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most commonly, bacterial and viral infections (1; 4; 5). 
Several other factors are also known to affect CRP levels, 
including body mass index (BMI), cigarette smoking, phase of 
menstrual cycle, estrogen replacement therapy, cholesterol 
levels, and genetic polymorphisms in the CRP gene (1). While 
regular CRP tests are useful for people with serious infections 
or inflammatory diseases, high-sensitivity CRP (hs-CRP) 
tests can detect slight elevations in CRP levels that would 
otherwise go unnoticed but that provide a valuable biomarker 
for assessing risk of heart disease (6). In particular, high hs-
CRP levels can indicate inflammation in the arteries of the 
heart, meaning that there is a higher risk of heart attack or 
stroke. In terms of risk for developing heart disease, hs-CRP 
values of <1.0 mg/L are considered low risk, 1.0 to 2.9 are 
considered intermediate risk, and >3.0 are considered high 
risk (7). Several interventions, including a number of over-the-
counter oral supplements, have been found to reduce CRP 
levels, but few studies have compared these supplements 
head-to-head or studied them in individuals whose baseline 
CRP levels are low. 
 Three oral supplements that have previously been shown 
to reduce CRP levels are Vitamin C, ginger, and curcumin 
(turmeric). Two recent meta-analyses found that ginger at 
doses of 1000-3000 mg/day significantly reduced CRP levels 
in patients with a variety of diagnoses. The first study, a meta-
analysis of 16 randomized controlled clinical trials (n = 1010) 
found that ginger reduced hs-CRP levels by a standardized 
mean difference of 0.88 points (8). The second meta-analysis 
of nine studies (n = 449) found that it reduced CRP levels by 
a weighted mean difference of 0.84 points (9). 
 With regard to Vitamin C, a meta-analysis of 12 studies (n 
=893) found that Vitamin C in doses ranging from 250-1000 
mg/day reduced CRP levels by 0.23 mg/L in patients with 
a wide variety of diagnoses (10). In addition, a randomized, 
placebo-controlled, double-blind trial in 151 patients with 
diabetes and hypertension undergoing hemodialysis found 
that 250 mg intravenous (IV) three times per week of Vitamin 
C significantly reduced CRP levels from an average of 16.8 
mg/L to 10.7 mg/L (11). Interestingly, an eight-week study 
found that 1000 mg/day of Vitamin C reduced median CRP 
levels by 25% in healthy non-smokers with normal CRP levels 
(12).
 In regard to curcumin, an eight-week, randomized, 
double-blind clinical trial enrolled 70 patients with mild-to-
moderate ulcerative colitis and found that 1500 mg/day of 
curcumin reduced hs-CRP levels by 6.3 points (13). Another 
study found that four weeks of treatment with 300 mg/day of 
curcumin significantly reduced CRP levels in patients with 
Takayasu arteritis compared to placebo (14). In addition, a 
randomized, double-blind, placebo-controlled, three-armed, 
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SUMMARY
C-reactive protein (CRP) is a protein in the blood that 
increases with inflammation, and high CRP levels 
measured with high-sensitivity CRP (hs-CRP) tests 
can indicate higher risk of heart attack or stroke. 
Several over-the-counter oral supplements reduce 
CRP levels. This eight-week, open-label clinical trial 
investigated whether Vitamin C, ginger, or curcumin 
were most effective at reducing hs-CRP levels in 
healthy individuals with low baseline hs-CRP levels. 
Thirty healthy male and female participants were 
enrolled in one of three trial treatment arms: Vitamin 
C (1000 mg/day), ginger (2000 mg/day), and curcumin 
(1000 mg/day). hs-CRP levels were collected at 
baseline and after eight weeks of oral supplements. 
Paired t-tests were used to analyze data by age, 
body mass index (BMI), and baseline hs-CRP level. 
The primary outcome measure was mean difference 
between time points and 95% confidence intervals. 
Twenty-six people completed the study. Baseline hs-
CRP levels were very low for all three intervention 
groups. Based on estimated mean difference, all three 
supplements reduced hs-CRP levels, but change at 
eight weeks was not statistically significant. Within 
the groups, ginger most consistently reduced hs-
CRP levels even though the ginger group had the 
lowest mean baseline hs-CRP levels. Curcumin was 
least likely to reduce hs-CRP levels. Overall, all three 
interventions reduced hs-CRP levels in this group 
of healthy participants with low baseline levels, 
suggesting that these agents, which are available 
over-the-counter, may provide an alternative for 
reducing inflammation. Larger clinical trials to assess 
the utility of these agents are warranted.

INTRODUCTION
 C-reactive protein (CRP) is a protein in the blood that 
increases with inflammation, the body’s way of protecting 
tissues from injury or infection (1). Regular CRP tests are 
used to detect serious bacterial infections or inflammatory 
conditions (2). Traditionally, CRP levels lower than 3.0 
mg/L are considered normal, levels of 3.0 to 10.0 mg/L 
represent minor elevations, levels above 10.0 mg/L are 
considered moderate, and levels of 100 to 500 mg/L are 
considered elevated (3). Elevated CRP levels can be 
caused by a wide variety of inflammatory conditions. These 
include rheumatoid arthritis, chronic lung conditions, cancer, 
diabetes, hypertension, inflammatory bowel disease and, 
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parallel group study of 24 patients with rheumatoid arthritis 
compared two doses of a curcumin/bioperine complex: 500 
mg/day (n = 12) and 1000 mg/day (n = 12) for 90 days. The 
study found that both doses significantly reduced CRP levels 
(15). 
 Most studies that have investigated the effectiveness of 
over-the-counter oral supplements in reducing CRP or hs-
CRP levels have studied individuals whose CRP or hs-CRP 
levels were already high rather than individuals with hs-CRP 
levels below 3.0 mg/L. Thus, it remains unknown how these 
supplements reduce hs-CRP levels in those whose hs-CRP 
levels fall into the “normal” range of below 3.0 mg/L. One 
study that looked at CRP levels in healthy individuals found 
that Vitamin C had no effect in patients with the lowest CRP 
levels (<0.85 mg/L), but that individuals with the highest CRP 
levels at baseline had the greatest reductions in their levels 
after eight weeks (12). 
 This eight-week, open-label clinical trial investigated 
whether oral supplements of Vitamin C (1000 mg/day), ginger 
(2000 mg/day), or curcumin (1000 mg/day) were most effective 
at reducing hs-CRP levels. Participants were healthy males 
and females with normal hs-CRP levels at baseline who were 
not diagnosed with any chronic inflammatory diagnoses. Of 
the supplements known to reduce CRP, Vitamin C has been 
studied over many years and has consistently been shown 
to reduce CRP levels. Thus, the hypothesis was that Vitamin 

C would lead to the largest reductions in hs-CRP levels. 
Overall, baseline hs-CRP levels were found to be very low 
for all three intervention groups, and all three interventions 
reduced hs-CRP levels in this group of healthy participants, 
though change at eight weeks was not statistically significant. 
Within the groups, ginger most consistently reduced hs-CRP 
levels even though the ginger group had the lowest mean 
baseline hs-CRP levels. Curcumin was least likely to reduce 
hs-CRP levels. 

RESULTS
Study groups
 Thirty people (15M/15F) enrolled in the study, 10 in each 
study intervention. However, only 26 people completed the 
study (Table 1). Reasons for not completing the study included 
having a viral illness that inflated baseline hs-CRP levels (n = 
2, one in the Vitamin C group and one in the curcumin group), 
a second hs-CRP test being lost in the mail and not received 
by the laboratory (n = 1, in the ginger group), and insufficient 
blood sample for the lab to process the second hs-CRP test 
(n = 1, in the Vitamin C group). 
 Although other studies have found that BMI correlates with 
CRP or hs-CRP level, the correlation in this sample was only 
weakly positive (r = 0.21). Similarly, the correlation between 
age and hs-CRP level was only weakly positive (r = 0.21). Age 
and BMI showed moderate positive correlation (r = 0.33).

Table 2: Between-group differences at baseline and eight weeks. Abbreviations: BMI: body-mass index; hs-CRP: high-sensitivity 
C-reactive protein; CI: confidence interval.

Table 1: Sample characteristics for the three intervention groups. Abbreviations: BMI: body-mass index; hs-CRP: high-sensitivity 
C-reactive protein; SD: standard deviation.
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 Reflecting the fact that all participants were healthy 
volunteers, baseline hs-CRP levels were in the lower end 
of the normal range for all three intervention groups. Mean 
hs-CRP levels at baseline were 1.25 mg/L for Vitamin C, 0.8 
mg/L for ginger, and 1.4 mg/L for curcumin, and median hs-
CRP levels at baseline were 0.8 mg/L for Vitamin C, 0.3 mg/L 
for ginger, and 0.4 mg/L for curcumin (Table 1). 
 There were no statistically significant differences in age, 
BMI, or hs-CRP levels between any of the groups at baseline 
or at eight weeks (Table 2; Figure 1). All three supplements 
were well-tolerated; none of the participants in any of the three 
intervention groups reported any noticeable side effects, 
either positive or negative.

Within-group differences
 All three supplements reduced hs-CRP levels. The 
estimated mean difference was 0.51 for the Vitamin C group, 
0.31 for the ginger group, and 0.22 for the curcumin group. 
However, there was no statistically significant difference in 

the overall change at eight weeks because point estimates 
for change in hs-CRP level were all contained in the other 
confidence intervals, indicating that the p-value for differences 
between the groups would be >0.05. All 95% confidence 
intervals also crossed zero (Table 3). 
 Within the groups, ginger most consistently reduced hs-
CRP levels (Figure 2). Specifically, six of the nine participants 
(67%) in the ginger-treated group demonstrated reduced hs-
CRP levels; hs-CRP levels increased in one participant (11%) 
and stayed the same in two participants (22%). In contrast, 
in the Vitamin C group, five of the eight participants showed 
reduced hs-CRP levels (63%), but hs-CRP levels went up 
in the other three participants (37%). In the curcumin group, 
only four of the nine participants had reduced hs-CRP levels 
(44%); hs-CRP levels went up in three participants (33%) and 
stayed the same in two participants (22%). This suggests that 
of the three interventions, curcumin was the least likely to 
reduce hs-CRP levels.

Figure 1: hs-CRP level for all groups at all timepoints. Scatterplot showing the relationship between hs-CRP levels in the ginger (orange), 
Vitamin C (blue), and curcumin (green) groups at baseline and eight weeks. Black bars represent 95% confidence intervals. Squares mark 
the mean values.

Table 3: Within-group differences from baseline to eight weeks. *Mean age in the curcumin group did not change from baseline to the 
end of the eight-week study period. Abbreviations: BMI: body-mass index; hs-CRP: high-sensitivity C-reactive protein; CI: confidence interval.
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DISCUSSION
 This eight-week, open-label study investigated whether 
oral supplements of Vitamin C (1000 mg/day), ginger (2000 
mg/day), or curcumin (1000 mg/day) were most effective 
at reducing hs-CRP levels. Twenty-six healthy male and 
female participants with normal hs-CRP levels who were not 
diagnosed with any chronic inflammatory diagnoses took part 
in this study. The key finding was that all three interventions 
reduced hs-CRP levels, even though baseline hs-CRP levels 
were very low across all three groups. Despite not being 
statistically significant, these results may still be clinically 
meaningful.
 Few studies have investigated whether oral supplements 
can reduce CRP or hs-CRP levels in individuals whose levels 
are low to begin with (<3.0 mg/L). For instance, one study that 
looked at CRP levels in healthy individuals found that Vitamin 
C had no effect in participants with the lowest CRP levels 
(<0.85 mg/L), but that individuals with the highest CRP levels 
at baseline had the greatest reductions after eight weeks of 
Vitamin C (12). 
 In the present study, all three interventions reduced hs-
CRP levels in this group of healthy participants; the initial 
study hypothesis that Vitamin C would most successfully 
reduce hs-CRP levels was not supported. These results are 
especially impressive when one considers that the baseline 
hs-CRP levels were very low for these three groups. All 
three oral supplements in this study were well-tolerated, 
and participants reported no side effects. Surprisingly, even 
though the ginger group had the lowest mean baseline hs-
CRP level, it most consistently reduced hs-CRP levels—67% 
of participants in the ginger group had lower hs-CRP levels 
after the eight-week period versus 63% for the Vitamin C group 
and 44% for the curcumin group (Figure 2). These findings 
corroborate two large recent meta-analyses that found that 
ginger at doses ranging from 1000-3000 mg/day significantly 
reduced CRP or hs-CRP levels (8; 9). It also suggests that 
ginger may be useful for reducing inflammation even in those 
whose CRP or hs-CRP levels are already considered low, a 
finding that has potential public health implications.
 Interestingly, although all three supplements reduced 

mean hs-CRP levels across the eight weeks of the study, there 
was still significant variability in hs-CRP levels. For instance, 
across all three interventions, 15 of the 26 participants had 
hs-CRP levels that went down (58%), but seven of the 26 
participants (27%) had hs-CRP levels that went up. Studies 
have found large intra-individual variations in circulating 
CRP levels that can be due to a variety of factors, including 
phase of menstrual cycle, BMI, cholesterol levels, and genetic 
polymorphisms (1). In addition, hs-CRP tests, like the type 
used in this study, are more sensitive than standard CRP tests 
to even small changes in CRP levels; such minor elevations 
in hs-CRP levels do not have to be clinically meaningful and 
may explain the variability observed in this study (16).
 This study had several limitations. First, the sample size 
was small. It is possible that given the trends observed here, 
statistically significant results might have been identified 
with larger sample sizes. In addition, the fact that each 
intervention contained so few people made it impossible to 
compare hs-CRP levels by sex. Second, all participants were 
white, which suggests that the findings cannot be generalized 
to other racial groups. Third, there was no control group; 
because environmental factors like stress, diet, exercise, 
and seasonal variations in temperature might affect hs-CRP 
levels over an eight-week period, it would have been helpful 
to compare these results to a control group that received 
no supplements. Finally, the study was open-label and not 
randomized. All participants chose the intervention they were 
most interested in joining. To truly measure the effectiveness 
of these supplements, a randomized, double-blind, placebo-
controlled study would be necessary. Because several other 
factors also affect CRP levels—for instance, higher BMI and 
cigarette smoking—it would also be interesting to repeat this 
experiment in non-healthy individuals who might be expected 
to have higher baseline CRP levels but no formal diagnosis.
 Despite these limitations, this eight-week, open-label 
study in 26 healthy male and female participants found that 
over-the-counter oral supplements could effectively reduce 
hs-CRP levels in those with normal CRP levels at baseline. 
In particular, ginger reduced or did not alter hs-CRP levels 
in 89% of the participants in that study group, even though 

Figure 2: The number of participants whose hs-CRP levels decreased, stayed the same, or increased in the Vitamin C, ginger, and 
curcumin groups.
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baseline hs-CRP levels of ginger were only 0.8 mg/L. Though 
not statistically significant, this finding suggests that ginger 
may lower CRP or hs-CRP levels in a clinically meaningful 
way. Because lower CRP levels indicate lower levels of 
inflammation in the body, these findings could be important 
for public health reasons. Given the promising nature of this 
preliminary finding, future studies with larger sample sizes 
could help clarify the full extent of ginger’s anti-inflammatory 
properties in individuals with low CRP or hs-CRP levels.

MATERIALS AND METHODS
Participants
 Healthy male and female participants were enrolled in 
one of three trial treatment arms (n = 10 each): Vitamin C 
supplements (1000 mg/day), ginger supplements (2000 mg/
day), and curcumin supplements (1000 mg/day). The group 
assignment was not random and was based on the interest 
of the participants in joining a particular treatment group. 
There were no age restrictions in the study. All participants 
were white, and none were cigarette smokers. Participants 
were recruited through the researchers’ social network, and 
all gave written, informed consent to participate in the study. 
hs-CRP levels as well as age and BMI were collected twice: 
at baseline, before beginning the study intervention, and after 
eight weeks of oral supplements. 
 Exclusion criteria for all three groups included being di-
agnosed with an inflammatory condition (e.g., rheumatoid ar-
thritis, ulcerative colitis, diabetes, etc.), regularly taking any 
anti-inflammatory medication (e.g., NSAIDs, aspirin, steroids, 
statins, blood pressure medications, diabetes medications, 
etc.), and not altering one’s diet or exercise habits. In addi-
tion, individuals in the ginger group could not have a history 
of bleeding disorders, and those in the curcumin group could 
not have a history of gallstones or kidney stones or have an 
iron deficiency.

Supplements and CRP Testing
 To collect hs-CRP levels, each participant was mailed 
two hs-CRP kits from an independent online laboratory (ZRT 
Labs, Beaverton, Oregon). The standard CRP test measures 
high levels of the CRP protein to find different diseases that 
cause inflammation. The hs-CRP test can measure CRP lev-
els even when they are low and is typically used to focus on 
the risk of heart disease and stroke. Participants performed a 
finger stick test in their own homes and returned the test kit to 
the laboratory by mail, who informed them of the results. hs-
CRP levels were measured twice—at baseline and after eight 
weeks.
 All participants were also mailed an eight-week supply 
of oral supplements. For Vitamin C, this was either a 1000 
mg/day capsule (Nature’s Bounty; Ronkonkoma, NY), taken 
once per day, or a 500 mg chewable gummy, taken twice per 
day (KOS; Goleta, CA), depending on whether the participant 
requested a swallowable or chewable Vitamin C tablet. For 
ginger, capsules were 1000 mg each, taken twice per day 
(Pure Mountain Botanicals; Cheyenne, WY). For curcumin, 
capsules were 500 mg each, taken twice per day (Doctor’s 
Best DRB-00107 high absorption curcumin with C3 Complex 
and BioPerine; Tustin, CA). 
 Costs for both the hs-CRP tests and the eight-week supply 
of supplements were borne by the researchers; there was no 
cost to any of the participants.

Data Analysis
 The study sought to enroll 10 participants per treatment 
arm because this number was thought to be sufficient to ob-
serve an effect from the interventions; previous studies have 
suggested that all three interventions consistently reduce 
CRP or hs-CRP levels across different age groups (8-11; 13-
15).
 Correlations between hs-CRP levels, age, and BMI were 
run for the whole group. Within groups, data were analyzed by 
age, BMI, and baseline hs-CRP level to measure the impact 
of each of these variables. Because this was a within-subjects 
analysis, paired t-tests were used. T-values, p-values, and 
degrees of freedom were calculated. This study attempted 
to see whether there was an interaction between time point 
and intervention, so the primary outcome measure was mean 
difference between time points with 95% confidence intervals. 
 For all three groups (Vitamin C, ginger, and curcumin), 
mean and median values were calculated for age, BMI, and 
hs-CRP levels both at baseline and after eight weeks; change 
between treatment groups was also compared after eight 
weeks using estimated mean difference between time points 
and 95% confidence intervals.  
 All statistics were run in Microsoft Excel (version 16.46) 
except for confidence intervals, which were run using an online 
statistical calculator (17). The alpha value was 0.05, therefore 
a p-value <0.05 was considered statistically significant.
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