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Date: Sep 25, 2018
To: "Torri Derback Metz" 
From: "The Green Journal" em@greenjournal.org
Subject: Your Submission ONG-18-1655

RE: Manuscript Number ONG-18-1655

Prenatal Marijuana Use by Self-Report and Umbilical Cord Sampling in a State with Legalization

Dear Dr. Metz:

Your manuscript has been reviewed by the Editorial Board and by special expert referees. Although it is judged not 
acceptable for publication in Obstetrics & Gynecology in its present form, we would be willing to give further consideration 
to a revised version.

If you wish to consider revising your manuscript, you will first need to study carefully the enclosed reports submitted by 
the referees and editors. Each point raised requires a response, by either revising your manuscript or making a clear and 
convincing argument as to why no revision is needed. To facilitate our review, we prefer that the cover letter include the 
comments made by the reviewers and the editor followed by your response. The revised manuscript should indicate the 
position of all changes made. We suggest that you use the "track changes" feature in your word processing software to do 
so (rather than strikethrough or underline formatting).

Your paper will be maintained in active status for 21 days from the date of this letter. If we have not heard from you by Oct 
16, 2018, we will assume you wish to withdraw the manuscript from further consideration.

REVIEWER COMMENTS:

Reviewer #1: For the manuscript titled "Prenatal marijuana use by self-report and umbilical cord sampling in a state with 
legalization", I have the following comments and queries:

1. Thanks for submission of your work.

2. Line 114. Even if consent is not required for testing discarded specimens, this seems to be an attempt to conceal this 
practice from your study population, even though anonymity was preserved. The subjects would have no idea that this was 
occurring, or that such a policy existed.

3. This study clearly demonstrates the lack of a correlation in prenatal marijuana use as assessed by self-reporting and 
umbilical cord testing.

4. Strengths of the study include a power analysis, the assessment of two different socio-economic populations, and 
assessment of outcomes in a state where recreational marijuana use is legal.

Reviewer #2: 

Introduction:
1. While it's important to discuss the discordance between self-reported use of marijuana and detected THC via urine 
toxicology, I think it's important to better set the stage for why obstetricians even care about marijuana use in the first 
place (e.g. concerns regarding childhood neurodevelopmental outcomes, smaller birth lengths, smaller head 
circumference). While much of this is confounded by polysubstance use, socioeconomic status, nutrition, etc, as well as 
ascertainment bias - I think it's still worth bringing this up to inform readers why this study is important.

Methods:
1. For the survey administered to the subjects, was this a validated survey? If so, were other substances also assessed?

2. I do see that assay results were not linked to participants and were not available to the team. Given the fact that in 
the state of Colorado, perinatal substance use is considered a form of child abuse and mandated reporting is required, 
were there any other protections in place (e.g. Certificate of Confidentiality) for patient anonymity?  
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Results:
1. Pg 11, lines 208-210 - would consider rewording as the sentence is confusing

2. Pg 12, lines 217-218 - would consider highlighting that almost 5-10% of cohort who said they didn't use had positive 
cord assay, which is an interesting finding. While you kind of get into this with your correlation coefficients, I think 
providing the proportions in this scenario provide the reader with a clear and tangible statistic to hold onto.

Discussion
1. Pg 12, lines 234-235 - I would say that there was poor agreement overall regarding self-reporting measures of 
marijuana use and cord assay

2. Pg 12, lines 237-239 - I would mention that due to the likely ascertainment bias present in some previous studies 
(e.g. inability to detect a more accurate prevalence of use), the results of aforementioned studies may be biased towards 
the null hypothesis.

3. Pg 13, lines 255-257 - please explain further why testing for other metabolites might be informative. 

4. Pg. 13, lines 273-75 - are there any studies you can cite that could corroborate your incidence of self-report of 
marijuana (or other substances)? Might be helpful to make your argument

5. Pg 13, lines 283-85 - would move this to the introduction to set the stage as to why marijuana use in pregnancy is 
important to assess

Reviewer #3: 

1. Although you clearly state that a UDS assess MJ use over the past 2-3 days, why was a UDS not collected at the time 
of admission, especially since the patient was recruited to the study at the time of admission to L&D? Or why not use UDS 
that may have been in their chart during this prenatal visits? 

2. In your introduction, please provide more information on why and how you chose to analyze the THC-A metabolite 
versus the other metabolites that you mention in your discussion. 

3. The umbilical cord homogenate detects MJ use from the 2nd trimester onwards - is there a correlation with amount 
of use? For example, if someone smoked marijuana once at 24 weeks, will the metabolite still be present at delivery at 40 
weeks? How long does the metabolite last in the blood system? Is it affected by 2nd hand exposure? What is the validity of 
this metabolite? Please provide some more background information on this. If I understand Figure 2 correctly, then some 
women who said they never used before had positive homogenates - this makes me wonder if 2nd hand smoke makes the 
homogenates positive. 

4. The words "marijuana use" and "marijuana exposure" appear to be used interchangeably in your manuscript. 
Exposure to marijuana could also mean exposure to 2nd hand smoke. Consider using the word "use" consistently in your 
paper versus "exposure" (unless deeming it to be "fetal exposure" which makes sense).

5. Line 123: please provide the IRB number. 

6. Line 133: Why was age the only variable that was used to preserve anonymity? You collected several other baseline 
identifiers that don't preserve anonymity. 

7. Line 148 - please clarify what LC-MS/MS is (it is written later in the paragraph on page 9, but would ideally be 
described earlier)

8. Please clarify your sample size calculations. Why was a prevalence of 15% presumed in your population even the 
reported prevalence you quoted was between 3-7%? Provide local data if available. You hypothesized that the metabolite 
would report higher rates, but your sample size calculation is based on equivalent rates. Please clarify. 

9. Two additional limitations to discuss are recall bias and lack of correlation with neonatal outcomes. Women may not 
recall if they had smoked marijuana in the past year or so - this may explain the discord on the number of self-reports and 
those with positive metabolites. Also, were there any differences in those who tested positive and birth weight, APGARs, 
GA at delivery?

10. I'm not sure how much extra information Figure 3 adds to your paper. Consider deleting it or revising it.
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Reviewer #4: In this article Metz et al report on a cross-sectional study of marijuana use women at two Colorado hospitals 
comparing used recorded in the H&P with report on a survey and with use as defined by the presence of a metabolite in 
the umbilical cord tissue.  The found that, even in a state with legalized marijuana use, the reported prevalence was much 
lower than that detected by the active metabolite.  These findings are important to the readers of Ob/Gyn as more women 
are likely to be exposed to marijuana and data on the effects of this use on the pregnancy depends on accurately 
determining which women and children are exposed.  This manuscript suggests that prior studies may be underestimating 
the exposure, which has implications both for their conclusions as well as how future studies should be designed.

I have the following comments:

Abstract: consider adding the half life of the THC-A

Introduction: 
line 62, consider moving "in high risk groups" to after "California study"

Paragraph 1, have there been any studies in non-pregnant populations to support the theory that rates of use are higher 
after THC is legalized?

Paragraph 2, Please add a line about the half life of the THC-A in serum and as stored in lipophilic tissues.  Is it present 
longer in obese vs normal weight women? Is there any data to suggest that the metabolite is affected by other drug use or 
cigarettes? 

Materials and Methods:
Line 173, Please explain why you chose the cut off of use within the past 30d.  Is this related to the half life of the 
metabolite or just a standard unit of time for the patient survey?

Line 176, Consider adding a line explaining comparison of contingency tables

You did not collect data on maternal weight gain or BMI. Given that the THC-A is lipophilic, would the maternal BMI 
potentially confound the results?

Results: 
Line 214, consider adding that the use of tobacco was low and did not differ between groups.

Discussion:
Lines 265-75, Consider adding that your patients have a low smoking prevalence. 

Tables and figures: no comments

STATISTICAL EDITOR COMMENTS:

The Statistical Editor makes the following points that need to be addressed:

lines 46-52: Suggest that the proportions reporting marijuana use on surveys, to health care providers and on umbilical 
cord assay each should include CIs.  See later comments re: Fig 3, not convinced that lines 50-52 contribute to the main 
conclusions of the paper, which is to cite cross sectional estimates of marijuana use in these women and to contrast 
surveys with assays.

Table 1: The non-random allocation of age strata by THC-A (+) vs THC-A (-) appears to derive most of its discrepancy from 
the 22-25 yo cohort.  Might be worthwhile analyzing by stratum and commenting.  The overall test done (Chi-square) 
cannot directly attribute which stratum by age or by insurance status contributed to the non-random allocation.  For the 
statement on lines 213-215, a pairwise testing should be done. 

lines 211-213: Suggest re-wording this, since the 12 samples > 200 pg/g were a subset of the 26 samples > 100 pg/g, 
lest the reader interpret those groups as being mutually exclusive.

Fig 3 is difficult to interpret, since obviously many of the surveys were incorrectly self-reported.  That is, the sample is 
biased.  In any event, the estimates for ρ and its CI have too many significant figures.  Since the total sample was 116, 
the precision should be truncated at 2 or at most 3 decimal places.
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EDITOR COMMENTS:

1. Thank you for your submission to Obstetrics & Gynecology. In addition to the comments from the reviewers above, you 
are being sent a notated PDF that contains the Editor’s specific comments. Please review and consider the comments in 
this file prior to submitting your revised manuscript. These comments should be included in your point-by-point response 
cover letter.

***The notated PDF is uploaded to this submission's record in Editorial Manager. If you cannot locate the file, contact 
Randi Zung and she will send it by email - rzung@greenjournal.org.***

- The objective for the abstract should be a simple "to" statement without background.

- It is not clear from this that how you identified patients. Also, not sure you report the medical record
abstraction results other than at time of admission for delivery. Did you collect prenatal data? When was
survey done?

- How many women had cord homogenates but no surveys and vice versa?

- in what population? All adults? Only pregnant women? Please clarify.

- When was the Kaiser study done? Is there data to suggest higher usage in states w/ legalization?

- In the first 2/3 of pregnancy, the cord is rather slender without much Wharton's Jelly. While the jelly is largely
mucopolysaccharides, there are fats in it. Before much jelly production--mostly in the last 1/3 of pregnancy--
presumably there isn't much fat there. Why would it then be a reservoir for lipophilic THC metabolites?

- please add in the introduction something about THC-A. How long does it last in urine, cord homogenate.

- please explicate the primary objectives along with any secondary objectives.

- did you abstract prenatal information?

- when was the survey administered? By whom?

- It is important to know when in relation to the delivery that women completed these samples. Post delivery,
possible effects of pain medications, fatigue, heightened fear if results of + use in survey revealed to
pediatricians, etc.

- Please clarify: Prenatal marijuana use spanning all of the prenatal period or just peri-delivery?

- Is the cord sample technically "discarded" if the patient knowingly labeled a container and gave it to clinical
personnel to retain a segment of cord? Sounds like a special collection of a study segement, rather than a
discarded cord segment. One of your reviewers questions the ethics of this--calling it "discarded"--and I have
to say I have some questions as well. Can you explain please what the paritcipants were told about what was
being done to the cord segment they voluntarily contributed?

- but they were linked to individual patients, correct? What do you mean by "not linked to any identifying
information"

- what is this based on?

- The lower bounds is just barely outside of the 15% use you thought likely in your population. (and the upper
bound twice that value!). How has that influenced your thinking about your population and maternal/
neonatal outcomes?

- please comment about to what degree second-hand exposure to marijuana could result in cord homogenate
positive results

- I'm curious about the hypothesis that the legalization of use might mitigate women's hesitancy to report
marijuana use, which seems to be your working hypothesis. Women under report both cigarette and alcohol use in 
pregnancy--both legal. However, marijuana, tobacco use, and alcohol use may not be "approved" by the health care 
provider (even if legally approved) so the woman may underreport.

2. The Editors of Obstetrics & Gynecology are seeking to increase transparency around its peer-review process, in line with 
efforts to do so in international biomedical peer review publishing. If your article is accepted, we will be posting this 
revision letter as supplemental digital content to the published article online. Additionally, unless you choose to opt out, we 
will also be including your point-by-point response to the revision letter, as well as subsequent author queries. If you opt 
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out of including your response, only the revision letter will be posted. Please reply to this letter with one of two responses:
   1. OPT-IN: Yes, please publish my response letter and subsequent email correspondence related to author queries.  
   2. OPT-OUT: No, please do not publish my response letter and subsequent email correspondence related to author 
queries.

3. Author Agreement Forms: Please note the following issues with your forms. Updated or corrected forms should be 
submitted with the revision.

Kennon Heard, MD, PhD - Did not indicate a conflict of interest disclosure.

4. All studies should follow the principles set forth in the Helsinki Declaration of 1975, as revised in 2013, and manuscripts 
should be approved by the necessary authority before submission. Applicable original research studies should be reviewed 
by an institutional review board (IRB) or ethics committee. This review should be documented in your cover letter as well 
in the Materials and Methods section, with an explanation if the study was considered exempt. If your research is based on 
a publicly available data set approved by your IRB for exemption, please provide documentation of this in your cover letter 
by submitting the URL of the IRB web site outlining the exempt data sets or a letter from a representative of the IRB. In 
addition, insert a sentence in the Materials and Methods section stating that the study was approved or exempt from 
approval. In all cases, the complete name of the IRB should be provided in the manuscript.

5. Standard obstetric and gynecology data definitions have been developed through the reVITALize initiative, which was 
convened by the American College of Obstetricians and Gynecologists and the members of the Women's Health Registry 
Alliance. Obstetrics & Gynecology will be transitioning as much as possible to use of the reVITALize definitions, and we 
encourage authors to familiarize themselves with them. The obstetric data definitions are available at http://links.lww.com
/AOG/A515, and the gynecology data definitions are available at http://links.lww.com/AOG/A935.

6. Because of space limitations, it is important that your revised manuscript adhere to the following length restrictions by 
manuscript type: Original Research reports should not exceed 22 typed, double-spaced pages (5,500 words). Stated page 
limits include all numbered pages in a manuscript (i.e., title page, précis, abstract, text, references, tables, boxes, figure 
legends, and appendixes).

Please limit your Introduction to 250 words and your Discussion to 750 words.

7. Specific rules govern the use of acknowledgments in the journal. Please edit your acknowledgments or provide more 
information in accordance with the following guidelines: 

* All financial support of the study must be acknowledged. 
* Any and all manuscript preparation assistance, including but not limited to topic development, data collection, analysis, 
writing, or editorial assistance, must be disclosed in the acknowledgments. Such acknowledgments must identify the 
entities that provided and paid for this assistance, whether directly or indirectly.
* All persons who contributed to the work reported in the manuscript, but not sufficiently to be authors, must be 
acknowledged. Written permission must be obtained from all individuals named in the acknowledgments, as readers may 
infer their endorsement of the data and conclusions. Please note that your signature on the journal's author agreement 
form verifies that permission has been obtained from all named persons. 
* If all or part of the paper was presented at the Annual Clinical and Scientific Meeting of the American College of 
Obstetricians and Gynecologists or at any other organizational meeting, that presentation should be noted (include the 
exact dates and location of the meeting).

8. The most common deficiency in revised manuscripts involves the abstract. Be sure there are no inconsistencies between 
the Abstract and the manuscript, and that the Abstract has a clear conclusion statement based on the results found in the 
paper. Make sure that the abstract does not contain information that does not appear in the body text. If you submit a 
revision, please check the abstract carefully. 

In addition, the abstract length should follow journal guidelines. The word limits for different article types are as follows: 
Original Research articles, 300 words. Please provide a word count. 

9. Only standard abbreviations and acronyms are allowed. A selected list is available online at http://edmgr.ovid.com
/ong/accounts/abbreviations.pdf. Abbreviations and acronyms cannot be used in the title or précis. Abbreviations and 
acronyms must be spelled out the first time they are used in the abstract and again in the body of the manuscript. 

10. The journal does not use the virgule symbol (/) in sentences with words. Please rephrase your text to avoid using 
"and/or," or similar constructions throughout the text. You may retain this symbol if you are using it to express data or a 
measurement.

11. Please review the journal's Table Checklist to make sure that your tables conform to journal style. The Table Checklist 
is available online here: http://edmgr.ovid.com/ong/accounts/table_checklist.pdf.

12. Figures
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Figure 1: Ok, resubmit as-is.

Figure 2: Per journal style, we try to avoid using patterns in bar graphs. Would it be possible to get a version of this figure 
with solid colored bars?

Figure 3: Ok, resubmit as-is.

13. If you choose to revise your manuscript, please submit your revision via Editorial Manager for Obstetrics & Gynecology 
at http://ong.editorialmanager.com. It is essential that your cover letter list point-by-point the changes made in response 
to each criticism. Also, please save and submit your manuscript in a word processing format such as Microsoft Word.

If you submit a revision, we will assume that it has been developed in consultation with your co-authors, that each author 
has given approval to the final form of the revision, and that the agreement form signed by each author and submitted 
with the initial version remains valid.

Again, your paper will be maintained in active status for 21 days from the date of this letter. If we have not heard from you 
by Oct 16, 2018, we will assume you wish to withdraw the manuscript from further consideration.

Sincerely,

Nancy C. Chescheir, MD
Editor-in-Chief

2017 IMPACT FACTOR: 4.982
2017 IMPACT FACTOR RANKING: 5th out of 82 ob/gyn journals

In response to the EU General Data Protection Regulation (GDPR), you have the right to request that your personal 
information be removed from the database. If you would like your personal information to be removed from the database, 
please contact the publication office.

__________________________________________________
In compliance with data protection regulations, please contact the publication office if you would like to have your personal 
information removed from the database.
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October 16, 2018 

Dear Dr. Chescheir, 

Thank you for your ongoing consideration of our manuscript entitled “Prenatal marijuana use by 

self-report and umbilical cord sampling in a state with legalization” for publication in Obstetrics and 

Gynecology.  As the lead author, I affirm that this manuscript is an honest, accurate and transparent 

account of the study being reported; that no important aspects of this study have been omitted; and 

that discrepancies from the study as planned have been explained. This study was approved by the 

Colorado Multiple Institutional Review Board (COMIRB).  

The study is a cross-sectional observational cohort; the study results are therefore reported 

consistent with STROBE guidelines for reporting observational studies.   

The manuscript has not been submitted to any other journal nor will it be submitted to another 

journal for consideration prior to a decision is made by the editors of Obstetrics and Gynecology.  All 

authors approve of the revised version of this manuscript.  Each of the reviewer and editor comments 

have been responded to in a point by point fashion as detailed below. Thank you again for your time and 

consideration.   

Sincerely, 

 

Torri Metz, MD, MS 

 

 

 

 

REVIEWER COMMENTS: 
 
Reviewer #1: For the manuscript titled "Prenatal marijuana use by self-report and umbilical cord 

sampling in a state with legalization", I have the following comments and queries: 



 

1.      Thanks for submission of your work. 

Response: None required. 

 

2.      Line 114. Even if consent is not required for testing discarded specimens, this seems to be 

an attempt to conceal this practice from your study population, even though anonymity was 

preserved. The subjects would have no idea that this was occurring, or that such a policy 

existed. 

Response: Thank you for this comment.  We appreciate the opportunity to better clarify the 

details of the IRB approval for this protocol. All women who delivered during the enrollment 

period for the study had their umbilical cords collected and tested.  Over the same time period, 

all women admitted for delivery were approached for participation in the optional survey portion 

of the study. We received full waiver of consent to test otherwise discarded umbilical cord 

samples for all women in order to estimate a point prevalence of marijuana use by umbilical 

cord sampling as this was felt to be of minimal risk to study subjects, could not practicably be 

carried out without the waiver, and was not subject to FDA regulations. In addition, the IRB 

agreed that collecting all cord segments was scientifically important for the proposed research 

question evaluating the validity of self-report of marijuana use in comparison to measurement 

via biological sampling. Language regarding the IRB approval process was expanded to provide 

further clarification in the methods on p. 7-8: 

“This study was approved by the Colorado Multiple Institutional Review Board (COMIRB #16-

0175). Waiver of consent was granted for collection of umbilical cord segments from all women 

who delivered over the study time period. Cord segments are routinely collected at both 

hospitals and would typically be discarded after clinical collection of umbilical cord gases; 

consent was not required for collection of these otherwise discarded specimens. Waiver of 

consent was reviewed and approved for the collection of otherwise discarded umbilical cord on 

all deliveries over the period of the study because the research involved no more than minimal 



risk to the subjects; the waiver or alteration would not adversely affect the rights and welfare of 

the subjects; the research could not practicably be carried out without the waiver or alteration; 

and the study was not subject to FDA regulations. 

Over the same time period, all women were approached for participation in the survey 

portion of this study. Women were given written IRB-approved instructions explaining that 

completion of the survey constituted consent for participation in that portion of the study. The 

consent for the survey did not specifically address anonymous coded correlation between the 

survey and testing of the umbilical cord segment. This minor deception was determined to be 

minimal risk, essential to the research question, and therefore appropriate. In addition, the IRB 

required that the survey and results of the cord testing be coded with an anonymous study 

identification number, and that assays be performed as a batched analysis at the conclusion of 

the enrollment period so that cord testing results could not be linked back to any individual 

research participants. Linkage between the survey, chart abstraction, and umbilical cord result 

was completed via a shared study identification number. No patient identifiers were recorded at 

any time.” 

3.      This study clearly demonstrates the lack of a correlation in prenatal marijuana use as 

assessed by self-reporting and umbilical cord testing. 

Response: None required. 

 

4.      Strengths of the study include a power analysis, the assessment of two different socio-

economic populations, and assessment of outcomes in a state where recreational marijuana 

use is legal. 

Response: Thank you.  No response required. 

 

Reviewer #2: 



 

Introduction: 

1.      While it's important to discuss the discordance between self-reported use of marijuana 

and detected THC via urine toxicology, I think it's important to better set the stage for why 

obstetricians even care about marijuana use in the first place (e.g. concerns regarding 

childhood neurodevelopmental outcomes, smaller birth lengths, smaller head circumference). 

While much of this is confounded by polysubstance use, socioeconomic status, nutrition, etc, as 

well as ascertainment bias - I think it's still worth bringing this up to inform readers why this 

study is important. 

Response: We have added information related to the potential implications of perinatal 

marijuana use to the Introduction on p. 5. 

“Marijuana use in pregnancy has been associated with adverse perinatal outcomes such as 

fetal growth restriction, preterm birth, neonatal intensive care unit admission, and adverse 

neurodevelopmental outcomes.”  

Methods: 

1.      For the survey administered to the subjects, was this a validated survey? If so, were other 

substances also assessed? 

Response: Unfortunately there were no available validated surveys to ascertain detailed 

information about contemporary cannabis use patterns. The survey was therefore adapted from 

that used by one of the investigators for a study related to sleep patterns and marijuana use. 

Those investigators have correlated reported use on the survey with quantified metabolites in 

blood and urine. However, that work is not yet published and therefore cannot be cited. We 

have added a limitation to the Discussion on p. 18 to address this concern. 



“In addition, we could not identify a validated survey to collect detailed information about 

contemporary marijuana use patterns prior to starting the study; therefore, we developed the 

survey questions.” 

 

2.      I do see that assay results were not linked to participants and were not available to the 

team. Given the fact that in the state of Colorado, perinatal substance use is considered a form 

of child abuse and mandated reporting is required, were there any other protections in place 

(e.g. Certificate of Confidentiality) for patient anonymity? 

Response: Please see response to reviewer #1, question #1.  The purpose of a Certificate of 

Confidentiality issued by the NIH is to protect identifiable research information from forced 

disclosure for civil, criminal, legislative or other proceedings 

(https://www.niehs.nih.gov/research/clinical/patientprotections/coc/index.cfm). Since no 

identifiers were collected during any part of this research, we did not seek a Certificate of 

Confidentiality but instead put in place multiple protections to ensure the anonymity of the 

research participants as described above. 

 

Results: 

1.      Pg 11, lines 208-210 - would consider rewording as the sentence is confusing 

Response: We have reworded this sentence for clarity on p. 13. 

“Seven women reported marijuana use in the past 30 days on the survey. Among them, the 

median reported frequency of use was 2.5 of the last 30 days. Three women reported only one 

day of use, with the four other women each reporting 2, 3, 5 and 10 days of use.” 

 

2.      Pg 12, lines 217-218 - would consider highlighting that almost 5-10% of cohort who said 

https://www.niehs.nih.gov/research/clinical/patientprotections/coc/index.cfm


they didn't use had positive cord assay, which is an interesting finding. While you kind of get into 

this with your correlation coefficients, I think providing the proportions in this scenario provide 

the reader with a clear and tangible statistic to hold onto. 

Response: The proportion of women with marijuana use as ascertained by report to the 

healthcare provider, self-report on a survey, and by biological sampling is included in the 

Results on p. 13.   

“Of the eligible participants, 2.6% (95% CI, 0.5%-7.4%) reported marijuana use to healthcare 

providers as documented on the admission history. On the self-report survey, 55 (47.4%) 

women reported marijuana use at some point in their lifetimes while 14.7% (95% CI, 8%-21%) 

reported past-year use and 6.0% (95% CI, 2.5%-12.0%) reported past-month use.” 

“Among 116 umbilical cord homogenate assays, 12 (10.3%, 95% CI, 5.5%-17.4%) had THC-A 

above the limit of quantification (200pg/g) and 26 (22.4%, 95% CI 15.2%-31.1%) had THC-A 

above the limit of detection (100 pg/g).” 

In response to the reviewer’s comment, we have further emphasized the discrepancy between 

self-report and biological sampling in the Discussion section on p. 16. 

“In our cohort, 1 in 10 women tested positive for THC-COOH above the clinical test threshold 

demonstrating that use was common. In the Kaiser Permanente Northern California study, the 

prevalence of use was 7.1% based on self-report and urine testing in 2016 with approximately 

3-4% disclosing use to a healthcare provider on a prenatal questionnaire.4 Our results were 

similar in that 3% of women self-reported use to a healthcare provider. In comparison, 6% of our 

cohort reported use in the last 30 days on an anonymous survey, 10% had cord results over the 

limit of quantification (clinical test threshold), and 22% were above the limit of detection 

(research test threshold). Our higher estimates of prevalence might be expected since cord 

homogenate testing identifies use from the second trimester onward in comparison to urine 



testing which only detects use over 2 to 3 days. Additionally, marijuana is legal for both 

medicinal and recreational use in Colorado while marijuana was not fully legalized in California 

when the Kaiser study was performed.”  

Discussion 

1.      Pg 12, lines 234-235 - I would say that there was poor agreement overall regarding self-

reporting measures of marijuana use and cord assay 

Response: Thank you for this suggestion.  We have made the requested change to the 

Discussion on p. 15. 

“In our study, there was poor agreement between self-reported measures of marijuana use and 

biological sampling.” 

 

2.      Pg 12, lines 237-239 - I would mention that due to the likely ascertainment bias present in 

some previous studies (e.g. inability to detect a more accurate prevalence of use), the results of 

aforementioned studies may be biased towards the null hypothesis. 

Response: Thank you. We added a sentence to the Discussion on p. 15 specifying that 

differences in ascertainment of use results in uncertainty about the association between 

marijuana and adverse pregnancy outcomes. 

“These differences in ascertainment of marijuana exposure suggest potential uncertainty in prior 

estimates of the association between marijuana use and maternal and neonatal outcomes.” 

3.      Pg 13, lines 255-257 - please explain further why testing for other metabolites might be 

informative. 

Response: We have removed this sentence from the Discussion due to space limitations.  



4.      Pg. 13, lines 273-75 - are there any studies you can cite that could corroborate your 

incidence of self-report of marijuana (or other substances)? Might be helpful to make your 

argument 

Response: Please see response to question #2.  We have added self-report estimates from the 

Kaiser Permanente study in which use was ascertained by both report to a provider during 

prenatal care and urine testing. In addition, a series of references were added to the previous 

lines 273-5 for studies in which use was ascertained by self-report to a healthcare provider.  

See updated references. 

5.      Pg 13, lines 283-85 - would move this to the introduction to set the stage as to why 

marijuana use in pregnancy is important to assess 

Response: Please see response to reviewer #2, Intro comment #1.  We have added language 

to the introduction regarding why marijuana use in pregnancy is important to evaluate on p. 5. 

 “Marijuana use in pregnancy may be associated with adverse perinatal outcomes such as fetal 

growth restriction, preterm birth, neonatal intensive care unit admission, and adverse 

neurodevelopmental outcomes.”  

 

Reviewer #3: 

 

1.      Although you clearly state that a UDS assess MJ use over the past 2-3 days, why was a 

UDS not collected at the time of admission, especially since the patient was recruited to the 

study at the time of admission to L&D? Or why not use UDS that may have been in their chart 

during this prenatal visits? 

Response: We wanted to collect blood, urine and cord segments from study participants. 

However, to meet the requirements for waiver of consent, the IRB only allowed for collection of 

the umbilical cord segment as an otherwise discarded specimen and would not allow for 



collection of other biological specimens for the purposes of this study. In addition, we were only 

able to collect basic demographics at delivery admission rather than a complete chart 

abstraction. No changes to the text were made. 

 

2.      In your introduction, please provide more information on why and how you chose to 

analyze the THC-A metabolite versus the other metabolites that you mention in your discussion. 

Response: THC-COOH (formerly referred to as THC-A) is the most stable metabolite of 

marijuana and is the standard metabolite measured in clinical tests. This information was added 

to the introduction on p. 5. 

“Cord homogenate testing for the most stable marijuana metabolite,11-nor-delta-9-

tetrahydrocannabinol-9-carboxylic acid (THC-COOH), is being used widely clinically as it has a 

similar performance to meconium testing.” 

3.      The umbilical cord homogenate detects MJ use from the 2nd trimester onwards - is there 

a correlation with amount of use? For example, if someone smoked marijuana once at 24 

weeks, will the metabolite still be present at delivery at 40 weeks? How long does the metabolite 

last in the blood system? Is it affected by 2nd hand exposure? What is the validity of this 

metabolite? Please provide some more background information on this. If I understand Figure 2 

correctly, then some women who said they never used before had positive homogenates - this 

makes me wonder if 2nd hand smoke makes the homogenates positive. 

Response: The detail of exactly how long marijuana use can be detected by umbilical cord 

sampling remains unknown. However, umbilical cord testing has been validated and is now 

widely used clinically with commercially available assays for qualitative testing at the U.S. Drug 

Testing Laboratory and ARUP Laboratories. This information has been added to the Discussion 

on p. 16-17. The effect of second hand exposure on umbilical cord testing remains unknown 



and was not assessed as part of this protocol, but there are some data in non-pregnant adults 

that are now referenced. 

“Exactly how far back in time marijuana use can be detected with umbilical cord sampling 

remains unknown. Existing studies compare umbilical cord sampling to meconium sampling and 

have demonstrated similar detection results.5, 8 However, in order to more thoroughly evaluate 

the capacity of umbilical cord testing to quantify use over time, women would need to be queried 

regarding marijuana use throughout pregnancy. In addition, factors which may affect clearance 

of metabolites such as body mass index or other drug use need to be considered. The impact of 

second-hand marijuana smoke exposure on cord homogenate results remains unknown, though 

observational studies demonstrate detectable metabolites in serum and urine of non-pregnant 

adults with environmental exposure.”  

 

4.      The words "marijuana use" and "marijuana exposure" appear to be used interchangeably 

in your manuscript. Exposure to marijuana could also mean exposure to 2nd hand smoke. 

Consider using the word "use" consistently in your paper versus "exposure" (unless deeming it 

to be "fetal exposure" which makes sense). 

Response: The word “exposure” was changed to use throughout the manuscript except in 

cases where the meaning was fetal exposure as a predictor of adverse neonatal outcomes. 

Please see “track changes” throughout. 

 

5.      Line 123: please provide the IRB number. 

Response: The IRB number was added to the Methods on p. 7. 

“This study was approved by the Colorado Multiple Institutional Review Board (COMIRB #16-

0175).” 



 

6.      Line 133: Why was age the only variable that was used to preserve anonymity? You 

collected several other baseline identifiers that don't preserve anonymity. 

Response: Age was not the only variable that was categorized.  We have clarified that several 

of the demographic variables were categorized to preserve anonymity in the Methods on p. 9-

10. 

“In order to preserve anonymity several demographic variables were categorized. Maternal age 

was categorized as less than 21 years, 22-25 years, 26-29 years, 30-34 years, and 35 years or 

older. Gestational age at delivery was categorized as less than 37 weeks, 37 weeks and 0 days 

to 38 weeks and 6 days, 39 weeks and 0 days to 41 weeks and 0 days, and over 41 weeks.” 

 

7.      Line 148 - please clarify what LC-MS/MS is (it is written later in the paragraph on page 9, 

but would ideally be described earlier) 

Response: LC-MS/MS is now defined with its first use in the Methods on p. 10. 

“The cord tissue was processed and analyzed for THC-A by liquid chromatography-tandem 

mass spectrometry (LC-MS/MS), according to methods similar to those previously published.” 

 

8.      Please clarify your sample size calculations. Why was a prevalence of 15% presumed in 

your population even the reported prevalence you quoted was between 3-7%? Provide local 

data if available. You hypothesized that the metabolite would report higher rates, but your 

sample size calculation is based on equivalent rates. Please clarify. 

Response: We did have preliminary institutional data to guide our sample size calculation.  

These data are now included to support the rationale behind our sample size calculation in the 

Methods on p. 11. The sample size calculation was based on the null hypothesis.  



“A preliminary anonymous self-report survey at the two enrollment sites estimated that 10% of 

our cohort would use marijuana during pregnancy. However, given that umbilical cord 

homogenate sampling will detect use from the second trimester onward, we anticipated that the 

detected prevalence of use would be slightly higher and closer to 15% in our population.” 

 

9.      Two additional limitations to discuss are recall bias and lack of correlation with neonatal 

outcomes. Women may not recall if they had smoked marijuana in the past year or so - this may 

explain the discord on the number of self-reports and those with positive metabolites. Also, were 

there any differences in those who tested positive and birth weight, APGARs, GA at delivery? 

Response: We added a limitation related to our inability to evaluate neonatal outcomes given 

our small sample size in the Discussion on p. 18.  We are unable to report on birthweight and 

Apgars as these were not available at the time of admission when demographic characteristics 

were collected, and we have no identifiers to be able to return to charts to abstract these data.  

Gestational age at delivery is reported in Table 1.  

“Finally, we had insufficient sample size to evaluate differences in perinatal outcomes by 

marijuana exposure status. 

Nothing further was added regarding recall bias as the differences between self-report and cord 

homogenate testing are now covered in detail in the Discussion in response to other reviewers’ 

comments. 

 

10.     I'm not sure how much extra information Figure 3 adds to your paper. Consider deleting it 

or revising it. 

Response: Figure 3 demonstrates the correlation between the quantified umbilical cord result 

and the number of reported days of use in the past 30 days on the self-report survey.  We feel 



this figure conveys an important result.  We have decreased the reported decimal places to two 

to clean up the figure.  If the editors feel that this figure should be removed, we will do so. 

 

Reviewer #4: In this article Metz et al report on a cross-sectional study of marijuana use women 

at two Colorado hospitals comparing used recorded in the H&P with report on a survey and with 

use as defined by the presence of a metabolite in the umbilical cord tissue.  The found that, 

even in a state with legalized marijuana use, the reported prevalence was much lower than that 

detected by the active metabolite.  These findings are important to the readers of Ob/Gyn as 

more women are likely to be exposed to marijuana and data on the effects of this use on the 

pregnancy depends on accurately determining which women and children are exposed.  This 

manuscript suggests that prior studies may be underestimating the exposure, which has 

implications both for their conclusions as well as how future studies should be designed. 

 

I have the following comments: 

Abstract: consider adding the half life of the THC-A 

Response: See response to reviewer 3, comment #3.  Rather than adding the half-life of THC-

COOH in the umbilical cord (as this is unknown), we have added detail about the cord 

homogenate testing and the remaining uncertainty regarding how far back in time use can be 

detected. We have also clarified that THC-COOH is the most stable metabolite. 

 

Introduction: 

line 62, consider moving "in high risk groups" to after "California study" 

Response: High risk groups only refers to a subset of the women included in the California 

study.  This was clarified by adding the word “overall” to the sentence for clarification on p. 5. 



“In a Kaiser Permanente Northern California study, prevalence of first trimester marijuana use 

as detected by self-report or urine toxicology was 7.1% overall, and exceeded 20% in high risk 

groups.” 

 

Paragraph 1, have there been any studies in non-pregnant populations to support the theory 

that rates of use are higher after THC is legalized? 

Response: The Brown et al (2016) article referenced in our manuscript evaluates trends in use 

over time for both pregnant and non-pregnant reproductive aged women.  Both groups show 

similar increases in use over time. However, since this manuscript is focused on pregnancy, and 

the importance of accurate ascertainment of marijuana use during pregnancy on perinatal 

outcomes, data for non-pregnant women were not added to the Introduction. 

 

Paragraph 2, Please add a line about the half life of the THC-A in serum and as stored in 

lipophilic tissues.  Is it present longer in obese vs normal weight women? Is there any data to 

suggest that the metabolite is affected by other drug use or cigarettes? 

Response: We did not utilize any serum samples for this protocol so we opted not to include 

data regarding the half-life of THC-COOH in serum. Marijuana metabolites are thought to be 

stored in lipophilic tissues.  As such, testing can be affected by body mass index or other drugs. 

As this is a preliminary assessment of the correlation between self-reported marijuana use and 

quantitative umbilical cord results, adjustments were not made for factors such as maternal BMI 

or other drug use.  We have now included a statement to that effect in the Discussion on p.15-

16. 

“However, in order to more thoroughly evaluate the capacity of umbilical cord testing to quantify 

use over time, women would need to be queried regarding marijuana use throughout 



pregnancy. In addition, factors which may affect clearance of metabolites such as maternal 

body mass index or other drug use will need to be considered.” 

The limitations of the umbilical cord assay are now detailed in the manuscript.  Please see 

response to reviewer 3, comment #3. 

 

Materials and Methods: 

Line 173, Please explain why you chose the cut off of use within the past 30d.  Is this related to 

the half life of the metabolite or just a standard unit of time for the patient survey? 

Response: Typical intervals for assessment of drug use are past month and past year use. 

Past month use is utilized as the standard for validated surveys such as the National Survey on 

Drug Use and Health. We clarified that 30 day recall was utilized to estimate past-month use in 

the Methods on p. 9 and explained that it is a standard measure. 

“In addition the survey asked participants to estimate the number of days of use over the past 

30 days indicative of past month use. Past month use is a standardized measure of drug use on 

validated surveys such as the National Survey of Drug Use and Health.6 

Line 176, Consider adding a line explaining comparison of contingency tables 

Response: Contingency tables were not compared.  Rather contingency tables were utilized to 

evaluate differences in the proportion of positive results by categorical group.  This was clarified 

in the text on p. 12. 

“Between group comparisons of the proportion of women with positive cord results were made 

using contingency tables.” 

 

You did not collect data on maternal weight gain or BMI. Given that the THC-A is lipophilic, 

would the maternal BMI potentially confound the results? 



Response: We thank the reviewer for this comment.  It is true that THC metabolism may be 

affected by body mass index.  We have added a sentence on p. 16 discussing that this will be 

important in future validation work. 

“In addition, factors which may affect clearance of marijuana metabolites such as maternal body 

mass index or other drug use will need to be considered.” 

 

Results: 

Line 214, consider adding that the use of tobacco was low and did not differ between groups. 

Response: Concurrent tobacco use is reported in Table 1.  We have now highlighted this 

finding with text in the Results on p. 13. 

“The prevalence of tobacco use did not differ between cord positive and cord negative groups.” 

Discussion: 

Lines 265-75, Consider adding that your patients have a low smoking prevalence. 

Response: While we agree that a low smoking prevalence would be a strength in a study 

evaluating the effect of marijuana on perinatal outcomes—we are not convinced that it is a 

notable strength of this study focused on prevalence of marijuana use specifically with different 

means of ascertainment. Therefore, we did not include this as a strength as requested by the 

reviewer (mostly because of space limitations). 

Tables and figures: no comments 

Response: None required. 

 

STATISTICAL EDITOR COMMENTS: 

 

The Statistical Editor makes the following points that need to be addressed: 

 



lines 46-52: Suggest that the proportions reporting marijuana use on surveys, to health care 

providers and on umbilical cord assay each should include CIs.   

Response: Confidence intervals for the proportion of women with marijuana use were included 

in the Results section previously.  They have now been added to the abstract. 

“Six percent (95% CI 1.7-10.0%) of participants reported use in the last 30 days on survey and 

2.6% (95% CI 0.5-7.4%) of participants reported marijuana use to healthcare providers at the 

time of admission. On umbilical cord assay, 22.4% (95% CI 15.2-31.1%) had detectable THC-

COOH.” 

See later comments re: Fig 3, not convinced that lines 50-52 contribute to the main conclusions 

of the paper, which is to cite cross sectional estimates of marijuana use in these women and to 

contrast surveys with assays. 

Response: The objective of the paper is both to compare cross sectional estimates of 

marijuana use, but also to evaluate the utility of a quantitative assay for THC-COOH specifically.  

Commercially available assays report only a qualitative result.  Through this work we can 

demonstrate both that self-report is an inaccurate measure of use, and that the quantitative cord 

result is promising for being able to better estimate the amount marijuana use during late 

pregnancy. We added a sentence to the conclusion of the abstract on p. 4 to clarify this point. 

“Umbilical cord assays for THC-COOH demonstrate promise for quantifying use.” 

We also more clearly delineated both of these objectives in the Introduction on p. 6. 

Our primary objective was to compare the prevalence of self-reported maternal marijuana use to 

the prevalence of use ascertained by biological sampling of the umbilical cord in a state with 

legalized marijuana. Our secondary objective was to evaluate if reported frequency of use in the 

month prior to delivery correlated with the amount of THC-COOH detected in the cord.” 

 



Table 1: The non-random allocation of age strata by THC-A (+) vs THC-A (-) appears to derive 

most of its discrepancy from the 22-25 yo cohort.  Might be worthwhile analyzing by stratum and 

commenting.  The overall test done (Chi-square) cannot directly attribute which stratum by age 

or by insurance status contributed to the non-random allocation.  For the statement on lines 

213-215, a pairwise testing should be done. 

Response: Thank you. We have added a sentence to the results indicating that we also 

completed a pairwise analysis by stratum and have highlighted the statistically significant 

difference in the 22-25 year old age group in the Results on p. 13-14. In addition, we have now 

addressed this in our Discussion on p. 16 as it is an interesting finding in light of the age to 

purchase marijuana legally being 21 years. 

“Demographic characteristics of women by cord homogenate result are presented in Table 1. 

The observed demographic differences were derived predominantly from a large proportion of 

women with THC-COOH above the limit of detection being in the 22 to 25 year-old age group 

(48.0%) with only 15.7% of the cord negative group in this age strata (p<0.001). Similar 

differences were noted in the insurance category with 80.8% of cord positive women having 

Medicaid compared to 54.5% in the negative cord group (p=0.016).” 

  Positive 
(n=26) 

Negative 
(n=90) 

p 

Maternal age 21 years or less 4( 16.0) 20( 22.5) 0.483 
  22-25 years 12( 48.0) 14( 15.7) <.001 
  26-29 years 4( 16.0) 19( 21.3) 0.556 
  30-34 years 3( 12.0) 26( 29.2) 0.081 
  Over 35 years 2( 8.0) 10( 11.2) 0.641 
What type of insurance do you have? Private 5( 19.2) 31( 35.2) 0.123 
  Medicaid/care 21( 80.8) 48( 54.5) 0.016 
  None/Don’t know 0( 0.0) 9( 10.2) 0.089 

 

“Women with a positive cord testing result were more likely to be in the 22 to 25 year-old age 

range. Marijuana was available for recreational use to women over 21 years of age in Colorado 



during the study period. Our results are consistent with other studies demonstrating an 

increased prevalence of use among younger women.4 Ultimately, intervention efforts related to 

encouraging avoidance of marijuana use in pregnancy may need to be targeted to adolescents 

and young adults.” 

 

lines 211-213: Suggest re-wording this, since the 12 samples > 200 pg/g were a subset of the 

26 samples > 100 pg/g, lest the reader interpret those groups as being mutually exclusive. 

Response: Thank you.  This sentence has now been re-worded in the results on p. 13 to clarify 

this point. 

“Among 116 umbilical cord homogenate assays, 26 (22.4%, 95% CI 15.2%-31.1%) had THC-

COOH above the limit of detection (100 pg/g), with 12 (10.3%, 95% CI, 5.5%-17.4%) also above 

the limit of quantification (200 pg/g).” 

 

Fig 3 is difficult to interpret, since obviously many of the surveys were incorrectly self-

reported.  That is, the sample is biased.  In any event, the estimates for ρ and its CI have too 

many significant figures.  Since the total sample was 116, the precision should be truncated at 2 

or at most 3 decimal places. 

Response: We felt that it was appropriate to include all women in the correlation coefficient 

calculation despite recognizing that many women denied use when they were clearly using 

marijuana.  A sentence has been added to clarify this point in the Results on p. 14-15. In 

addition, the precision of ρ and its CI in Figure 3 has been truncated at 2 decimal places per 

your request. 

“Consistent with the observed differences in prevalence based on self-reported versus biological 

sampling-detected use, many women who reported no marijuana use in the past 30 days had a 



cord result positive for THC-COOH (Figure 3).” 

 

EDITOR COMMENTS: 

 

1. Thank you for your submission to Obstetrics & Gynecology. In addition to the comments from 

the reviewers above, you are being sent a notated PDF that contains the Editor’s specific 

comments. Please review and consider the comments in this file prior to submitting your revised 

manuscript. These comments should be included in your point-by-point response cover letter. 

 

***The notated PDF is uploaded to this submission's record in Editorial Manager. If you cannot 

locate the file, contact Randi Zung and she will send it by email - rzung@greenjournal.org.*** 

 

- The objective for the abstract should be a simple "to" statement without background. 

Response:  The background has been removed from the objective on p. 3. 

“To compare self-reported maternal marijuana use to quantitative biological sampling for a 

marijuana metabolite, 11-nor-delta-9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH), in 

umbilical cord homogenate in a state with legalized marijuana.” 

 

- It is not clear from this that how you identified patients. Also, not sure you report the medical 

record abstraction results other than at time of admission for delivery. Did you collect prenatal 

data? When was survey done? 

Response: The abstract has been updated to clarify that women were approached during the 

delivery admission, and that reported use to the healthcare provider was recorded based on the 

admission H&P. 



“We conducted a cross-sectional study of women approached at the time of admission for 

delivery with live, singleton pregnancies ≥ 24 weeks at two urban medical centers in Colorado. 

Maternal marijuana use was estimated by (1) report to the healthcare provider on admission 

history and physical, (2) survey of self-reported use, and (3) liquid chromatography tandem 

mass spectrometry analysis of the umbilical cord homogenate for THC-COOH.” 

- How many women had cord homogenates but no surveys and vice versa? 

Response: The number of women with available cords but no surveys and vice versa is 

included in Figure 1 and in the results section.  We had difficulty also incorporating this 

information into the abstract because of space limitations. 

- in what population? All adults? Only pregnant women? Please clarify. 

Response: The sentence was re-worded to better clarify that this sentence refers to pregnant 

women. 

“Yet, prevalence of past month marijuana use among pregnant women has increased from 

2.37% in 2002 to 3.85% in 2014 based on data from the National Survey on Drug Use and 

Health.” 

- When was the Kaiser study done? Is there data to suggest higher usage in states w/ 

legalization? 

Response: The reported prevalence from the Kaiser study is in the year 2016.  This was added 

to the Introduction on p. 5.  This is also addressed again in the Discussion—specifically we note 

that marijuana was not fully legalized in California at the time of the Kaiser study. There are not 

data related to rates of marijuana use in states with and without legalization. 

 “In a Kaiser Permanente Northern California study, prevalence of first trimester marijuana use 

as detected by self-report or urine toxicology was 7.1% in 2016, and exceeded 20% in high risk 

groups.” 

- In the first 2/3 of pregnancy, the cord is rather slender without much Wharton's Jelly. While the 



jelly is largely mucopolysaccharides, there are fats in it. Before much jelly production--mostly in 

the last 1/3 of pregnancy-- presumably there isn't much fat there. Why would it then be a 

reservoir for lipophilic THC metabolites? 

Response: Of note, we changed THC-A to THC-COOH throughout as this is a more standard 

abbreviation. In response to your query, the umbilical cord homogenate is thought to detect use 

from the second trimester onward (similar to meconium).  We have removed the sentence about 

the lipophilicity of marijuana metabolites and clarified that THC-COOH it is a stable metabolite 

that measures use in the 2nd and 3rd trimesters of pregnancy.  In addition, per a reviewer 

comment above we added more information to the Discussion regarding the limitations of the 

test (eg we do not know exactly how far back in time use can be detected). 

“While urine testing only detects use over the past 2-3 days, umbilical cord homogenate testing 

detects marijuana use from the second trimester onward, and may be useful for quantification of 

use in late pregnancy.5 Cord homogenate testing for the most stable marijuana metabolite, 11-

nor-delta-9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH), is being used widely clinically 

as it has a similar performance to meconium testing.” 

- please add in the introduction something about THC-A. How long does it last in urine, cord 

homogenate. 

Response: Please see additions to the Introduction above in response to your previous query.  

The reference to THC-A was moved earlier to clarify that is the metabolite being evaluated in 

the assays. 

- please explicate the primary objectives along with any secondary objectives. 

Response: We have clarified the primary and secondary objectives of the study in the 

Introduction on p. 6. 



“Our primary objective was to compare the prevalence of self-reported maternal marijuana use 

to the prevalence of use ascertained by biological sampling of the umbilical cord in a state with 

legalized marijuana. Our secondary objective was to evaluate if reported frequency of use in the 

month prior to delivery correlated with the amount of THC-COOH detected in the cord.”  

- did you abstract prenatal information? 

Response:  We were very limited by what our IRB allowed for this project; these restrictions 

were predominantly to ensure anonymity of the study subjects.  Therefore, we were only able to 

abstract time of admission data in a categorized fashion.  We have modified this sentence on p. 

6 to clarify that only time of admission data were collected. 

“During the delivery admission, maternal marijuana use was estimated by (1) a survey detailing 

frequency and recency of marijuana use in pregnancy, (2) report to a healthcare provider at time 

of admission, and (3) assay of the umbilical cord for THC-COOH, which is the most stable 

marijuana metabolite.” 

- when was the survey administered? By whom? 

Response: The details of the survey administration are in the Methods on p. 7. 

“Study staff approached eligible women for participation in a survey about prenatal marijuana 

use. Approach was completed prior to the time of delivery. Participants were informed that the 

care team would not have access to the survey responses. They were instructed to complete 

the survey and return it to the study staff in a sealed envelope with only a study identification 

number.” 

 

- It is important to know when in relation to the delivery that women completed these samples. 

Post delivery, possible effects of pain medications, fatigue, heightened fear if results of + use in 

survey revealed to pediatricians, etc. 



Response: We have added a sentence on p. 7 clarifying that approach was completed prior to 

delivery. 

“Approach was completed prior to the time of delivery.” 

- Please clarify: Prenatal marijuana use spanning all of the prenatal period or just peri-delivery? 

Response: The study staff reported data collected on the admission history and physical. This 

information was not collected in a standardized fashion which is recognized as a limitation of the 

study—importantly, this reflects real world collection of these data that are used in retrospective 

cohort studies currently.  

“The process by which healthcare providers queried women about use was not standardized; 

however, this is likely consistent with other studies11-13 utilizing self-reported measures of 

marijuana use.” 

If the patient noted marijuana use during the pregnancy (past or current) this was recorded. This 

has been clarified in the methods on p. 7. 

“The same study identification number was used to enter self-report data regarding prenatal 

marijuana use (past or current) from report to the healthcare provider as documented in the 

history and physical at the time of admission.” 

- Is the cord sample technically "discarded" if the patient knowingly labeled a container and 

gave it to clinical personnel to retain a segment of cord? Sounds like a special collection of a 

study segment, rather than a discarded cord segment. One of your reviewers questions the 

ethics of this--calling it "discarded"--and I have to say I have some questions as well. Can you 

explain please what the participants were told about what was being done to the cord segment 

they voluntarily contributed? 

Response: Thank you for your query.  We have clarified the study process and the IRB 

approval in detail in response to your query as well as reviewer 1.  We were approved for a 



waiver of consent for collection of the cord segments; therefore, participants did not have 

knowledge cord segments were being collected. We have integrated language from the IRB 

approval letter to better clarify the conditions under which this study was approved. For the text 

that was added to the methods, please see our detailed response to reviewer #1, comment #2. 

 

- but they were linked to individual patients, correct? What do you mean by "not linked to any 

identifying information" 

Response: We apologize for the confusion and hope that this is now clarified with the language 

we added to the Methods section on p. 8. 

“Linkage between the survey, chart abstraction, and umbilical cord result was completed via a 

shared study identification number. No patient identifiers were recorded at any time.” 

 

- what is this based on? 

Response: Please see response to reviewer #3, comment #8 for text that was added in 

response to his/her similar query.  Our sample size calculation was based on preliminary 

institutional data.   

 

- The lower bounds is just barely outside of the 15% use you thought likely in your population. 

(and the upper bound twice that value!). How has that influenced your thinking about your 

population and maternal/ neonatal outcomes? 

Response: We used the clinical test threshold (>200 pg/g) to translate these findings into 

language on p. 15 that may hit home with the journal readership. Hopefully this will help 

emphasize how common prenatal use is.   



“In our cohort, 1 in 10 women tested positive for THC-COOH above the limit of quantification 

(the clinical test threshold) demonstrating that use was common.” 

We also added language to the first paragraph of the discussion on p. 15 to emphasize that 

there is uncertainty in the existing literature. 

“These differences in ascertainment of marijuana exposure suggest potential uncertainty in prior 

estimates of the association between marijuana use and maternal and neonatal outcomes.” 

 

- please comment about to what degree second-hand exposure to marijuana could result in cord 

homogenate positive results 

Response: We are uncertain how much second hand exposure could contribute to the cord 

results. However, even if the exposure is second hand, exposure is occurring at a high rate in 

the prenatal population.  We added a sentence about second-hand exposure on p. 17. 

“The impact of second-hand marijuana smoke exposure on cord homogenate results remains 

unknown, though observational studies demonstrate detectable metabolites in serum and urine 

of non-pregnant adults with environmental exposure.” 

 

- I'm curious about the hypothesis that the legalization of use might mitigate women's hesitancy 

to report marijuana use, which seems to be your working hypothesis. Women under report both 

cigarette and alcohol use in pregnancy--both legal. However, marijuana, tobacco use, and 

alcohol use may not be "approved" by the health care provider (even if legally approved) so the 

woman may underreport. 

Response: Anecdotally, pregnant women began to report marijuana use more freely after 

legalization. This has not been assessed directly in any studies to our knowledge. Our aim was 

really to evaluate how prevalence of marijuana use differs when ascertained by different means. 



This is now clarified as the primary objective above. However, it seems important to also state 

that these findings are in the setting of a state with legalized marijuana, and make comparisons 

to the findings of others in states without legalization as we have done on p. 16. 

“Our higher estimates of prevalence from biological sampling  might be expected since cord 

homogenate testing identifies use from the second trimester onward in comparison to urine 

testing which only detects use over 2 to 3 days. Additionally, marijuana is legal for both 

medicinal and recreational use in Colorado while marijuana was not fully legalized in California 

when the Kaiser study was performed.” 
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Précis: Umbilical cord sampling for marijuana metabolites detected prenatal marijuana use at a higher rate than self-reported estimates even in a state with legalized marijuana. 




Abstract

Objective: To compare self-reported maternal marijuana use to quantitative biological sampling for a marijuana metabolite, 11-nor-delta-9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH), in umbilical cord homogenate in a state with legalized marijuana.	

Study DesignMethods: Cross-sectional study of women approached at time of admission for delivery with live, singleton pregnancies ≥ 24 weeks at two urban medical centers in Colorado. Maternal marijuana use was estimated by (1) report to health care provider on admission history and physical, (2) survey of self-reported use, and (3) liquid chromatography tandem mass spectrometry analysis of umbilical cord homogenate for THC-COOH. Women were categorized by survey-reported last use (≤30 days ago, 30 days to 1 year, more than 1 year, never), and proportion of women with cord results above the limit of detection and limit of quantification for THC-COOH was reported for each group. Comparisons between groups were made using contingency tables. Correlation between survey-reported frequency of use and quantitative THC-COOH cord homogenate results was evaluated. 

Results: We included 116 women with self-report surveys linked to cord assay results. Six percent (95% CI 2.5-12.0%) of participants reported use in the last 30 days on survey and 2.6% (95% CI 0.5-7.4%) of participants reported marijuana use to health care providers. On umbilical cord assay, 22.4% (95% CI 15.2-31.1%) had detectable THC-COOH. The proportion of women with detectable THC-COOH increased with more recent self-reported use. Survey-reported frequency of use in the past 30 days had moderate correlation with quantified umbilical cord THC-COOH (correlation coefficient 0.44, 95% CI 0.28-0.58, p<0.001).	Comment by Denise Shields: AQ:  Please be sure this is stated in the body of your paper. Statements and data that appear in the Abstract must also appear in the body text for consistency.
	Comment by Torri Metz: I fixed the results to be consistent.  Thank you for catching this error.

Conclusions: Umbilical cord sampling results in higher estimates of prenatal marijuana use than self-report even in the setting of legalization. Umbilical cord assays for THC-COOH demonstrate promise for quantifying use. Future studies should examine how the use of biological sampling informs the association between marijuana use and perinatal outcomes. 

Future studies should examine how the use of biological sampling impacts the association between marijuana use and perinatal outcomes. 	Comment by Denise Shields: AQ: This sentence was deleted, since the editor prefers not to end the abstract/paper with statements suggesting future studies.



Introduction

	Marijuana use in pregnancy has been associated with adverse perinatal outcomes such as fetal growth restriction, small for gestational age, preterm birth, neonatal intensive care unit admission, and adverse neurodevelopmental outcomes.1,2 Yet, prevalence of past month marijuana use among pregnant women has increased from 2.37% in 2002 to 3.85% in 2014 based on data from the National Survey on Drug Use and Health.3  In addition, self-report likely underestimates use. In a Kaiser Permanente Northern California study, prevalence of first trimester marijuana use as detected by self-report or urine toxicology was 7.1% in 2016, and exceeded 20% in high risk groups.4 Rates may be even higher in states with legalization.

	Accurate ascertainment of marijuana use is important both for estimation of prevalence of use and for outcomes-based research. Ideally biological sampling could detect use over time. While urine testing only detects use over the past 2-3 days, umbilical cord homogenate testing detects marijuana use from the second trimester onward, and may be useful for quantification of use in late pregnancy.5 Cord homogenate testing for the most stable marijuana metabolite,11-nor-delta-9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH), is being used widely clinically as it has a similar performance to meconium testing.

Our primary objective was to compare the prevalence of self-reported maternal marijuana use to the prevalence of use ascertained by biological sampling of the umbilical cord in a state with legalized marijuana. Our secondary objective was to evaluate if reported frequency of use in the month prior to delivery correlated with the amount of THC-COOH detected in the cord.	   

Materials and Methods

This was a cross-sectional multi-site study of women admitted for delivery at two urban medical centers in Colorado, a state with legalized marijuana for both medicinal and recreational use. All women with a viable singleton gestation ≥ 24 weeks of gestation who delivered on 12 consecutive weekdays in November 2016 at either University of Colorado Hospital or Denver Health Hospital were eligible for inclusion. University of Colorado Hospital is an academic tertiary referral center in Aurora, Colorado serving a predominantly Caucasian population. Denver Health Hospital is a safety net hospital for the city and county of Denver serving a predominantly low-income, Hispanic population. 

During the delivery admission, maternal marijuana use was estimated by (1) a survey detailing frequency and recency of marijuana use in pregnancy, (2) report to a healthcare provider at time of admission, and (3) assay of the umbilical cord for THC-COOH, which is the most stable marijuana metabolite. Both new admissions and women who were moved from the antepartum service for delivery were considered eligible. Women were excluded if they were currently incarcerated, spoke a language other than English or Spanish, delivered prior to 24 weeks, had a multiple gestation, or a stillbirth. If women spent less than two hours on labor and delivery from admission to delivery, we considered this insufficient time to allow study staff to approach for enrollment and those women were not included in the analysis. 

Study staff approached eligible women for participation in a survey about prenatal marijuana use. Approach was completed prior to delivery. Participants were informed that the care team would not have access to the survey responses. They were instructed to complete the survey and return it to the study staff in a sealed envelope with only a study identification number. The same study identification number was used to enter self-report data regarding prenatal marijuana use (past or current) from report to the health care provider as documented in the history and physical at the time of admission, and to label a sterile specimen cup which was provided to the Labor and Delivery nurse for collection of a cord segment at the time of delivery.

This study was approved by the Colorado Multiple Institutional Review Board (COMIRB #16-0175). Waiver of consent was granted for collection of umbilical cord segments from all women who delivered over the study time period. Cord segments are routinely collected at both hospitals and would typically be discarded after clinical collection of umbilical cord gases; consent was not required for collection of these otherwise discarded specimens. Waiver of consent was reviewed and approved for the collection of otherwise discarded umbilical cord on all deliveries over the period of the study because the research involves no more than minimal risk to the subjects; the waiver or alteration will not adversely affect the rights and welfare of the subjects; the research could not practicably be carried out without the waiver or alteration; and the study was not subject to FDA regulations.

Over the same time period, all women were approached for participation in the survey portion of this study. Women were given written IRB-approved instructions explaining that completion of the survey constituted consent for participation in that portion of the study. The consent for the survey did not specifically address anonymous coded correlation between the survey and testing of the umbilical cord segment. This minor deception was determined to be minimal risk, essential to the research question, and therefore appropriate. In addition, the IRB required that the survey and results of the cord testing be coded with an anonymous study identification number, and that assays be performed as a batched analysis at the conclusion of the enrollment period so that cord testing results could not be linked back to any individual research participants. Linkage between the survey, chart abstraction, and umbilical cord result was completed via a shared study identification number. No patient identifiers were recorded at any time. 

The study survey asked if women had ever used marijuana and if they used marijuana during the pregnancy. For women who reported marijuana use during pregnancy, the survey asked detailed questions about time of last marijuana use, method of use (smoking, edibles, vaping, topical, other), and reasons for use. In addition the survey asked participants to estimate the number of days of use over the past 30 days indicative of past month use. Past month use is a standardized measure of drug use on validated surveys such as the National Survey of Drug Use and Health.6

Basic demographic and clinical characteristics were collected from participants’ medical records and entered into a secure data entry system called Research Electronic Data Capture (REDCap)7 using the same study identification number. In order to preserve anonymity several demographic variables were categorized. Maternal age was categorized as less than 21 years, 22-25 years, 26-29 years, 30-34 years, and 35 years or older. Gestational age at delivery was categorized as less than 37 weeks, 37 weeks and 0 days to 38 weeks and 6 days, 39 weeks and 0 days to 41  weeks and 0 days, and over 41 weeks. Race, ethnicity and reported use of marijuana on the admission history and physical were also documented. At both participating hospitals, all women are asked by a healthcare provider (midwife, resident physician or attending physician) about drug use at the time of admission for delivery and at entry to prenatal care. Current employment, completed education level, annual income, marital status, insurance (unknown, private insurance, Medicaid or Medicare), tobacco use, and whether there are other children in the home were ascertained by self-report on the survey. 

Umbilical cord segments of participants were drained of blood, rinsed with saline, and patted dry. Six-inch segments were stored in sterile specimen cups labeled with the study identification number. Cord segments were frozen at -80 oC and were thawed just prior to processing for analysis. The cord tissue was processed and analyzed for THC-COOH by liquid chromatography-tandem mass spectrometry (LC-MS/MS), according to methods similar to those previously published.8 Briefly, cord tissue was weighed and homogenized in methanol. Supernatant was subjected to hydrolysis, solid phase extraction, concentration and reconstitution. Extracts were analyzed on an Agilent 1260 infinity series HPLC pump and AB SCIEX 5500 mass spectrometer. Liquid chromatography (LC) separation was performed on an Agilent Poroshell 120 EC-C18 column with mobile phase A: 5mM ammonium bicarbonate pH 9.5 in water and mobile phase B: methanol. Detection was performed by tandem mass spectrometry (MS/MS) in negative electrospray ionization mode. Two ion transitions were monitored for THC-COOH and its respective deuterated internal standard (THC-COOH-d3). Data were acquired by multiple reaction monitoring (MRM) mode. 

Calibration curves were prepared with drug-free cord matrix. Assay performance criteria were correlation coefficient over the analytical measurement range of R≥0.995, average imprecision (% coefficient of variation) ≤20%, limit of detection signal to noise (S/N) ratio ≥3, limit of quantitation S/N≥10 and correlation/accuracy ≥80%. The limits of detection and quantification for THC-COOH were verified at 100 pg/g and 200 pg/g, respectively. 

A preliminary anonymous self-report survey at the two enrollment sites estimated that 10% of our cohort would use marijuana during pregnancy. However, given that umbilical cord homogenate sampling will detect use from the second trimester onward, we anticipated that the detected prevalence of use would be slightly higher and closer to 15% in our population. With an anticipated prevalence of marijuana use of 15% in our population, a sample size of 100 was selected to be able to demonstrate that ascertainment of marijuana use by self-report is equivalent (within 5%, range 10-20%) to detecting THC-COOH in the umbilical cord homogenate with 80% power at a 5% significance level using a two-sided equivalence test of correlated proportions. 

We estimated the prevalence of any marijuana use by all three methods of ascertainment with 95% confidence intervals. Confidence intervals were calculated using exact methods. The agreement between different measures of prenatal marijuana use was evaluated using Kappa coefficients with 95% confidence intervals. Women were categorized by survey-reported last use (≤30 days ago, 30 days to 1 year, more than 1 year, never), and the proportion of women with umbilical cord results above the limit of detection and limit of quantification for THC-COOH was reported for each group. Between group comparisons of the proportion of women with positive cord results were made using contingency tables. Women with positive cord homogenate results were also compared to women with negative cord homogenate results for basic demographic characteristics.

In order to evaluate if the quantified amount of THC-COOH in the umbilical cord could estimate recent prenatal marijuana use, the relationship between survey-reported number of days of use in the past 30 days and quantitative THC-COOH cord homogenate result was evaluated using Spearman correlation. A P value <0.05 was considered statistically significant. All analyses were performed in SAS, and graphics were created with GraphPad Prism.



Results

Of 166 eligible women, 136 (82%) were approached for the study; 9 declined participation in the survey portion, 9 cords were discarded by the clinical team prior to research collection and 2 cord samples were insufficient for assay, leaving 116 participants with surveys linked to cord assay results (Figure 1). The nine women who declined participation in the survey portion of the study all had negative cord homogenate assays for THC-COOH.

Of the total cohort, 57 delivered at Denver Health Hospital and 59 delivered at University of Colorado Hospital. The population differed by study site. Women who delivered at Denver Health Hospital were more likely to be Hispanic, have public insurance and to report lower income and lower education level than those delivered at University of Colorado Hospital. Demographics of the study population by site are presented in Table 1.

Of the eligible participants, 2.6% (95% CI, 0.5%-7.4%) reported marijuana use to healthcare providers as documented on the admission history. On the self-report survey, 55 (47.4%) women reported marijuana use at some point in their lifetimes while 14.7% (95% CI, 8%-21%) reported past year use and 6.0% (95% CI, 2.5%-12.0%) reported past-month use. Of those with past year use (n=17), 82% smoked marijuana, 24% used edibles, 24% used a vaporizer, and 29% used other methods of use such as topical lotions; many used more than one method of administration. Women were most likely to report using marijuana for recreation (41%) and to help with sleep (41%). Other reported reasons for use were to help with to help with anxiety (35%), nausea (29%), pain (24%), weight gain (12%), and because of habit (12%). Seven women reported marijuana use in the past 30 days on the survey. Among them, the median reported frequency of use was 2.5 of the last 30 days. Three women reported only one day of use, with the four other women each reporting 2, 3, 5 and 10 days of use. 

Among 116 umbilical cord homogenate assays, 26 (22.4%, 95% CI 15.2%-31.1%) had THC-COOH above the limit of detection (100 pg/g), with 12 (10.3%, 95% CI, 5.5%-17.4%) also above the limit of quantification (200 pg/g). Demographic characteristics of women by cord homogenate result are presented in Table 1. The observed demographic differences were derived predominantly from a large proportion of women with THC-COOH above the limit of detection being in the 22 to 25 year-old age group (48.0%) with only 15.7% of the cord negative group in this age strata (p<0.001). Similar differences were noted in the insurance category with 80.8% of cord positive women having Medicaid compared to 54.5% in the negative cord group (p=0.016). The prevalence of tobacco use did not differ between cord positive and cord negative groups. All women with survey-reported use in the last 30 days had a THC-COOH above the limit of detection, and cord THC-COOH concentrations differed based on self-reported recency of use (Figure 2). 

Overall there was not substantial agreement between the measures of marijuana use (report to the health care provider, self-reported use on survey, and cord homogenate assay). There was moderate agreement between 30-day use on the survey and umbilical cord homogenate above the limit of detection for THC-COOH (kappa 0.52, 95% CI 0.32-0.72). The agreement between report to the health care provider and self-reported use in the past year on the survey was fair (kappa 0.27, 95% CI 0.02-0.51). The agreement between medical record review and umbilical cord homogenate above the limit of detection for THC-COOH was slight (kappa 0.17, 95% CI 0.0-0.34).

Survey self-reported frequency of marijuana use in the past 30 days had moderate correlation with quantified umbilical cord THC-COOH (correlation coefficient 0.447, 95% CI 0.2831-0.5860, p<0.001; Figure 3). Consistent with the observed differences in prevalence based on self-reported versus biological sampling-detected use, many women who reported no marijuana use in the past 30 days had a cord result positive for THC-COOH (Figure 3).	Comment by Torri Metz: Numbers corrected to match abstract and figure 3.  I confirmed that these are the correct numbers.



Discussion

The majority of existing studies of prenatal marijuana use have  ascertained marijuana use with self-report, and often through chart abstraction from clinical documentation. In our study, there was poor agreement between self-reported measures of marijuana use and biological sampling. Prevalence of use estimates from biological sampling were higher than those from self-report even in a state with legalized marijuana. These differences in ascertainment of marijuana exposure suggest potential uncertainty in prior estimates of the association between marijuana use and maternal and neonatal outcomes.

In our cohort, 1 in 10 women tested positive for THC-COOH above the clinical test threshold demonstrating that use was common. In the Kaiser Permanente Northern California study, the prevalence of use was 7.1% based on self-report and urine testing in 2016 with approximately 3-4% disclosing use to a healthcare provider on a prenatal questionnaire.4 Our results were similar in that 3% of women self-reported use to a healthcare provider. In comparison, 6% of our cohort reported use in the last 30 days on an anonymous survey, 10% had cord results over the limit of quantification (clinical test threshold), and 22% were above the limit of detection (research test threshold). Our higher estimates of use prevalence  might be expected since cord homogenate testing identifies use from the second trimester onward in comparison to urine testing which only detects use over 2 to 3 days . Additionally, marijuana is legal for both medicinal and recreational use in Colorado while marijuana was not fully legalized in California when the Kaiser Permanente study was performed. 

When compared to women with a negative cord testing result, women with a positive cord testing result were more likely to be 22 to 25 years old. Marijuana was available for recreational use to women over 21 years of age in Colorado during the study period. Our results are consistent with other studies demonstrating an increased prevalence of use among younger women, which may allow for targeted interventions in this age group.4 	Comment by Chescheir: AQ: More likely than what? 	Comment by Torri Metz: Compared to women with a negative cord test.  This has been added for clarification.

We found moderate correlation between self-reported past 30-day marijuana use and quantified THC-COOH in the cord homogenate demonstrate the promise of umbilical cord assays to estimate prenatal use. Exactly how far back in time marijuana use can be detected with umbilical cord homogenate sampling remains unknown. Prior studies compared umbilical cord sampling to meconium sampling and  demonstrated similar detection results.5, 9 However, in order to more thoroughly evaluate the capacity of umbilical cord testing to quantify use over time, women would need to be queried regarding marijuana use throughout pregnancy. In addition, factors which may affect clearance of metabolites such as body mass index or other drug use need to be considered. The impact of second-hand marijuana smoke exposure on cord homogenate results remains unknown, though observational studies demonstrate detectable metabolites in serum and urine of non-pregnant adults with environmental exposure.10	Comment by Chescheir: AQ: This was added to be perfectly clear you aren’t talking about a PUBS.	Comment by Torri Metz: Thank you for clarifying.  Definitely not talking about PUBS 

Strengths of this study include its cross-sectional design and the use of a single time point of marijuana measurement (at delivery) by different methods for direct comparison. We utilized an otherwise discarded biological sample so consent for use of the sample was not required; therefore, self-report data were not biased by participant knowledge of pending biological testing. All women who delivered during the pre-specified time period were eligible and approached regardless of a reported history of substance use or other sociodemographic factors previously associated with use. 

[bookmark: _GoBack]Our study has limitations. We only considered women eligible if they spent at least two hours on labor and delivery to allow time for study staff approach. Even with this eligibility criterion, 18% of eligible women were not approached by study staff and cords were not collected due to limited staff availability. In addition, our population had a high proportion of white, low-income women so the results may not be generalizable. The process by which healthcare providers queried  women about use was not standardized; however, this is likely consistent with other studies11-13 utilizing self-reported measures of marijuana use. In addition, we could not identify a validated survey to collect detailed information about contemporary marijuana use patterns prior to starting the study; therefore, we developed the survey questions. Finally, we had insufficient sample size to evaluate differences in perinatal outcomes by marijuana exposure status.

There is public health concern about the increasing use of marijuana in pregnancy given mixed findings about its maternal and neonatal effects.2 Recent studies using umbilical cord testing have suggested an association between marijuana use and adverse outcomes including stillbirth and neonatal morbidity.14,15 Future studies should examine how the use of biological sampling for ascertainment of exposure impacts the association between marijuana use and perinatal outcomes. 
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Table 1. Characteristics by enrollment site and umbilical cord homogenate result

		Characteristic

		UCH

n=59

		DHHA

n=57

		P value

		THC-COOH positive

n=26

		THC-COOH negative

n=90

		P value



		Race 

  White

  Black

  Asian

  Other

		

42 (71.2)

10 (16.9)

3 (5.1)

4 (6.8)

		

41 (73.2)

4 (7.1)

1 (1.8)

10 (17.9)

		0.108

		

20 (80.0)

3 (12.0)

0 (0.0)

2 (8.0)

		

63 (70.0)

11 (12.2)

4 (4.4)

12 (13.3)

		0.606



		Hispanic ethnicity 

		23 (39.0)

		41 (73.2)

		<.001

		16 (64.0)

		48 (53.3)

		0.342



		Maternal age

  21 years or less

  22-25 years

  26-29 years

  30-34 years

  Over 35 years

		

14 (23.7)

10 (16.9)

12 (20.3)

19 (32.2)

4 (6.8)

		

10 (18.2)

16 (29.1)

11 (20.0)

10 (18.2)

8 (14.5)

		0.193

		

4 (16.0)

12 (48.0)

4 (16.0)

3 (12.0)

2 (8.0)

		

20 (22.5)

14 (15.7)

19 (21.3)

26 (29.2)

10 (11.2)

		0.017



		Gestational age 

  Less than 37 weeks

  37-38 weeks 6 days

  39-41 weeks 0 days

  Greater than 41

		

7 (11.9) 

16 (27.1)

31 (52.5)

5 (8.5)

		

8 (14.3)

8 (14.3)

38 (67.9)

2 (3.6)

		0.199

		

6 (24.0)

4 (16.0)

14 (56.0)

1 (4.0)

		

9 (10.0)

20 (22.2)

55 (61.1)

6 (6.7)

		0.306



		Education level

  No high school diploma

  High school or equivalent

  Vocational orsome college

  Bachelors, Masters, Doctoral

		

7 (12.1)

16 (27.6)

14 (24.1)

21 (36.2)

		

16 (28.1)

19 (33.3)

13 (22.8)

9 (15.8)

		0.035

		

6 (23.1)

11 (42.3)

6 (23.1)

3 (11.5)

		

17 (19.1)

24 (27.0)

21 (23.6)

27 (30.3)

		0.217



		Other children in home

		28 (50.0)

		31 (56.4)

		0.502

		10 (40.0)

		49 (57.0)

		0.134



		Insurance type

  None ordon’t know 

  Private insurance

  Medicaid orMedicare

		

2 (3.4)

26 (44.8)

30 (51.7)

		

7 (12.5)

10 (17.9)

39 (69.6)

		0.004

		

0 (0.0)

5 (19.2)

21 (80.8)

		

9 (10.2)

31 (35.2)

48 (54.5)

		0.038



		Annual income

  Less than $10,000

  $10,001-$49,999

  More than $50,000

		

24 (41.4)

13 (22.4)

21 (36.2)

		

23 (40.4)

26 (45.6)

8 (14.0)

		0.006

		

11 (42.3)

11 (42.3)

4 (15.4)

		

36 (40.4)

28 (31.5)

25 (28.1)

		0.367



		Employment status

  Employed full/part-time

  Student

  Homemaker

  Out of and looking for work

  Out of or unable to work

		

30 (51.7)

2 (3.4)

9 (15.5)

4 (6.9)

13 (22.4)

		

18 (31.6)

1 (1.8)

21 (36.8)

4 (7.0)

13 (22.8)

		0.087

		

12 (46.2)

1 (3.8)

6 (23.1)

3 (11.5)

4 (15.4)

		

36 (40.4)

2 (2.2)

24 (27.0)

5 (5.6)

22 (24.7)

		0.688



		Married or domestic partner

		29 (50.0)

		30 (52.6)

		0.961

		11 (42.3)

		48 (53.9)

		0.69



		Self-reported prenatal tobacco use

		3 (5.1)

		2 (3.5)

		0.676

		2 (7.7)

		3 (3.3)

		0.335





DHHA is Denver Health and Hospital Authority. UCH is University of Colorado Hospital. THC-COOH positive is 11-nor-delta-9-tetra-hydrocannabinol-9-carboxylic acid assay above the limit of detection (100 pg/g).

Figure Legends

Figure 1. Study population



Figure 2. Relationship between positive cord homogenate results for delta-9-tetra-hydrocannabinol-carboxylic acid (THC-COOH) and last survey-reported marijuana use (N=116). Percentages are graphed with exact 95% confidence intervals. LOD is the limit of detection and LOQ is the limit of quantification.



Figure 3. Correlation between quantified delta-9-tetra-hydrocannabinol-carboxylic acid (THC-COOH) by LC-MS/MS and survey self-reported frequency of marijuana use over the past 30 days.
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