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Abstract

Aims/Background: Diabetic kidney disease (DKD) is among the most prevalent complications of diabetes and is commonly accompa-
nied by hypertension as a comorbid condition. The coexistence of these two conditions markedly augments the risk of cardiovascular
disease. Although traditional risk factors such as dyslipidemia, smoking, and decreased renal function have been shown to be associated
with increased cardiovascular events, evidence for the higher-risk subgroup of “DKDwith hypertension” remains relatively limited. This
study aimed to retrospectively analyze the influencing factors of adverse cardiovascular events in this population and assess the indepen-
dent predictive value of different clinical indicators. Methods: In this single-center retrospective cohort study, 204 patients diagnosed
with DKD and hypertension were enrolled between January 2021 and January 2024. Baseline data, including patient demographics and
clinical indicators, were collected. Patients were divided into an event group and a non-event group based on whether they experienced
cardiovascular events during the 12-month follow-up period. Independent risk factors were screened using univariate and multivari-
ate logistic regression, and the effects of prior hyperlipidemia and smoking on event-free survival were assessed using Kaplan–Meier
curves. Results: Compared with the non-event group, patients in the event group had significantly higher levels of low-density lipopro-
tein (LDL), urinary protein, and kidney injury molecule-1 (KIM-1), and significantly lower levels of high-density lipoprotein (HDL),
along with a greater prevalence of prior hyperlipidemia and smoking (all p < 0.05). Univariate analysis showed that prior hyperlipidemia,
smoking, elevated LDL, reduced HDL, and increased KIM-1 were all associated with cardiovascular events. Further multivariate analysis
confirmed that prior hyperlipidemia, smoking, HDL, LDL, and KIM-1 were all independent predictors of cardiovascular events (all p <
0.05). According to Kaplan–Meier curve analysis, patients with a history of hyperlipidemia and a smoking habit had significantly lower
event-free survival than those without these characteristics (p = 0.034 and p = 0.024). Conclusion: In DKD patients with hypertension,
prior hyperlipidemia, smoking, elevated LDL, reduced HDL, and increased KIM-1 were key independent risk factors for cardiovascular
events. The adverse association of dyslipidemia and smoking with event-free survival was evident early in the follow-up period. These
results suggest that this high-risk population should receive enhanced lipid management and smoking cessation interventions, and the
potential value of renal tubular injury markers (such as KIM-1) in cardiovascular risk assessment should be investigated to facilitate early
identification of high-risk individuals and the development of individualized prevention strategies.
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1. Introduction

Diabetic kidney disease (DKD) is among the most
prevalent and severe chronic complications of diabetes and
represents one of the leading causes of kidney failure [1,2].
Current research indicates that approximately 20% to 40%
of diabetic patients eventually develop kidney damage, and
in some developed countries, nearly half of kidney failure
cases originate from DKD [3]. The global prevalence of
chronic kidney disease (CKD) is between 9% and 16%, and
in light of the increasing annual trend of diabetes incidence,
it is anticipated that the overall burden of related kidney
diseases will continue to rise [4]. According to the Interna-
tional Diabetes Federation (IDF) Diabetes Atlas, the num-
ber of people with diabetes worldwide is projected to reach
643 million by 2030 and 783 million by 2045, placing in-

creasing pressure on healthcare resources as the population
of individuals with DKD continues to grow [5]. In terms
of prognostic outcomes, DKD is associated not only with
a gradual decline in kidney function but also significantly
increases the risk of all-cause mortality and cardiovascular
death. The mortality risk of DKD patients is approximately
twice that of the general population, and their incidence of
cardiovascular events is comparable to or even higher than
that of those previously diagnosed with coronary artery dis-
ease [2,6]. Therefore, a growing line of evidence has cor-
roborated DKD as a disease state with high cardiovascular
risk, rather than simply a matter of kidney damage.

The pathogenesis and progression of DKD are a com-
plex, multifactorial process involving multiple mechanisms
such as metabolic imbalance, renal hemodynamic distur-
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bances, activation of the renin–angiotensin–aldosterone
system (RAAS), enhanced oxidative stress, immune and
inflammatory activation, chronic low-grade inflammation,
and impaired autophagy regulation, as well as factors such
as age, genetics, and unhealthy lifestyle habits [7,8,9,10].
However, even with intensive glycemic control and ag-
gressive antihypertensive treatment, a portion of patients
still experience continued deterioration of renal function,
suggesting that existing traditional risk factors cannot fully
explain the pathological progression of DKD. Among the
comorbidities, hypertension is one of the most common
complications in DKD patients [11]. Related survey data
show that 50%–80% of diabetic patients experience ele-
vated blood pressure, and the prevalence of hypertension
further increases when kidney damage occurs in diabetic
patients [12]. Kidney tissue damage contributes to the
RAAS activation, leading to sodium and water retention
and sympathetic nervous system hyperactivity, which re-
sults in further elevation in blood pressure, thereby setting
up a vicious cycle [13]. Hypertension not only exacer-
bates proteinuria and declining renal function but is also a
significant driver of cardiovascular events in people with
kidney disease. Previous studies have clearly shown that
blood pressure exceeding the normal range significantly in-
creases the risk of cardiovascular events in DKD patients
and accelerates the progression to end-stage renal disease
[14]. However, in actual clinical practice, there are still
significant gaps in blood pressure management for patients
with CKD or DKD. Some patients even have unrecognized
masked hypertension or nocturnal blood pressure abnor-
malities, further underestimating their true cardiovascular
risk.

Cardiovascular disease (CVD) has long been the lead-
ing cause of death in people with DKD, with significantly
higher risk levels than those with diabetes alone or general
CKD [15]. Numerous studies have shown that DKD pa-
tients have a markedly increased risk of developing coro-
nary artery disease, stroke, and other adverse cardiovascu-
lar events, with this elevated risk approaching that observed
in patients already diagnosed with coronary artery disease
[16,17,18]. This risk stems not only from traditional fac-
tors such as hypertension, dyslipidemia, obesity, and smok-
ing, but also from mechanisms such as endothelial dys-
function, inflammatory activation, and excessive oxidative
stress caused by kidney damage. Therefore, early identifi-
cation of factors that contribute to increased cardiovascular
risk in DKD patients is crucial for guiding precise interven-
tions. Although existing research has focused on the cardio-
vascular risk in DKD patients, evidence remains relatively
limited for the higher-risk group, particularly DKD patients
with hypertension. Existing literature suggests that factors
such as proteinuria, lipid abnormalities (especially elevated
triglycerides, high low-density lipoprotein [LDL] choles-
terol, and low high-density lipoprotein [HDL] cholesterol),
smoking, and inflammatory responses may all increase car-

diovascular risk [19]. However, whether these factors still
have an independent effect on DKD patients with concur-
rent hypertension, and whether their magnitude is affected
by the interaction effects of metabolic factors, remains to be
further clarified. Given our clinical observation that most
DKD patients often struggle with multiple metabolic dis-
orders, early screening of predictive variables for inform-
ing prophylactic strategies is even more valuable than treat-
ments.

Against this backdrop, this study focuses on patients
with hypertension and kidney disease. By analyzing the
association between routine clinical indicators and cardio-
vascular events, the study aims to explore risk factors for
CVD. Identifying key risk factors for cardiovascular events
enables early recognition of high-risk individuals and sup-
ports more proactive interventions. This study provides
new evidence to improve the early identification of cardio-
vascular events in DKD patients, facilitating the formula-
tion of more precise, targeted management strategies and
thereby improving long-term patient outcomes. Given the
growing global burden of kidney disease, particularly when
compounded by hypertension, clarifying these risk factors
is crucial for optimizing prevention and control strategies
and reducing cardiovascular morbidity and mortality.

2. Methods
2.1 Study Participants

In this retrospective cohort study, each patient was fol-
lowed for a fixed period of 12 months from baseline (en-
rollment/first diagnosis date). Patient enrollment spanned
from January 2021 to January 2024. Consequently, the
12-month follow-up for the last enrolled patients was con-
cluded by January 2025. Data collection, including the ac-
quisition of final follow-up records for all patients, was
finalized in April 2025, ensuring that complete 12-month
outcome data were available for the entire cohort. There-
fore, survival analyses (Kaplan–Meier curves) for all pa-
tients were truncated at 12 months. The primary end-
point was the first cardiovascular event occurring within
12 months. The inclusion criteria included: (1) age ≥18
years; (2) meeting the diagnostic criteria for DKD and hy-
pertension; (3) having complete relevant laboratory indi-
cators, including renal function, proteinuria, blood lipids,
blood pressure, and blood glucose; (4) having access to car-
diovascular events and follow-up data during the study pe-
riod. In this study, DKD was defined as the presence of
diabetes mellitus along with either persistent albuminuria
(urinary albumin-to-creatinine ratio ≥30 mg/g or protein-
uria≥0.15 g/24 h) and/or an estimated glomerular filtration
rate (eGFR) <60 mL/min/1.73 m2 [20]. Hypertension was
defined as a seated office blood pressure ≥140/90 mmHg
on at least two occasions or the current use of antihyperten-
sive medication [21]. Patients were excluded if they met
any of the following criteria: (1) comorbid severe heart fail-
ure, malignant tumors, or a history of major cardiovascular
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or cerebrovascular events prior to study initiation; (2) pres-
ence of other primary kidney diseases or drug-related kid-
ney damage; (3)missing key clinical data; (4) undetermined
cardiovascular outcomes. A total of 204 patients were ulti-
mately included.

Study outcomes were assessed based on previously
completed follow-up records. All patients completed their
baseline assessment at enrollment and were followed for 12
months. The final review and compilation of all patient out-
come data were conducted in April 2025. The start date
of follow-up was defined as the date of initial diagnosis
of DKD with hypertension or the date of enrollment, and
the endpoint was the date of the last available valid clinical
record or the date of the first cardiovascular event. The pri-
mary endpoint was adverse cardiovascular events occurring
during the follow-up period, including acute coronary syn-
drome, heart failure requiring hospitalization, and ischemic
or hemorrhagic stroke. Patients were divided into the event
group and the non-event group based on the occurrence of
the endpoint event.

2.2 Measurement and Evaluation of Clinical Indicators

All clinical and laboratory data required for this study
were extracted from the hospital’s inpatient medical record
system and electronic health records. Upon admission, pa-
tients’ height, weight, and blood pressure were measured
according to standardized procedures. Blood pressure mea-
surements were performed in the morning after patients had
rested for at least 10 minutes in bed, using an electronic
blood pressure monitor (Jiangsu YuyueMedical Equipment
& Supply Co., Ltd., Danyang, China) to record systolic
blood pressure (SBP) and diastolic blood pressure (DBP).
Body mass index (BMI) was calculated. All laboratory in-
dicators were tested on the morning of the second day of
admission after an overnight fast of at least 8–12 hours,
with venous blood samples collected for analysis. Enzy-
maticmethodswere used to determine lipid profiles, includ-
ing low-density lipoprotein (LDL), high-density lipopro-
tein (HDL), and triglycerides (TG). Serum kidney injury
molecule-1 (KIM-1) levels were quantified using enzyme-
linked immunosorbent assay (ELISA), and all tests were
performed according to the manufacturer’s instructions.
Renal function was assessed in terms of the eGFR, which
was calculated using the 2009 Chronic Kidney Disease Epi-
demiology Collaboration (CKD–EPI) creatinine equation
[22]. Urinary protein (PRO) levels were measured us-
ing random morning or 24-hour urine samples, and quan-
titative levels were assessed using routine laboratory im-
munoturbidimetry. A history of hyperlipidemia was deter-
mined from previous medical records, outpatient records,
or long-term use of lipid-lowering medications. Addition-
ally, the use of key cardiorenal protective medications at
baseline—including statins, renin–angiotensin–aldosterone
system inhibitors (RAASis), sodium-glucose cotransporter
2 inhibitors (SGLT2is), and glucagon-like peptide-1 recep-

tor agonists (GLP-1 RAs)—was recorded based on med-
ication reconciliation documented in the electronic health
records. Family history of cardiovascular disease, smoking
history, and drinking history were assessed based on patient
self-report and documented medical records at admission.

2.3 Data Analysis
All data in this study were statistically analyzed us-

ing SPSS 26.0 (IBM Corp., Armonk, NY, USA). First,
the normality of continuous variables was tested using the
Kolmogorov–Smirnov method to assess whether they con-
formed to a normal distribution. Normally distributed con-
tinuous variables were expressed as mean ± standard devi-
ation (SD) and analyzed using independent samples t-tests.
Non-normally distributed continuous variables were ex-
pressed as median and interquartile range [M (Q1, Q3)] and
analyzed using Mann–Whitney U tests for intergroup com-
parisons. Categorical variables were presented as frequen-
cies and percentages and compared using the chi-square test
or Fisher’s exact probability method.

To investigate risk factors for cardiovascular events,
univariate logistic regression was first performed on candi-
date variables. Variables yielding a p-value of less than 0.05
in the univariate analysis were subsequently entered into a
multivariate logistic regression model to identify indepen-
dent risk factors while adjusting for potential confounders.
Prior to model fitting, collinearity among the included vari-
ables was assessed using the variance inflation factor (VIF),
with a threshold of VIF <5 indicating no significant multi-
collinearity. Odds ratios (ORs) along with their 95% con-
fidence intervals (CIs) are reported. The model adhered to
the event-per-variable (EPV) principle, ensuring at least 10
events per included variable to minimize overfitting.

Kaplan–Meier event-free survival curves were gener-
ated to visualize the association between key dichotomous
risk factors and the timing of cardiovascular events. Strat-
ification was performed for variables that were not only
significantly associated with the endpoint in the multivari-
ate model but also represented clinically actionable, binary
risk factors. Between-group differences in survival were
assessed using the log-rank test. Furthermore, univariable
Cox proportional hazards regression models were applied
to the same dichotomous risk factors to quantify the mag-
nitude of their association with event timing. The resulting
hazard ratios (HRs) and 95% CIs are annotated on the cor-
responding Kaplan–Meier plots.

All statistical tests were two-tailed, and a p < 0.05 was
considered statistically significant.

3. Results
3.1 Comparison of Baseline Characteristics

This study included 204 patients with diabetic kid-
ney disease and hypertension. Among them, 52 patients
(25.49%) experienced cardiovascular events, and 152 pa-
tients (74.51%) did not. There were no statistically signif-
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Table 1. Baseline characteristics of participants.
Variables Non-event group (n = 152) Event group (n = 52) Statistic p

Age (years) 64.61 ± 9.58 66.37 ± 7.31 t = −1.378 0.171
BMI (kg/m2) 26.18 ± 3.87 26.46 ± 3.61 t = −0.466 0.642
SBP (mmHg) 143.84 ± 6.72 143.65 ± 7.60 t = 0.168 0.866
DBP (mmHg) 97.34 ± 5.02 98.27 ± 4.89 t = –1.157 0.249
eGFR (mL/min/1.73 m2) 46.81 ± 7.79 45.27 ± 9.80 t = 1.022 0.310
HDL (mg/dL) 59.84 ± 14.10 52.51 ± 12.08 t = 3.348 <0.001
LDL (mg/dL), M (Q1, Q3) 102.33 (84.02, 119.56) 133.00 (122.60, 150.45) Z = −7.187 <0.001
KIM-1 (ng/mL) 24.53 ± 12.75 30.89 ± 13.35 t = −3.072 0.002
TG (mg/dL), M (Q1, Q3) 173.47 (150.35, 200.97) 179.54 (158.45, 225.40) Z = −1.797 0.072
PRO (g/24 h), M (Q1, Q3) 1.80 (0.89, 2.54) 2.23 (1.25, 2.79) Z = −2.008 0.045
Gender, n (%) χ2 = 0.447 0.504

Female 34 (22.37) 14 (26.92)
Male 118 (77.63) 38 (73.08)

Medication use
ACEI/ARB, n (%) 53 (34.87) 20 (38.46) χ2 = 0.218 0.641
Statins, n (%) 93 (61.18) 34 (65.38) χ2 = 0.291 0.590
SGLT2i, n (%) 16 (10.53) 9 (17.31) χ2 = 1.657 0.198
GLP-1 RA, n (%) 12 (7.89) 6 (11.54) χ2 = 0.267 0.606

Previous history of hyperlipidemia, n (%) χ2 = 4.047 0.044
No 113 (74.34) 31 (59.62)
Yes 39 (25.66) 21 (40.38)

Drinking, n (%) χ2 = 2.539 0.111
No 138 (90.79) 43 (82.69)
Yes 14 (9.21) 9 (17.31)

Smoking, n (%) χ2 = 4.460 0.035
No 101 (66.45) 26 (50.00)
Yes 51 (33.55) 26 (50.00)

Family history of cardiovascular disease, n (%) χ2 = 0.389 0.533
No 98 (64.47) 36 (69.23)
Yes 54 (35.53) 16 (30.77)

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, bodymass index; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HDL, high-density lipoprotein; KIM-1,
kidney injury molecule-1; LDL, low-density lipoprotein; PRO, urinary protein; SBP, systolic blood pressure; SGLT2i, sodium-glucose
cotransporter 2 inhibitor; TG, triglycerides.

icant differences between the two groups in terms of age,
BMI, SBP, DBP, eGFR, triglycerides, gender, drinking sta-
tus, medication use, or family history of CVD (p > 0.05).

Regarding lipid profiles and kidney damage indica-
tors, the event group had significantly lower HDL levels
and significantly higher KIM-1 levels than the non-event
group. Furthermore, the levels of LDL and urinary protein
were significantly higher in the event group (all p < 0.05).
The proportions of individuals with a history of hyperlipi-
demia (40.38% vs. 25.66%, p = 0.044) and of smokers
(50.00% vs. 33.55%, p = 0.035) were significantly higher
in the event group than in the non-event group. Detailed
baseline characteristics are shown in Table 1.

3.2 Results of Univariate Regression Analysis

Univariate logistic regression analysis of all variables
revealed that prior hyperlipidemia (OR = 1.963, 95% CI:

1.012–3.808, p = 0.046), smoking (OR = 1.980, 95% CI:
1.045–3.754, p = 0.036), LDL (OR= 1.060, 95%CI: 1.040–
1.080, p < 0.001), HDL (OR = 0.960, 95%CI: 0.937–0.984,
p < 0.001), and KIM-1 (OR = 1.039, 95% CI: 1.013–1.065,
p = 0.003) were significantly associated with the occurrence
of cardiovascular events (all p < 0.05) (Table 2).

3.3 Results of Multivariate Regression Analysis

Statistically significant variables identified from the
univariate analysis were included in the multivariate logis-
tic regression model. Collinearity diagnostics using vari-
ance inflation factor (VIF) were performed, and all VIF val-
ues were below 5, indicating no significant multicollinear-
ity among the included variables. The results showed that:
previous history of hyperlipidemia (OR = 4.170, 95% CI:
1.410–12.331, p = 0.010), smoking (OR = 4.616, 95%
CI: 1.678–12.699, p = 0.003), LDL (OR = 1.100, 95%
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Table 2. Univariate logistic regression analysis of the two groups of patients.
Variables β SE Z p OR (95% CI)

Gender
Female 1.000 (Reference)
Male −0.246 0.368 −0.667 0.505 0.782 (0.380~1.610)

Previous history of hyperlipidemia
No 1.000 (Reference)
Yes 0.674 0.338 1.994 0.046 1.963 (1.012~3.808)

Drinking
No 1.000 (Reference)
Yes 0.724 0.462 1.569 0.117 2.063 (0.835~5.098)

Smoking
No 1.000 (Reference)
Yes 0.683 0.326 2.094 0.036 1.980 (1.045~3.754)

Family history of cardiovascular disease
No 1.000 (Reference)
Yes −0.215 0.345 −0.623 0.533 0.807 (0.410~1.586)

ACEI/ARB −0.155 0.332 −0.466 0.641 0.857 (0.447~1.642)
Statins −0.181 0.336 −0.539 0.590 0.834 (0.432~1.611)
SGLT2i −0.576 0.452 −1.275 0.202 0.562 (0.232~1.363)
GLP-1 RA −0.420 0.528 −0.795 0.427 0.657 (0.233~1.850)
Age 0.022 0.018 1.207 0.227 1.022 (0.987~1.058)
BMI 0.020 0.043 0.468 0.640 1.020 (0.938~1.109)
SBP −0.004 0.023 −0.169 0.866 0.996 (0.952~1.043)
DBP −0.003 0.032 −0.091 0.927 0.997 (0.936~1.062)
eGFR −0.022 0.019 −1.142 0.253 0.978 (0.941~1.016)
LDL 0.058 0.010 6.052 <0.001 1.060 (1.040~1.080)
HDL −0.040 0.013 −3.197 <0.001 0.960 (0.937~0.984)
TG 0.009 0.005 1.895 0.058 1.009 (1.000~1.019)
KIM-1 0.038 0.013 2.949 0.003 1.039 (1.013~1.065)
PRO 0.181 0.143 1.265 0.206 1.198 (0.906~1.585)
OR, odds ratio; CI, confidence interval; SE, standard error.

CI: 1.067–1.134, p < 0.001), HDL (OR = 0.920, 95% CI:
0.883–0.959, p < 0.001), and KIM-1 (OR = 1.093, 95%
CI: 1.045–1.143, p < 0.001) were all independent risk fac-
tors for cardiovascular events. Our findings demonstrated
that elevated LDL and KIM-1 levels significantly increased
event risk, while HDL showed a significant protective ef-
fect. The results of the multivariate analysis are shown in
Table 3.

3.4 Forest Plot of Multivariate Logistic Regression Results

To visualize the effect sizes from the multivariate lo-
gistic regression, a forest plot was generated (Fig. 1). To
allow clear visualization of both large and small effects
within a single figure, the x-axis (odds ratio scale) was trun-
cated, as indicated by the vertical red line. In the plot, the
point estimates for elevated LDL and KIM-1 levels lie to
the right of the null line (OR = 1), indicating increased risk,
whereas higher HDL lies to the left, indicating a protec-
tive effect. The point estimates for the categorical variables
(prior hyperlipidemia and smoking) extend beyond the dis-
played axis range to the right, reflecting substantially larger

odds ratios (see Table 3 for exact values). Overall, the for-
est plot confirms the direction and relative magnitude of the
associations identified in the regression analysis.

3.5 Kaplan–Meier Survival Analysis

To further evaluate the impact of different risk fac-
tors on the risk of cardiovascular events during the 12-
month follow-up period, Kaplan–Meier event-free survival
curves, stratified by history of hyperlipidemia and smoking
status, were plotted, and differences between groups were
compared using the log-rank test. The selection of these
two stratification factors was based on three considerations:
first, both univariate and multivariate analyses identified
them as independent risk factors for cardiovascular events
(Tables 2,3); second, their effects were the strongest in the
multivariate logistic regression model; and finally, they are
lifestyle and metabolic factors that can be clearly defined
and are modifiable in clinical practice.

In the Kaplan–Meier plots (Figs. 2,3), the ‘Number at
risk’ row shows the number of patients who were event‑free
at the start of each time interval. The ‘Cumulative events’
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Table 3. Results of multivariate logistic regression analysis.
Variables β SE Z p OR (95% CI)

Previous history of hyperlipidemia
No 1.000 (Reference)
Yes 1.428 0.553 2.581 0.010 4.170 (1.410~12.331)

Smoking
No 1.000 (Reference)
Yes 1.529 0.516 2.962 0.003 4.616 (1.678~12.699)

LDL 0.095 0.015 6.141 <0.001 1.100 (1.067~1.134)
HDL −0.083 0.021 −3.955 <0.001 0.920 (0.883~0.959)
KIM-1 0.089 0.023 3.916 <0.001 1.093 (1.045~1.143)

Fig. 1. Forest plot of multivariate logistic regression results. The x-axis (OR scale) was truncated at an OR of 1.9 to allow clear
visualization of both large and small effects within a single figure. The point estimates for elevated LDL and KIM-1 levels are shown
within the displayed range. Note that the point estimates for the categorical variables ‘Prior hyperlipidemia’ and ‘Smoking’ (indicated
by the red cutoff line) lie beyond the truncated axis due to their substantially larger ORs; their exact values with confidence intervals are
provided in Table 3.

row displays the total number of events that have occurred
up to and including that time point. For instance, at 12
months, the cumulative number of events was 52, includ-
ing 13 events identified at the final 12‑month assessment
visit. These 13 patients were therefore still included in the
‘Number at risk’ column at month 12.

Kaplan–Meier event-free survival curves based on pa-
tients’ history of hyperlipidemia showed significant differ-
ences between the two groups during the follow-up period.
Throughout the observation window, patients with a his-
tory of hyperlipidemia had consistently lower event-free
survival rates compared to those without hyperlipidemia.
Log-rank test results showed a statistically significant dif-
ference between the two groups (p = 0.034), confirming a
significant correlation between a history of hyperlipidemia
and the occurrence of cardiovascular events (Fig. 2).

Survival analysis stratified by smoking status demon-
strated that the event-free survival curve in the smoking
group was significantly lower than that in the non-smoking
group throughout the 12-month follow-up period. Non-
smokers had significantly higher event-free survival prob-
ability than smokers. The log-rank test results confirmed
that this difference was statistically significant (p = 0.024),
further indicating the adverse impact of smoking on the risk
of cardiovascular events (Fig. 3).

4. Discussion
This study retrospectively analyzed the relationship

between multiple clinical indicators and cardiovascular
events in DKD patients with hypertension, focusing on the
roles of dyslipidemia, smoking, and renal injury biomarkers
in cardiovascular risk. The results showed that prior hyper-
lipidemia, smoking, LDL, HDL, and KIM-1 were all sig-
nificantly associated with cardiovascular events, and they
were identified by multivariate logistic regression as inde-
pendent risk factors. Furthermore, Kaplan–Meier survival
analysis further demonstrated the adverse effects of prior
hyperlipidemia and smoking on event-free survival, with
survival curves showing significant separation early in the
follow-up period. These findings further clarify that in the
high-risk population of DKD with hypertension, unhealthy
lifestyle habits, metabolic abnormalities, and renal tubular
damage are all strongly associated with cardiovascular risk,
which may allow for more precise clinical risk identifica-
tion.

The study results indicate that a history of hyperlipi-
demia is one of the core risk factors for cardiovascular
events. This study observed a significantly higher inci-
dence of cardiovascular events in patients with a history
of hyperlipidemia, and this statistical significance remained
stable in the multivariate model. This result is consistent
with previous research [18]. Previous literature has con-
firmed that diabetic patients often exhibit a “diabetic lipid
profile” characterized by high levels of triglycerides with
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Fig. 2. Kaplan–Meier event-free survival curves for diabetic kidney disease patients with hypertension stratified by their previous
history of hyperlipidemia. HR, hazard ratio.

reduced HDL. This lipid profile abnormality contributes to
an accelerated progression of atherosclerosis, endothelial
inflammation, and vascular stiffness, collectively augment-
ing cardiovascular risk [23,24]. The study by Poochanasri
et al. [25] suggests that elevated LDL and decreased HDL
are major risk factors for coronary heart disease and stroke
in diabetic patients. Our study yielded similar conclusions
regarding LDL and HDL: patients in the event group ex-
hibited higher LDL and lower HDL, indicating that dyslipi-
demia is also a significant driver of cardiovascular events in
individuals with DKD and hypertension. In addition to val-
idating the predictive value of traditional lipid indicators,
this study emphasizes the importance of lipid control in the
context of complex metabolism. Smoking was also iden-
tified as a significant independent risk factor in this study,
and its relationship with cardiovascular events was clearly
demonstrated in the multivariate logistic regression results
and Kaplan–Meier curves. Survival analysis showed that
smokers had significantly shorter event-free survival and
a 79.3% higher risk of adverse events. This association
may be explained by smoking-induced oxidative stress, en-

hanced inflammatory responses, injury to vascular endothe-
lium, and increased sympathetic nerve activation. In pa-
tients with DKD, smoking also contributes to and exacer-
bates kidney damage by reducing microvascular perfusion,
aggravating proteinuria, and accelerating the decline in re-
nal function, thereby further increasing cardiovascular risk.
The results of this study are consistent with the series of re-
ports by Yu et al. [26] and Kourtidou et al. [27], further
emphasizing the impact of risk factors, such as smoking,
blood lipids, HDL levels, and LDL levels, on CVD devel-
opment in patients with DKD. For high-risk groups such
as DKD patients with hypertension, smoking is not only a
cardiovascular risk factor but also a hazardous behavior that
requires rigorous intervention and management.

Notably, this study found a significant association be-
tween KIM-1 and cardiovascular events, maintaining an in-
dependent association role in a multivariate model. KIM-1,
as a biomarker of renal tubular injury, reflects the degree of
renal tubular epithelial cell damage, inflammation activa-
tion, and fibrosis progression. Previous studies have shown
that renal tubular injury is not only related to renal prognosis
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Fig. 3. Kaplan–Meier event-free survival curves for diabetic kidney disease patients with hypertension stratified by their smoking
status.

but also closely linked to systemic inflammation, elevated
oxidative stress levels, and endothelial dysfunction; these
pathological processes stand as drivers of CVD develop-
ment [28,29]. A study by Tonkonogi et al. [30] also indi-
cated that elevated KIM-1 can predict cardiovascular events
and renal endpoints in CKD patients. It should be noted that
this finding is exploratory and derived from a single-center
retrospective analysis. Therefore, the observed association
involving KIM-1 requires validation in larger, prospective
cohorts. If confirmed, KIM-1 may have potential value in
identifying systemic cardiovascular risk and could be incor-
porated into more comprehensive risk assessment models.
Based on previous literature and the results of the present
study, dyslipidemia, smoking, and kidney damage are the
key factors driving cardiovascular events in patients with
DKD and hypertension. This retrospective study further
validated the impact of these factors, which helps clinicians
identify risks in the early stages of the disease and imple-
ment more targeted intervention strategies. Furthermore,
the application of Kaplan–Meier survival analysis provides
an intuitive depiction of the impact of high-risk factors, of-

fering clinicians clearly defined and easily interpretable risk
indicators that are useful for developing long-term follow-
up strategies. The key clinical implication of the early sep-
aration in survival curves is not the exact timing of events
within 12 months, but rather the clear demonstration that
the excess risk associated with these factors manifests soon
after clinical assessment, underscoring the need for prompt
intervention.

Although this study yielded relatively reliable results,
several limitations remain. First, the observational, retro-
spective design precludes causal inference and is suscep-
tible to residual confounding from unmeasured or incom-
pletely measured factors, such as socioeconomic status, di-
etary habits, and concurrent medication use (including du-
ration and adherence). Second, all clinical and biomarker
variables were measured only at a single time point (base-
line). This precludes the assessment of their dynamic
changes over the follow-up period, potentially influenc-
ing the interpretation of the cardiovascular risk and caus-
ing either underestimation or overestimation of the true ef-
fect sizes of these risk factors. Third, in this single-center
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study, selection bias might exist. Fourth, with a sam-
ple size of 204 cases, the confidence intervals for some
variables are relatively wide. Although the number of
events met minimum modeling requirements, a larger sam-
ple would provide more stable estimates. Fifth, while key
medication classes were recorded, a detailed analysis of
their impact was not feasible. Future research should em-
ploy multicenter, large-sample prospective designs with se-
rial measurements to validate these findings, better con-
trol for confounders, and elucidate temporal relationships.
The exploratory association observed for KIM-1 particu-
larly requires such prospective validation. Furthermore, the
Kaplan–Meier analysis, while demonstrating early risk sep-
aration, should be interpreted with caution given the short
follow-up.

5. Conclusion
This study demonstrates that in patients with DKD

and hypertension, prior hyperlipidemia, smoking, elevated
LDL, decreased HDL, and increased KIM-1 are all signif-
icant risk factors for cardiovascular events. Multivariate
analysis demonstrated that all of these factors had indepen-
dent predictive value, while Kaplan–Meier survival analy-
sis further confirmed a significant association of hyperlipi-
demia and smoking with reduced event-free survival. The
results suggest that, in patients with DKD and hypertension,
more stringent lipid management, proactive smoking ces-
sation interventions, and monitoring of renal tubular injury
markers may help identify and manage high-risk cardiovas-
cular subgroups. These variables may also be incorporated
into a cardiovascular risk assessment system, enablingmore
precise and individualized management, with the ultimate
goals of reducing the incidence of cardiovascular events and
improving long-term patient outcomes.

Key Points
• This retrospective cohort study identified prior hy-

perlipidemia, smoking, elevated low-density lipoprotein
(LDL), reduced high-density lipoprotein (HDL), and in-
creased kidney injury molecule-1 (KIM-1) as independent
risk factors for cardiovascular events in patients with dia-
betic kidney disease and hypertension.

• Kaplan–Meier analysis demonstrated that the ad-
verse impact of hyperlipidemia and smoking on event-free
survival becomes evident early, within the first year follow-
ing patient assessment.

• The findings underscore the necessity for more strin-
gent lipid management and proactive smoking cessation in-
terventions in this high-risk population tomitigate early car-
diovascular risk.

• The exploratory association between KIM-1 and car-
diovascular events highlights a potential link between kid-
ney damage and systemic risk, warranting validation in
prospective studies.
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