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Abstract
Objective: The association between organic food consumption and biomarkers of
inflammation, C-reactive protein (CRP) and cystatin C (CysC) was explored in this
cross-sectional analysis of older adults.
Design: Dietary data and organic food consumption was collected in 2013 from a
FFQ. Alternative Mediterranean diet score (A-MedDiet) was calculated as a mea-
sure of healthy eating. Biomarkers CRP and CysC were collected in serum or
plasma in 2016. We used linear regression models to assess the associations
between organic food consumption and CRP and CysC.
Setting: This cross-sectional analysis uses data from the nationally representative,
longitudinal panel study of Americans over 50, the Health and Retirement Study.
Participants: The mean age of the analytic sample (n 3815) was 64·3 (SE 0·3) years
with 54·4 % being female.
Results: Log CRP and log CysC were inversely associated with consuming organic
food after adjusting for potential confounders (CRP: β= –0·096, 95 % CI 0·159,
–0·033; CysC: β= –0·033, 95 % CI –0·051, –0·015). Log CRP maintained statistical
significance (β= –0·080; 95 % CI –0·144, –0·016) after additional adjustments for
the A-MedDiet, while log CysC lost statistical significance (β = –0·019; 95 % CI
–0·039, 0·000). The association between organic food consumption and log CRP
was driven primarily by milk, fruit, vegetables and cereals, while log CysC was pri-
marily driven by milk, eggs and meat after adjustments for A-MedDiet.
Conclusions: These findings support the hypothesis that organic food consump-
tion is inversely associated with biomarkers of inflammation CRP and CysC,
although residual confounding by healthy eating and socioeconomic status cannot
be ruled out.
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Since the coining of the term ‘organic farming’ in 1940 by Lord
Northbourne, the agriculturalmovement has taken root around
the world spreading to a total of 130 countries(1,2). In the USA
alone, the demand for organically grown products has grown
18·5% from1997 to 2005 andby 2014 themarketwas valued at
$39·1 billion(3,4). Consumer motivation for buying organic
foods spans environmental concerns, humanhealth and safety,
nutritional value, taste and freshness of the products con-
sumed(2). There are known socio-demographic factors that
contribute to higher consumption of organic foods: having a
family with children, attaining a higher education level, being
higher income, being female and, to a more modest degree,
beingyounger(2). Research shows that peoplewhobuyorganic
food are alsomore likely to eat a healthy diet(5,6). Therefore, it is

challenging todisentangle theeffect of consumingorganic food
from eating healthy.

The past 20 years have seen a marked increase in
research aimed at understanding the differences in nutri-
tional value for organic foods compared with conventional
foods. Overall, the results show healthier trends for organic
foodbut are still inconclusive.Most studies showhigher con-
centrations of vitamin C, Fe, Mg and lower concentrations of
nitrates in organic fruits and vegetables(7–9). Organically
grown grains have been found to contain less protein and
amino acids, yet have a higher quantity of essential amino
acids(10). Organic dairy products and other organic animal
products have been found to contain more beneficial fatty
acids than their conventional counterparts(7,9).
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Beyond just the examination of nutritional content in
organic foods, there is considerable interest in evaluating
the impact that organic food has on human health.
Current research has begun to show a relationship between
organic food consumption and reduced allergic diseases,
atopy, CVD, metabolic syndrome, preeclampsia, non-
Hodgkin lymphoma, hypospadias and higher sperm con-
centrations in men(11–20).

As the health benefits of organic foods are still largely
unexplored, this research aims to further understand the
relationship between organic food consumption and
chronic disease outcomes. C-reactive protein (CRP) and
cystatin C (CysC) will be used as biomarkers of inflamma-
tion for chronic disease outcomes in the current analysis.
CRP is a common biomarker associated with inflammation
used to predict atherosclerosis, type 2 diabetes, CVD,
cancer and chronic obstructive pulmonary disease(21–26).
CysC is a common biomarker used to detect renal dysfunc-
tion, CVD, heart failure and diabetes(27,28). At present, there
is no known research conducted in humans examining the
relationship between organic food consumption and the
outcomes of interest in CRP and CysC. In the current study
of older adults in the USA, the association between organic
food consumption, CRP and CysC will be explored.

Methods

Subjects
This cross-sectional analysis uses data from the longitudinal
panel study of Americans over 50 and their spouses, the
Health and Retirement Study, conducted by the University
of Michigan and funded jointly by the National Institute of
Aging (NIA U01AG009740) and the Social Security
Administration(29).

Socio-demographic and health variables were drawn
from the Health and Retirement Study 2012 core dataset
and linked to the Tracker Cross-Wave Tracker File for var-
iables on complex sampling design and combined with the
RAND 1992–2014 Cross-Wave Income and Wealth data
set along with two supplemental studies: 2013 Health
Care and Nutrition Study and the Venous Blood Study
2016 (VBS)(30,31). The Health Care and Nutrition Study
was a mail survey delivered in 2013 to a subsample of
Health and Retirement Study participants (n 8073) collect-
ing data about food and nutrition including a FFQ and infor-
mation on the consumption of organic foods in the past
year.(32) The VBS was requested of all study participants
who completed an interview during 2016 (n 9934) and
included serum CRP and CysC sample collection managed
by Hooper Holmes Health & Wellness(33). Once the data
were combined, 4404 participants had completed both sur-
veys with 4378 having complete data on organic food
variables and CRP and 4379 having complete data on
organic food variables and CysC. The participants from
the VBS who were included in the current analysis are

comparable in socio-demographic characteristics to those
from the VBS who were not included, thereby enabling
generalisability of the study results to the participants of
the VBS at large as well as to the general US population
aged 50 and older.

Exclusion criteria
Age, total caloric intake and cancer were used as exclu-
sion criteria. Participants < 50 years of age were not
included in the analysis as they were not sampled follow-
ing the complex sample design and were not representa-
tive for their age group. Participants with extreme or
unlikely caloric intake were excluded including men
who reported eating < 3347·2 kJ/d (800 kcal/d) or more
than 16 736 kJ/d (4000 kcal/d) and women who reported
eating < 2092 kJ/d (500 kcal/d) or more than 14 644 kJ/d
(3500 kcal/d)(34). There were 575 previous cases of
cancer, one of which had undergone chemotherapy.
The participant who had chemotherapy was excluded
from the sample size and a sensitivity analysis was con-
ducted on the remaining cases of cancer. There was no
significant difference observed upon removing the partici-
pants with previous cases of cancer; therefore, they were
included in the analysis. After all exclusion criteria were
implemented, 3719 people were included in the descrip-
tive analysis. Furthermore, for the regression analysis
participants with missing values for covariates were also
excluded in order to ensure comparability between
models (n 3653, see online supplementary material,
Supplemental Figure 1 for a sample size flow diagram).
Three hundred nineteen participants with CRP > 10 were
excluded only from the CRP regression analysis in accor-
dance with previous literature to eliminate participants
with acute inflammation (n 3433)(35); however, regression
analysis with all CRP values is also presented as a supple-
mentary table since some authors suggest that a CRP cut-
off of 10 is arbitrary and may exclude some participants
who do not have acute inflammation(36).

Assessment of diet
A self-administered FFQ, based on Willett and colleagues
Harvard FFQ(37), was mailed to a subset of the Health and
Retirement Study participants as a part of the Health Care
and Nutrition Study in 2013. In addition to the FFQ, partici-
pants were asked if they had eaten any organic foods in
the past year (yes/no), if so what type: milk, eggs, meat, fruit
(fresh or frozen), vegetables (fresh or frozen), bread or cer-
eals, frozen prepared meals (e.g., Amy’s frozen entrees,
Organic Bistro entrees) or other (specify)(38). Participants
who answered ‘no’ or ‘missing’ to the initial organic food
question but then said they ate any of the organic food types
were recoded as ‘yes’ to the initial organic food question.
A sensitivity analysis excluding recoded participants revealed
no significant difference from their inclusion in the analysis
(see online supplementary material, Supplemental Table 1).
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For analytic purposes, the organic food type variables were
transformed from a binary yes/no variable into categorical
variables that distinguish between eating a particular organic
food, eating other organic foods but not that particular organic
food and not eating organic food of any kind. For example,
organic milk became drinks organic milk, eats organic food
but not organic milk and does not eat organic food.
The Alternative Mediterranean diet score (A-MedDiet) was
calculated by summing together one point given for nine
categories derived from the FFQ on a scale of 0–9(39). The cat-
egories were servings of fruits, vegetables, whole grains,
red/processed meats, alcohol, nuts, legumes, fish and ratio
of MUFA to SFA. The gender-specific median values for each
category were then computed and used as the cut point for
each category. A score of 1 was given to all participants
who were above the gender-specific median and a score of
0 to those participants whowere below the cut point in every
category except red/processed meats and alcohol. For
red/processed meats, a score of 1 was given to participants
who were below the gender-specific median and a score
of 0 to those where were above. For alcohol, a score of 1
was given to those who drank moderately and a score of 0
to participants who did not drink at all or who drank heavily
(see online supplementary material, Supplemental Table 2).

Assessment of biomarkers
Venous blood samples were collected in the home by
trained phlebotomists with the goal of scheduling the blood
draw in the morning. CRP was assessed via serum using a
latex-particle enhanced immunoturbidimetric assay kit
(Roche Diagnostics) and CysC was assessed using a
CysC reagent (Gentian)(33). Both biomarkerswere analyzed
via Roche COBAS 6000 Chemistry analyzer (Roche
Diagnostics)(33). Continuous CRP and CysC values were
log-transformed to account for their non-normal distribu-
tions. Cut points for high risk, consistent with previous
research and clinical practice, were instituted for CysC at
> 1·55 mg/l and CRP≥ 3·00 mg/l in order to conduct logis-
tic regression analyses(40,41).

Covariate definitions
Age at the time of completing the Health Care and Nutrition
Study (2013) was utilized for all analyses. Race is presented
as a categorical variable: Black, Hispanic, White and Other.
BMI was calculated during in-person interviews from mea-
sured height and weight using a rafter’s square, tape mea-
sure and scale(42). It was then categorized into four groups
for analysis: underweight (BMI below 18·5), normal or
healthy weight (BMI 18·5–24·9), overweight (25·0–29·9)
and obese (30 and above)(43). Years of education completed
was divided into four categories: less than high school
graduate (0–11 years), graduated from high school
(12 years), some college or college graduate (13–16 years)
and post-college (17þ years). Income was measured using
total wealth of all assets excluding secondary residence(31).

Participants current employment status was divided into
currently working or not working which included: unem-
ployed and looking for work, temporarily laid off, disabled,
retired, homemaker, sick leave or other leave. All three
cholesterol variables were measured in blood serum and
presented continuously using different methods: total
cholesterol with a cholesterol oxidase method (Roche
Diagnostics) in mg/dl, HDL-cholesterol with Roche HDL-
Cholesterol 3rd generation direct method (Roche
Diagnostics) in mg/dl and LDL-cholesterol with the
Friedewald LDL= TC-HDL-TG/5.0 (Friedewald WT,
Fredrickson DS) in mg/dl(33). TAG were measured in blood
serum by enzymatic Triglyceride Reagent (Roche
Diagnostics) and reported continuously as mg/dl(33).
Diabetes was self-reported if the participant reporting
having ever been told by a medical professional that they
had diabetes or high blood sugar. High blood pressure
was self-reported if the participant reported having ever
been told by a medical professional that they had high
blood pressure. Participants were asked how often they
engaged in vigorous or moderate physical activity. These
two variables were combined into one variable with
three categories: hardly ever or never engage in vigorous/
moderate physical activity, a few times per month engage
in vigorous/moderate physical activity and once a week
or more engage in vigorous/moderate physical activity.
Self-reported current smoking status was reported as a
binary variable yes/no. Alcohol consumptionwas calculated
from the FFQ in g per d. Following a vegetarian diet was
self-reported as yes or no.

Statistical analysis
Statistical significancewas tested between organic food con-
sumers and non-organic consumers by χ2 for binary and
categorical predictors (BMI, gender, race, diabetes status,
smoking status, moderate or vigorous physical activity, edu-
cation, job status and organic food consumption) and by
t test for continuous predictors that were normally distrib-
uted and log-transformed if non-normally distributed
(age, HDL-cholesterol, LDL-cholesterol, total cholesterol,
TAG, alcohol consumption and income) taking into account
the complex study sample design: strata, cluster and weight.

Linear regression models were constructed with the
exposures of interest, consumption of organic foods
(yes/no) and by each organic food type (milk, eggs, meat,
fruit, vegetables, bread or cereals and frozen prepared
meals) individually, with the outcomes of interest being
log-transformed CRP and CysC. A crude model was con-
structed for each outcome along with multiple adjusted
analyses: the first adjusting for age, BMI, gender, race,
blood pressure, diabetes, alcohol consumption, physical
activity, education, income, job status and daily caloric
intake, the second adding vegetarian status to the covari-
ates and the third adding A-MedDiet to the covariates. A
logistic regression model was also constructed using
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previously established cut-points for high-risk CRP and
CysC(40,41). The unadjusted and adjusted models were
tested taking into account the sample weights and complex
design features of the study. Adjusted models were tested
for multicollinearity using variance inflation factor.

Furthermore, interaction terms for vegetarian and
organic food, education and organic food, along with
A-MedDiet and organic food, were constructed and tested
for statistical significance. The probability level at which
differences were considered significant was ≤ 0·05.
Statistical analysis was carried out in SAS version 9.4.

Results

The descriptive characteristics, including potential con-
founders, are shown by organic food consumption in
Table 1. Peoplewho ate organic foods had similar character-
istics to those described previously in literature; they tended
to be younger, White, more highly educated and more
physically active(2). They also had overall better health
indicators and were more likely to still be working.

CRP and CysC range from 0·21 to 211·80mg/l and 0·51 to
9·12mg/l, respectively. Characteristics of the study popula-
tion by CRP and CysC high-risk cut points are shown in
Table 2. Study participants with high CRP and high CysC con-
sumed fewer organic foods andmost socio-demographic, life-
style and medical history characteristics were distributed in
the expected directions.

Log CRPwas inversely associatedwith consuming organic
food (Table 3) in the crude model (β= –0·152, 95%
CI –0·216, –0·089; online supplementary material,
Supplemental Figure 2 illustrates this relationship through his-
tograms). Once potential confounders were controlled for,
the relationship was attenuated but remained significant
(β= –0·096, 95% CI –0·159, –0·033). Controlling for vegetar-
ian status (β= –0·088, 95% CI –0·152, –0·024) and the
A-MedDiet (β= –0·080, 95% CI –0·144, –0·016) attenuated
the results a bit further, but statistical significance was main-
tained. Log CysC was inversely associated with consuming
organic food (β= –0·0921, 95% CI –0·1160, –0·0683; see
online supplementarymaterial, Supplemental Figure 2 for his-
tograms). Controlling for potential confounders attenuated
the results yet they remained statistically significant
(β= –0·033, 95% CI –0·051, –0·015). Controlling for vegetar-
ian status did not change the results (β= –0·034, 95% CI
–0·053, –0·016) while controlling for the A-MedDiet further
attenuated the results and statistical significance was lost
(β= –0·019, 95%CI –0·039, 0·000). Interaction terms for vege-
tarian and organic food, education and organic food, along
with A-MedDiet and organic food, were not statistically
significant.

Using the clinically determined high-risk cut points for
CRP and CysC, CRP was inversely associated with consum-
ing organic food in the crude model (OR= 0·699, 95 % CI
0·590, 0·827). Once potential confounders were controlled

for the relationship was attenuated (OR= 0·781, 95% CI
0·642, 0·950). The OR continued to attenuate with the
addition of vegetarian status (OR= 0·799, 95% CI 0·652,
0·979) and the A-MedDiet (OR= 0·814, 95% CI 0·673,
0·984). CysC was inversely associated with consuming
organic food in the crude model (OR= 0·664, 95% CI
0·540, 0·817). However, once potential confounders were
controlled for, the relationship was completely attenuated
and lost statistical significance (OR= 0·982, 95% CI 0·764,
1·262). Further controlling for vegetarian status or the
A-MedDiet did not change the results (OR= 0·971, 95%
CI 0·748, 1·262) and (OR= 1·063, 95% CI 0·816, 1·384),
respectively. The logistic regression results are not pre-
sented in the current study but are available upon request.

Linear regression analysis including all CRP values showed
that logCRPwas inversely associatedwith consumingorganic
food (seeonline supplementarymaterial, Supplemental Table
3) in the crude model (β= –0·165, 95% CI –0·240, –0·089).
Once potential confounders were controlled for, the relation-
ship was attenuated but remained significant (β= –0·083,
95% CI –0·154, –0·013). Controlling for vegetarian status
did not change the results (β= –0·076, 95% CI –0·147,
–0·006), whereas controlling for the A-MedDiet attenuated
the results further and statistical significance was lost
(β= –0·062, 95% CI –0·133, 0·009). Influential points were
identified for each biomarker and an exclusion analysis
showed improved point estimates and P-values. Therefore,
a conservative approach was implemented that included
the influential points in the analysis (see online supplemen-
tary material, Supplemental Table 4 for linear regression
analysis without influential points). After the removal of the
influential points, log CRP and log CysC were inversely asso-
ciated with consuming organic food after controlling for the
A-MedDiet (β= –0·085, 95% CI –0·151, –0·019) and
(β= –0·026, 95% CI –0·045, –0·007), respectively. All four
models for log CRP and log CysC were statistically significant
and inversely associated with consuming organic food.

Organic milk (β= –0·244, 95% CI –0·373, –0·115)), eggs
(β= –0·156, 95% CI –0·256, –0·056), meat (β= –0·164, 95%
CI (–0·263, –0·065), fruit (β= –0·162, 95% CI –0·232, –0·92),
vegetables (β= –0·164, 95% CI –0·232, –0·097) and cereals
(β= –0·206, 95%CI –0·303, –0·109)were inversely associated
with log CRP in the unadjusted analysis (Table 4). Organic
milk, fruit, vegetables and cerealsmaintained statistical signifi-
cance once all potential confounders along with the
A-MedDiet were adjusted for (β= –0·156, 95% CI –0·273,
–0·040); (β= –0·075, 95% CI –0·140, –0·010); (β= –0·081,
95% CI –0·150, –0·012); and (β= –0·098, 95% CI –0·184,
–0·012), respectively, while the rest of the organic food types
maintained an inverse association. Organic milk (β= –0·137,
95% CI –0·171, –0·103), eggs (β= –0·123, 95% CI –0·154,
–0·092) and meat (β= –0·128, 95% CI –0·158, –0·097) were
the primary drivers, greatest magnitude, of the inverse asso-
ciation with log CysC (Table 4). Controlling for potential con-
founders attenuated the results yet they remained statistically
significant: organic milk (β= –0·057, 95% CI –0·083, –0·030),
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eggs (β= –0·046, 95% CI –0·071, –0·022) and meat
(β= –0·053, 95% CI 0·076, –0·030). Controlling for vegetarian
status did not change the results: organic milk (β= –0·058,
95% CI –0·085, –0·031), eggs (β= –0·048, 95% CI –0·072,
–0·024) and meat (β= –0·054, 95% CI –0·076, –0·031), while
controlling for theA-MedDiet further attenuated the results yet
the association remained statistically significant: organic milk
(β= –0·041, 95%CI –0·069, –0·014), eggs (β= –0·031, 95%CI
–0·056, –0·005) andmeat (β= –0·038, 95%CI –0·063, –0·013).

Discussion

In this cross-sectional analysis, consumption of organic
food was inversely associated with CysC and CRP. CRP
and CysC remained inversely associated with consumption
of organic food even after controlling for all potential con-
founders and vegetarian status. CRP also maintained statis-
tical significance after controlling for the A-MedDiet and
showed an inverse association. While CysC still demon-
strated an inverse association, it lost statistical significance
once the A-MedDiet was adjusted for; however, once influ-
ential points were removed CysC maintained statistical sig-
nificance as well. As demonstrated above, the linear

regression analysis for organic food consumption was
inversely associated with CRP and CysC. Once categorized
by their high-risk cut points and analyzed in logistic regres-
sions, CRP maintained its inverse association and statistical
significance. However, the association with CysC lost stat-
istical significance after adjustment for potential confound-
ers which most likely occurred due to the loss of statistical
power from creating dichotomous variables out of continu-
ous outcomes(44).

Overall, the results of the current study reveal a potential
connection between eating organic food and preventing
chronic disease. In past studies, eating organic foodhas been
linked to reduced risk factors for CVD and reduced risk of
cancer(18,19). In a large prospective study of women in the
United Kingdom, a decrease in the incidence of non-
Hodgkin’s lymphoma was found in those who consumed
organic food(18). In a second study of Italian men, consump-
tion of a Mediterranean organic diet showed the ability to
lower the risk of CVD by reducing hyperphosphataemia,
microalbuminuria, inflammation and adiposity in compari-
son with a Mediterranean conventional diet alone(19). Our
findings may help to explain the biological mechanism
behind those associations, through altered concentrations
of inflammatory biomarkers. Previous research establishes

Table 1 Organic food consumption in the Health and Retirement Study population by covariates (n 3719)

Characteristics
Organic food consumption (no)

(n 1981)*
Organic food consumption (yes)

(n 1738)* P

Age (years) < 0·0001†
Mean 65·06 63·46
SE 0·31 0·35

BMI 0·0295†
Underweight 0·39 0·98
Normal 17·8 20·62
Overweight 32·83 33·7
Obese 48·99 44·69

Gender 0·0099†
Female 52·17 57·25

Race 0·2019
White 80·05 81·33
Black 9·05 6·82
Hispanic 7·79 8·09
Other 3·11 3·76

High blood pressure 58·25 50·17 < 0·0001†
Diabetes 22·61 16·59 0·0003†
Current smoker 25·02 19·81 0·0538
Alcohol consumption (per d in g) 6·64(0·49) 8·36(0·56) 0·0418†
Moderate or vigorous physical activity < 0·0001†
Hardly ever or never 16·91 8·94
A few times per month 12·6 7·49
Once a week or more 70·49 83·57

Years of education < 0·0001†
Less than high school 13·92 10·14
High school grad 37·6 23·2
Some college/college grad 39·29 44·78
Post-college 9·19 21·87

Total net worth 0·3347
Mean 479 481 612 838
SE 127 638 57 136

Currently working 43·59 52·47 < 0·0001†

*With the exception of missing values for high blood pressure (9), diabetes (11), current smoker (1720), moderate or vigorous physical activity (11) and currently working (1).
†Significant P-values below 0·05.
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elevated CysC and CRP asmarkers of CVD, cancer and other
chronic diseases(21–28). Consumption of conventional foods
may increase the concentration of inflammatory biomarkers
in the body. Two potential differences in conventional and
organic food stand out to explain this association: pesticide
contamination and n-3/n-6 ratio. In the current study when
organic food was broken into its individual food compo-
nents, the association between organic food consumption
and CRP appeared to be driven by milk, fruit, vegetables
and cereal, whereas CysC was driven largely by animal-
sourced foods: milk, meat and eggs.

The first notable difference between organic and con-
ventional foods is the difference in n-3/n-6 ratio found in
animal-sourced foods(7,9). Organic animal products have
been shown to contain higher levels of n-3 fatty acids than
their conventional counterparts(7,9). Chronic inflammation
is ameliorated by higher consumption of n-3s and specu-
lated to increase with n-6(7,9,45). This is a plausible explan-
ation for the notable contributions of milk, meat and eggs in
the protective association between organic food and bio-
markers of inflammation, particularly CysC in the current
analysis.

Table 2 Characteristics of the Health and Retirement Study population by CRP and CysC high-risk cut points (n 3719)

Characteristics
Normal CRP
(n 2230)*

High CRP
(n 1489)* P

Normal cystatin C
(n 32 33)*

High cystatin C
(n 486)* P

Age (years) 0·2412 < 0·0001†
Mean 64·45 63·98 63·38 71·81
SE 0·35 0·37 0·29 0·62

BMI < 0·0001† < 0·0001†
Underweight 0·98 0·2 0·71 0·45
Normal 24 11·28 20·2 10·64
Overweight 37·64 26·06 33·79 28·8
Obese 37·38 62·46 45·31 60·11

Gender 0·0002† 0·0693
Female 51·44 59·95 53·75 59·42

Race < 0·0001† 0·199
White 83·19 76·56 80·64 80·99
Black 6·11 11 7·68 10·28
Hispanic 7·37 8·86 8·17 5·95
Other 3·33 3·59 3·5 2·78

HDL-cholesterol (mg/dl) < 0·0001† < 0·0001†
Mean 60·72 54·67 59·30 51·13
SE 0·51 0·63 0·45 0·74

LDL-cholesterol (mg/dl) 0·0007† < 0·0001†
Mean 100·23 105·76 103·84 89·23
SE 1·01 1·07 0·76 1·71

Total cholesterol (mg/dl) 0·0219† < 0·0001†
Mean 187·71 191·60 191·12 172·88
SE 1·02 1·34 0·85 2·33

TAG (mg/dl) < 0·0001† 0·0042†
Mean 136·32 157·84 142·77 158·75
SE 2·06 3·58 2·12 5·02

High blood pressure 48·86 63·2 < 0·0001† 50·77 83·92 < 0·0001†
Diabetes 17·5 23·19 < 0·0001† 17·61 36·94 <0·0001†
Current smoker 20·09 26·11 0·0044 21·77 28·76 0·0763
Alcohol consumption (per d in g) 0·0038† < 0·0001†
Mean 8·32 6·11 7·99 3·23
SE 0·45 0·53 0·37 0·50

Moderate or vigorous physical activity < 0·0001† < 0·0001†
Hardly ever or never 10·39 17·28 11·33 27·07
A few times per month 7·8 13·86 9·85 12·14
Once a week or more 81·81 68·87 78·82 60·79

Years of education < 0·0001† < 0·0001†
Less than high school 10·04 15·39 11·03 20·78
High school grad 29·06 32·94 29·46 39·54
Some college/college grad 42·62 40·96 43·26 31·29
Post-college 18·28 10·71 16·25 8·39

Total net worth 0·0203† 0·0220†
Mean 648 029 375 695 568 470 346 561
SE 110 752 41 348 80 634 48 277

Currently working 49·68 45·11 0·0368 51·28 19·88 < 0·0001†
Organic foods consumption 52·32 43·81 < 0·0001† 50·18 39·94 < 0·0001†

*With the exception of missing values for LDL-cholesterol (63), high blood pressure (9), diabetes (11), current smoker (1720), moderate or vigorous physical activity (11) and
currently working (1).
†Significant P-values below 0·05 using the Rao-Scott χ2 test for categorical variables and a t test for continuous variables.
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The second plausible explanation for the protective
association between organic food and biomarkers of
inflammation points to one of the fundamental differences
in the production methods of organic and conventional
agriculture, pesticide/herbicide use. It has been proven
that organic food is far less contaminated with pesticides
and toxicants than conventionally grown food(46).
Therefore, we speculate that residual pesticides and herbi-
cides remaining in food after production could be respon-
sible for differences in inflammatory biomarkers,
particularly with animal-sourced foods that have an
increased exposure to pesticides and herbicides as they
are consuming foods treated with them throughout the
course of their life.

Over 1 billion pounds of pesticides are used each year in
the USA for agricultural production(47). The amount that
remains on food and is consumed by humans may have
adverse health effects even when consumption is below
the non-observable adverse effect level. A recent study
showed that the combination of pesticides consumed, all
individually below the non-observable adverse effect level,
may together have harmful health impacts(48). Some view
the quantity of pesticides on conventional food as negli-
gible; however, a recent study conducted by Hyland
et al. showed that urinary pesticide levels were significantly
reduced in children and adults across America when an
organic diet was followed(49). Pengcheng et al. reported
recently that alterations in the gut microbiome occurred
after consumption of herbicides(50). Their research high-
lights the gut microbiota as a potential biological pathway
for understanding the differential inflammatory response to
consumption of conventional and organic foods.
Concentrations of pesticides and herbicides consumed
along with their impact on the human gut microbiome pro-
vide an encouraging direction for researchers to explore
the protective effect of organic food consumption on bio-
markers of inflammation.

A secondary finding in our study population is that eat-
ing healthy, defined by the A-MedDiet, is also associated
with decreased biomarkers of inflammation CRP and
CysC. This finding is in agreement with previous research
that found an inverse association of fruits and vegetable
intake with CRP in a cross-sectional study of female teach-
ers in Tehran(51). Two other studies directly drew the con-
nection between the Mediterranean diet and biomarkers
CRP and CysC. Lahoz et al. showed that compliance with
a Mediterranean diet was inversely associated with CRP
concentrations in Madrid(52) and Vallianou et al.(53) found
that compliance with a Mediterranean diet was inversely
associated with CysC concentrations. In our study, point
estimates for organic food consumption are –0·080 and
–0·019, whereas the point estimates for the A-MedDiet
score are –0·021 and –0·019 for log CRP and log CysC,
respectively. It is important to recognize the considerable
attenuation of the organic food point estimates once the
A-MedDiet was controlled for especially in regard toT
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Table 4 Adjusted linear regression analysis for log CRP (n 3334)/log CysC (n 3653) by organic food type

Predictor (reference group is no organic
food consumption)

Organic food consumption
log CRP 95% CI

Organic food consumption
log CysC 95% CI

Organic milk
Unadjusted*
Organic milk −0·244 –0·373, –0·115 −0·137 –0·171, –0·103
Organic but not milk −0·12 –0·184, –0·056 −0·077 –0·102, –0·052

Adjusted†
Organic milk −0·173 –0·291, –0·055 −0·057 –0·083, –0·030
Organic but not milk −0·07 –0·134, –0·006 −0·025 –0·045, –0·006

Vegetarian adjusted‡
Organic milk −0·164 –0·278, –0·050 −0·058 –0·085, –0·031
Organic but not milk −0·064 –0·131, 0·004 −0·027 –0·047, –0·007

A-MedDiet adjusted§
Organic milk −0·156 –0·273, –0·040 −0·041 –0·069, –0·014
Organic but not milk −0·056 –0·123, 0·010 −0·012 –0·033, 0·008

Eggs
Unadjusted*
Organic eggs −0·156 –0·256, –0·056 −0·123 –0·154, –0·092
Organic but not eggs −0·15 –0·214, –0·086 −0·066 –0·096, –0·037

Adjusted†
Organic eggs −0·091 –0·181, –0·001 −0·046 –0·071, –0·022
Organic but not eggs −0·099 –0·165, –0·037 −0·022 –0·046, 0·002

Vegetarian adjusted‡
Organic eggs −0·083 –0·173, 0·007 −0·048 –0·072, –0·024
Organic but not eggs −0·092 –0·159, –0·025 −0·024 –0·049, 0·001

A-MedDiet adjusted§
Organic eggs −0·073 –0·164, 0·018 −0·031 –0·056, –0·005
Organic but not eggs −0·086 –0·152, –0·020 −0·011 –0·035, 0·014

Meat
Unadjusted*
Organic meat −0·164 –0·263, –0·065 −0·128 –0·158, –0·097
Organic but not meat −0·147 –0·220, –0·074 −0·074 –0·100, –0·048

Adjusted†
Organic meat −0·108 –0·207, –0·009 −0·053 –0·076, –0·030
Organic but not meat −0·089 –0·160, –0·018 −0·023 –0·044, –0·003

Vegetarian adjusted‡
Organic meat −0·106 –0·205, –0·007 −0·054 –0·076, –0·031
Organic but not meat −0·079 –0·151, –0·007 −0·025 –0·046, –0·003

A-MedDiet adjusted§
Organic meat −0·09 –0·189, 0·008 −0·038 –0·063, –0·013
Organic but not meat −0·075 –0·148, –0·003 −0·01 –0·032, 0·011

Fruit
Unadjusted*
Organic fruit −0·162 –0·232, –0·92 −0·1 –0·125, –0·074
Organic but not fruit −0·133 –0·242, –0·024 −0·077 –0·110, –0·044

Adjusted†
Organic fruit −0·092 –0·159, –0·025 −0·031 –0·052, –0·010
Organic but not fruit −0·102 –0·206, 0·001 −0·037 –0·062, –0·011

Vegetarian adjusted‡
Organic fruit −0·083 –0·150, –0·016 −0·033 –0·054, –0·011
Organic but not fruit −0·098 –0·202, 0·006 −0·038 –0·063, –0·012

A-MedDiet adjusted§
Organic fruit −0·075 –0·140, –0·010 −0·016 –0·038, 0·006
Organic but not fruit −0·09 –0·197, 0·016 −0·026 –0·052, 0·000

Vegetables
Unadjusted*
Organic vegetables −0·164 –0·232, –0·097 −0·094 –0·120, –0·069
Organic but not vegetables −0·108 –0·221, 0·006 −0·084 –0·119, –0·048

Adjusted†
Organic vegetables −0·098 –0·166, –0·030 −0·032 –0·051, –0·013
Organic but not vegetables −0·088 –0·191, 0·016 −0·037 –0·068, –0·006

Vegetarian adjusted‡
Organic vegetables −0·089 –0·159, –0·020 −0·034 –0·054, –0·013
Organic but not vegetables −0·084 –0·187, 0·019 −0·038 –0·068, –0·007

A-MedDiet adjusted§
Organic vegetables −0·081 –0·150, –0·012 −0·017 –0·038, 0·004
Organic but not vegetables −0·077 –0·182, 0·027 −0·027 –0·058, 0·004

Cereals
Unadjusted*

Organic cereals −0·206 –0·303, –0·109 −0·113 –0·154, –0·072
Organic but not cereals −0·135 –0·202, –0·068 −0·085 –0·111, –0·059
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CysC. It not only emphasizes the importance of a healthy
diet on inflammatory biomarkers but also shows how chal-
lenging is to disentangle these two associations. Previous
research has demonstrated that organic consumers adhere
to healthier diets in comparison with conventional food
consumers(5,6) which is in accordance with the attenuation
seen in our study. Therefore, although our research pro-
vides preliminary results showing that eating organic foods
may help to reduce biomarkers of inflammation even
beyond eating a healthy diet alone, residual confounding
cannot be excluded.

One of themajor strengths of the current study is that it is a
large cross-sectional analysis conducted in a longitudinal
study representative of the US population, aged 50 and older
allowing for generalisability of the results. The lag between
the FFQ (2013) and the VBS (2016) was brief, but allows
for the establishment of temporality and avoids reverse cau-
sation, regardless of the cross-sectional analysis. There were
several limitations to the current study. First, organic foodwas
self-reported on a FFQ. The quantity of organic foods eaten in
the past year is unknown; therefore, a dose-response could
exist that we are not able to analyze with the given informa-
tion. More research is needed to study the relationship
between organic food consumption and biomarkers of
inflammation particularly with organic food as a continuous
rather than a binary predictor so that a dose-response may
be examined. Second, our outcomemeasurements were only
collected once which limited our ability to assess changes

over time. Finally, our observational study design is a limita-
tion, we adjusted for the A-MedDiet and vegetarian status as
proxies of healthy eating along with all indicators of socio-
economic status to mitigate confounding, but as in all obser-
vational studies we cannot rule out residual confounding by
healthy eating as stated above. It is also important to note that
the association between organic food consumption and
inflammatory biomarkers may be due to residual con-
founding from socioeconomic status as organic foods are usu-
ally expensive commodities.

In conclusion, this is the first study to show that organic
food consumption is inversely associated with biomarkers
of inflammation CysC and CRP. These results are consis-
tent with previous findings that show organic food con-
sumption as a protective factor in CVD and some
cancers. It is important to keep in mind the impact of eat-
ing a healthy diet on human health. The beneficial fea-
tures of the A-MedDiet are in part due to the focus on
consuming foods with minimal processing and high nutri-
tional content such as fresh fruits, vegetables, legumes
and fish rather than focusing on low consumption of foods
with poor nutritional content. Organic food products are
mostly available for these key beneficial components of
the A-MedDiet which could potentially increase the ben-
efits of consuming a healthy diet. Further research should
be conducted in other populations to replicate these
results and add to the depth of knowledge around health
implications of organic food consumption. Future studies

Table 4 Continued

Predictor (reference group is no organic
food consumption)

Organic food consumption
log CRP 95% CI

Organic food consumption
log CysC 95% CI

Adjusted†
Organic cereals −0·121 –0·205, –0·038 −0·035 –0·070, –0·001
Organic but not cereals −0·087 –0·158, –0·017 −0·032 –0·051, –0·013

Vegetarian adjusted‡
Organic cereals −0·108 –0·193, –0·022 −0·038 –0·074, –0·002
Organic but not cereals −0·082 –0·153, –0·011 −0·033 –0·053, –0·014

A-MedDiet adjusted§
Organic cereals −0·098 –0·184, –0·012 −0·014 –0·050, 0·021
Organic but not cereals −0·075 –0·145, –0·005 −0·021 –0·041, –0·001

Frozen
Unadjusted*
Organic frozen −0·181 –0·329, –0·322 −0·09 –0·141, –0·038
Organic but not frozen −0·148 –0·213, –0·084 −0·093 –0·117, –0·068

Adjusted†
Organic frozen −0·111 –0·253, 0·030 −0·008 –0·054, 0·037
Organic but not frozen −0·093 –0·157, –0·030 −0·036 –0·056, –0·017

Vegetarian adjusted‡
Organic frozen −0·092 –0·228, 0·0433 −0·011 –0·060, 0·037
Organic but not frozen −0·088 –0·153, –0·022 −0·037 –0·057, –0·018

A-MedDiet adjusted§
Organic frozen −0·095 –0·234, 0·045 0·006 –0·040, 0·052
Organic but not frozen −0·078 –0·143, –0·013 −0·023 –0·043, –0·003

*Model 1: unadjusted.
†Model 2: Adjusted for age, BMI, gender, race, blood pressure, diabetes, alcohol consumption, physical activity, job status, total net worth, education and daily caloric
intake.
‡Model 3: Adjusted for age, BMI, gender, race, blood pressure, diabetes, alcohol consumption, physical activity, job status, total net worth, education, daily caloric intake
and vegetarian status.
§Model 4: Adjusted for age, BMI, gender, race, blood pressure, diabetes, alcohol consumption, physical activity, job status, total net worth, education, daily caloric intake
and A-MedDiet.
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could further quantify organic food consumption, focus
on the duration of the exposure, as well as the impact
across the lifespan.
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