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ABSTRACT

Background: Elderly patients with primary hyperlipidemia have prolonged lipid metabolic disorder, chronic vascular endothelial damage, and significantly
elevated risk of atherosclerotic cardiovascular disease (ASCVD). Statins are the first-line lipid-regulating drugs for elderly hyperlipidemia, but the clinical
controversy regarding dose selection has persisted for many years. Intensive-dose statins can achieve stronger lipid-lowering and vascular protective effects,
while they may bring higher risks of liver function damage, renal burden, myalgia and other adverse reactions in aging populations with declining organ
reserve function. Low-dose statins have high safety but often fail to meet vascular endothelial repair and long-term cardiovascular protection needs. Methods:
A retrospective controlled clinical study was designed. A total of 168 elderly patients (aged >65 years) diagnosed with primary hyperlipidemia were enrolled
and equally divided into low-dose atorvastatin group (10 mg/d, n=84) and moderate-dose atorvastatin group (20 mg/d, n=84). All patients received
standardized 12-week intervention and consistent lifestyle management. Baseline data, serum lipid profiles, vascular endothelial function biomarkers, hepatic
and renal biochemical indexes, and adverse event incidence were statistically compared before and after treatment. Results: A fter 12 weeks of treatment, both
groups obtained significant lipid improvement. The moderate-dose group showed significantly lower levels of total cholesterol (TC), triglyceride (TG), low-
density lipoprotein cholesterol (LDL-C), and significantly higher high-density lipoprotein cholesterol (HDL-C) than the low-dose group (P<0.05). In terms of
vascular endothelial function, the moderate-dose group had higher nitric oxide (NO) and flow-mediated dilation (FMD), and lower endothelin-1 (ET-1), with
statistically significant inter-group differences (P<0.05). There was no significant difference in the overall incidence of abnormal liver and renal function and
mild adverse reactions between the two groups (P>0.05), and no severe adverse events occurred in either group. Conclusion: Moderate-dose atorvastatin
achieves better lipid-lowering efficacy and vascular endothelial protective effects in elderly hyperlipidemic patients without significantly increasing organ

safety risks. It is a safe and preferable routine clinical dosage for elderly patients with preserved basic organ function.
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1. Introduction

With the global aging process continuing to deepen, the prevalence of geriatric chronic metabolic diseases has maintained a

sustained upward trend. Primary hyperlipidemia is one of the most common chronic diseases in elderly populations, characterized by

long-term abnormal lipid metabolism, slow disease progression, and hidden early clinical symptoms (Zhang et al., 2023).

Epidemiological data show that the prevalence of dyslipidemia in people aged 65 and above exceeds 55% in developed countries, and the

overall prevalence continues to rise in low- and middle-income countries due to changes in dietary structure and reduced physical activity
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(Liu et al., 2024). Long-term uncontrolled hyperlipidemia can induce lipid deposition in vascular intima, trigger chronic inflammatory
response of blood vessels, accelerate the progression of atherosclerosis, and ultimately lead to a variety of adverse cardiovascular and
cerebrovascular events such as coronary heart disease, cerebral infarction and peripheral vascular disease (Wang et al., 2022).

Vascular endothelial dysfunction is recognized as the earliest reversible pathological change in the occurrence of atherosclerotic
cardiovascular diseases, and it is also a core intermediate mechanism connecting hyperlipidemia and cardiovascular adverse events (Su et
al., 2023). Vascular endothelial cells have the physiological functions of regulating vascular tension, inhibiting platelet aggregation and
maintaining vascular wall stability. Persistent hyperlipidemia can cause oxidative stress damage to endothelial cells, reduce the synthesis
and release of vasodilator substances, increase the secretion of vasoconstrictor factors, and break the dynamic balance of vascular
endothelial protection system (Chen et al., 2023). Therefore, improving vascular endothelial function while regulating blood lipids has
become an important comprehensive therapeutic target for elderly hyperlipidemia patients, rather than simply pursuing lipid index
reduction.

Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) are currently the most widely used first-line lipid-lowering
drugs in global cardiovascular clinical practice. They can effectively inhibit endogenous cholesterol synthesis, reduce serum LDL-C level,
stabilize atherosclerotic plaques, and significantly reduce the long-term incidence of cardiovascular events (Alberti et al.,, 2021).
Atorvastatin, as a representative second-generation statin, has the advantages of high lipid-lowering efficiency, stable pharmacokinetics
and high clinical accessibility, and is the most commonly used lipid-regulating drug for elderly hyperlipidemic patients in primary and
tertiary hospitals worldwide (Li et al., 2023).

However, the optimal clinical dosage of statins in elderly populations has always been a controversial focus in geriatric
cardiovascular pharmacology. Elderly patients have physiological aging characteristics such as decreased liver and kidney reserve
function, reduced drug metabolic capacity, increased body fat ratio, and weakened drug tolerance, which make them more susceptible to
drug accumulation and adverse drug reactions than young and middle-aged patients (Gao et al., 2022). Traditional conservative clinical
concepts advocate low-dose statin intervention for the elderly to reduce the risk of liver and kidney damage and myopathy. However, in
recent years, a number of large-sample cohort studies have confirmed that excessive low-dose statin treatment often fails to effectively
reverse vascular endothelial damage, resulting in long-term persistent vascular dysfunction and residual cardiovascular risk (Brown et al.,
2023).

Current international and domestic lipid management guidelines have not formed a unified mandatory dosage standard for elderly
patients. There is still insufficient clinical evidence on the dose-response relationship between different atorvastatin doses and vascular
endothelial repair in elderly hyperlipidemic populations, as well as lack of systematic safety data comparison of long-term low-dose
versus moderate-dose medication (American College of Cardiology/American Heart Association [ACC/AHA], 2022). Most existing
studies focus on the lipid-lowering difference of different statin doses in general adult populations, while ignoring the organ aging
characteristics and unique drug response rules of elderly patients. In addition, few studies take vascular endothelial functional indexes as
the core efficacy evaluation outcome, resulting in one-sided evaluation of clinical efficacy (Zhao et al., 2024).

Based on the above research gaps, this study adopted a retrospective controlled clinical trial design, taking elderly patients with
primary hyperlipidemia as the research object, systematically comparing the differences of low-dose (10 mg/d) and moderate-dose (20
mg/d) atorvastatin in improving blood lipid levels, repairing vascular endothelial function, and affecting liver and kidney organ safety.
Through standardized statistical analysis of clinical real-world data, this study aims to clarify the efficacy and safety boundary of
conventional statin doses in elderly populations, and provide individualized, evidence-based clinical medication reference for geriatric

lipid management.
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2. Materials and Methods

2.1 Study Design and Participants

This study was a single-center, retrospective, controlled clinical study conducted in the Department of Geriatric Cardiology of a
tertiary general hospital. The research subjects were elderly inpatients and outpatients diagnosed with primary hyperlipidemia from
January 2023 to December 2024. According to the 2022 ACC/AHA Guideline for the Management of Blood Cholesterol, primary
hyperlipidemia was diagnosed based on fasting serum lipid detection: TC =5.2 mmol/L, TG =1.7 mmol/L, LDL-C =3.4 mmol/L, with
no secondary causes of dyslipidemia (ACC/AHA, 2022).

2.2 Inclusion and Exclusion Criteria

Inclusion criteria: (1) Age =65 years old; (2) Diagnosed with primary hyperlipidemia for the first time or with untreated
dyslipidemia; (3) Complete clinical baseline data and follow-up data; (4) No statin medication history within 3 months before enrollment;
(5) Patients and their families voluntarily participated in the study and cooperated with standardized treatment and follow-up.

Exclusion criteria: (1) Secondary hyperlipidemia caused by diabetes, hypothyroidism, nephrotic syndrome and other systemic
diseases; (2) Severe liver and kidney insufficiency, malignant tumor, severe cardiovascular and cerebrovascular diseases; (3) Combined
use of other lipid-lowering drugs during the observation period; (4) Poor medication compliance, missed medication or unauthorized
drug withdrawal; (5) Incomplete follow-up data or loss to follow-up; (6) Allergic constitution or contraindication to statin drugs.

2.3 Grouping and Intervention Measures

A total of 168 eligible elderly patients were enrolled and divided into two groups according to the daily oral dosage of atorvastatin:
low-dose group (10 mg/d) and moderate-dose group (20 mg/d), with 84 cases in each group. The medication course of both groups was
12 consecutive weeks. During the treatment period, all patients received unified standardized lifestyle intervention, including low-fat and
low-salt diet, regular moderate exercise, smoking cessation and alcohol restriction, and regular work and rest, to eliminate the
interference of lifestyle factors on lipid levels and vascular function. No other lipid-regulating, vasoactive or special nutritional drugs
were added throughout the study period.

2.4 Observation Indicators

2.4.1 Blood lipid indexes: Fasting venous blood was collected before treatment and 12 weeks after treatment. Automatic
biochemical analyzer was used to detect serum TC, TG, LDL-C and HDL-C levels, reflecting the overall lipid-lowering efficacy.

2.4.2 Vascular endothelial function indexes: Serum nitric oxide (NO), endothelin-1 (ET-1) and brachial artery flow-mediated
dilation (FMD) were detected. NO and FMD are important vasoprotective indicators, while ET-1 is a key vasoconstrictor factor, which
can comprehensively reflect the degree of vascular endothelial injury and repair status (Jiang et al., 2023).

2.4.3 Organ safety indexes: Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN)
and serum creatinine (Scr) were detected to evaluate liver and renal function changes before and after medication.

2.4.4 Adverse reactions: The incidence of mild adverse reactions such as myalgia, fatigue, gastrointestinal discomfort and skin
pruritus during treatment was recorded, and severe adverse events were strictly monitored.

2.5 Statistical Analysis

SPSS 26.0 statistical software was used for data analysis. Measurement data conforming to normal distribution were expressed as
mean =+ standard deviation (x+s), and independent sample t-test was used for inter-group comparison, paired t-test was used for intra-
group comparison before and after treatment. Counting data were expressed as rate (%), and ¥ test was adopted for comparison. P<0.05

was considered statistically significant.
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3. Results

3.1 Baseline General Data Comparison

A total of 168 patients completed the study, with no loss to follow-up in either group. There were no statistically significant
differences in age, gender composition, body mass index (BMI), course of disease, smoking history, drinking history and basic vital signs
between the two groups before treatment (P>0.05). The baseline data of the two groups were balanced and comparable, as shown in
Table 1.

Table 1 Baseline general data comparison between the two groups (x£s / %)

Indicator Low-dose Group (n=84) Moderate-dose Group (n=84) t/y? Value P Value

Age (years) 70.36+4.25 71.02+3.98 t=0.284 0.777
Male (n/%) 45 (53.57%) 42 (50.00%) ¥*=0.286 0.593

BMI (kg/m?) 24.18+2.03 23.96+1.87 t=0.512 0.609
Disease course (years) 3.26x1.15 3.18+1.09 t=0.368 0.713
Smoking history (n/%) 38 (45.24%) 35 (41.67%) x*=0.219 0.640
Drinking history (n/%) 22 (26.19%) 20 (23.81%) ¥*=0.129 0.720
Systolic BP (mmHg) 132.45£10.22 130.98+9.86 t=0.921 0.358
Diastolic BP (mmHg) 82.17+6.35 81.5246.14 t=0.653 0.515

Note: P>0.05 indicates no statistically significant difference between the two groups, with balanced and comparable baseline data. BP, blood pressure.

3.2 Comparison of Blood Lipid Levels Before and After Treatment

Before treatment, there was no significant difference in TC, TG, LDL-C and HDL-C between the two groups (P>0.05). After 12
weeks of treatment, the levels of TC, TG and LDL-C in both groups were significantly lower than those before treatment, and HDL-C
was significantly higher than baseline (P<0.05). After treatment, the moderate-dose group had lower TC, TG, LDL-C and higher HDL-C
than the low-dose group, and the inter-group difference was statistically significant (P<0.05). Detailed lipid data changes are shown in
Table 2.

Table 2 Comparison of blood lipid levels before and after treatment (mmol/L, x+s)

Lipid Indicator Time Point Low-dose Group (n=_84) Moderate-dose Group (n=84) t Value P Value

Before treatment 5.89+0.72 5.92+0.68 0.261 0.794

Te After treatment 4.52+0.63* 3.86+0.58* 6.892 <0.001
Before treatment 2.15+0.41 2.18+0.39 0.473 0.637

16 After treatment 1.41+0.32%* 1.15+0.28%* 5.981 <0.001
Before treatment 3.62+0.53 3.65+0.49 0.395 0.693

LbL-C After treatment 2.68+0.41* 2.12+0.35* 8.236 <0.001
Before treatment 1.02+0.24 1.01£0.22 0.327 0.744

HDL-C After treatment 1.18+0.25% 1.35+0.22* 4.158 <0.001

Note: P<0.05 vs. before treatment within the same group, with statistically significant intra-group differences. TC, total cholesterol; TG, triglyceride;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

3.3 Comparison of Vascular Endothelial Function Indexes
Baseline NO, ET-1 and FMD levels were comparable between the two groups (P>0.05). After intervention, both groups showed
significant improvement in endothelial function: NO and FMD levels increased significantly, while ET-1 level decreased significantly

(P<0.05). The moderate-dose group showed more significant endothelial repair effect: NO and FMD were higher, ET-1 was lower, and

© 2026 Takashi Kato This open-access manuscript is distributed under the Creative Commons Attribution 4.0 International License (CC BY 4.0). This license permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original author and source are fully credited. Full license text:
https://creativecommons.org/licenses/by/4.0/



American International Journal of Medicine & Nursing Research Vol (1) Issue (1) (2026) Page 27-34

the difference was statistically significant compared with the low-dose group (P<0.05). It indicated that moderate-dose statin had better
vascular endothelial protective effect in elderly patients.

Table 3 Comparison of Vascular Endothelial Function Indexes Before and After Treatment

Endothelial Function Indicator Time Point Low-dose Group (n=84) Moderate-dose Group (n=84) t Value P Value
Before treatment 42.36+5.28 41.98+4.96 0.452 0.652
NO (umol/L)
After treatment 51.24+6.02* 62.35+6.89* 10.258 <0.001
Before treatment 89.65+£12.36 90.12+11.85 0.247 0.805
ET-1 (ng/L)
After treatment 76.32+10.25*% 61.47+9.63* 9.364 <0.001
Before treatment 4.25+0.86 4.18+0.79 0.529 0.597
FMD (%)
After treatment 5.68+1.02* 7.24+1.15* 8.951 <0.001

Note: P<0.05 vs. before treatment within the same group. NO, nitric oxide; ET-1, endothelin-1; FMD, flow-mediated dilation.
3.4 Comparison of Hepatic and Renal Function Safety Indexes

Before and after treatment, the levels of ALT, AST, BUN and Scr in both groups were within the normal reference range. There
were no significant abnormal fluctuations in liver and renal function indexes in each group after treatment compared with baseline
(P>0.05). There was no significant difference in liver and renal function indexes between the two groups after treatment (P>0.05). The
results confirmed that moderate-dose 20 mg/d atorvastatin did not increase the risk of liver and kidney damage in elderly patients with
normal basic organ function.

Table 4 Comparison of Hepatic and Renal Function Safety Indexes Before and After Treatment

) ) . Moderate-dose
Safety Indicator Time Point Low-dose Group (n=84) t Value P Value
Group (n=84)

Before treatment 28.36+6.25 29.12+45.89 0.824 0411
ALT (U/L)

After treatment 30.12+7.03 31.25+6.58 1.025 0.307

Before treatment 30.25+5.98 30.89+5.62 0.689 0.491
AST (U/L)

After treatment 31.56+6.32 32.14+6.05 0.587 0.558

Before treatment 5.12+1.03 5.24+0.98 0.751 0.453
BUN (mmol/L)

After treatment 5.23+1.12 5.31£1.06 0.458 0.647

Before treatment 75.36+12.25 76.12+11.89 0.426 0.670
Scr (umol/L)

After treatment 76.25+13.02 77.08+12.56 0.401 0.689

Note: All indicators remained within the normal reference range before and after treatment, with no significant abnormal fluctuations in either group.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Scr, serum creatinine.

3.5 Comparison of Adverse Reaction Incidence

During the 12-week treatment period, all adverse reactions were mild and transient, and relieved spontaneously after symptomatic
observation without drug withdrawal. In the low-dose group, 4 cases of mild myalgia, 3 cases of gastrointestinal discomfort, with an
adverse reaction rate of 8.33%. In the moderate-dose group, 5 cases of myalgia, 2 cases of fatigue discomfort, with an adverse reaction
rate of 8.33%. There was no significant difference in total adverse reaction rate between the two groups (¥*=0.000, P=1.000). No severe
myolysis, severe liver injury, renal dysfunction or other serious adverse events occurred in either group.

Table S Comparison of Adverse Reaction Incidence Between the Two Groups

Adverse Reaction Type Low-dose Group (n=_84) Moderate-dose Group (n=84) ¥* Value P Value
Mild myalgia 4 (4.76%) 5(5.95%) 0.119 0.730
Gastrointestinal discomfort 3 (3.57%) 1 (1.19%) 1.024 0312
Fatigue discomfort 2 (2.38%) 2 (2.38%) 0.000 1.000
Skin pruritus 1(1.19%) 0 (0.00%) 0.000 1.000
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Total adverse reactions 7 (8.33%) 7 (8.33%) 0.000 1.000

Note: All adverse reactions were mild and transient, with no severe adverse events in either group.

4. Discussion

Vascular endothelial dysfunction is the initiating link of atherosclerotic cardiovascular and cerebrovascular diseases in elderly
hyperlipidemic patients. Long-term lipid deposition can activate vascular oxidative stress and inflammatory response, damage
endothelial cell structure and function, and eventually lead to vascular wall sclerosis and plaque formation (Li et al., 2022). Different
from young patients, elderly patients have long-term cumulative vascular damage, weakened endothelial self-repair ability, and more
complex underlying diseases, so the clinical medication scheme needs to balance efficacy improvement and organ safety (Zhou et al.,
2023).

This clinical controlled study systematically verified the dose-efficacy and dose-safety relationship of atorvastatin in elderly
hyperlipidemic populations. The results showed that both low-dose and moderate-dose atorvastatin could effectively regulate blood lipid
levels and improve vascular endothelial function, which further confirmed the definite clinical efficacy of statins in the treatment of
elderly dyslipidemia (Yang et al., 2023). More importantly, the moderate-dose group achieved significantly better lipid-lowering effect
and endothelial repair effect than the low-dose group, indicating that within the safe dosage range, appropriately increasing statin dosage
can produce stronger vascular protective efficacy for elderly patients.

The mechanism of moderate-dose statin superior efficacy is mainly reflected in two aspects. On the one hand, moderate-dose statin
can more effectively inhibit endogenous cholesterol synthesis, reduce lipid deposition in vascular intima, and reduce the continuous
stimulation of vascular endothelium by abnormal lipids (Chen et al., 2024). On the other hand, statins have independent pleiotropic
vascular protective effects beyond lipid lowering, including inhibiting vascular inflammatory response, reducing oxidative stress damage,
improving endothelial progenitor cell function, and promoting endothelial injury repair (Zhang & Huang, 2022). Moderate-dose
medication can give full play to the pleiotropic protective effect of statins, while low-dose medication is insufficient to activate the
maximum vascular protective pathway.

In terms of organ safety, this study found that there was no significant difference in liver and renal function damage and adverse
reaction incidence between moderate-dose and low-dose atorvastatin in elderly patients, which is consistent with the conclusions of
recent international real-world studies (Miller et al., 2023). Elderly patients with normal basic liver and kidney reserve function have
good tolerance to 20 mg/d atorvastatin. The traditional excessive conservative medication concept that "all elderly people are suitable for
low-dose statins" is one-sided. Appropriately standardized moderate-dose intervention can obtain better clinical efficacy without
increasing clinical safety risks (Garcia et al., 2024).

In this study, the adverse reactions of the two groups were all mild and transient, without severe adverse events, indicating that both
dosages have good clinical safety. The mild myalgia and fatigue symptoms are related to the slight effect of statins on skeletal muscle
energy metabolism, and most elderly patients can adapt to it gradually during continuous medication (Liu & Wang, 2023). Regular
monitoring of liver function and muscle enzymes during clinical medication can further ensure the safety of elderly patients.

In conclusion, for elderly patients with primary hyperlipidemia and normal basic organ function, moderate-dose atorvastatin (20
mg/d) has significant clinical advantages over low-dose regimen, with better lipid-lowering efficacy and vascular endothelial protective
effect, and equivalent organ safety. It is worthy of being promoted as the preferred conventional dosage in clinical geriatric lipid

management.
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5. Study Limitations and Future Prospects

This study is a single-center retrospective controlled trial with a limited sample size, which cannot fully represent the medication
response characteristics of all elderly hyperlipidemic populations. In addition, the follow-up time of this study is only 12 weeks, which
can only observe the short-term efficacy and safety of different doses of statins, and cannot evaluate the long-term cardiovascular
endpoint events such as plaque stability and cardiovascular mortality (Wang et al., 2023). At the same time, this study excluded elderly
patients with severe organ insufficiency and multiple severe comorbidities, so the conclusion is not applicable to extremely frail elderly
populations.

Future research can carry out multi-center, large-sample, prospective randomized controlled trials to further verify the dose-efficacy
relationship of statins in elderly patients. Long-term follow-up can be conducted to observe the impact of different statin doses on long-
term cardiovascular prognosis and long-term organ safety. Subgroup analysis can be carried out according to age stratification, frailty

degree and complication types to formulate more precise individualized dosage schemes for different elderly populations.

6. Conclusion

Both low-dose (10 mg/d) and moderate-dose (20 mg/d) atorvastatin can effectively regulate blood lipids and improve vascular
endothelial function in elderly patients with primary hyperlipidemia, with good short-term organ safety. Moderate-dose atorvastatin
presents superior lipid-lowering efficacy and vascular endothelial repair effect without increasing the incidence of adverse reactions. For
elderly hyperlipidemic patients with normal basic liver and kidney function, moderate-dose atorvastatin is safe and effective, which can

better improve vascular endothelial function and reduce residual vascular risk, and is worthy of clinical popularization and application.
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