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OBJECTIVE

A recent publication questioned the integrity of insulin purchased from U.S. retail
pharmacies. We sought to independently validate the method used, isotope
dilution solid-phase extraction (SPE) liquid chromatography mass spectrometry
(LC-MS), and expand analysis to two U.S. Pharmacopeia (USP) methods (high-
performance LC with ultraviolet detection and LC-MS).

RESEARCH DESIGN AND METHODS

Each method was used to evaluate nine insulin formulations, purchased at four
pharmacies, within five geographic locations in the U.S.

RESULTS

All human and analog insulins measured by the USP methods (n5 174) contained
the expected quantity of active insulin (100 6 5 units/mL). When using isotope
dilution SPE-LC-MS, units-per-milliliter valueswerewell belowproduct labeling due
to unequal recovery of the internal standard compared with target insulin.

CONCLUSIONS

Insulin purchased from U.S. pharmacies is consistent with product labeling.

Insulin formulations are subjected to rigorous testing prior to their release from
pharmaceutical manufacturers, as required by theU.S. Food andDrug Administration
and the European Medicines Agency (1). However, a recent study by Carter and
Heinemann (2) examined vials of regular and intermediate-acting NPH insulin
purchased from local pharmacies in the U.S., and remarkably, almost none met the
required standard of 100 units/mL (65 units/mL) set forward by the U.S. Pharma-
copeia (USP). Insulin stability isof critical importance forboth thesafety andefficacyof
diabetes treatment (3–5). Hence, the Carter and Heinemann (2) study, which did not
use a USP-approved method, was widely recognized by both national and social
media, raising concerns among care providers and patients whose confidence was
disrupted regarding the potential reliability of insulin to reproducibly manage their
disease (6,7). Therefore, we devised a well-powered and independent assessment of
insulin products (e.g., vials vs. pens and human vs. analog) frommajormanufacturers
using approved USP methods and comparable liquid chromatography mass spec-
trometry (LC-MS)methods (8,9), alongwith themethodof theaforementioned report
(2), to provide an assessment of the insulin concentration purchased at retail
pharmacies.
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RESEARCH DESIGN AND METHODS

Study Design
Insulin activity was quantitatively assessed
from rapid-, short-, intermediate-, long-
acting, and premixed formulations pro-
duced by three major manufacturers
(i.e., Eli Lilly and Company, Novo Nor-
disk, and Sanofi). Nine insulin products
(Supplementary Table 1) were acquired
from four pharmacy or grocery-chain re-
tail providers within five U.S. geograph-
ical regions (Seattle, WA [Northwest];
Houston, TX [Southwest]; Gainesville, FL
[Southeast]; Boston, MA [Northeast];
and Ann Arbor, MI [Midwest]) for a total
of;20 replicates/product and 174 total
samples. Immediately following purchase,
the insulins were placed into thermosta-
ble coolers with temperature-recording
devices and transported to theUniversity
of Florida for analysis. No disruptions in
insulin temperature outside the accept-
able range were identified.

Insulin Analysis
For high-performance LC with ultraviolet
detection (LC-UV) analysis, insulin sam-
ples from each site/region were pre-
pared for detection as described in
their respective official USPMonographs
(Supplementary Table 2). Chromatographic
separation and detectionwere achieved
using a Vanquish UHPLC Variable Wave-
length Detector and the data analyzed
using Chromeleon 7. For LC-MS analysis,
insulin standards and samples were an-
alyzed using a Thermo Q Exactive Orbi-
trap mass spectrometer with Dionex
UHPLC. Additional procedures are pro-
vided in the Supplementary Materials
andMethods. Finally, we replicated the
non-USPmethodology (2) (Supplementary
Materials and Methods).

Statistics
The variables for statistical analysis were
as follows: 1) insulin product, 2) phar-
macy,3) region, and4) units permilliliter.
Quantitative results from each method
were compared against the samemethod
and among different methods used to
assess the quality of insulinmeasurement
and insulin activity in each formulation.
Accuracy was defined as how similar the
measured value was to the actual value
and calculated based on the labeled con-
centration of 100 units/mL, while preci-
sion was calculated based on the mean
of the replicates divided by the SD,
represented as relative SD.

Data and Resource Availability
The data sets generated and analyzed
during the current study are available
from the corresponding author upon
reasonable request.

RESULTS

Using the analytical criteria described in
USP Monographs to test the concentra-
tionof our insulin samples, allfive human
insulins were noted within the accept-
able rangeof 10065units/mL (Fig. 1 and
Supplementary Table 3). In addition,
these efforts confirmed that the stan-
dard USP LC-UV method was highly
reproducible.

Given the disparate insulin concentra-
tions observed between our analysis
using USP LC-UV methods and those
reported for solid-phase extraction (SPE)-
LC-MS (2), we replicated that assay, an
effort that consistently noted lower units-
per-milliliter values compared with the
USP LC-UV method for all five human
insulins (Fig. 1) (P , 0.0001). No deg-
radation products were observed in the
spectra to account for the difference
reported. However, we noted a large
disparity in recoveries between the hu-
man (20.66 1.6%) and bovine (129.56
1.4%) insulin (internal standard) from
standard solutions (10). For extracted
samples, recovery of human insulin was
slightly lower (18.16 2.3%) and bovine
insulin slightly higher (144.8 6 12.8%).
This difference in recovery between
standards and samples was sufficient
to cause a 25% decrease in calculated

human insulin concentrations. We then
assessed the recovery of bovine insulin in
relation to human insulin through com-
parison with MS analysis without SPE.
The results indicated a differential ex-
traction efficiency, which would cause
the quantitative errors observed. Specif-
ically, using a milder aqueous diluent in
the extraction process enabled similar
recovery for the internal standard and
measured insulin, helping to account for
any insulin loss during the extraction
process (Supplementary Table 4).

Finally, we assessed the stability of
insulin analogs using only two methods
(USP LC-UV and LC-MS). The SPE-LC-MS
method was not used for the analogs
given the results obtained for human
insulin. All analogs measured by the USP
methods reported acceptable mean val-
ues for insulin analog activity with the
mean of the replicates divided by the SD,
represented as relative SD, typically,1%
(Supplementary Table 3). While there
was a statistically significant difference
in some regional samples (e.g., NovoLog
from the Southeast compared with
NovoLog from the Northwest), these
variations were not considered clini-
cally significant as the values were all
within the acceptable range of 100 6
5 units/mL.

CONCLUSIONS

The effort reported in this study repre-
sents an important independent analysis
seeking to identify potential failures in

Figure 1—Human insulin products reported by three analysis methods. Human insulins were
measured by USP LC-UV (blue), LC-MSwithout SPE (orange), and SPE-LC-MS (gray) (2) and reported
as USP insulin units per milliliter, mean 6 1 SD.
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the cold supply chain emanating from
geographic region and/or pharmacy that
could affect the quality and reliability of
insulin products at the point-of-patient
purchase across the U.S. The study also
provides a comprehensive assessment of
insulin analysis methods to ensure re-
liability of measurement. Analysis of in-
sulins from five geographic locations
within the U.S. provided a panoramic
overview of multiple possible variables
by proxy, including potential impacts of
shippingduration,weather/temperature
during insulin distribution, as well as
local/regional variation resulting from
warehouse/wholesale distributors, po-
tentially in rural and urban areas.
We believe our study, thus far, pro-

vides an affirming answer to the ques-
tion of the viability of the U.S. insulin
supply at the point of retail pharmacies.
In this study, we report the data collected
from insulins purchased in the winter of
2018 to 2019, representing the first anal-
ysisofanongoingeffort involvinga1-year,
2-phase study in which we will analyze
activity from 720 pharmaceutical insulin
samples purchased over 4 seasons. These
data in this study (phase 1) will be ex-
panded (phase 2) to measure potential
seasonal variations in reported insulin
activity Should we identify deficits in
insulin stability from one or more re-
gions during phase 2 of the study, it will
be important to identify specific factors
impeding the successful delivery of vi-
able insulin.
Other recent research efforts, albeit

smaller in scope or variant in their study
design, have also addressed this con-
cern. One report by Moses et al. (11)
noted samples from Novo Nordisk were
delivered within USP requirements,
while a second study using separate
methodology also confirms consistency

with USP requirements (12). These reports
further add to the notion of insulin safety.

We acknowledge that other issues
may further influence quality or consis-
tency of insulin that reside outside of our
current investigations. These include, but
are not limited to: 1) humidity, 2) insulin
concentrations (e.g., U40, U100, U300,
and U500), 3) mail-order versus direct
(i.e., local pharmacy) purchase, 4) dis-
parities related to rural versus urban
areas and socioeconomic landscape, and
5) international issues related to cold
chain supply outside the U.S. We recog-
nize these and would be interested in
pursuing such issues moving forward.
However, the present data should serve
to quell questions regarding the viability
of insulin purchased at retail pharmacies
in the U.S.
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