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Background: Prior reports have revealed that basal Cystatin-C (CysC) is
positively associated with all-cause death in patients with heart failure (HF).
Yet, this positive association is not necessarily generalizable to Chinese
HF patients due to methodological limitations and lack of data from
Chinese patients.

Materials and methods: We performed secondary data mining based on a
retrospective cohort dataset published on the internet. This dataset contains
2008 patients with HF who were admitted to a tertiary hospital in Sichuan
Province, China from 2016 to 2019. The exposure variable was baseline CysC
and the outcome variable was all-cause death on day 28, day 90, and month
6. Covariates were baseline measurements, including demographic data, drug
use, comorbidity score, organ function status (heart, kidney), and severity
of heart failure.

Results: Among 1966 selected participants, the mortality rates at 28 days,
90 days and 6 months were 1.83% (36/1966), 2.09% (41/1966) and 2.85%
(56/1966) respectively. After adjustment for confounders, the non-linear
associations between CysC and all-cause deaths were observed. We
calculated the inflection points were about 2.5 mg/L of CysC. On the right
of inflection point, each increase of 1 mg/L in CysC was associated with an
increase in the risk of 28-day mortality (Relative risk [RR], 2.07; 95% confidence
interval [Cl], 1.09 to 3.93; P = 0.0266), 90-day mortality (RR, 2.51; 95% CI, 1.38
to 4.57; P = 0.003), and 6-month mortality (RR,2.25; 95% Cl, 1.37 to 3.70;
P < 0.001).

Conclusion: Our findings suggest that values about 2.5 mg/l of cystatin
could be a danger threshold for the short-term risk of death in heart failure.
Exceeding this threshold, for every 1 mg/L increase in CysC, the risk of
all-cause mortality increased by more than one time.
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Introduction

Heart failure (HF) is a serious global health issue that
requires urgent attention (1). It has long been regarded as
the only cardiovascular disease with a rising global incidence
and prevalence (2). The weighted prevalence of HF in male
and female inhabitants over 35 years of age in China is 1.3%.
The number of HF patients in China is reported to be above
13.70 million (3) due to the country’s vast population. HF not
only causes serious physical and psychological impairment to
sufferers, but it also places a financial strain on society as a
whole (4). According to epidemiological statistics from Western
nations, the 5-year death rate of HF is significantly greater than
that of several cancers (5). In China, the prevalence of HF has
grown sixfold in the last ten years. The mortality rate among
individuals with severe HF might reach 50% (6).

Creatinine is routinely used in the early risk stratification
of heart failure (7, 8). However, blood creatinine levels are
affected by age, muscle mass, gender, and race (9). As a result,
cystatin C (CysC) is used in clinical settings. CysC levels are
more sensitive than creatinine levels and are less affected by
age, gender, or ethnicity (10). Furthermore, past research reveals
that CysC has a higher predictive ability than creatinine in
predicting cardiovascular-related mortality and other adverse
events in the elderly, coronary heart disease (CHD) population,
and chronic heart failure (HF) population (11-13). A meta-
analysis revealed that greater CysC levels were related to an
increased risk of rehospitalization and death in HF patients
(14). This data, however, is primarily from Western countries.
Data on Chinese patients with HE, on the other hand, is sparse.
Furthermore, none of this research looked into the possibility
of a non-linear relationship. If an HF prognostic model based
on CysC is created in the future, this overlooked non-linear
connection is expected to impair model performance (15).

In light of this, researchers undertook this study to look at
the link between CysC and the risk of all-cause death in Chinese
HF patients. This research will give clinical data as well as fresh
insights into the relationship between CysC and outcomes.

Participants and methods

Data resource

The data used in this analysis came from an online database
(16). The database was generated at Zigong Fourth People’s
Hospital. This retrospective cohort comprises a number of
2008 patients with HF who were admitted to Zigong Fourth
People’s Hospital between December 2016 and June 2019.
The information was obtained from the electronic medical
record system of the hospital. A total of 166 variables
have been included in the database, including demographics,
baseline clinical features, comorbidities, laboratory findings,
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medications, and clinical outcomes (heart failure readmissions
and all-cause death). On the PhysioNet (10.13026/8a9%¢-w734)
website, investigators can retrieve this database for free. Please
see “Reference 16” for further information on this database.

Study population

Between December 2016 and June 2019, a total of 2008 adult
patients with confirmed HF were included in this retrospective
cohort. The European Society of Cardiology (ESC) criteria are
used to diagnose heart failure (17). In Figure 1, we explain and
demonstrate the patient selection process. 42 patients were ruled
out because their CysC was invalid. As a result, the total number
of patients in the final dataset was 1966. The database builders
have received approval from their hospital’s ethical committee
(Approval Number: 2020-010) (16). Patient informed consent
was waived because this is a retrospective cohort research with
no personal information about the participants (16).

Variables

Outcome variable

The main outcome variables presented in the original
database were all-cause mortality at day 28, day 90, and sixth
months. Outcome information was not missing. The above
outcome variables were recorded as dichotomous variables.
Among them, survival is recorded as 0, and non-survival
is recorded as 1.

Exposure variable

In this study, CysC measured at baseline (admission) was set
as an exposure variable and recorded as a continuous variable.
Supplementary Figure 1 shows the frequency distribution of
Cys-C in the surviving or non-surviving group of HF patients
at each time point (histogram).

Covariates
The covariates utilized for adjustment in this study were

chosen a priori based on earlier research that looked into

risk factors for HF prognosis. Furthermore, the researchers
combined their own clinical experience to arrive at the following
characteristics as covariates:
1) Demographic-related indicators: age (< 70 years
old/ > 70 years old) and sex (female/male);

2) Comorbidities: Charlson comorbidity index score;

3) Drug variables: diuretic use (yes/no), inotropes use
(yes/no), statin use (yes/no), vasodilator use (yes/no), Ras-
blocker use (yes/no);

4) Heart failure markers: B-type natriuretic peptide, high-

sensitivity troponin (hs-CTnT);
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The original database contains
2008 patients

10.3389/fcvm.2022.930498

> 42 patients were excluded due to
lack of cystatin information
v
Levaing 1966 patients
[ — 1354 patients were excluded due to
- - lack of LVEF information
1966 patients were 612 patients were
used for data analyses used for sensitivity

purpose

FIGURE 1
The flowchart of patients selection.

5) Other: body mass index (BMI), New York Heart
Association classification (NYHA) (II + III/IV), number of
hospitalizations (0-1 years/ > 1 years).

It should be noted that: (1) because BNP and hs-
CTnT both have a skewed distribution and a skewed
residual distribution, the natural logarithm transformation
was applied. (2) We created Ras-blockers by combining
angiotension converting enzyme inhibitors, angiotensin II
receptor blockers, and spironolactone, all of which have similar
pharmacological effects.

Missing data addressing

In this study, the percentage of missing data was less than
5% (Supplementary Table 1). However, when we merged the
missing data for each patient, we lost 171 cases (8 percent) from
the sample. As a result, to reduce the risk of selection bias caused
by missing data, multiple imputation by chained equations, an
iterative imputation approach, was adopted (mice package). The
five data sets were constructed and sensitivity assessments were
performed on the completed data (pre-imputation). Rubins rule
was used to generate the final pooled RR values.

Statistical analysis

We used means and standard deviations to summarize
continuous variables, whereas numbers and proportions

were used to summarize categorical variables. In addition,
we divided HF patients into four groups based on their
CysC quartile. Chi-square tests for categorical variables and
one-way ANOVA for continuous variables were used to
analyze differences between the four groups. The link of
CysC with the 28-day, 90-day, and 6-month risks of all-
cause mortality was investigated using multivariable logistic
regression. model 1 (no covariates were adjusted for), model
2 (only adjusted for age and sex), and model 3 (adjusted
for all covariates presented in Table 1) were all displayed
at the same time.

We employed a generalized additive model (GAM) to
investigate the probability of a non-linear association between
CysC and the risk of all-cause death due to the linear character of
logistic regression. The inflection point of the curve is calculated
using smooth curve fitting and the recursion approach. The
relative risk (RR) and 95% confidence interval (CI) on both sides
of the inflection point are then calculated using a two-piecewise
linear regression model.

We performed the following sensitivity analysis to ensure
the study’s robustness: (1) The baseline CysC values were
converted to a categorical variable (quartile), and P for trend
was calculated to determine whether the CysC RR values were
robust; (2) We did not include the missing left ventricular
ejection fraction (LVEF) in the full-adjusted model for adjusting
due to the large proportion of missing LVEF (missing 1354,
68.88%). However, because LVEF is such an important marker
of heart failure, we kept it in the model for sensitivity
analysis and tested if the results were still acceptable after
it was adjusted. (3) Given that past research has revealed
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TABLE 1 Baseline characteristics of patients with heart failure grouped by cystatin (quartile).

10.3389/fcvm.2022.930498

Q1 (0.23-1.20) Q2 (1.21-1.54) Q3 (1.55-2.19) Q4 (2.20-7.06) P-value
N 486 488 498 494
BMI, mean =+ sd, kg/m2 22.64 £ 18.50 21.18 £ 3.95 21.68 £ 17.66 21.68 £ 9.44 0.416
Ln hs-Tnl, mean + sd -3.19+1.42 -3.05+1.34 -2.68 +1.39 -2.46 +1.42 < 0.001
eGFR, mean + sd, mL/min/1.73 m? 103.26 £ 33.38 80.71 £ 26.56 59.19 £ 23.20 32.35+16.38 < 0.001
LnBNP, mean + sd 6.31 + 1.30 6.46 £+ 1.24 6.65 £ 1.15 6.74£1.23 < 0.001
Charles comorbidity score, mean =+ sd 1.64 + 0.85 1.70 £ 0.86 1.92 +0.98 2.19+1.06 < 0.001
LVEF (%), mean =+ sd 50.00 £ 13.20 50.94 £ 13.74 49.87 +13.31 51.75+£12.28 0.596
Creatinine, pmol/L, mean =+ sd 63.84 £+ 17.32 78.00 £ 22.22 101.89 + 36.48 191.96 £ 114.04 < 0.001
Sex, n (%) 0.01
Male 177 (36.42%) 210 (43.03%) 211 (42.37%) 232 (46.96%)
Female 309 (63.58%) 278 (56.97%) 287 (57.63%) 262 (53.04%)
Age, n (%) < 0.001
< 70 years old 210 (43.21%) 146 (29.92%) 108 (21.69%) 68 (13.77%)
> 70 years old 276 (56.79%) 342 (70.08%) 390 (78.31%) 426 (86.23%)
NYHA classification, n (%) < 0.001
11 97 (19.96%) 94 (19.26%) 86 (17.27%) 66 (13.36%)
I 277 (57.00%) 255 (52.25%) 241 (48.39%) 242 (48.99%)
v 112 (23.05%) 139 (28.48%) 171 (34.34%) 186 (37.65%)
Vasodilator use, n (%) 0.739
No 167 (34.36%) 166 (34.02%) 169 (33.94%) 155 (31.38%)
Yes 319 (65.64%) 322 (65.98%) 329 (66.06%) 339 (68.62%)
Ras-Blocker use, n (%) < 0.001
No 21 (4.32%) 24 (4.92%) 32 (6.43%) 67 (13.56%)
Yes 465 (95.68%) 464 (95.08%) 466 (93.57%) 427 (86.44%)
Inotropes use, n (%) 0.709
No 128 (26.34%) 134 (27.46%) 124 (24.90%) 138 (27.94%)
Yes 358 (73.66%) 354 (72.54%) 374 (75.10%) 356 (72.06%)
Diuretic use, n (%) < 0.001
No 86 (17.77%) 75 (15.40%) 62 (12.53%) 44 (8.91%)
Yes 398 (82.23%) 412 (84.60%) 433 (87.47%) 450 (91.09%)
Statin use, n (%) 0.003
No 307 (63.43%) 300 (61.60%) 288 (58.18%) 259 (52.43%)
Yes 177 (36.57%) 187 (38.40%) 207 (41.82%) 235 (47.57%)
Number of hospitalizations, n (%) 0.007
<1 437 (89.92%) 462 (94.67%) 471 (94.58%) 451 (91.30%)
>1 49 (10.08%) 26 (5.33%) 27 (5.42%) 43 (8.70%)
28 day all-cause mortality, n (%) < 0.001
Alive 481 (98.97%) 485 (99.39%) 489 (98.19%) 475 (96.15%)
Death 5 (1.03%) 3(0.61%) 9 (1.81%) 19 (3.85%)
90 day all-cause mortality, n (%) < 0.001
Alive 481 (98.97%) 485 (99.39%) 486 (97.59%) 473 (95.75%)
Death 5 (1.03%) 3(0.61%) 12 (2.41%) 21 (4.25%)
6 month all-cause mortality, n (%) 0.003

Alive
Death

477 (98.15%)
9 (1.85%)

481 (98.57%)
7 (1.43%)

483 (96.99%)
15 (3.01%)

469 (94.94%)
25 (5.06%)

The difference between the sample sum of each column and the total number shown in this table is due to missing data.

BMI, body mass index.

LVEE left ventricular ejection fraction.
hs-Tnl, High-sensitivity troponin I.

BNP, B-type natriuretic peptide.

NYHA, New York Heart Association.
eGFR, estimated glomerular filtration rate.
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that Cys C is preferable to creatinine. In this study, we
employed creatinine as an effect modifier and performed an
interaction analysis. Given that the normal value of creatinine
in this study was 44-110 pmol/L, we used 110 as the cutoff
point and divided it into a normal creatinine group and an
elevated creatinine group for the subsequent interaction test.
A stratified logistic regression model was used to perform
subgroup analysis. An interaction term between creatinine
(quartiles) was used to assess for effect modification, followed
by a likelihood ratio test. (4) In order to minimize the bias of
the noise contained in the data on our findings, we validated
the linear and non-linear results by resampling (bootstrap,
n = 500 times).

All the analyses were performed with the statistical software
packages R (*The R Foundation) and EmpowerStats (°X&Y
Solutions, Inc, Boston, MA). P values of less than 0.05 (two-
sided) were considered statistically significant.

Results

The baseline characteristics of Chinese
heart failure patients

Table 1 shows the baseline characteristics of the remaining
1966 cases. 830 (42.22%) of the 1966 patients were men,
and 1434 (72.94%) of the patients were 70 or older. The
HF death rates were 1.83% (36/1966), 2.09% (41/1966),
and 2.85% (56/1966) at 28 days, 90 days, and 6 months,
respectively. Patients with higher CysC levels (Q3 and
Q4) were older, had higher BNP, creatinine, and hs-
Tnl levels, worse renal function, worse cardiac function
classification, and higher comorbidity ratings than those
with lower CysC levels (Ql and Q2). Furthermore, the
proportion of patients with repeated hospitalization was
higher in the Q3 & Q4-CysC groups than in the Q1 & Q2-
CysC groups, and the proportion of patients consuming
statins, diuretics, and Ras-blockers was substantially
higher in the Q3 & Q4-CysC groups than in the QI
& Q2 CysC groups.

The association between cystatin C
and all-cause mortality obtained from
univariate and multivariable logistic
regression model

We employed multiple imputation to generate five data
sets. However, when we compared these RR values obtained

1  http://www.R-project.org

2 http://www.empowerstats.com

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2022.930498

generated from these data sets, there was only a slight difference
(data not show). As a result, we ended up solely presenting the
results from the completed data.

When CysC was used as a continuous variable in model
1 (Table 2), each increase in CysC of 1 mg/L increased
the risk of 28-day mortality by 103% (36 deaths; relative
risk[RR], 2.03; 95% confidence interval [CI], 1.62 to 2.54;
P < 0.001), 90-day mortality by 103% (41 deaths; RR,
2.03; 95%CI, 1.64 to 2.52; P < 0.001), and 6-month
mortality by 84% (56 deaths; RR, 1.84; 95% CI, 1.51 to
2.23; P < 0.001). Furthermore, in model 2, each increase
in CysC of 1 mg/L increased the risk of 28-day all-cause
mortality (RR, 2.10; 95% CI, 1.68 to 2.63; P < 0.001), 90-
day mortality (RR, 2.10; 95% CI, 1.68 to 2.63; P < 0.001),
and 6-month death (RR, 1.86; 95% CI, 1.52 to 2.28;
P < 0.001). The results of model 2 were about the same
as model 1, with both the RR values and the 95% CIs
(Table 2). In the fully adjusted model, patients with an
increase in CysC had a 42% increase in the risk of 28-
day mortality (RR, 1.42; 95%CI, 1.00 to 2.40; P = 0.049),
an 82% increase in the risk of 90-day mortality (RR, 1.82;
95%CI, 1.13 to 2.95; P = 0.014), and a 59% increase in the
risk of 6-month mortality (RR, 1.59; 95%CI, 1.06 to 2.38,
P =0.024) (Table 2).

When we transformed CYSC into a categorical
variable for sensitivity analysis, we found that the results
of the CysCeategorical variable Were not consistent with the
CysCeontinuous variable (Table 2). In model 3, when compared
with the reference (lowest quartile), patients with the highest
quartile of CysC showed no significant association with the risk
of 28-day, 90-day, and 6-month mortality. This disparity of
results (CysCeontinuous VS Cysccategorical variables) Suggests that
the association of Cysc with death may be non-linear.

The results of non-linearity of cystatin
C and all-cause mortality

A smooth curve and a generalized additive model (GAM)
were used to observe the non-linear relationship between
CysC and all-cause mortality (Table 3). Our results suggested
that the correlations between CysC and the 28-day, 90-day,
and 6-month mortality were both non-linear after adjusting
for the demographic data, the drug use, the comorbidity
score, the organ function status (heart, kidney), and the
severity of heart failure (Figure 2). By two-piecewise linear
regression model and a recursive algorithm, we calculated
the inflection points of CysC to be 2.55 (95%CI: 2.16 to
3.26) for 28-day mortality, 2.58 (95%CI: 2.20 to 3.31) for
90-day mortality, and 2.51 (95%CIL: 2.17 to 3.16) for 6-
month mortality, respectively. On the left of the inflection
points, the RR and 95%CI for CysC and risk of 28-day
mortality were 0.47 and 0.13 to 1.66, 0.77 and 0.25 to 2.35
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TABLE 2 The association between cystatin and all-cause mortality using univariate and multivariable binary logistic regression model.

Model 1
RR, 95%ClI, P value

Model 2
RR, 95%CI, P value

Model 3
RR, 95%CI, P value

28 day all-cause mortality
Cystatin (continuous variable)
Cystatin (grouped by quartile)

Q1 (0.23-1.20)

Q2 (1.21-1.54)

Q3 (1.55-2.19)

Q4 (2.20-7.06)

P for trend
90 day all-cause mortality
Cystatin (continuous variable)
Cystatin (grouped by quartile)

Q1 (0.23-1.20)

Q2 (1.21-1.54)

Q3 (1.55-2.19)

Q4 (2.20-7.06)

P for trend
6 month all-cause mortality
Cystatin (continuous variable)
Cystatin (grouped by quartile)

Q1 (0.23-1.20)

Q2 (1.21-1.54)

Q3 (1.55-2.19)

Q4 (2.20-7.06)

P for trend

2.03 (1.62, 2.54) < 0.0001

Reference
0.60 (0.14, 2.50) 0.4789
1.79 (0.60, 5.38) 0.3001
3.87 (1.43,10.45) 0.0076
0.0006

2.03 (1.64, 2.52) < 0.0001

Reference
0.60 (0.14, 2.50) 0.4789
2.40 (0.84, 6.86) 0.1025
4.30 (1.61, 11.49) 0.0037
0.0001

1.84 (1.51, 2.23) < 0.0001

Reference
0.77 (0.29, 2.09) 0.6095
1.66 (0.72, 3.84) 0.2329
2.84 (1.31, 6.15) 0.0080
0.0010

2.05 (1.62, 2.60) < 0.0001

Reference
0.58 (0.14, 2.45) 0.4568
1.74 (0.57, 5.34) 0.3297
3.71 (1.32,10.45) 0.0130
0.0011

2.10 (1.68, 2.63) < 0.0001

Reference
0.60 (0.14, 2.55) 0.4928
2.52(0.87,7.33) 0.0902
4.58 (1.65, 12.73) 0.0036
0.0001

1.86 (1.52,2.28) < 0.0001

Reference
0.77 (0.28, 2.10) 0.6095
1.68 (0.72, 3.93) 0.2317
2.87 (1.29, 6.41) 0.0101
0.0013

1.42 (1.00, 2.40) 0.049

Reference
0.36 (0.06, 2.03) 0.2471
0.49 (0.09, 2.72) 0.4169
0.32(0.04, 2.38) 0.2673
0.3864

1.82(1.13, 2.95) 0.0140

Reference
0.53 (0.10, 2.75) 0.4512
1.34 (0.30, 6.02) 0.7058
1.04 (0.18, 6.03) 0.9667
0.7452

1.59 (1.06, 2.38) 0.0244

Reference
0.59 (0.19, 1.79) 0.3474
0.76 (0.24, 2.38) 0.6402
0.61 (0.16, 2.33) 0.4714
0.6044

RR: relative risk.

CI: Confidence interval.

Model 1: No covariates were adjusted for.
Model 2: We only adjusted for age and sex.

Model 3: We adjusted for all covariates presented in Table 1.

TABLE 3 Exploration of non-linear association between cystatin and all-cause mortality using two-piecewise lienar model.

28 day all-cause

mortality

RR, 95%CI, P value

90 day all-cause
mortality
RR, 95%CI, P value

6 month all-cause
mortality
RR, 95%CI, P value

Fitting model by standard binary logistic regression model

Fitting model by two-piecewise linear model
Inflection point
<Inflection point
> Inflection point

P for log likely ratio test

2.55(2.16 to 3.26)
0.47 (0.13, 1.66) 0.2413
2.07 (1.09, 3.93) 0.0266

1.42 (1.00, 2.40) 0.049

2.58 (2.20 to 3.31)
0.77 (0.25, 2.35) 0.6521
2.51 (1.38, 4.57) 0.0026

0.042

1.82 (1.13,2.95) 0.0140

1.59 (1.06, 2.38) 0.0244

2.51(2.17 to 3.16)
0.64 (0.25, 1.59) 0.3308
2.25(1.37,3.70) 0.0014

0.027

The covariates, which were adjusted for, was the same as model 3.

for 90-day mortality, and 0.64 and 0.25 to 1.59 for 6-month
mortality, respectively. These results collectively suggest that
no significant association between basal CysC levels and HF
patient death was seen. On the contrary, the results for the
CysC values with patients’ deaths were completely different
on the right side of inflection points. We observed that
higher CysC was associated with all-cause mortality in HF
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patients on the right of the inflection point. Our results
indicated that each increase in CysC of 1 mg/L increased the
risk of 28-day mortality by 107% (RR, 2.07; 95% confidence
interval [CI], 1.09 to 3.93; P = 0.026), 90-day mortality by
151% (RR, 2.51; 95%CI, 1.38 to 4.57; P = 0.003), and 6-
month mortality by 125% (RR, 2.25; 95% CI, 1.37 to 3.70;
P < 0.001).
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FIGURE 2

The non-linear relationship between CysC and all-cause
mortality of HF. The abscissa represents the CysC. The ordinates
of figure (A—C) represent the risk of 28-day, 90-day, and
6-month mortality in patients with HF. The middle line
represents the trend of all-cause mortality with CysC. The upper
and lower lines represent the 95% confidence interval. The
indicated lines on the x-axis represent each participant’s CysC
level. The red line represents the patient who died. The gray line
represents patients who have survived.
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The results of sensitivity analyses

(1) On the basis of model 3, we also adjusted LVEF. Despite
having bigger effect sizes and broader confidence intervals
after controlling for LVEE, CysC’s positive connection
with all-cause mortality did not alter, as shown in
Supplementary Table 2.

(2) We also looked at whether the non-linear relationship
between CysC and all-cause mortality changed after
adjusting for LVEF (Supplementary Table 3). The
threshold effect still remains without modifying the size of
the original inflection point, according to the results of the
Two-piecewise linear model (Supplementary Table 3). To
the right of the inflection point, we saw greater RR values
and wider confidence intervals, which could be attributable
to the considerable fall in sample size due to LVEF.

(3) Given that past research has revealed that Cys C is
preferable to creatinine, in this study, we employed
creatinine as an effect modifier and performed an
interaction analysis. Table 4 shows that creatinine, as an
effect modifier, had no significant modifying effect on the
link of cys-c with death at 90 days or 6 months. To
begin with, the interaction P value was not significant (P
for interaction = 0.5463 for 90-day mortality and P for
interaction = 0.6784 for 6-month mortality). Furthermore,
the magnitude of the RR did not alter in trend or direction
between the creatinine-normal and creatinine-elevated
groups, despite a modest difference. This implies that Cys-
C is associated with a higher risk of death in heart failure,
regardless of creatinine levels.

(4) We confirmed the adjusted-RR values and confidence
intervals using resampling. The data (Supplementary
Table 5) reveals that the amplitude of the RR and the 95%
confidence interval change only slightly, but the overall
trend (direction of the RR) stays constant.

Discussion

In a large retrospective cohort of Chinese HF patients, we
investigated the relationship between baseline CysC and death.
The findings revealed that the link between CysC and all-cause
mortality had a threshold effect, meaning that the link between
CysC and mortality risk was only found when CysC was larger
than 2.5 mg/L. Every 1 mg/L rise in CysC was associated with a
doubling of the risk of all-cause death when CysC was between
2.52 and 7.06 mg/L.

The relationship between CysC and heart failure has been
extensively researched. Data from earlier studies appear to
indicate that CysC is positively associated with the severity of
heart failure and the risk of poor prognosis (18-21). A meta-
analysis of ten studies (sample sizes ranging from 195 to
628 cases) on basal CysC levels in HF patients discovered
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TABLE 4 The interaction analyses using creatinine as effect modifier.

Model X65.CS: <110

10.3389/fcvm.2022.930498

X65.CS: =110 P interaction

0.71 (0.15, 3.38) 0.6670
2.75 (1.13, 6.66) 0.0254
2.25(1.05, 4.84) 0.0377

30-day mortality
90-day mortality

6-month mortality

1.92 (1.27,2.92) 0.0021 0.1959
2.03 (1.36, 3.02) 0.0005 0.5463
1.88 (1.32, 2.67) 0.0005 0.6784

Adjusted covariates as in model 3 except for creatinine.

that higher CysC was associated with higher of all-cause
death and rehospitalization (14). However, only one of the
ten investigations in this meta-analysis was conducted on a
Chinese population (22). Furthermore, non-linearity was not
taken into account in any of these studies. ZQ Yao et al.
(23) reported in a case-control study published in 2021 that
patients with major adverse cardiovascular events (MACE)
had considerably higher levels of Cys-C than those in the
research group who did not have MACE. In contrast, the
conclusions of this study were based on a univariate analysis
with no adjustment for potential confounders. Our findings are
consistent with previous research. According to the findings
of multivariate logistic regression, high CysC was always
associated with an increased risk of all-cause death in our study.
We, on the other hand, go beyond the past investigations.
In our investigation, we did not limit ourselves to linear
linkages; instead, we looked into non-linear possibilities. To
our knowledge, just one previous non-linear CysC association
with poor HF outcomes has been reported (24). The study,
however, only comprised 418 patients, and the identified non-
linear connections were not explained. Our study not only
discovered non-linear relationships, but it also identified the
inflection point and quantified the threshold impact. This will
provide researchers with a fresh look at the link between CysC
and heart failure in clinical practice. Furthermore, it contributes
to the formulation of more personalized and appropriate
healthcare decisions.

Some of the advantages of our research include: (1) The
current study has a large sample size, allowing us to analyze
the relationship between CysC and HF mortality; (2) we used
advanced algorithms (GAM model and two-piecewise linear
model) to detect the true association between CysC and the
risk of all-cause death in Chinese HF patients. (3) A number
of sensitivity studies supported our findings. (4) We validated
prior findings that cys-C outperforms creatinine in predicting
the chance of death from heart failure using interaction testing.
Our research, however, has certain drawbacks. To begin, all
of our research participants were Chinese. This complicates
applying our findings to other races. Second, we couldn’t
account for confounders that couldn’t be measured. Third, the
LVEF is an important covariate. However, this variable had
a large missing ratio in the original database. If we include
it in the model, we will lose a lot of sample sizes. This will
undoubtedly affect the correctness of our assessments. As a
result, we conducted a sensitivity analysis. Even after adjusting
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for LVEE, the overall trend of the data did not change, according
to the results of the sensitivity analysis (Supplementary
Tables 2, 3). (4)For analyzing survival data, proportional hazard
models outperform logistic regression algorithmically. However,
because the original data only included 28-day, 90-day, and 6-
month survival status, but no comparable follow-up times or
total survival status, we were unable to build a proportional
hazards model. (5) Although the data builder uploaded 28-day,
90-day, and 180-day death states for the entire database, they
did not specify whether left-censored data (follow-up stopped
before the scheduled follow-up time point and the patient was
still alive) were excluded. In this study, however, the correlation
of CysC with all three outcome variables was consistent and
robust. Furthermore, even if there was left-censored data that
biased the results, the bias was in the opposite direction of our
RR values, resulting in stronger results. (6) We controlled for the
number of readmissions but not the reason for the readmission
(cardiovascular vs. non-cardiovascular). This is due to the fact
that this indicator was not included in the original database.
However, sensitivity analysis found little difference in RR with
or without readmission adjustment (Supplementary Table 4).

Conclusion
According to our findings, cystatin levels of 2.5 mg/l may
be a dangerous threshold for Chinese HF patients. Because the

risk of all-cause death increases by more than one-fold for every
1 mg/L increase in CysC above this threshold.
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