24.

At 12 weeks, the Evolocumab group also showed a statistically significant difference in the PROMIS GMH 
score compared to the statins group. Furthermore, the four dimensions of the GMH score in the Evolocumab 
group continued to improve at both 12 and 48 weeks. Previous studies have shown that high-risk cardiovascular 
disease patients treated with PCSK9i experience significant improvements in anxiety, depression, and other 
emotional issues after 1 year of follow-up, which is consistent with the results of this study10. Our results 
demonstrate that PCSK9 inhibitors facilitate a rapid reduction in LDL-C. Furthermore, they may represent 
an effective strategy to address non-adherence in high cardiovascular risk patients25. The alleviation of patient 
anxiety regarding cardiovascular risk, achieved through effective risk reduction, may directly lead to improved 
GMH scores.

By the 48-week follow-up, the difference in quality of life between the two groups was no longer significant. 
We propose that this is because patients in both groups eventually achieved a more stable clinical condition, with 
plaque stabilization and reduced inflammation, leading to a convergence in their overall well-being. Statins may 
“catch up” in QOL due to cumulative LDL-lowering and plaque stabilization. Additionally, the natural recovery 
trajectory post-ACS could diminish differences over time.

At 48 weeks, ACS patients who experienced MACE were more likely to have negative emotional problems. 
However, it must be emphasized that the nature of this association is observational and does not necessarily imply 
a direct causal relationship. We speculate that MACE, such as myocardial infarction and blood revascularization, 
are themselves a strong psychological stressor that may directly trigger or exacerbate depressive and anxiety 
symptoms through physiological and psychological mechanisms (such as post-traumatic stress, future concerns, 
and physical decline). Equally important is the possibility of reverse causation, in which emotional problems 
that exist at baseline but are not fully identified may be risk factors for MACE. Previous studies have confirmed 
that anxiety and depression play a role in the onset and progression of cardiovascular diseases26, and these 
psychological issues have a negative impact on the overall health of ACS patients. Anxiety and depression are 
also associated with an increased incidence of MACE27. Moreover, the inflammatory mechanisms involved in 
emotional disorders and cardiovascular diseases may be linked to lipid metabolism disturbances28. Low levels of 
HDL-C have also been associated with depression29. Our study demonstrates a significant association between 
MACE events and emotional disorders. While the causal direction remains unclear and residual confounding 
factors may exist, these findings underscore the importance of integrating cardiac health and mental health 
assessments in long-term management of ACS patients. Our results provide critical hypotheses for designing 
prospective studies to elucidate both the causal relationship and underlying mechanisms.

As a new type of lipid-lowering drug, PCSK9i’s mechanism of action and clinical efficacy have been the focus 
of clinical research. In recent years, numerous studies have demonstrated the potential of PCSK9 inhibitors 
to reduce the incidence of cardiovascular events and improve patient outcomes. These trials provided the 
evidence that, in addition to intensive statin therapy, PCSK9 inhibitors significantly lower the risk of major 
adverse cardiovascular events (MACE)16,30–32.With the progress of diagnosis and treatment technology and the 
transformation of modern medical model, the quality of life of patients has been paid more and more attention. 
Emotional distress (depression or anxiety) is a known risk factor for MACE. ESC guidelines recommend routine 
mental health screening post-ACS. Otherwise Emotional distress may identify patients needing both intensive 
lipid-lowering and psychological support. Our data suggest also initiating antidepressants/psychotherapy early, 
as emotional health predicted MACE. We hope that this study can provide a new perspective for the lipid-
lowering treatment and the improvement of life quality of cardiovascular patients, and bring more clinical 
benefits to patients with cardiovascular diseases.

Conclusion
Exploratory analysis suggested that PCSK9 inhibitors can significantly improve the quality of life in ACS 
patients in the short term, both in GPH and GMH with better outcomes compared to statins, especially in pain 
perception, mental health, and social activity satisfaction. In the long term, the improvement remains significant. 
The occurrence of MACE in ACS patients may associate with emotional problems.

Limitations
Although this study provides strong evidence for the improvement in quality of life (quality of life) among 
ACS patients treated with PCSK9 inhibitors (PCSK9i), several limitations remain. First, the study included 500 
ACS patients from multiple hospitals in Tianjin, which may introduce variations in clinical practice and patient 
populations, thereby limiting the generalizability of the results. Future study should be conducted on a broader 
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patient population to validate the applicability of these findings. Therefore, the generalizability of our findings 
to other populations with different healthcare systems, cultural backgrounds, and patient expectations should 
be made with caution. Specifically, factors such as variations in healthcare access, insurance coverage, patient-
clinician communication styles, and cultural perceptions of symptoms like ‘pain’ and ‘emotional problems’ could 
influence PROMIS score responses.

Second, the follow-up period was relatively short (12 and 48 weeks), and a longer follow-up would help 
further illuminate the long-term effects of PCSK9 inhibitors in ACS patients.

Third, this study did not conduct an in-depth analysis of patients’ emotional problems and thus could not 
establish a causal relationship between emotional problems and the occurrence of MACE.

While this study focused on quality of life assessment, it did not explore other potential influencing factors in 
depth, such as the combined use of PCSK9i with other medications, particularly ACEIs and ARBs, to determine 
whether combination therapy would result in a more significant improvement in quality of life. Additionally, 
factors such as social support, economic status, patients’ pre-existing conditions, and mental health may all play 
crucial roles in affecting quality of life in ACS patients.

Notably, the association between MACE and emotional issues may be influenced by residual confounding 
factors. For instance: Social support: Patients ‘social support levels, marital quality, and family relationships 
could both influence cardiac event recovery and profoundly affect emotional states, yet these data were not 
systematically collected. Medication use: While we adjusted for cardiovascular medications, tracking of 
psychiatric drug usage might be incomplete, as these drugs could concurrently affect both emotional and cardiac 
endpoints.

The long-term positive impact of PCSK9 inhibitors on quality of life in patients with acute coronary 
syndrome, as well as the association between MACE and emotional problems, requires confirmation in larger 
studies with longer follow-up. In particular, further studies should focus on the effects of PCSK9i in managing 
chronic complications and patients with multiple comorbidities. Additionally, studies should explore how 
optimizing treatment strategies, including the combination of PCSK9 inhibitors with other medications, can 
further enhance the overall health and quality of life of ACS patients.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to patient privacy 
concerns but are available from the corresponding author on reasonable request.
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