
High phthalate exposure increased urinary concentrations of 
quinolinic acid, implicated in the pathogenesis of neurological 
disorders: Is this a potential missing link?

Feiby L. Nassana,b,*, Joshua A. Gunne, Melissa M. Hille, Brent A. Coullc, and Russ 
Hausera,d,f

aDepartment of Environmental Health, Harvard T. H. Chan School of Public Health, Boston, 
Massachusetts, USA.

bNutrition, Harvard T. H. Chan School of Public Health, Boston, Massachusetts, USA.

cBiostatistics, Harvard T. H. Chan School of Public Health, Boston, Massachusetts, USA.

dEpidemiology Harvard T. H. Chan School of Public Health, Boston, Massachusetts, USA.

eEthos Research & Development, Newport KY, USA.

fVincent Obstetrics and Gynecology, Massachusetts General Hospital and Harvard Medical 
School, Boston, MA, USA.

Abstract

Background—Quinolinic acid (QA), a neuroactive metabolite of the Kynurenine Pathway (KP), 

is an excitotoxin that is implicated in the pathogenesis of many neurological disorders. KP is the 

main tryptophan degradation pathway. Phthalates can structurally mimic tryptophan metabolites 

and diets containing phthalates in rats enhanced the production and excretion of QA. However, 

there are no human studies that have examined the association between phthalates and QA.

Objectives—Taking advantage of different mesalamine formulations with/without dibutyl 

phthalate (DBP), we assessed whether DBP from mesalamine (>1000x background) altered the 

urinary concentrations of QA.

Methods—Men with inflammatory bowel disease participated in a prospective crossover pilot 

study. 15 Men were on non-DBP mesalamine (background) at baseline crossed-over for 4 months 

to high-DBP mesalamine (high) (B1H-Arm) and vice versa for 15 men who were on high-DBP 

mesalamine at baseline (H1B-Arm). Men provided 60 urine samples (2/man). We estimated 

crossover and cross-sectional changes in the creatinine normalized-QA using multivariable linear 

mixed effect models with random intercepts.
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Results—At baseline, men who were on high-DBP mesalamine (H1B-Arm) had 72%, (95% 

confidence interval (CI): 18, 151) higher normalized-QA than men who were on background 

exposure and when high-DBP mesalamine was removed for four months, normalized-QA 

decreased with 32%, (95% CI: −45.0, −15.1). Consistently, when men in B1H-Arm were newly-

exposed to high-DBP mesalamine, normalized-QA increased with 11%, (95% CI: −11, 38).

Conclusions—High-DBP exposure from mesalamine increased the urinary concentrations of 

QA, which was largely reversed after removal of the high-DBP exposure for four months. This 

novel hypothesis should warrant new promising research considering the KP and QA 

concentrations as a plausible mediator for the neurotoxicity possibly linked with phthalate 

exposures.
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1. Introduction

Quinolinic acid (QA) is a neuroactive metabolite of the Kynurenine Pathway (KP) (Figure 

1). The KP is the primary route for tryptophan catabolism and accounts for the degradation 

of approximately 95% of dietary tryptophan in humans3. Tryptophan is an essential amino 

acid and is present in most protein-based foods e.g., chocolate, oats, dairy products, red 

meat, eggs, fish, poultry, and nuts. Tryptophan is used to build protein and is a precursor to 

numerous neurologically active compounds. It is mostly known as the starting point for 

serotonin and melatonin biosynthesis1. Synthesis of QA from dietary tryptophan is essential 

as it serves as a precursor to the redox cofactor nicotinamide adenine dinucleotide (NAD+), 

which is a crucial co-factor for a wide range of enzymes2. However, the excitotoxic effects 

of QA accumulation due to overproduction or impaired clearance have been implicated in 

the pathogenesis of several neurological disorders that have increasing 

prevalence3,4,5,6,7,8,9,10,11,12,13,14.

The role of environmental exposures in neurological disorders has received considerable 

scientific attention as the incidence and prevalence of neurodevelopmental and 

neurodegenerative disorders has increased15,16. More recently, epidemiologic studies have 

suggested links between phthalate exposure and neurodevelopmental and neurodegenerative 

outcomes17. Ortho-phthalates (hereto referred to as phthalates) are high production volume 

chemicals18 used widely in many consumer and personal care products, leading to 

ubiquitous exposure in the general population19. Some phthalates have long been suspected 

of being environmental endocrine disruptors even though mechanisms of toxicity have yet to 

be fully elucidated. It has been shown that diets containing phthalates (di-(2 ethylhexyl) 

phthalate (DEHP)) in rats after oral administration strongly enhanced the production and 

excretion of QA20. Authors concluded that phthalates can perturb tryptophan metabolism 

and hypothesized that phthalates may exhibit toxicity via metabolic disruption when intake 

of a tryptophan-rich diet and exposure to phthalates occur coincidentally20. Furthermore, 

phthalates can structurally mimic tryptophan metabolites which can lead to accumulation of 

QA21.
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However, as far as we are aware, there are no human studies that have examined the 

association between phthalates and QA, a potential missing link between phthalate exposure 

and adverse neurological outcomes. Given their structural similarities between phthalates 

and QA and the compelling preliminary evidence that some phthalates can perturb QA 

homeostasis, we aimed to determine whether dibutyl phthalate (DBP) was associated with 

increased formation and excretion of QA. We hypothesized that very high human exposure 

to DBP from some mesalamine medications increases the urinary concentrations of the QA. 

To examine this hypothesis, we took advantage of a unique crossover study we recently 

completed on the effects of high-DBP-exposure from specific mesalamine formulations.

2. Materials and methods

2.1. Participants

As previously described22–24, 73 men enrolled in the Mesalamine And Reproductive health 

Study (MARS), between 2010–2016, from gastroenterology clinics at Beth Israel Deaconess 

Medical Center (BIDMC), Brigham and Women’s Hospital (BWH) and Massachusetts 

General Hospital (MGH) in Boston, Massachusetts. Eligible participants were 18 to 55 years 

old men, with mild severity inflammatory bowel disease (IBD), and on mesalamine for at 

least three months at the time of enrollment as maintenance therapy for their IBD condition. 

Men were not eligible if they had a history of steroid medication use in the last three 

months, vasectomy, diabetes mellitus, hepatic, or renal diseases. MARS was approved by the 

institutional review boards of Harvard T.H. Chan School of Public Health, BIDMC, BWH 

and MGH. All men signed informed consents.

1.1. Study design

Men participated in MARS as a crossover-crossback study and contributed up to six visits 

(v) (baseline or enrollment: v1&v2, crossover: v3&v4 and crossback: v5&v6). Men who 

started on non-DBP mesalamine (background-DBP exposure from other sources) crossed-

over to high-DBP mesalamine (high-DBP exposure) then crossed-back to non-DBP 

mesalamine (background) and vice versa in men who started on high-DBP mesalamine. 

Crossover periods were designed to be four months. We a priori chose the four month 

periods to be longer than the spermatogenesis cycle (around 70 days)25, as one of our 

primary aims in the main study was semen parameters22. At baseline, men reported 

demographic, lifestyle and health information on questionnaires and height and weight were 

measured. At each visit, men reported health history in the previous three months and 

provided blood, semen, and urine samples. For the present pilot study, we randomly selected 

a sub-set of the men to examine our current hypothesis related to QA. Specifically, among 

all men who crossed-over in the main study, we randomly selected 30 men, 15 men from 

each arm (here referred as B1H-arm and H1B-arm). We sent one urine sample at baseline 

and one sample after crossover per participant for QA analysis i.e., 60 urine samples (Figure 

2 & Supplemental Figure1).

1.2. Exposure assessment

High-DBP exposure was defined by medication type i.e., DBP-containing mesalamine 

versus non-DBP mesalamine. The enteric coating of Asacol®, and Asacol®HD contains 
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DBP as an excipient26,27, whereas it is not used in other mesalamine formulations such as 

Lialda®, Pentasa®, Apriso®, and Delzicol® 28. Asacol® and Asacol®HD use leads to high-

DBP exposure as measured by urinary monobutyl phthalate (MBP) concentrations, the 

primary DBP metabolite29,30, that are approximately 1000 times higher than the median 

reported for men in the U.S. general population (National Health and Nutrition Examination 

Survey (NHANES))19. Therefore, we used a priori medication type as a proxy for high-DBP 

exposure22–24 rather than measuring urinary MBP concentrations which represent only 

exposure over the past several hours due to the short DBP half-life31.

1.3. Urinary QA measurement

At each visit, men provided a urine sample in a sterile polypropylene cup using standard 

procedures. Study staff recorded the time of collection (between 7:30 am and 2 pm). Urine 

samples were divided into aliquots, frozen, and stored at −80°C before shipment on dry ice 

to the analyzing lab. All 60 samples were shipped in a single batch for analysis to the 

laboratories at Ethos Research & Development, Newport KY for quantifying QA in urine.

Calibrators and internal standards for quinolinic acid (QA) and creatinine were created from 

solid standards. Bio Rad Lyphocheck Quantitative Urine Levels 1 and 2 were used as quality 

control samples. Calibrators, quality control samples, and patient samples were all prepared 

in the same manner. Level 1 was reconstituted according to manufacturer instructions in 10 

mL of Type 1 water. Level 2 was reconstituted in only 5 mL of Type 1 water instead of 10 

mL in order to achieve a greater variation between the two QC concentrations. QA and 

creatinine were analyzed in separate LC-MS/MS assays.

Samples were analyzed using Agilent 1260 Infinity HPLC and Agilent 6410B triple 

quadrupole mass spectrometer. QA samples were resolved on Agilent Poroshell 120 EC-

C18, 2.7 μm, 3.0 × 100 mm column. Creatinine samples were resolved on Agilent Poroshell 

120 HILIC, 2.7 μm, 2.1 × 100 mm column. Data analysis was performed using Mass Hunter 

Quantitative Analysis Version B.08.00 Software.

Normalized QA concentrations were corrected for urinary dilution using urinary creatinine 

and reported as μg/mg creatinine.

1.4. Statistical Analysis

We performed descriptive statistics and tested for differences in demographics between men 

in the two arms using Pearson’s chi-square test (or Fisher’s exact test when appropriate) for 

categorical variables and Kruskal-Wallis test for continuous variables. Initially we defined 

exposure as a binary variable (high-DBP versus background-DBP) regardless of the order of 

exposure in the arms. Then, for the main analysis, we defined exposure as a four-level 

indicator variable cross-classifying each observation based on the medication type (high-

versus background-DBP) at each period (baseline versus crossover) for the two study arms 

(H1B and B1H). We modeled the continuous outcome as the natural log-transformed 

normalized-QA concentrations due to skewness. We selected the covariates a priori based on 

directed acyclic graphs from previous knowledge32 and statistical considerations (>10% 

change in the effect estimate). The final model included age (continuous), race (Caucasian or 

not), body mass index (BMI) (continuous), and duration on high-DBP mesalamine at 
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baseline (continuous). In preliminary models, we also considered adjustment for IBD 

severity, IBD diagnosis (ulcerative colitis (UC) or Crohn’s disease (CD)), duration since 

diagnosis, education, alcohol consumption, fever and illness in the previous three months, 

but these additional factors were not confounders and thus not retained in the final models.

We used linear mixed effect models (LMEM) with a random intercept for each man to 

account for the within-man correlation among longitudinal measures of the outcome arising 

from man-to-man heterogeneity across the study participants. We estimated the crossover 

percent changes (crossover versus baseline) in the normalized-QA within each arm, as well 

as the cross-sectional percent changes at baseline between arms (Baseline while on H1 

versus baseline while on B1). As a sensitivity analysis, we assessed LMEM model sensitivity 

by further adjusting for season of the sample collection (warm versus cold season). Because 

men in H1B-arm were on their high-DBP mesalamine at baseline for a wide range of 

durations, we explored whether the duration on high-DBP mesalamine at baseline modified 

associations. Thus, we subdivided men in the H1B-arm based on the median duration of four 

years on high-DBP mesalamine at baseline i.e., (H1B-arm, H1<4 yrs) and (H1B-arm, H1≥4 

yrs) and conducted analyses based on the resulting three arms using the same method as the 

two-arm analyses above. Finally, we conducted sensitivity analyses using fixed effect 

models (FEMs) containing fixed subject effects, which isolated the longitudinal within-

person effect of exposure by fully adjusting for both observed and unobserved covariates 

that do not change within person across visits33. FEMs estimate the ordinary fixed 

regression coefficients in the model, rather than assuming a random distribution for the 

person-specific intercepts. We also assessed the LMEM model sensitivity to the covariance 

structure implied by the random intercept model by remodeling the LMEM using robust 

empirical standard errors33. We considered two-sided alpha <0.05 as statistically significant. 

We conducted all statistical analyses using SAS version 9.4 (SAS Institute Inc., Cary, NC) 

and used the R package ggplot for generation of graphical output.

2. Results

Of the 30 men in this pilot study, those in B1H-Arm (15 men, 30 samples) were on non-DBP 

mesalamine medication at baseline for a median of 1 year (range 0.5 to 6) whereas those in 

H1B-Arm (15 men, 30 samples) were on their high-DBP mesalamine medication at baseline 

(H1) for a median duration of 4 years (range 0.3 to 15). The median crossover duration was 

119 days. Men in the two arms had comparable demographics. Men were mainly Caucasian 

(87%), never smokers (93%), and had college or higher degrees (93%) (Table 1). All urine 

samples had detectable concentrations for QA, with a normalized-QA geometric mean of 

3.56 μg/mg and a range of (1.29, 8.15). When men were not on high-DBP mesalamine, the 

geometric mean was 3.2 μg/mg with a range of (1.3, 6.1) while it was 4.0 (1.7, 8.2) μg/mg 

when men were on high-DBP mesalamine. The normal reference range is between 0 and 

6.30 μg/mg (Supplemental Table 1). In the adjusted analyses overall for both arms (Table 2 

& Figure 3, 4), on average, exposure to high-DBP from mesalamine was associated with 

higher concentrations of urinary normalized-QA of 27%, 95% confidence interval (95% CI): 

(8.6, 49). Furthermore, cross-sectionally at baseline, men who were on high-DBP 

mesalamine had 72%, 95% CI (18, 151) higher concentration of urinary normalized-QA 

than men with background DBP exposure. Duration on high-DBP mesalamine at baseline 
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was the most important covariate. When we investigated the longitudinal change within each 

arm, there was a decrease of 32% (95% CI: −45, −15) when men in H1B-Arm were crossed 

over to background-DBP exposure for four months. On average, although not statistically 

significant, the concentration of urinary normalized-QA increased 11% (95% CI: −11, 37.7) 

when men in B1H-Arm were newly-exposed to high-DBP mesalamine. Results remained the 

same in all sensitivity analyses with stronger results among men who were on high-DBP 

mesalamine for longer duration (≥ 4 years) and in the unadjusted analyses (Supplemental 

Tables 2–4, Supplemental Figures 2 and 3).

3. Discussion

In our pilot study, we found that on average men on high-DBP mesalamine (H1B-Arm) had 

significantly higher urinary concentration of QA compared to men on the non-DBP 

mesalamine (B1H-Arm). Furthermore, when exposure to the high-DBP mesalamine was 

removed for four months, the urinary concentrations of QA significantly decreased among 

men in the H1B-Arm suggesting reversibility of the increased QA. Alternatively, when men 

were newly-exposed to high-DBP, urine concentrations of QA increased although not 

statistically significantly.

QA is produced during the KP as a neuroactive metabolite and as it serves as a precursor to 

NAD+ 2 (Figure 1). Tryptophan degradation along the KP produces various biologically 

active metabolites in addition to QA including the NMDA antagonist Kynurenic acid (KA), 

the immunosuppressive compounds 3-hydroxykynurenine (3-HK) and 3-hydroxyanthranilic 

acid (3-HAA), the Zinc-binding compound picolinic acid (PA), and the redox cofactor 

nicotinamide adenine dinucleotide (NAD+) 2 (Figure 1). As an agonist of the N-methyl-D-

Aspartate (NMDA) receptor, QA exerts much of its potency as an excitotoxin leading to 

neuronal dysfunction and apoptotic death. In addition to NMDA receptor mediated 

excitotoxicity, QA accumulation also induces lipid peroxidation and cytoskeletal 

destabilization34. Therefore, QA accumulation due to overproduction or impaired clearance 

have been implicated in the pathogenesis of many neurological disorders including autism3, 

epilepsy4, Huntington disease5, Parkinson’s disease6, Multiple Sclerosis7, Amyotrophic 

lateral sclerosis (ALS)8, Alzheimer’s disease9,10, familial cortical myoclonic tremor and 

epilepsy11, major depressive disorder12 and suicidality13,14. The formation of QA is 

controlled by several enzymes of the KP including indoleamine 2,3-dioxygenase (IDO1) 

which is responsible for the first and rate-limiting step in the pathway (Figure 1). IDO1 is 

induced by pro-inflammatory cytokines meaning that inflammation-mediated IDO1 

expression increases the activity of the KP and thus the catabolic degradation of tryptophan. 

Activation of the KP by proinflammatory mediators increases the flux of tryptophan through 

this pathway and can lead to tryptophan depletion and decreased synthesis of serotonin. 

Increased flux through the KP as a result of systemic inflammation results in higher 

circulating concentrations of all KP metabolites and hence requires optimal functioning of 

downstream enzymes to ensure adequate control of QA concentrations. QA is produced by 

the spontaneous conversion of its precursor 2-amino-3-carboxymuconate-6-semialdehyde 

(ACMS), however, the ACMS precursor can also be enzymatically processed by amino-β-

carboxymuconate-semialdehyde-decarboxylase (ACMSD) to form the neuroprotective 

compound Picolinic acid (PA). As a result of this branch in the KP, ACMSD limits QA 
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formation by competitively converting the ACMS precursor into PA before it can undergo 

spontaneous cyclization into QA. Therefore, decreased ACMSD activity can lead to 

excessive QA formation leading to excitotoxicity and neuroinflammation14. Once formed, 

QA is catabolized to the essential coenzyme NAD+ and carbon dioxide by the action of 

quinolinate phosphoribosyl transferase (QPRT) in the final step of the KP. QPRT is therefore 

essential for maintaining the homeostasis of QA concentrations and decreased QPRT 

activity results in accumulation of this excitotoxin. Proinflammatory cytokine mediated 

induction of IDO1 is necessary for activation of the KP but the degree of QA accumulation 

and excitotoxicity is determined by the activities of ACMSD and QPRT which control the 

formation and clearance of QA. Another major factor that contributes to the potent 

neurotoxicity of QA is the fact that neuronal QPRT is saturated at QA concentrations that 

exceed 500nM. This saturation results in a rate of QA formation that exceeds its rate of 

conversion to NAD+, causing accumulation of toxic QA and NMDA-mediated 

excitotoxicity35,36.

Fukuwatari and colleagues investigated the effect of diets containing phthalates on 

tryptophan metabolism in rats and found that orally administered phthalates strongly 

enhanced the production and excretion of QA. After confirming that mono (2-ethylhexyl) 

phthalate (MEHP)-a metabolite of di-(2-ethylhexyl) phthalate (DEHP)-reversibly inhibited 

amino-β-carboxymuconate-semialdehyde-decarboxylase (ACMSD) from rat liver, mouse 

kidney and the recombinant human enzyme, authors concluded that phthalates perturb 

tryptophan metabolism by inhibiting ACMSD. Based on these findings the researchers 

hypothesized that phthalates may exhibit toxicity via metabolic disruption when intake of a 

tryptophan-rich diet and exposure to phthalates occur coincidentally20. They also reported 

that DBP also increased the urinary excretion of QA in rats but to a lesser extent20. Singh 

and colleagues recently evaluated the structure based inhibitory potential of various 

phthalates and their metabolites on human (ACMSD). By docking each of the phthalates and 

their metabolites into the active site of ACMSD and determining dynamics and stability of 

the phthalates-ACMSD complexes their group was able to show that several phthalates, 

including DBP, can structurally mimic tryptophan metabolites which leads to the inhibition 

of ACMSD activity and the accumulation of QA21. In addition, phthalic acid has long been 

recognized as a potent inhibitor of QPRT due to its structural similarities to QA(Malik, 

Patterson et al. 2014). Therefore the structural similarities of the phthalates and QA and the 

compelling evidence that phthalates can perturb QA homeostasis through ACMSD/QPRT 

inhibition may explain our pilot results (Figure 1).

To our knowledge the link between phthalate exposure and QA was never investigated in 

humans. This potential link is a compelling hypothesis given the accumulating evidence of 

associations between phthalate exposure and neurodevelopmental and neurodegenerative 

disorders. For instance, a recent systematic review that included 11 original articles has 

reported that prenatal exposure to phthalates including DBP was associated with adverse 

cognitive and behavioral outcomes in children, including lower IQ, and problems with 

attention, hyperactivity, and poorer social communication37. In a more recent meta-analysis 

that included ten studies from Taiwan, Korea, Mexico, Poland, Japan, and USA has reported 

a statistically significant association between the urinary concentrations of DEHP 

metabolites and the neurodevelopment outcomes of children, and found significant 
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association between DEHP exposure measured in prenatal period and the psychomotor 

development outcomes measured later in childhood38. Our pilot study had several potential 

limitations including the lack of randomization to mesalamine formulations at baseline. 

However, the cross-sectional results were consistent with the longitudinal associations. In 

addition, physicians did not prescribe mesalamine based on DBP in the enteric coating or in 

relation to QA concentrations, arguing against potential confounding by medication at 

baseline. Although our sample size of the pilot was limited, the power of the study is derived 

from the innovative design and the use of participants as their own control. This avoids the 

purely cross-sectional analysis that may be confounded by inter-individual variability and 

lacks temporality. We also acknowledge that we did not have available information about 

dietary tryptophan intake at baseline or during follow-up that could have contributed to QA 

concentrations. In addition, this was a pilot study to explore this novel hypothesis with larger 

future studies planned. Although there may be a concern of generalizing results from men 

with IBD, all men were classified as having mild IBD. In addition, because of the very high-

DBP exposure in this pilot, results also may not be generalized to background (low) 

exposure. Therefore, in the future, we plan to test the same hypothesis in another population 

who are exposed to low background DBP and phthalates. Our study had several important 

strengths including that this is the first study to investigate the hypothesis of the association 

between phthalate exposure and QA as a neurotoxin precursor. In addition, the innovative 

prospective design enabled us to compare, within the same men, their QA concentrations 

during periods of high-DBP to background-DBP exposure and vice versa accounting for 

confounding by measured and unmeasured non-time-varying characteristics22–24. This is a 

major strength compared to cross-sectional studies. We also had repeated measures at two 

time points per man which enabled us to assess the longitudinal change over time. The 

different orders of exposure and non-exposure in the different arms gave us an additional 

opportunity to observe the reversibility of the changes under the study period. Confounding 

by indication was unlikely because mesalamine medications (with or without DBP coating) 

prescribed for treating IBD have the same active ingredient (mesalamine). We had the 

opportunity to examine high-DBP exposure (1000 times background) compared to 

environmental background exposure. Finally, this novel hypothesis should warrant new 

promising research considering the KP and QA concentration as plausible mediators for the 

neurotoxicity possibly linked with phthalate exposures.

Conclusions

Our results suggest that high-DBP exposure from mesalamine increased the urinary 

concentrations of QA which was largely reversed after removal of the high-DBP exposure 

for four months. Although the health implications of increased QA concentrations of the 

magnitude observed in our study is unclear, we anticipate that our novel results will lead to 

future research studies that may ultimately identify QA in the KP as a potential missing link 

between phthalate (and other environmental chemical exposures) and adverse neurological 

outcomes.. Our hypothesis needs to be further explored in large epidemiologic studies 

Specific additional research questions include determining whether low background human 

exposure to DBP, as well as other phthalates, impact the KP and alter urinary concentrations 

of QA.
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Refer to Web version on PubMed Central for supplementary material.
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MARS Mesalamine And Reproductive health Study

BIDMC Beth Israel Deaconess Medical Center

BWH Brigham and Women’s Hospital

MGH Massachusetts General Hospital
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95% CI 95% Confidence Interval
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Highlights

• Quinolinic acid (QA) is a metabolite in the Kynurenine Pathway (KP) which 

is the main tryptophan degradation pathway.

• QA is an excitotoxin that is implicated in the pathogenesis of neurological 

disorders.

• Phthalates and QA are structurally similar.

• Dibutyl phthalate exposure increased the urinary QA concentrations.

• This is a novel hypothesis that could be the missing link between phthalates 

and neurological disorders.
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Fig 1: 
The Kynurenine Pathway (KP).
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Fig 2: Design of the Pilot Mesalamine And Reproductive health Study (MARS).
Abbreviations: MARS, Mesalamine And Reproductive health Study; DBP, dibutyl 

phthalate. B1H-arm: B1 represents background-exposure of DBP at baseline and H 
represents high-DBP exposure after crossover. H1B-arm: H1 represents high-DBP exposure 

at baseline and B represents background-exposure after crossover.

Each arm included 15 men with total; 30 men and 60 urine samples.
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Fig 3: Concentrations for the urinary Quinolinic Acid (QA) in 30 Men (60 blood samples) in the 
MARS-pilot Study.
Abbreviations: MARS, Mesalamine And Reproductive health Study; DBP, dibutyl 

phthalate.

B1H-arm: B1 represents background-exposure of DBP at baseline and H represents high-

DBP exposure after crossover. H1B-arm: H1 represents high-DBP exposure at baseline and 

B represents background-exposure after crossover. Each arm included 15 men with total; 30 

men and 60 urine samples.

The adjusted model was adjusted for age (continuous), race (Caucasian or not), body mass 

index (BMI) (continuous), and duration on high-DBP mesalamine at baseline (continuous).
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Fig 4: The unadjusted and adjusted geometric means (95%CI) of urinary Quinolinic acid (QA) 
at baseline and crossover for the 2 arms (B1H- arm, H1B-arm) in MARS.
Abbreviations: MARS, Mesalamine And Reproductive health Study; DBP, dibutyl 

phthalate.

B1H-arm: B1 represents background-exposure of DBP at baseline and H represents high-

DBP exposure after crossover. H1B-arm: H1 represents high-DBP exposure at baseline and 

B represents background-exposure after crossover. Each arm included 15 men with total; 30 

men and 60 urine samples.

The adjusted model was adjusted for age (continuous), race (Caucasian or not), body mass 

index (BMI) (continuous), and duration on high-DBP mesalamine at baseline (continuous).
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Table 1:

Demographic characteristics of the 30 men contributing 60 urine samples in MARS by crossover arm.

Baseline characteristics, men (N)a B1H-arm (15 men, 30 
samples)

H1B-arm (15 men, 30 
samples)

Total (30 men, 60 
samples) P-value b

Age (Years) 35.2 (8.63) 34.5 (10.8) 34.8 (9.60) 0.63

Race 0.35

 Caucasian 14 (93) 12 (80) 26 (87) -

 Black/African American 1 (7) 0 1 (3) -

 Asian 0 1 (7) 1 (3) -

 Other 0 2 (13) 2 (7) -

BMI (Kg/m2) 26.6 (3.68) 24.3 (3.23) 25.5 (3.59) 0.08

BMI-categories 0.15

 Normal weight 5 (33) 9 (60) 14 (47) -

 Overweight 7 (47) 6 (40) 13 (43) -

 Obese 3 (20) 0 3 (10) -

Education 0.26

 Below college 0 2 (14) 2 (7) -

 College graduate 9 (69) 6 (43) 15 (56) -

 Graduate degree 4 (31) 6 (43) 10 (37) -

Smoking status 0.99

 Never smoker 14 (93) 14 (93) 28 (93) -

 Former smoker 1 (7) 1 (7) 2 (7) -

 Current smoker 0 0 0 -

IBD diagnosis 0.99

 Ulcerative colitis 11 (73) 10 (67) 21 (70) -

 Crohn’s disease 4 (27) 5 (33) 9 (30) -

IBD scored 1.8 (1.42) 0.93 (1.44) 1.37 (1.47) 0.07

Duration since IBD diagnosis (years) 10.5 (8.15) 10.5 (7.50) 10.5 (7.70) 0.95

Alcohole 0.07

 < 1 days/week 5 (36) 8 (57) 13 (46) -

 1–2 days/week 8 (57) 2 (14) 10 (36) -

 ≥2 days/week 1 (7) 4 (29) 5 (18) -

Time-varying characteristics, Samples (n)a

Warm season of urine sample c 11 (37) 17 (57) 28 (47) 0.12

Fever in last 3 months 1 (3) 0 1 (2) 0.99

Illness in last 3 months 9 (33) 4 (15) 13 (25) 0.20

Abbreviations: MARS, Mesalamine And Reproductive health Study; DBP, dibutyl phthalate; BMI, body mass index; Kg, Kilogram; m, meter; SD, 
standard deviation; IBD, Inflammatory Bowel Disease; UC, ulcerative colitis; CD, Crohn’s disease; N; number of men, CI; confidence interval.

B1H-arm: B1 represents background-exposure of DBP at baseline and H represents high-DBP exposure after crossover. H1B-arm: H1 represents 

high-DBP exposure at baseline and B represents background-exposure after crossover.

B1H arm: men at baseline were on Liald (N=10), Pentasa (N=4) and Apriso (N=1).

H1B arm: men at baseline were on Asacol (N=7), and Asacol-HD (N=8).

Environ Res. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nassan et al. Page 19

IBD score: included bowel frequency and urgency, presence of blood in the stool and general wellbeing. Mild IBD score: 5 or less on the simple 
clinical colitis activity index for UC and 4 or less on the Harvey-Bradshaw index for CD.

Season of sample collection, Warm: April through September.

3 missing education, 2 missing alcohol, 1 missing alcohol, and 7 missing illness in the last 3 months.

N (%) for categorical/binary variables and mean (SD) for continuous variables.

P-values are based on Fisher exact test for categorical variables and Kruskal Wallis test for continuous variables.
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Table 2:

The adjusted geometric means (95%CI) and the percent change of urinary quinolinic acid (QA) at baseline and 

crossover for the 2 arms (B1H- arm, H1B-arm) in MARS.

Adjusted
a
 Geometric Means (95%CI) of

Normalized-QA
Adjusted Comparisons

Arm Baseline Crossover
Crossover % Change

(95%CI)
Crossover- Baseline

P value
Cross-sectional % Change

(95%CI)
Baseline (H1- B1)

P value

H1B 5.03 (3.97, 6.36) 3.43 (2.71, 4.35) −31.7% (−45.0, −15.1) 0.001
72.1% (18.2, 151) 0.006

B1H 2.92 (2.31, 3.70) 3.24 (2.56, 4.10) 10.8% (−10.8, 37.7) 0.34

Abbreviations: MARS, Mesalamine And Reproductive health Study; DBP, dibutyl phthalate; N; number of men, CI; confidence interval.

B1H-arm: B1 represents background-exposure of DBP at baseline and H represents high-DBP exposure after crossover. H1B-arm: H1 represents 

high-DBP exposure at baseline and B represents background-exposure after crossover.

a
The model was adjusted for age (continuous), race (Caucasian or not), body mass index (BMI) (continuous), and duration on high-DBP 

mesalamine at baseline (continuous).
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