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Purpose: COPD is mainly caused by tobacco smoking and is associated with a high frequency of 

coronary artery disease. There is growing recognition that the inflammation in COPD is not only 

confined to the lungs but also involves the systemic circulation and can impact nonpulmonary 

organs, including blood vessels. α1-antitrypsin–low-density lipoprotein (AT-LDL) complex 

is an oxidatively modified LDL that accelerates atherosclerosis. Curcumin, one of the best-

investigated natural products, is a powerful antioxidant. However, the effects of curcumin on 

AT-LDL remain unknown. We hypothesized that Theracurmin®, a highly absorptive curcumin 

with improved bioavailability using a drug delivery system, ameliorates the inflammatory status 

in subjects with mild COPD.

Patients and methods: This is a randomized, double-blind, parallel-group study. Subjects 

with stages I–II COPD according to the Japanese Respiratory Society criteria were randomly 

assigned to receive 90 mg Theracurmin® or placebo twice a day for 24 weeks, and changes in 

inflammatory parameters were evaluated.

Results: There were no differences between the Theracurmin® and placebo groups in terms 

of age, male/female ratio, or body mass index in 39 evaluable subjects. The percent changes 

in blood pressure and hemoglobin A1c and LDL-cholesterol, triglyceride, or high-density 

lipoprotein-cholesterol levels after treatment were similar for the two groups. However, the 

percent change in the AT-LDL level was significantly (P=0.020) lower in the Theracurmin® 

group compared with the placebo group.

Conclusion: Theracurmin® reduced levels of atherosclerotic AT-LDL, which may lead to the 

prevention of future cardiovascular events in mild COPD subjects.

Keywords: curcumin, AT-LDL, COPD, atherosclerosis

Introduction
COPD is a lifestyle-related disease of the lungs that is primarily caused by regular 

smoking.1 It is an inflammatory disease associated with damage to the alveolar septa 

and increased levels of inflammatory mediators, such as C-reactive protein (CRP), 

interleukin-6, interleukin-1β, and tumor necrosis factor-α (TNF-α) in the lung 

periphery.2 This local inflammation in the lungs spills into the systemic circulation, 

where it causes systemic inflammation.3 Research has suggested that the systemic 

effects of COPD can also cause comorbidities, such as cardiovascular diseases.3,4 

Thus, COPD has attracted attention as a systemic disease.3,5

The systemic inflammation of COPD is suggested to be involved in the pathogenesis 

of ischemic heart diseases and arteriosclerosis.6 Several reports demonstrated that 

athosclerotic plaques in COPD patients show a low-grade inflammation similar to 
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that in the peripheral lungs.3,7,8 Actually, the cause of death 

for 20%–30% of patients with COPD is cardiovascular 

disease, and death due to cardiovascular disease is highly 

evident in patients with mild or moderate COPD.9,10 However, 

the precise mechanism of arteriosclerotic cardiovascular 

diseases and their effective preventive strategy in patients 

with COPD are still unknown. COPD is also considered as 

an independent risk factor for ischemic disorders. Thus, it 

is associated with the pathology of cardiovascular diseases 

and is a factor that governs the severity of cardiovascular 

disease. Research has also suggested that COPD is related 

to prognosis. Long-acting inhaled anticholinergics, such 

as tiotropium, are used in curing COPD, and the UPLIFT 

trial examined the usefulness of these medications. The 

results of this trial and a subanalysis indicated that patients 

using tiotropium had improved respiratory function and 

a decreased risk of cardiovascular complications, such as 

myocardial infarction.11,12 In other words, research has sug-

gested that COPD is a therapeutic target for the improvement 

of prognosis in patients with cardiovascular diseases.

CRP is the most extensively studied marker of systemic 

inflammation. Various epidemiological studies have indi-

cated that CRP is a factor that predicts cardiovascular events, 

such as myocardial infarction.13–15 In addition, a study that 

examined systemic inflammation in patients with COPD 

reported that these patients had increased levels of inflam-

matory markers, such as circulating neutrophils, fibrinogen, 

TNF-α, and CRP.5

α1-Antitrypsin–low-density lipoprotein (AT-LDL) 

complex is a recently identified oxidized LDL. AT-LDL is 

found in human serum and at sites of atherosclerotic lesions, 

and the levels of AT-LDL in the blood indicate the activity 

of foam cells in atherosclerotic lesions.16,17 Serum amyloid A 

(SAA) bonds to high-density lipoprotein. When reactive 

oxygen species from inflammatory cells are activated by 

inflammation in blood vessels, they bond SAA to LDL to 

form a complex known as SAA-LDL. SAA-LDL is a poten-

tial marker that can be used to predict and thus prevent the 

occurrence of coronary events.18

Curcumin is a polyphenol naturally found in turmeric and 

has anti-inflammatory and antioxidant activities. Turmeric 

has been used as a remedy in traditional Indian and Chinese 

medicine for over 6,000 years. It is also extensively used 

as a spice, flavoring agent, food preservative, and food 

color. Curcumin has a number of biological activities, such 

as anti-inflammatory and anticancer actions.19,20 Over the 

past few years, some useful effects of curcumin in treating 

various disorders have been identified.19–21 We previously 

reported the use of curcumin in two rat models of chronic 

heart failure following hypertensive heart disease and myo-

cardial infarction.22 Curcumin was effective at inhibiting the 

progression of heart failure.

Because of its various biological activities, curcumin 

may be used clinically. However, the drawbacks of cur-

cumin are a very limited absorbability when ingested 

and a poor bioavailability. Thus, we used a drug delivery 

system to develop a highly absorbable curcumin prepara-

tion (Theracurmin®; Theravalues Corporation, Kioi, Tokyo, 

Japan) to increase its absorption in the intestinal tract. Natural 

curcumin forms extremely large granules in an aqueous 

solution, but Theracurmin® is a preparation that features 

coated, extremely fine microparticles of curcumin. With such 

a drug delivery system, curcumin is consistently dispersed 

in an aqueous solution, thus improving its absorption by the 

intestinal tract.23

Curcumin is reported to have anti-inflammatory activity 

as it inhibits nuclear factor-κB (NF-κB) as well as anti-

oxidant activity as it eliminates reactive oxygen species.24 

Thus, curcumin may inhibit inflammation and oxidative 

stress, both implicated in increasing the risk of cardiovas-

cular diseases. Accordingly, our objective was to evaluate 

the efficacy of Theracurmin® in patients with mild COPD 

by examining its effects on oxidative stress markers and 

inflammatory markers.

Patients and methods
subjects
The purpose of this trial was fully explained to potential 

subjects verbally and in writing. Once potential subjects 

provided written informed consent, they were allowed to 

participate in this trial. The subjects were men or women 

(age, 20–85 years) who met the following criteria: 1) patients 

with COPD at stage 0, I, or II according to the definition by 

the Japanese Respiratory Society and 2) patients who have 

never smoked at least for the past 4 months. We enrolled 

patients with COPD (including those being treated for the 

condition) who were classified as having stage I (mild) or 

stage II (moderate) COPD based on the classification system 

of the Japanese Respiratory Society. During observation, the 

quantity and frequency of the dose remained unchanged for 

the patients being treated for COPD, and the patients had 

stable disease with no acute exacerbation.

Trial protocol
This trial was reviewed and approved by the ethics committee 

of the Kyoto Medical Center. The trial was registered with 

UMIN (UMIN: R000010713) before it began. Based on 

the philosophy of the ethical principles originating in the 
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Declaration of Helsinki, this trial protected the rights and 

welfare of subjects. To ensure the scientific nature and 

reliability of this trial and to ensure safety, this trial was 

conducted in accordance with the principles of good clinical 

practice and strictly adhered to the Ministry of Health, Labor, 

and Welfare’s ethical guidelines for clinical research.

We conducted this double-blind, parallel-group, random-

ized trial from October 2012 to September 2014. Once the 

written informed consent was obtained, the subjects were 

randomly assigned to one of the two groups (the  Theracurmin® 

[Theravalues Corporation, Kioi, Tokyo, Japan] group or the 

placebo group). The subjects took three capsules of Thera-

curmin® (Theracurmin® is sold as a health supplement) or a 

placebo (90 mg in total, 30 mg per capsule) twice a day (after 

breakfast and dinner, total dose: 180 mg). Theracurmin® or 

a placebo was taken over a period of 24 hours. The primary 

end points were oxidative stress markers and inflammatory 

markers (CRP, SAA-LDL, and AT-LDL). The duration of the 

trial was from October 2012 to September 2014.

statistical analysis
Parametric data, ie, continuous data, were expressed as 

mean ± standard deviation. As part of statistical analysis, 

a Mann–Whitney U-test was used to compare continuous 

data between the two groups. For analysis of three or more 

matched groups, Friedman test was performed followed by 

the Wilcoxon signed-rank test with Bonferroni correction as 

a post hoc test. All analyses were done using SPSS Version 

22.0 for Windows (IBM Corporation, Armonk, NY, USA), 

with P0.05 indicating statistical significance.

Results
Of the 48 subjects enrolled, four dropped out: one because 

of soft stool (placebo group), one because of gastrointestinal 

bleeding (Theracurmin® group), one because of muscle aches 

(placebo group), and one because of a rash on the back 

(placebo group). Five subjects withdrew their consent (four 

in the placebo group and one in the Theracurmin® group) 

because they would not like to take the trial medication 

of their own free will despite a lack of symptoms, leaving 

39 subjects in the final analysis. The placebo group comprised 

17 subjects (15 men and two women), and the Theracurmin® 

group comprised 22 subjects (19 men and three women).

The baseline characteristics of the subjects in both groups 

are listed in Table 1. There were no significant differences 

between the two groups in terms of sex, age, systolic blood 

pressure, diastolic blood pressure, glycated hemoglobin, blood 

sugar, triglyceride, LDL-cholesterol, high-density lipoprotein-

cholesterol, uric acid, γ-glutamyl transpeptidase, creatinine, 

CRP, SAA-LDL, and percent forced expiratory volume in 

1 second. The patients in the placebo group had a significantly 

higher body mass index than those in the Theracurmin® group 

(P=0.046). The Theracurmin® group had significantly higher 

levels of AT-LDL than did the placebo group (P=0.037).

The percent changes in parameters between the baseline 

and after 6 months of Theracurmin® or placebo administration 

are listed in Table 2. There were no significant differences 

in the percent changes in CRP and SAA-LDL (primary end 

points) between the groups. However, the percent change 

in all primary end points increased in the placebo group but 

decreased in the Theracurmin® group. The levels of AT-LDL, 

which is oxidatively modified LDL, were also a primary 

end point. The percent change in AT-LDL was significantly 

lower in the Theracurmin® group compared with that in the 

placebo group (P=0.020).

Discussion
AT-LDL is closely related to arteriosclerosis. In the current 

trial, curcumin significantly decreased the blood levels of 

AT-LDL in patients with mild COPD.

Systemic inflammation in COPD is known to be associ-

ated with a risk of cardiovascular diseases.25 COPD itself is 

a risk factor for arteriosclerosis, and the systemic effects of 

COPD are known to cause various comorbidities, such as a 

Table 1 Baseline characteristics of the participants in each group

Parameters n Placebo n Theracurmin® P-value

sex (M/F) 17 15/2 22 19/3 0.999
age, years 17 69.9±6.3 22 69.6±6.6 0.868
BMI, kg/m2 17 24.4±4.3 22 22.1±2.6 0.046
sBP, mmhg 17 127.7±19.0 22 127.6±16.9 0.990
DBP, mmhg 17 70.5±11.7 22 70.7±11.6 0.955
hba1c, % 17 5.3±0.5 22 5.4±0.4 0.859
Bs, mg/dl 16 98.6±15.9 21 102.8±23.1 0.544
Tg, mg/dl 17 160.1±86.8 22 146.3±70.2 0.585
lDl-C, mg/dl 17 104.5±21.6 22 106.8±27.6 0.784
hDl-C, mg/dl 17 60.1±9.6 22 62.1±17.2 0.658
Ua, mg/dl 16 6.2±1.3 22 6.6±1.2 0.326
γ-gTP, IU/l 17 39.8±31.2 22 52.3±52.7 0.392
Cre, mg/dl 16 1.0±0.3 22 0.9±0.3 0.512
CrP, mg/dl 16 0.2±0.2 22 0.3±0.8 0.759
saa-lDl, μg/ml 16 8.9±7.8 21 14.0±36.5 0.587
aT-lDl, μg/ml 16 1.2±0.2 21 1.4±0.3 0.037

FeV1% 17 64.7±7.8 22 61.9±8.3 0.305

Note: Data are presented as mean ± sD, median (interquartile range), or number 
of patients.
Abbreviations: M/F, male/female; BMI, body mass index; sBP, systolic blood 
pressure; DBP, diastolic blood pressure; hba1c, hemoglobin a1c; Bs, blood 
sugar; Tg, triglyceride; lDl-C, low-density lipoprotein-cholesterol; hDl-C, high-
density lipoprotein-cholesterol; Ua, uric acid; γ-gTP, γ-glutamyl transpeptidase; 
Cre, creatinine; CrP, C-reactive protein; saa-lDl, serum amyloid a-lDl; 
aT-lDl, α1-antitrypsin-lDl; FeV1%, percent forced expiratory volume in 1 second; 
sD, standard deviation.
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1.5- to 2-fold increase in the risk of ischemic heart disease.26 

Currently, because there is no definitive treatment for COPD 

and no treatment to restore the lung function, bronchodilators 

and steroids are used to treat COPD by improving respira-

tory function. However, some of these medications, such 

as β
2
-agonists, worsen comorbidities such as myocardial 

infarction that are caused by the systemic effects of COPD. 

The β
2
-agonists are used as bronchodilators to treat patients 

with asthma or COPD and are thought to cause fewer adverse 

reactions in the cardiovascular system than β
1
-agonists; how-

ever, β
2
-agonists are reported to increase heart rate and lower 

potassium levels, potentially increasing the cardiovascular 

risk for patients with asthma or COPD.27 A study examining 

steroids and the occurrence of cardiovascular events reported 

that steroids significantly increased the risk of a cardiovas-

cular event.28 Curcumin was used in the current trial, and no 

studies have reported serious adverse reactions to curcumin. 

Curcumin is a highly safe natural herbal product, and a study 

has suggested that curcumin may be effective in treating 

numerous disorders, such as heart disease, malignancies, 

lifestyle-related diseases, neurological disorders, inflamma-

tory diseases, and infections.19–22

A comparison of AT-LDL levels in smokers and non-

smokers indicated that AT-LDL levels are significantly 

elevated in smokers.29 AT-LDL is an oxidatively modified 

LDL, and AT-LDL levels quickly drop as a result of 

smoking cessation, which suggests that AT-LDL promotes 

atherosclerosis and is closely related to smoking. Based 

on these findings, it may be a useful marker to assess 

cardiovascular risk. Given that AT-LDL levels decreased 

significantly as a result of taking Theracurmin®, curcumin 

may prevent the onset of arteriosclerosis in COPD and 

consequently reduce the cardiovascular risk. The baseline 

AT-LDL levels were significantly higher in the Theracur-

min® group, but levels of AT-LDL and other inflammatory 

markers and oxidative stress markers, such as CRP and 

SAA-LDL, tended to decrease in the Theracurmin® group, 

suggesting that the inflammation in COPD is likely to be 

inhibited by Theracurmin®.

The mechanism by which curcumin inhibits oxidized 

LDL is not clear. Many studies have reported that curcumin 

has anti-inflammatory and antioxidant activities.30–32 TNF-α, 

cyclooxygenase-2 (COX-2), STAT, cyclin D1, and NF-κB 

are related to inflammation, and curcumin displays anti-

inflammatory action by inhibiting TNF-α, COX-2, STAT, 

cyclin D1, and NF-κB signaling. The chemical formula 

for curcumin is 1,7-bis-(4-hydroxy-3-methoxyphenyl)-

hepta-1,6-diene-3,5-dione. Curcumin displays antioxidant 

activity because the CH
2
 located in the center of the molecule 

and hydroxyl groups in the benzene rings eliminate reac-

tive oxygen species.30,33 These actions of curcumin may 

be related to the mechanism by which curcumin inhibits 

oxidized LDL.

A retrospective cohort study of 854 patients with COPD 

examined differences in the mortality rate depending on 

whether patients were treated with statins.34 In this study, 

the hazard ratio for death of patients taking statins was 0.57 

(95% confidence interval 0.38–0.87) compared with patients 

not taking statins. The study reported that treatment with statins 

was associated with an improvement in the survival rate after 

the exacerbation of COPD. A cohort study of 11,212 patients 

reported that angiotensin-converting enzyme inhibitors and 

angiotensin II receptor blockers improved the prognosis for 

patients with COPD.35 Cardiovascular events are complica-

tions of COPD, and treatment must inhibit cardiovascular 

events to improve the prognosis for patients with COPD.

The current trial used Theracurmin®, a highly absorb-

able curcumin preparation. We examined blood inflam-

matory markers and respiratory function in patients with 

mild COPD over 6 months. Compared with the placebo, 

Theracurmin® significantly decreased the blood levels of 

the inflammatory marker AT-LDL and tended to decrease 

(albeit not significantly) levels of CRP and SAA-LDL. 

Table 2 Percent changes in parameters in each group

Parameters n Placebo n Theracurmin® P-value

ΔBMI 17 −0.7±1.6 22 0.9±2.1 0.019
ΔsBP 17 1.4±17.6 22 −1.3±15.9 0.618
ΔDBP 17 2.9±13.4 22 3.5±19.2 0.904
Δhba1c 17 0.0±2.6 22 0.4±3.0 0.631
ΔBs 16 14.5±37.5 21 5.8±25.7 0.407
ΔTg 17 14.5±55.3 22 9.2±44.0 0.743
ΔlDl-C 17 11.4±26.8 22 4.6±21.0 0.383
ΔhDl-C 17 2.0±16.3 22 −2.8±13.0 0.317
ΔUa 16 2.3±18.6 22 2.4±9.2 0.970
Δγ-gTP 17 −1.2±21.3 22 −5.7±36.5 0.654
ΔCre 16 1.4±8.2 22 2.9±10.0 0.611
ΔCrP 16 11.1±98.3 22 −12.5±51.9 0.344
Δsaa-lDl 15 10.8±47.4 21 −2.0±41.9 0.400
ΔaT-lDl 15 14.8±23.8 21 −1.6±16.7 0.020
ΔFeV1% 16 −3.6±6.0 21 −1.9±6.1 0.411

Notes: Data presented as mean ± standard deviation unless stated otherwise. 
The percent change expresses the difference of baseline and after 6 months as 
a percentage of baseline. The percent change = ([after 6 months value – baseline 
value)/baseline value) ×100.
Abbreviations: BMI, body mass index; sBP, systolic blood pressure; DBP, diastolic 
blood pressure; hba1c, hemoglobin a1c; Bs, blood sugar; Tg, triglyceride; 
lDl-C, low-density lipoprotein-cholesterol; hDl-C, high-density lipoprotein-
cholesterol; Ua, uric acid; γ-gTP, γ-glutamyl transpeptidase; Cre, creatinine; 
CrP, C-reactive protein; saa-lDl, serum amyloid a-lDl; aT-lDl, α1-antitrypsin-
lDl; FeV1%, percent forced expiratory volume in 1 second.
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However, as a limitation, this trial had a small sample and 

was conducted over a short period of time (6 months). 

A long-term study with cardiovascular events as a primary 

end point and numerous patients with COPD will probably 

clarify the relationship between curcumin and inflammation 

and cardiovascular events in COPD. If a natural product 

that is inexpensive and safe can be used to prevent and 

treat cardiovascular disease, then such a treatment could 

greatly benefit public health and welfare and reduce medical 

expenses in the process.

Conclusion
In patients with COPD and inflammatory disease, the cur-

rent trial indicated that Theracurmin® might reduce levels of 

AT-LDL, a complex that promotes arteriosclerosis. COPD is 

an inflammatory disease, and curcumin may help to prevent 

ischemic disorders (eg, myocardial infarction), which are a 

comorbidity of COPD. This study suggests that curcumin 

could help in preventing the development of vascular events 

in patients with COPD.
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