
Copyright 2015 American Medical Association. All rights reserved.

Letters

RESEARCH LETTER

Cannabinoid Dose and Label Accuracy in Edible
Medical Cannabis Products
As the use of cannabis (marijuana) for medical purposes has
expanded, a variety of edible products for oral consumption
has been developed. An estimated 16% to 26% of patients using
medical cannabis consume edible products.1,2 Even though oral

consumption lacks the harm-
ful by-products of smoking,
difficult dose titration can re-

sult in overdosing or underdosing, highlighting the impor-
tance of accurate product labeling.

Regulation and quality assurance for edible product can-
nabinoid content and labeling are generally lacking. We inves-
tigated the label accuracy of edible cannabis products.

Methods | An Internet directory of dispensaries, with a menu
of products available at each, was used to determine pur-
chase locations in San Francisco, California, Los Angeles, Cali-
fornia, and Seattle, Washington. A list of dispensaries was gen-
erated, with individual businesses randomly selected until 3
were identified in each city that offered at least 1 edible can-
nabis product from each of 3 common categories (baked goods,
beverages, candy or chocolate) with package labels that pro-
vided, at minimum, specific Δ9-tetrahydrocannabinol (THC)
content.

Between August and October 2014, individuals with a phy-
sician’s letter (in compliance with state laws) and no history
of purchasing edible cannabis products were sent to the pre-
selected dispensaries and instructed to buy as large a variety
of products, in terms of type and labeled cannabinoid con-
tent, as possible within budget ($400/city). Purchasers, but not
dispensary staff, were aware that the products would be evalu-
ated following purchase. None knew the details of the analy-
ses or testing to be completed.

Cannabidiol (CBD) and THC are typically the most con-
centrated chemical components of cannabis and are believed
to primarily drive therapeutic benefit.3 Studies suggest im-
proved clinical benefit and fewer adverse effects with a THC:
CBD ratio of 1:1.4 Even though other cannabinoids were ana-
lyzed, results focus on THC and CBD.

For testing, entire package contents were homogenized
(crushed or mixed). Two 1.5-g (solid) or 25-g (liquid) samples
of each product were tested via high-performance liquid chro-
matography, with results averaged and adjusted for total prod-
uct weight.

When results of duplicate tests differed by more than 10%
(cannabinoid heterogeneity), the entire product was ana-
lyzed (n = 37). Five randomly selected products in which du-
plicate testing was within 10% were subject to complete test-
ing; results confirmed the accuracy of the duplicate testing

method. Products were considered accurately labeled if the
measured THC and CBD content was within 10% of the la-
beled values, underlabeled if the content was more than 10%
above the labeled values, and overlabeled if the content was
more than 10% below the labeled values.

A χ2 test was used (SPSS version 22; SPSS Inc) to evaluate
effects of location on label accuracy. Significance was deter-
mined at P < .05 (2-sided).

Results | Of 75 products purchased (47 different brands), 17%
were accurately labeled, 23% were underlabeled, and 60% were
overlabeled with respect to THC content (Table 1). The great-
est likelihood of obtaining underlabeled products was in Los
Angeles and overlabeled products in Seattle (χ2 = 12.94, P = .01).

Non-THC content was generally low (Table 2). Forty-four
products (59%) had detectable levels of CBD; only 13 had CBD
content labeled. Four products were underlabeled and 9 were
overlabeled for CBD. The median THC:CBD ratio of products
with detectable CBD was 36:1, 7 had ratios of less than 10:1, and
only 1 had a 1:1 ratio.

Discussion | Edible cannabis products from 3 major metropoli-
tan areas, though unregulated, failed to meet basic label ac-
curacy standards for pharmaceuticals. Greater than 50% of
products evaluated had significantly less cannabinoid con-
tent than labeled, with some products containing negligible
amounts of THC. Such products may not produce the desired
medical benefit.

Other products contained significantly more THC than la-
beled, placing patients at risk of experiencing adverse effects.5,6

Because medical cannabis is recommended for specific health
conditions, regulation and quality assurance are needed.

A limited number of cities, dispensaries, and products were
included. Because no source lists all dispensaries, and many
products are not labeled with cannabinoid content, a true ran-
dom sample was not possible and the results may not be gen-
eralizable. However, this study illustrates the variability in la-
bel accuracy for edible cannabis products within 2 of the largest
medical cannabis markets in the United States.
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Table 1. Accuracy of Product Labeling

Accuracy of Labeled Tetrahydrocannabinol (THC) Content
Accurately
Labeleda Underlabeledb Overlabeledc

Overall (3 Cities)

Products tested, No. (%) (N = 75) 13 (17) 17 (23) 45 (60)

Type of product, No.

Baked goods 2 7 13

Beverages 3 2 8

Candy or chocolate 8 8 24

Amount of THC, mg

Label range 15 to 200 20 to 1000 2 to 325

Actual range 15 to 183 34 to 1236 <1 to 267

Deviation in THC content amount, %d

Mean (SD) −3 (4) 28 (13) −47 (29)

Maximum 9 55 −99

San Francisco, California

Products tested, No. (%) (n = 32)e 8 (25) 4 (13) 20 (62)

Type of product, No.

Baked goods 2 4 5

Beverages 1 0 5

Candy or chocolate 5 0 10

Amount of THC, mg

Label range 15 to 200 90 to 1000 2 to 325

Actual range 15 to 183 139 to 1236 1 to 267

Deviation in THC content amount, %d

Mean (SD) −4 (3) 28 (18) −44 (27)

Maximum 9 55 −93

Los Angeles, California

Products tested, No. (%) (n = 20)e 4 (20) 9 (45) 7 (35)

Type of product, No.

Baked goods 0 3 2

Beverages 2 0 0

Candy or chocolate 2 6 5

Amount of THC, mg

Label range 40 to 120 20 to 200 25 to 210

Actual range 42 to 122 66 to 301 2 to 141

Deviation in THC content amount, %d

Mean (SD) 1 (4) 27 (14) −55 (34)

Maximum 6 51 −99

Seattle, Washington

Products tested, No. (%) (n = 23)e 1 (4) 4 (17) 18 (78)

Type of product, No.

Baked goods 0 0 6

Beverages 0 2 3

Candy or chocolate 1 2 9

Amount of THC, mg

Label range 180 34 to 180 20 to 250

Actual range 164 46 to 206 <1 to 136

Deviation in THC content amount, %d

Mean (SD) −9 (0) 29 (10) −61 (29)

Maximum −9 35 −99

a The THC content was within 10% of
the product label.

b The THC content exceeded the label
by more than 10%.

c The THC content was more than
10% below the package label.

d Actual vs labeled amount.
e Reflects number of products able to

be purchased for less than $400.
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Table 2. Observed Cannabinoid Content

Type of Cannabinoid

Cannabinoid Content, mg

Median (IQR)a Range
Tetrahydrocannabinol 54 (99) <1-1236

Tetrahydrocannabinolic acid 2 (15) <1-173

Cannabidiol 2 (3) <1-51

Cannabidiolic acid 1 (5) <1-20

Cannabigerol 3 (3) <1-43

Cannabinol 2 (2) <1-20

a Presented because observed values were not normally distributed.
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